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Platform Introduction
As the climate changes, rainfall events in Appalachia will increase in frequency and


intensity. The National Climate Assessment projects this trend across several


regions of the U.S., including the Southeast, Northeast, andMidwest. Appalachia is


divided across these regions. The Southeast contains Kentucky, Tennessee, and


Virginia, the Northeast includesWest Virginia and Pennsylvania, and theMidwest


includes Ohio. Across all regions, rainfall intensity will increase and thus flood risk


is also projected to increase.1


The American Communities Project has stated that “Appalachia is ground zero for rainfall,” the


risk of increasingly extreme rainfall is particularly high for Kentucky,West Virginia, andOhio.2


New precipitation frequencymodeling by researchers at First Street Foundation found that


extreme events (e.g. 1-in-100 year flood events) are likely to occur muchmore frequently than


every 100 years, especially for the Ohio River Basin.3


But rather than a futuristic scenario, these extreme rainfall and flooding events are already


affecting our region. Over the last decade (2013 - 2023), there have been nearly 20 federally


declared flooding disasters across Kentucky, Pennsylvania, Virginia,West Virginia, Tennessee


andOhio. Themajority have occurred in Kentucky andWest Virginia, often also affecting


parts of Virginia. Total Federal EmergencyManagement Agency (FEMA) spending on these


events totals nearly $1 billion4 and at least 230 lives have been lost due to flash flooding.5


To address these issues, a broad coalition of groups have worked together to create the


following priorities, or pillars, of issues that impact Appalachian communities and potential


solutions. To ensure that the implementation of these policies best benefits Appalachian


workers, all construction work or other work done to implement these policy priorities should


include requirements for prevailing wages with strong protections for worker safety, use of


registered apprenticeship programs and prioritize local hiring.When applicable, thematerials


and parts should be procured locally or regionally to support manufacturing job creation.


Following an orientation to key terms used throughout the platform, each pillar is outlined in


detail below.


5 Information on flood fatality statistics can be found here: www.weather.gov/arx/usflood


4 Information onmajor disaster declarations can be found here: www.fema.gov/disaster/declarations.


3 Kim, J., Shu, E., Lai, K., Amodeo,M., Porter, J., & Kearns, E. (2022). Assessment of the standard precipitation frequency
estimates in the United States. Journal of Hydrology: Regional Studies. Volume 44, 2022,
101276. doi.org/10.1016/j.ejrh.2022.101276.


2 Pinkus, Ari. (2021, February 17). Mapping Climate Risks by County and Community. American Communities Project.
www.americancommunities.org/mapping-climate-risks-by-county-and-community/.


1 USGCRP, 2018: Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume II
[Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. U.S. Global
Change Research Program,Washington, DC, USA, 1515 pp. doi: 10.7930/NCA4.2018.
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Key TermsandPrograms
Federal Emergency Management Agency (FEMA) programs and terms


Building Resilient Infrastructure and Communities Program (BRIC): competitive grant


program that supports hazardmitigation projects led by states, communities, tribes and


territories.


Disaster CaseManagement (DCM): awards to a state, tribal, or territorial government or


non-governmental organization to assist disaster-impacted individuals and families


through the recovery process. DCM is a partnership between a Disaster CaseManager and


a disaster survivor.


Flood Insurance RateMaps (FIRM): type of floodmap used to determine requirements for


flood insurance. Includes data on floodplains, historical flooding, hydrology, hydraulics, land


use, and infrastructure.


FloodMitigation Assistance (FMA): competitive grant program that supports projects that


reduce or eliminate the risk of repetitive flood damage to buildings insured by the National


Flood Insurance Program. States, local governments, federally recognized Tribal


governments, and U.S. territories are eligible recipients.


HazardMitigation Grant Program (HMGP): grants for state, local, Tribal, and territorial
governments to develop hazardmitigation plans; available after a Presidentially declared


disaster. Themaximum award is capped at 20 percent of the amount FEMA spends on


Public Assistance (PA) and Individual Assistance (IA) for the particular disaster.


Individual Assistance (IA): grants to eligible individuals and households who have
sustained losses as a direct result of a disaster that receives a Presidential disaster


declaration. These funds can help pay for temporary housing, medical or funeral expenses,


property losses, andmore.


Individuals and Households Program (IHP): type of Individual Assistance; provides
financial assistance and direct services to eligible individuals and households affected by a


disaster to help meet immediate basic needs.


Public Assistance (PA): grants that reimburse state, county, and local governments for


costs associated with debris removal, emergency protective measures, and public


infrastructure repairs post-disaster. Eligible costs can include all labor, equipment,


materials, and contracted work necessary for recovery efforts, though workmust be
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authorized by FEMA to be considered eligible.Within six months following the disaster, PA


funding can be used for debris removal and emergency protective measures.Within 18


months, PA funding can be used for roads and bridges, water control facilities, public


buildings and equipment, public utilities, and parks, recreational, and other facilities.


National Flood Insurance Program (NFIP): provides flood insurance to property owners,
renters, and businesses. The program is administered by FEMA, and insurance policies are


sold and serviced via a network of insurance companies.


U.S. Department of Agriculture (USDA) programs and terms


EmergencyWatershed Protection Program (EWP): provides financial and technical
assistance to local governments, federally recognized Tribes, and tribal organizations to


help communities relieve imminent threats to life and property caused by natural disasters


that impair a watershed. EWP is administered by the Natural Resources Conservation


Service, which is an agency within USDA. It does not require a Presidential (or state)


disaster declaration.


Limited Resource Areas (LRA):An area where housing values and income are less than a


state’s average and unemployment is at least twice the U.S. average. NRCS has calculated


LRAs at the county level, however other areas may alsomeet the LRA criteria, as


determined by NRCS.


Rural Disaster Home Repair Program: grants to very-low and low-income homeowners to


repair owner-occupied homes damaged in calendar year 2022 Presidentially declared


disaster areas.


Farm Bill Conservation Assistance programs:A number of popular and oversubscribed


programs that provide technical and financial assistance to enable farmers, ranchers, and


foresters to adopt practices that build soil health, improve water quality and quantity,


sequester carbon, andmore. These include the Conservation Stewardship Program (CSP)


and the Environmental Quality Incentives Program (EQIP).


Sustainable Agriculture Research and Education (SARE) Program: competitive grant


program that supports research and outreach to advance sustainable agricultural practices


in the U.S. Farmers and ranchers, researchers, and extension agents and other educators


are all eligible recipients.
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Housing and Urban Development Agency (HUD) programs


Community Development Block Grant Disaster Recovery program (CDBG-DR): grants for
states, counties, local governments, Tribes, and territories to rebuild disaster-impacted


areas and assist with long-term recovery process. These fundsmust be appropriated by


Congress after a Presidentially declared disaster.


U.S. Army Corps of Engineers (USACE) programs


Planning Assistance to States (PAS): provides states, local governments, other non-federal


entities (like nonprofits), and eligible Tribes assistance in preparing comprehensive plans


for the development, utilization, and conservation of water and related land resources. PAS


covers planning only, and does not provide any details on potential project construction.







Pillar I: Increase local and state capacity to
respondand recover
Pillar I: The Problem


Local governments are intended to be the first responders when disasters strike, however,


many small towns in Appalachia do not have the funding or staff to adequately respond to


flooding. Access to federal funds for disaster response and recovery requires local resources


— both human and financial — and these are in short supply as local budgets in coal


communities have been in steady and dramatic decline.


Pillar I: The Policy Landscape


Flood disaster relief begins with locally appointed and funded Local Disaster Recovery


Managers (LDRM), often referred to as local emergencymanagers. LDRMs collaborate with


state and federal officials and key stakeholders (such as the private sector) on recovery


management andmitigation plans. In a pre-disaster phase, these LDRMs set long- and


short-term risk reduction priorities, evaluate risk vulnerabilities, integrate mitigation and


recovery goals in their local plans, and establish priorities for resilience. Governors assist


LDRMs by declaring territorial or state-level emergencies, which requires notification from


local authorities who have evaluated the actual/potential damage, and thenmay declare state


emergencies.


If the emergency is significant enough, governors may institute the Stafford Act, which


requests the President to declare a federal emergency.Once the Stafford Act Emergency or


Major Declaration Disaster is announced, FEMA is activated to provide assistance in


accordance with the purview of the Governor’s request. Other federal agencies are activated


as well: U.S. Army Corps of Engineers (USACE) supports flood control, the General Services


Administration allows recipients to purchase goods/services using contractingmechanisms


for rapid procurement of supplies, and the U.S. Department of Agriculture (USDA) supports


emergency watershed protection and control measures. FEMA also provides assistance for


publicly owned facilities that are immediately impacted by the disaster.


If the estimated cost of assistance exceeds certain thresholds, FEMA provides Public


Assistance (PA) funds during and after emergencies to aid local and state governments’ in


disaster recovery.6 PA grants reimburse state, county, and local governments for costs


6 There are twoways FEMA calculates cost thresholds: whether estimated disaster costs exceed $1million across a
state or territory (or $250,000 across a tribe), and whether costs exceed annually adjusted per capita thresholds across
the county and the state or territory in need. In FY2023, the per capita threshold across a state or territory requesting
PA is $1.77, and across a county is $4.44. However, these thresholds are somewhat fluid. FEMA can adjust PA funding
based on other factors. These include: 1) providing PA in cases of severe, concentrated damages, even when the
statewide per capita threshold is not met, 2) reducing the cost of PA based on the actual or required insurance coverage
for PA-eligible work, and 3) providing PAwhenmitigationmeasures may have reduced the cumulative value of damages,
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associated with debris removal, emergency protective measures, and public infrastructure


repairs. PA grants cover at least 75 percent of eligible costs; the state, county or local


governments must cover the remaining 25 percent.


After the disaster, the federal government provides additional types of support for recovery


and flood resilience. FEMA’s HazardMitigation Grant Program (HMGP) provides funding to


the affected state. These funds can be used to prevent structures and homes from future


floods (e.g., home buyouts, flood proofing homes, slope stabilization) and planning and


enforcement for preventing future impacts of disasters. Other competitive grant programs


that FEMA administers to support community resilience are the FloodMitigation Assistance


(FMA) and Building Resilient Infrastructure and Communities (BRIC) programs. The U.S.


Department of Housing and Urban Development (HUD) Community Development Block


Grant Disaster Recovery (CDBG-DR) program also provides much-needed funding to help


meet remaining unmet housing, infrastructure, and community and economic development


needs.


Though not structured as a flood recovery program, the USACE’s Planning Assistance to


States (PAS) can also provide support for communities looking to better manage their


long-term flood risk. Funds can encompass planning for a wide array of flood-related issues,


even when estimated damages do not meet the per capita thresholds. FEMA also considers the effects of recent
disasters within the disaster-affected jurisdiction to assess need, and whether other federal assistancemay bemore
appropriate. For more detail on PA, see crsreports.congress.gov/product/pdf/IF/IF11529.
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including flood damage reduction, wetlands restoration, erosion, integrating hydrologic or


economic data into state water resources plans, andmore.


However, access to each of these programs comes with challenges and limitations. HMGP


requires a 25 percent local match.7 PAS requires a 50 percent local match (though the Corps


does have the ability to waive the cost of technical assistance to “economically disadvantaged


communities,” at the discretion of the Secretary).8 FMA is limited to properties with flood


insurance, andmany of the buildings impacted in recent Appalachian flood events were not


insured.9 BRIC is competitive, oversubscribed, and also requires a local match of 10-25


percent. During the FY 2022 grant cycle, FEMA had $2.3 billion available for BRIC but


received over 800 applications requesting more than $4.6 billion in funding. Further


challenging the effective impact of these funds is the timing of these awards. These funds


typically are not awarded for several months to over a year after a disaster and in the


aftermath of a disaster. The timeline for the availability of CDBG-DR funds following a


disaster are highly variable and on average are allocated 318 days following a disaster.10


Appalachian states havemade attempts tomitigate flood risks and support local communities


in recovery efforts in recent years, but the results have beenmixed.West Virginia’s State


Resilience Office (SRO), started after the large-scale flooding disaster of 2016, has yet to


receive any financial allocation since two separate trust funds were established in 2023. The


SRO is tasked with updating the 2004 state flood plan, but will be relying heavily on


commissioners, conservation districts, and floodplain managers for assistance. Virginia relied


on their annual RGGI funds to support the Community Flood Preparedness Fund (CFPF) as a


grant and loan system to assist regions reduce impact of flooding, and was the only state to


use RGGI funds in this manner. However, Governor Youngkin withdrew Virginia from RGGI in


the summer of 2023 through the State Air Pollution Control Board, reducing funds available


to the CFPF. Kentucky relied on a special session relief package of $212.6million to help with


10 Gimont, Stan. (2022, March 28). CDBG-DR Program’s Lack of a Permanent Authorization Has Unintended
Consequences for Recent Allocations. Bipartisan Policy Center.
bipartisanpolicy.org/blog/cdbg-dr-programs-lack-of-a-permanent-authorization-has-unintended-consequences-for-rec
ent-allocations/.


9 Dixon, E. & Shelton, R. (2023).Housing Damage from the 2022 Kentucky Flood. Ohio River Valley Institute and
Appalachian Citizens’ Law Center. ohiorivervalleyinstitute.org/housing-damage-2022-ky-flood/.


8 USACE uses the federal Climate and Economic Justice Screening Tool to identify “economically disadvantaged
communities,” per its final interim guidance for implementing environmental justice and Justice40. See:
api.army.mil/e2/c/downloads/2022/03/22/6ab6eb44/final-interim-implementation-guidance-on-environmental-justice
-1.pdf.


7 There is an ongoing effort to reduce local match requirements for FEMA's HazardMitigation Assistance programs,
which include HMGP, BRIC,and FMA. In certain cases, FEMA can provide up to 90 or 100 percent cost-share. For
example: rural, economically disadvantaged communities qualify for a 90 percent cost share for BRIC. FEMA defines
these communities as those with a population of 3,000 or fewer, where the average per capita income does not exceed
80 percent of the national average and the local unemployment rate exceeds themost recently reported national yearly
average by at least one percentage point. More details on FEMA cost-share requirements are available here:
www.fema.gov/fact-sheet/summary-fema-hazard-mitigation-assistance-hma-programs. PA cost-share amounts can also
be reduced at the discretion of the President, for spending related to a particular disaster or during a particular time
frame (e.g., as was done for all major disaster and emergency declarations in 2020 and 2021, see:
www.fema.gov/press-release/20220318/fema-announces-9010-cost-share-adjustment).
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emergency costs for local governments, schools, and infrastructure hit by the 2022 floods.


The fund also supported local communities’ abilities to provide funding for local match


amounts needed to access federal dollars andwas a pool of funding that localities could draw


upon to pay costs up front since FEMAPAmoney is provided only through reimbursements.


Across Appalachia, local revenues have been declining for years and rural capacity is generally


low. Coal production fell by 65 percent between 2005 and 2020.11 As the Congressional


Research Service reported in November 2023, “The decline in tax revenues and public


services in coal communities may compound economic andworkforce development


challenges…”12 Coal-reliant communities depend heavily on this declining industry where, in


some cases, coal-related revenuesmake up over a third of county budgets.13 The ability for


Appalachian states to mitigate, respond, and recover on their own is becoming increasingly


more challenging.Without appropriate, timely federal assistance to these states prior to a


disaster, financial burdens on federal agencies will rise.


Pillar I: Recommendations


● FEMAPA funds should be structured differently for disadvantaged communities. It


should not bemanaged as a reimbursing fund, but granted once need is established


and a quote for a project is obtained. The 25 percent local match requirement should


also be eliminated or reduced for economically disadvantaged communities.


13 Morris A., Kaufman, N., & Dosh, S. (2020). Revenue at Risk in Coal-Reliant Communities. National Bureau of Economic
ResearchWorking Paper. www.nber.org/system/files/working_papers/w27307/w27307.pdf.


12 Lawhorn, J.M., Levin, A.G., Larson, L.N., & Collins, B. (2023). Federal Economic Assistance for Coal Communities.
Congressional Research Service. crsreports.congress.gov/product/pdf/R/R47831.


11 Bowen, E., Christiadi, Deskins, J. & Lego, B. (2020). An Overview of Coal and the Economy in Appalachia: Fourth Quarter
2020 Update. Appalachian Regional Commission.
www.arc.gov/wp-content/uploads/2021/04/Coal-and-the-Economy-in-Appalachia_Q4_2020-Update.pdf.
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● Appropriate additional funding for FMA and BRIC, which provide essential support for


flood recovery and resilience, including for nature-based hazardmitigation, but are


both highly oversubscribed.


● Increase state and local planning and proactive mitigation activities by passing the


Championing Local Efforts to Advance Resilience (CLEAR) Act, which would provide
federal grant funding for states to establish or maintain a resilience office and begin


implementing resilience and recovery programming efforts. For example, these state


resilience offices could provide technical assistance and support for local governments


to develop public works projects andmaintenance that aremore resilient to disasters.


State and local agencies should also participate in and utilize their Silver Jackets team,


to coordinate in the wake of flood disasters and to collaborate on long-term flood


resiliency.


● Establish a pilot program through FEMA that can provide funding directly to local


governments to help them increase or maintain the number of trained emergency


managers, with a focus on developing and implementing local mitigation plans, and


increasing knowledge and uptake of nature-based hazardmitigation. This would be


similar to FEMA’s Staffing for Adequate Fire and Emergency Response (SAFER) grant
program, which provided 177 awards totaling more than $360million in Fiscal Year


(FY) 2022.


● Enable more expedient disaster response by passing theMaking Access to Cleanup
Happen (MATCH) Act, which would allow communities to begin pre-approved


watershed rehabilitation activities immediately following disasters without


eliminating eligibility for federal aid, speeding up the process for disaster recovery at


the local level.


● Permanently authorize CDBG-DR so that funds are available more rapidly following a


disaster by passing the Reforming Disaster Recovery Act.


● In collaboration with the Appalachian Regional Commission, FEMA and USACE should


design a training program for local elected officials and other local community


members involved in disaster response and recovery that provides education about


FEMA aid processes, debris removal processes, local capacity building for disaster


response andmitigation, nature-based hazardmitigation, and floodplain and


watershedmanagement.


● Appropriate additional funding for USACE’s Planning Assistance to States; the Corps


should also work to ensure this support helps advance nature-based hazardmitigation


projects.


Flood Resilience in Appalachia 11







Pillar II: Relieve the recovery andmitigation
burden for low-incomehouseholds
Pillar II: The Problem


The cost to low-income communities during disaster recovery efforts are straining household


budgets. In Appalachia, the annual median household income is $48,964, more than $20,000


less than the national median of $70,622.14 The average poverty rate is 16.3 percent,


compared to a national average of 14.6 percent.15While homeownership rates in Appalachian


states are relatively high compared to the national average,16 rural Appalachian individuals


are more likely to have poor credit scores, face increased cost of credit, have higher rates of


denial for mortgage applications, and have higher debt burden than the national average.17


U.S. Census Bureau’s Household Pulse Survey reported in 2023 that over one-third of


Americans impacted by disasters had to rely on loans or increase credit card spending tomeet


household needs which, for Appalachians, may be particularly challenging. In addition, lower


income households typically receive lower individual assistance awards from FEMA, making


recovery particularly difficult for those who have the fewest resources.18 Inability to recover


after a natural disaster may lead to displacement, further exacerbating issues of population


decline in Appalachian communities.19


Pillar II: The Policy Landscape


Flood-related disasters in Appalachia exacerbatemany existing challenges in the region,


including poverty rates, out-migration, and lack of affordable, quality housing. Flood-related


disasters have direct impacts in the rise in poverty rates for local communities. Natural


disasters can decrease U.S. household incomes by up to 21.5 percent post-disaster, and can


increase poverty rates by upwards of 2.5 percent in impacted areas.20 In Greenbrier County,


WV, the poverty level was 18.4 percent in 2016, the year that a federally-declared flood


20 Ney, J. (2023,March 8). Natural Disasters cause havoc for low-income Americans. American Inequality.
americaninequality.substack.com/p/natural-disasters-cause-havoc-for.


19 An analysis of United States Postal Service Vacancy Data in counties hit hardest by the July 2022 flooding in Eastern
Kentucky shows that residential vacancies increased by 19 percent from the third to the fourth quarter in 2022. This is
in addition to an average population decline of 600 people per year going back to 1984. Fewer residents mean fewer
people available to fill jobs. See:
www.clevelandfed.org/publications/cd-reports/2023/20230927-resilience-and-recovery.


18 Op cit. 8; Hersher, R., Kellman, R. (2021, June 29).Why FEMAAid Is Unavailable ToManyWhoNeed It TheMost.NPR.
www.npr.org/2021/06/29/1004347023/why-fema-aid-is-unavailable-to-many-who-need-it-the-most.


17Op cit. 14


16West Virginia (78.6 percent), Kentucky (71.4 percent), Pennsylvania (70.7 percent), Virginia (67.4 percent), andOhio
(66 percent) all have higher rates of homeownership when compared to the national average (65.9 percent).


15 Appalachian Regional Commission. n.d. Poverty Rates in Appalachia, 2013-2017. Appalachian Regional Commission.
www.arc.gov/map/poverty-rates-in-appalachia-2013-2017/.


14 Liu, M., Luce,C., Orevba, M., Sebastian, S., & Shupe, C. (2022). Consumer Finances in Rural Appalachia. Consumer
Financial Protection Bureau.
files.consumerfinance.gov/f/documents/cfpb_consumer-finances-in-rural-appalachia_report_2022-09.pdf.
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disaster struck the region. In 2017, a year after the flood, the poverty level was 19.6 percent.21


Multiple factors lead to a rise in poverty rates post-flood, such as a disruption of public


services, shuttered businesses, supply chain interruptions, loss of homes, and damaged


infrastructure. Flood-related disasters in Appalachia may also exacerbate population decline


in the region. If a county experiences two consecutive natural disasters, out-migration


increases by 1 percent.22 Higher-income residents, who often have advanced degrees, have


greater financial abilities to leave flood-prone areas and seek employment elsewhere than


lower-income residents, suggesting that those who remain are the least equipped to recover.23


Further reduction in the availability of affordable housing in Appalachia is also a primary


concern following disasters. If a household spendsmore than 30 percent of their income on


housing, they are considered cost-burdened. A 2023 study completed by researchers with the


Virginia Center for Housing Research at Virginia Tech and theWest Virginia University


Extension office found that the percentage of renter households in Appalachian Kentucky,


Tennessee, Virginia, andWest Virginia that are cost-burdened ranged from 47.8-51 percent,


while for owner households it was 15.7-21.1 percent.24


After a federally-declared disaster, there are several federal programs that might bemade


available to provide funding for household damages and individual property losses, but the


primary program implemented by FEMA is the Individual Assistance (IA) program. There are


several IA programs, but the Individuals and Households Program (IHP) provides funding and


resources directly to disaster-affected households. The program is not designed to


compensate survivors for all losses but to help meet immediate basic needs. IA funds granted


to homeowners, for example, are meant to make primary living spaces of the home habitable,


not repair all the damages. As of October 2021, themaximum amount of IHP assistance that


can be granted to a household is $37,900, even if one’s home is completely destroyed, and to


qualify the homemust be a household’s primary residence.25


Another household repair program for homeowners that provides grant funding directly to


households is administered by the United States Department of Agriculture (USDA). Through


the USDA’s Rural Disaster Home Repair Program, a programmade available for those who


suffered housing damages in a Presidentially declared disaster area from 2022, low-income


households could receive an additional $40,675 for home repairs.26 Funding is currently


26 The USDA program andNRCS buyout programwere new programs deployed following the July 2022 flooding event in
Eastern Kentucky (FEMA disaster 4663). The Rural Disaster Home Repair Program assisted Kentucky homeowners
from the 2022 floods by providing $1,044,643 for FY22-23 and for FY23-24, it has thus far provided $227,062 in grants.


25 More information about FEMA’s individual assistance programs can be found here:
crsreports.congress.gov/product/pdf/R/R46014/8.


24 Jones, M., Choi, S., & Eades, D.. (2023). Housing Needs and Trends in Central Appalachia and Appalachian Alabama.
The Virginia Center for Housing Research at Virginia Tech and the West Virginia University Extension Office.
fahe.org/wp-content/uploads/2024/03/2023-Housing-Needs-and-Trends-in-Central-Appalachia-and-Appalachian-Ala
bama-072023.pdf


23 Op cit. 20


22 Ibid.


21 American Community Survey, Income & Poverty Statistics, Greenbrier County,WV, 2016-2017.
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ongoing but, without further Congressional appropriations, is limited. CDBG-DR funding can


also be used to build and repair housing, subsidizing rebuilding costs for homeowners. Even in


combination, these resources are often insufficient to restore properties to pre-flood


conditions. A challenge specific to Appalachian communities, wheremany homeowners live


near streams and rivers, is the cost not only of repairing and rebuilding one’s home but


repairing and rebuilding private bridges. Numerous individuals involved in the recovery


process after the July 2022 Eastern Kentucky flooding referred to private bridge repair and


rebuilding as an ongoing challenge for which no federal resources weremade available. InWV,


over 300 private bridges were destroyed by floods in 2015. TheWVVoluntary Organizations


in Active Disaster established a volunteer and donations based program to help rebuild


private bridges as no public funds were available.27


In addition to the challenge that available resources are often inadequate to fully repair


damages, they are also challenging to access, especially for low-income households. Case


managers and legal assistance are necessary to providemany households with the support


they need. Application requirements can be burdensome; often individuals need assistance to


obtain home ownership and residency documentation or support in completing forms such


that they receive themaximum amount of aid for which they are eligible. In rural areas, there


is limited legal and casemanagement capacity to support application submissions and appeals.


Those legal and other institutions that are available to support individuals may fall behind on


filing deadlines, especially those for appeals. FEMA’s IA program does include Disaster Case


Management funding, which provides casemanagers to help individual households navigate


the recovery process. Having casemanagers immediately available post-disaster can help


expedite an individual’s recovery process; however, it can takemonths for case managers to


be on the ground and helping households. In FEMA disaster 4663, the 2022 flooding in


Eastern Kentucky, case managers were available much earlier than is typical, indicating that a


more expedited timeline for availability is feasible. In addition, DCM funding is typically only


available for up to 24months. Though this may seem sufficient, some disaster recovery funds,


such as CDBG-DR, do not become available for a long time after disasters. For example, in


disaster 4663, CDBG-DR funds are not expected to be available for distribution until two


years post-disaster, in the summer of 2024.


Once households receive IA, an additional burden is that theymust obtain flood insurance or


else they, and/or the future owners of the property, will not be eligible for IA in any future


disasters. Maintaining and affording flood insurance is a significant challenge for low-income


households. The average annual cost of NFIP for households in Kentucky, Ohio, Pennsylvania,


Tennessee, Virginia, andWest Virginia ranges from $1,077 to $3,074. Kentucky (9th),


Pennsylvania (15th), andWest Virginia (2nd) all rank in the top 15most expensive states and


territories for flood insurance rates with average annual costs ranging from $252-$1,266


27 For more information about this program visit: www.wvvoad.org/bridge-home-program
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higher than the average annual cost of insurance.28 In addition, NFIP flood insurance


premiumsmust be paid in one lump sum annually, further exacerbating the challenge of


budgeting for this cost.


In 2021, FEMA released Risk Rating 2.0, a newmethodology to determine NFIP premium


rates. Themethodology calculates premiums by accounting for specific features of individual


properties, such as flood frequency, structure foundation type, prior claims, replacement cost


value, type of flooding, and distance fromwater. Overall, the newmethodology better aligns


premiumswith the actual, individual flood risk of a specific property. It accounts for more


sources of flooding (including from rainfall) and is the first update to FEMA’s insurance


premiummethodology since the 1970s.29 But it has also led to an increase in insurance


premium rates for many policyholders. According to FEMA, average national annual costs


rose from $888 to $1,808 after implementation. Some states in Appalachia have seen


particularly large increases: themedian cost for policyholders inWest Virginia and Kentucky


has risen by 34 percent or more.30 A recent GAO report provides a number of


recommendations to improve Risk Rating 2.0, citing affordability concerns. Key among them is


creation of a means-based assistance program, which is especially crucial for low- and


fixed-income residents, to ensure they can continue to access flood insurance. Improving the


affordability of NFIP premium rates would also help ensure that flood-prone communities are


aware of property flood risk and so that they can take proactive steps to alleviate risk through


mitigation activities.


When home repairs and/or obtaining flood insurance is untenable, there are federally funded


buyout programs, primarily administered through FEMA andUSDA, to help families relocate.


Following a disaster, funding from FEMA for buyouts comes primarily through HMGP.31


Homeowners are generally offered the pre-disaster fair market value for the property. USDA


administers a voluntary floodplain buyout program through the EmergencyWatershed


Protection Program (EWP), which provides project sponsors (state or local governments) up


to 75 percent of the fair market value of a property, relocation costs, and site restoration


costs. Homeowners are offered the pre-disaster fair market value for the property. The


Bipartisan Infrastructure Law (BIL) provided an additional pool of funds for the EWPwithin


eligible, flood-prone Limited Resource Areas (LRA). This program offers full fair market value


to buyout participants, as well as funding for relocation and restoration costs of the buyout.


Eligibility for the LRA buyout is roughly the same as the standard EWP, but also includes


31 FMA and BRIC funding can also be used for buyouts.


30 Ibid. More information about the cost of flood insurance, including breakdowns by state and zip code under the legacy
methodology and Risk Rating 2.0, is available from FEMA here:
www.fema.gov/flood-insurance/work-with-nfip/risk-rating/single-family-home. By law, NFIP rates cannot increase by
more than 18 percent each year.


29 Puente Cackley, A., & Todisco, A. (2023). FEMA's New RateSetting Methodology Improves Actuarial Soundness but
Highlights Need for Broader Program Reform. Government Accountability Office. www.gao.gov/assets/gao-23-105977.pdf.


28 FEMA’s National Flood Insurance Program provides data on policies and claims here:
nfipservices.floodsmart.gov/reports-flood-insurance-data.
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property that was damaged by flooding at least once in the previous year or at least twice in


the previous ten years. Land that may be impacted by a dam breach, or land adjacent to


eligible flood-damaged lands, are also eligible under the LRA.


When used as a recovery tool immediately following a disaster, buyout programs are often


plaguedwith challenges. In post-disaster situations, when local governments are in crisis


mode, theremay not be adequate capacity to smoothly coordinate these programs.32 Often,


the buyout process is not completed expediently, leaving families in limbowithout adequate


housing.33 A 2019 study by the Natural Resources Defense Council found that themedian


time frame for the completion of a buy-out through FEMAwas over five years.34 Once the


buyout is completed, theremay be a lack of homes available to rent or buy in the local area,


requiring families to move further away from their community. It can also be difficult to find


affordable housing after the disaster as the housing market in the unimpacted surrounding


regionmay become unaffordable due to increased demand.35 Researchers have also found


that those who accept buyouts develop a weaker attachment to place and live with lower


levels of social capital than those who rebuilt in place or rebuilt adjacent to their original


community.36


Though homeownership rates in Appalachian states are relatively high, those who do rent


tend to have lower incomes and higher housing cost burdens.37 FEMA IA programs and Small


Business Administration programs can provide assistance for renters with property damage


and FEMAmay provide up to twomonths of rental assistance. FEMA’s temporary Housing


Assistance program can also provide temporary housing for up to 18months.38 However,


landlords may struggle to repair rental properties as FEMA IHP assistance is only granted to


individuals whose owned, primary residence is affected.With landlords struggling to repair


their own homes, rental properties are likely to be lower priority and take longer to repair or


38 For more information on IA programs see: crsreports.congress.gov/product/pdf/R/R46014/8.


37 Mather, M. (2004).Housing and Commuting Patterns in Appalachia. Appalachian Regional Commission.
www.arc.gov/wp-content/uploads/2020/06/HousingandCommutingPatternsinAppalachia.pdf; Zahalak, T. (2018).
Multifamily Opportunities and Challenges in Middle Appalachia. FannieMae. www.fanniemae.com/media/23401/display.


36 Binder, S. B., Barile, J. P., Baker, C. K., & Kulp, B. (2019). “Home buyouts and household recovery: neighborhood
differences three years after Hurricane Sandy.” Environmental Hazards, 18(2), 127–145.
doi.org/10.1080/17477891.2018.1511404.


35 Binder, S., & Greer, A. (2016). “The Devil Is in the Details: Linking Home Buyout Policy, Practice, and Experience After
Hurricane Sandy.” Politics and Governance, 4(4), 97-106.doi.org/10.17645/pag.v4i4.738.


34 Weber, A. &Moore, R. (2019).Going Under: LongWait Times for Post-Flood Buyouts Leave Homeowners Underwater.
Natural Resources Defense Council. www.nrdc.org/sites/default/files/going-under-post-flood-buyouts-report.pdf.


33 Moore, R. (2020, January 23). As Climate RisksWorsen, U.S. Flood Buyouts Fail toMeet the Need. Yale Environment
360.
e360.yale.edu/features/as-climate-risks-worsen-u.s.-flood-buyouts-fail-to-meet-the-need; Cole del Charco, C., (2018,
October 29).When It Comes To Flooding Preparation, Charlotte Appears To Be TheModel.WFAE.
www.wfae.org/local-news/2018-10-29/when-it-comes-to-flooding-preparation-charlotte-appears-to-be-the-model#st
ream/0;Weber, A., (2019, September 26). Blueprint of a Buyout: Blue Acres Program, New Jersey.Natural Resources
Defense Council. www.nrdc.org/bio/anna-weber/blueprint-buyout-blue-acres-program-nj


32 Lightbody, L., Sanders, M., Tompkins, F., &Watts, B. (2022). Property Buyouts Can Be an Effective Solution for FloodProne
Communities. The PewCharitable Trusts.
www.pewtrusts.org/en/research-and-analysis/reports/2022/04/property-buyouts-can-be-an-effective-solution-for-flo
od-prone-communities.
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landlords may choose to participate in buyout opportunities. Finding pathways tomakemore


housing available sooner after the disaster will support renters as well as those participating


in buyouts.


Pillar II: Recommendations


● As FEMA IHP and USDA repairs program funding streams are often not sufficient for


low-income households to fully repair their homes, it is important to 1) permanently


authorize CDBG-DR so that funds are available more rapidly following a disaster 2)


permanently authorize and increase the grant limit for the USDARural Disaster Home


Repair Program.


● Expand federal disaster recovery programs to explicitly include funding for private


bridge repair and rebuilding these bridges to higher flood resilience standards; this


should include expanding funding for USDA’s Rural Disaster Home Repair Program.


● FEMA IHP assistance, especially that related to the provision of temporary housing,


should not be strictly tied to an 18month time limit but rather should be available at


least until CDBG-DR funding is dispersed.


● Disaster CaseManagement funding needs to be available sooner after a disaster and


the period of performance for the program should be extended to 36months following


a disaster declaration or the 24month time period should commence on the date that


the funding is awarded rather than the date of the disaster.


● Within NFIP, create ameans-tested affordability framework to improve flood


insurance access for low- and fixed-income residents.


● FEMA should increase awareness of and participation in its Community Rating System


(CRS), particularly for under-resourced and rural communities. CRS provides


discounted flood insurance premium rates to homeowners within communities that


invest in floodplain management activities, and floodmitigation-related training and


technical assistance to those communities. FEMA should streamline the process to join


CRS, and consider providing additional incentives to local governments to join. Local


governments bear the burden of participation (e.g., staff time, the cost of implementing


floodmanagement activities) while CRS benefits are accrued by individual NFIP


policyholders. This can be a barrier to participation. FEMA could allow a percentage of


the CRS benefits to be awarded directly to a CRS community, which could support


floodmitigation activities and/or staff time for local floodplain management officials.


● To support better outcomes from buyouts: 1) provide buyout funding and resources


for planning prior to disaster. This can be achieved by appropriating additional funding


into the FEMA FMA and BRIC programs and by passing the CLEAR Act to support local
and state-level planning efforts 2) permanently authorize the CDBG-DR program so


that funds are available more rapidly following a disaster and support construction of
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new homes that those who participate in buyouts can purchase to remain in or close to


their communities.


● Post-disaster, when assessing homeowners for buyouts andwhen funding is limited,


prioritize applicants based on financial need.


● To increase the availability of housing for renters following a disaster, again, it would


be helpful to permanently authorize the CDBG-DR program as this program can


support the construction of newmulti-family housing units. In addition, FEMA should


make available an IA program that provides funding to landlords to repair rental


properties. Granting of funds could bemade contingent upon the landlord providing


subsidized rent for a number of months or years following the disaster.


● Improve property disclosures: when selling a home, require that homeowners disclose


whether a property has ever had a flooding problem, whether the property is located


in a special flood hazard area, and whether or not the property is mandated to be


covered by flood insurance due to the receipt of previous federal aid. Requiring this


information will help assure that low-income homeowners do not purchase a property


that is then ineligible for federal aid in future disasters.39


39 In April 2023, the Department of Homeland Security submitted a series of legislative proposals to Congress to reform
NFIP, including one to require the Disclosure of Flood Risk Information Prior to Real Estate Transactions. This would
provide clarity and uniformity on all NFIP-participating communities to establish minimum flood risk requirements
when engaged in residential property transactions. See the full proposal here:
www.fema.gov/sites/default/files/documents/fema_NFIP-risk-analysis-communications-item-5-disclosure-flood-risk-in
formation-prior-real-estate-transaction.pdf. Many states already require these types of disclosures; this resource from
the Natural Resources Defense Council allows users to explore flood disclosure policies in different states:
www.nrdc.org/resources/how-states-stack-flood-disclosure.
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Pillar III: Improve floodmappinganddata
inputs
Pillar III: The Problem


Federal investments in floodmapping have not kept pace with the need or with increasing


climate impacts; thousands of U.S. communities lackmaps, and about 15 percent of


community floodmaps are over 15 years old. More expansive and accurate maps – that


account for climate change, and incorporate community views – are needed, particularly in


rural Appalachian communities, as historically mapping efforts have targeted higher


population areas.40


Pillar III: The Policy Landscape


FEMA is responsible for developing, in coordination with communities, flood hazardmaps.


There are two categories: regulatory maps, and non-regulatory maps. The former are formally


known as Flood Insurance RateMaps (FIRMs), and are used to determine requirements for


flood insurance. Non-regulatory maps include additional flood hazard information, and are


meant to provide amore user-friendly analysis of the flood risks of different communities. The


National Flood Insurance Program (NFIP), which FEMA runs, requires the agency to update


andmaintain floodmaps with respect to all populated areas and areas of possible population


growth within 100-year and 500-year floodplains. FEMA collects some of the data for flood


maps, and relies on data from other agencies, namely:


● The U.S. Geological Survey (USGS), whichmaintains the National Hydrography Dataset


andWatershed Boundary Dataset. Thesemap the U.S. drainage network and surface


water areas, andmonitor streamflow (via USGS streamgages).


● NOAA, whichmaps shorelines and precipitation frequency data. The latter is collected


in the NOAAAtlas. The 2021 Infrastructure Investment and Jobs Act included dedicated
funding to update the current version of the Atlas, NOAAAtlas 14, to account for


climate change, and to develop precipitation frequency estimates for the entire U.S.


and its territories. Final version of this, Atlas 15, will not be ready until 2026.


● State agencies, including local development districts and water districts.


Along with FEMA’s non-regulatory mapping products, FIRMs inform development


regulations, and flood preparation, evacuation, and response planning.


Flood hazardmapping and risk analysis is funded through the NFIP by twomethods: direct


annual appropriations fromCongress, and a Federal Policy Fee collected on receipts from


40 Association of State FloodplainManagers. (2020). FloodMapping for the Nation: A Cost Analysis for Completing and
Maintaining the Nation’s NFIP FloodMap Inventory. Association of State FloodplainManagers.
asfpm-library.s3-us-west-2.amazonaws.com/FSC/MapNation/ASFPM_MaptheNation_Report_2020.pdf.
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premiums of flood insurance policies.


FY 2022 appropriations for FEMA


floodmapping were about $400


million; studies have estimated that


the needs are far greater. A 2020


analysis by the Association of State


FloodplainManagers estimates that


the cost to complete updated flood


mapping for the entire nation falls


between $3.2 billion and $11.8


billion, with an annual maintenance


cost ranging from $107million and $480million.


FEMA floodmaps don’t always reflect best available climate science or current climate


impacts, including extreme rainfall seen increasingly in Appalachia. According to FEMA, nearly


a third of flood damage occurs outside of FEMA designated flood zones.41 Maps are focused


on riverine and coastal flooding, and prioritize areas of greatest population and flood


insurance policies. A 2020 report from First Street Foundation identified around 1.7 times the


number of properties as having substantial risk (defined by First Street as a 100 Year flood)


compared to the FEMA 1-in-100 Special Flood Hazard Area (SFHA) designation. This means


that nearly 6million properties and property owners are currently unaware of, or


underestimating, their flood risk. The First Street model represents flooding frommultiple


risks (fluvial/riverine, pluvial/rainfall, and coastal sources) plus current and future


environmental considerations. The inclusion of pluvial flood risk, sea level rise, and ungauged


streams are responsible for most of the additional risk First Street identified. According to


First Street, 45 percent of the parcels in the four counties that weremost impacted by the July


2022 flooding disaster in Eastern Kentucky had a very high risk of flooding, but only 22


percent of those parcels were in a FEMA designated flood zone.42


42 Klesta, M. (2023). Resilience and Recovery: Insights from the July 2022 Eastern Kentucky Flood. Federal Reserve Bank of
Cleveland. www.clevelandfed.org/publications/cd-reports/2023/20230927-resilience-and-recovery.


41 Hersher, R., & Kellman, R. (2020, October 20). Living In Harm’sWay:WhyMost Flood Risk Is Not Disclosed.NPR.
www.npr.org/2020/10/20/921132721/living-in-harms-way-why-most-flood-risk-is-not-disclosed.
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Pillar III: Recommendations


● Improve data on precipitation, stream flow patterns, and flood events by deploying


more streamgages in Appalachia. To foster this deployment, provide additional funding


for the U.S. Geological Survey’s (USGS) Federal Priority Streamgages network and the


agency’s CooperativeMatching Funds Program, which supports the National


StreamflowNetwork. These networks track, in near real-time, streamflows across the


U.S. Increasing funding would enable USGS to continue operating about 3,800


streamgages, support improvements to the overall resiliency of streamgages in the


network, and deploy additional flood-hardened streamgages.


● Eliminate the local match requirement for streamgages in the National Streamflow


Network. Currently, these streamgages are funded via a 50/50 cost-share between


USGS and tribal, regional, state, or local partners. Increasing funding for this program


would allowUSGS to eliminate the local match requirement for the installment and


maintenance of USGS streamgages in disadvantaged communities. This aligns with


President Biden’s Justice40 Initiative, and would enable more expansive data on


precipitation, stream flow patterns, and flood events in Appalachia. Also, eliminate the


local match requirement for flood inundationmapping based on these streamgages.


● Increase funding for FEMA to expeditiously generate updated andmodern floodplain


maps through the use of best-available technology to provide communities with an


accurate understanding of present and future flood risk. Updatedmaps should account


for anticipated climate impacts, and incorporate mapping of existing natural floodplain


areas to understand where protective natural features exist and where they have been


lost.
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Pillar IV: Invest inNature-BasedHazard
Mitigation
Pillar IV: The Problem


Appalachia's landscape, and its history of extraction, havemade its communities uniquely


vulnerable to climate-induced flooding. Human activity on the landscape – especially from


coal mining, logging, and road and home construction – has impacted the region in disparate


ways. The land’s topography, with its rolling hills andmountains, means people often live


adjacent to rivers or streams, where limited flat land is located. Logging andmining have


reduced the land’s capacity to retain rainfall, especially where land has not been properly


restored. Restoring and protecting the landscape, including via investments in nature-based


solutions, are needed to better protect Appalachian communities, and to build long-term


climate resilience.


Pillar IV: The Policy Landscape


Mining: Appalachia’s history of surfacemining has altered the region’s hydrology and left a


need for extensive land reclamation. The SurfaceMining Control and Reclamation Act


(SMRCA) requires reclamation of mine sites, to restore land to its original contours and to


revegetate the land to restore its productivity levels. TheOffice of SurfaceMining


Reclamation and Enforcement (OSMRE) oversees SMCRA implementation. However, mined


lands, even after reclamation, disrupt the hydrology of Appalachia. Conventional reclamation


has repeatedly been shown to be ineffective at returning mined lands to their pre-mining


hydrologic and ecological functionality.43 Often reclamation involves a semipermanent


conversion of forested land to a pasture/grassland condition. Federal regulations allow


reclamation operations to substitute the original topsoil, if the substitute is “best available in


the permit area to support revegetation” or is “more suitable for sustaining vegetation.”44


Reclaimed soils are often thinner and finer-grained to suit this purpose, lacking the necessary


strength tomaintain stability, reducing its infiltration rates andwater storage capacities.45 As


a result of soil and revegetation choices, computer model results have shown that reclamation


can result in an almost “impervious” surface similar to those found in urban environments.46


46 Ferrari, J. R., Lookingbill, T.R., McCormick, B., Townsend, P.A. & Eshleman, K.N. (2009). Surfacemining and
reclamation effects on flood response of watersheds in the central Appalachian Plateau region.Water Resources
Research. 45,W04407, doi:10.1029/2008WR007109.
drive.google.com/file/d/1yZwGV3HTnpRpRt1kz49508S_bErW56Zw/view.


45 Reed,M. & Kite, S. (2020). Peripheral gully and landslide erosion on an extreme anthropogenic landscape produced by
mountaintop removal coal mining. Earth Surface Processes and Landforms. DOI: 10.1002/esp.4867.
drive.google.com/file/d/1mw-c6LYlKFIFYuS0LHgNCy91_v1pst2J/view.


44 30 CFR § 817.22 - Topsoil and subsoil.


43Williamson, T. & Barton, C. (2020). Hydrologic modeling to examine the influence of the forestry reclamation approach
and climate change onmineland hydrology. Science of The Total Environment. DOI: 10.1016.
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In the early 2000s, researchers proposed and established the Forestry Reclamation Approach


(FRA), an approach to reclamation that returns mined lands to a hardwood ecosystemmore


closely resembling the original site’s ecology. FRA reduces compaction and creates conditions


that support the redevelopment of soils more similar to those that were there beforemining.


The diverse species mix also helps to reduce erosion on the site. Recent studies also suggest


that the use of the FRA can aid in restoring natural hydrologic functions onmined sites.47With


the emerging insights from the FRA, OSMRE established the Appalachian Regional


Reforestation Initiative (ARRI). ARRI is a cooperative effort betweenOSMRE, state agencies,


and scientists that facilitates cooperation between nonprofits, landowners, the coal industry,


and other groups to develop reforestation projects onmined lands. ARRI has never had


dedicated program funding but has proceeded by pulling together a patchwork of private and


public dollars. A dedicated pool of public funding could help expand and expedite the


important work of this program.


ARRI is just one example of the kind of nature-based hazardmitigation that can benefit


Appalachia. Nature-based hazardmitigation consists of natural or nature-mimicking systems


that help communities reduce the impacts of disasters, including floods. These systems can be


entirely natural, like forests or floodplains, or can incorporate engineered features that use


natural materials and are designed to emulate the functioning of natural ecosystems, like


engineered stream stabilization. These approaches are considered nature-based solutions, an


umbrella concept for a suite of approaches to infrastructure that rely on natural systems or


processes to address societal challenges, and that provide benefits to both humans and


biodiversity. These solutions are oftenmore cost-effective than traditional, sometimes called


gray, infrastructure, and provide numerous co-benefits, including climatemitigation (via


carbon sequestration) and climate adaptation and resilience.48


Logging: The AppalachianMountains have long been recognized as one of themost


landslide-prone regions of the United States (Radbruch-Hall et al., 1982;Mirus et al., 2020).49


The relationship between logging and landslides has been well-established in the scientific


literature. In a comprehensivemodern review of landslides and their relationship to land use,


Sidle andOchiai (2006)50 describe in detail the relationship between trees and landslides on


forested slopes. They state that root strength and trees’ ability to reduce soil wetness


increases slope stability. Root strength is gradually lost in the years following logging as the


50 Sidle, R.C. andOchiai, H., 2006, Landslides: Processes, Prediction, and Land Use. American
Geophysical Union,Water ResourcesMonograph 18, 312 pp.


49 Radbruch-Hall, D.H., Colton, R.B., Davies,W.E., Lucchitta, I., Skipp, B.A. and Varnes, D.J., 1982. Landslide Overview
Map of the Conterminous United States. US Geological Survey Professional Paper 1183.; Mirus, B.B., Jones, E.S., Baum,
R.L., Godt, J.W., Slaughter, S., Crawford, M.M., Lancaster, J., Stanley, T., Kirschbaum, D.B., Burns,W.J., Schmitt, R.G.,
Lindsey, K.O., andMcCoy, K.M, 2020. Landslides across the USA: occurrence, susceptibility, and data limitations.
Landslides 17, 2271–2285, doi.org/10.1007/s10346-020-01424-4


48 Glick, P., E. Powell, S. Schlesinger, J. Ritter, B.A. Stein, and A. Fuller. (2020). The Protective Value of Nature: A Review of the
Effectiveness of Natural Infrastructure for Hazard Risk Reduction. NationalWildlife Federation.


47 Gerlitz, M., Agouridis, C.Williamson, T., and Barton, C. (2023). Evaluating the Influence of the Forestry Reclamation
Approach on Throughfall Quantity in Eastern Kentucky. Reclamation Sciences.DOI: 10.21000/RCSC-202200009.
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roots decay. Studies that have directly compared landsliding in logged versus non-logged


areas have shown that landslides occur 3 to 9 timesmore in logged areas, that these landslides


often occur from road fill failures andwithin harvest areas, and that landslides can be


triggered by 24-hour rainfall events with recurrence intervals as small as 4 years


(Montgomery et al. 2000; Jakob 2000).51 In spite of this documented relationship between


logging, landslides, and precipitation events, most states throughout Appalachia do not have


BestManagement Practices for logging to reduce landslides and the Federal Forest Service


can take steps to strengthen landslide reduction practices on federal lands.


Agriculture: Sustainable agriculture practices are also a type of nature-based hazard
mitigation. Nearly thirty percent of land in Appalachia is devoted to agriculture,52 making this


sector an important component of flood resiliency conversations. Flooding affects all


members of a community, but farms take a double hit with crop losses and soil loss, plus other


infrastructure damage. Small farms are particularly vulnerable to such climate related


disruptions. Appalachia is characterized by small-scale farming; the average farm size in the


region is 147 acres in contrast to the national average of 441 acres. Only eleven percent of


Appalachian farmland is in farms 2,000 acres or larger – compared to over half of U.S.


farmland in farms of that size.53 Increasing organic matter in soils has been shown to play a


significant role in absorbing floodwaters from small andmedium sized storm events – it’s


estimated that every percent increase in soil organic matter helps soil hold an additional


20,000 gallons of rainfall per storm event.54


Several USDA programs provide financial and technical assistance to farmers for sustainable


agriculture practices such as planting cover crops, reduced tillage, or shifting to pasture-based


systems, including the Conservation Stewardship Program (CSP) and the Environmental


Quality Incentives Program (EQIP). A USDA Sustainable Agriculture Research and Education


(SARE) Program study found that 90 percent of the farmers who received cover crop


incentives reported that they would definitely or probably continue planting cover crops after


the payments ended because they saw the value of healthier soils for farm production and soil


protection.55 Sustainable agriculture practices are a cost-effective way to protect water


quality, improve soil health, increase water retention and reduce the severity of flooding.


55 Sustainable Agriculture Research and Education, Conservation Technology Information Center & American Seed
Trade Association. (2023).National Cover CropSurvey Report 2022-2023.
www.sare.org/wp-content/uploads/2022-2023-National-Cover-Crop-Survey-Report.pdf.


54 Bryant, L. (2015).Organic Matter Can Improve Your Soil’s Water Holding Capacity. Natural Resources Defense Council.
www.nrdc.org/bio/lara-bryant/organic-matter-can-improve-your-soils-water-holding-capacity.


53See above


52www.arc.gov/wp-content/uploads/2022/04/Agriculture-and-Local-Food-Economies-in-the-Appalachian-Region-April
-2022.pdf


51 Montgomery, D.R., Schmidt, K.M., Greenberg, H.M. and Dietrich,W.E., 2000. Forest clearing and regional landsliding.
Geology 28, 311-314, doi.org/10.1130/0091-7613(2000)28<311:FCARL>2.0.CO;2; Jakob,M., 2000. The impacts of
logging on landslide activity at Clayoquot Sound, British Columbia. Catena 38, 279-300,
doi.org/10.1016/S0341-8162(99)00078-8


Flood Resilience in Appalachia 24







Nature-based Solutions: Many different federal agencies offer funding and technical


assistance for nature-based solutions, including FEMA, NOAA, USACE, USDA, the


Department of Transportation, and the Department of Interior. (See appendix for a list of


relevant nature-based hazardmitigation resources, including technical documents and


funding databases.) Many federal agencies, at the direction of theWhite House, have also


made strides in recent years to expand the use of nature-based solutions.56 One notable


example: In November 2023, the Office ofManagement and Budget issued amemo guiding all


executive branch agencies to encourage the use of nature-based solutions in any federal


financial assistance program for infrastructure.


FEMA programs are of particular relevance for nature-based hazardmitigation; supporting


these kinds of projects is possible through FEMA’s PA, HMGP, and BRIC programs; FEMA has


named nature-based solutions as a priority activity for BRIC. BRIC encourages large and


innovative projects, allows flexibility when possible, promotes public-private partnerships


that support capability and capacity-building, and offers a 90 percent federal cost-share for


economically disadvantaged rural communities.57 In FY 2022, BRIC awardees that used


nature-based hazardmitigation solutions to combat flooding restored floodplains, improved


stormwater infrastructure, naturalized streams and stabilized stream banks, and even turned


57 An economically disadvantaged community is one that has a population of 3,000 or fewer individuals and where
residents have an average per capita annual income that does not exceed 80 percent of the national per capita income.


56 TheWhite House. 2023, December 9. Biden-Harris Administration Expands Use of Nature-Based Solutions to Better
Protect Communities from the Impacts of Climate Change. [Press release].
www.whitehouse.gov/ostp/news-updates/2023/12/09/biden-harris-administration-expands-use-of-nature-based-solut
ions-to-better-protect-communities-from-the-impacts-of-climate-change/.
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vacant land into a stormwater park.58 Protecting and acquiring open space, conserving or


restoring wetlands and riparian areas, and stream restoration are all qualified uses of BRIC


dollars – and are all nature-based hazardmitigation solutions highly relevant to Appalachian


communities, which are often located within floodplains, or adjacent to rivers and streams,


because that's where flat land is located.


USACE is charged with establishing pilot programs to evaluate opportunities to reduce flood,


hurricane, and storm risks for economically disadvantaged and rural communities – studies


carried out under these programsmust incorporate natural or nature-based features to the


maximum extent practical, and will have no cost-share requirement. These programswere


authorized in the 2020Water Resources Development Act; the Act, published about every


two years, guides Corps policy and authorizes planning projects. USACE, however, has yet to


publish guidance on these pilot programs.


Despite the steps taken by FEMA and other agencies, barriers remain to advancing the


acceptance andworking knowledge of nature-based solutions, on the whole, and to


nature-based hazardmitigation in particular. Increasing familiarity with nature-based hazard


mitigation at the state and local level, including via increasing opportunities for training and


education (see Pillar I recommendations) and via boosted focus on nature-based hazard


mitigation at FEMA, will help ensure Appalachian communities can truly benefit from these


solutions.


Pillar IV: Recommendations


● Ensure adequate and expedient reclamation on SMCRA title Vmodernmine lands (e.g.,


improve reclamation bond requirements, establish a federal fund to provide additional


money for reclamation projects, and improve the enforceability of SMCRA's


requirements for timely reclamation.).59


● Provide dedicated funding for the Appalachian Regional Reforestation Initiative.60


● The Forest Service—by virtue of its national expertise and perspective—should be a


land stewardship leader by adopting landslide-reduction BestManagement Practices


(BMPs) that at least meet and, in many cases exceed, state BMPs related to landslides,


sedimentation, and watershed protection. National forests should incorporate the


below, or regionally-adapted, slope stability/landslide related BMPs into Forest Plans:


○ BMP 1: Forest landslide susceptibility and other slope stability investigations


should be performed by qualified and experienced geologists and/or


geotechnical engineers.


60 Our policy ask over the last year was to provide $5million in FY24 appropriations.We have not yet been successful
but havemade progress in socializing and promoting the program and ask.


59 For more information about specific policies, see the policy platform released onwww.zombiemines.org.


58 See list of all BRIC awardees for FY22 here:
www.fema.gov/grants/mitigation/building-resilient-infrastructure-communities/after-apply/fy22-status.
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○ BMP 2: Timber harvest planning should begin with production of a slope


steepness map using the best andmost current topographic data available for


the watershed in which logging is anticipated.


○ BMP 3: For individual harvest units or road corridors in whichmore than 10%


of the area has a ground surface slope greater than 20% (11°),61 a qualified


professional with experience in steep forested watershed geomorphology and


landslidemapping should perform an office review and site visit with a written


summary report to identify areas that show evidence of past, current, or


potential future landslide activity.


○ BMP 4:Within harvest units or road corridors in whichmore than 10% of the


area has a ground surface slope greater than 20% (11°), areas susceptible or


highly susceptible to landsliding should be delineated.


○ BMP 5: Take steps tominimize the likelihood of sediment delivery to


streams—or other undesirable consequences such as road or structural


damage, oil or gas pipeline rupture, or habitat loss—from landslides triggered


by logging activities in susceptible or highly susceptible areas.


■ Within susceptible areas, regeneration harvests should be avoided and


at least 50% of the basal area should be left uncut. In highly susceptible


areas, 100% of the basal area should be left uncut.


■ Cutting, filling, and other earth moving for roads, landings, or other


aspects of logging operations should be avoided entirely in highly


susceptible areas.


○ BMP 6: Implement a plan for long-termmonitoring of susceptible and highly


susceptible areas that intersect harvest units through the period of


post-logging root strength loss and recovery, whichmay be on the order of a


decade or more.


● The US Forest Service should prioritize allocation of funds, material resources, and


people to revitalize its landslide-related expertise ranging from peer-reviewed applied


research at its regional forest experiment stations to regional engineering geologic


expertise that is easily accessible for on-the-ground application of robust best


management practices to reduce logging-related landslide risks at the forest,


watershed, and individual timber harvest unit scale.


61 The 20% (11°) threshold is a limiting value calculated using an infinite slope factor of safety equation with a typical
Appalachian sedimentary rock colluvium residual friction angle of 22°, no cohesive strength, slope parallel seepage, and
a phreatic surface coincident with the ground surface. Landslides are unlikely to occur on slopes less than the threshold
even if the ground is completely saturated and root strength eliminated. These values may bemodified based on local
experience if the BMPs are adopted in other states.


Flood Resilience in Appalachia 27







● Create meaningful incentives in FEMA’s BRIC program that enable communities to


pursue large-scale natural hazardmitigation projects. This could be done via a 15


percent set-aside of the BRIC national competition funding to specifically support


nature-based hazard risk reduction projects.


● USACE should prioritize swift and effective implementation of Sec. 118 of the 2020


Water Resources Development Act (Pilot programs on the formulation of Corps of


Engineers projects in rural communities and economically disadvantaged


communities).


● Increase funding for popular, oversubscribed USDA conservation programs such as


CSP and the EQIP, as well as sustainable agriculture programs such as SARE. These


should be expanded tomeet demand, and to ensure all farmers have the opportunity to


adopt conservation practices that increase soil health and farm productivity while


reducing flood impacts.


● Better integrate nature-based solutions into state hazardmitigation plans. These plans


are required for projects to qualify for FEMAHMA funding. Many states include some


nature-based goals in their plans, but there are numerous opportunities to expand on


these, including via inclusion of detailed, specific nature-based hazardmitigation


actions.62 Congress could require future state hazardmitigation plans to consider


nature-based solutions as a potential mitigation technique.


62 Kihslinger, R., Li, A., Luedke, H. (2021).Nature-BasedMitigation Goals and Actions in State and Tribal HazardMitigation
Plans. Environmental Law Institute.
www.eli.org/sites/default/files/eli-pubs/nature-based-mitigation-goals-and-actions-final.pdf.
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Appendix: Nature-basedhazardmitigation
resources


Title Description Author Link


Nature-based
Solutions
Funding
Database


Interactive database for communities interested in
pursuing federal funding and/or technical assistance
for nature-based solutions, including nature-based
floodmitigation. Regularly updated; users can filter
to find funding or technical assistance that best fits
their needs


NWF fundingnatur


ebasedsoluti


ons.nwf.org/


Federal
Nature-Based
Resources For
Coastal
Communities,
States, Tribes,
And Territories


Summary of federal resources and guidance on
coastal green infrastructure, nature-based solutions,
and habitat restoration that are available to assist
coastal communities, states, tribes, and territories in
evaluating, enabling, and investing in nature-based
adaptation strategies. Includes resources from
FEMA, NOAA, USACE, USDA, andmore.


U.S.
government


noaa.gov/site


s/default/files


/2022-04/Na


ture-based-S


olutions-Com


pendium.pdf


The Protective
Value of Nature


Report summarizing the latest science on the
effectiveness of natural infrastructure in lowering
the risks to communities fromweather- and
climate-related hazards, including flooding.


NWF nwf.org/prote


ctive-value-of


-nature


Federal Flood
Risk
Management
ResourcesWeb
Tool


Web tool that includes information about federal
programs, services, data and tools available to
support flood risk management activities (including
nature-based solutions). Users can search for
resources using filters to narrow their search by
user type, flood risk lifecycle phase, assistance type
and federal agency.


USACE


Naturally
Resilient
Communities
database


Guide of nature-based solutions and case studies of
successful projects from across the US and Europe.
Includes solutions and case studies about riverine
flooding and erosion, and urban stormwater
flooding.


Naturally
Resilient
Communities
partnership


nrcsolutions.


org/


Department of
Interior
Nature-base
Solutions
Roadmap


Developed for DOI staff to have consistent and
credible information about nature-based solutions,
though likely applicable to any practitioner engaged
in planning or implementing nature-based hazard
mitigation projects. Includes information on
floodplain reconnection, riparian buffer restoration,
and stream restoration.


DOI doi.gov/sites/


doi.gov/files/


doi-nbs-road


map.pdf
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Promoting
Nature-Based
Hazard
Mitigation
Through FEMA
Mitigation
Grants


Guidance document intended for stakeholders
pursuing FEMAHMA grants for nature-based
solutions to mitigate risks associated with flooding
(riverine and coastal) and wildfire; Includes an
overview of selecting appropriate NBS for a given
hazard and location, FEMAHMA requirements, and
how tomaximize benefits for a given project


TNC, AECOM nature.org/co


ntent/dam/tn


c/nature/en/d


ocuments/TN


C_NBS_Guide


book-04-30-


2021_LR.pdf


Guidance for
Stream
Restoration


Bibliographic repository of information available to
assist professionals with the process of planning,
analyzing, and designing a stream restoration or
rehabilitation project; structured as a series of short
literature reviews followed by a hyperlinked
reference list


USFS fs.usda.gov/bi
ology/nsaec/a
ssets/yochum
reynolds_202
0_tn-102-5_g
uidancestrea
mrestoration
-508.pdf
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The Cerulean Warbler (Setophaga 
cerulea) is a migratory songbird that 
breeds in mature deciduous forests 
of eastern North America. Cerulean 
Warblers (hereafter, ceruleans) 
require heavily forested landscapes 
for nesting and, within Appalachian 
forests, primarily occur on ridge 
tops and steep, upper slopes. They 
are generally associated with oak-
dominated (Quercus spp.) stands 
that contain gaps in the forest 
canopy, that have large diameter trees 
(>16 inches diameter breast height 
(dbh)), and that have well-developed 
understory-and upper-canopy layers. 
Ceruleans primarily use the mid- 
and upper-canopy where they glean 
insects from the surface of leaves and 
conceal their open cup nests. Because 
they are severely declining across 
much of their range (Fig. 1), habitat 
management is a high priority. 
Management for this species can also 
improve conditions for a number of 
other wildlife species that depend on 
the same structure.


Figure 1. Cerulean Warbler distribution and trends in abundance across their breeding 
range from Breeding Bird Survey data (1966-2010; Sauer et al. 2011). The Appalachian 
Mountains Bird Conservation Region boundary is in black.
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This document provides land 
managers in the Appalachian Region 
with guidelines for retaining and 
enhancing habitat for Cerulean 
Warblers and a diverse bird 
community based on the current 
available science. They are intended 
for use by federal, state and private 
foresters, biologists, and other land 
managers. These management 
guidelines are based to a large 
extent on the recently completed 
Cooperative Cerulean Warbler Forest 
Management Project (CWFMP) but 
also incorporate relevant findings 
from other research projects. All 
literature incorporated into this 
document is listed in the Reference 
section. The guidelines apply 
primarily to upland oak-dominated 
habitats where the majority of the 
research reported was completed.


Figure 2. Cerulean Warbler abundance (number per route) estimated from Breeding Bird 
Survey data for the Appalachian Mountains Bird Conservation Region (BCR) (adapted 
from Shumar 2009). Study areas from the Cerulean Warbler Forest Management Project 
(CWFMP) are in the core range of the species.
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About 80% of the total cerulean population breeds within the Appalachian 
Mountains Bird Conservation Region (BCR; Fig. 1), and they are particularly 
abundant within the central part of the region (Fig. 2). Declines have 
occurred across most of their range (Fig. 1). A range-wide loss of ~70% 
of the population (Fig. 3) led to their designation as a species of national 
conservation concern by the U.S. Fish and Wildlife Service (USFWS) and as a 
Continental Watch List species by Partners in Flight.


Cerulean declines are primarily related to the loss and reduced suitability 
of habitat on breeding, migration, and wintering grounds. On breeding 
grounds, the second growth forests that occur throughout most forested 
landscapes often lack the complex forest structure favored by ceruleans. 
Old-growth forests naturally develop a more open and complex canopy 
structure, as well as multi-layered shrub and mid-story layers. Maintaining 
older, structurally diverse forest within cerulean breeding range may be 
important to sustain populations in the long-term and to support the 
ecosystems on which they and other organisms depend. In managed forests, 
however, foresters and landowners can use silviculture as a tool to develop 
stands with structural and compositional characteristics that are favorable for 
cerulean and associated species. Partial harvesting to benefit ceruleans can be 
consistent with forest management goals such as promoting oak regeneration 
and managing for a diverse wildlife community.


Figure 3. Cerulean Warbler population decline modeled using Breeding Bird Survey data 
from 1966-2006 (W. Thogmartin, unpubl. analyses).


Conservation
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Cerulean breeding density is variable across the Appalachian region (Fig. 2). 
Their distribution is often patchy in part due to the patchy nature of canopy 
disturbance in mature forests and their strong association with ridge tops. 
In a southern West Virginia study, for example, they occurred at 40% of 
randomly placed sample points. 


Landscape and Topography
Small forest tract size and the presence of large-scale edge (e.g., agricultural 
lands, mountaintop mines) can limit use of a site by ceruleans. Although the 
minimum forest tract size required by ceruleans to breed successfully is not 
known, smaller, more fragmented forest patches tend to have lower densities 
of territories and lower nest success. Ceruleans will use relatively small forest 
patches (~25 ac), but typically in landscapes that are primarily forested (e.g. 
>75% forest cover within ~6 miles of the project area). In landscapes with 
a relatively low proportion of forest cover (e.g. those that are dominated by 
agriculture), ceruleans are less likely to occur within small forest tracts. In the 
heavily deforested Mississippi Alluvial Valley, ceruleans require ~4000 acre 
tracts, in the highly fragmented Mid-Atlantic region ~1730 acres, and in the 
more forested Ohio Hills ~60 acres.
 
Ceruleans are often associated with canopy gaps and also use internal 
forest edges including narrow roads, narrow utility rights-of-way, narrow-
cut strip mines, edges of small timber harvests, and trails. However, they 
are less abundant near abrupt or “hard” edges between forest cover and 
large expanses of open land (e.g., commercial, residential, and industrial 
development). In southern West Virginia, for example, cerulean abundance 
decreased near mountaintop mine edges and in northern West Virginia, they 
avoided edges of a large powerline right-of-way that was ~75 feet wide.


In the Appalachians, ceruleans primarily occur along ridges and steep, upper 
slopes and appear to cluster near areas of local relief such as knobs and bluffs 
(Fig. 4). The soil characteristics and topography of these features contribute 
to stratification of canopy trees so that ridge top forests often have a complex 
overstory structure containing large oaks with expansive crowns. Thus, ridge 
top forests often offer the structure and composition sought by breeding 
ceruleans. Within ridge top forests, ceruleans often favor mesic, north- and 
northeast-facing slopes, although other aspects are used. In some sections of 
the Appalachians (e.g. Delaware River valley), ceruleans are most dense at 
lower slope positions and along major waterways.


Figure 4. Cerulean Warbler territories on 
a topographic map of the Lewis Wetzel 
Wildlife Management Area, West Virginia, 
showing territories aligned along ridgelines 
and clustering near areas of local relief.


Cerulean Warbler Habitat Association
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Appalachian landscape. Than Boves


Minimum patch size used by ceruleans depends on the 
amount of forest cover in the landscape.
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Stand structure and Composition
Before extensive clearcutting in the 
late 19th and early 20th century, 
tree mortality from old age, wind-
throw, ice storm damage, and fire 
contributed to the development of 
structurally complex and relatively 
open stands in which oaks were 
dominant. In the even-aged 
stands that developed following 
those extensive harvests, natural 
canopy disturbances tended to be 
unevenly distributed and relatively 
small thereby creating a relatively 
homogenous canopy structure 
(e.g., a closed canopy forest with an 
undeveloped understory and/or mid-
story). 


Important Components of Cerulean 
Habitat
Large Diameter Trees 
Ceruleans place territories and nests 
in hardwood forests with well-
spaced, large diameter trees (>16 
inches dbh). Nests are typically in the 
largest trees available at a site.


Canopy Gaps and Structure
Ceruleans favor the complex canopy 
structure characteristic of uneven-
aged stands and old growth forest. 
Canopy gaps allow mid- and upper-
canopy trees the growing space to 
form long horizontal branches and 
develop dense foliage. Tree species 
composition is relatively diverse with 
shade-intolerant species abundant in 
the overstory. 


Upland forest used by Cerulean Warbler. Marja Bakermans


Heterogenous stand structure including large trees, 
canopy gaps, and understory vegetation promote 


density and reproductive success of ceruleans.
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A relatively open canopy structure provides ceruleans with dominant trees 
(i.e., taller than the surrounding canopy) where exposed perches aid the 
birds in broadcasting their song and whose expansive crowns offer ample 
foliage in which to forage and conceal nests. Nests are often placed along flat 
lateral branches that extend over a relatively open midstory and a relatively 
dense understory, conditions that occur adjacent to a regenerating canopy 
gap. Ceruleans preferentially use canopy gaps ~400-1000 ft2 in size and that 
contain vegetative growth within them. 


Oaks and Hickories
In the Appalachians, ceruleans are strongly associated with stands in which 
oaks and hickories (Carya spp.) predominate. They preferentially forage 
and nest in white (Q. alba) and chestnut oak (Q. montana), but they avoid 
red maple (Acer rubrum) and oaks from the red oak group (scarlet (Q. 
coccinea), black (Q. velutina), and northern (Q. rubra) and southern red 
oak (Q. falcata). On sites dominated by species other than oaks, ceruleans 
preferentially used black cherry (Prunus serotina) and black locust (Robinia 
pseudoacacia) in West Virginia and American elm (Ulmus americana) and 
sycamore (Platanus occidentalis) in Ohio for various activities.


Grapevines
Grapevines provide a favored source of nest material. Cerulean nest success 
was positively associated with density of grapevines (Vitis spp.) in Ohio 
perhaps because vines add complexity to the canopy and, consequently, 
reduce the search-efficiency of nest predators. In Maryland, fledglings often 
were observed perching within clumps of grapevines.


Understory Vegetation
Density and nest success of ceruleans have been positively associated with 
understory vegetation. In Ohio, vegetation surrounding nest locations had 
24% greater understory vegetation density than random locations in the 
stand. A high density of understory vegetation is beneficial to ceruleans 
because 1) females frequently drop to the understory for intensive foraging 
bouts during incubation and brooding, and 2) fledgling birds often seek the 
dense vegetation for protection from predators.


Female Cerulean Warbler incubating; note 
grapevine bark on the nest rim. This is a 
typical location for nests, i.e. on a lateral 
branch, next to a vertical twig, with an 
umbrella of leaves above the nest. Than 
Boves


Cerulean Warbler fledgling in thick 
understory vegetation. Marja Bakermans


Cerulean Warbler nest of grapevine and 
other materials. Marja Bakermans


Leave some grapevines 
to provide nest material.
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The Cooperative Cerulean Warbler 
Forest Management Project 
(CWFMP), implemented under the 
auspices of the Cerulean Warbler 
Technical Group, was initiated to 
allow the scientific and management 
communities to test ideas about the 
habitat needs of ceruleans through 
experimental manipulations of 
timber harvest. The objective of the 
CWFMP was to study the response 
of ceruleans and the overall bird 
community to three silvicultural 
treatments and an unharvested 
control, collectively representing a 
canopy disturbance gradient. Seven 
study sites, each containing the 
four treatments, were established 
within mixed-mesophytic forest in 
Tennessee, Ohio, Kentucky, and West 
Virginia (Fig. 2). Sites were closed-
canopy mature forest and located 
in heavily forested regions; forest 
cover within six miles of study areas 
averaged 83%. All stands were oak 
dominant.
 
Treatment plots were 50 acres in size 
and included an unharvested plot, a 
light harvest, a medium harvest, and 
a heavy harvest (Fig. 5). In harvested 
plots, treatments included a 25-acre 
harvest and a 25-acre section of 
undisturbed forest that bordered 
the harvest (hereafter buffers). Light 
harvests were single tree removals 
and residual basal area (RBA) 
averaged 93 ft2/acre (range 84-106) 
resulting in stands that had~80% 
stocking. The goal of medium 
harvests was to thin the stand to 


Pre-harvest, West Virginia LW study area, basal area = 121 ft2/acre Patrick McElhone


Light harvest in 2007 (1 yr post-harvest), West Virginia LW study area, RBA=83.6 ft2/acre. 
Patrick McElhone


Cooperative Cerulean Warbler 
Forest Management Project
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Heavy harvest in 2008 (2 yrs post-harvest), Tennessee, RB study area. residual basal area 
(RBA)=34.5 ft2/acre. Than Boves


Medium harvest in 2010 (4 yrs post harvest), West Virginia LW study area, RBA=45.5 ft2/
acre. Jim Sheehan


Cooperative Cerulean Warbler 
Forest Management Project


a residual stocking of 60-70% and 
favor the crown release of the best 
quality dominants and codominants. 
All other commercial stems (>6 
inches dbh) were removed. The 
heavy harvests were applied with the 
objective of creating an understocked 
residual stand comprised of scattered 
dominants and co-dominants 
with all other commercial stems 
(>6 inches dbh) removed. After 
harvesting, the medium harvest had 
average RBA of 62 ft2/acre (range 46-
81) resulting in ~55% stocking. The 
heavy harvests had average RBA of 
27 ft2/acre (range 12-34).  Basal area 
for unharvested plots averaged 117 
ft2/acre (range 95-138) with ~100% 
stocking. 


The CWFMP is the largest forest 
management experiment ever 
conducted to evaluate cerulean 
warbler and associated songbird 
response to forest management.  
The results of the study 
demonstrate the initial response 
of ceruleans (first four years post-
harvest) to forest management.  
Additional studies are needed to 
track cerulean response over the 
life of a managed stand to fully 
characterize the nature of the 
changes in habitat structure that 
occur in these stands and how 
ceruleans respond to these changes.
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During two pre-harvest field seasons 
(2005-2006) and four post-harvest 
field seasons (2007-2010), data were 
collected on cerulean nest success, 
territory density, and habitat use. 
We also measured composition and 
relative abundance of the overall bird 
community to characterize response 
to partial harvesting and mapped 
territories of six other focal species 
in addition to Cerulean Warbler: 
Hooded Warbler (Setophaga citrina), 
Kentucky Warbler (Geothlypis 
formosus), Ovenbird (Seiurus 
aurocapillus), Scarlet Tanager 
(Piranga olivacea), Wood Thrush 
(Hylocichla mustelina), and Worm-
eating Warbler (Helmitheros 
vermivorus).


Kentucky Warbler. Bill Hubick Ovenbird. William Majoros


Scarlet Tanager. Bill Hubick Wood Thrush. USFWS Worm-eating Warbler. Bill Hubick
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Figure 5. Plot layout in the CWFMP showing harvests and unharvested buffer areas one year after harvests were implemented on LW in 
WV.
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Short-term Response of Cerulean 
Warblers to Harvests


Territory Density 


n Across all harvests, cerulean 
territory density generally increased 
or was maintained and rarely 
decreased from pre-harvest densities 
(Fig. 6 top). The modeled response 
indicated that annual increases 
occurred (Fig. 7).


n The largest and most consistent 
increases occurred when RBA was
between ~40 and 90 ft2/ac (Fig 6 top, 
Fig 7). An extreme increase
occurred in a harvest ~45 ft2/ac 
RBA where ceruleans were absent 
preharvest; post-harvest territories 
here were densely clustered. 


n Territory density increases that 
occurred at low levels of RBA (<40 
ft2/ac) were typically delayed 2-3 
years, likely in response to the time
needed for understory foliage and 
structural development to occur in
the residual stand. Within these 
heavy harvests, territories were often 
situated along the harvest edge (Fig. 
8) and nests were rarely located 
within the harvest.


 n Single tree selection harvests 
with RBA >90 ft2/ac produced little 
increase in cerulean territory density 
(Fig 6 top).
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Figure 6. Mean change in number of cerulean warbler territories per 25 ac from 2006 
(pre-harvest) to 2007-2010 (post-harvest) relative to post-harvest basal area and harvest 
intensity. Top figure is within harvests and bottom figure is within unharvested buffers. 
Points above the 0 line indicate plots with a mean increase in number of territories.


Findings Relevant to Silvicultural 
Prescriptions


Ceruleans favor residual basal area of 
~40 to 90 ft2/acre of canopy trees.
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Findings Relevant to Silvicultural 
Prescriptions


n Although the territory density response to harvests was generally
positive (Fig. 6 top, Fig. 7) it was variable across study sites likely due to 
differences in pre-harvest cerulean densities, topography, and forest structure 
and composition.


n In the majority of unharvested buffers (Fig. 6 bottom), cerulean territory 
density mostly increased or was maintained regardless of intensity of the 
adjacent harvest. 


n Some degree of thinning in the canopy of oak-dominated stands with basal 
area >~130 ft2/ac would likely benefit ceruleans because territory density 
generally was low on these highly stocked stands (Fig 7).


Figure 7. Annual number of post-harvest (2007-2010) cerulean warbler territories per 25 
acres (circles=harvests; triangles=no-harvest control) relative to post-harvest basal area. 
Curved lines are the annual post-harvest predicted response for a plot with 4.6
 pre-harvest territories/25 acres (the pre-harvest mean indicated by the thin dotted 
horizontal line).


Figure 8. Cerulean Warbler territories 
aligned along the edge of a 20 acre heavy 
harvest with 12.5 ft2/ac of residual basal 
area. Territories before the harvest are 
shown in blue and after harvest are in 
yellow. The birds used little of the interior of 
the cut.
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Cerulean Warbler male with color bands. 
Matt Shumar







Nest Success


n Nest success varied strongly by 
study site and year and was relatively 
low at many of the study areas. 
Harvest intensity had less influence 
on nest success than study area and 
year. 
 
n Unharvested buffers adjacent to 
the harvests had nest success similar 
to that of the unharvested control 
stands. 


n Of the three harvest treatments, 
medium harvests had higher nest 
success than light or heavy harvests 
(Fig. 9). However, unharvested 
control stands in the South region 
(the two Tennessee study areas) had 
higher nest success than any harvest.
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Figure 9. Cerulean Warbler nest success (with standard error bars) for the no harvest 
control, the three harvest treatments, and the unharvested buffers.


Male Cerulean Warbler with nestlings. Ohio DNR


Male Cerulean Warbler with newly hatched chicks. Ohio DNR


Cerulean Warbler  Man ag em ent  Gu idel ines. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14







Habitat Use


n For nest trees, ceruleans preferred 
white oak, sugar maple (A. 
saccharum), and cucumber magnolia 
(Magnolia acuminata) as nest trees 
and avoided red maple and oaks 
from the red oak group (scarlet, 
black, and northern and southern 
red oak) (Fig. 10). 


n For foraging, they preferred sugar 
maple, chestnut oak, and hickories 
and again avoided oaks from the red 
oak group (Fig. 11). 


n Ceruleans placed their nests in 
trees that averaged 15-19 inches dbh 
across the study areas. Nest trees 
were larger than random trees within 
the territory. Vegetation structure 
adjacent to nest trees had less mid-
canopy cover and more understory 
cover than generally available 
within the surrounding territory. 
These conditions are characteristic 
of canopy gaps that have some 
vegetative growth within them.


Figure 10. Nest tree selection by Cerulean Warblers at all study areas (pooled) in the Ap-
palachian Mountains, 2008–2010. For each tree species, bars and 95% confidence intervals 
are the proportion of total trees within randomly sampled plots (gray) and the proportion 
of total nest trees (white). Red oak group includes northern red (Quercus rubra), black (Q. 
velutina), and scarlet (Q. coccinea) oak, and hickory species include mockernut (Carya 
tomentosa), bitternut (C. cordiformis), pignut (C. glabra), and shellbark (C. laciniosa) 
hickory. Only the most common tree species are shown.


Figure 11. Pre-harvest (2006) and post-harvest (2007) indices of tree species preference and 
avoidance by Cerulean Warblers for the 12 most commonly available tree species.


White oaks, hickories, 
and sugar maples are 


favored for nesting and 
foraging.
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Changes in Allied Bird Communities


Appalachian forests are considered some of the most biologically diverse 
temperate forests in the world. They provide breeding habitat for many 
avian species including those dependent on closed-canopy forest, others that 
require young forest habitat, and some species that require mature forest with 
canopy gaps. Consequently, individual species responded in various ways to 
different levels of RBA (Table 1). 


n Ovenbird, a species that nests and forages on the ground, had its greatest 
abundance at high RBA (>90 ft2/ac; Fig. 12). An immediate negative response 
to canopy removal persisted four years after harvests in heavy and medium 
harvests. Ovenbirds occurred at moderate densities in light harvests (>85 ft2/
ac).


n Species that nest in the midstory of older forests such as Wood Thrush 
and Acadian Flycatcher (Empidonax virescens), also had immediate and 
persistent reductions in abundance in response to canopy removal in heavy 
and medium harvests. This was likely in response to midstory removal and 
the open canopy and dense understory conditions that developed in response 
to these harvest levels.


n Heavy and medium harvests increased abundance and diversity of 
shrub-nesting species including Hooded Warbler (Fig. 12), Indigo Bunting 
(Passerina cyanea), Yellow-breasted Chat (Icteria virens), Kentucky Warbler, 
and Eastern Towhee (Pipilo erythrophthalmus). These species are associated 
with low RBA and high shrub cover. Response of some species, e.g. Hooded 
Warbler and Kentucky Warbler, was delayed until dense shrub cover 
developed.


n Certain canopy-nesting species such as Cerulean Warbler and Blue-
gray Gnatcatcher (Polioptila caerulea) generally increased in abundance at 
intermediate levels of RBA across the study sites while Eastern Wood Pewee 
(Contopus virens) increased only in Ohio at intermediate RBA. Some canopy-
nesters that are less sensitive to small-scale harvesting, like Scarlet Tanager, 
had similar abundance across the range of harvest intensities. 


These short term effects are from small-scale harvesting (~25 ac) within 
relatively continuous mature forest. Avian species may respond differently to 
larger harvests, more extensive harvesting, or harvesting within landscapes 
with less forest cover. 


Figure 12. Number of post-harvest (2007-
2010) Ovenbird and Hooded Warbler 
territories per 25 acres (circles=harvests; 
triangles=no-harvest control) relative 
to post-harvest basal area. Negative 
(Ovenbirds) and positive (Hooded Warbler) 
predicted responses to basal area are shown 
by curved lines (the pre-harvest mean 
indicated by the thin horizontal line). For 
Hooded Warbler, there was an annual 
increasing response during 1 to 4 years post-
harvest.
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Table 1. Suitable and optimal (thickest line) basal areas for migratory songbirds that were common at CWFMP study sites. Bolded species 
are USFWS Birds of Management Concern. Relative abundance and/or territory density for a given species was highest under optimal basal 
area ranges and the species was present under suitable ranges. 
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 Canopy tree basal area (ft2 /acre) 


Species 10 20 30 40 50 60 70 80 90 100 110 120+ 


Acadian Flycatcher                                                             American Redstart                                                             Black-and-white Warbler                                                             Blue-grey Gnatcatcher                                                             Blue-headed Vireo                                                             Black-throated Green Warbler                                                             Blue-winged Warbler                                                             Cerulean Warbler                                                             Chestnut-sided Warbler                                                             Chipping Sparrow                                                             Eastern Towhee                                                             Hooded Warbler                                                             Indigo Bunting                                                             Kentucky Warbler                                                             Mourning Dove                                                             Northern Cardinal                                                             Ovenbird                                                             Red-eyed Vireo                                                             Scarlet Tanager                                                             White-breasted Nuthatch                                                             Wood Thrush                                                             Worm-eating Warbler                                                             Yellow-breasted Chat                                                              
 


            
 







Cerulean Warblers occur on forested lands throughout its range. Landowners 
desirous of keeping their lands in forested condition can do so using the 
economic benefits derived from productive forest management. In mature 
forest stands that have high cerulean densities and high nest success, the 
no-harvest option is most favorable for sustaining cerulean populations.  In 
actively managed forests, there are opportunities to use forest management 
practices to mimic the structure and natural disturbance regimes of old-
growth forests to enhance habitat for this species. The results from the 
CWFMP indicate that retaining RBA levels of ~40-90 ft2/acre after harvesting 
trees in 25 acre harvest units in oak-dominated stands creates a forest 
structure that is generally favorable for ceruleans. Small-sized harvest stands 
(~10-27 acres) and their edges are not avoided by ceruleans. 


In addition to enhancing stand conditions for ceruleans, small-scale harvests 
that result in intermediate levels of RBA are consistent with promoting 
oak regeneration and a diverse wildlife community. These harvests create 
habitat for early-successional birds, many of which are experiencing long-
term population declines. For example, in northeast Pennsylvania, stands of 
regenerating timber attract Cerulean Warblers to use both the mature forest 
edge and adjacent residual trees in the harvest while providing breeding 
habitat for Golden-winged Warblers (Vermivora chrysoptera). Opening the 
canopy also can enhance habitat for many species of forest-dwelling bats. 
A study of bat use of the CWFMP treatments found increased bat foraging 
activity within partial harvests than in unharvested plots.


Important considerations for implementing harvests for ceruleans include the 
following:


Landscape-scale Considerations 


Forest Cover
Some studies of forest songbirds have found decreased nest success in 
landscapes with a low proportion of forest cover. In heavily forested regions, 
the abundance and productivity of ceruleans and other forest songbirds 
appear to be more heavily influenced by stand structure than by landscape 
or edge effects. Thus, habitat enhancements for ceruleans located in heavily 
forested regions (>70% forest cover at the six mile scale) are more likely to be 
effective at attracting ceruleans and landscape context may have less influence 
on reproductive success.


Female Cerulean Warbler. Ohio DNR


Management Considerations
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Management Considerations


Scale of Harvesting
Even in heavily forested regions, maintaining a significant portion of 
the management area as mature forest cover is important for sustaining 
populations of forest-interior birds because many forest-interior birds are 
sensitive to the amount of mature forest cover at larger spatial scales. In 
addition, several mature forest dependent species (e.g., Wood Thrush, Worm-
eating Warbler, and Acadian Flycatcher) are likely to decrease in abundance 
at intermediate levels of RBA. Thus, where these species are high priority, 
maintaining about 50% of large forest blocks in the >50 year-old age class will 
provide structural complexity yet retain closed-canopy forest availability. 


Stand-scale Considerations 


Local Cerulean Density
Where cerulean density is relatively high (>5 territories/25 acre), immediate 
habitat enhancements are not necessary because harvesting may reduce 
reproductive success which may outweigh any increases in cerulean breeding 
density. Ideal locations to focus management efforts are where local cerulean 
densities are low (<5 territories/25 acre). If no ceruleans are present near the 
management site (within ~5 miles), they may be less likely to colonize the 
managed area.
 
White Oak Dominance
Maintaining white and chestnut oak dominance in the residual stand is a 
primary consideration in implementing management strategies for ceruleans. 
Thus, site productivity and the presence of sufficient advance regeneration 
of white and chestnut oaks are important considerations in management. 
Where feasible, favor white oak, chestnut oak, hickories, and sugar maple 
in the residual stand and do not retain red maple or red oaks. Retain some 
of the largest diameter individuals of the preferred species as residual 
trees. Prescribed fire at regular intervals may be necessary to promote 
oak regeneration, maintain small canopy gaps, and facilitate understory 
vegetation diversity.


Topography
In much of the Appalachians, harvests located along ridgetops and upper 
slopes are likely to be more effective in attracting ceruleans. Mesic, north- 
and east-facing slopes are often favored by ceruleans although other aspects 
are used.


White Oak dominated habitat. Fran 
Trudeau


Retain large diameter white 
and chestnut oak trees in any 


management scenario.
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Size of Canopy Gaps
Ceruleans preferentially use canopy gaps that are ~400-1000 ft2 in size, 
particularly those with advanced vegetative growth within them.  Thus, 
group-selection harvests that allow already established regeneration to grow 
into a stratified canopy may benefit this species.
 
Temporal and Silvicultural Considerations


A number of different silvicultural practices could achieve residual basal 
areas in the harvested stand that are suitable for cerulean warblers (~40-90 
ft2/acre). Some additional considerations for various silvicultural treatments 
are below.


n Single-tree selection harvests (our light harvest treatment) were less effective 
in increasing cerulean numbers and rapid canopy closure may limit the 
duration of suitable habitat. Single-tree selection with RBA above ~90 ft2/
acre also led to lesser nest success than harvests with lesser RBA. However, if 
single-tree harvest is favored by a landowner for providing income, cerulean 
densities would still be maintained particularly if non-preferred trees are 
removed and preferred oaks are retained. 


n Group selection as part of an uneven-aged system can improve cerulean 
habitat and would likely be effective longer than single-tree selection. The 
small group openings provide for diverse canopy structure and understory 
development. This approach has been shown to advance stands toward late 
successional structure beneficial to many avian species.


n Shelterwood harvests are often compatible with promoting oak regeneration 
and, in the CWFMP, generally resulted in increased cerulean density and 
intermediate levels of nest success. However, complete overstory removal 
during the second stage of a shelterwood harvest will substantially reduce 
numbers of mature forest species including Cerulean Warbler, Wood Thrush, 
Acadian Flycatcher, and Worm-eating Warbler. If managing for forest birds, 
retain the residual canopy as long as possible and until adjacent habitat has 
been enhanced with shelterwood or other types of harvests and colonized by 
ceruleans.


n Thinnings as part of intermediate harvest treatments would open the 
canopy and provide the structure favored by ceruleans. These could take the 
form of a crown thinning or shelterwood seed cut.


Canopy gap in West Virginia. 
Scott Bosworth


Shelterwood harvest. Scott Stoleson
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n Modified even-age regeneration can be used to create future opportunities 
for cerulean habitat improvement. Leaving large-diameter residual stems in a 
harvest unit can lead to development of two-aged stands. Such stands achieve 
more complex canopy structure earlier in their development than similar 
single-aged stands and the residual stems allow for some use of the stand by 
forest birds. Ceruleans had increased density in RBA of >~40 ft2/acre.


n Crop-tree release is a practice that is used to accelerate development of 
crop-trees on higher quality sites. The practice is typically applied in 15 to 20 
year-old stands. It can allow for earlier canopy differentiation by accelerating 
growth of dominant stems. Impact on habitat suitability for ceruleans will not 
be immediate, but benefits should be seen as the stand develops and where 
earlier entry into the stand for commercial harvest is made possible.


Complex canopy structure in a deferment cut creates future opportunites for Cerulean Warbler habitat improvements. Doug Becker
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Forest management that incorporates 
these guidelines and that is applied 
to oak-dominated stands in the 
Appalachian region can enhance 
habitat for Cerulean Warblers and 
other avian species, as well as other  
wildlife. Managers can choose a 
range of residual basal area targets 
depending on their priority avian 
species of interest.


For ceruleans, the RBA target range 
of ~40-90 ft2/acre results in the 
most increases for the longest time 
period.  A variety of silvicultural 
approaches can achieve this range.  
Where cerulean densities are high 
(>5 territories/20 acres), habitat 
management is not likely to be 
needed. 


Landscape considerations are also 
important. These recommendations 
may be most beneficial in areas 
with high forest cover. They have 
not been tested  in landscapes 
where forest cover is low. 


Summary


Sitting pretty. Bill Hubick
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Abstract


Forest cover in the eastern United States has increased over the past century and while some late-successional species have
benefited from this process as expected, others have experienced population declines. These declines may be in part
related to contemporary reductions in small-scale forest interior disturbances such as fire, windthrow, and treefalls. To
mitigate the negative impacts of disturbance alteration and suppression on some late-successional species, strategies that
emulate natural disturbance regimes are often advocated, but large-scale evaluations of these practices are rare. Here, we
assessed the consequences of experimental disturbance (using partial timber harvest) on a severely declining late-
successional species, the cerulean warbler (Setophaga cerulea), across the core of its breeding range in the Appalachian
Mountains. We measured numerical (density), physiological (body condition), and demographic (age structure and
reproduction) responses to three levels of disturbance and explored the potential impacts of disturbance on source-sink
dynamics. Breeding densities of warblers increased one to four years after all canopy disturbances (vs. controls) and males
occupying territories on treatment plots were in better condition than those on control plots. However, these beneficial
effects of disturbance did not correspond to improvements in reproduction; nest success was lower on all treatment plots
than on control plots in the southern region and marginally lower on light disturbance plots in the northern region. Our
data suggest that only habitats in the southern region acted as sources, and interior disturbances in this region have the
potential to create ecological traps at a local scale, but sources when viewed at broader scales. Thus, cerulean warblers
would likely benefit from management that strikes a landscape-level balance between emulating natural disturbances in
order to attract individuals into areas where current structure is inappropriate, and limiting anthropogenic disturbance in
forests that already possess appropriate structural attributes in order to maintain maximum productivity.


Citation: Boves TJ, Buehler DA, Sheehan J, Wood PB, Rodewald AD, et al. (2013) Emulating Natural Disturbances for Declining Late-Successional Species: A Case
Study of the Consequences for Cerulean Warblers (Setophaga cerulea). PLoS ONE 8(1): e52107. doi:10.1371/journal.pone.0052107


Editor: Johan J. Bolhuis, Utrecht University, The Netherlands


Received May 4, 2012; Accepted November 12, 2012; Published January 4, 2013


This is an open-access article, free of all copyright, and may be freely reproduced, distributed, transmitted, modified, built upon, or otherwise used by anyone for
any lawful purpose. The work is made available under the Creative Commons CC0 public domain dedication.


Funding: This research was funded and supported by the Department of Forestry, Wildlife, and Fisheries at the University of Tennessee; the United States
Geological Survey West Virginia Cooperative Fish and Wildlife Research Unit; the School of the Environment and Natural Resources at Ohio State University; the
Department of Biology at Indiana University of Pennsylvania; Tennessee Wildlife Resources Agency; Ohio Division of Wildlife; Kentucky Department of Fish and
Wildlife Resources; West Virginia Division of Natural Resources Wildlife Diversity Program; U.S. Fish and Wildlife Service; National Council for Air and Stream
Improvement, Inc.; National Fish and Wildlife Foundation (grant numbers 2005-0064-000, 2006-0042-000, 2007-0004-000, and 2008-0009-000); The Nature
Conservancy (through a USFWS Habitat Conservation Plan planning grant with the Tennessee Wildlife Resources Agency); MeadWestvaco Corporation; and U.S.
Forest Service. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.


Competing Interests: MeadWestvaco Corporation provided some funding, however they did not ask to review/comment on our results prior to publishing and
their financial contribution had no contingencies with respect to the study. Conservation science is often funded via public-private partnerships such as this. In
addition, this does not alter the authors’ adherence to all the PLOS ONE policies on sharing data and materials.


* E-mail: tboves@illinois.edu


¤ Current address: Department of Natural Resources and Environmental Science, University of Illinois, Urbana, Illinois, United States of America


Introduction


Ecologists have long appreciated the fundamental role of


disturbance in maintaining biodiversity in many ecosystems (e.g.,


intermediate disturbance hypothesis [1]). This understanding has


led to the development of management practices that seek to


emulate natural disturbance regimes (hereafter, ENDR), particu-


larly in systems where disturbances have been suppressed or


altered, in order to restore biodiversity and improve habitat


conditions for vulnerable species [2]. ENDR strategies have been


relatively well-established as a method of improving conditions for


many declining early successional species [3,4], however, it is
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relatively unknown how declining late-successional species may


respond to such practices.


Although severe disturbances (e.g., intense fires, volcanic


eruptions) within mature forests are known to return entire


systems to early successional stages at large scales, less intense


disturbances such as wind-throw, tree senescence, and low-


intensity fires, have the ability to create more subtle micro-


conditions within forests that some late-successional forest species


may respond to favorably. One region where interior forest


disturbance regimes have been suppressed or altered is the eastern


United States. Prior to European colonization, old-growth forests


in the eastern U.S. were regularly disturbed by natural events such


as windthrow, tree senescence, and fire [5–7]. However, since the


early 1900s when forests in this region were almost completely


cleared for timber and subsequent agricultural opportunities [8],


much of the region has regenerated as second-growth forest and


interior disturbances are now rare. Fire has become virtually non-


existent because of suppression [7], and because ,1% of forests


are currently in old-growth condition [9], disturbances caused by


treefalls (via senescence and wind) occur less frequently and have


less impact [10]. Reduction of fire and other natural disturbances


has been linked to a number of negative vegetative responses in


eastern forests: declines in disturbance-adapted tree species such as


white oak (Quercus alba) [11], reduction in canopy heterogeneity


[12], proliferation of invasive species [13], and a reduction in tree


diversity [14]. Concurrently, a number of forest-dependent animal


species have undergone steep population declines during this era.


These include vulnerable species such as the Indiana bat (Myotis


sodalis), West Virginia northern flying squirrel (Glaucomys sabrinus


fuscus), and cerulean warbler (Setophaga cerulea) [15–17]. Population


declines of these species are likely multi-faceted (particularly for


migratory species), but some vulnerable late-successional species


may require the specific conditions that small-scale disturbances


create and may thus be adversely affected by a lack of


perturbations in contemporary second-growth forests [17–21].


Hence ENDR, via timber harvesting or prescribed fire, has been


suggested as a strategy to restore natural patterns to forest


environments that were historically shaped by periodic disruptions


and to potentially restore habitat conditions required by these


species [6,19,22].


Birds are an ideal group to use when evaluating how forest


succession and the reduction of natural disturbances during the


last century has affected wildlife in the eastern U.S., in part


because of long-term monitoring programs such as the Breeding


Bird Survey (BBS) [23]. Based on BBS data, the regrowth of


eastern forests over the past century has been, expectedly,


correlated with increasing populations of some avian forest


species, such as northern parula (S. americana) and blackburnian


warblers (S. fusca). However, the successional process has also been,


seemingly paradoxically, negatively related to population trends of


other species that would seem to benefit from what appears to be


an increase in breeding habitat, such as the eastern wood-pewee


(Contopus virens) and Canada warbler (Cardellina canadensis) [24].


Perhaps the most notable declining avian species of eastern forests


is the cerulean warbler. The cerulean warbler is a Neotropical-


Nearctic migratory species that breeds solely in the canopies of


deciduous forests in eastern North America and has long been


considered to be a prototypical late-successional species [25,26].


However, despite recent increases in their putative breeding


habitat, cerulean warblers are one of the fastest declining


passerines in North America; populations declined 3.2%/yr from


1966 to 2003 and the trend has recently worsened to a decline of


4.6%/yr [24]. They are currently listed as a species of


conservation concern by the US government [16] and are


considered ‘vulnerable to extinction’ by BirdLife International


[27]. Contrary to the long-standing paradigm that their preferred


habitat is closed-canopy forest, recent evidence suggests that the


cerulean warbler’s decline may actually be related to a lack of


small-scale, interior forest disturbances in their eastern U.S.


breeding grounds [21,28,29], particularly in the Appalachians,


where an estimated 70% of their remaining population breeds


[30]. Consequently, ENDR has been suggested as a method of


mitigating degraded forest conditions and restoring habitat for


cerulean warblers [21,31]. However the effectiveness of this


strategy, as well as the ideal scale and intensity of the disturbances


to be emulated, is not known.


Many studies have documented numerical responses of


populations (i.e., abundance or density) to anthropogenic distur-


bance via forest management [e.g., 32,33]. However, our


understanding of the mechanisms responsible for numerical


responses to environmental perturbations is much more limited.


These mechanisms may begin with individual changes in habitat


selection, physiology, breeding behavior, and dispersal [e.g.,


34,35] and then may be scaled up to population changes in


reproductive rates, annual survival rates, and age structure [e.g.,


36,37,38]. Evaluating more than numerical responses is essential


because simple use of, or even preference for, a habitat does not


necessarily indicate the quality of that habitat [39,40]. Mismatches


between habitat selection and individual fitness have been


identified in several taxa, particularly those inhabiting human-


modified habitats where ecological processes have been altered


recently and rapidly [e.g., 41,42,43]. Thus, before considering


ENDR to be an appropriate strategy for restoring conditions for


declining forest species, detailed studies of individual and


population-level responses to disturbance are needed to ensure


that our actions do not create such a situation.


In this study, we investigated the consequences of emulating


natural disturbances for a late-successional avian species, the


cerulean warbler. To do so, we experimentally disturbed mature


forest stands at various intensities, spanning the range of local


disruptions that could occur naturally in mature forests, across the


core of the warbler’s breeding range in the Appalachian


Mountains. We then assessed short-term responses (up to four


years) to these manipulations in terms of breeding density, body


condition, age structure, and reproductive output. In addition, we


explored regional variation in these responses and the potential


impacts of emulating disturbance on the source-sink dynamics of


cerulean warblers in the Appalachian region using a deterministic


population model. Finally, we discuss the implications of our


results for cerulean warbler conservation and management.


Methods


Study sites
We conducted this study at seven sites in the Appalachian


Mountains (Figure 1), all within the Central Hardwoods’ mixed-


mesophytic forest region [44], which also corresponds to the core


of the cerulean warbler breeding range. These sites were: Royal


Blue Wildlife Management Area, TN (RB), Sundquist Forest, TN


(SQ), Raccoon Ecological Management Area, OH (REMA),


Daniel Boone National Forest, KY (DB), Lewis Wetzel Wildlife


Management Area, WV (LW), Wyoming County, WV (WYO),


and Monongahela National Forest, WV (MON). The two most


southern sites (RB and SQ) were both located in the Cumberland


Mountains, an ecophysiographically distinct section of the


Appalachian chain [45,46] that has previously been identified as


a critical breeding locale for the species [47,48]. Thus, we refer to


these two sites hereafter as the ‘‘southern region’’ and the other
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five study sites as the ‘‘northern region.’’ Because cerulean


warblers often require large tracts of contiguous forest [26], we


selected sites embedded within a matrix of mature forest; mean


percent forest cover within 10 km of the site center was 83.262.8


[SE]% (range = 74–95%, 2001 NLCD). Plant composition differed


slightly among sites, but common overstory tree species included


tulip poplar (Liriodendron tulipifera); sugar maple (Acer saccharum);


northern red, white, and chestnut oak (Quercus rubra, Q. alba, and Q.


prinus); and various hickory spp. (Carya spp.).


Disturbance treatments
We randomly assigned treatments to four plots at each field site:


light, intermediate, and heavy canopy disturbance, as well as an


undisturbed control plot. Disturbance plots were 10 ha and


control plots were 20 ha in size (Figure 2). We used larger


undisturbed control plots because territory density was lower and


nests more difficult to locate in these habitats. Each plot was


located .200 m from all other plots to maintain independence. At


the periphery of each disturbance treatment were two 5-ha plots of


undisturbed forest that we designated as ‘‘buffers’’ (see Figure 2 for


plot design). We included buffers to examine potential edge effects


of disturbances. Buffers were not spatially independent from


disturbed treatments, so we compared them to controls in separate


but identical analyses.


Disturbances were designed to emulate natural processes that


spanned the range of potential forest disruptions in the Appala-


chian region and were implemented via timber harvest in the fall


of 2006 and spring of 2007. Light treatments (least intense


disturbances) mimicked stands disrupted by multiple small tree-fall


gaps; we reduced basal area (BA) and overstory canopy cover (CC)


on these treatments by approximately 20% (residual BA = 2161


[SE] m2/ha; residual CC = 6166 [SE] %). Intermediate treat-


ments mimicked more severe natural disturbances such as fire,


windthrow, or larger tree fall gaps; here we reduced BA and CC


by approximately 40% (residual BA = 1461 [SE] m2/ha; residual


CC = 4566 [SE] %). Heavy treatments emulated the most severe


natural disturbances such as more intense fire and windthrow, ice-


storms, or landslides; we reduced BA and CC by 75% (residual


BA = 661 [SE] m2/ha; residual CC = 1864 [SE] %). We left


control plots and buffers undisturbed throughout the duration of


the study (BA = 2761 [SE] m2/ha; CC = 7365 [SE] %). We


attempted to apply disturbances uniformly across all treatment


plots and overstory tree species composition was largely un-


changed after disturbances were implemented [49]. Residual


stands on the intermediate and heavy treatments were comprised


of dominant and co-dominant trees. Because cerulean warblers


prefer productive slopes [29,48], plots were predominantly placed


on north- or east-facing slopes to maximize warbler presence and


to control for potential interactions between aspect and response.


Territory density response
We used a before-after-control-impact study design to evaluate


changes in territory density in response to treatments. We


delineated and quantified territories of cerulean warblers using


the spot-mapping technique. Because male warblers sing often and


are easily detectable in all habitat types, spot-mapping is an ideal


form of estimating density for this species. We performed eight


morning censuses (from sunrise to 1030) per plot during the height


of each breeding season (1 May to 15 June), 2005–2010 (two years


pre-disturbance and four years post-disturbance). On gridded


maps, we recorded all locations of male vocalizations including all


instances of counter-singing among neighboring males, as well as


any other territorial behaviors. We defined territories as


geographic clusters of two or more registrations from different


spot-mapping sessions and used counter-singing or other territorial


behavior when available to help separate adjacent territorial


Figure 1. Map displaying locations of seven study sites in the Appalachian Mountains. All sites (white triangles) are located within the
core of the cerulean warbler breeding range.
doi:10.1371/journal.pone.0052107.g001


Emulating Disturbances for Cerulean Warblers


PLOS ONE | www.plosone.org 3 January 2013 | Volume 8 | Issue 1 | e52107







individuals [50]. We also used nest and banding data (see below) to


refine spot-mapping data and to validate delineation and


estimation of territory numbers. We assigned fractions of


territories to individuals whose territories only partially occurred


within the borders of a plot (based on the proportion of


registrations that fell within the plot).


We estimated baseline territory density on plots by calculating


the mean density of pre-disturbance spot-mapping data (2005–06).


We first compared density between the two pre-disturbance years


using repeated-measures ANOVA. We performed pre-disturbance


spot-mapping on MON and WYO sites in 2006 only, so these sites


were not included in this pre-disturbance analysis. If we found no


significant year effects, we used mean pre-disturbance density (of


2005 and 2006) as a starting point for subsequent analyses. We


estimated change in territory density from pre- to post-disturbance


by calculating


Density ratio DRð Þ~Post density=Pre density


where we defined density as the number of territorial males/


10 ha. Two plots were unoccupied pre-disturbance so we replaced


zero values with 0.25 (the lowest recorded territory density other


than zero) to estimate DR; this resulted in more conservative rates


of increase than in reality, but had no effect on our inferences.


Values of DR were log-transformed to meet parametric assump-


tions of normality and equal variance.


We analyzed this experiment as a randomized complete block


design with sites treated as blocks. We compared log DR among


treatments using a repeated measures mixed-model ANOVA with


treatment, year, and treatment x year modeled as fixed effects and


site and site x year as random effects. Year was modeled as a fixed


effect because we were interested in whether treatment effects were


contingent on the number of years since disturbance. If we found a


main effect of treatment, we performed pairwise contrasts to


evaluate differences among treatments and controls. To examine


edge effects, we performed a separate, but identical, analysis to


compare changes in density in buffers vs. control plots. We found


no statistical difference in log DR among buffers of the three


treatment types in any year (one-way ANOVA; P.0.30 in all


years), so we used the mean density of the three buffers in this


analysis.


Age structure and body condition
To compare age structure and body condition of individuals


occupying territories in each treatment type, we captured male


cerulean warblers using mist-nets while broadcasting territorial


songs and call notes during the height of the breeding season (May


and June) during 2008–2010 (all post-disturbance). We aged males


as second-year (SY; first breeding season) or after-second-year


(ASY) by molt limits (particularly useful is that SY birds retain


brownish juvenile primary coverts and typically two juvenile alula


feathers) [51]. We measured wing chord to the nearest 0.5 mm


and mass to the nearest 0.1 g. We then assigned each male to a


single treatment that best reflected the individual’s territory


location based on evidence gathered from spot-mapping and nest


searching efforts (described below). Birds were captured and aged


at REMA, SQ, RB, LW, and WYO and weighed at REMA, SQ,


and RB.


We compared age structure of male warblers among treatments


against a null hypothesis of no difference in proportion of SY


males using Pearson’s chi-square tests for all sites pooled and for


each region (north or south) separately (to determine if regional


variation existed). To evaluate the impact of disturbance in general


and to increase power, we also compared the age structure of birds


captured in a disturbance of any kind (pooled) with birds captured


in controls. To examine edge effects, we performed a separate, but


identical, analysis to compare age structure in buffers versus


controls. No difference in age structure existed among buffer types


(all sites pooled: x2
2 = 0.69, P = 0.71; north: x2


2 = 0.01, P = 0.90;


Figure 2. Aerial photos from a study site (LW) depicting treatment plot design and intensity of disturbances. Each field site consisted
of three 10-ha treatment plots of various disturbance intensity (created via partial timber harvest) and one 20-ha control plot (undisturbed). Ten ha of
undisturbed forest outside the borders of each treatment plot (buffers) allowed for examination of edge effects of the disturbances.
doi:10.1371/journal.pone.0052107.g002
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south: x2
2 = 1.54, P = 0.46), so we pooled all birds captured in


buffers into a single group.


We compared body mass of males occupying territories on


differing treatment plots using a two-way mixed generalized linear


model (GLM). Individual birds were the sampling units in this


instance and we specified age, treatment (light, intermediate,


heavy, or control), and site as fixed factors and year as a random


factor. We also included all two-way interactions and Julian


capture date as a covariate. All two-way interactions were non-


significant (all P.0.19), so we removed these terms and re-ran the


GLM. If the treatment effect was significant, we subsequently


conducted Fisher’s LSD tests to determine where differences


existed (at a= 0.05 and 0.10). We used body mass as an indicator


of condition in this analysis because mass is often more closely


related to the amount of nutritional reserves than unverified


indices [52,53]. However, to be certain this did not affect our


inferences, we also calculated wing-mass residuals and found them


highly correlated to body mass (r = 0.93); we performed analyses


with both measures and found no difference. To examine edge


effects, we performed a separate, but identical, analysis to compare


body condition of males in buffers versus control plots. No


difference in body condition existed among individuals occupying


different buffer types (F2,20 = 0.60, P = 0.56), so we pooled all birds


captured in buffers into a single group. If individuals were


captured in more than one season, we randomly selected one


capture event to use in the analysis.


Reproduction
We searched for nests during the entire breeding season (late


April to late June), 2008–2010. We used female behavioral cues


during building and incubation, and to a lesser extent male


vocalizations and behavior, to locate the majority of nests. Because


we were more efficient at locating nests on disturbed treatment


plots, we stratified our search efforts by increasing the time spent


searching on controls and buffers (in an attempt to locate an equal


proportion of nests on each plot). We were unable to examine the


contents of nests until nestlings were approximately 5 d old, and


therefore considered nests ‘active’ when we observed parental


activity at the nest that indicated egg or nestling presence


(incubation or provisioning). Once active, we monitored nests


every 1–3 d until fledging or confirmed nest failure occurred.


From nestling day six until fledging, we monitored nests daily


whenever possible for $30 min using spotting scopes equipped


with 20–606 magnification eyepieces to count the number of


nestlings present. As cerulean warbler nestlings near fledging age,


they become increasingly restless (climbing over each other,


begging, and preening incessantly) and are often easily counted,


particularly on the steep slopes of our field sites (T.J. Boves pers.


obs.). To conclusively determine nest fate and number of fledglings


produced, we also attempted to observe fledging events. If we were


unable to directly observe these events, we searched the vicinity of


nests after putative fledging for parental and juvenile activity and


assumed that the number of nestlings present on the last day of the


nestling stage (typically day 10) to be equal to the number of


fledglings produced. We considered any nest that fledged $1


cerulean warbler young to be successful and did not distinguish


between initial and re-nesting attempts. Highly concealed nests


where nestlings were difficult to count were excluded from


fledgling estimates.


We initially compared logistic exposure models in Program


MARK to determine the relative influence of spatial and temporal


factors and treatment on daily nest survival rates (DSR). This


method uses a generalized linear model with binomial distribution


for each day (nest fate = 1 if failed, 0 if successful) with a logit link


function to assess the influence of covariates on DSR. We


compared and ranked models using a corrected version of Akaike’s


information criterion adjusted for small sample sizes (AICc), where


the minimum AICc indicates the best model (a combination of


parsimony and explanatory power) [54]. We first compared


models that included the spatial factors of region (southern vs.


northern; RGN) and site (SITE). We found strong support for


region as the spatial factor that best explained variation in DSR


(when compared with region, site DAICc = 6.78), so we used this


spatial factor alone in future models. We then compared all


univariate and additive combinations of RGN, year (YEAR), and


treatment (TRT), as well as YEAR6TRT and RGN6TRT


interactions to test for temporal and spatial variation in treatment


effects. We also included a constant survival model (NULL) for a


total of 14 candidate models. We found only one nest at MON, so


this site was not included in this analysis.


After this initial evaluation, we made post-hoc comparisons of


nest survival rates among treatments and controls partitioned by


factors determined to be influential (i.e., included in top models).


We calculated cumulative survival rates for the entire nesting


period by raising covariate-specific DSR to a power equal to the


average length of the nest cycle (25 d) and used Program


CONTRAST to determine statistical significance [55]. We


approximated entire nest success variance and standard errors


using the delta method following Powell [56]. We report these


cumulative survival rates (hereafter, ‘nest success’) throughout the


remainder of this paper for ease of interpretation. We conducted


an identical analysis comparing controls and buffers to examine


potential edge effects on nest success. There were no differences in


reproductive success among buffers of different treatment plots in


either region (north: x2
2 = 0.30, P = 0.89; south: x2


2 = 2.39,


P = 0.30), so nests found in any buffer were combined into a


single group.


We compared the number of fledglings produced per successful


nest among treatments and controls using a mixed model ANOVA


with treatment and region specified as fixed factors and year as a


random factor. We again conducted an identical analysis


comparing controls and buffers to examine edge effects. We used


Program MARK (v6.1), JMP (v9.0), and SAS (v9.2) statistical


software packages for analyses. For all statistical tests, we


considered differences to be significant at P#0.05 and marginally


significant at 0.05,P#0.10. We report means 6 1 SE.


Source-sink modeling
We employed a deterministic population model, following


Buehler et al. [47], to explore how the reproductive consequences


of our treatments may affect regional source-sink dynamics. Input


parameters included regionally and treatment-specific nest success


and number of young produced/successful nest (as we detected


regional variability in reproductive output, see results) derived


from this study, as well as external estimates of after-hatch-year


(AHY) and hatch-year (HY) survival, proportion of individuals that


attempt to re-nest after failing, and number of re-nesting attempts.


Because we were specifically interested in assessing how the


reproductive consequences of disturbance may impact source-sink


dynamics, we assumed equal annual survival rates, proportion of


re-nesting, and number of re-nesting attempts across treatments


and regions. We were unable to obtain reliable adult survival


estimates from our study, likely because of high dispersal rates


between breeding seasons [57], so we compared two published


adult annual survival rates: 54% from Ontario [58] and 65% from


Venezuela on their wintering grounds [59]. No data exist for


cerulean warbler HY survival, so we assumed HY to be half of


AHY survival, as has been used in previous models and has been
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found empirically in other passerines [60,61]. We recognize that


variation in breeding habitat may lead to differential carry-over


effects on migratory or winter survival rates [62], however, we


observed within-breeding season survival to be nearly 100%, and


parents and offspring often dispersed from their chosen breeding


habitat soon after fledging occurred (T.J. Boves, unpub. data and


pers. obs.). Thus, it is likely that variation in breeding habitat had a


greater impact on reproduction than on these other parameters


(which were likely more highly influenced by post-breeding habitat


decisions).


Results


Territory density
We found no significant year effects (F1,16 = 0.05; P = 0.41) or


year x plot interaction (F3,16 = 0.16; P = 0.49) on pre-disturbance


densities, so we used mean pre-disturbance density as a single pre-


treatment value. After disturbance, we found a main treatment


effect on log DR (F3,18 = 4.96, P = 0.01) and also a treatment x


year effect (F9,72 = 2.79, P = 0.007), so we performed contrasts to


evaluate differences for each year independently. In 2007 (first


year post-disturbance), log DR was significantly greater on


intermediate treatment plots than on all other treatment and


control plots, and marginally greater on light treatment plots when


contrasted with heavy (Figure 3, Table 1). In 2008, log DR


remained significantly greater on intermediate treatment plots


than on control and heavy treatment plots, and was marginally


greater on light treatment plots than on control plots (Figure 3,


Table 1). In 2009, log DR was significantly greater on


intermediate treatment plots, and marginally greater on heavy


and light treatment plots, when contrasted with controls, but there


were no differences among any of the disturbed treatments


(Figure 3, Table 1). As of 2010, log DR was significantly greater on


intermediate treatment plots than on control and light treatment


plots, and for the first time, was significantly greater on heavy


treatment plots than on control plots (Figure 3, Table 1).


Additionally, in 2010 there was no longer a statistical difference


between light treatment and control plots and only a marginal


difference between heavy and intermediate treatment plots


(Figure 3, Table 1). We also found evidence of an edge effect as


log DR was significantly greater on treatment plot buffers than on


control plots (Table 1); there was no treatment x year effect in this


case (F3,36 = 0.88; P = 0.46).


Age structure and body condition
In total, we captured and aged 204 male cerulean warblers;


27% were SY birds, 73% ASY. With all sites pooled, there was no


difference in the age structure of males occupying the various


treatment and control plots (x2
3 = 1.03, P = 0.79). There was also


no difference in the age structure of males occupying any disturbed


treatment plot vs. males occupying control plots (x2
1 = 0.05,


P = 0.83). Assessing each region separately, no difference in age


structure existed among treatment and control plots (north: n = 58,


x2
3 = 0.64, P = 0.89; south: n = 67, x2


3 = 3.78, P = 0.29) or when all


disturbed treatment plots were compared with control plots (north:


x2
1 = 0.09, P = 0.93; south: x2


1 = 0.05, P = 0.82). No edge effect


was observed as age structure of birds occupying buffers did not


differ from those occupying control plots when all sites were


pooled (x2
1 = 0.17, P = 0.68), or within regions (north: x2


1 = 1.18,


P = 0.28; south: x2
1 = 0.36, P = 0.55).


Controlling for site, age, and year effects, body condition of


male warblers differed by treatment (F3,56 = 3.41, P = 0.02,


Figure 4). Males occupying territories on light and intermediate


treatment plots were in significantly better condition than those


occupying control plots (Fisher’s LSD, P#0.05; Figure 4) and


males occupying light treatment plots were in marginally better


condition than those occupying heavy treatment plots (Fisher’s


LSD, P#0.10). Body condition also differed by age (SY


males = 9.2160.07, n = 17; ASY males = 9.5260.04, n = 49;


F1,56 = 12.19, P = 0.001) but did not differ by site (F2,56 = 0.82,


P = 0.45). No edge effect was detected as body condition of males


occupying buffers did not differ from those on control plots


(Controls = 9.2660.84, n = 21; Buffers = 9.1860.72, n = 29;


F1,42 = 0.49, P = 0.49).


Reproduction
We found and monitored 413 nests for a total of 6,384 exposure


days. All four of the top models included treatment (as well as


region) and the top model (RGN+YEAR+TRT) was 966 more


supported than the simpler model that did not include treatment


(RGN+YEAR; Table 2). There was some support for a region x


treatment interaction as it was included in the third- and fourth-


ranked models, but virtually no support existed for a year x


treatment interaction as it was not included until the seventh-


ranked model (DAICC = 11.97). Confidence intervals (95%) of b
coefficients from the top model for the northern region (negative


slope), control treatment (positive slope), light treatment (negative


slope), and for 2009 (negative slope) did not include zero, which


suggests their importance in explaining variation in DSR (Table 3).


Cumulative nest success differed among all sites (x2
5 = 27.56,


P,0.0001) but did not differ among sites within regions (North:


x2
3 = 1.61, P = 0.66; South x2


1 = 1.44, P = 0.23). Thus, we pooled


nests from respective regions to further assess treatment effects on


nest success. In the southern region, cumulative annual nest


success varied from 0.4860.06 in 2009 to 0.6760.05 in 2010.


When pooling nests from all three years (Figure 5), nest success in


this region was greater on control plots than on light (x2
1 = 15.02,


P,0.0001), intermediate (x2
1 = 4.41, P = 0.04), and heavy treat-


ment plots (x2
1 = 15.02, P,0.0001). Nests on intermediate


treatment plots were more successful than those on light treatment


plots (x2
1 = 4.38, P = 0.04). There was no evidence of an edge


effect on nest success as controls and buffers did not differ


(x2
1 = 1.89, P = 0.17). Annually, nest success was greater on


control plots than heavy treatment plots in 2009 (x2
1 = 26.07,


P,0.0001) and greater than light treatment plots during 2009


(x2
1 = 33.73, P,0.0001) and 2010 (x2


1 = 5.64, P = 0.02).


In the northern region, annual nest success ranged from


0.2260.04 (2009) to 0.4060.06 (2010). When pooling nests from


all three years (Figure 5), nest success was marginally greater on


control plots than on light treatment plots (x2
1 = 3.50, P = 0.06),


but did not differ among any other pairwise combination of


treatments and controls. There was marginal evidence of an edge


effect as nests on control plots were marginally more successful


than those on buffer plots (x2
1 = 3.12, P = 0.08). On an annual


basis, nest success did not differ between control or any treatment


or buffers (all P.0.10), however small sample sizes hampered our


ability to detect statistical differences annually.


The number of fledglings produced/successful nest differed by


region; warblers in the south produced more fledglings/successful


nest (�xx = 3.3360.07) than in the north (�xx = 2.2860.14;


F1,97 = 33.98, P,0.0001; see Figure 6). However, there was no


effect of treatment (F3,42.95 = 0.64, P = 0.60). Comparing controls


with buffers, nests in the south again produced more young


(F1,73.85 = 19.04, P,0.0001), but there was no evidence of an edge


effect on fledglings produced (F1, 73.05 = 0.05, P = 0.82).


The cause of nest failure was directly observed or inferred from


evidence at only 36 (of 174 failed) nests. Predation was the main


cause of nest failure (n = 22 of these 36 nests) followed by disease or
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starvation (n = 6). The majority of failed nests were abandoned


suddenly for unknown reasons, suggesting that predation was most


likely, but nest desertion subsequent to brown-headed cowbird


(Molothrus ater) parasitism cannot be ruled out.


Source-sink dynamics
Our graphical model shows that given an AHY annual survival


rate of 54%, only control plots in the southern region had levels of


reproduction sufficient to maintain a stable (or source) population


(Figure 6). If annual survival was increased to 65%, all treatment


plots in the southern region would act as sources (l.1). We found


no treatment plot in the northern region, including controls, that


could maintain a stable population given either of these two


survival rates; all require either greater annual survival or


reproductive output, immigration from other locations, or an


adjustment in model assumptions to persist.


Discussion


We hypothesized that existing second-growth forest in the


eastern United States may not provide quality habitat for some


late-successional species, especially if those species are adapted to


small-scale natural disturbances that have been altered or


suppressed within contemporary forests. Accordingly, we docu-


mented attraction to emulated disturbances of various intensities


by a declining species typically considered to be late-successional,


the cerulean warbler, in highly-forested ecosystems in the


Appalachian Mountains. The density response we observed is


congruent with recent correlative studies that found cerulean


warblers associated with canopy disturbances within mature


forests [21,29]. In our study, attraction was greatest after


intermediate and heavy disturbances, suggesting that the species


is adapted to fire, intense windthrow, landslides, or other moderate


interior natural disturbances, rather than smaller single tree-fall


gaps caused by tree senescence, for instance. Density increases


after intermediate disturbances on some sites were unexpectedly


strong and immediate (e.g., 0.25 territories pre-disturbance to 8.5


Figure 3. Breeding density ratio (post/pre-disturbance, log-transformed) of cerulean warblers on plots disturbed by various
intensities of timber harvest. Log density ratio = 0 reflects no change in density; all values above 0 indicate increased density, all values below
indicate density reduction. Different letters indicate significant differences (P#0.05) among respective treatments for a given year, based on
independent contrasts. Asterisks indicate marginal differences (0.05,P#0.10) between respective treatment and control for a given year. Error bars
represent 6 1 SE.
doi:10.1371/journal.pone.0052107.g003
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territories in the first breeding season post-disturbance at LW); on


other sites increases were more modest, perhaps because of pre-


disturbance saturation. At RB, pre-disturbance density was at a


(likely) near-saturation level of 17 territories/10 ha. Density


increased on this plot post-disturbance, but only to a maximum


of 20.5 territories in 2010. At such great pre-disturbance densities,


it would seem unlikely that many more birds could occupy the


area, no matter how attractive the habitat became. Densities


increased more gradually after heavy disturbances (and actually


decreased in the first year post-disturbance). This suggests that


some physiognomic cue important for habitat selection required


multiple growing seasons to develop after these more severe


disturbances, and could be related to temporal changes in canopy


or understory structure [63]. The edge effect that we detected (i.e.,


density increases in undisturbed buffers surrounding disturbed


plots) was primarily related to an increase in birds establishing


territories that overlapped both the treatment plot and buffers (J.


Sheehan, unpub. data).


As disturbances attracted warblers at higher densities, the lack


of difference in age structure among treatments runs counter to the


expectation that older birds should out-compete inexperienced


males and settle in preferred habitat more often [64,65]. However,


we did find that males occupying light and intermediate treatment


plots, regardless of age, were in better condition than those


inhabiting controls. We do not know if this difference reflects a


settlement bias (e.g., if individuals on disturbed treatments were in


better condition on arrival or of higher quality), if disturbances


allowed individuals to improve their condition (e.g., by virtue of


increased insect availability after disturbances), or if a combination


of the two was responsible for this pattern. Canopy gaps can alter


the composition of arthropod communities [66] and cerulean


warblers may be better adapted for foraging on invertebrate


species inhabiting broken canopies. Indeed, George [49] found


that warblers increased their use of aerial foraging maneuvers after


partial timber harvests occurred. However, it is not known if this


behavioral alteration results in improved condition; future studies


that monitor settlement patterns and individual changes in body


mass across habitat types would help tease these possibilities apart.


Despite the density increases and improved body condition of


individuals occupying treatment plots, per capita reproductive


output was lower on many of the treatment plots compared to


local control plots. Reproductive differences were most obvious in


the southern region, where disparities in nest success between


control and treatment plots were statistically apparent in all cases.


In the northern region, factors seemingly unrelated to the


manipulations reduced overall reproductive success to where


disturbance had less influence, and low sample sizes made it


difficult to detect statistical differences in some instances (e.g., n = 5


nests on heavy treatment plots). However, nest success was


marginally greater on control plots than on light treatment plots


(and buffers) in this region as well. Thus it appears that individuals,


particularly in the southern region, often chose to breed in habitats


where they failed to maximize reproduction.


There are numerous potential explanations to this seeming


contradiction [see 67 for an exhaustive list]. One possibility is that


by breeding in disturbed habitats, individuals increased their


Table 1. Density of cerulean warbler territories (6 1 SE) and results of independent contrasts comparing log density ratio (post/
pre-density) of treatment plots with controls for each given year.


Treatment Year Density Df F P


Control Pre-disturbance 4.8261.59


2007 4.7061.20


2008 3.4361.27


2009 4.1661.84


2010 4.5261.89


Light Pre-disturbance 5.5261.92


2007 7.1462.40 1,18 0.41 0.53


2008 7.89±2.07 1,18 3.25 0.09


2009 9.11±2.70 1,18 3.96 0.06


2010 6.9362.56 1,18 2.11 0.16


Intermediate Pre-disturbance 4.9562.34


2007 7.43±2.18 1,18 8.93 0.008


2008 8.07±2.06 1,18 10.16 0.005


2009 11.43±3.43 1,18 11.25 0.003


2010 10.57±3.02 1,18 15.03 0.001


Heavy Pre-disturbance 2.3461.13


2007 1.8261.00 1,18 1.53 0.23


2008 3.2961.53 1,18 1.20 0.29


2009 4.75±1.98 1,18 3.76 0.07


2010 5.21±2.66 1,18 4.50 0.05


Buffers Pre-disturbance 4.8161.33


2007–2010 5.11±0.58 1,6 6.08 0.05


Densities displayed are untransformed no. of territories/10 ha. Significant (P#0.05) or marginal (0.05,P#0.10) results are in bold. Buffers and controls were compared in
a separate analysis with no significant treatment x year interaction, so individual annual contrasts were not performed.
doi:10.1371/journal.pone.0052107.t001
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lifetime fitness (despite reductions to current reproductive output)


by improving their chances of surviving to the next breeding


season or by improving their offspring’s chances of survival during


the dangerous post-fledging period. Increased annual survival of


cerulean warblers after canopy disturbances may be possible by


virtue of the potential carry-over effects of improved body


Figure 4. Body mass of male cerulean warblers by treatment after controlling for age, year, and site, 2008–10. Different letters indicate
significant differences (P#0.05) between respective treatments. Error bars represent 6 1 SE and numbers above bars indicate sample size.
doi:10.1371/journal.pone.0052107.g004


Table 2. Model selection results for factors influencing daily
survival rate of cerulean warbler nests.


Model k AICC DAICC w


S(RGN+YEAR+TRT) 7 1142.28 0 0.535


S(RGN+TRT) 5 1143.24 0.96 0.331


S(RGN+YEAR+TRT+RGN*TRT) 13 1146.23 3.95 0.074


S(RGN+TRT+RGN*TRT) 11 1147.01 4.73 0.050


S(RGN+YEAR) 4 1151.42 9.14 0.006


S(RGN) 2 1153.74 11.46 0.002


S(RGN+TRT+YEAR+TRT*YEAR) 18 1154.25 11.97 0.001


S(TRT+YEAR) 6 1156.39 14.11 0.001


S(SITE) 6 1157.43 15.15 0.000


S(RGN+TRT+YEAR+TRT*YEAR+RGN*TRT) 25 1157.80 15.52 0.000


S(TRT) 3 1159.81 17.53 0.000


S(YEAR) 3 1165.55 23.27 0.000


S(TRT+YEAR+TRT*YEAR) 16 1168.18 25.90 0.000


S(NULL) 1 1168.62 26.34 0.000


Models with a lower DAIC and a greater AICc weight have greater support.
Model weight (w) and number of estimated parameters (k) are indicated.
doi:10.1371/journal.pone.0052107.t002


Table 3. Parameter estimates (on logit-link scale), standard
errors (SE), and 95% confidence intervals (CI) from top-ranked
model (RGN+YEAR+TRT) estimating daily survival rate of
cerulean warbler nests.


Parameter b estimate SE Lower 95% CI Upper 95% CI


Intercept 3.7735 0.2383 3.3064 4.2407


RGNnorth 20.7191 0.1823 21.0764 20.3618


TRTcontrol 0.7873 0.3372 0.1263 1.4482


TRTlight 20.5395 0.1949 20.9216 20.1574


TRTintermediate 0.3610 0.2682 20.1646 0.8866


YEAR2008 20.2521 0.2260 20.6950 0.1908


YEAR2009 20.4299 0.1989 20.8197 20.0400


doi:10.1371/journal.pone.0052107.t003
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condition on migratory or winter survival [62,68,69], and post-


fledging survival rates may be greater because of the abundance of


concealing understory vegetation on intermediate and heavy


treatment plots [70,71]. However, as alluded to previously, the


influence of breeding habitat on these future components of fitness


may be relatively indirect and is currently unclear, while the


influence of breeding habitat on nest success and fledgling


production is direct and obvious. A second possibility is that


density was not an accurate reflection of habitat preference and


individuals were forced into disturbed habitats via competitive


exclusion by more dominant individuals [39,65]. The evidence


does not support this possibility however, as we documented no


age differences among individuals occupying treatment and


control plots, and those individuals that did occupy territories in


disturbed habitats were, in fact, in better condition than those in


undisturbed control plots.


A third possibility is that individuals may have made


maladaptive decisions when selecting disturbed habitats (i.e.,


disturbed interior forest stands may act as ‘‘ecological traps’’ [72]),


particularly when choosing among habitats at the local scale.


Under evolutionarily-relevant historical conditions, canopy distur-


bances in old-growth forests caused by fire or natural treefalls may


have created habitats where warblers were able to achieve


relatively high levels of fitness. After emulated natural disturbanc-


es, environmental cues associated with high fitness may still elicit


the same habitat selection behavior, however other conditions,


contemporary in nature, may have also been altered, thereby


potentially decoupling the habitat cues from historically high levels


of reproduction. If broad-scale factors (such as landscape-scale


fragmentation) [73] are responsible for altering the ecological


pressures that are at play, then the source of disturbance may be


unimportant as even natural disturbances may result in maladap-


tive behavior. In response to a natural disturbance event, Jones et


al. [74] reported a decrease in cerulean warbler nest success a year


after an ice storm in Ontario, Canada. However densities also


declined in that case, likely producing a sink rather than a trap.


Thus, despite our best intentions, forests disturbed by human


activity may only resemble naturally disturbed forests, but may


differ in terms of tree age-class distribution [75], increased soil


disturbance [76], a lack of standing dead trees or snags [77], or in


spatial scale and canopy structural complexity [6]. These artificial


modifications may result in differing predation pressures, arthro-


pod composition [78], or other factors that may make it difficult


for warblers to correctly assess habitat quality. Potential ecological


traps created by timber harvests have recently been identified for


other declining species including olive-sided flycatchers (Contopus


cooperi) breeding in selectively logged forests in Montana [43] and


rusty blackbirds (Euphagus carolinus) breeding in regenerating clear-


cuts in northern New England [79]. In the future, research


evaluating survival during the post-fledging period across distur-


Figure 5. Cerulean warbler nest success by treatment and region, 2008–10. Different letters indicate significant differences (P#0.05)
between respective treatments within a region (based on CONTRAST x2 test). Asterisks indicate marginal differences (0.05,P#0.10) between
respective treatments and controls within a region. Markings above buffer columns refer only to their relationship with controls. Error bars represent
6 1 SE and numbers above bars indicate nest sample sizes.
doi:10.1371/journal.pone.0052107.g005
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bance gradients is warranted for cerulean warblers (and other


canopy nesting species), although this work will be challenging


because of difficulties in capturing nestlings and fledglings. In


addition, comparisons of selective pressures in natural versus


emulated disturbances and 24-hour video surveillance of nests, will


improve our understanding of the causes of nest failure and


adaptive nature of habitat selection behavior.


An important caveat of our study is that we measured responses


that were short-term in nature (1–4 years), and responses may vary


over time. We may have even observed an adjustment in habitat


selection behavior in 2010, only four years post-disturbance. While


densities increased in 2008 and 2009 on the light treatment plots,


by 2010 the density response to light treatments was no longer


statistically different than the response to controls. Birds may track


variation in breeding success and adjust their habitat selection


decisions to match local conditions [80,81]. If habitat selection


behavior is dynamic, and relatively low levels of nest success persist


on disturbed treatments, densities on light (and possibly other)


treatment plots may eventually drop below densities on the control


plots, but this hypothesis will require further study. An alternative


explanation is that some canopy closure had already occurred on


the light treatment plots [e.g., 82], and attraction to the resulting


structural features of the vegetation had begun to wane.


Continued monitoring of these field sites to assess the persistence


of the trends we have observed would be very useful.


Conservation and Management Implications
The conservation and management implications of our results


are complicated by the spatial variability of the impact of


disturbances on reproduction, and regional variation in reproduc-


tive output in general. In previous studies that have documented


putative maladaptive habitat selection, preference has only been


considered at local scales (e.g., between adjacent habitats; [43,83–


85]). However, for migratory or highly dispersive species, habitat


selection behavior also occurs at broader scales (e.g., the decision


to breed in the northern or southern portion of the range) [86].


Thus, simply comparing choices made during the final stages of


habitat selection greatly simplifies, and possibly misrepresents, this


Figure 6. Graphical model of cerulean warbler source-sink dynamics in relation to regional reproductive consequences of emulated
disturbances. We used point estimates of nest success and mean number of young fledged/successful nest on various treatments from the
southern (S) and northern (N) regions, 2008–10. Error bars indicate 61 SE. Two possible lambda threshold curves are displayed, each based on a
published annual survival rate for cerulean warblers: (1) from Ontario (54% AHY survival), and (2) from Venezuela (65% AHY survival). Points to the left
of (or below) the threshold curve, for each given survival rate, represent decreasing, or sink populations, and points to the right of (or above) the
curve represent increasing, or source populations. HY survival was considered to be 0.5 of the AHY rate and three re-nesting attempts were assumed
to occur for all failed nests.
doi:10.1371/journal.pone.0052107.g006
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complex behavioral process. In the case of cerulean warblers,


although our results suggest that preference for disturbed forest


may be maladaptive at the local scale in the southern region,


selection for disturbed habitat in this region could actually be


adaptive if the alternative option was to migrate further north to


breed, or to not reproduce at all. Therefore, a fundamental


question that affects our interpretations, as well as those of any


study of habitat selection that assesses the adaptive nature of this


behavior, is: what alternative breeding locations do birds forego to


breed in attractive habitat types? As cerulean warblers appear to


regularly engage in long-distance dispersal (putatively searching


for recently disturbed forest habitat), the creation of attractive


habitats in the southern region (the Cumberland Mountains) may


actually be beneficial to the overall sustainability of the global


population because it could provide additional breeding opportu-


nities in this highly productive region. However, for this


management strategy to be successful, it requires that birds


attracted to disturbances in the Cumberlands to have otherwise


attempted to breed in less productive regions (e.g., the northern


region), or not at all (i.e., ‘floaters’), rather than breeding in local


undisturbed forest.


In the northern region, emulating disturbances did not always


result in major declines in local reproductive success and thus


doing so may not create traditional ecological traps. However, if


newly created disturbances in this region attract birds from distant


locations where fecundity may have been greater (e.g., Cumber-


lands), a broader-scale trap could be created. Again, if individuals


attracted to disturbances in the north would have otherwise failed


to reproduce at all, even these northern disturbances with


relatively low per capita productivity could have a positive


population effect. These contingencies demonstrate how the true


impact of putative ecological traps may be quite complex and


difficult to assess when viewed in isolation.


Despite those complexities, our study provides evidence that


increasing, or even maintaining, populations of cerulean warblers,


and potentially other disturbance-adapted late-successional spe-


cies, into the future will likely require a cooperative, landscape-


scale approach to managing forests. The challenge for conserva-


tion will be to determine the appropriate locations for implement-


ing disturbances on the landscape in order to provide habitat for a


maximum number of breeding pairs while maintaining maximum


individual productivity. Accordingly, a conservative approach to


management is warranted which would involve emulating


disturbances similar in scale and intensity to our intermediate


treatments in locations where existing forest structure is unsuitable


and breeding densities are low, while limiting disturbance in areas


where forest structure is currently appropriate and breeding


densities are higher. Determining where appropriate forest


structure currently exists may be accomplished by performing


systematic bird surveys (to directly assess density) or by applying


predictive models which use vegetative and topographic measure-


ments [similar to 21,48]. Future studies examining annual


survivorship and long-distance dispersal patterns of cerulean


warblers inhabiting various disturbed treatments in multiple


regions could help inform this situation further. Finally, it is


important to note that we found only minimal impacts of


disturbance, beneficial or otherwise, extending beyond the borders


of the area treated (i.e., buffers), which suggests that the


consequences of any of the forest management practices evaluated


here will mostly apply only to the harvested stands themselves.
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DEFINITIONS 
The following are definitions of terms used throughout the sections in this document: 
 


Code Tables Oracle tables that contain valid codes for a specific 
column in the data tables.  All of the tables in Section 
II are code tables. 


  
Data Tables Oracle tables that contain field sampled data.  All of 


the tables in Section I are data tables. 
  
Data Elements Columns within a data table. 
  
Size The size of each column. 
  
VC The Oracle column type of Varchar2.  Varchar2 is an 


alphanumeric field that may contain numbers and 
characters up to the maximum size. 


  
N The Oracle column type of Number.  Number columns 


cannot contain alpha characters.  A number column 
may contain numbers up to the maximum size. 


  
Date The Oracle column type of DATE.  This column may 


only contain dates i.e. 24-JUN-1997. 
  
CN ORACLE sequence generated number used as a 


primary key in some tables. 
  
Primary Key Columns that contain a unique identifier for each row 


of data in a table.  The primary key can be used to join 
tables. 


  
Foreign Key Columns that contain the primary keys from related 


tables.  When two tables are related, the primary key 
of the first table becomes the foreign key of the 
second table (depending on the relationship of the 
tables). 


  
Setting Any area (stand, location, site, plot) that is considered 


an aggregation of individual items (trees, plants, 
shrubs, plots) being measured. 


  
Check Constraints A list of valid codes for a column.  If a column has 


check constraints, code tables are not used. 
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NRV_AERIAL_PHOTOS 
This table contains columns describing aerial photos.  It is used to document the 
photograph on which the stand, setting, or other sample area is delineated. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number that uniquely identifies 


each row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


PHOTO_ID 
Required 


VC(20) A unique ID for each photo, defined within a photo project. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  In 
most cases this is the Region and Forest number which allows 
the user to only access and manipulate that Region’s and 
Forest’s data. 


FLIGHT_LINE VC(5) The flight line number on which a photo was taken. 
MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
PHOTO_EXPOSURE VC(4) The number on the film that represents a specific photo. 
PHOTO_PROJECT VC(255) The name of a specific photo or set of photos. 
PHOTO_ROLL VC(10) The ID of a roll of film a photo belongs to. 
PHOTO_SCALE VC(20) The proportion used to determine the relationship of a photo 


to the landscape.  A common photo scale is 1:2500. 
PHOTO_TYPE VC(4) The type of photo. 


 
Code Description Use 
BW Black and white CSE 
CO Color CSE 
CI Color infrared CSE 


 
 


PHOTO_YEAR VC(4) The year the photo was taken. 
ROW_ACCESS_CODE VC(6) Control field to support row level access. 


 
 


NRV_CHARACTERIZATIONS 
This table contains columns describing polygon attribute summary data. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number to uniquely 


identify a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 
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NRV_CHARACTERIZATIONS (cont.) 
Name Size Description 
CREATED_DATE 


Required 
DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


DATA_METHOD 
Required 


VC(30) Nrv_cn_temp.source_method 


DATA_SOURCE 
Required 


VC(30) Nrv_cn_temp.source_type 


SETTING_ID 
Required 


VC(30) Nrv_setting_measurements.setting_id 


SUMMARY_NO 
Required 


VC(10) Nrv_controls.summary_no 


AGENCY VC(4) Governing agency or the agency that owns the land the 
setting is located on. 


AGGREGATION_TYPE VC(1) Nrv_perm_char.aggregation_type 
ANN_INCR_MEAN N(8,4) Nrv_perm_char.annual_inc_mean 
ANN_INCR_PER N(8,4) Periodic annual increment.  Volume of tree growth, in 


cubic foot volume per acre, over a period divided into 
the number of years in the period. 


ANN_INCR_PER_LN N(3) Always set to “1” 
ASPECT N(3) Nrv_setting_measurements.aspect 
BASAL_AREA N(8,4) Computed. Basal area per acre, in square feet, for live 


trees 
 
SELECT DISTINCT plot 
FROM NRV_Stid_Summary_Base_Temp 
WHERE cn = stand_cn; 
SELECT  COUNT(DISTINCT plot) INTO pnum 
FROM    NRV_Stid_Summary_Base_Temp 
WHERE   cn = stand_cn; 
LOOP 
FETCH C_PLOT INTO point; 
SELECT SUM(plot_ba_eq) INTO tsum 
FROM NRV_Stid_Summary_Base_Temp 
WHERE cn = stand_cn 
AND plot = point AND live_dead = 'L' 
AND (dbh >= dia OR drc >= dia) 
AND off_plot_flag IS NULL; 
ssum := ssum + tsum; 
psum := psum + (tsum*tsum); 
END LOOP; 
sdba := ROUND(SQRT((psum - ((ssum * ssum) 


 /pnum)) / (pnum - 1)),3);  
 


BASAL_AREA_CV N(13,4) Computed. Basal area coefficient of variation, for live 
trees 
=(v_basal_area_sd *100)/basal_area 
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NRV_CHARACTERIZATIONS (cont.) 


Name Size Description 
BASAL_AREA_SD N(13,4) Computed. Basal area standard deviation, for live trees 


 
SELECT DISTINCT plot 
FROM NRV_Stid_Summary_Base_Temp 
WHERE cn = stand_cn; 
SELECT  COUNT(DISTINCT plot) INTO pnum 
FROM    NRV_Stid_Summary_Base_Temp 
WHERE   cn = stand_cn; 
LOOP 
FETCH C_PLOT INTO point; 
SELECT SUM(plot_ba_eq) INTO tsum 
FROM NRV_Stid_Summary_Base_Temp 
WHERE cn = stand_cn AND plot = point 
AND live_dead = 'L' 
AND (dbh >= dia OR drc >= dia) 
AND off_plot_flag IS NULL; 
ssum := ssum + tsum; 
psum := psum + (tsum*tsum); 
END LOOP; 
sdba := ROUND(SQRT((psum - ((ssum * ssum) 


    /pnum)) / (pnum - 1)),3); 
 


BASAL_AREA_SE N(7,4) Computed. Basal area standard error  
 
SELECT COUNT(DISTINCT plot) into v_pnum 
FROM   NRV_stid_summary_base_temp    
WHERE  cn = p_stand_cn;  
v_std_error := p_basal_area / sqrt(v_pnum); 
 


BOUNDARY_SOURCE VC(30) Nrv_perm_char.boundary_source 
CANOPY_BULK_DENSITY N(3) Not used at this time 
CANOPY_CLOSURE N(3) Nrv_setting_measurements.canopy_closure 
CANOPY_CLOSURE_CROWNVEG N(3) Amount, in percent, of the polygon covered by the 


foliage of crown vegetation. 
CANOPY_CLOSURE_GRASSES N(3) Amount, in percent, of the polygon covered by the 


foliage of grasses. 
CANOPY_CLOSURE_HERBS N(3) Nrv_perm_char.canopy_closure_herbs 
CANOPY_CLOSURE_NON_TREE N(3) Nrv_perm_char.canopy_closure_non_tree 
CANOPY_CLOSURE_SHRUBS N(3) Nrv_perm_char.canopy_closure_shrubs 
CANOPY_CLOSURE_TREES N(3) Nrv_setting_measurements.canopy_closure 
CANOPY_COVER N(4,1) Nrv_perm_char.canopy_cover 
CAPABLE_GROW_AREA_PCT N(3) Nrv_setting_measurement.capable_grow_area_pct 
COMPARTMENT_NO VC(10) Nrv_setting_measurements.compartment_no 
CONDITION_CLASS VC(15) Not used at this time 
COUNTY VC(3) Nrv_setting_measurements.county 
COVER_BARE_SOIL N(3) Nrv_cover_measurements.cover_bare_soil 
COVER_BARREN N(3) Nrv_perm_char.cover_barren 
COVER_BASAL_VEG N(3) Nrv_perm_char.cover_basal_veg 
COVER_BOULDER N(3) Nrv_perm_char.cover_boulder 
COVER_COBBLE N(3) Nrv_perm_char.cover_cobble 
COVER_DOMINANT VC(2) Nrv_perm_char.cover_dominant 
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NRV_CHARACTERIZATIONS (cont.) 
Name Size Description 
COVER_GRAVEL N(3) Nrv_perm_char.cover_gravel 
COVER_LITTER N(3) Nrv_perm_char.cover_litter 
COVER_NON_VEG N(3) Nrv_perm_char.cover_non_veg 
COVER_ROCK  N(3) Nrv_perm_char.cover_rock 
COVER_STONE N(3) Nrv_perm_char.cover_stone 
COVER_WATER N(3) Nrv_perm_char.cover_water 
CROWN_BASE_HEIGHT N(3) Not used at this time 
CROWN_CONDITION VC(1) Nrv_perm_char.crown_condition 
CROWN_CONDITION_REF VC(30) Not used at this time 
CROWN_FIRE VC(2) Not used at this time 
CROWNING_INDEX N(3) Not used at this time 
CUBIC_CULL N(11,4) Nrv_perm_char.cubic_cull 
CURRENT_FLAG VC(1) Nrv_cover_id_control.current_flag 
DATE_ACCURACY VC(5) Nrv_setting_measurements.date_accuracy 
DBH N(5,2) Computed. Quadratic mean diameter, in inches, at 


breast height, or the diameter, in inches, of the tree at 
breast height, of average basal area. 
 
SELECT SUM(stand_tpa_eq), 
SUM(dbh*dbh*stand_tpa_eq) 
FROM NRV_Stid_Summary_Base_Temp 
WHERE cn = stand_cn 
AND dbh >= dia AND dbh IS NOT NULL 
AND live_dead = 'L' 
AND off_plot_flag IS NULL; 
CURSOR   C_qmd2 IS 
SELECT SUM(stand_tpa_eq), SUM(drc*drc*stand_tpa_eq) 
FROM NRV_Stid_Summary_Base_Temp 
WHERE cn = stand_cn 
AND drc >= dia AND drc IS NOT NULL 
AND live_dead = 'L' 
AND off_plot_flag IS NULL; 
FETCH C_qmd1 INTO dhtsum, dh2tsum; 
FETCH C_qmd2 INTO drtsum, dr2tsum; 
 qmd:=SQRT((dh2tsum+dr2tsum)/(dhtsum+drtsum)); 
 


DBH_BREAKPOINT N(5,2) Nrv_perm_char.dbh_breakpoint 
DBH_TYPE VC(4) The value the user chose for calculating diameter in the 


summary application. 
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NRV_CHARACTERIZATIONS (cont.) 


Name Size Description 
DENSITY_INDEX N(7,2) Computed. Stand density index. 


 
SELECT sum(power(sqrt(p_gmin_x)/10,1.605)* 
decode(dbh,NULL,decode(drc,NULL,NULL,1) 
,0,NULL,1)* 
decode(live_dead,'L',stand_tpa_eq,NULL)* 
(1+(1.605/2) * 
(decode(dbh,NULL,decode(drc,NULL,NULL,1),0,NULL, 
1) * 
decode(live_dead,'L',decode(dbh,NULL,drc,dbh)* 
decode(dbh,NULL,drc,dbh),NULL)/ 
decode(p_gmin_x,0,NULL,p_gmin_x)-1))) 
INTO   v_den_ind 
FROM   NRV_Stid_Summary_Base_Temp 
WHERE  cn = p_stand_cn 
AND   (drc >= p_gmin  OR dbh >= p_gmin) 
AND   off_plot_flag IS NULL AND live_dead='L' 
 


DENSITY_INDEX_REF VC(30) Nrv_perm_char.density_index_ref 
DENSITY_INDEX_TYPE VC(30) Set to “QMD.” 
DISTRICT_NO VC(2) Nrv_setting_measurements.district_no 
DOWN_WOODY N(10,4) Nrv_perm_char.down_woody 
DUFF_LITTER_DEPTH N(6,3) Nrv_perm_char.duff_litter_depth 
ECOREGION_SUBSECTION VC(7) Nrv_setting_measurements.ecoregion. 
ELEVATION N(6,1) Nrv_setting_measurements.elevation 
ELEVATION_MAX N(6,1) Nrv_setting_measurements.elevation 
ELEVATION_MIN N(6,1) Nrv_setting_measurements.elevation 
EV_CODE VC(10) Nrv_setting_measurements.ev_code 
EV_REF_CODE VC(10) Nrv_setting_measurements.ev_ref_code 
FIRE_REGIME N(1) Not used at this time 
FORAGE N(4) Nrv_perm_char.forage 
FOREST_ADMIN VC(2) Nrv_setting_measurements.forest_admin 
FOREST_PROC VC(2) Nrv_setting_measurements.forest_proc 
FUEL_DEPTH N(3,1) Nrv_perm_char.fuel_depth 
FUEL_MODEL VC(3) Nrv_setting_measurements.fuel_model 
FUEL_PHOTO_REFERENCE VC(10) Nrv_setting_measurements.fuel_photo_reference 
GIS_LINK VC(26) Nrv_setting_measurements.gis_link 
HAB_STRUCT_STAGE_CODE VC(50) Nrv_vss.vss output (only used for Regions 2, 3, & 4) 
HAB_STRUCT_STAGE_REF VC(30) Region code in the format ‘R02,’ ‘R03,’ ‘R04’ (only used 


for Regions 2, 3, & 4) 
HABITAT_EFFECT_INDEX VC(1) Not used at this time 
HAZ_RATING VC(1) Not used at this time 
HORIZONTAL_CONTINUITY VC(1) Nrv_perm_char.horizontal_continuity 
INVENTORY_STRATIFICATION VC(10) Nrv_perm_char.inventory_stratification 
LANDFORM VC(2) Nrv_perm_char.landform 
LATITUDE_DEG N(3) Nrv_setting_measurements.latitude_deg 
LATITUDE_MIN N(2) Nrv_setting_measurements.latitude_min 
LATITUDE_SEC N(4,2) Nrv_setting_measurements.latitude_sec 
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NRV_CHARACTERIZATIONS (cont.) 
Name Size Description 
LOADER_VERSION VC(15) The version of the loader program used to load the data 


into the perm summary tables. 
LOCAL_AT1_DESCRIPTION VC(80) Nrv_perm_char.local_at1_description 
LOCAL_AT2_DESCRIPTION VC(80) Nrv_perm_char.local_at2_description. 
LOCAL_AT3_DESCRIPTION VC(80) Nrv_perm_char.local_at3_description. 
LOCAL_AT4_DESCRIPTION VC(80) Nrv_perm_char.local_at4_description. 
LOCAL_AT5_DESCRIPTION VC(80) Nrv_perm_char.local_at5_description. 
LOCALLY_DEFINED_AT1 VC(30) Nrv_perm_char.locally_defined.at1 
LOCALLY_DEFINED_AT2 VC(30) Nrv_perm_char.locally_defined.at2 
LOCALLY_DEFINED_AT3 VC(30) Nrv_perm_char.locally_defined.at3 
LOCALLY_DEFINED_AT4 VC(30) Nrv_perm_char.locally_defined.at4 
LOCALLY_DEFINED_AT5 VC(30) Nrv_perm_char.locally_defined.at5 
LOCATION VC(16) Nrv_setting_measurements.location 
LONGITUDE_DEG N(3) Nrv_setting_measurements.longitude_deg 
LONGITUDE_MIN N(2) Nrv_setting_measurements.longitude_min 
LONGITUDE_SEC N(4,2) Nrv_setting_measurements.longitude_sec 
MANAGEMENT_PRODUCTIVITY VC(1) An indicator of the mean annual increment of stand 


growth. 
MANAGEMENT_TYPE_EV_CODE VC(50) Not used at this time 
MANAGEMENT_TYPE_EV_REF VC(30) Not used at this time 
MANAGEMENT_TYPE_SITE_INDEX N(4,1) Not used at this time 
MANAGEMENT_TYPE_SI_ 
REFCODE 


VC(3) Not used at this time 


MANAGEMENT_TYPE_SI_SPECIES VC(8) Not used at this time 
MEASUREMENT_DATE DATE Nrv_setting_measurements.measurement_date 
MERCH_BOARD_GROSS N(13,4) Computed. Merchantable, gross board foot volume per 


acre.  For Region 9, is either the Scribner or 
International 1/4 board foot volume, depending on the 
forest. The Chippewa, Superior, Chequamegon-Nicolet, 
Ottawa, and Hiawatha get Scribner. All other forests get 
International 1/4. 
 
SELECT SUM(stand_tpa_eq * merch_board_volume) 
FROM NRV_stid_summary_base_temp  
WHERE cn = stand_cn AND live_dead = 'L' 
AND (dbh >= dia OR drc >= dia) 
AND off_plot_flag IS NULL; 
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NRV_CHARACTERIZATIONS (cont.) 


Name Size Description 
MERCH_BOARD_GROSS_SD N(15,4) Computed. Standard deviation of the 


merch_board_gross column.  For Region 9, is either the 
Scribner or International 1/4 board foot volume, 
depending on the forest. The Chippewa, Superior, 
Chequamegon-Nicolet, Ottawa, and Hiawatha get 
Scribner. All other forests get International 1/4. 
 
SELECT DISTINCT plot 
FROM NRV_stid_summary_base_temp 
WHERE cn = stand_cn; 
SELECT  COUNT(DISTINCT plot) INTO pnum 
FROM    NRV_stid_summary_base_temp 
WHERE   cn = stand_cn; 
LOOP 
FETCH C_PLOT INTO point; 
SELECT SUM(plot_tpa_eq * board_volume) INTO tsum 
FROM NRV_stid_summary_base_temp 
WHERE cn = stand_cn AND plot = point 
AND live_dead = 'L' 
AND (dbh >= dia OR drc >= dia) 
AND off_plot_flag IS NULL; 
ssum := ssum + tsum; 
psum := psum + (tsum*tsum); 
  END LOOP; 
  sdbvol := ROUND(SQRT((psum - ((ssum * ssum) 


 /pnum)) / (pnum - 1)),3); 
 


MERCH_BOARD_GROSS_SE N(7,4) Computed. Standard error of the merch_board_gross 
column.  For Region 9, is either the Scribner or 
International 1/4 board foot volume, depending on the 
forest. The Chippewa, Superior, Chequamegon-Nicolet, 
Ottawa, and Hiawatha get Scribner. All other forests get 
International 1/4. 
 
SELECT COUNT(DISTINCT plot) into v_pnum 
FROM   NRV_stid_summary_base_temp    
WHERE  cn = p_stand_cn; 
v_std_error := p_sdtpa / sqrt(v_pnum); 


 
MERCH_BOARD_NET N(13,4) Nrv_perm_char.merch_board_net 
MERCH_BOARD_NET_SD N(15,4) Nrv_perm_char.merch_board_net_sd 
MERCH_BOARD_NET_SE N(7,4) Nrv_perm_char.merch_board_net_se 
MERCH_CUBIC_GROSS N(11,4) Computed.  Merchantable, gross cubic foot volume per 


acre.  For Region 9, this is the cubic foot volume in the 
sawlog portion of sawtimber trees. It does not include 
the topwood volume. It does not include pulpwood tree 
volume. 
 
SELECT SUM(stand_tpa_eq * merch_cubic_volume) 
FROM NRV_stid_summary_base_temp  
WHERE cn = stand_cn AND live_dead = 'L' 
AND (dbh >= dia OR drc >= dia) 
AND off_plot_flag IS NULL; 
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NRV_CHARACTERIZATIONS (cont.) 
Name Size Description 
MERCH_CUBIC_GROSS_SD N(13,4) Computed.  Standard deviation of the 


merch_cubic_gross column. 
 
SELECT DISTINCT plot 
FROM NRV_stid_summary_base_temp 
WHERE cn = stand_cn; 
SELECT  COUNT(DISTINCT plot) INTO pnum 
FROM    NRV_stid_summary_base_temp 
WHERE   cn = stand_cn; 
LOOP 
FETCH C_PLOT INTO point; 
SELECT SUM(plot_tpa_eq * cubic_volume) INTO 
tsum 
FROM NRV_stid_summary_base_temp 
WHERE cn = stand_cn AND plot = point 
AND live_dead = 'L' AND (dbh >= dia OR drc >= 
dia) 
AND off_plot_flag IS NULL; 
ssum := ssum + tsum; 
psum := psum + (tsum*tsum); 
END LOOP; 
sdcvol := ROUND(SQRT((psum - ((ssum * ssum) 
/pnum)) / (pnum - 1)),3); 


 
MERCH_CUBIC_GROSS_SE N(7,4) Computed.  Standard error of the merch_cubic_gross 


column.  
 
SELECT COUNT(DISTINCT plot) into v_pnum 
FROM   NRV_stid_summary_base_temp    
WHERE  cn = p_stand_cn; 
v_std_error := p_sdtpa / sqrt(v_pnum); 


 
MERCH_CUBIC_NET N(11,4) Nrv_perm_char.merch_cubic_net 
MERCH_CUBIC_NET_SD N(13,4) Nrv_perm_char.merch_cubic_net_sd 
MERCH_CUBIC_NET_SE N(7,4) Nrv_perm_char.merch_cubic_net_se 
MERIDIAN_CODE VC(2) Nrv_setting_measurements.meridian_code 
MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last 


modified. 
NFS_LAND_CLASS VC(3) Current land class used for NFS data.  A classification 


that indicates the basic land cover. 
PERM_CHAR_CN VC(34) Nrv_perm_char.cn 
PHOTO_ID VC(20) Nrv_aerial_photos.photo_id 
POLYGON_COVERAGE_ID VC(30) Nrv_cover_id_control.polygon_cover_id 
PRODUCTIVITY_CLASS VC(2) Nrv_perm_char.productivity_class 
PROJECT_NAME VC(25) Nrv_characterizations.project_name 
PURPOSE_CODE VC(4) Code that represents the reason for the survey 
PV_CODE VC(10) Nrv_setting_measurements.pv_code 
PV_REF_CODE VC(10) Nrv_setting_measurements.pv_ref_code 


DD/DT-11 







 
 
Data Tables FS Veg Data Dictionary 
 
 
NRV_CHARACTERIZATIONS (cont.) 


Name Size Description 
RANGE_CONDITION VC(1) Nrv_perm_char.range_condition 
RANGE_TREND VC(1) Nrv_perm_char.range_trend 
REGEN_EV_CODE VC(10) Not used at this time 
REGEN_EV_REF_CODE VC(10) Not used at this time 
REFERENCE_DATE DATE Nrv_perm_char.reference_date 
REFERENCE_DATE_ACCURACY VC(5) Nrv_perm_char.reference_date_accuracy 
REGION_ADMIN VC(2) Nrv_setting_measurements.region_admin 
REGION_PROC VC(2) Nrv_setting_measurementsr.region_proc 
REMARKS VC(255) Nrv_setting_measurements.remarks 
RESIDUE_DESC_CODE VC(10) Document from which the fuel model was obtained or 


the residue description photo. 
RIPARIAN_POLYGON VC(1) Not used at this time 
SAF_COVER_TYPE VC(3) Nrv_setting_measurements.ev_code if cover type ref = 


“SAF” 
SECTION VC(2) Nrv_setting_measurements.pls_section 
SETMEAS_CN VC(34) Nrv_setting_measurements.cn 
SETTING_ORIGIN VC(2) Not used at this time 
SETTING_SIZE N(8,4) Nrv_setting_measurements.setting_size 
SITE_INDEX N(4,1) Nrv_perm_char.site_index 
SITE_INDEX_REF VC(10) Nrv_perm_char.site_index_ref 
SITE_INDEX_SPP VC(8) Nrv_perm_char.site_index_spp 
SLOPE N(3) Nrv_setting_measurements.slope 
SLOPE_POSITION VC(2) Nrv_setting_measurements.slope_position 
SRM_COVER_TYPE VC(3) Nrv_setting_measurements.ev_code if cover type ref = 


“SRM” 
STAND_CONDITION VC(2) Nrv_perm_char.stand_condition 
STAND_CONDITION_REF VC(30) Region code in the format ‘R08’ or ‘R09’ (only used for 


Regions 8 & 9) 
STAND_FIA_EV_CALC VC(10) Computed.  Existing vegetation or stand type using the 


FIA algorithm 
STAND_FIA_TOTAL_STOCKING N(7,4) Computed.  Total stocking value using the FIA 


algorithm 
STAND_VSS VC(6) Computed.   Vegetation Structural Stage (VSS)  
STATE VC(2) Nrv_setting_measurements.state 
STATE_PLANE_DATUM VC(10) Nrv_setting_measurements.state_plane_datum 
STATE_PLANE_X N(12,3) Nrv_setting_measurements.state_plane_x 
STATE_PLANE_Y N(12,3) Nrv_setting_measurements.state_plane_y 
STATE_PLANE_ZONE VC(10) Nrv_setting_measurements.state_plane_zone 
STOCKING_FLAG VC(1) Nrv_setting_measurements.stocking_flag 
STOCING_PERCENT N(3) Nrv_setting_mmeasurements.stocking_percent 
SUBCOMPARTMENT_NO VC(10) Nrv_setting_measurements.subcompartment_no 
SURVEY_UNIT VC(2) Nrv_setting_measurements.survey_unit 
TIMBER_SUITABILITY_CODE VC(50) Not used at this time 
TIMBER_SUITABILITY_REF VC(30) Not used at this time 
TIMBER_SUIT_RECOMMEND_ 
CODE 


VC(50) Not used at this time 


TORCHING_INDEX N(3) Not used at this time 
TOTAL_CUBIC N(11,4) Nrv_setting_measurements.total_cubic 
TOWNSHIP VC(5) Nrv_setting_measurements.pls_township 
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NRV_CHARACTERIZATIONS (cont.) 
Name Size Description 
TPA N(10,4) Computed.  Number of live trees per acre in the site. 


 
SELECT DISTINCT plot 
FROM NRV_Stid_Summary_Base_Temp 
WHERE cn = stand_cn; 
SELECT  COUNT(DISTINCT plot) INTO pnum 
FROM    NRV_Stid_Summary_Base_Temp 
WHERE   cn = stand_cn; 
FETCH C_PLOT INTO point; 
SELECT SUM(plot_tpa_eq) INTO tsum 
FROM NRV_Stid_Summary_Base_Temp 
WHERE cn = stand_cn 
AND plot = point AND live_dead = 'L' 
AND (dbh >= dia OR drc >= dia) 
AND off_plot_flag IS NULL; 
ssum := ssum + tsum; 
psum := psum + (tsum*tsum); 
sdtpa := ROUND(SQRT((psum -((ssum * ssum) 


 /pnum)) / (pnum - 1)),3); 
 


TPA_CV N(13,4) Computed.  Coefficient of variation of the TPA column. 
 
(v_tpa_sd *100) / v_tpa; 
 


TPA_SD N(13,4) Computed.  Standard deviation of the TPA column. 
 
SELECT DISTINCT plot 
FROM NRV_Stid_Summary_Base_Temp 
WHERE cn = stand_cn; 
SELECT  COUNT(DISTINCT plot) INTO pnum 
FROM    NRV_Stid_Summary_Base_Temp 
WHERE   cn = stand_cn; 
LOOP; 
FETCH C_PLOT INTO point; 
SELECT SUM(plot_tpa_eq) INTO tsum 
FROM NRV_Stid_Summary_Base_Temp 
WHERE cn = stand_cn 
AND plot = point AND live_dead = 'L' 
AND (dbh >= dia OR drc >= dia) 
AND off_plot_flag IS NULL; 
ssum := ssum + tsum; 
psum := psum + (tsum*tsum); 
END LOOP; 
sdtpa := ROUND(SQRT((psum -((ssum * ssum) 


 /pnum)) / (pnum - 1)),3); 
 


TPA_SE N(7,4) Computed.  Standard error of the TPA column. 
 
SELECT COUNT(DISTINCT plot) into v_pnum 
FROM   NRV_stid_summary_base_temp    
WHERE  cn = p_stand_cn;  
v_std_error := p_sdtpa / sqrt(v_pnum); 
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NRV_CHARACTERIZATIONS (cont.) 


Name Size Description 
TREE_HEIGHT_AVG N(13,4) Average tree height. 
TREE_LAYER_STRUCTURE VC(2) Nrv_perm_char.tree_layer_structure 
TREE_SIZE_CLASS VC(2) Nrv_perm_char.tree_size_class 
USGS_LANDUSE2 VC(2) Nrv_perm_char.usgs_landuse2 
UTM_DATUM VC(10) NRV_setting_measurements.utm_datum 
UTM_EASTING N(6) NRV_setting_measurements.utm_easting 
UTM_NORTHING N(7) NRV_setting_measurements.utm_northing 
UTM_ZONE N(2) NRV_setting_measurements.utm_zone 
YEAR_OF_ORIGIN N(4) Computed. 


 
SELECT SUM(age * tpa_stand_eq *  
DECODE(age,NULL,NULL,1)), 
SUM(tpa_stand_eq * DECODE(age,NULL,NULL,1)) 
FROM   NRV_Grp_By_Summary_Temp  
WHERE  cn = stand_cn AND off_plot_flag IS NULL; 
FETCH C_avage INTO navage, davage; 
avage := navage/davage;  
 


 
 


NRV_COVER_MEASUREMENTS 
This table contains columns describing plant and ground cover.  There may be multiple 
species, layers, lifeforms, or ground surface cover entries for each plot.  A record must 
already exist in the Nrv_setting_measurements table before entering a record in this table. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number to uniquely identify a 


row of data in this table. 
SETMEAS_CN 


Required 
VC(34) Foreign key to Nrv_setting_measurements  


CREATED_BY 
Required 


VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


AGE N(4) Average or predominant age of the cover layer.  Stored in 
years. 
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NRV_COVER_MEASUREMENTS (cont.) 
Name Size Description 
AGE_METHOD VC(2) Method used to determine the cover item age. 


 
Code Description Use 
DM Age at DBH, measured  
DE Age at DBH, estimated  
DC Age at DBH, calculated  
TM Total age, measured  
TE Total age, estimated  
TC Total age, calculated  


 
-Age at DBH is the number of years at 4.5 feet above the 
forest floor on the uphill side of the tree. 
-Total age is the age from germination to present.  An 
example of measured total age is boring the plant or 
destructive sampling at the root collar.  An example of 
estimated total age is measuring the age at DBH and adding 
an estimate of the number of years it took to reach breast 
height and adding that to the age at DBH. 
-Whorl counts can be measured by physically counting 
whorls, or estimated. 


COLLECTION_NUMBER N(4) Number assigned to a plant collected in the field for later 
identification and possible inclusion in a permanent 
herbarium collection.  Valid values are 1-9999. 


COVER_METHOD VC(2) Method used to determine cover percent: 
 


Code Description Use 
M Measured  
E Estimated CSE 
C Calculated  


 


COVER_PERCENT N(4,1) Percent of the area occupied by the plant or ground surface 
cover.  Since cover percent is usually recorded as being 
within a certain range (0-10%), this value indicates the 
middle of the range (5%).  Shrub coverage is determined by 
the vertical projection of the crowns or ground surface 
feature of interest. 


DATA_CODE_1  VC(10) Used to record alphanumeric information specific to a 
particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_1_DEFINITION VC(160) Define the value stored in data_code_1. 
DATA_CODE_2 VC(10) Used to record alphanumeric information specific to a 


particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_2_DEFINITION VC(160) Define the value stored in data_code_2. 
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NRV_COVER_MEASUREMENTS (cont.) 


Name Size Description 
DATA_NUM_1 N(7,2) Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_1_DEFINITION VC(160) Define the value stored in data_num_1. 
DATA_NUM_2 N(7,2) Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_2_DEFINITION VC(160) Define the value stored in data_num_2. 
DATA_NUM_3 N(7,2) Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_3_DEFINITION VC(160) Define the value stored in data_num_3. 
DATA_NUM_4 N(7,2) Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_4_DEFINITION VC(160) Define the value stored in data_num_4 field in this table. 
DEAD_COUNT N(3) Number of dead trees or shrubs.  Valid values are 1-999. 
DIAMETER N(6,3) Predominant cross-sectional width of a plant measured 


through the center of the stem.  Stored in inches. 
DIAMETER_HEIGHT N(6,3) Height above ground where the diameter was measured.  


Stored in feet. 
 4.5 feet implies a DBH (diameter breast height) 
measurement. 
 0.0 feet implies a DRC (diameter at root collar) 
measurement. 


DIAMETER_METHOD VC(2) Method used to measure the diameter: 
 


Code Description Use 
M Measured  
E Estimated CSE 
C Calculated  


 
 


DRY_WT N(8,4) Total dry weight production of an item.  Dry weight can be 
obtained by multiplying the item's green weight (green_wt) 
by an appropriate dry weight conversion factor 
(dry_wt_factor), or by actually drying the item and then 
measuring the dry weight.  Stored in pounds. 


DRY_WT_FACTOR N(5,4) Decimal value between 0 and 1, applied to green weight 
estimates to obtain a dry weight value. 


FUEL_BASE_HEIGHT N(5,2) For the Firemon protocols, height of the fuel ladder 
GREEN_WT  N(6,2) Green weight estimate of above ground biomass by item. 


Stored in pounds. 
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NRV_COVER_MEASUREMENTS (cont.) 
Name Size Description 
GROWTH_FORM VC(2) Plant habit code. 


 
Code Description Use 
EB Evergreen broadleaf  
EN Evergreen needle leaved  
EV Evergreen  
DE Deciduous  
DB Deciduous broadleaf  
DN Deciduous needle leaved  
 
 


HEIGHT N(7,4) Average or predominant height of the cover layer.  Stored 
in feet. 


HEIGHT_CLASS VC(2) The FGDC height class of the cover value. 
 


Code Description Use 
SL Shrub, large CSE 
SM Shrub, medium CSE 
ST Shrub, small CSE 
TS Tree, small CSE 
TT Tree, large CSE 


 
 


HEIGHT_MAX N(7,4) Maximum height of a cover layer.  Stored in feet. 
HEIGHT_MIN N(7,4) Minimum height of a cover layer.  Stored in feet. 
INDICATOR_SPECIES_FLAG VC(1) Indicator species flag. 


Y = Yes, this is an indicator species 
INTERCEPT N(6,2) Transect length intercepted by live foliage.  Stored in feet. 
ITEM_COUNT N(3) Number of cover items. 
LAYER VC(3) Foreign key to Nrv_cover_layers. 
LAYER_CODE_LOCAL VC(2) Locally defined code for the cover layer. 
LIFEFORM_CODE VC(2) Code of the cover lifeform being estimated.  This column is 


constrained by the codes in Nrv_lifeform_classes  
LIFEFORM_MODIFIER VC(4) Further subdivision and description of each life form. 
LIVE_DEAD VC(1) Indicates if a cover item is live or dead. 


 
Code Description Use 
L Live CSE 
D Dead CSE 


 
 


MAPCOND_CN VC(34) Foreign key to Nrv_fia_mapped_conditions  
MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
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NRV_COVER_MEASUREMENTS (cont.) 


Name Size Description 
PHENOLOGY_CLASS VC(2) Indicates plant or species development at time of sampling 


with respect to annual phenomena such as bud, flower, or 
fruit development. 
 


Code Description Use 
F1 Forb/shrub:  preflower  
F2 Forb/shrub:  flowering  
F3 Forb/shrub:  flowering  
F4 Forb/shrub:  senescent; 


dormant 
 


G1 Graminoid:  leaves partially 
developed; no heads 


 


G2 Graminoid:  inflorescence inside the 
sheath (in the boot) 


 


G3 Graminoid:  flower partially or fully 
exerted from sheath 


 


G4 Graminoid:  seeds maturing or 
mature 


 


G5 Graminoid:  senescent; dormant  
 
 


PRESENCE_FLAG VC(1) Flag indicating presence of a flora item in site level 
investigation.  It may also be used to indicate that a flora 
item (generally species) is generally present, and found 
adjacent to, but not in, the plot. 
 


Code Description Use 
X Not assessed  
P Present CSE 
A Absent  


 
 


QUAD_1_PRESENCE VC(1) Quadrat 1 presence. A code indicating whether the species 
is found on quadrat 1 of the current subplot 
 


Code Description 
0 No, the species is not present 
1 Yes, the species is present 


 
 


QUAD_2_PRESENCE VC(1) Quadrat 2 presence. A code indicating whether the species 
is found on quadrat 2 of the current subplot 
 


Code Description 
0 No, the species is not present 
1 Yes, the species is present 
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NRV_COVER_MEASUREMENTS (cont.) 
Name Size Description 
QUAD_3_PRESENCE VC(1) Quadrat 3 presence. A code indicating whether the species 


is found on quadrat 3 of the current subplot 
 


Code Description 
0 No, the species is not present 
1 Yes, the species is present 


 
 


REMARKS VC(255) Remarks pertaining to the cover record. 
ROW_ACCESS_CODE VC(6) Control field to support row level access. 
SELCRIT_CN VC(34) Foreign key to Nrv_selection_criteria  
SHRUB_AGE_CLASS VC(2) Estimate of the age class of a shrub or tree.  Shrub age class 


is based on the percentage of branch or foliage maturity.  
Tree age class is based on overall appearance, crown, 
branch, and bark characteristics. 
 


Code Description Use 
SS Seedling/sprout CSE 
 Immature, no dead material 


(stems and branches) associated 
with the shrub record. 


FIA 


YO Young CSE 
 Mature, 1-24 percent dead 


material associated with the 
shrub record. 


FIA 


MA Mature CSE 
 Over-mature, 25-49 percent 


dead material associated with 
shrub record. 


FIA 


DE Decadent CSE 
 Decadent, 50 percent or more dead 


material associated with shrub 
record. 


 


X Dead CSE 
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NRV_COVER_MEASUREMENTS (cont.) 


Name Size Description 
SHRUB_FORM_CLASS VC(4) Shrub form is determined for established shrubs based on 


an evaluation of the foliage. 
 


Code Description Use 
HIMV Mostly available, highlined.  
HIUN Unavailable, highlined.  
LIAV All available, little or no hedging.  
LIHE Little or no hedging:  2-year 


wood is relatively 
long/unaltered from normal 
growth form. 


 


LIPA Partially available, little or no 
hedging. 


 


MOAV All available, moderate hedging.  
MOHE Moderately hedged:  2-year wood is 


fairly long but altered from normal 
growth form. 


 


MOPA Partially available, moderately 
hedged. 


 


SEHE Severely hedged:  2-year wood is 
relatively short and/or strongly 
altered. 


 


SEPA Partially available, severely 
hedged. 


 


SOAV All available, severely hedged.  
 
 


SPA_EQUIV N(10,5) Computed.  Number of stems per acre this sampled 
vegetation record represents.  Based on the sample design 
of the plot. 
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NRV_COVER_MEASUREMENTS (cont.) 
Name Size Description 
SPECIES_CERTAINTY VC(1) The confidence in each species designation.  Plants 


coded 3, 4, or 5 must be tracked on the Unknown 
Spreadsheet. 
 


Code Description Use 
0 Not known how confident, only 


used to crosswalk old databases 
with no certainty designations. 


 


1 Certain in the field, most 
commonly used designation. 


 


2 Uncertain species (probably this 
species) use when species is 
somewhat in question. 


 


3 Uncertain of genus (probably 
this genus) use when genus is 
somewhat in question, but there 
isn’t enough plant material to 
collect or determining plant 
parts are not present. 


 


4 Unknown, specimens collected for 
herbarium identification. 


 


5 Unknown, not collected (not 
enough plant material to collect for 
herbarium identification) used for 
very young, rare, or damaged plants 
when there is not enough material 
to collect for herbarium 
identification. 


 


 
 


SPECIES_SYMBOL VC(8) The NRCS PLANTS code of the species represented by this 
record.  For example, PSME = Pseudotsuga menziesii.  
Constrained by values in the appropriate TAXA table. 


SUBGROUP_CODE VC(4) A 'sub-stratification' of the major sample unit, used to 
categorize cover records within the setting into different 
conditions. 


SUBSAMPLE VC(2) Subsample number 
SURFACE_COVER_CODE VC(4) Non-vegetative cover.  This column is constrained by the 


codes in  Nrv_surface_cover_types  
TAG_ID VC(5) Unique number physically attached to a cover item or 


assigned to a record. 
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NRV_COVER_MEASUREMENTS (cont.) 


Name Size Description 
UTILIZATION_CLASS VC(4) Estimate of percent utilization based on volume of the 


current year's growth removed by animals.  For those 
species to be characterized enter one of the following class 
codes to describe the percent utilization present. 
 


Code Description Use 
1 0  - <1%  
3 1  - 5%  


10 6  - 15%  
20 16 - 25%  
30 26 - 35%  
40 36 - 45%  
50 46 - 55%  
60 56 - 65%  
70 66 - 75%  
80 76 - 85%  
90 86 - 95%  
98 96 - 100%  


 
 


UTILIZATION_PERCENT N(3) An estimate of percent of volume of the current year's 
growth removed by herbivores. 


VOUCHER_FLAG VC(1) Was an actual “voucher” specimen collected? 
Y = yes 


 
 


NRV_CREW_INFO 
This table contains columns describing the crew that collected the FIA data. 
 


Name Size Description 
CN 


Required 
VC(34)  A system generated sequence number to uniquely identify a 


row of data in this table. 
SETMEAS_CN  


Required 
VC(34)  Foreign key to Nrv_setting_measurements 


 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


DATA_TYPE VC(2) Type of data measured on the plot. 
 
1 = FIA P2 
2 = FIA P3 DWM 
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NRV_CREW_INFO (cont.) 
Name Size Description 
ID VC(6) This is a RMRS variable.  It contains up to 5 crew numbers 


as assigned to the field crew.  The crew supervisor is 
recorded first (e.g. for crew supervisor 02 working with 
crew members 12 and 31, record 002, 012, 031, 000, 000). 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 
NAME 
 


VC(20) For the P3-Vegetation Diversity variable, this value 
contains the full names of each crewmember measuring 
vegetation.  For the PNW Regional variable, it contains the 
first initial and last name of up to five people taking 
measurements on the plot.   


TYPE 
 


VC(2) Type of crew measuring the plot. 
 
National Core Variable 
1 = Standard  
2 = QA 
3 = Special study 
4 = Gradient study 
5 = Evaluation monitoring 
6 = Trainer 
7 = Expert 
 


 
 


NRV_DATA_CODE_COVMEAS 
This table contains columns describing FIA specific cover measurements. 
 


Name Size Description 
COVMEAS_CN  


Required 
VC(34)  Foreign key to Nrv_cover_measurements. 


 
DCDESC_CN  


Required 
VC(34)  Foreign key to Nrv_data_code_descriptions. 


 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


DATA 
Required 


VC(20) The observed or measured value associated with 
Nrv_data_code_descriptions.data_id  This is linked via 
dcdesc_cn  


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 
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NRV_DATA_CODE_DESCRIPTIONS 
This table describes the valid values in Nrv_data_code. 
 


Name Size Description 
CN 


Required 
VC(34)  A system generated sequence number to uniquely identify a 


row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


DATA_CODE_TABLE 
Required 


VC(30) The name of one of the seven data_code_tables. 
 


Code Use 
Nrv_data_code_covmeas CSE 
Nrv_data_code_dwmeas CSE 
Nrv_data_code_fia_mapcons FIA 
Nrv_data_code_reference CSE 
Nrv_data_code_setmeas CSE 
Nrv_data_code_treemeas CSE 
Nrv_data_code_fire_info CSE 


 
 


DATA_DESCRIPTION 
Required 


VC(80
) 


Describes the data_id column 


DATA_ID 
Required 


VC(30) First field in the unique key. 


FORMAT 
Required 


VC(20) Describes the format of data_id. 


SOURCE 
Required 


VC(9) Second field in the unique key.  All records created by the 
FSVeg staff are placed on each site with a designated cn.  
Any records site adds will have this column auto-populated 
with the site’s instance ID. 


CONSTRAINING_REFERENCE_TA
BLE 


VC(30) In some cases, a Region or Forest may want to constrain a 
specific data_id using a valid value look up table.  The name 
of that table would be stored here. 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 
PRECISION VC(50) Precision description associated with the Units of Measure. 
START_VALUE N(13,6) The minimum value of the data_id field 
STOP_VALUE N(13,6) The maximum value of the data_id field 
STEP N(13,6) The allowable increments of the data_id field. For example, if 


the only valid values a data_id field are 10, 20, 30, and 40, the 
start_value is set to 10, the stop_value is set to 40, and the 
step value is set to 10. 


UNITS VC(25) Units of measure for the data_id field 
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NRV_DATA_CODE_DWMEAS 
This table describes down woody material data not defined by national FIA protocols. 
 


Name Size Description 
DWMEAS_CN 


Required 
VC(34) Foreign key to Nrv_down_woody_measurements. 


 
DCDESC_CN 


Required 
VC(34) Foreign key to Nrv_data_code_descriptions. 


 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


DATA 
Required 


VC(20) The observed or measured value associated with 
Nrv_data_code_descriptions.data_id 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 


 
 


NRV_DATA_CODE_FIA_MAPCONS 
This table describes mapped condition data not defined by national FIA protocols. 
 


Name Size Description 
MAPCOND_CN  


Required 
VC(34)  Foreign key to Nrv_fia_mapped_conditions. 


 
DCDESC_CN  


Required 
VC(34)  Foreign key to Nrv_data_code_descriptions. 


 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


DATA 
Required 


VC(20) The observed or measured value associated with 
Nrv_data_code_descriptions.data_id 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 
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NRV_DATA_CODE_FIRE_INFO 
This table describes the local codes in Nrv_fire_info 
 


Name Size Description 
CREATED_BY 


Required 
VC(30) The name of the person who created the record 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


DATA 
Required 


VC(20) The observed or measured value associated with 
Nrv_data_code_descriptions.data_id. 


DCDESC_CN 
Required 


VC(34) Foreign key to Nrv_data_code_descriptions. 


FIRE_INFO_CN 
Required 


VC(34) Foreign key to Nrv_fire_info. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 


 
 


NRV_DATA_CODE_REFERENCES 
This table describes the valid data values associated with unique combinations of data_id 
and source columns in Nrv_data_code_descriptions. 
 


Name Size Description 
CN 


Required 
VC(34)  A system generated sequence number to uniquely identify a 


row of data in this table. 
DCDESC_CN 


Required 
VC(34)  Foreign key to Nrv_data_code_descriptions 


CREATED_BY 
Required 


VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


DATA_DESCRIPTION 
Required 


VC(80
) 


Describes the code or value stored in valid_data 


VALID_DATA 
Required 


VC(20) Contains a valid code for a specific data stored in 
Nrv_data_code_descriptions.data_id.  Each row in this table 
represents a single valid code.  There could be many 
records in this table linked to a single 
Nrv_data_code_descriptions.data_id record 


DD/DT-26 







 
 


FSVeg Data Dictionary Data Tables 
 
 


NRV_DATA_CODE_REFERENCES (cont.) 
Name Size Description 
MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 


 
 


NRV_DATA_CODE_SETMEAS 
This table describes setting, cluster, plot, subplot, etc., data not defined by national FIA 
protocol. 
 


Name Size Description 
SETMEAS_CN  


Required 
VC(34)  Foreign key to Nrv_setting_measurements. 


 
DCDESC_CN  


Required 
VC(34)  Foreign key to Nrv_data_code_descriptions. 


 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


DATA 
Required 


VC(20) The observed or measured value associated with 
Nrv_data_code_descriptions.data_id 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 


 
 


NRV_DATA_CODE_TREEMEAS 
This table describes tree data not defined by national FIA protocol. 
 


Name Size Description 
TREMEAS_CN 


Required 
VC(34)  Foreign key to the table Nrv_tree_measurements. 


DCDESC_CN 
Required 


VC(34)  Foreign key to the table Nrv_data_code_descriptions. 


CREATED_BY 
Required 


VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 
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NRV_DATA_CODE_TREEMEAS (cont.) 


Name Size Description 
DATA 


Required 
VC(20) The observed or measured value associated with 


Nrv_data_code_descriptions.data_id 
VPDUNIT_ID 


Required 
VC(10) Code which lets a user access specific data in the database.  


In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 


 
 


NRV_DOWN_WOODY_MEASUREMENTS 
This table describes down woody material.  This data is generally collected in classes; an 
example is counting the number of pieces between 12 and 24 inches in diameter.  There 
can be multiple measurements on each plot.  A record must already exist in 
Nrv_setting_measurements before entering a record in this table. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number to uniquely identify a 


row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


SETMEAS_CN 
Required 


VC(34) Foreign key to Nrv_setting_measurements. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


CHARRED N(3) For all logs ≥ 20 inches in diameter at the point of 
intersection and in decay class 1,2, or 3, record a 1-digit code 
that represents the percentage of the log's surface area that 
has been charred by fire. 
 


Code Description Use 
0 None FIA 
1 Up to 1/3 of the log FIA 
2 1/3 to 2/3 of the log FIA 
3 2/3 or more of the log FIA 


 
 


DATA_CODE_1 VC(10) Used to record alphanumeric information specific to a 
particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_1_DEFINITION VC(160) Define the value stored in data_code_1.  
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NRV_DOWN_WOODY_MEASUREMENTS (cont.) 
Name Size Description 
DATA_CODE_2 VC(10) Used to record alphanumeric information specific to a 


particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_2_DEFINITION  VC(160) Define the value stored in data_code_2. 
DATA_NUM_1  N(7,2) Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_1_DEFINITION  VC(160) Define the value stored in data_num_1.  
DATA_NUM_2 N(7,2) Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_2_DEFINITION  VC(160) Define the value stored in data_num_2. 
DECAY_CLASS VC(2) Current condition of the down woody material. 


 
Code Description Use 
SO Sound  
RO Rotten  
1 Decay class 1 CSE 
2 Decay class 2 CSE 
3 Decay class 3 CSE 
4 Decay class 4 CSE 
5 Decay class 5 CSE 


 
 


DEPTH N(6,3) First measurement of the depth of the duff and/or litter 
layer.  CSE data records only the depth of the duff layer.  
Stored in inches. 


DEPTH2 N(6,3) Second measurement of the depth of the duff/litter layer.  
Stored in inches. 


DIAMETER N(6,3) The cross-sectional width of a down woody piece, 
measured through the center of the stem (measured at 
intersection with transect for FIA data).  Stored in inches.  


DIAMETER_LARGE_END N(6,3) The cross-sectional width of a down woody piece measured 
through the large end of the piece.  Stored in inches. 


DIAMETER_METHOD  VC(2) Method used to measure the diameter. 
 


Code Description Use 
M Measured  
E Estimated CSE 
C Calculated  


 
 


DIAMETER_SMALL_END N(6,3) The cross-sectional width of a down woody piece measured 
through the small end of the piece.  Stored in inches. 


FUEL_BED_DEPTH  N(6,3) Vertical distance from the top of the duff layer to the 
highest dead particle. Stored in inches. 
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NRV_DOWN_WOODY_MEASUREMENTS (cont.) 


Name Size Description 
HIGHCOUNT_REASON VC(1) Explanation of why a transect contains more than 100 pieces 


of fine woody debris. 
 


Code Description Use 
0 Count is not unusually 


high. 
FIA 


1 High count is due to an 
overall high density of 
pieces across the 
transect 


FIA 


2 Wood rat's nest located 
on transect 


FIA 


3 Tree or shrub lying 
across transect 


FIA 


4 Other reason. FIA 
 
 


HISTORY VC(2) Explanation of why the coarse woody debris piece is on the 
ground. 
 
Code Description Use 
1 Result of natural causes 


(CORE). 
FIA 


2 Result of major harvest 
activity (cut down or 
bulldozed) (CORE). 


FIA 


2 Result of major RECENT 
harvest activity (≤ 15 yrs 
old) ( NW). 


FIA 


3 Result of an incidental 
harvest (such as 
firewood cutting) 
(CORE). 


FIA 


3 Result of OLDER harvest 
activity (> 15 yrs old) 
(PNW). 


FIA 


4 Result of an incidental 
harvest (such as 
firewood  utting). (PNW) 


FIA 


5 Exact reason unknown 
(PNW). 


FIA 


 
  


HOLLOW_CODE VC(1) Is the piece hollow? 
 
Code Description Use 
Y Yes, the piece is hollow. FIA 
N No, the piece is not 


hollow. 
FIA 
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NRV_DOWN_WOODY_MEASUREMENTS (cont.) 
Name Size Description 
HOLLOW_PERCENT N(3) Percent of the log which is hollow 
HUMUS_DEPTH N(6,3) Depth of the humus layer.  Stored in inches. 
LENGTH N(6,3) Measure of the greatest dimension of a down woody piece. 


Stored in feet. 
LITTER_1 N(6,3) First layer of litter. 
LITTER_2 N(6,3) Second layer of litter. 
MAPCOND_CN VC(34) Foreign key to Nrv_fia_mapped_conditions. 
MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
NO_OF_PIECES  N(3) Number of like individuals (e.g. number of pieces in a size 


class).  
PILE_AZIMUTH N(3) Azimuth form plot center to a pile of down woody material. 
PILE_DENSITY N(3) The percent of the pile that consists of wood.  Things like 


air, soil, rock, and plants should be factored out of the 
estimate.  Estimate to the nearest ten percent. 


PILE_HEIGHT_1 N(5,2) Height of one end of the pile.  Estimated to the nearest foot. 
PILE_HEIGHT_2 N(5,2) Height of one end of the pile.  Estimated to the nearest foot. 
PILE_LENGTH_1 N(5,2) Length of one side of the pile.  Estimated to the nearest foot. 
PILE_LENGTH_2 N(5,2) Length of one side of the pile.  Estimated to the nearest foot. 
PILE_SHAPE VC(1) Record a 1-digit code indicating the shape of the pile.  The 


four shapes are shown in Figure 14-14 of the P3 Field 
Manual.  This code will either be 1, 2, 3, or 4. 


PILE_WIDTH_1 N(5,2) Width of one side of the pile. Estimated to the nearest foot. 
PILE_WIDTH_2 N(5,2) Width of one side of the pile. Estimated to the nearest foot. 
RESIDUE_PILE VC(1) PNW fuels down woody debris variable that indicates 


whether a residue pile intersects the fine woody debris 
transect segment. 
 
Code Description Use 
Y Yes, it intersects the 


transect 
FIA 


 No, it does not intersect 
the transect 


FIA 


 
 


ROW_ACCESS_CODE VC(6) Control field to support row level access. 
SELCRIT_CN VC(34) Foreign key to Nrv_selection_criteria. 
SLOPE_DISTANCE N(6,3) The slope distance, from the subplot center to the point 


where the transect intersects the longitudinal center of the 
piece. 


SLOPE_ORIENTATION VC(1) The orientation of the piece on the slope. 
 
Code Description Use 
H Horizontal FIA 
V Vertical FIA 
A Across FIA 
F Flat FIA 
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NRV_DOWN_WOODY_MEASUREMENTS (cont.) 


Name Size Description 
SPECIES_SYMBOL VC(8) The NRCS PLANTS code of the species represented by this 


record.  For example, PSME = Pseudotsuga menziesii.  
Constrained by values in  the appropriate TAXA table.  


SUBGROUP_CODE VC(4) A 'sub-stratification' of the major sample unit, used to 
categorize down woody records, within the setting, into 
different conditions. 


SUBSAMPLE VC(2) Subsample number. 
TAG_ID VC(5) Unique number physically attached or assigned to a down 


log. 
VOLUME N(10,3) Estimated total wood volume contained in a pre-defined 


size class. This field is not intended to store calculated data.  
Stored in cubic feet per acre. 


WEIGHT N(8,3) Estimated mass of a pre-defined size class.  This field is not 
intended to store calculated data.  Stored in tons per acre. 


 
 


NRV_FIA_CONDITION_PROPORTIONS 
This table contains mapped condition proportions by sample type and mapped condition. 
 


Name Size Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify a 


row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


MAPCOND_CN 
Required 


VC(34)  Foreign key to Nrv_fia_mapped_conditions. 


SETMEAS_CN 
Required 


VC(34)  Foreign key to Nrv_setting_measurements. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 
PREV_MAPCOND_CN VC(34) Foreign key to NRV_FIA_MAPPED_CONDITIONS.CN 


identifying the condition of previous measurement. 
PROPORTION N(5,4) Proportion of the cluster plot, subplot, macro plot, annular 


plot, or hectare plot in a specific mapped condition.  Valid 
values are 0.000 to 1.000. 
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NRV_FIA_CONDITION_PROPORTIONS (cont.) 
Name Size Description 
PROPORTION_BASIS VC(12) Proportion basis: 


 
Code Description Use 
SUB Sub-plot FIA 
MACRO Macro-plot FIA 
MICRO Micro-plot FIA 
HECTARE Hectare plot FIA 
CLUSTER Cluster plot FIA 


 
 


PROPORTION_TYPE VC(6) The type of proportion reported: 
 


Code Description Use 
ALL See FIADB user’s guide version 


1.7 or greater for a complete 
definition 


FIA 


CHNG See FIADB user’s guide version 
1.7 or greater for a complete 
definition 


FIA 


CURR See FIADB user’s guide version 
1.7 or greater for a complete 
definition 


FIA 


UNADJ See FIADB user’s guide version 
1.7 or greater for a complete 
definition 


FIA 


SPEC Special. This value is used only 
in special cases where other 
values fail to accurately 
describe the proportion type.  
Currently not defined in FIADB 
user’s guide version 1.7 


FIA 


 
 


SUBTYP_PROP_CHNG N(5,4) Proportion change of subplot condition between previous to 
current inventory 


 
 


NRV_FIA_DWM_CALCS 
This table contains the Forest Inventory and Analysis down woody measurement 
calculations. 
 


Name Size Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify a 


row of data in this table. 
DWM_CN 


Required 
VC(34) Foreign key to Nrv_down_woody_measurements 


CREATED_BY 
Required 


VC(30) The name of the person who created the record. 
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NRV_FIA_DWM_CALCS (cont.) 


Name Size Description 
CREATED_DATE 


Required 
DATE The date the record was created. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


BIOMASS_POUNDS_TRAN NUMBER Value that when divided by transect length will produce 
biomass in pounds per acre 


CARBON NUMBER Logs/Piles carbon weight in pounds 
CARBON_POUNDS_TRAN NUMBER Value that when divided by transect length will produce 


carbon in pounds per acre 
CUBIC_FEET_TRAN NUMBER Value that when divided by transect length will produce 


cubic feet per acre 
DESIGN_TYPE VC(2) Identifies P2 or P3 plot design 
DRYBIOT NUMBER Logs/Piles dry weight in pounds 
LOG_COVER_PCT NUMBER Percent cover represented by each log 
MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
PER_ACRE_COND NUMBER Logs/Piles per acre based on condition transect length 


actually measured 
PER_ACRE_PLOT NUMBER Logs/Piles per acre based on plot transect length actually 


measured 
PER_ACRE_UNADJ NUMBER Logs/Piles per acre based on target plot transect length 
TRANSECT_LENGTH_COND NUMBER Sum of transect lengths in condition 
TRANSECT_LENGTH_PLOT NUMBER Sum of transect lengths in measured and nonforest 


conditions on plot 
TRANSECT_LENGTH_UNADJ NUMBER Sum of transect lengths in all conditions including 


unmeasured  on target plot design 
VOLCFGRS NUMBER Logs/Piles Cubic foot volume 


 
 


NRV_FIA_MAPPED_CONDITIONS 
This table contains columns describing FIA mapped conditions. 
 


Name Size Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify a 


row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


SETMEAS_CN  
Required 


VC(34)  Foreign key to Nrv_setting_measurements. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 
Name Size Description 
ARTIFICIAL_REGEN_SPECIES VC(8) The NRCS species symbol of the predominant tree species 


for which evidence exists of artificial regeneration in the 
stand. 


ASPECT N(3) The azimuth indicating the direction of slope for the land 
surface of the condition class.  The direction in degrees 
from magnetic north of drainage for most of the condition, 
recorded as the azimuth of this direction.  North is recorded 
as 360.  When slope is zero, there is no aspect and this item 
is set to zero.  Before 2000, the field crew measured 
condition aspect.  Beginning in 2000, aspect is collected on 
subplots but no longer collected for conditions.  For plots 
taken after 2000, the aspect from the subplot representing 
the greatest percentage of the condition will be assigned as 
a surrogate. 


CANOPY_CLOSURE N(3) The percentage of crown cover, to the nearest 1 percent of 
all tally tree species greater than 1.0" DBH/DRC. 


CARBON_DOWN_DEAD N(13,6) Carbon in down dead. Carbon mass (tons per acre) of woody 
material on the ground larger than 3 inches in diameter as 
well as stumps and their roots greater than 3 inches. 
Estimated from models based on region, forest type and live 
tree carbon density (Smith and Heath 2008). Down woody 
material (DWM) data collected in some FIA inventories were 
not included in this estimate. 


CARBON_LITTER N(13,6) Carbon in litter. Carbon mass (tons per acre) of organic 
material on the floor of the forest, including fine woody 
debris, humus, and fine roots in the organic forest floor layer 
above mineral soil. Estimated from models based on region, 
forest type and stand age (Smith and Heath 2002). Litter 
data collected in some FIA inventories were not included in 
this estimate. 


CARBON_SOIL_ORG N(13,6) Carbon in organic soil. Carbon mass (tons per acre) in fine 
organic material below the soil surface to a depth of 1 
meter. Does not include roots. Estimated from models 
based on region and forest type (Smith and Heath 2008). 
Soil data collected in some FIA inventories were not 
included in this estimate. 


CARBON_STANDING_DEAD N(13,6) Carbon in standing dead. For the periodic inventories, 
carbon mass (tons per acre) in standing dead trees, 
including coarse roots is estimated from models based on 
forest type and live tree carbon (this also applies to all 
estimates for 1 to 5 inch trees) (Jenkins and others 2003, 
Smith and Heath in preparation). This field is blank (null) 
for annual inventories where individual-tree data are 
available. For annual inventories carbon density (tons per 
acre) can be calculated using tree-level data. 


CARBON_UNDERSTORY_AG N(13,6) Carbon in understory aboveground. Carbon mass (tons per 
acre) in the aboveground portions of seedlings, shrubs, and 
bushes. Estimated from models based on region, forest type 
and live tree carbon density (Smith and Health 2008). 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 


Name Size Description 
CARBON_UNDERSTORY_BG N(13,6) Carbon in understory belowground. Carbon mass (tons per 


acre) in the belowground portions of seedlings, shrubs, and 
bushes. Estimated from models based on region, forest type 
and live tree carbon density (Smith and Heath 2008). 


CONDITION_DESCRIPTION VC(80) Describes the mapped condition. 
CONDITION_ID N(2) On a plot, this is a unique identifying number for each 


condition class.  At the time of the plot establishment, the 
condition class at plot center (the center of subplot 1) is 
designated condition class 1.  Other condition classes are 
assigned numbers sequentially at the time each condition 
class is delineated.  Owner class and land class define the 
condition.  Differences in broad forest type, stand size, 
stand origin, and stand density further define condition for 
forestland. 


CONDITION_ID_PREVIOUS N(5) The condition within the plot on which this condition 
occurred at the previous inventory. 


CONDITION_STATUS VC(2) The status of the condition. 
 


Code Description Use 
1 Accessible forest land FIA 
2 Non-forest land FIA 
3 Non-census water FIA 
4 Census water FIA 
5 Nonsampled FIA 


 
 


CONDITION_STATUS_CHANGE VC(1) This is a RMRS variable.  See RMRS Field manual for a 
definition of the four valid codes: 1, 2, 3, and 4. 


DAMAGE_INDEX N(5,2) Number from 0 to 100 indicating the relative tree damage for 
the condition (Suggested by Manfred Mielke 11/20/2001.  
Manfred has provided the SAS code for generating this 
value). 


EVIDENCE_OF_FIRE VC(1) This is a PNW variable. 
 


Code Description Use 
Y The condition class has 


evidence of a past or present 
fire occurrence 


PNW 


N No evidence of fire PNW 
 
 


EV_CODE VC(10) The forest type assigned by the field crew (from Appendix 
D of the FIADB Users Manual Version 1.0) that best 
describes the species with the plurality of stocking for all 
live trees in the condition class that are not overtopped. 


EV_CODE_CALC VC(10) Computed.  Forest type using the FIA algorithm 
EV_REF_CODE VC(10) Always set to 'FIADB'  
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NRV_FIA_MAPPED_CONDITIONS (cont.) 
Name Size Description 
FIA_LAND_CLASS VC(3) This is a PNW variable. 


 
Code Description Use 
120 Timberland PNW 
141 Other forest-rocky PNW 
142 Other forest-unsuitable site PNW 
143 Other forest-pinion-juniper PNW 
144 Other forest-oak PNW 
145 Other forest chaparral PNW 
146 Other forest - unsuitable site PNW 
148 Other forest cypress PNW 
149 Other forest low productivity PNW 
150 Other forest - curlleaf 


mountain mahogany 
PNW 


161 Cropland PNW 
162 Improved pasture PNW 
163 Natural range land PNW 
164 Farmland PNW 
165 Marsh PNW 
166 Cultural non-forest stringer PNW 
167 Urban PNW 
168 Naturally non-vegetated PNW 
169 Christmas tree lands PNW 
192 Water PNW 


 
 


FOREST_ADMIN VC(2) Administrative forest code.  Identifies the administrative 
unit (Forest Service Region and National Forest) in which 
the condition is located.  If the Forest Service does not 
administer the land the value is set to –1 (See Appendix E of 
the FIADB Users Manual for complete list of codes). 


GROWING_STOCK N(7,4) Stocking, in percent, of the condition by growing stock 
trees, including seedlings. 


HAZARD_STATUS VC(1) This is a RMRS variable that describes why the condition is 
considered hazardous. 
 


Code Description Use 
0 Physical restrictions (cliffs, 


bears, bees, etc.) 
RMS 


1 Time constraints RMS 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 


Name Size Description 
INDUSTRIAL_STATUS VC(1) The status of the owner with regard to being considered 


industrial as determined by whether or not they own and 
operate a primary wood processing plant. 
 


Code Description Use 
0 Land is not owned by 


industrial owner with a 
wood processing plant. 


FIA 


1 Land is owned by industrial 
owner with wood processing 
plant. 


FIA 


 
 


LIVE_BASAL_AREA N(9,4) Basal area of all live trees. Basal area in square-feet of all live 
trees over 1 inch DBH. 


LIVE_STOCKING N(7,4) All live stocking code.  Stocking, in percent, of the condition 
by live trees including seedlings. 


MIXED_CONIFER_SITE VC(1) This is a PNW variable.  Record a 1-digit code indicating if the 
condition is a mixed conifer site.  To classify as a mixed 
conifer site the condition class must be capable of being 
stocked with greater than 70% conifers and one of the 
following must be true: the PNW Field Manual then goes on 
to describe four specific conditions on page 90. 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 
NFS_STRATUM VC(10) A vegetation stratification system usually involving the 


delineation of land by homogenous combinations of 
vegetation, density, size class and structure. 


NONFOREST_YEAR N(4) An estimate of the year that a previously forested condition 
was converted to a non-forest condition. 


NONSAMPLED_REASON VC(2) For conditions that cannot be sampled, and are wholly or 
partially within the FIA sampling population, record one of 
the following reasons (collected when 
NRV_FIA_MAPPED_CONDITIONS.CONDITIONS_STATUS = 
5). 
 


Code Description Use 
1 Outside U.S. boundary FIA 
2 Denied access area FIA 
3 Hazardous situation FIA 
4 Time limitation FIA 
5 Botched data file FIA 
6 Plot lost FIA 
7 Plot in wrong location FIA 
8 Skipped visit FIA 
9 Dropped intensification FIA 
10 Other FIA 
11 Ocean FIA 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 
Name Size Description 
NONSTOCKED_EV_CODE VC(10) This is a RMRS variable.  Nonstocked Forest Type.  Record 


the forest type that best describes the past forest type when 
forest type is coded 999. 


OWNER VC(4) Record the owner class that best corresponds to the 
ownership (or the managing agency for public lands) of the 
land in the condition class.  This column is constrained by 
the codes in Nrv_owner_agency_codes. 


OWNER_GROUP VC(2) The owner group code identifying the ownership (or the 
managing Agency for public lands) of the land in the 
condition class. 
 


Code Description Use 
1 Forest Service FIA 
2 Other Federal FIA 
3 State and Local Government FIA 
4 Private FIA 


 
 


PAST_NONFOREST_LAND_USE VC(2) Past nonforest/inaccessible land use code.  For conditions 
classified as nonforest or inaccessible during the previous 
inventory but classified as accessible forestland during 
current inventory.  Indicates the kind of land use occurring 
at the previous inventory. 
 


Code Description Use 
10 Agricultural land FIA 
11 Cropland FIA 
12 Pasture (improved through 


cultural practices) 
FIA 


13 Idle farmland FIA 
14 Orchard FIA 
15 Christmas tree plantation FIA 
20 Rangeland FIA 
30 Developed FIA 
31 Cultural (business, 


residential, other intense 
human activity) 


FIA 


32 Rights-of-way (improved road, 
railway, power line) 


FIA 


33 Recreation (park, golf course, 
ski run 


FIA 


40 Other (undeveloped beach, 
marsh, bog, non-census 
water) 


FIA 


90 Not sampled FIA 
91 Census water FIA 
92 Denied access FIA 
93 Hazardous FIA 
94 Not in sample FIA 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 


Name Size Description 
PHYSIOGRAPHIC_CLASS VC(3) Foreign key to Nrv_physiographic_classes.  The 


physiographic class of the subplot: landform, topographic 
position, and soil generally determine the physiographic 
class.  Detailed definitions can be found in PNW Field Guide 
pg. 43-44. 


PRESENT_LAND_USE VC(2)  
Code Description Use 
11 Undeveloped tree land FIA 
12 Developed rural tree land FIA 
13 Developed urban tree land FIA 
21 Non-sampled urban tree land FIA 
22 Christmas tree plantations FIA 
23 Orchards FIA 
25 Other non-sampled tree land FIA 
61 Shrub cover FIA 
62 Natural herbaceous/grass 


cover 
FIA 


63 Crop cover FIA 
64 Improved pasture FIA 
65 Natural crest or alpine 


tundra 
FIA 


66 Barren FIA 
71 Cultural developments - 


sheds, yards, barns, pump-
houses, trailers, houses, etc. 


FIA 


72 Maintained roads and rights-
of-way, improved roads, 
railroads, power lines, pipe 
lines, etc. 


FIA 


73 Other non-tree land (urban) FIA 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 
Name Size Description 
PRESENT_NONFOREST_LAND_
USE 


VC(2) Present non-forest/inaccessible land use code.  For 
conditions classified as nonforest or inaccessible during the 
previous inventory but classified as accessible forestland 
during current inventory.  Indicates the kind of land use 
occurring at the previous inventory. 
 


Code Description Use 
10 Agricultural land FIA 
11 Cropland FIA 
12 Pasture (improved through 


cultural practices) 
FIA 


13 Idle farmland FIA 
14 Orchard FIA 
15 Christmas tree plantation FIA 
20 Rangeland FIA 
30 Developed FIA 
31 Cultural (business, 


residential, other intense 
human activity) 


FIA 


32 Rights-of-way (improved road, 
railway, power line) 


FIA 


33 Recreation (park, golf course, 
ski run 


FIA 


40 Other (undeveloped beach, 
marsh, bog, non-census 
water) 


FIA 


90 Not sampled FIA 
91 Census water FIA 
92 Denied access FIA 
93 Hazardous FIA 
94 Not in sample FIA 


 
 


PV_CODE VC(10) Potential vegetation for this condition.  A partial list of 
codes is located in Nrv_pv_cover_types.  This column is not 
constrained by this set of codes. 


PV_CODE_SECONDARY VC(10) Secondary potential vegetation for this condition.  A partial 
list of codes is located in Nrv_pv_cover_types.  This column 
is not constrained by this set of codes.  


PV_REF_CODE VC(10) Publication that documents specific pv_codes.  This column 
is constrained by the codes in Nrv_cover_references. 


PV_REF_CODE_SECONDARY VC(10) Publication that documents specific pv_code_secondary.  
This column is constrained by the codes in 
Nrv_cover_references. 


REGION_ADMIN VC(2) Administrative Region number (National Forest System) 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 


Name Size Description 
RESERVE_CLASS VC(1) Core Variable.  The reserved designation for the condition.  


Reserved land is withdrawn by law(s) prohibiting the 
management of land for the production of wood products. 
 


Code Description Use 
0 Not reserved FIA 
1 Reserved FIA 


 
 


RPA_LAND_CLASS VC(2)  
Code Description Use 
1 Accessible forest FIA 
2 Nonforest FIA 
3 Noncensus water FIA 
4 Census water FIA 
5 Denied access FIA 
6 Hazardous FIA 
7 Not in the sample  


 
  


SETTING_ORIGIN VC(2) Source of vegetation on the setting.  Synonymous with Stand 
Origin. 
 


Code Description Use 
1 Natural vegetation - no evidence 


of artificial regeneration. 
 


2 Evidence of artificial regeneration 
- less than 40%. 


 


3 Evidence of artificial regeneration 
- 40% or more. 


 


4 Harvested recently - regeneration 
not yet evident. 


 


5 Evidence of artificial 
regeneration – percentage not 
estimated. 


 


7 Forestland encroachment.  
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NRV_FIA_MAPPED_CONDITIONS (cont.) 
Name Size Description 
SITE_PRODUCTIVITY VC(2) Site productivity class code.  A classification of forestland in 


terms of inherent capacity to grow crops of industrial 
wood.  Identifies the potential growth in cubic 
feet/acre/year and is based on the culmination of mean 
annual increment of fully stocked natural stands. 
 


Code Site productivity (cubic 
feet/acre/year) 


Use 


1 225+ FIA 
2 165-224 FIA 
3 120-164 FIA 
4 85-119 FIA 
5 50-84 FIA 
6 20-49 FIA 
7 0-19 FIA 


 
 


SIZE_CLASS VC(1) Code for stand-size class assigned by the field crew.  A 
classification of the predominant (based on stocking) 
diameter class of live trees within the condition. 
 


Code Description Use 
0 Nonstocked FIA 
1 < 5 inches FIA 
2 5.0 - 8.9 inches (softwoods) 


or 5.0 - 10.9 inches 
(hardwoods) 


FIA 


3 9.0 - 19.9 inches (softwoods) 
or 11.0 - 19.9 inches 
(hardwoods) 


FIA 


4 20.0 - 39.9 inches FIA 
5 40.0 + inches FIA 
6 Chaparral (FIA field manuals 


1.4 – 1.7) 
Non-tally cover species (FIA 
field manuals > 1.7) 


FIA 


 
More thorough definitions of each size class can be found in 
the FIADB Users Manual Version 1.0 (GTR NC-218) page 
26-27. 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 


Name Size Description 
SIZE_CLASS_CALC VC(1) Computed.  Stand-size class using an algorithm.  A 


classification of the predominant (based on stocking) 
diameter class of live trees within the condition.  Large 
diameter trees are at least 11.0 inches diameter for 
hardwoods and at least 9.0 inches diameter for softwoods.  
Medium diameter trees are at least 5.0 inches diameter but 
not as large as large diameter trees.  Small diameter trees 
are less than 5.0 inches diameter. 
 


Code Description Use 
1 Large diameter – stands with an all 


live stocking value of at least 10 
(base 100); with more than 50 % of 
the stocking in medium and large 
diameter trees; and with the 
stocking of large diameter trees 
equal to or greater than the stocking 
of medium diameter trees. 


FIA 


2 Medium diameter – stands with an 
all live stocking value of at least 10 
(base 100); with more than 50 % of 
the stocking in medium and large 
diameter trees; and with the 
stocking of large diameter trees less 
than the stocking of medium 
diameter trees. 


FIA 


3 Small diameter – stands with an all 
live stocking value of at least (base 
100) on which at least 50 % of the 
stocking is in small diameter trees. 


FIA 


4 Chaparral – forestland with all live 
stocking value less than 10 and at 
least 5 % cover by species that make 
up chaparral communities. 


FIA 


5 Nonstocked – forestland with all live 
stocking value less than 10. 


FIA 


 
Definitions from the FIADB Users Manual Version 1.0 (GTR 
NC-218) page 25-26. 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 
Name Size Description 
SIZE_OF_CONDITION N(4) RMRS variable.  The continuous size of the condition class.  


Use aerial photographs for the field location to aid in 
determining the size of the condition. 
 


Code Description Use 
1 1-5 acres RMRS 
2 6-10 acres RMRS 
3 11-20 acres RMRS 
4 21-40 acres RMRS 
5 41-160 acres RMRS 
6 161-640 acres RMRS 
7 1-5 sq. miles RMRS 
8 > 5 sq. miles RMRS 
9 Linear feature (includes forest 


stringers at least 120-feet wide, 
riparian areas and streams at least 
30-feet wide, improved roads, etc.) 


RMRS 


 
 


SLOPE N(3) The average percent slope within the condition.  Valid 
values are 0 through 200.  Before 2000, the field crew 
measured condition slope.  Beginning in 2000, slope is 
collected on subplots but no longer collected for conditions.  
For plots taken after 2000, the slope from the subplot 
representing the greatest percentage of the condition will 
be assigned as a surrogate. 


SOIL DEPTH N(3) Describes soil depth within each forestland condition class.  
Required for all forest condition classes. 
 


Code Description Use 
1 < 20 inches PNW 
2 ≥ 20 inches PNW 


 
 


STAND_AGE N(4) The average total age, to the nearest year, of the trees 
(plurality of all live trees not overtopped) in the predominant 
stand size class of the condition, determined using local 
procedures. 


STAND_AGE_FIELD N(4) The stand age collected in the field. 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 


Name Size Description 
STAND_CONDITION VC(2) The condition of the stand within forest condition classes.  


Stand condition is defined as "the size, density, and species 
composition of a plant community following disturbance 
and at various time intervals after disturbance.  More 
thorough code definitions can be found on page 87 of the 
PNW field manual. 
 


Code Description Use 
0 Non applicable PNW 
1 Grass-forbs PNW 
2 Shrub PNW 
3 Open sapling-poletimber PNW 
4 Closed sapling, pole, sawtimber PNW 
5 Open sawtimber PNW 
6 Large sawtimber PNW 
7 Old-growth PNW 


  
 


STAND_STRUCTURE VC(2) PNW variable.  The overall structure of the stand. 
 


Code Description Use 
1 Even-aged single-storied PNW 
2 Even-aged two-storied PNW 
3 Uneven-aged PNW 
4 Mosaic PNW 


 
  


STOCKABILITY_INDICATOR_ 
SET 


VC(1) PNW variable.  The plant indicator list (Set 1 or 2) 
associated with an accessible forestland condition class in 
Douglas, Jackson, or Josephine counties.  Valid values are 1 
and 2. 


STUMPS_PRESENT VC(1) PNW variable. 
 


Code Description Use 
Y The condition class has been 


harvested for wood production in 
the past or present (any signs of past 
cutting such as old stumps). 


PNW 


N There is no evidence of past cutting or 
management 


PNW 


 
 


SURVEY_TYPE VC(2) This column will contain either "P2" or "P3" to identify 
records in this table to one of these two protocols.  But until 
every plot (P2 and P3) occur simultaneously, the possibility 
of one crew assigning two conditions to the plot and the 
other crew assigning 2, less, or more conditions to the plot 
will continue to be problematic. 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 
Name Size Description 
TOPOGRAPHIC_POSITION VC(1) PNW variable.  The topographic position for each condition. 


 
Code Description Use 
1 Ridge top or mountain peak over 


130 feet 
PNW 


2 Narrow ridge top or peak less than 
130 feet wide 


PNW 


3 Side hill – upper 1/3 PNW 
4 Side hill – middle 1/3 PNW 
5 Side hill – lower 1/3 PNW 
6 Canyon bottom less than 660 feet 


wide 
PNW 


7 Bench, terrace or dry flat PNW 
8 Broad alluvial flat over 660 feet 


wide 
PNW 


9 Swamp or wet flat PNW 
 
  


TREATMENT_OPPORTUNITY VC(2) Treatment opportunity class code.  Identifies the physical 
opportunity to improve stand conditions by applying 
management practices.  Determined only for timberland. 
 


Code Description Use 
1 Regeneration without site 


preparation 
FIA 


2 Regeneration with site preparation FIA 
3 Stand conversion FIA 
4 Thinning seedlings and saplings FIA 
5 Thinning poletimber FIA 
6 Other stocking control FIA 
7 Other intermediate treatments FIA 
8 Clear-cut harvest FIA 
9 Partial cut harvest FIA 
10 Salvage harvest FIA 
11 No treatment FIA 


 
 


TREE_DENSITY VC(2) The relative tree density classification.  The classification is 
based on the number of stems/unit area, basal area, tree 
cover, or stocking of all live trees in the condition that are 
not overtopped.  In order to qualify as a separate condition 
based on density, there MUST be a distinct, easily observed 
change in the density of an area's tree cover or basal area. 
 


Code Description Use 
1 Initial density class FIA 
2 Density class 2 - density different 


than 1 
FIA 


3 Density class 3 - density different than 
1 and 2 


FIA 
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NRV_FIA_MAPPED_CONDITIONS (cont.) 


Name Size Description 
VOL_LOC_GRP VC2(200) Volume location group.  This is a regional identifier to 


indicate what equations are used for volume, biomass, site 
index, etc.  For the specific codes used in a particular Region 
or State, contact the FIA program responsible for that Region 
or State. 


WIDTH_OF_CONDITION N(4) RMRS variable.  The linear forest stringer.  Code 1 can only 
be used for conditions associated with riparian areas within 
a forestland context. 
 


Code Description Use 
0 120 or more feet wide RMRS 
1 30 to 120 feet wide RMRS 


 
 


 
 


NRV_FIA_SETTING_MEASUREMENTS 
This table contains columns describing setting level (cluster, plot, subplot) measurements 
collected on an FIA grid plot above and beyond those attributes defined in 
Nrv_setting_measurements. 
 


Name Size Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify a 


row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6,0) The database server ID where the record was created. 


SETMEAS_CN 
Required 


VC(34)  Foreign key to Nrv_setting_measurements. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data 


ACCESSIBLE_FOREST_PCT_VEG N(3) Subplot accessible forest percent. The percent of the 
subplot area in an accessible forested condition as 
estimated by the vegetation specialist when 
VEG_VISIT.VEG_MANUAL = 2.0 and higher. 
This value is derived from P2 subplot and condition data 
when VEG_VISIT.VEG_MANUAL = 1.7. 


AK_SECTION VC(3) One of eight inventory sections for the State of Alaska. 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
ANNUAL_INVENTORY_FLG VC(1) Indicates if the SURVEY record is part of an annual or 


periodic inventory. 
 


Code Description 
Y Plots were selected using the panel system 
N Plots were not selected using the panel 


system 
 
 


CENSUS_YEAR N(4) FIADB Survey Table variable.  The year (e.g. 1980 or 1990) 
of the Bureau of the Census land area figures to which total 
State land area is reconciled. 


CONDITION_CLASS_CHANGE VC(1) RMRS variable. 
 


Code Description Use 
0 There have been no condition class 


changes from the previous 
inventory. 


RMRS 


1 True change has taken place since 
the last inventory. 


RMRS 


2 There are no true condition changes.  
The previous crew mapped a 
condition(s) in obvious error. 


RMRS 


3 There are no true condition changes.  
Change is due to procedural or 
definition changes. 


RMRS 


 
 


CONDITION_MAJORITY_CODE VC(1) Code Description 
M Majority Setting; setting variables set to the 


majority condition 
N Normal setting; setting variables set if single 


condition only 
C Plot center setting; setting variables set to 


setting center condition 
 
 


CONGRESSIONAL_DISTRICT N(4) Congressional District Code.  The first two digits are the 
State FIPS code and the last two digits are the congressional 
district number.  If a state has only one congressional 
district the congressional district number is 00. 


CONSECUTIVE_POINT_NUMBER VC(4) RMRS variable.  The CPN assigned to the field location.  This 
item is indicated on the field location packet. 


COORDINATE_SYSTEM VC(1) The type of coordinate system used to obtain readings. 
 


Code Description Use 
1 Geographic coordinate system FIA 
2 UTM coordinate system FIA 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
CURRENT_LOCATION_STATUS VC(1) RMRS variable 


 
Code Description Use 
1 At least one accessible forestland 


condition class. 
RMRS 


2 Entire location is nonforest. RMRS 
3 Entire location is access denied. RMRS 
4 Entire location is too hazardous to 


visit. 
RMRS 


 
 


DISTANCE_TO_ROAD VC(2) The straight-line distance from plot center (subplot 1) to 
the nearest improved road. 
 


Code Description Use 
1 100 feet or less FIA 
2 101 to 300 feet FIA 
3 301-500 feet FIA 
4 501 to 1000 feet FIA 
5 1001 feet to 1/2 mile FIA 
6 1/2 to 1 mile FIA 
7 1 to 3 miles FIA 
8 3 to 5 miles FIA 
9 Greater than 5 miles FIA 


 
 


EMAP_HEX VC(7) Not available yet.  FIA locator, see Station for more 
information. 


EXPANSION_FACTOR_ACRE N(13,4) Current expansion factor.  The number of acres the sample 
plot represents for making current estimates of area.  The 
sum of EXPCURR over all plot-level records for a particular 
State is the total land and water area of the State. 


EXPANSION_FACTOR_ACRE_ 
UNADJ 


N(13,4) Current area expansion factor.  The number of acres 
represented by the sample plot that are used to make 
current estimates of area where the sample excludes 
outside-of-the-population plots, but includes denied-access 
and hazardous plots. 


EXPANSION_FACTOR_GROWTH N(13,4) Growth expansion factor.  The number of acres the sample 
plot represents for estimating growth. 


EXPANSION_FACTOR_ 
MORTALITY 


N(13,4) Mortality expansion factor.  The number of acres the 
sample plot represents for estimating mortality. 


EXPANSION_FACTOR_PERIODIC_
CHG 


N(13,4) Periodic change expansion factor.  The number of acres that 
the sample plot represents for estimating periodic area 
change. 


EXPANSION_FACTOR_ 
REMOVALS 


N(13,4) Removals expansion factor.  The number of acres the 
sample plot represents for estimating removals. 


EXPANSION_FACTOR_VOLUME N(13,4) Volume expansion factor.  The number of acres the sample 
plot represents for making current estimates of volume, 
biomass, and number of trees. 


FIADB_PLT_CN VC(34) Control Number from FIADB.  References FIADB.PLOT.CN. 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
FUTURE_FOREST_POTENTIAL VC(1) RMRS variable, which indicates if the location required a 


pre-field examination at the time of the next inventory (10-
20 years). 
 


Code Description Use 
0 No, there is no chance that this plot will 


meet forest definition at the next cycle. 
RMRS 


1 Yes, there is some chance that this 
plot could become forested in the 
next cycle. 


RMRS 


2 There are no forest tree species on 
the site, but other woody species not 
currently defined as forest species 
occupy the site. 


RMRS 


 


 
GPS_AZIMUTH N(3) Azimuth to plot center.  The azimuth from the location where 


the coordinates were collected to actual plot center.  
Recorded when GPS_TYPE = 2, 3, or 4 


GPS_DATUM VC(12) The type of datum that the GPS data were collected in. 
GPS_DISTANCE N(3) Distance to plot center.  The horizontal distance from the 


location where the coordinates were collected to actual plot 
center.  Recorded when GPS_TYPE = 2, 3, or 4. 


GPS_ELEVATION N(5) The elevation, above mean sea level, of the plot center, in 
feet, as recorded by the GPS unit.  Recorded when GPS_TYPE 
= 1, 2, or 4 


GPS_ERROR N(3) The error as shown on the GPS unit to the nearest foot. 
GPS_FILENAME VC(12) The filename containing the GPS positions collected on the 


plot, e.g. R0171519.ssf. 
GPS_LATITUDE N(8,6) Latitude of the plot center to the nearest hundredth second, 


as determined by GPS.  Collected in the field as DDMMSSSS, 
and converted to decimal degrees.  Recorded when 
GPS_COORD_SYS = 1. 


GPS_LONGITUDE N(9,6) Longitude of the plot center to the nearest hundredth second, 
as determined by GPS.  Collected in the field as DDMMSSSS, 
and converted to decimal degrees.  Recorded when 
GPS_COORD_SYS = 1. 


GPS_SERIAL_NUMBER VC(6) The last six digits of the serial number on the GPS unit used.  
Valid values: 000001 to 999999. 


GPS_UNIT VC(2) The kind of GPS unit used to collect coordinates.  If suitable 
coordinates cannot be obtained, record 0. 
 


Code Description Use 
0 GPS coordinates not collected. FIA 
1 Rockwell Precision Lightweight GPS 


Receiver (PLGR) 
FIA 


2 Other brand capable of field 
averaging. 


FIA 


3 Trimble GeoExplorer or Pathfinder 
Pro 


FIA 


4 Recreational GPS (Garmin, Magellan, 
etc.) 


FIA 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
HEXAGON_NUMBER N(7) The unique code assigned to each Phase 2 hexagon. 
HEX_INTENSITY VC(2) Sample intensity assigned to polygon 
INVENTORY_YEAR N(4) Inventory year. The year that best represents when the 


inventory data were collected. Under the annual inventory 
system, a group of plots is selected each year for sampling. 
The selection is based on a panel system. INVYR is the year 
in which the majority of plots in that group were collected 
(plots in the group have the same panel and, if applicable, 
subpanel). Under periodic inventory, a reporting inventory 
year was selected, usually based on the year in which the 
majority of the plots were collected or the mid-point of the 
years over which the inventory spanned. For either annual 
or periodic inventory, INVYR is not necessarily the same as 
MEASYEAR. 
 
Exceptions: 
• INVYR = 9999. INVYR is set to 9999 to distinguish those 
Western Phase 3 plots that are “off subpanel”. This is due to 
differences in measurement intervals between Phase 3 
(measurement interval=5 years) and Phase 2 
(measurement interval=10 years) plots. Only users 
interested in performing certain Phase 3 data analyses 
should access plots with this anomalous value in INVYR. 
• INVYR < 100. INVYR less than 100 indicates that 
population estimates were derived from a pre-NIMS 
regional processing system and the same plot either has 
been or may soon be re-processed in NIMS as part of a 
separate evaluation. The NIMS processed copy of the plot 
follows the standard INVYR format. This only applies to 
plots collected in the South (SURVEY.RSCD = 33) with the 
national design or a similar regional design 
(PLOT.DESIGNCD =1 or 220- 233) that were collected when 
the inventory year was 1998 through 2005. 
• INVYR=98 is equivalent to 1998 but processed through 
regional system 
• INVYR=99 is equivalent to 1999 but processed through 
regional system 
• INVYR=0 is equivalent to 2000 but processed through 
regional system 
• INVYR=1 is equivalent to 2001 but processed through 
regional system 
• INVYR=2 is equivalent to 2002 but processed through 
regional system 
• INVYR=3 is equivalent to 2003 but processed through 
regional system 
• INVYR=4 is equivalent to 2004 but processed through 
regional system 
• INVYR=5 is equivalent to 2005 but processed through 
regional system 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
KINDCD_VEG VC(2) Vegetation sample kind code. A code indicating the kind of 


vegetation plot that was measured. 
 


Code Description 
1 Initial P3 VEG plot establishment 
2 Remeasurement of previously established P3 


VEG plot 
3 Replacement P3 VEG plot 


  
LANDOWNER_DATA_REQUEST VC(1) Has the plot landowner requested data from the plot or 


publications of inventory data? 
 


Code Description Use 
0 No data request. FIA 
1 Raw plot data and plot card.  FIA 
2 Summarized plot data. FIA 
3 Publications developed using plot 


information. 
FIA 


4 Raw plot data, summarized plot 
data. 


FIA 


5 Raw plot data, publications. FIA 
6 Summarized plot data, publications. FIA 
7 All (raw plot data, summarized plot 


data, publications). 
FIA 


 
 


MACROPLOT_CENTER_ 
CONDITION 


VC(1) Macro-plot center condition.  Unique identifying number 
assigned to each condition on a plot.  Stores the condition 
class number of the condition class at the micro-plot center 
for micro-plot records. 


MANUAL_VEG VC(8) Vegetation manual (field guide). Field guide version used to 
collect the P3 Vegetation Diversity and Structure data. 
Typically, this will be the same as the P2 field guide version, 
after version 2.0.1. 
NOTE: Version 1.7 of the field guide was used in 2001-
2003. 
Version 2.0, first used in 2004, introduced a new protocol 
with significant changes in the vegetation sample basis. 
Version 2.0.1 and later versions modify the 2.0 protocol to 
allow recording of a separate value for plant covers with 
less than one percent as less than one percent (trace). The 
primary differences between the 1.7 
and 2.0 and later protocols are noted under 
VEG_SAMPLE_BASIS, TRACE_COVER_ALLOWED and 
“*_PRE2004” columns. 


MEASUREMENT_DATE_VEG DATE Vegetation measurement date.  Date on which the plot was 
measured for P3 Vegetation Diversity and Structure data. 


MICROPLOT_CENTER_ 
CONDITION 


VC(1) Micro-plot center condition.  Unique identifying number 
assigned to each condition on a plot.  Stores the condition 
class number of the condition class at the micro-plot center 
for micro-plot records. 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
MANUAL_DB N(3,1) Version of the National Field Guide used to describe the 


current state of the data as it resides in the database.  The 
data in the database have been standardized to this version. 


MANUAL_FIELD N(3,1) Version of the National Field Guide used to describe 
procedures for collecting data on the plot 


MICROPLOT_LOCATION VC(1) RMRS variable.  The location of the micro-plot. 
 


Code Description Use 
1 12 feet horizontal at 90 degrees east of 


subplot center 
RMRS 


 
 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 
MORTALITY_VOLUME_CODE 
 


VC(2) Type of annual mortality volume code.  Indicates how 
mortality volume is estimated. 
 


Code Description Use 
1 Current annual FIA 
2 Periodic annual FIA 


 
  


NFS_CONTROL_YEAR 
 


N(4) National Forest System Area Control Year.  The Forest 
Service produces an annual report entitled "Land Areas of 
the National Forest System."  Forest Inventory area 
estimates of lands administered by the Forest Service are 
reconciled to match these reported numbers.  This variable 
represents the year of the report. 


NONSAMPLED_REASON 
 


VC(2) For plots or subplots that cannot be sampled, and are 
wholly or partially within the FIA sampling population, 
record one of the following reasons (collected when 
NRV_FIA_SETTING_MEASUREMENTS.PLOT_STATUS = 3 or 
NRV_FIA_SETTING_MEASUREMENTS.SUBPLOT_STATUS = 
3). 
 


Code Description Use 
1 Outside U.S. boundary FIA 
2 Denied access area FIA 
3 Hazardous situation FIA 
4 Time limitation FIA 
5 Botched data file FIA 
6 Plot lost FIA 
7 Plot in wrong location FIA 
8 Skipped visit FIA 
9 Dropped intensification FIA 
10 Other FIA 
11 Ocean FIA 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
NONSAMPLED_REASON_VEG VC(2) Vegetation subplot nonsampled reason code. A code 


indicating why a subplot cannot be sampled when 
VEG_SUBP_STATUS_CD = 3. 
Codes 1-4 can be assigned to entire plots or portions of plots 
that are not sampled. Code 5 is assigned only when the entire 
plot is affected. 
If VEG_SUBP_STATUS_CD = 1 or 2, this variable is not 
recorded. 
This value is derived for data collected with 
VEG_VISIT.VEG_MANUAL = 1.7. 
 


Code Description Use 
1 Outside U.S. boundary FIA 
2 Denied access area FIA 
3 Hazardous situation FIA 
4 Time limitation FIA 
5 Lost data (office use only) FIA 
10 Other FIA 


 
 


NUMBER_P2_PANELS N(2) Number of panels.  All states were divided into 5 panels for 
the annual inventory system where 20 percent of the plots in 
a cycle are measured in a panel.  Equal to 5 for annual 
inventories; null for periodic inventories. 


NUMBER_P2_SUBPANELS N(2) Number of subpanels.  A subpanel is used for spatial de-
intensification of the sampling grid.  Western states 
decompose each panel into two subpanels to accommodate a 
ten-year cycle.  Null if subpaneling is not used. 


NUMBER_OF_READINGS N(3) The number of readings averaged by the GPS unit to 
calculate the plot coordinates. 


OLD_PLOT_NUMBER VC(7) PNW variable.  The plot number (if any) used for this 
location at previous inventories. 


P2_HEXAGON_NUMBER N(8) Phase 2 hexagon number. 
P2PANEL N(2) Phase 2 panel number.  FIA panel number.  This is recorded 


for inventories begun after 1998.  For most inventories 
begun before 1999, the value of P2PANEL is set to null.  
Plots on the base grid are measured on a multiple-year 
cycle with the intention of measuring 1/n (where n is the 
number of years in the cycle) of the plots (called a panel) 
every year.  The plots in any panel are chosen so they are 
uniformly distributed within the monitoring area. 


P2_SUBPANEL N(2) Subpanel assignment for plot for those regions using sub-
paneling.  Null if sub-paneling is not used. 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
P3PANEL N(2) Phase 3 panel number.  Forest Health Monitoring panel 


number.  Before 1999, FHM and FIA were distinct programs 
and the plots were not necessarily co-located.  FIA and FHM 
field plots are co-located for inventories begun after 1998.  
The FHM suite of data now collected on a subset of FIA 
plots are referred to as phase 3 data.  Phase 3 data are 
collected on a 5-year cycle with one-fifth of the plots (called 
a panel) measured every year.  The value for P3PANEL 
ranges from 0 to 5 for those plots where phase 3 data were 
collected.  The value of P3PANEL for all other plots is null. 


P3_HEXAGON_NUMBER N(7) The unique code assigned to each Phase 3 hexagon.  This is 
different than P3 Plot Number that is a 4-digit number. 


P3_MEASUREMENT_DATE DATE Since the P2 and the P3 field crews will not always be on 
the plot on the same day(s), the measurement_date column 
in Nrv_setting_measurements that will store the P2 
measurement data may not be adequate to store the P3 
measurement date. 


P3_PLOT_NUMBER N(3) The P3 Plot Numbers that are used to identify individual 
plots within the same Phase 3 (former FHM) hexagon. 


P3_SUBPLOT_STATUS VC(1) This variable comes from the P3 vegetation diversity 
protocol. 
 


Code Description Use 
1 Subplot sampled. FIA 
2 Subplot sampled, but portions of the 


subplot could not be physically 
occupied. 


FIA 


3 Subplot not sampled because the 
sum of all forested condition classes 
make up 50% of subplot area. 


FIA 


 
 


PLOT_LEVEL_NOTES VC(200
) 


Notes pertaining to the entire plot.  If the notes apply 
only to a specific subplot or other specific aspect of the 
plot, then make that clear in the notes. 


PLOT_STATUS VC(2)  
Code Description Use 


1 Sampled – at least one forest condition 
present on plot 


FIA 


2 Sampled – no forest condition present 
on plot 


FIA 


3 Non-sampled FIA 
4 Sampled - not ground sampled - at lest 


one forest condition present on plot 
FIA 


5 Sampled – not ground sampled – no 
forest condition present on plot 


FIA 


 
 


PRECIPITATION N(5,2) PNW variable.  The average annual precipitation in 
inches on plot. 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
PREVIOUS_COORDINATE_MET
HOD 


VC(1) PNW variable.  How previous plots obtained coordinates. 
 
Code Description Use 
D Digitized from USGS maps. PNW 
M Digitized (mdsd) from pi 


photography (usually small scale). 
PNW 


P Digitized (mdsd) from plot 
photography (usually  large 
scale). 


PNW 


G Collected at the plot location using 
a GPS unit. 


PNW 


 
 


PREVIOUS_WAYPOINT_NUMB
ER 


VC(6) PNW variable.  If the previous coordinates for this plot 
have been downloaded as a waypoint into the PLGR GPS 
unit, this item indicates the plot's 3-digit waypoint 
number in the PLGR.  The waypoint name is in the same 
format. 


PREV_SETMEAS_CN VC(34) Foreign Key to NRV_SETTING_MEASUREMENTS.CN 
identifying the previously measured plot. 


PUBLIC_USE_RESTRICTIONS VC(2) Public use restriction code.  Restrictions posted near or 
on the plot that limits use of the area containing the plot.  
New in 1999. 
 
Code Description Use 
0 None - no public use restrictions FIA 
1 Keep out / no trespassing FIA 
2 No hunting or fishing FIA 
3 No dumping FIA 
9 Other - specify in plot-level notes FIA 
 
  


QA_STATUS N(1) The type of plot data collected 
 


Code Description Use 
1 Standard production plot FIA 
2 Cold check FIA 
3 Reference plot (off grid)  
4 Training/practice plot (off grid) FIA 
5 Botched plot file (disregard during 


data processing) 
FIA 


6 Blind check  
7 Production plot (hot check)  
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
QA_STATUS_VEG VC(1) Vegetation quality assurance status. A code indicating the 


type of vegetation measurement conducted. Production 
plots have VEG_QA_STATUS = 1 or 7.  Often differs from 
P2 QA_status, but for analysis will always be linked to P2 
QA_Status=1 plot data. 
 
Code Description 
1 Standard production plot 
2 Cold check 
3 Reference plot (off grid) 
4 Training/practice plot (off grid) 
5 Botched plot file (disregard during data 


processing) 
6 Blind check 
7 Production plot (hot check) 
 
 


QUADRAT_STATUS_VEG VC(1) Quadrat status. A code indicating how the quadrat was 
sampled. 


 
Code Description 
1 Quadrat sampled (most of the quadrat is in an 


accessible forest condition) 
2 Quadrat not sampled because most or all of it 


does not fall in an accessible forested 
condition class 


3 Quadrat sampled, no vascular plants rooted in 
or overhanging within 6 feet of the ground 
surface 


4 Quadrat not sampled, hazard present on quadrat 
5 Quadrat not sampled, other reason – enter in 


plot notes 
6  
7  


 
consistent with VEG_VISIT.VEG_MANUAL = 2.0 and higher. 
If QUADRAT_STATUS is 1 or 3, the quadrat is sampled and 
data are collected even if no vascular plants are present. If 
the value entered is 2, 4, or 5, the quadrat was not sampled. 
This value is derived for VEG_VISIT.VEG_MANUAL = 1.7 
plots. 


RANGE_LAND_PILOT VC(1) RMRS variable.  Indicates if the location falls in a 
rangeland pilot unit. 
 
Code Description Use 
0 Location is not in a range land pilot unit 


(n) 
RMRS 


1 Location is in a range land pilot unit 
(y) 


RMRS 


 
The default value for Arizona and Utah is “0”. 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
REC_USE_1 VC(2) Recreation use code 1.  Primary recreation use within the 


accessible forest land portion of any of the four subplots, 
based on evidence such as campfire rings, compacted 
areas (from tents), hiking trails, bullet or shotgun casings, 
tree stands, etc. 
 
Code Description Use 
0 No evidence of recreation use. FIA 
1 Motor vehicle (four wheel drive, ATV, 


motorcycle, snowmobile) 
FIA 


2 Horse riding, dog team trails, ski 
trails 


FIA 


3 Camping FIA 
4 Hiking FIA 
5 Hunting/shooting FIA 
6 Fishing FIA 
7 Boating - physical evidence such as 


launch sites or docks. 
FIA 


9 Other - recreation use where evidence 
is present, such as human litter, but 
purpose is not clear or does not fit into 
above categories. 


FIA 


 
 


REC_USE_2 VC(2) Recreation use code 2.  The second most significant 
recreational use.  Same codes as rec_use_1 


REC_USE_3 VC(2) Recreation use code 3.  The second most significant 
recreational use.  Same codes as rec_use_1. 


ROAD_USE_RESTRICTIONS VC(2) Road use restrictions code.  The kind of access restrictions 
placed on roads used to travel to the plot starting point.  
New in 1999. 
 
Code Description Use 
0 None - no road access restrictions. FIA 
1 Locked gate or cable access road. FIA 
2 Road blocked by a human 


obstruction, not gate or cable (e.g. 
mound). 


FIA 


3 Road blocked by natural occurrences 
(trees blown over road, road or bridge 
washed out). 


FIA 


4 Posted no motorized vehicle. FIA 
9 Other - specify in plot-level notes. FIA 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
SAMPLE_BASIS_VEG VC(1) Vegetation sample basis. A code indicating whether P3 


Vegetation and Diversity Structure data were collected 
on both forested and nonforested portions of a subplot 
with at least 50% accessible forest, or on accessible 
forest conditions only. This code affects how data are 
compiled to determine (a) the total canopy cover by 
layer, or (b) cover of a species as a percent of the 
accessible forested portion of a subplot for those 
subplots with 
VEG_SUBPLOT.SUBP_ACCESSIBLE_FOREST_PCT < 100. 
The affects of VEG_SAMPLE_BASIS when adjusting ocular 
measures of canopy cover on partially forested subplots: 
When VEG_SAMPLE_BASIS = 1, and 
SUBP_ACCESSIBLE_FOREST_PCT is less than 100, we 
make the assumption that cover is spread evenly over 
the entire subplot in order to calculate the total canopy 
cover in accessible forest. To calculate the total canopy 
cover (in any layer) in accessible forest conditions, 
multiply total canopy cover recorded by the proportion 
of subplot in forested condition 
(SUBP_ACCESSIBLE_FOREST_PCT/100%).  When 
VEG_SAMPLE_BASIS = 2, and 
SUBP_ACCESSIBLE_FOREST_PCT is less than 100, 
calculate total cover on the accessible forested conditions 
by dividing the recorded total canopy cover (in any 
layer) by the proportion of subplot in accessible forested 
condition (SUBP_ACCESSIBLE_FOREST_PCT/100%). 
Example: A subplot is 70% in accessible forested 
condition. The proportion of subplot area in forest 
condition is 0.70. Species A is present on the subplot with 
a total cover of 10%, with half its cover on the non-
forested portion of the subplot. If this subplot was 
measured under VEG_SAMPLE_BASIS = 1, cover for 
species A would have been recorded as 10%. Under 
VEG_SAMPLE_BASIS = 2, species A would be recorded as 
5%. To determine the percent cover of species A in the 
forested area of the plot: VEG_SAMPLE_BASIS = 1: 
Cover species A in forested area = 10%  0.7  7% 
VEG_SAMPLE_BASIS = 2 Cover species A in forested area 
= 5%  0.7  7%Code Descr iptio 1 Data collected across 
entire subplot where % accessible forest conditions is 
greater than or equal to 50% (VEG_MANUAL = 1.7). May 
include non-forest, hazardous, or access denied 
conditions. 2 Data collected on accessible forest 
conditions only (VEG_MANUAL = 2.0 and higher) 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
SIZE_FORESTED_AREA VC(4) RMRS variable.  The size of the entire continuous 


forestland area (all forestland condition classes 
combined surrounding the LC.  Includes any forest 
condition in any ownership.  Use the aerial photographs 
of the field location to aid in determining the size of the 
forestland area. 
 
Code Description Use 
0 No forest land on the location RMRS 
1 1-5 acres RMRS 
2 6-10 acres RMRS 
3 11-20 acres RMRS 
4 21-40 acres RMRS 
5 41-160 acres RMRS 
6 161-640 acres RMRS 
7 1-5 square miles RMRS 
8 >5 sq. miles RMRS 
9 Forest Stringer RMRS 


 
 


SNOW_WATER_DEPTH N(2,1) Water or snow depth.  The approximate depth  (in feet) of 
water or snow covering the subplot when data were 
collected.  New in 1999. 


SPECIAL_STUDY_CODE VC(8) PNW variable.  Is the plot area is within the sample area 
for Special Study 2001a, which varies from 0 to roughly 50 
miles from the coast, and if qualifying trees on this plot are 
sampled for Platform and Moss Abundance. 
 


Code Description Use 
Y Qualifying trees are sampled for 


Platform and Moss Abundance 
PNW 


N Trees are not sampled for Platform 
and Moss Abundance 


PNW 


 
 


STATION_ID VC(2) Research Station Code.  Identification number of the 
Forest Service Research Station. 
 
Code Description Use 
22 Rocky Mountain Research Station FIA 
23 North Central Research Station FIA 
24 Northeastern Research Station FIA 
26 Pacific Northwest Research Station FIA 
27 Alaska – Pacific Northwest Research 


Station 
FIA 


33 Southern Research Station FIA 
 
 


STUDY_NAME VC(128
) 


Name of FIA study or project. 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
SUBDIVISION_CODE N(4) Subdivision code. Needed for when there is a change to the 


cycle length within a state. In Region 5 the National Forest 
System plots were collected over a five year period while 
the rest of the plots were collected over a ten year period 


SUBPLOT_CENTER_CONDITIO
N 


VC(1) Unique identifying number assigned to each condition on 
a plot.  Stores the condition class number of the condition 
class at the subplot center for subplot records. 


SUBPLOT_CONDITION_LIST VC(4) This is a core optional variable listing of all condition 
classes located within the 24.0 ft radius around the 
subplot center.  In regions measuring the Core Optional 
annular plot; this is a listing of all condition classes 
located within the 58.9 ft radius around the macro plot 
center.  A maximum of four conditions is permitted at 
any individual subplot / macro plot.  For example, if 
condition 1 is the only condition class on a subplot, 
record 1000. 


SUBPLOT_STATUS VC(1) Does this subplot or annual plot currently have at least 
one accessible forested condition class?  In Regions 
measuring the CORE OPTIONAL macro plot, indicates if 
this macro plot currently has at least one forested 
condition class. 
 
Code Description Use 


1 Sampled – at least one forest condition 
present on plot 


FIA 


2 Sampled – no forest condition present 
on plot 


FIA 


3 Nonsampled FIA 
 
 


SUBPLOT_STATUS_VEG VC(1) Vegetation subplot status code. A code indicating the 
vegetation subplot status as recorded when 
VEG_VISIT.VEG_MANUAL = 2.0 and higher. This value is 
derived when VEG_VISIT.VEG_MANUAL = 1.7 from P2 
condition data, plot notes, and availability of various 
field-recorded records (e.g., subplot species and subplot 
totals.) 
 
Code Description 


1 Sampled – at least one accessible forest land 
condition present  


2 Sampled – no accessible forest land condition 
present on subplot 


3 Nonsampled 
 
 


TIME_ON_PLOT N(3,1) Record the number of person-hours it took to measure 
all items on the plot. 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
TRACE_COVER_ALLOWED VC(1) Trace cover allowed. A code indicating whether plant 


cover values of less than one percent were recorded as 1 
or 0.01 percent (collected as “t” in the field). The ability 
to enter trace as 0.01% was added starting with 
VEG_MANUAL = 2.0.1. 
 


Code Description 
0 Trace cover value (0.01%, recorded as “t” in 


the field) 
not allowed; trace cover entered as full one 
percent 
(VEG_MANUAL = 2.0 and earlier) 


1 Trace cover value (0.01%, recorded as “t” in 
the field) 
allowed for species canopy cover records 
(VEG_MANUAL = 2.0.1 and later) 


 
 


TRAILS_OR_ROADS VC(2) Trail or road code.  The type of trail or road that is 
closest to the plot and within 1 mile of plot center.  If two 
or more roads are the same distance away, the higher 
quality one is recorded.  New in 1999. 
 


Code Description Use 
0 None within 1 mile. FIA 
1 Paved road or highway. FIA 
2 Improved gravel road. FIA 
3 Improved dirt road. FIA 
4 Unimproved dirt or four-wheel drive 


road. 
FIA 


5 Human access trail primarily for 
recreational use. 


FIA 


 
 


VOLUME_GROWTH_CODE VC(2) Code for type of annual volume growth.  Indicates how 
volume growth is estimated.  Current annual growth is 
an estimate of the change in volume that occurred in a 1-
year period ending when the plot was measured.  
Periodic annual growth is an estimate of the average 
annual change in volume occurring between two 
measurements, usually the current cycle and previous 
cycle. 
 


Code Description Use 
1 Current annual FIA 
2 Periodic annual FIA 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
WATER_AZIMUTH N(3) The azimuth from the center of subplot 1 to a water source 


within 200 feet.  The azimuth to the point where the 
distance was measured.  Measurement Quality Objectives: 
+/- 10 degrees. 


WATER_ON_PLOT VC(2) Water on plot code.  Water body less than 1 acre in size 
or a stream less than 30 feet wide that has the greatest 
impact on the area within the forest land portion of the 
four subplots.  The coding hierarchy is listed in order 
from large permanent water to temporary water.  New in 
1999. 
 


Code Description Use 
0 None – no water sources within the 


accessible forest land.  CONDITION 
CLASS 


FIA 


1 Permanent streams or ponds too 
small to qualify as noncensus 
water. 


FIA 


2 Permanent water in the form of deep 
swamps, bogs, marshes without 
standing trees present or with 
standing trees and less than 1.0 acre in 
size, or with standing trees. 


FIA 


3 Ditch/canal - human made 
channels used as a means of 
moving water, e.g. for irrigation or 
drainage that are too small to 
qualify as noncensus water. 


FIA 


4 Temporary streams. FIA 
5 Flood zones - evidence of flooding 


when bodies of water exceed their 
natural banks. 


FIA 


9 Other temporary water - specify in 
plot notes. 


FIA 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
WATER_PROXIMITY N(4) PNW variable.  The horizontal distance in feet from the 


edge of the water source to the subplot center.  If there is 
no water source within 215 feet horizontal distance of 
subplot center, record '000'.  Valid values are 000 through 
215.RMRS variable.  The distance from the LC to the 
nearest permanent or reliable source of surface water for 
any use.  Only examine water sources within 1 mile of the 
LC. 
 


Code Description Use 
0 Adjacent (200 feet or less) RMRS 
1 201-300 feet RMRS 
2 301-500 feet RMRS 
4 701-900 feet RMRS 
5 901-1100 feet RMRS 
6 1101-1320 feet RMRS 
7 1/4 - 1/2 mile RMRS 
8 1/2 - 1 mile RMRS 
9 None (no water source within 1 mile) RMRS 


  
WATER_SOURCE VC(2) A description of the water - streams of varying widths, 


impoundments of various sizes, etc. 
 


Code Description Use 
00 None - no permanent or intermittent 


water source within 200 feet. 
FIA 


01 Permanent water best characterized 
as deep swamps, bogs, or marshes. 


FIA 


02 Permanent water best characterized 
as streams or canals less than 30 feet 
in width. 


FIA 


03 Permanent water best characterized 
as streams or canals 30 to 200 feet 
in width. 


FIA 


04 Permanent water best characterized 
as streams or canals more than 200 
feet in width. 


FIA 


05 Permanent water best characterized 
as lakes or ponds less than 4.5 acres in 
size. 


FIA 


06 Permanent water best characterized 
as lakes or ponds 4.5 acres or larger in 
size. 


FIA 


07 Permanent water not described in 
codes 01-06. 


FIA 


08 Intermittent water - seasonal and 
well-defined stream channel or water 
body that is dry for long periods, but 
generally flows or contains water 
throughout the wet season. 


FIA 
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NRV_FIA_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
WATER_TYPE VC(2) RMRS variable.  The type of water source used in 


determining water proximity. 
 


Code Description Use 
0 None RMRS 
1 Perennial RMRS 
2 Intermittent RMRS 
3 Not used RMRS 
4 Ephemeral RMRS 
5 Catchment basin RMRS 
6 Irrigation RMRS 
7 Other RMRS 


 
 


 
 


NRV_FIA_TREE_MEASUREMENTS 
This table describes tree measurements collected on an FIA grid plot above and beyond 
those attributes defined in  Nrv_tree_measurements. 
 


Name Size Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify a 


row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


TREMEAS_CN  
Required 


VC(34)  Foreign key to Nrv_tree_measurements. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


CAVITY_PRESENCE VC(1) PNW variable.  Tree wildlife use.  A cavity must be able to 
be used by wildlife to be coded.  Record for all live and 
standing dead tally trees ≥ 5.0 inches. 
 


Code Description Use 
0 No cavity or den present PNW 
1 Cavity or den present < 6.0 inch s PNW 
 Cavity or den present ≥6.0 inches PNW 


 
 


COUNT_METHOD VC(1) Tree count.  Valid codes: 
 


E = Estimated 
M = Measured 
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NRV_FIA_TREE_MEASUREMENTS (cont.) 
Name Size Description 
CROWN_CHECK VC(1) Estimates crown condition in relation to a typical tree for 


the site where it is found. 
 


Code Description Use 
0  rown com letely visible FIA 
1 Crown completely visible with one side 


completely missing 
FIA 


2 Obstructed view of crown FIA 
3 Obstructed view of crown with one side 


completely missing 
FIA 


4 Crowns outside measurement window 
for P3 


FIA 


5 Deciduous crowns outside 
measurement window for P2 


FIA 


 
 


CROWN_DENSITY N(3) Estimates crown condition in relation to a typical tree for 
the site where it is found. 
 


Code Description Use 
00 0% FIA 
05 1-5% FIA 
10 6-10% FIA 
15 11-15% FIA 
20 16-20% FIA 
95 91-95% FIA 
99 96-1005 FIA 


 
 


CROWN_DIEBACK N(3) Estimates reflect the severity of recent stresses on a tree.  
Estimate crown dieback as a percentage of the live crown 
area, including the dieback area.  Uses the same coding 
scheme as the crown_density column. 


CROWN_LIGHT_EXPOSURE VC(1)  
Code Description Use 


0 Tree receives no full light. FIA 
1 Tree receives full light from the top 


or 1 side. 
FIA 


2 Tree receives full light from the top and 
1 side. 


FIA 


3 Tree receives full light from the top 
and 2 sides. 


FIA 


4 Tree receives full light from the top and 
3 sides. 


FIA 


5 Tree receives full light from the top and 
4 sides. 


FIA 
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NRV_FIA_TREE_MEASUREMENTS (cont.) 


Name Size Description 
DIAMETER_CHECK N(2) Core Variable 


 
Code Description Use 


0 Diameter accurately measured at 
standard measurement locations. 


FIA 


1 Diameter estimated at standard 
measurement location. 


FIA 


2 Diameter accurately measured at non-
standard location. 


FIA 


3 Diameter estimated at non-standard 
location. 


FIA 


4 Diameter measured at nonstandard 
location on tree, but not same location 
as previous Measurement. 


FIA 


5 Diameter modeled in the office. FIA 
 
 


DIAMETER_PREVIOUS N(5,2) The previous diameter (in inches) of the sample tree at the 
point of diameter measurement where 
TREE.CYCLE=PLOT.LASTCYCLEMEASURED and 
TREE.SUBCYCLE=PLOT.LASTSUBCYCLEMEASURED 


FIA_TREE_STATUS VC(1) Tree status code.  Identifies whether the sample tree is live, 
cut, or dead.  Includes only dead and cut trees required to 
estimate aboveground biomass and net annual volume for 
growth, mortality, and removals. 
 


Code Description Use 
0 No status – tree is not presently in the 


sample (re-measurement plots only).  
Tree was incorrectly tallied at the 
previous survey or currently is not 
tallied due to definition or procedural 
change. 


 


1 Live tree – any live tree (new, re-
measured, or ingrowth) 


FIA 


2 Dead tree – any dead tree (new, re-
measured, or ingrowth) regardless of 
cause of death, which does not qualify 
as a removal. 


FIA 


3 Removal – a tree that has been cut or 
killed by direct human activity related 
to harvesting, silviculture or land 
clearing (re-measurement plots only).  
The tree may, or may not, have been 
utilized.  Only code trees killed by 
fires as removals, if it was a 
prescribed burn. 


FIA 


 
  


FOLIAGE_TRANSPARENCY VC(2) Is the amount of skylight visible through the live, normally 
foliated portion of the crown? 
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NRV_FIA_TREE_MEASUREMENTS (cont.) 
Name Size Description 
FORM_CLASS VC(1) PNW variable.  Record for all live hardwood trees tallied 


that are ≥5.0 inch DBH/DRC.  Form class is used in 
calculating net tree volume.  When collected: on all 
hardwoods (and conifers in R5 national forests). 
 


Code Description Use 
1 First 8 feet above s ump is straight. PNW 
2 First 8 feet a ove stump is not straight; 


but must have at least one straight log 
elsewhere in the tree. 


PNW 


3 No logs anywhere in tree due to form. PNW 
 
 


HARDWOOD_CLUMP VC(1) PNW variable.  Is a hardwood part of a clump?  The clump 
is assigned a clump number, and the number is recorded 
for each hardwood tallied that is part of the clump.  If a 
hardwood is not part of a clump, "0" is recorded for the 
trees.  Clumps with tallied trees are numbered in 
consecutive order on a sublplot starting with "1".  When 
collected, all live hardwood trees ≥1.0 inches DBH/DRC, 
live hardwood seedlings.  Values = 0 to 9. 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 
MOSS_ABUNDANCE N(2) PNW variable.  Estimate the percentage of the surface area 


on the horizontal surface or top of each limb covered by 
moss only; do not include other epiphytes such as lichens.  
Estimate the moss coverage on the horizontal surface of all 
visible limbs in the lower two thirds of the live tree crown, 
then average across ALL limbs within the lower two thirds 
of the crown.  Values: 0 to 99. 


OLD_TAG_ID VC(9) Old tag id 
PAST_CONDITION_ID VC(1) RMRS variable.  Verify for previously tallied trees.  Correct 


if an obvious error exists and make a note in tree notes. 
PAST_TREE_STATUS VC(1) RMRS variable.  If the past tree status appears to be 


incorrect, record an estimated past tree status. 
PLATFORM_ABUNDANCE N(2) PNW variable.  The number of limbs that contain one or 


more platforms.  When collected:  All live conifer tally trees 
≥ 20.0 inches DBH on plots where special study 2001a = 
Yes.  A tree with 10 or greater limbs with one or more 
platforms shall be tallied as 10.  Values = 0 to 10. 


PREVIOUS_CONDITION VC(1) The condition within the plot on which the tree occurred at 
the previous inventory. 


PREVIOUS_SUBCYCLE N(2) The subcycle of the tree's previous condition.  (In some 
instances, a plot may have been measured more than once 
during an inventory cycle.  Subcycle is then needed to 
uniquely identify the previous condition). 


PREVIOUS_TAG_ID N(9) PNW variable.  On all lands, if the plot was a R6CVS plot, R5 
inventory plot, or PNW-FIA plot at the previous visit, record 
the number that is on the CVS tag, R5 number tag, or PNW-
FIA number tag.  Reuse PNW-FIA number tags when 
appropriate. 
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NRV_FIA_TREE_MEASUREMENTS (cont.) 


Name Size Description 
RECONCILIATOIN_CODE VC(1) New Tree Reconcile code: 


 
Code Description Use 


1 Ingrowth – new tally tree not 
qualifying a through growth (include 
reversions). 


FIA 


2 Through growth – new tally tree 5 
inches DBH/DRC and larger, within 
the microplot. 


FIA 


3 Missed live – a live tree missed at 
previous inventory and that is live, 
dead, or removed now. 


FIA 


4 Missed dead – a dead tree missed at 
previous inventory and that is dead or 
removed now. 


FIA 


 
 


REMNANT_TREE VC(1) PNW variable.  A remnant tree is a tree left by previous 
management activity or catastrophic event that is 
significantly older than the surrounding vegetation.  
Remnant trees do not form a canopy layer and are usually 
isolated individuals or small clumps. 
 


Code Description Use 
0 No PNW 
1 Yes PNW 


 
 


SALVABLE_CODE N(2) Salvable dead code. A standing or down dead tree considered 
merchantable by regional standards. 
 


Code Description Use 
0 Dead, not salvable FIA 
1 Dead, salvable FIA 


 
 


SITE_TREE_NUMBER N(5) PNW variable.  The assigned number for each site tree 
record on a plot.  For subsequent re-measurements, when 
data is downloaded from the database to the PDR for data 
verification, this number is one of the variables that are 
downloaded by the software. 


SLOPE_DISTANCE N(6,3) PNW variable.  FIA Core 1.5 requires Horizontal Distance 
that will be stored in the distance column.  PNW requires 
this second measurement. 
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NRV_FIA_TREE_MEASUREMENTS (cont.) 
Name Size Description 
SNAG_DISAPPEARANCE VC(2) PNW variable.  The code to indicate the reason for 


disappearance of a tree previously tallied as dead. 
 


Code Description Use 
2 Fell over "naturally" (wind, decay, etc.) 


or no longer self-PNW supported; still 
present. 


PNW 


3 Fell over "naturally", removed from the 
site, or not discernable by crew. 


PNW 


4 Cut down or pushed over; still present. PNW 
5 Cut down or pushed over; removed 


from the site, or not discernible by 
crew. 


PNW 


6 DBH/DRC and/or height no longer 
meet minimum for tally (snag shrank to 
less than 5.0 in. DBH/DRC or less than 
4.5 feet tall). 


PNW 


 
 


SPECIES_GROUP VC(2) FIA species group number used to produce many of the 
standard presentation tables.  The assignment of individual 
species to these groups is shown in Appendix G of the 
FIADB Users Manual.  This is the common list that all 
published standard presentation tables must match. 


STUMP VC(1) PNW variable.  Is a standing dead tree record a stump? 
When collected: all trees with tree status = 2. 
 


Code Description Use 
0 Not a stump PNW 
1 Is a stump PNW 
2 Is a stump with another tree growing out 


of it 
PNW 


 
 


STUMP_DIAMETER N(6,3) RMRS variable. 
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NRV_FIA_TREE_MEASUREMENTS (cont.) 


Name Size Description 
TREE_HISTORY VC(2) PNW variable collected for mortality assessment 


 
Code Description Use 


0 No status – a tree not presently in the 
sample (re-measurment plots only). 


FIA 


1 Live tree – any live tree (new, re-
measured, or ingrowth). 


FIA 


2 Dead tree – any dead tree (new, re-
measured, or ingrowth). 


FIA 


3 Removal tree – a tree that has been cut 
or killed by direct human activity. 


FIA 


4 Missing tree – a tree that was tallied in 
previous inventory but is now missing. 


FIA 


5 Mortality tree – a tree that dies naturally 
or by a non-human cause. 


PNW 


8 Harvested for use by humans. PNW 
9 Tree not found. PNW 


 
 


TREE_STOCKING N(7,4) Tree stocking.  A relative term used to describe (in percent) 
the adequacy of a given stand density in meeting a specific 
management objective.  Species or forest type stocking 
functions were used to assess the stocking contribution of 
individual trees.  These functions, which were developed 
using stocking guides, relate the area occupied by an 
individual tree to the area occupied by a tree of the same 
size growing in a fully stocked stand of like trees.  The 
stocking of individual trees is used in the calculation of 
growing_stock and live_stocking in 
Nrv_fia_mapped_condition. 


UTILIZATION_CLASS VC(1) Utilization class code.  Identifies trees that have been cut 
and removed from the site. 
 


Code Description Use 
0 Not utilized - can still be found on the 


site 
FIA 


1 Utilized - some portion of the tree 
cannot be found on site, assumed to 
have been removed.  Includes the 
following codes 


FIA 


2 Harvested for industrial supply PNW 
3 Harvested for firewood or local use PNW 
4 Harvested for incidental reasons PNW 


 
 


VIGOR_CLASS 
 


VC(2) Codes 1, 2, and 3.  Definitions are quite lengthy.  See page 
13 of Chapter 12 of the P3 Field Manual.  It is only collected 
on saplings. 
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NRV_FIRE_INFO 
This table describes fire information. 
 


Name Size Description 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


FIRE_INFO_CN 
Required 


VC(34) A system generated sequence number to uniquely identify a 
row of data in this table. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
CLOUDY N(3) Cloudiness, in percent, at the time and date recorded in the 


previous column. 
FIRE_DATE DATE The date of the fire. 
FIRE_ID VC(15) The ID number or name that relates the fire to plots in the 


plot table.  This field links this fire scale data with the plot 
scale data. 


FIRE_NAME VC(25) The name of the fire. 
FIRE_TIME N(4) The time of day that the observations were recorded, in a 


military time 
FIRE_TYPE VC(1) Type of fire: 


 
Code Description Use 


F Flanking  
B Backing  
H Head  
C Crown  


 
 


FLAME_DEPTH N(5,2) Flame depth, in feet, at the time and date recorded in the 
previous columns. 


FLAME_LENGTH N(5,2) Flame length, in feet, at the time and date recorded in the 
previous columns. 


FUEL_MOISTURE_1 N(3) Fuel moisture, in percent, of the 1 hour downed dead woody 
fuel class (less than .25 inches in diameter). 


FUEL_MOISTURE_10 N(3) Fuel moisture, in percent, of the 10 hour downed dead 
woody fuel class (.25-1.0 inches in diameter) 


FUEL_MOISTURE_100 N(3) Fuel moisture, in percent, of the 100 hour downed dead 
woody fuel class (1-3 inches in diameter). 


FUEL_MOISTURE_1000_ROTTEN N(3) Fuel moisture, in percent, of the rotten 1000 hour downed 
dead woody fuel class (greater than 3.0 inches in diameter). 


FUEL_MOISTURE_1000_SOUND N(3) Fuel moisture, in percent, of the sound 1000 hour downed 
dead woody fuel class (greater than 3.0 inches in diameter). 
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NRV_FIRE_INFO (cont.) 


Name Size Description 
FUEL_MOISTURE_CROWN N(3) Moisture, in percent, of the live tree crown foliage. 
FUEL_MOISTURE_DUFF N(3) Moisture, in percent, of the duff layer.  This layer contains the 


unrecognizable decomposing organic material.  
FUEL_MOISTURE_HERB N(3) Moisture, in percent, of the live herbaceous plants. 
FUEL_MOISTURE_LITTER N(3) Moisture, in percent, of the litter layer.  This layer contains 


the recognizable needles, cone scales, and leaves. 
FUEL_MOISTURE_SHRUB N(3) Moisture, in percent, of the live shrubs. 
FUEL_MOISTURE_SOIL N(3) Moisture, in percent, of the uppermost soil layer.  This layer 


contains the top 10 cm of mineral soil just below the duff 
layer. 


HUMIDITY N(5,2) Relative humidity, in percent, at the time and date recorded 
in the previous columns. 


ID_REFERENCE VC(20) Fire code taken from the database of fire management 
agencies 


IMAGE_FLAG VC(1) Flag to indicate if a set of special images (photos, landsat, 
etc.) for this specific fire was taken.  This does not refer to 
aerial photos taken on a general flight path. 
 Y = Yes, a set of images was taken. 


PLUME_BEHAVIOR VC(2) The dynamics of the fire plume. 
 


Code Description Use 
WV Plume well ventilated, rising, and 


dispersing high above the burn. 
 


US Plume unstable with erratic behavior.  
PD Plume is dropping and going downhill 


into the valleys. 
 


 
 


REMARKS VC(400
0) 


Record information pertinent to the fire. 


SEVERITY N(1) How severe the fire was. 
SPOTTING VC(2) Spotting behavior of the fire at the time and date recorded in 


the previous columns. 
 


Code Description Use 
SD Spotting downslope or downwind  
SU Spotting upslope or upwind  
SE Spotting is erratic and very random  
NS No spotting observed  
NA Difficult to determine spotting due to 


smoke or obstruction 
 


 
 


SPREAD_RATE N(5,2) The average speed of the fire, in feet per minute, at the time 
and date recorded in the previous columns.   


TEMPERATURE N(5,2) Temperature, in degrees F, at the time and date recorded in 
the previous columns. 


WINDSPEED N(5,2) Wind speed, in miles per hour, at the time and date recorded 
in the previous columns. 
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NRV_GROUP_BY 
This table contains columns describing summary data.  It contains attributes for portions 
(groups) of information about a site.  For example, the number of plants per area might be 
identified for a particular species, or a particular size class of a species.  This information is 
stored here, rather than in the characterizations table, since it refers to a subset of the data. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number to uniquely identify 


a row of data in this table. 
CHAR_CN 


Required 
VC(34) Foreign key to Nrv_setting_measurements 


CREATED_BY 
Required 


VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


GROUP_1 
Required 


VC(24) Nrv_con_grp_mtx.template_name 


SUBGROUP_1 
Required 


VC(30) Nrv_subgroups.subgroup_name 


SUMMARY_NO 
Required 


VC(10) Nrv_controls.summary_no 


ANN_INCR_PER N(8,4) Computed.  Periodic annual increment.  Volume of tree 
growth, in cubic foot volume per acre, over a period 
divided into the number of years in the period. 
 
SELECT SUM((radial_growth/10) * 
tpa_stand_eq * DCODE(radial_growth,NULL,NULL,1)), 
SUM(tpa_stand_eq * 
DECODE(radial_growth,NULL,NULL,1)) 
FROM NRV_Grp_By_Summary_Temp 
WHERE cn = stand_cn 
AND off_plot_flag IS NULL; 
avdgr := navdgr/davdgr; 
 


ANN_INCR_PER_LEN N(3) Always set to “10”.  Number of years used in calculating 
ann_incr_per  


BASAL_AREA N(8,4) Computed.  Basal area per acre, in square feet 
 


 SELECT SUM(ba_stand_eq) 
FROM NRV_Grp_By_Summary_Temp  
WHERE cn = p_stand_cn 
AND off_plot_flag IS NULL 
 


BASAL_AREA_CV N(13,4) Computed.  Coefficient of variation of basal_area column 
 
 IF v_basal_area > 0 THEN 
v_basal_area_cv := (v_basal_area_sd *100) / 
v_basal_area; 
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NRV_GROUP_BY (cont.) 


Name Size Description 
BASAL_AREA_SD N(13,4) Computed.  Standard deviation of basal_area column 


 
 CURSOR C_PLOT IS SELECT DISTINCT plot 
FROM  NRV_Grp_By_Summary_Temp 
WHERE cn = stand_cn; 
SELECT  COUNT(DISTINCT plot) INTO pnum 
FROM    NRV_stid_summary_base_temp 
WHERE   cn = stand_cn; 
OPEN C_PLOT; 
LOOP 
FETCH C_PLOT INTO point; 
EXIT WHEN C_PLOT%NOTFOUND; 
SELECT SUM(ba_plot_eq) INTO tsum 
FROM   NRV_Grp_By_Summary_Temp 
WHERE  cn = stand_cn 
AND   plot = point 
AND   off_plot_flag IS NULL; 
       ssum := ssum + tsum; 
       psum := psum + (tsum*tsum); 
END LOOP; 
CLOSE C_PLOT; 
sdba := ROUND(SQRT((psum - ((ssum * ssum) / pnum)) / 
(pnum - 1)),3); 
 


BASAL_AREA_SE N(7,4) Computed.  Standard error of basal_area  column 
 


   SELECT COUNT(DISTINCT plot) into v_pnum 
FROM   NRV_stid_summary_base_temp    
WHERE  cn = p_stand_cn;  
IF sqrt(v_pnum) <> 0 THEN  
v_std_error := p_sdtpa / sqrt(v_pnum); 


  END IF; 
 


CONE_SEROTINY VC(1) Nrv_perm_grp_by.cone_serotiny 
COVER_AGE N(4) Average or predominant age of the cover layer.  Stored in 


years. 
COVER_TYPE VC(10) Characterization of the existing vegetation composition for 


each polygon. 
COVER_DIAMETER N(6,3) Predominant cross-sectional width of a plant measured 


through the center of the stem.  Stored in inches. 
COVER_HEIGHT N(7,4) Average or predominant height of the cover layer.  Stored 


in feet. 
COVER_HEIGHT_MAX N(7,4) Maximum height of a cover layer.  Stored in feet. 
COVER_HEIGHT_MIN N(7,4) Minimum height of a cover layer.  Stored in feet. 
COVER_LAYER VC(3) Foreign key to Nrv_cover_layers. 
COVER_LAYER_CODE_LOCAL VC(2) Locally defined code for the cover layer. 
COVER_LIFEFORM VC(2) Nrv_lifeform_modifier.lifeform_modifier 
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NRV_GROUP_BY (cont.) 
Name Size Description 
COVER_SHRUB_AGE_CLASS VC(2) Estimate of the age class of a shrub or tree.  Shrub age 


class is based on the percentage of branch or foliage 
maturity.  Tree age class is based on overall appearance, 
crown, branch, and bark characteristics. 
 
Code Description Use 
SS Seedling/sprout CSE 
 Immature, no dead material (stems 


and branches) associated with the 
shrub record. 


FIA 


YO Young CSE 
 Mature, 1-24 percent dead material 


associated with the shrub record. 
FIA 


MA Mature CSE 
 Over-mature, 25-49 percent dead 


material associated with shrub 
record. 


FIA 


DE Decadent CSE 
 Decadent, 50 percent or more dead 


material associated with shrub record. 
 


X Dead CSE 
 
 


COVER_SURFACE_CODE VC(4) Nrv_surface_cover_types.surface_cover_code 
CROWN_DIAMETER N(4,1) Nrv_perm_grp_by.crown_diameter 
CROWN_RATIO_COMP N(3) Compacted live crown ratio, in percent. 
CROWN_RATIO_UNC N(3) Nrv_perm_grp_by.crown_ratio_unc 
DATA_METHOD VC(30) Nrv_cn_temp.data_method 
DATA_SOURCE VC(30) Nrv_cn_temp.source_type 
DECAY_CLASS VC(1) Nrv_perm_grp_by.decay_class 
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NRV_GROUP_BY (cont.) 


Name Size Description 
DIAMETER N(7,4) Computed.  The diameter value used to characterize the 


GROUP BY class, in inches.  Either the quadratic mean 
diameter or average diameter as indicated by the 
DIAMETER_TYPE column, DIAMETER is computed as 
follows: 
 Quadratic Mean Diameter = The class quadratic 


mean diameter, where only on-plot, non-NULL 
diameter > 0 trees are included (Note:  This is the 
preferred method of characterizing class diameters 
for the summary process): 
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∑
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 Average Diameter  = The class average diameter, 


where only on-plot, non-NULL diameter > 0 trees 
are included (Note:  Not commonly used in the 
summary process): 


∑


∑


=


== n


i
i


n


i
ii


CLASS


TPA


TPAD
D


1


1ˆ  


 CURSOR C_qmd1 IS 
 SELECT SUM(tpa_stand_eq), 


SUM(dbh*dbh*tpa_stand_eq) 
FROM NRV_Grp_By_Summary_Temp 
WHERE cn = p_stand_cn 
AND dbh IS NOT NULL 
AND off_plot_flag IS NULL 
AND dbh >0; 
CURSOR C_qmd2 IS 
SELECT SUM(tpa_stand_eq), 
SUM(drc*drc*tpa_stand_eq) 
FROM NRV_Grp_By_Summary_Temp 
WHERE cn = p_stand_cn 
AND drc IS NOT NULL 
AND off_plot_flag IS NULL 
AND drc >0; 
FETCH C_qmd1 INTO dhtsum, dh2tsum; 
FETCH C_qmd2 INTO drtsum, dr2tsum; 
IF dhtsum  IS NULL THEN dhtsum  := 0; 
IF dh2tsum IS NULL THEN dh2tsum := 0; 
IF drtsum  IS NULL THEN drtsum  := 0; 
IF dr2tsum IS NULL THEN dr2tsum := 0; 
IF dhtsum+drtsum = 0 THEN 
   qmd := NULL; 
ELSE 
qmd := QRT((dh2tsum+dr2tsum)/(dhtsum+drtsum)); 
RETURN(qmd); 
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NRV_GROUP_BY (cont.) 


Name Size Description 
DIAMETER_TYPE VC(4) Set to “QMD” 
DISTRIBUTION_TYPE VC(1) Nrv_perm_grp_by.distribution_type 
DOMINANT_SPECIES VC(8) Nrv_perm_grp_by.dominant_species 
FUEL_WEIGHT N(7,4) Nrv_perm_grp_by.fuel_weight 
GEOGRAPHICAL_AREA VC(5) Nrv_setting_measurements.geographical_area 
GIS_LINK VC(26) Nrv_setting_measurements.gis_link 
HEIGHT_GROWTH N(4,1) Computed.  The mean annual height growth, in feet. 


 
SELECT SUM(height_growth * tpa_stand_eq * 
DECODE(height_growth,NULL,NULL,1)), 
SUM(tpa_stand_eq * DECODE(height_growth,NULL,NULL,1)) 
FROM NRV_Grp_By_Summary_Temp 
WHERE cn = stand_cn 
AND off_plot_flag IS NULL; 
OPEN  C_avhgr1; 
FETCH C_avhgr1 INTO navhgr, davhgr; 
CLOSE C_avhgr1; 
IF davhgr <> 0 THEN 
avhgr := navhgr/davhgr; 
END IF; 
RETURN(avhgr); 
 


HEIGHT_LENGTH_AVG N(4,1) Computed.  The average height or length, in feet. 
 


 SELECT min(height), max(height)  
INTO   v_height_length_min, v_height_length_max 
FROM   NRV_Grp_By_Summary_Temp; 
 


HEIGHT_LENGTH_MAX N(4,1) Computed.  The tallest height or longest length, in feet. 
 


 SELECT min(height), max(height)  
INTO   v_height_length_min, v_height_length_max 
FROM   NRV_Grp_By_Summary_Temp 
 


HEIGHT_LENGTH_MIN N(4,1) Computed.  The shortest height or length, in feet. 
 


 SELECT min(height), max(height)  
INTO   v_height_length_min, v_height_length_max 
FROM   NRV_Grp_By_Summary_Temp 
 


LANDFORM VC(2) Nrv_perm_grp_by.landform 
LAYER_HT_MAX N(3) Nrv_perm_grp_by.layer_ht_max 
LAYER_HT_MIN N(3) Nrv_perm_grp_by.layer_ht_min 
LOCAL_AT6_DESCRIPTION VC(80) Nrv_perm_char.local_at6_description. 
LOCAL_AT7_DESCRIPTION VC(80) Nrv_perm_char.local_at7_description. 
LOCAL_AT8_DESCRIPTION VC(80) Nrv_perm_char.local_at8_description. 
LOCAL_AT9_DESCRIPTION VC(80) Nrv_perm_char.local_at9_description. 
LOCAL_AT10_DESCRIPTION VC(80) Nrv_perm_char.local_at10_description. 
LOCALLY_DEFINED_AT6 VC(30) Nrv_perm_grp_by.locally_defined_at6 
LOCALLY_DEFINED_AT7 VC(30) Nrv_perm_grp_by.locally_defined_at7 
LOCALLY_DEFINED_AT8 VC(30) Nrv_perm_grp_by.locally_defined_at8 
LOCALLY_DEFINED_AT9 VC(30) Nrv_perm_grp_by.locally_defined_at9 
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LOCALLY_DEFINED_AT10 VC(30) Nrv_perm_grp_by.locally_defined_at10 
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NRV_GROUP_BY (cont.) 


Name Size Description 
MERCH_BOARD_GROSS N(13,4) Computed.  Merchantable, gross board foot volume per 


acre.  For Region 9, is either the Scribner or International 
1/4 board foot volume, depending on the forest. The 
Chippewa, Superior, Chequamegon-Nicolet, Ottawa, and 
Hiawatha get Scribner. All other forests get International 
1/4. 
 


 SELECT SUM(tpa_stand_eq * merch_board_volume) 
FROM   NRV_Grp_By_Summary_Temp 
WHERE  user_ops_acct = user 
AND   cn = p_stand_cn 
AND   off_plot_flag IS NULL; 
 


MERCH_BOARD_NET N(13,4) Nrv_perm_grp_by.merch_board_net 
MERCH_CUBIC_GROSS N(11,4) Computed.  Merchantable, gross cubic foot volume per 


acre.  For Region 9, this is the cubic foot volume in the 
sawlog portion of sawtimber trees. It does not include the 
topwood volume. It does not include pulpwood tree 
volume. 
 
SELECT SUM(tpa_stand_eq * merch_cubic_volume) 
FROM   NRV_Grp_By_summary_temp  
WHERE  cn = p_stand_cn 
AND   off_plot_flag IS NULL; 
 


MERCH_CUBIC_NET N(11,4) Nrv_perm_grp_by.merch_cubic_net 
MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last 


modified. 
NO_OF_PIECES N(5) Nrv_perm_grp_by.no_of_pieces 
NOXIOUS_WEED VC(1) Nrv_perm_grp_by.noxious_weed 
PLANTS N(9,4) Computed.  Number of plants per acre. 


 
 SELECT SUM(tpa_stand_eq) 


FROM NRV_Grp_By_Summary_TEMP  
WHERE cn = p_stand_cn 
AND off_plot_flag IS NULL; 
 


PLANTS_CV N(13,4) Computed.  Coefficient of variation of the plants column 
 
=(v_plants_sd *100)/ v_plants; 
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NRV_GROUP_BY (cont.) 
Name Size Description 
PLANTS_SD N(13,4) Computed.  Standard deviation of the pPlants column. 


 
 SELECT DISTINCT plot 
 FROM NRV_Grp_By_Summary_Temp 
 WHERE  cn = stand_cn; 
 SELECT  COUNT(DISTINCT plot) INTO pnum 


FROM   NRV_stid_summary_base_temp 
WHERE   cn = stand_cn; 
OPEN C_PLOT; 
LOOP 
FETCH C_PLOT INTO point; 
SELECT SUM(tpa_plot_eq) INTO tsum 
FROM  NRV_Grp_By_Summary_Temp 
WHERE  cn = stand_cn 
AND   plot = point 
AND   off_plot_flag IS NULL; 
IF tsum IS NULL THEN tsum := 0; END IF; 


  ssum := ssum + tsum; 
psum := psum + (tsum*tsum); 
END LOOP; 


  sdtpa :=SQRT((psum-((ssum * ssum)/pnum))/(pnum- 
  1));  


  RETURN(sdtpa); 
 


PLANTS_SE N(7,4) Computed.  Standard error of the plants column. 
 


 SELECT COUNT(DISTINCT plot) into v_pnum 
FROM   NRV_stid_summary_base_temp    
WHERE  cn = p_stand_cn;  
IF sqrt(v_pnum) <> 0 THEN  
v_std_error := p_sdtpa / sqrt(v_pnum); 
END IF; 
 


PLANT_COVER N(4,1) Nrv_perm_grp_by.plant_cover 
POLYGON_COVERAGE_ID VC(30) Nrv_cover_id_control.polygon_coverage_id 
RADIAL_GROWTH N(3) Computed.  Periodic change, in 20ths of an inch, in the 


bole radius over a time period. 
 
  SELECT SUM((radial_growth/10)* tpa_stand_eq 
* DECODE(radial_growth,NULL,NULL,1)), 
SUM(tpa_stand_eq * 
DECODE(radial_growth,NULL,NULL,1)) 
FROM NRV_Grp_By_Summary_Temp 
WHERE cn = stand_cn 
AND off_plot_flag IS NULL; 
avdgr := navdgr/davdgr; RETURN(avdgr); 
 


RADIAL_GROWTH_PERIOD N(3) Set to NULL 
SELECTION_CRITERIA_NO VC(3) Nrv_selection_criteria.selection criteria_no 
SHRUB_SHAPE VC(1) Nrv_perm_grp_by.shrub_shape 
SHRUB_SIZE VC(1) Nrv_perm_grp_by.shrub_size 
SHRUB_VIGOR VC(1) Nrv_perm_grp_by.shrub_vigor 
SNAGS N(9,4) Nrv_perm_grp_by.snags 


DD/DT-83 







 
 
Data Tables FS Veg Data Dictionary 
 
 
NRV_GROUP_BY (cont.) 


Name Size Description 
SPECIES_SYMBOL VC(8) Nrv_perm_grp_by.species_symbol 
TE_SPECIES VC(1) Nrv_perm_grp_by.te_species 
TOTAL_CUBIC N(11,4) Computed.  Total cubic foot volume per acre.  


Representing the total ground-to-tip cubic foot volume of 
the main stem (does not include branches or foliage) of 
trees, this is a gross volume that is not associated with 
merchandising rules and therefore does not have a net 
volume counterpart.   


TREE_SIZE_CLASS VC(2) Nrv_perm_grp_by.tree_size_class 
USER_OPS_ACCT VC(30) Nrv_con_grp_mtx.user_ops_acct 
VEG_CLASS VC(2) Nrv_perm_grp_by.veg_class 
VIGOR VC(1) Nrv_perm_grp_by.vigor 
WEIGHT N(7,4) Nrv_perm_grp_by.weight 
YEAR_OF_ORIGIN N(4) Computed.  The year when the majority of plants within a 


class were established. 
 
SELECT SUM(age * tpa_stand_eq * 
DECODE(age,NULL,NULL,1)), 
SUM(tpa_stand_eq * DECODE(age,NULL,NULL,1)) 
FROM   NRV_Grp_By_Summary_Temp  
WHERE  cn = stand_cn 
AND   off_plot_flag IS NULL; 
OPEN  C_avage; 
FETCH C_avage INTO navage, davage; 
CLOSE C_avage; 
avage := navage/davage; 
RETURN(avage); 
 


 
 


NRV_IMAGES 
This table describes images stored in the database. 
 


Name Size Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


DIRECTORY_PATH 
Required 


VC(120) Directory path name where the file of an image is stored 
electronically. 


FILENAME 
Required 


VC(70) File name of an image (directory path is stored in a 
separate field). 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
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NRV_IMAGES (cont.) 


Name Size Description 
DATE_TAKEN DATE The date the photograph was taken. 
DESCRIPTION VC(70) Description of the image. 
IMAGE BLOB Stores actual image, can be a .jpg, .pdf or .doc format 
LABEL VC(70) Label displayed next to the image. 
MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last 


modified. 
PHOTOGRAPHER VC(50) Name of photographer. 


 
 


NRV_PERM_CHAR 
This table describes legacy summary data and closely resembles Nrv_characterizations. 
 


Name Size Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


DATA_METHOD 
Required 


VC(30)  
Code Description Use 
PI Photo interpretation All 
SI Satellite imagery All 
SE Stand exam All 


 
 


SETTING_ID 
Required 


VC(30) Uniquely identifies the setting where the data are 
collected.  This field may contain the following 
information:  For stand exams - Region, Forest, District, 
Location, and Stand Number.  For FIA data - 
State//Cycle//Subcycle//Survey_unit//County//Plot   
(State(2)//Cycle(2)//Subcycle(2)//Survey 
Unit(2)/County(3)//Plot(5) 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 
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NRV_PERM_CHAR (cont.) 
Name Size Description 
AGENCY VC(4) Governing agency or the agency that owns the land the 


setting is located on. 
AGGREGATION_TYPE VC(1) A map unit attribute to describe the arrangement of 


vegetation condition found within a map feature or 
polygon.  An aggregation type consists of a homogenous 
dominance type or plant association, or compositional 
group, or vegetation complex arrangements of 
dominance types or plant associations.  Valid codes are: 
 H = homogenous type 
 G = compositional group type 
 C = vegetation complex type 


ANN_INCR_MEAN N(8,4) Mean annual increment.  Volume of tree growth, in cubic 
foot volume per acre, over a period divided into the stand 
age. 


ANN_INCR_PER N(8,4) Periodic annual increment.  Volume of tree growth, in 
cubic foot volume per acre, over a period of time, divided 
into the number of years in the period. 


ANN_INCR_PER_LN N(3) The number of years used to calculate ann_incr_per  
ASPECT N(3) General direction of downslope, in degrees azimuth, that 


the site faces. 
0 = flat 
360 = north 
999 = indeterminate, undulating, or no predominant 
slope 


BASAL_AREA N(8,4) Basal area per acre, in square feet, of live tees. 
BASAL_AREA_CV N(13,4) Coefficient of variation of basal_area column 
BASAL_AREA_SD N(13,4) Standard deviation of basal_area column 
BASAL_AREA_SE N(7,4) Standard error of basal_area column 
BOUNDARY_SOURCE VC(30) Media by which the polygon boundaries were generated, 


such as GPS, photographs, or satellite imagery. 
CANOPY_BULK_DENSITY N(3) The bulk density of the canopy (kg/m3) as described in 


Scott and Reinhardt (2001). 
CANOPY_CLOSURE N(3) Amount, in percent, of the site covered by the crowns of 


vegetation. 
CANOPY_CLOSURE_CROWNVEG N(3) Amount, in percent, of the polygon covered by the foliage 


of crown vegetation. 
CANOPY_CLOSURE_GRASSES N(3) Amount, in percent, of the polygon covered by the foliage 


of grasses. 
CANOPY_CLOSURE_HERBS N(3) Amount, in percent, of the polygon covered by the foliage 


of herbs. 
CANOPY_CLOSURE_NON_TREE N(3) Amount, in percent, of the polygon covered by vegetation 


cover other than the tree canopy. 
CANOPY_CLOSURE_SHRUBS N(3) Amount, in percent, of the polygon covered by the foliage 


of shrubs. 
CANOPY_CLOSURE_TREES N(3) Amount, in percent, of the polygon covered by the tree 


canopy. 
CANOPY_COVER N(4,1) Amount, in percent, of the site covered by plant canopy. 
CAPABLE_GROW_AREA_PCT N(3) Area, in percent, capable of growing trees. 
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NRV_PERM_CHAR (cont.) 


Name Size Description 
COMPARTMENT_NO VC(10) Division of forest for purposes of orientation, 


administration, and silvicultural operations.  It is defined 
by permanent boundaries, of natural features or 
artificially marked. 


CONDITION_CLASS N(1) A classification of the amount of departure from the 
historical natural fire regime.  For each fire regime, there 
are three condition classes based on departure from the 
natural (historical) regime of vegetation characteristics; 
fuel composition; fire frequency, severity and pattern; and 
other associated disturbances. 
 


Class Description 
1 Within the natural (historical) range of 


variability. 
2 Moderate departure from the natural 


(historical) regime. 
3 High departure from the natural 


(historical) regime. 
 
 


COUNTY VC(3) Numeric County code where the site is located. 
COVER_BARE_SOIL N(3) Percent of the site covered by bare mineral soil. 
COVER_BARREN N(3) Percent of the site that is barren. 
COVER_BASAL_VEG N(3) Percent of the site covered by basal vegetation. 
COVER_BOULDER N(3) Percent of the site covered by boulders. 
COVER_COBBLE N(3) Percent of the site covered by cobbles (7.5-25 cm in 


diameter). 
COVER_DOMINANT VC(2) Dominant surface cover type. 
COVER_GRAVEL N(3) Percent of the site covered by gravel (.2-7.5 cm in 


diameter). 
COVER_LITTER N(3) Percent of the site covered by dead plant material. 


Includes leaves, needles, twigs, bark, fruits, duff, and 
downed wood actually in contact with the ground surface. 


COVER_NON_VEG N(3) Amount of the polygon that is not covered by vegetation; in 
general, the component of the polygon that is covered by 
water, bare soil, rock, or snow fields.  Value can range from 
0 to 100 percent. 


COVER_ROCK N(3) Percent of the site covered by rock (everything larger than .08 
inches or 2 mm in diameter). 


COVER_STONE N(3) Percent of the site covered by stones (25-60 cm in 
diameter). 


COVER_WATER N(3) Percent of the site covered by water. 
CROWN_CONDITION_REF VC(30) Not used at this time 
CROWNING_INDEX N(3) 20-foot wind speed (mph) needed to support an active or 


running crown fire. 
CROWN_BASE_HEIGHT N(3) Nrv_tree_measurements. 
CROWN_CONDITION VC(1) An indication of the vigor of trees, determined by the 


current condition of the treetops. 
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NRV_PERM_CHAR (cont.) 
Name Size Description 
CROWN_FIRE VC(2) Coding based on the forested polygon’s potential to express 


crown fire behavior during a wildfire event. 
 


Code Description 
L Low 
M Moderate 
H High 


NA Not Applicable – non-forest and woodland 
polygons 


 
 


CUBIC_CULL N(11,4) Cubic foot volume per acre in live, sound, and rotten cull trees 
5.0 inches in diameter and larger. 


DATE_ACCURACY VC(5) Accuracy of the date stored in measurement_date 
 


Code Description Use 
DAY Valid to the nearest day All 
MONT
H 


Valid to the nearest month All 


YEAR Valid to the nearest year All 
EST Only an estimate All 


 
 


DBH N(5,2) Quadratic mean diameter, in inches, or the diameter, in 
inches, of the tree of average basal area. 


DBH_BREAKPOINT N(5,2) Minimum diameter, in inches, allowed by the sampling 
design. 


DBH_TYPE VC(4) The value the user chose for calculating diameter in the 
summary application. 


DENSITY_INDEX N(7,2) Calculated stand density index. 
DENSITY_INDEX_REF VC(30) The published reference for density_index 
DENSITY_INDEX_TYPE VC(30) Set to “QMD.” 
DISTRICT_NO VC(2) Ranger district number of the administrator or owner of 


the site. 
DOWN_WOODY N(10,4) Weight, in tons per acre, of the down woody material. 
DUFF_LITTER_DEPTH N(6,3) The depth, in inches, of duff and litter. 
ECOREGION_SUBSECTION VC(7) Bailey’s Ecoregion subsection. 
ELEVATION N(6,1) Height, in feet, above sea level. 
ELEVATION_MAX N(6,1) The maximum site elevation, in feet. 
ELEVATION_MIN N(6,1) The minimum site elevation, in feet. 
EV_CODE VC(10) Existing site vegetation code. 
EV_REF_CODE VC(10) Document from which the ev_code was obtained.  This 


column is constrained by the codes in 
Nrv_cover_references. 
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NRV_PERM_CHAR (cont.) 


Name Size Description 
FIRE_REGIME N(1) A general classification of the role fire would play across a 


landscape in the absence of modern human mechanical 
intervention.  There are five natural (historical) fire 
regimes.  Classification is based on average number of 
years between fires combined with severity of the fire on 
the dominant overstory vegetation. 
 


Code Description 
1 0-35 year frequency and low (surface fires 


most common) to mixed severity (<75% of 
the dominant overstory vegetation 
replaced). 


2 0-35 year frequency and high (stand 
replacement) severity (>75% of the 
dominant overstory vegetation replaced). 


3 35-100+ year frequency and mixed 
severity (<75% of the dominant overstory 
vegetation replaced). 


4 35-100+ year frequency and high (stand 
replacement) severity (>75% of the 
dominant overstory vegetation replaced). 


5 200+ year frequency and high (stand 
replacement) severity. 


 
 


FORAGE N(4) The forage, in pounds per acre, produced on the site. 
FOREST_ADMIN VC(2) Administrative Forest number. 
FOREST_PROC VC(2) Proclaimed Forest number. 
FUEL_DEPTH N(3,1) The average depth, in inches, the fuel bed extends above the 


surface of the site. 
FUEL_MODEL VC(3) Fuel model used. 
FUEL_PHOTO_REFERENCE VC(10) Document from which the fuel model was obtained or the 


residue description photo. 
GIS_LINK VC(26) The identifier to link the site to a Geographic Information 


System (GIS) coverage. 
HABITAT_EFFECT_INDEX VC(1)  
HAB_STRUCT_STAGE_CODE VC(50) Nrv_vss.vss, trimmed to 2 characters (only used for 


Regions 2, 3, & 4) 
HAB_STRUCT_STAGE_REF VC(30) Region code in the format ‘R02,’ ‘R03,’ or ‘R04’ (only used 


for Regions 2, 3, & 4) 
HAZ_RATING VC(1) Hazard ratings for stands. 
HORIZONTAL_CONTINUITY VC(1) A description of the uniformity of the site. 
INVENTORY_STRATIFICATION VC(10) The average site stratum. 
LANDFORM VC(2) The average site landform (e.g., convex, concave). 
LATITUDE_DEG N(3) Degree portion of the angular distance, North or South of 


the equator.  Stored in degrees. 
LATITUDE_MIN N(2) Minute portion of the angular distance, North or South of 


the equator.  Stored in minutes. 
LATITUDE_SEC N(4,2) Second portion of the angular distance, North or South of 


the equator.  Stored in seconds.   
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NRV_PERM_CHAR (cont.) 
Name Size Description 
LOADER_VERSION VC(15) The version of the loader program used to load the data 


into the perm summary tables.  This field contains the 
loader compilation date and is populated only at the 
parent record of the setting, not the child record. 


LOCAL_AT1_DESCRIPTION VC(80) Description of local attribute number 1. 
LOCAL_AT2_DESCRIPTION VC(80) Description of local attribute number 2. 
LOCAL_AT3_DESCRIPTION VC(80) Description of local attribute number 3. 
LOCAL_AT4_DESCRIPTION VC(80) Description of local attribute number 4. 
LOCAL_AT5_DESCRIPTION VC(80) Description of local attribute number 5. 
LOCALLY_DEFINED_AT1 VC(30) Locally defined attribute number 1. 
LOCALLY_DEFINED_AT2 VC(30) Locally defined attribute number 2. 
LOCALLY_DEFINED_AT3 VC(30) Locally defined attribute number 3. 
LOCALLY_DEFINED_AT4 VC(30) Locally defined attribute number 4. 
LOCALLY_DEFINED_AT5 VC(30) Locally defined attribute number 5. 
LOCALLY_DEFINED_AT6 VC(30) Locally defined attribute number 6. 
LOCALLY_DEFINED_AT7 VC(30) Locally defined attribute number 7. 
LOCALLY_DEFINED_AT8 VC(30) Locally defined attribute number 8. 
LOCALLY_DEFINED_AT9 VC(30) Locally defined attribute number 9. 
LOCALLY_DEFINED_AT10 VC(30) Locally defined attribute number 10. 
LOCATION VC(16) The location of the stand within a Region, Forest, and 


District. 
LONGITUDE_DEG N(3) Degree portion of the angular distance East or West of the 


prime meridian at Greenwich, England.  Stored in degrees. 
LONGITUDE_MIN N(2) Minute portion of the angular distance East or West of the 


prime meridian at Greenwich England.  Stored in minutes. 
LONGITUDE_SEC N(4,2) Second portion of the angular distance East or West of the 


prime meridian at Greenwich England.  Stored in seconds. 
LYNX_HABITAT VC(1) Lynx habitat code. 
MANAGEMENT_PRODUCTIVITY VC(1) An indicator of the mean annual increment of stand 


growth 
MANAGEMENT_TYPE_EV_CODE VC(50) Not used at this time 
MANAGEMENT_TYPE_EV_REF VC(30) Not used at this time 
MANAGEMENT_TYPE_SITE_ 
INDEX 


N(4,1) Not used at this time 


MANAGEMENT_TYPE_SI_ 
REFCODE 


VC(3) Not used at this time 


MANAGEMENT_TYPE_SI_ 
SPECIES 


VC(8) Not used at this time 


MEASUREMENT_DATE DATE Date the site was measured. 
MERCH_BOARD_GROSS N(13,4) Merchantable, gross board foot volume per acre.  For 


Region 9, is either the Scribner or International 1/4 board 
foot volume, depending on the forest. The Chippewa, 
Superior, Chequamegon-Nicolet, Ottawa, and Hiawatha get 
Scribner. All other forests get International 1/4. 


MERCH_BOARD_GROSS_SD N(15,4) Standard deviation of merch_board_gross  
MERCH_BOARD_GROSS_SE N(7,4) Standard error of merch_board_gross  
MERCH_BOARD_NET N(13,4) Merchantable, net board foot volume per acre. 
MERCH_BOARD_NET_SD N(15,4) Standard deviation of merch_board_net  
MERCH_BOARD_NET_SE N(7,4) Standard error of merch_board_net  
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NRV_PERM_CHAR (cont.) 


Name Size Description 
MERCH_CUBIC_GROSS N(11,4) Merchantable, gross cubic foot volume per acre.  For 


Region 9, this is the cubic foot volume in the sawlog 
portion of sawtimber trees. It does not include the 
topwood volume. It does not include pulpwood tree 
volume. 


MERCH_CUBIC_GROSS_SD N(13,4) Standard deviation of merch_cubic_gross. 
MERCH_CUBIC_GROSS_SE N(7,4) Standard error of merch_cubic_gross  
MERCH_CUBIC_NET N(11,4) Merchantable, net cubic foot volume per acre. 
MERCH_CUBIC_NET_SD N(13,4) Standard deviation of merch_cubic_net  
MERCH_CUBIC_NET_SE N(7,4) Standard error of merch_cubic_net  
MERIDIAN_CODE VC(2) The principal meridian, defined as the line from which the 


survey of township boundaries along the parallels is 
initiated.  This column is constrained by the codes in 
Nrv_principal_meridians. 


MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last 


modified. 
NFS_LAND_CLASS VC(3) Current land class used for NFS data.  A classification that 


indicates the basic land cover. 
PAG VC(7) Plant Association Group.  An aggregation of plant 


association groups with similar dominant plant species. 
PHOTO_ID VC(20) A unique ID for each photo, defined within a photo project. 
PRODUCTIVITY_CLASS VC(2) Range productivity class. 
PROJECT_NAME VC(25) Summary project name. 
PURPOSE_CODE VC(4) Code that represents the reason for the survey. 
PV_CODE VC(10) Potential vegetation for this site. 
PV_REF_CODE VC(10) Document from which the pv_code was obtained.  This 


column is constrained by the codes in 
Nvr_cover_references. 


RANGE_CAPABILITY VC(1) Range suitability is an indicator as to the ability of a given 
stand to support grazing by domestic (or at time, wild) 
ungulates.  Codes are: 
 


Code Description 
P Primary Range 
S Secondary Range 
T Transitory Range 
U Unsuitable Range 
R Non-Range 


 
 


RANGE_CONDITION VC(1) A rating for the site based on the amount of livestock 
forage present as compared with the largest quantity of 
forage that could exist on that site under current 
environmental conditions. 


RANGE_TREND VC(1) A resource value rating for range livestock forage condition. 
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NRV_PERM_CHAR (cont.) 
Name Size Description 
REFERENCE_DATE DATE Date of survey or measurement, which includes both field 


survey and photo interpretation. 
REFERENCE_DATE_ACCURACY VC(5) Accuracy of the date stored in reference_date. 


 
Code Description Use 
DAY Valid to the nearest day. All 
MON
TH 


Valid to the nearest month. All 


YEAR Valid to the nearest year. All 
EST Only an estimate. All 


 
 


REGEN_EV_CODE VC(10) Not used at this time 
REGEN_EV_CODE_REF VC(10) Not used at this time 
REGION_ADMIN VC(2) Administrative Region number. 
REGION_PROC VC(2) Proclaimed Region number. 
REMARKS VC(255) Remarks about this summary. 
RESIDUE_DESC_CODE VC(10) Document from which the fuel model was obtained or the 


residue description photo. 
RIPARIAN_POLYGON VC(1) Not used at this time 
SAF_COVER_TYPE VC(3) Society of American Foresters forest cover type code.  


These codes are numeric and up to 3 digits.  Example:  27 
= sugar maple. 


SECTION VC(2) Public Land Survey section where the site is located.  Valid 
numbers are 1-36. 


SETTING_ORIGIN VC(2) Not used at this time 
SETTING_SIZE N(8,4) Total area of the site, in acres. 
SITE_INDEX N(4,1) A measure of vegetative productivity, determined from the 


height of a tree at a specified index of base age. 
SITE_INDEX_REF VC(10) The reference for the data stored in site_index  
SITE_INDEX_SPP VC(8) The NRCS plant code of the tree from which data in 


ste_index was calculated. 
SLOPE N(3) Ratio, in percent, of vertical rise to horizontal distance for 


the site. 
SLOPE_POSITION VC(2) Primary position of a setting on a slope. 
SRM_COVER_TYPE VC(3) Society of Range Management rangeland cover type code.  


These codes are numeric and up to 3 digits.  Example:  216 
= montane meadows. 


STAND_CONDITION VC(2) Classification based on the dominant canopy layer, and the 
overall condition of the site. 


STAND_CONDITION_REF VC(30) Region code in the format ‘R08’ or ‘R09’ (only used for 
Regions 8 & 9) 


STAND_VSS VC(6) Stand vegetation structural stage 
STATE VC(2) State code where the site is located. 
STATE_PLANE_DATUM VC(10) Method of determination for latitude and longitude. 
STATE_PLANE_X N(12,3) The X-coordinate of the State Plane grid. 
STATE_PLANE_Y N(12,3) The Y-coordinate of the State Plane grid. 
STATE_PLANE_ZONE VC(10) The zone in which the State Plane exists. 
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NRV_PERM_CHAR (cont.) 


Name Size Description 
STOCKING_FLAG VC(1) Flag to indicate if the setting is currently stocked. 


Y = Yes the setting is currently stocked 
STOCKING_PERCENT N(3) The extent to which a given stand density meets a 


management objective, stored in percent. Valid values are 
0-999 


SUBCOMPARTMENT_NO VC(10) Subdivision of compartment. 
SUITABILITY VC(1) Lands suitable for timber production are those which are 


forested, capable of producing industrial wood, 
restockable, not likely to sustain irreversible damage, have 
adequate response information, and have not been 
withdrawn from timber production.  Codes are: 
 


Code Description 
N Non-forested land 
W Withdrawn from timber production 
I Land incapable of producing industrial 


wood 
T Irreversible damage likely to occur 
R Restocking cannot be assured 
O Adequate response information is lacking 
S Tentatively suitable for timber 


production 
 
 


SURVEY_UNIT VC(2) Forest Inventory and Analysis survey unit identification 
number.  Survey units are usually groups of Counties 
within each State. 


TIMBER_SUIT_RECOMMEND_ 
CODE 


VC(50) Not used at this time 


TIMBER_SUITABILITY_CODE VC(50) Not used at this time 
TIMBER_SUITABILITY_REF VC(30) Not used at this time 
TOTAL_CUBIC N(11,4) Nrv_setting_measurements.total_cubic 
TORCHING_INDEX N(3) 20-foot wind speed (mph) at which a surface fire is 


expected to ignite the crown layer. 
TOWNSHIP VC(5) Public Land Survey township where the site is located. 
TPA N(10,4) Number of live trees per acre in the site. 
TPA_CV N(13,4) Coefficient of variation of TPA column 
TPA_SD N(13,4) Standard deviation of TPA column 
TPA_SE N(7,4) Standard error of TPA column 
TREE_LAYER_STRUCTURE VC(2) Number of tree layers in the site. 
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NRV_PERM_CHAR (cont.) 
Name Size Description 
TREE_SIZE_CLASS VC(2) Not currently filled, but the intent is to list the tree size 


class that has the plurality of basal area in the setting, where 
the tree classes are: 


1. ‘SAWT’  =  sawtimber stands   
(BA/ac of 9+” diameter trees >= BA/ac of 5-8.9” 


trees or plurality of BA/ac is in trees 
>= 9” diameter). 


2. ‘POLE’  =  poletimber stands 
(plurality of BA/ac is in trees 5-8.9” diameter) 


3.  ‘SEED’ =  seedling/sapling stands 
(plurality of BA/ac is in trees < 5”). 


4.  ‘NONS’ =  nonstocked  
(Less than 10% stocked with trees). 


There is some discussion of developing size classes for 
shrubs, and, perhaps, herbaceous vegetation, but a 
national consensus is pending. 


USGS_LANDUSE2 VC(2) United States Geological Survey land use land cover code.  
A 2-digit numeric code such as “11” for residential, “41” 
for deciduous forestland or “72” for beaches. 


UTM_DATUM VC(10) Method of determination for recording UTM coordinates. 
FIA plots use the NAD83 datum. 


UTM_EASTING N(6) Easting, for the southwest corner of the UTM grid cell 
encompassing the setting.  Stored in meters. 


UTM_NORTHING N(7) Northing, for the southwest corner of the UTM grid cell 
encompassing the setting.  Stored in meters. 


UTM_ZONE N(2) UTM zone. 
YEAR_OF_ORIGIN N(4) Calendar year the site was planted or created.  This value 


is determined from the mean age of the dominant and 
codominant trees in the site. 


 
 


NRV_PERM_GRP_BY 
This table contains legacy summary data.  This table is similar to Nrv_group_by. 
 


Name  Size  Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 
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NRV_PERM_GRP_BY (cont.) 


Name Size Description 
CREATED_IN_INSTANCE 


Required 
N(6) The database server ID where the record was created. 


GROUP_1 
Required 


VC(20) The name of grouping class number 1. 


PERM_CHAR_CN 
Required 


VC(34) A foreign key to Nrv_perm_char. 


SUBGROUP_1 
Required 


VC(30) The name of subgroup number 1. 


USER_OPS_ACCT 
Required 


VC(30) The OPS$ account number of the user who created the 
summary. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


ANN_INCR_PER N(8,4) Periodic annual increment.  Volume of tree growth, in 
cubic foot volume per acre, over a period divided into the 
number of years in the period. 


ANN_INCR_PER_LEN N(3) Number of years used in calculating ann_incr_per. 
BASAL_AREA N(8,4) Basal area per acre, in square feet. 
BASAL_AREA_CV N(13,4) Coefficient of variation of basal_area  
BASAL_AREA_SD N(13,4) Standard deviation of basal_area  
BASAL_AREA_SE N(7,4) Standard error of basal_area  
CONE_SEROTINY VC(1) Percent of cones that are serotinous. 
CROWN_DIAMETER N(4,1) Crown diameter, in feet. 
CROWN_RATIO_COMP N(3) Compacted live crown ratio, in percent. 
CROWN_RATIO_UNC N(3) Uncompacted live crown ratio, in percent. 
DATA_METHOD VC(30)  


Code Description Use 
SE Stand exam All 
PI Photo interpretation All 


 
 


DECAY_CLASS VC(1) Current condition of the down woody material. 
DIAMETER N(7,4) The average or quadratic mean diameter, in inches. 
DIAMETER_TYPE VC(4) The type of computed diameter value used to characterize 


the group by class: 
 QMD = quadratic mean diameter 
 AVG = average diameter 


DISTRIBUTION_TYPE VC(1) The type of distribution of a grouping across a site. 
DOMINANT_SPECIES VC(8) The species with the most cover or basal area. 
FUEL_WEIGHT N(7,4) Fuel loading, in tons per acre. 
GEOGRAPHICAL_AREA VC(5) Geographical area code for locations not on a Forest 


Service site. 
GIS_LINK VC(26) The identifier to link the site to a Geographic Information 


System (GIS) coverage. 
HEIGHT_GROWTH N(4,1) The mean annual height growth, in feet. 
HEIGHT_LENGTH_AVG N(4,1) The average height or length, in feet. 
HEIGHT_LENGTH_MAX N(4,1) The tallest height or longest length, in feet. 
HEIGHT_LENGTH_MIN N(4,1) The shortest height or length, in feet. 
LANDFORM VC(2) The average site landform (e.g., convex, concave). 
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NRV_PERM_GRP_BY (cont.) 
Name Size Description 
LAYER_HT_MAX N(3) Vertical distance, in feet, from ground level to the top of 


the layer. 
LAYER_HT_MIN N(3) Vertical distance, in feet, from ground level to the bottom 


of the layer. 
LOCAL_AT6_DESCRIPTION VC(80) Description of local attribute number 6. 
LOCAL_AT7_DESCRIPTION VC(80) Description of local attribute number 7. 
LOCAL_AT8_DESCRIPTION VC(80) Description of local attribute number 8. 
LOCAL_AT9_DESCRIPTION VC(80) Description of local attribute number 9. 
LOCAL_AT10_DESCRIPTION VC(80) Description of local attribute number 10. 
LOCALLY_DEFINED_AT6 VC(30) Locally defined attribute number 6. 
LOCALLY_DEFINED_AT7 VC(30) Locally defined attribute number 7. 
LOCALLY_DEFINED_AT8 VC(30) Locally defined attribute number 8. 
LOCALLY_DEFINED_AT9 VC(30) Locally defined attribute number 9. 
LOCALLY_DEFINED_AT10 VC(30) Locally defined attribute number 10. 
MERCH_BOARD_GROSS N(13,4) Merchantable, gross board foot volume per acre. 
MERCH_BOARD_NET N(13,4) Merchantable, net board foot volume per acre. 
MERCH_CUBIC_GROSS N(11,4) Merchantable, gross cubic foot volume per acre.  For 


Region 9, this is the cubic foot volume in the sawlog 
portion of sawtimber trees. It does not include the 
topwood volume. It does not include pulpwood tree 
volume. 


MERCH_CUBIC_NET N(11,4) Merchantable, net cubic foot volume per acre. 
MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last 


modified. 
NO_OF_PIECES N(5) Number of similar down woody pieces per acre. 
NOXIOUS_WEED VC(1) Flag indicating this plant is considered a noxious weed in 


the political unit. 
PLANTS N(9,4) Number of plants per acre. 
PLANTS_CV N(13,4) Coefficient of variation of the Plants column. 
PLANTS_SD N(13,4) Standard deviation of the Plants column. 
PLANTS_SE N(7,4) Standard error of the Plants column. 
PLANT_COVER N(4,1) Total cover, in percent, of all plants.  This is the percent of 


the unit covered by the vertical projection of live plants.  
Overlapping foliage is counted once. 


RADIAL_GROWTH N(3) Periodic change, in 20ths of an inch, in the bole radius 
over a time period.  


RADIAL_GROWTH_PERIOD N(3) Time period, in years, for the data in radial_growth  
SHRUB_SHAPE VC(1) A shrub shape. 
SHRUB_SIZE VC(1) Size class of shrub lifeforms that make up the majority of 


the shrub vegetation. 
SHRUB_VIGOR VC(1) A condition of shrub health or productivity. 
SNAGS N(9,4) The number of snags per acre. 
SPECIES_SYMBOL VC(8) The NRCS PLANTS code of the species represented by this 


record.  For example, PSME = Pseudotsuga menziesii  
TE_SPECIES VC(1) Flag indicating a threatened, endangered, or sensitive 


species. 
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NRV_PERM_GRP_BY (cont.) 


Name Size Description 
TOTAL_CUBIC N(11,4) Computed.  Total cubic foot volume per acre of this class.  


Representing the total ground-to-tip cubic foot volume of 
the main stem (does not include branches or foliage) of 
trees.  This is a gross volume that is not associated with 
merchandising rules so it does not have a net volume 
counterpart.   


TREE_SIZE_CLASS VC(2) Not currently filled, but the intent is to list the tree size 
class with the plurality of basal area in the setting, where 
the tree classes are: 


1. ‘SAWT’  =  sawtimber stands   
(BA/ac of 9+” diameter trees >= BA/ac of 5-
8.9” trees or plurality of BA/ac is in trees >= 
9” diameter). 


2. ‘POLE’  =  poletimber stands 
(plurality of BA/ac is in trees 5-8.9” 
diameter) 


3.  ‘SEED’ =  seedling/sapling stands 
(plurality of BA/ac is in trees < 5”). 


4.  ‘NONS’ =  nonstocked  
(Less than 10% stocked with trees). 


There is some discussion of developing size classes for 
shrubs, and, perhaps, herbaceous vegetation, but a 
national consensus is pending. 


VEG_CLASS VC(2) Flag indicating the live/dead and standing/down status. 
VIGOR VC(1) A classification that describes the overall health, vigor, and 


maturity of tree crowns. 
WEIGHT N(7,4) Weight, in pounds per acre. 
YEAR_OF_ORIGIN N(4) The year when the majority of plants within a class were 


established. 
 
 


NRV_PERM_MGMT_DIRECTION 
This table describes summary data management direction. Much of this data is entered by 
the user in the “Summary/Perm/Permanent Management Direction” data input form. 
 


Name  Size  Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


PERM_CHAR_CN 
Required 


VC(34) A system generated foreign key to Nrv_perm_char 
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NRV_PERM_MGMT_DIRECTION (cont.) 
Name Size Description 
VPDUNIT_ID 


Required 
VC(10) Code which lets a user access specific data in the database.  


In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


GIS_LINK VC(26) The identifier to link the site to the Geographic 
Information System (GIS) coverage. 


MGMT_DIR VC(20) Short code to describe the management direction.  
MGT_DIR_ALIAS VC(20) Management direction name.  
MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last 


modified. 
 
 


NRV_PERM_POLY_DISTURBANCES 
This table describes summary data disturbances. Much of this data is entered user in the 
“Summary/Perm/Permanent Poly Disturbances” data input form. 
 


Name  Size  Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


AGENT_CODE VC(3) Disturbance agent code.  Example:  the southern pine 
beetle is code “003” under category 11, and the looper is 
code “003” under category 12.  This column is constrained 
by the codes in Nrv_disturbance_agents. 


CATEGORY_CODE VC(2) Disturbance category code.  Example: root disease is 
category “21”.  This column is constrained by the codes in 
Nrv_disturbance_categories. 


DAMAGE_PERCENT N(3) Percent of the site affected by the damage. 
DATE_ACCURACY VC(5) The accuracy of the date stored in disturbance_date. 


 
Code Description Use 
DAY Valid to the nearest day. All 
MONTH Valid to the nearest month. All 
YEAR Valid to the nearest year. All 
EST Only an estimate. All 
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NRV_PERM_POLY_DISTURBANCES (cont.) 


Name Size Description 
DISTURBANCE_DATE DATE The date the site was disturbed.  If date is not known enter 


the year and/or month that is known. 
EFFECT_CODE VC(3) The effect of damage on the site.  This Name is constrained 


by the codes in Nrv_physical_effects 
EFFECT_SEVERITY VC(3) Severity of the damage effect.  Stored in percent. 
MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last 


modified. 
PERCENT_AFFECTED N(3) Percent of plants affected by disturbance. 
PERM_CHAR_CN VC(34) A foreign key to Nrv_perm_char. 
PERM_GRP_CN VC(34) A foreign key to Nrv_perm_grp. 
PLANTS_DAMAGED N(5) The number of plants, per acre, affected by a disturbance. 
SEVERITY_RATING_CODE VC(6) Severity of the disturbance to the site.  This column is 


constrained by the codes in Nrv_severity_ratings. 
 
 


NRV_PLOT_COUNTS 
This table contains tallies of plots, used to aggregate data.  These tallies refer to the actual 
number of plots installed and the standard number of plots installed for a design.  A record 
must exist in Nrv_setting_measurements and optionally in Nrv_sample_designs, before 
entering a record in this table. 
 


Name Size Description 
CN 


Required 
VC(34)  A system generated sequence number to uniquely identify 


a row of data in this table. 
SETMEAS_CN 


Required 
VC(34) Foreign key to Nrv_setting_measurements. 


CREATED_BY 
Required 


VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


COUNT_DESCRIPTION  VC(30)  Description of the data stored in the record and how it is 
used. 
Example:  PLOTS PER STAND 
 SUBPLOTS PER PLOT 


DESIGN_CN  VC(34)  Foreign key to Nrv_sample_designs. 
MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
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Name Size Description 
PLOTS_INSTALLED  N(4) Sample elements at this record level per the next higher 


level.  For example, three plots may be installed within a 
setting, or 7 subplots installed within a plot. 


PLOTS_WITH_PLANTS  N(4) This column is no longer used. 
ROW_ACCESS_CODE VC(6) Control field to support row level access. 
STANDARD_NO_PLOTS  N(4) The number of plots that should be, by design, installed. 


 


NRV_REFERENCE_POINTS 
This table describing reference points used to locate the setting.  This table may contain 
descriptions of reference points, supplemental reference points, and witness trees used to 
facilitate plot location.  There can be multiple reference point records for each setting 
record.  A record must exist in Nrv_setting_measurements before entering a record in this 
table. 
 


Name Size Description 
CN 


Required 
VC(40) A system generated sequence number to uniquely identify 


a row of data in this table. 
SETMEAS_CN 


Required 
VC(34) Foreign key to Nrv_setting_measurements. 


CREATED_BY 
Required 


VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE N(6) The database ID where the record was created. 
VPDUNIT_ID 


Required 
VC(10) Code which lets a user access specific data in the database.  


In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


AZIMUTH N(3) Azimuth to plot center (for a reference point), or the 
azimuth to corner (for a witness tree), or the azimuth to a 
supplemental reference point (for supplemental points). 


AZIMUTH_CORNER N(3) The azimuth, in degrees, from the subplot, microplot, 
annular, or hectare plot center to a corner or curve in a 
boundary.  If a boundary is best described by a straight line 
between two circumference points, then record 000 for 
corner azimuth (000 = none).   


AZIMUTH_LEFT N(3) The azimuth, in degrees, from the subplot, microplot, 
annular, or hectare plot center to the farthest left point 
(facing the contrasting condition class) where the boundary 
intersects the subplot, microplot, annular, or hectare plot 
circumference. 


AZIMUTH_FROM_NAVIGATED_ 
PLOT 


N(3) Azimuth from the plot you came from to this plot. 


AZIMUTH_RIGHT N(3) The azimuth, in degrees, from the subplot, microplot, 
annular, or hectare plot center to the farthest right point 
(facing the contrasting condition class) where the boundary 
intersects the subplot, microplot, annular, or hectare plot 
circumference. 
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NRV_REFERENCE_POINTS (cont.) 


Name Size Description 
BOUNDARY_CHANGE VC(1) For re-measurement locations only.  The relationship 


between previously recorded and current boundary 
information. 
 
Code Description Use 
0 No change - boundary is the same 


as indicated on plot map by a 
previous crew. 


 


1 New boundary, or boundary data 
has been changed to reflect an 
actual on-the-ground physical 
change resulting in a difference 
from the boundaries recorded. 


 


2 Boundary has been changed to 
correct an error from previous 
crew. 


 


3 Boundary has been changed to 
reflect a change in variable 
definition. 


 


 
 


CONTRASTING_CONDITION VC(1) The condition class number that contrasts with the 
condition class located at the subplot center (for 
boundaries on the subplot, annular or hectare plot) or at 
the microplot center (for boundaries on the microplot), e.g. 
the condition class present on the other side of the 
boundary line.  


CORNER_DIRECTION VC(2) To help in locating plot, a square plot will have each corner 
identified. 
 


Code Description Use 
NE Northeast  
NW Northwest  
SW Southwest  
SE Southeast  


 
 


DIAMETER N(6,3) Diameter of the reference tree, stored in inches. 
DIAMETER_HEIGHT N(7,4) Height above ground, where the diameter was measured.  


For example: 4.5 implies a DBH (Diameter breast height) 
measurement at 4.5 feet above ground, and 0 implies a 
DRC (diameter at root collar) measurement at ground 
level.  Stored in feet. 


DIAMETER_METHOD  VC(2)  Method used to measure tree diameter in the Diameter 
column. 
 


Code Description Use 
M Measured  
E Estimated  
C Calculated  
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NRV_REFERENCE_POINTS (cont.) 
Name Size Description 
DISTANCE N(8,3) Distance to plot center or plot corner (for reference trees), 


distance to plot center (for Reference Points), or distance 
to another reference point (for Supplemental Reference 
Point). 


DISTANCE_CORNER N(5,2) The horizontal distance, to the nearest foot, from the 
subplot, mircoplot, annular, or hectare pot center to a 
boundary corner point.  Valid values for microplot (1 to 7 
ft), subplot (1 to 24 ft), annular plot (1 to 59 ft), hectare 
plot (1 to 185 ft). 


DISTANCE_FROM_NAVIGATED_
PLOT 


N(8,3) Distance from the plot you came from to this plot. 


DISTANCE_METHOD VC(2) Method used to measure distance from the plot center to 
the tree. 
 


Code Description Use 
C Plot center to tree center, 


horizontal distance 
 


UC Plot center to tree center, 
uncorrected slope distance 


 


F Plot center to tree face, 
horizontal distance 


 


UF Plot center to tree face, uncorrected 
slope distance 


 


 


 
MAPCOND_CN VC(34) Foreign key to Nrv_fia_mapped_conditions. 
MARKER_TYPE VC(4) Type of location marker. 


 


Code Description Use 
TREE Witness tree  
RP Reference point  
SRP Supplemental reference point 


(way point) 
 


 


 
MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
MONUMENT_TYPE VC(1) Whether it is the first (X) or second (Y) of the two required 


witness trees. 
ON_PLOT_FLAG VC(1) Is the witness tree, reference point, or supplemental 


reference point on the sample plot? 
Y = yes 


PLOT_NAVIGATED_FROM VC(4) Indicates the plot number of the plot that you came from. 
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NRV_REFERENCE_POINTS (cont.) 


Name Size Description 
PLOT_TYPE VC(1) The type of boundary data for a subplot, microplot, or 


annular plot.  If no boundaries are recorded for a subplot, 
enter one record with PLOT TYPE = 0. 
 


Code Description Use 
0 No boundaries are recorded for 


the subplot  
PNW 


1 Subplot boundary  
2 Microplot boundary  
3 Macro plot boundary  
4 Hectare plot boundary (from subplot 


1 only)  
PNW 


 


  
REFERENCE_NO VC(5) Each type of reference point (witness tree, reference point, 


or supplemental reference point) is given a unique 
number. 
Example: combining marker code and reference number 
gives TREE1, TREE2, RP1, SRP1, SRP2, etc. 


REMARKS VC(255) Remarks relevant to the marker.  An example is the type of 
marker if it is not a tree. 


ROW_ACCESS_CODE VC(6) Control field to support row level access. 
SPECIES_SYMBOL VC(8) The NRCS PLANTS code of the species represented by this 


record.  For example, PSME = Pseudotsuga menziesii.  
Constrained by values in  the appropriate TAXA table.  


TAG_ID VC(5) The number physically attached or assigned to a witness 
tree. 


TRAVEL_DESC VC(500) Travel description to the plot or travel description to the 
witness tree. 


WITNESS_TYPE VC(2) Constrained by NRV_WITNESS_TYPES reference table. 
 
 


NRV_SAMPLE_DESIGNS 
This table describes a sample design used during data collection.  This table may contain 
the description of sampling rule identifiers uniquely identifying the sampling design used 
during data collection.  There can be multiple sample designs in each setting measurement, 
one per sample design rule.  A record must exist in Nrv_setting_measurements before 
entering a record in this table. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 
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NRV_SAMPLE_DESIGNS (cont.) 
Name Size Description 
SETMEAS_CN 


Required 
VC(34) Foreign key to Nrv_setting_measurements. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


SAMPLE_DESIGN_TYPE VC(6) Not currently Used.   
LENGTH N(6,3) Measure of the extent along the greatest dimension of a 


rectangular or square plot.  Stored in feet. 
MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
PURPOSE_CODE VC(4) Not currently used 
REMARKS VC(255) Remarks relevant to the sample design. 
ROW_ACCESS_CODE VC(6) Control field to support row level access. 
SAMPLE_EXPANSION_FACTOR N(9,4) The expansion factor corresponds to 


selection_method_type column.  It is used to convert tree 
or piece data to a per-unit-area basis (acres).  The 
expansion factor is dependent on the selection method 
selected. 
 
Selection Method Expansion Factor 
 FRQ inverse of the fixed area plot 
 BAF basal area factor of the variable radius plot 
 DBH horizontal line factor 
 TRN length of fixed transect line expressed as a 
horizontal distance 
 VTR length of variable transect line 
 HSQ vertical point factor used 
 HTS vertical line factor used 


SAMPLE_RULE_NO VC(3) Unique number to label the different rules within a sample 
design.  This number is defined regionally. 
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SELECTION_METHOD_TYPE VC(3) Method by which trees, shrubs, grasses or debris were 
selected: 
 


Code Description Use 
FRQ Frequency for fixed area plots or 


linear strip plots. 
CSE 


BAF Basal area factor for a variable radius 
plot. 


CSE 


TRN Fixed length transect line. CSE 
DBH Horizontal line sample—a form of 


polyareal plot sampling 
(analogous to variable radius or 
Horizontal Sampling) where the 
sampled trees are selected by 
projecting horizontal angle at 
right angles to a line.  The plot 
associated with any given tree is 
rectangular and its area (or width) 
is a linear function of tree 
diameter. 


 


VTR Variable length transect line.  
HSQ Vertical point sample—a form of 


polyareal plot sampling (analogous to 
variable radius or Horizontal Point 
Sampling) where the sampled trees 
are selected by projecting a vertical 
angle around a point.  The plot 
associated with any given tree is 
circular and its area (or radius 
squared) is a linear function of tree 
height squared. 


 


HTS Vertical line sample—a form of 
polyareal plot sampling 
(analogous to variable radius or 
Horizontal Point Sampling) where 
the sampled trees are selected by 
projecting a vertical angle at right 
angles to a line.  The plot 
associated with any given tree is 
rectangular and its area (or width) 
is a linear function of tree height. 


 


MIC Microplot (Daubenmire range plots).  
MAC Macroplot (Daubenmire range plots).  
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NRV_SAMPLE_DESIGNS (cont.) 
Name Size Description 
SETTING_DESIGN_CODE VC(4) FIADB Plot Table variable.  The type of plot design used to 


collect data. 
 
       1 = National FIA mapped plot design with 4 fixed-
radius subplots 
100-199 = Northeastern Station designs 
200-299 = Southern Station designs 
300-399 = North Central Station designs 
400-499 = Rocky Mountain Station designs 
500-599 = Pacific Northwest Station designs 
600-699 = Alaska designs 


TRANSECT_AZIMUTH N(3) Azimuth used to establish the transect line. 
WIDTH N(6,3) The measurement of the extent from side to side of a 


rectangular or square plot.  Stored in feet. 
 
 


NRV_SELECTION_CRITERIA 
This table describes the selection criteria used during data collection.  This table contains 
descriptions of unique subpopulations.  There can be multiple selection criteria for each 
sample design record within a setting.  A record must already exist in Nrv_sample_designs 
before entering a record in this table. 
 


Name Size Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


DESIGN_CN  
Required 


VC(34)  Foreign key to Nrv_sample_designs. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
ROW_ACCESS_CODE VC(6) Control field to support role level access. 
SELCRIT_CN_OF  VC(34) Foreign key to Nrv_selection_criteria for recursive columns.   


This column is NOT currently used and should NOT be 
populated.  Contact the FSVeg staff for proper 
implementation of recursive functionality in this table.  
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NRV_SELECTION_CRITERIA (cont.) 


Name Size Description 
SELECTION_CRITERIA_NO 


Required 
VC(3) A number to label each selection criteria record within an 


inventory.  This number is usually unique for each 
selection criteria record in an inventory.  If two or more 
selection criteria, within the same inventory, share the 
same selection criteria number, then they are linked by an 
implied “AND” condition; and hence a sample item must 
meet ALL of the linked selection criteria in order to be 
sampled. 


SUBPOP VC(3) Characteristic used to define the sampled population. 
 


Code Description Use 
DBH Diameter at breast height CSE 
DRC Diameter at root collar CSE 
HGT Height CSE 
CVR Percent of vegetation cover CSE 
SVC Percent of ground surface cover CSE 
LGT Length  CSE 
DIA Diameter at midpoint or intersection CSE 
DMG Tree damage category CSE 
SPP Species CSE 
STS Tree class  


 


 
SUBPOP_CODE_VALUE  VC(8) Subpopulation characteristic code.  This value is used in 


conjunction with the “SUBPOP” value to further define the 
sampled population. 
 
SUBPOP Valid SUBPOP_CODE_VALUES 
CVR LIVE, DEAD, ALL 
DBH LIVE, DEAD, ALL, DOWN, HARD*, SOFT* 
DIA LIVE, DEAD, ALL, DOWN, STUMPS 
DMG a disturbance category code from 


NRV_Disturbance_Agents 
DRC LIVE, DEAD, ALL, DOWN, CLUMPS, HARD*, 


SOFT* 
HGT LIVE, DEAD, ALL 
LGT LIVE, DEAD, ALL, DOWN 
SPP a Species Symbol from the tree TAXA table* 
STS LIVE, DEAD, ALL, STUMPS, CLUMPS, DOWN 
SVC not used for this SUBPOP code 
 
* Can be used with ‘-L, ‘-D,’ and ‘-A’ suffixes to denote 
standing live, standing dead, and all standing live and dead, 
respectively, but are not used with CSE. 


SUBPOP_MAX_VALUE N(13,4) Maximum value for the subpopulation characteristic.  If the 
Subpop column is DBH, DIA, DRC, LGT, or HGT, enter the 
maximum value.  DBH, DIA, and DRC are stored in inches.  
LGT and HGT are stored in feet. 


SUBPOP_MIN_VALUE 
Required 


N(13,4) Minimum value for the subpopulation characteristic.  If the 
Subpop column is DBH, DIA, DRC, LGT, or HGT, enter the 
minimum value. 
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NRV_SELECTION_CRITERIA (cont.) 
Name Size Description 
TALLY_FLAG VC(1) Was the subpopulation data collected with a tally count (i.e., 


diameter and height were not recorded, but species and tree 
count were)? 
 
Y = Data was collected via a tally method. 


 
 


NRV_SETTING_DISTURBANCES 
This table describes setting disturbances.  There can be multiple setting disturbance 
records for each setting record.  A record must already exist in Nrv_setting_measurements 
before entering a record in this table. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number to uniquely identify a 


row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


SETMEAS_CN 
Required 


VC(34) Foreign key to Nrv_setting_measurements. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


AGENT_CODE  VC(3) Disturbance agent code.  Example:  the southern pine beetle 
is code “003” under category 11, and the looper is code “003” 
under category 12.  This column is constrained by the codes 
in Nrv_disturbance_agents. 


CATEGORY_CODE VC(2) Disturbance category code.  Example: root disease is 
category “21”.  This column is constrained by the codes in 
Nrv_disturbance_categories. 


DAMAGE_PERCENT N(3) Percent of the setting affected by a disturbance agent. 
DATE_ACCURACY VC(5) Indicates the accuracy of the disturbance date. 


 
Code Description Use 
DAY Valid to the nearest day  
MONTH Valid to the nearest month  
YEAR Valid to the nearest year  
EST Only an estimate  


  
DISTURBANCE_DATE DATE The date (day, month, year) in which the disturbance activity 


occurred.  The format is 2-digit day, 3-character month 
abbreviation (JAN-DEC), and 4-digit year. 


EFFECT_CODE VC(3) Physical disturbance effect code.  This column is constrained 
by the codes in Nrv_physical_effects. 
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NRV_SETTING_DISTURBANCES (cont.) 


Name Size Description 
EFFECT_SEVERITY VC(3) All effects have a severity from 1-100, which indicates the 


percent of the setting affected by an effect, except for effect 
codes of 12 and 22, which use only a “1” (minor, affecting 
growth) or a “2” (severe, survivability) severity. 


MAPCOND_CN VC(34) Foreign key to Nrv_fia_mapped_conditions. 
MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
ROW_ACCESS_CODE VC(6) Control field to support row level access. 
SEVERITY_RATING_CODE  VC(6) Disturbance severity rating codes.  These codes estimate the 


severity of a specific disturbance to the plot.  This column is 
constrained by the codes in Nrv_severity_ratings. 


 
 


NRV_SETTING_HISTORIES 
This table describes setting and plot activity history.  There can be multiple history records 
for each setting or plot record.  A record must already exist in Nrv_setting_measurements 
before entering a record in this table. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


HISTORY_CODE  
Required 


VC(6) History code.  These codes relate to common forest 
management activities.  The codes came from the 
TIM/FACTS effort and may be changing over time.  This 
column is constrained by the codes in Nrv_history_codes. 


SETMEAS_CN  
Required 


VC(34) Foreign key to the table Nrv_setting_measurements. 
 


DATE_ACCURACY  VC(5) Indicates the accuracy of the history date. 
 


Code Description Use 
DAY Valid to the nearest day  
MONTH Valid to the nearest month  
YEAR Valid to the nearest year CSE 
EST Only an estimate  


 
 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 
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NRV_SETTING_HISTORIES (cont.) 
Name Size Description 
HISTORY_DATE DATE  The date (day, month, year) in which the activity occurred.  


The format is 2-digit day, 3-character month abbreviation 
(JAN-DEC), and 4-digit year.   


MAPCOND_CN VC(34) Foreign key to Nrv_mapped_conditions. 
MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
ROW_ACCESS_CODE VC(6) Control field to support row level access. 


 
 


NRV_SETTING_MEASUREMENTS 
This table contains columns describing the setting.  There should be one record per setting. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


ACRES_GIS N(10,2) Total area of the setting, computed by the GIS.  Examples:  
If measuring a stand, it is the size of the stand, if 
measuring on a grid; it is the area of the sample (cluster or 
plot).  This is not to be confused with the area expansion 
factor for a plot or stratum etc.  Stored in acres. 


AGENCY VC(4) Governing agency.  This column is constrained by the 
codes in Nrv_owner_agency_codes. 


AIRPH_CN VC(34) Foreign key to Nrv_aerial_photos.  This will identify the 
aerial photo associated with this setting. 


ARCHIVE_DATE DATE The date the record was archived 
ARCHIVE_FLAG VC(1) Flag to indicate that this setting measurement record does 


not represent the current status of the vegetation.  The 
setting vegetation has been altered by an event such as fire 
or harvest.  This flag is also used when the setting 
measurement record has been replaced with a more 
recently obtained record. 
 
Y = Yes, this is an archived record. 
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NRV_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
ASPECT N(3) General direction of downslope, in degrees azimuth, which 


the setting faces. 
    0 = flat 
360 = north 
999 = Indeterminate, undulating, or no predominant 


slope 
AZIMUTH N(3) The direction, going clockwise from due North, to some 


object.  Valid values are from 0 (due North) to 360 where 
180 is due south.  This column was added to support FIA 
data during analysis of FIA datasets.  It is unclear how this 
will be used in the future. 


AZIMUTH_TO_PLOT_CENTER N(3) The azimuth from the location where coordinates were 
collected to actual plot center.  If coordinates are collected 
at plot center, record 000.  Valid values are 000 to 360. 


 BUFFER_FLAG VC(1) Flag to indicate if there is a buffer of similar condition and 
treatment around the plot. 
 
Y = Yes, there is a buffer. 


BUFFER_WIDTH N(6,2)  Average width of the buffer of similar condition and 
treatment around the plot.  Stored in feet. 


CANOPY_CLOSURE N(3) Amount of the setting covered by the crowns of trees.  
Stored in percent. 


CANOPY_CLOSURE_METHOD VC(2) Method used to determine canopy closure. 
 


Code Description Use 
M Measured  
E Estimated  
C Calculated  


 
 


CAPABLE_GROW_AREA_PCT N(3) The area capable of growing trees.  Stored in percent. 
COLLECTOR_VERSION VC(15) The version of the PDR software used to collect the data. 


 
The PNW Regional data will store the 
DATA_RECORDER_NUMBER in this field.  This field will 
only be populated at the parent record of the setting not 
the child record.  PNW manual version # will start with 
1.0.0 at the beginning of the field season.  If minor 
modifications to the data recorder program are made in 
response to changes in field procedures or programming 
requirements, the z field will be changed to z+1.  If more 
significant changes are made, the y field will be changed to 
y+1.  The first field (x) will be changed only in the event of 
a major modification to the program. 


COMPARTMENT_NO VC(10)  Division of forest for purposes of orientation, 
administration, and silvicultural operations.  It is defined 
by permanent boundaries, of natural features or 
artificially marked. This field is only populated for legacy 
data. For stand exam data use the location field. 


CONDITION_STATUS_CHANGE VC(1) RMRS Condition Class VARIABLE.  See RMRS Field manual 
for a definition of the four valid codes: 1, 2, 3, and 4. 
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NRV_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
CONSEC_PT_NUM VC(8) For FIA use.  Each FIA plot has a unique point number to 


locate the plot on a quad map.  The combination of state, 
plot, and point number uniquely identifies a plot and its 
location within a state. 


COUNTY VC(3) Numeric County code where the setting is located. 
CYCLE_LENGTH N(2) Cycle length.  The number of years needed to complete all 


five panels.  The 1998 Farm Bill contained an unfunded 
mandate that annual inventories be conducted with a 
completion of the five panels in 5 years. Due to limited 
funding the cycle length often exceeds five years, especially 
in the west and Alaska. 


CYCLE_PREVIOUS N(2) Previous inventory cycle number.  Identifies the most recent 
prior cycle number. 


CYCLE_NUMBER N(2) FIADB Survey Table variable.  Inventory cycle number.  
For example, a 4 shows the data came from the fourth 
inventory of that State.  A cycle number greater than 1 
does not necessarily mean that information for previous 
cycles resides in the database. 


DATA_CODE_1 VC(16)  Used to record alphanumeric information specific to a 
particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_1_DEFINITION VC(160) Define the value stored in data_code_1. 
DATA_CODE_2 VC(16)  Used to record alphanumeric information specific to a 


particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_2_DEFINITION VC(160) Define the value stored in data_code_2. 
DATA_CODE_3 VC(16)  Used to record alphanumeric information specific to a 


particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_3_DEFINITION VC(160) Define the value stored in data_code_3. 
DATA_CODE_4 VC(16)  Used to record alphanumeric information specific to a 


particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_4_DEFINITION VC(160) Define the value stored in the data_code_4. 
DATA_NUM_1 N(7,2)  Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_1_DEFINITION VC(160) Define the value stored in the data_num_1. 
DATA_NUM_2 N(7,2)  Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_2_DEFINITION VC(160) Define the value stored in the data_num_2. 
DATE_ACCURACY VC(5) Record the accuracy of the value in measurement_date. 


 
Code Description Use 
DAY Valid to the nearest day CSE 
MONTH Valid to the nearest month  
YEAR Valid to the nearest year  
EST Only an estimate  
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NRV_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
DECLINATION N(5,1) The azimuth correction used to adjust magnetic north to 


true north.  All azimuths are assumed to be magnetic 
azimuths unless otherwise designated.  This field is used 
only where units are adjusting azimuths to correspond to 
true north; for units using magnetic azimuths, this field 
will always be set to “0” in the office.  This field carries a 
decimal place because the USGS corrections are provided 
to the nearest half-degree.  Declination is defined as True 
North - Magnetic North. 


DISTANCE_TO_PLOT_CENTER N(4) The horizontal distance, in feet, from the location where 
the coordinates were collected to the actual plot center.  If 
coordinates are collected at plot center, the value is 000. 


DISTRICT_NO VC(2) Ranger district number of the administrator or owner for 
the setting (sample location). 


ECOREGION VC(7) Stores regional and sub-regional ecological units 
(subsections) that nest within, and refine successively 
larger ecological units (Bailey et. al 1995 revised) 
developed according to the classification scheme of the 
National Hierarchical Framework of Ecological Units 
(Avers et. Al. 1994).  Subsections for the Eastern United 
States are documented in Keys, James E. et. al. 1995.  This 
code includes an optional 1-character for mountain, 1-
digit for domain, 1-digit for division, 1-digit for province, 
1-character for section, and 1-character for subsection.  
For example; the code M212Bd is decoded as M = 
mountain, 2 = humid temperate domain, 1 = warm 
continental Regime Mountains division, 2 = Adirondack-
New England Mixed Forest - Coniferous Forest-Alpine 
meadow province, B = New England Piedmont section, and 
d = Hillsboro Inland Hills and Plains subsection. 


ELEVATION N(6,1) Height above sea level.  Stored in feet. 
ELEVATION_METHOD VC(2) How the elevation was derived. 
EV_CODE VC(10) Existing vegetation code for this setting.  This column is 


constrained by the codes in Nrv_ev_cover_types. 
EV_REF_CODE VC(10) Document from which the ev_code was obtained.  This 


column is constrained by the codes in 
Nrv_cover_references. 


FIRE_INFO_FK VC(34) Foreign key to Nrv_fire_info.  Indicates what, if any, fire is 
associated with a given setting record. 


FOREST_ADMIN VC(2) Administrative Forest number. 
FOREST_PROC VC(2) Proclaimed Forest number. 
FSVEG_ID VC(40) Unique value which, once assigned, is never changed.  If 


the exam is re-loaded via the loader program, the value on 
the exam is reset. 


FUEL_MODEL VC(3) Fuel model used in this setting. 
FUEL_PHOTO_FK VC(34) Foreign key to the nrv_fuel_photos table, which contains 


the document where the fuel photo was obtained, or the 
residue description photo.  Column is only to be used on 
the plot record. 
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NRV_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
FUEL_PHOTO_REFERENCE VC(10) Foreign key to the nrv_fuel_photo_ref table.  Number of the 


fuel photo reference used. Column is only to be used on 
the stand record. 


GCN VC(34) System generated key to link records in this table to 
polygons in a GIS map.  This column will be eliminated in 
future versions.  Use the GIS-Link column instead. 


GEOGRAPHICAL_AREA VC(5) Geographical area code for locations not on a Forest 
Service site. 


GEOREFERENCE_METHOD VC(11) The method used to determine the georeference of the 
setting: 
 


Description Use 
GEODETIC CSE 
STATE PLANE  
UTM  


 
 


GIS_LINK VC(26) The identifier to link the setting to a Geographic 
Information System (GIS) coverage. 


HEIGHT_GROWTH_INTERVAL N(2) Time period over which height growth is measured.  
Stored in years.  Values less than 1 are not allowed. 


HEX_NUMBER VC(7) The id number for each plot, unique within a county.  This 
is the hexagon number on the plot jacket.  It is a unique 
hex number within a state.  Valid values are 1-99999. 


HYDROLOGIC_UNIT_CODE N(12) PNW Regional variable.  The watershed where the field 
grid point is located. 


I_M_FLAG VC(1) Populated on stand only.  If Y this is data that will be or is 
measured multiple times. 


IMAGE_FLAG VC(1)  Flag to indicate if a set of special images (photos, landsat 
etc.) of this setting was taken.  This does not refer to aerial 
photos taken on a general flight path. 
 
 Y= Yes, a set of images was taken. 


INCLUSION_ACRES N(8,4) The size of the area different from the prevalent condition, 
yet too small to qualify as a separate condition class.  
PNWRS attribute. 


INCLUSION_ACRES_TYPE VC(2) Type of inclusion; 
 0 = None 
 1 = Hardwood inclusion 
 2 = Softwood inclusion 
 3 = Wildlife feature 
 4 = Water feature 
 5 = Rocks 
 6 = Heritage feature 
 7 = Insect/Disease area 
 8 = Opening 
 9 = Other 
 10 = Bogs and seeps 
 NF = Non-forest inclusion.  PNWRS attribute 


LATITUDE_DEG N(3) Degree portion of the angular distance, North of the 
equator.  Stored in degrees. Only positive values, 18-71 
inclusive, are allowed. 
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NRV_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
LATITUDE_GIS N(11,6) Latitude of the spatial point feature class. This field is 


populated by FSVeg Spatial only 
LATITUDE_MIN N(2) Minute portion of the angular distance, North of the 


equator.  Stored in minutes. Only positive values, 0-59 
inclusive, are allowed. 


LATITUDE_SEC N(4,2) Second portion of the angular distance, North of the 
equator.  Stored in seconds.  Only positive values, 0-59.99  
inclusive, are allowed. 


LAT_LON_DATUM VC(50) Reference datum of latitude and longitude. Valid values for 
CSE are “NAD27”, “NAD83” and “WGS84” 


LEVEL_1_ALIAS VC(12)  Name given to the level_1_id by a specific sampling 
protocol. 
 


Description Use 
STAND CSE 
CLUSTER FIA 


 
 


LEVEL_1_ID VC(10) Uniquely identify a sample unit within a setting.  The 
sampling units may be plots, points, transects etc.  A 
setting may have more than one level_1_id.  Examples:  For 
stand exams, this is the stand or polygon number. For grid 
inventories, this is the cluster plot number, although no 
data may be sampled on the cluster.  For range and 
ecology plots, this is the site. 


LEVEL_2_ALIAS VC(12) Name given to the level_ 2_id by a specific sampling 
protocol. 
 


Description Use 
PLOT CSE/FIA 


 
 


LEVEL_2_ID VC(10) Used to uniquely identify each element within a sub 
sample. 
For stand exams, this is the plot. 
For grid inventories, this may be the parent plot number. 
For range or ecology plots this may be transect, microplot, 
or macroplot, depending on the design. 
 FIA National Core Data: 
      1 = Center 
      2 = North 
      3 = Southeast 
      4 = Southwest 
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NRV_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
LEVEL_3_ALIAS VC(12) Name given to the level_3_id by a specific sampling 


protocol.  Examples: 
 


Description Use 
SUBPLOT  
MICROPLOT  
FIA_MICROPLOT FIA 
TRANSECT FIA 


 
For FIA data this value is set to “FIA_Microplot.” 


LEVEL_3_ID VC(10) Used to uniquely identify each element within a sub sample. 
For grid inventories, this may be the sub plot number.  For 
range or ecology plots, this may be a microplot for one 
sample design.  The FIA National core data seedling micro-
plot number.  Currently there is only 1 micro-plot per 
subplot. 


LEVEL_4_ALIAS VC(12) Name given to the level_4_id by a specific sampling 
protocol 


LEVEL_4_ID VC(10) Used to uniquely identify each element within a sub 
sample.  Since this level is provided for future flexibility, 
examples are not provided. 


LEVEL_5_ALIAS VC(12)  Name given to the level_5_id by a specific sampling 
protocol. 


LEVEL_5_ID VC(10) Uniquely identify each element within a subsample.  Since 
this level is provided for future flexibility, examples are 
not provided. 


LEVEL_6_ALIAS VC(12)  Name given to the level_6_id by a specific sampling protocol. 
LEVEL_6_ID VC(10)   Uniquely identify each element within a subsample.  Since 


this level is provided for future flexibility, examples are not 
provided. 


LOADER_VERSION VC(15) The version of the forms, PDR loader, or legacy data 
software used to load data into the database.  For FIA data, 
the legacy Regional loaders are populated with a version 
number that corresponds to the date of program 
compilation.  This field contains the loader compilation date 
and is populated only at the parent record of the setting not 
the child record. 


LOCATION VC(16) The location of the stand within a Region, Forest, and 
District. 


LONGITUDE_DEG N(3) Degree portion of the angular distance East or West of the 
prime meridian at Greenwich, England.  Stored in degrees. 
For CSE, these values must be positive. For all, only values, 
44-172 inclusive, are allowed. 


LONGITUDE_GIS N(11,6) Longitude of the spatial point feature class. This field is 
populated by FSVeg Spatial only 


LONGITUDE_MIN N(2) Minute portion of the angular distance East or West of the 
prime meridian at Greenwich England.  Stored in minutes.  
Only positive values (West), 0-59 inclusive, are allowed. 


LONGITUDE_SEC N(4,2) Second portion of the angular distance East or West of the 
prime meridian at Greenwich England.  Stored in seconds. 
Only positive values (West), 0-59.99 inclusive, are allowed. 
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NRV_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
MAINTENANCE_STATUS VC(2) Indicates the maintenance status of a plot. 


 


Code Description Us
e 


A Active  
I Inactive  
D Destroyed  
1 Initial plot establishment - field visited or 


remotely classified. 
FIA 


2 Re-measurement of a previously 
established National design plot – field 
visited or remotely classified. 


FIA 


3 Replacement plot - a previously 
established National design plot that was 
replaced with a new plot because the 
original plot could not be relocated or 
because plot data were lost. 


FIA 


4 Modeled FIA 
 


MANAGEMENT_TYPE N(3)  
MANAGEMENT_PRODUCTIVITY N(1) An indicator of the mean annual increment of stand growth.  


It is a code representing the number of cubic feet per acre 
that the stand is expected to grow per year.  Productivity is 
based on the management_type, management_type_site 
_index and the geographical location of the stand (i.e., 
mountains, flatwoods or bottomlands).  Valid codes are: 
 


Code Description 
0 None (water or non-forested) 
1 225 or more cubic feet per acre per year 
2 165-224 cubic feet per acre per year 
3 120-164 cubic feet per acre per year 
4 85-119 cubic feet per acre per year 
5 50-84 cubic feet per acre per year 
6 20-49 cubic feet per acre per year 
7 Less than 20 cubic feet per acre per year 
9 Unknown 


 
 


MEASUREMENT_DATE DATE The date the setting was measured.  If date is not known 
enter the year and/or month that is known. 


MEASUREMENT_NO VC(4) Sequential number to identify the measurement sequence 
of a re-measured setting or plot; installation, 
measurement 1, etc. 
1 = Initial installation, default 
2 = First re-measurement, etc. 
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NRV_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
MEASUREMENT_ORGANIZATION VC(15) Organization or person responsible for data collection. 


 
Code Description Use 
 Examiner name CSE 
22 Rocky Mountain Research 


Station 
FIA - RMRS 


23 North Central Research Station FIA - NCRS 
24 Northeast Research Station  FIA - NERS 
26 Pacific Northwest Research 


Station 
FIA - PNW 


27 Alaska - Pacific Northwest 
Research Station 


FIA - 
AKPNWRS 


33 Southern Research Station FIA - SRS 
 
 


MEAS_STD_ID VC(12) Foreign key to Nrv_measurement_standards.  Identifies 
the measurement standards used throughout the setting. 


MERIDIAN_CODE VC(2) The principal meridian, defined as the line from which the 
survey of township boundaries along the parallels is 
initiated.  This column is constrained by 
Nrv_principal_meridians. 


MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
NFS_LAND_CLASS VC(3) Current land class used for NFS data.  A classification that 


indicates the basic land cover. 
OWNER VC(4) The agency that owns the land the setting is located on.  This 


column is constrained by Nrv_owner_agency_codes. 
 
For FIA data this value is the owner class code that best 
corresponds to the ownership (or the managing agency for 
public lands) of the land in the condition class. 


PHYSIOGRAPHIC_CLASS VC(3) Foreign key to Nrv_physiographic_classes.  The 
physiographic class of the subplot: landform, topographic 
position, and soil generally determine the physiographic 
class.  More detailed definitions can be found in PNW Field 
Guide pg. 43-44. 


PLS_RANGE  VC(5) Range where the setting is located.  For example, 0590W is 
Range 59 West, and 1093E is Range 109 3/4 East. 


PLS_SECTION  VC(2) Section where the setting is located.  Valid numbers are 1-
36. 


PLS_SUBDIVISION  VC(4) Portion of a Section where the setting is located.  Sections 
are divided in sixteen equal parts of 40 acres each.  
Example: NWSE indicates the SE quarter of the NW 
quarter. 


PLS_TOWNSHIP  VC(5) Township where the setting is located.  For example, 
1010N is Township 101 North, and 0292S is Township 29 
1/2 South. 
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NRV_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
PREVIOUS_SETTING_ID  VC(30) If setting_id has changed, for example renumbering the 


setting, this column contains the previous setting ID.  The 
value contained in the setting_id field is considered the 
current setting ID. 


PROJECT_NAME  VC(25) Defined by the organization.  Project names or identifiers 
should be consistent when applied to multiple settings.  
This column is used to retrieve information for all plots 
installed under the same project or to list a particular 
survey type.  Examples are: R3 RMSTAND, INTENSIVE, 
INFGRIP94_1, INTERMOUNTAIN FIA, BURNT BACON 
CREEK, and COLUMBIA RIVER BASIN. 


PURPOSE_CODE VC(4) Code that represents the reason for the survey.  This 
column is constrained by Nrv_exam_purpose_codes  


PV_CODE  VC(10) Potential vegetation for this setting.  A partial list of codes 
is located in Nrv_pv_cover_types, however this column is 
not constrained by this set of codes. 


PV_REF_CODE  VC(10) Document from which the pv_code was obtained.  This 
column is constrained by Nrv_cover_references. 


RADIAL_GROWTH_INTERVAL N(2) Time period over which radial_growth is measured.  
Stored in years.  Values less than 1 are not allowed. 


RADIAL_GROWTH_INTERVAL_2 N(2) Time period over which radial_growth_2 is measured.  
Stored in years.  Values less than 1 are not allowed. 


RECENT_MORTALITY_YEARS N(2) Time period defining the term “recent mortality.”  Stored 
in years. 


REGION_ADMIN  VC(2) Administrative Region number. 
 


Code Description Use 
01 Northern Region CSE 
02 Rocky Mountain Region CSE 
03 Southwest Region CSE 
04 Intermountain Region CSE 
05 Pacific Southwest Region CSE 
06 Pacific Northwest Region CSE 
08 Southern Region CSE 
09 Eastern Region CSE 
10 Alaska Region CSE 


 
 


REGION_PROC VC(2) Proclaimed Region number. 
 


Code Description Use 
01 Northern Region CSE 
02 Rocky Mountain Region CSE 
03 Southwest Region CSE 
04 Intermountain Region CSE 
05 Pacific Southwest Region CSE 
06 Pacific Northwest Region CSE 
08 Southern Region CSE 
09 Eastern Region CSE 
10 Alaska Region CSE 
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NRV_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
REGISTRATION_CODE VC(4)  
REMARKS VC(255) Remarks about this setting. 
REMEASUREMENT_PERIOD N(3,1) FIADB Plot Table variable The number of years between 


measurements of re-measured plots.  This variable is set 
to -1 for new plots.  Remeasurement period is based on 
the number of growing seasons between measurements.  
Allocation of parts of the growing season by month is 
different for each FIA program. 


RESERVE_CLASS VC(2) Reserved status class.  Indicates if the setting is reserved 
from timber harvesting. 
 


Code Description Use 
0 Non-reserved FIA 
1 Reserved FIA 


 
 


ROW_ACCESS_CODE VC(6) Control field to support row level access. 
RPA_LAND_CLASS VC(2) Current land class used for RPA data.  A classification to 


indicate basic land cover. 
 


Code Description Use 
1 Accessible forest  
2 Nonforest  
3 Noncensus water  
4 Census water  
5 Denied access  
6 Hazardous  
7 Not in the sample  


 
 


SAMPLE_DESIGN_TREE VC(1) Intensity to which the tree data was collected. 
 


Code Description Use 
0 Tree data was not collected. CSE 
1 Tree data was collected with a quick 


plot. 
CSE  


2 Tree data was collected with an 
extensive survey. 


CSE 


3 Tree data was collected with an 
intensive survey. 


CSE 
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NRV_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
SAMPLE_DESIGN_VEG VC(1) Intensity to which the vegetation data was collected. 


 
Code Description Use 


0 Vegetation data was not collected. CSE 
1 Vegetation data was collected with a 


quick plot. 
CSE  


2 Vegetation data was collected with an 
extensive survey. 


CSE 


3 Vegetation data was collected with an 
intensive survey. 


CSE 


 
 


SAMPLE_DESIGN_DW VC(1) Intensity to which the down woody data was collected. 
 


Code Description Use 
0 Down woody data was not collected. CSE 
1 Down woody data was collected using 


a protocol other than Brown’s. 
CSE  


2 Down woody data was collected using 
Brown’s protocol. 


CSE 


 
 


SAMPLE_DESIGN_SC VC(1) Intensity to which surface cover data was collected. 
 


Code Description Use 
0 Surface cover data was not collected. CSE 
1 Surface cover data was collected. CSE  


 
 


SEED_WALL_DISTANCE N(5,1) Distance from the setting to the boundary of an adjoining 
setting where there are seed-producing trees.  Residual 
trees, remaining in the setting after the regeneration cut, 
are not a "seed wall," even though they may provide a seed 
source.  Stored in feet. 


SETMEAS_CN_OF VC(34)  Foreign key to Nrv_setting_measurements.   
SETTING_ID VC(30)  Uniquely identifies the setting where the data are 


collected.  This field may contain the following 
information:  For stand exams - Region, Forest, District, 
Location, and Stand Number.  For annual FIA data – 
State(2)//Survey Unit(2)//County(3)//Plot(5) 
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NRV_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
SETTING_ORIGIN VC(2) Source of vegetation on the setting.  Synonymous with Stand 


Origin.  
 


Code Description Use 
1 Natural vegetation - no evidence of 


artificial regeneration. 
 


2 Evidence of artificial regeneration - less 
than 40%. 


 


3 Evidence of artificial regeneration - 40% 
or more. 


 


4 Harvested recently - regeneration not 
yet evident. 


 


5 Evidence of artificial regeneration – 
percentage not estimated. 


 


7 Forest land encroachment  
 
 


SETTING_SIZE N(8,4) Total area of the setting.  Examples:  If measuring a stand, it 
is the size of the stand, if measuring on a grid; it is the area 
of the sample (cluster or plot).  This is not to be confused 
with the area expansion factor for a plot or stratum etc.  
Stored in acres. 


SLOPE N(3) Ratio of vertical rise to horizontal distance for the setting.  
Stored in percent. 


SLOPE_POSITION VC(2) Primary position of a setting on a slope. 
 


Code Description Use 
SU Summit CSE 
SH Shoulder CSE 
BS Backslope CSE 
FS Footslope CSE 
TS Toeslope CSE 
VB Valley bottom CSE 


 


SLOPE_SHAPE_HORIZ VC(2) Horizontal slope shape of the land surface. 
 


Code Description Use 
BR Broken CSE 
CC Concave CSE 
CV Convex CSE 
LL Linear or planar CSE 
PA Patterned CSE 
UN Undulating CSE 
UA Unable to assess CSE 
FL Flat  
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NRV_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
SLOPE_SHAPE_VERT VC(2) Vertical slope shape of the land surface. 


 
Code Description Use 
BR Broken CSE 
CC Concave CSE 
CV Convex CSE 
LL Linear or planar CSE 
PA Patterned CSE 
UN Undulating CSE 
UA Unable to assess CSE 
FL Flat  


 
 


SPATIAL_LINK VC(1) Indicates if  the setting record is linked to a spatial feature. 
 


Code Description Use 
Null Default, record has never been linked CSE 
Y Yes, there is a current linkage to a 


feature class 
CSE 


N No, there should not be a linkage to a 
feature class. The use must explicitly 
set this value to N using the spatial 
client tools 


CSE 


H Historical, the record is linked to a 
feature in a historical feature class. It 
is not linked to a feature in the 
current data set. 


 


A Archived, the record was never 
spatially linked but is now archived 
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NRV_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
STAND_CONDITION N(2) Stand Condition Class.  The following are Region 8 codes: 


 
Code Description Use 
1 In Regeneration  
2 Damaged pole timber  
3 Damaged sawtimber  
4 Forest pest infestation  
5 Sparse pole timber  
6 Sparse sawtimber  
7 Low quality pole timber  
8 Low quality sawtimber  
9 Mature pole timber  
10 Mature sawtimber  
11 Immature pole timber  
12 Immature sawtimber  
13 Seedling and sapling  
14 Adequately stocked seedlings and 


saplings 
 


15 Inadequately stocked / nonstocked  
16 Group selection management  
17 Individual tree selection management  
18 Two-aged management  


 
 


STAND_YEAR_OF_ORIGIN N(4) Calendar year the stand was planted or created.  Use the 
mean age of the dominant and codominant trees in the 
stand to calculate the stand year of origin. 


STATE VC(2)  Alpha state code of the state where the setting is located. 
For example:  Use “CO” for Colorado. 
Constrained by Nrv_states  


STATE_PLANE_DATUM VC(10) Method of determination for latitude and longitude. 
STATE_PLANE_X N(12,3) The X-coordinate of the State Plane grid. 
STATE_PLANE_Y N(12,3) The Y-coordinate of the State Plane grid. 
STATE_PLANE_ZONE VC(10) The zone in which the State Plane exists. 
STEM_MAPPED_FLAG VC(1) Flag to indicate if the setting was stem mapped. 


 Y = Yes, the setting was stem mapped. 
STOCKING_FLAG VC(1) Flag to indicate if the setting is currently stocked. 


 Y = Yes, the setting is stocked. 
STOCKING_PERCENT N(3) The extent to which a given stand density meets a 


management objective, stored in percent.  Valid values are 
0-999 


STRATUM VC(6) Current stratum definition of the setting. 
STRATUM_EXPANSION_ 
FACTOR 


N(9,1) Value used to expand the sample information to an area 
basis.  Stored in acres. 


DD/DT-125 







 
 
Data Tables FS Veg Data Dictionary 
 
 
NRV_SETTING_MEASUREMENTS (cont.) 


Name Size Description 
STRUCTURE VC(2) Description of the distribution of tree size classes within 


the setting. 
 


Code Description Use 
SS Single-story CSE 
TS Two-storied CSE 
MS Multi-storied CSE 
MO Mosaic CSE 
UA Unknown/un-assessable CSE 


 
 


SUBCOMPARTMENT_NO VC(10) Subdivision of compartment. 
SUBCYCLE_NUMBER N(2) FIADB Survey Table variable.  Inventory subcycle number.  


For an annual inventory that takes n years to measure all 
plots, subcycle shows in which of the n years of the cycle the 
data were measured.  Subcycle is 0 for a periodic inventory. 


SUBCYCLE_PREVIOUS N(2) Previous inventory subcycle number. Identifies the most 
recent prior subcycle number. 


SUBGROUP_CODE VC(4) Subgroup the plots within the setting into different 
conditions within a setting. 


SUMMARY_MSN_FLAG VC(1) A flag to indicate whether or not the data set for this 
parent setting is suitable for use in the FSVeg summary 
process or for use in Most Similar Neighbor processing. 
 Y” = data is suitable 
 Null = data is not suitable or status unknown 


SURVEY_UNIT VC(2) Forest Inventory and Analysis survey unit identification 
number. Survey units are usually groups of Counties 
within each State.  This code is used primarily for 
reporting purposes. 
 
For FIA data, Survey Unit Codes and Names are found in 
Appendix C of Miles, et. al. 2001.  The forest inventory and 
analysis database: database description and users manual 
version 1.0. Gen. Tech. Rep. NC-218 St. Paul, MN: U.S. 
Department of Agriculture, Forest Service, North Central 
Research Station, 130 p. 
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NRV_SETTING_MEASUREMENTS (cont.) 
Name Size Description 
TOPOGRAPHIC_POSITION VC(2) PNW Regional variable.  The topographic position for each 


subplot. 
 


Code Description Use 
0 Other – described in remarks PNW 
1 Ridge top or mountain peak over 130 


feet 
PNW 


2 Narrow ridge top or peak less than 
130 feet wide 


PNW 


3 Sidehill -- upper 1/3 PNW 
4 Sidehill -- middle 1/3 PNW 
5 Sidehill -- lower 1/3 PNW 
6 Canyon bottom less than 660 feet 


wide 
PNW 


7 Bench, terrace or dry flat PNW 
8 Broad alluvial flat over 660 feet wide PNW 
9 Swamp or wet flat PNW 


 
 


TRANSECT_AZIMUTH N(3) The azimuth direction of the transect 
UTM_DATUM V(10) Method of determination for recording UTM coordinates. 


FIA plots use the NAD83 datum. 
UTM_EASTING VC(6) Easting, for the southwest corner of the UTM grid cell 


encompassing the setting.  Stored in meters. 
UTM_ERROR N(5) Stored in feet (+/-). 
UTM_NORTHING VC(7) Northing, for the southwest corner of the UTM grid cell 


encompassing the setting.  Stored in meters. 
UTM_ZONE N(2) UTM zone 
UTM_ZONE_DESIGNATOR VC(1) For FIA data, to designate which UTM zone is being used. 
YEAR_SETTING_ID_CHANGED N(4) Calendar year the setting ID changed from the previous 


setting ID to the current setting ID. 
Must be greater than 1799. 


 
 


NRV_SITE_INDEXES 
This table describes site index information.  Site index is an indicator of site quality 
expressed as the height of a tree at a specified index or base age.  There can be multiple site 
index entries for each setting record – one entry per species.  A record must already exist in 
Nrv_setting_measurements before entering a record in this table. 
 


Name Size Description 
CN  


Required 
VC(34)  A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 
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NRV_SITE_INDEXES (cont.) 


Name Size Description 
CREATED_IN_INSTANCE 


Required 
N(6) The database ID where the record was created. 


REFERENCE_NO 
Required 


VC(3) Document from which the site index was obtained.  This 
column is constrained by Nrv_site_index_ref_codes.  
Reference_no and site_species reference a record in that 
table.  This record contains information on source, author, 
base age, species, and applicable geographic region of the 
site index equations or curves used to determine site 
index. 


SETMEAS_CN 
Required 


VC(34)  Foreign key to Nrv_setting_measurements. 


SITE_INDEX 
Required 


N(4,1)  Numeric indicator of site quality expressed as the total 
height attained by vigorous and free-growing trees of a 
specified species at a specified age (i.e. the base age). 


SITE_SPECIES 
Required 


VC(8) Scientific abbreviation of the site index species.  This 
column is constrained by Nrv_site_index_ref_codes. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


MANAGEMENT_TYPE_FLAG VC(1) This is the site index for the R8 management type  
MAPCOND_CN VC(34 Foreign key to Nrv_mapped_conditions. 
MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
PRIMARY_SITE_INDEX_FLAG VC(1) Flag to indicate if this site index is the primary site index 


for the setting when more than one site index record is 
entered for a setting. 


Y = yes, this is the primary site index 
ROW_ACCESS_CODE VC(6) Control field to support row level access. 
SITE_INDEX_METHOD VC(2)  Method used to determine site index. 


 
Code Description Use 
E Estimated  
C Calculated (used Site index formulas 


based on measured tree data). 
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NRV_SUBSAMPLE_INFO 
This table describes multiple fuels/cover transect protocols, e.g. PNW and P3 down woody 
debris and fuels protocol, and the PNW Ground Cover on NFS Lands (pg. 221-225) protocol. 
 


Name Size Description 
CN 


Required 
VC(34)  A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database server ID where the record was created. 


SELCRIT_CN 
Required 


VC(34)  Foreign key to Nrv_selection_criteria 
 


SETMEAS_CN 
Required 


VC(34)  Foreign key to Nrv_setting_measurements. 
 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


DISTANCE_BEGINNING N(6,3) The beginning and ending distance refer to the distance 
along the transect line where the transect intersects the 
boundary with the adjacent condition class nearer to the 
subplot center and where the transect exits the condition 
class segment being delineated and intersects the 
boundary with a different condition class further away 
from the subplot center. 


DISTANCE_ENDING N(6,3) The beginning and ending distance refer to the distance 
along the transect line where the transect intersects the 
boundary with the adjacent condition class nearer to the 
subplot center and where the transect exits the condition 
class segment being delineated and intersects the 
boundary with a different condition class further away 
from the subplot center. 


DISTANCE_HORIZONTAL N(6,3) Horizontal distance measured between 
distance_beginning and distance_ending.  If the sample 
design protocol specifies measurements in horizontal 
distances, this value will match distance_ending minus 
distance_beginning. 


MAPCOND_CN VC(34)  Foreign key to Nrv_fia_mapped_conditions 
MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last 


modified. 
SLOPE_DISTANCE N(6,3) Distance measured along the slope between 


distance_beginning and distance_ending.  If the sample 
design protocol specifies measurements in slope 
distances, this value will match distance_ending minus 
distance_beginning 
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NRV_SUBSAMPLE_INFO (cont.) 


Name Size Description 
SLOPE_PERCENT N(3) The percent of the slope along the transect 
SUBSAMPLE_ID VC(2) Unique number identifying the subsample 
TRAMPLING N(3) This variable is a P3 vegetation diversity and structure 


variable. 
 


Code Description Use 
1 Low (0-10% of quadrant trampled) FIA 
2 Moderate (10-50% of quadrant 


trampled) 
FIA 


3 Heavy (>50% of quadrant trampled)  
 
 


 
 


NRV_TREE_DISTURBANCES 
This table describes the disturbance agent, severity, and location on a tree.  There can be 
multiple tree disturbance records for each tree record.  A record must already exist in 
Nrv_tree_measurements before entering a record in this table. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


TREMEAS_CN 
Required 


VC(34) Foreign key to Nrv_tree_measurements. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


AGENT_CODE VC(3) Disturbance agent code.  Example:  the southern pine 
beetle is code “003” under category 11, and the looper is 
code “003” under category 12.  This column is constrained 
by Nrv_disturbance_agents. 


CATEGORY_CODE VC(2) Disturbance category code.  Example: root disease is 
category “21.”  This column is constrained by 
Nrv_disturbance_categories. 


DATA_CODE_1 VC(10)  Used to record alphanumeric information specific to a 
particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_1_DEFINITION VC(50) Define the value stored in data_code_1. 
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NRV_TREE_DISTURBANCES (cont.) 
Name Size Description 
DATA_CODE_2 VC(10)  Used to record alphanumeric information specific to a 


particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_2_DEFINITION VC(50) Define the value stored in data_code_2. 
DATA_CODE_3 VC(10)  Used to record alphanumeric information specific to a 


particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_3_DEFINITION VC(50) Define the value stored in data_code_3. 
DATE_ACCURACY VC(5) Record the accuracy of the value in measurement_date 


 
Code Description Use 
DAY Valid to the nearest day  
MO
NT
H 


Valid to the nearest month  


YEA
R 


Valid to the nearest year  


EST Only an estimate  
 
 


DISTURBANCE_DATE DATE The date the tree was disturbed.  If date is not known 
enter the year and/or month that is known. 


EFFECT_CODE VC(3) The effect of damage on a tree.  This column is constrained 
by Nrv_physical_effects. 


EFFECT_SEVERITY VC(3) All effects have a severity from 1-100 indicating the 
percent of the setting affected by an effect, except for 
effect codes of 12 and 22, which only use a “1” (minor, 
affecting growth) or a “2” (severe, survivability) severity. 


MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
ROW_ACCESS_CODE VC(6) Control field to support row level access. 
SEVERITY_RATING_CODE VC(6) Severity of the disturbance to the tree.  This column is 


constrained by Nrv_severity_ratings. 
TREE_PART_CODE VC(2) Foreign key to Nrv_tree_part_codes 


 
 


NRV_TREE_EXPANSION_FACTORS 
This table contains columns containing tree volume, growth, removal, and mortality for use 
in stratum level estimates. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 
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NRV_TREE_EXPANSION_FACTORS (cont.) 


Name Size Description 
CREATED_IN_INSTANCE 


Required 
N(6) The database server ID where the record was created. 


TREMEAS_CN 
Required 


VC(34) Foreign key to Nrv_tree_measurements. 


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that Region’s 
and Forest’s data. 


BOLEHT N(2) Bole length (height).  The length of a tree, recorded to a 4-
inch top, where at least one 4-foot section is present. 


CULLBF N(3) Board-foot cull.  The proportion of the gross board-foot 
volume that is in cull due to rot or form. 


CULLBFSND N(3) Board-foot-cull soundness.  The proportion of the board-
foot cull that is sound (due to form). 


CULLCFSND N(3) Cubic-foot-cull soundness.  The proportion of the cubic-foot 
cull that is sound (due to form). 


CULLCF N(3) Cubic-foot cull.  The proportion of the gross cubic-foot 
volume that is in cull due to rot or form. 


CULLDEAD N(3) Dead cull.  The proportion of the gross cubic-foot volume 
that is in dead cull. 


CULLFLD N(2) Rotten/missing cull. The percent rotten or missing cubic-
foot cull for all live tally trees > 5.0 in DBH/DRC (CORE) and 
all standing dead tally trees > 5.0 in DBH/DRC (CORE 
OPTIONAL).  The percentage of rotten and missing cubic-
foot volume, to the nearest 1 percent.  When estimating 
volume loss (tree cull), only consider the cull on the 
merchantable bole/portion of the tree, from a 1-ft stump to 
a 4-inch top. Do not include any cull estimate above actual 
length.  For western woodland species, the merchantable 
portion is between the point of DRC measurement to a 1.5-
inch DOB top 


CULLFORM N(3) Form cull.  The proportion of the gross cubic-foot volume 
that is in form defect cull 


CULLMSTOP N(3) Missing top cull.  The proportion of the gross cubic-foot 
volume that is in cull due to a missing top. 


CULLROUGH N(2) Rough cull.  Percentage of sound dead cull, as a percent of 
the merchantable bole/portion of the tree.  (CORE 
OPTIONAL) 


DIACALC N(5,2) Current diameter (calculated), in inches. If the diameter is 
unmeasurable (i.e. the tree is cut or dead), the diameter is 
calculated.  DIA for cut and dead trees presents problems 
associated with uncertainty of when the tree was cut or died 
as well as structural deterioration of dead trees. Consult 
individual units for explanations of how DIA is collected for 
dead and cut trees. 


DRYBIOM N(13,6) Merchantable stem biomass oven-dry weight for live trees.  
The total gross biomass (including bark) of a tree 5.0 
inches DBH or larger from a 1-foot stump to a minimum 4-
inch tope DOB of the central stem. 
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NRV_TREE_EXPANSION_FACTORS (cont.) 
Name Size Description 
DRYBIOT N(13,6) Total gross biomass oven dry weight for live trees.  The 


total aboveground biomass of a sample tree 1.0 inch 
diameter or larger, including all tops and limbs (but 
excluding foliage). 


FGROWBFSL N(11,6) Net annual merchantable board-foot growth of a sawtimber 
tree on all forestland. This is the net change in board-foot 
volume per year of this tree (for remeasured plots (V2-
V1)/(t2-t1)). Because this value is net growth, it may be a 
negative number. Negative growth values are usually due to 
mortality (V2=0) but can also occur on live trees that have a 
net loss in volume because of damage, rot, or other causes. 
To expand to a per acre value, multiple by TPAGROW. 


FGROWCFAL N(11,6) Net annual sound cubic-foot growth of a live tree on all 
forestland. The net change in cubic-foot volume per year of 
this tree (for remeasured plots (V2-V1)/(t2-t1)). Because 
this value is net growth, it may be a negative number. 
Negative growth values are usually due to mortality (V2=0) 
but can also occur on live trees that have a net loss in 
volume because of damage, rot, or other causes. To expand 
to a per acre value, multiple by TPAGROW. GROWCFAL 
differs from GROWCFGS by the inclusion of form cull tree 
volume. 


FGROWCFGS N(11,6) Net annual merchantable cubic-foot growth of a growing-
stock tree on all forestland. This is the net change in cubic-
foot volume per year of this tree (for remeasured plots, (V2-
V1)/(t2-t1); where 1 and 2 denote the past and current 
measurement, respectively, V is volume, and t indicates year 
of measurement). Because this value is net growth, it may 
be a negative number. Negative growth values are usually 
due to mortality (V2=0) but can also occur on live trees that 
have a net loss in volume because of damage, rot, or other 
causes. To expand to a per acre value, multiple by 
TPAGROW. 


FMORTBFSL N(11,6) Board-foot volume of a sawtimber tree for mortality 
purposes on all forestland. Represents the board-foot 
(International ¼-rule) volume of a sawtimber tree at time of 
mortality. To obtain estimates of annual per acre mortality, 
multiply by TPAMORT. 


FMORTCFAL N(11,6) Sound cubic-foot volume of a tree for mortality purposes on 
all forestland. Represents the cubic-foot volume of the tree 
at time of mortality. To obtain estimates of annual per acre 
mortality, multiply by TPAMORT. MORTCFAL differs from 
MORTCFGS by the inclusion of form cull tree volume. 


FMORTCFGS N(11,6) Cubic-foot volume of a growing-stock tree for mortality 
purposes on all forestland. Represents the cubic-foot 
volume of a growing-stock tree at time of mortality. To 
obtain estimates of annual per acre mortality, multiply by 
TPAMORT 
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NRV_TREE_EXPANSION_FACTORS (cont.) 


Name Size Description 
FREMVBFSL N(11,6) Board-foot volume of a sawtimber tree for removal 


purposes on all forestland. Represents the board-foot 
(International ¼-rule) volume of the tree at time of removal. 
To obtain estimates of annual per acre removals, multiply 
by TPAREMV 


FREMVCFGS N(11,6) Cubic-foot volume of a growing-stock tree for removal 
purposes on all forestland. Represents the cubic-foot 
volume of the tree at time of removal. To obtain estimates of 
annual per acre removals, multiply by TPAREMV. 


FREMCFAL N(11,6) Sound cubic-foot volume of the tree for removal purposes 
on all forestland. Represents the cubic-foot volume of the 
tree at time of removal. To obtain estimates of annual per 
acre removals, multiply by TPAREMV. REMVCFAL differs 
from REMVCFGS by the inclusion of cull tree volume. 


GROWBFSL N(13,6) Net annual merchantable board-foot growth of sawtimber 
tree.  This is the net change in board-foot volume per year 
of this tree (for re-measured plots (V2-V1)/t2-t1).  
Because this value is net growth, it may be a negative 
number. 


GROWCFAL N(13,6) Net annual sound cubic-foot growth of live trees.  The net 
change in cubic-foot volume per year of this tree (for re-
measured plots  
(V2-V1)/t2-t1).  Because this value is net growth, it may be a 
negative number.  Negative growth values are usually due to 
mortality (V2=0) but can also occur on live trees that have a 
net loss in volume because of damage, rot, or other causes. 


GROWCFGS N(13,6) Net annual merchantable cubic-foot growth of growing-
stock tree.  This is the net change in cubic-foot volume per 
year of this tree (for re-measured plots, (V2-V1)/(t2-t1); 
where 1 and 2 denote the past and current measurement, 
respectively, V is volume, and t indicates year of 
measurement).  Because this value is net growth, it may be 
a negative number.  Negative growth values are usually 
due to mortality (v2=0) but can also occur on live trees 
that have a net loss in volume because of damage, rot, or 
other causes. 


HTCALC N(3) Computed.  total length. 
MODIFIED_BY VC(30) The name of the person who last modified the record. 
MODIFIED_DATE DATE The date the record was last modified. 
MODIFIED_IN_INSTANCE N(6) The database server ID where the record was last modified. 
MORTBFSL N(13,6) Board-foot volume of a sawtimber tree for mortality 


purposes.  Represents the board-foot (International 1/4-
rule) volume of a sawtimber tree at time of mortality. 


MORTCFAL N(13,6) Sound cubic-foot volume of a tree for mortality purposes.  
Represents the cubic-foot volume of the tree at time of 
mortality. 


MORTCFGS N(13,6) Cubic-foot volume of a growing stock tree for mortality 
purposes.  Represents the cubic-foot volume of a growing 
stock tree at time of mortality. 
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NRV_TREE_EXPANSION_FACTORS (cont.) 
Name Size Description 
REMVBFSL N(13,6) Board-foot volume of a sawtimber tree for removal 


purposes.  Represents the board-foot (International 1/4-
rule) volume of the tree at time of removal. 


REMVCFAL N(13,6) Sound cubic-foot volume of the tree for removal purposes.  
Represents the cubic-foot volume of the tree at time of 
removal. 


REMVCFGS N(11,6) Cubic-foot volume of a growing stock tree for removal 
purposes.  Represents the cubic-foot volume of the tree at 
time of removal. 


SAWHT N(2) Sawlog length (height).  The length of a tree, recorded to a 
7” top (9” for hardwoods), where at least one 8 foot log, 
merchantable or not, is present.  On broken-off trees, sawlog 
length is recorded to the point of the break. 


TPACURR N(13,6) Trees per acre.  Current number of trees per acre that the 
tree represents for calculating number of trees on 
forestland. 


TPAGROW N(13,6) Growth trees per acre.  Number of trees per acre that the 
tree represents for calculating growth on forestland. 


TPAMORT N(13,6) Mortality trees per acre per year.  Number of trees per 
acre per year that the tree represents for calculating 
mortality on forestland. 


TPAREMV N(13,6) Removals trees per acre per year.  Number of trees per 
acre per year that the tree represents for calculating 
removals from forestland. 


VOLBFGRS N(13,6) Gross board-foot volume in the saw-log portion.  This is 
the net volume of wood in the central stem of a sample 
commercial species tree of sawtimber size (9.0 inches 
DBH minimum for softwoods, 11.0 inches DBH minimum 
for hardwoods), from a 1-foot stump to a minimum top 
DOB, (7.0 inches for softwoods, 9.0 inches for hardwoods) 
or to where the central stem breaks into limbs, all of which 
are less than the minimum top DOB.  Volume is based on 
International ¼-inch rule.  For Region 9, is either the 
Scribner or International 1/4 board foot volume, 
depending on the forest. The Chippewa, Superior, 
Chequamegon-Nicolet, Ottawa, and Hiawatha get Scribner. 
All other forests get International 1/4. 


VOLBFNET N(13,6) Net board-foot volume in the saw-log portion.  This is the 
net volume of wood in the central stem of a sample 
commercial species tree of sawtimber size (9.0 inches 
DBH minimum for softwoods, 11.0 inches DBH minimum 
for hardwoods), from a 1-foot stump to a minimum top 
DOB, (7.0 inches for softwoods, 9.0 inches for hardwoods) 
or to where the central stem breaks into limbs, all of which 
are less than the minimum top DOB.  Volume is based on 
International ¼-inch rule. 
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NRV_TREE_EXPANSION_FACTORS (cont.) 


Name Size Description 
VOLCFGRS N(13,6) Gross cubic-foot volume.  The total volume of wood in the 


central stem of a sample tree 5.0 inches in diameter or 
larger, from a 1-foot stump to a minimum 4-inch top DOB, 
or to where the central stem breaks into limbs all of which 
are less than 4.0 inches DOB.  For Region 9, is either the 
Scribner or International 1/4 board foot volume, 
depending on the forest. The Chippewa, Superior, 
Chequamegon-Nicolet, Ottawa, and Hiawatha get Scribner. 
All other forests get International 1/4. 


VOLCFNET N(13,6) Net cubic-foot volume.  The net volume of wood in the 
central stem of a sample tree 5.0 inches diameter or larger, 
from a 1-foot stump to a minimum 4-inch top DOB, or to 
where the central stem breaks into limbs all of which are 
less than 4.0 inches DOB. 


VOLCFSND N(13,6) Sound cubic-foot volume.  The volume of sound wood in the 
central stem of a sample tree 5.0 inches diameter or larger 
from a 1-foot stump to a minimum 4-inch top DOB or to 
where the central stem breaks into limbs all of which are 
less than 4.0 inches DOB.  Form cull, but not rotten cull is 
included. 


VOLCSGRS N(13,6) Gross cubic-foot volume in the saw-log portion.  This is the 
net volume of wood in the central stem of a sample 
commercial species tree of sawtimber size (9.0 inches 
DBH minimum for softwoods, 11.0 inches DBH minimum 
for hardwoods), from a 1-foot stump to a minimum top 
DOB, (7.0 inches for softwoods, 9.0 inches for hardwoods) 
or to where the central stem breaks into limbs, all of which 
are less than the minimum top DOB. 


VOLCSNET N(13,6) Net cubic-foot volume in the saw-log portion.  The net 
volume of wood in the central stem of a sample 
commercial species tree of sawtimber size (9.0 inches 
DBH minimum for softwoods, 11.0 inches DBH minimum 
for hardwoods), from a 1-foot stump to a minimum top 
DOB, (7.0 inches for softwoods, 9.0 inches for hardwoods) 
or to where the central stem breaks into limbs, all of which 
are less than the minimum top DOB. 


 
 


NRV_TREE_MEASUREMENTS 
This table describes each tree.  There can be multiple tree measurement records for each 
setting.  A record must already exist in Nrv_setting_measurements before entering a record 
in this table. 
 


Name Size Description 
CN 


Required 
VC(34)  A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 
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NRV_TREE_MEASUREMENTS (cont.) 
Name Size Description 
CREATED_DATE 


Required 
DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


SETMEAS_CN 
Required 


VC(34) Foreign key to Nrv_setting_measurements  


VPDUNIT_ID 
Required 


VC(10) Code which lets a user access specific data in the database.  
In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


AGE N(4) Tree age at time of measurement.  Stored in years. 
AGE_METHOD VC(2) Method use to determine the tree age. 


 
Code Description Use 
DM Age at DBH, measured CSE 
DE Age at DBH, estimated  
DC Age at DBH, calculated  
TM Total age, measured CSE 
TE Total age, estimated  
TC Total age, calculated  


 
-Age at DBH is the number of years at 4.5 feet above the 
forest floor on the uphill side of the tree. 
-Total age is the age from germination to present.  An 
example of measured total age is boring the plant or 
destructive sampling at the root collar.  An example of 
estimated total age is measuring the age at DBH and adding 
an estimate of the number of years it took to reach breast 
height and adding that to the age at DBH. 
-Whorl counts can be measured by physically counting 
whorls, or estimated. 


AZIMUTH N(3) Direction, from the North, to the tree as measured from 
center of plot to each tree.  Stored in degrees. 


BARE_TOP_PERCENT N(3) Total tree height barren of foliage, but not necessarily 
dead.  Measured on trees suffering defoliation from 
insects, disease, etc.  Stored in percent. 


BASAL_AREA_EQUIV N(8,4) The square feet of basal area per acre represented by this 
tree record for the lowest-level sample element (i.e. plot, 
subplot, etc.) on which it was measured.  Note:  This value 
represents the expansion factor for the record.  If this 
record represents multiple trees, this value is their total 
square feet of basal area per acre. 
 basal_area_equivalent = 0.005454*diameter2 


*tpa_equiv 


DD/DT-137 







 
 
Data Tables FS Veg Data Dictionary 
 
 
NRV_TREE_MEASUREMENTS (cont.) 


Name Size Description 
CONE_SEROTINY VC(2) The open or closed condition of the majority of a tree's 


viable cones.  Measured on lodgepole pine and jack pine, 
5.0 inches DBH and larger only.  Trees are considered to 
have closed cones (serotinous) if more than 50 % of the 
cones are closed. 
 


Code Description Use 
0 No cones CSE 
1 Open/opening CSE 
2 Closed cones CSE 
3 Intermediate (both open and closed 


cones) 
CSE 


 
  


CROWN_BASE_HEIGHT N(6,3) Vertical distance from the ground to the base of the live 
crown (Curtis 1983).  Sometimes called height to crown.  
Stored in feet. 


 CROWN_BASE_HEIGHT_ 
DEFINITION 


VC(2) Description of the type of crown base height 
measurement: 
 


Code Description Use 
C Compacted crown  
U Uncompacted crown CSE 
L Lowest limb  


 
 


CROWN_BASE_HEIGHT_ 
METHOD 


VC(2) Method used to measure the height of live crown: 
 


Code Description Use 
M Measured CSE 
E Estimated  
C Calculated  
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NRV_TREE_MEASUREMENTS (cont.) 
Name Size Description 
CROWN_CLASS VC(2) Relative position of the tree with respect to other trees or 


competing vegetation.  Crown class for each tree is judged in 
the context of its immediate environment; that is, those 
trees which are competing for sunlight with the subject tree.  
This is a useful descriptor of the competitive status of trees 
in all structural types of stands, although crown classes 
were originally conceived to classify trees in even-aged or 
storied stands. 
 


Code Description Use 
OP Open grown, crown receives optimal 


sunlight above and sides. 
CSE 


DO Dominant, full sunlight from above 
and partly from sides. 


CSE 


CO Codominant, full sunlight from above, 
but little from sides. 


CSE 


IN Intermediate, sunlight only from holes 
in canopy 


CSE 


OV Overtopped CSE 
RE Remnant CSE 
AB Leader above brush CSE 
IB Leader within brush CSE 
UB Leader overtopped by brush CSE 
SU Suppressed, no sunlight, below canopy 


in even-aged stands. 
 


UN Understory  
 
 


CROWN_LENGTH N(6,3) Vertical distance from the top leader of the tree to the base 
of the crown, measured to the lowest live branch-whorl with 
live branches in at least 3 quadrants, and continuous with 
the main crown.  Stored in feet. 


CROWN_LENGTH_DEFINITION VC(2) Description of the type of crown length: 
 


Code Description Use 
C Compacted crown  
U Uncompacted crown  
L Lowest limb  


 
 


CROWN_LENGTH_METHOD VC(2) Method used in measuring crown length: 
 


Code Description Use 
M Measured  
E Estimated  
C Calculated  


 
 


CROWN_LOCAL N(6,3) Locally defined crown measurement. 
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NRV_TREE_MEASUREMENTS (cont.) 


Name Size Description 
CROWN_LOCAL_DEFINITION VC(2) Description of the type of local crown measurement: 


 
Code Description Use 
CR Compacted, ratio  
UR Uncompacted, ratio  
LR Lowest limb, ratio  
CL Compacted, length  
UL Uncompacted, length  
LL Lowest limb, length  
CB Compacted, base height  
UB Uncompacted, base height  
LB Lowest limb, base height  


 
 


CROWN_LOCAL_METHOD VC(2) Method used in the crown_local measurement: 
 


Code Description Use 
M Measured  
E Estimated  
C Calculated  


 
 


CROWN_RATIO N(3) Amount of the tree bole supporting green, live, healthy 
foliage when compared to the total length or height.  For 
compacted crown ratios, openings in the crown or 
lopsided crowns are visually adjusted by visually 
transferring lower branches to fill in the holes.  Crowns 
are not compacted to form unnaturally dense crowns.  
Stored in percent. 


CROWN_RATIO_DEFINITION VC(2) Description of the type of crown ratio: 
 


Code Description Use 
C Compacted crown  
U Uncompacted crown CSE 
L Lowest limb  


 
 


CROWN_RATIO_METHOD VC(2) Method used in measuring crown ratio: 
 


Code Description Use 
M Measured  
E Estimated CSE 
C Calculated  
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NRV_TREE_MEASUREMENTS (cont.) 
Name Size Description 
CROWN_WIDTH N(5,2) Either the maximum or average of the maximum and 


minimum crown width of a tree.  The maximum crown 
width is measured through the center of the tree (or 
geographic center if multi-stemmed).  The minimum 
crown width is measured at a right angle to the maximum 
crown width.  Stored in feet. 


CROWN_WIDTH_METHOD VC(2) Method used in measuring crown width. 
 


Code Description Use 
MA Measured, average  
EA Estimated, average CSE 
CA Calculated, average  
MM Measured, maximum  
EM Estimated, maximum  
CM Calculated, maximum  


 
 


DATA_CODE_1 VC(10) Used to record alphanumeric information specific to a 
particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_1_DEFINITION VC(160) Define the value in data_code_1. 
DATA_CODE_2 VC(10) Used to record alphanumeric information specific to a 


particular Region or sample protocol.  This information is 
not a nationally recognized data element. 


DATA_CODE_2_DEFINITION VC(160) Define the value stored in data_code_2. 
DATA_NUM_1 N(7,2) Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_1_DEFINITION VC(160) Define the value stored in data_num_1. 
DATA_NUM_2 N(7,2) Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_2_DEFINITION VC(160) Define the value stored in data_num_2. 
DATA_NUM_3 N(7,2) Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_3_DEFINITION VC(160) Define the value stored in data_num_3. 
DATA_NUM_4 N(7,2) Used to record numeric information specific to a particular 


Region or sample protocol.  This information is not a 
nationally recognized data element. 


DATA_NUM_4_DEFINITION VC(160) Define the value stored in data_num_4. 
DEADWOOD_PERCENT N(3) Amount of deadwood in the tree canopy.  Stored in 


percent. 
DIAMETER N(6,3) Cross sectional width of a plant measured through the 


center of the stem.  Stored in inches. 
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NRV_TREE_MEASUREMENTS (cont.) 


Name Size Description 
DIAMETER_HEIGHT N(6,3) Height above ground where the diameter was measured. 


4.5 feet implies a DBH (diameter breast height) 
measurement. 0 implies a DRC (diameter at root collar) 
measurement. Stored in feet. 


DIAMETER_METHOD VC(2) Method used to measure tree diameter: 
 


Code Description Use 
M Measured CSE 
E Estimated  
C Calculated  


 
 


DISTANCE N(6,3) Distance from center of plot to the sample tree.  Stored in 
feet. 


DISTANCE_METHOD VC(2) Method used to measure distance from the plot center to 
the tree: 
 


Code Description Use 
C Plot center to tree center, horizontal 


distance 
 


UC Plot center to tree center, uncorrected 
slope distance 


 


F Plot center to tree face, horizontal 
distance 


 


UF Plot center to tree face, uncorrected 
slope distance 


 


 
 


DOWN_FLAG VC(1) Flag to indicate that a tree is on the ground: 
 
Y = yes, the tree is down, not freestanding 


FIRST_TREATMENT_OPTION VC(2) Silvicultural treatment option.  Valid codes are 1-9. 
 


Code Description Use 
1 This tree is to be cut. CSE 
2  CSE 
3  CSE 
4  CSE 
5  CSE 
6  CSE 
7  CSE 
8  CSE 
9  CSE 
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NRV_TREE_MEASUREMENTS (cont.) 
Name Size Description 
GROWTH_FORM VC(2) Plant growth form code: 


 
Code Description Use 
EB Evergreen broadleaf  
EN Evergreen needle leaved  
EV Evergreen  
DE Deciduous  
DB Deciduous broadleaf  
DN Deciduous needle leaved  


 
 


GROWTH_SAMPLE_TREE_FLAG VC(1) Flag to indicate if a tree is a growth sample tree. 
 
Y = Yes, the tree is a growth sample tree. 


HEIGHT N(7,4) Total span of a plant from ground level along bole to tip of 
tree (tree length, bole length).  Stored in feet. 


HEIGHT_GROWTH N(7,4) Increase in height over a specified time period.  Stored in 
feet. 


HEIGHT_GROWTH_METHOD VC(2) Method used in measuring height growth: 
 


Code Description Use 
M Measured CSE 
E Estimated  
C Calculated  


 
 


HEIGHT_MERCHANTABLE N(5,2) The height, where no physical log, whether or not 
merchantable, can be produced because of excessive 
limbs, forks, or crooks. 


HEIGHT_METHOD VC(7) Method used to measure total height: 
 
Code Description Use 
M Measured CSE 
E Estimated  
C Calculated  


 
 


HEIGHT_TO_BREAK N(7,4)  
HEIGHT_TO_BREAK_METHOD VC(2) Method used to measure height to break: 


 
Code Description Use 
M Measured  
E Estimated  
C Calculated  


 
 


HEIGHT_TOPKILL N(7,4) Height from the ground to the point of stem breakage or 
topkill.  Stored in feet. 
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NRV_TREE_MEASUREMENTS (cont.) 


Name Size Description 
HEIGHT_TOPKILL_METHOD VC(2) Method used to measure height topkill: 


 
Code Description Use 
M Measured  
E Estimated  
C Calculated  


 
 


INDUSTRIAL_FLAG VC(1) Flag to indicate if a tree is classified as industrial or non-
industrial.  An industrial tree can be harvested, marketed, 
and utilized as a forest product: 
 


Code Description Use 
Y Yes, the tree is industrial or 


commercial 
 


N No, the tree is non-industrial, or non-
commercial 


 


 
 


LEAN_ANGLE N(2) Amount from vertical the bole is leaning (vertical = 0 
degrees).  Measured in degrees.  


LIFEFORM_CODE VC(2) The life form classification of the tree.  This column is 
constrained by Nrv_lifeform_classes. 


LIVE_DEAD VC(1) Indicates whether a tree is alive or dead: 
 


Code Description Use 
L Live tree CSE 
D Dead tree CSE 


 
 


LOG_DECAY_CLASS VC(2) Current condition of a down, dead tree: 
 


Code Description Use 
1 Bark intact, bole twigs, round, recently 


fallen "green" 
CSE 


2 Bark intact, twigs absent, soft texture, 
round, branches 


CSE 


3 Trace of bark, twigs gone, round, log 
near ground, no branches 


CSE 


4 Bark absent, twigs and branches 
gone, blocky texture, oval shape 


CSE 


5 No bark or twigs, soft powdery texture, 
oval shape 


CSE 


 
 


MAPCOND_CN VC(34) Foreign key to Nrv_fia_mapped_conditions. 
MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
NO_OF_STEMS N(3) Number of stems that comprise the individual plant. 
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NRV_TREE_MEASUREMENTS (cont.) 
Name Size Description 
OFF_PLOT_FLAG VC(1) Flag to indicate if a tree is located off a plot.  Trees located 


off the plot are not statistically related to those located on 
the plot. 
 
Y = Yes, the tree is located off the plot. 


PHYSICAL_TAG_FLAG VC(1) Flag to indicate if the tag_id is a physical tag attached to 
the tree. 
 
Y = Yes, the tag is physically attached to the tree. 


PREVIOUS_TAG_ID VC(5) If an original physical tag was lost, and the tree was re-
tagged, this field stores the previous tag_id value; the value 
contained in tag_id field will then be considered the 
current tree tag_id. 


PRIMARY_RECORD_FLAG VC(1) Flag to indicate if this is the primary tree measurement 
record.  This flag is used when there are multiple records 
in this table for the same tree at the same point in time. 
 
Y = Yes, this is the primary tree record.  Another record 
exists in this table for this tree measurement 


RADIAL_GROWTH N(7,4) Increase in the inside bark tree radius, over a period of 
time at the point where the diameter is measured.  Stored 
in 20ths of inches. 


RADIAL_GROWTH_2 N(7,4) Increase in inside bark tree radius; over a period of time, 
at the point diameter is measured.  Stored in 20ths of 
inches. 


RADIAL_GROWTH_METHOD VC(2) Method used to measure radial_growth: 
 


Code Description Use 
M Measured CSE 
E Estimated  
C Calculated  


 
 


RADIAL_GROWTH_METHOD_2 VC(2) Method used to measure radial_growth_2: 
 


Code Description Use 
M Measured CSE 
E Estimated  
C Calculated  


 
 


RECENT_MORTALITY_FLAG VC(1) Flag to indicate if a tree has died “recently,” or within the 
time frame specified in recent_mortality_years. 
 
Y = Yes, the tree has died within the specified time frame. 


RECENT_MORTALITY_YEARS N(2) Not currently used.  The maximum amount of time a tree 
has been dead and can still be flagged as “recent” mortality 
in recent_mortality_flag.  Stored in years.  This column is a 
duplicate of the column in setting_measurements and will 
be dropped in future revisions of the database). 
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NRV_TREE_MEASUREMENTS (cont.) 


Name Size Description 
RECONCILIATION_CODE VC(2) Reason why a tree was not measured in the current or 


previous measurements: 
 


Code Description Use 
SP New sprout  
GE New germinant  
IG Ingrowth tree (a tree previously 


measured in a separate design group 
that has passed a minimum threshold 
for a new design group) 


 


ID Ingrowth tree due to a design change  
OG Ongrowth tree (a tree was not 


previously measured but is now 
measured because it meets a minimum 
threshold) 


 


OD Ongrowth tree due to a design change  
MI Missed tree (should have been measured 


before but was inadvertently missed) 
 


MA In at both times  
EX Extra tree, should not have been measured 


before 
 


GO Gone  
 
 


REMARKS VC(255) Remarks relevant to the tree. 
REMOVAL_CODE VC(3) Action that resulted in a tree being removed. 


 
Code Description Use 
100 Tree has been removed.  Cause of 


removal stored in 
Nrv_tree_disturbances, if known. 


FIA 


 
 


REMOVAL_DATE DATE Date, if known, the tree was removed.  If actual date is not 
known enter the year and/or month. 


REMOVAL_DATE_ACCURACY VC(5) Accuracy of the removal date. 
 


Code Description Use 
DAY Valid to the nearest day All 
MONTH Valid to the nearest month All 
YEAR Valid to the nearest year All 
EST Only an estimate All 


 
 


ROW_ACCESS_CODE VC(6) Control field to support row level access. 
SECOND_TREATMENT_OPTION VC(2) Possible silvicultural treatment option.  Valid codes are 1-


9. Example:  (1 = leave tree; 2 = cut tree.)  The meaning of 
each code is locally defined. 


SELCRIT_CN VC(34) Foreign key to Nrv_selection_criteria 
SITE_TREE_FLAG VC(1) Flag to indicate if a tree is a site tree: 


Y = Yes, the tree is a site tree. 
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NRV_TREE_MEASUREMENTS (cont.) 
Name Size Description 
SNAG_DECAY_CLASS VC(2) Evaluation of the current condition of a standing dead 


tree: 
 


Code Description Use 
1 All limbs, pointed top, 100% bark, 


intact sapwood, height intact. 
CSE 


2 Few limbs, top may be broken, 
some bark and height loss, 
sapwood decay. 


CSE 


3 Limb stubs, broken bole, bark, 
and sapwood sloughed, broken 
top. 


CSE 


4 Few stubs, bole broken/rotten, 
50% bark, sapwood sloughed. 


CSE 


5 No stubs, broken and rotten bole, 
20% bark, sapwood gone, rotten 
50%. 


CSE 


 
 


SPECIES_SYMBOL VC(8) The NRCS PLANTS code of the species represented by this 
record.  For example, PSME = Pseudotsuga menziesii.  
Constrained by  the appropriate TAXA table.  


SUBGROUP_CODE VC(4) Categorize the trees into different groups within a stand. 
SUBSAMPLE VC(2) Subsample code. 
TAG_ID VC(5) Unique number physically attached to a tree or assigned to 


a tree record. 
TOPKILL_PERCENT N(3) Amount of the total tree height that is topkill (including 


broken or missing top).  Stored in percent. 
TPA_EQUIV N(10,5) The number of trees per acre represented by this tree 


record for the lowest-level sample element (i.e., plot, 
subplot, etc.) on which it was measured.  A calculated 
value.  Note if a tree record represents multiple trees, this 
value represents the expansion factor for the record, not 
for an individual tree on the record. 
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NRV_TREE_MEASUREMENTS (cont.) 


Name Size Description 
TREE_CLASS VC(2) The class of an individual tree. 


 
Code Description Use 
AC Acceptable crop tree CSE, Legacy 
DE Desirable crop tree CSE, Legacy 
GS Growing stock CSE, Legacy 
RF Rough tree CSE, Legacy 
RN Rotten tree CSE, Legacy 
SV Salvable tree (hard) CSE, Legacy 
UA Unacceptable crop tree CSE, Legacy 
US Unsalvable tree (soft) CSE, Legacy 
LG Log Legacy 
WS Woodland species Legacy 
H Healthy Firemon 
U Unhealthy Firemon 
S Sick Firemon 
D Dead Firemon 


 
 


TREE_COUNT N(4) Count of like individuals (e.g. same species and size class) 
that this record represents.  Used when a single record 
represents more than one measured tree (e.g. seedlings). 


TREE_GRADE N(2) Used by eastern FIA units and is not available in the West.  
This value is nonzero for all sawtimber-size trees 
regardless of status, however it is not measured on all 
sawtimber-size trees on every plot.  Sawtimber-size trees 
that are graded but do not contain a gradable log are given 
a tree grade 5.  Sawtimber-size trees that are not graded 
because of sampling design have a tree grade of -1.  Trees 
smaller than sawtimber receive a tree grade of zero.  Valid 
values are 0-5, and –1. 


TREE_STATUS VC(1) The status of an individual tree. 
 


Code Description Use 
L Live CSE 
S Stump CSE 
Y Down live CSE 
D Dead CSE 
X Down dead CSE 
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NRV_TREE_MEASUREMENTS (cont.) 
Name Size Description 
TREE_USAGE VC(2) Use of a tree by wildlife.  "Cavity" refers only to those 


made by wildlife (denning, resting, feeding, etc.). 
 


Code Description Use 
SC Cavity < 3 inches in diameter CSE 
LC Cavity > 3 inches in diameter CSE 
LB Loose bark CSE 
FH Foraging holes/flaked bark CSE 
NE Nest in tree CSE 
AC Animal created cavity  
IB Indiana Bat Habitat tree CSE 


 
 


UNIQUE_NO N(5) Unique number identifying a tree for FVS processing.  This 
number is generated the first time the tree is entered, and 
will not change over the course of re-measurements. 


X_COORDINATE N(7,2) X-coordinate of this tree relative to a user-defined origin.  
Used for rectangular or square plots. 


Y_COORDINATE N(7,2) Y-coordinate of this tree relative to a user-defined origin.  
Used for rectangular or square plots. 


YEAR_OF_DEATH N(4) Estimated year the tree died. 
 
Year must be greater than 1799. 


YEAR_OF_ORIGIN N(4) Year the tree became established by germination or 
sprouting (estimate based on local knowledge).  
Determined from the current total age of the tree. 


YEAR_TAG_REPLACED N(4) Year the current tag_id replaced the previous tag_id. 
 
Year must be greater than 1799. 


 
 


NRV_TREE_VOLUMES 
This table describes tree volumes calculated from an outside volume estimator.  There can 
be multiple tree volume records for each tree measurement record.  A record must already 
exist in Nrv_tree_measurements before entering a record in this table. 
 


Name Size Description 
CN 


Required 
VC(34) A system generated sequence number to uniquely identify 


a row of data in this table. 
CREATED_BY 


Required 
VC(30) The name of the person who created the record. 


CREATED_DATE 
Required 


DATE The date the record was created. 


CREATED_IN_INSTANCE 
Required 


N(6) The database ID where the record was created. 


TREMEAS_CN 
Required 


VC(34) Foreign key to Nrv_tree_measurements. 
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NRV_TREE_VOLUMES (cont.) 


Name Size Description 
VPDUNIT_ID 


Required 
VC(10) Code which lets a user access specific data in the database.  


In most cases this is the Region and Forest number which 
allows the user to only access and manipulate that 
Region’s and Forest’s data. 


BIOMASS N(10,2) Total gross mass of a tree for fire fuel modeling.  Stored in 
pounds. 


BIOMASS_VOL_REF VC(10) Volume equation used to calculate the Biomass. 
CARBON_AG N(13,6) Carbon in the aboveground portion of the tree. The carbon 


mass 
(pounds) in the aboveground portion, excluding foliage, of 
live trees with a diameter of 1 inch or larger, and dead 
trees with a diameter of 5 inches or larger. Calculated for 
both timber and woodland species. This is a per tree value 
and must be multiplied by TPA_UNADJ to obtain per acre 
information. Carbon is assumed to be one-half the value of 
biomass and is derived by summing the aboveground 
biomass estimates and multiplying by 0.5 as follows:  
CARBON_AG = 0.5 * (DRYBIO_BOLE + DRYBIO_STUMP + 
DRYBIO_TOP + DRYBIO_SAPLING + DRYBIO_WDLD_SPP) 


CARBON_BG N(13,6) Carbon in the belowground portion of the tree. The carbon 
mass 
(pounds) of coarse roots that are greater than 0.1 inch in 
root diameter. Calculated for live trees with a diameter of 
1 inch or larger, and dead trees with a diameter of 5 inches 
or larger. Calculated for both timber and woodland 
species. This is a per tree value and must be multiplied by 
TPA_UNADJ to obtain per acre information. Carbon is 
assumed to be one-half the value of belowground biomass 
as follows: CARBON_BG = 0.5 * DRYBIO_BG 


CUBIC_VOL_GROWTH N(6,2) Volume growth of a tree in cubic feet. 
CUBIC_VOL_GROWTH_REF VC(10) Volume equation used to calculate cubic_vol_growth. 
DRYBIO_BG N(13,6) Dry biomass of the roots. The ovendry biomass (pounds) 


of the belowground portion of a tree, includes coarse roots 
with a root diameter greater than or equal to 0.1 inch. 
Calculated on live and dead trees for both timber and 
woodland species with a diameter of 1 inch or larger. This 
is a per tree value and must be multiplied by 
TPA_UNADJ to obtain per acre information. Appendix J 
contains equations used to estimate biomass components 
in the FIADB. 
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NRV_TREE_VOLUMES (cont.) 
Name Size Description 
DRYBIO_BOLE N(13,6) Dry biomass in the merchantable bole. The ovendry 


biomass (pounds) in the merchantable bole of timber 
species [trees where diameter is measured at breast 
height (DBH)] greater than or equal to 5 inches in 
diameter. This is the biomass of sound wood in live and 
dead trees, including bark, from a 1-foot stump to a 
minimum 4-inch top DOB of the central stem. This is a per 
tree value and must be multiplied by TPA_UNADJ to obtain 
per acre information. This attribute is blank (null) for 
timber species with DIA < 5.0 inches and for woodland 
species. See DRYBIO_WDLD_SPP for biomass of woodland 
species and DRYBIO_SAPLING for biomass of trees with 
DIA < 5 inches. For dead or cut timber trees, this number 
represents the biomass at the time of death or last 
measurement. DRYBIO_BOLE is based on VOLCFSND and 
specific gravity information derived by the Forest 
Products Lab and others (values stored in the 
REF_SPECIES table). If VOLCFSND is not available, then 
either VOLCFGRS * Percent Sound or VOLCFNET * (ratio of 
cubic foot sound to cubic foot net vol) is used. The source 
of specific gravity information for each species can be 
found by linking the REF_SPECIES table to the 
REF_CITATION table. Appendix J contains equations used 
to estimate biomass components in the FIADB. 


DRYBIO_SAPLING N(13,6) Dry biomass of saplings. The ovendry biomass (pounds) of 
the above ground portion, excluding foliage, of live trees 
with a Diameter from 1 to 4.9 inches. Calculated for timber 
species only. The biomass of saplings is based on biomass 
computed from Jenkins and others (2003), using the 
observed diameter and an adjustment factor. This is a per 
tree value and must be multiplied by TPA_UNADJ to obtain 
per acre information. Appendix J contains equations used 
to estimate biomass components in the FIADB. 


DRYBIO_STUMP N(13,6) Dry biomass in the tree stump. The ovendry biomass 
(pounds) in the stump of timber species [trees where 
diameter is measured at breast height (DBH)] > 5 inches in 
diameter. The stump is that portion of the tree from the 
ground to the bottom of the merchantable bole (i.e., 1foot). 
This is a per tree value and must be multiplied by 
TPA_UNADJ to obtain per acre information. Estimated for 
live and dead trees. For dead or cut trees, this number 
represents the biomass at the time of death or last 
measurement. This attribute is blank (null) for timber 
species with DIA < 5.0 inches and for woodland species. 
See DRYBIO_WDLD_SPP for biomass of woodland species, 
and DRYBIO_SAPLING for biomass of trees with DIA < 5 
inches. Appendix J contains equations used to estimate 
biomass components in the FIADB. 
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NRV_TREE_VOLUMES (cont.) 


Name Size Description 
DRYBIO_TOP N(13,6) Dry biomass in the top of the tree. The ovendry biomass 


(pounds) in the top and branches (combined) of timber 
species [trees where 
diameter is measured at breast height (DBH)] greater than 
or equal to 5 inches in diameter. DRYBIO_TOP includes the 
tip, the portion of the stem above the merchantable bole 
(i.e., above 4 inches DOB), all branches and excludes 
foliage. Estimated for live and dead trees. This is a per tree 
value and must be multiplied by TPA_UNADJ to obtain per 
acre information. For dead or cut trees, this number 
represents the biomass at the time of death or last 
measurement. This attribute is blank (null) for timber 
species with DIA < 5.0 inches and for woodland species. 
See DRYBIO_WDLD_SPP for biomass of woodland species, 
and DRYBIO_SPLING for biomass of trees with DIA < 5 
inches. 
Appendix J contains equations used to estimate biomass 
components in the FIADB. 


DRYBIO_WDLD_SPP N(13,6) Dry biomass of woodland tree species. The ovendry 
biomass (pounds) of the aboveground portion, excluding 
foliage, of woodland species [trees where diameter is 
measured at root collar (DRC)]. Calculated on live and 
dead trees with a diameter greater than or equal to 1 inch. 
This is a per tree value and must be multiplied by 
TPA_UNADJ to obtain per acre information. This attribute 
is blank (null) for woodland species with DIA less than 1.0 
inch and for all timber species. Appendix J contains 
equations used to estimate biomass components in the 
FIADB. 


FORM_LOSS_PCT N(3) Amount of total volume that is lost due to form defects 
such as sweep, crook, etc.  Stored in percent. 


INTERNATIONAL_GROSS N(6,2) Gross volume of the tree's merchantable portion in 
international standards.  Stored in board feet.  For Region 
9, is either the Scribner or International 1/4 board foot 
volume, depending on the forest. The Chippewa, Superior, 
Chequamegon-Nicolet, Ottawa, and Hiawatha get Scribner. 
All other forests get International 1/4. 


INTERNATIONAL_NET N(6,2) Net volume of the tree's merchantable portion in 
international standards.  Stored in board feet. 


INTERNATIONAL_VOL_REF VC(10) Volume equation used to calculate the International 
volume. 


MERCH_BOARD_GROSS N(8,2) Gross volume of the tree's merchantable portion.  Stored 
in board feet.  For Region 9, is either the Scribner or 
International 1/4 board foot volume, depending on the 
forest. The Chippewa, Superior, Chequamegon-Nicolet, 
Ottawa, and Hiawatha get Scribner. All other forests get 
International 1/4. 


MERCH_BOARD_NET N(8,2) Net volume of the tree's merchantable portion.  Stored in 
board feet. 


MERCH_BOARD_VOL_REF VC(10) Volume equation used to calculate the Merchantable 
Board volume. 
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NRV_TREE_VOLUMES (cont.) 
Name Size Description 
MERCH_CORD_GROSS N(6,2) Gross volume of the tree's merchantable portion.  Stored 


in cords. 
MERCH_CORD_VOL_REF VC(10) Volume equation used to calculate the Merchantable Cord 


Gross volume. 
MERCH_CUBIC_GROSS N(6,2) Gross volume of the tree's merchantable portion.  Stored 


in cubic feet. 
MERCH_CUBIC_NET N(6,2) Net volume of the tree's merchantable portion.  Stored in 


cubic feet. 
MERCH_CUBIC_VOL_REF VC(10) Volume equation used to calculate the Merchantable Cubic 


volume. 
MODIFIED_BY VC(30) The name of the person who modified the record. 
MODIFIED_DATE DATE The date the record was modified. 
MODIFIED_IN_INSTANCE N(6) The database ID where the record was modified. 
ROT_LOSS_PCT N(3) Amount of total volume lost due to rot.  Stored in percent. 
ROW_ACCESS_CODE VC(6) Control field to support row level access. 
TOPWOOD_CORD_GROSS N(6,2) Gross volume of the tree's non-merchantable portion.  


This is generally the remainder of the volume once the 
merchantable volume has been subtracted from the total 
volume of a tree.  Stored in cords. 


TOPWOOD_CORD_GROSS_VOL_ 
REF 


VC(10) Volume equation used to calculate topwood Cord volume. 


TOPWOOD_GROSS N(6,2) Gross volume of the tree's non-merchantable portion.  
This is generally the remainder of the volume once the 
merchantable volume has been subtracted from the total 
volume of a tree.  Stored in cubic feet. 


TOPWOOD_NET N(6,2) Net volume of the tree's non-merchantable portion.  This 
is generally the remainder of the volume once the 
merchantable volume has been subtracted from the total 
volume of a tree.  Stored in cubic feet. 


TOPWOOD_VOL_REF VC(10) Volume equation used to calculate topwood volume. 
TOTAL_GROSS N(6,2) Entire gross volume of the tree.  Stored in cubic feet. 
TOTAL_NET N(6,2) Entire net volume of the tree.  Stored in cubic feet. 
TOTAL_VOL_REF VC(10) Volume equation used to calculate the total volume. 
VOID_LOSS_PCT N(3) Amount of total volume that is lost due to hollows, soft rot, 


fire char, missing top, or branches.  Stored in percent. 
VOLUME_LOSS_PCT N(3) Amount of total volume that is missing due to an unusual 


defect or disease.  Stored in percent. 
VOLUME_TREE_HEIGHT N(5,2) Height used to estimate volumes.  Stored in feet. 
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ABSTRACT OF THESIS


HABITAT SELECTION OF THE CERULEAN WARBLER 
IN EASTERN KENTUCKY


Successful forest management requires an understanding of the habitat requirements of
individual species at multiple spatial scales.  The cerulean warbler (Dendroica cerulea) is
a neotropical migratory songbird that has recently gained widespread attention as a
species of conservation and management concern.  It breeds in mature, deciduous forests
of eastern North America and has experienced precipitous range-wide declines over the
last 40 years.  Although Kentucky likely supports one of the largest breeding populations
of the species, no information exists on cerulean warbler habitat selection within the
state.  The overall purpose of this study was to identify important habitat features
associated with cerulean warbler distribution on breeding grounds in eastern Kentucky.
In 2004 and 2005, I examined cerulean warbler distribution and associated vegetative
characteristics within a hierarchical framework at the stand, territory, and nest-site levels.
I used the Information-Theoretic approach to develop 2 sets of a priori models.  The first
set of models attempted to explain cerulean warbler site occupancy through presence and
absence data obtained from point counts.  The second set of models attempted to explain
differences between preferred song perches and available habitat. Due to small sample
size, nest-site information was not used in modeling efforts.  Results from presence and
absence modeling were inconclusive as no habitat-related differences were identified
between occupied and unoccupied locations within the study area.  However, territory
modeling revealed three potentially important predictors of cerulean warbler habitat:
large diameter trees, east-facing aspect, and increased shrub cover. This study reinforces
general patterns observed throughout the cerulean warbler’s breeding range.  Although
the mechanisms causing cerulean warbler declines are still poorly understood,
conservation and management efforts directed toward protecting and establishing large
tracts of mature forest with large trees on mesic, sheltered sites should be a reasonable
approach to managing cerulean warbler populations on the breeding grounds.


KEYWORDS: Cerulean warbler, Dendroica cerulea, habitat selection, Neotropical
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CHAPTER ONE: INTRODUCTION


Breeding Bird Surveys indicate long-term downward trends in neotropical migratory


songbird populations over the last 40 years, especially among forest and grassland


species (Peterjohn et al. 1995; Robbins et al. 1992).  Habitat loss and fragmentation of


breeding and wintering grounds are the most frequently cited causes of the decline


(Faaborg et al. 1995; Terborgh 1980, 1992).  Songbird population responses vary widely


among species, regions, and spatial scales.  At the landscape level, increased isolation of


forest fragments and reduced patch size eliminate suitable habitat for some species


(Freemark & Collins 1992).  Additionally, changes in habitat structure such as reduced


vertical and horizontal complexity, increased habitat patchiness, and altered plant


succession negatively impact songbird species richness and diversity (Thompson et al.


2003).  Further, birds occupying smaller fragments frequently exhibit negative


demographic responses such as reduced pairing success (Gibbs & Faaborg 1990; Hagan


et al. 1996; Porneluzi & Faaborg 1999; VanHorn et al. 1995), higher rates of nest


predation (Donovan et al. 1995; Gates & Gysel 1978; Robinson et al. 1995) and increased


brood parasitism (Askins et al. 1990; Brittingham & Temple 1983; Chalfoun et al. 2002;


Faaborg et al. 1995; Kondo & Nakagoshi 2002; Paton 1994; Robinson 1992; Robinson et


al. 1995).  Understanding the habitat needs of imperiled songbirds at different spatial


scales is important to developing management plans that promote their conservation.  


Study Animal


The cerulean warbler (Dendroica cerulea) is a canopy-dwelling, neotropical migratory


songbird that breeds in mature, deciduous forests in eastern North America.  Over the last


40 years, it has exhibited a precipitous range-wide decline of 4.2% annually (Sauer et al.


2001), especially in historically high-density areas such as Kentucky where the annual


losses are >6.2% (Hamel 2000b).  Concomitant with the decline, the cerulean warbler’s


range has shifted northeastward (Hamel et al. 2004), likely due to maturing second-


growth forest in the northern part of its range (Oliarnyk & Robertson 1996) and loss of


bottomland hardwood forest in the southeast (Hamel 2000a).   In response to reduced


population sizes, the Southeast Environmental Law Center petitioned the U.S. Fish and


Wildlife Service to list the cerulean warbler as Threatened under the Endangered Species
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Act of 1973 (SELC 2000).  It is currently listed as a species of concern in 13 states and in


Canada (Rosenberg et al. 2000).  With growing awareness of its imperilment, the


cerulean warbler has become emblematic of healthy, mature deciduous forests (Jones et


al. 2004).  


The cerulean warbler’s breeding range (Figure 1-1) extends from southeastern Nebraska


to western New England and from northern Texas to western North Carolina (Hamel


2000).  The Cumberland Plateau region of eastern Kentucky, eastern Tennessee, and


southwestern West Virginia is thought to support the largest breeding population of the


species (Robbins et al. 1992, Rosenberg et al. 2000).  However, the Cerulean Warbler


Atlas Project (Rosenberg et al. 2000) identified Eastern Kentucky as one of the largest


gaps in recent survey coverage (1997-2000).  


The cerulean warbler once was abundant throughout Kentucky (Figgins 1945; Mengel


1965).  In the late 19th century, Beckham (1885) claimed the species was so dense, “I


several times killed two at one discharge of my gun.”  Just 40 years ago, Mengel (1965)


claimed it “undoubtedly [bred] in every county of the state.”  In contrast, recent surveys


detected singing males in only about 16% of priority blocks statewide (Palmer-Ball


1996).  While Mengel (1965) noted the cerulean’s abundance in the western and central


portions of the state, Breeding Bird Survey estimates from 1937-1971 revealed the


highest densities in eastern Kentucky and the Cumberland Plateau (Robbins et al. 1992).


Recent Breeding Bird Survey data confirm the presence of established breeding


populations in the eastern portion of the state and patchy, local breeding populations west


of the Cumberland Plateau (Palmer-Ball 1996; Sauer et al. 2001).  


The cerulean warbler is sensitive to forest fragmentation and is frequently classified as


area-sensitive (Robbins et al. 1989; Robbins et al. 1992).  Large tracts of contiguous


forest are the most important landscape features associated with cerulean warbler


presence throughout its range (Hamel 2000a; Robbins et al. 1992).  Estimated minimum


patch sizes for cerulean warbler presence range from 10 to 800 ha (Hamel 2000a; Jones


& Robertson 2001; Mueller et al. 1999; Robbins et al. 1989).  However, forest tracts
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believed to support viable breeding populations are larger, ranging from >1600 ha


(Robbins et al. 1989) to >8000 ha (Mueller et al. 1999).  Within the Southeast Region,


which includes Kentucky, over 80% of cerulean warblers recorded during the Cerulean


Warbler Atlas Project were found in tracts >2,000 ha (Rosenberg et al. 2000).


Commonly associated with mature forests, the cerulean warbler is found equally in wet


bottomlands and mesic uplands and slopes (Hamel 2000a, 2000b; Rosenberg et al. 2000).


Owing to range-wide variation in tree species composition, structural characteristics of


trees such as large diameter and height are generally thought to be more important than


individual tree-species preferences (Hamel 2000b).  Indeed, researchers have most


frequently found that males selected territorial perch trees with larger than average


diameters when compared with available trees (Barg 2002; Jones & Robertson 2001;


Nicholson 2003; Oliarnyk & Robertson 1996; Robbins et al. 1992). However, some


species-specific preferences have been found.  Gabbe et al. (2002) found cerulean


warblers selectively foraging in shellbark hickory (Carya laciniosa) and Nicholson


(2003) found evidence to suggest the species chose black cherry (Prunus serotina), sugar


maple (Acer saccharum), and tulip poplar (Liriodendron tulipfera) for nest sites in


greater proportion than their abundance in eastern Tennessee. Other vegetative


characteristics that may be important in cerulean warbler breeding habitat include the


presence of canopy gaps and an open midstory (Hamel 2000a, 2000b; Jones & Robertson


2001; Oliarnyk & Robertson 1996).  


Successful management of the cerulean warbler depends on a thorough understanding of


its habitat requirements and behavior.  Because of range-wide variability in forest


composition, topography, soils, and other site characteristics (Hamel 2000b), an


understanding of site-specific characteristics promoting habitat use and nesting success is


essential.  The Cerulean Warbler Technical Group (CWTG), an international research


group comprised of academic, government, and industry biologists, developed a list of


research priorities to promote better cerulean warbler habitat management.  On the


breeding grounds, these priorities include: 1) population response to silvicultural


treatments and timber harvest; 2) effects of forest structure and composition on
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population demography; 3) basic life history; 4) differences in decreasing and increasing


populations with respect to landscape; 5) multi-scale effects of land use on population


demography; 6) landscape-scale mechanisms that affect population demography; 7)


variation of habitat use/selection across the species range; and 8) migrational habitat


needs. 


Despite its status as a top conservation priority for the southeast and observed high


densities in eastern Kentucky, very little information is available regarding cerulean


warbler habitat preferences on these important breeding grounds.  In Kentucky, no


information exists regarding habitat suitability, nest-site selection, or nesting success of


the cerulean warbler.  The objectives of my study were to: (1) examine habitat choice of


the cerulean warbler in eastern Kentucky at multiple spatial scales (Chapter 3); (2)


describe the breeding behavior, nesting chronology, and nesting success in Kentucky


(Chapter 4); (3) describe avian community characteristics in areas occupied by the


cerulean warbler (Chapter 5); and (4) examine a potential behavioral component to


cerulean warbler habitat choice, conspecific attraction (Chapter 6).  The findings from


this study will fill in gaps in the knowledge and provide land managers with information


necessary to design a cerulean warbler conservation plan for eastern Kentucky.
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Figure 1-1. Breeding distribution of the cerulean warbler.  Adapted from Southeast
Environmental Law Center.
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CHAPTER TWO: STUDY AREA


The study was conducted in the Morehead District of the Daniel Boone National Forest


(DBNF) in east-central Kentucky (Figure 2-1).  The Morehead Ranger District is the


northernmost section of the DBNF and includes portions of Rowan, Bath, and Menifee


counties.  It is located on the Pottsville escarpment at the northwest boundary of the


Cumberland Plateau and the southwest boundary of the Allegheny Plateau (Smalley


1986).  The Cumberland Plateau region lies within the core of the breeding range of the


cerulean warbler and has been singled out by Partners in Flight (PIF) as an area of


“immediate conservation concern” (Rosenberg et al. 2000).  


The region is characterized by rough topography with narrow, winding ridgetops, steep


slopes, and deep, narrow ravines.  On the study sites, ridges typically are oriented in a


north-south direction. Soils originate from underlying sandstone, siltstone, and


conglomerates of the Pennsylvanian formation (Smalley 1986).  Ridgetop soils are


typically well-drained and shallow to moderately deep while mid to lower slopes are


moderately well-drained and deep (USDA 2004).  Elevation ranges from 212 to 394 m


above mean sea level.   


Within the proclamation boundary of the forest, approximately 95% of the area is


forested.  It is a transition zone between mixed mesophytic and oak-hickory forest types,


and forests in the area are characterized by a diversity of species in the canopy and


understory.  Typically, oak-hickory forest dominates drier ridgetops while mixed


mesophytic forests are found on east and north-facing slopes (Martin 2003; Overstreet


1989).  Canopy co-dominants include tulip poplar, sugar maple, northern red oak


(Quercus rubra), white oak (Q. alba), black oak (Q. velutina), chestnut oak (Q. prinus),


white ash (Fraxinus Americana), and hickories (Carya spp.).  In addition to these


dominant tree species, cucumbertree (Magnolia acuminata), American basswood (Tilia


americana), black walnut (Juglans nigra), and chinquapin oak (Quercus muehlenbergii)


frequently are observed in the canopy.  Flowering dogwood (Cornus florida), sourwood


(Oxydendron arboreum), eastern redbud (Cercis canadensis), eastern hophornbeam
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(Ostrya virginiana), downy serviceberry (Amelanchier arborea), American beech (Fagus


grandifolia) and sassafrass (Sassafras albidum) are common in the subcanopy and


understory.  Frequent and abundant shrubs include spicebush (Lindera benzoin), pawpaw


(Asimina triloba), greenbriar (Smilax spp.), and a variety of tree saplings.  


The climate of eastern Kentucky is classified as temperate humid continental with warm


to hot summers and cool winters (USDA Forest Service 2004).  There is no distinct dry


season.  Annual rainfall averages 113.9 cm (Hill 2005).  From March through August,


thunderstorms of short duration and high intensity are common (Hill 2005).  Average


annual temperature is 11.8ºC.  When cerulean warblers are present on the breeding


grounds (April - August), average daily lows range from 2.5 º to 16.1ºC and average


highs from 20.1 º to 30.7 ºC (Hill 2005).  


Buffalo Branch – 2004 Season


The Buffalo Branch study area covers approximately 1600 ha in Rowan County,


northeast of Morehead between KY Highways 32 and 60.  Sites were located within the


Morehead and Haldeman U.S. Geological Survey quadrangles.  The area is a mosaic of


various seral stages of secondary deciduous forest, with the majority of trees ranging in


age from 50 to 100 years in age.  This area is typical of the oak-hickory and mixed


mesophytic transition zone described above, but substitutes red maple for sugar maple as


a dominant canopy species.  Sugar maple was observed infrequently and its distribution


was limited to mesic coves within the area.  


Portions of the Morehead Ranger District, including Buffalo Branch, were hit by an ice


storm in February 2003.  Aerial photography identified >9,000 ha of ice-damaged forest


(Lewis 2003).  The weight of the ice resulted in crown damage, broken limbs, uprooted


trees, and exposure of bare soil.  Although basal area remains high, canopy damage has


increased the amount of sunlight reaching forest floor, increasing the density of


understory vegetation.  Approximately 45% of trees in affected areas sustained damage to


>⅓ of the crown (Lewis 2003). 
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In spring 2004, I established five 1-km2 survey grids in Buffalo Branch (Figure 2-2).


Grids were placed randomly, and point count stations within the grids were established


systematically at 250 m intervals.   Each grid contained 20 point count locations, for a


total of 100 points.  Grids were spaced at least 250 m apart. 


Pioneer Weapons Area and Clear Creek Management Area – 2005 Season


In 2005, I expanded the study to coordinate with a multi-state, multi-year study designed


by the Cerulean Warbler Technical Group (CWTG) (Hamel et al. 2004).  The purpose of


this project is to examine the effects of various silvicultural treatments on forest


songbirds.  Four 20 ha study plots were established for the CWTG project and the first


year of pre-treatment data was collected in 2005.  Three plots were established in Pioneer


Weapons Area (Figure 2-3) and 1 plot (Heavy Treatment) was established in Clear Creek


Management Area (Figure 2-4).


All stands were located within the Salt Lick U.S. Geological Survey quadrangle.  The


area is bounded by KY highways 211 and 36 to the west and Cave Run Lake to the north


and east.  The Pioneer Weapons Area (PWA) covers >3,000 ha in southeast Bath County,


near the borders of Menifee and Rowan counties.  Clear Creek Management Area


(CCMA) lies directly southeast of PWA. The forest in this area is somewhat older than


Buffalo Branch, with the majority of trees 80 to 115 years old.  


Based on criteria set forth by CWTG, plots were located in stands with at least 30 ha of


mature forest, were not bisected by roads, and contained cerulean warblers. Flagged grids


were established at 25 m intervals using compass and rangefinder.  Final plot boundaries


were surveyed with a GPS unit.  Although treatments have not yet been implemented


(planned for Fall 2006), individual plots will be referred to by treatment type: Control,


Light Treatment, Intermediate Treatment, and Heavy Treatment (Appendix A contains


treatment implementation guidelines). 
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Figure 2-1.  Map of Daniel Boone National Forest, eastern Kentucky.  Red arrows
indicate study areas.


Buffalo
Branch Study


Pioneer
Weapons
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Figure 2-2.  Boundaries of five 1 km2 point count survey grids in Buffalo Branch,
Daniel Boone National Forest, eastern Kentucky.
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Figure 2-3.  Boundaries of three 20 ha plots project in Pioneer Weapons Area.
Treatments in this area include Control, Light Treatment, and Intermediate Treatment.
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Figure 2-4.  Boundary of one 20 ha plot in Clear Creek Management Area.  The
treatment in this area will be a low leave cut.
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CHAPTER THREE: HABITAT SELECTION OF THE CERULEAN WARBLER IN


EASTERN KENTUCKY


Introduction


Breeding Bird Surveys indicate long-term downward trends in neotropical migratory


songbird populations over the last 40 years, especially among forest and grassland


species (Peterjohn et al. 1995; Robbins et al. 1992).  Habitat loss and fragmentation of


breeding and wintering grounds are the most frequently cited causes of the decline


(Faaborg et al. 1995; Terborgh 1980, 1992).  Songbird population responses vary widely


among species, regions, and spatial scales.  At the landscape level, increased isolation of


forest fragments and reduced patch size eliminate suitable habitat for some species


(Freemark & Collins 1992).  Additionally, changes in habitat structure such as reduced


vertical and horizontal complexity, increased habitat patchiness, and altered plant


succession negatively impact songbird species richness and diversity (Thompson et al.


2003).  Understanding the habitat needs of imperiled songbirds at different spatial scales


is important to developing management plans that promote their conservation.  


The cerulean warbler (Dendroica cerulea) breeds in the deciduous forest of eastern North


America and has declined dramatically over the last 40 years (Sauer et al. 2001),


especially in historically high-density areas such as Kentucky (Hamel 2000b).  It is


currently a high conservation priority and is listed as a species of concern in 13 states and


in Canada (Rosenberg et al. 2000).  With growing awareness of its imperilment, the


cerulean warbler has gained status as a flagship species for mature deciduous forests


(Jones et al. 2004).


Successful management of the cerulean warbler depends on a thorough understanding of


its habitat requirements and behavior.  Although general landscape features regarding


tract size, stand age and degree of fragmentation are thought to be important (summarized


in Hamel 2000b; Weakland & Wood 2005), habitat choice for this species remains poorly


understood.  Vegetative characteristics associated with cerulean warbler breeding habitat


have been examined in many parts of its breeding range (Hamel 2000a; Jones et al. 2001;







14


Jones & Robertson 2001; Oliarnyk & Robertson 1996; Robbins et al. 1992), but


sufficient regional ecological variation exists that site-specific research is needed to


develop appropriate conservation plans. 


  
The objectives of this study were to describe cerulean warbler breeding habitat in eastern


Kentucky and to determine which habitat features were predictive of its distribution


within the environment.  I examined habitat choice of the cerulean warbler at 2 spatial


scales.  First, I examined habitat selection within stands.  Second, I examined habitat


features of territories, specifically singing perches.  I also evaluated the relative


effectiveness of point counts, territory mapping, and information-theoretic modeling.


The findings of this research will provide land managers with information necessary to


design a cerulean warbler conservation plan for eastern Kentucky and will aid future


researchers in the development of successful study designs.


Methods


In spring 2004, I established 5, 1 km2 survey grids in Buffalo Branch (Figure 2-2), an ice-


damaged stand composed of 50-100 year old mixed hardwoods in Daniel Boone National


Forest (DBNF) near Morehead, Kentucky (Figure 2-1).  Grids were placed randomly and


point count stations within the grids were established systematically at 250 m intervals.


Each grid contained 20 point count locations, for a total of 100 points.  Grids were spaced


at least 250m apart. 


In 2005, I established 4, 20 ha study plots in Pioneer Weapons Area (Figure 2-3) and


Clear Creek Management Area (Figure 2-4).  These plots were created to coordinate with


a multi-state, multi-year study designed by the Cerulean Warbler Technical Group


(CWTG) (Hamel et al. 2004).  The forest within the CWTG plots is somewhat older than


Buffalo Branch, and was minimally affected by the 2003 ice storm.  Based on criteria set


forth by CWTG, plots were located in stands with at least 30 ha of mature forest, were


not bisected by roads, and contained cerulean warblers. Three plots were established in


Pioneer Weapons Area and 1 plot (Heavy Treatment) was established in Clear Creek
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Management Area.  Plots were gridded and flagged at 25 m intervals using a compass


and rangefinder.  Plot boundaries were surveyed with a GPS unit. 


Point Counts


In 2004, I conducted point counts to detect cerulean warbler presence within the Buffalo


Branch study area.  Ten minute, 100-m fixed radius point counts (Hamel et al. 1996;


Ralph et al. 1993) were conducted on the 5 grids (n=100 point count stations).  Observers


recorded all individuals detected within 4 distance classes (0-25 m, 25-50 m, 50-100 m,


and >100 m) and 3 time intervals (0-3, 3-5, and 5-10 minutes).  Surveys were conducted


between sunrise and 1000 EDT on days without rain or high wind (>20 km/hour).  Point


counts were conducted by 3 observers skilled in bird identification and trained in distance


estimation.  


Cerulean warblers were classified as “present” if found <50 m from point center or


“absent” if found >50 m from point center at each point count location (Nicholson 2003)


so that survey points could be effectively compared to local habitat measurements (Petit


et al. 1995).  While detection of the target species clearly indicated its presence at a


survey point, non-detection was not always sufficient to classify it as “absent”


(MacKenzie et al. 2002) and may have resulted in underestimation of site occupancy (Gu


& Swihart 2004).  To reduce the likelihood of non-detection, each point was surveyed


twice during the breeding season (May 20-26 and June 7-11). 


I sampled topographic and vegetation features at each point count location to determine


vegetative characteristics within the study area.  Plots were centered on the point count


station and included a 50 m radius circle around each point.  Measurements were taken in


accordance with Kentucky Department of Fish and Wildlife Resources protocols


(Appendix B), which included species composition, basal area, average diameter at breast


height (dbh), canopy structure, canopy cover, slope, and aspect.  Basal area (m2/ha) was


estimated using a 2.5-factor metric prism.  Additionally, I identified to species, measured


the dbh, and estimated the amount of crown damage for each tree within the prism plots.


Percent canopy cover, midstory cover, and understory cover within the 50 m radius were
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visually estimated.  Estimates were made by 3 observers who standardized their


observations prior to the start of vegetation work.  I also recorded the type of landform


(narrow creek bottom, wide bottomland, narrow ridge, broad ridge, gentle slope, or steep


slope) and the topographic position (upper, mid, or lower slope). 


Cerulean Warbler Territory Selection 


In 2005, I used spot-mapping to identify individual territory holders (Bibby 1999) and


frequently-used song perches within the 4 CWTG plots.  Surveys were conducted from


one-half hour after sunrise to 1030 EDT by 4 observers experienced in songbird


identification and trained in territory mapping procedures. Each plot was censused every


fourth day between 2 May and 30 May for a total of 8 visits per plot.  During each


census, observers walked at a slow pace and approached within 50 m of each grid point.


Starting points and routes taken through the plots varied between surveys.  For each


individual encountered, we recorded bird age (juvenile or adult), sex, activity (singing,


calling, carrying nest material or food, etc.), territorial interactions, and location.


Territories and random points were sampled within each of the 4 study plots to


characterize the study area and to compare territories with available habitat.  Territory


plots were centered on preferred singing perches of males, which were identified during


nest-searches and spot-mapping.  Available plots were centered on randomly-selected


grid points (20 points / grid).  Plot measurements included basal area, average dbh, tree


height, species composition, slope, aspect, and percent canopy cover in 6 height classes


(0.5-3 m, 3-6 m, 6-12 m, 12-18 m, 18-24 m, >24 m) (Appendix C).  Height and number


of stems of saplings and shrubs were recorded within a 3 m radius of each plot center.


Statistics: Multivariate Analyses


I used the Information-Theoretic approach (Burnham and Anderson 2002) to construct


and evaluate 2 sets of models (Presence-Absence and Territory-Available).  This method


uses Akaike’s Information Criterion (AIC) to estimate the Kullback-Liebler (K-L)


distance between reality and an individual model.  The approach has gained popularity in
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recent years because it emphasizes biological significance and formulation of a priori


hypotheses over statistical significance tests and data mining.  


AICc values were calculated to correct for small sample size.  The model with the lowest


AIC value was considered the best approximating model given the data and the set of


specified models. To determine the weight of the evidence favoring a particular model,


AIC differences (∆AIC) between models, Akaike weights (wi), and evidence ratios were


calculated.  Models with ∆i < 2 were considered to have substantial support while models


within 3-7 ∆i had considerably less support; models with >10 ∆i had virtually no support


(Burnham and Anderson 2002).  Akaike weight was interpreted as the probability that a


given model was the best model given the data and set of models.  SAS® software was


used to perform all statistical analyses.


Statistics: Model Development


The relationships between cerulean warbler presence-absence and territory-available


habitat were modeled using logistic regression.  Within each data set, I developed 3 types


of models based on ecological processes that influence reproduction and survival:


nesting, predator avoidance, and food availability.  A fourth model type, referred to as a


“combination” model, included variables thought to be important in 2 or more ecological


processes.  Variables were selected for inclusion in a model based on previous studies of


cerulean warbler habitat selection and field observations (Tables 3-1 and 3-2).  Within


model types, habitat and topographic variables thought to be important in an ecological


process were selected for a general model, then progressively reduced to the 2 to 3


variables deemed most essential to that process.  Prior to analysis, variables were tested


for correlation and were excluded from the model if highly correlated with other


variables in the model.  For pairs of habitat variables with Pearson correlation


coefficients >0.3, one variable in each pair was eliminated (cite). The number of variables


within each candidate model ranged from 2 to 5.


Nine a priori candidate models were developed to predict cerulean warbler presence-


absence within the Buffalo Branch grids.  The dependent variable was cerulean warbler
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presence within 50 m of a survey point, and the predictor variables consisted of habitat


and avian community characteristics at each point count station.  Because species


diversity and Carya basal area were highly correlated, Carya basal area was excluded


from presence-absence models.  No other correlations were found within the a priori


models.  


Nesting models for presence-absence data included the variables basal area, dbh, percent


canopy cover, percent midstory cover, and aspect.  With the exception of midstory and


aspect, I expected each of these to be higher in CERW-occupied areas than unoccupied


areas because they provide nesting substrate and concealment.  Midstory cover was


expected to be lower because the cerulean is known to have an open space of at least 5 m


below the nest (Hamel 2000a).  Aspect was thought to be important because it could play


a role in temperature regulation at the nest.  Predator avoidance models included the


variables percent canopy cover, percent understory cover, number of nest predators, and


presence or absence of cowbirds. Canopy cover was expected to be higher because of its


role in the concealment of nests and incubating females from aerial predators.


Understory cover was also expected to be higher because of its potential importance in


providing post-fledging habitat for young (Anders et al. 1998; Vega Rivera et al. 1998).


Nest predator and cowbird data obtained from point counts were included because nest


predation and brood parasitism account for the majority of nest failures in songbird


populations (Martin 1992). The food availability model included tree species diversity,


percent damaged trees, and aspect.  In this case, I thought that increased tree species


diversity and the presence of some damaged trees could increase insect abundance and


diversity.  Similarly, differences in aspect could exert an influence on food availability


through insect activity patterns.  


Eight a priori candidate models were developed to compare habitat associated with


frequently-used song perches with available habitat in the CWTG plots.  In this case, the


dependent variable was the territory, and the predictor variables included habitat


conditions at each sample point. Shrub and sapling percent cover and number of stems


were all positively correlated with canopy cover between 0 and 3 m (CC1).  Because I
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was interested in structural complexity at that height, but not in differences between


saplings and shrubs, I used CC1 and eliminated all shrub and sapling variables from the


models.  Similarly, I was able to reduce the number of variables related to canopy cover


because percent cover at 6-12 m (cc3) and at 12-18 m (CC4) were highly correlated, as


were percent cover at 18-24 m (CC5) and >24 m (CC6).  Consequently, only CC3 and


CC5 were used in modeling.  


Results


Presence and Absence


Cerulean warblers were present within 50 m of the observer at 24 out of 100 point count


stations.  The best-supported logistic regression model of the 9 considered included


diameter at breast height (dbh) and aspect (east or west) (Table 3-3).  This model had an


AICc =100.3 and an AIC weight of 0.29, indicating that this model had a 29% chance of


being the best K-L model of the 9 models analyzed.  However, this model was only 0.05


AICc units from the model containing the x-intercept alone, indicating that it was not


significantly better than a model with zero variables.  Three other models were within 2


AICc units of the best model, but we had no evidence to indicate that any model was


better supported than the intercept alone.  


Because the models were not supported by the data, I performed subsequent exploratory


analysis.  I used t-tests to look for differences in mean values (continuous variables;


Table 3-4) and chi-square tests to look for differences in expected proportions


(categorical variables; Table 3-5) between occupied and unoccupied sites.  Only 1


significant difference was found among all variables: aspect.  Cerulean warblers were


found disproportionately on east-facing aspects within the study area.   


Territory Selection


I measured 48 preferred singing perches of territorial males and 80 random points within


the CWTG plots.  Two of the 8 logistic regression models received considerable support:


Nesting #3 (DBH, Aspect) and Combination #2 (DBH, Aspect, CC1) (Table 3-6).  These


models had AICc values of 141.26 and 142.94, respectively.  None of the other models
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were within 2 AICc units of the best model, which suggested there was considerably less


evidence to support these models.  Akaike weights indicated the Nesting #3 model had a


55% chance of being the best K-L model of the 8 models analyzed while Combination #2


had a 24% chance. Further, the evidence ratio of the third best model in the set was


almost 5, which suggests that the best model in the set was nearly 5 times more likely to


be the best model in the set.  Thus, dbh and aspect were identified as important predictors


of cerulean warbler territories and a third variable, percent cover at 0-3 m, was also


supported.    


Discussion


Habitat management requires an understanding of how species respond to natural and


anthropogenic change at multiple spatial scales (George & Zack 2001).  This is a


daunting challenge that is made more complex because the appropriate scale for


management varies among species.  For example, the black-throated blue warbler is more


selective at the stand level than at the territory level (Steele 1992) whereas the opposite


characterizes the American redstart (Sodhi et al. 1999).  Further, depending on scale,


some features may be functionally more important than others (i.e., nesting sites over


foraging sites within territories; Matsuoka et al. 1997; Steele 1993).  It is well known that


the cerulean warbler requires certain features at the landscape scale related to tract size,


stand age, and degree of fragmentation (summarized in Hamel 2000b; Weakland &


Wood 2005), but variation throughout the range suggests site-specific differences at


lower orders of habitat selection.  In eastern Kentucky, the best predictors of cerulean


warbler habitat selection were found at the territory level.  


Presence and Absence


The results from presence and absence modeling were inconclusive.  No habitat-related


differences were significant in the logistic regression models.  Other studies of occupied


and unoccupied sites have found higher basal area (Jones & Robertson 2001; Robbins et


al. 1992), larger tree diameters (Jones & Robertson 2001; Nicholson 2003; Robbins et al.


1992; Roth 2004), and increased understory cover (Nicholson 2003) in areas where the
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cerulean warbler was present.  Weakland and Wood (2005) also noted increased canopy


cover in 2 height classes (6-12 m and >24 m).


Univariate analyses indicated 1 topographic difference between occupied and unoccupied


habitat patches within the study area: east-facing aspect.  Over 85% of cerulean warblers


detected in point counts were located on east-facing slopes.  In a similar study using


presence and absence data from point counts in Tennessee (Nicholson 2003), the majority


of cerulean warblers occurred on NW aspects.  In both cases, preferred aspect appears to


coincide with more mesic and protected sites in comparison with the surrounding area.


Aspect could be related to microclimatic preferences for nesting and is discussed in more


detail below. 


Territory Selection


My findings suggest that 3 microhabitat characteristics are potential predictors of


cerulean warbler territory selection: large diameter trees, understory density, and east-


facing aspect.  Tree diameter and aspect were particularly important, as both variables


were included in the 5 best logistic regression models (Table 7). 


The importance of large diameter trees to the cerulean warbler is not new (Barg 2002;


Jones & Robertson 2001; Lynch 1981; Nicholson 2003; Robbins et al. 1992).  In the


CWTG plots, song perches tended to be larger than average-sized trees (54 vs. 40 cm


dbh).  Early in the breeding season, males were frequently observed singing on open


branches high in the forest canopy.  Males may select territories with large, prominent


trees because they serve as good “advertising locations” to attract mates.  By pairing with


males in territories with large trees, female ceruleans may improve their fitness through


indirect benefits of higher canopy density including increased foraging opportunities


(Marshall & Cooper 2004) and reduced predation (Bowman & Harris 1980; Martin &


Roper 1988).  Both males and females will benefit from increased foliage density of large


trees in providing protective cover for nest sites, thus improving chances of offspring


survival.  The size of a singing perch tree relative to other trees in the stand may be more
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important than an absolute size due to range-wide variation in soils, topography, and tree


species composition (Hamel 2000b).  


In addition to the presence and absence results from this study, aspect was an important


predictor of cerulean warbler territory placement, with >95% of territories found on east-


facing slopes.  Similarly, >85% of territories were located on NE aspects and ridegtops in


West Virginia (Weakland & Wood 2005).  Aspect could play a role in temperature


regulation of individuals and at the nest.  East and northeast slopes are oriented toward


sunrise, which would likely allow birds to take advantage of the morning sun while


avoiding mid-day heat stress (Calder 1973; Walsburg 1985).  In Kentucky, east-facing


slopes face away from the prevailing westerly and southwesterly winds, and may be


another important factor in regulating nest microclimate (Austin 1976). In the northern


hemisphere, east- and north-facing aspects are also generally associated with higher


productivity compared to south and west-facing slopes (Tajchman & Lacey 1986), which


could support greater food abundance. 


Dense understories have been observed in other key breeding areas (Jones & Robertson


2001; Nicholson 2003) and have been broadly attributed to the cerulean’s affinity for


canopy gaps.  These gaps may increase local shrub and sapling cover (Ranney et al.


1981).  Although I did not explicitly measure distance to nearest gap in territory


selection, the findings from this study are suggestive of increased light penetration


associated with gaps because of the high proportion of saplings (>65%) within the shrub


layer.  Because the understory is not typically used by ceruleans during the breeding


season, increased foliage at this lower layer has been viewed as relatively unimportant


(Jones & Robertson 2001).  I suggest that both gaps and shrub layer may be important


features of cerulean warbler habitat.  


Although the function of gaps in cerulean warbler territory selection is not clear,


occasional breaks in the canopy have been identified as potential limiting characteristics


for nesting and foraging sites (Hamel 2000a, b).  Nest sites have been frequently


observed near or adjacent to canopy gaps (Hamel 2000a, b; Jones & Robertson 2001;
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Nicholson 2003; Oliarnyk & Robertson 1996; this study) and have also been associated


wtih increased understory density (Jones & Robertson 2001; Nicholson 2003).  Nests


may be placed near gaps to improve nest-site microclimate, allowing increased sunlight


to penetrate the canopy.  Alternatively, nests and territories could be placed near gaps due


to a positive impact on food availability.  However, the effect of canopy gaps on insect


abundance is equivocal.  They been associated both with greater (Harris & Reed 2002)


and lower (Kilgo 2005) invertebrate densities in the understory; the effect on canopy


foliage surrounding gaps, which may be more relevant to cerulean warblers, is unknown.


Selection for gaps could also relate to mate attraction; transmission of song may be


enhanced at canopy gaps compared with the dampening effect of a dense forest (Schiek


1997).


A more developed understory may be important in and of itself.  In the vulnerable post-


fledging stage, cerulean warbler fledglings frequently make their way to the ground or


shrub layer (personal observation).  Nicholson (2003) observed family groups in black


locust thickets on strip mines, where adults did not normally occur during the breeding


season.  I spotted my first fledgling by following the path of a male at an unusually low


height (~1.5 m).  Before it can fly, a fledgling’s best defense against predation is


probably hiding in thick vegetation.  Dense understory may be a vital component of post-


fledging habitat selection and may have implications for fitness and survival of offspring.


Radiotelemetry studies of the wood thrush have shown that young leave forested areas of


the nest site and travel long distances to a variety of early and mid-successional habitats


after they fledge (Anders et al. 1998; Vega Rivera et al. 1998).  Similarly, studies of post-


fledging habitat use in clearcuts found over 50% of adults and fledglings captured in mist


nets were forest-interior breeders (Marshall et al. 2003).  Among those captured were


species frequently observed in this study such as red-eyed vireo, worm-eating warbler,


ovenbird, black-and-white warbler, hooded warbler and American redstart.  


Hamel suggested that vertical distribution of foliage may be more important than values


of percent canopy cover at a given height class (Hamel 2000b).  Contrary to my


expectations, percent cover in the upper canopy was not identified as a predictor of
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cerulean warbler territory or nest-site selection.  Weakland and Wood (2005) found


territories were more likely to be located in stands with higher percent canopy cover in 2


height classes (6-12 m and >24 m).  In the younger forest of southern Ontario, Jones


(2001) found dense canopy cover at 6-12 m and above 18 m.  Although I failed to detect


differences in vegetation height between territory and available sites, canopy cover was


consistently highest in the upper canopy (12-18 m and 18-24 m), where the cerulean nests


and forages.  Marshall & Cooper (2004) found foliage density was an accurate predictor


of caterpillar density for another canopy forager, the red-eyed vireo, and proposed males


may indirectly gauge future food availability based on foliage cover during territory


selection. 


Some researchers have associated increased foliage density within the nest layer with


greater nesting success (Matsuoka et al 1997, Bowman & Harris 1980, Steele 1993,


Martin & Roper 1988).  Foliage density near the nest site may inhibit transmission of


visual or auditory cues related to nest discovery (Martin & Roper 1988).  It may also


increase predator search time by increasing the number of potential nest sites a predator


must examine, reducing the overall chance of finding the nest.  (Martin & Roper 1988).


Although no studies have correlated foliage density with greater nesting success in


cerulean warblers, Jones & Robertson (2001) observed a dramatic reduction in nesting


success following a severe ice storm.  


Effectiveness of Point Counts, Territory Mapping, and Modeling


AIC modeling ranked only the set of models developed as a priori hypotheses prior to


analysis.  If important variables were missing from the models or were not collected in


the field, they would not be identified through this approach.  Only the models I


suggested as being most important in cerulean warbler habitat selection were considered.


Some habitat variables were measured, but not included in the candidate set of models.


Other variables that may be important such as distance to edge or distance to gap were


not measured in this study and therefore were not considered in the analysis. 
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For presence and absence data obtained from point counts, several factors may have


confounded comparisons of occupied and unoccupied habitat.  First, increased habitat


heterogeneity due to ice damage may have compromised the ability to detect differences.


For example, understory vegetation was abundant throughout the study area due to


increased light penetration through storm-created canopy gaps.  However, overall basal


area (22.2 m2/ha) and canopy cover (>88%) remained high, which likely provided


sufficient nesting and foraging structure that met the needs of cerulean warblers and those


of other canopy-dwelling songbirds. 


Another explanation for the failure to detect differences in unoccupied and unoccupied


areas is that the sampling method did not adequately capture habitat features associated


with cerulean warblers.  Plots were centered on the point count station rather than on


cerulean warbler singing or nesting locations.  Although 50-m radius vegetation plots


encompass nearly 8000 m2, cerulean warblers may only use a small fraction of the


sampled area. Landscape-level features such as distance to road and distance to edge


would have been more appropriate measurements than the microhabitat variables


collected in this study.


Finally, cerulean warbler distribution in the study area was patchy and habitat did not


appear to be saturated, an observation that has been made throughout its breeding range


(Hamel 2000a; Jones & Robertson 2001; Weakland & Wood 2005).  If unused but


suitable habitat is measured as “unoccupied,” statistical analyses may confound


comparisons between used and available habitat (Wiens et al. 1987).  On the one hand,


the cerulean’s patchy distribution could suggest very narrow habitat preferences (Peck


and James 1987).  However, it could also intimate a non-structural element to habitat


selection, such as conspecific attraction (Stamps 1988).  Point counts and territory


mapping techniques fail to capture non-habitat or behavioral drivers of habitat choice. 
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Conclusions


Several key habitat features have been consistently identified as important in cerulean


warbler nest-site and/or territory selection throughout the breeding range.  This study


reinforces these general patterns.  The conventional findings that cerulean warblers use


large diameter trees in a multi-layered canopy structure with occasional gaps and dense


understory appear to be sound management targets for eastern Kentucky.  Particular tree


species are likely not as important as the structure the trees provide, but east-facing


mixed mesophytic conditions seem to be preferred. Although the mechanisms causing


cerulean warbler declines are still poorly understood, conservation and management


directed toward protecting and establishing large tracts of mature forest with large trees


on mesic, sheltered sites should be a reasonable approach to managing cerulean warbler


populations on the breeding grounds.


The next task in cerulean warbler management is to understand how these features affect


productivity.  Identifying the features that exert the strongest influence on the processes


of mate attraction, nest predation and parasitism, food availability, and microclimatic


differences will refine existing models of cerulean warbler habitat and enhance cerulean


warbler conservation. 
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Table 3-1.  Justification for microhabitat and avian community variables used to model
cerulean warbler presence-absence in Buffalo Branch, Daniel Boone National Forest,
eastern Kentucky.


Variable Code Ecological Function Literature Review
Basal Area (m2/ha) BASAL Nesting substrate


and concealment;
predator deterrent


Jones &
Robertson 2001;
Nicholson 2003;
Martin 1992


Average dbh DBH Nesting substrate;
territorial perches


Summarized in
Hamel 2000a, b;
Barg 2002,
Nicholson 2003


% Understory Cover UC Canopy gaps;
fledgling protection


Jones & Robertson
2001; Nicholson
2003


% Midstory Cover MC Distinct canopy
layers; increased
habitat complexity


Jones & Robertson
2001; Weakland &
Wood 2005


% Canopy Cover CC Nest concealment;
avoid aerial
predators


Jones & Robertson
2001; Weakland &
Wood 2005;


% Damaged Trees DAM Canopy gaps Hamel 2000a, b;
Weakland &
Wood 2005 


Tree Species Diversity SPDIV Food availability
Aspect (E or W) ASP Food availability;


thermoregulation
Weakland &
Wood 2005;
Nicholson 2003


Number of Nest Predators PRED Nest predation Martin 1992
Cowbird Presence COWBIRD Brood parasitism Martin 1992
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Table 3-2.  Justification for microhabitat variables used to model cerulean warbler
territory vs. available habitat in Pioneer Weapons Area, Daniel Boone National Forest,
eastern Kentucky.


Variable Code Ecological
Function


Literature Review


Basal Area (m2/ha) BASAL Nesting substrate
and concealment


Jones & Robertson
2001


Dead Tree Basal Area (m2/ha) DEAD Song perches;
canopy gaps


Weakland & Wood
2005


DBH (territory tree vs.
average-sized tree on random
plot)


DBH Song perches Summarized in
Hamel 2000a, b;
Barg 2002,
Nicholson 2003


Number of sapling stems SAP Canopy gaps;
fledgling
protection


Jones & Robertson
2001; Nicholson
2003


Number of shrub stems SHRUB Canopy gaps;
fledgling
protection


Jones & Robertson
2001; Nicholson
2003


Percent Canopy Cover 6-12 m Cover
6-12


YES Jones & Robertson
2001; Weakland &
Wood 2005


Percent Canopy Cover 12-18
m


Cover
12-18


YES Jones & Robertson
2001; Weakland &
Wood 2005


Percent Canopy Cover 18-24
m


Cover
18-24


Food and nest site
availability


Jones & Robertson
2001


Percent Canopy Cover >24 m Cover
24+


Food and nest site
availability


Summarized in
Hamel 2000a, b;
Weakland & Wood
2005


Aspect (E or W) ASP Food availability;
thermoregulation


Weakland & Wood
2005; Nicholson
2003







29


Table 3-3.  Independent variables for the 9 logistic regression models that predict
cerulean warbler presence at point count stations in Buffalo Branch, Daniel Boone
National Forest, eastern Kentucky.  AIC values, ∆AIC values, and Akaike weights (w)
are presented.


Model AICc ∆AIC
wi Evidence ratio


DBH, ASP 100.30 0.00 0.29 1.00


Intercept alone 100.35 0.05 n/a n/a


BASAL, DBH, CC, MC, ASP* 100.86 0.56 0.22 1.32


DBH, CC, MC, ASP* 101.32 1.02 0.17 1.71


DBH, PRED, ASP, CC, UC 102.22 1.92 0.11 2.64


PRED, CC 102.50 2.20 0.10 2.90


DBH, PRED, ASP 103.23 2.93 0.07 4.14


SPDIV, DAM, CARYA, ASP 105.57 5.27 0.02 14.50


PRED, UC 106.10 5.80 0.02 14.50


PRED, CC, UC, COWBIRDS 108.03 7.73 0.01 29.00
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Table 3-4.  Comparison of vegetative characteristics of point count stations with cerulean
warblers (n=24) and without cerulean warblers (n=76) in Buffalo Branch, Daniel Boone
National Forest. Values presented are means ± SE and t-test results for equality of means.  


Continuous Variables Present Absent P-value


Average DBH 32.51 ± 1.27 30.50 ± 0.9 0.519


Percent Canopy Cover 88.29 ± 1.96 88.49 ± 1.16 0.68


Tree Species Diversity 5.59 ± 0.85 4.82 ± 0.45 0.569


# Snags >12” DBH 2.23 ± 0.42 2.59 ± 0.32 0.993


% Damaged Trees within Basal Area 32.76 ± 6.49 34.83 ± 3.1 0.793


Average % Crown Damage 14.92 ± 2.85 17.52 ± 1.93 0.708


Slope 40.00 ± 3.65 34.49 ± 2.4 0.272
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Table 3-5.  Comparison of vegetative characteristics of point count stations with cerulean
warblers (n=24) and without cerulean warblers (n=76) in Buffalo Branch, Daniel Boone
National Forest.  Values presented are results of χ2 tests for equality of proportion.  


Categorical Variables P-value
(χ2 Test)


% Canopy Cover 0.16


% Midstory Cover 0.46


% Understory Cover 0.51


Slope position 0.39


Landform 0.8


Aspect 0.02
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Table 3-6.  Independent variables for the 8 logistic regression models that predict
cerulean warbler presence at point count stations in the CWTG plots, Daniel Boone
National Forest, eastern Kentucky.  AIC values, ∆AIC values, and Akaike weights (w)
are presented.


Model AICc ∆AIC wi Evidence


ratio


DBH, Aspect 141.260 0.000 0.547 1.00


DBH, Aspect, CC1 142.937 1.677 0.236 2.31


DBH, Aspect, CC1, CC5 144.224 2.964 0.124 4.40


DBH, Aspect, CC1, CC3, CC5 145.976 4.716 0.052 10.57


DBH, Aspect, CC1, CC5, Dead tree basal


area


146.433 5.173 0.041 13.28


Aspect, CC1, CC5 165.777 24.517 0.000 210765.2


Aspect, CC1, CC5, Dead tree basal area 167.031 25.771 0.000 394549.5


CC1, CC5 176.293 35.033 0.000 40487344.4
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CHAPTER 4: CERULEAN WARBLER NEST-SITE SELECTION AND


BREEDING BIOLOGY


Introduction


Nest-site availability is an important factor determining habitat selection in many open-


nesting birds (Martin 1993).  Individuals may seek territories with an abundance of nest


sites in order to reduce predation risk (Martin and Roper 1988).  Increasing the number of


potential nest sites within a territory may reduce predator efficiency and thereby lower


predation rates (Martin & Roper 1988).  Because nest predation and brood parasitism are


the leading causes of nest failure in open-nesting birds (Martin 1992), an understanding


of nesting habitat requirements and of factors that influence nest success is essential to


the development of appropriate management plans for species of conservation concern. 


The cerulean warbler (Dendroica cerulea) is a canopy-nesting Neotropical migrant that


breeds in mature, deciduous forests in eastern North America.  Over the last 40 years, it


has exhibited precipitous range-wide declines (Sauer et al. 2001), especially in


historically high-density areas such as Kentucky (Hamel 2000b).  Because cerulean


warbler nests are placed high in the canopy and often difficult to find, information on


productivity and nest-site selection is scarce.  The objectives of this study were to provide


the first quantitative description of cerulean warbler breeding habitat in Kentucky, to


monitor breeding behavior and nesting success, and to examine nest-site selection.  


Methods


During the spring of 2005, I searched for cerulean warbler nests on the 4, 20 ha study


grids in Pioneer Weapons Area (Figure 2-3) and Clear Creek Management Area (Figure


2-4), Daniel Boone National Forest, eastern Kentucky.  Territorial pairs, identified while


spot-mapping (Bibby 1992), were visited at least twice a week for 30 to 90 minute


periods throughout the breeding season, or until the nest was found.  Nest searching


efforts followed the protocol outlined by Martin and Geupel (1993).  Specifically, nests


were found by observing parental behavior (i.e. carrying nest material or food) and


systematically scanning branches of large trees within cerulean warbler territories.  
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Nest Monitoring & Nest Success


Cerulean warbler nests were monitored to determine nest fates, observe parental


behavior, and determine the length of nesting stages.  Nests were monitored for 45


minute observation periods every 2 days.  Nests were watched from the ground with a


spotting scope between 0630 and 1400 on days without rain.  During each nest watch, I


recorded the number of trips to the nest, the activity observed (nest building, incubating,


brooding, feeding, etc.), and the sex of the bird making the trip.  Other behaviors at the


nest, such as male-female interactions and removal of fecal sacs, were also recorded.  I


used t-tests to identify differences in parental activity between males and females and


between successful and unsuccessful nests.  


Nest stage was determined on each visit and classified into 1 of the following periods:


building, laying, incubating, feeding, or fledgling.  At the end of the nest cycle, each nest


was classified as successful or unsuccessful.  Due to the inaccessibility of nest sites, we


were unable to determine the exact fates of unsuccessful nests.  Therefore, all


unsuccessful nests were lumped together without regard to cause of failure.  Because


brood parasitism has been implicated in declines of forest songbirds (Brittingham &


Temple 1983) including cerulean warblers (summarized in Hamel 2000b), I also looked


for evidence of brood parasitism by the brown-headed cowbird.


Nest success rates were quantified both as the raw percentage of nests that successfully


fledged young, and by the Mayfield method (Mayfield 1961, 1975).  Because it is


difficult to determine exact transition dates between nest stages in high canopy nests, the


full length of the observation period was used in calculations of nest success and a


constant survival rate was assumed.  For failed nests, we used the midpoint between the


last and penultimate nest checks to determine failure date.  Based on previous studies


(Oliarnyk and Robertson 1996, Nicholson 2003), the nest cycle from laying to fledging


was assumed to last 23 days (Roth 2004). 
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Nest Site-Selection


Seven nest-site and 16 nest-patch characteristics were measured at each nest.  Nest-site


variables included nest tree species, tree height, nest height, estimated diameter of nest-


supporting limb, distance from nest to bole, distance from nest to canopy edge, distance


from nest to nearest canopy gap, and gap type.  A canopy gap was defined as a break in


the canopy if it was >1/2 times the average canopy height (CWTG protocol).  Nest-patch


measurements were centered directly below the nest, but were otherwise identical to the


territory and available plots described in Chapter 3.


Results


The first male cerulean warblers were observed in the study area on 15 April.  Female


cerulean warblers were observed building nests between 5 May and 12 May.  However,


hatch dates for nests found during other stages suggest building activity from late April to


mid-May.  All nests were built entirely by the female.  Males frequently sang nearby and


occasionally accompanied the female to the nest.  The first fledglings were observed on


22 May.


Nest Monitoring and Nest Success


Thirteen nests were found within the 4 study plots.  Of these, 12 were near territorial


boundaries, making it difficult in some cases to identify the mate of the attending female


until feeding began.  One nest had had no neighboring territories.  Parental behavior


(n=11) was the most important cue in finding nests while systematic searches yielded


considerably fewer nests (n=2).  Nests were watched for an average of 4.2 hours each.


No second nesting attempts were documented, but 3 females from recently failed nests


were observed removing material from an old nest and carrying it to a new location


(presumably a new nest).  In one case, a female was also observed taking material from


an inactive nest near the ground in a patch of Smilax spp.  This nest had probably


belonged to a hooded warbler (Wilsonia citrina).  Although nests were not found,


potential re-nesting activity was noted as late as 2 June.  As noted by Barg in Ontario
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(unpublished manuscript), female behavior became increasingly cryptic throughout the


breeding season.  


Incubation: Incubation was observed between May 5 and June 6.  All incubation was


performed by the female and lasted 11 (n=1) to 13 (n=2) days.  In 25.5 hours (n=10


nests), the female sat on the nest 78.2% of the time for a mean (± SE) incubation time per


hour of 47.6 ± 1.3 minutes.  No difference was found between incubation rate and time of


day or stage of incubation period (Figure 4-1).  


As observed by others (Oliarnyk 1996, Barg unpublished manuscript, Nicholson 2003),


males and females maintained vocal contact during incubation.  On 21 occasions (n=10


nests), the approach or nearby singing of a male elicited call notes from an incubating


female.  Responding females received food from mates (n=10, 6 nests), remained on the


nest (n=6, 7 nests), or left the nest to forage (n=5, 3 nests).  No difference in nesting


success was observed between nests of males known to provision females during


incubation and those where males did not provision (p=0.42), but this test had low


statistical power due to small sample size. 


Females also vocalized when departing or returning to the nest during incubation without


apparent provocation from the male.  Females chipped before and during nest departure


on 17 out of 54 (31%) observed departures.    


Nestlings: I spent 23.5 hours watching nests during the nestling stage.  Minimum length


of the nestling period was 9 days (n=4). Both males and females fed the young as soon as


they hatched, but males fed slightly more for the first 2 days after hatching (1.63 feeding


trips per female per hour; 3.26 trips per male per hour; n=7 hours, 7 nests; p=0.06).  For


the first 2 days after hatch, females spent a mean (± SE) of 45.3 ± 2.7 minutes per hour


brooding the nestlings.  After day 2, mean brood time waned (Figure 4-2) and feeding


rates for the entire nestling period did not differ between sexes (3.2 vs 4.27 trips per hour,


p=0.26).  Of 168 feeding trips observed, females fed nestlings 72 times (42.86%) while
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males fed nestlings 96 times (57.14%).  Feeding rates increased with increasing number


of days since hatch (Figure 4-3).  


Nesting success: Fifty-four percent of cerulean warbler nests successfully fledged young


and the Mayfield nest success estimate was 49% (Table 4-1).  


Six nests failed.  Although it is difficult to determine with certainty the cause of nest


failure, one nest failure coincided with a heavy afternoon thunderstorm.  Predation is the


suspected cause of failure of 2 other nests, inasmuch as the nests were clearly disturbed


with lining materials found on the ground nearby.  Although specific predators could not


be identified, potential nest predators such as blue jay (Cyanocitta cristata), American


crow (Corvus corax), and red-bellied woodpecker (Melanerpes carolinus) were common


throughout the study area.  


The brown-headed cowbird (Molothrus ater) was present at all study sites, but brood


parasitism was not observed.  Due to the inaccessibility of nest sites, we were unable to


determine whether brood parasitism occurred in nests that failed during the incubation or


early nestling stages.


Nest-Site Selection


Nests were found in 6 tree species representing 4 genera (Table 4-2).  Most nests were in


the upper third of the tree (77%) on a horizontal (n=6) or intermediately angled (n=7)


limb (Table 4-3).  Nests tended to be closer to the canopy edge than the bole (77%) and


were usually located within 20 m of a canopy gap (70%).  Treefall gaps (n=4) were the


most common gap type identified.  Other gap types included steep drop-offs associated


with ravines (n=2), an old logging road (n=1), or were of unknown origin (n=6).  


Comparisons of vegetative characteristics of nest patches with territory and random


patches yielded few differences (Table 4-4).  Nest trees were smaller in diameter than


territory trees, but were not significantly different in size than randomly available trees.


Similarly, percent canopy cover >24 m was greater in territory patches than either nest or
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random sites.  Due to the small sample size of nests and the likelihood of annual


variation, however, these results should be interpreted with caution.  


Discussion


Breeding Behavior and Nesting Success


For the most part, cerulean warbler breeding and nesting behavior in eastern Kentucky


was similar to descriptions by Oliarnyk (1996) and Nicholson (2003).  Parental behaviors


at the nest including incubation, brooding, and feeding rates were similar to those


described by Oliarnyk (1996) and Nicholson (2003) with a few exceptions. Male


contributions accounted for about 57% of total feeding trips, greater than observed in


Tennessee (40%) and Ontario (50%).  Among other species of Dendroica, male


contribution has been shown to vary between and within species (Morse 1989, 1993).  


Males also appeared to interact with incubating females more frequently in eastern


Kentucky.  While Oliarnyk (n=20 hours) and Nicholson (n=15 hours) observed


incubation feeding only twice, I observed males provisioning females on 10 occasions


and approaching the nest on at least 11 additional occasions (n=25 hours).  Perhaps


owing to the scarcity of observations, incubation feeding has received little attention in


the literature.  Higher rates of incubation feeding have been linked with higher female


attentiveness during incubation (Martin and Ghalambor 1999), which in turn positively


affects developing embryos (White and Kinney 1974).  However, this behavior also


increases activity at the nest and may attract the attention of predators.  Therefore,


incubation feeding may be viewed as a trade-off between nest attentiveness and predation


(Martin and Ghalambor 1999).


Although cowbirds were common in the study area, I observed no evidence of brood


parasitism.  Other studies have found varying and site-specific effects of brood parasitism


on cerulean warblers.  Oliarnyk (1996) and Nicholson (2003) found 0 and 1 parasitized


nests, respectively, but Hamel (2000a) and Peck & James (1987) recorded 13-18%


parasitism rates. Due to the inaccessibility of nests, I was unable to determine whether
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nests that were depredated during the incubation or early nestling stage were parasitized.


Therefore, it is possible that brood parasitism occurred, but was not documented.


Nest-site Selection


Eastern Kentucky’s mean cerulean warbler nest height of 19.2 m lies on the high end of


the range of published values (�= 11.4 ± 0.4; range 4.6 - 19.5 m; compiled in Hamel


2000b) and is most comparable with nest heights in the Mississippi Alluvial Valley


(Hamel 2000a) and eastern Tennessee (Nicholson 2003).  Despite regional differences in


nest height (Hamel 2000b), nests were typically placed at the same height relative to the


site of the tree (approximately 70%) as in other studies (Oliarnyk, Nicholson, Hamel


2000a), indicating that nest position with regard to tree structure is more important than


its placement in a tree of a particular size.  As in eastern Tennessee (Nicholson 2003), the


height and diameter of nest trees did not differ from available trees.


Cerulean warbler nests have been found in a variety of tree species.  Nicholson’s (2003)


was the first study to find specific nest tree preferences, where the majority of nests in


eastern Tennessee were found in black cherry (Prunus serotina), sugar maple, and tulip


poplar (Nicholson 2003).  Black cherry only occurred rarely if at all in the Kentucky


study sites.  In contrast, I found over half of the nests in 2 species that were 5th and 6th in


basal area: white oak and white ash (Table 8).  Due to small sample size, it is too early to


say whether these are preferred tree species, but it is suggestive.  I also documented a


cerulean warbler nest in black oak, which is a new record for the cerulean warbler.  


Conclusions


The results of this portion of the study are valuable for their contribution to the growing


documentation of cerulean warbler nesting behavior. Cerulean warbler nests are


notoriously difficult to find and monitor; therefore any additional clues such as


incubation, brooding, and feeding rates will be helpful to researchers who find nests at


unknown stages. Similarly, documenting unusual behaviors such as incubation feeding


may help nest-searchers in the future.
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Table 4-1.  Outcomes and success rates of 13 cerulean warbler nests in CWTG plots,
Daniel Boone National Forest.


Probable Outcome


Failed during nest-building 0


Failed during egg-laying 1


Failed during incubation 2


Failed during nestling period 3


Fledged young 7


Outcome unknown 0


Total nest attempts 13


Minimum % successful 53.8%


Minimum number young fledged per successful nest 2.5


Mayfield daily success rate (SE) 0.9697


Nest exposure days 198


Mayfield prob. of success 0.493
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Table 4-2. Average basal area (m2/ha) of individual tree species per vegetation plot in
CWTG plots and the number of nests found in each in 2005.  


Tree Species Average Basal Area / Plot # CERW Nests


Acer saccharum 3.53 2


Liriodendron tulipfera 3.03 1


Quercus prinus 2.47 1


Quercus alba 2.28 0


Fraxinus americana 2.19 3


Quercus alba 2.16 5


Quercus rubra 1.97 0


Quercus velutina 1.19 1


Carya tomentosa 0.75 0


Carya ovata 0.63 0
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Table 4-3.  Nest site characteristics at 13 cerulean warbler nests in Pioneer Weapons
Area, Daniel Boone National Forest.  Values presented are means with standard error in
parentheses.


Variable Mean (S.E.) Minimum Maximum


Nest height (m) 19.2 (1.73) 6.6 28.2


Tree height (m) 26.8 (1.69) 18.0 34.0


Tree diameter at


breast height (cm)


43.5 (3.00) 27.5 65.2


Distance from bole


to nest (m)


3.6 (0.54) 1.5 7.5


Distance from nest


to canopy edge (m)


2.5 (0.40) 1.5 6.0


Distance from nest


to canopy gap (m)


18.8 (3.98) 2.0 43.0


Nest limb diameter


(cm)


6.7 (0.74) 3.0 12.0
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Table 4-4.  Habitat characteristics surrounding 13 cerulean warbler nests in Pioneer
Weapons Area, Daniel Boone National Forest.  Values presented are means (SE).
Differences between nest and territory or nest and random plots are indicated by asterisks
(α = 0.01).  


Variable Nest Territory Random


Basal Area 28.27 (2.39) 25.36 24.01


Average DBH 41.37 (1.53) 54.39** 40.57


Average Height 33.64 (2.51) 30.56 27.00


Sapling height 4.23 (1.13) 2.38 3.39


Sapling % cover 25.38 (7.10) 19.23 18.77


# Sapling stems 1.69 (0.57) 2.58 1.59


Shrub height 1.15 (0.25) 1.17 0.78


Shrub % cover 26.15 (9.71) 29.8 22.2


# Shrub stems 5.23 (1.94) 6.98 3.43


Slope (%) 25.5 (2.63) 31.6 36.1**


Canopy cover 0.5-3 m 23.5 (4.3) 31.7 29.1


Canopy cover 3-6 m 37.3 (4.4) 33.1 43.0


Canopy cover 6-12 m 50.4 (7.5) 45.7 52.3


Canopy cover 12-18 m 63.1 (4.8) 56.1 55.2


Canopy cover 18-24 m 53.5 (6.6) 56.5 55.1


Canopy cover >24 m 10.8 (4.1) 28.0** 15.6
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Figure 4-1.  Mean minutes per hour of incubation observed during nest watches of
female cerulean warblers in Pioneer Weapons Area, Daniel Boone National Forest.







45


Figure 4-2.  Mean minutes per hour of brooding observed during nest watches of female
cerulean warblers in Pioneer Weapons Area, Daniel Boone National Forest.  
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Figure 4-3.  Mean number of feeding trips per hour by both parents during nest watches
in Pioneer Weapons Area, Daniel Boone National Forest.
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CHAPTER FIVE: AVIAN COMMUNITY COMPOSITION IN CERULEAN


WARBLER-INHABITED FORESTS IN EASTERN KENTUCKY


Introduction


It is vital to determine features of successful territories and nest sites to develop


appropriate management plans.  Emphasis is generally placed on habitat features, but the


bird community and distribution of nest predators, brood parasites, and heterospecifics


may also play a role in the process of habitat selection.  For example, birds have been


demonstrated to alter territory and nest-site selection patterns in response to previous


predation (Jones et al. 2001; Martin & Roper 1988).  They may avoid coexistence with


species that build nests similar in placement and structure to reduce the density of similar


predation targets (MacKenzie et al. 1982; Martin 1993), thereby deterring nest predators


from developing reliable search images in an area (Martin 1988).  Migratory birds may


also select territories based on the density of some resident species (Forsman 1998).  


I examined the avian community in eastern Kentucky to look for patterns in cerulean


warbler (Dendroica cerulea) distribution in relation to other birds.  Additionally, I


compared avian abundance and community composition in an ice-damaged forest with


that of a mature, relatively undisturbed forest.  


Methods


I conducted point counts to sample the avian community on 5, 1 km2 grids in the Buffalo


Branch study area (Figure 2-2).  In 2004, I conducted 10 minute, 100-m fixed radius


point counts (Hamel et al. 1996; Ralph et al. 1993).  Each point was surveyed twice


during the breeding season (May 20-26 and June 7-11).  Observers recorded all


individuals detected within 4 distance classes (0-25m, 25-50m, 50-100m, and >100m)


and 3 time intervals (0-3, 3-5, and 5-10 minutes).  Surveys were conducted between


sunrise and 1000 EDT on days without rain or high wind (>20 km/hour).  Point counts


were conducted by observers skilled in bird identification and trained in distance


estimation.  
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Cerulean warblers (CERW) were classified as “present” if found <100m from point


center or “absent” if found >100m from point center at each point count location.  Points


were visited twice to avoid underestimation of site occupancy (Gu & Swihart 2004).  


In 2005, I established point count stations to sample the bird community within the 4


CWTG plots (Figures 2-3 and 2-4).  Four point count locations were randomly selected


within each study plot for a total of 16 points.  Point counts were visited twice (May 15-


20 and June 5-10) and were conducted as described above.  


I calculated species richness (S; Mcintosh 1967), species diversity (H’; Shannon &


Weaver 1949), and evenness (J’; Stiling 1999).  Community similarity indices were


calculated using the Sorensen index (Sorensen 1948).   Individual species abundances


were calculated as the maximum number of detections per site divided by the total


number of point counts for a mean abundance per point (Faccio 2003).  Additionally,


species were subdivided into 8 foraging guild categories to obtain mean number of


detections of guild members per point (Faccio 2003; Greenberg & Lanham 2001).  It is


important to note that these are preliminary analyses meant to explore for patterns.  These


observations will be used to generate testable hypotheses for continuing research,


specifically the CWTG silvicultural experiment.  


Pre-ice storm data do not exist for Buffalo Branch, which would be the ideal situation to


compare community composition between undamaged and damaged forest.  Nonetheless,


I used data from CWTG plots as “reference” points to compare avian community


composition in an intact, relatively undisturbed stand with that of an ice-damaged stand


(Buffalo Branch).  Due to differences in sampling effort and year, it is problematic to


directly compare avian communities in ice-damaged stands in Buffalo Branch (n=200;


2004) with reference sites in Pioneer Weapons Area (n=32; 2005).  Diversity indices and


mean abundances of individual species and foraging guilds were calculated with these


data.  As mentioned above, these findings are preliminary observations and will simply


be used to identify possible patterns and formulate hypotheses.  
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Results


In Buffalo Branch, 100 point counts were visited twice during the 2004 breeding season.


In 100-m radius point counts, 49 species were detected in sites with ceruleans and 50 in


sites without (Appendix E).  Diversity values were similar between occupied and


unoccupied sites (Table 5-1).  The community similarity index for CERW-occupied and


unoccupied point count stations was high (0.890), indicating there was a large degree of


overlap in species composition.  With the exception of the cerulean warbler, all species


detected only on CERW-occupied or unoccupied sites (not both) were extremely rare (<5


total detections).  The most abundant species in CERW-occupied sites overlapped with


those in unoccupied sites within Buffalo Branch.  Ovenbird (Seiurus aurocapillus), red-


eyed vireo (Vireo olivaceus), indigo bunting (Passerina cyanea), and wood thrush


(Catharus mustelinus) were identified as 4 of the 5 most abundant species in both areas


(Table 5-2).  The shrub-inhabiting hooded warbler (Wilsonia citrina) was fourth in


abundance in CERW-occupied sites while the canopy-dwelling scarlet tanager (Piranga


olivacea) held that position in unoccupied sites.


Among foraging guilds, the only difference detected between CERW-occupied and


unoccupied sites was among early successional species (Figure 5-1).  Early successional


species were found in much higher numbers on plots with ceruleans than those without.


Indigo bunting, yellow-breasted chat (Icteria virens), and eastern towhee (Pipilo


erythrophthalmus) were all detected more frequently on sites with cerulean warblers than


without. No other difference was detected among foraging guilds in CERW-occupied and


unoccupied sites, but there were differences in individual species within them (Table 5-


2).  Among forest interior birds, 4 species were lower [Acadian flycatcher (Empidonax


virescens), ovenbird, scarlet tanager, wood thrush] in abundance in CERW-occupied sites


while 2 were higher [hooded warbler, American redstart (Setophaga ruticilla)].


In CWTG reference sites, 16 point counts were visited twice during the 2005 breeding


season.  A total of 42 species were detected in reference sites compared with 55 species


in ice-damaged sites (Appendix E).  Diversity indices were higher in ice-damaged stands
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than in reference sites (Table 5-1).  Sorenson’s similarity index (0.375) indicated that


community composition was different between ice-damaged and reference sites.  In


reference sites, there was still overlap in the most common species, with ovenbird and


red-eyed vireo the 2 most abundant species (Table 5-2).  However, there was a marked


increase in the frequency of the cerulean warbler, which ranked 3rd in abundance.  Forest-


interior species (scarlet tanager and hooded warbler) occupied the 4th and 5th positions,


while the indigo bunting was infrequently observed in undisturbed forest.


At reference sites, early successional species were absent (yellow-breasted chat, eastern


towhee) or infrequent (indigo bunting), but forest-interior canopy foragers were more


abundant overall (Figure 5-2).  Again, species-specific responses were observed.  Among


canopy foragers, the red-eyed vireo, cerulean warbler, and American redstart appeared to


be more abundant than in ice-damaged stands while the scarlet tanager occurred in


similar numbers in both areas (Figure 5-3).  For ground and shrub foraging interior


species, the pattern appear to be the opposite, with lower numbers of Kentucky warbler


(Oporornis formosus), ovenbird, and wood thrush in reference sites than in ice-damaged


sites (Figure 5-4).  Similarly, forest-edge species seemed to be higher in ice-damaged


than reference sites. Nest predator and brown-headed cowbird abundance did not appear


to be different between reference and ice-damaged sites.  


Discussion


In this study, preliminary community analysis also may have revealed some vegetative


attributes that vegetation sampling failed to detect.  Although I measured no difference in


habitat between cerulean warbler-occupied and unoccupied sites (Tables 3-3, 3-4, and 3-


5), differences in the abundance of certain bird species, particularly early successional


species, suggest cerulean warblers were frequently found in more disturbed areas within


Buffalo Branch.  The presence of these species, especially the yellow-breasted chat,


indicates that areas within 100 m of point count stations where ceruleans were observed


must have received enough ice damage to create sizable gaps to promote a dense


understory.  
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Previous studies have suggested that early successional bird species tend to increase in


response to disturbance while mature forest birds exhibit different species-specific


responses (Baker & Lacki 1997; Faccio 2003; Gram et al. 2003; Greenberg & Lanham


2001).  In this study, we observed a similar pattern with early successional and forest-


interior species.  Among canopy species of the forest interior, American redstarts were


more common in sites with cerulean warblers while scarlet tanagers were less frequent.


When viewed in terms of ice storm damage, this finding makes sense.  American


redstarts experience lower rates of nest predation and brood parasitism with increasing


structural complexity (Sodhi et al. 1999) and frequently occur in secondary forest (Martin


2003).  Scarlet tanagers are less tolerant of disturbance (Palmer-Ball 1996) and a


reduction in canopy density may negatively affect foraging success or nest-site


availability.


Ground and shrub-dwelling species of the forest interior also showed species-specific


responses which again, mirrored those of other studies.  The hooded warbler was found


more frequently in sites with cerulean warblers whereas the wood thrush and ovenbird,


though still common, were found less often.  Two species, the Kentucky warbler and the


worm-eating warbler (Helmitheros vermivorus), were found in similar proportions in


both areas.  Hooded warblers nest and forage in the shrub layer.  Therefore, increased


light penetration and consequent understory development due to storm damage is likely


to increase available nesting and foraging habitat for this species.  In contrast, ovenbirds,


which forage in dense leaf litter, prefer areas with a closed canopy and less understory


development.    


The effects of natural disturbance events such as ice storms and tornadoes have been


likened to uneven-aged timber management, particularly group-selection and shelterwood


cuts (Faccio 2003; Seymour et al. 2002).  Both can bring about changes in community


patterns, alter diversity and richness values, and result in the addition of new bird species


and the loss of others (Baker & Lacki 1997; Faccio 2003; Greenberg & Lanham 2001;


King & DeGraaf 2000).  We observed higher bird diversity and species richness in storm-


damaged sites due to the overlap of mature forest species with early successional species. 
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Yet, higher densities of forest-interior canopy species were found in the reference sites.


Part of this difference can likely be attributed to differences in sampling effort and annual


fluctuation, but there were several species absent from the reference sites that occurred


frequently in ice-damaged stands.  Not surprisingly, early successional species were rare


or completely absent while forest-interior canopy species were more abundant in


reference sites.  


The persistence of the cerulean warbler in disturbed areas may indicate it is better able to


respond to disturbance than some other forest obligates.  Jones and Robertson (2001)


found cerulean warblers experienced a dramatic reduction in nesting success in the year


following a severe ice storm.  Nevertheless, the birds returned in equal numbers the


following year and responded by altering nest-site selection patterns to improve


reproductive output in the second post-storm year.  These results indicate that the


cerulean warbler may possess some level of plasticity with regard to habitat preference at


certain scales.  Our preliminary observations in Buffalo Branch support the idea that


cerulean warblers are somewhat resilient to habitat disturbance; we observed 9 of 15


focal males (60%) feeding fledglings (personal observation) during the second breeding


season following the 2003 ice storm.


Although comparisons of ice-damaged and reference sites would be strengthened with


pre-storm avian community data and/or temporal consistency between surveys, some


interesting inferences may be drawn from observed patterns in these areas.  These data


provide a baseline for developing hypotheses for continuing research and has


implications for the upcoming silivicultural treatments in PWA.
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Table 5-1.  Diversity indices for CERW-occupied and unoccupied areas in ice-damaged
Buffalo Branch (2004) and for reference sites in Pioneer Weapons Area (2005).


Species
Richness


(S)


Species
Diversity (H')


Species
Evenness (J')


Mean #
Detections /
Point Count


Ice-damaged:
CERW present


49 3.4 0.88 20.13


Ice damaged:
CERW absent


50 3.38 0.87 18.00


Reference sites 41 3.14 0.85 15.50
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Table 5-2.  Mean number of individuals detected per point count at stations with (n=24) and without (n=76) cerulean warblers in
Buffalo Branch.  Values shown are means (SE in parentheses).  P-values for present vs. absent t-tests are presented in the third
column.  Bold-faced values are significant (α=0.05).  The far right columns indicate the mean number of individuals for the entire ice-
damaged Buffalo Branch (n=208) site compared with reference sites in Pioneer Weapons Area (n=32). 
   
Foraging guild


Species
CERW present


� (SE)
CERW absent


� (SE)
P Ice-damaged


� (SE)
Reference


� (SE)
Early successional 2.67 (0.23) 1.64 (0.15) <0.001 1.93 (0.13) 0.41 (0.11)


Yellow-breasted chat 0.78 (0.13) 0.39 (0.06) 0.01 0.50 (0.06) Not detected
Eastern towhee 0.55 (0.08) 0.36 (0.05) 0.04 0.41 (0.04) Not detected
Indigo bunting 1.33 (0.14) 0.90 (0.10) 0.01 1.02 (0.08) 0.41 (0.11)


Forest-interior ground/shrub 4.18 (0.30) 4.25 (0.15) 0.86 4.23 (0.14) 3.16 (0.32)
Wood thrush 1.08 (0.14) 1.57 (0.10) 0.01 1.43 (0.09) 0.53 (0.12)
Worm-eating warbler 0.45 (0.10) 0.49 (0.05) 0.75 0.48 (0.05) 0.53 (0.13)
Ovenbird 2.25 (0.17) 2.82 (0.11) 0.01 2.66 (0.10) 1.66 (0.23)
Kentucky warbler 0.23 (0.07) 0.17 (0.04) 0.85 0.19 (0.03) 0.03 (0.03)
Hooded warbler 1.25 (0.15) 0.77 (0.08) 0.01 0.91 (0.07) 0.94 (0.17)


Forest-interior canopy 4.64 (0.21) 3.20 (0.13) <0.001 3.62 (0.12) 5.41 (0.40)
Yellow-throated vireo 0.23 (0.07) 0.11 (0.03) 0.13 0.15 (0.03) 006 (0.04)
Red-eyed vireo 1.63 (0.13) 1.76 (0.10) 0.41 1.73 (0.08) 2.06 (0.16)
Cerulean warbler 1.50 (0.09) n/a n/a 0.63 (0.08) 1.44 (0.25)
American redstart 0.62 (1.12) 0.30 (0.05) 0.02 0.39 (0.05) 0.88 (0.20)
Scarlet tanager 0.73 (0.11) 1.03 (0.09) 0.04 0.95 (0.07) 0.94 (0.16)


Forest-edge ground/shrub 2.18 (0.22) 2.56 (0.14) 0.14 2.45 (0.12) 2.16 (0.27)
Carolina wren 0.37 (0.09) 0.32 (0.05) 0.77 0.33 (0.04) 0.91 (0.15)
Northern cardinal 0.17 (0.06) 0.18 (0.04) 0.41 0.17 (0.03) 0.31 (0.10)
Brown-headed cowbird 0.60 (0.11) 0.48 (0.07) 0.36 0.51 (0.06) 0.41 (0.15)
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Foraging guild
Species


CERW present
� (SE)


CERW absent
� (SE)


P Ice-damaged
� (SE)


Reference
� (SE)


Forest-edge canopy 1.92 (0.17) 1.75 (0.10) 0.41 1.80 (0.09) 1.09 (0.18)
Yellow-billed cuckoo 0.38 (0.09) 0.41 (0.06) 0.78 0.40 (0.05) 0.28 (0.09)
Carolina chickadee 0.18 (0.16) 0.16 (0.04) 0.21 0.17 (0.03) 0.16 (0.07)
Tufted titmouse 0.67 (0.10) 0.54 (0.06) 0.29 0.58 (0.05) 0.38 (0.12)
Blue-gray gnatcatcher 0.68 (0.10) 0.66 (0.06) 0.86 0.67 (0.05) 0.28 (0.08)


Bark-probers 1.18 (0.16) 0.89 (0.08) 0.11 0.98 (0.07) 0.63 (0.13)
Red-bellied woodpecker 0.33 (0.08) 0.34 (0.05) 0.91 0.34 (0.04) 0.13 (0.06)
Downy woodpecker 0.18 (0.06) 0.14 (0.03) 0.63 0.15 (0.03) 0.16 (0.07)
Hairy woodpecker 0.25 (0.08) 0.09 (0.03) 0.48 0.14 (0.03) 0.13 (0.06)
Northern flicker 0.15 (0.06) 0.09 (0.02) 0.32 0.11 (0.02) 0.03 (0.03)
Pileated woodpecker 0.27 (0.07) 0.23 (0.04) 0.63 0.24 (0.03) 0.19 (0.08)


Bark gleaners 0.50 (0.10) 0.52 (0.06) 0.86 0.51 (0.05) 0.69 (0.15)
White-breasted nuthatch 0.42 (0.09) 0.36 (0.06) 0.58 0.38 (0.05) 0.31 (0.13)
Black-and-white warbler 0.08 (0.04) 0.18 (0.04) 0.12 0.15 (0.03) 0.38 (0.11)


Flycatchers 1.37 (0.16) 1.61 (0.10) 0.10 1.64 (0.09) 0.88 (0.14)
Eastern wood-pewee 0.87 (0.12) 0.77 (0.07) 0.48 0.80 (0.06) 0.53 (0.12)
Acadian flycatcher 0.52 (0.10) 0.86 (0.08) 0.01 0.76 (0.07) 0.34 (0.11)


Corvid nest predators 0.49 (0.12) 0.64 (0.08) 0.32 0.60 (0.07) 0.34 (0.11)
Blue jay 0.18 (0.07) 0.29 (0.05) 0.21 0.26 (0.04) 0.19 (0.08)
American crow 0.32 (0.09) 0.35 (0.06) 0.75 0.34 (0.05) 0.16 (0.08)


Table 5-2 (Continued)
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Figure 5-1.  Mean avian abundance by foraging guild at point count stations with (n=24)
and without (n=76) cerulean warblers.  Bars represent 1 SE about the mean.  
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Figure 5-2.  Mean avian abundance by foraging guild at point count stations at ice-
damaged (n=100) and reference (n=16) sites.  Bars represent 1 SE about the mean.  
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Figure 5-3.  Mean abundance of forest-interior species at point count stations in ice-
damaged and reference sites.  Bars represent 1 SE about the mean.  
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Figure 5-4.  Mean abundance of forest-edge species at point count stations in ice-
damaged and reference sites.  Bars represent 1 SE about the mean.  
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CHAPTER SIX: BEHAVIORAL CUES IN CERULEAN WARBLER HABITAT


SELECTION, A PILOT STUDY


Introduction


Habitat selection theory predicts that individuals should settle in areas with the


appropriate combination of resources and environmental conditions to maximize fitness


(Morrison et al. 1998).  Although this idea is well-established and has been used in


management for years, the mechanisms and cues by which animals choose habitat are not


well known.  Most conservation and management efforts target habitat features thought


to be important for a species without recognizing the habitat selection cues that direct an


individual to settle in a particular area.  For some species, the conservation of habitat


features could be made more effective if coupled with an understanding of the kinds of


cues a species employs in making a choice of where to live (Reed 2004).


Habitat selection cues may be direct or indirect and differ by species, sex, and age (Reed


2004).  Within a species, several cues likely operate in combination and different cues


may be more important at different stages of life.  For example, inexperienced male


house wrens rely more strongly on the presence of conspecifics to choose breeding site,


but experienced males are able to judge successful nest sites, irrespective of conspecifics


(Muller et al. 1997).  Conspecific attraction, the tendency of an individual to settle near


other individuals of the same species, has become the focus of considerable attention in


recent years for its potential applications in conservation biology.  


There are a number of hypotheses regarding the benefits of conspecific cuing.  Some of


the proposed benefits include reduced predation rates (Gotmark & Andersson 2005; Perry


& Anderson 2003), increased nesting success (Stamps 1988; Ward & Schlossberg 2004),


improved chances of mate attraction (cite), and better efficiency in assessment of habitat


quality (Muller et al. 1997; Shuck-Paim & Alonso 2001).  The presence of conspecifics is


thought to be particularly important in inexperienced or unsuccessful breeders because


they have no personal experience with which to judge habitat quality.  To prospecting


males, site occupancy could indirectly indicate optimal habitat through the presence of
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high quality males, which tend to arrive on the breeding grounds earlier than other males


(Kokko et al. 2001), or exhibit site fidelity due to past breeding success (Hoover 2003).


A potential drawback to using conspecific cuing to select habitat is the potential that birds


may not settle in newly available or empty but suitable habitat patches (Reed & Dobson


1993).  


Recent evidence suggests that conspecific attraction plays a role in the habitat selection


of many  bird species, including some territorial songbirds (Muller et al. 1997; Ward &


Schlossberg 2004).  Breeding colonies of Arctic tern, griffin vulture, and black-capped


vireo have been reestablished and expanded by manipulating behavior through the use of


decoys, song playbacks, and other indicators of conspecific presence (Podolsky & Kress


1992; Sarrazin et al. 1996; Ward & Schlossberg 2004).  With declining numbers in many


bird species, particularly neotropical migrants (Peterjohn et al. 1995; Terborgh 1980),


artificial attraction to suitable habitat could be a powerful tool in the conservation of


imperiled bird species.  


The cerulean warbler, Dendroica cerulea, is a neotropical migrant of the eastern


deciduous forest.  Over the last 50 years, the species has experienced range-wide declines


(Hamel 2000b; Rosenberg et al. 2000; Sauer et al. 2001) despite an overall increase in the


amount of available forest (Yahner 2000).  Although it is highly territorial, the cerulean


warbler has frequently been observed to occur in clusters, which are sometimes described


as loose colonies (Hamel 2000a, 2000b).  Another common observation is that suitable


habitat is often left vacant (Jones & Robertson 2001; Weakland & Wood 2005).  In 2004,


I noticed that cerulean warblers in my study area in eastern Kentucky occurred in clusters


in some areas but were absent in suitable habitat elsewhere.  


In 2005, I conducted a conspecific attraction pilot study on the cerulean warbler in Daniel


Boone National Forest, eastern Kentucky.  Specifically, I investigated whether cerulean


warblers could be attracted to potentially suitable habitat through song playback.  Based


on the species’ semi-colonial tendency and the vacancy of apparently suitable habitat in
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the study area, I predicted that the cerulean warblers would be attracted to recordings of


conspecific song.  


Methods


In 2005, 6 playback units were installed in Buffalo Branch, Daniel Boone National Forest


(Figure E-1). Playback units were based on the design by Ward and Schlossberg (2005),


but were modified for use in the forest canopy (Figure E-2).   Each unit consisted of a CD


player (Durabrand), a digital timer (Borg General Controls, Elk Grove Village, IL), a


12V deep-cycle marine battery, and a speaker hanging from a tree branch.  The CD


player, timer, and battery were housed in a heavy duty plastic container placed on the


ground and partially camouflaged by woody debris.  The speaker was enclosed in plastic


(i.e., 2.5 gallon water jug with a side opening) for protection from the elements and


supported by a tree limb at least 11 m high.  Playback units were situated in areas that


contained apparently suitable habitat but did not support cerulean warblers in 2004 and


were >500m from previously occupied habitat patches.  In one instance (CW1), the


playback unit was inadvertently placed approximately 250 m from a 2004 territory.


Three experimental units broadcast cerulean warbler (CW) songs and 3 control units


played black-throated green warbler, Dendroica virens, songs.  The black-throated green


warbler (BT) was selected as the control because it is also a canopy-dwelling species, but


it usually arrives nearly a month earlier than the experiment was slated to begin (Mengel


1965).  Thus, black-throated green warblers would have already established territories


and the playbacks should not have affected BT territory placement. 


Bird songs were broadcast between 0430 and 0930 and again from 1730 to 1830.  Song


recordings were obtained from the Macaulay Library, Cornell Lab of Ornithology.  To


avoid psuedoreplication, each unit played the song of a different individual male cerulean


or black-throated green warbler.  This also served to mimic the presence of an actual


territorial male as closely as possible.  Each recording consisted of 55 minutes of singing


followed by 15 minutes of silence and was repeated every 70 minutes.  
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All sites were visited twice a week between April 16 and May 5 during peak arrival times


and territory establishment.  Thereafter, each site was visited once a week through June 1.


During each visit, I recorded the number of cerulean warblers detected and distance of


each from the playback unit.  I also noted any territorial interactions with the playback


unit and/or other neighboring males, as well as any female activity.  


Results


In 2005, I observed 4 cerulean warblers at experimental sites and 2 at control sites (Table


E-1).  In the experimental sites, 3 of the 4 territorial cerulean warblers were first detected


at CW1 on April 22 and remained throughout the breeding season.  Two males


established territories adjacent to the playback while the third was downhill and adjacent


to the 2 live birds.  Early in the breeding season, the 2 adjacent individuals responded


aggressively to the playback unit and frequently hopped on the same branch or even on


top of the speaker.  Birds typically countersang with the unit and approached during


silent periods.  On May 4, I found 1 nest under construction approximately 26 m from the


playback unit.  In contrast, the bird at CW2 set up a territory >100 m from the speaker.


On April 18, the bird countersang with the playback unit <5 times and approached within


75 m, but then moved away.  No other territorial interactions were observed between that


individual and the playback.  The third experimental unit (CW3) was stolen before May


1, but no cerulean warblers were observed in the vicinity before then.  


At control sites, 2 birds established territories at different sites.  At BT2, a cerulean


warbler was heard singing on April 15 while the unit was being set up.  This was first


presumed to be a migrant, but the bird remained nearby throughout the breeding season


and was typically heard <50 m from the playback unit.  At BT3, a cerulean warbler was


first heard on April 18 and established a territory.  This individual was usually observed


50-100 m from the playback unit.  No cerulean warblers were observed at BT1.  
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Discussion


The results from this study were inconclusive, but encouraging.  My observations at CW1


provided some evidence to suggest that male cerulean warblers were drawn into


playbacks.  The 3 birds that settled nearby counter-sang with the callbox and treated it


like a neighboring territory holder.  However, interpretation of results at this site is


complicated because the unit was accidentally placed closer to previously occupied


habitat than the other units.  The results were further confounded by the presence of a


cerulean warbler at 2 out of 3 control sites, indicating that new birds settled in previously


unoccupied areas or that there was some movement of returning birds between years.


Jones et al. (2000) also observed interannual movement of territory clusters.


Despite the equivocal nature of the results, I believe the cerulean warbler is still an


appropriate target for conspecific attraction research.  There are several study design


revisions I would like to suggest in hopes of aiding future researchers in avoiding the


pitfalls of this experiment.  First, sites should be larger and more isolated from previously


occupied areas.  In this study, 5-10 ha unoccupied patches were embedded within many


occupied areas in the forest.  Given this study design, it would be difficult to tease apart


the effects of playbacks from the possibility of shifting of territories due to other factors,


as I observed this year at the control sites.  Ward & Schlossberg’s (2004) sites were 15-


71 ha in size and isolated from occupied areas.  They recommended 1 km as a minimum


distance between occupied and playback sites. 


A second recommendation is to establish more playback units at each site.  Although it


will be more expensive and time-consuming, the presence of multiple units per site will


increase the opportunity for individuals to encounter them.  Further, the number of


conspecifics in an area may be important in determining habitat quality (Reed & Dobson


1993).  Therefore, a site that appears to support 5 individuals would be more likely to


indicate better habitat than would a single male.  
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Finally, the presentation of visual models along with the playback may be important in


this species. Ward & Schlossberg (2004) found that visual models had no effect on


territorial responses in the black-capped vireo and attributed it to the vireo’s tendency to


sing in dense vegetation.  In contrast, the cerulean warbler usually sings from a prominent


tree, often on an exposed limb, and is probably visible to neighboring conspecifics.  Birds


in this study did not habituate to the speaker, but continued to countersing and approach


the speaker throughout the breeding season, apparently trying to locate the source of the


sound.  This may have been related to the absence of a visual stimulus to accompany the


audio playback. 


Conspecific attraction could become an important tool to conservation biologists and land


managers.  If colonization of newly available habitat by the cerulean warbler is inhibited


by a lack of social cues, it may be a more practical and expeditious means of attraction


than awaiting natural colonization.  More research is warranted to explore the potential


role of conspecific cuing in habitat selection and its significance in the development of


sound management strategies.  
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Table 6-1.  Number of cerulean warbler territories established within 50, 100, and >100
m from experimental and control playback units.


Site CW territories <50 m


from unit


CW territories 50-100


m from unit


CW territories >100 m


from unit


Experimental


CW1 2 1 0


CW2 0 0 1


CW3 0 0 0


Control


BT1 0 0 0


BT2 1 0 0


BT3 0 1 0
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Figure 6-1.  Map of Buffalo Branch study area with playback sites denoted by stars.  CW
refers to units that played cerulean warbler songs while BT refers to black-throated green
warbler song.
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Figure 6-2.  Playback system modeled after Ward & Schossberg (2005) with
modifications for forest canopy use.
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CHAPTER SEVEN: CONCLUSIONS


Several key habitat features have been consistently identified as important in cerulean


warbler nest-site and/or territory selection throughout the breeding range.  This study


reinforces these general patterns.  The conventional findings that cerulean warblers use


large diameter trees in a multi-layered canopy structure with occasional gaps and dense


understory appear to be sound management goals for eastern Kentucky.  Particular tree


species are likely not as important as the structure the trees provide, but east-facing


mixed mesophytic conditions seem to be preferred.  The next task in cerulean warbler


management is to understand how these features affect productivity.  Identifying the


features that exert the strongest influence on the processes of mate attraction, nest


predation and parasitism, food availability, and microclimatic differences will refine


existing models of cerulean warbler habitat and enhance cerulean warbler conservation.  


Canopy gaps, for example, are frequently mentioned as important (Bent 1953; Hamel


2000a, 2000b; Harrison 1984; Nicholson 2003; Oliarnyk & Robertson 1996; Suarez et al.


1997; Weakland & Wood 2005), but their role is not clearly understood.  Without a clear


understanding or definition of canopy gaps, it is premature to recommend their


application in management plans.  Future research should focus on the types and sizes of


gaps used by cerulean warblers, the activities that take place in or near them, and their


influence on reproduction and survival.  In an Illinois study, indigo buntings experienced


higher rates of nest predation in exterior edges (i.e., agriculture) than interior edges


(Suarez et al. 1997).  Moreover within interior edges, predation rates were higher in


abrupt openings (i.e., wildlife clearing) than gradual ones (i.e., treefall gap).  Not all gaps


are equivalent.  Therefore, it should be possible to identify gap dimensions that optimize


habitat for the cerulean warbler. 


With nearly 275,000 ha of forested habitat in eastern Kentucky, the DBNF is the largest


piece of public land in Kentucky.  This area contains high cerulean warbler densities and


therefore represents an important conservation zone for the species.  In fact, >80-year old


stands in Pioneer Weapons Area currently support one of the highest known densities of
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cerulean warbler.  By emphasizing the importance of no-harvest zones within forest


boundaries and employing uneven-aged management strategies, the DBNF will serve as a


refugium for the cerulean warbler and many other forest-interior species.  In a recent


survey of local residents surrounding the DBNF, 95% of those surveyed agreed


protection of critical habitat for plants and wildlife was an important forest value while


only 24% placed importance on the forest’s utilitarian values for humans (Arndt et al.


2002).  


However, silvicultural practices can be employed that mimic the natural processes that


created the conditions under which the cerulean warbler evolved.  The DBNF contains


>530,000 ha of forested private land within the proclamation boundary.  If timber


extraction is the goal, some silvicultural techniques will be more effective than others in


promoting sustainable cerulean warbler populations.  In areas actively managed for


timber, uneven-aged management practices, particularly single-tree or group-tree


selection, should continue to support cerulean warblers.  Other management activities


that may promote cerulean warbler use or persistence include timber stand improvements


such as thinning and crop tree releases, which will provide structural diversity.  In areas


that have been cut, allowing the understory to develop and gradually shift between


habitats should minimize detrimental edge effects while providing habitat for forest-edge


species and fledglings.   


Single-species conservation is often criticized for ignoring impacts of management on


other species or the community. Based on the findings from this study, however, habitat


management aimed at the cerulean warbler will likely benefit many other species,


including several of conservation importance.  Retention of numerous large-diameter


trees will provide nesting and foraging habitat for many forest wildlife species.  In the


ice-damaged Buffalo Branch area, average diameter of trees used for song perches (35.0


cm) was higher than that of available trees (22.2 cm).  Current basal areas in ice-damaged


stands (22.2 m2/ha) and in mature, undisturbed forest (24.9 m2/ha) support high densities


of cerulean warbler.  The results from the continuing CWTG silvicultural study should
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provide guidelines for a threshold basal area in which tree density becomes too low to


support viable cerulean warbler populations and other forest songbirds.   


The maintenance of a complex understory will provide nesting, foraging, and post-


fledging habitat for a variety of forest songbirds. Other possible benefits of increased


habitat complexity and vertical structure include greater species richness and diversity,


increased foraging opportunities, more nest concealment, and reduced predator


efficiency.  In my study areas, spicebush, pawpaw, and a variety of saplings made up the


majority of the shrub layer.  Ice-damaged areas also had dense patches of green briar and


blackberry.   


Due to its simultaneous reliance on large tracts of mature forest and its apparent


resilience to moderate levels of disturbance, the cerulean warbler presents an interesting


conservation paradox.  On the one hand, it offers an umbrella for protection of a suite of


forest species.  On the other it presents the opportunity to create habitat for early


successional species.  Species in both groups have urgent conservation needs.  Taking


this into account, managing for the cerulean warbler may reconcile opposing ecological


needs of both groups of species.  A cerulean warbler management plan that allows for


undisturbed, mature forest interspersed with uneven-aged management may promote


conservation of forest-interior and early successional birds. 







73


APPENDIX A. Cerulean Warbler Technical Group Forest Management Research
Project Treatment Implementation Guidelines, May 3, 2005


Control: The control stand will remain untreated through the conclusion of the project or
at least until August 2008, preferably August 2009.  This includes any form of harvest,
prescribed burning, or application of herbicides.


Light Treatment:  Between July 15, 2006 and April 1, 2007 this stand should be
harvested by removing enough of the overstory to leave approximately 75–80 sqft
BA/acre (17.2-18.3 m2/ha).  The removal can be a combination of timber stand
improvement and value extraction.  However, the residual stand should be evenly stocked
(i.e., removals should be well-spaced) and the removals should not be strictly a thinning
from above as would occur in a diameter limit cut, although such a cut with a high limit
(i.e., ≥18” DBH) would give us very similar results and would not be a problem.  The
marking objective should be designed to roughly mimic a single-tree selection harvest as
commonly practiced in the region in question.  


Intermediate Treatment:  Between July 15, 2006 and April 1, 2007 this stand should be
harvested by removing enough of the overstory to leave approximately 55 sqft BA/acre
(12.6 m2/ha).  The removal should be conducted such that the residual stand is comprised
almost entirely of well-spaced dominants and co-dominants.  All other commercial stems
(i.e., > 6” DBH) should be felled.  The marking objective should be designed to roughly
mimic a shelterwood harvest as commonly practiced in the region in question.  The cut
should NOT be a heavy diameter-limit type harvest.  Clearfelling of all stems 2” DBH or
larger should be completed within the same time frame as the harvest.


Heavy Treatment:  Between July 15, 2006 and April 1, 2007 this stand should be
harvested by removing virtually all of the overstory, leaving only approximately 20 sqft
BA/acre (4.6 m2/ha).  Residual stems should be well-spaced and be comprised of
dominants and co-dominants.  All other commercial stems (i.e., > 6” DBH) should be
felled.  The marking objective should be designed to roughly mimic a deferment or
“modified-shelterwood” harvest as commonly practiced in the region in question.
Clearfelling of all stems 2” DBH or larger should be completed within the same time
frame as the harvest.


All Treatments: No additional timber harvests, burning, or application of herbicides
should occur for the remainder of the study or through August 2008, preferably August
2009.  This restriction should apply to at least a 50 yard buffer, preferably to a 200 yard
buffer.  All decks should be located OUTSIDE of the stands if possible.  Road and skid
trail construction within treatment stands should be minimized.







74


APPENDIX B.  Protocol for vegetation sampling at point count stations in Buffalo
Branch, Daniel Boone National Forest, 2004.  Courtesy of Kentucky Department of
Fish and Wildlife Resources.  


Methodology for Collecting Habitat Data


(Songbird Point Count Habitat Data Collection Form)


Some general things to remember when completing this form:  


• Data should be collected during the songbird breeding season with the same window
as for point counts, no earlier than the last week of May and no later than the last
week of June.


• Unless otherwise stated, consider only the 50m radius circle around your point when
describing a feature.


• Be sure that you complete the entire form (front and back) 


Topographic Features (determined from the point center)


Latitude and Longitude In degrees/minutes/seconds with GPS unit.   Make sure the
GPS unit has the map datum set to NAD 83 CONUS.
Check your GPS unit before collecting your
coordinates!  If you cannot get a reading due to dense
canopy, you may have to wait until leaf-off for an accurate
reading.


KY PIF Habitat Code This is a general category for use in the database, which
will enable us to group points for analysis.  The code you
enter will be “letter”-“number” using the following to
describe your point:


Open Lands “O”
1. Grassland
2. Early successional (barren, glade, old field,


scrub/shrub)
3. Row-crop agriculture


Forested Lands “F”
1. Deciduous Forest
2. Coniferous Forest
3. Mixed Deciduous and Coniferous Forest
4. Riparian Woodland


Wetland “W”
1. Forested Wetland
2. Herbaceous Wetland
3. Open Water
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APPENDIX B, continued.
Edge “E”


1. Open Land/Forest
2. Open Land/Wetland
3. Forested Land/Wetland
4. Open Land/Forest/Wetland


Slope Recorded to the nearest degree slope (0-90º) using a 
clinometer.  This may be 0º for flat terrain.  For ridgetops,
record the average slope of the 50m radial plot around the
point. 


Aspect Recorded to the nearest degree (0-360º) using a compass to
measure the direction a slope faces.  On flat terrain or
ridgetops, enter N/A.


Landform Circle the landform that best fits your point.  If your point
does not fit into any of these categories, then circle other
and give a description.


Topographic position If applicable, circle the appropriate slope position for the
point.


Water Availability Circle all that apply.  Unless water is absent, you will circle
standing or flowing, along with a distance band to represent
the closest distance water is to the point.  If water is >50m
away, record the distance to the nearest tenth of a meter.
Record the name or type of water (ie. pond, lake, Green
River, etc.)


Vegetation Data


Canopy/Overstory 
Dominant Age Circle one classification. 


Dominant Vegetation List three to five dominant canopy species (generally trees
greater than 4 inches in d.b.h.) in order of abundance based
upon observations from the point center.


Average Canopy Tree
Height Determine the height of the five canopy trees closest to the


point center using a clinometer.  Average their heights and
record in feet.


Canopy Cover Circle a percentage cover.  Determined by ocular estimate
of the canopy from the point center.
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APPENDIX B, continued.


Canopy Basal Area Using a 10 factor prism, place the prism over the point
center and rotate yourself around the plot noting the
number of canopy trees only NOT broken by the prism.
Then multiply this number by ten.  Do this separately for
conifers and hardwoods.   Do not count dead trees.  Unit
will be in ft2/acre.


Total Basal Area Use the same process described above, but include all trees
NOT broken by the prism.  Again, do separately for
conifers and hardwoods.  Do not count dead trees.  Unit
will be in ft2/acre.


Midstory
Dominant Vegetation List three to five dominant midstory species in order of


abundance based upon observations from the point center. 


Percent Cover Circle a percentage cover.  Determined by ocular estimate
of the midstory from the point center.


Understory/Shrub Layer
Dominant Vegetation Dominant vegetation of shrub layer (usually 1.5 to 8 feet


above the ground) based upon observations from the point
center that include deciduous trees, deciduous shrubs,
vines, coniferous trees, evergreens, etc.  List three to five
species in order of abundance.


Percent Cover Circle a percentage cover.  Determined by ocular estimate
of the shrub layer cover from the point center.


Herbaceous Layer/Groundcover


Dominant Vegetation General vegetation categories of the herbaceous layer based
upon observations from the point center including woody
plants, ferns, forbs/sedges, and grasses (generally less than
1.5 feet).  List three to five species in order of abundance.


Total Percent Cover Circle a percentage cover for all groundcover species.
Determined by ocular estimate of the herbaceous layer
from the point center.


Percent Grass Cover Circle a percentage cover for grass species only.
Determined by ocular estimate of the herbaceous layer
from the point center.
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APPENDIX B, continued.


Miscellaneous


Standing Snags Record the number of trees in each size category within the
50 meter plot.


Live Cavity Trees Record the number of trees in each size category within the
50 meter plot.
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APPENDIX C.  Definitions of habitat variables used in analyses of habitat selection
in 2005.  Comparisons were made between territory and random points within the 4
Pioneer Weapons study grids.  


Variable


Basal Area: Used a 2.5x factor metric prism to identify trees (including snags) that counted as
“in” the plot.  Trees were defined as stems ≥10cm dbh. Tree species and diameters of each “in”
tree were recorded.  (m2 / ha)
Acer Basal Area: Basal area of maples within the prism plots
Quercus Basal Area: Basal area of oaks within the prism plots
Average DBH: Average diameter at breast height of all trees within the basal area (cm)
Random or Territory Tree DBH: Diameter at breast height of a representative tree within in
the prism plot (random points) OR of a preferred singing perch (territory plots)
Tree Height: The height of a representative tree within the prism plot (random points) OR
height of a preferred singing perch tree (territory plots)
Saplings: All stems ≥1.4m in height and measuring 1-10cm dbh within a 3m radius circle
centered on a random or territory vegetation plot.  


Average Sapling Height: Visually estimated (m)
Percent Sapling Cover: Visually estimated (%) 
# Sapling Stems: Count of individual saplings within the circle (#)
# Sapling Species: Number of species within the circle (#)


Shrubs: Woody, low-growing plants with multiple stems (includes saplings <1.0 cm dbh)


within a 3m-radius circle centered random or territory vegetation plot


Average Shrub Height: Visually estimated (m) 
Percent shrub cover: Visually estimated (%)
# Shrub Stems: Count of individual shrubs within the 3-m circle (#)
# Shrub Species: Number of species (#)


Slope: Maximum slope measured with a clinometer over a 10-m distance crossing point
center (degrees)
Aspect: (degrees)
Canopy Cover: 120 measures of canopy cover were taken using an ocular tube.  Readings were
taken every 2.26m along 11.3m transects in each of the cardinal directions.  20 readings taken in
each of 6 height classes (0.5-3m, 3-6m, 6-12m, 12-18m, 18-24m, >24m), then averaged to
estimate percent cover.
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Appendix  D.  Scientific names of species mentioned in the text or tables.


Common name Scientific name


Wood duck Aix sponsa


Broad-winged hawk Buteo platypterus


Ruffed grouse Bonasa umbellus


Wild turkey Meleagris gallopavo


Northern bobwhite Colinus virginianus


American woodcock Scolopax minor


Mourning dove Zenaida macroura


Yellow-billed cuckoo Coccyzus americanus


Great horned owl Bubo virginianus


Barred owl Strix varia


Ruby-throated hummingbird Archilochus colubris


Red-bellied woodpecker Melanerpes carolinus


Downy woodpecker Picoides pubescens


Hairy woodpecker Picoides villosus


Northern flicker Colaptes auratus


Pileated woodpecker Dryocopus pileatus


Eastern wood-pewee Contopus virens


Acadian flycatcher Empidonax virescens


Eastern phoebe Sayornis phoebe


Great-crested flycatcher Myiarchus crinitus


White-eyed vireo Vireo griseus


Blue-headed vireo Vireo solitarius


Yellow-throated vireo Vireo flavifrons


Red-eyed vireo Vireo olivaceus


Blue jay Cyanocitta cristata


American crow Corvus brachyrhynchos


Carolina chickadee Poecile carolinensis


Tufted titmouse Baeolophus bicolor
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Common name Scientific name


White-breasted nuthatch Sitta carolinensis


Carolina wren Thryothorus ludovicianus


Blue-gray gnatcatcher Polioptila caerulea


Eastern bluebird Sialia sialis


Veery Catharus fuscescens


Gray-cheeked thrush Catharus minimus


Swainson’s thrush Catharus ustulatus


Hermit thrush Catharus guttatus


Wood thrush Catharus mustelinus


American robin Turdus migratorius


Gray catbird Dumetella carolinensis


Northern mockingbird Mimus polyglottos


Brown thrasher Toxostoma rufum


Blue-winged warbler Vermivora pinus


Tennessee warbler Vermivora peregrine


Nashville warbler Vermivora ruficapilla


Northern parula Parula Americana


Chestnut-sided warbler Dendroica pensylvanica


Black-throated green warbler Dendroica virens


Blackburnian warbler Dendroica fusca


Yellow-throated warbler Dendroica dominica


Prairie warbler Dendroica discolor


Blackpoll warbler Dendroica striata


Cerulean warbler Dendroica cerulea


Black-and-white warbler Mniotilta varia


American redstart Setophaga ruticilla


Worm-eating warbler Helmitheros vermivorus


Ovenbird Seiurus aurocapillus


Louisiana waterthrush Seiurus motacilla


Appendix D continued.
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Common name Scientific name


Kentucky warbler Oporornis formosus


Hooded warbler Wilsonia citrine


Yellow-breasted chat Icteria virens


Summer tanager Piranga rubra


Scarlet tanager Piranga olivacea


Eastern towhee Pipilo erythrophthalmus


Field sparrow Spizella pusilla


Northern cardinal Cardinalis cardinalis


Rose-breasted grosbeak Pheucticus ludovicianus


Indigo bunting Passerina cyanea


Brown-headed cowbird Molothrus ater


Baltimore oriole Icterus galbula


American goldfinch Carduelis tristis


Appendix D continued.







82


Appendix E.  Number of birds recorded by species and by month in Buffalo Branch
(2004) and Pioneer Weapons Area (2005) in Daniel Boone National Forest. 


Buffalo Branch, 2004 Pioneer Weapons Area, 2005
Species May June May June
Broad-winged hawk 2 0 0 2
Wild turkey 22 7 0 0
American woodcock 1 1 0 0
Mourning dove 6 5 0 0
Yellow-billed cuckoo 60 22 4 8
Ruby-throated
hummingbird


5 3 1 0


Red-bellied woodpecker 29 42 2 2
Downy woodpecker 14 17 4 3
Hairy woodpecker 11 18 3 2
Northern flicker 19 3 1 1
Pileated woodpecker 31 19 2 7
Eastern wood-pewee 84 82 10 16
Acadian flycatcher 82 75 14 9
Eastern phoebe 4 1 2 4
Great-crested flycatcher 6 4 3 0
White-eyed vireo 2 6 0 0
Blue-headed vireo 0 0 1 0
Yellow-throated vireo 11 20 4 3
Red-eyed vireo 199 163 53 50
Blue jay 27 25 1 6
American crow 43 28 0 6
Carolina chickadee 10 25 5 8
Tufted titmouse 72 48 9 11
White-breasted nuthatch 23 55 4 18
Carolina wren 26 43 20 25
Blue-gray gnatcatcher 69 65 10 8
Cedar waxwing 7 2 0 0
Veery 7 0 0 0
Gray-cheeked thrush 0 0 1 0
Swainson's thrush 0 0 3 0
Hermit thrush 1 1 0 0
Wood thrush 118 179 10 14
Gray catbird 5 2 0 0
Brown thrasher 0 1 0 0
Blue-winged warbler 8 1 0 0
Tennessee warbler 0 0 3 0
Nashville warbler 1 0 2 0
Northern parula 1 0 0 0
Chestnut-sided warbler 3 6 0 0
Black-throated green
warbler


10 7 5 2
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Buffalo Branch, 2004 Pioneer Weapons Area, 2005
Species May June May June
Blackburnian warbler 2 0 1 0
Yellow-throated warbler 0 0 1 1
Prairie warbler 1 0 0 0
Blackpoll warbler 0 0 9 0
Cerulean warbler 47 43 29 41
Black-and-white
warbler


22 7 7 10


American redstart 48 33 27 22
Worm-eating warbler 41 58 11 16
Ovenbird 267 286 36 42
Louisiana waterthrush 3 2 3 2
Kentucky warbler 12 27 0 1
Hooded warbler 86 103 24 22
Yellow-breasted chat 46 61 0 1
Scarlet tanager 110 87 14 26
Eastern towhee 29 57 0 0
Field sparrow 0 1 0 0
Northern cardinal 18 18 5 11
Rose-breasted grosbeak 2 2 0 0
Indigo bunting 101 112 13 7
Brown-headed cowbird 54 53 15 4
Americn goldfinch 12 14 0 0


Appendix E (Continued)
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	 he	two-age	system	is	designed	to	main-		
	 tain	two	distinct	age	classes	in	a	forest.
	 This	system	is	generally	initiated	using	
a	deferment	harvest,	sometimes	referred	to	as	a	
shelterwood	or	clearcut	with	reserves	(Figure	1).	
The	deferment	harvest	retains	a	limited	basal	area	
of	canopy	trees	while	allowing	the	majority	of	the	
area	to	regenerate.	The	harvest	initially	creates	a	
stand	that	contains	scattered	or	small	groups	of	
older	trees,	typically	one	rotation	length	in	age,	
surrounded	by	a	regenerating	age	class.	The	canopy	
trees	that	are	left	are	termed	reserve	trees.	At	the	
end	of	a	second	rotation	length	the	stand	contains	a	
limited	number	of	large	reserve	trees,	two	rotation	


lengths	in	age,	and	a	larger	number	of	trees	that	are	
one	rotation	length	in	age.		


The	two-age	system	is	a	viable	method	for	
managing	many	hardwood	stands	where	longer-lived	
species	are	present.	The	system	provides	for	vigorous	
regeneration	and	the	development	of	average	size	and	
valued	sawtimber	trees	and	a	significant	component	
of	older	and	larger	high-value	veneer	and	grade	saw-
timber	trees.	The	system	also	provides	for	structural	
components	that	are	lacking	in	even-aged	stands.	
These	structural	components	can	benefit	wildlife	
populations	and	provide	old-growth	characteristics.	
Like	any	silvicultural	option,	the	two-age	system	has	
benefits	and	constraints	and	is	not	appropriate	for	
every	management	objective	or	stand	condition.	The	
system	does	provide	landowners	and	managers	with	
options	not	available	with	other	systems;	however,	
proper	implementation	is	required.	


Benefits and Constraints of the 
Two-Age System		


The	two-age	system	initiated	by	a	deferment	
harvest	provides	a	number	of	benefits,	including:


•	 Development	of	large-diameter	sawtimber	or	
veneer	trees


•	 Production	of	a	wide	range	of	forest	products	from	
pulp	to	veneer	in	the	same	stand	at	the	same	time


•	 Ability	to	regenerate	shade-intolerant	and	inter-
mediate-shade-tolerant	species


Figure 1. Typical two-aged stand after a deferment 
harvest and site preparation treatment.
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•	 Improved	aesthetics	compared	to	clearcutting
•	 Increased	structural	diversity	and	retention	of	


habitat	components	compared	to	clearcutting
•	 Increased	initial	revenue	compared	to	other	types	


of	non-clearcut	regeneration	techniques
•	 Development	of	old-growth	structural	character-


istics
•	 Maintenance	of	sexual	reproduction	in	reserve	


trees	throughout	the	entire	rotation	and	the	abil-
ity	to	“life	boat”	species	that	would	otherwise	be	
eliminated	if	the	area	was	clearcut


While	the	two-age	system	has	several	benefits,	it	
also	has	several	constraints	and	effects	that	must	be	
considered	prior	to	its	prescription,	including:


•	 Lack	of	appropriate	long-lived	species	to	maintain	
the	system


•	 Forest	fragmentation	and	habitat	effects	similar	to	
clearcutting


•	 Reduction	in	initial	revenues	compared	to	
clearcutting	and	possibly	diameter-limit	harvests	


•	 Limited	development	of	shade-tolerant	species
•	 Damage	to	new	age-class	trees	if	a	portion	of	


reserve	trees	are	removed	prior	to	the	end	of	the	
second	rotation	length


The	benefits	and	constraints	of	the	system	must	
be	carefully	considered	before	prescribing	its	use.	
One	of	the	more	important	issues	that	determine	
if	the	two-age	system	is	an	appropriate	silvicultural	
option	is	the	presence	of	relatively	long-lived	species.	
If	these	species	are	not	present,	then	the	two-age	
system	is	probably	not	appropriate	and	traditional	
even-age	or	group	selection	methods	should	be	
considered	if	shade-intolerant	and/or	intermediate-	
shade-tolerant	species	are	managed.	However,	if	
the	system	meets	management	objectives	and	can	
be	used	with	the	species	present,	then	a	deferment	
harvest	and	the	use	of	the	two-age	system	represents	
a	reasonable	regeneration	alternative.	


The	two-age	system	requires	the	long-term	
retention	of	reserve	trees,	and	their	characteristics	
and	selection	are	critical	for	successful	implementa-
tion	of	the	system.	Reserve-tree	characteristics	can	
vary	considerably	and	are	based	on	management	
objectives.	Regardless,	the	reserve	trees	must	be	able	
to	maintain	themselves	when	challenged	with	an	
open	environment.	The	selection	of	the	reserve	trees,	
their	individual	characteristics,	position	in	the	land-
scape,	number	and	distribution	must	be	carefully	
determined	and	managed.	Research	and	operational	


experience	has	provided	information	on	a	number	
of	these	criteria	for	several	of	the	more	important	
hardwood	species	and	forest	types.	


Deferment Harvests
Two-aged	stands	are	typically	developed	using	


a	deferment	harvest.	However,	deferment	harvests	
are	also	used	as	a	means	of	establishing	even-aged	
stands,	so	it	is	important	to	understand	how	defer-
ment	harvests	differ	based	on	their	intended	purpose.	
When	deferment	harvests	are	used	for	developing	
even-aged	stands,	the	initial	reserve	tree	densities	are	
relatively	high,	around	30	square	feet	of	basal	area	
per	acre,	compared	to	reserve	tree	densities	recom-
mended	for	the	two-age	system.	Trees	are	removed	
10	to	15	years	after	the	initial	harvest,	leaving	only	
the	regenerating	age	class.	This	type	of	deferment	
harvest	differs	from	a	traditional	shelterwood	in	
that	the	density	of	reserve	trees	is	less	than	that	of	a	
shelterwood	overstory	and	the	reserve	tree	density	
is	not	intended	to	affect	(or	shelter)	the	regenerating	
age	class.	Most	often	this	type	of	deferment	harvest	
is	used	to	alleviate	the	bleak	appearance	of	a	clearcut	
(Figure	2).	When	a	deferment	harvest	is	used	for	
aesthetic	purposes,	the	characteristics	of	the	reserve	
trees	are	less	important	and	rigorous	than	when	
the	deferment	harvest	is	being	used	in	the	two-age	
system.	When	implementing	a	deferment	harvest	as	
part	of	the	even-age	system,	the	reserve	trees	should	
contain	enough	surviving	merchantable	volume	(and	
value)	that	a	commercial	harvest	can	be	used	to	
remove	them	10	to	15	years	after	the	initial	harvest.	
Issues	such	as	longevity	of	the	species	selected	are	not	
important	considerations	of	reserve	trees	in	defer-
ment	harvests	when	used	in	the	even-age	system.	


When	a	deferment	harvest	is	used	in	the	two-
age	system,	the	reserve	tree	density	is	much	lower	
than	when	used	with	the	even-age	system.	Typically,	
reserve	tree	density	is	not	above	15	square	feet	of	
basal	area	per	acre	and	the	selection	criteria	for	these	
trees	are	more	rigorous	than	when	a	deferment	har-
vest	is	used	to	establish	an	even-aged	stand.	


Shelterwood Harvests and the 
Two-Age System


The	two-age	system	also	can	be	initiated	using	
a	shelterwood.	In	this	instance,	the	shelterwood	
overstory	density	is	adjusted	to	encourage	the	proper	
regeneration	of	intermediate-shade-tolerant	spe-
cies	(typically	45	to	60	square	feet	per	acre).	After	
regeneration	establishment,	normally	10	to	20	years,	
the	shelterwood	overstory	should	be	reduced	to	10	
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to	15	square	feet	per	acre.	The	remaining	trees	are	
termed	reserve	trees	and	this	method	of	regeneration	
is	referred	to	as	an	irregular	shelterwood.	Whether	
to	use	an	irregular	shelterwood	or	a	deferment	
harvest	to	develop	a	two-aged	stand	is	based	on	
the	regeneration	requirements	at	the	time	of	the	
initial	harvest.	The	irregular	shelterwood	is	used	to	
encourage	intermediate-shade-tolerant	species	and	a	
deferment	harvest	is	used	to	establish	shade-intoler-
ant	and	intermediate	species.	One	problem	with	the	
irregular	shelterwood	is	that	is	requires	that	enough	
volume	and	value	be	retained	in	the	stand	to	allow	
for	a	commercial	harvest	10	to	20	years	after	the	
initial	cut,	while	still	retaining	10	to	15	square	feet	
of	basal	area	per	acre.	Regardless,	the	end	result	is	
the	same	–	a	two-aged	stand	is	developed	with	a	
limited	number	of	reserve	trees	being	maintained	for	
two	rotation	lengths	with	the	remainder	of	the	stand	
occupied	by	a	younger	regenerating	age	class.		


Basics of the Two-Age System
The	challenge	of	implementing	the	two-age	


system	is	to	ensure	that	both	age	classes	maintain	
long-term	growth	and	development.	This	requires	
that	the	older	reserve	trees	be	carefully	selected	to	
ensure	survival	and	maintain	growth	and	vigor	over	
a	second	rotation	and	that	their	density	(number	or	
basal	area)	is	limited	so	that	they	will	not	signifi-
cantly	hinder	regeneration	of	the	younger	age	class	
over	the	long-term.	


In	its	simplest	form,	the	two-age	system	is	
initiated	by	a	deferment	harvest	typically	retaining	
between	10	to	15	square	feet	of	basal	area	per	acre.	
This	level	of	retention	is	especially	important,	as	all	


of	the	reserve	trees	are	left	for	the	entire	second	rota-
tion	length.	Initial	research	involved	the	use	of	much	
higher	basal	areas,	in	some	cases	as	high	as	30	to	35	
square	feet	per	acre.	However,	as	research	progressed	
it	became	apparent	that	these	basal	areas	dramati-
cally	affected	the	long-term	height	growth	of	the	
regenerating	age	class.	Research	also	found	that	the	
regenerating	stems	directly	under	the	reserve	tree	
crowns	were	stunted	with	a	large	number	exhibiting	
significant	sweep	and	stem	deformation.	By	limiting	
the	reserve	tree	densities,	both	of	these	problems	can	
be	minimized.


Generally,	the	10	to	15	square	feet	of	basal	area	
per	acre	of	reserve	trees	is	obtained	through	the	
retention	of	scattered	individual	sawtimber-sized	(>	
10	inches	dbh)	stems.	The	large	area	between	reserve	
trees	leaves	abundant	room	for	regeneration	to	flour-
ish	in	full	sunlight	over	an	extended	period,	in	many	
cases	over	an	entire	rotation	length.	This	allows	the	
initial	10	to	15	square	feet	of	basal	area	of	reserve	
trees	to	be	retained	for	a	second	rotation	length,	
with	the	majority	of	the	trees	in	the	regenerating	age	
class	experiencing	minimal	impacts	from	the	reserve	
trees.	Reserve	trees	can	also	be	grouped	rather	than	
retained	as	scattered	individuals.	The	grouping	of	
reserve	trees	has	advantages	in	certain	situations,	
including	protection	from	wind-throw,	and	the	
minimization	of	deformation	of	regenerating	stems	
compared	to	leaving	scattered	individual	trees.	How-
ever,	in	all	cases	the	intent	is	to	provide	two	distinct	
age	classes,	with	the	older	class	providing	as	little	
interference	with	the	young	age	class	as	possible.	
This	is	especially	true	if	volume	growth	and	timber	
quality	are	objectives.	


Figure 2. Simulated comparison of a clearcut and a deferment harvest showing the aesthetic differences 
between the methods.  
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At	the	end	of	the	second	rotation,	all	of	the	large	
reserve	trees	are	harvested,	as	well	as	the	majority	of	
the	trees	that	are	one	rotation	length	in	age.	Only	10	
to	15	square	feet	of	this	one	rotation	age	class	is	left	
as	reserve	trees	for	the	next	rotation.	Cultivation	of	
these	future	reserve	trees	should	be	considered	dur-
ing	intermediate	treatments.	


Reserve Tree Criteria
Reserve	tree	criteria	are	based	on	management	


objectives.	For	example,	the	system	can	be	used	
to	initiate	the	development	of	old-growth	forests,	
maintain	mast	production	for	wildlife,	as	well	as	
develop	large,	high-value	sawtimber	and	veneer	
trees.	Each	of	these	objectives	will	produce	a	differ-
ent	set	of	reserve	tree	characteristics	and	criteria.	In	
some	instances,	a	specific	characteristic	can	meet	the	
needs	of	more	than	one	objective.	


The	majority	of	the	interest	and	research	in	the	
two-age	system	and	deferment	harvests	is	focused	on	
timber	objectives.	To	this	end,	the	primary	charac-
teristics	of	individual	reserve	trees	include:


•	 long-lived	commercial	species
•	 appropriate	crown	characteristics	including	live	


crown	ratios	(typically	>	40	for	hardwoods),	
well-balanced	crown	proportions	and	overall	
crown	vigor


•	 stem	form	and	maintenance	of	potential	veneer	or	
high-quality	sawtimber


•	 ability	to	withstand	harvest	
•	 located	to	avoid	wind-throw	and	other	post-har-


vest	perturbations
						
These	characteristics	help	assure	that	the	reserve	


trees	emerge	unwounded	from	the	deferment	har-
vest,	respond	positively	in	growth	and	vigor	after	
the	harvest,	maintain	themselves	and	their	value	
to	the	end	of	the	next	rotation,	and	can	withstand	
environmental	stresses	associated	with	the	open-
grown	status	of	the	reserve	trees.	If	objectives	other	
than	timber	are	being	considered,	then	reserve	
tree	characteristics	are	often	altered.	For	example,	
leaving	trees	that	are	heavy	mast	producers	may	be	
important	for	wildlife	objectives.	Regardless,	the	
reserve	trees	need	to	be	carefully	selected	to	ensure	
that	they	survive	and	provide	the	required	benefits.


DBH and Crown Characteristics 
of Reserve Trees


To	ensure	harvest	survival	and	long-term	growth	
response,	reserve	trees	are	generally	selected	from	


dominant	and	co-dominant	crown	classes.	Figure	3	
shows	examples	of	good	and	poor	two-age	reserve	
tree	candidates.	Note	the	live	crown	ratio	(lcr)	of	
more	than	40	percent	and	the	well-balanced	crown	
shape	of	the	good-candidate	trees	(column	A).	
Research	has	found	that	some	species	(ex.	white	oak)	
exhibit	dieback	and	mortality	when	the	lcr	is	below	
30	percent.	Poor	candidates	(Figure	3B)	generally	
have	thin	or	deformed	crowns,	dead	major	canopy	
branches,	flat-topped	crowns	or	lcr’s	below	threshold	
levels.	Most	reserve	trees	should	come	from	dominant	
and	co-dominant	trees,	because	sub-dominant	trees	
often	have	significant	vigor	problems	as	indicated	
by	their	crown	characteristics.	There	are	instances	
where	intermediate	crown	class	trees	have	sufficient	
characteristics	to	warrant	consideration	as	reserve	
trees.	However,	these	trees	need	to	be	carefully	eval-
uated	to	ensure	that	they	possess	the	correct	charac-
teristics	and	they	are	able	to	survive	the	harvest.			


While	there	is	a	need	to	select	reserve	trees	
from	the	main	canopy,	this	should	be	done	with	an	
eye	to	minimizing	timber	value	of	the	reserve	trees.	
Holding	reserve	trees	of	significant	monetary	value	
when	not	necessary	decreases	timber	revenues	and	
reduces	money	available	for	management.	Table	1	
compares	the	stumpage	value	of	reserve	trees	of	
average	dominant/co-dominant	size	to	those	selected	
with	the	smallest	diameters	and	value	that	still	meet	
reserve	tree	criteria	for	vigor	and	future	value.	The	
data	from	these	seven	upland	oak	hardwood	tracts	
(encompassing	25	different	stands)	indicate	that	
significant	increases	in	timber	revenues	can	be	gener-
ated	if	dbh	is	considered	in	selecting	reserve	trees.	
However,	considerations	that	minimize	value	and	
thus	diameter	of	reserve	trees	should	not	outweigh	
considerations	of	vigor,	value	and	the	ability	to	sur-
vive	harvests.	


Figure	4	shows	the	relationship	between	the	
average	dbh	of	potential	reserve	trees	by	species	
compared	to	the	average	dbh	of	dominant	and	co-
dominant	trees	in	seven	upland	hardwood	tracts	on	
the	Cumberland	Plateau	in	eastern	Kentucky.	The	
bold	diagonal	line	shows	a	1:1	relationship	between	
the	average	dbh	of	reserve	trees	and	average	dbh	of	
dominant	and	co-dominant	trees.	This	means	that	
reserve	trees,	if	they	were	of	the	same	size	as	domi-
nant	and	co-dominant	trees,	would	lie	along	this	1:1	
line.	The	average	minimum	diameter	at	breast	height	
(dbh)	targets	are	shown	by	dashed	lines,	representing	
the	average	minimum	dbh	of	reserve	trees	of	each	
species	group	compared	to	the	average	dbh	of	all	of	
the	dominant	and	co-dominant	trees	in	the	stand.	
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Figure 4. Minimum average dbh for reserve trees for 
species groups based on the average dbh of dominant 
and co-dominant trees in each stand for seven tracts 
on the Cumberland Plateau in eastern Kentucky. The 
diagonal line shows a 1:1 relationship.	


Figure 3. Comparison of good (column A) 
and poor (column B) reserve tree candidates 
associated with a deferment harvest. Note 
overall crown size, balance and live crown 
ratios of the two sets of reserve tree candidates. 
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In	the	case	of	white	oak,	appropriate	reserve	
trees	were	very	close	in	dbh	to	the	average	dominant	
and	co-dominant	trees,	generally	not	deviating	more	
than	3	inches	in	dbh	from	the	dominant	and	co-dom-
inant	average.	It	should	be	noted	that	many	stands	
in	these	seven	tracts	contained	large	numbers	of	
intermediate	and	overtopped	white	oak	trees.	How-
ever,	they	did	not	possess	the	crown	characteristics	
required	for	retention	as	reserve	trees	and	the	average	
minimum	diameter	for	reserve	white	oak	trees	was	
relatively	close	to	the	average	dbh	of	dominant	and	
co-dominant	trees.	The	potential	reserve	maples	are	
significantly	less	in	dbh	(resulting	from	their	shade	
tolerance)	than	the	average	size	of	dominant	and	co-
dominant	trees.	However,	it	is	improbable	that	many	
of	these	potential	reserve	trees	could	survive	logging	
and	would	not	typically	be	selected	as	reserve	trees.


Unfortunately,	when	the	two-age	system	was	
first	used	in	the	United	States,	reserve	tree	selec-
tions	were	made	so	that	their	dbh’s	were	minimized,	
having	as	little	impact	as	possible	on	timber	receipts	
from	the	deferment	harvest.	However,	problems	
quickly	arose	with	the	reserve	trees’	ability	to	satisfy	
long-term	timber	objectives.	


Figure	5	shows	the	difference	in	dbh	between	
reserve	trees	that	were	marked	according	to	proper	
reserve	tree	criteria	provided	(open	circles)	and	
reserve	trees	that	were	marked	with	the	primary	
objective	of	not	significantly	altering	timber	revenues	
at	the	time	of	harvest	(+).	Note	that	the	dbh	for	the	


latter	group	of	trees	falls	well	below	the	average	
dbh	of	appropriate	reserve	trees	when	the	average	
dbh	of	dominant	and	co-dominants	reaches	14-16	
inches.	Essentially,	to	avoid	timber	volume	and	value	
being	left	in	reserve	trees	in	these	tracts,	appropri-
ate	reserve	tree	criteria	were	ignored,	leading	to	
the	selection	of	small-diameter,	sub-canopy	trees.	
Unfortunately,	these	small-diameter	trees	did	not	
possess	the	necessary	attributes	for	two-age	reserve	
trees.	These	data	indicate	that	when	the	average	size	
of	the	main	canopy	trees	reaches	grade-sawtimber	
size,	some	merchantability	can	be	expected	to	be	
unavoidably	retained	in	the	reserve	trees.	Results	
from	research	and	operational	trials	indicate	that	it	
is	important	to	maintain	proper	reserve	tree	criteria	
and	only	minimize	the	diameter	of	reserve	trees	once	
other	criteria	have	been	considered.


Once	the	average	dbh	of	reserve	trees	and	their	
basal	area	has	been	determined,	approximate	reserve	
tree	spacing	can	be	established	(Table	2).	The	deter-
mination	of	an	approximate	spacing	is	helpful	in	
marking	individually	scattered	reserve	trees,	provid-
ing	field	personnel	with	a	reasonable	target	to	assist	
in	maintaining	the	proper	level	of	retention.	


Stem Form and Quality 
of Reserve Trees


Stem	form	and	future	tree	quality	and	value	are	
important	criteria	for	reserve	tree	selections	where	


Average DBH Minimum DBH


Tract $/acre
Percent 
of sale $/acre


Percent 
of sale


1 301.50 23.0 238.59 18.4


2 334.09 32.1 186.85 16.9


3 289.03 22.6 245.00 20.2


4 322.82 22.5 223.97 22.5


5 328.41 17.9 273.72 14.6


6 281.36 23.3 248.41 20.7


7 327.63 32.5 189.79 13.9


Mean 312.12 24.8 229.48 17.1


Table 1. Stumpage value per acre 
of reserve trees (20 ft2/acre basal area) 


of average dominant and co-dominant dbh 
compared to reserve trees of minimum dbh 


that meet criteria for timber objectives 
for seven tracts in eastern Kentucky. 


Figure 5. Comparison of average dbh of appropriate 
upland hardwood reserve trees (open circles and blue 
line) and the average dbh of inappropriate reserve trees 
(plus signs and red line) that were retained to avoid 
reduction in timber revenues with little concern to long-
term reserve tree growth.	
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timber	is	an	objective.	Stems	should	be	straight,	
free	of	rot	and	have	limited	defect	indicators	on	the	
butt	log.	Typically,	reserve	trees	should	be	capable	
of	producing	veneer-quality	logs	or	high-quality	
sawlogs	when	they	are	ultimately	harvested	(poten-
tial	U.S.	Forest	Service	(USFS)	tree	grade	=1).	One	
of	the	problems	associated	with	exposing	reserve	
trees	is	a	potential	loss	in	their	long-term	timber	
quality	due	to	the	development	and	maintenance	of	
mainstem	branches	that	can	degrade	tree	quality	and	
value.	These	branches	develop	from	epicormic	buds	
that	form	epicormic	branches,	and	if	retained	long	
enough,	become	large	branches	that	can	significantly	
degrade	timber	value.


Research	has	shown	that	the	basal	area	reten-
tion	recommended	for	deferment	harvest	(10	to	15	
square	feet	of	basal	area	per	acre)	provides	for	regen-
eration	that	quickly	grows	up	around	butt	logs.	The	
developing	regeneration	quickly	reduces	light	levels	
near	the	boles	of	reserve	trees,	leading	to	shedding	
of	many	epicormic	branches	that	initiate	due	to	the	
harvest.	It	is	important	to	remember	that	the	epi-
cormic	branches	are	formed	from	suppressed	buds	
that	are	present	on	the	trees	prior	to	harvest.	They	
are	defect	indicators	or	are	associated	with	defect	
indicators	prior	to	the	harvest	and	only	become	
added	problems	when	they	sprout	and	the	resulting	
epicormic	branches	remain	long	enough	to	become	
large	branches.	This	results	in	prolonged	knot	for-


mation.	Upper	logs	are	at	greater	risk	for	degrade	
compared	to	the	butt	logs	in	a	deferment	harvest.	
Regardless,	it	is	important	to	understand	which	
defect	indicators	harbor	suppressed	buds	that	can	
turn	into	epicormic	branches	and	can	potentially	
result	in	long-term	degrade.	


Table	3	provides	information	on	defect	indicators	
that	provide	a	risk	for	epicormic	branching	in	white	
and	chestnut	oak.	Only	a	few	of	the	defect	indicators	
on	the	bark	of	these	species	contain	suppressed	buds	
resulting	in	epicormic	branches.	Figure	6	shows	epi-
cormic	branches	originating	from	a	suppressed	bud	
cluster	on	the	butt	log	of	a	white	oak	reserve	tree	
one	year	after	a	deferment	harvest.	Those	marking	
reserve	trees	should	understand	the	risks	associated	
with	epicormic	branching	and	be	able	to	recognize	
defect	indicators	that	harbor	suppressed	buds	in	the	
species	being	marked.	


Other Risk Indicators and Factors
Reserve	trees	should	also	be	able	to	withstand	


stress-inducing	factors	such	as	challenges	from	
insects,	pathogens	and	disease	complexes.	While	it	is	
not	possible	to	plan	for	attacks	from	all	insects	and	
diseases,	it	is	prudent	to	plan	for	challenges	from	
known	problems.	For	example,	potential	defoliations	
by	gypsy	moth	and	endemic	insects	should	be	con-
sidered	where	appropriate.	In	some	instances,	crown	
characteristics	have	been	shown	to	be	associated	with	
a	trees’	ability	to	withstand	the	initial	front	of	gypsy	


Reserve 
Tree
DBH


Ft2 Basal Area per 
Acre of Reserve Trees


10 15 20
------------ feet -------------


6 29 24 21
8 39 32 28
10 49 40 34
12 58 48 41
14 68 56 48
16 78 64 55
18 88 72 62
20 97 80 69
22 107 88 76
24 117 96 83
26 127 103 90
28 136 111 97
30 146 119 103


Table 2. Spacing (feet) between 
scattered reserve trees.


Figure 6. Multiple epicormic branches developed 
from a suppressed bud cluster on the butt log of 
a white oak reserve tree one year after deferment 
harvest.	
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moth	invasion.	These	characteristics	can	be	added	
to	the	list	of	reserve	tree	criteria.	Another	example	
is	the	issue	of	oak	decline.	Characteristics	associated	
with	oak	decline	should	be	included	in	the	selection	
of	oak	reserve	trees.	Other	factors	involving	wildlife	
considerations	may	need	to	be	included	in	reserve	
tree	criteria.	For	example,	the	need	for	bat	habitat	
may	require	the	retention	of	scaly-barked	trees	like	
shagbark	hickory	as	reserve	trees.	All	of	these	factors	
could	alter	the	species	of	reserve	tree	candidates,	
crown	condition	and	other	reserve	tree	criteria.					


Longevity of Reserve Trees
Longevity	is	an	issue	that	must	be	thoroughly	


addressed	in	the	selection	of	reserve	trees.	Table	4	
provides	a	list	of	species,	their	mean	operational	ages	
and	their	suitability	for	use	as	reserve	trees.	While	
this	list	was	developed	from	a	survey	of	silvicultural	
experts	in	the	eastern	U.S.,	it	does	provide	a	general	
guideline	for	the	appropriateness	of	species	for	


Defect Indicator


White Oak Chestnut Oak
# 


Suppressed 
Buds2


# 
Epicormic 
Branches3


# 
Suppressed 


Buds2


# 
Epicormic 
Branches3


live branch 10.02 2.50 0.00 0.00
multiple epicormic branches 9.14 1.14 0.00 0.00
single epicormic branch 7.67 1.33 0.17 0.17
suppressed bud cluster 4.73 0.95 0.28 0.09
single suppressed bud 0.04 0.01 0.00 0.00
dead branch (knot) 3.94 0.74 0.10 0.03
heavy distortion 0.12 0.03 0.00 0.00
medium distortion 0.00 0.00 0.00 0.00
light distortion 0.00 0.00 0.00 0.00
barrel swell 0.00 0.00 0.00 0.00
surface rise 0.00 0.00 0.00 0.00
bump 0.00 0.00 0.20 0.20
seam 0.00 0.00 0.00 0.00
bird peck 0.00 0.00 0.00 0.00
wound – old 0.00 0.00 0.00 0.00
wound – new 0.00 0.00 0.00 0.00
1Data collected from 2,340 defect indicators on 280 reserve tree butt logs on 8 tracts on the 
Cumberland Plateau in eastern Kentucky.
2 # of live suppressed buds at each defect indicator
3 # of epicormic branches produced at each defect indicator 3 years after harvest


Table 3. Butt log defect indicators, suppressed bud numbers and epicormic branching of white oak 
(Quercus alba) and chestnut oak (Q. prinus) reserve trees.1


consideration	as	reserve	trees.	Species	that	can	not	
remain	alive	or	maintain	vigor	through	a	second	rota-
tion	length	should	not	be	considered	as	reserve	trees.	
In	some	instances,	this	may	preclude	the	use	of	the	
two-age	system	in	stands	dominated	by	short-lived	
species.	It	should	be	noted	that	these	species	might	
be	appropriate	for	a	deferment	harvest	associated	
with	even-age	management	or	as	a	part	of	an	irregu-
lar	shelterwood	where	they	will	be	removed	10	to	20	
years	after	the	initial	harvest.	


Topographic Location 
of Reserve Trees


The	topographic	position	of	reserve	trees	can	
be	important	relative	to	their	ability	to	withstand	
knockdown	associated	with	harvest	and/or	wind-
throw,	the	most	common	post-harvest	damage	to	
reserve	trees.	Research	in	steep	upland	terrain	has	
indicated	that	reserve	trees,	regardless	of	species,	
occurring	on	shallow	soils	or	where	soils	are	at	or	
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near	saturation	during	periods	of	the	winter	are	more	
susceptible	to	wind-throw.	


Table	5	provides	wind-throw	data	of	more	than	
250	reserve	trees	from	eight	20-acre	deferment	
harvests.	These	harvests	encompassed	a	range	of	
topographic	positions	common	to	upland	hardwood	
stands	in	the	south	and	east.	Wind-throw	averaged	
less	than	5	percent	in	hollows	and	lower	slope	posi-
tions	and	increased	to	7	to	10	percent	on	ridges	and	
upper	slopes.	The	greatest	wind-throw,	40	percent,	
was	found	on	noses	of	ridges	having	relatively	thin	
soils.	While	not	indicated	in	the	table,	a	high	percent-
age	of	reserve	trees	growing	directly	on	the	banks	of	
the	exposed	stream	and	drainage	channels	on	these	
sites	were	also	subjected	to	high	wind-throw.	


Figure	7	shows	a	map	indicating	topographic	
positions	where	post-harvest	wind-throw	can	be	
significant.	It	should	be	noted	that	harvest	knock-
down	associated	with	manual	felling	in	steep	terrain	
is	also	more	prevalent	on	relatively	shallow	soils.	On	
topographic	positions	that	are	not	suitable	for	the	
retention	of	exposed	individual	reserve	trees,	remove	
all	of	the	trees	or	retain	reserve	trees	in	groups	on	
these	areas.	


Harvest Damage 
Operational	and	research	experience	with	defer-


ment	harvests	indicates	that	reserve	trees	should	be	
clearly	marked	so	that	they	can	be	easily	seen	from	
all	sides.	Marking	reserve	trees	rather	than	marking	
cut	trees	saves	significant	time	and	helps	ensure	a	
reduction	in	reserve	tree	harvest	damage.	On	rela-
tively	gentle	terrain,	skidding	should	be	controlled	


Species Mean Range Species Mean Range


American beech 168 100-250 black walnut 131 75-200
white ash 129 80-150 sassafras 69 30-175
black cherry 115 70-175 black locust 75 15-150
bitternut hickory 133 100-150 Nuttail oak 125 80-163
mockernut hickory 127 75-175 southern white oak 127 80-150
shagbark hickory 137 80-200 pin oak 116 80-170
pignut hickory 117 60-200 water oak 130 80-200
sugar maple 162 75-225 swamp white oak 157 100-200
red maple 106 50-175 overcup oak 135 80-165
northern red oak 151 90-200 cottonwood 79 50-100
scarlet oak 105 65-150 black willow 65 40-100
black oak 129 75-200 pecan 117 60-200
chestnut oak 141 75-200 green ash 98 60-150
white oak 194 90-250 silver maple 78 50-100
cherrybark oak 139 90-200 water tupelo 123 90-175
post oak 137 70-190 baldcypress 264 150-500
bur oak 181 125-250 Virginia pine 76 40-125
sweetgum 112 80-125 shortleaf pine 110 75-150
blackgum 116 80-150 pitch pine 110 75-200
yellow-poplar 136 80-300 eastern white pine 140 75-200
1Ages developed from a survey of silvicultural experts in the eastern U.S. by Dr. George Hopper at 
the University of Tennessee, Department of Forestry, Wildlife and Fisheries


Table 4. Estimated life expectancies (years) of common species in the eastern U.S.1


Topographic position Wind-throw 
percent


Cove/hollow 4.34


Lower slope 5.00


Upper slope 10.31


Ridge 7.69


Nose 40.01


Table 5. Post-harvest wind-throw of upland 
hardwood reserve trees in eastern Kentucky 


based on topographic position. 
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to	reduce	basal	wounding.	In	steep	terrain,	where	
manual	felling	is	used,	the	majority	of	harvest	dam-
age	will	come	from	felling.	


A	recent	study	of	harvest	damage	to	reserve	trees	
in	two-age	deferment	harvesting	on	steeply	sloping	
terrain	in	eastern	Kentucky	found	that	78	percent	
of	the	damage	was	top	damage,	knock-down	and	
bent-over	stems	from	felling	operations	and	only	
22	percent	of	the	damage	was	from	basal	wounding	
due	to	skidding.	This	study	also	found	that	reserve	
tree	damage	from	logging	firms	previously	engaged	
in	clearcutting	varied	widely	from	34	to	less	than	10	
percent.	Proper	marking	of	reserve	trees	and	placing	
a	bounty	on	reserve	tree	damage	in	sales	contracts	
substantially	reduced	damage	to	less	than	10	percent.


The	marking	of	reserve	trees	must	also	ensure	
that	their	location	does	not	make	their	protection	
from	harvest	damage	impossible.	This	concern	is	
more	important	for	harvests	in	steep	terrain.	For	
example,	if	reserve	trees	are	marked	directly	down	
slope	from	large,	leaning,	cut	trees,	it	may	be	difficult	
or	dangerous	for	manual	fellers	to	avoid	reserve	trees.	
Also,	the	smaller	the	reserve	tree	dbh	is	compared	to	
cut	tree	dbh,	the	greater	the	propensity	of	damage	to	
the	reserves.	All	of	these	factors	must	be	taken	into	
account	in	the	selection	of	individual	reserve	trees.			


The	season	of	harvest	also	will	affect	the	wound-
ing	of	reserve	trees.	Research	on	skidding	damage	of	
shelterwood	overstory	trees	indicates	that	harvest-
ing	in	the	fall	and	winter	yields	significantly	less	
wounding	to	residual	stems	compared	to	spring	and	
growing-season	harvests.	This	indicates	that	timing	


two-age	deferment	harvests	from	November	through	
February	will	significantly	reduce	basal	wounding.	


Site Preparation of the 
Regenerating Age Class


The	deferment	cut	will	create	an	environment	
where	initial	stand	regeneration	is	similar	to	that	
attained	after	a	clearcut.	Therefore,	treatments	to	
enhance	natural	regeneration	should	be	prescribed.	
This	could	entail	the	use	of	a	site	preparation	treat-
ment	to	enhance	natural	regeneration	or	pre-harvest	
cultivation	of	oak	advance	regeneration	using	a	mid-
story	removal.	Regardless,	regeneration	potentials	
should	be	considered	prior	to	scheduling	a	deferment	
harvest.	The	timing	of	the	harvest	and	associated	
site	preparation	treatments	should	be	carefully	con-
sidered	to	aid	in	maximizing	the	development	of	the	
regenerating	age	class.


Typically,	post-harvest	site	preparation	treatments	
entail	the	cutting	of	all	residual	commercial	species	
other	than	the	reserve	trees	and	the	deadening	of	non-
commercial	species.	One	exception	to	this	prescrip-
tion	is	that	small-diameter	residual	stems	shading	or	
growing	directly	adjacent	to	reserve	tree	boles	should	
be	retained	to	shield	butt	logs.	Also	use	of	site	prepa-
ration	treatments	in	areas	directly	adjacent	to	reserve	
trees	will	yield	little	long-term	value,	because	trees	
regenerating	directly	adjacent	to	reserve	trees	typi-
cally	incur	growth	reductions	and	pronounced	sweep	
due	to	overtopping	effects	of	the	reserve	trees.


It	is	important	when	using	herbicides	in	site-
preparation	treatments	to	take	into	consideration	
the	species	of	the	reserve	trees.	While	rare,	cases	of	
significant	herbicide	damage	have	occurred	to	reserve	
trees	when	an	extremely	large	number	of	stems	of	
the	same	species	or	genera	were	being	treated	directly	
adjacent	to	reserve	trees.	Herbicide	movement	
to	reserve	trees	was	suspected	from	root	grafting	
between	reserve	trees	and	treated	intermediate	and	
overtopped	crown	class	trees	of	the	same	species.	


Expected Growth and Response 
of Reserve Trees


The	exposed	reserve	trees,	if	selected	correctly,	
will	respond	quickly	to	full	release.	Leaf	area	of	
reserve	trees	will	increase,	with	a	resulting	increase	
in	dbh	and	volume	growth.	While	some	degradation	
of	upper	logs	will	occur,	the	resulting	increase	in	butt	
log	diameter	and	value	will	more	than	offset	the	loss	
in	sawlog	height.	Eight	year	post-harvest	dbh	mea-
sures	from	white	oak	and	chestnut	oak	reserve	trees	
found	a	doubling	of	annual	growth	for	both	species.	


Figure	7.	Topographic map of 30-acre deferment 
harvest in an upland hardwood tract in eastern 
Kentucky. Hatched areas indicate topographic 
positions associated with high wind-throw of 
reserve trees. 
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Average	mean	annual	increment	for	white	oak	reserve	
trees	was	0.277	inches	compared	to	0.118	inches	for	
control	trees.	Chestnut	oak	responded	the	same	as	
white	oak,	averaging	0.243	inches	per	year	compared	
to	0.099	inches	for	control	trees.	


Reserve	tree	crowns	will	respond	to	the	release	
as	indicated	by	the	above	mentioned	increases	in	
dbh.	Some	species,	such	as	northern	red	oak,	cher-
rybark	oak	and	yellow-poplar	can	be	expected	to	
significantly	increase	their	horizontal	crown	area.	
Other	species	such	as	white	oak	will	thicken	and	
drop	their	crowns.	Crown	response	indicates	diam-
eter	growth	increases,	regardless	of	whether	the	
crown	increases	in	diameter	or	depth.


Use of Two-Age System 
for Maintaining Species at Risk


The	two-age	system	can	be	used	to	maintain	
species	in	a	stand	that	might	be	lost	if	even-aged	or	
individual	tree	selection	methods	are	used.	This	is	
especially	true	if	canopy	species	are	not	properly	
regenerating.	A	widespread	example	is	oak	species	on	
intermediate	and	high-quality	sites.	If	advance	regen-
eration	is	not	present	at	the	time	of	a	regeneration	
harvest,	then	these	species	can	be	lost	from	the	stand.	
This	often	occurs	when	clearcutting	is	used	without	
the	presence	of	oak	advance	regeneration.	The	two-
age	deferment	harvest	can	be	used	to	retain	these	
species	as	reserve	trees	(where	appropriate),	allowing	
them	to	continue	sexual	reproduction	and	acorn	pro-
duction	throughout	the	next	rotation.	Research	has	
shown	that	properly	selected	reserve	trees	can	create	
new	advance	regeneration	that	can	be	cultured	prior	
to	the	second	harvest,	thus	providing	the	potential	for	
long-term	maintenance	of	these	species.	


Marking Guidelines
The	following	guidelines	are	to	be	used	in	stand	


assessment	for	the	two-age	system	and	for	the	mark-
ing	of	reserve	trees	in	deferment	harvests	associated	
with	the	two-age	system.	


1.			Determine	whether	the	two-age	system	is	appro-
priate	for	the	stand.	The	stand	must	contain	spe-
cies	and	tree	ages	that	are	capable	of	maintaining	
vigor	if	left	for	another	rotation	length.	Stands	
that	contain	predominantly	short-lived	species	
are	generally	not	suitable	for	deferment	harvests	
or	the	use	of	the	two-age	system.	The	exception	
may	occur	when	removal	of	a	portion	or	all	of	
the	reserve	trees	associated	with	a	deferment	
harvest	is	planned.	In	these	instances,	reserve	


trees	that	will	be	removed	relatively	soon	after	
the	harvest	may	be	shorter-lived.	However,	
reserve	trees	that	will	be	retained	until	the	end	
of	the	second	rotation	length	must	be	long-lived	
(Table	4).		


2.			Delineate	topographic	positions	that	are	not	
suited	for	the	retention	of	reserve	trees.	These	
generally	include	areas	with	shallow	soils	or	with	
other	soil	conditions	that	would	lead	to	wind-
throw	or	knock-down	during	harvest.	In	these	
areas,	mark	all	the	trees	for	removal	or	leave	
reserve	trees	in	groups	(Figure	7	and	Table	5).


3.			Determine	the	average	dbh	of	dominant	and	
co-dominant	trees	in	the	stand	and	establish	
appropriate	target	diameters	for	reserve	trees	
(Figure	4).		


4.			Determine	spatial	distribution	of	reserve	trees.	
If	left	scattered	throughout	the	stand,	determine	
an	approximate	spacing	of	reserve	trees	given	
retention	basal	area	(10	to	15	square	feet	of	
basal	area	per	acre	for	long-term	reserve	trees).	
If	reserve	trees	are	to	be	grouped,	determine	the	
size	of	the	groups	(Table	2).		


5.			Based	on	objectives,	determine	other	criteria	for	
reserve	trees	of	appropriate	diameter	including	
species,	crown	shape,	lcr,	stem	form,	defect	
indicators	and	other	characteristics	associated	
with	management	objectives.	This	coupled	with	
the	dbh	guideline	developed	in	step	3	provides	
individual	tree	marking	guidelines	for	the	stand.	


6.			Using	the	information	from	steps	1	through	5,	
mark	reserve	trees	so	they	can	easily	be	seen	
from	all	sides.


7.			Do	not	mark	reserve	trees	where	they	are	likely	
to	be	unavoidably	damaged	during	the	harvest.	


8.			Specify	harvest	timing	to	avoid	bark	damage	
either	due	to	felling	or	basal	wounding	attribut-
able	to	skidding.	


9.			Provide	incentives	for	reserve	tree	protection	in	
harvest	contracts.	Harvests,	regardless	of	terrain	
or	harvest	system,	should	damage	less	than	10	
percent	of	the	reserve	trees.	It	is	useful	to	specify	
a	monetary	penalty	for	reserve	tree	damage	
above	this	level.
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10.	Develop	a	site	preparation	prescription	for	the	
regenerating	age	class	where	appropriate.	This	
could	entail	the	use	of	post-	or	pre-harvest	site	
preparation	or	the	use	of	the	oak	shelterwood	
treatment	where	improvement	of	oak	advance	
regeneration	is	required	prior	to	a	regeneration	
harvest.		
		


Summary
The	two-age	system	is	a	viable	system	for	man-


aging	many	hardwood	stands	where	longer-lived	
species	are	present.	The	deferment	harvest	used	
to	initiate	the	system	can	provide	for	vigorous	and	
dense	regeneration	of	the	stand,	while	the	care-
fully	selected	reserve	trees	provide	a	potential	for	
large-diameter,	high-quality	timber	production.	The	
system	can	also	be	used	as	an	aesthetic	alternative	to	
clearcutting	and	can	provide	long-term	stand	struc-
tural	components	that	are	often	not	present	with	
even-age	methods.	These	structural	components	can	
benefit	wildlife	populations	and	provide	old-growth	
characteristics	in	the	stands.	Regardless,	proper	
selection	of	the	two-age	reserve	trees	and	appropri-
ate	site	preparation	treatments	associated	with	the	
deferment	harvest	are	critical	to	maximizing	benefits	
from	this	system.	
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5-YEAR REVIEW 
Blackside dace, Chrosomus cumberlandensis (Starnes and Starnes 1978)* 


*A taxonomic revision of the genus Phoxinus by Strange and Mayden (2009) resulted in a name 
change for all North American members of the genus Phoxinus (Phoxinus = Chrosomus).  The revised 
classification for blackside dace is Chrosomus cumberlandensis (Starnes and Starnes 1978).  Details of 
the name change are provided on page 13 (Section 2.3.1.3). 


1.0 GENERAL INFORMATION 


1.1 Reviewers 


Lead Region:   Southeast Region, Kelly Bibb, (404) 679-7132 


Lead Field Office:    Kentucky Ecological Services Field Office (KFO), Dr. Michael A. 
Floyd, (502) 695-0468, x102 


Cooperating Field Office:  Tennessee Ecological Services Field Office, Ken McDonald (931) 528-
7075 and Peggy Shute (931) 528-6481 


Peer Reviewers:  Dr. Hayden Mattingly, Tennessee Technological University 
  Dr. Chris Skelton, Georgia College & State University 


Dr. Matthew Thomas, Kentucky Department of Fish and Wildlife 
Resources (KDFWR)   
Mr. Michael Compton, Kentucky State Nature Preserves Commission 
(KSNPC) 


1.2 Methods used to complete the review 


We provided public notice of this five-year review in the Federal Register on July 29, 2008 (73 FR 
43947), and opened a 60-day comment period.  During this comment period, we obtained information 
on the status of this species from several experts; additional data were obtained from the recovery plan, 
peer-reviewed scientific literature, and our state partners.  Once all known literature and information 
were collected for this species, Dr. Michael A. Floyd, lead Recovery Biologist with the KFO, 
completed the review.  The draft document was peer-reviewed by Dr. Hayden Mattingly, Department 
of Biology, Tennessee Technological University, Cookeville, Tennessee; Dr. Chris Skelton, 
Department of Biological and Environmental Sciences, Georgia College & State University, 
Milledgeville, Georgia; Dr. Matthew Thomas, KDFWR, Frankfort, Kentucky; and Michael Compton, 
KSNPC, Frankfort, Kentucky.  Comments received were evaluated and incorporated as appropriate 
(see Appendix A). 
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1.3 Background


1.3.1 Federal Register Notice citation announcing initiation of this review: 


73 FR 43947 (July 29, 2008) 


1.3.2 Species Status:  Threats identified in the species’ recovery plan (USFWS 1988) continue to 
impact the species, but based on repeated observations and surveys by consultants and agency 
biologists (KFO, KSNPC, KDFWR, and Tennessee Wildlife Resource Agency (TWRA)), the species’ 
status appears to be stable.  Range-wide surveys completed from 1982−1994 (Laudermilk and
Cicerello 1998), 2003−2006 (Black et al. 2013a), and 2010−2012 (USFWS unpublished data) 
demonstrate that the species has been extirpated from 31 streams (Black et al. 2013a, USFWS 
unpublished data) but continues to persist in 125 streams across nine Kentucky counties (Bell, Harlan, 
Knox, Laurel, Letcher, McCreary, Perry, Pulaski, and Whitley), three Tennessee counties (Campbell, 
Claiborne, and Scott), and two Virginia counties (Lee and Scott) (USFWS 1988, Laudermilk and 
Cicerello 1998, Black et al. 2013a, Skelton 2013a, USFWS unpublished data).  Most land ownership 
within watersheds occupied by blackside dace is private, but portions of 61 blackside dace watersheds 
are in public ownership.  Most of these watersheds (85%) are located on the Daniel Boone National 
Forest (DBNF) in Laurel, McCreary, Pulaski, and Whitley Counties, Kentucky.  Most blackside dace 
populations are considered to be small and remnant in nature (i.e., less than 10 individuals observed 
during surveys), an adequate understanding of population viability is lacking, and threats continue to 
impact the species (Black et al. 2013a).  Three of the five listing factors pose threats to the species: the 
present or threatened destruction, modification, or curtailment of its habitat or range; the inadequacy of 
existing regulatory mechanisms; and other natural or manmade factors affecting its continued 
existence.  The KFO continues to provide technical assistance related to the species to its state, 
Federal, and private partners, and we continue to look for opportunities to implement stream and 
riparian habitat restoration projects that may benefit the species within the upper Cumberland River 
drainage. 


1.3.3 Recovery achieved: 1 (1= 0-25% species’ recovery objectives achieved) 


1.3.4 Listing history: 


Original Listing Rule 
FR notice:  52 FR 22580 
Date listed:   June 12, 1987 
Entity listed:   Species 
Classification:   Threatened, Entire Range 


1.3.5 Associated rulemakings:  None 


1.3.6 Review History: 


Blackside Dace Recovery Plan (Phoxinus cumberlandensis). 1988. 


Annual Recovery Data Call for the Blackside Dace (Phoxinus cumberlandensis), 2004-2014, U. S. 
Fish and Wildlife Service, Kentucky Ecological Services Field Office, Frankfort, Kentucky. 
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Five Year Review: November 6, 1991. In this review (56 FR 56882), different species were 
simultaneously evaluated with no species-specific, in-depth assessment of the five factors as they 
pertained to the different species’ recovery. In particular, no changes were proposed for the status of
this fish in the review. 


1.3.7 Species’ Recovery Priority Number at start of 5-year review: 


11, indicating that the blackside dace is taxonomically categorized as a species, has a moderate degree 
of threat, and has a low recovery potential according to 48 FR 43098, September 31, 1983 and 48 FR 
519845, November 15, 1983. 


1.3.8 Recovery plan: 


Name of plan: Blackside Dace Recovery Plan (Phoxinus cumberlandensis). 


Date issued: August 17, 1988 


2.0 REVIEW ANALYSIS 


2.1 Application of the 1996 Distinct Population Segment (DPS) Policy 


2.1.1. Is the species under review listed as a DPS?  No. 


2.1.2.  Is there relevant new information that would lead you to consider listing this species as a 
DPS in accordance with the 1996 policy? No. 


2.2 Recovery Criteria 


2.2.1. Does the species have a final, approved recovery plan containing objective, measurable 
criteria?  Yes. 


2.2.2. Adequacy of recovery criteria 


2.2.2.1.  Do the recovery criteria reflect the best available and most up-to date 
information on the biology of the species and its habitat? No. 


 
2.2.2.2.  Are all of the 5 listing factors that are relevant to the species addressed in the 


recovery criteria? 


The recovery criteria do take into account any threats to this species in association with the 5 listing 
factors, since the assurance that populations are viable and are protected from any foreseeable threats is 
part of the criteria. 


2.2.3 List the recovery criteria as they appear in the recovery plan, and discuss how each 
criterion has or has not been met, citing information. 







4 


Delisting Criteria. The blackside dace will be considered for removal from the Federal list of
Endangered and Threatened Wildlife and Plants upon completion of the following criteria: 


1. Each of the eight (8) sub-basins identified in Figure 1 has a viable population* comprised of at 
least three (3), protected, inhabited stream reaches per sub-basin. 


2. Each of the 24 stream reaches is protected in some manner, either through public agency or 
private conservation organization ownership or some form of permanent easement, and a 
management plan has been implemented for each stream that provides for the species’ long-
term protection. 


 


Figure 1. Blackside dace recovery units (sub-basins) identified in the species’ recovery plan (USFWS
1988). 


3. No foreseeable threats exist that would threaten survival of the species in any of the sub-basins. 
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4. Noticeable improvements in coal-related problems and substrate quality have occurred to the
species’ habitat throughout the upper Cumberland River basin, and the species has responded
through natural means or with human assistance to successfully recolonize other streams and 
stream reaches within the upper Cumberland River basin. 


*Viable population – A reproducing population that is large enough to maintain sufficient genetic 
variation to enable it to evolve and respond to natural habitat changes (as defined in the recovery plan).  
Movement of animals within some sub-basins may be required to maintain genetic viability.  The 
number of individuals needed and the length of stream reaches required to meet this criterion will be 
determined for the species as one of the recovery tasks. 


Status.  These criteria have not been met. The species occupies numerous streams across its range 
(Table 1), but most populations are considered to be small and remnant in nature (i.e., less than 10 
individuals observed during surveys), numerous populations have been extirpated,  long-term 
protection is lacking for a sufficient number of streams in each sub-basin, and insufficient information 
is available on population viability (as defined above) (USFWS 1988, Laudermilk and Cicerello 1998, 
Black and Mattingly 2007, Black et al. 2013a, Compton et al. 2013).  As shown in Table 1, we have 
gained more protected, occupied streams in these eight sub-basins (see the discussion of public 
ownership below); however, more information is needed to evaluate the viability of populations in 
these streams (see 4.0 Recommendations for Future Actions).  Within Kentucky, significant portions of 
47 dace watersheds are in public ownership.  Most of these watersheds (85%) are located on the Daniel 
Boone National Forest (DBNF) in Laurel, McCreary, Pulaski, and Whitley Counties.  Public 
ownership in these watersheds ranges from 50-100%, and DBNF streams are managed under the 
DBNF’s Land and Resource Management Plan (USFS 2004; see Factor D under the Five Factor 
Analysis for more detail).  Outside of the DBNF, public ownership in dace watersheds is limited to the 
Poor Fork headwaters in Letcher County (Jefferson National Forest), Bad Branch in Letcher County 
(Bad Branch State Nature Preserve), Watts Creek in Harlan County (Blanton Forest State Nature 
Preserve), Davis Branch, Little Yellow Creek, and Sugar Run in Bell County, Kentucky (Cumberland 
Gap National Historical Park (NHP)), and Wolf Creek (Big South Fork National River and Recreation 
Area) in McCreary County (see Appendix D).  Within Tennessee, public ownership is limited to the 
headwaters of Little Yellow Creek in Claiborne County (Cumberland Gap NHP), two tributaries of 
Rock Creek (Massey Branch and an unnamed tributary) in Campbell County (Big South Fork National 
River and Recreation Area), and five stream systems located on the North Cumberland Wildlife 
Management Area in Campbell and Scott Counties - Elk Fork Creek, Hudson Branch, Jim Branch, 
Terry Creek, and Straight Fork (including Cross Branch and Jake Branch).  New information has been 
gathered on the species’ current distribution and biological requirements since the recovery plan was 
completed in 1988 (Mattingly et al. 2005; Black et al. 2013a, b; Detar and Mattingly 2013; Mattingly 
and Black 2013), but management strategies have not been developed.  Threats identified in the 
recovery plan still remain and specifically we have not been able to make noticeable improvements 
regarding coal issues in the Cumberland River Basin to help this species. 
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Table 1. Distribution and number of occupied, protected stream reaches by sub-basin required for
delisting and the corresponding number of currently occupied (and protected) stream reaches per sub-
basin (modified/updated version of Table 3 from the recovery plan). 
 


Metapopulation1 
Recovery Unit 


(Sub-basin) 
Number of Occupied, Protected 
Streams Required for Recovery 


Number of Occupied 
(and Protected) 


Streams at Present2 


Group A Poor Fork 3 6 (1) 


 Tributaries from 
Clover Fork to 
Clear Creek 


3 11 (3) 


 Straight Creek 3 3 (0) 


 Clear Fork 3 17 (1) 


Group B Tributaries above 
Cumberland Falls 


3 28 (8) 


Group C Jellico Creek 3 22 (7) 


 Marsh Creek 3 4 (3) 


Group D Tributaries below 
Cumberland Falls 


3 15 (15) 


Group E3 South Fork --- 12 (9) 


 TOTAL 24 118 (47) 
1Strange and Burr (1995). 
2Occupancy based on recent survey efforts and protected status based on public ownership (>50% of watershed); 
streams vary widely with respect to blackside dace abundance and viability. 
3Group E streams not known when recovery plan published in 1988, so these streams not considered for recovery in 
Table 3 of recovery plan.   
 
 


2.2.4  Recovery Efforts 


Propagation.  The first attempt at propagating the species was by Conservation Fisheries, Inc. at their 
facility in Knoxville, Tennessee (Rakes et al. 1999).  More recently, Rakes et al. (2013) propagated 
blackside dace in captivity over a three-year period, 2011-2013.  Details of both efforts are 
summarized below in Section 2.3.1.1 (Demographic Features).  Initial observations by Rakes et al. 
(1999) suggested that eggs deposited in nature likely sink into gravel crevices (interstitial spaces) and 
remain there for up to two days.  Rakes et al. (1999) concluded that this behavior could make the eggs, 
embryos, and larvae of the species susceptible to smothering by sediment, a vulnerability that may 
have led to the species’ decline. 


Kentucky Master Logger Program.  From 2005-2008, The Kentucky Division of Forestry (KDOF); the 
University of Kentucky, Department of Forestry (UK Forestry); and the KFO developed new logging 
BMP recommendations and new outreach materials to assist loggers that operate near blackside dace 
streams in southeastern Kentucky.  The KFO has participated in numerous Master Logger training 
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courses in southeastern Kentucky, providing information on blackside dace biology, distribution, 
potential threats, and new BMP recommendations.  Similar presentations have also been made to the 
KDOF’s Southeastern District, the office that oversees logging activities within the vast majority of the 
species’ range in Kentucky. An informational article (Floyd and Stringer 2005) on blackside dace was 
prepared through a joint effort of UK Forestry and the KFO and was included in the Fall 2005 issue of 
LogJam, a quarterly newsletter providing environmental, safety and professional information to 
Kentucky's loggers and foresters.  The article covers species biology and new BMP recommendations 
for blackside dace streams.  It is routinely provided to loggers during Master Logger training courses 
and is also available on the master logger website, http://dept.ca.uky.edu/masterlogger/pdfs/LogJam/ 
Fall_Winter_2005.pdf.  The Kentucky State Nature Preserves Commission, UK Forestry, and KFO 
developed a series of blackside dace distribution maps for Kentucky and Tennessee.  These county 
maps display the locations of all known dace streams and other important county landmarks (cities, 
major state and county roads, larger streams) in Kentucky and Tennessee to assist loggers in planning 
their logging operations.  The maps are available through Master Logger training courses and are also 
available on the master logger website, http://www.masterlogger.org/logjam/. 


Mill Branch Stream Restoration.  During 2006 and 2007, the Kentucky Ecological Services Field 
Office (KFO) worked cooperatively with a number of federal and state partners, as well as four private 
landowners, to complete an approximate 739-m reconfiguration of Mill Branch in Knox County, 
Kentucky (Floyd et al. 2013).  Funding and in-kind support for the project was provided by Knox 
County Fiscal Court, Bluegrass Streams, LLC, Eastern Kentucky University, the KSNPC, Natural 
Resources Conservation Service (NRCS, Wildlife Habitat Incentive Program), the Service’s Partners
for Fish and Wildlife Program, KDFWR (Landowner Incentive Program), Cumberland Valley RC&D 
(Service Private Stewardship Grant), and Kentucky Division of Conservation (State Cost Share 
Program). 


Mill Branch is a second order tributary of Stinking Creek and 1 of 15 tributaries in the Stinking Creek 
basin that supports a blackside dace population.  The project involved habitat restoration activities 
along the Mill Branch mainstem, its riparian zones, and associated wetlands.  Over the past few 
decades, instream and riparian habitats along Mill Branch were degraded through channelization of the 
mainstem, removal of riparian vegetation, over-grazing of adjacent pastures, and placement of culverts 
within the stream channel.  Blackside dace had persisted within the stream, but population numbers 
were low compared to other streams within its range.  The proposed project was designed to alleviate 
these problems by reconfiguring instream and riparian habitats for the species and removing a perched 
culvert that inhibited fish dispersal. 


Project design and oversight was provided by the University of Louisville Stream Institute (Stream 
Institute), with the KFO serving as the lead federal agency.  The project was constructed almost 
entirely “in the dry”, meaning that the restored reach was constructed parallel to the existing channel 
and did not carry any water during construction.  This allowed riparian vegetation to become 
established before the restored reach was connected to upstream reaches.  About 90 percent of the 
existing channel was left undisturbed, and the existing channel carried the majority of the flow while 
construction continued.  The stream was lengthened by building new channel sections that added 
curvature, established pool-riffle morphology, created specific instream habitats for blackside dace, 
and increased flood storage capacity.  Small low-level floodplains were created to stabilize the stream 
and provide additional flood remediation.  A fenced, 6- to 9-m wide riparian buffer was established 
along each bank in order to exclude livestock (horses), reduce animal waste inputs, reduce  
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sedimentation, and reduce solar exposure.  Most importantly, a large, perched culvert was replaced 
with a fish-friendly culvert that allowed for free movement by fishes. 


Project goals included (1) creation, improvement, and protection of existing habitats in Mill Branch, 
(2) establishment of a more stable and abundant blackside dace population, and (3) demonstration that 
a complex restoration project could be completed for a stream supporting a federally listed species. 
The effectiveness of the physical restoration effort was demonstrated through repeated visual 
inspections of the restored channel. The response of the fish community was monitored through annual 
and biannual surveys (2006-2010) in three unrestored and two restored reaches using a Pulsed DC, 
backpack electrofisher.  Visual inspections of restored habitats in 2009 and 2010 revealed that 
restoration design objectives had been met. Fish surveys produced a total of 14,580 individuals, 
representing 29 species. Restored reaches generally had higher catch per unit effort, species richness, 
and diversity values compared to unrestored reaches. 


Post-restoration abundance of blackside dace was comparable to that observed during pre-restoration 
surveys, but no significant increase in blackside dace abundance was observed in reconfigured reaches.  
Overall, the restoration improved the habitat quality and permanence of flow within reconfigured 
reaches, as evidenced by increased species richness, diversity, evenness, and CPUE.  These numbers 
suggest that the restoration benefited the fish community of Mill Branch, and they show that a complex 
restoration project can be designed and implemented successfully on a stream supporting a federally 
listed species.  As habitat and flow conditions continue to improve within Mill Branch, we expect the 
blackside dace population to increase and utilize habitats within reconfigured reaches.  Annual 
monitoring was re-initiated in 2014 and will continue in 2015. 


McCreary County Fiscal Court Conservation Agreement.  In 2008, the McCreary County (Kentucky) 
Fiscal Court (Fiscal Court) and the Service (KFO) entered into a conservation agreement to promote 
the survival, conservation, and recovery of blackside dace in McCreary County.  Under this agreement, 
the Fiscal Court accomplished two major tasks that assisted in the species’ conservation. In 2010, they
purchased and made a charitable contribution of an 82-acre tract to the Kentucky Natural Lands Trust, 
a state-wide land trust with a mission to protect, restore, and connect remaining wild lands in 
Kentucky.  This purchase provided long-term protection of a large forested tract adjacent to the Daniel 
Boone National Forest, and it established a permanent, forested buffer along an 853-m reach of Sid 
Anderson Branch, a Rock Creek tributary and blackside dace stream in McCreary County.  In 2012, 
the Fiscal Court replaced a perched and partially-collapsed, 1.5-m culvert at the Rock Creek Road 
crossing near the downstream end of Sid Anderson Branch.  The existing culvert was a partial barrier 
to fish movement, and it represented a danger to motorists using the county road above.  The 
University of Louisville Stream Institute designed and implemented the project, which involved 
placement of the new culvert and reconfiguration of Sid Anderson Branch within an approximate 91-m 
reach of the stream.  During post-construction fish surveys in November 2013, over 150 blackside 
were observed in the project area, including many age-0 individuals and a large school of about 100 
individuals at the downstream end of the new culvert (USFWS unpublished data).  Another survey is 
planned for late 2015, but preliminary results suggest a large increase in dace numbers and unrestricted 
movement through the new culvert. 


Northern Cumberlands Forest Resources Plan (HCP).  The blackside dace is 1 of 22 covered species 
in a Forest Resources Habitat Conservation Plan (HCP) under development by the Tennessee Wildlife 
Resources Agency (TWRA 2014). In the HCP, TWRA will implement scientifically based forest and 
timber harvest management practices that will protect the long-term viability of federally listed, 
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threatened and endangered species, and rare species on TWRA’s North Cumberland WMA (Royal 
Blue Unit) in Campbell and Scott Counties, Tennessee.  Selection of the HCP’s covered species was
based on rarity status, location of documented occurrences, and possibility of impact from TWRA’s
activities.  Biological goals and objectives (BGOs) have been developed to outline ecological functions 
the HCP is designed to sustain.  Habitat conservation measures (e.g., maintain no-harvest buffers along 
streams) have been developed and are specific to each BGO. The draft Forest Resources HCP is being 
revised and submission to the Service is expected in 2015.   


Decision Support Tool.  In 2007 and 2008, a group of blackside dace experts, led by researchers at the 
University of Georgia, created a structured decision model describing the most up to date ecological 
knowledge about the species (McAbee et al. 2013).  Decision analysis is a useful tool to support the 
recovery process because it provides users with a means to formalize relationships between variables, 
sources of uncertainty, and management outcomes in quantitative models (Peterson and Evans 2003).  
In addition, analysis of model outcomes can guide future management decisions and scientific 
research. 


The blackside dace model was constructed in a Bayesian belief network, documenting the current 
ecological knowledge in a graphical influence diagram that focuses on human and environmental 
stressors (inputs), ecological system components, and management outcomes of interest (McAbee et 
al. 2013).  The model was then evaluated via sensitivity analysis, determining the relative influence of 
various inputs, actions, and variables on forecasted outcomes (McAbee et al. 2013). 


Sensitivity analysis and scenario building demonstrated that mining practices are predicted to be the 
most influential input, while other inputs seem to have less substantial impacts (McAbee et al. 2013).  
The smaller influence of other input nodes may serve as an indication that blackside dace are a robust 
species to certain stressors, even in combinations.  The importance of mining is largely based on the 
influence of stream conductivity because mining is currently the primary input that affects 
conductivity.  While the influence of stream conductivity on blackside dace presence has empirical 
support from habitat modeling (Black et al. 2013b), the underlying ecological cause is largely 
unknown.  The combination of high influence on outcomes and little empirical data suggest that effects 
of conductivity warrant future investigation. 


Upper Cumberland River Fishes Study.  In 2012, the KSNPC and KFO initiated a distributional 
analysis and habitat modeling study in the upper Cumberland River drainage for blackside dace and 
two other fishes: the endangered Cumberland darter and the Cumberland arrow darter.  Funding was 
provided through a Service flex fund award and the Kentucky Aquatic Resource Fund.  The project 
involved field surveys at 83, 100-meter stream reaches and was designed to provide quantified data on 
the distribution (i.e., occupancy estimation and detection probability), status, population size, and 
environmental resource use (at the reach and microhabitat spatial scales) of these species.  All field 
surveys were completed in 2012.  Blackside dace were observed at only 7 of 83 reaches, including one 
new distributional record from Paint Gap Branch, a tributary of Stinking Creek in Knox County 
(USFWS unpublished data).  Complete data analyses and the final report is expected in 2015. 


Southeastern Naturalist Special Issue.  In 2013, a special issue of Southeastern Naturalist (Volume 12, 
Special Issue 4) was published, focusing on the ecology and conservation of blackside dace.  The 
special issue contains 14 articles organized according to four themes: ecology, impacts and threats, 
restoration and recovery, and range extensions.  These articles represent the single largest compilation 
of research on the species, and they are cited repeatedly in this five-year review. 
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2.3 Updated information and current species status 


2.3.1 Biology and habitat: 


2.3.1.1  Abundance, population trends (e.g. increasing, decreasing, stable), demographic features 
(e.g., age structure, sex ratio, family size, birth rate, age at mortality, mortality rate, etc.), or 
demographic trends: 


Abundance and Population Trends.  Extant populations of blackside dace are restricted to the upper 
Cumberland River drainage in Kentucky (eight counties) and Tennessee (three counties) (Burr and 
Warren 1986, Mattingly et al. 2005, Black et al. 2013a), the upper Kentucky River drainage in 
Kentucky (one watershed – Maces Creek, Perry County) (USFWS unpublished data), and the Powell 
and Clinch River drainages in Virginia (two counties) (Skelton 2007, 2013).  The species occupies an 
estimated 125 streams across its range (see Appendix D for an evaluation of these extant streams); 
however, many of these populations are considered to be small and remnant in nature (i.e., less than 10 
individuals observed during surveys), and the species appears to have been extirpated from 31 streams 
(Table 2) (USFWS 1988, Laudermilk and Cicerello 1998, Black and Mattingly 2007, Black et al. 
2013a, Compton et al. 2013).   


The most detailed information on abundance, population size, and density was provided by Black et al. 
(2013a), who used quantitative surveys throughout the upper Cumberland River drainage to make 
estimates of population size (#dace/200-m reach) and density (#dace/ m2).  Blackside dace were 
captured at 43 of 55 streams and 78 of 119 200-m reaches during June to August 2003, 2005, and 2006 
using AC and pulsed-DC single-pass backpack electrofishing.  As mentioned previously, two-thirds of 
all reaches (78 of 119, 66 %) produced no dace or had catch rates of 10 or fewer dace per 200-m reach.  
Fifty or more dace were captured in only 14 reaches (9 streams).  Single-pass catch rates of occupied 
reaches ranged from 1 to 151 (mean + SD = 27 + 34) dace per 200-m reach.  The highest catch rates 
were observed in Big Lick Branch, Breedens Creek, Mill Creek, Rock Creek, Ryans Creek, and Trace 
Branch (Table 3). 


Black et al (2013a) estimated population size at 16 sites through Petersen mark-recapture techniques.  
These estimates averaged 192 + 167 (range: 33–613) dace per 200-m reach, corresponding to density 
estimates of 31.9 + 23.0 (range: 2.7–80.7) dace per 100 m2.  Based on these data, a regression model 
was constructed to obtain population estimates for the other 62 reaches in which dace were captured 
during single-pass electrofishing.  Population estimates for these reaches averaged 64 + 91 dace per 
200 m (range: 3–396), corresponding to an average density estimate of 9.5 + 15.5 (range: 0.3–91.3) 
dace per 100 m2.  Overall, population estimates for the 78 reaches in which dace were present averaged 
90 + 121 (range = 3–613) dace per 200 m, corresponding to an average density estimate of 14.1 + 19.4 
dace per 100 m2.  Average densities observed in 61 occupied Kentucky reaches (16.4 + 21.1 dace per 
100 m2) were significantly greater than the average densities observed in 17 occupied Tennessee 
reaches (6.0 + 7.5 dace per 100 m2).  For all reaches visited, 89 of 119 reaches (75%) had density 
estimates of <10 blackside dace per 100m2. 
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Table 2.  Historically occupied blackside dace streams where the species is 
now considered to be extirpated.   
   
Stream County / State Last Observation1 


Adams Branch Whitley / KY 1993 
Becks Creek Whitley / KY 1984 
Bens Fork Bell / KY 2008 
Billies Branch Knox / KY 1993 
Brices Creek Knox / KY 1993 
Brier Creek Whitley / KY 1883 
Brown Branch Letcher / KY 1990 
Cane Creek (Clear Fork) Whitley / KY 1977 
Cane Creek (nr Archers Crk)  Whitley / KY 1977 
Coles Branch Knox / KY 1993 
Cloverlick Creek Harlan / KY 1961 
Clover Fork Harlan / KY 1961 
Craig Creek Laurel / KY 1979 
Crooked Creek Campbell /TN 1994 
Davis Branch Bell / KY 2007 
Honeycutt Branch Knox / KY 1994 
Left Fork Straight Creek Bell / KY 1980 
Little Clear Creek Bell / KY 1981 
Long Branch Bell / KY 1984 
Marsh Creek (headwaters) McCreary / KY 1993 
Murphy Creek McCreary / KY 1993 
Sanders Creek Whitley / KY 1988 
Sims Fork Bell / KY 1984 
Stevenson Branch Bell / KY 1994 
Stoney Fork Bell / KY 1997 
Straight Creek Claiborne / TN 1989 
Straight Creek Bell/Harlan / KY 1984 
Trammel Fork McCreary / KY 1986 
Turkey Creek Knox / KY 1994 
Whitman Branch Whitley / KY 1996 
Wolf Creek Whitley / KY 1883 


1Surveys have been completed in all these streams since 2003. 


Density estimates (56.8–73.1 dace per 100 m2) reported by Starnes and Starnes (1981) for three sites in 
Youngs Creek (Whitley County, Kentucky), one of the healthiest known populations at the time, were 
consistent with the ten highest average densities (range of 36.8–91.3 dace per 100 m2) reported by 
Black et al. (2013a).  Population estimates for Big Lick Branch by Leftwich et al. (1997) and Middle 
Fork Beaver Creek by Leftwich et al. (1995) were 10–350 dace per 100 m2 and 130 dace per 100 m2 
(one pool), respectively.  These results were considerably higher than those calculated by Black et al. 
(2013a), but both studies conducted by Leftwich et al. (1997) were based on habitat units (pools and 
riffles), rather than specific stream lengths.  Consequently, they may have encountered elevated 
densities of blackside dace in certain pools. 
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Table 3.  Summary of single-pass electrofishing catch rates and corresponding population 
estimates (≥ 100 dace/200 m) and densities (dace/m2) reported by Black et al. (2013a). 
  
  Single-pass Pop. Estimate Density 
Streams County / State (dace/200 m) (dace / 200 m)* (dace/ m2) 


Big Lick Branch #3 Pulaski / KY 151 308 49.8 
Big Lick Branch #1 Pulaski / KY 126 251 40.6 
Trace Branch #3 Knox / KY 119 396 91.3 
Mill Creek #3 Bell / KY 108 359 58.0 
Ryans Creek #4 McCreary / KY 107 356 34.5 
Breedens Creek #1 Harlan / KY 96 613 80.7 
Rock Creek #2 McCreary / KY 94 429 55.3 
Richland Creek #3 Knox / KY 76 252 51.4 
Mill Creek #2 Bell / KY 72 238 26.8 
Terry Creek #2 Campbell / TN 65 215 18.2 
Mill Creek #1 Bell / KY 63 208 25.3 
Rock Creek #4 McCreary / KY 62 190 44.4 
Watts Creek #2 Harlan / KY 60 369 69.3 
Richland Creek #4 Knox / KY 58 235 36.8 
Blacksnake Branch #1 Bell / KY 46 152 20.3 
Archers Creek #3 Whitley / KY 42 162 17.4 
Trace Branch #1 Knox / KY 41 135 15.5 
Watts Creek #3 Harlan / KY 36 118 29.6 
Fall Branch Campbell / TN 32 104 26.7 


*Population estimate obtained from the combined regression model, Log10y = 0.4998 + 1.0110 log10x (or y = 
3.16x1.0110), where y = blackside dace population estimate (dace per 200 m) and x = single-pass electrofishing catch. 


Demographic Features.  The spawning period for the species extends from April to July (Starnes and 
Starnes 1981; Mattingly and Black 2013), but most observations of spawning activity have taken place 
from May to June.  Starnes (1981) reported the first observed spawning event in the wild (17 May 
1981) at a temperature of 17.5oC.  Mattingly and Black (2013) observed 25 spawning events from 12 
May to 12 June 2006 at water temperatures ranging from 11.9-18.2oC.  Eggs are typically deposited 
(broadcast) over fine gravel, primarily in nests constructed by other species such as creek chubs 
(Semotilus atromaculatus) (Cicerello and Laudermilk 1996) and central stonerollers (Campostoma 
anomalum) (Starnes and Starnes 1981).  Creek chub nests appear to be used more often than 
stoneroller nests, as suggested by Cicerello and Laudermilk (1996) and demonstrated by Mattingly and 
Black (2013).  Mattingly and Black (2013) observed 25 spawning events, with all events taking place 
over creek chub nests.  They observed no evidence that blackside dace spawn independently.  It is 
suspected that the species takes advantage of other minnow species’ nests because these habitats
provide the most abundant silt-free substrates in much of the species’ current range (Mattingly and 
Black 2013).  It remains unknown whether the species will spawn independently of other species if 
suitable substrates are available; however, Rakes et al. (2013) found that blackside will spawn 
independently in captivity without the presence of (or cues from) other fishes.  In captivity, spawning 
periods extended from early April to mid-May, with water temperatures ranging from 16 to 21oC 
(Rakes et al. 1999, 2013). 


Spawning behavior was described by Starnes and Starnes (1981), Mattingly and Black (2013), and 
Rakes et al. (2013).  Nuptial males are brightly colored, as characterized by a golden brown dorsum; an 
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intense, wide, black lateral stripe; bright yellow fins; and scarlet on the lower head, nape, and belly. 
Females tend to be drab olivaceous dorsally and lack yellow fins, but they can exhibit bright red 
coloration on the belly and nape.  Typically, schools of 3 to about 60 males hover above the nest, with 
groups of 2-3 frequently leaving and entering the nest.  Spawning females quickly enter the nest and 
are immediately surrounded (corralled) by several males, which push her to the substrate while the 
remaining males swarm on top and vibrate violently. 


Rakes et al. (1999) conducted the first study of blackside dace propagation in captivity.  Using 24 
adults collected in May 1993 from Buck Creek, Whitley County, Kentucky, Rakes et al. (1999) 
produced a total of 330 fertile eggs.  The eggs were moved to incubation trays and selected life-history 
information was recorded, including egg diameter (1 mm), egg characteristics (demersal, non-
adhesive), egg deposition (among gravel and pebbles of artificial minnow nests), hatchling size (5 mm 
total length), characteristics of embryos and larvae (benthic approximately 48 h), foods used by larvae 
(live copepods, brine shrimp nauplii (first larval stage of a crustacean)), and survival of fertile eggs to 
the juvenile stage (87%).  More recently, Rakes et al. (2013) propagated blackside dace in captivity 
over a three-year period (2011-2013).  They observed post-hatch yolk-sac larval production ranging 
from a low of 71 fry produced from 117 eggs in 2011 to a peak of 1,910 fry produced from 2,855 eggs 
in 2012.  Survival rates (60-67%) were lower than those reported by Rakes et al. (1999), but the 
number of fry reared per breeding adult (38.2) was over twice that reported in the previous study 
(13.75; Rakes et al. 1999).  Eggs hatched quickly (about 3 days), producing unpigmented immature 
yolk-sac larvae that remained benthic for about 5 days (compared to 2 days; Rakes et al. 1999). 


Adults are capable of spawning at age 1 and have a lifespan of 3 to 4 years (Starnes and Starnes 1981; 
Black et al. 2013a); females appear to have greater survivorship (Starnes and Starnes 1981).  Starnes 
and Starnes (1981) reported the sex ratio in September as 21 males: 29 females and in April as 11 
males: 11 females.  Based on length/frequency and scale data, growth rates were similar for males and 
females (age 0, 20 to 34 mm standard length [SL]; age I, 39 to 57 mm SL; and age II, 62 to 64 mm 
SL).  The fastest growth occurs during the first year and then gradually declines during the second and 
third year (Starnes and Starnes 1981).  The species has been shown to successfully hybridize with 
creek chubs in Kentucky (Eisenhour and Piller 1997) and Virginia (Skelton pers. comm. 2014). 


2.3.1.2  Genetics, genetic variation, or trends in genetic variation: 


Strange and Burr (1995) conducted the first genetic study on the blackside dace, examining both the 
genetic variation and metapopulation structure of the species.  Their research identified nine composite 
mitochondrial haplotypes (collection of specific alleles (particular DNA sequences) in a cluster of 
tightly-linked genes on a single chromosome or DNA molecule of the mitochondria, a cellular 
organelle), with the number of haplotypes / population ranging from one (Poor Fork, Watts Creek, and 
Jellico Creek) to five (Straight Creek).  Patterns of localized gene flow were identified through cluster 
analyses of net population divergence.  These analyses revealed the presence of three or four 
metapopulation units: (a) one centered in the upper Poor Fork through Straight Creek stream systems 
(Group A – as summarized in Table 1), (b) another unit comprising the stream systems from Stinking 
Creek to Youngs Creek (Group B), (c) a third centered around Marsh and Jellico Creeks (Group C), 
and (d) a potential fourth comprised of streams below Cumberland Falls (Group D).  A cladistic 
analysis of gene flow indicated that Group B was the center of dispersal for blackside dace 
mitochondrial DNA haplotypes. 







14 


To promote genetic diversity, Strange and Burr (1995) recommended that recovery plans treat the 
metapopulations as management units, employing carefully planned reintroductions and habitat 
protection.  Translocation of the species between metapopulations was discouraged; rather, they 
recommended that translocations be made from sites geographically proximate to the site of the 
reintroduction and preferably within the same stream system.  Their data further indicated considerable 
gene flow within metapopulations, suggesting that the protection of dispersal corridors may be as 
important as protecting actual habitats.  If we combine the four metapopulation units proposed by 
Strange and Burr (1995) with the eight recovery units outlined in the recovery plan (USFWS 1988), we 
have the groupings shown below in Table 4. 


Table 4.  Summary of blackside dace metapopulations (Strange and Burr 1995) and recovery plan 
units (USFWS 1988). 


Metapopulation1 Recovery Plan Units (USFWS 1988) 
Group A Poor Fork, Tributaries from Clover Fork to Clear Creek, 


Straight Creek 
Group B Tributaries above Cumberland Falls, Clear Fork 
Group C Jellico Creek, Marsh Creek 
Group D Tributaries below Cumberland Falls 


1According to Strange and Burr (1995). 


Genetic testing of specimens from the upper Tennessee River drainage of Virginia showed that these 
individuals align well with “haplotype 4” (Group A) of Strange and Burr (1995), reinforcing the 
suspicion that these populations entered the upper Tennessee river drainage via multiple bait bucket 
introductions (Strange and Skelton 2003, Skelton 2013).  According to Strange and Burr (1995), 
haplotype 4 is widespread above Cumberland Falls but is most common in the upper reaches of the 
Cumberland River drainage in Bell, Harlan, and Letcher counties, Kentucky. 


Preliminary genetic testing of individuals from three streams in the Big South Fork Cumberland River 
drainage, Kentucky, revealed that a portion of the population represented new haplotypes belonging to 
a previously unknown clade, while others had mitochondrial DNA haplotypes previously documented 
only from sites above Cumberland Falls (Strange 2005).  This suggested that a portion of the dace 
population was native to the area (Metapopulation E – a potential fifth metapopulation – see Table 1), 
but a significant portion had been introduced and was comprised of individuals from the upper portions 
of the species’ range (Strange 2005).  No genetic information is available for the upper Kentucky River 
population discovered in 2013, but genetic testing is planned for 2015. 


The work by Strange (1995) and Strange and Burr (1995) provided preliminary genetic information on 
the species, but additional study is needed.  Currently, the Service is working with Austin Peay State 
University to complete a more detailed and comprehensive study that uses new techniques to examine 
genetic structure, diversity, and gene flow across the species’ range.  The new study will incorporate 
microsatellite markers which are bi-parentally inherited loci capable of detecting fine-scale genetic 
patterns.  Unlike mitochondrial DNA restriction fragment data (Strange and Burr 1995), the current 
study will likely recover many alleles among stream systems and populations, allowing us to detect 
current gene flow patterns among blackside dace populations.  Moreover, these data will allow us to 
determine effective genetic population size, which is a measure of genetic diversity and overall genetic 
health (viability) of populations.  Finally, these data will allow us to identify unique populations, 
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populations which are currently experiencing little/no migration, and help identify source populations 
for those populations thought to be the product of anthropogenic activity. 


2.3.1.3  Taxonomic classification or changes in nomenclature: 


The blackside dace is a small member of the minnow family (Cyprinidae), reaching a maximum length 
of approximately 76-82 mm (Etnier and Starnes 1993; USFWS unpublished data).  It is characterized 
by a wide black lateral stripe or two stripes converging on the caudal peduncle, an olive-colored dorsal 
surface with numerous dark spots/speckles, and some scarlet and yellow coloration on the head and 
belly (most pronounced in the spring).  The scales are small and embedded, and the lateral scale counts 
average 75.  The lateral line is incomplete, and the anal ray count is 8.  During the breeding season, 
males of the species exhibit an intense black lateral stripe; scarlet coloration on the belly, ventral 
portion of the head, nape, and base of the dorsal fin; bright yellow fins with silvery metallic spots at 
insertions of paired fins; and a golden dorsum.  The blackside dace is similar to and often occupies the 
same habitats as the southern redbelly dace, Chrosomus erythrogaster.  The two species can be 
distinguished based on lateral pigmentation and the shape of the opercular bone.  The blackside dace 
has a single lateral stripe (or two convergent stripes in subadults) and a subrectangular opercular bone.  
The southern redbelly dace has two parallel lateral stripes and a more triangular opercular bone 
(Starnes and Starnes 1978b; Etnier and Starnes 1993). 


The blackside dace was probably first observed in 1883 by D. S. Jordan and J. Swain in Clear Fork 
tributaries, Whitley County, Kentucky (based on the color description), but they regarded it as a color 
variation of the southern redbelly dace.  Nearly 100 years later, the species was formally recognized 
and described by Starnes and Starnes (1978a) as Phoxinus cumberlandensis. 


In a recent phylogenetic analysis based on complete mitochondrial cytochrome b gene sequences for 
all North American Phoxinus species and the Eurasian species, Phoxinus phoxinus, Strange and 
Mayden (2009) determined that the genus Phoxinus was an unnatural group (it was not monophyletic – 
a taxonomic group that consists of an ancestral species and all its descendants ).  To have a 
classification that was consistent with the monophyletic groups recovered in their phylogeny, they 
proposed a revised taxonomy for Phoxinus, placing all North American Phoxinus (subgenus 
Chrosomus) in the genus Chrosomus.  Consequently, the revised classification for blackside dace is 
Chrosomus cumberlandensis (Starnes and Starnes), which is supported by the Service. 


2.3.1.4  Spatial distribution, trends in spatial distribution, or historical range: 


The blackside dace is thought to have been widely distributed historically in small streams throughout 
the upper Cumberland River drainage in Kentucky and Tennessee (Figure 2).  The first range-wide 
survey conducted by Starnes (1981) reported the species from only 27 of 168 surveyed streams (16.1 
percent). Based on an evaluation of physical habitat compared to the species’ preferences, Starnes
(1981) speculated that the species had been eliminated from at least 52 streams before its existence was 
known, approximately 60 to 70 percent or more of its historical range. A later survey by O’Bara
(1985, 1990) observed the species in only 30 of 193 surveyed streams (15.5 percent), despite the fact 
that at least 151 of the surveyed streams contained adequate habitat to sustain the species.  
Furthermore, O’Bara (1985, 1990) discovered that the species was absent from 10 streams in which 
Starnes (1981) had reported it. 
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Figure 2.  Historical distribution (striped counties) of blackside dace 
within the upper Cumberland River drainage of Kentucky and Tennessee.  
Blue shading indicates the Cumberland River drainage in eastern 
Kentucky and Tennessee (USFWS unpublished data). 


From 1982 to 1994, the KSNPC completed an intensive fish survey of the Kentucky portion of the 
upper Cumberland River drainage (Laudermilk and Cicerello 1998).  Their study reported blackside 
dace at 88 of 454 collection sites (72 streams).  Fifty (50) of these streams contained previously 
unknown populations of the species, and approximately half of the newly discovered populations were 
located in two basins, Stinking Creek in Knox County (12 streams) and Jellico Creek in McCreary and 
Whitley Counties (12 streams). 


Since 1998, blackside dace have been documented from approximately 40 additional streams as part of 
inventories or surveys by state/federal agencies, biological assessments for road and other construction 
projects, and baseline surveys for mining permits (Underwood 1999, Roghair et al. 2001; Roghair and 
Whalen 2001; Black et al. 2013a; USFWS unpublished data).  The most comprehensive survey efforts 
within the upper Cumberland River drainage were completed in the summers of 2003, 2005, and 2006 
by Black et al. (2013a) and in the summer of 2012 by the KSNPC and the Service.  Black et al. (2013a) 
observed blackside dace at 43 of 55 streams and 78 of 119 200-m reaches using AC and pulsed-DC 
single-pass backpack electrofishing.  Black et al. (2013a, b) documented the presence of several, 
seemingly robust populations across the species’ range (Table 3), but they considered the majority of 
blackside dace populations to be small and remnant in nature (i.e., less than 10 individuals observed 
during surveys).   


KSNPC and the Service completed quantitative surveys at 83 100-m reaches throughout the Kentucky 
portion of the upper Cumberland River drainage  in the summer of 2012 (USFWS unpublished data).  
These surveys were completed as part of a distributional analysis and habitat modeling study for the 
blackside dace, Cumberland darter (Etheostoma susanae), and Cumberland arrow darter (Etheostoma 
sagitta).  The project was designed to provide quantified data on the distribution (i.e., occupancy 
estimation and detection probability), status, population size, and environmental resource use (at the 
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reach and microhabitat spatial scales) of these species within the upper Cumberland River drainage.  
Based on the primary stream size occurrences of these species, sampling reaches (150 m in length) 
were chosen randomly using a stratified sampling design within third order and smaller stream 
segments.  A total of 80 reaches were chosen, and blackside dace were encountered in only 7 of 83 
reaches, with the discovery of one new occurrence (stream) – Paint Gap Branch (Knox County).  This 
capture rate was low compared to that of Black et al, (2013a); however, this was understandable since 
Black et al. (2013a) focused on streams with known occurrences and the current study used a stratified 
sampling design that involved random selection of study reaches. 


Currently, blackside dace populations are estimated to persist in 125 streams across nine Kentucky 
counties (Bell, Harlan, Knox, Laurel, Letcher, McCreary, Perry, Pulaski, and Whitley), three 
Tennessee counties (Campbell, Claiborne, and Scott), and two Virginia counties (Lee and Scott) 
(Black et al. 2013a; Skelton 2007, 2013a; USFWS unpublished data) (Figures 3-11, Appendix B) 
(Data sources for these figures include the KSNPC Natural Heritage Database, the Service’s
Endangered Species Database, the U.S. Geological Survey (USGS) National Hydrography Dataset, 
and Kentucky Transportation Cabinet road data).  A summary of blackside dace stream occurrences is 
provided in Table 4 (Appendix C).  Considering the distribution of these streams and the species’
maximum recorded movement of 4 km, we believe the species is currently represented by 58 isolated 
groups (stream clusters or “populations”) that are functionally separated from one another (Table 5, 
Appendix D).  A synopsis of the species’ current range is provided below and arranged by sub-
drainage or major tributary, starting at the eastern or upstream end of the Cumberland River drainage 
and moving downstream.  The number of streams currently believed to be occupied in each major 
tributary is listed parenthetically after the tributary name, followed by general comments on range, 
status, and habitat conditions. 


Poor Fork Cumberland River (6).  Blackside dace was first recorded from the Poor Fork drainage 
during a 1961 rotenone survey by KDFWR in the Poor Fork headwaters (specimens reported as C. 
erythrogaster) (Starnes 1981).  Subsequent surveys by Harker et al. (1979, 1980), Starnes (1981), and 
O’Bara (1990) reported the species from the Poor Fork mainstem (6 individuals) and one of its 
tributaries, Colliers Creek (1 individual).  Laudermilk and Cicerello (1998) reported the species from 5 
streams in the drainage (Poor Fork, Bad Branch, Meadow Fork, Smith Creek, and Colliers Creek) 
during surveys of 11 streams (45 sites) between 1985 and 1995.  Thomas (2007) reported the species 
(two individuals) from Franks Creek, just downstream of its confluence with Smith Creek; however, 
previous survey data and poor habitat conditions within Franks Creek (e.g., elevated conductivity) 
suggest that these individuals were likely transients from Smith Creek.  Currently, we consider the 
species to be extant in six streams - Bad Branch, Colliers Creek, Meadow Branch, Meadow Fork, Poor 
Fork (from about the mouth of Slick Shoals Branch upstream), and Smith Creek (Figure 4).  Two 
streams, Bad Branch and Poor Fork, have at least a portion of their watersheds in public ownership.  
Approximately 304 hectares (ha) in the Poor Fork headwaters is located within the Jefferson National 
Forest, while Bad Branch is located entirely within Bad Branch State Nature Preserve, a 1,068-ha 
preserve managed by KSNPC and The Nature Conservancy.  Bad Branch is known for its exceptional 
habitat and water quality and has been designated as a Kentucky Wild River (401 Kentucky 
Administrative Regulation (KAR) 4:100). 


Based on survey data collected over the past 35 years, blackside dace populations within the upper 
Poor Fork do not appear to be large or particularly robust. Both Starnes (1981) and O’Bara (1985, 
1990) commented that the species’ distribution may be somewhat limited within the upper Poor Fork 
due to the basin’s steep gradients and fewer pool habitats.  Smith Creek likely supports the largest 
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population (Black et al. 2013a; Third Rock Consultants (TRC) 2011-2013, USFWS unpublished data), 
but collections from most of the remaining streams have produced fewer than 10 individuals per 
sampling effort.  Meadow Fork, a tributary to Franks Creek, continues to have adequate water quality 
(low conductivity), but the species was not observed there during recent surveys (TRC 2013, USFWS 
unpublished data).  TRC (2013) suggested that extensive beaver activity (pond development) may be 
affecting the persistence of blackside dace within Meadow Fork (TRC 2013).  The Meadow Branch 
population is the most recent discovery (Potesta and Associates 2009), but this population is limited to 
an approximate 300-m headwater reach that is bordered / limited by a large beaver pond downstream 
and a road culvert upstream (TRC 2013). Remaining portions of the Meadow Branch watershed have 
been impacted by previous mining activities and conductivity is elevated (> 400 µS/cm).  Colliers 
Creek continues to support a small population of blackside dace (Biological Systems Consultants, LLC 
(BSC) 2008a-2013a), but the species has declined significantly there since the early 2000s 
(Appalachian Technical Services (ATS) 2000; USFWS unpublished data), and extensive surface coal 
mining within the watershed has created unfavorable habitat conditions for the species (e.g., elevated 
conductivity, embedded substrates, siltation).  Previously documented populations in Brown Branch 
(Letcher County) and Cloverlick Creek (Harlan County) are considered to be extirpated (see Table 1; 
Starnes 1981, O’Bara 1990, Laudermilk and Cicerello 1998, USFWS unpublished data).  Both 
watersheds have been mined extensively for coal, and Starnes (1981) and O’Bara (1990) identified
surface coal mining as the primary reason for the species’ decline in Cloverlick Creek (Figure 4, 
Appendix B). 


Clover Fork Cumberland River (2).  The species was first recorded in the Clover Fork drainage in 
1961, when a rotenone survey by KDFWR produced 33 adult individuals from the Clover Fork near 
the community of Highsplint (Starnes 1981) (Figure 5, Appendix B).  The size of the Clover Fork at 
this site is too large for the species, so we suspect that these specimens were transient individuals that 
most likely originated from a nearby tributary such as Kelly Branch or Seagraves Creek.  Subsequent 
surveys by Starnes (1981), O’Bara (1990), Laudermilk and Cicerello (1998), and the Service (USFWS 
unpublished data) have not observed the species within this area of the Clover Fork watershed.  Based 
on our most recent records, the species currently occupies two streams within the drainage – Breedens 
Creek and Kelly Branch (BSC 2011b-2013b, USFWS unpublished data) (Figure 5).  The Breedens 
Creek population was discovered in 1990 (USFWS unpublished data) and continues to be one of the 
species’ most robust populations (Table 1).  Black et al. (2013a) recorded their highest reach-scale 
population estimate (613 individuals / 200-m) on Breedens Creek (the next highest estimate was 429 
inds / 200-m reach on Rock Creek, McCreary County), and surveys by BSC over the last several years 
indicate that the Breedens Creek population continues to be strong (BSC 2012b).  The species was 
discovered in Kelly Branch in 2006 (USFWS unpublished data) and has been documented there 
consistently since that time (1-3 individuals/collection) (BSC 2012c).  The Kelly Branch population 
may be limited in size due to the steep gradient and step-pool nature of the stream (not ideal conditions 
for the species), but other habitat conditions are favorable for the species (e.g., low conductivity, low 
siltation).  It is unknown if reproduction is occurring in Kelly Branch, but we suspect that the majority 
of Kelly Branch individuals have been colonists from Breedens Creek.  The mouths of these streams 
are separated by only 0.5 km, so colonists from Breedens Creek could easily migrate through the 
Clover Fork to Kelly Branch.  KSNPC observed two dace individuals in the Clover Fork mainstem in 
July 2012, approximately 8 km upstream of its confluence with Breedens Creek.  Based on previous 
survey data and poor habitat conditions (e.g., elevated conductivity) within this portion of the Clover 
Fork mainstem, we believe that these individuals were likely transients from Breedens Creek.  The 
species was observed in the lower reaches of Fugitt Creek in 2008 (3 inds), but the species was not 
observed in subsequent surveys (USFWS unpublished data).  Habitat conditions in Fugitt Creek are not 
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ideal for the species (e.g., high gradient, elevated conductivity), so we suspect that these individuals 
were simply transients or colonists, possibly from Breedens Creek.  Extensive surface coal mining, 
logging, and residential development in the Clover Fork drainage have degraded the physical habitat 
and water quality of most streams within the system, rendering them unsuitable for blackside dace 
(Laudermilk and Cicerello 1998, USFWS unpublished data). 


Watts Creek (1).   Watts Creek is unique among Kentucky streams because its headwaters drain a 
large, intact block of old-growth forest that has been dedicated as a State Nature Preserve (Figure 5).  
Blanton Forest State Nature Preserve (SNP) was first dedicated in September 1995 and now protects 
1,264 ha on the southern slope of Pine Mountain.  The upper 2.8 km of Watts Creek are located within 
the preserve, and habitat conditions within this portion of the stream are excellent (e.g., extensive 
canopy cover, stable substrates, low sedimentation, and baseline water chemistry).  Immediately 
downstream of the preserve, an approximate 200-m reach of Watts Creek is impounded within Camp 
Blanton, a privately-owned group camp.  Downstream of Camp Blanton, Watts Creek flows through a 
narrow gorge with scattered residences.  Habitat conditions within this reach are less than optimal for 
the species (e.g., narrow riparian zones, increased siltation, less canopy cover).  The species was 
discovered in the upper reaches of Watts Creek in 1994 (Laudermilk and Cicerello 1998), and 
subsequent surveys by Black et al (2013a) suggest that this portion of the stream supports one of the 
species’ strongest and most robust populations.  The reach-scale population estimate of 369 individuals 
was the third highest estimate recorded by Black et al. (2013a) (out of 119 survey reaches).  The 
species has not been observed in Watts Creek downstream of the Camp Blanton reservoir (Laudermilk 
and Cicerello 1998, Black et al. 2013a). 


Brownies Creek (2).  Blackside dace was first observed in Brownies Creek in 1975, and the species 
was later described by Starnes (1978) based on these specimens.  Starnes (1981) and O’Bara (1990) 
described the blackside dace population in Brownies Creek as “moderate” and “healthy” upstream of 
the community of Cubage in Bell and Harlan Counties.  Subsequent surveys by Laudermilk and 
Cicerello (1998), KSNPC (2010), Black et al. (2013a), and BSC (2010b, 2011c, 2011d, 2012d, 2013c, 
2014a) demonstrate the species’ continued presence within a 10-km (6.2-mi) reach of Brownies Creek 
and one of its tributaries – Blacksnake Branch (Figures 5-6).  Based on surveys completed by BSC, the 
population appears to be at least moderately abundant throughout this reach but is most concentrated in 
the middle third of the reach near the Bell-Harlan County border.  Nally and Hamilton Enterprises, Inc. 
has proposed a new surface coal mine operation within the Brownies Creek watershed.  The proposed 
operation will include 106.7 ha of surface disturbance, including a 12.3-ha hollow-fill, and is located 
along the watershed divide between Brownies Creek to the south and Path Fork to the north at the Bell 
and Harlan County border.  The proposed operation is in the final stages of review by state and federal 
agencies.  The mining permit has been issued by the Kentucky Department of Natural Resources (DNR 
Permit #8480-0292), but the Kentucky Pollution Discharge Elimination System permit (KPDES 
#KY0108936) is still under review (see Factor A discussion).  Blackside dace was first recorded from 
Blacksnake Branch in 1992 (Laudermilk and Cicerello 1998).  Subsequent surveys by Black et al. 
(2013a) and BSC (2010b, 2010c, 2011b, 2012d) revealed the presence of a stable and robust 
population (Table 2) – despite the fact that stream conductivity was elevated and marginal for the 
species (conductivity > 300 µS/cm). 


Yellow Creek (6).  Blackside dace was first collected from the Yellow Creek drainage in 1875, but the 
exact locality of this collection is unknown (Starnes 1981).  The single specimen was discovered in old 
material at the University of Michigan’s Museum of Zoology and labeled simply as “Cumberland
Gap.”  Currently, the species is thought to occur in seven isolated streams (watersheds) within the 
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drainage – Bennetts Fork, Cannon Creek, Fourmile Run, Lick Fork, Little Yellow Creek, and Sugar 
Run (Figures 6 and 9).  The Bennetts Fork record is based on a single specimen collected in 2000 by 
the Tennessee Wildlife Resources Agency about 0.4 km upstream (south) of the Kentucky border 
(TWRA 2001).  Blackside dace was first reported from Cannon Creek in 1994 (Laudermilk and 
Cicerello 1998), but the stream has not been surveyed since that time.  The approximate upstream half 
of Cannon Creek is separated from Yellow Creek by Cannon Creek lake, a 98-ha reservoir created in 
1972.  Little Yellow Creek and Sugar Run are located (at least partially) in Cumberland Gap National 
Historical Park (CUGA), a 8,299-ha national park established in 1940.  Davis Branch, another CUGA 
stream, once supported a robust population of blackside dace (Starnes 1981, USFWS 1988, O’Bara
1990, Stephens 1990-2002, 2007), but the species is now absent from the stream due to extensive 
beaver colonization and subsequent habitat changes over a 15-year period (Compton et al. 2013).  
Little Yellow Creek appears to have a stable, moderately-sized population (USFWS unpublished data), 
but it is isolated from the remainder of the Yellow Creek watershed by Fern Lake, a 44-ha reservoir 
and water supply for the City of Middlesboro, Kentucky.  A single specimen was reported from Sugar 
Run in 2010 (KSNPC 2010); the origin of this specimen and the status of the species in the Clear Fork 
(of Yellow Creek) watershed is unknown.  Two Yellow Creek Bypass tributaries, Fourmile Run and 
Lick Fork, continue to support small populations (Laudermilk and Cicerello 1998, Eisenhour and 
Floyd 2013), but the species has disappeared from another Yellow Creek Bypass tributary - Stevenson 
Branch (Black et al. 2013a; USFWS unpublished data).  Based on our observations of habitats in 
Stevenson Branch, we suspect that excessive sedimentation led to the extirpation. 


Clear Creek (0).  Within the Clear Creek drainage (Bell County, Kentucky), blackside dace has been 
reported historically from Little Clear Creek and one of its tributaries, Bens Fork (Figure 6).  Starnes 
(1981) described the Little Clear Creek blackside dace population as “one of the healthiest known
populations…..with numbers perhaps exceeding 2,000 individuals.” He considered Little Clear Creek 
to be “one of the most important refugia” for the species. Starnes and Starnes (1981) selected Little 
Clear Creek as one of two streams on which to conduct the initial ecological research on the species.  
Despite these early reports by Starnes (1981) and Starnes and Starnes (1981), the species now appears 
to be extirpated from the system or occurs in very low numbers.  Multiple surveys since the mid-1980s 
have failed to collect a single individual from Little Clear Creek (Laudermilk and Cicerello 1998; 
Commonwealth Technology, Inc. (CTI) 2000-2001; TRC 2002a; USFWS unpublished data), and the 
species has not been observed in Bens Fork since 2008 (Eisenhour 2005-2012).  The direct cause of the 
decline is unknown, but we suspect that increased coal mining activity just prior to listing (late 1980s) 
created unfavorable habitat conditions for the species (e.g., elevated conductivity and siltation).  Our 
recent conductivity measurements in Little Clear Creek (>800 µS/cm) and Bens Fork (>500 µS/cm) 
exceed those typically tolerated by the species. 


Straight Creek (3).  Within the Straight Creek drainage, we have historical records of blackside dace 
from seven streams: Caney Creek (Left and Right Forks), Left Fork Straight Creek, Long Branch, Mill 
Creek, Sims Fork, Stoney Fork, and Straight Creek (Starnes 1981, O’Bara 1985) (Figures 5-6).  
O’Bara (1985, 1990) described the Left Fork Caney Creek population as the most robust in the 
drainage and believed that its high numbers of individuals had allowed expansion of the species into 
adjacent streams.  Currently, the species continues to occupy the Caney Creek system and also occurs 
in two other streams - Howard Branch (one individual observed in 2009) and Mill Creek (BSC 2009b, 
USFWS unpublished data).  The Left Fork Caney Creek population has remained fairly strong (BSC 
2009b), but Mill Creek appears to support the largest population in the drainage (Black et al. 2013a, 
USFWS unpublished data).  Black et al. (2013a) recorded their fifth highest reach-scale population 
estimate (369 inds / 200-m) at one Mill Creek station.  The species appears to be extirpated from Left 
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Fork Straight Creek, Long Branch, Sims Fork, Stoney Fork, and Straight Creek; habitat conditions in 
each of these streams is poor (e.g., elevated conductivity, embedded substrates) (KSNPC 2010; 
USFWS unpublished data). 


Fourmile Creek (1).  Blackside dace was first observed in Fourmile Creek in 1993 (Laudermilk and 
Cicerello 1998).  More recent surveys by BSC (2008b, 2010c, 2011e, 2012e) demonstrate that the 
species continues to occupy the stream, ranging in abundance from 53-198 individuals per year in six 
sampling reaches (Figure 6). 


Stinking Creek (9).  When the recovery plan was completed in 1988, blackside dace was not known 
from the Stinking Creek drainage (USFWS 1988).  Surveys within the drainage had been limited to 
Middle Fork (at mouth), Road Fork (near Barnyard and Dewitt), and Stinking Creek (near Mills) 
(Starnes 1981, O’Bara 1985).  Laudermilk and Cicerello (1998) sampled extensively throughout the 
drainage in the mid-1990s, discovering new populations of the species in 11 of 19 streams surveyed – 
Brices Creek, Coles Branch, Hale Fork, Hinkle Branch, Honeycut Branch (of Turkey Creek), Mill 
Branch, Moore Creek, Mud Lick, Roaring Fork, Trace Branch, and Turkey Creek (Figure 7).  The 
species now appears to be extirpated from Brices Creek, Coles Branch, Honeycutt Branch, and Turkey 
Creek (KSNPC 2010, USFWS unpublished data).  In varying degrees, these streams suffer from poor 
habitat quality (e.g., embedded substrates, eroded banks, unstable channels, reduced canopy cover).  
New populations have been discovered in two streams – Acorn Fork and Paint Gap Branch (USFWS 
unpublished data).  Based on surveys by KSNPC (2010) and Black et al. (2013a), Trace Branch 
appears to have the largest dace population within the drainage.  Trace Branch Site #3 yielded the third 
highest catch rate (396 inds / 200-m reach) and the highest density value (91.3 dace / m2) of any site 
visited by Black et al. (2013a) (Table 3).  The first, large-scale habitat restoration effort for the species 
was completed on Mill Branch in 2008 (Floyd et al. 2013) (see Conservation Efforts section, pp. 27-
28.  The restoration was made possible through voluntary conservation agreements with four Mill 
Branch landowners. Funding and in-kind support for the project was provided by Knox County Fiscal 
Court, Bluegrass Streams, LLC, Natural Resources Conservation Service (NRCS, Wildlife Habitat 
Incentive Program), the Service’s Partners for Fish and Wildlife Program, KDFWR (Landowner 
Incentive Program), Cumberland Valley RC&D (Service Private Stewardship Grant), and Kentucky 
Division of Conservation (State Cost Share Program). 


Richland Creek (2).  Laudermilk and Cicerello (1998) reported blackside dace from three streams 
within the drainage – Billies Branch (tributary to Sasser Branch), Hunting Shirt Branch, and Richland 
Creek (headwaters) (Figure 7).  KSNPC (2010) reported that Billies Branch was inundated by beaver 
ponds and no longer contained habitat suitable for the species.  The last, naturally meandering section 
of Hunting Shirt Branch (an approximate 564-m reach) was channelized (straightened) in 2009.  
Exhaustive surveys of Hunting Shirt Branch after the incident demonstrated that the species occurred 
in very low numbers throughout the stream (only one individual was observed).  The current status of 
the species in Hunting Shirt Branch is unknown.  Surveys of Richland Creek in 2005 (Black et al. 
2013a) and 2012 (USFWS unpublished data) suggest that it supports a robust dace population – 
possibly one of the best within the species’ range (Table 3).  Black et al. (2013a) completed surveys at 
four, 200-m reaches, producing catch rates of 11-58 dace/reach, population estimates ranging from 36-
252 dace/reach, and density estimates ranging from 6.5-51.4 dace/m2. 


Little Poplar Creek (3).  Blackside dace was first reported from the drainage by Starnes and Starnes 
(1978a), based on a 1976 collection of one individual from Little Poplar Creek, 13.7 km south of 
Barbourville.  Subsequent surveys by Laudermilk and Cicerello (1998), TRC (2002b), and KSNPC 
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(2010) confirmed the species’ continued presence in Little Poplar Creek, where it appears to inhabit an 
approximate 6.1-km reach (including East Ridge Branch), extending upstream from the Little Poplar 
Creek-Hubbs Creek confluence (Figure 7).  In 2012, we discovered a new population in Bain Branch, a 
tributary of Hubbs Creek (USFWS unpublished data).  Flows within Bain Branch were intermittent, 
but five dace individuals were located in several isolated pools.  Habitat conditions in Bain Branch 
were marginal, with elevated conductivity (317 µS/cm) and silted substrates. 


Poplar Creek (1).  Starnes (1981), O’Bara (1985), and Laudermilk and Cicerello (1998) surveyed 
numerous streams within the drainage but did not observe blackside dace.  The species was not 
recorded from the Poplar Creek drainage until 2007, when one individual was collected from Seng 
Branch, a Poplar Creek tributary, by biologists with Apogee Environmental and Archaeological, Inc. 
(USFWS unpublished data) (Figure 8, Appendix B).  The species was not observed in Seng Branch 
during recent surveys in 2012 (USFWS unpublished data).   


Patterson Creek (2).  The species was first reported from the Patterson Creek drainage in 1993, when 
Laudermilk and Cicerello (1998) observed four individuals in Patterson Creek, just upstream of its 
confluence with Rose Creek, Whitley County, Kentucky (Figure 8).  Subsequent surveys by 
Copperhead Environmental Consulting, Inc. (2010), Black et al. (2013a), and BSC (2011f, 2012f, 
2013d) demonstrate that Patterson Creek continues to support a moderately-sized, stable population of 
blackside dace upstream of its confluence with Rose Creek.  In 2001, TRC discovered a new blackside 
dace population (nine individuals) in Tyes Fork, a tributary to Bennetts Branch, at the KY 904 bridge 
crossing of Tyes Fork, Whitley County (TRC 2001, USFWS unpublished data).  No surveys have been 
completed in Tyes Fork since that time. 


Clear Fork (17).  As mentioned previously, blackside dace was first recorded from the Clear Fork 
drainage by Jordan and Swain (1883), who recognized it as a color variant of C. erythrogaster.  They 
described the species as “very abundant in the smaller streams” of the Clear Fork (e.g., Wolf Creek).  
Starnes (1981) and O’Bara (1985, 1990) completed surveys at 41 streams within the drainage
(including Wolf Creek) but only observed the species in Buck Creek, Buffalo Creek, Davis Creek, Elk 
Creek, and Louse Creek (Figures 8-9).  In general, these populations were described as “small” or
“sparse”, and they concluded that the species’ distribution within the drainage was limited by (coal)
mining and logging activities.  One exception was Buffalo Creek, which Starnes (1981) described as “a
relatively dense population” and identified as one of Tennessee’s healthiest populations. O’Bara 
(1990) resurveyed Buffalo Creek but described the population as “limited” and estimated the suitable
habitat at 0.5 km, about half the amount estimated by Starnes (1981).  Currently, a small population 
persists within Buffalo Creek (BSC 2012g), and we have extant records of blackside dace from 15 
other streams scattered across the drainage (Figures 6, 8-9, Appendix B).  We now consider the species 
to be extirpated from Adams Branch (KY), Cane Creek (KY), Crooked Creek (TN), Straight Creek 
(TN), and Wolf Creek (KY) (Table 1).  Based on survey data collected over the past 35 years, most 
populations within the Clear Fork drainage do not appear to be large or particularly robust.  The best 
remaining populations occur in Buck Creek (KY), Mud Creek (KY), Rose Creek (TN), and Terry 
Creek (TN) (KSNPC 2010, Black et al. 2013a, USFWS unpublished data).  Black et al (2013a) 
reported reasonably high catch rates and population estimates for Fall Branch (Campbell County, TN) 
(Table 2); however, conductivity values  were high (> 400 µS/cm), raising some doubt as to the 
species’ ability to persist within Fall Branch.  Within Tennessee, portions of the Louse Creek (Jim 
Branch) and Elk Fork Creek (Terry Creek) watersheds are located within the North Cumberland 
Wildlife Management Area in Campbell and Scott Counties (Figure 9, Appendix B).  A 6.3-km reach 
of Wolf Creek (KY) has been designated as critical habitat for the federally listed, endangered 
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Cumberland darter, Etheostoma susanae (77 FR 63603).  In July 2015, TWRA biologists discovered 
the species (three individuals) in the headwaters of Tackett Creek, Claiborne County.  The current 
status and size of this population is unknown, but additional surveys are planned by TWRA and the 
Service.  Due to the recent nature of this discovery, there was not sufficient time to add Tackett Creek 
to Figures 3 and 9 (Appendix B). 


Brier Creek (0).  Blackside dace was first reported from Brier Creek by Jordan and Swain (1883), who 
described it as “very abundant.” Multiple attempts to find the species in Brier Creek since that time 
have been unsuccessful (Starnes 1981; Laudermilk and Cicerello 1998, Thomas 2007, USFWS 
unpublished data), and we now consider the species to be extirpated from the stream (Table 2; Figure 
8, Appendix B).  A variety of land use activities (e.g., surface coal mining, relocation of Kentucky 
Highway 92, construction of Kentucky Splash Water Park, and other commercial development) within 
the Brier Creek watershed have likely contributed to this loss.  Current habitat conditions in Brier 
Creek are poor, as evidenced by elevated conductivity (>800 µS/cm), a lack of shade, and embedded 
substrates. 


Youngs Creek (1).  Blackside dace was first reported from Youngs Creek (Figure 8) by Starnes and 
Starnes (1978b), and the population was later described by Starnes (1981) and O’Bara (1985) as 
“large” and “healthy.” The majority of biological information known for the species came from 
studies of this population (Starnes and Starnes 1981).  The species continued to be common during 
KSNPC surveys in the mid-1990s (Laudermilk and Cicerello 1998), but recent surveys by Thomas 
(2007) and KSNPC (2010) at two historical sites suggest that the population has declined (only one 
individual observed).  Habitat conditions continue to be good, with low conductivity and minimal 
siltation, so the cause of the perceived decline is unknown.  Coal reserves (Lee Formation) are limited 
in the watershed (Starnes 1981), so mining does not appear to be an imminent threat.  A 7.4-km reach 
of Youngs Creek has been designated as critical habitat for the Cumberland darter (77 FR 63603). 


Sanders Creek (0).  Blackside dace was first reported from Sanders Creek (Figure 8) by Starnes and 
Starnes (1978a), and Starnes (1981) described the population as “minor but perhaps stable.”  O’Bara
(1985, 1990) did not observe the species in Sanders Creek during the mid-1980s and commented that 
the stream had been severely impacted by coal mining. The species’ recovery plan (USFWS 1988)
identified the Sanders Creek population as extirpated due to impacts from construction and mining 
(Table 2).  This assertion was reinforced by Laudermilk and Cicerello (1998) and Thomas (2007), who 
were unsuccessful in locating the species during subsequent surveys.  Currently, we consider the 
blackside dace population in Sanders Creek to be extirpated. 


Jellico Creek (22). Blackside dace was first reported from the Jellico Creek drainage by Starnes and 
Starnes (1978), who collected the species in Lawson Branch and Trammel Branch (both in TN).  
Within the Tennessee portion of the drainage, the species continues to be extant in the Jellico Creek 
headwaters and several streams within the Capuchin Creek sub-drainage (Figure 9).  Within the 
headwaters of Jellico Creek, we have recent records of the species from Chitwood Branch (of Jellico 
Creek), Gum Fork (near Raven Hollow), and Jellico Creek (upstream of Chitwood Branch) (USFWS 
unpublished data).  Both Starnes (1981) and O’Bara (1985) described the Gum Fork population as
strong and healthy but warned of potential mining impacts.  Recent surveys suggest that this 
population has declined (Black et al. 2013a, USFWS unpublished data).  Within the Capuchin Creek 
system, we have recent records of the species from Capuchin Creek (upstream of Incline Hollow 
including Dan Branch, Bear Branch, and Incline Hollow), Lawson Branch, Hatfield Creek, Baird 
Creek, and Trammel Branch (tributary of Hatfield Creek) (USFWS unpublished data).  Trammel 
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Branch (of Hatfield Creek) appears to have the strongest population (USFWS unpublished data) within 
the Capuchin Creek system and could be the sole source of individuals observed in other tributaries. 


Within the Kentucky portion of the drainage, we consider the species to be extant in Bailey Branch, 
Bucks Branch, Campbell Branch, Criscillis Branch, the Rock Creek system (John Anderson Branch, 
Lot Hollow, Litton Branch, Sid Anderson Branch, Shut-In Branch, and Rock Creek headwaters), and 
Ryans Creek, (Figures 8, 10).  O’Bara (1985) described the Bucks Branch population as one of the
species’ “best”, and this was confirmed later by Laudermilk and Cicerello (1998). The species was
rare (one individual observed) in Bucks Branch during recent surveys in 2012, suggesting that the 
population has declined (USFWS unpublished data).  O’Bara (1985, 1990) reported blackside dace
from Becks Creek but described the habitat as “poor” and commented on active mining within the 
watershed.  We now consider this population to be extirpated (Table 2).  About one-half of the 
watersheds of Bucks Branch, Rock Creek, and Ryans Creek are in public ownership (DBNF), as well 
as an approximate 7-km reach of the Jellico Creek mainstem and an approximate 1.8-km reach of the 
Capuchin Creek mainstem near the Kentucky and Tennessee border.  A 11.5-km reach of Jellico 
Creek, a 4.2-km reach of Capuchin Creek, and a 6.1-km reach of Rock Creek has been designated as 
critical habitat for the Cumberland darter (77 FR 63603). 


Archers Creek (1).  Blackside dace was first reported from Archers Creek by Starnes and Starnes 
(1978a) (Figure 8).  Subsequent surveys in 1993 (Laudermilk and Cicerello 1998) and 2005 (Black et 
al. 2013a) indicate the continued presence of a moderate to robust population.  Black et al. (2013a) 
reported a catch rate of 42 dace / 200-m reach, a population estimate of 162 dace / 200-m reach, and a 
density value of 17.4 dace / m2 from Archers Creek Site #3 (Table 3).  A portion of the Archers Creek 
headwaters is in federal ownership (DBNF). 


Cane Creek (0).  Starnes and Starnes (1978a) first reported blackside dace from Cane Creek (three, 
small age-1 individuals), but the species was not observed by Laudermilk and Cicerello (1998) (Figure 
8, Appendix B).  The entire watershed is only about 2 km in length, and the amount of suitable habitat 
for blackside dace is limited by siltation (e.g., runoff from access road and campsites) and a 5-m 
waterfall located 300 m from the mouth (Starnes 1981).  Therefore, we agree with Starnes (1981) and 
O’Bara (1990), who regarded the population as “marginal” and “extremely sparse.”  We expect that 
Cane Creek may be colonized occasionally by transient individuals from Archers Creek or some other 
population, but we do not consider the Cane Creek population to be permanent or viable.  Over one-
half of the watershed is in federal ownership (DBNF). 


Marsh Creek (4).  Harker et al. (1980), Starnes (1981), and O’Bara (1990) reported blackside dace 
from the Marsh Creek headwaters, specifically Marsh Creek, Murphy Creek, and Trammel Fork 
(Figure 10, Appendix B).  Populations within Marsh Creek and Murphy Creek were considered small 
and tenuous, but O’Bara described the Trammel Fork populations as “healthy, with both adults and 
juveniles.”  Surveys by Laudermilk and Cicerello (1998), Thomas (2007), and KSNPC (2010) 
demonstrate that the species is now extirpated from this part of the drainage (Table 2; Figure 8, 
Appendix B).  KSNPC (2010) described the habitat conditions in these streams as degraded (e.g., 
elevated conductivity, excessive siltation, straightened channels, narrow riparian zones).  These 
watersheds are located within the DBNF proclamation boundary, but all remain in private ownership.  
Farther downstream within the drainage, the species occupies Big Branch and the Laurel Creek system 
(Elisha Branch, Jenneys Branch, and Laurel Creek) (Laudermilk and Cicerello 1998, Thomas 2007, 
Black et al. 2013a, USFWS unpublished data) (Figure 8, Appendix B).  Public ownership (DBNF) in 
these watersheds is high (generally over 50 percent), and habitat and water quality conditions in these 
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streams tend to be good - low conductivity, low siltation, undisturbed channels, and wide riparian 
zones.   


Indian Creek (5).  Within this drainage, the species occupies portions of five streams – Barren Fork, 
Indian Creek, Kilburn Fork, Laurel Fork, and Pigeon Roost Branch (Laudermilk and Cicerello 1998, 
Thomas 2007, USFWS unpublished data) (Table 10).  Barren Fork appears to have the most robust 
population within the drainage (Stephens 2009).  Approximately 75 percent of the drainage is in public 
ownership (DBNF), and habitat conditions are generally good in all streams.  A 6.3-km reach of 
Barren Fork, a 4.0-km reach of Indian Creek, a 4.6-km reach of Kilburn Fork, and a 3.5-km reach of 
Laurel Fork have been designated as critical habitat for the Cumberland darter (77 FR 63604-63668). 


Slick Shoals Branch (1).  The species was first recorded from Slick Shoals Branch by Laudermilk and 
Cicerello (1998), who observed one individual within the stream’s first 400 m (Figure 8).  No surveys 
have been conducted since that time.  The entire watershed of Slick Shoals Branch is in public 
ownership (DBNF). 


Bunches Creek (2).  Harker et al. (1980) first reported the species from Bunches Creek (Figure 8), and 
a moderate population has been documented repeatedly in Bunches Creek and Calf Pen Fork by a 
number of researchers (Starnes 1981, O’Bara 1990, Laudermilk and Cicerello 1998, Thomas 2007).  
Habitat quality within Bunches Creek was described as excellent by Starnes (1981) and O’Bara (1985), 
and these conditions have been maintained.  Black et al. (2013a) did not observe the species in 
Bunches Creek, but their surveys took place in the downstream half of the stream, where densities are 
lower.  With the exception of the Calf Pen Fork headwaters, the entire Bunches Creek watershed is 
located within the DBNF.  A 5.8-km reach of Bunches Creek and a 2.9-km reach of Calf Pen Fork 
have been designated as critical habitat for the Cumberland darter (77 FR 63603). 


Cumberland River Tributaries – Downstream of Cumberland Falls (15).  Blackside dace was first 
reported downstream of Cumberland Falls by Starnes and Starnes (1978a), who observed the species in 
Eagle Creek, Hughs Fork (of Beaver Creek), and South Fork Dogslaughter Creek (Figures 8, 10).  
Surveys by Harker et al. (1979), Starnes (1981), Warren (1981), and the Kentucky Division of Water 
(USFWS unpublished data) reported the species from four additional streams - Big Lick Branch 
(Cumberland River tributary); Craig Creek and Whitman Branch (Laurel River drainage); and Ned 
Branch (Rockcastle River drainage).  Multiple attempts to locate the species in Craigs Creek and a 
single, but exhaustive attempt, to find the species in Whitman Branch were unsuccessful (Starnes 
1981, O’Bara 1990, Laudermilk and Cicerello 1998, Thomas pers. comm. 2014).  Currently, we 
consider blackside dace to be extant in eight watersheds below Cumberland Falls - Eagle Creek, Dog 
Slaughter Creek (Dogslaughter Creek, Little Dogslaughter Creek, North and South Forks of 
Dogslaughter Creek), Mill Creek, Fish Trap Branch, Ned Branch, Big Lick Branch, unnamed tributary 
to Big Lick Branch, and Beaver Creek (Beaver Creek, Middle Fork Beaver Creek, Drury Branch, 
Freeman Fork, and Hurricane Fork).  Public ownership (DBNF) is high in each of these systems, 
approaching at least 80 to 90 percent in all but Mill Creek.  Habitat and water quality conditions within 
these systems are excellent, and some populations (e.g., Big Lick Branch, Middle Fork Beaver Creek, 
Mill Creek) are robust (Starnes 1981, O’Bara 1985, Laudermilk and Cicerello 1998, Black et al. 
2013a).  Black et al. (2013a) reported some of its highest catch rates, population estimates, and density 
estimates at Big Lick Branch (2 reaches) (Table 3). 


Big South Fork Cumberland River (12).  Blackside dace was first observed in the Big South Fork 
drainage in 1999 in White Oak Creek (Figure 10, Appendix B), a tributary of Rock Creek in McCreary 
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County, Kentucky (Bivens et al. 2013).  Since that time, populations have been discovered in five other 
Rock Creek tributaries (Dolen Branch, Massey Branch, Puncheon Camp Branch, Watts Branch, and an 
unnamed tributary to Rock Creek) and two Big South Fork tributaries, Alum Creek and Wolf Creek 
(Figures 9-10, Appendix B) (Scott 2007, Brandt 2009, Bivens et al. 2013).  The species also occupies 
several streams within the Straight Fork (of New River) drainage in Scott County, Tennessee - Jake 
Branch, Cross Branch, Straight Fork, and an unnamed tributary to Straight Fork (Figure 7, Appendix 
B) (USFWS unpublished data).  Public ownership is high in each of these watersheds, approaching 
100% for Dolen Branch (DBNF), Massey Branch (Big South Fork), Watts Branch (DBNF), White Oak 
Creek (DBNF) and the unnamed tributary of Rock Creek (Big South Fork and DBNF), and about 50-
90% for Alum Creek (DBNF) and Wolf Creek (Big South Fork and DBNF).  Approximately 50% of 
the upper Straight Fork system (e.g., Cross Branch, Jake Branch) is located within TWRA’s North
Cumberland Wildlife Management Area.  The species is moderately abundant in most of these streams 
and appears to be well established (Bivens et al. 2013).  The origin of these populations is in question, 
but bait bucket introduction (by anglers) is suspected as a potential mechanism by which the species 
entered these systems (Bivens et al. 2013).  Initial genetic testing by Strange (2005) revealed that a 
portion of the population represented new haplotypes belonging to a previously unknown clade, while 
others had mitochondrial DNA haplotypes previously documented only from sites above Cumberland 
Falls.  This suggested that a portion of the dace population was native to the area, but a significant 
portion had been introduced and was comprised of individuals from the upper portions of the species’
range (Strange 2005). 


Maces Creek, Kentucky River Drainage (1).  Blackside dace was discovered in Right Fork Maces 
Creek, Perry County, Kentucky, in October 2013 (USFWS unpublished data) (Figure 3, Appendix B).  
Biologists with Third Rock Consultants, LLC (Lexington, KY) observed about 40 individuals during 
baseline biological surveys associated with a bridge replacement project.  A return visit in November 
2013 by Third Rock, KDFWR, and the Service confirmed the species’ identity and documented
another occurrence on Right Fork Maces Creek approximately 2.4 km upstream.  Additional surveys 
on Left Fork and Middle Fork Maces Creek did not produce specimens, so it appears that the species is 
confined to the Right Fork.  Fin clips were taken from 15 individuals from Right Fork Maces Creek; 
these tissue samples will be analyzed genetically by Austin Peay State University to determine the 
population’s origin (see section 2.3.1.2 on pp. 13-14). 


Clinch and Powell River Drainages, Virginia (6).  Blackside dace was first discovered in Virginia in 
1999 (Skelton 2013).  Biologists from TVA collected a series of Chrosomus individuals from Cox 
Creek, a North Fork Powell River tributary in Lee County.  Since that time, surveys at over 90 sites in 
the upper Powell and Clinch River systems of Tennessee and Virginia have produced additional 
records of the species from two creek systems in the North Fork Powell River drainage in Lee County 
and a single creek system in the Upper Clinch River drainage in Scott County (Skelton 2013) (Figure 
3, Appendix B).  Within the North Fork Powell River drainage, the species occupies Cox Creek and 
three Jones Creek tributaries - Mud Creek, Right Fork Mud Creek, and Reeds Creek.  Within the 
Upper Clinch River drainage, the species occupies portions of Staunton Creek and one of its 
tributaries, McGhee Creek (Skelton 2013). 


2.3.1.5 Habitat: 


Habitat for the blackside dace consists of small (generally 1.2 to 4.6 m [4 to 15 ft] wide), cool (rarely 
exceeding 26.7oC [80oF]), upland streams with moderate flows and generally silt-free substrates 
(Starnes and Starnes 1978a, b; Starnes 1981; O’Bara 1985; USFWS 1988; O’Bara 1990; Mattingly et 
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al. 2005; Black et al. 2013a, b; Mattingly and Black 2013).  Streams inhabited by the species are 
generally those with good riparian vegetation that provide at least 70 percent canopy cover and 
numerous submerged root wads, undercut banks, and large rocks (USFWS 1988).  Blackside dace 
rarely have been found in low-gradient streams or high-gradient tributaries (O’Bara 1985, USFWS 
1988).  A riffle to pool ratio of less than 60:40 and elevations ranging from 300 to 500 m above sea 
level appear to be preferred by the species (Starnes and Starnes 1981, O’Bara 1990). Streams with
higher riffle to pool ratios (above 60:40) harbor fewer populations of blackside dace and tend to be
dominated by western blacknose dace (Rhinichthys obtusus) and creek chubs (Semotilus 
atromaculatus).  Juveniles and females seem to prefer shallower areas with less cover than males 
(O’Bara 1990; USFWS unpublished data). 


Research by Black et al. (2013b) attempted to identify those environmental attributes which affect the 
distribution of blackside dace.  Map-produced and field-collected habitat variables (e.g., turbidity, 
stream temperature, conductivity) were gathered for 91 streams within the species’ range at a 
headwaters-to-mouth stream scale and at 72 stream sites at a 200-meter long reach scale.  Logistic 
regression analyses at the stream spatial scale showed that dace presence was significantly predictable 
from only one environmental variable, the crude stream gradient.  The model predicted that dace were 
about four times more likely to occur in a stream with a crude gradient between 1 and 6 percent than in 
a stream with a lower or steeper gradient.  At the 200-m reach spatial scale, they determined that 
blackside dace were likely to be present in stream reaches with low turbidity (at or below 10 NTU), 
high dissolved oxygen (greater than 8.5 mg/L), low summer temperatures (between 14.6 and 18.5oC), 
low to moderate stream conductivity (at or below 240µS/cm), percent riffle habitat between 35 and 50 
percent, and a link magnitude (measure of stream size) between 3 and 6.  Blackside dace presence was 
also positively associated with southern redbelly dace and Cumberland arrow darter (Etheostoma 
sagitta) but negatively associated with two potential predators, largemouth bass (Micropterus 
salmoides) and redbreast sunfish (Lepomis auritus). 


Black et al. (2013b) validated their logistic regression habitat models through collections at 27 new 
streams and 47 stream reaches that historically harbored blackside dace.  Models were generated with 
crude gradient at the stream scale and turbidity, water temperature, conductivity, percent riffle, and 
link magnitude at the reach scale to predict the probability of dace presence/absence.  Model 
performance was assessed quantitatively with the Cohen’s kappa statistic (Cohen’s kappa is a statistic 
that calculates the proportion of all presence/absence cases that are correctly predicted by a model after 
taking random chance into consideration [Manel et al. 2001]).  Kappa values range from -1 to 1, with 
higher values representing stronger model performance and values below zero indicating poor 
performance.  The stream scale model (crude gradient) and several reach scale models (utilizing 
turbidity, percent riffle, and link magnitude) performed poorly when tested with independent data.  All 
of the strongest models included conductivity as a predictor variable, with the combination of 
conductivity and temperature producing the strongest performance (kappa = 0.41).  These findings 
suggest that conductivity, water temperature, and link magnitude are three important reach-scale 
variables for predicting blackside dace presence and persistence at a site. 


Mattingly and Black (2013) observed that differences between blackside dace spawning and non-
spawning microhabitats were related to channel width, silt depth, and substrate embeddedness.  
Spawning areas had mean channel widths of 3 to 4 m, with silt depths and substrate embeddedness 
always at zero.  Non-spawning areas averaged about 2 m in depth, with silt depths ranging from 1 mm 
(sites with no known timber harvest upstream in watershed) to 2 mm (moderate logging) and stream 
embeddedness ranging from negligible/low (no logging) to moderate (moderate logging). 
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2.3.1.6 Other: 


Biology 
The biology of blackside dace is only partially understood.  Feeding habits and reproductive 
characteristics were investigated by Starnes and Starnes (1981), who reported schools of 5 to 20 fish 
grazing on rocks and sandy substrates.  Gut analyses revealed that sand comprised the largest portion 
of the species’ gut (36 percent).  The remaining portions of the gut were composed of unidentified 
organisms (32 percent), algae and diatoms (12 percent), and macroinvertebrates (4.5 percent).  
Macroinvertebrates composed the entire diet during the winter (Starnes and Starnes 1981). 


Fish species commonly found in association with blackside dace include the creek chub, central 
stoneroller, white sucker (Catostomus commersoni), northern hog sucker (Hypentelium nigricans), 
green sunfish (Lepomis cyanellus), stripetail darter (Etheostoma kennicotti), Cumberland arrow darter, 
and rainbow darter (E. caeruleum) (Starnes and Starnes 1978b, O’Bara 1990, Black et al. 2013a).  
Additional species that may occur along with blackside dace include the bluntnose minnow 
(Pimephales notatus), silverjaw minnow (Notropis buccata), striped shiner (Luxilus chrysocephalus), 
southern redbelly dace, longear sunfish (Lepomis megalotis), redbreast sunfish, and Cumberland darter 
(Etheostoma susanae) (USFWS unpublished data).  Jones (2005) reported that blackside dace was 
negatively correlated with redbreast sunfish presence, a potential predator and introduced species that 
was stocked historically by state resource agencies due to its popularity as a sport fish and its tolerance 
of low stream pH. 


The southern redbelly dace is a potential competitor of the blackside dace that appears to be invading 
portions of the species’ range, despite the fact that in a geological timeframe, it is a relative newcomer 
to the upper Cumberland River basin (Starnes and Starnes 1978b).  The blackside dace appears to 
compete well, even hold its own, in clear, relatively undisturbed streams, but the southern redbelly 
dace is thought to displace the blackside dace from disturbed streams or streams with lower gradients, 
heavier silt loads, and warmer stream temperatures (Starnes and Starnes 1978a, USFWS 1988).  
Mattingly and Black (2007, 2013) used measures of constancy and fidelity to express co-occurrence 
patterns of blackside dace and selected minnow species.  For any given minnow species, constancy 
was the number of occurrences with blackside dace as a percentage of total blackside dace 
occurrences.  Fidelity was the number of occurrences with blackside dace as a percentage of total 
occurrences of the given species.  Mattingly and Black (2013) reported that species constancy with 
blackside dace was highest with creek chub, while fidelity values with blackside dace were highest for 
southern redbelly dace (Mattingly and Black 2013).  These findings suggested that blackside dace 
depend heavily on creek chubs as a nest-building or spawning associate.  The high fidelity for southern 
redbelly dace indicated a common preference for similar habitats but also highlighted the potential for 
competition between the two species. 


Dispersal Patterns 
Detar (2004), Mattingly et al. (2005), and Detar and Mattingly (2013) studied the frequency, spatial 
extent, directionality, and environmental correlates of blackside dace movements by tagging 653 dace 
from Big Lick Branch (Pulaski County, Kentucky) and Rock Creek (Jellico Creek drainage, McCreary 
County, Kentucky) with visible implant elastomer injections. Movement was monitored in Big Lick 
Branch from November 2002 to August 2005 (data reported below are for an approximate one-year 
cycle, November 2002 to March 2004) and in Rock Creek from March 2003 to March 2004 using 
baited minnow traps.  The majority of tagged dace (81 percent in Big Lick Branch and 58 percent in 
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Rock Creek) were recaptured within their original tagging site.  Other individuals moved considerable 
distances from their original tagging site, including the first documented intertributary movement for 
the species (the tagged individual moved from an unnamed tributary of Big Lick Branch downstream 
through impounded backwaters of Lake Cumberland and into Big Lick Branch).  Distances moved 
upstream in Big Lick Branch (148 + 138 m) and Rock Creek (733 + 1,259 m) were not statistically 
different from distances moved downstream (77 + 29 m and 314 + 617 m, respectively).  However, the 
mean overall distance moved was statistically greater in Rock Creek than in Big Lick Branch; 
maximum distances moved in Big Lick Branch and Rock Creek were 1.0 km and 4.0 km, respectively 
(Detar and Mattingly 2013).  These results were similar to other movement studies that showed that 
stream fish populations are comprised of a relatively large sedentary group and a small mobile group 
(Freeman 1995, Smithson and Johnston 1999, Rodriguez 2002).  The exceptional dispersal ability of 
blackside dace observed in this study suggests that the species can successfully colonize other streams 
if suitable stream corridors are present.  Conversely, the sedentary tendency of many individuals and 
the low densities observed in most streams (Black et al. 2013) may render many populations 
susceptible to local extirpation due to drought, a poor year-class, or some type of habitat disturbance 
(Detar and Mattingly 2013). 


2.3.2  Five-factor analysis: 


2.3.2.1 Factor A:  Present or threatened destruction, modification or curtailment of its habitat or 
range   


The recovery plan attributed the loss of many blackside dace populations to impacts associated with 
the extraction of coal and timber resources in Kentucky and Tennessee (USFWS 1988).  Coal mining-
related problems were identified as the primary threat to the species, followed in order of importance 
by logging, road construction, agriculture, human development, and naturally low stream flows 
(USFWS 1988).  All of these threats remain, but the overall decline of blackside dace can be attributed 
to a variety of human-related activities in the upper Cumberland River drainage.  Resource extraction 
(e.g., surface coal mining, logging, oil/gas well exploration), land development, rural residential land 
use, road construction, and agricultural practices have all contributed to the degradation of streams 
within the species’ range (Mattingly et al. 2005; Thomas 2007; Kentucky Division of Water (KDOW) 
2010, 2013; Tennessee Department of Environment and Conservation (TDEC) 2014). 


These land use activities have led to chemical and physical changes to stream habitats that have 
adversely affected the blackside dace and other fishes.  Specific stressors have included inputs of 
dissolved solids and elevation of instream conductivity, inputs of nutrients and organic enrichment, 
sedimentation/siltation of stream substrates (excess sediments suspended or deposited in a stream), the 
removal of riparian vegetation, and the relocation or straightening of stream channels (KDOW 2011, 
2013).  A summary of specific threats in the upper Cumberland River drainage was provided by 
KDOW (2013) and TDEC (2014), who identified portions of 27 (KY) and 7 (TN) blackside dace 
streams as impaired, placing them on either Kentucky’s or Tennessee’s 303(d) list (Tables 5 and 6). 
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Table 5.  Summary of Kentucky’s 303(d) listed streams in the upper Cumberland River system 
(KDOW 2013) historically supporting the blackside dace. Streams marked with an asterisk (*) no 
longer support populations of blackside dace (see Table 2). 


Stream County 
Impacted 
Stream 


Reach (mi) 
Pollutant Source Pollutants 


Acorn Fork Knox 0-1.9 Highway/road/bridge runoff; 
loss of riparian habitat; 
petroleum/natural gas activities 


Chloride; 
sedimentation/ 
siltation, specific 
conductance 


Bens Fork* Bell 0-2.2 Coal mining Specific 
conductance; 
total dissolved 
solids 


Cane Creek* Whitley 0-4.4 Highway/road/bridge runoff; 
impacts from hydrostructure 
flow regulation; loss of riparian 
habitat; residential districts 


Low dissolved 
oxygen, 
sedimentation/ 
siltation 


Cannon Creek Bell 0-1.8 Dredging; loss of riparian habitat Sedimentation/ 
siltation 


Clover Fork* Harlan 9.2-33.8 Surface coal mining; sewage 
discharges in unsewered areas; 
silviculture activities; 
channelization; loss of riparian 
habitat; municipal point source 
discharges; urban runoff/storm 
sewers 


Sedimentation/ 
siltation; total 
suspended solids; 
nutrient/eutrophi- 
cation; organic 
enrichment; 
specific 
conductance 


Cloverlick 
Creek* 


Harlan 0-5.0 Channelization; loss of riparian 
habitat; municipal point source 
discharges; urban runoff/storm 
sewers 


Total suspended 
solids 


Colliers Creek Letcher 0-4.1 Coal mining; surface mining Specific 
conductance; 
total dissolved 
solids 


Craig Creek* Laurel 5.8-6.8 Channel erosion/incision from 
upstream hydromodifications; 
stream bank modification 


Sedimentation/ 
siltation 


Jenneys Branch McCreary 0-6.0 Silviculture; land development 
or redevelopment; urban 
runoff/storm sewers 


Sedimentation/ 
siltation 


Kilburn Fork McCreary 0.9-6.2 Source unknown Sedimentation/ 
siltation 


Laurel Creek McCreary 3.6-5.1 Package plant or other permitted 
discharges 


Unknown 


Laurel Fork of 
Clear Fork 


Whitley 4.2-13.8 Silviculture; non-irrigated crop 
production; woodlot site 
clearance 


Sedimentation/ 
siltation 


Left Fork 
Straight Creek* 


Bell 0-13.1 Coal mining; crop production; 
surface mining 


Sedimentation/ 
siltation; total 
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suspended solids;
turbidity 


Little Clear 
Creek* 


Bell 0-10.9 Legacy coal extraction Sedimentation/ 
siltation; specific 
conductance; 
total dissolved 
solids 


Little Poplar 
Creek 


Knox 0-2.8, 3.1-4.4 Crop production; non-irrigated 
crop production; site clearance 
(land development or 
redevelopment; legacy coal 
extraction; loss of riparian 
habitat 


Sedimentation/ 
siltation 


Marsh Creek McCreary 13.5-16.5, 
19.0-24.1 


Silviculture; agriculture; coal 
mining 


Sedimentation/ 
siltation 


Middle Fork 
Beaver Creek 


McCreary 0-2.3 Impacts from abandoned mine 
lands (inactive) 


pH; 
sedimentation/ 
siltation 


Mud Creek Whitley 0-5.2 Highways, roads, bridges; non-
irrigated crop production; site 
clearance (land development or 
redevelopment) 


Sedimentation/ 
siltation 


Poor Fork 
Cumberland 
River* 


Harlan 14.9-16.3 Rural residential areas; site 
clearance (land development or 
redevelopment) 


Sedimentation/ 
siltation 


Richland Creek Knox 0-6.3 Coal mining; legacy coal 
extraction; urban runoff/ storm 
sewers 


Iron; nutrient/ 
eutrophication; 
sedimentation/ 
siltation 


Ryans Creek McCreary 0-5.3 Surface mining Total suspended 
solids 


Sims Fork* Bell 0-5.2 Source unknown; surface mining Sedimentation/ 
siltation, TDS 


Stevenson 
Branch* 


Bell 0-1.9 Logging; surface mining Sedimentation/ 
siltation 


Straight Creek* Bell 1.7-23.3 Channel erosion/incision from 
upstream modifications; loss of 
riparian habitat; rural residential 
areas; surface mining 


Sedimentation/ 
siltation; specific 
conductance 


White Oak 
Creek 


McCreary 0-4.2 Coal mining Iron 


Wolf Creek* Whitley 0-1.8 Non-irrigated crop production; 
surface mining 


Sedimentation/ 
siltation 


Yellow Creek Bell 0-6.7 Surface mining; unspecified 
domestic waste; urban runoff/ 
storm sewers 


Nutrient/ 
eutrophication; 
organic 
enrichment; 
sedimentation/ 
siltation; specific 
conductance; 
total dissolved 
solids 
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Table 6.  Summary of Tennessee’s 303(d) listed streams in the upper Cumberland River system
(TDEC 2014) historically supporting the blackside dace.  Streams marked with an asterisk (*) no 
longer support populations of blackside dace (see Table 2). 


Stream County 
Miles 


Impaired 
Pollutant Source Pollutant 


Straight 
Creek* 


Claiborne 1.4 Coal mining discharges; 
highway, road, bridge runoff  


Siltation 


Clear Fork Claiborne,
Campbell 


9.6 Coal mining discharges; 
highway, road, bridge runoff; 
septic tanks  


Siltation, bacteria 


White Oak 
Creek 


Campbell 6.7 Coal mining discharges, 
abandoned mining, septic 
tanks  


Siltation, bacteria 


Davis Creek Campbell 24.0 Septic tanks Bacteria 
Hickory Creek Campbell 9.5 Septic tanks  Bacteria 
Little Elk 
Creek 


Campbell 9.9 Septic tanks Bacteria 


Elk Fork Creek Campbell 3.9 Abandoned mining, septic tanks Siltation, bacteria 


Water Quality Degradation 
A significant threat to the blackside dace is water quality degradation of streams caused by a variety of 
non-point source pollutants.  Surface coal mining represents a major source of these pollutants because 
it has the potential to contribute high concentrations of dissolved metals and other solids that may 
elevate stream conductivity, increase sulfate levels, and can cause wide fluctuations in stream pH 
(Curtis 1973; Pond 2004; Hartman et al. 2005; Mattingly et al. 2005; Pond et al. 2008; Palmer et al. 
2010; USEPA 2011a; Black et al. 2013a, b).  The upper Cumberland River system of Kentucky and 
Tennessee has been mined extensively, and these activities continue to occur throughout the system. 


As of June 2014, 169 mining permits were associated with active coal removal and production in the 
upper Cumberland River system of Kentucky (Wahrer pers. comm. 2014).  These permits consisted of 
four primary types (other, prep plant, surface, and underground) and 22 secondary types (e.g., haul 
road, refuse disposal, surface area, surface contour, surface auger, surface mountaintop, and 
underground).  The greatest number of permits were located in Harlan County (67), followed by Bell 
(60), Knox (15), Whitley (14), Letcher (11), and Laurel (2) Counties.  The permits covered a combined 
area of 820 km2.  No permits with active coal removal were located in McCreary or Pulaski Counties.  
Another 215 permits were still considered as “active” but did not involve active mining or coal
production.  These permits were classified as (1) active permits in forfeiture, (2) active temporary 
cessation, (3) coal removal complete – reclamation activities only, (4) no disturbances, (5) phase I 
release, and (6) phase II release.  These permits covered an area of 1311 km2.  As mentioned 
previously, Nally and Hamilton Enterprises, Inc. has proposed a new surface coal mine operation 
within the Brownies Creek watershed (1 km2 of surface disturbance, including a 0.1-km2 valley fill).  
The mining permit has been issued by the Kentucky Department of Natural Resources (DNR Permit 
#8480-0292), but the Kentucky Pollution Discharge Elimination System permit (KPDES 
#KY0108936) is still under review. 
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As of October 2014, 77 mining permits were associated with active coal removal and production in the 
upper Cumberland River system of Tennessee (Middleton pers. comm. 2014).  These permits 
encompassed a total area of 85 km2 and consisted of six primary types - surface, underground, 
preparation plant, ancillary (haul road, conveyor, and rails), refuse or impoundment, and loading 
facility or tipple.  Another 40 permits were considered as “active” but did not involve active mining, 
coal production, or reclamation activities.  Four active permits, #3211, #3218, #3249 and #3264, were 
located within dace watersheds – Crooked Creek (#3211), Davis Creek (#3218), Lick Fork of Elk Fork 
Creek and Capuchin Creek (#3249) and Bennetts Fork and Spruce Lick Branch (#3264). 


Numerous studies have documented the fact that streams receiving discharges from mined watersheds 
exhibit water quality characteristics not observed in unmined watersheds (Curtis 1973, Dyer and Curtis 
1977, Bryan and Hewlett 1981, Dyer 1982, Hren et al. 1984, US EPA 2005, Pond et al. 2008, Palmer 
et al. 2010).  As rock strata and overburden (excess material) are removed, placed in fills, and exposed 
to the atmosphere, precipitation leaches metals and other solids (e.g., calcium, magnesium, sulfates, 
iron, manganese, selenium) from these materials and carries them in solution to receiving streams 
(Pond 2004, Pond et al. 2008).  Dissolved ions can enter streams through surface runoff or as 
groundwater flowing through fractured geologic layers.  If valley fills are used as part of the mining 
activity, precipitation and groundwater percolate through the fill and dissolve minerals until they 
discharge at the toe of the fill as surface water (Pond et al. 2008).  All of these scenarios can result in 
elevated conductivity, sulfates, and hardness in the receiving stream.  Stream conductivity in mined 
watersheds can be significantly higher compared to unmined watersheds, and conductivity values can 
be high for decades (Merricks et al. 2007, Johnson et al. 2010). 


Elevated levels of metals and other dissolved solids (i.e., elevated conductivity) in Appalachian 
streams have been shown to negatively impact biological communities, including losses of mayfly and 
caddisfly taxa (Chambers and Messinger 2001, Pond 2004, Hartman et al. 2005, Pond et al. 2008, Pond 
2010) and decreases in fish diversity (Kuehne 1962; Branson and Batch 1972; Branson and Batch 
1974; Stauffer and Ferreri 2002; Fulk et al. 2003; Black et al. 2013a, b; Hitt 2014; Hitt and Chambers 
2014).  Stauffer and Ferreri (2002) investigated fish assemblages in eastern Kentucky and West 
Virginia streams and determined that fish assemblages downstream of valley fills supported about half 
the number of species found at reference sites.  Fulk et al. (2003) used the Stauffer and Ferreri (2002) 
data set to calculate bioassessment scores and reported decreased richness of cyprinids (minnows), 
decreased richness of invertivores (species that feed on invertebrates), and increased proportions of 
tolerant individuals in small watersheds (2-10 km2) below valley fills.  Hitt and Chambers (2014) 
observed lower fish taxonomic and functional diversity in streams downstream of valley fills in West 
Virginia. Exposure assemblages (those downstream of valley fills) had fewer species, lower 
abundances, and less biomass than reference assemblages across years and seasons.  Taxonomic 
differences between reference and exposure (mined) assemblages were associated with conductivity 
and aqueous selenium concentrations (Hitt and Chambers 2014). 


Listed and at-risk fishes in Kentucky and Tennessee such as blackside dace, Cumberland arrow darter, 
and Kentucky arrow darter tend to be less abundant in streams with elevated conductivity levels 
(USFWS 2013a, b; Black et al. 2013b), and declines in blackside dace abundance have been observed 
in streams where conductivity increased following mining disturbance (Weaver 1997, Hartowicz pers. 
comm. 2008).  Black et al. (2013b) developed and validated habitat models for blackside dace by 
examining a number of habitat variables at 91 streams within the species’ known range. They 
determined that blackside dace have an affinity for stream reaches with low temperatures (<18.5oC), a 
link magnitude between 3 and 6, and summer conductivities less than 240 µS/cm – a conductivity 
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value very close to the 300 µS/cm benchmark developed recently for Central Appalachian ecoregion 
streams by USEPA (2011b).  Hitt (2014) used a large presence-absence data set (511 sites) from the 
Service, KDFWR, KSNPC, and KDOW to evaluate the relationship between blackside dace and 
Kentucky arrow darter abundance and stream conductivity.  Hitt (2014) reported that conductivity was 
a strong predictor of blackside dace and Kentucky arrow darter abundance, and sharp declines in 
abundance were observed at 343 µS/cm (95% confidence intervals of 123-632 µS/cm) for blackside 
dace and 258 µS/cm (95% confidence intervals of 155-590 µS/cm) for Kentucky arrow darter.  
Conductivity was the most important variable for both species and was more than twice as important as 
the two next-most important variables (upstream % forest and % agricultural land uses). 


The direct effect of elevated stream conductivity on blackside dace is poorly understood, and the exact 
conductivity threshold for the species is unknown.  The overall conductivity level is important in 
determining vulnerability, but blackside dace presence is more likely influenced by what individual 
metals or dissolved solids (e.g., sulfate) are present.  Determination of discrete conductivity thresholds 
will require additional study (KSNPC 2010). 
  


Mine drainage also causes chemical (and some physical) impacts to streams as a result of the 
precipitation of entrained metals and sulfate, which become unstable in solution (USEPA 2003, Pond 
2004).  Hydroxide precipitants are formed from iron and aluminum, creating orange or white sludge 
(“yellow boy”) that forms a thick coating on stream substrates (Pond 2004).  Most affected streams 
also have elevated levels of calcium in solution, and if pH is elevated, calcium sulfate (CaSO4) or 
calcium carbonate (CaCO3) will precipitate (Pond 2004, USEPA 2005). These precipitants accumulate 
on substrates, encrusting and cementing stream sediments, making them unsuitable for colonization by 
invertebrates and rendering them unsuitable as foraging or spawning habitat for the blackside dace.  
Acid mine drainage (AMD) tends to be more of a legacy problem, as enforcement, newer technology, 
and mining methods have mostly eliminated it in the coal fields of Kentucky and Tennessee (Pond 
2004).  In the few streams where the problem persists, AMD can be highly detrimental to fish and 
aquatic insect populations (Henry et al. 1999, Pond 2004).  Streams affected by AMD tend to have low 
pH, high conductivity, and high metal and sulfate concentrations (Herlihy et al. 1990, Pond 2004). 


Oil and gas exploration and drilling activities represent another significant source of harmful pollutants 
(KDOW 2013).  Alternative methods (i.e., hydraulic fracturing (”fracking”) and horizontal drilling)
have allowed for the expansion of oil and gas drilling into deposits that were previously inaccessible 
(Papoulias and Velasco 2013, KGS 2015).  This has led to increased activity within eastern Kentucky 
and Tennessee, including the upper Cumberland River drainage.  A variety of chemicals (e.g., 
hydrochloric acid, surfactants, potassium chloride) are used during the drilling process and can be 
harmful to aquatic organisms if the chemicals leave the drill site and enter nearby waterways.  Acorn 
Fork, a known blackside dace stream and tributary to Stinking Creek in Knox County, Kentucky, was 
impacted by such a release in June 2007 (Papoulias and Velasco 2013).  The Service investigated the 
spill and found that the release had produced an approximate 2.4- to 3.2-km, visibly affected stream 
zone, as evidenced by a reddish-orange flocculent and sheening on the water’s surface.  Blackside dace 
were still present in one unimpacted tributary, but downstream of the spill, the fish community had 
been severely decimated and two dead blackside dace were discovered.  In subsequent investigations, 
we found conductivity measurements in Acorn Fork and its tributaries to be extremely elevated 
downstream of the new wells, with readings peaking at about 30,000 µS/cm.  Readings upstream of the 
wells (in all forks and tributaries) displayed normal to slightly elevated conductivity readings (200 to 
500 µS/cm).  Fish and invertebrates were conspicuously absent from an approximate 2.4-km reach 
downstream from the site of the spill, but both groups were present just downstream of the confluence 







35 


with Stinking Creek.  Conductivity readings were abnormally elevated for the remaining distance of 
the stream prior to its confluence with Stinking Creek.  The Service has a reached a tentative 
agreement with the gas company for a financial settlement that would fund restoration activities for 
blackside dace in the Upper Cumberland River basin.  Because oil and gas exploration activities are 
increasing within eastern Kentucky and Tennessee, events similar to the Acorn Fork spill have the 
potential to occur again.  It is also likely that these types of incidents would go unreported given the 
lack of Federal oversight and the number and distribution of oil and gas wells that are being developed 
within the range of the species. 


Other nonpoint-source pollutants that affect the blackside dace include domestic sewage (through 
septic tank leakage or straight pipe discharges) and agricultural pollutants such as animal waste, 
fertilizers, pesticides, and herbicides.  Nonpoint-source pollutants can cause excessive nutrification 
(increased levels of nitrogen and phosphorus), excessive algal growth, instream oxygen deficiencies, 
and other changes in water chemistry that can seriously impact aquatic species (KDOW 2006, 2011).  
Non-point source pollution from land surface runoff can originate from virtually any land use activity 
and may be correlated with impervious surfaces and storm water runoff (Allan 2004).  Pollutants may 
include sediments, fertilizers, herbicides, pesticides, animal wastes, septic tank and gray water leakage, 
pharmaceuticals, and petroleum products.  These pollutants tend to increase concentrations of nutrients 
and toxins in the water and alter the chemistry of affected streams such that the habitat and food 
sources for species like the blackside dace are negatively impacted. 


Sedimentation / Siltation 
Sediment (siltation) has been listed repeatedly by the KDOW as the most common stressor of aquatic 
communities in the upper Cumberland River system (KDOW 2006, 2011, 2013).  Sedimentation 
comes from a variety of sources, but KDOW identified the primary sources of sediment as loss of 
riparian habitat, surface coal mining, legacy coal extraction, logging, and land development (KDOW 
2008, 2011, 2013).  All of these activities can result in canopy removal, channel disturbance, and 
increased siltation, thereby degrading habitats used by fishes for both feeding and reproduction.  The 
reduction or loss of riparian vegetation results in the elevation of stream temperatures, destabilization 
of stream banks, and removal of submerged root systems that provide habitat for fish and 
macroinvertebrates (Johnson and Jones 2000, Sutherland et al. 2002).  Channelization of streams 
associated with residential development and agriculture has been widespread within the upper 
Cumberland River drainage.  Generally, streams are relocated to one side of the stream valley to 
provide space for home sites, livestock, hay production, or row crops.  Channelization dramatically 
alters channel dimensions, gradient, stream flow, and instream habitats, and these modified channels 
are often managed through vegetation removal and dredging to improve flood conveyance (Allan and 
Castillo 2007) and through placement of quarried stone or gabion baskets to protect against bank 
erosion.  Numerous streams within the blackside dace’s current range have been identified as impaired 
(primarily due to siltation from mining, logging, agricultural activities, and land development) and 
have been included on Kentucky’s 303(d) list of impaired waters (Table 5). 


Resource extraction activities (e.g., surface coal mining, legacy coal extraction, logging, oil and gas 
exploration and drilling) are major sources of sedimentation in Appalachian streams (Paybins et al. 
2000, Wiley et al. 2001, KDOW 2013).  Activities associated with surface coal mining (e.g., land 
clearing, road construction, excavation) produce large areas of bare soil that, if not protected or 
controlled through various erosion control practices, can contribute substantial amounts of sediment 
into streams during storm events.  Mining companies are required to implement erosion control 
measures during mining activities, but sedimentation continues to be a significant stressor in some 
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mined watersheds.  Land use practices such as the placement of valley fills can affect sediment and 
water discharges into downstream stream reaches, leading to increased erosion or sedimentation 
patterns, destruction or modification of in-stream habitat and riparian vegetation, stream bank collapse, 
and increased water turbidity and temperature (Wiley et al. 2001, Messinger 2003).  Logging activities 
can adversely affect blackside dace through removal of streamside (riparian) vegetation (increased 
stream temperatures), direct channel disturbance, and sedimentation of instream habitats (Mattingly 
and Black 2013).  Sedimentation occurs as soils are disturbed, the overlying leaf or litter layer is 
removed, and sediment is carried overland from logging roads, stream crossings, skid trails, and 
riparian zones during storm events.  Excess sediment can bury instream habitats used by the species for 
foraging, reproduction, and sheltering, and disrupt the dynamic equilibrium of channel width, depth, 
flow velocity, discharge, channel slope, roughness, sediment load, and sediment size that maintains 
stable channel morphology (Allan 2004).  This can lead to channel instability and further degradation 
of instream habitats.  Reductions in riparian vegetation can adversely affect the species through 
increased solar radiation, elevated stream temperatures, loss of allochthonous (organic material 
originating from outside the channel) food material, and bank instability or erosion (Allan 2004, Hauer 
and Lamberti 2006).  Any rise in stream temperature is significant as blackside dace appear to prefer 
average stream temperatures lower than 19.0oC (Black et al. 2013b).  Direct channel disturbance 
occurs primarily at stream crossings during culvert, log, or rock placement.  Severe impacts can occur 
when loggers use stream channels illegally as skid trails (Floyd pers. obs. 2009). 


Land use practices that affect sediment and water discharges into a stream can also increase the erosion 
or sedimentation pattern of the stream, which can lead to destruction or modification of in-stream 
habitat and riparian vegetation, stream bank collapse, and increased water turbidity and temperature.  
Historical land use within the upper Cumberland River drainage is partially responsible for these 
impacts.  As the region was settled and cleared of timber in the late 19th and early 20th centuries, stream 
channels were choked with eroded soils from adjacent floodplains and hillsides (Davis 1924, Trimble 
1974, Costa 1975, Jacobson and Coleman 1986, Knox 1987).  To improve flood conveyance and 
increase the amount of available agricultural land, many streams were relocated to the side of their 
valley, straightened, enlarged, and cleared of debris.  This resulted in a network of modified streams 
with unstable substrates, sparse instream cover, eroding stream banks, and reduced canopy cover.  
Since that time, some of these habitats have stabilized, but current land use practices (e.g., agriculture, 
residential development, logging, and surface coal mining) continue to influence sediment and water 
discharges into streams.  Stormwater runoff from unpaved roads, all-terrain vehicle (ATV) trails, and 
driveways represents another significant, but difficult to quantify, source of sediment that impacts 
streams within the drainage.  Our observations during field collections suggest that this is a common 
and widespread problem during storm events. 


Sediment has been shown to damage and suffocate fish gills and eggs, larval fishes, bottom dwelling 
algae, and other organisms; reduce aquatic insect diversity and abundance; and, ultimately, negatively 
impact fish growth, survival, and reproduction (Waters 1995, Meyer and Sutherland 2005).  Wood and 
Armitage (1997) identified at least five impacts of sedimentation on fish, including (1) reduction of 
growth rate, disease tolerance, and gill function; (2) reduction of spawning habitat and egg, larvae, and 
juvenile development; (3) modification of migration patterns; (4) reduction of food availability through 
the blockage of primary production; and (5) reduction of foraging efficiency.  With respect to 
blackside dace, Mattingly and Black (2013) noted that spawning occurred in areas with lower siltation 
and less embedded substrates. 
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Other 
Another threat to the species is physical alteration of instream habitats by beaver (Castor canadensis), 
a species that has been increasing in number in eastern Kentucky over the past 10 to 15 years 
(Compton et al. 2013).  Signs of beaver activity, including flooded stream channels, girdled trees, 
thinned riparian zones, and small ponds, are evident in some portions of the species’ range.  Some of 
the affected Kentucky streams include Buck Creek (Whitley County), Hale Branch (Knox County), 
Moore Creek (Knox County), Patterson Creek (Whitley County), Rock Creek (McCreary County), and 
Ryans Creek (McCreary County).  It has been suspected by some biologists that these physical habitat 
changes could be detrimental to rare fishes such as the blackside dace.  Evidence for this hypothesis 
has now been gathered from a long-term monitoring study at Davis Branch, a known blackside dace 
and Cumberland arrow darter stream in Cumberland Gap NHP, Bell County, Kentucky (Compton et al. 
2013).  Blackside dace and Cumberland arrow darters were first documented at Davis Branch in the 
late 1970s, and successive surveys revealed that the populations were robust and stable (Stephens 
2000-2012, Compton et al. 2013).  Monitoring data gathered at eight stations on Davis Branch from 
1990 to 2010 initially indicated robust, stable populations, but dace and arrow darter numbers began to 
show declines by the late 1990s as beaver activity increased along the stream.  As of 2008, a total of 16 
beaver dams were located along an approximate 1-km reach of Davis Branch, with two of the resulting 
ponds each encompassing over 0.4 ha.  The last blackside dace was observed in 2008, and no 
Cumberland arrow darters have been observed since 2007.  The physical character of Davis Branch has 
changed dramatically since beaver invaded the stream in 1994.  The dams have impeded instream 
flows, producing long, canal-like reaches with no riffles; the dams have disrupted natural dispersal 
patterns of fishes and have created conditions favorable for lentic, potential predatory species such as 
redbreast sunfish (Lepomis auritus) and warmouth (L. gulosus) that are now dominant; riparian 
vegetation has been diminished while solar exposure has increased; instream siltation has increased as 
sediment collects behind the dams; and stream temperatures have increased during summer months.  
An effort to restore the blackside dace population at Davis Branch has begun and will involve a
cooperative effort between the National Park Service, the Service, and other State and Federal partners. 


In summary, the blackside dace’s habitat and range have been modified and limited by both water
quality degradation and physical habitat disturbance.  Contaminants associated with surface coal 
mining (metals, other dissolved solids), domestic sewage (bacteria, nutrients), and agriculture 
(fertilizers, pesticides, herbicides, and animal waste) cause degradation of water quality and habitats 
through increased conductivity and sulfates, instream oxygen deficiencies, excess nutrification, and 
excessive algal growths.  Annual coal production in eastern Kentucky (including counties in the upper 
Cumberland River basin) has declined over the past two decades, but annual production in eastern 
Kentucky continues to be relatively high (over 39 million tons produced in 2013) (KEEC 2014), 
recoverable reserves for the eastern Kentucky portion of the Appalachian Basin are estimated at 5.8 
billion tons (Milici and Dennen 2009), and the species’ distribution continues to be limited as a result 
of previous mining activities within the basin. Consequently, the potential remains for blackside dace 
to be adversely affected by water quality degradation associated with surface coal mining activities.  
Demand for natural gas production in Kentucky is expected to increase in future years (Kentucky 
Geological Survey (KGS) 2012), so threats from these activities will likely increase.  Sedimentation 
from coal mining, logging, agriculture, development sites, and beaver activity within the upper 
Cumberland River drainage negatively affect the species by burying or covering instream habitats used 
by the species for foraging, reproduction, and sheltering.  These impacts can cause reductions in 
growth rates, disease tolerance, and gill function; reductions in spawning habitat, reproductive success, 
and egg, larvae, and juvenile development; modifications of migration patterns; decreased food 
availability through reductions in prey; and reduction of foraging efficiency.  Furthermore, threats 
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faced by the blackside dace from sedimentation and contaminants are imminent due to ongoing 
projects that are expected to continue indefinitely.  As a result of the imminence of these threats, 
combined with the vulnerability of the remaining small populations to extirpation from natural and 
manmade threats, we have determined that the present or threatened destruction, modification, or 
curtailment of the blackside dace habitat and range represents a threat of moderate magnitude.  We 
have no information indicating that the magnitude or imminence of this threat is likely to be 
appreciably reduced or increased in the foreseeable future. 


2.3.2.2 Factor B:  Overutilization for commercial, recreational, scientific, or educational 
purposes 
 


The blackside dace is not believed to be utilized for commercial, recreational, scientific, or educational 
purposes.  When the species was described and listed in the early 1990s, it was suggested that the 
species’ rareness would make it desirable to private and institutional collectors; however, over-
collecting does not appear to have been a significant threat since that time.  Individuals may be 
collected occasionally by recreational anglers in minnow traps and used as live bait, but this activity 
does not appear to be a substantial threat.  However, the inadvertent transplantation of blackside dace 
by recreational anglers into other watersheds, some outside the species’ historical range, confounds
management and conservation efforts. 


2.3.2.3  Factor C:  Disease or predation 


Disease is not considered to be a factor in the decline of blackside dace.  We do not believe that 
predation currently poses a significant threat to the species as most of this predation is naturally 
occurring or a normal aspect of the species’ population dynamics.  However, the widespread 
occurrence and abundance of introduced predators in the upper Cumberland River drainage (e.g., 
redbreast sunfish) and the species’ low population numbers in some portions of its range may make it 
more susceptible to the effects of predation.  Our current information does not indicate that disease or 
predation is likely to become a threat to the blackside dace in the foreseeable future, but the threat from 
predation may become more significant in portions of the range where population declines are most 
severe. 


2.3.2.4  Factor D:  Inadequacy of existing regulatory mechanisms 


The blackside dace and its habitats are afforded some protection from water quality and habitat 
degradation under the Clean Water Act of 1977 (33 U.S.C. 1251 et seq.), Surface Mining Control and 
Reclamation Act of 1977 (30 U.S.C. 1234 – 1328), Kentucky’s Forest Conservation Act of 1998 (KRS
149.330-355), Kentucky’s Agriculture Water Quality Act of 1994 (KRS 224.71-140), Kentucky Wild 
Rivers Act (KRS 146.200), additional Kentucky laws and regulations regarding natural resources and 
environmental protection (KRS 146.200-360; KRS 224; 401 KAR 5:026, 5:031) and Tennessee’s
Water Quality Control Act of 1977 (T.C.A. 69-3-101).  It is difficult to determine whether these 
statutes and regulations are adequately addressing the habitat and water quality threats to the blackside 
dace; however, as demonstrated under Factor A, some population declines and degradation of habitat 
for this species are ongoing despite the protection afforded by these statutes and associated regulations.  
While these laws have undoubtedly resulted in some improvements in water quality and stream habitat 
for aquatic life, including the blackside dace, we must conclude that they alone have been inadequate 
in fully protecting this species in all portions of its range.  The species is also afforded protection by 
the Endangered Species Act (Act) of 1973, as amended (87 Stat. 884, as amended: 16 U.S.C. 1531 et 
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seq), which requires federal agencies to consult with the Service when activities they fund, authorize, 
or carry out may affect a listed species.  The Act requires that federal permits must be obtained for any 
activity that may result in “take” of a listed species. 
Significant portions of at least 47 streams with extant blackside dace populations are located on the 
DBNF (watersheds with >50% ownership) and receive management and protection through the 
National Forest Management Act of 1976 (16 U.S.C. 1600 et seq.) and DBNF’s land and resource
management plan (LRMP) (USFS 2004).  Public ownership in these watersheds ranges from about 25 
to 100 percent.  The LRMP is implemented through a series of project-level decisions based on 
appropriate site-specific analysis and disclosure.  It does not contain a commitment to select any 
specific project; rather, it sets up a framework of desired future conditions with goals, objectives, and 
standards to guide project proposals.  Projects are proposed to solve resource management problems, 
move the forest environment toward desired future conditions, and supply goods and services to the 
public (USFS 2004).  The LRMP contains a number of protective standards that in general are 
designed to avoid and minimize potential adverse effects to the blackside dace and other sensitive 
species; however, the DBNF continues to consult with the Service when their activities may adversely 
affect streams supporting the species. The DBNF’s management under the LRMP contributes
substantially to the conservation of the species, and we expect the DBNF to continue to implement 
management actions that benefit the species.  A significant portion (about 39 percent) of the species’
remaining populations occurs within the DBNF, and these populations have benefited from 
management goals, objectives, and protective standards included in the LRMP.  Collectively, these 
streams contain some of the species’ best remaining habitats and support some of the species’ most
robust populations. 


Regulatory mechanisms associated with other Federal and State lands in Kentucky, Tennessee, and 
Virginia provide additional protections for the species.  These lands and corresponding statutes/ 
regulations include Cumberland Gap NHP in Bell and Harlan Counties, Kentucky, Claiborne County, 
Tennessee, and Lee County, Virginia and Big South Fork NRRA in McCreary County, Kentucky and 
Scott County, Tennessee (National Park Service Organic Act of 1916 (16 U.S.C. 1 et seq.)); Jefferson 
National Forest in Letcher County, Kentucky and Lee and Scott Counties, Virginia (National Forest 
Management Act of 1976); Bad Branch SNP in Letcher County, Kentucky and Blanton Forest SNP in 
Harlan County, Kentucky (400 KAR 2:090); and North Cumberland Wildlife Management Area in 
Campbell and Scott Counties, Tennessee (Tennessee Code Annotated §§ 70-5-101-113).  In general, 
streams occupied by blackside dace in these areas are protected from general disturbance and receive 
some level of management and protection under a formal land management or natural resource plan. 


The blackside dace has been designated as a Threatened species in Kentucky (KSNPC 2005) but this 
state designation conveys no legal protection.  Kentucky law prohibits the collection of the fish species 
for scientific purposes without a valid state-issued collecting permit (KRS 150.183).  Enforcement of 
this permit is difficult, but we do not believe that these activities represent a significant threat to the
species.  Within Kentucky, persons who hold a valid fishing license (obtained from the Kentucky 
Department of Fish and Wildlife Resources (KDFWR)) are prohibited from using listed fish species 
such as the blackside dace as bait (KDFWR 2008, 301 KAR 1:130).  The Tennessee Wildlife
Resources Agency (TWRA) lists the blackside dace as Threatened in Tennessee (Tennessee Code 
Annotated §§ 70-8-101-112) and scrutinizes collection permit applications to prevent over-collection 
of imperiled species for scientific purposes (TWRA 2009).  We do not currently believe this is a 
significant threat (see Factor B) or is likely to become a threat in the foreseeable future. 
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The blackside dace has been designated as a Threatened species in Tennessee (Withers 2009).  Under 
the Tennessee Nongame and Endangered or Threatened Wildlife Species Conservation Act of 1974 
(Tennessee Code Annotated §§ 70-8-101-112), “[I]t is unlawful for any person to take, attempt to take, 
possess, transport, export, process, sell or offer for sale or ship nongame wildlife, or for any common 
or contract carrier knowingly to transport or receive for shipment nongame wildlife.”  Further, 
regulations included in the Tennessee Wildlife Resources Commission Proclamation 00-15 
Endangered Or Threatened Species state the following: except as provided for in Tennessee Code 
Annotated, Section 70-8-106 (d) and (e), it shall be unlawful for any person to take, harass, or destroy 
wildlife listed as threatened or endangered or otherwise to violate terms of Section 70-8-105 (c) or to 
destroy knowingly the habitat of such species without due consideration of alternatives for the welfare 
of the species listed in (1) of this proclamation, or (2) the United States list of Endangered fauna.  This 
regulation is inadequate for the protection of the blackside dace, as it only requires parties to consider 
alternatives before knowingly altering the habitat of it or other species listed by the State of Tennessee 
as threatened or endangered. 


In summary, existing regulatory mechanisms (e.g., Clean Water Act) have provided for some 
improvements in water quality and habitat conditions but they have been inadequate in fully protecting 
the species and its habitats.  Sedimentation and non-point source pollutants continue to be a significant 
problem across the species’ range.  Due to the vulnerability of blackside dace to water quality and 
habitat degradation, we find the inadequacy of regulatory mechanisms that address water quality and 
physical habitat disturbance to be an imminent threat of low to moderate magnitude.  Further, the 
information available to us at this time does not indicate that the magnitude or imminence of this threat 
is likely to be appreciably reduced in the foreseeable future. 


2.3.2.5  Factor E:  Other natural or manmade factors affecting its continued existence 


The disjunct nature of some blackside dace populations restricts the natural exchange of genetic 
material between populations.  The localized nature and small size of many populations also makes 
them vulnerable to extirpation from intentional or accidental toxic chemical spills, habitat 
modification, progressive degradation from runoff (non-point source pollutants), natural catastrophic 
changes to their habitat (e.g., flood scour, drought), and other stochastic disturbances, such as loss of 
genetic variation and inbreeding.  For example, inbreeding and loss of neutral genetic variation 
associated with small population size can further reduce the fitness of the population (Reed and 
Frankham 2003), subsequently accelerating population decline (Fagan and Holmes 2006). 


The Intergovernmental Panel on Climate Change (IPCC) concluded that warming of the climate 
system is unequivocal (IPCC 2014).  Numerous long-term climate changes have been observed 
including changes in arctic temperatures and ice, widespread changes in precipitation amounts, ocean 
salinity, wind patterns and aspects of extreme weather including droughts, heavy precipitation, heat 
waves, and the intensity of tropical cyclones (IPCC 2014).  Species that are dependent on specialized 
habitat types, limited in distribution, or at the extreme periphery of their range may be most 
susceptible to the impacts of climate change (75 FR 48896, August 12, 2010); however, while 
continued change is certain, the magnitude and rate of change is unknown in many cases. 


Climate change has the potential to increase the vulnerability of the blackside dace to random 
catastrophic events (e.g., McLaughlin et al. 2002; Thomas et al. 2004).  An increase in both severity 
and variation in climate patterns is expected, with extreme floods, strong storms, and droughts 
becoming more common (Cook et al. 2004, Ford et al. 2011, IPCC 2014).  During 2007, a severe 
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drought affected the upper Cumberland River drainage in Kentucky and Tennessee.  Streamflow 
values (cubic feet per second) for the Cumberland River at Williamsburg, Kentucky, (USGS Station 
Number 03404000) in September and October were among the lowest recorded monthly values (99th
percentile for low-flow periods) during the last 67 years (Cinotto pers. comm. 2008).  Climate change 
could intensify drought events such as the one that occurred in 2007.  Thomas et al. (2004) report that 
frequency, duration, and intensity of droughts are likely to increase in the Southeast as a result of 
global climate change. Predicted impacts of climate change on fishes include disruption to their 
physiology (such as temperature tolerance, dissolved oxygen needs, and metabolic rates), life history 
(such as timing of reproduction, growth rate), and distribution (range shifts, migration of new 
predators) (Jackson and Mandrak 2002, Heino et al. 2009, Strayer and Dudgeon 2010, Comte et al. 
2013).  According to Kaushal et al. (2010), stream temperatures in the Southeast have increased 
roughly 0.2-0.4 oC per decade over the past 30 years, and as air temperature is a strong predictor of 
water temperature, stream temperatures are expected to continue to rise. 


Estimates of the effects of climate change using available climate models typically lack the geographic 
precision needed to predict the magnitude of effects at a scale small enough to discretely apply to the 
range of a given species.  However, data on recent trends and predicted changes for Kentucky and 
Tennessee (Girvetz et al. 2009), and, more specifically, the upper Cumberland River drainage (Alder 
and Hostetler 2013) provide some insight for evaluating the potential threat of climate change to the 
blackside dace.  These models provide estimates of average annual increases in maximum and 
minimum temperature, precipitation, snowfall, and other variables.  Depending on the chosen model, 
average annual temperatures for the upper Cumberland River drainage are predicted to increase by 2.5 
to 5oC (4.5 to 9oF) by the 2080s (Girvetz et al. 2009, Alder and Hostetler 2013), while precipitation 
models predict that the region will experience a slight increase in average annual precipitation (2 
cm/day (0.8 in/day) (x 100)) through 2074 (Girvetz et al. 2009, Alder and Hostetler 2013). 


Although climate change is almost certain to affect aquatic habitats in the upper Cumberland River 
drainage in eastern Kentucky (Alder and Hostetler 2013), there is great uncertainty about the specific 
effects of climate change on the blackside dace.  Currently, we have no evidence that climate changes 
observed to date have had any adverse impact on the blackside dace or its habitats, and we have no 
evidence that climate change represents an imminent threat now or in the foreseeable future. 


The hemlock woolly adelgid (HWA) (Adeleges tsugae), an aphid-like insect native to Asia, represents 
a new threat to the blackside dace because it has the potential to severely damage stands of eastern 
hemlocks (Tsuga canadensis) that occur throughout the species’ range. In many areas where dace 
occur, hemlocks are the dominant riparian tree and provide the majority of shade to stream corridors.  
The HWA was introduced in the Pacific Northwest during the 1920s and has since spread throughout 
the eastern United States, reaching eastern Tennessee by 2002 and Kentucky by 2006.  The species 
creates an extreme amount of damage to natural stands of hemlock, specifically eastern hemlock and 
Carolina hemlock (Tsuga caroliniana).  Loss of hemlocks along dace streams has the potential to 
adversely affect the species through increased solar exposure and subsequent elevated stream 
temperatures, bank erosion, and excessive inputs of woody debris that will clog streams and cause 
channel instability and erosion (Townsend and Rieske-Kinney 2009).  We expect these impacts to 
occur in some blackside dace watersheds; however, we do not believe these impacts will be 
widespread or severe.  Eastern hemlocks are not abundant in all portions of the blackside dace’s range,
and we expect hemlocks to be replaced by other tree species in areas where hemlocks are more 
common.  Based on all these factors, we do not believe the invasion of HWA and the subsequent loss 
of eastern hemlock in eastern Kentucky and Tennessee poses a significant threat to the blackside dace.  
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Our current information also does not indicate that the loss of eastern hemlock is likely to become a 
threat to the blackside dace in the foreseeable future. 


2.4   Synthesis 


When the recovery plan was completed in 1988, the species was known from a total of 35 streams in 
Kentucky and Tennessee.  Currently, blackside dace populations are estimated to persist in 125 streams 
across nine Kentucky counties (Bell, Harlan, Knox, Laurel, Letcher, McCreary, Perry, Pulaski, and 
Whitley), three Tennessee counties (Campbell, Claiborne, and Scott), and two Virginia counties (Lee 
and Scott) (Black et al. 2013a; Skelton 2007, 2013; USFWS unpublished data) (Figure 3; Table 7, 
Appendix C).  Considering the distribution of these streams and the species’ maximum recorded
movement of 4 km, it is estimated the species is currently represented by 57 isolated groups (or 
populations) that are functionally separated from one another (Table 8, Appendix D).  Over the past 27 
years, we have gained more protected, occupied streams in the eight sub-basins (recovery units) 
summarized in the species’ recovery plan (Table 1); however, more information is needed to evaluate 
the genetic diversity and viability of populations in these streams (see 4.0 Recommendations for Future 
Actions).  Based on survey results and our observations regarding abundance, age-class structure, and 
recruitment, we estimate that 76 streams contain stable populations, with the remaining 49 streams 
rated as vulnerable (See Table 7, Appendix C).  The species appears to have been extirpated from at 
least 31 streams in which it was previously documented.   


Land ownership in the majority of blackside dace watersheds is private, but significant portions of 47 
blackside dace watersheds (watersheds with >50% ownership) are in public ownership.  Most of these 
watersheds (85%) are located on the Daniel Boone National Forest (DBNF) in Laurel, McCreary, 
Pulaski, and Whitley Counties, Kentucky.  Public ownership on the DBNF varies between 25-100 
percent, and DBNF streams are managed under the DBNF’s Land and Resource Management Plan
(USFS 2004).  Outside of the DBNF in Kentucky, public ownership in dace watersheds is limited to 
the Poor Fork headwaters in Letcher County (Jefferson National Forest), Bad Branch in Letcher 
County (Bad Branch State Nature Preserve), Watts Creek in Harlan County (Blanton Forest State 
Nature Preserve), Davis Branch, Little Yellow Creek, and Sugar Run in Bell County, Kentucky 
(Cumberland Gap National Historical Park (NHP)), and Wolf Creek (Big South Fork National River 
and Recreation Area (NRRA)) in McCreary County.  Within Tennessee, public ownership is limited to 
the headwaters of Little Yellow Creek in Claiborne County (Cumberland Gap NHP), two tributaries of 
Rock Creek (Massey Branch and an unnamed tributary) in Campbell County (Big South Fork NRRA), 
and four stream systems located on the North Cumberland Wildlife Management Area in Campbell 
and Scott Counties - Elk Fork Creek, Hudson Branch, Terry Creek, and Straight Fork (including Cross 
Branch and Jake Branch).  New information has been gathered on the species’ current distribution and
biological requirements since the recovery plan was completed in 1988, but management strategies 
have not been developed.  


Three of the five listing factors pose threats to the blackside dace: the present or threatened destruction, 
modification, or curtailment of its habitat or range; the inadequacy of existing regulatory mechanisms; 
and other natural or manmade factors affecting its continued existence.  The species’ habitat and range
have been modified and limited by both water quality degradation and physical habitat disturbance.  
Water quality impacts (e.g., elevated conductivity, high sulfates) associated with surface coal mining, 
oil and gas exploration, and other land use practices vary from low to high magnitude across the
species’ range, but they are most severe in the eastern half of the range, where intensive land 
disturbances, such as surface coal mining, are most prevalent. Activities associated with surface coal 
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mining are a major source of pollutants because they have the potential to contribute high 
concentrations of dissolved metals and other solids that elevate stream conductivity, increase sulfate 
and hardness levels, and cause wide fluctuations in stream pH.  These water quality changes can be 
permanent and render these habitats unsuitable for blackside dace.  Black et al. (2013b) and Hitt (2014) 
demonstrated that blackside dace do not persist in areas with elevated stream conductivity, and 
declines or extirpations have been observed when conductivity levels exceed 240 µS/cm.  Based on all 
of these factors, we consider water quality degradation to be severe and of high magnitude in the 
eastern half of the range.  In the western half of the species’ range, water quality threats are diminished 
(low magnitude) because surface coal mining is less prevalent, average water quality conditions are 
better (e.g., low conductivity), and large portions of the upper Cumberland River drainage are in public 
ownership (e.g., DBNF and North Cumberland Wildlife Management Area).  For this particular threat, 
we consider the variation in magnitude from west to east and arrive at an overall threat magnitude of 
“moderate.” 


Physical habitat degradation associated with sedimentation and other physical habitat disturbance (e.g., 
loss of riparian vegetation, channelization) is widespread across the blackside dace’s range (the 
geographic scope is widespread and not localized).  Sedimentation/siltation is the most significant 
threat to physical habitat quality across the species’ range, and sedimentation continues to be ranked by 
the KDOW as the most common stressor of aquatic communities in the upper Cumberland River 
system.  We consider physical habitat threats to be of moderate magnitude due to their widespread 
occurrence and the fact that several blackside dace populations have disappeared from systems 
impacted solely by these threats.  


Current regulatory mechanisms, such as the Federal Clean Water Act, have contributed to some water 
quality and habitat improvements across the species’ range, especially on public lands (e.g., DBNF); 
however, they alone have been inadequate to prevent water quality degradation and habitat 
disturbance.  The disjunct nature of some blackside dace populations restricts the natural interchange 
of genetic material between populations and makes natural repopulation following localized 
extirpations arduous without human intervention.  The small size of many blackside dace populations 
may make them vulnerable to extirpation from intentional or accidental toxic chemical spills, habitat 
modification, progressive degradation from runoff (non-point source pollutants), natural catastrophic 
changes to their habitat (e.g., flood scour, drought), and other stochastic disturbances, such as loss of 
genetic variation and inbreeding. 


Based on the best available scientific and commercial information available to the Service regarding 
the species’ current status and past, present, and future threats, the species continues to be impacted by 
poor water quality and habitat deterioration resulting from resource extraction activities, siltation 
caused by poor land use practices, reductions in riparian cover, and by other nonpoint-source 
pollutants.  The species’ patchy distribution limits the natural genetic exchange between and within its 
populations.  Because of its restricted distribution and continued vulnerability to these threats, and our 
uncertainty with regard to the viability of individual populations across the range, we believe that the 
species continues to meet the definition of threatened (likely to become endangered within the 
foreseeable future throughout all or a significant portion of its range) and should remain classified as 
such. 
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3.0 RESULTS


3.1  Recommended classification:  Threatened; no change is needed. 


4.0   RECOMMENDATIONS FOR FUTURE ACTIONS  


The following recovery and conservation recommendations are based on actions identified in the 
species’ recovery plan (USFWS 1988), other activities summarized by Mattingly and Floyd (2013), 
and new ideas generated during the preparation of this five-year review.  The recommended actions are 
listed in no particular order of priority. 


 Continue to utilize existing legislation and regulations to protect the species and its habitats 
(e.g., ESA, federal and state surface mining laws, US Clean Water Act and other state water 
quality regulations, Federal Energy Regulatory Commission licensing). 


 Continue cooperative efforts such as habitat conservation plans, Farm Bill programs, Partners 
for Fish and Wildlife program projects, state stream mitigation programs, and other resources 
to address threats and to protect, enhance, and restore dace populations and habitats. 


 Conduct research to address information needs with regard to the species’ biology, ecology, 
behavioral patterns, and early life history: 


o The species’ genetic diversity, level of genetic exchange, and viability of populations 
o The species’ response and vulnerability to elevated conductivity 
o The species’ swimming performance as it relates to culvert/bridge design 
o Development of a sound, cost-effective, range-wide monitoring strategy 
o The species’ response to the potential loss of eastern hemlocks 
o The species’ response to climate change 
o Interactions with other species (e.g., redbreast sunfish) 
o Impacts of beaver colonization across the range 
o The species’ habitat characteristics as it relates to stream restoration efforts 
o The species’ early life history stages – biological and habitat needs 


 Work cooperatively with federal, state, and private partners to develop a range-wide 
conservation strategy for blackside dace that (1) builds on recovery actions identified in the 
species’ recovery plan and (2) incorporates the best available scientific information on the 
species’ biology, status, and threats as outlined in this five-year review;  


 Continue to monitor extant populations and search for new populations using a standardized 
monitoring protocol to help us determine and evaluate viability across its range.  Survey 
activities should be prioritized to include those streams for which recent survey data is lacking 
or streams in which the species appears to be vulnerable.  A preliminary list of these streams is 
provided below: 


o Acorn Fork, Knox County, KY 
o Bailey Branch, Whitley County, KY 
o Bain Branch (Hubbs Creek), Knox County, KY 
o Bennetts Fork, Claiborne County, TN 
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o Bucks Branch, Whitley County, KY 
o Capuchin Creek headwaters, Campbell/Scott Counties, TN 
o Cannon Creek, Bell County, KY 
o Colliers Creek, Letcher County, KY 
o Drury Branch, McCreary County, KY 
o Fall Branch, Campbell County, TN 
o Fourmile Run, Bell County, KY 
o Hatfield Creek system, Campbell County, TN 
o Hinkle Branch, Knox County, KY 
o Hunting Shirt Branch, Knox County, KY 
o Jellico Creek headwaters, Scott County, TN 
o Lick Fork, Campbell County, TN 
o Louse Creek and Jim Branch, Campbell County, TN 
o Meadow Branch, Letcher County, KY 
o Meadow Fork, Letcher County, KY 
o Ned Branch, Laurel County, KY 
o Rock Creek system, McCreary County, KY & Scott County, TN 
o Seng Branch, Whitley County, KY 
o Slick Shoals Branch, Whitley County, KY 
o Sugar Run, Bell County, KY 
o Tackett Creek (headwaters), Claiborne County, TN 
o Turkey Creek, Knox County, KY 
o Tyes Fork, Whitley County, KY 
o Youngs Creek, Whitley County, KY 


 Initiate other recovery actions as specified in the range-wide conservation strategy and revised 
recovery plan. 
 


 Revise the current listing to reflect the taxonomic change and the species’ extended range into 
Virginia. 
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APPENDIX A:  Summary of peer review for the 5-year review of the blackside dace (Chrosomus 
cumberlandensis). 


A.  Peer Review Method:  The draft document was peer-reviewed by Dr. Hayden Mattingly, 
Tennessee Technological University, Cookeville, Tennessee; Dr. Chris Skelton, Georgia College and 
State University, Milledgeville, Georgia; Dr. Matthew Thomas, Kentucky Department of Fish and 
Wildlife Resources (KDFWR), Frankfort, Kentucky; and Mr. Michael Compton, Kentucky State 
Nature Preserves Commission (KSNPC), Frankfort, Kentucky; and comments received were 
incorporated as appropriate. 


B.  Peer Review Charge:  Peer reviewers were asked to read the 5-year review and provide any 
comments, both editorial and content related.  They were not asked to comment on the 
recommendation regarding listing status. 


C.  Summary of Peer Review Comments/Report:  Each of the reviewers made minor editorial 
comments or changes and provided their general approval of the draft as written.  Dr. Mattingly 
provided several substantive comments and new text regarding the distribution and genetics of the 
recently discovered Virginia populations, the population estimates and densities reported by Black and 
Mattingly (2013a), and the conservation benefits of the Northern Cumberlands Habitat Conservation 
Plan process in Tennessee. Dr. Skelton provided new details regarding the species’ distribution in
Virginia.  Dr. Thomas provided comments and new information regarding distributional records for the 
Rock Creek drainage, McCreary County, Kentucky; he provided new information regarding land use 
and threats in the Brier Creek drainage, Whitley County; and he provided a written summary of the 
new taxonomic change for the genus Phoxinus.  Mike Compton recommended the addition of new text 
regarding the phenotypic similarity of blackside dace and southern redbelly dace; he provided new 
distributional information for the Laurel River drainage (Whitman Branch), Laurel County; he 
provided substantive comments and new text regarding Factor C - potential predation threats from 
introduced sunfishes; and he recommended the addition of new text on the significance of legacy 
stream impacts (i.e., channelization, channel relocation). 


D.  Response to Peer Review: Peer review comments were incorporated into the 5-year review as 
suggested by the reviewers (refer to C above). 
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APPENDIX B.  Blackside dace distributional maps. 
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APPENDIX C.


Table 7 – Summary of Blackside Dace Stream Occurrences. 
 


Sub-drainage Stream1 State 
Current 
Status2 


Date of Last 
Observation 


     
Cumberland River – upstream of Cumberland Falls 


Poor Fork Poor Fork KY Stable 2012 
 Bad Branch KY Stable 1995 
 Meadow Branch KY Vulnerable 2012 
 Smith Creek KY Stable 2012 
 Meadow Fork KY Vulnerable 1995 
 Brown Branch KY Extirpated 1990 
 Colliers Creek KY Vulnerable 2013 
 Cloverlick Creek KY Extirpated 1961 
Clover Fork Breedens Creek KY Stable 2012 
 Kelly Branch KY Stable 2012 
 Clover Fork KY Extirpated 1961 
Watts Creek Watts Creek KY Stable 2005 
Brownies Creek Brownies Creek KY Stable 2013 
 Blacksnake Branch KY Stable 2013 
Yellow Creek Little Yellow Creek TN Stable 2014 
 Davis Branch KY Extirpated 2007 
 Bennetts Fork TN Vulnerable 2000 
 Stevenson Branch KY Extirpated 1994 
 Lick Fork KY Vulnerable 2013 
 Fourmile Run KY Vulnerable 1994 
 Sugar Run KY Vulnerable 2010 
 Cannon Creek KY Vulnerable 1994 
Clear Creek Little Clear Creek KY Extirpated 1984 
 Bens Fork KY Extirpated 2008 
Straight Creek Straight Creek KY Extirpated 1984 
 Stoney Fork KY Extirpated 1997 
 Mill Creek KY Stable 2012 
 Sims Fork KY Extirpated 1993 
 L Frk Straight Creek KY Extirpated 1980 
 Long Branch KY Extirpated 1984 
 Caney Creek KY Stable 2010 
 Howard Branch KY Vulnerable 2009 
Fourmile Creek Fourmile Creek KY Stable 2012 
Stinking Creek Paint Gap Branch KY  Stable 2012 
 Acorn Fork KY Vulnerable 2007 
 Trace Branch KY Stable 2010 
 Roaring Fork KY Stable 2010 


 Mill Branch KY Stable 2014 
 Coles Branch KY Extirpated 1993 
 Hinkle Branch KY Vulnerable 1993 
 Hale Fork KY Stable 2012 
 Brices Creek KY Extirpated 1993 
 Mud Lick  KY Stable 2000 
 Moore Creek KY Stable 2012 
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Table 4 - Continued 


Stinking Creek Turkey Creek KY Extirpated 1994 
 Honeycutt Branch KY Extirpated 1994 
Richland Creek Richland Creek KY Stable 2012 
 Billies Branch KY Extirpated 1993 
 Hunting Shirt Br KY Vulnerable 2009 
Little Poplar Creek Little Poplar Creek KY Stable 2010 
 East Ridge Branch KY Stable 2010 
 Bain Branch KY Vulnerable 2012 
Poplar Creek Seng Branch KY Vulnerable 2007 
Patterson Creek Patterson Creek KY Stable 2010 
 Tyes Fork KY Vulnerable 2001 
Clear Fork Straight Creek TN Extirpated 1989 
 Buffalo Creek KY, TN Vulnerable 2012 
 Rose Creek TN Stable 2012 
 Tackett Creek TN Vulnerable 2015 
 Spruce Lick Branch TN Vulnerable 2013 
 Little Tackett Creek TN Stable 1995 
 Davis Creek TN Vulnerable 2012 
 Sandlick Branch TN Stable 2012 
 Louse Creek TN Vulnerable 2002 
 Laurel Fork KY Stable 2010 
 Mud Creek KY Stable 2010 
 Terry Creek TN Stable 2013 
 Hudson Branch TN Stable 2013 
 Coontail Branch TN Stable 2011 
 Lick Fork TN Vulnerable 2012 
 Little Elk Creek TN Vulnerable 2011 
 Crooked Creek TN Extirpated 1994 
 Fall Branch TN Vulnerable 2005 
 Adams Branch KY Extirpated 1993 
 Buck Creek KY Stable 2012 
 Wolf Creek KY Extirpated 1883 
 Cane Creek KY Extirpated 1993 
Brier Creek Brier Creek KY Extirpated 1883 
Youngs Creek Youngs Creek KY Vulnerable 2010 
Sanders Creek Sanders Creek KY Extirpated 1988 
Jellico Creek Jellico Creek TN Stable 2006 
 Chitwood Branch TN Vulnerable 2005 
 Gum Fork TN Vulnerable 2005 
 Capuchin Creek TN Vulnerable 2014 
 Dan Branch TN Vulnerable 2014 
 Bear Branch TN Vulnerable 2014 
 Incline Hollow TN Vulnerable 2014 
 Lawson Branch TN Vulnerable 1989 
 Hatfield Creek TN Vulnerable 2012 
 Baird Creek TN Vulnerable 2012 
 Trammel Branch TN Stable 2012 
 Rock Creek KY Stable 2013 
 Lot Hollow KY Vulnerable 2003 
 Sid Anderson Br KY Stable 2013 
 John Anderson Br KY Stable 2003 
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Table 4 - Continued 
Jellico Creek Litton Branch KY Vulnerable 1993
 Shut-in Branch KY Vulnerable 2003 
 Criscillis Branch KY Vulnerable 2012 
 Bailey Branch KY Vulnerable 1993 
 Campbell Branch KY Stable 2011 
 Ryans Creek KY Stable 2012 
 Bucks Branch KY Vulnerable 2012 
 Becks Creek KY Extirpated 1984 
Archers Creek Archers Creek KY Stable 2010 
Cane Creek Cane Creek KY Extirpated 1977 
Marsh Creek Murphy Creek KY Extirpated 1993 
 Trammel Fork KY Extirpated 1986 
 Marsh Creek KY Extirpated 1993 
 Big Branch KY Vulnerable 2012 
 Elisha Branch KY Vulnerable 2012 
 Laurel Creek KY Vulnerable 1993 
 Jenneys Branch KY Vulnerable 2007 
Indian Creek Indian Creek KY Stable 2009 
 Barren Fork KY Stable 2009 
 Pigeon Roost Br KY Vulnerable 2008 
 Kilburn Fork KY Vulnerable 2012 
 Laurel Fork KY Stable 2012 
Slick Shoals Br Slick Shoals Br KY Vulnerable 1993 
Bunches Creek Bunches Creek KY Stable 2006 
 Calf Pen fork KY Stable 2006 


Cumberland River - downstream of Cumberland Falls 
Eagle Creek Eagle Creek KY Stable 2010 
Dog Slaughter Dog Slaughter Cr KY Stable 2010 
 Little Dogslaughter  KY Stable 2003 
 North Fork KY Stable 2003 
 South Fork KY Stable 2003 
Laurel River Craig Creek KY Extirpated 1979 
 Whitman Branch KY Extirpated 1993 
Mill Creek Mill Creek KY Stable 2010 
Fish Trap Fish Trap Branch KY Stable 1996 
Rockcastle Ned Branch KY Stable 2003 
Big Lick Branch Big Lick Branch KY Stable 2010 
 Unnamed Tributary KY Stable 2003 
Beaver Creek Beaver Creek KY Stable 2010 
 Middle Frk Beaver KY Stable 2010 
 Drury Branch KY Stable 1993 
 Hurricane Frk KY Stable 2010 
 Freeman Fork KY Stable 2010 


Big South Fork Cumberland River 
New River Jake Branch TN Stable 2012 
 Cross Branch TN Stable 2002 
 Unnamed Tributary  TN Stable 2002 
 Straight Fork TN Stable 2012 
Rock Creek Unnamed Tributary TN Vulnerable 2005 
 Massey Branch TN Vulnerable 2005 
 Dolen Branch KY Stable 2009 
 Watts Branch KY Stable 2009 
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Table 4 - Continued 


Rock Creek Puncheon Camp Cr KY Stable 2009 
 White Oak Creek KY Stable 2008 
Wolf Creek Wolf Creek KY Stable 2006 
Alum Creek Alum Creek KY Vulnerable 2014 


North Fork Kentucky River 
Maces Creek R Fork Maces Creek KY Stable 2013 


Powell River 
N Frk Powell River Cox Creek VA Stable 2009 
 Mud Creek VA Stable 2009 
 R Frk Mud Creek VA Stable 2009 
 Reeds Creek VA Stable 2009 


Clinch River 
Staunton Creek McGhee Creek VA Stable 2007 
 Staunton Creek VA Stable 2007 


1Streams: Recent Kentucky occurrence records for Franks Creek (Letcher County), Clover Fork 
(Harlan County), and Fugitt Creek (Harlan County) have been excluded from the table.  In each 
case, observed individuals were considered to be transitory in nature.  Each of these records is 
discussed in Section 2.3.1.4. (Spatial distribution, trends in spatial distribution, or historical range). 
 
2Current Status:  For any given stream, the species is considered to be Stable if (1) there is little 
evidence of significant habitat loss or degradation (conductivity near baseline levels, siltation low, 
etc.), (2) the species’ abundance has remained relatively constant (species has persisted at site) or 
increased during recent surveys, and (3) evidence of relatively recent recruitment has been 
documented since 2000.  Robust populations (in bold) have all the aforementioned characteristics, 
plus ≥25 individuals have been observed during multiple surveys, with multiple age classes present. 


For any given stream, the species is considered to be Vulnerable if (1) there is ample evidence of 
significant habitat loss or degradation since the species’ original capture (elevated conductivity, 
embedded substrates, bank erosion, etc.), (2) there is an obvious decreasing trend in abundance since 
the historical collection, (3) less than 5 individuals have been observed during recent surveys (low 
numbers, typically 1-2 individuals observed), or (4) no evidence of relatively recent recruitment 
(since 2000) has been documented. 
 
For any given stream, the species is considered to be Extirpated if (1) there is ample evidence of 
significant habitat loss or degradation since the species’ original capture (elevated conductivity, 
embedded substrates, bank erosion, etc.), and (2) the species has not been observed during multiple 
survey attempts. 


 
 


Status Category # Streams 
Stable 29 
Stable 47 
Vulnerable 49 
Extirpated 31 
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The White Oak Initiative is unique  
because it brings together end users of the 


product with private landowners, researchers, 
industry, state and federal agencies,


and conservation groups to help sustain  
white oak into the future.


— MELISSA MOELLER, WHITE OAK INITIATIVE DIRECTOR


‘‘


”
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INTRODUCTION	


This Assessment & Conservation Plan was developed by


the American Forest Foundation and the University of Kentucky


under the direction of the White Oak Initiative Steering Committee.


Lisa Allen, Missouri Department of Conservation 


Alex Alvarez, Brown-Forman and DendriFund


David Apsley, Ohio State University Extension


Bob Bauer, Kentucky Forest Industries Association 


Mark Buccowich, USDA Forest Service Region 9


Paul DeLong, American Forest Foundation 


Candace Dinwiddie, Tennessee Forestry Association 
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Alex Finkral, Forest Land Group 


Justine Gartner, Missouri Department of Conservation 


Renee Hornsby, National Hardwood Lumber Association 


Kevin Hudson, Westrock


Barbara Hurt, DendriFund 


Tom Inman, Appalachian Hardwood Manufacturers 


Dwight Jensen, Columbia Forest Products 


Caroline Kuebler, USDA Forest Service Region 9


Martin Lowenfish, USDA Natural Resources Conservation Services 


Jason Lupardus, National Wild Turkey Federation


Garret Nowell, Independent Stave Company 


Rick Oates, Alabama Forestry Commission


Rick Price, Beam Suntory 


Kay Reed, USDA Forest Service Region 8 


Alex Richman, Cumberland Springs Land Company 


Greg Roshkowski, Brown-Forman 


Eric Sprague, American Forests 


Dr. Jeffrey Stringer, University of Kentucky 


Chris Will, Central Kentucky Forest Management


Elizabeth Wise, Sazerac


STEERING	COMMITTEE	MEMBERS	DURING	CREATION	OF	THE	
ASSESSMENT	AND	CONSERVATION	PLAN	 	
(CURRENT AND PAST, AS OF DOCUMENT PUBLICATION)
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ABOUT	THE	WHITE	OAK	
INITIATIVE
The White Oak Initiative is addressing needs for awareness, research, 


technical and financial assistance, education, communication, policy, 


and locally customized on-the-ground implementation.


White oak is a dominant tree species across the Central, Northern 
and Appalachian hardwood regions. Its range spans more than 
20 states, covering much of the eastern United States. Not 
only is it important ecologically and economically, white oak is 
critical to many wildlife and pollinator species and a foundation 
for many upland hardwood forests. Sustaining significant white 
oak resources is vitally important to a variety of environmental 
and social values, including the long-term survival and growth of 
important economic sectors responsible for contributing to local 
economies throughout the white oak region.


While white oak growing stocks are currently sufficient 
to meet demand for uses in an array of forest products, 
forest monitoring and long-term projections show significant 
problems in maintaining high-quality white oak regeneration. 
Areas where these trees grow have been subjected to 
changes in land-use and forest management practices that 
have contributed to an increasing number of competing 
species establishing themselves in the understories of our 
oak forests. These species are shading out oaks, preventing 
the regeneration needed to conserve our oak forests and 
our white oak resource. There are still plenty of healthy oak 
trees in our nation’s eastern woods, but they are not being 
replaced by a meaningful number of younger trees. If current 
management trends continue, white oak populations will 
decline significantly in the coming decades. This means there 
is a sustainability problem looming for industries and wildlife 
species that rely on white oak and other upland oak species.


The White Oak Initiative was formed in 2017 by a group 
of organizations that all rely on or care about white or 
upland oak for a variety of reasons. Their goals are to 
raise awareness of the looming predicament and to 
incorporate more stakeholders to address the challenge 
most effectively, thereby fostering long-term sustainability 
of upland oak forests. To accomplish this, the White Oak 
Initiative is addressing needs for research, technical and 
financial assistance, education, communication, policy, 
and locally customized on-the-ground implementation. The 
Initiative’s partners include universities, state and federal 
agencies, private landowners, conservation organizations, 
trade associations, businesses, and forest industries — all 
committed to the long-term sustainability of upland and white 
oak forests and their economic, social, and environmental 
benefits for centuries to come.


Source: USDA Forest Service, Northern Research Station Forest Inventory Analysis  


WHITE	OAK	(QUERCUS	ALBA)	RANGE	
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ABOUT	THE	WHITE	OAK	INITIATIVE	
ASSESSMENT	&	CONSERVATION	PLAN


The White Oak Initiative Assessment & Conservation Plan was 
developed with review and input from hundreds of resource 
professionals and stakeholders who are affected by and interested 
in the goals of the White Oak Initiative. It represents a first-ever 
effort to frame forest-management activities across the entire 
range of eastern oak forests in a way that supports, improves, 
and accelerates the cumulative success and effectiveness of 
oak sustainability. It particularly applies to white oak, which has 
the broadest distribution of all the eastern upland oak species. 
Practices that focus on this keystone species provide benefits 
across all oaks, the upland forests they inhabit, and the wildlife and 
water resources they provide. However, upland oaks in general 
face many of the same challenges that affect white oak.


The Assessment & Conservation Plan is written for resource 
professionals, policymakers, landowners, and other individuals 
and organizations that are involved in and affected by decision-
making related to forests in the region. Their active participation is 
essential for further refining and delivering the recommendations 
of the Assessment & Conservation Plan via strategies that are 
customized for different sectors and audiences. The Assessment 
& Conservation Plan and the White Oak Initiative are founded on 
the premise that effective efforts to restore sustainability of white 
oak-dominated forests will require a multitude of partners working 
collaboratively in a strategic, coordinated, and sustained fashion. 
This first-time, comprehensive approach is expected to be more 
effective than previous individual efforts because of the opportunity 
to coordinate resources, to share what has been learned, and to 
leverage the momentum of a range-wide effort.


The Assessment & Conservation Plan’s Assessment section 
describes the current state of declining upland oak forests with an 
emphasis on white oak. It also summarizes results from completed 
research, including a technical introduction, a landowner survey 
and a spatial analysis. This sets the stage for future long-term 
management actions, which are summarized in the Conservation 
section. The details that are specified in the Assessment & 
Conservation Plan will continue to evolve and be refined as we 
gain knowledge and experience in the coming years.


Please go to www.whiteoakinitiative.org for additional 
information, contact information, and new developments on white 
oak. We appreciate the contributions of all involved to date and  
are eager to have your input, advice, and help to achieve our vision 
of ensuring a future for oak ecosystems and the many benefits 
they provide.


M
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CURRENT	AND	PAST	STEERING	COMMITTEE	MEMBERS
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Regions
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The first time the three of us were in a room together was in the summer of 2017. We had come together in 


Louisville, Kentucky, to outline how our organizations might work together to establish an initiative to ensure that 


our future forests included white oak at a level commensurate with its current composition.


There was a clear call for action among industry stakeholders, conservation groups, state and federal agencies, 


and universities for sustaining white oak resources. The stage had been set for developing a regional effort to 


promote white oak resources and the decision to establish a “white oak initiative” had been made. However, the 


details on what this would look like, how it would be structured, and how it would function were unknown. We 


recognized that without intervention at a grand scale, several decades in the future there would begin a precipitous 


decline in the extent of mature white oak and other upland oaks in the forests of the Central hardwood region of 


the United States. Further, given how long it takes to grow a mature oak, any decline would take decades to even 


begin to reverse. This reality clashed with the respective missions of our organizations. We recognized that any 


delay in acting would only exacerbate the already difficult challenge we face. This was the challenge that faced us 


the first time we met to get the ball rolling. 


From those early discussions emerged the White Oak Initiative. Through the hard work, dedication, persistence, 


and resolve of many individuals and organizations, we have now completed an White Oak Initiative Assessment 


& Conservation Plan. This plan is not a finished work; rather, it reflects what we now know and understand about 


white oak and other upland oaks, and what it will take to ensure that our grandchildren and their grandchildren can 


enjoy the same array of economic, ecological, and social benefits that we enjoy from oak forests today. This is a 


living document and one that will be updated through the White Oak Initiative as we continue to act, learn, and 


adapt in our work to achieve our desired future.


The challenges and the opportunities that are outlined in this document show us a path forward. We are thankful 


for the array of talent that has served on the White Oak Initiative Steering Committee, which has guided this 


work and will guide the work that lies ahead. We also are thankful for the talented staff at the American Forest 


Foundation and the University of Kentucky who have done the heavy lifting on this assessment and plan.


We welcome your involvement going forward. If you have not already done so, please connect with the White Oak 


Initiative. It will take all of us working in alignment across this expansive region to return balance to our oak forests.


Thank you,


Paul DeLong                                               Barbara Hurt                  Dr. Jeff Stringer


American Forest Foundation                  DendriFund                    University of Kentucky


A	LETTER	FROM	THE	WOI	EXECUTIVE	COMMITTEE	2/3/2021
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EXECUTIVE	SUMMARY


     We need to make sure we have oak to 
make barrels in the future and to keep 
the related local ecosystem and supply 
infrastructure thriving. 


  — ALEX ALVAREZ, BROWN-FORMAN


‘‘
”


A	BRIEF	DESCRIPTION	OF	WHITE	OAK
White oak (Quercus alba) is a cornerstone species of the forests 
of the eastern United States. From east Texas to Florida in the 
South, north to Maine and then west again to Minnesota, more 
than 100 million acres of white oak, a foundational species of 
upland oak forests, can be found. While the species occurs  
over a wide range of environments from rich-soil coves to dry 
ridges, it is most prevalent on well-drained, moderately productive 
upland sites.


White oaks are relatively long-lived compared to many of the 
tree species it lives with, capable of living more than 300 years. 
Mature white oaks can be taller than 100 feet, with trunks two to 
four feet in diameter. Their bark is light grey; however, the bark 
pattern can vary from tree to tree, with some trees having shallow 
ridges while some develop large gray plates. Their twigs are 
slender and smooth and their deeply rounded, lobed leaves are 
smooth and light green, transitioning to yellow, orange, and fiery 
red in the fall. Yellow male and red female flowers occur on the 


same tree; as with all oaks, they are pollinated by the wind. White 
oak wood is heavy, strong and water-resistant, with some of the 
highest commercial value of any tree species in the eastern and 
midwestern United States.


White oaks often grow alongside many other species. While white 
oaks tolerate shade better than most other oak species, they 
cannot tolerate deep shade; but neither are they the fastest-
growing in full sunlight, instead competing best in moderate 
shade. In the North, white oaks often grow alongside white pine, 
sugar maple, and hemlock trees, while loblolly and shortleaf pine 
trees typically share white oak forests in the South.


But white and upland oaks are not simply important because 
they are attractive trees, or even because there are a lot of them 
across a wide area of the eastern United States. Oaks are a 
foundational species, with significant impacts on their ecosystem. 
Because of their high canopy and crown architecture, upland oaks 
allow a relatively high amount of light to reach the forest floor. 
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Historically, these forests tend to have open midstories and dense 
groundcover. This supports extensive plant and animal biodiversity, 
especially relative to forests dominated by other regional tree 
species, such as maple and beech, that darken forest floors and 
reduce species diversity.


Upland oaks also produce acorns — an important food resource 
for wildlife, especially with the widespread loss of American 
chestnut trees in the first half of the 20th century. While all 
oaks produce acorns, white oak has some of the most nutritious 
acorns, which are a preferred food for many wildlife species, 
including white-tailed deer and wild turkey. White and upland 
oaks also provide or support important habitat for a diverse range 
of insects and game and non-game birds and mammals. For 
example, large crowns of mature white oaks are preferred by 
cerulean warblers, while large hollow oaks are often used as black 
bear dens. Even forest-dwelling bats, including some species 
such as the Indiana bat that are threatened and endangered, are 
known to roost beneath white oak bark.


A	CONSEQUENTIAL	SHIFT
Because oaks, including white oak, are currently so abundant and 
widespread in some age classes, it is difficult to comprehend a 
problem with their sustainability. Comprehension of the problem 
is also difficult because changes in forests are relatively slow by 
human standards; it can be difficult for us to recognize long-term 
changes in our upland oak forests. However, the changes are real, 
and action must be taken now to avoid a significant reduction in 
oaks and white oak in many forests in the eastern United States. 
Currently there are enough oak trees, including white oak, to meet 
industrial demands and to support wildlife, but most of these trees 
are mature. About 75% of all white oak acres across the eastern 
United States can be classified as mature from an economic and/
or reproductive perspective while the populations of young white 
oak trees are limited, signaling a long-term issue with sustainability. 
While there are some regions, such as parts of Missouri and 
Arkansas, where oaks are relatively successful in producing young 
trees to replace the maturing overstory, there are extensive regions 
where this is not the case. In simple terms, this means that as 
mature white and upland oaks age and die or are harvested, their 
places are being taken by other species. As a result, without 
intervention, there will be a marked decline in the amount of oak  
in our eastern forests beginning in the middle part of this century. 


FOCUS	ON	WHITE	OAK	CHALLENGES
The problems facing upland oaks are common to all oak species. 
White oak has the broadest distribution of all upland oaks, its 
range encompassing much of the eastern United States. These 
trees, which rely on fire to reproduce, generally take 60-80 years, 
under the best conditions, to reach the minimum size needed for 







WWW.WHITEOAKINITIATIVE.ORG 	     11


use in a broad mix of products and up to 120 years to reach full 
economic maturity. These facts, along with white oak’s economic 
and ecological significance, have helped to drive development of a 
white oak conservation plan that covers much of the same ground 
— both figuratively and literally — as all upland oaks.


White oak and upland oak forests face a variety of challenges 
that must be addressed to stave off the long-term loss of oak 
dominance in many regions of the eastern United States, including:


n	 Changes in land use and protection of our forests 
that have led to a reduction in prescribed and natural 
wildfires. Other major disturbances, including excess deer 
browse in some areas, have also caused environmental 
declines and have allowed competing species to gain a 
larger foothold in our oak forests.


n	 A lack of active forest management to help counter 
the changes in land use and remove competing species 
and low-quality “stands” (contiguous communities of trees 
that are sufficiently uniform in characteristics or location 
to distinguish them from adjacent communities) that are 
blocking the growth of quality trees and the regeneration 
of new oak trees.


n	 Decreased demand for products made from 


other tree species, leading to selective harvesting of 
high-value species such as oak and allowing other tree 
species to dominate the ecosystem.


n	 Widespread invasive insects such as cottony 


cushion scales, invasive plant species such as 


English ivy, and diseases such as oak wilt.


n	 Changing climate conditions that are predicted to 
change forest composition and influence many factors 
impacting oak species and oak forests.


To address these challenges, the White Oak Initiative has enlisted 
universities, state and federal agencies, private landowners, 
conservation organizations, trade associations, and forest 
industries including wine/spirits, flooring, cooperage, and timber. 
The group is committed to the long-term sustainability of white 
oak forests — and their economic, social, and environmental 
benefits — for centuries, not just decades. Creating a sustainable 
plan for white oak can help to preserve existing industries and the 
jobs associated with them, as well as the ecosystems for which 
oaks are a keystone species.


To restore white oak, we need to think, plan, and act decades 
ahead to prevent a crisis situation. Action is critical in light of 
changes already occurring in our white oak forests and to address 
climate change and forest health issues anticipated to further 


degrade white oak. The key to addressing these challenges is 
growing healthy, resilient, and robust white oak forests that are 
capable of fending off insects, diseases, and competition from 
natural and exotic species, and of adapting to an ever-changing 
environment. To give our oak forests the best chance for a healthy 
future, we can begin to actively remove competing tree species, 
improve oak regeneration, treat invasive insects and disease, and 
create conditions that are conducive to growing oaks.


PUBLIC	AND	PRIVATE	FORESTS
Upland oak forests extend across public and private lands, 
although most upland oak forest acreage can be found on 
relatively small private forest properties, as the vast majority 
of eastern U.S. forestland is privately owned, according to the 
USDA Forest Service’s Forest Inventory and Analysis National 
Program. To achieve its goal of conserving our nation’s oak forest 
resources, the White Oak Initiative seeks to coordinate efforts 
across public and private lands and to assist private landowners 
via the following supporting goals:


n		Providing technical assistance to implement forest 
management plans.


n		Connecting landowners with skilled loggers and 
knowledgeable foresters.


n		 Identifying markets for smaller trees and other 
species, defraying the cost of oak management.


n		Developing implementation strategies that are 
customized for different geographies, sectors, or 
audiences.


While efforts to conserve and restore oak forests are underway, 
the future of oak forests is uncertain and much more can be 
done. This is why, starting in 2018, the White Oak Initiative began 
working with key partners to prepare a framework for white oak 
conservation work. With the support of USDA Forest Service 
Landscape Scale Restoration program grants and key public 
and private partners, the White Oak Initiative has developed this 
range-wide Assessment & Conservation Plan. 


In general terms, the Assessment & Conservation Plan describes 
long-term recommendations to improve upland oak forest 
sustainability and to guide actions to support our upland and 
white oak forests. More specifically, the Plan is intended to help 
White Oak Initiative members, partners, and other stakeholders to 
answer the questions:


n		What do we need to do?


n		Where do we need to focus?


n		How are we going to get things done? 
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Upland oak forests have been among the most  


important forests of the eastern United States  


for much of recorded history. However, they are  


currently threatened by landscape-scale shifts in  


land management and ecology.


TECHNICAL	INTRODUCTION:	 	
ADDRESSING	LANDSCAPE-	
SCALE	SHIFTS


ASSESSMENT


Oak trees in the eastern United States increased in importance 
and occurrence due to a historical legacy of disturbance, the 
most prevalent being frequent fire throughout the region, 
including prescribed burns by indigenous people. After European 
settlement, fires became even more widespread a result of land-
clearing, industrial activity such as railroads and iron production, 
and other activities that resulted in uncontrolled fires across the 
landscape. Uncontrolled wildfires were far different in intensity 
and occurrence from the controlled burns used for conservation 
practices today. Regardless, fire preferentially killed several tree 
species that competed with oak and reduced competition during 
the seedling-sapling stage of oak regeneration development. 
This maintained canopy openness that allowed enough filtered 
sunlight for oak to establish and become competitive. In addition, 


the American chestnut blight created space for oaks. In recent 
decades, declining oak regeneration — in harvested and non-
harvested oak forests alike — has been attributed to widespread 
fire suppression and other factors that have facilitated the invasion 
of oak forests by competing plant species.


Throughout the eastern United States, upland oak forests are 
transitioning to forests that are increasingly dominated by shade-
tolerant, fire-intolerant species such as maple and beech. These 
and other tree and plant species generate understory conditions 
that increase shade, increase the likelihood of high-severity fire, 
and limit oak regeneration. Other present and possible future 
threats include excessive deer browsing, invasive pests, invasive 
plants, pathogens, and stressors related to climate change.
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The age class distribution of white oak across Illinois, Indiana, Kentucky, Missouri, Ohio, and Tennessee 
shows the number of acres of white oak-dominated forests in different age classes. The curve shape 
indicates a lack of younger age classes needed for replacement over time. 


Source: EVALIDator, version 1.7.2.00
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Source: USDA Forest Service  
Southern Research Station, Forest Inventory & Analysis Program. Christopher M. Oswalt, March 2015.


WHITE	OAK-DOMINATED	FORESTS	ARE	FOUND	
ACROSS	THE	EASTERN	UNITED	STATES	


Current estimates suggest that the upland oak resource is 
seriously threatened, as a decreasing percentage of oak 
seedlings and saplings presents a significant regeneration 
challenge.


While abundant white oak timber volume is present across 
the region, these changes in regeneration and accelerated 
harvesting of high-quality white oak are observable in forest 
inventory data. In the coming decades or potentially sooner, 
this regeneration issue may become more apparent with the 
decreasing availability of white oak timber resources.


This is a concern for several economic and ecological 
reasons. For example, oak forests and white oak in particular 
contain some of the most valuable hardwood resources 
in the eastern United States. Forest sector economic 
reports from Central hardwood region states, where white 
oak predominates, clearly indicate the importance of oak 
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resources, which generate billions of dollars annually to individual 
states. One example is Kentucky, where white oak has an 
estimated $2 billion annual impact on the wood products sector 
and a $6 billion annual impact on the distilling industry. While 
the distilling industry is particularly strong in Kentucky, the wood 
products industry’s economic importance in other states in the 
region is similar and contributions from white oak are similar in 
magnitude. Regional oaks supply a timber industry that supports 
furniture, flooring, cabinetry, barrels, and other wood products.


Oak forests also provide a critical food source for a variety of 
wildlife species and serve keystone roles in maintaining diverse 
forest ecosystems. White oak hosts more than 100 moth and 
butterfly species that are essential for pollination and are food 
sources for breeding birds. They supply food and shelter for a 
large number of important non-game and game species such as 
squirrels, foxes, white-tailed deer, ruffed grouse, and wild turkey. 
They also provide habitat for species of concern such as the 
cerulean warbler and federally threatened and endangered forest 
dwelling bats, such as the Indiana and northern long-eared bat.


While efforts to conserve and restore oak forests are underway, 
the future of oak forests is uncertain and much more can be 
done. Upland oak conservation efforts have major implications 
for the eastern United States’ ecology and economy, and thus 
should represent a major conservation and management priority.


Dense understory and midstory shading, often by maple(s) 
and beech trees, tends to suppress white oak seedling 
growth, as shown by this 14-year-old low-vigor seedling. 
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       If you think of white oak as the center of a 
wheel, the spokes that come out of that center are 
numerous and varied. For example, if you look 
at the industries that white oak touches, the sheer 
number of jobs it creates is countless.


  — ELIZABETH WISE, SAZERAC
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In the mature stands that were surveyed, seedling 


abundance was variable and saplings were scarce.


SPATIAL	ASSESSMENT


INTRODUCTION:	PRIORITIZING	
CONSERVATION	EFFORTS
To help evaluate upland and white oak conditions and set local 
priorities to restore conservation priorities, the White Oak Initiative 
commissioned a regional spatial analysis project. Conducted by 
scientists at the University of Missouri and engineering, design, 
and technology experts at Timmons Group, the analysis provided 
regional overviews from ecological, economic, social, and wildlife 
perspectives. The project boundary for the White Oak Initiative 
Spatial Assessment was based on USDA Forest Service Forest 
Inventory and Analysis (FIA) data, USDA Forest Service Region 8 
and 9 states (Alabama, Arkansas, Illinois, Indiana, Iowa, Kentucky, 
Maryland, Michigan, Minnesota, Missouri, Pennsylvania, North 
Carolina, Ohio, Tennessee, Virginia, West Virginia, Wisconsin) 
engaged with the White Oak Initiative Landscape Scale 
Restoration project, as well as additional southern states to 
ensure contiguous coverage. Datasets, parameters, and analysis 
limitations are described in the full University of Missouri White 
Oak Regeneration Spatial Analysis Final Report, found at  
www.whiteoakinitiative.org/reports, and the full Timmons Group 
report, Using GIS To Determine Where to Invest in White Oak 
Growth, found at www.whiteoakinitiative.org/reports.


This work was conducted in three separate phases:


1.  Ecological assessment


2. Economic, social, and wildlife assessments


3.  Spatial assessment that converted phases 1 and 2 into 
a mapped format


Following are details for each phase.


PHASE	1	—	ECOLOGICAL	ASSESSMENT
To evaluate forest conditions and evaluate the ecological 
challenges to white oak sustainability, University of Missouri 
researchers analyzed FIA data from 59 forested areas in 33 
states, spanning nearly the entire U.S. white oak range. The 
FIA national inventory is a grid of sample locations, each usually 
representing about 6,000 acres. The data represented forest 
conditions circa 2017, which was the most recent data year 
available across the entire region.1 Results were generally divided 
into two categories — one for upland oak in general (including 
white oak) and the other for only white oak. Detailed findings are 
described in the White Oak Regeneration Spatial Analysis Final 
Report. Following are report highlights.


n	 White oak is widespread, with a range of more than 
104 million forestland acres. It reaches its highest 
concentrations (in percent of acres present) in the 
Northern Cumberland Plateau, the Boston Mountains 
of Arkansas and Oklahoma, the Ozark Highlands in and 
near Missouri, and the Central Appalachian Piedmont.


n	 White oak forestland is largely mature. About 75% 
of all surveyed white oak acres can be classified as at 
least mature (approximately 75 years or older) from an 
economic and/or reproductive perspective and as is 
defined in the White Oak Regeneration Spatial Analysis 
Final Report. 


1 Population and other attribute estimates were derived using the rFIA package for R software, while all geospatial manipulations were conducted using the raster and sf packages in R software.
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n	 In mature stands2, white oaks become 


increasingly prevalent as large trees, while seedling 
abundance is variable and saplings are scarce. In many 
places, the next generation of white oak in mature 
stands is not clearly established. An estimated 60% 
of surveyed mature white oak acres have no white oak 
seedlings present and about 87% have no white oak 
saplings present.


n	 No section is immune to regeneration concerns.  
For example, the Ozark Highlands has the second-
highest proportion of mature white oak acres with 
seedlings (63%) but saplings are overwhelmingly absent 
(missing from 81% of acres). The presence of seedlings 
indicates that acorns are successfully germinating and 
that oaks are becoming established. However, seedlings 
are failing to grow into saplings, indicating a problem 
with recruitment of small oak regeneration into larger 
size classes needed to successfully regenerate oaks, 
including white oak. 


n	 Limited canopy recruitment of saplings is a 


concern across the range. White oak saplings were 
absent from 72% of mature white oak acres in all 
ecological sections.


n	 A lack of white oak reestablishment was 


particularly noticeable in locations that had a 


least one million mature acres with white oak trees 
present but white oak seedlings absent on 75% or 
more of those acres. These areas included the Driftless 
and Escarpment area of Wisconsin, Minnesota, and 
northeastern Iowa, the Gulf Coastal plains and flatwoods, 
and the Central Appalachians.


n	 Establishment concerns were relatively lower  
(up to 50% seedling-less acres) in certain areas: 
the Ozark Highlands, the Shawnee Hills in southern 
Illinois, the Central Appalachian Piedmont, the Ouachita 
Mountains of western Arkansas and southeastern 
Oklahoma, and Michigan’s Northern Lower Peninsula.


n	 While white oak “sprouting” (new stems growing 


from dormant buds on the stump or base of a 


tree after the trunk was harvested, damaged, 


or otherwise in poor health) can make up some 


deficit in seedlings and sapling populations in 


a regeneration event, not all stems will sprout.  
Moreover, saplings and small trees are more reliable 
sprouters than large-diameter trees. Therefore, sole 
reliance on stump sprouting for regeneration will result in 
a net loss of white oak in the next generation.


n	 Locale, physiography, forest type, and disturbance 


history appear to be among the more important 
variables that contribute to inconsistency in seedling 
abundance.


n	 Seedling and sapling presence and abundance 


are often spatially variable, even within an ecological 
section. This suggests that localized, stand-level drivers 
and adaptive silviculture (the practice of controlling the 
growth, composition/structure, health, and quality of 
forests to meet diverse values and needs, including 
timber production) will be highly important to stand 
development and regeneration outcomes.


PHASE	2	—	ECONOMIC,	SOCIAL,	AND	
WILDLIFE	ASSESSMENTS
For phase two, the Timmons Group worked with the American 
Forest Foundation to cross-reference phase 1 data against social 
and economic factors such as land-ownership data, along with 
industrial and biological factors. This allowed the Timmons Group 


2 Mature stage plots have at least 67% of their basal area in mature and large diameter classes, with more basal area in the mature class or at least 67% of their basal area in mature and pole 
diameter classes (diameter at breast height: 4-9 in.) but more basal area in the mature class.


Healthy, well-developed white oak seedlings grow after 
a midstory removal management practice. 
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to identify locations across the 20-state study area where efforts 
to restore oak sustainability would be most likely to succeed. For 
other areas in the study, the results can be useful in identifying 
potential areas of improvement that can help efforts to succeed.


One hundred and forty-six different geographical areas 
called “EcoStates,” incorporating state boundaries as well as 
“ecosections” (an area that was fairly similar in topography, 
geology, climate, and forest composition), were scored from 0 
to 50 for white oak and/or upland oak, in terms of the six data 
themes listed below. As different themes are considered to have 
different levels of importance, they were weighted differently 
as part of the evaluation process. Based on parameters and 
factors chosen for phase 2 of the analysis, higher ratings indicate 
superior suitability for potential efforts. 


Detailed explanations of phase 2 methodology, limitations, and 
findings are described in the Timmons Group report, Using GIS to 
Determine Where to Invest in White Oak Growth, which can be 
found at www.whiteoakinitiative.org/reports. 


Phase 2 ecosections typically span state lines, such as 
Kentucky, Tennessee, and Alabama. These ecosections 
were also split into units to show state-specific 
ecosystem portions, or “EcoStates.” The image above 
shows an ecosection (223E) on the left, in blue. This 
ecosection spans across Kentucky, Tennessee, and 
Alabama. The right shows the same ecosection cut  
along state lines, showing the resulting EcoState units 
(KY223E - green, TN223E - blue, and AL223E - purple). 
See a map of all ecosections in the full spatial report at  
www.whiteoakinitiative.org/reports.
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CLIMATE	CHANGE	DATA
One challenge encountered when 


determining what data to use for the 


spatial analysis was addressing how a 


changing climate will affect white oak 


regeneration. Under guidance from 


Dr. Jacob Muller, assistant professor 


at the University of Kentucky’s 


Hardwood Silviculture and Forest 


Operations Extension, the intention 


was to investigate potential challenges 


associated with species range shifts 


and interspecific competition that could 


occur with climate change projections 


across the white oak range, using USDA 


Forest Service Tree Atlas data along 


with The Nature Conservancy’s Resilient 


and Connected Landscapes modeling 


tool. The complex and intricate nature 


of these tools required resources 


beyond the team’s capacity, which led 


to a decision not to incorporate climate 


change data into the spatial analysis. 


The White Oak Initiative recognizes the 


importance of incorporating climate 


change modeling in future analyses  


and recommends further research on 


this topic in the near future. 
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DATA	THEMES
n	 Probability of regeneration success. This data 


theme, which was based on ecological conditions and 
derived from phase 1 analysis, included analysis of 
stand maturity, seedling frequency, and site productivity 
(weighting: 60%).


n	 Enabling conditions of management. This theme 
refers to capacity for managing forests and processing 
timber as represented by the number of foresters and 
jobs across various relevant industries and the presence 
of timber mills (weighting: 12%).


n	 Forest product demand. Timber Product Output  
data were used to quantify recent extraction/ 
demand for white oak in the 20 study states  
(weighting: 8%).


n	 Conservation impact. This theme is based on whether 
a particular area has critical habitat for one or more 
threatened or endangered species (weighting: 6%).


n	 Landowner efficacy. This theme was based on the 
White Oak Initiative’s state-specific survey to gauge 
landowner sentiment and experience regarding  
their management history, methods and plans  
(weighting: 6%).


n	 Barriers to success. This theme was based on  
pests, pathogens, and deer density, as these factors 
can be a significant pressure on vegetation growth 
(weighting: 6%).


Based on phase 1 and 2 analysis, the 146 EcoStates received 
the following ratings in terms of suitability for efforts to restore oak 
sustainability. Although all 146 EcoStates can be considered to 
have potential for success, a higher score indicates more suitability 
for work to restore sustainability. Specific EcoState scores ranged 
from approximately 40 (high suitability) to approximately 20 (lower 
suitability), with an average score of 31.91. 


It is important to recognize that the model used in this analysis 
was configured to support the landscape scale of the analysis and 
to use data that were readily available across all landscapes. The 
model used scores and composite scores; in many instances, the 
reality might not be as simple as the output the model portrays. 
There is opportunity for further exploration of the data beyond the 
broad landscape level that was assessed in this analysis. Additional 
information on ratings, data used, and scoring can be found in full 
Timmons Group report, Using GIS to Determine Where to Invest in 
White Oak Growth, at  www.whiteoakinitiative.org/reports. 


A	17-STATE	INITIATIVE
The White Oak Initiative includes 
participation from two USDA Forest 
Service regions (Regions 8 and 9) and 
forestry agencies in the following states:


n  Alabama


n  Arkansas


n  Illinois


n  Indiana


n  Iowa


n  Kentucky


n  Maryland


n  Michigan


n  Minnesota


n  Missouri


n  Pennsylvania


n  North Carolina


n  Ohio


n  Tennessee


n  Virginia


n  West Virginia


n  Wisconsin
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WHITE/UPLAND	OAK	SUITABILITY	FOR	RESTORING	
SUSTAINABILITY	BY	STATE	AND	ECOSTATE	
(A higher score indicates greater suitability for work to restore sustainability)


STATE/ECOSTATE	NAME FINAL	
SCORE


ALABAMA


Southern Ridge and Valley 40.4


Southern Cumberland Plateau 38.8


Southern Appalachian Piedmont 38.5


Coastal Plains-Middle 37.3


Interior Low Plateau-Highland Rim 36.2


Gulf Coastal Plains and Flatwoods 34.3


Gulf Coastal Lowlands 29.6


ARKANSAS


Ouachita Mountains 40.6


Arkansas Valley 37.4


White and Black River Alluvial Plains 36.2


Mid Coastal Plains-Western 33.8


Ozark Highlands 33.7


Boston Mountains 33.6


Arkansas Alluvial Plains 29.2


Southern Mississippi Alluvial Plain 20.9


GEORGIA


Southern Ridge and Valley 42.1


Southern Cumberland Plateau 40.1


Southern Appalachian Piedmont 39.4


Blue Ridge Mountains 36.7


Southern Atlantic Coastal Plains and Flatwoods 33.7


Coastal Plains-Middle 33.2


Gulf Coastal Plains and Flatwoods 32.0


Atlantic Coastal Flatwoods 29.9
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ILLINOIS


Central Dissected Till Plains 32.7


Interior Low Plateau-Shawnee Hills 32.1


Ozark Highlands 31.1


Central Till Plains and Grand Prairies 31.0


Southwestern Great Lakes Morainal 29.3


Coastal Plains-Loess 29.0


Central Till Plains-Oak Hickory 28.4


White and Black River Alluvial Plains 26.8


North Central U.S. Driftless and Escarpment 26.3


Central Till Plains-Beech-Maple 24.5


South Central Great Lakes 23.6


INDIANA


Interior Low Plateau-Shawnee Hills 30.8


South Central Great Lakes 30.5


Southwestern Great Lakes Morainal 29.7


Central Till Plains and Grand Prairies 27.0


Interior Low Plateau-Bluegrass 26.8


Interior Low Plateau-Transition Hills 26.8


Central Till Plains-Beech-Maple 24.4


Central Till Plains-Oak Hickory 24.2


Lake Whittlesey Glaciolacustrine Plain 24.1


IOWA


Central Dissected Till Plains 35.7


North Central U.S. Driftless and Escarpment 28.3


Minnesota and Northeast Iowa Morainal-Oak Savannah 23.9
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KENTUCKY


Interior Low Plateau-Shawnee Hills 40.8


Northern Cumberland Plateau 40.7


Interior Low Plateau-Highland Rim 38.9


Coastal Plains-Loess 36.6


Southern Unglaciated Allegheny Plateau 36.4


Northern Cumberland Mountains 35.0


Interior Low Plateau-Transition Hills 34.9


Interior Low Plateau-Bluegrass 34.8


White and Black River Alluvial Plains 34.0


MARYLAND


Middle Atlantic Coastal Plains and Flatwoods 32.3


Northern Appalachian Piedmont 28.9


Northern Ridge and Valley 28.8


Northern Atlantic Coastal Plain 28.5


Blue Ridge Mountains 26.6


Allegheny Mountains 26.6


MICHIGAN


Northern Lower Peninsula 39.8


South Central Great Lakes 34.2


Northern Green Bay Lobe 31.2


Northern Highlands 31.0


Lake Whittlesey Glaciolacustrine Plain 26.8


MINNESOTA


Western Superior Uplands 29.9


North Central Wisconsin Uplands 26.8


North Central U.S. Driftless and Escarpment 26.4


Minnesota and Northeast Iowa Morainal-Oak Savannah 26.0


MISSISSIPPI


Gulf Coastal Plains and Flatwoods 29.8


Coastal Plains-Middle 29.6


Gulf Coastal Lowlands 29.3


Coastal Plains-Loess 28.8


White and Black River Alluvial Plains 26.4


Southern Mississippi Alluvial Plain 20.2


MISSOURI


Ozark Highlands 42.5


Osage Plains 33.1


Central Dissected Till Plains 33.1


White and Black River Alluvial Plains 27.7


NORTH	CAROLINA


Central Appalachian Piedmont 40.0


Blue Ridge Mountains 38.7


Southern Appalachian Piedmont 36.4


Southern Atlantic Coastal Plains and Flatwoods 34.5


Middle Atlantic Coastal Plains and Flatwoods 31.9


Northern Atlantic Coastal Flatwoods 30.7


Atlantic Coastal Flatwoods 30.1


OHIO


Southern Unglaciated Allegheny Plateau 39.0


Interior Low Plateau-Bluegrass 35.9


South Central Great Lakes 33.0


Central Till Plains-Beech-Maple 29.6


Western Glaciated Allegheny Plateau 28.1


Lake Whittlesey Glaciolacustrine Plain 26.9


Erie and Ontario Lake Plain 26.8


20	 																			
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PENNSYLVANIA


Southern Unglaciated Allegheny Plateau 33.9


Northern Appalachian Piedmont 33.7


Northern Ridge and Valley 33.6


Blue Ridge Mountains 31.1


Northern Unglaciated Allegheny Plateau 30.7


Erie and Ontario Lake Plain 29.7


Allegheny Mountains 29.4


Northern Atlantic Coastal Plain 29.4


Lower New England 29.0


Western Glaciated Allegheny Plateau 28.4


Catskill Mountains 26.0


Northern Glaciated Allegheny Plateau 25.9


Hudson Valley 25.1


SOUTH	CAROLINA


Central Appalachian Piedmont 34.8


Southern Appalachian Piedmont 33.7


Southern Atlantic Coastal Plains and Flatwoods 31.4


Blue Ridge Mountains 29.1


Atlantic Coastal Flatwoods 27.2


TENNESSEE


Northern Cumberland Plateau 38.8


Coastal Plains-Middle 38.1


Coastal Plains-Loess 37.7


Interior Low Plateau-Highland Rim 37.6


Southern Ridge and Valley 37.6


Blue Ridge Mountains 36.7


Central Ridge and Valley 36.1


Southern Cumberland Plateau 34.3


Northern Ridge and Valley 33.9


Northern Cumberland Mountains 31.7


White and Black River Alluvial Plains 30.7


VIRGINIA


Central Appalachian Piedmont 38.2


Northern Ridge and Valley 36.3


Blue Ridge Mountains 36.2


Central Ridge and Valley 34.6


Northern Cumberland Mountains 34.2


Middle Atlantic Coastal Plains and Flatwoods 31.8


Northern Appalachian Piedmont 31.3


Allegheny Mountains 30.4


Northern Atlantic Coastal Plain 30.4


Northern Atlantic Coastal Flatwoods 25.5


WEST	VIRGINIA


Northern Cumberland Mountains 33.0


Southern Unglaciated Allegheny Plateau 32.5


Allegheny Mountains 31.6


Northern Ridge and Valley 28.3


Blue Ridge Mountains 28.2


WISCONSIN


Wisconsin Central Sands 36.2


Southwestern Great Lakes Morainal 33.8


Northern Highlands 31.6


Northern Green Bay Lobe 30.8


North Central U.S. Driftless and Escarpment 30.7


Western Superior Uplands 30.6


North Central Wisconsin Uplands 30.1


Minnesota and Northeast Iowa Morainal-Oak Savannah 24.9


WHITE/UPLAND	OAK	SUITABILITY	FOR	RESTORING	SUSTAINABILITY	BY	STATE	AND	ECOSTATE	
(continued)
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Based on phase 1 data and phase 2 analysis, the 
“probability of success” data theme was the most 
important factor in evaluating overall suitability for white 
and upland oak regeneration efforts because it considered 
key ecological conditions related to white and upland 
oak including key forestry/silvicultural  factors, like site 
productivity. Other data theme maps can be found in the full 
Phase 2 spatial report at www.whiteoakinitiative.org/reports.


Based on a combination of six rated factors, the darker regions on the 
map show the areas with the highest-rated potential for successfully 
restoring oak  sustainability, while the lighter regions show lower-
rated potential. However, it is important to note that all regions on  
the map have opportunities to successfully restore oak sustainability 
based on the available resources and priorities in that area.


DATA	THEME	EXAMPLE:		
PROBABILITY	OF	SUCCESS


PHASE	3	—	VISUAL	REPRESENTATION
Phase 3 of the spatial analysis involved showing phase 1 and 2 data 
in a series of maps covering the 20 states that were included in the 
study. These maps can be found in the full Timmons Group report, 
Using GIS to Determine Where to Invest in White Oak Growth, 
found at www.whiteoakinitiative.org/reports. The analysis also 
resulted in the Overall Final Score map, which indicates EcoState 
scores across the entire region. The darker regions on the map 
show the areas with the highest-rated potential for successfully 
restoring sustainability, while the lighter regions show lower-rated 
potential. However, it is important to note that all regions on the 
map have opportunities for locally customized oak conservation. 
Across all EcoStates, a closer look at the data can provide foresters 
and land managers with important details about how to improve the 
chances of success of restoring sustainability in a given area.


PHASE	3	OVERALL	FINAL	SCORES







WWW.WHITEOAKINITIATIVE.ORG 	     23


PHASE	3	OVERALL	FINAL	SCORES


WHITE	OAK	MANAGEMENT:	CHALLENGES	AND	RESOURCES


CONSULTANTS	—	CHRIS	WILL
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White oak is an important species for many landowners, but its 
management involves a few challenges. In the words of Chris 
Will, president of forestry consulting firm Central Kentucky Forest 
Management, “The number one challenge is that it takes at least 
a 75- to 80-year-old tree to make many white oak products, 
whether they’re flooring or whiskey barrels. If you lay out a 
management plan for growing oak, it has to be multigenerational: 
the land ethic and the philosophy about growing timber have to be 
passed down and the next generation has to buy into it.”


A second challenge is that white oak management is complicated, 
requiring attention and professional forestry assistance. 
“This expertise doesn’t come for free,” Will says, adding that 
landowners have ongoing costs such as gravel, taxes, and more. 
However, Will points out, “Taking a hands-off or an extractive 
approach is a recipe for disaster both financially and ecologically, 
in terms of sustainability.” Will explains that if a landowner wants 
to plan for future oak harvests, there are many factors to consider. 
“Not only do you have pretty restrictive requirements in terms 
of sunlight needs, but there are a host of non-native invasive 


species and other forest health issues,” he says. In most cases, 
oak regeneration will not succeed until the right conditions are 
achieved. “There’s a lot of focus on white oak in the White 
Oak Initiative,” Will observes, “but it’s really a healthy forest 
management initiative.”


Thankfully, landowners have several resources available to 
help with managing for white oak. “The first step is to collect 
information on your land,” Will says, adding, “This opens the door 
to funding opportunities and helps determine the best way to 
maintain your goals for the land.” Will suggests that landowners 
contact Natural Resource Conservation Service (NRCS) regional 
offices for guidance, as well as university extensions and state and 
federal agencies for help in developing forest management plans. 
He also recommends a visit to the Association of Consulting 
Foresters website (www.acf-foresters.org) to find a local forestry 
consultant. Will explains, “A qualified consulting forester has a 
key role in the white oak harvesting process. You really need a 
technician who can apply local forestry knowledge to a property, 
highlight funding opportunities, and help the project to succeed.”
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KENTUCKY	—	NORTHERN	
CUMBERLAND	PLATEAU	
The Northern Cumberland Plateau contains some of the largest 
stretches of contiguous forest in the eastern United States and 
is one of several areas in Kentucky that were historically and 
ecologically dominated by white oak forests. This area has deep 
cultural significance as well: known as the country’s first major 
gateway to westward expansion, Cumberland Gap allowed 
colonial settlers to reach central and western Kentucky and 
Tennessee, including what is now the Cumberland Gap National 
Park, located in parts of Harlan and Bell counties. For this area 


SPATIAL	ANALYSIS	CASE	STUDIES
To get a closer look at how the factors play out in various EcoStates, we contacted forestry 


representatives in Kentucky, Michigan, Missouri, Pennsylvania, Tennessee and Virginia. Our 


goals were to augment the quantitative data with qualitative information to describe white 


and upland oak importance and oak restoration opportunities in middle- and high-ranking 


EcoStates, as well as local perceived strengths and weaknesses related to current and  


future efforts to restore sustainability.


Northern Cumberland Plateau in Kentucky by Chris Barton, 
University of Kentucky.


and across Kentucky, the White Oak Initiative was highlighted in 
the Kentucky’s 2020 Forest Action Plan.


Today, Kentucky’s white oak forests provide acorns and a forested 
ecosystem that is critical to many wildlife species, including many 
threatened and endangered species. These forests also support 
recreational activities such as biking, hiking, and hunting. White 
oak logs are an important commercial species used by many 
primary and secondary wood industries; an example is Somerset 
Hardwood Flooring, a privately owned, environmentally conscious 
company that uses Appalachian hardwood to make high-quality 
flooring. Kentucky white oak lumber and forest products generate 
about $61 million in annual revenue, while Kentucky barrel stave 
production generates $134 million in annual revenue. Kentucky 
bourbon, which is heavily reliant on white oak for production, 
generates about $8.6 billion in revenue every year.


According to the White Oak Initiative spatial analysis, Kentucky’s 
Northern Cumberland Plateau scored well due to ecological 
and forestry conditions that can support white oak regeneration 
management. It also has significant white oak supply and a 
significant amount of White Oak Initiative partner priority lands and 
critical habitat. On the other hand, there is room for improvement 
in terms of invasive removal, pathogen prevention, and landowner 
understanding and participation. In terms of stakeholder support, 
a recent survey of three Kentucky-based white oak stakeholder 
groups indicated that the most-supported long-term white oak 


RESTORING SUSTAINABILITY FOR WHITE OAK AND UPLAND 
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policy and management decisions are: 1) encouraging and 
incentivizing sustainable forest management and 2) addressing 
poor harvesting practices.


To address these issues and others, the Kentucky Division of 
Forestry is working with landowners to write forest stewardship 
plans that focus on growing high-quality white oak and making 
silvicultural recommendations to improve long-term sustainability 
for the species. The Division has developed demonstration sites 
and is administering a multistate southern region landscape-scale 
restoration grant, received though the USDA Forest Service, for 
upland hardwoods with an emphasis on white oak. In addition, 
the Daniel Boone National Forest has been identified as a 
primary resource area for sustainable white oak populations. 
The state’s other partners in white oak restoration include the 
White Oak Initiative, the USDA Natural Resources Conservation 
Service (NRCS), the USDA Farm Service Agency, the Kentucky 
Woodland Owners Association, and the Kentucky Forest 
Industries Association. The University of Kentucky’s Department 
of Forestry and Natural Resources is another key partner, with 
its research into seed genetics, its Center for Forest and Wood 
Certification, and leading woodland-management courses.


Yet while the Northern Cumberland Plateau and Kentucky in 
general are at the forefront of white oak restoration work, there is 
still room for improvement. Specifically, there is potential from the 
Kentucky Division of Forestry’s efforts to obtain federal funding 
for cost-share assistance or via collaboration with similar and 
neighboring high-potential upland oak restoration areas such as 
the Northern Cumberland Plateau EcoState in Tennessee. The 
Kentucky Division of Forestry could also benefit from additional 
funding, particularly to add personnel to reach and educate more 
landowners. “Eastern Kentucky has a lot of absentee landowners 
and it can be a challenge to reach them,” according to Pam 
Snyder, forest management chief for the Kentucky Division of 
Forestry. In addition, Snyder says, group ownership of properties 
can make it challenging to build consensus on how to manage 
those properties.


MICHIGAN	—	NORTHERN		
LOWER	PENINSULA	
Across Michigan, oak-hickory forests occupy about 12 percent of 
the state’s forested areas, making oak-hickory the third-largest 
forest type in the state. Michigan has a variety of oak-dominated 
forest types, including oak savannahs, oak barrens, and oak-pine 
and oak-hickory forests. Most of the state’s oak-hickory forests 
are located in the Lower Peninsula. Within oak-hickory forests, 
more than 60 percent of the volume is in oak or hickory species.


Ludington State Park in the Northern Lower Peninsula, 
Michigan from Shutterstock.


Oak trees and woods are culturally, economically, and 
environmentally important to Michigan. According to Jesse 
Bramer, a forester with the Michigan Department of Natural 
Resources, “In places like the Baldwin, Hastings, and Brighton 
areas and across the state, decreased oak-dominated habitats 
would lead to a decrease in overall biodiversity, including available 
food and habitat for charismatic species such as cerulean 
warblers, red headed woodpeckers, black bear, and turkey 
populations. This would definitely have an impact on hunting and 
outdoor recreation.”


Michigan’s oak forests are transitioning away from oak-dominated 
communities to shade-loving tree species such as red maple 
and black cherry due to competition and a lack of established 
oak seedlings and saplings in the understory. Other challenges 
include lack of prescribed or controlled fire on the landscape, 
oak wilt, older maturing stands lacking abilities to stump sprout, 
lack of forest management in general, and a lack of targeted oak 
regeneration forest practices where management does take place.


In terms of spatial analysis for the White Oak Initiative study, 
Michigan’s Northern Lower Peninsula EcoState scored highest 
for its strong ecological and forestry conditions, its significant 
white oak supply, and the presence of White Oak Initiative partner 
priority lands and critical habitat. However, this area could benefit 
from improved landowner understanding and participation, along 
with better invasive species removal, oak wilt pathogen prevention, 
and controlled fire.
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Bramer says Michigan has been proactive in improving 
sustainability of other tree species, but oak forests could use  
more attention. “To me,” he says, “it’s clear that oak is important, 
from ecotourism for nature viewing and hunting to the timber 
industry for floor trim, cabinetry, furniture, veneer, whiskey barrels, 
hobby wood crafts such as woodturning, and even boat-building 
and repair.”


Bramer explains that while Michigan places strong importance 
on forestry and forest habitat, many oak-specific issues are just 
now becoming more widely understood. “This is new ground for 
Michigan,” he says, adding, “People are becoming more aware 
of how important this resource is, but we need to make it a 
top-down and bottom-up priority to raise public awareness and 
support for oak forest management.”


MISSOURI	—		
OZARK	HIGHLANDS
As with many other heartland states, Missouri heavily relies on 
white and upland oak for wildlife habitat and cultural and economic 
value. But the Ozark Highlands area has a particular connection 
to this forest type. According to Rich Blatz, forestry field program 
supervisor for the Missouri Department of Conservation, “That 
area is where the majority of the Ozark forests that are held in 
public trust are located in Missouri. It’s the heart of the Ozarks, a 
timber breadbasket, and a recreation hub for outdoor activities.”


This area includes a significant amount of public land, including 
Mark Twain National Forest and various federal and state parks 
and large private landowners. The city of Eminence, which Blatz 
considers to be one of the communities that’s most associated 
with the state’s oak forests, is known for its hunting, fishing, and 
trail-riding in the Ozark National Scenic Riverways recreational 
area. Winona and Van Buren are among the many other towns in 
this area that have similar connections to oak-dominated forests. 
According to Blatz, “The folks that live there are really tied to the 
land. Whether they live in the towns or the woods, they love their 
outdoors … and they love to tell you about it, whether it’s riding, 
hunting, or fishing.”


There are also many small farms and timber and cattle businesses 
in this area. Across many regional parks and properties, oak-
dominated forests are changing due to insect pests, armillaria 
fungus, hypoxylon cankers (sores), drought, and competition from 
other species. There’s also an overabundance of black oak trees, 
which were among the first trees to sprout following widespread 


deforestation in the late 19th and early 20th centuries. According 
to Blatz, “We’re not doing enough disturbance across that 
landscape to fully sustain it. For the next 50 years we should be 
all right, but most of those forests are more than 80 years old 
and we’re just not seeing enough saplings. Unless we act, there’s 
going to be a decline that moves through the system.”


According to the White Oak Initiative spatial analysis, the Ozark 
Highlands EcoState has ideal or optimal ecological and forestry 
conditions to support white oak regeneration, as well as significant 
white oak supply and a significant amount of White Oak Initiative 
partner priority lands and critical habitat. Areas of improvement 
include invasive removal, pathogen prevention, and landowner 
understanding and participation.


Blatz says the state’s biggest challenge may be in overcoming 
local residents’ often wary attitudes toward working with 
government agencies. Blatz sees a solution, but he admits that 
it will take time, effort, and money. He explains, “Typically in the 
Ozarks — and this applies somewhat to the whole state — the 
owners want to improve wildlife habitat, especially for deer and 
turkey. When we go to their property and tell them that white 
oak is the preferred acorn species for deer and turkey, we can 
start moving that needle. And then there’s the economics: if you 
manage these woods properly, there’s potential for a good return. 
These trees could become barrel staves, not just pallets and 
railroad ties.”


Ozark National Scenic Riverways in Big Spring near  
Van Buren Missouri.
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In addition to the White Oak Initiative, the Missouri Department 
of Conservation works closely with the NRCS, the National Wild 
Turkey Federation, the Audubon Society, and other groups to 
overcome these barriers. Also, the Mark Twain National Forest 
has shortleaf pine-oak woodlands restoration projects in the 
Eleven Point and Poplar Bluff ranger districts that can be used 
as teaching areas. But even with all these resources, it can be an 
uphill battle to convince landowners of the need for change. And, 
due to competition from higher-paying agencies, the department 
also faces challenges in retaining experienced foresters and 
wildlife biologists. According to Blatz, “As an agency we have 
a very large outreach program; we have nature centers, local 
classes for landowner training, newsletters and more. We also 
have our Missouri Conservationist magazine which is free to any 
Missouri resident. But it’s hard to gain traction. We’re struggling 
to determine what else we can do.”


PENNSYLVANIA	—		
NORTHERN	UNGLACIATED		
ALLEGHENY	PLATEAU	
Upland oaks make up a significant portion of Pennsylvania’s 
sprawling north-central forests, with benefits that include wildlife 
food and habitat, recreation, and timber for flooring, cabinetry, 
furniture, and barrels. “Pennsylvania is known for its world-class 
lumber, and the Allegheny plateau is where our best timber 
comes from,” according to Benjamin Livelsberger, a wood 
utilization specialist at Pennsylvania’s Department of Conservation 
and Natural Resources. “It represents a significant portion of our 
forest product industry, which is a $37 billion industry annually,” 
he says.


These forests are also crucial to the identity of communities 
such as the borough of Emporium, which is nestled between 
Moshannon State Forest, Allegheny National Forest, and Elk 
State Forest. Nearby areas that rely heavily on oak-dominated 
forests include Elk, Forest, and Potter Counties. “A lot of their 
jobs come from the woods,” Livelsberger says. “If those jobs 
were to go away, many small communities would have some  
real challenges.” One notable forest industry company is  
Hickman Lumber. Founded in 1938 and based in the  
western Pennsylvania borough of Emlenton, this family-owned 
business specializes in high-end flooring, lumber, and timber 
management services.


But oak populations here and across Pennsylvania are declining. 
Challenges include excessive deer browsing and increased 
populations of striped, red, and sugar maple, American beech, 


blackgum, and black birch. These midstory trees can prevent oak 
seedlings and saplings from surviving and maturing.


Livelsberger explains that the state typically uses Silviculture 
of Allegheny Hardwoods (SILVAH) software to help determine 
restoration approaches. “A good 30% of those forests are upland 
oak,” he explains, “but regenerating white oak is becoming more 
difficult. The silviculture practices we’re using allow the white oak 
to regenerate seedlings, but those seedlings are not making it to 
the sapling or pole-wood stage.”


In response, organizations, universities, and agencies such as the 
NRCS, Penn State University, and the USDA Forest Service’s 
Northern Research Station have funded or conducted oak forest 
research for decades. This research, conducted in the Allegheny 
National Forest and elsewhere, has found that, in addition to 
using fire and herbicides to remove undesirable midstory trees, 
shelterwood harvests and deer reduction can help improve oak 
establishment rates. Similar findings by the University of Kentucky 
are highlighted in this report.


In terms of the White Oak Initiative spatial analysis, this region 
scored well for supply, forestry jobs, forester capacity, and 
mill capacity. Challenges include invasive removal, pathogen 
prevention, deer density, and landowner sentiment and 
experience. According to Livelsberger, “Landowner education 
is definitely important. As in many places, there tends to be an 
attitude that all timber harvesting is bad and that any green is 
good.” With better-funded public outreach and federal cost-
share programs, Pennsylvania may have increased success in 
implementing white and upland oak management guidance.


Allegheny National Forest by Chris Warner, U.S. Forest Service.
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TENNESSEE	—		
NORTHERN	CUMBERLAND	PLATEAU
Oak-hickory forests cover an estimated 70% — almost 10 million 
acres — of Tennessee’s forestlands. These forests support a 
variety of forestry and forest product industries that contribute 
more than $24 billion to Tennessee’s economy, employ about 
100,000 individuals, and generate labor income of about $6.2 
billion annually. “Forest products are a bigger business than our 
dairy and wheat industries combined,” says Nathan Hoover, forest 
health specialist for Tennessee’s Department of Agriculture. 
Local companies that are associated directly or indirectly with 
white oak include Brown-Forman, one of the country’s largest 
American-owned spirits and wine companies. In addition, much 
of white oak’s economic impact is felt in Tennessee’s rural and 
economically distressed counties.


However, oak-hickory forest resiliency is an increasingly thorny 
issue, often characterized by what Hoover describes as a failure 
of recruitment. As with other parts of the country, root diseases, 
bark beetles, and general oak decline are leading causes of 
oak mortality here. And in the coming years, climate change is 
expected to worsen the severity of forest pest outbreaks.


In the White Oak Initiative spatial review, the Northern Cumberland 
Plateau rated highly in terms of having ideal or optimal ecological 
and forestry conditions to support white oak regeneration and 
significant white oak supply. According to Hoover, “It doesn’t 
surprise me that the Northern Cumberland Plateau rated so 
highly in the study — it’s got the right kind of soil, for one thing. 
It also has beautiful scenery and topography.” However, the 


spatial review also found that this area faces challenges related 
to invasive plant removal, pathogen prevention, and landowner 
sentiment and land management experience.


Along with shortleaf pine, the state has targeted white oak for 
species maintenance and reestablishment, with the White Oak 
Initiative highlighted in the Tennessee Department of Agriculture 
report, Tennessee Forest Action Plan 2020-2030. Other partners 
include the NRCS, the Tennessee Division of Forestry, The Nature 
Conservancy, the University of Tennessee, the Oak Woodlands 
and Forests Fire Consortium, and the Consortium of Appalachian 
Fire Managers and Scientists.


Despite public-facing websites such as protecttnforests.org, 
demonstration areas in places such as Pickett State Forest, and 
potential inter-state synergies with neighboring high-potential 
upland oak restoration areas such as the Northern Cumberland 
Plateau EcoState in Kentucky, Hoover says that more could be 
done to promote the need for oak-hickory forest restoration in 
Tennessee. “For this kind of work you need a lot of foresters to 
provide technical assistance to landowners as well as guidance 
for obtaining financial assistance, because some landowners can’t 
afford to manage for white oak on their own. You need foresters 
for that, and there’s just not a lot of us,” he says.


This effort is especially important in Tennessee because so much 
of the state is made up of privately owned land. According to 
Hoover, “Parcel sizes are getting smaller and landowners don’t 
know how to manage their forests. They look at their woods, they 
see green, and they think it’s good. But the green might be privet 
or honeysuckle, not healthy trees.”


Tennessee landowners are often unaware of white oak’s economic 
importance, with often less understanding of the biodiversity that 
oak-hickory forests support. “There are stories to be told about 
staves, the whiskey industry, and oak exports,” Hoover says, “but 
there’s also this unique ecosystem involved. Landowners need 
to know that this ecosystem relies on disturbance, which it’s no 
longer occurring because fire and grazing patterns have changed.”


Looking forward, Hoover is hopeful for oak forest regeneration 
success. “Recruitment and regeneration have been talked 
about for a long time,” he says, adding, “We know about light-
penetration needs and midstory removal. Those documents and 
brochures exist; we just need to get the word out. The White Oak 
Initiative can help because it represents so many groups and can 
reach so many people.”


Northern Cumberland Plateau in Tennessee from 
Adobe Stock.
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VIRGINIA	—	CENTRAL		
APPALACHIAN	PIEDMONT	
In the book Remarkable Trees of Virginia, an arborist is quoted as 
saying, “White oaks are Virginia’s finest tree, period.” The authors 
go on to say that white oaks “live the longest and therefore have 
the longest connections to Virginia’s people and landscapes,” and 
with their often huge trunks and wide crowns, they “most often 
achieve the classic form, shape, and size people expect of a 
remarkable tree.”


According to Dean Cumbia, director of the Virginia Department of 
Forestry’s Forest Management Branch, “People love hardwoods 
throughout Virginia because of what they mean in terms of deer, 
turkey, bear, hunting, and forest products, including barrel staves.” 
White oak is also highly important economically in Virginia. “It’s 
one of those woods that’s multi-purpose,” Cumbia says, “From 
furniture to fence boards to pallet stock and barrel staves, there’s 
a home for all of it.”


White oak also has deep cultural connections in the state. 
According to Cumbia, “Forestry is a foundation for what built 
Virginia. Hardwood supported the state’s growth. Thomas 
Jefferson and James Madison’s homes were about 25 miles apart 
on small mountains that were heavily forested. Today we have 
heritage forests like Montpelier Landmark Forest that include huge 
white oak trees. And in addition to the Appalachian Piedmont, 
there are a lot of white oaks in the Blue Ridge Mountains, some of 
the Shenandoah Valley and places in western Virginia, where there 
are also a lot of mills.”


UPLAND	OAK	SPECIES	INCLUDED	
FOR	THE	SPATIAL	ANALYSIS


However, as with all the other states in the White Oak Initiative 
analysis, white and upland oak face numerous challenges in 
Virginia. In addition to the insects, diseases, and midstory shade 
issues that plague this species across the eastern United States, 
about 80% of forested areas are privately owned. “Time and 
markets are factors that can work against oak restoration. And 
there’s also a fairly steep learning curve,” Cumbia says, adding, 
“Hardwood management is challenging because of the variety of 
species and the long-duration considerations. Since white oak 
financial return might take 80 years, landowners have to be pretty 
forward-thinking and accept the fact that their grandchildren 
might be the ones to benefit from their decisions.”


According to the White Oak Initiative spatial study, Virginia’s 
Central Appalachian Piedmont area has ideal or optimal 
ecological and forestry conditions to support white oak 
regeneration and significant white oak supply, but it could benefit 
from better invasive removal, pathogen prevention, and more 
White Oak Initiative partner priority lands.


To address these issues and others, Virginia works closely with 
federal forest stewardship programs and local and regional 
organizations, including the White Oak Initiative. “The White Oak 
Initiative has provided excellent educational resources, as has 
Virginia Tech’s Cooperative Extension Service. There are the 
Woods & Wildlife conferences, the weekly 15 Minutes in the Forest 
videos, and white oak and crop tree release videos,” Cumbia says.


Virginia has also created a statewide hardwood management 
stakeholders group, Cumbia says, adding, “The response has 
been overwhelming and diverse, with private, state, federal, 
sawmill, landowner, and consulting forester interest. The group is 
loosely organized but is working together to define species and 
ecosystem goals to obtain grants and prescribed burns, just as 
we’ve done for longleaf pine for a longer time. It’s just a matter of 
organization and moving forward at this point.”


n White oak


n Black oak


n Chestnut oak


n Chinkapin oak


n Northern red oak


n Post oak


n	 Scarlet oak


n	 Southern red oak


Central Appalachian Piedmont in Virgina from Shutterstock.
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FAMILY	FOREST	OWNER	SURVEY


      There are some good timber stands on the 
property but we’ve learned that if you don’t 
manage that timber before the harvest, then 
what regenerates may not be the best quality 
or the most desirable species.


  — SCOTT TAYLOR, ELK CAVE FARMS


‘‘
”


PROJECT	OVERVIEW
In June and July 2020, researchers from the USDA Forest 
Service and the Family Forest Research Center at the University 
of Massachusetts Amherst conducted a survey of almost 3,200 
family forest owners/private landowners across the white oak 
range with at least 10 acres of land, including a subset who are 
members of the American Tree Farm System (“Tree Farmers”). 
The survey differentiated family forest landowners who are Tree 
Farmers from those family forest landowners who are not part 
of the American Tree Farm System (called “landowners” in this 
report). On average, surveyed landowners owned an average of 
79 wooded acres while surveyed Tree Farmers owned an average 
of 110. These groups were targeted because a large part of 
the upland oaks’ range is held by individuals and families. The 
project’s goals were to understand respondents’ opinions on oak 
trees and upland oak forests, their feelings about certain forest 
management practices and resources, and characteristics of 


themselves and their wooded land. Survey respondents gave their 
views on a variety of topics, including:


n	 Thoughts on oak trees/forests


n	 Perceptions of related programs and organizations


n	 Perceived benefits and challenges of specific oak 
management practices


n	 Willingness to consider management advice


MAIN	FINDINGS
Family forest owners see many positive benefits of upland oak 
forest, and many have abundant oak trees and want more oak 
trees on their land. However, for most oak management practices, 
barriers for respondents include a lack of information and a 
perceived inconsistency with land goals.
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One important takeaway from this is that outreach efforts 
that build on positive attitudes towards upland oak forests 
and connect relevant management practices to growing or 
increasing oak trees may increase landowners’ interest in 
conducting those practices. The study also found that programs 
to support landowners that include cost-sharing to reduce the 
cost of managing for oak may increase program participation. 
Cooperation with state natural resources agencies and university/
extension departments and other organizations may also increase 
respondents’ participation in land management activities.


Following are additional details, organized by topic.


n	 Thoughts on oak trees and forests. Landowners and 
Tree Farmers who participated in the study tended to 
view upland oak forests positively, citing good scenery, 
wildlife habitat, timber, and recreational opportunities. 
When asked if they would like more oak on their land, 
about half — mainly concentrated in the center of the 
Central hardwood range — said yes while about 40% 
were neutral. However, possibly indicating a lack of 
awareness regarding the challenges that upland oak 
forests face, only about 31% of landowners and 35%  
of Tree Farmers think that upland oak forests are at  
risk of decline.


n	 Experience with forest management.  
Surveyed Tree Farmers were very likely to have 
conducted forest management practices: Between 50% 
and 75% of these sources said they had cut trees for 
sale or maintenance or used brush cutting, invasive plant 
removal or herbicides. Prescribed fire had only been 
used by about 25% of these sources. Landowners were 
less likely to have conducted similar practices. While 
brush cutting was a relatively common management 
practice for this group, fewer than 50% had conducted 
the other management practices named in the study and 
about 12% had conducted none of the management 
practices named in the study.


n	 Willingness to get land management advice.  
While surveyed landowners have often gone without 
management advice in the past, attitudes may be 
changing. Only 38% of surveyed landowners said they 
had received management advice in the past while  
58% said they want advice in the future. Tree Farmers 
were relatively more proactive: more than 80% have 
received advice in the past and more than 80% want 
advice in the future.


    31
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n	 Attitudes toward tree cutting and tree planting. 


Reflecting a plethora of land management goals, survey 
respondents’ plans and attitudes regarding tree cutting 
and tree planting varied widely, as did the related benefits 
and challenges. However, the perceived benefits included 
improved wildlife habitat, improvement of future timber, 
and the potential to earn money. Tree cutting challenges 
included difficulty finding trusted loggers, land and 
scenery damage, lack of information on how to proceed, 
and a lack of willingness to complete necessary harvest 
levels to regenerate white oak. Tree planting challenges 
included deer browse, time and money, and insects and 
disease. For both cutting and planting, Tree Farmers were 
more likely to see benefits while landowners were more 
likely to report challenges.


n	 Attitudes toward herbicides. Although responses again 
varied widely, Tree Farmers were much more likely to have 


considered herbicides: More than half of the Tree Farmers 
plan to use herbicides in the future, as opposed to just 
22% of landowners. There was much uncertainty on this 
topic: almost 40% of landowners and more than 20% of 
Tree Farmers were either undecided on future herbicide 
use, hadn’t considered it, or didn’t respond. Herbicide 
benefits included invasive plant reduction, desired plant or 
timber encouragement, and wildlife habitat improvement. 
Herbicide challenges included high costs and damage to 
woodlands, wetlands, and desired plants. Landowners 
also cited a lack of information. Again, Tree Farmers were 
more likely to see benefits while landowners were more 
likely to report challenges.


n	 Attitudes toward prescribed fire. Among landowners 
and Tree Farmers alike, a wide majority of respondents 
fell into one of three categories: not planning to, never 
considered, or undecided. Only 27% of Tree Farmers 


CUTTING	MANY	TREES	PER	ACRE,	CLUSTERED	TOGETHER


CUTTING	MOST	TREES	PER	ACRE


5% of landowners were  
willing to harvest


10% of landowners were  
willing to harvest
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LANDOWNER	SURVEY	DEVELOPMENT	PARTNERS


and 7% of landowners plan to conduct prescribed fire 
actions in the future. For these sources, prescribed 
fire benefits include reduction of undesired plants, 
habitat improvement, and promotion of desired trees. 
Challenges include risk, potential damage to desired 
plants, resistance from neighbors, a lack of information, or 
simply no need for this kind of forest management. Again, 
Tree Farmers were more likely to see benefits while 
landowners were more likely to report challenges.


n	 Landowner values. Landowners and Tree Farmers 
alike held strong feelings about land amenities. The 
most important values that respondents associated with 
their land included: protection of beauty and wildlife 
habitat, privacy, recreation and hunting, and timber. 
Similarly, landowners and timber growers were most 
likely to identify with the terms “wildlife viewer” and 
“conservationist,” with more than half of all surveyed Tree 
Farmers also identifying with the term “environmentalist.” 


n	 Organizational involvement. Most surveyed 
landowners had low involvement in conservation/
environmental organizations: About 12% said they 
were members of a local organization but 10% or fewer 
said they were members of The Nature Conservancy, 
the National Wild Turkey Federation, or other national 
conservation/environmental organizations. Tree Farmers 


were more likely to have an environmental organization 
affiliation; the organization most frequently mentioned in 
the survey was the American Forest Foundation, followed 
by the Forest Landowners Association, the National 
Woodland Owners Association, and local organizations.


n	 Cooperative management plan preferences.  
Given several hypothetical oak-management partnership 
scenarios, respondents preferred cost-share programs 
and price incentives per acre. Neither the intensity 
nor the purpose of the program (game, wildlife, wood 
products, stewardship, etc.) made a significant difference 
to respondents’ interest levels. While only 37% of 
landowners expressed interest, 46% of Tree Farmers 
were interested in a hypothetical oak management 
partnership program.


n	 Management cooperation preferences.  
While some Tree Farmers and landowners expressed 
interest in working with agencies and forestry 
professionals in general, Tree Farmers were more likely 
than landowners to express interest in doing so. For both 
groups, state agencies and universities/extensions were 
most likely to be preferred. In addition, 25% or more of 
landowners and 40% or more of Tree Farmers expressed 
interest in working with federal or local agencies or private 
consulting professionals.
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Clifton Taylor’s tree farm, Elk Cave Farms in Gravel Switch, 
Kentucky, has grown from 287 acres in 1959 to more than 
1,200 acres today. Much of its certified hardwood forestland is on 
steep, rugged terrain about 900 to 1,500 feet above sea level. 
Ever since the first tract was purchased, on land neighboring the 
farm where Clifton was born, the Taylor family has had a mission 
of establishing new forests, tending young timber stands, and 
harvesting sustainable forest products from mature trees. Today, 
three generations of Taylors manage the land and share their 
knowledge with other landowners.


According to Clifton’s son, Scott Taylor, “From early on, my father 
was doing improvements and learning about forestry, with a focus 
on commercial timber production. He was a county extension 
agent and had a high degree of respect for science and applying it 
to the real world.”


Clifton was one of the first private landowners in Kentucky to 
obtain forest management certification from both the American 
Tree Farm System and the Forest Stewardship Council. His tree 
farm features impressive oak and hickory forests and one of the 
best examples of the oak shelterwood management method. 
According to Scott, “There are some good timber stands on the 
property but we’ve learned that if you don’t manage that timber 
before the harvest, then what regenerates may not be the best 
quality or the most desirable species.” Today, Elk Cave Farms 


is the exclusive white oak log supplier to Irish Distillers for the 
production of PEFC-certified whiskey barrels in the United States.


The Taylors worked closely with the Kentucky Division of Forestry, 
the Natural Resources Conservation Service, the University of 
Kentucky Department of Forestry and Natural Resources, and 
forestry consultant Chris Will, who is the president of a consulting 
firm called Central Kentucky Forest Management. According to 
Will, “On the Taylor farm, we’ve been working to regenerate oak 
since 2010 but we lacked practical experience. Through Clifton’s 
encouragement and experimentation, we researched oak and 
perfected our techniques. By around 2014 we figured out the 
process and how to do it in an economical way. Now we’re  
sharing that knowledge with others, including through the White 
Oak Initiative.”


For Scott, it’s all part of a long-term plan that will last long after he 
and his brother Steve are gone. “We try to look at the land and the 
watershed from a holistic perspective, not just for one big payday. 
We want a sustainable tree farm here — to treat it as a production 
system that we manage, not something that will grow wild and 
we’ll worry about 60 years from now. It’s more important to have 
a good, healthy forest. My father’s first great-grandchild was just 
born a few months ago … we want something that will stay in the 
family for a long time, so that there’s timber for my grandchildren 
to harvest.”


A	TREE	FARMER’S	PERSPECTIVE:	KEEPING	OAK	IN	THE	FAMILY


ELK	CAVE	FARMS	—	SCOTT	TAYLOR
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WOULD YOU LIKE MORE OAK ON YOUR LAND?


FAMILY	FOREST	OWNERS:	 	
ATTITUDES	TOWARD	FOREST	MANAGEMENT	ADVICE


FAMILY	FOREST	OWNER	SURVEY:	INTEREST	IN	MORE	OAK
P


E
R


C
E


N
T 


O
F 


R
E


S
P


O
N


S
E


S


No-
Res


po
ns


e No


Neu
tra


l
Ye


s


60%


50%


40%


30%


20%


10%


0


n	LANDOWNERS        n		TREE FARMERS


Landowners Tree Farmers


Got advice in the past 38% 87%


Want advice in the future 58% 81%


RESULTS: PEOPLE WANT MORE ADVICE ABOUT THEIR LAND
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FAMILY	FOREST	OWNERS:	REASONS	FOR	OWNING	LAND


FAMILY	FOREST	OWNERS:	PREFERRED	LAND	MANAGEMENT	PARTNERS


REASONS FOR OWNING LAND THAT ARE “IMPORTANT” OR “VERY IMPORTANT”
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When the independent, nonprofit organization DendriFund was 
founded about 10 years ago, its purpose was to honor the long-
term sustainability aspirations of its founding stakeholders: the 
Brown family and Brown-Forman, one of the largest American-
owned companies in the spirits and wine business and the only 
spirits company in the world that makes its own barrels. Today, 
DendriFund’s mission is to inspire joint action to improve the 
natural, social, and economic environment for future generations 
with programs focused on wood, water, and grain — the natural 
ingredients needed to make bourbon whiskey. As Brown-Forman 
is the manufacturer of Jack Daniel’s and other spirits with 
distilling processes that rely on white oak, it’s not surprising that 
DendriFund was a founding partner in the White Oak Initiative. 


“This was exactly the kind of effort we were looking to help build,” 
says DendriFund Executive Director Barbara Hurt. She explains, 
“Our approach is very community-centered and dependent 


on engagement with community members, environmental 
stakeholders, and industry all working together at the same table. 
In this case the effort requires support from business, nonprofits, 
academia, landowners, government organizations, and more.  
Given the multiple benefits of white oak, it isn’t surprising that all 
these groups with seemingly differing agendas are able to find 
common ground.”


The white oak story is a compelling one, Hurt says, and not just for 
the bourbon industry. “It’s this incredible species,” she notes, “that 
when you manage for its health, you manage for the whole forest.”


Partly based on a wide variety of stakeholder support, Hurt is 
optimistic for the Initiative’s success. She says, “When you  
have this many and varied stakeholders committed, you get 
a ripple effect that’s much greater than what you could have 
accomplished alone.” 


DENDRIFUND:	 	
ENVIRONMENT,	ECONOMICS,	AND	SOCIAL	EQUITY


DENDRIFUND 	—	BARBARA	HURT
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CONCLUSION:	 	
LOOKING	FORWARD


     The White Oak Initiative issue has 
brought together a wide variety of 
stakeholders to make sure that white oak 
will be around for future generations.


  — GARRET NOWELL, INDEPENDENT STAVE COMPANY


‘‘
”


The long-term sustainability of the eastern United States’ 
upland oak forests is threatened. These forests are ecologically 
important, providing a critical food source for a variety of wildlife 
species and serving keystone roles in maintaining a diverse forest 
ecosystem. They are also economically valuable, representing 
billions of dollars in annual economic impacts across the region.


Historically maintained by frequent disturbance, especially 
fire, regeneration patterns in these forests have undergone 
significant change over the past several decades, with growing 
stock increasingly dominated by fire-intolerant species such as 
maples. This landscape-scale shift is expected to have significant 
detrimental effects on both the ecology and economy of the 


eastern United States, and thus represents a major conservation 
and management priority that we hope can be addressed using 
the processes described in this report.


The spatial analysis provided an understanding of areas within the 
region that provide the greatest opportunity and have the greatest 
need, based on ecological, social, economic, and conservation 
conditions. Here are a few key takeaways from the assessment:


n	 Within the 17-state region, no section of the range 
is without opportunity or need for restoring oak 
sustainability. (In fact, opportunities and needs extend 
beyond the 17 states involved in the study.)
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n	 The 104 million acres of white oak forestland today 
are largely mature. About 75% of all white oak acres 
can be classified as mature or older from an economic 
and/or reproductive perspective.


n	 The next generation of white oak in mature stands 
is not clearly established. In mature stands, white 
oaks become increasingly prevalent as large trees, 
while seedling abundance is variable and limited, and 
saplings are scarce. 


n	 Family forest owners want oak on their land and  
desire more information about oak management. 
However, regenerating and releasing young oak  
often takes considerable effort, and the cost for this 
work is a large barrier, especially as land ownership 
size decreases.


n	 From the analysis, we have an understanding,  
spatially, of ecological probability of success,  
landowner efficacy, barriers to success, forest product  
demand, enabling conditions of management, and 
conservation impact.


That said, we acknowledge that additional research may be 
needed to optimize and locally customize these processes and 
to answer additional questions as they arise. It’s also worth 
noting that while private landowners are a key aspect of oak 
conservation efforts, there can be barriers to working with this 
group that can vary based on specific ecological, economic, 
and social factors. The White Oak Initiative intends to update 
this assessment periodically in order to provide up-to-date 
guidance and suggestions for improving the sustainability of 
America’s upland oak forests.


INDEPENDENT	STAVE	COMPANY:	
RELIANT	ON	WHITE	OAK


INDEPENDENT	STAVE	COMPANY 	—	GARRETT	NOWELL


WHITE	OAK	USES	INCLUDE:


n  Barrel staves


n  Cabinets


n  Caskets


n  Doors


n  Flooring


n  Furniture


n  Interior trim


n  Pallets


n  Paneling


n  Railroad cross ties


n  Veneer


n  Wood pulp


More than a century ago, when T.W. Boswell established a 
working stave mill in the white oak country of the Missouri Ozarks, 
he probably never could have imagined a time when white oak 
wood supply would be in danger. But as we look to the future,  
it’s possible that the depletion of American white oak could be  
the biggest threat to the cooperage industry since Prohibition.


Today, Boswell’s descendants run Independent Stave Company, 
which crafts oak barrels and other cooperage products.  
According to Garret Nowell, the company’s director of log 
procurement, “Mr. Boswell started this business in 1912 with 
10,000 acres of his own land. As a landowner and a businessman 
he would have known that white oak is a vital resource on many 
levels and that it’s worthy of being taken care of.”


Indeed, without white oak there would be no viable bourbon 
cooperage business — and not much bourbon, either. Nowell 
explains, “White oak wood contains something called tyloses, 
which are balloon-like cellular outgrowths that block water 
movement.” These air pockets in the growth rings mean that 
liquid can’t get out of the barrel. “Another important white oak 
characteristic is the lignins,” Nowell says, which are the organic 
material that gives rigidity to wood and bark. In a cask, lignins can 
add flavors such as vanilla, caramel, chocolate, and more. It’s why 
white oak barrels are used to make bourbon, as well as certain 
types of scotch, rum, wine, tequila, and even tabasco sauce.


While there’s currently plenty of white oak available for its various 
uses, Nowell is very conscious of the need for improved oak 
regeneration. He explains, “You’ve got to remember that the 
average-age tree that we use is about 100 years old, about  
13 or 14 inches in diameter, free of knots or imperfections,  
and the wood is taken from the bottom 12 feet of the tree.  
White oak makes up about 17% of the forests that we use and 
about 11% is cooperage stock, so we’re talking about only 2%  
of the forest.” In other words, it’s a limited resource, which  
makes its lack of regeneration all the more urgent. “The lack  
of regeneration isn’t a problem for white oak supplies today,”  
Nowell says, “but it could be a concern in 40 to 50 years.”


    39
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UPLAND	OAK	MANAGEMENT	
TECHNIQUES


      The biggest hurdle in preserving white 
oak is educating landowners that you need 
to manage it to create age variation.


  — GARRET NOWELL, INDEPENDENT STAVE COMPANY


‘‘
”


A look at historical land use provides evidence of many factors 
that likely benefited upland oaks, causing them to dominate much 
of the forests in the eastern United States. Many of these factors 
have now disappeared or have greatly diminished in frequency or 
impact. The most important of these may be forest fire, whether 
caused by lightning, indigenous peoples, or as an unintended 
consequence of early European settlement and industrialization  
of the eastern United States.


Evidence points to frequent prehistoric and historic fires and 
other disturbances that provided a competitive advantage to 
upland oaks, including white oak. These conditions resulted in a 
reduction in species that competed with oaks. The reduction in 
competitors, coupled with oaks’ well-developed root systems and 
energy reserves that allow them to re-sprout vigorously if the top is 
killed, aided oak in developing dominance in many forests. Other 
historical factors undoubtedly also played a role in the significance 
of oaks in our upland forests. For example, the American chestnut 


blight created space for oaks in the Appalachians and surrounding 
regions. Farmers also maintained oaks to feed livestock, and grazing 
in the woods was common, helping to reduce competing species. 
These and other long-lost practices are considered to have played 
a part in creating the significant oak resource we now enjoy.


However, for more than a century, land-use practices have been 
changing. Highly effective wildfire suppression and exclusion have 
largely removed fire as a factor in eastern oak-hickory forests. As 
practices and conditions changed, so did the potential to maintain 
oak, including white oak, in its current abundance. Researchers 
have known for years that many upland oak species are not 
regenerating to the extent they once did across a wide range of 
sites. While some oak species such as white oak seem to be 
maintaining their presence on lower-quality sites where competition 
from co-occurring species is limited, on medium and high-quality 
sites, oaks are failing to adequately regenerate themselves. It is 
these more productive sites where changes are most widely felt.
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MANAGEMENT	PRACTICES	TO		
SUSTAIN	UPLAND	OAK
Unfortunately for oak, it is not possible to functionally re-
establish repeated landscape-level burning or similar disturbance 
practices that historically reduced oak competitors and promoted 
oak prominence. To address this issue, it has become clear to 
scientists and researchers that management techniques will 
have to be widely employed that have the ability to establish 
oak regeneration, reduce competitors, and cultivate maturing 
oak trees. Because of the large number of forestry practitioners 
and landowners owning or managing white oak across a large 
geographic area, it was clear that a unified set of management 
recommendations had to be developed in order to facilitate 
effective, efficient utilization of appropriate practices to improve 
white oak success.


As a part of the White Oak Initiative, Dr. Jeff Stringer at the 
University of Kentucky coordinated leading oak researchers and 


practitioners in the development of a suite of 10 management 
practices to sustainably manage oak over the wide range of 
stand ages and conditions that occur across the region. Where 
appropriate, specific recommendations were provided for white oak.


The management guidelines that have been developed for each 
practice include specific information on when and under what 
conditions to apply the practice, and details of how to implement 
and monitor the practice to ensure oak success in upland 
hardwood stands. Because of white oak’s importance, specific 
information on how to apply the practice to enhance white oak is 
also provided.


One of the practices — afforestation — was developed specifically 
to establish new forests on land that is currently non-forested. 
The other nine practices involve management of existing forests, 
to encourage the establishment and regeneration of oaks and to 
ensure they maintain robust growth and development.


Underplanting/Enhancement Planting


Scarification


Midstory/Understory Removal


Site Preparation for Regeneration


Prescribed Fire


Crop Tree Release


Group Openings/Gaps Cuts


Two-age Deferment Cut


Shelterwood Establishment Cut


Saplings  
(1-6 inch diameter)


Poles  
(6-10 inch diameter) Small SawtimberLarge Sawtimber Regenerating


The use of management practices commonly used to help promote oak regeneration and growth are displayed in 
the stages of stand development where they are generally employed on private lands.


MANAGEMENT	PRACTICES	BY	STAGE	OF	STAND	DEVELOPMENT
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The practices can be used independently or in combination, 
simultaneously or sequentially. The image on page 41 shows 
when each of the nine practices is typically implemented across 
the range of stand ages and conditions associated with upland 
oak forests.


For oaks to naturally regenerate, large seedlings at least 3-4 
feet tall and saplings need to be present in a forest prior to 
a regeneration event, such as an intensive timber harvest. 
The established seedlings and saplings are termed “advance 
regeneration” and must be present before a harvest. At times, 
smaller oaks (generally up to 8-10 inches in diameter and 
younger than 80 years old in the case of white oak) are also 
present and can aid in regenerating oak. The existing seedlings, 
saplings, or sprouts have the potential to maintain rapid height 
growth, giving oak regeneration a head start to maintain 
dominance in the regenerating age class. Without this advance 
regeneration of oak prior to a harvest, seedlings and saplings 
from competing tree species, like yellow poplar or maple grow 
more rapidly than slower growing oak seedlings regenerating 
from acorns. Therefore, establishing oak seedlings and saplings 
prior to a harvest is critical to restoring oak sustainability.


The nine oak management practices are designed to:


n	 initiate and develop advance regeneration,


n	 reduce competitors,


n	 ensure that harvesting is used properly to encourage  
oak regeneration, and


n	 cultivate established oak trees. 


Detailed information on these practices is being developed 
and disseminated across the region. When considering these 
practices, it is important to understand that historical impacts 
leading to current oak abundance, such as repeated landscape-
scale burning, cannot be re-established. It is also important to 
note that, while burning can be accomplished under controlled 
conditions such as prescribed fire, research has shown that 
it is difficult to use prescribed fire to quickly address oak 
regeneration issues, especially for small-ownership properties. 
The management practices developed recognize these issues and 
were designed to provide options that can be implemented easily, 
particularly on small, private-ownership properties commonly 
found throughout much of the eastern United States. On large 
public lands and as we become more sophisticated in managing 
small private ownerships, there may be more opportunity to use 
prescribed fire more often in oak management.


DEVELOPING	ADVANCE	
REGENERATION
Two practices — underplanting and scarification — are designed 
to start new seedlings under an existing canopy several years 
prior to a harvest. Underplanting involves planting seedlings or 
acorns in large, sawtimber-sized stands prior to a regeneration 
harvest and is timed to provide the seedlings or acorns several 
years to develop before a harvest. Scarification is a practice 
where disks or rakes are used with tractors or bulldozers to 
incorporate or mix naturally occurring acorns into the leaf litter 
and the top 2-4 inches of soil. This greatly increases the number 
of acorns that successfully germinate and grow into small 
seedlings. Adding acorns to those that are naturally occurring 
may, in some instances, be possible. Both underplanting and 
scarification are designed to start new oak seedlings when not 
enough naturally occurring advance regeneration is present.


To ensure that these seedlings and naturally occurring oak 
seedlings have the proper environment to grow — namely, 
enough diffused light — a midstory/understory removal is often 
required to remove competing understory and midstory trees 
that are producing significant amount of shade to the forest 
floor where the small seedlings and saplings occur. Once they 
are large enough, other practices, such as a harvest, can be 
implemented and the larger advance regeneration has the 
opportunity to compete and grow into overstory trees.


HARVESTING	
When significant numbers of advance regeneration or young 
trees that have the ability to sprout from stumps are present, a 
regeneration harvest can be used to jump-start a new age class 
of trees containing an abundance of oak. However, the harvest 
needs to be completed in a manner that helps the oak seedlings 
and saplings maintain growth and, if possible, reduce competition 
from other species. Several practices are designed to do this. 
A shelterwood harvest retains approximately 50 percent of the 
overstory, delivering an appropriate amount of reduced sunlight 
that favors the oaks while slowing competitors such as yellow 
poplar that grow quickly in full sunlight.


At times, group openings or gap cuts, one-half to two acres in 
size, can be harvested. The edge around the openings is partially 
shaded from the adjacent unharvested forest, encouraging oak 
growth while slowing shade-intolerant competitors. 


A third type of harvest, called a two-age deferment harvest, can 
be used to help with long-term oak sustainability if a harvest is 
required when limited advance regeneration or stump sprouters 
are present. This practice retains scattered, long-lived overstory 
oaks (reserve trees) while all other overstory trees are removed. 
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The White Oak Initiative officially launched in the fall of 2017 but 
its roots go a few years deeper. According to Dr. Jeffrey Stringer 
at the University of Kentucky’s Department of Forestry and Natural 
Resources and one of the Initiative’s co-founders, the Initiative grew 
out of two meetings in 2015 and early 2017. These meetings, 
conducted by Stringer, were designed to share critical information 
with white oak-dependent industries and stakeholders on the 
species’ region-wide regeneration problems. While the science 
behind this regeneration issue had been understood by those 
involved in forest science and forestry for more than 30 years, 
little of this information had been effectively communicated to the 
industries dependent upon white oak.


From the discussions among the experts and stakeholders in 
these meetings, it was clear that the regeneration problems would 
eventually threaten the long-term availability of white oak timber 
and cause a loss of the species in many forests across the eastern 
United States. Interest in white oak sustainability was also being 
fueled by rising interest in bourbon and whiskey. This was causing 
greater demand for barrels and higher-quality white oak, which 
provides 100% of bourbon’s color and 70% of its flavor.


“We were looking at the amount of that resource that was available 
and the prices, and we came to the conclusion that although white 
oak is fairly common and there’s good supply now, future availability 
was in question,” Stringer says, due to the lack of white oak 
seedlings and saplings in many oak forests across the region. “That 
led to some conversations with distillers, forest industry organizations, 
and conservation groups about white oak sustainability.”


Attendees of the 2017 meeting agreed that white oak supply was 
unsustainable in the long term and that something needed to be 
done. “Trees that are harvested to make distilling barrels can take up 
to 100 years to grow, so you have to think ahead,” Stringer says.


Interest in this issue by the industry and other stakeholders spurred 
discussions between Stringer and AFF President Tom Martin, who 
was one of the presenters at the 2017 meeting. These discussions 
led to the concept of an initiative that would focus on white oak 
conservation. To further this concept, they gathered a team to 
formulate a plan for an initiative. DendriFund, a nonprofit organization 
focusing on developing collaboration to foster sustainability of water, 
grain, and wood — the three main components of bourbon whiskey 
— was one of the sponsors of the 2017 meeting and had shown 
significant interest in collaborating to help white oak. DendriFund 
Executive Director Barbara Hurt and Brown-Forman Communication 
& Brand History Manager McCauley Adams, along with AFF Vice 
President Paul DeLong, met with Martin and Stringer. Together, they 
developed the White Oak Initiative concept and identified potential 
steering committee members to represent the full range of white 
oak stakeholders across the species’ geographic range. A fledgling 
steering committee met in the fall of 2017 and the White Oak 
Initiative was formally launched. 


Despite its strong connection with bourbon, white oak’s value goes 
far beyond the distilling industry and traditional wood products. 
According to Stringer, “White oak is hard, it has a nice grain and it’s 
uniquely suited for barrels, but it’s also really important for wildlife.” 
For example, he says, “White oak acorns are one of the most-
preferred acorns for many animals, and warblers and some bats 
prefer to nest in white oak trees.” The White Oak Initiative addresses 
a lot of interests, Stringer says, including timber, wildlife, recreation, 
and overall forest health. This is why today, White Oak Initiative 
members include distillers, federal and state agency representatives, 
conservancy organizations, and traditional wood-use companies. 
Stringer notes, “The White Oak Initiative is one of the few examples 
where economic and conservation interests effectively align to 
address an issue that’s critical to all stakeholders. The White Oak 
Initiative provides the mechanism that leads to action to address 
sustainability issues.”


A	LOOK	BACK:	HOW	THE	WHITE	OAK	INITIATIVE	BEGAN


WHITE	OAK	INITIATIVE	—	DR.	JEFF	STRINGER
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A regenerating age class will start to grow beneath them but 
without any oaks, due to the lack of advance regeneration or 
stump-sprouters. The oak reserve trees are kept to ensure that 
acorns continue to be produced in the stand. While the rapidly 
developing regenerating class will be devoid of dominant oaks, the 
reserve trees will continue to produce acorns. As the regenerating 
stand develops below the reserve trees, the acorns produced 
will start to establish seedlings that can be cultivated and initiate 
the development of advance regeneration that can be used 


to establish oak in the next generation 50-70 years in the 
future, when the forest will be harvested again. This practice 
is used to “life-boat” oaks in the stand. If the oak regeneration 
potential is low or nonexistent when a harvest occurs and the 
overstory oaks are removed, there is little chance of easily 
reintroducing oak back into the stand. The two-age deferment 
harvest ensures that long-lived oak species such as white oak 
can be maintained in the stand for future regeneration.


POST-HARVEST	REGENERATION	
TREATMENTS
In association with a harvest, several treatments can be used 
to remove competing trees, including invasive species, that 
remain after a harvest, to provide unhindered growing space 
for oaks. A site preparation for regeneration treatment is used 
to kill competing trees left after a commercial harvest that can 
impede the growth of the oak seedlings, saplings, or sprouts. 
This treatment, normally using directed herbicides to kill 
competing trees, can be administered directly before, during, 
or after a harvest. Regardless, the aim is to reduce the post-
harvest competition for the regenerating oaks.


Prescribed fire can also be used to top-kill competing species 
in association with a harvest; for example, directly burning 
before a harvest. Prescribed fire has been shown to provide 
positive results if implemented correctly. Researchers are also 
investigating the use of repeated prescribed fires to encourage 
oak advance regeneration to develop and reduce competing 
species over a long period of time. This can be helpful in 
developing forests with good oak regeneration potential, but 
widespread use of this practice will require more research.


Enhancement/enrichment planting can be used directly before 
or after harvesting to establish oaks. This practice requires 
planting oak seedlings and using appropriate competition 
control measures to “enhance or enrich” the naturally 
regenerating age class that is deficient in oaks. While this 
practice of planting oak seedlings directly before or after a 
harvest seems like a direct means of regenerating oaks, it 
has significant hurdles. Browsing by wildlife of the planting 
seedlings is common and is exacerbated by the high level of 
nutrients in seedlings from tree nurseries. Protection for the 
seedlings can be required, adding cost to the practice. Also, 
practices needed to adequately control competing species 
can be significant and costly. Plastic mulch, tree shelters, 
herbicides, or mechanical controls of competing species may 
be required. The high cost and degree of risk involved in 
planting oak seedlings in natural forests currently precludes  
the widespread use of this practice. 


ORGANIZATIONS	
REPRESENTED	IN	THE	
UPLAND	OAK	SILVICULTURAL	
RESEARCH	SURVEY


n		Auburn	University


n		Michigan	State	University


n		Mississippi	State	University


n		Missouri	Department	of	
Conservation


n		Penn	State	University


n		Purdue	University


n		Southern Illinois University


n		University of Alabama


n		University of Arkansas


n		University of Kentucky


n		University of Missouri


n		University of Tennessee


n		USDA Forest Service


n		West Virginia University


RESTORING SUSTAINABILITY FOR WHITE OAK AND UPLAND 
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IMPROVING	THE	GROWTH	AND	
DEVELOPMENT	OF	EXISTING	OAKS
Once oaks have been successfully regenerated, making sure that 
existing oaks in older stands have room to grow with vigor is the 
objective of crop tree release. This practice releases the crowns of 
individual oak crop trees, providing room to expand their crowns. 
This practice ensures that oaks are not overtopped and that they 
maintain good growth rates. This release can be accomplished in 
natural stands and plantations that range in size from large saplings 
to small and medium-sized sawtimber.


When trees are sapling-sized or small pole-sized, the practice is 
often non-commercial, where competing trees are removed with 
herbicides or chainsaws. When trees are larger, a commercial 
harvest can be used to release crop trees, retaining them to 
continue to grow in value and size. Crop tree release has been 
well-studied and researchers have determined specifics as to the 
amount of crown release needed and when to apply the practice 
to benefit the specific species being grown. Oaks respond well to 
this practice, from the time of a regeneration harvest until they are 
70-90 years old and possibly older.


In total, these practices provide all those interested in oak 
sustainability with management options aimed at sustaining the 
presence of upland oaks. Selecting which practice to use, by itself 
or in combination, and when and how to implement them, requires 
the expertise of a forester experienced in upland oak management.


WHITE	OAK-SPECIFIC	GUIDELINES
The practice-management guidelines have information that is 
provided to specifically enhance white oak regeneration, growth, 
and development. This is useful because white oak has a few 
unique or unusual characteristics relative to other upland oaks. 
For example, white oak is the most shade-tolerant of all upland 
oaks, allowing white oak to live longer in the shade than other 
oaks. This provides time to employ corrective practices such as 
midstory removal to improve the light condition in stands, which 
helps seedlings before they succumb to the shade. Another factor, 
along with this relative shade-tolerance is the relatively slow growth 
of white oak relative to many other upland oaks and competing 
species. This must be considered when implementing practices: 
white oak may need longer periods than other oaks to respond to 
treatments, such as midstory removal.


Slow growth and shade-tolerance also indicate the utility of 
shelterwood harvests for promoting white oak. White oak is long-
lived and highly responsive to practices such as crop tree release, 
even when trees are 90 or more years old. This longevity also makes 
white oak a perfect candidate for a two-age deferment harvest that 
requires reserve trees to be retained for 150 to 300 years.


With a focus on science-based conservation and hunters’ 
rights, the National Wild Turkey Federation is a dedicated 
stakeholder in the White Oak Initiative. In the words of Jason 
Lupardus, the Federation’s director of development for the 
Central East region, “We work closely with the White Oak 
Initiative to support active forest management for forest health 
in terms of both flora and wildlife.”


Lupardus notes that white oak is the most ecologically 
important tree in the eastern United States and that oak 
regeneration is a priority. “In 40 years or so, we may be 
missing a cohort of trees,” he says, adding, “That’s why we 
emphasize the need for forested landowners to incorporate 
active forest management as part of their long-term plan, and 
to work with a forestry professional to help manage those lands 
for long-term use that addresses management goals.”


Lupardus explains that white oak is the most easily recognized 
tree species for Federation members, partly due to its acorns 
and the wide variety of wildlife it supports. As an example, he 
describes an oak savannah in northeastern Tennessee — the 
North Cumberland Wildlife Management Area: “It’s got these 
large oak tree patches with native grasses. The wildlife diversity 
there — including eastern elk, grouse, and wild turkey — is 
just astounding. It’s an incredible place to connect with nature.”


CONNECTING	WITH	NATURE:	
THE	NATIONAL	WILD	TURKEY	
FEDERATION


CONSERVATION	—	JASON	LUPARDUS
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PRIORITIZATION	OR	OPPORTUNITIES	FOR	PRACTICE
While all 10 practices are important and provide solutions to address most stand conditions found in upland hardwood stands, some have 
more widespread utility and greater potential for use than others. Based on this generalized assessment, the following table provides an 
opportunity ranking of each practice. However, it is important to note that all practices can have value in specific circumstances.


HIGHEST	OPPORTUNITY	LEVEL


n	 Midstory/understory removal. Due to the lack of adequate advance regeneration in a significant number of medium- 
and high-quality upland oak stands, this practice — aimed at improving the vigor of advance regeneration — is one of the 
most useful to enhance oak regeneration.


n	 Crop tree release. This practice is the primary technique used to ensure that oaks continue to maintain vigorous growth.  
It can be applied in sapling-sized to sawtimber-sized stands. The practice has been shown to be successful across the 
region on all site types. The range of age classes on which this approach can be used makes this one of the most-used and 
most effective practices to grow oak.


n	 Shelterwood establishment cut. Mature, larger sawtimber-sized upland oak stands dominate the forest; a shelterwood 
harvest allows landowners to capitalize on their timber value and provides a semi-shaded light regime favorable to oaks 
and less so to competitors. It requires adequate oak regeneration potential for success. Practices to enhance oak advance 
regeneration prior to implementing a shelterwood establishment cut as well as practices to control competition impacting 
oak regeneration are likely needed in conjunction with a shelterwood establishment cut.


HIGH	OPPORTUNITY	LEVEL


n	 Group openings/gaps cuts. As is the case with the shelterwood practice, a group opening allows for harvesting of older 
stands that dominate the region. It provides a semi-shaded area around the opening edge that is conducive to oak regeneration.


n	 Two-aged deferment cut. A significant number of mature upland oaks forests have limited oak regeneration potential.  
This practice is a technique of last resort for these stands, sacrificing immediate oak regeneration but maintaining future  
oak regeneration potential. This practice requires the presence of long-lived oaks species in the overstory.


n	 Site preparation for regeneration. Often harvests that initiate regeneration such as shelterwood and group openings 
need a practice that removes trees that are or will compete with oak regeneration, making this practice useful throughout 
the region over a wide range of site conditions.


MODERATE	OR	SELECTIVE	OPPORTUNITY	LEVEL


A number of practices can effectively establish seedlings but are costly and are best used in combination with other practices.  
These include:


n	 Afforestation. The establishment of new forests with seedlings or seeds, competition control, and, at times, control of 
deer and other wildlife.


n	 Underplanting/enhancement planting. This approach uses artificial regeneration to establish oak that is limited or 
nonexistent in upland hardwood stands and requires the use of other practices to ensure success.


n	 Scarification. Scarification is used to help ensure adequate acorn germination and seedling establishment. It must be  
used only in years with abundant acorn crops and can be limited in use due to terrain constraints.


n			Prescribed fire. Prescribed fire can be used as a phase in a shelterwood establishment cut or after a harvest as a 
liberation/cleaning tool such as the site preparation for regeneration treatment. However, the need for appropriate 
environmental conditions and correct timing, potential liability concerns, and, in some areas, a lack of technical expertise can 
make this practice a less desirable option. It should be noted that the use of prescribed fire to encourage oak regeneration, 
as a stand-alone practice or in combination with other practices, is currently being investigated for use on both small private 
holdings and large public-ownership properties. Results have been mixed and further investigation to fine-tune prescribed 
fire prescriptions is underway.
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TEN	SUGGESTED	UPLAND	AND	WHITE	OAK	MANAGEMENT	PRACTICES
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White oak currently dominates much of Ohio’s eight million acres of 
forestland, but its future is far from certain. A USDA report that’s 
published every five years reported that, from 2011 to 2016, Ohio’s 
white oak supply decreased almost 10% in net volume, with nearly 
a 15% decrease in the number of white oak trees measuring five 
inches or greater in diameter. Stated another way, Ohio’s white oaks 
are being removed faster than they’re regenerating. It’s an issue 
that will affect many private landowners, as the USDA estimates 
that families and individuals own 70% of Ohio’s forestland, 63% of 
which are oak/hickory forests.


One such landowner is Jim Savage, a Tree Farmer with about 450 
acres in southeastern Ohio. During a harvest operation six years 
ago, he removed about three-fourths of the tall trees from a five-
acre oak-dominated stand that was in decline. The few white oak 
trees that remained after this shelterwood harvest provided acorns 
for regeneration, while the newly opened canopy partially allowed 
light to hit the ground and promote new growth.


With funding partly provided through NRCS Environmental Quality 
Incentives Program (EQIP), his land was the site of Ohio’s first 
prescribed burn aimed at oak regeneration on private land. 
According to Savage, a semi-retired commercial litigation attorney, 
“Oak is highly resistant to fire and other trees are not, so you 
basically run a fire through the area to kill all the seedlings that  
are outcompeting the oak. The little oak trees aren’t harmed at all, 
and then they’re free to shoot up and dominate the stand as you 
had intended.”


The fire was conducted in November 2020 with only one hitch: 
the cost. “With the hilly terrain of southern Ohio, the creation of 
fire breaks and the labor necessary to safely accomplish the burn 
and watch it overnight before putting out the hot patches the next 


day is very expensive,” Savage said. With an increase in the use of 
prescribed fire in the region, more research, training, and coordination 
of practices to evaluate and reduce costs will be needed.


Fortunately, the Ohio Department of Natural Resources’ Division 
of Forestry is addressing this issue in the hope of significantly 
increasing the EQIP pay item to make this practice feasible by 
2022. “It’s been recommended that I repeat the burn several more 
times every two to three years. I’d like to do so in 2022 if the pay 
item is increased to a realistic level,” Savage said.


Mitch Farley, a Tree Farmer with 82 acres in southeastern Ohio who 
recently retired from the Ohio Department of Natural Resources, 
is on a similar mission to regenerate white oak. He hopes to have 
a controlled burn on his property in 2022 in conjunction with the 
Wayne National Forest, which borders his land on two sides. With 
help from EQIP in 2016, Farley removed red maple and other 
shade-tolerant trees from the midstory and understory of an aging 
white oak stand. Once he sees established white oak regeneration 
on those acres, he says he likely will perform a shelterwood harvest, 
removing about 80% of the old oak trees so the seedlings can get 
enough sunlight. “There’s a lot of pressure on our remaining white 
oak,” Farley says, “and we want to grow as much of it as possible 
so we can have it both for wildlife and economic purposes.”


In both cases, White Oak Initiative partners worked closely with 
these landowners and took careful notes to help other forest 
owners to better manage their lands. By helping them connect with 
foresters and to access resources such as EQIP, the White Oak 
Initiative is seeking to empower forest owners to take action.


Note: Partly adapted from an article written by Nick Fortuna for the 
summer 2020 Woodland magazine.


APPLYING	FEDERAL	RESOURCES:	MAKING	PROGRESS	IN	OHIO
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      Although there are numerous programs 
in the Farm Bill that help with our white 
oak endeavors, our lawmakers at both the 
federal and state levels require more outreach 
and education on the issue.The White Oak 
Initiative is helping to harness our efforts, be 
more targeted with our needs and educate 
them more effectively.


— ELIZABETH WISE, SAZERAC
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The White Oak Initiative emphasizes current and prospective resources highlighted in the 2018 
Farm Bill, which includes many recommendations that can help restore white oak forests in the 
midwestern United States. These recommendations include:


n	 Supporting forest owner participation and funding for the Environmental 


Quality Incentives Program (EQIP), the Conservation Stewardship Program (CSP), 
and the Conservation Technical Assistance (CTA) program, which assist farmers in 
improving environmental quality, particularly water quality and soil conservation.  
Additional information on EQIP can be found at www.nrcs.usda.gov/wps/portal/nrcs/
main/national/programs/financial/eqip. Additional information on CSP can be found at 
www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/csp/#.  
Additional information on CTA can be found at www.nrcs.usda.gov/wps/portal/nrcs/
main/national/programs/technical.


n	 Maintaining authority for the Regional Conservation Partnership Program 


(RCPP), which promotes coordination of NRCS activities with partners to address  
on-farm, watershed, and regional natural resource concerns in the Midwest.  
Additional information on RCPP can be found at www.nrcs.usda.gov/wps/portal/nrcs/
main/national/programs/financial/rcpp.


n	 Codifying a new Collaborative Forest Landscape Restoration Program  


(CFLRP) in the USDA Forest Service that allows landscape-level restoration of  
white oak trees and work across property lines, as opposed to parcel-by-parcel work.  
Additional information on CFLRPs can be found at www.fs.fed.us/restoration/CFLRP.


n	 Improving management on public lands, including improving USDA Forest Service 
Good Neighbor and Stewardship Agreements, to allow for road reconstruction, restoration, 
and repair that are necessary to manage oak stands. Additional information on Good 
Neighbor Authority can be found at www.fs.usda.gov/managing-land/farm-bill/gna.


n	 Enacting the Timber Innovation Act, which promotes new and innovative uses  
for wood. Additional information on the Timber Innovation Act can be found at  
www.congress.gov/bill/115th-congress/senate-bill/538.


n	 Revising the Community Wood Energy and Wood Innovation Program,	which 
provides grants to install high-efficiency wood-heating systems in hospitals, schools, 
community centers, and entire towns and to support increased markets for wood, including 
low-value trees that need to be removed to make room for healthy white oak. Additional 
information on Community Wood Energy and Wood Innovation Program grants can be 
found at www.fs.usda.gov/science-technology/energy-forest-products/wood-innovation.


n	 Broaden USDA Rural Development programs to allow loggers to secure loans  
for equipment and other business needs. Additional information on USDA Rural 
Development programs can be found at www.rd.usda.gov/about-rd/farm-bill.
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CONSERVATION	PLAN


A cornerstone species of the eastern United States, white oak 
provides ecological, social, and economic value to numerous 
stakeholders. Not only does it provide vital habitat and food for 
wildlife, it also plays an essential role in rural economies and 
supports a wide variety of important and growing industries 
including furniture, flooring, cabinetry, barrels for spirits and 
wine, and more.


To ensure sustainable and healthy white oak forests for the 
future, we need to think, plan, and act today to prevent a crisis 
situation decades in the future. From the spatial assessment, 
we are armed with valuable knowledge and analysis to inform 
a collective plan of action. While we acknowledge that the 
problem is complex and likely requires a solution of relative 
complexity, the assessment provided insights into the factors 
that influence success, both from the perspectives of key 
stakeholders and from a spatial perspective.


Grounded in the findings from the White Oak Assessment,  
the White Oak Initiative presents our vision for the future of 
upland oak forests and ways to remove critical barriers to 
success. It represents the first time that such a vision for  
oak forests has been created via a widespread, coordinated 
effort. On the following pages, we lay out our own guiding 
principles for collective action, a long-term vision for the 
future, goals, implementation strategies, and recommended 
management practices.


As we acknowledge in the Assessment’s concluding remarks, 
additional research will be needed to continually refine our 
strategy and practices. As a group, we are committed to a 
continual process of learning, planning, and acting as we  
work together toward our vision.


INTRODUCTION:	LEARN,	PLAN	AND	ACT	—	TOGETHER


     We want to be stewards of the nation’s 
forests, not just national forests, and to 
help make sure they are managed in a 
sustainable way.


  — MARK BUCCOWICH, USDA FOREST SERVICE
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GUIDING	PRINCIPLES
There’s no quick fix or simple solution to restoring sustainability to 
America’s eastern upland oak forests. The outcomes sought by 
the White Oak Initiative will take a comprehensive effort by many 
stakeholders. To develop a strategy for action, White Oak Initiative 
members have established several guiding principles. These 
principles are summarized below.


n	 A science-based approach. The plan is based on the  
best available science and a research-backed approach.


n	 Strategic and outcome-oriented. The White Oak 
Initiative has identified and employed the most significant 
actions to achieve measurable, meaningful outcomes, acting 
with an understanding of the markets available to support 
desired outcomes.


n	 Collaboration. Cross-boundary communication and 
coordination are necessary to achieve success. The White 
Oak Initiative is designed to actively develop and facilitate 
the implementation of practices specifically designed to 
conserve and sustainably manage white oak dominated 
forests. The White Oak Initiative is founded on principles  
for effective collaboration such as effective governance  
and transparency.


n	 Site and stand-level decisions. White and upland  
oak forest lands cover diverse and variable ecosystems.  
Site and stand-level variables, practicality, and landowner 
values and objectives should all be considered.


n	 Public and private lands involvement. Private  
landowners own a significant percentage of the United 
States’ upload oak forests. Restoring oak sustainability  
on these lands is critical to the Initiative’s success.  
Work on public lands will also provide meaningful  
impacts and opportunities to demonstrate desired 
sustainability outcomes.


n	 Sharing of knowledge. The White Oak Initiative 
communicates findings and convenes stakeholders to  
serve as catalysts to advance conservation actions.


n	 Stakeholder feedback. The White Oak Initiative has 
a goal of involving as many stakeholders as possible to 
develop a collective vision and to shape implementation 
strategies. As part of this effort, several assessment and 
conservation plan stakeholder feedback presentations have 
been conducted. These presentations have reached more 
than 300 individuals, including White Oak Initiative partners 
and email-newsletter subscribers.


CONSERVATION	PLAN
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     White oak acorns are one of the most-
preferred acorns for many animals, and warblers 
and some bats prefer to nest in white oak. 


  — DR. JEFFREY STRINGER, UNIVERSITY OF KENTUCKY


‘‘ ”
When considering the White Oak Initiative’s purpose, it can be 
helpful to remember two things. The first is that upland oak 
trees can live for hundreds of years, so our actions today and in 
the coming years will have effects that will last for many human 
generations. The second is that there’s a need to act soon,  
so that white oak supplies and benefits can continue in the  
coming decades.


In some cases, where we have a complete absence of oak 
seedlings, we need to take steps to establish seedlings and 
regenerate oak in the understory. Where we have seedlings 
established, we want to ensure that they can grow to become 
the next generation of mature oak forests. The same treatments 
that regenerate and release white oak will also produce favorable 
conditions for other upland oak.


With a significant percentage of targeted forest land owned by 
families and individuals, we will need to work with thousands 
of landowners to complete treatments for oak regeneration 
and release and to develop longer-term management plans or 
commitments focused on desired white oak outcomes, in addition 
to working with public land managers and landowners owning 
larger acreages.


To support longer-term desired outcomes, we will also need to 
ensure that we have a strong supply chain, including foresters, 


logging operators, and markets in priority areas. Where 
appropriate, public lands across the region should be managed 
to create large core areas of healthy, upland oak. In addition to 
sustaining core areas of healthy forest, these areas can serve 
as management demonstration areas, as seed sources for 
reforestation efforts, and as research sites.


With these thoughts in mind, the White Oak Initiative has devised a 
long-term vision that reflects decades-long challenges and shorter-
term goals to articulate progress toward attaining that vision. 
During the next 50 years, we will set goals in 10-year increments 
that move us closer to our long-term vision of sustainable and 
balanced oak resources by 2070.


LONG-TERM	VISION
By 2070, we envision that at least 100 million acres of forest 
within the central hardwood regions will have a healthy balance of 
young and mature white and upland oak trees. The balance will 
be reflected in a normal distribution of age classes, seedlings, and 
saplings through poles and mature stands, for white oak across 
the region to ensure a sustainable supply of forest products, 
habitat for a diverse array of wildlife species, and the long-term 
sustainability of healthy oak forests for the many benefits they 
provide. Without the collective and intentional efforts outlined in the 
Conservation Plan, we will see a significant reduction in white and 


GOALS	—	SHORT-TERM	GOALS;	LONG-TERM	VISION
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upland oaks in many forests in the eastern United States, with a 
transition to competing species. Through collective action, we will 
restore sustainability to the 100 million acres of white and upland 
oak forests, ensuring that they will continue to support the health of 
our natural, social, and economic environment into the future.


SHORT-TERM	GOALS
By 2032, it is our goal that three million forested acres in the 
Central hardwood region will have been treated to establish white 
oak seedlings or to release white oak saplings, increasing the 
current number of white oak acres in younger age classes and 
supporting the long-term economic, social, and environmental 
benefits derived from white oak dominated forests for future 
generations. To accomplish this, the White Oak Initiative will align 
knowledge and resources behind efforts to increase the number 
of forested acres in seedling and sapling stages and ensure that 
infrastructure is in place to support a sustainable cycle in the future.


To continue our cycle of learning, planning, and working together, 
we have set targets for the first three years (2022-2024) as we 
continue to refine strategies that will allow us to have an impact at 
scale. The near-term targets include acres treated and targets for 
connecting with stakeholders:


1. 4,000 forest practitioners and logging operators 
receiving forest management guidelines for oak 
management


2. 500-1,000 practitioners trained on management 
guidelines


3. 50,000 landowners reached with information about oak 
sustainability


4. 5,000 landowners connected with practitioners or plans 
for restoring oak sustainability 


5. 1,500 landowners managing their property for upland 
oak, with an emphasis on white oak


6. 100,000 acres treated to establish oak seedlings or to 
release saplings


7. Increase the number of demonstration areas on public 
or private lands that highlight quality oak forests by nine  
or more.


With an eye toward scaling our impact, the actions in the initial four 
years help to inform our strategy for greater impacts on more acres 
in subsequent years, and we also intend to use initial actions to 
spur actions by more stakeholders.


    53
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     There’s no one-size-fits-all solution. We need to 
leave room for stand-level decisions that take into 
account ecological conditions and the landowners’ 
own goals and values. We also need to begin  
now to develop the support systems that enable  
and empower action across the landscape.


  — MELISSA MOELLER, WHITE OAK INITIATIVE DIRECTOR


‘‘
”


IMPLEMENTATION	STRATEGIES


Early on, White Oak Initiative members identified a need to 
spur action by creating the right conditions to support decisions 
that regenerate oak, and to ensure that the proper supports 
— including markets, policy, and research — are in place. This 
is why one of the most important efforts by the White Oak 
Initiative has been developing implementation strategies that are 
customized for different sectors or audiences. Listed below, these 
recommendations and guidelines can help guide actions on the 
ground to help the Initiative reach its goal of ensuring long-term 
sustainability of upland and white oak forests.


PRIVATE	AND	FAMILY-OWNED	LANDS
Because of the significant percentage of private ownership in 
the white oak range, ensuring that private landowners have the 
knowledge, opportunities, and resources to conduct treatments 
to restore oak sustainability will be a key to success. With an eye 


toward our long-term vision, we also want to ensure that private 
landowners have the support and resources needed to steward the 
next generation of oak forests. Our recommendations include:


n		 Provide information to landowners to better 
understand oak benefits relative to their own values 
(aesthetics, wildlife, etc.) and the actions they can take  
to lead to desired outcomes.


n			Ensure that landowners have management plans  
that support stewardship of the next generation of  
oak forests.


n		 Connect landowners interested in taking actions 


within priority landscapes to practitioners (foresters, 
loggers, etc.) who have been trained on the Initiative’s 
suggested management activities for oak regeneration.
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n			Prepare landowners for action on their land by 
connecting them with resources to offset the upfront 
cost of management, including financial and technical 
assistance through NRCS, their state agency, or  
other groups.


n			Ensure strong practitioner support to support actions 
on the ground that will lead to desired outcomes for oak.


n			When practical, aggregate landowners to encourage 
them to manage together, increasing the efficiency of 
resources and technical service to increase economic 
returns and achieve desired outcomes.


n			Monitor and track outcomes through a network of 
partners working with landowners in priority landscapes.


STATE	AND	FEDERAL	PUBLIC	LANDS
While state and federal public lands make up less of the white oak 
range, actions to increase the white oak forested acres in younger 
age classes on these lands can add to the Initiative’s success 
because of the ability to treat large acres in blocks. Actions on 


public lands can also provide demonstration areas for private 
landowners to learn about specific management techniques and 
allow larger areas for testing innovative treatments that can be 
applied more broadly. Our recommendations include:


n	 Work with the USDA Forest Service, other federal 


land-management agencies and state agencies to 
develop demonstration areas on government-managed 
lands, providing educational opportunities for private 
landowners.


n			Work with public land managers to incorporate 


management recommendations or expand efforts  


in management plans and implement management 
treatments to establish white oak seedlings or to release 
white oak saplings, helping to increase the number of 
white oak acres in younger age classes.


n			Look for opportunities to work with public 


land managers to test innovative management 


treatment strategies and share findings with the 
broader community to inform future work.


TOTAL	%	OF	FOREST	BY	OWNERSHIP	TYPE	(ACROSS	ALL	ECOSTATES)


Private Family, 53.83%


Private Corporate, 15.34%


Private TIMO/REIT, 4.77%


Private Other, 2.09%


Public Federal, 11.77%


Public State, 8.57%


Public Local, 3.44% Tribal, 0.20%
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RESEARCH
To further understand the challenges and solutions surrounding 
establishment and development of the next generation of  
white oak forests, additional research is needed to help  
support improved outcomes on private and public lands.  
Our recommendations include:


n			Develop models of recommended forest 


management practices to improve predictions of growth 
under varying circumstances, and in turn inform availability 
of supply to meet economic demand.


n			Monitor and evaluate efficacy of practices intended to 
regenerate white oak. 


n			Further refine measures to encompass product 


types in Forest Inventory Analysis tracking that are 
important for white oak industries and increase economic 
understanding of the factors influencing successful efforts 
to restore oak sustainability.


MARKET-BASED	SOLUTIONS
Strong markets for wood, especially smaller, lower-value trees and 
other ecosystem services, will help to support establishment of the 
next generation of white oak forests, ensuring the establishment and 
viability of younger forests. Our recommendations include:


n			Convene a diverse set of knowledgeable 


stakeholders to further analyze existing market challenges 
and opportunities, leading to collective problem-solving.


n			Explore opportunities with new and emerging 


markets to support desired outcomes.


n			Develop and enhance existing local and state 
initiatives to support markets needed to support  
oak sustainability.


n			Explore innovative and outcome-based financing 


solutions to support work to restore sustainability,  
aligning with or creating markets as needed.


FEDERAL	AND	STATE	POLICY
Improved federal and state policies and programs can enable 
success on private lands, public lands, research, and market-based 
solutions. Our recommendations include:


n			Support for state and federal programs that provide 
landowners with cost-sharing and technical assistance for 
management practices to support the next generation of 
white oak forests.


SPOTLIGHT	
ON	KENTUCKY	
BOURBON:


According to the Kentucky 


Distillers’ Association, Kentucky 


accounts for 95% of global 


bourbon supply. As of 2019, 


according to the association, 


Kentucky had 68 distilleries, 


up 250% in the past decade. 


At 1.7 million barrels in 2019, 


Kentucky’s bourbon production 


has increased more than  


115% over the past five years, 


driven largely by premium  


small-batch and single-barrel 


brands that mainly rely on 


charred white oak barrels  


to give bourbon its color  


and flavor.
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n		 Support for management treatments on public 


lands that lead to the establishment of the next 
generation of oak forests.


n	  Improve policies to allow for landscape-level work 


across public and private land.


n			Support policies and programs that increase 


markets for wood, especially low-value trees that  
need to be removed to allow for the next generation of 
white oak saplings and trees.


n			Support policies and programs that support 


a skilled logger workforce and foresters 


knowledgeable in white oak management to  
restore sustainability.


COMMUNICATION,	EDUCATION	AND	
OUTREACH
Much like the adage, “It takes a village…” the White Oak 
Initiative’s success depends on coordinated efforts by diverse 
stakeholders. To improve communication, education, and outreach 
to these stakeholders, our recommendations include: 


n			Provide training for foresters and loggers  
related to management for oak regeneration and 
recommended practices.


n		 Provide outreach and education to landowners 


around oak benefits relative to their own values and the 
actions they can take to lead to desired outcomes.


n		 Provide outreach and education to key 


stakeholders and decision-makers who can support 
market solutions and policy solutions that enable work  
on private and public lands.


n			Provide clear messages and outreach to the 


broader public around oak benefits and actions  
needed to support long-term desired outcomes, with  
an eye toward empowering public land managers and 
private landowners.


n		 Use demonstration sites on state and federal public 
lands as educational opportunities for resource managers, 
forestry professionals, and private landowners.


 


INVASIVE	SPECIES	AND	OTHER	FACTORS
That	Can	Interfere	With	White	Oak’s	Ability	to	Regenerate	and	
Thrive	(Partial	List)


n		Autumn olive


n		Bacterial leaf scorch


n		Bush honeysuckle


n		Cattle grazing


n		Common buckthorn 


n		Excessive deer browse


n		Fire exclusion


n		Gypsy moth 


n		Hypoxylon canker


n		Japanese honeysuckle 


n		Japanese stiltgrass


n		Kudzu


n		Multiflora rose


n		Nepalese browntop


n		Oak anthracnose


n		Oak wilt


n		Privet shrubs and trees


n		Reed canarygrass


n		Tree of heaven


n		Wintercreeper
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Like many states, Ohio is serious about its forests. Back in 2008, 
the Ohio Department of Natural Resources’ Division of Forestry 
joined with the USDA Forest Service and the NRCS to create the 
Ohio Interagency Forestry Team, which is dedicated to the concept 
of shared stewardship and a goal of enhancing resilience in the 
state’s forests.


But very few of the state’s forests are state forests … or national 
forests, either. About 86% of Ohio’s woodlands are privately 
owned, with 72% controlled by family forest owners. According to 
Cotton Randall, the cooperative forest management administrator 
for the Ohio Department of Natural Resources’ Division of 
Forestry, these forests drive about $26 billion in annual economic 
activity. “Oak-dominated forests are definitely Ohio’s dominant 
forest type,” Randall says, adding, “For veneer and cooperages, 
white oak is economically huge in Ohio, to say nothing of its 
ecological, aesthetic, and emotional value.” 


The Ohio Interagency Forestry Team has been doing collaborative 
oak management for longer than the White Oak Initiative has been 
around, and it has core projects around the state to show for it. 
Randall explains, “By connecting forest owners with the EQIP 
program through NRCS, we’ve helped landowners to get funding 
for thinning and crop tree release to make sure oak is part of 
future forests. We’re doing this work on federal and private lands 
alike, including a prescribed burn in Wayne National Forest.”


Randall’s involvement in the local Forestry Team has highlighted 
the power of collaboration. “There’s such a patchwork of 
ownership here, you can’t have a shotgun approach. You need 
collaboration.” This is why Randall is so excited about the White 
Oak Initiative. “There’s a lot of potential from a 17-state initiative,” 
he says, adding, “Having such a wide and measurable impact 
allows us to think about common data to collect, common 
terminology … we can all share our challenges, mistakes and 
breakthroughs. And it helps get a wider message across that you 
can’t take white oak for granted.”


WHITE	OAK	IN	OHIO:	A	STATE-LEVEL	LOOK


STATE	PARTNERS 	—	COTTON	RANDALL
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ADDITIONAL	RESOURCES
Links to the White Oak Initiative Assessment & Conservation  
Plan and supporting documentation can be found at  
www.whiteoakinitiative.org/assessment-conservation-plan.  
Supporting documents on this webpage include:


n		White Oak Initiative Entry Principles for Membership


n		White Oak Initiative Fact Sheet


n		White Oak Initiative Landowner Survey Report


n		White Oak Initiative Management Practices


n		White Oak Initiative Partner Preview Webinar Presentation


n		White Oak Initiative Regeneration Spatial Analysis Presentation


n		White Oak Initiative Spatial Regeneration Report


n		White Oak Initiative Technical Introduction


n		Using GIS To Determine Where to Invest in White Oak Growth
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CONTACT:
To obtain more information on the White Oak Initiative 
or if you would like to become involved, please contact:


MELISSA	MOELLER
White Oak Initiative Director
American Forest Foundation
Washington, DC
(202) 765-3547
mmoeller@forestfoundation.org


A	REPORT	BY	THE	AMERICAN	FOREST	FOUNDATION	AND	 	
THE	WHITE	OAK	INITIATIVE	STEERING	COMMITTEE







WWW.WHITEOAKINITIATIVE.ORG 	     63


ACKNOWLEDGEMENTS:
Funding for the spatial assessment conducted in support of this report was provided 
by the USDA Forest Service and the Kentucky Division of Forestry. Funding for the 
family forest owner survey conducted in support of this report was provided by the 
USDA Forest Service. Additional funding and support for this project and report were 
provided by the American Forest Foundation, the University of Kentucky Department 
of Forestry and Natural Resources, and the White Oak Initiative and its partners.


The White Oak Initiative Executive Committee would like to thank all of the people 
named in this document for their participation, assistance and guidance in helping 
to create the White Oak Initiative Assessment and Conservation Plan, as well as the 
numerous state partners in Regions 8 and 9 involved in the two Landscape Scale 
Restoration grants.


LEAD	WRITER: Brian Cooke







RESTORING SUSTAINABILITY FOR WHITE OAK AND UPLAND OAK COMMUNITIES: AN ASSESSMENT AND CONSERVATION PLAN64	 																			


I


N
I T I A T I V


E


W


H
I T E  O


A
K








 1909.12_70 
Page 1 of 15 


 


Table of Contents 
 


70.1 – Authority .......................................................................................................................... 2 
70.2 – Definitions ....................................................................................................................... 2 
70.6 – Process ............................................................................................................................. 3 


70.61 – Participation in the Wilderness Recommendation Process ........................................ 4 
70.62 – Wilderness Recommendation Process ....................................................................... 4 


71 – INVENTORY OF AREAS THAT MAY BE SUITABLE FOR INCLUSION IN THE 
NATIONAL WILDERNESS PRESERVATION SYSTEM ..................................... 5 


71.1 – Inventory Process ............................................................................................................. 6 
71.2 – Inventory Steps and Criteria ............................................................................................ 6 


71.21 – Size Criteria ............................................................................................................... 6 
71.22 – Improvements Criteria ............................................................................................... 7 
71.22a – Road Improvements ................................................................................................. 7 
71.22b – Other Improvements ................................................................................................ 8 


71.3 – Inventory Documentation .............................................................................................. 10 
72 – EVALUATION ....................................................................................................... 10 


72.1 – Evaluation of Wilderness Characteristics ...................................................................... 11 
72.2 – Documentation for Evaluated Areas .............................................................................. 13 


73 – ANALYSIS ............................................................................................................ 13 
74 – RECOMMENDATION ........................................................................................... 14 


74.1 – Management of Recommended Areas ........................................................................... 15 
  







WO AMENDMENT 1909.12-2015-1 
EFFECTIVE DATE:  01/30/2015  
DURATION:  This amendment is effective until superseded or removed. 


1909.12_70 
Page 2 of 15  


 
FSH 1909.12 – LAND MANAGEMENT PLANNING HANDBOOK 


CHAPTER 70 – WILDERNESS 
 
 
This chapter describes the process for identifying and evaluating lands that may be suitable for 
inclusion in the National Wilderness Preservation System and determining whether to 
recommend any such lands for wilderness designation.   


70.1 – Authority 
The purpose of wilderness and the broad direction for managing wilderness are in the Wilderness 
Act of 1964 (16 U.S.C. 1131–1136, 78 Stat 890) and the Eastern Wilderness Act of 1975 (16 
U.S.C. 1132 (Note)).   
Land management planning process requirements are in FSM 1923 and in the Planning Rule as 
follows:  


In developing a proposed new plan or proposed plan revision, the 
responsible official shall:  
… 


(v)  Identify and evaluate lands that may be suitable for inclusion in 
the National Wilderness Preservation System and determine whether 
to recommend any such lands for wilderness designation. (36 CFR 
219.7(c)(2)). 


70.2 – Definitions 


Forest road.  A road wholly or partly within or adjacent to and serving the National 
Forest System (NFS) that the Forest Service determines is necessary for the protection, 
administration, and utilization of the NFS and the use and development of its resources 
(36 CFR 212.1). 


Maintenance levels.  The level of service provided by, and maintenance required for, a 
specific road (FSH 7709.59, ch. 60, sec. 62.3). 


1.  Level 1.  These are roads that have been placed in storage between intermittent 
uses.  The period of storage must exceed 1 year.  Basic custodial maintenance is 
performed to prevent damage to adjacent resources and to perpetuate the road for 
future resource management needs.  Emphasis is normally given to maintaining 
drainage facilities and runoff patterns.  Planned road deterioration may occur at this 
level.  Appropriate traffic management strategies are to “prohibit” and “eliminate” all 
traffic.  These roads are not shown on motor vehicle use maps. 


Roads receiving level 1 maintenance may be of any type, class, or construction 
standard, and may be managed at any other maintenance level during the time they 
are open for traffic.  However, while being maintained at level 1, they are closed to 
vehicular traffic but may be available and suitable for nonmotorized uses. 
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FSH 1909.12 – LAND MANAGEMENT PLANNING HANDBOOK 


CHAPTER 70 – WILDERNESS 
 
 


2.  Level 2.  This level is assigned to roads open for use by high-clearance vehicles.  
Passenger car traffic, user comfort, and user convenience are not considerations.  
Warning signs and traffic control devices are not provided with the exception that 
some signing, such as W-18-1 “No Traffic Signs,” may be posted at intersections.  
Motorists should have no expectations of being alerted to potential hazards while 
driving these roads.  Traffic is normally minor, usually consisting of one or a 
combination of administrative, permitted, dispersed recreation, or other specialized 
uses.  Log haul may occur at this level.  Appropriate traffic management strategies are 
either to “discourage” or “prohibit” passenger cars.  “Accept” or “discourage” 
strategies may be employed for high clearance vehicles.  


3.  Level 3.  This level is assigned to roads open and maintained for travel by a 
prudent driver in a standard passenger car.  User comfort and convenience are not 
considered priorities.  The manual on uniform traffic control devices is applicable.  
Warning signs and traffic control devices are provided to alert motorists of situations 
that may violate expectations. 


Roads in this maintenance level are typically low speed with single lanes and 
turnouts.  Appropriate traffic management strategies are either to “encourage” or 
“accept” passenger cars.  “Discourage” or “prohibit” strategies may be employed for 
certain classes of vehicles or users. 


4.  Level 4.  This level is assigned to roads that provide a moderate degree of user 
comfort and convenience at moderate travel speeds.  Most roads are double lane and 
aggregate surfaced.  However, some roads may be single lane.  Some roads may be 
paved and/or dust abated.  The manual on uniform traffic control devices is 
applicable.  The most appropriate traffic management strategy is to “encourage” 
passenger cars.  However, the “prohibit” strategy may apply to specific classes of 
vehicles or users at certain times. 


5.  Level 5.  This level is assigned to roads that provide a high degree of user comfort 
and convenience.  These roads are normally double lane, paved facilities.  Some may 
be aggregate surfaced and dust abated.  The manual on uniform traffic control devices 
is applicable.  The appropriate traffic management strategy is to "encourage" 
passenger cars. 


70.6 – Process  
 
The intent of this section is to make the process by which lands are recommended during land 
management planning for inclusion in the National Wilderness Preservation System or as a 
Wilderness Study Area transparent and consistent across the National Forest System.  
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The process occurs in four primary steps: inventory, evaluation, analysis, and recommendation. 
Each step requires public participation.  All plan revisions or new plans must complete this 
process before the Responsible Official determines, in the plan decision document, whether to 
recommend lands within the plan area to Congress for wilderness designation (36 CFR 219.7 
(c)(2)(v)). 
 
Each step also requires documentation, as set out in this chapter.  The required documentation 
must be made available to the public as required by 70.61 of this Handbook, and should also be 
consolidated in a “Wilderness Appendix” to the applicable NEPA documents. 


70.61 – Participation in the Wilderness Recommendation Process 
 
Early and during each step of the process identified in this chapter, the Responsible Official: 


1.  Shall provide opportunities for public participation and collaboration, 
intergovernmental coordination with State and local governments, and Tribal 
consultation, as required by the broader planning process (36 CFR 219.4 and  
FSH 1909.12, ch. 40).  Through such opportunities, engage the public and other 
governments early and throughout the process to provide feedback and input on the 
inventory, evaluation, analysis, and recommendation steps identified in this chapter.  


2. May provide additional participation opportunities specifically on this topic as 
necessary.  


 
Maps, analysis, and other documentation developed through each step of the process must be 
made available timely to the public to increase transparency and enable feedback and input. 


70.62 – Wilderness Recommendation Process 
 
The Responsible Official shall use the following process to identify and evaluate lands that may 
be suitable for inclusion in the National Wilderness Preservation System and to determine 
whether to recommend any such lands for wilderness designation, following the direction in 
FSM 1923.11.   
 
The wilderness recommendation process has a sequence of steps: inventory, evaluation, analysis, 
and recommendation.   


a.  Inventory (sec. 71):  The Responsible Official shall identify and create an inventory of 
all lands that may be suitable for inclusion in the National Wilderness Preservation 
System.  To develop the inventory, the Responsible Official shall ensure the 
Interdisciplinary Team identifies lands based on information obtained during the  
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assessment or from public and governmental participation opportunities, and using the 
inventory criteria set out in section 71.  Inclusion in the inventory is not a designation that 
conveys or requires a particular kind of management.  Lands included in the inventory 
must be documented and identified on a map.   


b.  Evaluation (sec. 72):  The Responsible Official shall evaluate the wilderness 
characteristics of lands in the inventory.  To conduct the evaluation, the Responsible 
Official shall ensure the Interdisciplinary Team applies the criteria set out in section 72, 
based on the Wilderness Act of 1964 and informed by the Eastern Wilderness Act of 
1975.  The Responsible Official may vary the scope of the evaluation of specific areas or 
portions of areas as described in section 72 of this Handbook.  The evaluation must be 
documented and included in the planning record.   


c.  Analysis (sec. 73).  The Responsible Official shall consider the areas evaluated and 
determine which areas to further analyze for recommendation as part of one or more 
alternatives in the applicable National Environmental Policy Act (NEPA) document if 
this process is done as part of an amendment, unless recommendations regarding 
wilderness are prohibited by law for amendments.  Not all lands included in the inventory 
and subsequent evaluations are required to be analyzed for recommendation. 


d.  Recommendation (sec. 74):  The Responsible Official shall decide, based upon the 
analysis and input from Tribal, State, and local governments and the public, which areas, 
if any, to recommend for inclusion in the National Wilderness Preservation System.  The 
Responsible Official shall identify any such lands in the final decision document for the 
plan. 


71 – INVENTORY OF AREAS THAT MAY BE SUITABLE FOR INCLUSION IN THE 
NATIONAL WILDERNESS PRESERVATION SYSTEM 
 
The primary function of the inventory step is to efficiently, effectively, and transparently identify 
all lands in the plan area that may have wilderness characteristics as defined in the Wilderness 
Act.   
 
The inventory is intended to be reasonably broad and inclusive, based on the inventory criteria 
set out in this section and additional information provided to the Responsible Official through the 
required opportunities for public and government participation (sec. 70.61 of this Handbook).  
The intent is to identify lands that may be suitable, so that they can be evaluated and to allow for 
public input and feedback (sec. 70.61 of this Handbook).  Lands included in the inventory will be 
carried forward for evaluation.  Inclusion in the inventory is not a designation that conveys or 
requires a particular kind of management. 
 
The Responsible Official shall ensure the Interdisciplinary Team documents the inventory in a 
report and creates a map of the lands included in the inventory.  Both the inventory report and 
map must be available to the public and included in the applicable NEPA document.   
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71.1 – Inventory Process 
 
The Interdisciplinary Team should start the inventory process by considering existing, relevant 
information identified during the assessment phase (FSH 1909.12, ch. 10), including information 
about designated areas (such as inventoried roadless areas), transportation infrastructure (such as 
road maintenance levels), and past or pending wilderness recommendation proposals.  Building 
on this information and any additional public input (sec. 70.61 of this Handbook), the 
Interdisciplinary Team should apply the criteria and steps identified in section 71.2 of this 
Handbook to create the inventory.   


71.2 – Inventory Steps and Criteria 
 
Include an area in the inventory when: 


1.  The area meets the size criteria defined in section 71.21 and has no improvements; or 


2.  The area meets the size criteria defined in section 71.21 and is consistent with the 
improvements criteria defined in sections 71.22a and 71.22b.  


 
After applying the size and improvements criteria, the Responsible Official shall also review the 
information provided through public participation during the assessment or as part of the 
wilderness recommendation process (sec. 70.61 of this Handbook), including areas that have 
been proposed for consideration as recommended wilderness through a previous planning 
process, collaborative effort, or in pending legislation.  The Responsible Official may include in 
the inventory additional areas identified as part of that review that do not meet the criteria in 
sections 71.21 and 71.22 of this Handbook, for the purpose of carrying such areas forward to the 
evaluation step.  


71.21 – Size Criteria 
 
According to the Wilderness Act, a wilderness area “[h]as at least five thousand acres of land or 
is of sufficient size as to make practicable its preservation and use in an unimpaired condition” 
(16 U.S.C. 1131c). 
 
Areas to be included in the inventory must be federal lands and must meet one of the following 
size criteria: 


1.  The area contains 5,000 acres or more. 


2.  The area contains less than 5,000 acres but is of sufficient size as to make practicable 
its preservation and use in an unimpaired condition, including but not limited to areas 
contiguous to an existing wilderness, primitive areas, administratively recommended 
wilderness, or wilderness inventory of other Federal ownership.   
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71.22 – Improvements Criteria 
 
Pursuant to the Wilderness Act, include in the inventory areas “where the earth and its 
community of life are untrammeled by man, where man himself is a visitor who does not remain. 
An area of wilderness is further defined to mean . . . an area of undeveloped Federal land 
retaining its primeval character and influence, without permanent improvements or human 
habitation, which is protected and managed so as to preserve its natural conditions and which  
(1) generally appears to have been affected primarily by the forces of nature, with the imprint of 
man’s work substantially unnoticeable; (2) has outstanding opportunities for solitude or a 
primitive and unconfined type of recreation; . . .” (16 U.S.C. 1131c). 
 
Include areas in the inventory that meet size criteria in 71.21of this Handbook and both sets of 
improvements criteria described in the following sections. 


71.22a – Road Improvements 
 
When considering road-related criteria, the Responsible Official shall ensure the 
Interdisciplinary Team uses existing information contained in the assessment about roads and 
routes within the plan area and information gathered from public and governmental participation 
opportunities (sec. 70.61 of this Handbook) as follows:  


1.  Include in the inventory areas that contain the following road improvement attributes 
if the areas also meet the other inventory criteria (secs. 71.21 and 71.22b of this 
Handbook): 


a.  Areas that contain forest roads maintained to level 1;  


b.  Areas with any routes that are decommissioned, unauthorized or temporary, or 
forest roads that are identified for decommissioning in a previous decision document, 
or identified as likely unneeded in a travel management plan (36 CFR 212.51) or a 
travel analysis (36 CFR 212.5(b));  


c.  Areas with forest roads that will be reclassified to level 1 through a previous 
decision document, or as identified in a travel management plan (36 CFR 212.51) or a 
travel analysis (36 CFR 212.5(b)); 


d.  Areas in Forests, Grasslands, Prairies, and other Administrative Units east of the 
100th meridian with forest roads maintained to level 2 that are identified as closed to 
motor vehicles yearlong in a previous decision document, or as identified in a travel 
management plan (36 CFR 212.51) or a travel analysis (36 CFR 212.5(b)); 


e.  Areas with forest roads that have been proposed by the Forest Service for 
consideration as recommended wilderness as a result of a previous forest planning 
process; or areas with forest roads that the Responsible Official merits for inclusion in 
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the inventory that were proposed for consideration through public involvement during 
the assessment or other public or intergovernmental participation opportunity  
(sec. 70.61).  


f.  Areas with historical wagon routes, historical mining routes, or other settlement era 
transportation features considered part of the historical and cultural landscape of the 
area.  


g.  Areas with maintenance level 2 roads that do not meet the criteria for exclusion in 
subsection 2(c) below. 


2.  Except as provided in (1)(b), (c), (d) or (e) above, exclude from the inventory areas 
that contain: 


a.  Permanently authorized roads validated by a Federal court or the Department of 
the Interior for which a valid easement or interest has been properly recorded.  


b.  Forest roads maintained to levels 3, 4, or 5.  


c.  Level 2 roads, or level 3, 4, or 5 roads that will be reclassified to level 2 through a 
previous decision document, or as identified in a travel management plan (36 CFR 
212.51) or a travel analysis (36 CFR 212.5(b)) that meet one or more of the following 
criteria and are not in proposed areas as provided in (1)(e) above:  


(1)  Have been improved and are maintained by mechanical means to ensure 
relatively regular and continued use,  


(2)  Have cumulatively degraded wilderness character or precluded future 
preservation of the area as wilderness,  


(3)  Have been identified for continued public access and use in a project level or 
travel planning decision supported by NEPA analysis, or  


(4)  Otherwise preclude evaluation and consideration of the area during the public 
participation and intergovernmental outreach processes as potentially suitable for 
wilderness, based on assessment information or on-the-ground knowledge.   


71.22b – Other Improvements 
 
After identifying lands within the plan area that meet the size criteria (sec. 71.21 of this 
Handbook) and the road improvement criteria (sec. 71.22a of this Handbook), determine whether 
those lands contain other improvements.  Include such lands in the inventory where the other  
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improvements or evidence of past human activities are not substantially noticeable in the area as 
a whole, including when the area contains the following, also recognizing the potential need to 
provide for passive or active restoration of wilderness character in previously modified areas, 
consistent with the intent of the Eastern Wilderness Act: 


1.  Airstrips and heliports.  


2.  Vegetation treatments that are not substantially noticeable. 


3.  Timber harvest areas where logging and prior road construction are not substantially 
noticeable.  


4.  Permanently installed vertical structures, such as electronic installations that support 
television, radio, telephone, or cellular communications, provided their impacts, as well 
as their maintenance and access needs, are minimal.   


5.  Areas of mining activity where impacts are not substantially noticeable. 


6.  Range improvement areas (FSM 2240.5), involving minor structural improvements 
(for example, fences or water troughs) and nonstructural improvements (such as chaining, 
burning, spraying, potholing, and so forth) that are not substantially noticeable.   


7.  Recreation improvements, such as occupancy spots, or minor hunting or outfitter 
camps.  As a general rule, developed sites should not be included.  Areas with minor, 
easily removable recreation developments may be included. 


8.  Ground-return telephone lines, electric lines, and powerlines if a right-of-way has not 
been cleared.  Powerlines with cleared rights-of-way, pipelines, and other permanently 
installed linear right-of-way structures should not be included. 


9.  Watershed treatment areas (such as contouring, diking, channeling) that are not 
substantially noticeable.  Areas may include minor watershed treatments that have been 
accomplished manually such as small hand-constructed gully plugs. 


10.  Lands adjacent to development or activities that impact opportunities for solitude.  
The fact that nonwilderness activities or uses can be seen or heard from within any 
portion of the area, must not, of itself, preclude inclusion in the inventory.  It is 
appropriate to extend boundaries to the edges of development for purposes of inclusion in 
the inventory. 


11.  Structures, dwellings, and other relics of past occupation when they are considered 
part of the historical and cultural landscape of the area. 
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12.  Areas with improvements that have been proposed by the Forest Service for 
consideration as recommended wilderness as a result of a previous Forest planning 
process or that the Responsible Official merits for inclusion in the inventory that were 
proposed for consideration through public or intergovernmental participation 
opportunities (sec. 70.61 of this Handbook). 


71.3 – Inventory Documentation  
 
The Responsible Official shall ensure the Interdisciplinary Team documents the process used to 
identify and inventory areas.  The purpose is to present a transparent description of how the 
inventory process was conducted and the results of the inventory.  
 
The Responsible Official should release the inventory documentation and the map(s) described 
below to the public before conducting the evaluation.  The Responsible Official shall also 
include the documentation required by this section in the applicable NEPA documents. 
 
The Interdisciplinary Team shall record all lands included in the inventory on a map of the 
planning area.  In addition, the Team shall identify on the same map (or a series of maps), at a 
minimum, the following lands: 


1.  Existing designated wilderness and primitive areas. 


2.  Congressionally designated wilderness study areas, and any wilderness proposals 
pending before Congress.  Indicate relevant statutory dates, if any.   


3.  Areas identified in the Forest Service Roadless Area Conservation Final 
Environmental Impact Statement (Volume 2, November 2000), or in a Forest Service 
State-specific roadless rule, or identified as undeveloped or for primitive nonmotorized 
management in the current land management plan. 


4.  National Forest System lands statutorily designated for management for 
nonwilderness purposes.  Indicate effective dates, if any. 


5.  Other areas that the Responsible Official determines would be useful to show on the 
map to facilitate effective and transparent public participation and input on this topic. 


72 – EVALUATION 
 
The primary function of the evaluation step is to evaluate, pursuant to criteria set forth in the 
Wilderness Act of 1964, the wilderness characteristics of the lands included in the inventory.  All 
lands included in the inventory must be evaluated.  The Responsible Official may divide or 
consolidate lands identified in the inventory into grouped areas for the purpose of evaluation, and 
may vary the scope of the evaluation based on the specific characteristics of each area or portions 
thereof.  
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The Responsible Official should provide opportunities for public and governmental participation 
when evaluating lands identified in the inventory (sec. 70.61 of this Handbook).  The 
Responsible Official should communicate the evaluation process to the public, and shall be able 
to clearly and efficiently describe and document the wilderness character associated with each 
area at the end of the evaluation step.  
 
The Responsible Official is not required to carry all lands evaluated forward for further NEPA 
analysis as potential recommendations for inclusion in the National Wilderness Preservation 
System (secs. 73 and 74 of this Handbook).  


72.1 – Evaluation of Wilderness Characteristics 
 
The Interdisciplinary Team shall evaluate areas, which must include all lands identified in the 
inventory (sec. 71 of this Handbook), to determine potential suitability for inclusion in the 
National Wilderness Preservation System using criteria included in the Wilderness Act of 1964, 
section 2(c), as follows:  


1.  Evaluate the degree to which the area generally appears to be affected primarily by the 
forces of nature, with the imprints of man’s work substantially unnoticeable (apparent 
naturalness).  Consider such factors as:  


a.  The composition of plant and animal communities.  The purpose of this factor is to 
determine if plant and animal communities appear substantially unnatural (for 
example, past management activities have created a plantation style forest with trees 
of a uniform species, age, and planted in rows);  


b.  The extent to which the area appears to reflect ecological conditions that would 
normally be associated with the area without human intervention; and 


c.  The extent to which improvements included in the area (sec. 71.22 of this 
Handbook) represent a departure from apparent naturalness.  


2.  Evaluate the degree to which the area has outstanding opportunities for solitude or for 
a primitive and unconfined type of recreation.  The word “or” means that an area only has 
to possess one or the other.  The area does not have to possess outstanding opportunities 
for both elements, nor does it need to have outstanding opportunities on every acre.   


a.  Consider impacts that are pervasive and influence a visitor’s opportunity for 
solitude within the evaluated area.  Factors to consider may include topography, 
presence of screening, distance from impacts, degree of permanent intrusions, and 
pervasive sights and sounds from outside the area. 
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b.  Consider the opportunity to engage in primitive-type or unconfined recreation 
activities that lead to a visitor’s ability to feel a part of nature.  Examples of primitive-
type recreation activities include observing wildlife, hiking, backpacking, horseback 
riding, fishing, hunting, floating, kayaking, cross-country skiing, camping, and 
enjoying nature.   


3.  Evaluate how an area less than 5,000 acres is of sufficient size to make its 
preservation and use in an unimpaired condition practicable. 


4.  Evaluate the degree to which the area may contain ecological, geological, or other 
features of scientific, educational, scenic, or historical value.  These values are not 
required to be present in an area for the area to be recommended for inclusion in the 
National Wilderness Preservation System, but their presence should be identified and 
evaluated where they exist.  Such features or values may include: 


a.  Rare plant or animal communities or rare ecosystems.  Rare can be determined 
locally, regionally, nationally, or within the system of protected designations. 


b.  Outstanding landscape features such as waterfalls, mountains, viewpoints, 
waterbodies, or geologic features. 


c.  Historic and cultural resource sites.  (Confidentiality requirements with respect to 
cultural resource sites must be respected (25 U.S.C 3056)). 


d.  Research natural areas. 


e.  High quality water resources or important watershed features. 


5.  Evaluate the degree to which the area may be managed to preserve its wilderness 
characteristics.  Consider such factors as: 


a.  Shape and configuration of the area;  


b.  Legally established rights or uses within the area;  


c.  Specific Federal or State laws that may be relevant to availability of the area for 
wilderness or the ability to manage the area to protect wilderness characteristics; 


d.  The presence and amount of non-Federal land in the area; and 


e.  Management of adjacent lands.  
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72.2 – Documentation for Evaluated Areas  
 
The Responsible Official shall ensure that the Interdisciplinary Team documents the evaluation 
and include this documentation, along with map(s) required by section 71.4 of this Handbook, in 
an appendix to the applicable NEPA document.  The intent is to ensure that the process for 
inventory and evaluation is transparent and accessible to the public for input and feedback.  This 
documentation will also be available for participation opportunities during the plan revision or 
development process.   


73 – ANALYSIS 
 
Based on the evaluation and input from public participation opportunities, the Responsible 
Official shall identify which specific areas, or portions thereof, from the evaluation to carry 
forward as recommended wilderness in one or more alternatives in the plan EIS (36 CFR 219, 
FSM 1920, and FSH 1909.15).   
 
Not all lands included in the inventory and subsequent evaluations are required to be carried 
forward in an alternative.  
 
For each evaluated area or portions thereof that are not included in an alternative in the 
applicable NEPA analysis, the Responsible Official shall document the reason for excluding it 
from further analysis.  
 
For each area included in one or more alternative, the Responsible Official shall identify the:   


1.  Name of the area and number of acres in the area to be considered for 
recommendation. 


2.  Location and a summarized description of a recommended boundary for each area.  
To identify a clearly defined boundary for each area, evaluate how the location of the 
boundary will support management of the area for wilderness and other adjacent uses.  
Where possible, boundaries should be easy to identify and to locate on the ground.  
Potential boundaries may be identified as follows, listed in descending order of 
desirability: 


a.  Use of natural features that are locatable both on the map and on the ground.  
Examples include, but are not limited to perennial streams, well-defined ridges, 
mountain peaks, and well-defined natural lake shorelines.  If a stream is used, note 
whether the thread (centerline of a stream) or either bank (to mean high water line) 
has been used as the boundary. 


b.  Use of human-made features that are locatable on the map and on the ground. 
Examples include, but are not limited to roads, trails, dams, powerlines, pipelines, and 
bridges.  Where a human-made feature is used, note whether the feature itself forms 
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the boundary or whether the boundary has been set back from the feature, and by 
what distance.  Setbacks should be used only where necessary for future maintenance 
of the human-made feature.  


c.  Use of previously surveyed lines or legally determined lines such as section and 
township lines, section subdivision lines, metes and bounds property lines, county or 
State boundaries, or National Park or Indian Reservation boundaries. 


d.  Use of a straight line from one locatable point to another.  These points should 
normally be high points in the landscape as they must be visible to be effective. 


e.  Use of a series of bearings and distances between locatable points as in a metes 
and bounds survey.  Use this technique when other methods are not available or 
practicable. 


3.  A brief description of the general geography, topography, and vegetation of the 
recommended area. 


4.  A brief description of the current uses and management of the area. 


5.  A description of the area’s wilderness characteristics and the ability to protect and 
manage the area so as to preserve its wilderness characteristics. 


6.  A brief summary of the factors considered and the process used in evaluating the area 
and developing the alternative(s). 


7.  A brief summary of the ecological and social characteristics that would provide the 
basis for the area’s suitability for inclusion in the National Wilderness Preservation 
System. 


74 – RECOMMENDATION 
 
The Responsible Official shall document a decision on whether to recommend specific areas for 
inclusion in the National Wilderness Preservation System or as a Wilderness Study Area east of 
the hundredth meridian, based on the analysis disclosed in the applicable NEPA document and 
input received during public participation opportunities (sec. 70.61).  This decision must be 
included in the final decision document for the plan.  The final decision document must identify 
the wilderness recommendation proposal as a “preliminary administrative recommendation” and 
qualify it by stating:  


 
This recommendation is a preliminary administrative recommendation that will 
receive further review and possible modification by the Chief of the Forest Service, 
the Secretary of Agriculture, and the President of the United States.  The Congress  
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has reserved the authority to make final decisions on wilderness designation.  Plan 
implementation is not dependent upon subsequent action related 
recommendations for wilderness designation.  


 
The decision must include a summary of the information required in steps 1 through 7 in section 
73 of this Handbook for each area recommended for inclusion in the National Wilderness 
Preservation System or as a Wilderness Study Area.  Furthermore, the decision document must 
affirm that the plan includes plan components that provide for managing areas recommended for 
wilderness designation to protect and maintain the ecological and social characteristics that 
provide the basis for each area’s suitability for wilderness recommendation 
(36 CFR 219.10 (b) (iv) and chapter 20 of this Handbook).   
 
For lands in the inventory and evaluation that were not recommended for inclusion in the 
National Wilderness Preservation System or as a Wilderness Study Area, the decision document 
must briefly identify or describe what management direction is provided in the plan for those 
lands.  Once a final decision has been made and documented, the Responsible Official, through 
the Regional Forester, shall notify the Chief of preliminary administrative recommendations for 
wilderness designation following the direction in FSM 1923.11. 


74.1 – Management of Recommended Areas 
 
When developing plan components for recommended wilderness areas, the Responsible Official 
has discretion to implement a range of management options.  All plan components applicable to 
a recommended area must protect and maintain the social and ecological characteristics that 
provide the basis for wilderness recommendation.  In addition, the plan may include one or more 
plan components for a recommended wilderness area that: 


1.  Enhance the ecological and social characteristics that provide the basis for wilderness 
designations; 


2.  Continue existing uses, only if such uses do not prevent the protection and 
maintenance of the social and ecological characteristics that provide the basis for 
wilderness designation; 


3.  Alter existing uses, subject to valid existing rights; or 


4.  Eliminate existing uses, except those uses subject to valid existing rights.  
 
The Responsible Official should strive to maintain consistency with the provisions of 16 USC 
1133(d) and the content of FSM 1923.03(3) when developing plan components for the 
management of recommended wilderness areas. 
 





		70.1 – Authority

		70.2 – Definitions

		70.6 – Process

		70.61 – Participation in the Wilderness Recommendation Process

		70.62 – Wilderness Recommendation Process



		71 – INVENTORY OF AREAS THAT MAY BE SUITABLE FOR INCLUSION IN THE NATIONAL WILDERNESS PRESERVATION SYSTEM

		71.1 – Inventory Process

		71.2 – Inventory Steps and Criteria

		71.21 – Size Criteria

		71.22 – Improvements Criteria

		71.22a – Road Improvements

		71.22b – Other Improvements



		71.3 – Inventory Documentation



		72 – EVALUATION

		72.1 – Evaluation of Wilderness Characteristics

		72.2 – Documentation for Evaluated Areas



		73 – ANALYSIS

		74 – RECOMMENDATION

		74.1 – Management of Recommended Areas





