€

LVwI> e INUvd Ocoua, notes: “Al-
though | have never actually wit-
nessed this be- haviour, | have some
evidence that it does occur and have
seen plunge marks along wooded-
field edges. Usually small bits of
feathers betrayed the species of owl
and in one instance, drops of blood
indicated a successful capture. |
would suggest that in severe winters
when snows are deep and alterna-
tive foods are scarce, subnivean
capture of small mammals are more
frequent than in mild years. An eye-
witness account of snow plunging
conveyed to me by a local man con-
firmed the existence of the behav-
iour. In this instance. an unsexed
Barred Owl was observed hunting
along a wooded-field edge during
daylight hours in 1985. Of three
plunges made by this owl, only one
was successful in the capture of an
unidentified small mammal” (pers.
corres., 6 September 1987).

Upon enquiry, Dave Johnson, who
studies Barred Owls in north-central

Minnesota, responded as follows: -

"Have never actually witnessed a
Barred plunge, but have one obser-
vation from Jan. 1983, Becker
County, MN. of a nice plunge hole
made by a Barred. t was near one
of my nest boxes, and | had seen a

‘Barred in the vicinity on four occa-

sions during that week. | have
looked for Barred plunge holes for
five years now. The plunge hole oc-
curred in a small marsh pocket (30
yards across) in a northern hard-
wood forest type, where overhanging
trees provided a perch. | recall snow
depths of 15-18 inches in the marsh
pocket” (pers. corres., 3 September
1987). The late Don Follen, a
Wisconsin owl student, -had this to
say: "Snow plunging: I've seen Bd's
[Barred's] on several occasions in
the snow up to their pits. This is of
course soft fluffy snow” (pers.
corres., 24 August 1987).
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Despite our many years in the field
in winter in southeastern Manitoba
looking for owls, Herb Copland and |
have only three indications of snow-
plunging by Barred Owls. Late in the
afternoon of 4 January 1981, along
the Glen road east of East Braintree,
we found fresh signs of snow-
plunging by ‘a bird of Barred Owl
size. There were at least six plunge-
holes in the snow over a grassy field.
Except for the small size, they re-
semble marks made by Great Gray
Owls. The holes were close to trees.
Again, and in the same vicinity, on
11 January 1981 we saw similar
plunge-holes in the afternoon, and
then at 8:00 p.m. a Barred Owl came
out and perched in a nearby tree.
We assumed that it was the bird that

had made several Barred Owl-size

plunge-holes at a new site several
kilometres away. At one plunge-hole
there was an imprint of the owl's
face showing the bill, just as we
have seen ‘at numerous Great Gray
Owl plunge-holes. This imprint was
the size of a Barred Owl's face.

In our experience, Barred Owis
are seldom seen here, especially in
winter. The species, as noted by
Johnsgard, "is essentially a semi-
nocturnal to nocturnal hunter.”® Ap-
parently less bold and seemingly
more restricted to hunting within
woods than Great Gray Owis, only
six Barred Owls have been seen by
Herb Copland and myself over the
past 20 winters. Jim and Patsy Dun-
can, on the other hand, recorded
three sightings of Barred Owls in
winter 1986-87: one at 5:00 p.m. - 12
December; one at 2:22 p.m. - 2 Feb-
ruary; and one at 4:49 p.m. - 16
March. The fatter bird, which they
captured when it came into a lure,
was reported as noticeably thin
{pers. corres., 1987). Herb and |
captured one at 3:15 p.m. on 4 Feb-
ruary 1979, northeast of Lac du Bon-
net. Upon seeing what we assumed

Blue Jay

H

to be a Great Gray Owl back some
distance from the road in a grovd of
aspens, we set|out to capture the
bird; on the:third|cast of the lure, {he
owl came out frgm the trees in pur-
suit of it. We wefe surprised to sée,
when it was close, that it was| a
Barred Owl; It tlirned away at the
last minute, but landed nearby and a
moment later came in to a live
mouse and was netted by Herb. Jts
belly plumage was wet and there
was even mm__z_m ice on some paris.
We guessed that it had roosted fin
wet snow in a tree cavity. It was ket
in the car long erfough to dry out its
plumage before we released it.

I'am particularly grateful to Rich-
ard W. Knapton for allowing me {o
use his observations of the Borehl
Owl. Thanks for their information afe
also owing James| R. Duncan, Patij-
cia A. Duncan, Mark F. Elderkin,
David H. Johnson|and the late Dor
ald G. Follen, Jr. For congenial com
panionship on oWl forays, | am
indebted to Herber] W. R. Copland.
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FOREST MANAGEMENT AND CONSERVATION OF |
BOREAL OWLS IN NORTH AMERICA

- GREGORY D. HAYWARD
Department of Zoology and Physiology, University of Wyoming, Laramie, WY 82071 U.S.A.

ABSTRACT.—Boreal Owls (Aegolius funereus) in North America occur throughout the boreal forests of
- Canada and Alaska and in subalpine forests of the Rocky Mountains north of central New Mexico. A
recent assessment of Boreal Owl conservation status in the western mountains of North America sug-
gested that Boreal Owls were not in immediate peril. However, in the long-term and in selected local

areas, Boreal Owis likely face conservation problems. This conclusion reflects the hypothesized response
of Boreal Owis to the type and pattern of forest harvest that occurred in the past and may occur in the

future. Over the last 40 yr, 2 majority of timber harvest occurred as clear-cutting that removed the older,

more diverse forest stands. Forest structure influences theé availability of suitable cavities, the quality of

roost sites, the foraging movements of individual owls and prey availability. Components of mature and
older forests are especially important to Boreal Owl habitat quality; the owls nest in farge tree cavities
and prey populations are most abundant in older forest stands. Clear-cut sites will remain unsuitable

for roosting or foraging for a century or more and new nest trees will not develop in some situations
for wo centuries or longer. Timber harvest which maintains components of mature forest well dispersed

long-term horizon. Metapopulation modeling and experimentation through adaptive Inanagement will

be necessary to develop timber harvest practices compatible with conservation of Boreal Owls.

KEY WoRrps:  forest management, Boreal Owk, Aegolius funereus;
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The North American distribution for Boreal
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BOREAL OWL MATING HABITAT IN THE NORTHWESTERN
UNITED STATES

Vickl HERREN, STANLEY H. ANDERSON, AND LEONARD F. RUGGIERO!
Wyoming Cooperative Fish and Wildlife Research Unit,
Box 3166, Laramie, Wyoming 82071 U.S.A.

/
ABSTRACT.—We examined boreal owl (Aggolius funereus) mating habitat in the Sierra Madre range of the
Medicine Bow National Forest in Wyoming in the northwestern United States during 1992-93. In noc-
turnal surveys, we found 22 boreal owl singing locations which we compared to 68 random locations in
the study area. Owls used stands dominated by Engelmann spruce (Picea engelmannii) and subalpine fir
(Abies lasiocarpa) more often (77%) than stands of lodgepole pine (Pinus contorta). Stand size ranged
from 0.2-122.8 ha though adjacent stand type (forest or opening) was not investigated. All boreal owls

were found in areas with old forest ch: eristics including high basal areas of trees, tall snags, many
large down logs, and a tall overstory canopy. Some boreal owls sang from old forest stands adjacent to

clearcuts, one as close as 15 m. Older forests may provide nest holes for boreal owls which are obligate
cavity nesters. -

KeEYy WORDS:

boreal owl; Aegolius funereus; mating habitat; old growth; Sierra Madre Forest; clearcut.

Habitat de apareamiento de Aegolius funereus en el noroeste de los Estados Unidos

ResSUMEN.—Durante 1992 y 1993, examinamos el hdbitat de apareamiento de Aegolius funereus en la
Cordillera de Sierra Madre del Medicine Bow National Forest en Wyoming, al noroeste de los Estados
Unidos. En recorridos nocturnos, encontramos 22 sitios de canto de este biho, los que comparamos
con 68 sitios al azar en el 4rea de estudio. Los bihos usaron mas a menudo (77%) parches dominados
por Picea engelmannii 'y Abies lasiocarpa que parches de Pinus contorta. El rango del tamano del parche
fue de 0.2 a 122.8 ha. Todos los biihos fueron encontrados en ireas con caracteristicas de bosque
-antiguo, incluyendo grandes areas basales de arboles, ramas espigadas, grandes troncos caidos y grandes
sotobosques. Algunos individuos de esta especie se encuentran hasta alrededor de 15 m de claros de
- bosque. Antiguos bosques pueden proveer de sitios de nidificacion para estos bihos que nidifican

obligadamente en cavidades.

Boreal owl (Aegolius funereus) mating and nesting
habitat is poorly understood in the U.S. because of

their nocturnal behavior in remote forests. During

their late winter mating season in the western

states, boreal owls associate with older high-eleva-_

[Traduccién de Ivan Lazo]

During the mating season, male owls sing for a
mate with a continuous high-pitched song that can
easily be heard from 1.5 km and, on clear, cold
nights, up to 3.5 km (Bondrup-Nielsen 1984). This
allows an observer to locate owls without excessive

tion forests generally composed of Engelmann
spruce (Picea engelmannii, ES) and subalpine fir
(Abies lasiocarpa, SA) (Webb 1982, Palmer 1986,
Hayward et al. 1993). High elevation patches of
ponderosa pine (Pinus ponderosa), Douglas fir
(Pseudotsuga menziesii), and quaking aspen (Populus

intrusion. Owl singing locations indicate habitat
use and represent potential breeding sites (Mee-
han 1980, Bondrup-Nielsen 1984, Hayward et al.
1993). Breeding sites vary by vegetation ‘type but
boreal owls are obligate cavity nesters (Mlkkola
1983).

tremuloides) are important when available (Hayward
et al. 1993). These forest types also support the
owl’s primary prey, the southern red-backed vole
(Clethrionomys gapperi) (Hayward et al. 1993).

1 USDA Forest Service, Intermountain Research Station,
Box 8089, Missoula, MT 59807 U.S.A.

In this study, we sought to describe habitat used
by boreal owls during the 1992-93 mating seasons.
We compared owl singing locations with random
habitat locations within the study area. The re-
search also illustrates the distribution of boreal owl
singing locations in a mosaic of forest patches com-
prised mainly of lodgepole pine (Pinus contorta,

123




. DDISCUSSION. .. ..,

SEPTEMBER 1996

Boreal owl breeding season home ranges have
been reported to vary between 240-352 ha for two
birds in Colorado (Palmer 1986) and to average
1451 £ 552 ha in Idaho (Hayward et al. 1993).

At this scale, boreal owl singing locations were
almost equally- distributed by cover type into SF
stands (55%) and LP stands (45%). This differed
from plot level cover type designation (from clus-
ter analysis) for three of the 16 stands used by sing-
ing boreal owls.

The mean stand size at the study area (6.9 %

4 13.7 ha) differed from mean stand size at owl lo-

cations (35.5 + 36.4 ha, P = 0.0067). Stands in the
available habitat ranged in size from 0.005-122.8
ha; stands used for singing ranged from 0.17-122.8
ha.

Distance to Clearcuts. The 227 small clearcuts in

-~ (Y .2 1 cirmsanmalaad 1n 1La 3]
the Coon Creek watershed have left 82% of the

« forest within 200 m of a clearcut. The maximum

possible distance from a clearcut is 270 m (E.
O’Doherty pers. comm.). Boreal owl singing loca-
tions did not differ in the distance to a clearcut
from the random available habitat locations (x2 =
1.65, df = 1, P = 0.199). The chisquare test of
homogeneity tested the two categories of distance
to a clearcut (<51 m, >51 m) for boreal owl sing-
ing locations (N = 16 in this watershed) and ran-
dom available habitat sampling points (N = 29 in
this watershed). Further, a #test between the mea-
sured distances (<51 m) showed no difference (P
= 0.65) in the mean distance to a clearcut between
owl singing locations (29 £ 12.8 m) and the avail-
able habitat sampling points (31.7 = 12.9 m) in
the Coon Creek watershed. The closest “singing
tree” to a clearcut was 15 m and the average dis-
tance was 27 = 30 m.

The majority of owl singing locations at the

»

~Blackhall-Moumntainrstudy-area-were inrthe-SFeover—site;"didnotnest

type with microhabitat structure typical of mature
Qr_old-growth forests (large downed logs, a high
oyerstory canopy, tall snags, large ES trees, and

small fir trees). Large snag (>39 cm 'dbh) density

at owl singing locations, greater than in either the

(Palmer 1986, Ryder et al. 1987) or Idaho (Hay-
ward et al. 1993), increases the potential for suit-

-able nest sites for boreal owls, Dense ES forests also -

offer protection from predators such as pine mar-
ten (Martes martes) (Korpimiki 1988) and Jarge larger

birds of prey (Mikkola 1983). The singing locations -
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in LP cover types had large lodgepole trees instead
of ES trees, as did boreal owl singing locations in
LP stands on the Beaverhead National Forest in
Idaho (Hayward et al. 1998). Hence, some LP
stands appear to have adequate forest structure for
boreal owls to use as singing sites.

Canopy height and large downed logs were iden-
tified as important differences between owl singing
sites and random sites in both multivariate and uni-
variate tests. Large downed logs are an important
component of old-gro forests (Maser et al.
1979, Meslow et al. 1982) and were correlated with
boreal owl mating habitat on our study area. Webb
(1982) also described three of his five boreal owl
locations in northern Colorado as having “much
fallen timber.” Although studies on boreal owl for-
aging sites did not report the log component di-
rectly, the highest numbers of foraging sites were
in mature or older SF forests that support the owl’s
primary prey, the red-backed vole (Palmer 1986,
Hayward et al. 1993). The old-growth locations
used by boreal owls during the mating season at
the Blackhall Mountain study area may also be
used for foraging.

Microhabitat at owl singing locations indicated
that SF cover types were used most often by boreal
owls. Similarly, Palmer (1986) found a higher den-
sity of boreal owls in Colorado’s high elevation SF
though four other habitat types were available.
Only in years with an abundance of boreal owls at
his study area were lower elevation mixed forest
habitat types used. He suggested that the SF is op-
timum habitat in the Cameron Pass area (Palmer
1986) 87 km south of the study area.

Hayward et al. (1993) found from surveys

- throughout the northern Rockies that a majority

of boreal owl locations were in SF habitat types. In

---Jdahoj-the-owls-bred-more-often-in-mixed-conifer- -

and aspen habltats and, in the wilderness study

Blackhall Mounta.xn, the aspen cover type was not
available, and some LP stands were used for sing-
ing. Like some of the boreal owl singing sites in
Colorado (Palmer 1986, 1987), sites used in Black-
hall Mountain during mating season may be sub-

ductive success of boreal owls at the Blackhall
Mountain study area and in the surrounding hab-
itat, inferences about the use of areas of lesser
quality could not be made. Hayward et al. (1993)
suggested that suboptimal habitat may still be im-
portant at a regional and metapopulation scale.

~EP-stands— At
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ABSTRACT

THE HILELES PARADIGM

P TS5 == Wi\

Elk vulnembzl’zy may be reduced, and hunter opportunity may be increased, by provzdzno security areas for elk during
the hunting season. We define securzty area requirements for land managers so that timber harvest decisions can reflect

elk security needs.

To provide a reasonable level of bull survival, each security area must be a nonlinear block oé hiding cgve:j =250
acres in size and > one-half mile from any open road. Collectively, these blocks must equal at least 30% of the analy-

sis unit. Vegetation density, topography, road access, hunter-use patterns and elk movements are variables that must be
considered when applying these guidelines. Examples are provided that illustrate how the security guidelines are applied

in the field.

INTROBICTIGN

Timber harvest affects elk vulnerability by ckanging
the structure, size, juxtaposition and accessibility of
security areas. Biologists have recently provided working
definitions of “security,” “security area,” and “elk
vulnerability” (Lyon and Christensen 1990). However,
elk and timber managers still await research answers to
current questions such as: “How large must a cover block
be to provide effective security, how far must a security
area be from a road, and how much of the area should
provide security to meet elk vulnerability objectives?”

We developed guidelines for retaining elk security
areas west of the Continental Divide in Montana. We'
suggest that the concepts presented here could assist
managers in providing security areas elsewhere. We also
hope this stimulates constructive criticism and research
that improve the guidelines.

Special thanks go to S. D. Rose for helpful editorial
comments. J. E. Firebaugh and R. E. Henderson provided
technical reviews of the manuscript. We thank O. L.

“"Daniéls and C,'W. Spoon for sipporting developmentand ™

application of these guidelines,

data). The majority of elk habitat in the area is managed
by the Lolo, Bitierroot and Deerlodge National Forests;
although substantial portions are owned by Plum Creek
Timber Company, Champion International Corporation,
other private landowners, Montana Department of State
Lands and USDI Bureau of Land Management.

MANAGEMENT OBJECTEVES

Lonner and Cada (1982) proposed that, “hunting
recreational opportunities are good when hunting season
lengths are relatively long, harvest rates are uniform, and
rales and regulations few. The present 35-day general
elk-hunting season in Montana permits a diversity of
choice [for hunters] with regard to time, weather condi-
tions, hunter density and area. A lengthy hunting season
has litde meaning if the majority of the harvest occurs in
the first few days.”

Nine years since Lonner and Cada’s (1982) contribu-
tion, MDFWP and the three national forests within the

- -gtudy-area formally-share the-following objectives: 1)~ -

maintain the current, relatively unregulated, 5-week

STUDY AREA
We devised guidelines applicable to the situations we
know in the Clark Fork River dfamage (excluding the

Douglas-fir, lodgepole pine, western larch and subalpine
fir. Average elk popuiations and hunter numbers are at
30-year highs in the area, while the average bull/cow ratio
observed by Montana Department of Fish, Wildlife and
Parks (MDFWP) biclogists in early spring has declined
during the same period (MDFWP, Missoula, unpubl.

J. Michael Hillis, Lolo National Forest, Building 24, Fort Missoula,
Missoula, MT 59801; Michael J. Thompson, Montana Department of
Fish, Wildlife and Parks, Missoula, MT 59801; Jodie E. Canfield,
Deerlodge and Helena National Forests, Townsend, MT 59644; L. Jack
Lyon, Intermountain Research Station, USDA Forest Service, Missoula,
MT 59807; C. Les Marcum, Forestry Scheol, University of Montana,
Missoula, MT 59812; Patricia M. Dolan, Lolo National Forest,
Missoule, MT 59801; David W. McCleerey, USDI Bureau of Land
Management, Missoula, MT 59801

—HRunting season, 2) distibute the bull harvestevenly over

the entire hunting season; and 3) mainiain a desired level
of mature bulls in the post-hunting season population
(For Plan, Lolo Natl. For., 1986; For. Plan, Bitterroot

i1, For., 1987; For. Plan, Deerlodge Natl. For., 1987;

Flathead River drainage). The area is characterized by lena 19910, We
Steep slopes exensively 1o IWMMMM’H?
b SOpES SALHRIVEY 107ES y bon developed guidelines to meet these objectives.

The agencies have decided to maintain habitat
security levels that allow desired numbers of bull elk to
escape harvest, rather than impose more restrictions on
hunters {e.g., shorter hunting seasons, antler-point
restrictions, limited licenses). The recreational opportuni-
ties resulting from this type of management are becoming
increasingly rare nationwide (Anon. 1988).

BOCUMENTATEON

We developed guidelines from the following back-
ground of knowledge:

1. Elk behavior changes in response to the hunting
season (Marcum 1975; Morgantini and Hudson 1979,
1085; Canfield 1988; Lyon and Canfield 1991).
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2. Elk avoid areas adjacent to roads with vehicular
traffic, especially during the hunting season (Marcum
1975, Perry and Overly 1976, Lyon 1979, Irwin and Peck
1983, Lyon 1983, Lyon et ai. 1985, Lyon and Canfield 1991).

3. Elk spend more time in dense cover during hunting
season than they do before the hiunting season (Marcum
1975, Irwin and Peek 1983, Canfield 1988). Large cover-
blocks contribute to security more than s
(Canfield 1988, Lyon and Canfield 1991).

4. Elk movements generally are confined to habitats

“within a traditionally used home range (Edge et al. 1985,

Lyon et al. 1985, Edge et al. 1986).

5. Road closures may either increase or decrease elk
vulnerability depending upon the influences of cover,
topography and hunting pressure, both within and adjacent
t0 a security area (Basile and Lonner 1979, Lyon et al.
1985).

SECURFTY-AREA GUIBELINES
How Large Must 2 Cover Block Be?

Larger is better—To meet the hunting opportunity
objectives outlined here, managers should strive to retain,
perpetuate, or replace the largest security areas possible.
We assume that as security areas increase in size, elk
become harder for hunters to find, and liberal hunting
opportunities become less costly in terms of elk vulnerability.

Minimum size—In the lower Clark Fork drainage,
conditions are favorable for elk to elude hunters: cover is
dense, terrain is steep, and forest communities are largely
unfragmented. Lyon and Canfield (1991) found that elk in

-v._..——————"‘—"'- -
this area selected for large, connected, vegetation commu-

e providing security-underfavorable-conditions-underless-

nities (i.e., forest blocks of similar canopy structure). All
other factors held constant, 236-acre unfragmented
communities met minimum security requirements for 60%

_ of the radioed elk, For the purposes of these guidelines,

250 acres appears to be the minimum-sized area for

(Lyon 1983, Lyon et al. 1985), the minimum distance
between a security area and an open road should be one
half mile. The functicn of this > one half mile “buffer” is
to reduce and disperse hunting pressure and harvest that is
concenirated along open roads (Daneke 1980). Failure to
accomplish this function will reduce the effective size of
the security area and may render it ineffective.

Road design considerations—Road-design

features may inadveriently turn designated security areas
into hunter destinations. For example, traitheads, mmouts
and/or parking areas in close proximity to security areas
will concentrate hunting pressure in the vicinity and
increase elk vulnerability. Similarly, open rodds located
both above and below a security area on a slope will
encourage hunters to walk through the security area.

-Cover and terrain—When cover is poor and terrain

is gentle, it may require a distance >one half mile from
open roads before security is effective. In such situations,

hunters may identify the security area from the road, and
the gentle terrain will deter few hunters from hiking,
Conversely, if the security area is hidden or difficult to
reach from a road, elk may find security in s1tuar_10ns <
one half mile from an open road.

Closed roads—Roads may be closed (to motorized

travel) to provide security and a buffer between security

areas and open roads. However, the minimum distance
between open roads and security areas increases as X
closed-road densities increase within both the security <
area and buffer. Closed roads located within security

arcas may increase elk vulnerability by providing hunters
with walking and shooting lanes. Use of horses and
increasing use of mountain bikes by hunters on closed
roads allows them better access and increases elk vulner-
ability, compared tc unroaded habitats. Therefore, roads

- within security areas should be kept to.an absoluge oo

mmu’num

favorable conditions, the minimum must be >250 acres.

Variables to consider—Effective security areas may
consist of several different cover-types if the block is

relatively unfragmented. For example regenerated cuttmg ,

H@W Much of the Area Shmnid

- Provide Security?

Analysis unit—First, a standardized “habitat analysis
unit” (Lyon and Christensen 1990) must be described. To

—————‘—“UﬂﬁS’fhai‘pfﬁ‘Wﬁe’f&&SGuauxc covermight-he-found-within

an effective security area (Canfield et al. 1986). Among
security areas of the same size, one with the least amount
of edge and the greatest width generally will be the most
effective. Rugged topography may increase security if it
substantially decreases the accessibility of the area to
hunters. Wallows, springs and saddles may require more
cover than other habitats because both hunters and elk
recognize and target these destinations.

How Far Must a Security Area Be
from a Road?

Minimum distance—Generally, security areas
become more effective the farther they are from an open
road. Considering documented road-avoidance by elk

be biologically meaningfui, analysis unit boundaries
should be defined by the elk herd home-range (Edge et al.
1986), and more specifically by the local herd home- 4
range during hunting season. Typically, the huniing
season home-range Includes the local herd transitional-
range and at least the upper edge of winter range. These
boundaries should be verified in advance by radio
telemetry, particularly where elk vulnerability is at issue.
Without telemetry data, biologists should test their home-
range predictions against the experience of reliable local
hunters and cutfitters. Analysis units should not be
adjusted for iand ownership; instead, they should reflect
the cumulative habitat conditions perceived by elk. )
Minimum amount of security—Our collective
experience suggests elk valnerability increases when less
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than 30% of an analysis unit is comprised of security

" areds (Cantield 1991) Where bull survival objectives are
high, it may be necessary to retain greater than 30% of the
analysis unit in security.

Spatial arrangement—In conjunction with consider-
ing “how much security,” it is critical to consider spatial
arrangement of security areas across the landscape. The
arrangement shouid provide for the habitat needs of eik
through-the 5-week hunting season (e.g., forage and
water). Providing security only on dry, harsh, steep
siopes may ailow eik to avoid hunters early in hunting
season; however, it is unlikely that elk will stay in harsh
sites for extended periods (Marcum 1975). Further,
security areas should cover a wide elevational range so
they are available to elk under various weather conditions
(e.g., security areas at high elevations may be unusable by
eik during periods of deep snow).

A few large, or several minimum-sized, security
areas may comprise the same combined proportion of an
analysis unit. The best balance between security-area
sizes and numbers for an analysis unit will result from
creative thinking firmly based on knowledge of local elk-
movement and hunting patierns.

APPLICATION OF THE MANAGE-
REENT GUIBDELINES

We suggest that security areas should be > 250 acres
in size, > one half mile from an open road, and should
compiise > 30% of a valid analysis unit. Unquestioning
adherence to these guidelines may lead to serious misap-
plications and should be avoided. We believe the
guidelines are properly applied when used to compare
relative security levels in an analysis unit over time or to
compare and evaluate the cumuiative impacts of various
timber-harvest alternatives on security. These guidelines

represent minimums and do not necessarily justify

analys1s unit is security, do not assume that 20% of the

approached because the rare opportunity exists to retain
elk security by design in these units, rather than by default
as dictaied by past logging practices.

In analyzing security requirements for a specific area,
interpretation of the guidelines is needed 1o ensure that
the result makes biological sense for local conditions.

The point of designating elk security areas is not to meet

‘some generalized guidelines, but to provide functional

habitat.

We present examples of actual management problems
we have addressed, to illustrate: 1} guideline adjustments
that made designated security areas reflect reality, and (2)
provisions for meeting present and future security needs.

Example §

The Sequoia-Brewster area lies about 20 miles from
Missoula. The area’s entrance road ends at a gate on level
terrain (Fig. 1. The ease of walking in the area and the
concentration of hunters at the end of the road suggested
to us that an area only one haif mile from e parking area
would not provide adequate security. Therefore, the
buffer between the parking and security areas was
increased o 1 mile.

SECURITY
AREA

r ‘I'educingﬂsecurity'to‘me\,t[hese"levelsr(;:e”if50%Of’an““‘ T

_COVER

‘unit is excess security).

Inferences from detailed knowledge of a local elk
herd—such as that typicaily obtained by radio telem-
etry—should override these management guidelines
whenever dxscrepancms occur. For example, radioed elk

c‘ﬂhnﬂhy 16
hd 4

provided along highways or in smali cover-blocks that
hunters do not find. Similarly, traditional migration
corridors and other elk concentration areas, if known, may
deserve special considerations that are not covered by
these guidelines (USDA 1991).

A comprehensive, sustained timber-management
planning effort is required to obtain the greatest benefits
from these guidelines. Radio-telemetry data should be

" collected > 1 before year preparing aliernative manage-

ment strategies, and it may take > 1 vear to budget and
prepare for a projected telemetry effort. Future timber
harvest rotations, and recruitment of new security areas,
should be projected to evaluate the best options for any
proposed timber sale. Proposed timber harvests in remote
and heavily Torested analysis units should be carefully

Figure 3. Sequoia-Brewster area, showing the relation-
ship of security to an open road, recognizing the
trailhead, level ground, and concentrated use. The one
half mile zone was increased to 1 mile.
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Example 2

The Tujo area includes a ridge between two parallel,
creek-bottom roads; the two roads are connected by a
road that switchbacks over the steep ridge (Fig. 2). This
connecting road affects security in two ways: 1) its
zigzag path accesses a large area and reduces the size of
security areas A, B, and C (Fig. 2); and 2) it provides easy
access to the ridgetop. Hunters can drive to the top and
walk on a level, closed road into security area A. Likely'
hunting routes from the ridgetop to the creekside roads
(and often to a second vehicle) are all downhill,

Keeping the connecting road open during the hunting
season seriously compromises the protection we would
expect from a large (2,400-acre) block such as security
area A. To increase the area and quality of security, we
proposed closing the connecting road during the hunting
season. Since much of the area’s popularity is due to the
easy access provided by the open connecting road, public
involvement on the issue is planned.

Example 3

The Sapphire Divide area (23,000 acres) lies 25 miles
southeast of Missoula. The area is unusual because past
logging was concentrated in the high-elevation basins
along a major ridgetop-road. This fragmented the
productive habitats that would have made good security
areas. The 13% of the area that now provides security is
all located in low- to mid-elevation sites that are low in
productivity and characterized by steep, rocky ground.

Radio-tracking studies (Marcum 1975) in the 1970s
showed that Sapphire Divide elk used the heavily logged,
high elevations until hunting season. When hunters
entered the area along the ridgetop road, elk immediately
dropped down to the steep, dry slopes below. The elk

-adopted a weekly pattern of movement, returning to the

productive, higher areas at mid-week and fleeing to the
unproductive secure areas on weekends (when hunting
pfeQS"re was ]’Lo‘hesf\ 'T'hnc H‘an oonnnfy areas were not

only inadequate in acreage, they also were located in the -

— OPEN ROAD
—— CLOSED ROAD

SECURITY
Q AREA

Figure 2. Tujo area, showing how security area A is affected by the ridgetop closed road. The proposed solution is to

close the connecting road at points D and E.
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wrong place. This made bulis especially vulnerable.

Predictably, the bull/cow ratio of this elk population is
extremely low. After the 1989 hunting season, this ratio had
declined to 3:100 (J.E. Firebaugh, MDFWP, Missoula, pers.
commun.), suggesting that bull mortality due to hunting is
very high. ,

To recover security in this analysis area, we first
proposed to decrease hunter access to the high-elevation
basins by closing entry roads near the points where they
cross the divide from the west (Fig. 3). Second, to allow
recovery of large cover-blocks in the productive, high-
elevation basins, we developed a long-term strategy for the

spatiai arrangement of timber harvest: deferring timber
harvest in designated large blocks (Fig. 3) to allow
contiguous areas to regain cover at the same time, and
reduce the area’s fragmentation. Third, future timber
harvests will be designed to minimize fragmentation by
concentrating logging in small areas not currently
providing security, The initial logging entries will revisit
previously logged land, joining (in effect) the scattered,
recovering units (Fig. 4). This will create a block of
recovered cutting-units that will provide the next genera-
tion of security, totalling about 25% of the analysis unit
by the year 2000.

c’““) SECURITY --- ROAD
“A./ RECRUITMENT AREA C3HARVEST UNIT
% PROPOSED RECOVERED
*es®* ROAD CLOSURE UNIT
PROPOSED SECURITY
HARVEST AREA

Figure 4. South Sapphire Divide area, showing a
clustered timber harvest strategy designed to create a
large block of future security. Note how proposed cutting
units are adjacent to recovered harvest uniis.

T HARVEST UNIT
" ~yRECOVERED

UNIT

= SECURITY

K SECURITY
DY o RECRUITMENT AREA

%, , PROPOSED
®°” ROAD CLOSURE

Figure 3. Sapphire Divide area, showing designated
security recruitment areas and roads proposed for
closure. Note hiow the past harvest pattern has frag-
mented cover.,

During the last year, these guidelines were applied to
nine elk herd-units invelving 14 timber sales. Two
disturbing trends were discovered. First, most herd units
already had less than the minimum 30% security due to
past timber harvest; in many of these cases, there were
strong indications that bull survival was declining or at
risk. Second, even in situations where security was
substantially less than 30%, all remaining security stands
were targeted for timber harvest, This indicates that
timber harvest decisions made over the next few years
will potentially severely impact remaining security and,
ultimately, hunter opportunity.

Additional research is needed to test and refine these
guidelines. However, based on the rapid, apparent
decline of security, it is critical that we begin applying
these guidelines immediately. Planning must not only
address the quality and spatial arrangement of existing
security areas, but also must provide for the regeneration
of replacement security areas where a susiained timber
harvest is desired.
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HOLBROOK ET AL.

forest structure é:laSses using metrics from the USDA Forest Service Forest Inventory
vithin modeled structure classes in Canada lynx (Lynx canadensis) habitat as defined by~
10 from our winfer scale-integrated model) in western Montana, USA.

General description

il Stand
i initiation

il Advanced
il regeneration

‘V Mature

Mixed-corjifer stands (App
tend to bg younger (i.e., ~1
area-weighted dbh of 6 ind;
and a median estimated tr

ix S1) that are sparsely stocked (naturally) or mechanically thinned, which
20 yr old) but can occur at any age. Sparse stands exhibited a median basal

or 16 am (IQR = 0-11 inches or 0~27 am), 28% canopy cover (IQR = 8-49%),
height of 34 ft or 10 m (IQR = 1-52 ft or 0.31-16 m). Median basal area of

sparse stgnds was 40 ft*/acre or 9 m*/ha (IQR = 1-101 ft*/acre or 0.23-23 m?ha), while tree density for

trees larger than 5 inches (1!
0-357 trees/ha). Tree densit;

(IQR = j

7 cm) was 48 trees/acre or 119 trees/ha (IQR = 0-144 trees/acre or
for trees <5 inches (12.7 cm) was 900 trees/acre or 2223 trees/ha

3000 trees/acre ox 0-7410 trees/ha)

Stands that have few trees and an open canopy, and are a result of recent (e.g., <5 yr) disturbance (forest

harvest qr severe fire). Stang
(IQR = inches or 0-20 ¢
1 foot or0.31 m (IQR = 0-5i

iriitiation exhibited a median basal area-weighted dbh of 0 inches and cm
), 8% canopy cover (IQR = 0-36%), and a median estimated tree height of
ft or 0-16 m). Median basal area of stand initiation was 0 ft*/acre or

0 m?ha {IQR = 0-55 ft*/acre or 0-13 m’/ha), while tree density for trees larger than 5 inches (12.7 cm) was

0 trees/afre and trees/ha (I

(12.7 ecmb was 0 trees/acre é‘l
id-seral stands of age ~25-40 yr with a mixed species composition, but spruce-fir tends t6 occur the

= 0-75 trees/acre ori0-186 irees/ha). Tree density for trees <5 inches
d treestha (IQR = 0-2249 treesfacre or 0-5557 treestha)

most frequently (Appendix51). Advanced regeneration exhibited a median basal area-weighted dbh of
8 inches pr 20 cm (IQR = 5410 inches or 14-27 cm); however, of the 51 plots examined 70% of them were

classified at size classes beti
canopy dover of 45% (IQR =
median Basal area of 89 fjﬂcre or 20 m*/ha (JQR = 39-124 fr*/acte or 9-28 m?/ha). Tree density for trees

arg 5 inches (12.7 «

178-714 frees/ha). Tree d
QR = 2549 trees/acre

Mid-seral|stands of age >40

yeen 5 and 15 inches (12.7-38 cm). Advanced regeneration exhibited median
30-70%), median tree height 0f 51 ft or 16 m (IQR = 34-64 ft or 1020 m), and

) was 167 trees/acre or 416 trees/ha (IQR = 72-289 trees/acre or
ity for trees <5 inches (12.7 cm) was 900 trees/acre or 2223 trees/ha
or 370-6298 trees/ha)

it arranged ini a multi-storied structure with a mixed species composition, but

tends to occur tv
~weighted dbh of

jceas much as any other species (Appendix S1). Mature exhibited a median

10 inches or 25 cm (IQR = 7-14 inches or 18-35 cm). However, of the 194 plots

examinefl 45% were classified at size classes between 5 and 10 inches (12.7-25.4 cm), 25% at size classes
between|10 and 15 inches (25.4-38 am), and 21% of them were classified at size classes between 15 and

(38-64 cm). Matt

¢ exhibited median canopy cover of 56% (IQR = 40-70%), median tree height

of 65 ft of 20 m (IQR = 5388 ft or 16-27 m), and median basal area of 140 {*/acre or 32 m?/ha

dOR =

-209 f*/acre or 21148 m?/ha). Tree density for trees larger than 5 inches (12.7 cm) was

217 treedfacre or 535 trees/Ha (IQR = 144-331 trees/acre or 357-818 trees/ha). Tree density for trees

<5 inchy

(12.7 cn) was 1500 trees/acre 6r 3705 treesfha (IQR = 300-4200 trees/acre or 741-10,374 trees/ha)

Notes: RS]

i resource selertion function. Fore
{I was 366 subplots (subplots

= ~170 m?), whichi

est: inventory data were collected during 2005-2012, and the total sample size
included 194, 51, 34, and 87 classified as mature, advanced regeneration, stand

|| initiation, andjsparse, respedtively. English and metric units are presented. Abbreviations IQR and dbh indicate the interquartile

ange and_di
area x dbh)/

neter at breast height,.
tal basal area|

respecﬁi]el)'r.u"lhe«calculation«»forwbasal-varea—weighted—'dbh“was»as'follows:"{i(tree"basa]” T e

|| previous

| alyses of habi [ 3
il habitat relationships {Squires et al. -
il McCann and Moen 2011, Simons-Lé
il 2013, Kostgrman 2014), we expected
it association

ced regenera

| on). In con-
il trast, we eXpected a rjegative effect |

and intensity of use (root-mean-square error =

008, 2010, 4.22) across the distribution of lynx in the North-

aard etal. em Rockies (Holbrook et al. 2017). These maps
a positive characterized a composite for dense forests with
structural  high horizontal cover that occurred in intermedi-

addifional details). We used these data within our

of the open  analytical process to characterize potential prey

| ECOSPHERE % www. psajournals.org |

I classes (e.g}, sparse and stand initiation) on lynx  resources for Canada lynx. We expected a positive
| habitat useland selectign. Given the stfong associ- effect of these metrics on lynx habitat use and pre-
| ation between lynx pnd forest sttucture, we dicted that snowshoe hare occupancy would
|| expected tq observe Hehavioral shifts in habitat likely be a parsimonious predictor for mapping
|| use by lynx with ging availabilities of forest habitat of Canada lynx. In addition, we expected
|| structure ‘ile., functional responses). ~ to observe a functional response in habitat use for
| Finally, we developed maps of predjcted snow- both snowshoe hare occupancy and intensity of

shoe hare pccupancy {dassification éfror = 25%) use (i.e., more disproportionate use at low values
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Abstract

Although partial forest harvesting is practiced over large areas, managers know little about its impacts on sciurid rodents,
particularly on northern (Glaucomys sabrinus) and southern flying squirrels (G. volans) in the northeastern United States and
Canadla. We examined habitat relationships of sciurid rodents (northern flying squirrels, southern flying squirrels, red squirrels
[Tamiasciurus hudsonicus], and eastern chipmunks [Tamias striatus]) at 2 spatial scales in managed and unmanaged coniferous
and hardwood forests of Algonquin Provincial Park, Ontario, Canada. We live-trapped rodents in 26 northern hardwood stands and
in 18 white pine (Pinus strobus) stands from 2002 to 2004. Northern flying squirrel and red.squirrel densities were significantly lower
in recently harvested (3—10 yr since harvest) shelterwood stands than in unmanaged stands. In contrast, southern flying squirrel
derisities were higher in selection-harvested stands than in old-forest areas. The densities of northern ﬂylng squirrels and red
squirrels had a strong relationship with the density of large spruce (Picea sp.) and hardwood trees and snags. in conifer sites.
Southern flying squirrel numbers had a positive association with the density of mast trees at the landscape level but not at the stand
level in hardwood forests. Eastern chipmunk density had a positive correlation with the volume of old downed woody debris and
the stems per hectare of declining trees. We recommend forest managers retain more large spruce and hardwood trees to mitigate

N the impacts of shelterwood harvesting on northern flying squirrels and red squirrels, and that they maintain high mast availability at
the landscape level to ensure the persistence of southern flying squirrels. (JOURNAL OF WILDLIFE MANAGEMENT 70(6):1735-
1745; 2006)

Key words

eastern chipmunk, Glaucomys sabrinus, Glaucomys volans, habitat use, northern flying squirrel, Ontario, partial harvesting,
red squirrel, southern flying squirrel, stepwise regression, Tamias striatus, Tamiasciurus hudsonicus.

Many jurisdictions in North America, including Ontario,
Canada, have selected flying squirrels (Glaucomys spp.) as
indicators of sustainable forest management practices. This
designation has resulted in a relatively large body of research
on these and other tree squirrels in landscapes managed
under clearcut logging (Rosenberg and Anthony 1992, Witt

1992, Carey 1995, 2000, Martin and Anthony 1999, Ckotev

and Ferron 2001). However, par

such as selection and shelterwood loggmg, have received less
attention. These are common silvicultural techniques
employed in temperate mixedwood forests in northeastern
Northern America. In these systems, forest operators
remove a portion of the overstory at relatively shorter

intensive disturbance regime, than under clearcut logging.
The effects of partial harvesting on canopy-dwelling
organisms are likely to differ from those resulting from
clearcutting because partial harvesting maintains a relatively
closed-canopy mature forest throughout the harvest cycle.
Unfortunately, only 2 studies have examined the effects of
partial harvesting (shelterwood harvesting) on flying squir-
rels (Waters and Zabel 1995, Taulman et al. 1998). These
studies found that relatively high harvest intensities (<10
m%ha residual basal area) negatively affected flying squirrel
populations. Researchers have not examined the effects of

' E-mail: gillian. holloway@utoronto. ca

selection harvesting systems in hardwood forests, which
typically leave greater residual basal areas than shelterwood
logging.

Although partial harvesting systems retain canopy cover
on sites, impacts on tree squirrel populations may manifest

_through other logging-induced changes in forest structure.

Partial harvesnng typically involves a reduction in the

d_and dead trees_ (anAmh and

wLmdenmayer 1999 McGee et al. 1999, Coste]lo et al

2000) and often results in more homogenous forest
structure, with reduced tree density and size (Costello et
al. 2000). These changes may be important for arboreal
mammals (Gerrow 1996, Carey 2000) and could result in

““———*‘““‘Tnt’efvzl‘S'(‘a'p"p—ro‘x“‘ZO yt); Creating a mote 11equeit, but 1ess negative etfects for cavity nesters (Imbeau et al. 2007):

Most past studies on sciurids have only considered local
(site-level) effects; however, organisms may demonstrate
different responses to the same factor at different scales
(Wiens 1989). Studies in fragmented landscapes suggest
that flying squirrels may be sensitive to area effects (Nupp
and Swihart 2000) and indicate that large clearcuts may act
as barriers to dispersal and movement (Bendel and Gates
1987). Taulman (1999) found that flying squirrels nested in
adjacent unharvested forest following partial harvesting,
suggesting that the amount and configuration of unhar-
vested stands might modulate flying squirrel responses to
forest harvesting. In concert, these studies raise the
possibility that local responses to forest harvesting might,
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Table 3. Mean (= SE) values for site-level habitat variables that differed among logged and old hardwood and pine forest sites in Algonquin Provincial
Park, Ontario, Canada, 2002-2004. Variable units are the number of stems per hectare unless otherwise stated.

Recent cut n = 8, 7° Old cut n = 8° Old forest n = 10, 9%
Habitat variable® Mean SE Mean SE Mean SE P’
Hardwood ; .
BA (mz/ha) 19.0 1.2 20,7 0.8 31.0 1.4 <0.001
Conifer 13.1 7.7 11.5 5.9 39.9 8.4 0.020
Con > 25 8.1 5.4 5.0 - 2.5 23.6 5.8 0.028
Hwd > 25 54.5 3.8 62.4 5.0 70.4 4.0 0.044
Spruce > 25 0.5 0.4 0.5 0.3 3.5 1.1 0.014 -
Snags 10.8 3.7 13.3 3.5 28.8 4.6 0.008
Snags > 25 3.0 0.7 6.0 14 10.1 1.1 <0.001
Pine
BA (m?/ha) 20.0 1.8 NA NA 30.7 1.3 <0.001
CanClos (%) 76.2 3.2 NA NA 80.4 1.6 0.001
Conifer 153.8 21.5 NA NA 229.3 25.4 0.047
Hwd > 25 12.4 3.9 NA NA 27.4 3.9 0.018
Spruce > 25 /';D 1.0 NA NA (EU‘) 2.1 0.080
Snags > 25 4.7 (‘{v ﬂ )} NA NA 11.1 2.0 0.022
\__f"l

& Sample sizes for hardwood and pine forests, regpectively.
b we sampled old cut stands only in hardwood forests.
© See text for definition of habitat variabies.

logging histories evenly between years, and hence allow
equal application of any biases among comparisons.
Habitat variable reduction and variance partition-
ing.—The various sciurid species tended to be more or less
abundant in one forest type (hardwood or conifer), but
“uncommon in the other; hence, we undertook community
analyses separately for hardwood and white pine sites.
Because squirrel densities differed between trap years (see
Table 1), we first partialled it out of the models. To examine
species—habitat relationships, we performed partial redun-
dancy analysis (RDA), which served to reduce the number
of site-level habitat variables (some of which were highly
correlated with each other). Initially, we entered the 17 site
. habitat variables into the RDA (see Habitat Measurements,

...above).- We..computed.-the-statistical -significance-of-each. -

variable using Monte Carlo simulations and a forward

removed variables that contributed little (highest non-
significant P-value) until the inflation factor was <10 (ter
Braak and Smilauer 1998). We retained 11 variables in the
hardwood model and 9 in the white pine model.

We investigated the relative importance of site and

a
g

[ — 4.7 -58»
densities in hardwood sites and red squirrel densities in pine
sites to normalize the variance. We performed analysis of
variance (ANOVA) with Bonferroni-corrected post hoc
tests for each species to compare densities among years.
Where a significant year effect existed (P < 0.050), we
included it in all the following regression and ANOVA
analyses. We analyzed the influence of logging history on
squirrel density and habitat variables with ANOVA.

We used linear regression to develop sciurid habitat
relationship, except in 2 instances (northern flying squirrels
and red squirrels in hardwood sites) where densities were
low and we therefore used logistic regression (on presence/
absence). For all species, if a year effect was significant, we
included it in all models. To develop site-level habitat

-models, we used-2-methods, stepwise regression-and-a-priori -

selection of candidate variables followed by use of Akaike’s

to compare among models created from these candidate
variables. In the former method, we used the site-level
habitat variables remaining after the RDA forward selection
routine. In the latter method, we picked 5-6 variables for
each species that we reasoned to be most important based on

tons)—We—sequerntially—nformatior Eriterion (ATC; Burnharand-Anderson 1998 ———

landscape variables using variance partitioning (Borcard et
al. 1992, Cushman and McGarigal 2004). This analysis
measures the variation in a community matrix, explained
independently and jointly by different sets of explanatory
variables. We calculated the unique variation at each level
(site and landscape) by partialling out (as a covariate)
variation due to the other level. We performed all multi-
variate analyses with CANOCO 4.5 for Windows - (ter
Braak and Smilauer 1998).

Individual species responses.—We plotted the density
of each squirrel species against all habitat variables to ensure
that assumptions of normality and homogeneity were
satisfied and to check for the possibility of curvilinear
relationships, We In-transformed southern flying squirrel

relationships observed or hypothesized in the literature
(listed in Table 1). From these candidate variables, we
constructed all possible models of up to 3 terms and used
AIC, to compare among them. Specifically, we calculated
the difference between the 7th model and the minimum
AIC, (ie., AAIC,) and the Akaike weight (w;) for each
model.

To incorporate landscape-level variables into these anal-
yses, we first forced the best site-level model into the
analysis and then evaluated the value of the landscape
variables in explaining additional variation in squirrel
densities. We followed this hierarchical procedure for 2
reasons: 1) site-level variables proved to be more important
than landscape-level variables'in explaining squirrel captures
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abundance of flying squirrels and hypogeous fungi was

significantly lower in shelterwood stands than in uncut old~
growth stands in California (Waters and Zabel 1995).
Beyond the local site-level effects of harvesting, we observed
additive effects of logging on the surrounding landscape.
This suggests that the interspersion of large harvested and
unharvested blocks on the landscape may be important to
ensure the persistence of red squirrels and northern flying
squirrels.

We developed habitat models using both stepwise
regression and models developed a priori. Stepwise regres-
sion has fallen into disfavor recently because of misuse of the
technique (excessive data dredging), its reliance on arbitrary
cutoffs (e.g., o = 0.05), and model over-fitting (Burnham
and Anderson 1998, Stephens et al. 2005). However,
models developed a priori may be equally prone to problems
when considering a large number of potential variables (i.e.,
model dredging; Stephens et al. 2005). Thoughtful model
development is critical in both stepwise techniques and a
* priori model building. If researchers take care in developing
models, we believe stepwise regression is a powerful tool and
should continue to be used in habitat studies. Habitat
studies often. lead to the development of large sets of
potential variables, and the inclusion of novel variables can
lead to new insights.

Management Implications

Shelterwood harvesting decreased the density of large
spruces and hardwoods below critical thresholds for north-
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Table 1. Variables used in a priori habitat mode! building for northern and southern flying squirrels, eastern chipmunks, and red squirrels at site and
landscape scales in logged and old hardwood and pine forest sites in Algonquin Provincial Park, Ontario, Canada, 2002-2004.

Scale Species No. of models Variables®

Hardwood
Site Southern flying squirrel 15 Year, BA, Mast > 25, Conifer, Declin > 25
Landscape Southern flying squirrel 15 LMast, LAverBA, LConifer
Site Northern flying squirrel 15 CanClos, Conifer, Spruce > 25, Snags, DWD > 25
Landscape Northern flying squirrel 6 LAverBA, LConifer, LSpruce
Site Eastern chipmunk 15 Year, Conifer, Declin > 25, Understory, DWD > 25, DWDdc45
Landscape Eastern chipmunk 4 LAverBA, LMast, LConifer
Site . Red squirrel 15 CanClos, Conifer, Spruce > 25, Snags, DWD > 25
Landscape Red squirrel 8 LAverBA, LConifer, LSpruce

Pine )
Site Southern flying squirrel 21 BA, Conifer, Hardwd, Hwd > 25, Mast > 25, Snags > 25
Landscape Southern flying squirrel 8 LAverBA, LMast, LMixed )
Site Northemn flying squirrel 21 CanClos, Hwd > 25, Spruce > 25, Snags > 25, DWD > 25
Landscape Northemn flying squirrel 4 LAverBA, LSpruce, LAreaCut
Site Eastern chipmunk 15 Year, Hardwd, Conifer, Snags > 25, Hunderstory, DWDdc1-3
Landscape Eastern chipmunk 4 LAverBA, LMast, LConifer
Site Red squirrel 10 Year, Hwd > 25, Spruce > 25, Snags > 25, DWD > 25
Landscape Red squirrel 9 LSpruce, LAreaCut, LiMixed

2 See text for definition of habitat variables.

since the 1950s. Average forest age in the 3 logging histories
(from FRI data) was 148, 142, and 135 years, respectively,
and average basal area was 30.98 m*/ha (SE = 1.43), 18.96
m’/ha (SE = 1.16), and 20.65 m*/ha (SE = 0.82),
respectively. In addition, within each logging history we
attempted to systematically sample grids from a diverse array-
of mast and conifer compositions. We defined mast trees as
those producing mast (both hard and soft mast; American
beech, red oak [Quercus rubra], and black cherry [Prunus
serotina)). Specifically, we selected approximately equal
numbers of stands where the forest composition was 1)
sugar maple-dominated, 2) mixed sugar maple-beech
stands, or 3) mixed sugar maple—conifer stands. The
dominant conifer species in hardwood stands was eastern
hemlock, with smaller amounts of white spruce, balsam ﬁr,
~-and-eastern-white-cedar (Thuja occidentatis) -
In the eastern pinelands, we only sampled old-forest white

tree at 1.5 m in height and one on the ground. We placed
tree traps on top of 2 large nails and secured them with an
elastic cord. We set extra-large Sherman traps (10.2 X 11.4
X 38.1 cm) in the trees and standard-sized Sherman traps
(5.1 X 6.4X22.9 cm)on the ground. We baited traps with a
peanut butter and oats mixture and a slice of apple.

We modified this method in 2003-2004 for several
reasons. First, we found that even within a treatment type,
sciurid densities varied considerably among grids. Therefore,
we increased replication of our trapping grids. In order to
trap more grids, given a limited trap supply and limited
person-power, we decreased the grid size. Second, because
ground traps contributed little to captures of tree squirrels,
we used only one extra-large Sherman tree trap per grid
station. Finally, we changed our baiting regime due to

-~extensive black bear (Ursus americanus) depredation: we used

soaked, unshelled sunflower seeds and a slice of apple inside

pine stands and recent (3- to 10-yr-old) pine shelterwood ™

cuts. Average FRI-based ages of both stand types was 100
years, and average basal areas were 30.68 m?/ha (SE = 1.28)
and 20.01 m?*/ha (SE = 1.79), respectively.

Sciurid Trapping

“the trap, and peanut butter smeared on the tree near the trap

door. In 2003, we live-trapped 18 grids in hardwood sites (6
old forest, 6 recent cut, and 6 old cut) and 8 in white pine
sites (5 old forest and 3 recent cut). Twenty-three grids were
small (4 X 9) with 40-m spacing and 3 were larger (either 6
X 11 or 8 X 9). We established the large grids in support of

Vesampled 1U gridsin 2UUZ, an aaditional 26 1n 2003, and

an additional 6 in 2004, We trapped all grids for 5 -

consecutive nights twice per summer, for a total of 10 trap-
days/grid, with an interval of 4-7 weeks between trapping
sessions. We attempted to sample recent cuts, old cuts, and
old-forest sites equally in each trap session. For all grids, the
average nearest neighbor distance between grids was 2.1 km
(range: 0.6-13.6 km).

We used different trapping methodology in 2002 and in
2003-2004. In 2002, following Carey et al. (1991), we
sampled each site using a 9 X 9 grid with 40-m spacing. We
established 6 grids in hardwood stands (2 old forest, 2 recent
cut, and 2 old cut), and 4 in white pine (2 old forest and 2
recent cut). We set 2 traps at every station, one attached to a

radiotelemetry studies (Holloway 2006). We live-trapped 6
sites in 2004, consisting of 2 old-forest white pine stands (4
X 9 grids), 2 recent shelterwood cuts (4 X 9 grids), and 2
old-forest hardwood grids (6 X 11 grids).

Habitat Measurements

Site-level measurements.—We used prism sweeps
(basal area factor = 2) to quantify forest composition and
structural characteristics at each of the 42 sites. In the

- sweeps, we measured all trees and snags with dbh above 10

cm and identified them to species. We made prism sweeps at
4-5 randomly selected stations/grid line for a total of 16-36
sweeps/grid, depending on grid size. We noted live trees as
declining if more than one-half of the canopy showed signs
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Table 4. The best 3 Akaike’s Information Criterion adjusted for small sample size (AIC,) models predicting densities for northern and southem flying
squirrels, eastern chipmunks, and red squirrels at site and landscape scales in hardwood forest in Algonquin Provincial Park, Ontario, Canada, 2002-2004.

Species? Model rank Variables® AAIC, w; IS P
Site scale

Southern flying squirrel 1 Year, Snags, Conifer 0.00 0.27 0.48 0.001

2 Year, Snags, Mast > 25 0.18 0.25 0.48 0.001

3 Year, Snags®® 0.94 0.17 0.51 <0.001

Northern flying squirrel 1 CanClos 0.00 0.17 0.04 0.369

' 2 Spruce > 25 0.33 0.15 0.03 0.488

3 Conifer 0.67 0.13 0.07 0.710

Eastern chipmunk 1 Year, DWDdc45, Declin > 25%¢ 0.00 0.54 0.64 <0.001

2 Year, DWDdc45 1.79 0.22 0.59 <0.001

3 Year, DWDdc45, Conifer 4.36 0.06 0.58 <0.001

Red squirrel 1 Spruce > 25, Snags® 0.00 0.27 0.49 0.003

2 Spruce > 25° " 0.45 '0.22 0.37 0.004

3 Snags 1.72 0.11 0.32 0.009

Landscape scale i

Southern flying squirrel 1 Year, Snags, Conifer, LAverBA 0.00 0.20 0.56 0.001

2 Year, Snags, LMast®® 0.05 0.20 0.58 <0.001

3 Year, Snags, LAverBA 0.32 0.17 0.51 0.001

Northern flying squirrel 1 LAverBAS® 0.00 0.35 0.24 0.028

2 LAverBA, LSpruce 1.03 0.21 0.16 0.205

3 LAverBA, LConifer 1.64 0.15 0.20 0.134

Eastern chipmunk 1 Year, DWDdc45, Declin > 25, LConifer 0.00 0.48 0.69 <0.001

2 Year, DWDdc45, Declin > 25%¢ 1.29 0.25 0.64 <0.001

3 Year, DWDdc45, Declin > 25, LAverBA 1.79 0.20 0.66 +<0.001

Red squirrel 1 Spruce > 25, LConifer 0:.00 0.15 0.49 0.003

2 Spruce > 25, Snags® 0.01 0.15 0.49 0.003

3 Spruce > 25, Snags, LSpruce 0.27 0.13 0.58 10.003

® Models for southern flying squirrels and eastern chipmunks, and those for northern flying squirrels and red squirrels were developed usmg

Ilnear and logistic regression, respectively.
P See text for definition of habitat variables.

° Best model predicted by stepwise linear/logistic regression.
9 We give parameter estimates for this model in text.

Table 5. The best 3 Akaike’s Information Criterion adjusted for small sample size (AIC,) models predicting densities for northern and southern flying
squirrels, eastern chipmunks, and red squirrels at the site and landscape scales in pine forest in Algonquin Provincial Park, Ontario, Canada, 2002-2004.

Species Model rank Variables® AAIC, w; A P
Site scale
Southern flying squirrel 1 Hwd > 25 Snags > 25 0.00 0.32 0.53 0.014
e 2  Mast>25°° . 04> 026 085 . . 0025
3 Mast > 25, Comfer 3.05 0.07 0.39 0.043
Northern flying squirrel 1 Spruce > 25, Hwd > 25, DWDdc13b° 0.00 0.58 0.75 <0.001
B ~ Spruce > 25, DWD > 25 23838 016 . 085 <0.001
3 Spruce > 25, Hwd > 25 2.78 0.13 0.64 "0.001
Eastern chipmunk 1 Year, Contfer®® 0.00 0.30 0.55 0.002
2 Year, Conifer, Hunderstory 1.02 0.18 0.60 0.003
3 Year, Hunderstory 1.91 - 042 0.49 0.005
Red squirrel 1 Year, Spruce > 25 DWDdc13 0.00 0.28 0.63 0.002
2 Year, Snags > 25°¢ 0.64 0.20 0.57 0.002
3 Year, Spruce 2 25 T.29 075 0.56 0.002
Landscape scale ‘ .
Southern flying squirrel 1 Hwd > 25, Snags > 25 0.00 0.44 0.63 0.014
’ 2 Mast > 25%° .0.42 0.36 0.35 0.025
3 Mast > 25, LAverBA 4.41 0.05 0.32 0.070
Northern flying squirrel 1 Spruce > 25, Hwd > 25, DWDdc13%¢ 0.00 0.79 0.76 <0.001
2 Spruce > 25, Hwd > 25, DWDdc13, LMixed 4.33 0.09 0.74 0.001
3 Spruce > 25, Hwd > 25, DWDdc13, LSpruce 512 0.06 0.78 0.001
Eastern chipmunk 1 Year, Conifer, LMast®® 0.00 0.88 0.74 <0.001
2 Year, Conifer 5.58 0.05 0.55 0.002
3 Year, Conifer, LConifer: 6.49 0.03 0.61 0.002 .
Red squirrel 1 Year, Snags > 25, LAreaCut®® 0.00 0.63 0.76 <0.001
2 Year, Spruce > 25, DWDdc13, LAreaCut 1.93 0.24 0.74 0.001
3 Year, Spruce > 25, DWDdc13 5.30 0.05 0.63 0:002
@ See text for definition of habitat variables.
® Best model predicted by stepwise linear regression.
© We give parameter estimates for this model in text.
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| Composition of Bird Communities Following |
Stand-Replacement Fires in Northern Rocky Mountain
(U.S.A.) Conifer Forests

RICHARD L. HUTTO _
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Abstract: During ibe two breeding seasons immediately Jollowing the numerous and widespread fires of
1988, I estimated bird community composition in each of 34 burned-forest sites in western Montana and
nortbern Wyoming. I detected an average of 45 species per site and a total of 87 species in the sites combined.
A compilation of these data with bird-count data from more than 200 additional studies conducted across 15
major vegetation cover types in the northern Rocky Mountain region sbowed that 15 bird spectes are gener-
ally more abundant in early postfire communtties than in any other major cover type occurring in the north-
ern Rockies. One bird spectes (Black-backed Woodpecker, Picoides arcticus) seems to be nearly restricted in ifs
babitiat distribution to standing dead forests created by stand-replacement fires.. Bird communities in recently
burned forests are different in composition from those that characterize other Rocky Mountain cover ypes
(including early-successional clearcuts) primarily because members of three Jeeding guilds are especially
abundant therein: woodpeckers, flycatchers, and seedeaters, Standing, fire-killed trees provided nest sites for
nearly two-thirds of 31 spectes that were Jound nesting in the burned sites. Broken-top snags and Standing
dead aspens were used as nest sites Jor cavity-nesting species significantly more often than expected on the ba-
sts of their relative abundance. Moreover, because nearly all of the broken-top snags that were used were
Dresent before the fire, forest conditions prior to a fire (especially the presence of snags) may be important in
determining the suitability of a site to cavity-nesting birds after a fire. For bird species that were relatively
abundant in or relatively restricted to burned forests, stand-replacement fires may be necessary for long-term
' maintenance of their populations. Unfortunately, the current Jire policy of public land—management agencies

o - does-not-encourage-matntenance of stand-rep "t fire regimes, which may be necessary for the creation

of conditions needed by the most fire-dependent bird spectes. In addition, salvage cutting may reduce the syit-

—————————abilily~of-burnedsforest-habitatfor-birds by removing the miost important element—standing, fire-killed
trees—needed for feeding, nesting, or botb by the majority of bird species that used burned forests. )

Composicién de las comunidades de aves luego del reemplazo de rodales a causa de incendios forestales en
bosques de coniferas de las montafias Rocosas del norte '

Resumen: Durante las dos tiltimas temporadas de cria i 7 ' =
sos incendios de 1988, estimé la composicién de la comunidad de aves en cada uno de los sitios de bosques
incendiados, en el oeste de Montana Y el norte de Wyoming. Detecté un Dbromedio de 45 especies por sitio yun
toral de 87 especies en todos los sitios combinados. Una recopilacion de estos datos con otros de conteo de
aves a partir de mds de 200 sitios adicionales, conducido @ lo largo de 15 tipos principales de cobertura de

rodales a partir de los incendios. Las comunidades de aves en los bosques recientemente incendiados, son
diferentes en composicion de aquellos que caracterizan otros tipos de cobertura de las montarias.Rocosas Gn-

J
Paper submitted October 11, 1994; revised manuscript accepted Aprii 19, 1995,
1041

Conservation Biology, Pages 1041-1058
Volume 9, No. 5, October 1995




w

_fewer i

by

1050 Bird Commaunities in Burned Forests

Table 4. The numbers of seven species of conifers (=10 cm

Hutto

Table 6. Number (%) of cavity and open-cup nests in each of six

diameter at breast height) encountered along a series of transects in classes of potential nest sites.
the Grant Village, North Fork, Canyon Creek, and Blackfoot- ‘
Clearwater sites, and the percentages of those used by woodpeckers OpenCup  Available
for feeding purposes. Nest Site Cavity Nests  Nests )*
Broken-Top Conifer 153D 3 (19 6

: Woodpecker - yhuact-Top Conifer 1225) 9 (44) 92
Tree Species () __ use (%) Broken-Top Aspen 20 000 - 0
Ponderosa pine, Pinus ponderosa 297 80.5 Intact-Top Aspen 18 38) (1X(3)] 2
Western larch, Laréix occidentalis 100 64.0 In Bank, On Ground 1 8 (38) n/a
Douglas-fir, Pseudotsuga menziesit 593 47.9 InShrub 0 13 n/a
Engelmann spruce, Picea engelmanni 109 2.3
Lodgepole pine, Pinus contorta 647 02 *Based on a sample of 200 trees along a single, 10-m-wide transect
Subalpine fir, Abies lastocarpa 172 0.0 in the Canyon Creek site.

*Percentages diﬁ'e} significantly among tree spectes (G = 1081, p =
0.000).

species are not the same as those that best predict the
presence of another. Accordingly, the single variable

- that shows the best partial correlation with bird abun-

dance varies widely among species (Table 7).

Discussion

Contrary to what one might expect to find immediately
after 2 major disturbance event, I detected a large num-
ber of species in forests that had undergone stand-re-
placement fires. Huff et al. (1985) also noted that the
density and diversity of bird species in one- to two-year-
old burned forests in the Olympic Mountains, Washing-
ton, were as great as in adjacent old-growth forests.
These numbers are not an artifact of birds simply pass-
ing through on their way from one adjacent unburned
area to another. Most species we detected were feeding
in the burned forests, and at least a third (36%) of those

detected were nesting therein as well. If the birds were
merely feeding while passing through, I should have de-
 tected more species and individuals in small burns and

burns because the probability of passage—burned forests-may-be-sink-populations-that-

should decrease with increased isolation from unburned
source areas. In fact, the presence of a species was

largely independent of burn size; in only two cases

(Townsend’s Solitaire [Myadestes townsendi] and Soli-
tary Vireo [Vireo solitarius]) was bird abundance signif-
icantly negatively correlated with burn size, and those
species may indeed have been present in the smaller
burns because of the proximity of unburned forest to
some of the census points.

Several bird species seem to be relatively restricted in
distribution to early postfire conditions. These include
Olive-sided Flycatcher, Threetoed Woodpecker, Black-
backed Woodpecker, Clark’s Nutcracker [Nucifraga co-
lumbiana), and Mountain Bluebird [Sialia curru-
coides]. Although none of these species may be consid-
ered an early post-fire obligate in the strictest sense, few
strict obligates are associated with any habitat (Niemi &
Probst 1990). I believe it would be difficult to find a for-
est-bird species more restricted to a single vegetation
cover type in the northern Rockies than the Black-
backed Woodpecker is to early postfire conditions. Al
though it is possible that Black-backed Woodpecker
populations are maintained by source refuges of low
numbers in unburned forests, it is equaily likely that

_their populations are maintained by a patchwork of re- .

cently burned forests. The relatively low numbers in un-

tained by birds that emigrate from burns when

conditions become l¢ss suitable 5-G years after a fire.

Table 5. The sizes of each of three species of trees used by woodpeckers for feeding purposes in the Blackfoot-Clearwater site.

Tree Diameter at Breast Height (cm)

Tree Status T 0-10 10-20 20-30 30-40 >40 Significance*
Douglas-fir, Pseudotsuga menziesii ) . '

not fed upon 269 180 77 9 0

fed upon 10 70 123 24 10 .0.0000
Ponderosa pine, Pinus ponderosa - .

not fed upon 261 39 17 1 1

fed upon 72 175 48 7 9 0.0000
Western Larch, Laréx occidentalis

not fed upon 16 4 0 0 0

fed upon . 11 © 30 3 0] 0 0.0001

Conservation Biology
Volume 9, No. 5, October 1995

*Based on G-test of independence between tree size and signs of feeding activity.
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Positive effects of fire on birds may appear only under
narrow combinations of fire severity and time-since-fire
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Abstract. We conducted bird surveys in 10 of the first 11 years following a mixed-severity fire in a dry, low-elevation
mixed-conifer forest in western Montana, United States. By defining fire in terms of fire severity and time-since-fire, and
then companng detection rates for species inside 15 combinations of fire severity and time-since-fire, with their rates of
detection in unburned (but otherwise similar) forest outside the burn perimeter, we were able to assess more nuanced
effects of fire on 50 bird species. A majority of species (60%) was detected significantly more frequently inside than
outside the burn. It is likely that the beneficial effects of fire for some species can be detected only under relatively narrow
combinations of fire severity and time-since-fire. Because most species responded positively and uniquely to some
combination of fire severity and time-since-fire, these results carry important management implications. Specifically, the
variety of burned-forest conditions required by fire-dependent bird species cannot be created through the application of
relatively uniform low-severity prescribed fires, through land management practices that serve to reduce fire severity or
through post-fire salvage logging, which removes the dead trees required by most disturbance-dependent bird species.

Additional keywords: Black-backed Woodpecker, conifer forest, ecological integrity, fire severity, mixed-severity fire,
restoration, salvage logging, wildfire.
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Introduction

—The earliest synthesis of fire effects on-birds (Kotliarez al. 2002).. .-
revealed that many species respond positively, others negatively

Perhaps the most important pattern that emerged from this
synthesis is that some species (the more extreme including the
American Three-toed Woodpecker (Picoides dorsalis), Black-

backed Woodpecker (Picoides arcticus), Mountain Bluebird

(Sialia currucoides) and Tree Swallow (Tachycineta bicolor))
are relatively abundant in burned forest conditions. One (the

Black-backed woodpecker) 1§ even relafively restmcted 1 1ts
distribution to such.conditions. For example, Hutto (1995)
reported that 15 species were more abundant in burned forests
than they were in any of the other 14 vegetation typesincluded in
his meta-analysis. This carries important management impli-
cations because those species may depend to a large extent on
fire to create the habitat conditions they need for persistence —
habitat conditions that are severely compromised by fire pre-
vention, fire suppression, and post-fire salvage logging, seeding,
tree planting and removal of native shrubs (Saab and Dudley
1998; Kotliar et al. 2002; DellaSala et al. 2006; Hutto and Gallo
2006; Hutto 2008; Saab et gl 2009; Swanson et al. 2011;
DellaSala et al. 2014; Tingley et al. 2014).

Journal compilation © IAWF 2016

_and-still-others-in-a-mixed-fashion-to-burnedforest conditions.— diffe;

Until very recently, studies of fire effects did not distinguish

. the-effects. of Jlow-severity,. mixed-severity.and high-severity....... .

fires. Therefore, reported responses of species were oftentimes
like ‘mixed

responder were included in tables generated from synthetlc
work on fire effects (Kotliar ef al. 2002). Kotliar et al. (2005)

" noted that fire severity, time-since-fire, vegetation type and

other considerations could probably explain some of the varia-
tion among studies, but it was not until Smucker et al. (2005)
characterised the severity of the fire surrounding each of a series

0

ambiguous and remarkably consistent. Smucker ez al. (2005)
proposed that most bird species respond predictably to fire, but
that the type of response (positive or negative) depends strongly
on fire severity. Subsequently, numerous studies (e.g. Covert-
Bratland et al. 2006; Kirkpatrick et al. 2006; Conway and
Kirkpatrick 2007; Koivula and Schmiegelow 2007; Kotliar
et al. 2007; Hanson and North 2008; Kotliar et a/. 2008; Vierling
and Lentile 2008; Nappi et al. 2010; Nappi and Drapeau 2011;
Dudley et al. 2012; Fontaine and Kennedy 2012; Lee et al. 2012;
Lindenmayer et al. 2014; Rush et al. 2012; Hutto et al. 2015;
Stephens et al. 2015) have demonstrated a marked effect of fire

» severity on either the occurrence or breeding success of selected

www.publish.csiro.au/journals/ijwf
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Patterns of bird species occurrence in relation to anthropogenic and wildfire
disturbance: Management implications

Richard L. Hutto*, Russell R. Hutto, Paul L. Hutto
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ARTICLE INFO ABSTRACT

Keywords: We used a chronosequence approach to investigate the relationship between existing conditions of forested land
Black-backed woodpecker that burned at some point between 1984 and 2014 in western Montana and the abundances of various bird
Cl}mmsequ“-ﬂce - species based on 7533 point-counts. Twelve of 68 bird species occurred significantly more frequently in burned
D}““rb‘"nf‘e mixed-conifer forest than in any of 13 unburned vegetation types, and most of them reached their greatest
i;: SQVentimem abundance in the severely burned portions of those forests. After restricting the analysis to conifer forest types
Mixed-co nffer ) only, 33 of 68 species (49%) were significantly more abundant in burned forest at some combination of time-

Prescribed fire since-fire and fire severity than in unburned conifer forest. One species, the black-backed woodpecker (Picoides
Salvage logging arcticus), occurred nearly exclusively in severely and recently burned mixed-conifer forests. Its restricted dis-
Wildfire ' tribution suggests that it must have evolved in the presence of those burned-forest conditions and, therefore, that
it accurately reflects historical post-fire conditions that are critical to maintain on the landscape. This dis-
turbance-dependent species was also affected strongly and negatively by both pre-fire and post-fire tree har-
vesting. Two important management implications follow directly from these findings: (1) the presence of the full
complement of bird species in a landscape cannot be maintained through land management that either sup-
presses fire or acts to reduce overall fire severity through widespread forest thinning or through the application
of homogeneous, low-severity, prescribed burning across the broader landscape—only severe fire can produce
the variety of post-fire conditions used by species that are nowhere more abundant than in burned forests; and
(2) the presence of many species (especially those most specialized to use burned forest conditions) is in- :
compatible with both pre-fire and post-fire timber harvesting. To mamtam the ecological integrity of dis- i
turbance-dependent mixed-conifer forest systems, land managers must, therefore, use strategic landscape
planning to harvest trees while still retaining both an abundance of minimally disturbed, unburned, mature-
__forest_conditions and an abundance of severely burned forest conditions that emerge from natural fire dis-
turbance events.

1. Introduction (1995) published the first comparison of published bird survey data
collected from a broad range of unburned vegetation types with his own

Fire is the most widespread and important agent of natural dis- survey data collected from burned conifer forests. The results were
turbance in the Rocky Mountains, where 80-90% of all forest types stnkmg Not only were nearly 100 bird specws detected in bumed

support either a mixed- or high-severity. fre regime (Baker, ative-data—also-suggested-that-15-of -those-speeies
DellaSala et al., 2015). It has been noted that within the Northem were nowhere more abundant t.han in bumed forest condmons, and a

Rocky Mountains, “...a high percentage of vegetation, within all forest few (most notably, the black-backed woodpecker, Picoides arcticus)
zones, is at one stage or another of succession following past fires” were nearly restricted in their distribution to burned forests.

(Habeck and Mutch, 1973); indeed, climax forests that have escaped Research over the subsequent two decades has only reinforced that
fire or that have experienced only low-severity understory fires are rare original finding. For example, the same patterns emerged from the use
in the northern Rockies. The ecological importance of fire as a dis- of more than 10,000 point-count surveys conducted across a compre-

turbance agent can be readily exposed through study of one of the most hensive range of vegetation types (Hutto, 2008). Fire scientists have
effective biological indicator groups—birds. Two decades ago, Hutto also come to understand that an organism’s response to fire depends on

* Corresponding author.
E-mail address: hutto@mso.umt.edu (R.L. Hutto).
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Abstract. We use the historical presence of high-severity fire patches in mixed-conifer forests of the west-
ern United States to make severa) points that we hope will encourage development of a more ecologically
informed view of severe wildland fire effects. First, many plant and animal species use, and have some-
times evolved to depend on, severely burned forest conditions for their persistence. Second, evidence from
fire history studies also suggests that a complex mosaic of severely burned conifer patches was common
historically in the West. Third, to maintain ecological integrity in forests born of mixed-severity fire, land
managers will have to accept some severe fire and maintain the integrity of its aftermath. Lastly, public
education messages surrounding fire could be modified so that people better understand and support
management designed to maintain ecologically appropriate sizes and distributions of severe fire and the
complex early-seral forest conditions it creates.

Key words: early succession; ecological integrity; ecological system; fire management; fire regime; forest resilience;

forest restoration; severe fire; wildfire.
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INTRODUCTION

The spatiotemporal expression of fire events
over time in any landscape produces a “fire

(3) high-severity or stand-replacement (Agee
1998, Brown 2000). Our attempt to categorize
fire regimes is “. . . an oversimplification...for
the convenience of humans” (Sugihara et al.

regime” that influences ecosystem dynamics
in that area (Heinselman 1981, Kilgore 1981).
Even though the various characteristics of
a fire regime (Table 1) are continuous in na-
ture, the traditional approach in representing
this variation has been to create a small num-
ber of discontinuous categories. Fire regimes
in western North America, for example, are
often classified into as few as three catego-
ries: (1) low-severity, (2) mixed-severity, and

ECOSPHERE < www.esajournals.org

2006; p. 62), and has had the unfortunate con-
sequence of minimizing rather than emphasiz-
ing variation in fire behavior and fire outcomes
among vegetation types and across spatial
scales (Morgan et al. 2014). In reality, relative-
ly few forest types fit entirely within either
of the two extremes—the low-severity (e.g.,
some interior ponderosa pine) or the stand-
replacement (e.g., Rocky Mountain lodgepole

_pine) categories. Instead, as a simple analysis
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‘Table 1. Characteristics or descriptors often used to describe disturbance regimes (from Keane 2013).

Disturbance Characteristic Description Example
Agent Factor causing the disturbance Fire is an agent that can kill trees
Source, Cause Origin of the agent Lighining is a source for wildland fire
Frequency How often the disturbance occurs or its return Years since last fire (scale dependent)
time
Intensity A description of the magnitude of the distur- Wildland fire heat output
bance agent -
Severity The level of impact of the disturbance on the Fuel consuml};hon in wildland fires;
. environment change in biomass
Size Spatial extent of the disturbance Tree kill can occur in small patches or
across entire landscapes
Pattern Patch size distribution of disturbance effects; Fire can burn large regions but weather
spatial heterogeneity of disturbance effects and fuels can influence fire intensity
and therefore the patchwork of tree
mortality
Seasonality Time of year of that disturbance occurs Spring burn vs. fall burn
Duration Length of time of that disturbances occur Fires can burn for a day or for an entire
summer
Interactions Disturbance types may interact with each other, ~ Mountain pine beetles may create fuel
or with climate, vegetation and other complexes that facilitate or exclude
landscape characteristics wildland fire
Variability The spatial and temporal vanablhty of the Each of the above characteristics has

above factors

variation associated with it

using LANDFIRE data (Rollins 2009, <http://
www.landfire.gov>) reveals, roughly 85% of all
forested lands within the western US fit with-
in the mixed-severity category, which includes
proportions” of low-, moderate-, and high-
severity (lethal to more than 70% of all trees)
fire that vary widely across vegetation types
and biophysical settings.

Agee (1993) captured the essence of this im-
portant idea in a graph depicting the propor-

- tion-of -low-,-moderate-,-and-high-severity fire-— - -
across the range of fire regimes (Fig. 1). Note

—that-changefronromefireregintetothe 1w

(movement along the x-axis) is accompanied
not by the sudden appearance of a different
fire severity, but by continuous changes in the
proportions of each fire severity category. Thus,
fire regimes blend imperceptibly into one an-

High

Proportion

Low Moderate High
Severity
?’ﬂiﬂbudtﬁb Llla.l.” T

fire regunes are not charactenzed by the presence of

only one kind of fire. Rather, it is the relative frequency
of low-, moderate-, and high-severity fire in an average
burn that varies among fire regimes.

other. More importantly, except for the two end
points on the graph where the proportion of
high-severity. fire would be either 0% or 100%,
most fire regimes consist of a mix of fire severi-
ties so, technically speaking, they fit best with-
in a mixed-severity regime (Fig. 2). It is not the
presence of a particular fire severity, but the
proportion (and, presumably, the distribution
and patch sizes) of each severity component
that distinguishes regimes. Indeed, empirical
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data drawn from recent fires across the western
United States between 1984 and 2008 (Fig. 3)
reveal this continuous variation in proportions
of different fire severities among fires. Thus, a
more continuous view of fire regimes might be
a better way to appreciate the infinite variabili-
ty in fire behavior among forest types and geo-
graphic locations, and it might also promote a
greater appreciation of severe fire as an integral
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Fig. 2. Mixed-severity fires (fires that leave

recognizable patches of low-severity, medium-severity, -

and high-severity effects) typify the majority of mixed-
conifer forest systems in the western United States. The
brown-needled and blackened areas harbor unique
sets of plant and animal species found in no other forest
conditions. This photograph of the North Fork of the
Blackfoot River was taken 10 months after the 1988
Canyon Creek fire in Montana. Many fire-dependent
plant and animal species were present in the more
severely burned areas until they were helicopter
logged, suggesting that unburned forests might be a
better alternative for timber harvest.
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part of mixed- and high-severity conifer forest
fire regimes.

Accordingly, we highlight the need for bet-
ter information on the historical patterns and

- abundances of high-severity patches in dif-
. ferent forest types. This is an important dis-

cussion because, even though our National.
Cohesive Wildland Fire Management Strategy
(Wildland Fire Executive Council 2014) ac-
knowledges that many fire regimes exist and
that management needs to accommodate that
variation and the variety of habitat such varia-
tion produces, contemporary fire management
is focused heavily on the exclusion (prevention
and suppression, collectively) of mitigation of
severe fire. When either of those fails, manage-
ment efforts seem to shift toward speeding the
“recovery” of the forest after severe fire. With
respect to the latter, there are repeated attempts
to introduce legislation designed to expedite
logging after fire (salvage logging). Although
the removal of dead trees is justified near roads
and structures for safety reasons, and although
postfire logging can capture economic value of
wood that would otherwise be lost, such log-
ging has been shown to carry significant eco-
logical costs (Hutto 2006, Lindenmayer and
Noss 2006, Swanson et al. 2011, Lindenmayer
and Cunningham 2013, DellaSala et al. 2015).

The ecological benefits and necessity_of severe
fire (and its aftermath) has widespread impli-

cations for the flora and fauna that depend on
the presence of burned forest conditions. Eco-

-~logically-sound fire-management-includesland---— -

management designed to ensure the main-
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Fig. 3. The percent area within a fire perimeter
that burned at low (green line) and at moderate to
high (red line) severity is shown for a series of 3696
fires that burned in the western United States
between 1984 and 2008 (after Belote 2015). The
figure shows that the proportions of each severity
category are continuously variable and that high-
severity fire is a natural part of most forest fires in

the West.
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‘tenance of ecologically appropriate mixes of

fire severities within the forested landscapes
of western North America while protecting
homes and lives at the same time (Perry et al.
2011). An ecologically informed view of se-
vere fire requires recognition that it is a natu-

ral component of many western conifer forests
(Heinselman 1981, Arno 2000). Moreover, the

severe-fire component must have been large
enough and frequent enough to have favored
the evolution of specialization by various plant
and animal species to conditions that occur in
the aftermath of severe fire. We offer the fol-
lowing points in an effort to better recognize
and include severe fire as an integral part of fire
management in mixed-conifer forest systems:
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SEVERELY BURNED FORESTS CREATE
BIOLOGICALLY UNIQUE CONDITIONS THAT
CANNOT BE CREATED BY OTHER KINDS OF
DISTURBANCES OR THROUGH ARTIFICIAL MEANS

Patterns in the habitat associations of plant
and animal species can provide definitive ev-
idence that severe fire plays an essential role
in the ecology of mixed-conifer forests (Hutto
et al. 2008). Specifically, if a plant or animal
species occurs only in burned forest conditions
created by severe fire events, then it cannot
be using burned forest conditions merely op-
portunistically. Instead, the species must have
evolved to depend on such conditions because
it occurs rarely, if ever, in unburned habitat
(Swanson et al. 2011, DellaSala et al. 2014).
For example, some moss and lichen species
are relatively restricted to severely burned forest
conditions (Ahlgren and Ahlgren 1960), as are
the fire morel mushroom (Morchella elata) and
Bicknell's geranium (Geranium bicknellii) in for-
ests throughout the West (Heinselman 1981,
Pilz et al. 2004). The black-backed woodpecker
(Picoides arcticus) is emblematic of a species
that is relatively restricted to early successional
conditions created by high-severity fire (Hutto
1995, Dixon and Saab 2000, Hoyt and Hannon
2002). Black-backed woodpeckers are attracted
to postwildfire conditions because of the abun-
dance of larvae of a number of wood-boring
beetle species that are attracted to the fire-killed
trees (Murphy and Lehnhausen 1998, Rota et al.

...2015). Several .of these beetle species.are them- ..

selves relatlvely res’cncted to recently bumed

et al. 2012) I.mportantly, black backed wood-
peckers are significantly more likely to occur
in the more severely burned portions of a -
mixed-severity fire (Hutto 2008, Latif et al.
2013). Although black-backed woodpeckers are
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reflect the severe-fire backdrop against'which
pine, Douglas-fir, and larch are thought to
thrive.

Many additional animal species, while not as
narrowly restricted to burned forest conditions,
clearly benefit from the burned forest conditions
created by severe fires in mixed-conifer forests
throughout the West (Hutto et al. 2015). For ex-
ample, nest survival of white-headed woodpeck-
ers is significantly higher in burned (wildfire)
compared to unburned forest (Hollenbeck et al.
2011, Lorenz et al. 2015). In aquatic systems, se-
vere fire events can rejuvenate stream habitats by
causing large amounts of gravel, cobble, woody
debris, and nutrients to be imported, resulting in
increased production and aquatic insect emer-
gence rates (Benda et al. 2003, Burton 2005, Mal-
ison and Baxter 2010, Ryan et al. 2011, Jackson
et al. 2015). These changes can, in turn, affect
food web dynamics in a way that results in high-
er growth rates in young trout, including young
coastal cutthroat trout (Oncorhynchus clarkii
clarkii) (Heck 2007) and rainbow trout (Oncorhyn-
chus mykiss) (Rosenberger et al. 2011). Indeed,
nonnative fish populations declined and native
trout densities increased 3 yr after a severe fire
in the Bitterroot River watershed, Montana, in-
dicating that severe fire may help ensure ecolog-
ical integrity of some western streams (Sestrich
et al. 2011). In addition, native amphibians such
as boreal toads (Bufo boreas) thrive in areas that
burn severely (Dunham et al. 2007, Hossack and
Corn 2007) and use severely burned areas more

than.expected.due to.chance (Hossack-and - Corm-..... oo -

kBl Yat Ko LY

2007 Guscio et al. 2008), as do some bat speaes

Burehadsks - dL"ZUTO)C o

These strong associations between organisms
and severely burned forest patches suggests that
many plant and animal species have evolved to
rely on recurring severe wildfire events, and fur-
ther indicates that severe fire events are a natural

known to occur outside severely burned forests
on rare occasions, detailed study of survival
and reproductive success shows that they ex-
hibit growing populations only in forests re-
cently burned by summer wildfires (Rota et al.
2014). The adaptations of thick bark, branch
shedding, and serotiny in Pinus are thought
to have evolved in response to a. period of
more intense crown fires in the mid-Cretaceous
(He et al. 2012), and those adaptations also
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and important part of the fire regimes associated
with many western mixed-conifer forest types.
In other words, if one or more species occupy
severely burned forests to the exclusion of other
forest types (and if they do not tend to occupy
forests disturbed through artificial means), then
a severely burned forest would have to be con-
sidered natural, and would necessarily lie with-
in the historical range of variation (Hutto et al.
2008). Moreover, a more intimate understanding
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of the biology of those plants and animals (e.g.,
knowledge of dispersal processes and patterns,
foraging ecology, home-range sizes) can provide
insight into the historical spatial scales at which
severe fire operated across the broader landscape.

FIRE HISTORY STUDIES SUGGEST THAT SEVERE
FIRE IS AN INTEGRAL COMPONENT OF MOST FIRE
REGIMES

In addition to the definitive evidence provided
above, a growing body of fire history infor-
mation points to the same conclusion—severe
ﬁrwmm«vﬂlunimmmmlx_mm
portant component of many western conifer
forest systems. At one end of the fire regime
spectrum, conifer forests in the warmer, drier
geographic areas in western North America are
commonly characterized by frequent, low-
severity fires that killed primarily juvenile trees
historically, resulting in the maintenance of open
pine forests with low densities of mature trees
(Covington and Moore 19944,b). Nevertheless,
mixed and stand-replacement fires were possible
even in these forest types after long inter-fire
intervals, such as after an especially cold, wet
period similar to what occurred during the
Little Ice Age (Brown et al. 1999, Sherriff and
Veblen 2007, Williams and Baker 2012, Odion
et al. 2014, Hanson et al. 2015). At the other
end of the fire regime spectrum, cooler, moister
forest types, such as lodgepole pine forests,
support fire regimes dominated by severe fire

__events (Brown and Smith 2000), although mixed-

and low-seventy ﬁres are known to occur in

Between these two extremes ]1e the Vast ma]on-

ty of mixed-conifer forest types in western North
America. These include everything from the xe-
ric, low-elevation, mixed ponderosa pine and
Douglas-fir forest types to mesic, high-elevation,
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et al. 2011, Schoennagel et al. 2011). Importantly,
extreme weather (e.g., high temperature, low hu-
midity, high wind speed) rather than quantity of
woody fuels often exerts the greatest influence on
fire severity and extent across that broad range of
mixed-conifer forest types (Johnson et al. 2003,
Schoennagel et al. 2004, Lydersen et al. 2014,
Williams et al. 2015). This means that, in con-
trast with the situation in low-elevation or xeric-
type ponderosa pine forests in some areas of the
southwestern United States (Keane et al. 2008),
the amount of high-severity fire in other mixed-
conifer forest types is less likely to have departed
significantly from historical ranges of variability,
even though those forests may have experienced
measurable twentieth century changes in fuels
due to fire exclusion, timber harvest, and cattle
grazing (e.g., Baker et al. 2007, Dillon et al. 2011,
Marlon et al. 2012, Miller et al. 2012, Odion et al.
2014, Sherriff et al. 2014). We' recognize the lack
of relevant historical information on landscape-
level distributions-and spatial scales of differ-
ent classes of fire severity for many forest types
and regions, but severely burned forest patches
have probably always occurred naturallv, even in
pure ponderosa pine forests of the Southwest, as
Cooper (1961) and Weaver (1943) described long
ago. We also know that, at least throughout the
northern half of the western United States, the
extent of severe-fire patches must have been both
substantial enough in area and frequent enough
to support those plant (e.g., lodgepole pine) and
animal (e.g., wood-boring beetle and woodpeck-

_er).species that evolved to depend on severe fire

itself or on the resultmg severely burned forest

onditions—— -

MAINTAINING ECOLOGICAL INTEGRITY MEANS
ACCOMMODATING A BROAD SPECTRUM OF FIRE
SEVERITIES, INCLUDING SEVERE FIRE AND ITS
AFTERMATH, IN MOST MIXED-CONIFER FORESTS

spruce-fir forest types. Unlike the forest types
that are dominated by either the absence or
presence of severe fire, mixed-conifer forests are
best characterized by fire regimes of variable, or
mixed severity (see Baker 2009: fig. 7.1), which
means that the presence of sizable proportions
of the three classes of fire severity characterize
the fires that burn in those forest systems (Sher-
riff and Veblen 2006, 2007, Baker et al. 2007,
. Hessburg et al. 2007, Klenner et al. 2008, Perry
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We have now established two important facts:
severe fire (moderate-to-high burn severity) is
a natural agent of disturbance in many mixed-
conifer forest types, and such fire is thought to
be ecologically necessary for the presence or
success of many plant and animal species. These
two facts make it clear that management to
maintain the ecological integrity of any ecosystem
that harbors species that depénd on severe fire
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as a disturbance agent will have to integrate
severe fire and its effects into management goals.
Moreover, if we better considered distribution
patterns, home range sizes, movement patterns,
and other animal adaptations that reflect the
environment within which they evolved (e.g.,
Hutto et al. 2008), we could gain considerable
insight into historical spatial scales under which
severe fire operated as well. We are not ques-
tioning or attempting to discredit the evidence
that some forest systems were historically dom-
inated by low-severity fire; rather, we are en-

* couraging land managers to also pay close
attention to maintaining amounts and distribu-
tions of higher severity fire consistent with eco-
logical integrity in our western mixed-conifer
forests. The current science, management, and
policy challenge for ecosystem managers is to
estimate and incorporate amounts of low-, mod-
erate-, and high-severity fire in a manner that
maintains_ecological integrity (Hessburg et al.
2007, Perry et al. 2011, Baker 2015).

While many fire ecologists understand the im-
portance of more severe fire in forest ecosystems,
politicians and the public at large have yet to
reach the same understanding. Recent increases
in the amount of forested area burned by wild-
fire over the past three decades in western North
American forests (Westerling et al. 2006, Denni-
son et al. 2014) signaling what many believe to be
the emergence of a new age of megafires (Attiwill
and Binkley 2013), has created increased move-
ment toward pre and postfire land management

- -actvities-designed-to-reduce fire-severity, mimic--be-that fire-dependent species requiring-high-— /==~

fire effects without the use of fire, or speed the
"TEeCOVery of a torest atter fire. I

ese acuviues may
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Prefire harvest treatments

We know a great deal about the effects of
fuel treatments and restoration harvests on
forest structure and vegetation recovery, but
we know little about the ecological effects of
such treatments on the prefire responses of
most plant and animal species, and virtually
nothing about postfire responses of the most
fire-dependent plant and animal species after
a treatment subsequently burns in a wildfire.
This is because such treatments are rarely ac-
companied by “ecological effects monitoring,”
which, in contrast with implementation mon-
itoring (evaluating whether a management
activity was implemented) and effectiveness
monitoring (evaluating whether the manage-
ment activity achieved the stated goal), is
specifically designed to address whether there
are unforeseen negative ecological conse-
quences of a management treatment (Hutto
and Belote 2013).

Fuel treatments designed to restore fire-
prone ecosystems should do so in the proper
fire regime context; more specifically, they
should produce appropriate postfire plant
and animal responses when fire returns to
the forest. Thus, treatments appropriate for
dry forests that were historically maintained
by a low-severity fire regime may be inap-
propriate for forests maintained by a mixed-

severity fire regime. One serious negative con- \

sequence of canopy fuel reduction in forests
that evolved with mixed-severity fire could

densities of large standing-dead trees cre-

ated by the severe-fire component may not

provide some societal benefits, but they can have

recruit_after a subsequent fire. For example,

real costs in terms of the way they negatively af-
fect the ecological integrity of mixed-conifer for-
ests born of mixed-severity fire. Removed from
locations that pose a clear and immediate threat

the fire-dependent black-backed woodpecker
was found to be even less abundant in mixed-
conifer forests that were thinned before fire
than in the same forest types logged after fire,

to human lives and property, the ecological costs
associated with forest thinning may outweigh
stated benefits by large margins. We_highlight
two types of land management (beyond fire sup-
pression itself) that can have significant negative
effects on fire-dependent species and, therefore,
can interfere with our ability to maintain the
ecological integrity of fire-dependent conifer for-

ests: prefire fuel treatments and postfire salvage
logging.

ECOSPHERE % www.esajournals.org

even though the two pathways support similar
standing dead tree densities. This is probably
because birds rarely colonize thinned forests
that burn, but they still make the best of a bad
situation when trees are removed after they
have already colonized a densely stocked,
severely burned forest (Hutto 2008). Recent
research on postfire soil conditions shows
that soil C and N response following wildfire
also depends on whether there have been fuel
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treatments, so the assessment of fuel treatment

effects needs to include postfire response and

. not simply postharvest response (Homann
et al. 2015). It has been suggested (e.g., Frank-

lin and Johnson 2014) that variable-retention
harvests could be designed to emulate early-
seral conditions following natural disturbance
events in forests born of mixed-severity fire,
thereby avoiding the negative consequences
~associated with other tree harvesting meth-
ods. Unfortunately, that strategy is unlikely
to satisfy the needs of those fire-dependent
animal species that require high densities of
fire-killed trees immediately following severe
fire (Schieck and Song 2006, Hutto 2008, Reidy
et al. 2014).

_ Postfire salvage logging

Salvage logging after fire is intended to re-
cover economic value of timber that would
otherwise be lost, to ensure human safety, and
to reduce the risk of future fires. Unfortunately,
salvage harvesting activities undermine the
ecosystem  benefits associated with fire
(Lindenmayer et al. 2004, Lindenmayer and
Noss 2006, Swanson et al. 2011). For example,

postfire salvage logging removes dead, dying,
or weakened trees, but those are precisely the

resources that provide nest sites and an abun-
- dance of food in the form of beetle larvae and
bark surface insects (Hutto and Gallo 2006,
Koivula and Schmiegelow 2007, Saab et al. 2007,
2009, Cahall and Hayes 2009). No fire-dependent

. bird_spedes_has.ever. been shown to..benefit . .

from salvage logggg (Hutto 2006, Hanson and

negative (Karr et al. 2004). In fact, the demon-
strated negative ecological effects associated
with postfire salvage logging are probably the
most consistent and dramatic of any wildlife

logging on aquatic ecosystems are also 1arge1y‘
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decisions (with the obvious exception of small
harvests associated with roads and other areas
where safety or infrastructure are legitimate
concerns). Timber can be harvested from many
green-tree forests in a mamnner that imposes
relatively little ecological cost in comparison
with the costs associated with logging in burned
forest (Lindenmayer and Cunningham 2013).

How Do WE MOVE TOWARD A MORE
ECOLOGICALLY INFORMED VIEW OF FOREST
FIRES?

The ecological costs associated with some of
the more commonly employed pre and postfire
management activities in the western United
States probably increase substantially as one
moves from the low-elevation or xeric ponderosa
pine or woodland forest types, where trees were
widely spaced and severe fire historically played
a spatially restricted role, to the broad array
of more densely stocked mixed-conifer forest
types, where severe fire historically played a
major role. Therefore, a thorough understanding
of the historical fire regime associated with any
particular vegetation type or land area (as de-
termined from multiple lines of evidence con-
cerning regionally specific fire history) is
critically important for land managers who
concern themselves with the issues of wildfire
risk, ecological restoration, or maintenance of
the diversity of native species (Schoennagel and
Nelson 2011). More specifically, quantification

of .appropriate. fire rotations..and. proportions. . ............

of low- moderate-, and hlgh—seventy fire for

- 1 IUL (= §

hghtened land management For example, in

some xeric ponderosa pine forest types, eco-
system restoration activities designed to decrease
the severity of wildfire may be ecologically
appropriate. The same management activities

management eifects ever documented for any
kind of forest management activity (Hutto 2006).
Therefore, because the National Forest
Management Act and other legal mandates re-
quire public land managers to maintain the
integrity of the larger ecological system, burned
forests_should aps beé given spec1al con-
sideration compared with green-tree forests.
Specifically, they could receive a low priority
ranking when it comes to timber harvest
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are not likely to be ecologically appropriate in
many mixed-conifer forests, however, because
key indicator species evolved to depend on
significant amounts of severe fire in those forest
types (Schoennagel et al. 2004, Hutto 2008,
Klenner et al. 2008, Baker 2012, 2015, Williams
and Baker 2012, Odion et al. 2014).

Land and fire managers are now facing future
fires that many hypothesize will become larger
and contain larger proportions of more severely
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burned patches under warming climate con-
ditions (Rocca et al. 2014). Problems associated
with climate change, however, must be solved
through efforts directed toward the causes of
climate change and not toward the symptoms
of climate change. Any perceived problem with
future changes in fire behavior cannot be solved
by redoubling our effort to treat this particular
climate change symptom by installing wide-
spread fuel treatments that do nothing to stop

the warming trend, and do little to reduce the ex=
<tent or severity of weather-driven fires (Gedalof

et al. 2005). Therefore, fuel management efforts
to reduce undesirable effects of wildfires out-
side the xeric ponderosa pine forest types could
be more strategically directed toward creating
fire-safe communities (Calkin et al. 2014, Kenne-
dy and Johnson 2014). A management empha-
sis directed toward altering conditions in and
immediately adjacent to human communities is
very different from an emphasis directed toward
treating massive amounts of fuel on more remote
public lands. Fuel treatment efforts more distant
from human communities may carry the nega-
tive ecological consequences we outlined earlier
and do little to stop or mitigate the effects of fires
that are increasingly weather driven (Rhodes and
Baker 2008, Franklin et al. 2014, Moritz et al. 2014,
Odion et al. 2014). '
Public land managers face significant chal-
lenges balancing the threats posed by severe fire
with legal mandates to conserve wildlife habitat
for plant and animal species that are positively

- associated.-with.recently.-burned. forests..Never-...-

theless, land managers who wish to mamtam

use plan that allows for the presence of all fire
severities in places where a historical mixed-
severity fire regime creates conditions needed
by native species while protecting homes and
lives at the same time. This balancing act can be
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disturbance process over most of our public land

while at the same time reducing the potential for
firefighter fatalities (Moritz et al. 2014). Severe
fire is not ecologically appropriate everywhere,
of course, but the potential ecological costs asso-
ciated with prefire fuels reduction, fire suppres-
sion, and postfire harvest activity in forests bom
of mixed-severity fire need to considered much
more seriously if we want to maintain those spe-
cies and processes that occur only where dense, *
mature forests are periodically allowed to burn
severely, as they have for millennia,

Another integral part of moving toward an
ecologically informed perspective of forest fire
involves getting the public, politicians, and
policy-makers to better recognize and appreciate
the critical role that severe fire plays in many for-
est systems. This has been difficult, and this dif-
ficulty has been exacerbated by public messages
about severe fire that are uniformly negative.
Progress toward allowing fires to burn is difficult
unless the public begins to receive a message that
differs markedly from the message that Smokey
the Bear is sending them now. Fires in our wild-
lands are fundamentally natural and beneficial,
so we must learn to live in a way that allows nat-
urally occurring fires, including severe fires, to
burn while minimizing risk to human property
and lives (Calkin et al. 2014). That is a vastly dif-
ferent message from one that says severe fires are
fundamentally bad and that we have to do ev-
erything in our power to prevent and suppress
them, or from one that says severely burned
forests. are. places. where we should expedite.ef-.....
forts to capture residual economic value through

ar TV e—dTa'H'Eh5c C\.u.lUélDLo arck
managers to pay greater attention to the degree
of variation in fire regimes within mixed-conifer
forests and to recognize that prefire thinning and
postfire “restoration” activities may not always
be compatible with maintenance of the ecological

best performed by managing fire along a contin-

uum that spans from aggressive prevention and
suppression near designated human settlement
areas to active “ecological fire management”
(Ingalsbee 2015) in places farther removed from
such areas. This could not only save considerable
dollars in fire-fighting by restricting such activity
to near settlements (Ingalsbee and Raja 2015), but
it would serve to retain (in the absence of salvage

logging, of course) the ecologically important
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integrity of conifer forests that depend on com-
plex mixed-severity fire disturbance.
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ABSTRACT

Keane, Robert E; Parsons, Russell A. 2010. Management guide to ecosystem
restoration treatments: Whitebark pine forests of the northern Rocky Mountains,
U.S.A. Gen. Tech. Rep. RMRS-GTR-232. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 133 p.

Whitebark pine is declmmg, across much of its range in North America because of
the combined effects: of mountain pine beetle epidemics, fire exclusion pohc:es,
and widespread exotic bhster rust infections. This management guide summarizes
the extensive data collected at whitebark pine treatment sites for three periods:
(1) pre-treatment, (2) 1 year jpost-treatment, and (3) 5 years post-treatment (one site
has a 10 year post-treatment measurement). Study resuls are organized here so that
managers cah identify poss:bie effects of a treatment at their own site by matching it
to the most similar treatment unit in this study, based on vegetation conditions, fire
regime, and geographical area_ This guide is based on the Restoring Whitebark Pine
Ecosystems study, which was initiated in 1993 to mvesngate the effects of various
restoration treatments'on treé mortaiity, regeneration, and vascuiar piant response on
five sites in the northér Rocky Mountains. The objective was to enhance whitebark
pine regeneration and cone product'on using treatments that emulate the native
fire regime. Since data summaries are for individual treatment units, there are no
analyses of dxfferences across treatment units Or across sites.

Keywords: whltebark.pme, e;osystem restoration, prescribed burning, fuel
sampling, fire regime
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‘Discussion

Nearly all high and moderate intensity prescribed ﬁre treatments combined
with a cutting treatment effectively created desirable nutcracker caclgg_g habi-
tat, as evidenced by the abundant mutcracker caching observed at nearly all sites.
Howcver the Whtebark pine regeneration that was ¢ ed to result from this

cachimg haSHon sites contain very few or no whitebark
pine seedlings. This could be a result-of many factors. First, we believe that many

of the cached seeds have been reclaimed by the nutcrackers. We also feel that
high rust mortahty has teduced populations of cone-producing whitebark pine at
OT near our smdy areas so few seeds were actually available to be cached. At low
levels of seed productien, most seeds are consumed by the nutcrackers rather than
forgotten and ailowed 1o germinate. Nekt, severe site conditions could have killed

; Our ste hzgh—moun’mm study sites experience

in lyw "‘fns CAVY snowpacx can creep down the siope and pull seedamgs
out of the goxmd Moteover, most soils on our study site are highly erosive and
sprin snowmeits scowed the topsoil and washed away those seedlings 100
; s. Some researchers have identified a lag
periodi of up to 40‘ years for the disturbéd site to stabilize enough to-allow white-
bark pine fo become SSiablished m upper subalpine zones (Agee and Smith 1984;
Am—cmwm evaluation period is too
short to determine whitebark pime regeneration dynamics in these severe sites and
a 10-or 20-year easurement might more accurately describe the success of our
treatments. We; recommend that sites where whitebark pine mortality is above
20 percent and iTust mfectlon is above 50 percent be planted with rust-resistant
seedlings to shorten this long lag between disturbance and regeneration.

‘We lost many control plots on three study sites to wildfires. The fires that swept
through the BItterroot National Forest in 2000 burned the entire Coyote Meadows
study site rendermg all’ 30 control plots ineffective. The 2001 Dry Fork fire on the
Salmon-Chalhs Nauonal Forest consumed 3 of 10 control plots on the Blackbird
Mountain siie. Embers from the prescribed bumn at Blackbird Moumtain started
smail ﬁres n feur of the control plots. The 2006 Gash Creek fire burned 5 of 10
comtrol plots on the Smlth Creek site and part of the Bear Overlook site (no con-

~tol plots were burned): While a small wildfire at the Beaver Ridge site missed the
control plots, it burneditwo cutting-only treatment units (3A and 2A; fig. 2¢). The
_lack of sufﬁment conirbl measurements makes it difficult to determine if changes

measured on some of the treatment units were a result of the treatment and not of

: external factors such as climate. However, we found no significant difference in
conirol plots for those s:tes that remained imburned (Keane and Parsons, in press).
Because of their 1ack of experience in burning high-elevation ecosystems, fire
crews unplemqnted pre_scn’bed burns under moister than desired conditions, there-

rdestred fire itensity and scverity. INONE of the fire crews
had ever bm'ned in the| mpper subalpine zone, so few wanted to risk burning in the
desired dry conditions iwhen the possibility of fire escape is high. In hindsight, as.
fire crews became fann]zar with burning in this high-elevation system, nearly all
crews recognized that they could have easily achieved the higher severities. This
may mean mulfiple treatments are needed to successfully realize buzn plan objec-
tives when expfeﬁence?éis low or the consequences of escaped prescribed are
Severe.

Most treatmenis mcreased fuel loadmgs on most sites, especially the coarse
woody debris (logs greater than 3 inches diameter). This was primarily because
the prescribed fire burned through the bases of the abundant rust-killed whitebark
pine snags within the treated stands. The newly fallen logs posed a low fuel haz-
ard because they lacked fine fuels that contribute to mcreased fire spread. Their
presence mighit actually improve the potential for whitebark pine regeneration by
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the restoration treattent could aiso be a fuel reduction treatment.

Planting whitebark pine seedlings on the Beaver Ridge site was marginally
effective in this study (approximately 30 percent survival after 5 years) because
nursery techniques and planting guidelines for whitebark pine at the time of plant-
ing were not as refined as they are today (McCaughey and others 2009). Our
seedlings were small and they were planted in mid-summer, just after snowmelt,
so they had 1 survrl'#e ‘three 'hot, dry months of drought. There is now extensive
réference material for growing whitebark pine in nurseries and recommendations
for planting whitebark pine (Scott and McCaughey 2006; McCaughey and others
2009; Izlar 2007). Our success would have been improved using today’s technol-
ogy. Pianﬁﬁg should be done in mid-autumn and seedlings should be planted near
structures, such as stumps, logs, and rocks, that provide stability from snowpack
damage. Recently, Perkins (2004) found that grouse whortleberry had a positive
effect and elk sedge had a negative effect on the growth and survival of planted
whitebark pine seedlings. But Izlar (2007) found safe sites are more important to
survival than sufficient whortleberry cover.

We recommend a fuel eithancement cutting implemented at least 1 year prior
to a prescribed burnito ensure that burn objectives are fully realized. Adding cured
slash to discontinuous fuelbeds facilitates burn effectiveness by providing addi-
tional fine fuel to aid fire spread into all areas of the treated stand and augment
quick-drying fine frél levels so the burn can be implemented in moister conditions.
Prescribed burns had greatet coverages (50 percent increase in burn coverage) and
severities in fuel-enhanced stands. Fuel enhancement is an easy, inexpensive, and
relatively rapid treatment that can be implemented by timber crews, fire crews, or
contractors. We found that shrub and herbaceous fuels were much drier after the
first hard frost in late summer or early autumn. Frost kills the aboveground foliage
that allows the plants to take-water from the soil so the aboveground plant structure
can dry sufficiently for buming.

Ignition methods were important in this study. Most prescribed fires were
ignited using strip head fires whose width was increased if higher fire intensi-
ties were desired. However, some study sites were so moist at ignition that even
wide strips couldn’t generdte our desired intensities. Using the terra-torch and
heli-torch, we wereiable to burn large areas to achieve the high target intensities.
However, because these techniques may not always be available, the drip-torch is
the primary ignition technigue. To be effective, these drip-torch ignitions should
be done in dry conditions 19 generate sufficient intensities to kill nndesirable tree
species. I possible, multiple burns may also produce similar effects as one high
intensity fire. o

clusions

) Whitebark pine wﬂl co:i,tinue to decline across its range as extensive exotic
%)hster rust infections, more frequent and severe mountain pine beetle epidern-
ics, and fire exclusion-oriented management policies continue. An extensive and
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long-termm, infegrated research and management program is needed to maintain
this valuable tree species on the high-mountain landscape in the western United
States and Canada. Restoration of this precious ecosystem will depend on cost-
effective, coordinatéd efforts to

* conduct fandamental ecological research in whitebark ecosystems,

* develop methods to harvest seed from rust-resistant trees,

* refine nursery te(éhniques? to produce high quality, inexpensive rust-resistant
seedlings for planting,
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> create eﬂ‘ec&:rve gmdehnes for planting rust-resistant seedlings and seeds,

. develop methods o plan and prioritize those areas in greatest need of whitebark
pine restoranon, emd

* develop mnavat:ve prescribed burning and silvicultural cutting methods for
restoring the keystene whitebark pine ecosystem (Keane and others, in press).

Th:s management gmde is a first step to develop restorative burning and cui-
ting methods. Detaﬂs in this report can be used to prioritize, plan, and implement
restoration lreatments in declining whitebark pine stands by providing a refer-
ence for determmmg effects of various prescribed burning and cutting treatments.
Though we haye not Vet observed significant whitebazk pine regeneration in many
of oux treated) areas, we feel these techniques can be combined with plagting of
rust-resistant scedlmg; tg effectively return whitebark pine to the landscape.

We recognize it will be impossible to implement the treaiments explored in
this smdy onjall Whﬁebark pine lands during this period of rapid decline. But,
therel wili be cnﬁca; Whi‘ebai pine forests that will require imimediate and ex-
tensive proactwe mtorauon, and the findings of this study will provide critical
imforination for the successful planning and implementation of restoration activi-
ties. Since most whitebark pine forests are in protected areas such as National
Parks, Wilderness Aréas, and proposed Wilderness Areas that prohibit many of
the treatrents detailed in this report (Keane 2000), we feel wildland fire use (in
essence, letting hghtnmg-lgmted fires burn under allowable parameters) will be
the primary vehicle for treating deteriorating whitebark pine stands. No matter
the treatment type, it will be critical to extensively monitor the effects of all direct
(used in this study) and indirect (wildland fire use) treatments so we can refine
and modify treatment guidelines in the future to account for local conditions
and changmg envuonme:rts (for example, climate change and rost epidemics). !
Though the outlook may seem bleak for whitebark pine, recent exciting advances

in research and many' imanagement successes will hopefully help secure the con-
servation of this keystone species.
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Biologists track owls to save homes from iogglnc
Great grays fitted with GPS backpacks to learn about habits, num bers.

By Mike Koshmrl, Jackson Hole, Wyo.
July 31, 2013 i

Perched partway up a twisted pine, a great gray owl
stared at a white mouse that had nowhere to run.

The mouse, tethered to the ground by an alligator clip,
was planted by Craighead Beringia South biologists
hoping to catch the female Strix nebulosa, which sat
nearby panting. It was an easy meal, and the great gray
had a clear line of sight on the critter, but she seemed not
1o give a hoot.

o’d been trackmg the owl Bea’roszan :’elo a capfwwa gray awl’ sprﬂaa’

o) ~ \] o~ 57
}'c fed the fledgling a vole)
2
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most.” levice 10 work into its feathers near Red 7. op
LalUOoL.

Meadows. Bedrosian has been yu[z‘zr”g
transmiiters and 1D bands on several owls
order to safdy the bz’rds " home range.

T Fa Y
BRADEF-FBONFERANE WS&GTTDE

Mendelsohn, aiono with Katherine Gura and Bryan
ﬁedroszan. had hoped to net and then fix a GPS-

\,\1ux_yybu. baunpdwn tothe greal Bgilay. i The t€am nag
managed 10 fix backpacks to five great grays this
summer.

These are some of the first electronically tracked owls in the worid, Bedrosian said. GPS trackers are
usually s Iar—powered and that’s an issue because owls are most active at night.

The owl-caiching crew came up empiy-handed. The female, which was caring for a ione offspring, saw
through the b1010g13ts ploy.

“Some birds are like, ‘yeah, nice try,”” Bedrosian, Beringia South’s avian program director, said after
giving up.

Beringia South, based in Kelly, is in the middie of the first o great gray owl research project in Jackson

http://us-mg4 . mail.vahoo.com/neo/launch? -rand=akhhc7k7iglid 8/7/2013
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Hole in two decades. Biologists Susan Patla, with the
Wyoming Game and Fish Department, and Kerry
Murphy, with the Bridger-Teton National Forest, are
collaborators. Funds have come from a state of
Wyoming wildlife grant, the Community Foundation of
Jackson Hole, Four Seasons Hotel and Resorts and
Ecotour Adventures.

Locally, little is known about the species. Numbers,
home ranges — it’s all unknown territory, Bedrosian
said.

What is known is that there aren’t many great grays.

“We found very few owls,” Bedrosian said, recalling a-
winter of combing the mountains from Grand Teton National Park to the Snake River. “There justisn’t
that many nests.”

Meanwhile, the Teton to Snake Fuels Management Project, a wildfire reduction plan that will thin
critical old-growth habitat, looms. Cuts, thinning and iimbing is proposed in some of the birds” prime
range in the Bridger-Teton National Forest,

The pian is designed o protect private property and to allow natural fires to burn in the nearby Palisades
Wilderness Study Area.

The Forest Service has pledged to put a buffer arcund the home ranges of great grays and other owl
species, Bedrosian said. As a result his team of biologists has been going “gangbusters” trying to find
nest sites.

A

o il micte s1ra R Iprm e = I mn T 3T
(¢ 0i6i0gists were back wandering the woods near Red Top Me:
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At 6am. four days later,

CE
v

Bedrosian hooted.

"

must not be that bad — it screwing up both the girls.” he said.

e the Biolooistis orted o asuited emmisirs forlor o nw
axe, e DIOICYISES OPLEG 10 SWICh Capture wonmques.

A gerbii enciosed in a mesh cage iined with looped monofilament fishi ng iine took the niace of the
tethered mouse. It’s name was Peppermint.

ust shy of two hours into the search the group once again found the mother great grav.
Shortly thereafler, they caught her.

2 16 tackie her this time,” he said. “Last time

Cyia S & [ICTPIL IS | I, o Pl
eringia South team, but they all seemed energized.
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“Peppermint worked,” Gura said. .
The great gray, whose beady yellow eyes were covered with a ball cap, was a healithy two-pound female

he bird iooked much larger, but that’s because she was ail filuff,

-

UL D PR } £t L T Y o D : P _— at [ BN 4
re's just s many reathers,” Bedrosian sald. “They appear larger in size than a great hormed owl, but

a great horned owl is gquite a bit bigger acmaliy

—ed
=
a

T Y Ry
PIC DIUMdage 15 107 d reason.

(ireat grays are a boreal forest species and don’t venture much farther south than Jackson Hole in the
Northern Rockies. Warming climates figure to shift their ranges north and uphill, Bedr051an said.

L
i
H

hey are an exts remely heat-intolerant species,” he said.

Adfter measurements and blood samples were taken, the captive owl was {ixed with two 1D bands.
Somewhere in the’ process at &20?’-?(‘21‘?" "U(’“’! ﬂdl"’C"Lf‘EC. the "V&"‘)"“E’EC’ hetween two of Be irosian’s

fingers, and blood trickled.

The team then hegan to fit the great gray with the (P8 backpack.

The transmitler weighs just 30 grams, equivalent to less than 3 percent of her weight.

“We're right at the edge of what technology can do for owis,” Bedrosian said.

After she was released, the great gray, now No. A8, settled onio a perch 30 feet up and 106 or so feet
away.

. ‘ .

She budi"td' pic '-kir;g at the foreign siraps that secured the transmitter, pausing mostl

Little does she know that the data the team wil I glean from her annoying new outfit will help save her
soon-to-be mapned home range.
Ea o~

B PO I 1o At et v 1o Dl Y
10¢ area arvund ner nest site, Bedrosian said, had been slated for treatment under the Bridger-Teton’s
wiidfire pian
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Hiding Without Cover? Defining Elk
Security in a Beetle-Killed Forest

BLAKE LOWREY®," Montana Department of Fish, Wildlife and Parks, 1400 South 19 Street, Bozeman, MT 59718, USA
JESSE DEVOE, Montana Department of Fish, Wildlife and Parks, 1400 South 19° Street, Bozeman, MT 59718, US4
KELLY M. PROFFITT, Montana Department of Fish, Wildlife and Parks, 1400 South 19° Street, Bozeman, MT 59718, USA

ROBERT A. GARROTT, Fish and Wildlife Ecology and Management Program, Department of Ecology, Montana State University,
310 Lewis Hall, Bozeman, MT 59717, USA

ABSTRACT Recent mountain pine beetle (Dendroctonus ponderosae; pine beetle) outbreaks in the western
United States have affected nearly 18 million ha of pine (Pinus spp.) forest and are unprecedented in spatial
extent, severity, and duration, yet little is known about wildlife responses to large-scale insect cutbreaks. Elk
(Cervus canadensis) are important wildlife whose dominant management paradigm on public lands has focused
on providing security habitat to increase survival during hunting seasons and to maintain elk presence on
public lands to promote hunter opportunity To assess the effect of pine beetles and associated changes in
forest structure on elk security, we used a time series to characterize canopy cover pre- and post-pine beetle
outbreak, characterized relative canopy cover among the dominant forest types in the study area post-pine
beetle outbreak, and used global positioning system location data from male and female elk to define habitat
relationships and security during the archery and rifle hunting seasons. Our study area was within the Elkhorn -
Mountains of southwest Montana, USA, 2015-2017, which experienced 80% mortality of lodgepole pine
(Pinus contorta) forests during a pine beetle outbreak that peaked in 2008. We observed an 8.5% reduction in
canopy cover within pine beetle-infested lodgepole pine forests, yet canopy cover remained relatively high
among other forest types post-outbreak. 1he top-ranked habitat security models contained positive rela-
Gonships with canopy cover, distance to motorized routes, terrain ruggedness, and slope with few notable
differences among sexes and seasons. Across sexes and seasons, 75% and 50% of elk use was within areas with
average canopy cover values 231 + 6.65 (SD)% and 253 + 5.7% that were an average of >2,072 +187.93m
and >3,496 + 157.32 m from a motorized route, respectively. Therefore, we recommend fall elk security be
defined as areas that meet these criteria for minimum canopy cover and distance from motorized routes in the
Elkhorn Mountzins and in other landscapes with similar forest characteristics and hunting pressures. Al- -

though we observed expected reductions in canopy cover within pine beetle-infested forests, defoliation alone ‘ -

- did-not appear to- negatively affect elk security or reduce ‘canopy cover below our management recom-
mendations. Nonetheless, because of the prevalence of standing dead trees in our study area, we recommend

future work that investigates the relationships with pine beetle-infested areas post-blowdown because changes
in ground structure and costs of locomotion may affect elk habitat and security. © 2019 The Authors. Journal
of Wildlife Management published by Wiley Periodicals, Inc. on behalf of The Wildlife Society.

KEY WORDS Cervus canadensis, Dendroctonus ponderosae, elk, habitat, mountain pine beetie, resource selection
function, security.

Recent mountain pine beetle (Dendroctonus ponderosae; pine

forest community composition and structure, timber pro-
beetle) outbreaks in the western United States have affected

duction, wildfire dynamics, and wildlife habitat (Jenkins et al

nearly 18 million ha of pine forest and are unprecedented in
spatial extent, severity, and duration (Chan-McLeod 2006,
Meddens et al. 2012, Ivan et al. 2018). Damage caused by pine
beetles results in widespread tree mortality, defoliation, and
eventual blowdown of dead trees, and can strongly influence
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This is an open access article under the terms of the Creative Commons
Astribution License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited.
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2008, Klenner and Arsenault 2009, Pfeifer et al. 2011, Simard
et al. 2011, Saab et al. 2014). Wildlife responses to pine beetle
outbreaks are dynamic and complex, and vary by taxa, sex,
season, and the outbreak successional stage (Saab et al. 2014,
Ivan et al. 2018). Understanding the effect of pine beetle
outbreaks is critical to land and wildlife managers tasked with
promoting and conserving wildlife populations where wide-
spread tree mortality has altered wildlife-habitat relationships
through changes to forest structure, vegetation communities,
and nutrient flow (Chan-McLeod 2006). Although such
changes can have profound effects on wildlife and are well
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studied when associated with other patural or managed dis-
turbances (e.g., wildfire, prescribed fire, and timber manage-
ment), little is known about wildlife responses to large-scale
insect outbreaks (Martin et al. 2006, Saab et al. 2014).

Elk (Cervis canadensis) have a broad distribution across
western North America and can influence vegetation and
plant communities (Frank and Evans 1997, Hobbs 2003)
and provide economic benefits to regional communities
through tourism and hunting (Duffield and Holliman
1988). Elk management on public lands has traditionally
focused on providing adequate cover and forage while
minimizing motorized routes as the dominate attributes of
habitat quality (Hillis et al. 1991, Lyon and Canfield 1991).
The management goals under this paradigm are to provide
security areas to increase elk survival during the hunting
seasons and to maintain elk presence on public lands to
promote hunter opportunity (Hillis et al. 1991). However,
the traditional management paradigm has been complicated
by changes in land use practices and the increase in non-
traditional private landowners that are more interested in
natural amenities than livestock production and may have
restricted public hunting opportunities on parcels that are
privately owned (Haggerty and Travis 2006). This results in
non-hunted parcels that function as security areas but do not
follow the traditional management paradigm on public land
and challenge management strategies in areas that strive to
maintain or reduce elk population sizes through regulated
harvest of adult females (Proffitt et al. 2010, 2013).

Providing additional security areas on public lands
through policy changes (i.e., road closures) or habitat im-

. provement projects, has been highlighted as an important -
management objective to retain elk on public lands and

reduce the redistribution of elk to private lands with reduced
or eliminated hunting opportunity (Proffitt et al. 2013,

Ranglack et al. 2017, DeVoe-ct-al- 2019). Although man=—

agement paradigms have shifted to accommodate changes

measures on public lands to maintain desired levels of sur-
vival and retain elk on public lands during the hunting
seasons. Within the context of unprecedented pine beetle
outbreaks throughout western North America forests, un-
derstanding how insect outbreaks and other disturbances
that reduce canopy cover with respect to wildlife security is
an important management objective.

We used 2 multipronged observational approach to char-
acterize the reductions in canopy cover associated with pine
beetle outbreaks and the effect on elk security in the
Elkhorn Mountains of southwest Montana. We expected to
observe a decline in canopy cover in infested areas pre- and
post-pine beetle outbreak and a general reduction in canopy
cover in infested forests relative to uninfested forests. With
respect to elk security, given the anticipated loss of canopy
cover associated with the pine beetle outbreak, we expected
elk to use security areas characterized by large roadless areas
(i.e.; security patches) and rugged terrain, and we expected to
observe an increase in selection for covariates associated with
the ‘traditional security paradigm for both sexes across the
gradient of relative risk associated with the archery and rifle
hunting seasons (Ranglack et al. 2017, DeVoe et al. 2019).

STUDY AREA

Our study area was broadly defined by the Elkhorn Moun-
tains (2,600 km?; 1,141-2,866 m elevation), a relatively iso-
lated mountain chain in southwest Montana (Fig. 1). The
climiate was characterized by short, cool summers (17.4°C
mean Jul temperature) and long, cold winters (—4.8°C mean
Jan temperature) with mean annual precipitation ranging
from 263 mm to 959 mm (PRISM Climate Group 2016).

The core of the study area consisted of public lands (46%)
predominantly managed by United States Forest Service -

“(USFS) and Bureau of Land Management, which were sur-

rounded by low elevation private lands (54%). We conducted

“nland-use-practices and atdtades towards ek on private
lands, managing for security areas on public lands has re-
mained an important management objective (Ranglack et al.
2017). However, the availability of elk security areas with
ample canopy cover may be at odds with the increasing
prevalence of pine beetle-killed forests across western North

~ our study between 2015 and 2017, 7-10 years after the peak

of the pine beetle infestation in 2008. In total, the pine beetle
outbreak killed approximately 190 km® (80%)  of lodgepole
pine forests in the study area.

Lower elevations were dominated by a mixture of open sage-

ssiand nisia-tridernt

QCOURECENR:

America. The loss of canopy cover is one of the first
structural changes in forests after a pine beetle infestation
and is arguably the biggest change affecting wildlife
(Chan-McLeod 2006). Although specific management
recommendations for security habitat have been set for
patch size and distance to roads (Hillis et al. 1991), man-
agement recommendations for canopy cover have been more
varied across the western United States, often relying on
general descriptive measures (i.e., heavy cover; Christensen
et al. 1993). Although recent work has provided quantitative
recommendations for canopy cover based on a meta-analysis
across southwest Montana, USA (Ranglack et al. 2017), the
work did not include analyses of forest systems affected by
pine beetles. The loss of cover after a pine beetle infestation
may increase elk vulnerability and require updates to forest
management guidelines regarding traditional security

wheatgrass [Pseudoroegnaria spicata), Idaho fescue [Festuca
idaboensis}, rough fescue [Festuca scabrellal, bluegrasses [Poa
spp.]) and patches of timber (primarily Rocky Mountain
juniper [Juniperus scopulorum) or Douglas fir [Pseudotsuga
menziesiz]). Additionally, cultivated crops (pasture grasses and
leguminous forbs) bordered the northemn and southwestern
portions of the study area. Upper elevations were dominated
by dry coniferous forests (e.g,, lodgepole pine, Douglas fir,
ponderosa pine [Pinus ponderosa]) with small interspersed
meadows (USFS et al. 1993). Sympatric ungulates included
wule deer (Odocoileus hemionus), white-tailed deer (O. virgin-
tanus), moose (Ales alces), and a small population of bighorn
sheep (Ovis canadensis). Carnivores included mountain lion -
(Puma concolor), bobcat (Lynx rufus), coyote (Canis latrans),
and American black bear (Ursus americanus). Grey wolves
(C. fupus) were transient in the study area.
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" om Mountain study area defined by the population-level elk annual irange of collared individuals, southwest Montana, USA, 2015-2017.

Dark shading in the core of the study area depicts the forests infested by mountain pine beetles. Blue shading depicts lands open to public hunting.

The Elkhorn Mountains are within Montana Fish, Wildlife
and Parks hunting districr (HD) 380, one of Montana’s most

popular hunting areas since the early 1960s (DeSimone and
Vore 1992, Montana Fish Wildlife and Parks 2018). Esti-
mated hunter effort has continued to increase since the 1960s
with record highs of 3,936 hunters and 31,786 hunter days in
2015. Male elk hunting in this region is particularly popular
because of a unique spike regulation that generates a relatively
high male:female ratio and 2 mature male age structure. When
this study occurred (2015-2017), anyone with a_ general
hunting license could harvest a spike or antlerless elk duting
the archery season. During the rifle season anyone with a
general hunting license could harvest a spike, and youth

hunters could harvest an antlerdess elk. For each year of the
study, the number of fimited either-sex permits was 120.
The number of limited B licenses (antlerdess elk) valid for
cither the entire hunting district or a portion of the hunting
district was 700 in 2015, 800 in 2016, and 800 in 2017.

METHODS

Canopy Cover Characterizations

We used aircraft survey data collected by the United States
Department of Agriculture Forest Health Protection Avi-
ation Program to delineate pine beetle-affected areas as
observed by tree canopy discoloration indicating mortality
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(USFS 2017, 2018). However, the pine beetle delineations
generated from aerial flights did not strictly mirror the
patchy mosaic on the landscape and occasionally included
grassland meadows or other landcover classifications not
affected by pine beetles. To reduce the contamination of
non-beetle-killed areas, we clipped the polygons delineating
pine beetle infestations to include only the areas that over-
lapped with lodgepole pine or lodgepole pine shade-
intolerant mixed forest classifications as defined ‘by the
Vegetation Mapping Program (VMap; USFS 2014).

We  characterized canopy cover in pine beetle-infested
forests using a time series from the Rangeland Analysis
Platform (RAP; Jones et al. 2018) spanning 1990-2017,
inclusive of the pine beetle outbreak in the Elkhorn
Mountains. The RAP uses a combination of remotely
sensed and ground-based data to predict per-pixel (30 m X
30m) percent canopy cover across the western United
States. Although developed for rangelands, the RAP model
is an effective tool for describing changes in canopy cover

through time with a fine-scale (annual) time series not

available in other canopy cover layers (i.e., LANDFIRE,

National Land Cover Database). To assess changes in

canopy cover within pine beetle-infested forests over time,

we characterized the percent change from historical canopy

cover levels prior to the pine beetle outbreak (1990-2000)
~ within the 3 largest pine beetle polygons in the study area,

which totaled 111 km? and accounted for nearly 60% of the

lodgepole pine forests infested by pine beetle.

To assess changes in canopy cover between pine beetle-
infested forests and Uninfested forests, we summarized the
percent canopy cover in infested and uninfested lodgepole
pine forests and ponderosa pine and Douglas fir forest
classifications. In aggregate, these forest types contained
99% of the forested landscape within the study area. We

characterized the mean (+SD) percent canopy cover in each .

forest type using VMap canopy cover estimates from 2013

(USES 2014)_These estimates-represented-a-mean-response—

e——started-5-weekspriorto-tre-Sarrday afer Thamlegvamg,

of canopy cover defoliation associated with pine beetle
outbreaks approximately 5 years after peak infestation and
were the most recent estimates for the Elkhorn Mountains
after the pine beetle infestation. Moreover, the VMap
methods used to estimate canopy cover were specifically

(Johnson and Gillingham 2008). Collars on adult females
remained on the animal for life and on adult males
were programmed to automatically release after 4 years.
We censored all locations with positional dilution of
precision >10 to reduce spatial imprecision (D’eon and
Delparte 2005).

Our primary objective was to characterize elk selection to
define elk security habitat and inform land management
practices on public lands. We focused our security habitat
modeling on individuals that remained on lands open to public
hunting and retained in our dataset only individuals that had
>50% of their GPS locations on lands open to public hunting
(i.e., public lands or private lands enrolled in Montana Fish,
Wildlife, and Parks hunter access program). To further target
the periods when hunting pressure most strongly influenced
elk behavior, we restricted our analyses to legal hunting hours
defined as 0.5 hours before and after sunset.

We developed sepasate sex-season resource selection func-
tions using a used-available design (Manly et al. 2002) and
generalized linear mixed-effect models with a random inter-
cept for each individual to account for autocorrelation within
an ‘individual and unequal sample sizes among individuals
(Gillies et al. 2006). We fit mixed-effect models using the
Ime4 R package (Bates et al. 2015) and the inverse link
function. Our used dataset was defined by the locations
collected from GPS collars, whereas we sampled availability
at a 1:15 used to available ratio within each individual’s an-
nual 100% minimum convex polygon. The 1:15 ratio ensured
a sufficient sample to avoid numerical integration error and
convergence issues given the single location per day fix rates
of the deployed GPS collars (Northrup et al. 2013). We
characterized resource selection separately for the archery and
rifle hunting seasons, which reflected varying degrees of
perceived risk from low to high. Following the legal defi-

,niﬁbns,.ﬂthe..archexyseason-was»ﬂae~6—week»p@tiod~s&rting“on" e

the first Saturday in September, and the 5-week rifle season

We evaluated multiple landscape attributes associated with
elk vulnerability including 3 definitions of security patches,
percent canopy cover, and distance to motorized routes
(Table 1). Although commonly used in elk security models,
we did not include a covariate that described public or

developed—to—rotechanges i canopy cover associated
with pine beetle outbreaks (S. R. Brown, USFS, personal
communication).

Security Habitat Modeling

During the winters of 2015 and 2017, we captured adult
(>1.5yr) elk by helicopter net-gunning and darting in
accordance with an approved animal welfare protocol
(Institutional Animal Care and Use Committee Project
Number: FWP09-2014, FWP10-2017). We deployed
remote-upload collars (Lotek Wireless model LifeCycle,
New Market, Ontario, Canada) programmed to transmit
1 location every 23 hours through the Globalstar satellite
network, the exact timing of which varied across collars.
Average fix success excluding data transmission gaps was
96 + 3%, indicating negligible landcover-induced fix bias

private land ownership because our analyses were restricted
to individual elk that predominantly used lands that allowed
public hunting. We derived our criteria for defining security
patches from Hillis et al. (1991), which has been widely
incorporatéd into USES security habitat management
standards, and defined security patches as contiguous areas
of 2100"ha located >0.8 km from an open motorized route.
To evaluate the importance of canopy cover in definitions of
elk security, the 2 additional security patch covariates in-
cluded contiguous areas that contained >50% coverage of
215% and >30% canopy cover. In addition to the covariates
associated with the traditional management paradigm, we
evaluated the importance of terrain covariates associated
with security: slope and ruggedness. For ruggedness we used
the vector ruggedness measure (VRM), a unitless measure
of landscape ruggedness integrating variation in slope and
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Table 1. Covariates used in male and fém;le elk security habitat modeling, Elkhorn Mountains, southwest Montana, USA, 2015-2017.

Covariate Description

Functional forms®

' Reference

Security patch Contiguous areas of >100 ha
located >0.8 km from an open
motorized route.

Contiguous areas of >100 ha
located 20.8 km from an open
motorized route and with ar
least half of the security patch
containing 15% and 30% canopy
cover as 2 different covariates.

Percent canopy cover., Ps

Distance (m) to motorized 2-track, Ps
dirt, or paved road designated as
open to public use within each
respective hunting season.

Vector ruggedness measure Ps
{VRM): a unitless measure of
landscape ruggedness
integrating variation in slope
and aspect.

Security patch with
canopy cover

Canopy cover
Distance to motorized
route

Ruggedness

Slope

Binary

Binary

Slope in degrees. Sq

Hillis et al. (1991), Christenses et al. (1993), DeVoe et al. (2019)

Hillis et al. (1991), Christenses et al. (1993), DeVoe et al. (2019)

USFS 2014, Ranglack et al. (2017), DeVoe et al. (2019)
MecCorquodale et al. (2003), Ranglack et al. (2017)

Hillis et al. (1991), Sappington et al. (2007), DeVoe
et al. (2015), Lamont et ak (2019)

Hillis et al. (1991), Ranglack et al. (2017), DeVoe et al. (2019)

* Ps = pseudothreshold, Sq = squared or quadratic, binary signifies categorical covariate for which we did not consider functional forms.

aspect (Sappington et al. 2007). Following a large body of
literature from regional studies modeling seasonal habitats
and security areas for elk and other ungulates, we used a
pseudothreshold (natural log) functional form for canopy
cover, distance to motorized routes, and ruggedness, and a
quadratic functional form for slope (Sawyer et al 2007,
Proffitt et al. 2010, 2013; Ranglack et al. 2017; DeVoe
et al. 2019).

We used a tiered approach to progress from univariate to
multivariate models evaluating the traditional security metrics
and landscape attributes. In each tier, we identified the top-
ranked model for each sex and season using corrected
Akaike’s Information Criterion (AIC; Burnbam and An-
~ derson 2002). In the first tier we fit univariate models for

each of the security patch covariates (with and without—and-the-relative-RSF-sc

—— ruggedn

 canopy cover) to evaluate the importance of canopy cover in

defining security patches. In the second tier we fit 5 candidate
* models containing multiple combinations of covasiates asso-
ciated with the traditional management paradigm on public

outliers on the area under the curve and corresponding
management thresholds, we removed from the available da-
taset covariate values that were well beyond the distribution
of values observed in the used dataset. For quadratic co-
variates (i.e., slope), we noted the covariate value that maxi-
mized the relative probability of use for each sex and season.

We preformed model validation using a k-fold cross-
validation within an iterative process where we withheld the
locations for each 5 folds, fit an exponential resource selection
function (RSF) with the data that were retained, and then
predicted the fitted values for the observations that were
withheld (Boyce et al. 2002). We then summed the occur-

evaluated the correlation between the frequency of occurrence

i ren@:e.,.oﬁ,usedﬂlowﬁonswvitbjml-()««»equal-areaVRSF"bins»andA~\ i

relation (Boyce et al. 2002). The adjusted frequencies should
be highly correlated with the relative RSF if the model per-
forms well (Boyce et al. 2002). We conducted all analyses and
data processing in the R environment for statistical com-
puting (R Core Team 2018) in combination with the sf

re-Spearman’s Tank com

lands. Lastly, in the third tier, we added slope and terrain

€s5-as-a-paired-combination-to-evaluate-the-addition
of landscape covariates. With the final model we generated
predictive plots for each continuous covariate while holding
all other covariates at their mean value. To provide man-
agement recommendations for covariates with a pseudo-
threshold form, we calculated cumulative elk use as the
cumulative area under the curve starting with the lazgest
probability value to target the covariate range with the
highest relative probability of use for each sex and season. We
then identified the range of covariate values that corre-
sponded to 75% and 50% of the area under the curve and
used the minimum values within -the range to define
thresholds for security and preferred security areas, re-
spectively. These values served as the basis for our manage-
ment recommendations and reflect the narrowest covariate
range associated with 75% (security) and 50% (preferred

security) of elk use. To minimize the nfuence of extreme

(vebesma 2018) and raster (Hijmans 2017) packages for
spatial analysis and the tidyverse suite (Wickham 2017) for
data manipulation and visualization.

RESULTS
Caﬁopy Cover

.The reductions in percent canopy cover below historical

levels before the pine beetle outbreak (1990-2000) mirrored
the pine beetle outbreak timeline with 2 2-3-year lag after
the initial infestation (Fig. 2). Between the peak pine beetle
outbreak in 2008 and the following 2 years, there was an
average 8.5+2.5% reduction in canopy cover within the
pin€ beetle-infested areas we evaluated. After the pine beetle
outbreak and associated canopy cover declines, canopy cover
began to increase in 2010 and 2011, nearly 2 roaching

q

historical averages by 2015, 7 years after peak infestation. >
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Figure 2. Twenty-seven-year (1990-2017) time seties of the mean (+:SD) percent change in canopy cover from the historical average (1990-2000) for the
3 largest patches of forest infested by mountain pine beetles within the Elichorn Mountain study ares, southwest Montana, USA, 2015-2017. The year of

peak beetle infestation (2008) is shaded.

Within forested portions of the study area, forests classi-
fied as uninfested lodgepole pine had the highest values for
canopy cover post-pine beetle infestation wi
77 +14.6% (Fig. 3). Similar to the trends/describeY] in the

15%). Canopy cover in pine beetle-infest epole for-
ests_temained higher than canopy cover in uninfested
Douglas fir and ponderosa pine forests (including both in-
fested and uninfested stands), which had 54 -+ 18.9% and
27 £8.7% canopy cover, respectively.

Security Habitat Modeling .

We captured 59 adult (male=24, female= 35, total ex-
cludes 3 individuals that died during capture) elk during the
winters of 2015 and 2017. To evaluate security on lands
open to public hunting, we censored 4 males and 12 females

that had >50% of their GPS locations on private lands that
restricted hunting duting the archery and riffe seasons.
4 +15%_of male_and——top-model-for-all-sex-seasons{Fable-2)—

Among censored

fermale GPS locations were in areas with restricted hunting
access. Lastly, we censored 3 individuals (males= 2,
females = 1) without any daytime locations within a hunting

season. Among the remaining 40 (male =18, female =22)
individuals, there were 72 animal-years with an average of
30 £20.5 GPS locations for each individual-season and an
average of 5724235 GPS locations for each sex-season
grouping.

In the first tier of model selection, where we evaluated the
addition of 15% and 30% as canopy cover thresholds to
define security patches, security patches defined without a
canopy cover threshold were top-ranked for males in both
seasons and for females during the archery season (Table 2).
The exception was females during the rifle season where
security patches with 30% canopy cover were top-tanked.
Nonetheless, there was a large degree of uncertainty in the
top-ranked model and a difference of only 0.68 AIC, units
among the 3 univariate models. Because there was not a
clear top-ranked model for females during the rifle season,
and to have continuity among the second tier sex-season

..models with respect to_security.patch..definitions, we -se-- -

lected security patches defined without canopy cover as the

In the second tier we evaluated 5 univariate and multi-
variate combinations of the traditional security metrics (i.e.,
distance to motorized routes, canopy cover, and security

80 4

% canopy cover
Ay
]

]

20

I

" le pine Rootlain A lad.
uatp

le pine Douglass fir

Ponderesa pine

Forest classification

Figure 3. Average canopy cover percentages (+SD) within uninfested and pine bectle-infested lodgepole pine, Douglas fir, and ponderosa pine forest

classifications, Elkhorn Mountains, southwest Montana, USA, 2015-2017.
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Table 2. Habitat security model selection results for tiers 1~3 comparing used and available locations for male and female elk in the archery and rifle hunting
seasons, Elkhorn Mountains, southwest Montana, USA, 2015-2017. Models are arranged by corrected Akaike’s Information Criterion (AIC) ranking. We
also present the number of parameters (K) and model weight (w;).

Model tier Sex-season Model® K AIC. AAIC, ao;
Tier 1: Security patch . Female-archery  Security.00 3 6399.02 0.00 0.67
Security.30 3 640172 270 017
Security.15 3 640186 2.85 016
Female-rifle Security.30 3 457029 000 041
Security.00 3 4,570.86 0.56 031
Security.15 3 457097 0.68  0.29
Male-archery Security.00 3 3916.05 0.00 100
Security.15 3 398458 68.53  0.00
Security.30 3 3,984.68 68.62  0.00
Male-rifle Security.00 3 213294 0.00 096
Security.30 3 2,140.85 7.91 0.02
Secarity.15 3 2,140.85 791  0.02
Tier 2: Traditional security Female-archery ~ Canopy cover+ DMOT 4 6,267.63 0.00 100
Canopy cover 3 629388 2625  0.00
Canopy cover + security.00 4 629421 26.59  0.00
DMOT 3 6,366.89 99.26  0.00
Security.00 : 3 6399.02 13139  0.00
Female-rifle Canopy cover+DMOT 4 432885 0.60 100
Canopy cover + security.00 4 4,363.95 3510  0.00
Canopy cover 3 438279 53.94  0.00
DMOT 3 452733 19849  0.00
Security.00 3 457086 24201  0.00
Male-archery Canopy cover + DMOT 4 390277 0.00 0.78
DMOT 3 3,905.31 255 022
Canopy cover + security.00 4 3,913.24 1047  0.00
Security.00 3 3916.05 1329  0.00
Canopy cover 3 397472 7195  0.00
Male-rifle Canopy cover + DMOT 4 2,096.46 0.00 0.99
Canopy cover + security.00 4 20541 896 0.01
Canopy cover 3 211071 1425  0.00
DMOT 3 212166 2520  0.00
Security.00 , 3 213294 3648  0.00
Tier 3: Traditional and landscape security ~ Female-archery Canopy cover + DMOT + Slope” " ruggedness 7  6,233.22 000 100
Canopy cover+ DMOT 4 6,267.63 3441 0.00
Female-rifle Canopy cover+DMOT +slope? *ruggedness 7 4,305.30 0.00 1.00
Canopy cover + DMOT 4 4,328.85 23.54 0.00
Male-archery Canopy cover + DMOT +slope® *ruggedness 7  3,808.99 0.00  1.00
SR Canopy cover + DMOT ool 3,902 T - 93T T Qe oo -
Male-rifle Canopy cover -+ DMOT +slope® *ruggedness 7  2,029.19 0.00- 1.00
Canopy cover + DMOT 4 209646 6727 _ 0.00

* Security.00 = security patch with no canopy cover requirement; security.15 and security.30 = security patch with >50% coverage of 15% and 30% canopy
cover; DMOT = distance to motorized route.

patches defined without a canopy cover threshold from the  relative RSF for all sexes and scasons (female-archery:

ﬁmtﬁer).InaH&X:m&_thC.mlﬁmate.modeLegaa___@;Q,%% 3 e 77="0: s Tiale
taining distance to motorized routes and canopy cover was archery: 7,=0.97, P<0.001, male-rifle: ~,=0.91, P<0.001

top-ranked by a minimum of 2.55 (% = 18.21 + 15.06) AIC, Additiopally, with only a few exceptions the top-ranked

units (Table 2). In general, there was relatively more support  models produced similar results across sexes and seasons

for multivariate models than for univariate models and the
least support for security patches as a single predictor of elk
security. :

In the third tier, the inclusion of slope and ruggedness
improved AIC, ranking in all sex-seasons by a minimum
reduction of 23.5 (% = 57.74 + 31.97) AIC, units (Table 2),
resulting in the same model structure in the final model for
all sex-seasons, which contained canopy cover, distance
to motorized routes, ruggedness, and slope covariates
(Appendix A). Across all sex and season combinations, the
Pearson’s correlation coefficients were <0.4.

The top-ranked habitat security models performed well with
a strong correlation between area-adjusted frequencies and the

(Fig. 4. There was a positive pseudothreshold relationship
with canopy cover, indicating increased selection for areas that
had: relatively more canopy cover, and the relationship was
stronger for females than for males. Males during the archery
season had the weakest relationship with canopy cover and 2
coefficient estimate that was nearly zero (Appendix A),
resulting in a flat prediction line across the observed values of
canopy cover (Fig. 4). Although between-season differences in
selection for canopy cover were modest, both sexes selected for
higher canopy cover values in the rifle season than in the
archery season. The stronger relationship for females resulted
in higher canopy cover thresholds associated with security and
preferred security areas in both seasons. Females during the
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Relative probability of use
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Season
== Archery
== Rifle

0.02§ 0.050 0.075

Figure 4. Prediction plots showing the relationship with the relative probability of use (£95% CI) for each covariate (columns), sex (rows), and season
(axchery = solid line, rifle = dashed line) with all others held at their mean value, for elk in the Elkhom Mountains, southwest Montana, USA, 2015-2017.
The upper rug represents the available locations, whereas the lower rug represents the used locations. Thresholds values for the archery (solid vertical lines)
and rifle (dashed vertical lines) seasons represent the minimum covariate values for security and preferred security aress as defined by the 75% and 50%
cumulative elk use thresholds, respectively. DMOT = distance to motorized route.

rifle season selected security areas containi
values >39% and preferred security areas containing: canopy
cover values! >60%.

The relationship with distance to motorized routes was
positive in all top-ranked season-sex models, indicating in-
creasing selection for areas farther from roads. This relation-
ship was steeper for females than for males and similar across

- the rifle-and-archery hunting seasons "(Fig:~4). There was ™~

strong overlap in covatiate values delineating security and

canopy cover

reductions in canopy cover. We observed@% regduction

in canopy cover within pine beede—infest\gd\;id(g@ie pine
forests compared to historical levels before pine beetle
outbreak. Nonetheless, canopy cover in pine beetle-infested
forésts remained relatively high (% =69+ 15%) and had
higher cover values than uninfested Douglas fir and pon-
d’er?_s‘a pine forests by 15% and 42%, respectively. The

presence of Canopy cover was an important component in

defining eIk security and was an important predictor of male

- preferred security among both sexes and seasons. 1he most

conservative values were for males during the archery season
where security areas were defined as being >2,303m from a
road and preferred security areas were >3,679 m from a road.

The ruggedness covariate had the most varied results among

sexes and seasons. Females had a_ positive association with ___did'n alt-in

ruggedness during the archery season and a negative rela-

tionship during the rifle season (Fig. 4). In contrast, the re-

lationship was positive for males with little difference between
the rifle and archery season, both of which had a stronger
relationship relative to females. The stronger relationship for
males resulted in relatively high ruggedness thresholds asso-
ciated with security and preferred security areas, which oc-
curred in areas with ruggedness values >0.03 and >0.05,
respectively. Lastly, the quadratic functional form for slope
indicated an average optimal slope value of 18 +1.6° with
little variation among sexes or seasons (Fig. 4).

DISCUSSION

Our study combined canopy cover characterizations with
wildlife habitat modeling after a pine beetle infestation to
assess the effect of pine beetle on elk security through

"and female elk distributions in the archery and rifie hunting

seasons. However, given the relatively high degree of cover
offered by lodgepole pine forests, including those affected by
pine beetles; the changes in cover associated with defoliation
after the pine beetle infestation were relatively minor and

: ' eduction—in-canopy-cover
belowr the thresholds used to define security and preferred
security areas. Across sexes and hunting seasons, elk security
areas contained average capopy cover values >30 -+ 6.7%
and contained 75% of elk use on the landscape. Preferred
security areas, which contained 50% of elk use on the
landscape contained canopy cover values >53 +5.7%. In

‘general, although we observed expected reductions in

canopy cover within pine beetle-infested forests, the level of
reductions that we observed in our study did not appear to
negatively affect elk security after the pine beetle infestation.

In addition to the selection for areas with higher -canopy
cover, security habitat in the Elkhorn Mountains was
characterized by positive associations with increasing dis-
tances from motorized routes, relatively rugged slopes, and
moderate slope angles of 18°. In general, these findings
corroborate with other studies characterizing elk security
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and habitat (Lyon and Canfield 1991, McCorquodale et al.
2003, Ranglack et al. 2017, DeVoe et al. 2019). Although
the traditional definition of an elk security patch that has
been broadly incorporated into forest management (ie.,
contiguous areas of >100 ha located >0.8 km from an open
motorized route; Hillis et al. 1991) did not receive strong
support among our candidate model set, our work lends
credence to the importance of canopy cover and distance to
motorized routes in defining elk security.

"The importance of canopy cover in defining and managing
elk security on public lands is varied across the western
United States. In areas with expansive forest cover, elk se-
curity can be influenced by road management alone, yet
where forest cover is limited or patchy, incorporating
canopy cover into definitions of elk security is also im-
portant (Christensen et al. 1993, Unsworth et al. 1993). In
contrast to the definitions for distances to motorized routes
and patch size, which have largely followed the Hillis
paradigm (Hillis et al. 1991), the varied importance of
canopy cover has resulted in a variety of arbitrary cover
definitions used to define elk security (Christensen et al.
1993). A recent meta-analysis incorporating data from 325
female elk in southwest Montana that occupied public lands

_and private lands with restricted hunter access recom-
mended managing for areas with >13% canopy cover that
are >2,760m from motorized routes when defini
were based on the covariate value that corresponded to half
of the change in the relative probability of use over the
observed covariate range (Ranglack et al. 2017). Although
these methods may be well suited for relationships between
use and cover characterized by pseudothreshold curves with
a sharp rollover, they are arbitrary in the selection of 0.5 and
less appropriate for curves with a broad rollover where half

private lands when defining elk security. In contrast, our

recommendations were developed for male and female elk >L '

that predominately occupied lands open to unrestricted
public hunting and censored elk on private lands with re-
stricted hunter access where elk may be less reliant on areas
of dense canopy cover far from motorized routes because
hunting pressure is relatively lower. Second, although we
were unable to estimate hunter densities specifically for
lands open to unrestricted public hunting within our study
area or across Montana, the Elkhorn Mountains hunting
district (FID 380) is subject to relatively high hunting
pressure with record highs of 3,936 hunters and 31,78

hunter days in 2015. Moreover, on average the Elkhorn
Mountains received 5.4 times (range =1.4-35) more
hunters and 5.7 times (range = 1.4-28) more hunter days
than the populations from Ranglack et al. (2017). Lastly, in
contrast to Hillis et al. (1991), which was conducted in \
densely forested systems in western Viontana, our study was
located in southwest Montana where cover is patchily dis-
tributed. Given our focus on public lands in the most
heavily hunted district in Montana with patchily distributed
forest cover, one would expect elk to have stronger selection
for ' forest cover and security areas than when pooling elk
across areas with restricted and unrestricted hunting access
(Ranglack et al. 2017) or when working in systems that are
largely forested (Hillis et al. 1991).

Although our results indicated elk continued to use areas
affected by pine beetles post-infestation during the hunting
season, regionally there have been mixed results regarding
elk; use of pine beetle-infested forests. In south-central
Wyoming, USA, Lamont et al. (2019) reported that during
summer female elk avoided pine beetle-infested forests
during nearly all parts of the day and selected -for intact
coniferous forests during daytime. The selection for intact

- forests dusing daytime in summer highlights the need for RAAL B
" thermal reft

e, which may be compromised in pine beetle-

distance to motorized routes

range for copy cover and
based on the cumulative elk use and our definitions of se-
curity and preferred security areas (i.e., 75% and 50% area

under the curve, respectively). Our results suggest that
minimum canopy cover values between 23% and 60% and

vatwe; owr-approach provided 4

infested forests (Lamont et al. 2019). In contrast, Ivan et al.
(2018) documented an increase in the use of pine beetle-
infested forests by elk, mule deer, and moose during
summer months across Colorado, USA, presumably influ-
enced by increases in understory forage associated with the

decrease in canopy cover post-defoliation. Given the host-of

rzo"’o ]
Q.?

distances to motorized routes between 1,846 m and 3,679 m
characterize most elk use within our Elkhorn Mountain
study area for both sexes in both the archery and rifle
hunting seasons. Rather than provide a single minimum
recommendation, the range of covariate values and their
relationship with elk use provides an alternative approach to
providing management recommendations that better ac-
commodates the varied shapes of our predictive curves and
meaningfully translates to elk resource use.

In addition to different methodologies for defining
threshold values, there were important differences between
the study areas and study designs that may have contributed
to the more conservative recommendations regarding
canopy cover and security from this study compared
to Ranglack et al (2017) and Hillis et al. (1991). First,
Ranglack et al. (2017) included female elk on public and

dynamic factors that can influence wildlife response to pine
beetle infestations, many of which are spatially and tem-
porally variable and difficult to quantify over broad spatial
scales (i.e., number of downed trees), regional and taxo-
nomic generalizations may prove difficult given the limited
number of studies examining wildlife responses to pine
beetle infestations that have been completed currently (Saab
et al. 2014).

An additional consideration in interpretations and appli-
cations of our work was the successional stage of pine
beetle-infested forests in our study area. An increase in
fallen trees is presumed to influence wildlife mobility in pine
beetle-infested forests with a hypothesized reduction in use
associated with increased costs in mobility (Saab et al. 2014,
Lamont et al. 2019). Our study occurred between 2015 and
2017, 7-10 years after the peak of the pine beetle infestation
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in 2008, yet most of the infested trees were standing dead.
Given the lack of downed trees during our study period, our
results are specific to the period post-defoliation but before
tree blowdown. Although Lamont et al. (2019) did docu-
ment an increase in downed trees in pine beetle-infested
forests, their study also occurred when trees were just
beginning to fall, 3-7 years following the peak outbreak.
Although downfall in infested areas was not widespread, the
avoidance of pine beetle-infested areas during all parts of the
day in their study area was suggestive of a down-tree effect
and lends correlative support to elk avoiding pine beetle-
infested areas and the associated increase in locomotion
costs (Lamont et al. 2019). In Colorado, Ivan et al. (2018)
did not describe the degree of downfall across their broad
study region but did see increases in ungulate us of pine
beetle-infested forest across 3 different severities (1095, 5006,
and 90% mortality) spanning O—11 years after initial
outbreal.
As pine beetle-infested forests transition from standing
dead to blowdown, understanding the effect on elk habitat
and security is an important consideration. Given the large
degree of canopy cover provided by lodgepole forests on
public lands and the large percentages that have been af-
fected throughout the western United States, relativel
minor avoidance of these areas could result in a nome-n_é{
loss o habitat that provides demographic benefits through
increased security and thermal cover. As pine beetle-infested
forests continue to mature with increasing proportions of
fallen trees, assessing the degree to which these forests are
selected or avoided by elk and the effect on demography will
be 2 management priority. Additionally, the management of
adjacent or nearby intact forests may become increasingly
‘important in providing elk security as infested stands
mature and potentially become inadequate for providing elk

MANAGEMENT IMPLICATIONS

reduce the redistribution of elk to private lands that restrict
hunting during the archery and rifle seasons. In the presence
of pine beetle infestations, we also recommend prioritizing
intact forests with high canopy cover to help retain security
areas as infestations mature and blowdown, potentially
farther affecting habitat conditions within infested forests.
Because of the relatively narrow temporal window of our
study, approximately 7-10 years after the beetle infestation,
we recommend future work that investigates the relation-
ships with pine beetle-infested areas post-blowdown as
changes in ground structure may provide the biggest effect
to habitat and security for elk and other ungulates.
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geese, tundra swans, and other birds pass
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1. Kelsey Jencso, state climatologist
with the Montana Climate Office,
believes that by 2069, some areas

fluctuations, Jencso told the conference, or
ganized by the Montana League of ‘Womer
Voters. He also said: '

. explained his prediction by pointing

of Montana can expect up to five. more

weeks of above-90-degree days each year.
During a Zoom conference on climate

change this past November, Jencso

out that, over the past 65 years, the
state’s temperature has increased
0.42 degree per decade while the na-
tional average is 0.26 per decade.
That’s an increase of 2.7 degrees in
the past 65 years, which is also above
the national average.

The greater rate of change is due
to Montana’s higher altitude, mak-
ing it more sensitive to temperature

» Total precipitation from spring rains ha:
increased by 1.3-2 inches per year in easterr
Montana and declined by 0.9 inch in west:
ern Montana.

» By mid-century, computer model:
predict a 5-degree temperature in:
crease in eastern and north-cenira
Montana and a 4-degree increase i
central and western Montana.

» Also by mid-century, eastern Mon:
tana is expected to have 39 more
days above 90 degrees each year
and western Montana will see 10 tc
15 additional days of 90-degree-
plus temperatures. &
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workshops, ecologically sensitive area of remnant grassland and shrubsteppe in the northern Great Plains
(The Nature Conservancy 1999). We will build upon this effort to implement conservation measures inthese

polygons.

Land Trusts. Land trusts are non-profit organizations that help landowners find ways to protect their land
in the face of ever-growing development pressure. They work with landowners to write conservation
easements (permanent deed restrictions that prevent harmful land uses), acquire land through donation and
purchase, or devise other plans to maintain all kinds of open space--wetlands, wildlife habitat, ranches,
shorelines, forests, scenic views, farms, watersheds, historic estates, and recreational areas. There are at least
10 land trusts operating on a statewide, regional or local level in Montana (Appendix C), including the
Montana Land Reliance, Trust for Public Lands, Five Valleys Land Trust, the Nature Conservancy, and the
Rocky Mountain Elk Foundation. Well over 600,000 acres have been protected through conservation
easements in Montana, the highest state total in the United States (Montana Fish, Wildlife and Parks 1999).

THE PRIORITIZATION PROCESS
Speciés Prioritization

Partners in Flight uses a system that identifies species of conservation priority in each of its planning units,
rather than writing planmng information about all species. It is assumed that if conservation measures are
focused on these species and their habitats, the other species in the area will benefit as well.

We 1dent1ﬁed a pool of species from among the breeding avifauna, which represents priorities for
conservation action within Montana (Table 2). Note that a species may be considered a priority for several
~ differént reasons, including global threats to the species, high concern for regional or local populations, or
high state responsibility for conserving large or important populations of the species. The different potential
reasons for priority status are represented by shaded cells in Table 2. Our primary means of prioritizing
species was through the PIF prioritization scores generated by the Colorado Bird Observatory (Hunter et al.
1993, Carter et al. 1998). This system ranks species according to seven measures of conservation
vulnerability. These include four global measures (i.e., they do not change from area to area ), as well as
" measures which are specific to each physiographic area or state. A total rank score is then derived, which
is a measure of overall conservation priority; scores for ail breeding species in Montana are found in

 Appendix B.

The P}lrumrs in Flight Species Prioritization scheme was first developed in 1991, and has been continually
reviewed and refined in the years foliowing mception (Carter et al. 1998). The system ranks each species
of North Amencan breedmg bxrd based upon seven measures of conservation ‘vulnerabmty These factors

’ to the spe01es in breedmg (TB) and non-breedmg (TN) areas, populatxon trend (PT), and relatlve densny
(mtraspecxﬁc Al) ina given planning unit compared to the maximum reached within its range. Each species
is givena score of 1-5 in each category, with 1 indicating the least amount of vulnerability with regard to that
parameter and 5 the most. Scores in each category are then summed to produce a composite score potentially
ranging from 7-35. Species with relatively high overall scores {(e.g. >22) are considered most vulnerable to
extinction (although they often are not endangered at present) and usually need conservation measures or
at least need to be carefully monitored through their ranges.

We uéed the following criteria to help us select priority bird species in Montana:
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Rockies. Its nomadic nature makes it hard to monitor and to manage for. Habitat manipulations that
influence cone production have implications for the species’ productivity. Montana has potential as an
excellent area to investigate the relationships between crossbill races, tree species forest management.

Distribution. The Red Crossbill is distributed throughout the west from eastern New Mexico north to
Alaska then east across southern Canada (porth of the Great Plains region) and northern United States.
Breeding has been documented throughout most of Montana with the exception of the northeast corner
(Montana Bird Distribution Committee 1996).

Habitat Requirements. The Red Crossbill is found within a wide variety of mature coniferous forests and
mixed deciduous/coniferous forest. Usually they are associated with mature open canopy tree stands. They
have been found in types ranging from dry savannah ponderosa pine, Douglas-fir, up to grand fir and
subalpine fir types. Gap analysis (Redmond et al. 1998) identified 6.5 million ha of Crossbill habitat in the
State.

Ecology. The Red Crossbill is a very nomadic species with its distribution and reproduction tied to the
coniferous seed crop production. Breeding can occurat almost any time of the year. Research has indicated
that there are up fo 6 distinct forms of Red Crossbills, which differ in song type and in morphology. Though
little is known of the individual distribution of these types in the state, each is apparently adapted to feed on
the cones of a different tree species. Several of these (potential species) do occur in Montana.

Management Recommendations. Any silvicultural treatments which emphasize seed production in
conifers are likely to improve habitat suitability for this species. In Dry Forest, maintaining some element

of Douglas-fir is important for those crossbills adapted to feed on its smaller seeds, in addition to those

adapted to feeding on ponderosa pine. Douglas-fir is also most likely the preferred tree for nesting.

OF
Habitat and Population Objectives: Dry Forest

 Mature Ponderosa Pine Restoration. Restoration activities in dry forest habitat types are important due

1o theé dramatic changes in tree species composiﬁsir and stand structure that bave affected most dry forest ~

erica._An awarenessand understandir se changes, and the desirability

” of reétdraﬁw)e acﬁviﬁes in ponderdsa pine habitét, is ublqurtous in Forest Service regions in the American
West. The political will (or feasibility) and financial resources to accomplish restoration, however, vary
throughout the West (Amundson 1998; Denton 1998; Dick 1998; Shafer 1998)

Habitat Objectives for Dry Forest

e Retainall current old-growth stands that meet minimum regional old-growth characteristics (Table
- 8). Restore historic structural characteristics with no elimination of large trees or snags.

e Manage for the long-term maintenance of 25% of dry forest habitat (per 4® order watershed) as old
" growth based on mean values of regional old-growth characteristics (Table 9). Values for old-growth
characteristics should be no lower than 25% below mean values; and 50% of old-growth stands

should meet or exceed regional mean values for old-growth elements. '

5%
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Table 8. Minimum values of old-growth characteristics, Dry forest habitats (ponderosa pine and Douglas-
fir), USFS Region 1 (Green et al. 1992)

Forest Types Ave. Age of Large Treds # Large Trees
Warm, dry ponderosa pine (west 170 yr 8 trees/ac > 21 in dbh
side)

Cool, dry Douglas-fir (west side) 170 yr 8 trges/ac >21 in dbh

4 trees/ac > 17 in dbh

‘Warm, dry ponderosa pine {east 180 yr
side)

Cooal, dry Douglas-fir (east side) 200 yr 5 trees/ac > 19 in dbh

o Restore the role of fire, and use thinning as necessary, to restore historic conditions.

e Retain all snags and broken-top trees > 9 in dbh and all large trees > 17 in dbh in harvest units.

o Manage for single- and double-storied stands with open conditions (<50% cover) in dry forest

* habitat of all age classes.
Table 9. Mean values of old-growth characteristics, Dry forest habitats (ponderosa pine and Douglas—ﬁr)
USFS Region 1 (Green et al. 1992)
Forest Type Ave. Age of Large # of Large Trees # Standing Dead Trees
Trees
‘Warm, dry ponderosa 246 yr 17 trees/ac > 21 in dbh 6 trees/ac > 9 in dbh
pine (west side)
Cool, dry Douglas-fir 232 yr 18 trees/ac > 21 in dbh 7 trees/ac > 9 in dbh
_Warm, dry ponderosa | 215yr | 24 trees/ac>17 indbh | 7 trees/ac> 9 in dbh

i (cast side) _ A Ailios e N
Cool, dry Douglas-fir 229 yr 31 trees/ac > 17 in dbh 10 trees/ac > 9 in dbh
(east side)

Prioi‘ity 'Speci&s Objectives.

condltlons, to meet the needs of the Flanmulated Owl and Lew1s S oodpecker

The absence of suitable nest sites is usually considered the limiting factor for cavity-nesting species (Thomas
et al.1975). Retention of all existing large snags and broken-top trees, and management for adequate
numbers over the landscape is a critical objective in order to maintain viable populations of Lewis’s
Woodpeckers and Flammulated Owls. The retention of all snags and broken-top trees > 9 in. dbh and all
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Distribution. The Townsend’s Warbler breeds from southeastern Alaska, south through western Canada
to central and northeastern Oregon, northern Idaho, northwestern and southcentral Montana, and
northwestern Wyoming. In Montana, it only breeds in the western quarter of the state (Montana Bird
Distribution Committee (1996). It winters in central and southern California, western Mexico, and the
highlands of Central America.

Habitat Requirements. Townsend’s Warblers nest in coniferous forests or mixed coniferous/deciduous
forests where coniferous trees comprise 2 predominars feature of the habitat (Bent 1953, Erskine 1977).
Surveys in northern Idaho and Montana detected them most frequently in cedar-hemlock forests, followed
in order by mixed conifer, spruce-fir, Douglas fir, riparian shrub (probably adjacent or within forest),
lodgepole pine, and ponderosa pine (Hutto 1995). In those surveys, they were less abundant in drier and more
open forest cover types and in forest patches that have been harvested. They were more likely to occur on
points with a few or lots of snags within 10 m (30 ) of the survey points and were nearly 5 times more
common on points with a lot of dead and down material (Hutto 1995). In a review of several studies, Hejl
et al. (1995) listed the Townsend’s Warbler as an old-growth associate in studies in Montana, Idaho, and
OQregon, although another Idaho study found them present but not clearly associated with old-growth, mature,
or immaturs forests. Hejl et al. (1995) found Townsend’s Warblers to be less abundant in clearcut or partiaily
cut forest than-in uncut forest. -

Ecology. Townsend’s Warblers build cup-shaped nests in and near the tops of coniferous trees on a branch
well away from the trunk. They feed mostly on insects (e.g., weevils, bugs, leathoppers, caterpillars) and
spiders, gleaning them from the foliage or hawking them from the air (Ehrlich et al. 1988, Groves et al.
1997). Herman and Bulger (1979) found breeding densities of 10-47 pairs/40 ha (100 ac) in Oregon mixed-
coniferous forests. '

' Management Issues. Hutto(1995) stated that the Townsend’s Warbler is probably one of themore sensitive

species-to-timber harvesting activity-as evidenced by a continuous decline inprobability of occurrence with

increasing amounts of timber removed. It appears from Hutto’s data that they are found more frequently on
points where no edge is within 100 m (305 f). Management at the landscape level should allow for retention

and recruitment of mature mixed conifer stands.
L

Habitat and Population Objectives: Moist Douglas—ﬁr and Grand fir
Habitat Objectives - Oid Growth:

e - Existing oid—growth stands (> 170 years, meeting minimum criteria for region and forest type: )
© Green) should be retained whenever possible, especially in areas that are in likely refugia from ;O/ﬁ
stand-replacement fires.

° Maintain mature or overmature stands for recruitment into old growth, toward goal of 20% of the
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habitat type managéd for old-growth conditions; these should be located in likely refugia from fire
or in areas providing connectivity to isolated old-growth stands.

s Abnormally dense young to mature stands surrounding old growth could be targets for forest health
. treatment (thin-from-below or partial cut) to reduce the risk of fire spread into old-growth stands.

. Old-growth should be well-scattered throughout forest lands rather than grouped into adjacent areas
~ (McClelland et al. 1979); stands may be of variable size but most should be at least 50-100 acres
(McClelland et al. 1979), imbedded within an area of 3641000 acres of mature or partial cut forest
managed snag and log retention (McClelland et al. 1979, Bull and Holthausen 1993). Some larger

blocks, especially in mesic areas where historically more likely (see Pileated Woodpecker).

o Encourage retention of snags and logs in all silvicultural treatments [Bulland Hotthausen
recommended > & snags/ha, at least 20% of which are > 50 cm, and . 100 logs’ha, with a preference
for logs > 38 cm] .

° Refrain from sanitation cutting of insect-killed trees within the 20% of lands managed for old-

growth; limit Frewood cutting to snags less than 40 cm and discourage use of larch, ponderosa pine,
and broadleaf species (McClelland et al. 1979).

Pr,bscribed Fire: (see also section on Burned Forests)

« . Expand the opportunity for allowing lightning fires to buri.
° Re-ignite suppressed lightning fires when conditions come back into prescription.
"« Use broadcast burning to restore normal fuel conditions so that lightning fires can be allowed to
. ) eSO O e S
v Capitalizeorr uwvrmnﬁeﬁe_ée\;elop_stand, conditions that approximate those created by stand-
replacement fire regimes. T e e e
T';imber Harvest: .
. Vary timber harvest methods, using more gven~age prescripti - ” clearcuts and seed-tree

cuts) in more mesic sites that would have historically had stand-replacement fire regimes. Retain
seed trees permanently, preferably large larch (> 40 cm), and retain snags and occasional clumps of
green trees.

. Produce a diversity of stand structures in mixed and variable fire regime types. Some regular
thinning methods may be appropriate, but vary with more heterogeneous stand prescriptions. Leave
clumps of intact forest, snags, and large logs.
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ON THE TRACK OF THE ELUSIVE WOLVERINE

— Snow coverthat lingers into May is a defining habitat feature for wolverines in the contiguous

United States.

"Picture o weasel—and, most of us
cowv do-that, for we have met
that little demown of destiruction
cowrage, that symbol of slaughter,
sleeplessness, and tireless; incred -
ible activity—picture that scrap
of demoniac fury, multiply that
mite some fifty times, and yow
howve the likeness of o Wolverine."

—Ernest Thompson Seton

he wolverine has a near-mythical
reputation. Stories abound of
wolverines chasing down or
leaping on the backs of animals as large
as moose, harassing bears and wolves over
prey, ravaging htiaters’ cabins, and even
' g

{ »

John Rohrer

attacking humans. However, most of these
stories are either misunderstandings of
wolverine behavior or tall tales. Although
here have undoubtedly been altercations
between wolverines and bears or wolves
over potential food sources, wolverines
do not try to compete directly with these
much larger predators—in fact, wolverines
are primarily scavengers. Their long
canine teeth and claws, a sense of smell
so acute they can sniff out animals buried
under 6 feet of snow, and muscular jaws
capable of breaking bone and tearing
apart even frozen flesh—Ilikely earned
wolverines their scientific name: Gulo
gulo, meaning “gluttonous glutton.”
Related to weasels and otters, wolverines
resemble small bears with bushy tails, and
the musky odor they exude has elicited
such nicknames as “skunk-bear.”




Historical wolverine locations, 1827 to 1960.

" Current wolverine locations, 1995 to 2005.

SLEUTHING FOR HABITAT CLUES

o home in on the environmental features that determine the
z wolverine’s distribution, the team employed three broad-

scale habitat maps: one that depicts potential natural vegeta-
tion types in the contiguous United States (i.e., those that would
occur in the absence of major human or natural disturbances),
another that maps the climatic conditions associated with ecosys-
tem function (i.e., “climatic life zones”), and a third that shows the
geographic extent of spring snow cover based on satellite imagery.
When the team overlaid their historical wolverine records on these
maps, a fresh interpretation of wolverine ecology began to emerge.

It had often been assumed that wolverines were habitat generalists
that occupied many different types of terrain. “However, our find-
ings revealed that in the West—where the bulk of historical records
originated—they frequented an archipelago of habitat ‘islands’ at
high elevations in the northern Cascade Range, the southern Sierra
Nevada, and throughout the Rocky Mountains,” Aubry explains.
SVirtually all those records were within or near areas with alpine
vegetation and climatic conditions.” A smattering of historical
records cropped up in nonalpine locales such as the Northeast and
the northern Great Plains. These, the researchers surmised, probably
represented wolverines wandering into those areas from populations
in Canada and the Great Lakes region. But significantly, the com-
mon denominator for the vast majority of the records was a high
probability of persistent snow cover during the wolverine’s spring
denning period, which typically ends in mid-May. “Spring snow
cover was the only habitat feature that fully accounted for the his-
torical distribution of wolverines,” Aubry concludes.

With its compact body, thick fur, and feet optimized for moving
across wintry landscapes, the wolverine is well-adapted for life in
snowy environments. Females excavate long, complex snow tunnels
for reproductive dens, where they give birth to kits and shelter them
from predators and harsh weather until weaning time. The close
match of wolverine occurrence records with areas covered by snow
in the spring offers a convincing explanation for the island-like
patterns of habitation in the West, and the accounts of wolverines
around the Great Lakes during the 1800s, when a colder climate
brought more snow, Aubry says. Conversely, it provides a plausible

_explanation for the wolverine’s historical absence. in regions such.... . .

as the central Great Plains, where food supplies would have been
plentiful but enduring spring snow was-lacking

However, Aubry points out, “It’s difficult to prove whether an
absence of occurrence records represents a real gap in wolverine dis-
tribution, or simply an area where the historical record was poorly
documented.” Although previous distribution maps had showed wol-
verines occurring throughout the Cascade Range and Sierra Nevada

i all three Pacific otates, Aubry’s team found compelling evidence
of their historical presence only in Washington’s northern Cascades
and the southern Sierras in California.

To investigate this apparent gap in wolverine distribution in the
Pacific States, the researchers compared DNA samples from
California wolverines to samples from outside the golden state.
“The genetic results showed that the gap was real. Wolverines that
once occupied the southern Sierra Nevada were genetically distinct
from all other North American populations, and had been isolated
for 2,000 to 10,000 years. Apparently, the geographic extent of
suitable wolverine habitat in the intervening area is inadequate to
support resident wolverine populations,” Aubry says. “Populations
that once occurred in California, Colorado, and Utah were probably
extirpated by 1930 owing to low or nonexistent immigration from
other populations, combined with high levels of human-caused



mortality from trappers, hunters, and
predator-control programs using poisoned
baits,” he concludes.
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In the contiguous United States, wolverines
currently occur only in northern Washington,
northwestern Montana, south-central Idaho,
and northwestern Wyoming. About 15 years
ago, wolverines reappeared in the north
Cascades, where they hadn’t been documented
in decades, suggesting that the area had been
colonized from another population. In response,
Aubry initiated the first radio-telemetry study
of wolverines conducted in the Pacific States.
Since 2005, Aubry’s field crew has captured
and tracked five wolverines, including a
pregnant female. The telemetry data show

that the animals are residents, not Canadian
wanderers—a promising sign. “With human-
caused mortality no longer a major threat,
there are good reasons to hope that wolverines
are taking their place again in Washington’s
wilderness areas,” Aubry says.

n' northern Washington to learn

Researchers put a radio collar on a temporarily sedated wolverine i
about the species’ current range in the contiguous United States.

THE IMPORTANCE OF SPRING SNOW COVER

he researchers found further proof

of the critical importance of spring

snow cover to wolverines in studies
that considered an even wider swath of the
species’ habitat. A team led by Jeff Copeland
developed a finer-scale map of snow cover
from mid-April through mid-May (the latter
portion of the wolverine’s denning period)
covering their entire circumboreal range,
and compiled precise location data for
553 wolverine reproductive dens in North
America and Scandinavia. When the two
maps were overlaid, more than 98 percent of
the dens corresponded with areas of spring
SNOW COVer.

These findings reaffirmed that female
wolverines are tied to snow-covered terrain
for reproduction, but it was not yet clear
whether other members of the population were
also restricted to that terrain during winter,

or whether wolverines frequented other
habitat types during the snow-free months.

To investigate these questions, the team
scrutinized radio-telemetry data for about 120
wolverines in the northern Rockies, British
Columbia, and the north Cascades. “To our
surprise we found that wolverines stayed in or
near the areas defined by spring snow cover

This included males, nonreproductive females,

.95 percent of the time, regardless of season.

and juveniles, as well as denning females,”
Aubry says. In addition, a team led by Mike
Schwartz conducted genetic analyses of
Rocky Mountain wolverines to identify areas
where gene flow occurs; their results showed
that wolverines also use areas with spring §
snow cover as dispersal pathways. “Thus, if a
wolverine needs to get from point A to point
B, but there's a warm, dry valley in between,
it will remain in cooler conditions at high
elevations and go around the valley, rather
than through it,” Aubry explains.

John Rohrer |

Scott Fitkin

Female wolverines excavate long snow tunnels where they give birth and raise their kits. This denning
period generally occurs between February and May.

Radio-telemetry data showed that wolverines
will go around a valley rather than through it,
presumably preferring the cooler, high-elevation
conditions.

4



Given that'Gulo gulo evolved in the Arctic,
the researchers speculated that wolverines
may remain in high-elevationiareas during
the snow—free summer months to avoid

ove heatmg at lower elevatigns. To examine
this ypothe51s the researchers overlaid the
telemetry points on a map depicting the areas
where maximum summer temperatures were
typically less than 72 °F. “Although prey
availability and other habitat factors may
also play a role,” Aubry notes, “our analyses
indicate that even after the snowpack has
melted, wolverines continue to use the same
areas they used during the winter due to an
upper limit of thermal tolerance.” Thus, the
researchers concluded that persistent spring
snow cover provides a reliable and spatially
explicit model of the wolverine’s “bioclimatic
envelope” throughout its circumboreal range.

recognized.

* The wolverine’s specialized habitat requirements, combined with rising temperatures
owing to global climate change, make it highly likely that wolverine populations in
the contiguous United States will become even more fragmented than previously

* The reestablishment of wolverine populations in California, Colorado, and Utah is
unlikely to occur without human intervention. Because human activities such as
trapping and poison-baiting no longer pose significant threats, reintroduction may
be an appropriate management strategy.

e The strong body of scientific evidence demonstrating that wolverines are closely
associated with areas that contain persistent spring snow cover offersa sound empirical
basis for managing the habitat conditions that are most important to wolverines.

IMPLICATIONS OF GLOBAL CLIMATE CHANGE

hese studies have yielded important
Z new insights into the nature of the
wolverine’s ecological niche in North
America. Unfortunately, recent findings
don’t bode well for the species’ future as the
planet—and particularly the Arctic—contin-
ues to warm. “The wolverine may be second
only to the polar bear in its sensitivity to
global warming,” Aubry contends. “If current
warming trends continue, the spring snow
cover layer will shift upwards in elevation
and shrink in geographic extent, increasing
the fragmentation and isolation of wolverine
habitat,” he explains. “We believe our research
provides an empirical basis for identifying
the most likely areas of wolverine persistence
in the face of global climate change, and the
~most significant habitat corridors for main-

taining connectivity among their populatlons >

_he adds.

The findings have already been used in a
policy analysis related to the species. The
U.S. Fish and Wildlife Service (FWS) relied
extensively on the researchers’ distributional
analysis in its 2008 review for potential listing

Wolverine tracks.

Dan Russell
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Act. However, the FWS ruled that listing
was not warranted because the wolverine
population in the contiguous United States

is connected to populations occurring in
Canada, and does not represent a significant
portion of wolverine range in North America.

Although Gulo gulo faces an uncertain future,
the species can only benefit from this growing
knowledge of its ecology. “The wolverine is

an iconic symbol of the American wilderness,

and if we can produce new scientific know-
ledge that contributes to understanding its
habitat requirements in the lower 48, then
we'll be helping to preserve a part of our
heritage that has significant value to a great
many people, whether or not they ever see a
wolverine in the wild.” Aubry declares.

“Man mastery navture not by

force but by understanding.”
—Jacob Brownowski

»
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Management Recommendations

VEGETATIVE STRUCTURAL STAGES:

iccessional stages for a mixed-species forest ecosyste

MID-AGED
| FOREST
DBH: 12-18"
- YOUNG FOREST
DBH: 512

SEEDLING-SAPLING
DBH: 1-5"

s
_ 7 MATURE FOREST
~ DBH: 18-24"

OLD FOREST
DBH: 24" +

GRASS-FORB / SHRUB
DBH: 0-1*

Figure 1. Forest vegetaﬁon»sjtmétural stages and their associated diameter breast height (DBH) ranges. .

Figure 2. Dense "thicket* of small-diameter trees.
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Northern Goshawk in the

goshawks and their principal prey species in the Southwest

Southwestern United States

Table 1. Desired forest condxtlons in three forest types for sustaining northern

Home-Range Components

Attibute Nest Area® w Foraging Area
Ponderosa Mixed- Spruce- Ponderosa Mixed- Spruce-
Pine Species fir Pine Species fir
IVSS distributiofj” : . . .
grassforbshrub VSS 1 (%) o¢ 10° 10° 10° 10 10 10
seedling- Q pling VSS 2 (%) 0 10 10 10 10 10 10
young forést VSS 3 (%) 0 20 20 .20 20 20 20
mid-aged |forest VSS 4 (%) 0 20 20 ; 20 . 20 20 20
mature fofiest VSS 5 (%) 100 - 20 20 ' 20 20 20 20
old forest VSS 6 (%) 100 20 . 20 20 20 20 20
ICanopy cover | :
mid-aged|forest VSS 4° NAd 1/3 60%+ 60+ 60+ 40+ 1/3 60+ 1/3 60+
2/3 50+ 2/3 40+ 2/3 40+
est VSS.5 (%) 50-70+ 50+ 60+ 70+ 7 40+ 50+ 60+
50-70+ 50+ 60+ 70+ 40+ Bt N HE0R
200-300 200-250 200-300 200-300 200-250 200%1%00 ' 200-300
‘NA 2 2 1 4 g 4 1.
NA 200 . 150 1225 200 200 125
H groups/acre A 1 1 2" 1 1 2
NA 35, 6 6 3-5 6 6
reshv;.»ldg (acres) NA >1 >1 >0.5 >1 >1 >0.5
: NR' 2 _ 3 3 2 3 - 3
' NR .3 5 5 3 5 5
/acre NR 57 10-15 10-15 57 10-15 10-15

P VSS: Vegeta
stems of a

diameter _Ilm

ble

A; applicable,
When threshg
One group =§ 0.5 acres.
NR; not regui

= F@Q FTo &0

ind (based .on basal area)were focated in'the 12-

iroas only; attribute values may vary by forest type.
n Structural Stages, a forest descnptlon basedion the tree diameter distribution within a stand For example, if the majority. of.the
18 inch diameter class, the stand would be classified as a VSS 4. General

its are: VSS 1= 0-1" DBH; VSS 2= 1-5" DBH; VSS 3= 5-12" DBH: VSS 4= 12-18" DBH; VSS 5= 18-24" DBH; VSS 6 = 24"+ DBH.
eter at Breast Height (4.5 ft.). : -

5 standing trees left after harvesting that will be allowed o became snags and downed fogs.
i lumpmess or groups of large trees is also desirable.
d size is exceeded reserve trees are necessary

d, but presence of these features are not detnmemal

)

and its pnncxpal prey species in the Southwest.

-Table 2. Management recomrhendat:ons for sustaining habitat for northern-goshawks - - -

Non-uniform spacing

Non-uniform spacing

—3 —Aftribute- Home. Range Components-. N .
‘5’ _ Nest Area PFA Foraging Area
; Number of arglas 6 1 1
Suitable’ 3 NA, NA
Replacement®. 3 NA NA
Size (acre) || 30 (Total =180) 420 5,400
Management s Oct-Feb Oct-Feb Year-long
None Yes Yes
None Yes Yes
None Yes Yes

Non-uniform spacing

" Refer to glosiary

in spruce-fir forest type.

For PFAs sufroundi fing active nest areas, months in which management activities are allowed.
age utilization (percent by we/ght) in herbaceous layer/shrub layer; utilization should not exceed 40% of grasses and forbs and 60% of

Minimum density Minimum density Minimum density
Permanent Permanent Permanent

'20/40° © 20/40° 20/40° :

L In Order of Preference ) ]
d buming""d Kl 1 1
2 2 2
3 3 3
grapple piling® None 3 3
' None 4 4
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Northern Goshawk in the Southwestern United States

i
I

gure 5.- Because of visual hmﬂahons in dense forest environments, an open understory enhances

mixed-species forests (5-22 years). 'Ihése fires
maintained forests that were relatively open and
 various forest vegetative structural : dominated by . mature trees by regularly burning and

stages. _Per_ oppulations within goshawk foraging ~ * killing small trees. In spruce-fir forests, fire intervals
will be apundant and sustainable when: were much longer (60-400 years) and fires were
§)) the spe Cific’ habltat attnbutes are ' __often catastrophic, stand-replacing events.

Habitat changes resulting from fire suppressxon in
ponderosa pine and mixed-species, and to a lesser -
extent spruce-fir forests, are:

1) the replacement of open, single-storied
stands by dense multistoried stands

through tree regeneration,

2) loss of natural openings by tree invasion,
and ’
3) changes in the abundance and
composition of plant species in both the
understory and overstory due to plant
Present Forest Conditions succession.
' Accumulated fuels and dense forest conditions
' Southwestetn forests have been altered from resulting from fire suppression have also increased
re-settlement|conditions by fire suppression, timber the potential loss of goshawk habitat through
drvesting, livéstock grazing, mining, and , - catastrophic wildfire and epidemic infestations of
eational usj;es Prior to fire suppression in the - insects and diseases. Increased shading from the
western United States, ponderosa pine forests were dense regeneration has also reduced herbaceous and
g'itmed by lowtintensity surface fires at 2- to 15-year shrubby understories that provide important foods
i ! ervals. Fireg burned at lesser frequencies in and cover for goshawk prey. Livestock and wildlife

Executive Summary - 5§
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Northern Goshawk in the Southwestern United States

Executive Summary

the northern goshawk (Accipiter gentilis . development of the "desired forest conditions” for
ieafter called the "goshawk") is the the goshawk and its prey required certain
Amjerican member of the genus assumptions:

lincludes both the sharp-shinned 1) goshawks and their prey populations are

5 triatus) and the Cooper’s hawk
el ‘i). It breeds in coniferous,

is a forest habitat generalist that uses
eSt types, forest ages, structural
successional stages. It preys on

d ) grouse and hares), whichit
captures on the ground, in trees, or in the air. A
smle goshawk [may consume one-to-two prey per

he principal|forest types occupied by the
go shawk in the Southwest are ponderosa pine,
iy ed-species, and spruce-fir. There is a concern:
: <land reproduction of the goshawk are
te forests and elsewhere in the

forest changes causéd by timber
f ever, fire suppression, livestock -
ohit, and toxic chemicals maybe
v ause of the concerns over the eﬁectsof-
ipfber harvestitig, the goshawk was listed as a’ ’
ensitive specigs” by the Southwestern Region of
c rice, U.S. Department of Agriculture in

limited by the availability of their foods
and habitats,

2) the availability of abundant, sustainable

prey populations reduces the probability
that food is limiting,

3) extreme fluctuations of goshawk

populations caused by changes in the
abundance of one or more prey will be
dampened when a wider variety of prey
species are available,

4) the foods and habitats of goshawk prey in

southwestern forests are similar in
adjacent regions, and

5) the forest attributes and age-classes of

southwestern forests described herein
can be sustained with scientific
management.

These assumptions reveal areas where research is
needed on goshawk and forest ecology.
The following are key concepts fundamental to the
GSC recommendations:
e Forests within goshawk nesting home

ranges should be ar interspersed mosaic
of structural stages — young to old‘forests
— to inicrease the diversity of habitat for
goshawks and their many prey species.
Six vegetation structural-stages (V. SS).
‘were used to describe regeneration,

Tht 'Northern Goshawk
S ie" n ﬁf‘—‘lc Committee —

The Northerti Goshawk Scientific Committee
ablished by-the Regional Forester of

ern Reglon in the fall of 1990 Its

growth;-and-development-of- - forests-in-the—

Southwest (Fig. 1). ‘The proportions of
the VSS and.their interspersion in the
forest is how the GSC described the
forest mosaic..

e The extentto which southiwestern forests

, erve the goshawk in the southwestem
{This report. descnbes the process

Q- eveloping the recommendations, we
nformation on goshawk biology,

Aging habitat was augmented with 1

z‘? the habitat and foods of its main prey
this the GSC developed a set of
condmons" that in thexr best

;.,, in fhp

were modified by Native Americans
before European settlement is not well
known. Since European settlement,

- management practices (such as timber
harvesting, livestock grazing, and fire
control) have changed the structure and
species composmon of forests. Today,
much forested area consists of dense
"thickets” of small-diameter trees (Fig. 2).
Forests containing these thickets are
prone to catastrophic, tree-killing fire, and

limited, and op ablhty to produce and sustain certain

f orest conditions over long periods is unknown, the

insect and disease outbreaks. Because of
inter-tree competition for moisture,
nutrients, and light, these thickets will not
mature into large trees. To accelerate the

Executive Summary - 1




trees, tre¢ cutting and prescribed fire
should be used to thin forest stands,
concentrating growth on the remaining
trees.
|e Large trees, snags, and large downed logs
provide important habitats for many

id animals, and provide organic

deveIOpbr%em of mature forests and large

nesting home range should
few large trees in clumps that
jremoved. These trees live out
s, die (become snags), fall, and
{  decompagse.

~ || » Forest regeneration, growth, and

| development varies among locations
becduse gite specific productivity differs
greatly throughout the Southwest.
Therefore, no single management

on is likely to develop or sustain
the desired forest conditions on all sites

forest conditions may not be attainable on
sites with low productivity, and may be
easily atgained on sites. with high

Northern Goshawk in the Southwestern United States

Components of the Nesting
Home Range

Three components of a goshawk’s nesting home
range (about 6,000 acres) were identified: nest area,
post fledging-family area (PFA), and foraging area.
The size of these home range components has been
determined from behavioral and radio-telemetry
studies of goshawks.

The nest area (approximately 30 acres), which
may include more than one nest, is typically located

on a northerly aspect in a drainage or canyon, and is

often near a stream. Nest areas contain one or more
stands of large, old trees with a dense canopy cover

(Fig. 3). A goshawk pair occupies its nest area from

early March until Iate September. The nest area is

- the center of all movements and behaviors associated

with breeding from courtship through fiedging.
Most goshawks have two to four alternate nest areas
within their home range; alternate nest areas may be
used in different yedrs, and some may be used for -
decades.

The post fledging-family area (PFA)
(approximately 420 acres) surrounds the nest area.
Because of its size, it typically includes a variety of
forest types and conditions. The PFA appears to
correspond to the territory (defended area) of a

Figure 3. Nest areas contain one ‘or more stands of large, old trees with a dense canopy.

Executive Summary - 3
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Management Recomimendations

goshzi k pair, and|represents an area of concentrated
use by the family from the time the young leave the
nest ‘ ul they are [no longer dependent on the adults’

lings; they provide hldmg cover
to develop hunting skills. PFAs
nse trees, developed herbaceous -
Or shrubby ;m erstories, and habitat attributes
s, downed ., gs, small openings) that are crmcal
iany goshaw prey (Fig. 4).
> foraging area is approximately 5,400 acres in
d surrounds the PEA. Hunting goshawks
ntly use available habitats opportunistically.
opportunismisuggests that the choice of :
-‘ ng habitat ;; goshawks may be as closely tied
to pr y availability ) as to habitat structure and
comglosition. Gosl ~,¢ rawks hunt from tree perches by |
scanfiing lower portions of the forest (ground, lower
canopy) for prey. { ecause of visual limitations in
densg forest environments, an open understory
enht ces detection and capture of prey (Fig.5). -
Raptor (hawks, falcons, owls) populations are often
limited by availability and abundance of their prey.
Ther gecommend ions presented here are based on |
inforrnation availg ble on how foraging goshawks use

4 - Executive Summary
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their habitat, and was supplemcnted with mformauon
on the habitats, foods, ang-coyer of important
goshawk prey.

Goshawk Prey

A companson of goshawk diets from disparate
areas within North America showed that, while as
many as 50 species are eaten, about 20 are common
in the diets. Fourteen species were important in the
diet of southwestern goshawks. Informhation on the
distribution, habitat, special habitat needs, home
range size, and populauons of these 14 prey species

were gleaned from the literature. A synthesis of this™ , |

information provided a set of "desired forest
conditions" that would result in sustamable
populations of each prey. - Begi 5

species is lik

: Selected goshawk prey include squirrels, rabbits,

woodpeckers, jays, and grouse. Specific habitat
attributes used by these species include: snags,

Figure 4. PFAS have patches of dense trees, developed herbaceous and/or shrubby understories, and habitat attributes
(snags, downed logs, small openings) that are critical for many goshawk prey.
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wned logs, woody debris, large trees, openings,
hetbaceous and shrubby understories, and an
ml rmixture ofivarious forest vegetative structural
ages. Prey. _ulations,within, goshawk foraging
ndant and sustainable when:
1)-the-specific-habitat-attributes-are

Figure 5. Because of visual limitations ih dense forest environments, an open understory enhances
detection and capture of prey by goshawks.

Northern Goshawk in the Southwestern Unite

mixed-species forests (5-22 years). These fires
maintained forests that were relatively open and
dominated by mature trees by regularly burning and

- killing small trees.. In spruce-fir forests, fire intervals

were much longer (60-400 years) and fires were

will be aly

| provided, . %

| 2) forests contain large trees and have

|  relatively open tree understories,

3) forest o nings are small (1/3 -2 acres)
“to med um (2-4 acres)msne,

TR e s

st oo

L cctoms s

oftenrcatastrophic; stand-replacing-events:

Habitat changes resulting from fire suppression in
ponderosa pine and mixed-species, and to a lesser
extent spruce-fir forests, are:

1) dereplacement of open, single-storied
stands by dénse multistoried stands’

«E.
Q
&
58
B e M

R

. Priorto %;e suppression in the
States, ponderosa pine forests were
egntensuy surface fires at 2- to 15-year

burned at lesser frequencies in

through tree regeneration,
2) loss of natural openings by tree invasion,
and
3) changes in the abundance and
composition of plant species in both the
understory and overstory due to plant
succession.
Accumulated fuéls and dense forest conditions
resulting from fire suppression have also increased
the potential loss of goshawk habitat through

*, catastrophic wildfire and epidemic infestations of
-insects and diseases. Increased shading from the

dense regeneration has also reduced herbaceous and
shrubby understories that provide important foods
and cover for goshawk prey. Livestock and wildlife

Execufive Summary - §




Management Recommendations

browsing and grazing have accentuated this loss. In
addition 10 these changes, timber harvesting, which
began in the 1800s, has focused on large trees,
resulting in few remaining mature and old forests
and associated habitat attributes.

Management Recommendations

The present conditions in southwestern ponderosa
dine and mixed-species forests reflect the extent of
uman interference with natural-processes. Given
€ improbability of returning to the previous
uencies of natural disturbances, some active
anagement (mainly thinning and prescribed fire)
ill be necessary to produce and maintain the
psired conditions for sustaining goshawks and their
[irey In some spruce-fir forests, natural processes
e still functioning and little Or 0O management may
OP necessary to maintain the desired conditions.
| These recommendations were specifically
designed to provide breeding season habitat for the
gbshawk and its prey. It is not known whether
pshawks in the Southwest winter on their pesting
me ranges; if they do winter there, then these
ommendations will provide habitat and food
i E round. : ;
i
t Areas (30 acres each) :
| Three suitable nest areas should be maintained per
Fe range. In addition, three replacement nest
¢as per home range should be in a development
¢, using intermediate treatment and prescribed
. Suitable areas may be lost|because! of insect
emics, catastrophic fire, or other factors. Nest
are typified by one or more stands of mature or
old trees and dense forest canopies. No adverse .

(Table 2).

Small openings in the forest are desired habit
Some prey species and are required for forest
regeneration (Fig. 6). If forested openings are 1
acre or greater in Ponderosa pine and mixed spe
then 3 to 6 large mature and/or reserve old trees
acre should be left in groups. If spruce-fir forest
openings are 0.5 acres or greater, a groupof 6
reserve trees are required per 0.5 acres. Reserve
trees are not necessary in smaller openings; this
component can be met in adjacent forested areas
Ponderosa pine and other seral conifers can be
planted, and, depending on forest type, aspen an(
oak regeneration are encouraged. Snags, downe
logs, and woody debris should be present throug]
the PFA. ' :

All management activities in the PFA should b
limited to the period from October through Febru
Prescribed burning is the preferred method for
Mmanagement of woody debris. Thinning from be
(removing understory trees) is preferred for
maintaining desired forest structures, and a variat
spacing of trees is preferred for developing group

. trees with interlocking crowns. Road densities

should be minimized, and permanent skid trails
should be used in lieu of permanent roads. Forag:
utilization should average 20 percent by weight ar
should not exceed 40 percent in any area to maint:
grass and forb layer. Browse utilization should
average 40 percent by weight (Table 2). These
recommendations are designed to provide foods

“(leafy material, berries) and cover for goshawk pre

Foraging Area (5,400 acres)
Both the desired conditions and the managemen

inagement-activities should 66cHr 2t any Gms

¥

suitable nést areas. Desired forest conditions for the

nest stands and management recommendations for

maintaining and developing nest stands within nest
are presented in Tables 1and 2,

.fmgiﬂg—atmeeé-ﬂei—pmdehrdmg‘cover‘f‘*' or

recommendations for the foraging area are similar
the PFA. The distribution and proportion of
Vegetative structural stages and the requirements fc
babitat attributes such as reserve trees, snags, and
downed logs are the same as the PFA. Because the

t Fledging-Family Areas (PFA) (420 acres)
'he PFA contains a variety of forest conditions
prey habitat attributes. Interspersed small

°L, size of trees, and the specified portions of
rent forest ages within the PFA, regeneration of
Teent of the PFA may be required every 20

. Other management tools, such as prescribed
fire and removing understory trees, are suggested for
sustaining other critical elements iof goshawk habitat

+ the forest type. Openings (up to 4 acres), for

fledgling goshawks, a more open canopy is preferrt
-- 40 percent in the mid-aged forests and 40 to 60
percent in the mature and old forests, depending on

herbaceous and shrubby understory development ar
tree regeneration, are desired in ponderosa pine and
mixed-species forests; smaller openings are desired
in spruce-fir forests (Table 1), Specific managemer;
recommendations to obtain the desired conditions i
the foraging area are identical to the PFA (Table 2).

6 - Executive Summary
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App

endix 1. Description of
pir ‘

e, mlxed-spemes and:

PorJderosa Pine Forest Cover : ‘
i Type establishes best on drier sites with some canopy
‘ cover. In a seral situation, seedlings establish readily
in small openings on more moist sites. Ponderosa
pine is a moderately shade- intolerant species,
requiring nearly full sunlight for establishment and
growth.
Seedling establishment can be expected to occur
within 10 years after opening the canopy and forest
floor disturbance. Seedlings develop best under H
pamal shade.

Ponderosa pine (Pinus ponderosa var.
scopulorum is one of the most widely distributed
forest coveritypes in the western United States (Table
1). Ponderqsa pine is fo‘ d in pure stands as a ‘
climax species or in rm;;El—specxes stands as a seral
species. Foé the most part, seed production of
ponderosa p e is predlckble (Table 2). In a climax
situation, na 1 regeneration of ponderosa pine

Table 1. Acres of reserved and nonreserved iﬁmberlari’d on Southwestern National Forests and the
proportion of nonreserved acres by forest cover types.1

it
i
]
i

National Forest

a ; Timberland, Acres

Forest Cover Type Percent " New Mexico Arizona Total

it nonreserved
Ponferosa Pine 736 1,639,548 2,212,420 3,851,968
Mixed-species* 229 946,516 253,322 1,199,838
Sp);f_zce-ﬁr 35 105,444 76,671 182,115

Total nonresefved acres 100.0 2,691 508 2,542,413 5,233,921

’ Total reserved|acres 1,240,722 1,404,642 2,645,364
Grand total 3,932, 230 3,947,055 7,879,285

* Inc ides Douglas-fif; limber pine, white fir, spruce, other soﬂwooa’s and aspen forest types.
! Co hner et al. 1990 Van Hooser et al. unpublished.

Table 2. Heavy cone crop interval years and optimum age of seed production for tree species
in ponderosa pine, mixed-species, and spruce-fir forests.

i Interval of

Heavy Crop ' Age of Optlmum Seed
_I_Species {Years) Production. Reference ,

Blue spn.;; Ce 2-3 50-150 Fechner 1990

Corkbarl@ﬁr 3-4 550-200 i Alexander et al. 1990

Douglas—j‘r 7 ‘ 200-300 Hermann and Lavender 1990

Erpgelma@w n spruce 2-5 150-250 i Alexander and Shepperd 1990

Gambel oak 4-5 Sprouts vegetatively Daniel 1980

Limber pl{ e 2-4 Unknown Steele 1990

Ponderosa pine 3-4 60-160 Minore 1979, Oliver & Ryker 1990

Southwejern white ping] 37 Unknown Krugman & Jenkinson 1974

Subalping! fir 34 150-200 Alexander et al. 1990

White fir | 3.9 Unknown Laacke 1990 .
. Aspen | NA! Suckers vegetati‘Ver Perala 1990

' NA: Not Sppiicable. . :
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Northern Goshawk in the Southwestern United States \/

Appendix 2. Vertebrates in the diets of
nestmg northern goshawks from
various- Iocatlons in North America
Species are listed in approxnmate order of decreasmg size and potential
i contribution to the biomass consumed by the goshawks.
l Number of Prey (% in the diet)
Reynolds Mannan &
o Schnezll 93 & Mesllew Boals5 Kennedy
Species 1958 : 195 1984 1990 1991°
Great-horned owl ; i (0.5)
Mallard 3 (4) 2 (1)
Cat (Felis spp.) 2 : S 1.1
Black-tailed ’?»ﬁabbu : _ 2 (1),
Snowshoe hare 1 L 24 (1) .
Blue groush ! 5 (@)
Unknown o use 1 (05)
, 7 (4) 3 (1) 16 (12) 25 (20)
i 4@ 5 (2
Common ra en : . 3 (8
|| Prairie falco E ‘ : 1 (1)
I Ruffed groust ; 5 (3) 2 (1)
‘ 1.(1) 2 (2)
83 (45)
‘ 7 (5) 9 (9)
1 (0.5) .2 @
1 (0.5) )
¢ 1 (0.5)
Ei i 8@
Tree squ:rr spp : 7 (7)
i 3 (3 4 (2
] ‘ 1 (0.5)
: 1) 9 (4
’ ‘ ‘ 1 (0.5)
Squirrel(T: " asciurusspp:) - 1) M -t ) R ) B R T R
| Black-billed ;;agple 1 (05) -
.| Screech owl ; - 1 (0.5)
Northern flyin squirrel : . 15 (7) 3
Mantledgro;ndsquirrel 6 f(?) 17 (7) 21 (16) 2 (2)
, ‘Northern fii Ker ; : s 3B (7)” G 5 (4) B 15 (14) e
1} Townsend's ground squirrel ' 2 (1) :
i! Mourning d ve ' 7 (3) 1 (0.7)
American kegtrel ' 3 (2 1 (1)
! Continued on next page.
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Manéiqement Recommendations

¢
i

(> Cottontails
(Sylvilagus spp.)

Desert Cottontail (S. auduboni)
Easte: ! Cottontail (S. floridanus)
Mountain Cottontail (S. nuttalli)

e to their medium size (14.8-15.6 inches in
th and average weight of 3.3 pounds) and ;

widelspread distripution, several species of cottontails -

are common prey throughout the range of the |
hawk (Reynolds and Meslow 1984, Reynolds

9, Kennedy 1991). Mannan and Boal (1990)
erved 16 cottontail prey deliveries (11.9%)to
nest 3 in northern Arizona. Twenty percent of prey
dins collecte d at goshawk nests in north-central
Ne: "f Mexico we. cottontails (Kennedy 1991).

Becduse it is di pult to distinguish among cottontail
spegies in dieta .' remains and because of differences

:: habltats 0 pied, it is difficult to determine

the Southwest.
recohmendauo ' > are a composite of the habltat

ing the nesting season, when
omferous forests the eastem and

ommendattons for ponderosa pine,
and spruce-fir forests are based on
¢cies that predominate these plant

e

areas as well as xeric forest habitats (e.g., ponderosa
pine) (Cockrum 1982, Ffolliott 1990).

In New Mexico, the eastern and mountain
cottontails chiefly inhabit montane forests, from
lower elevation ponderosa pine forests to higher
elevation mesic forests (mixed-species, spruce-fir)
(Findley 1987). According to Cockrum (1982),
eastern cottontails in Arizona are restricted to oak,,
woodlands associated with riparian habitats.

In Colorado, mountain cottontails decreased in
abundance as élevation increased from 6800 feet to
8900 feet (Cayot 1978). At higher elevations,
mountain cottontail abundance tended to be greater
on southeast aspects where ponderosa pine was more
common and bitterbrush (Purshia tridentata) ground
cover increased to 50% (Cayot 1978). Pravalence of
bare ground, common juniper (Jumperus communis),
and downed timber were negatively associated w1fh
mountain cottontail abundance.

In southern British Columbia, within the
ponderosa-pine-bunchgrass plant association, which
includes grassland, sagebrush, riparian, ponderosa
pine parkland, open Douglas-fir forest, and

'/

lodgepole pine forest, mountain cottontails preferre
habitats dominated by sagebrush (Sullivan et al.
19897

Food ‘ '

Cottontail diets vary greatly among species,
geographic region, and availability of palatable
plants (Chapman et al. 1982). In a given geographic
‘area, cottontails may eat more than 100 plant species
but food preferences vary locally (DeCalesta 1971).
A wide variety of vegetation is acceptable, provided
basic nutritional requirements are met (Chapman et

8 of cottontail occur in thc
1t cottontails are w1despread and
and.mid-elevation habitats

a1 1982)Herbaceous vegetatiomris-typicatly—
selected during the growing season, and the bark,
buds, and twigs of woody vegetation are consumed
during the remainder of the year. Use of woody
vegetation during the fall and winter is assumed to
relate to reduced availability of herbaceous

inous areas of southwestern New -
eastern Arizona (Findley et al.
{982, Findley 1987). Mountain

rations below 6,000 feet in br@.lshy

d in mountainous regions north of
(Cayot 1978, Cockrum 1982). In

. _
exico. In Arizona, desert cottontaﬂs é

vegetation and not a preference for woody vegetation
(Chapman et al. 1982). In southern portions of the
Southwest where winter climates are mild,
herbaceous vegetation may provide an adequate
year-round source of food (Allen 1984).

Special Habitat Needs

All three species of cottontail prefer habitat with
well-developed shrub and herbaceous understory for
food and escape cover (Cayot 1978, Pils et al. 1981,
Allen etal. 1982). Most eastern cottontail nests are
located in grass cover, dense brush, and downed logs
(Allen 1984). No information on nest sites for the
desert and mountain cottontail was available.
However, mountain cottontails preferred crevices in

tural history, habitat, and management recommendations for selected goshawk prey species




influenced by the
retreats. Conversely, in Colay
found no relatxmshlp betw
and mountain ¢ ottontail aby

do; Cayet (1978)
n the presence of rocks
dance.

Home Range i
Home rangeﬁ of 25 radio-fagged eastern
cottontails in a'i4-acre woodlot in southwestern
Wisconsin vanj‘ d by season] sex and individual
(Trent and Ron‘ stad 1974). )i Adult male home ranges
increased from' average ﬂf 6.8 acres in the spring

to an average q 9.9 acres injearly summer, and had
ificantly to an average of 3.8 acres by
A dult female home ranges were largest

all home range sizes of
from 10 adults, and
ing to sex (Trent and

Population
Cottontail p

Management Effects

Although habitat studies have not been conducted
on eastern cottontails in the southwestern U.S., there
is evidence that small areas of brush (in strips 100
feet wide) can provide cottontail habitat (Allen et al.
1982) Additionally, they suggest establishing brush
areas at the edges of fields or meadows and forested
areas by felling trees within 30 feet of the edge.
However, their resulis also Suggest thal narrow

“brushy field borders may be useless for enhancing
cottontail habitat if the adjacent wooded area
§prov1des only minimal or poor habitat (e.g. areas
lacking in shrub and herbaceous understory for food

. and escape cover).

The effectiveness of experimental habitat

,mapagement on eastern cottontail abundance was
-monitored in southern Wisconsin woodlots between

1976-1979 by Pils et al. (1981). Brush pile
construction, planting of shrubs, and sowing of food
patches were the primary management practices
unplemented in a 50.2-acre experim&ntal woodlot to

_increase cottontail numbers. Half-acre portions of
' the woodlot were clearcut to encourage early
successional growth and to construct loose brush
piles. They also established food, nesting, and

escape cover plots through plowing and disking,

~ planting, mowing, and controlled burning. Cottontail

populations were higher on the 50-acre control plot
than on the experimental plot during the pre-habitat
management and experimental periods. Abundance
on both the control and experimental plots showed a

~ downward trend during the 4-year period. Greater
vulnerability of experimental populations to hunting

because of improved hunter access and less dense
total cover were presented as the major reasons
habitat management efforts did not result in
measurable population increases as compared to the
control (Pils et al. 1981). The authors recommended

individuals pé acre (Trent Iand Rongstad 1974) In
this populatiq: annual s 1vorsth was estimated t0

that future habitat management practices should
include denser concentrations of brush piles and food
patches.

‘No information was found on specific ;
management recommendations for southwestermn

"I
estimation tec‘ que. Fall
cottontail densiti
Wisconsin 12

controlled aIi d expenmen ally managed 50-acre”
woodlots, respe ils et al. 1981).
Populauondensmes of mountain cottontails in
ponderosa pi ;’ e-bunchgra # habitat in southern
British Columbia varied apnually, from 0.09 to 0.17
individuals pg r acre. Mc ﬂ ay and Verts (1978) found
that mountaiﬂcottontaﬂ population densities varied
annually from 0.03 to'1.03 individuals per acre in

shrub-juniper habitat in ceflxtral Oregon.

i
| Appendix 3.

: popmm—mroﬁﬂafeeeettenfails

* Habitat Management Recommendations

| The following are composite recommendations for
the three cottontail species:
. Forest and woodland generalists
- VSS1,VSS2,VSS3,VSS4,VSS 5, and
VSS 6
' Nesting
e VSS3,VSS4,VSS5,and VSS 6
e Large downed woody debris, base of
snags and rocks important for eastern and
desert cottontail. The importance of these

latural history, habitat, and managementrecommendaﬂons for selected goshawk prey species - 61




Madégement Recammepdations

attributes Lor mountain cottontail is
| unknown.
v Foraging ;
» VSS1,VSS 2, VSS 3,VSS 4,VSS 5, ahd
1 VSS6
i Well devegoped herbaceous and shrub
|| layers are|important

‘o Downed;];»gs and woody debris are

important for escape cover, parueularly in
areas withjpoorly developed shrub
understory, for desert and eastern
cottontail.|The importance of these
attributes for mountain cottontail is

|| unknown.
V Other important habitat attributes

/o Small opehings or sufficiently open

| overstories that allow development of
herbaceous and shrub layers improves :
foraging abitat. 5

‘Woodpecker

oides villosus)

] pecker averages 2.2 ounces (Li
and Martin 1991} and is approximately 9 inches in
th. Itis widely distributed throughout forested
itats in the Uited States, and as a result of its

abun dance and d §mbuuon -regularly occurs in the..
diet of the' goshawk (Reynolds and Meslow 1984,
M nan and Boal 1990, Kennedy 1991). :

all forest types from central Canada to the

iry woodpegcers are year-round residents of
's'burfem United $tates (Scott et al. 1977).

~understory are preferred nesting sites of hairy

- limb. Nest heights vary from 15 to 45 feet, but are

The sexes of this species selected different foraging
sites throughout the year (Morrison and With 1987).
According to Scott et al. (1977), males foraged in
trees away from the nest for large insects (usually
borers). Females foraged close to the nest on the
surface of trees, shrubs, or on the ground for small
insects and plant material.

In the western Sierra Nevada during the breedmg
season, Morrison et al. (1987) and Morrison and
With (1987) found that both sexes of the hairy
woodpecker concentrated their foraging activities on
trunks of trees at heights from 33 to 39 feet. During
the winter, this species forages higher.

In a mixed-conifer area in the Sierra Nevada,
Morrison et al. (1986) found that foraging hairy

woodpeckers used lower and upper strata of the tree

canopy and areas with smaller diameter trees (4-12
inches DBH).

Special Habitat Needs
Live trees in open woodlands with deciduous 4

woodpeckers. This species excavates a nest entrance
1.6 to 1.8 inches in diameter. Because this is the nest
cavity size preferred by other cavity nesters such as
starlings (Sturnus vulgaris), competition for nest
sites may occur (Scott et al. 1977).

Hairy woodpeckers will often excavate the nest
entrance so it is hidden, such as on the underside of a

typically 35 feet high. This species will often use the
same nest hole for several years (Scott et al. 1977).

- Of 8 hairy woodpecker nests located in 3 study
areas (ponderosa pine, subalpine fir, and aspen) by
Scott et al. (1980), 2 were in aspen snags and 6 were g
inlive aspen-trees—Nest] heights-averaged-- 331:63‘:—-“—_'— 5|

jtat
hiis species isjone of the most common |
-woodpeckers in E{? Southwest, particularly in

; d in ponderosa pine,

. Tip: rlan habitats ,,
rmxeb-specxes d spruce-fir forests (Hubbard 1978).

(range 22-50 feet), nest tree heights averaged 59 feet
(range 35-70 feet) and AéSEEE DB averaced 15
mches grange 10—23 mches) (Scott et al 1980)

ponderosa pmgsxl___;ggs_mth DBH of >20 inches in an

woodpedgkers prefer to feed on msects ts o
dead or diséased rees. Approximately 8 80% of the
dlet; ammal map er - larval and adult beetles, ants

' an average of 63.8% of the diets

ale hairy woodpeckers in California.
ainly carpenter ants) were the!

mon diet item in both sexes (Otvos

ﬁIhls insectivorous diet was

th fruit, grains, and nuts (Scott et al.

odpeckers (both sexes) also fed on

ine (Otvos and Stark 1985).

area of the Santa Catalina Mountains in southeastern

Arizona (Horton and Mannan 1988). :
In the western Sierra Nevada, hairy woodpeckers H

showed high use of white fir and ponderosa pine for

feeding trees throughout the year (Morrison et al. -

1987, Morrison and With 1987). In this area, the

hairy woodpecker foraged on live trees and snags

with similar frequency, but about 70% of their

foraging: ume was on dead substrate w1thln the tree.

' The feeding trees of
and femaI did not differ in size during the
breeding season, nor did trees used in winter differ
from those used in the breeding season (Morrison
and With 1987).

tural history, habitat, and management reéommendatlons for selected goshawk prey species




g to 7 feet above ground and the
sed repeatedly, although a new
pach year. Li and Martin (19}91)
he Mogollon Rim country of

a AB were found in aspen trees (20%
snags 5% dead pdrtions of live trees, and 55% in
ive trg ;; age nest tree height was 43.6
¢ nest tree DBH was 14.6 inches.
‘f ensities ave oed 2.3 per nest plot (0.1 acre), |
' ang 0.6 conifer snags.
#) characterized 6 nests located in
Bierosa pine, subalpine spruce-fir,
focky Mountains. Five were in
an unidentified conifer snag. The
if was 39 feet (25-60 feet), average
iBlight was 62fgeet (45-80 feet), and the average
bes was 16 inches (14-19 inches)..
ghlarly uses 1 to 2 trees in its |
: 8o These feeding trees generally
&izns of danfage (porcupines, logging) (Scott et
M 7). Red-na ed sapsuckers drilled sap ho]es in
species available in their winter habitat i m the
ains, Arizona including: oak
e$), juniper (4.9% of sap trees),
pme 1.1% of safff trees) and a variety of deciduous:

specifls (19.8% offap trees) (Bock and Larson 1986).

; 1987) experimentally doubled the
density of snags greater than 3.9 inches DBH and .
grear than 16.3 feet tall in a hardwood forest in

icky; fronT6{0

% per acre in §983. Snag densities on the control

H i
areag averaged 7.8 per acre. Winter densities of

i

sapsiickers were ot significantly different between
exp 'mental (0.4+1.2 birds per 100 acre) and comrol

0-snagsper-acre-in-1981-to-k F‘————————;:reybyﬂreoeshawk —Rusch-and Meslow.in Canada

Northern Goshawk in the Southwestern United States

densities appear to improve red-naped sapsucker
habitat.

Habltat Management Recommendations
~ ‘Forest generalists (lower elevations), commonly
mixed with aspen
e VSS4,VSSS5,and VSS 6
e Riparian and forests with oak understory
very important, particularly in the winter
v Nesting
e VSS4,VSS5,and VSS 6
e Snags or live decadent trees (wounded,
decayed heartwood), especially aspen,
very important
e Nest tree diameter 15-16 inches DBH and
39-44 feet in ut;igul.
\ Foraging
e VSS4,VSS S5, and VSS 6
e Decadent trees (wounded, decayed
heartwood) very important
' Other important habitat attributes
e Snags, especially aspen, are important
e Downed logs and woody debris are
. sources of insect food
e Deciduous understory (aspen, 0ak) is
important for nesting and foraging

Red Squirrel

(Tamiasciurus hudsonicus)

(Mount Graham Red Squirrel)

The red squirrel is a small tree squirrel, total
length 12-14 inches, weight 0.4-0.5 pounds (Burt
and Grossenheider 1964, Hoffmeister 1986). thm
certain habitats, the red squirrel is commonly usex used 2s

(pers. comm. in Rusch and Reeder 1978) estimated
that a total of 306 red squirrels were taken by a pair
of goshawks during three breeding seasons, and that
goshawks may take a greater number during winter
when the variety of prey species is reduced. In the

i) the birds flid not depend on snags as

il feeding spbstrate,

i) food waslnot limiting to these

i woodpedkers, Or '
iB) they fed fnore heavily on fruits, seeds, 'and
| sap.

|
|

Distribution

ranges from Alaska through most of Canada into the

’rendix 3. Natural history, habitat, and management recommendations for selected goshawk prey species - 69

Jemez Mountains of northern New Mexico, thered
squirrel comprised 5.6% of 36 prey. deliveries to 7
goshawk nests and 17.5% of 63 pellets analyzed
from 8 goshawk nests (Kennedy 1991). In eastern
Oregon, the Douglas squirrel (Tamiasciurus
douglasi) comprised 5.7% of the diet of goshawks
(Reynolds and Meslow 1984). In northern Arizona,
1.5% of 135 prey deliveries to 7 goshawk nests were
red squirrels (Mannan and Boal 1990).

This sciurid is a forest-dependent mammal that

hardwood and coniferous forests of the upper
midwestern, northeastern, and Appalachian states.




e red squirrfi also is found throughout the
dniferous forgst of the Rocky Mountains and south:
hins and higher elevation plateau areas
‘: New Mexico (Martin et al. 1951,
p26, Sullivan 1990). ° :

krn United States, the red squirrel is

j Exclusively in conifer forests, inciuding
3 ruce-fir, Dduglas-fir, and lodgepole pine. Mature
stands of conffers are preferred. In the Southwest,

: fruce or a mixture of spruce and ‘
ﬂ ke the most important and commonly
shhabited forgst types (Vahle 1978). The red squirrel
3 less com :y in mixed forests of ponderosa pine
g d Douglas Iar, and rarely in pure ponderosa pine
frands (Ras missen 1941, Gurnell 1984, Hoffmeister
1986, Sullivdn and Moses 1986). However, Uphoff

i
Ii 1990) foun }that lower elevation mixed-species/
eciduous habitat supported high densities of red
gquirrels. H fr study area was located on the
{Mogollon Rfmn in central Arizona (elevation 7500
_, eet). The rifige and drainage system contained a
ixture of pbnderosa pine, southwestern white pine,
i ouglas-ﬁr,' hite fir, and Gambel oak. Riparian :
funderstoriesjwere dominated by big-toothed maple,
lquaking aspgn, and New Mexican locust.

1
ibouglas-fir

i

Conifer speds are the year-round dietary stgple.f
Some €O ;only eaten and preferred seeds in the
: clude Douglas-fir, blue spruce,

1 Southwest %

Engelmannfspruce, and white fir (C. Smith 1968,

period.
Fungi are available from spring through fall. Fungi

are harvested and placed in forks of tree branches
and logs for drying and storage. These stored
mushrooms are eaten sparingly throughout the
winter (Hatt 1929, C. Smith 1968, M. Smith 1968,
Rusch and Reeder 1978). In southern British
Colurmbia, C. Smith (1968) identified 42 species of
fungi eaten by red squirrels. Preferred species
included those in the genera Suillus, Rhizopogon,
and Chroogumphus. In an analysis of 5 red squirrel
stomachs from Oregon, Maser et al. (1978) noted
that basidiomycetes fungi were taken most
frequently and that fungi made up 77% of diet
volume. In the Mogollon Rim country of central
Arizona, the most common hypergeous fungi
gathered by squirrels were Fistulina hepatica,
Cortinarius rufolivuccus and Pleurotus porrigens
(Uphoff 1990). These fungi were stored in
secondary food caches, while hypogeous fungi, such
as, Geopora cooperi and puffballs, would be eaten
immediately upon discovery. Fungi were the most
commonly eaten summer food by females in central
Arizona. This food source was utilized from the
beginning of the rainy season in mid-June through
September (Uphoff 1990, Reiser pers. 0bs.).

Red squirrels also eat fruits, seeds, sap, acorns and
nuts of angiosperm trees and shrubs (cottonwood,
maple, wild rose, blueberry, raspberry, wild
strawberry, bracken fern). They also chew on animal
bones, and eat insects, soil, and feces (Hatt 1929,
Layne 1954, Brink and Dean 1966, C. Smith 1968,
M. Smith 1968, Rusch and Reeder 1978, Uphoff
1990). Red squirrels also regularly eat passerine bird
eoes (Martin 1988, Uphoff 1990).

1986, Pattoh and Vahle 1986, Sullivan and Moses
1986). Porjderosa pine seeds were occasionally |
noted as befng used-on the North Kaibab Plateau,
I Arizona (Rhsmussen 1941). Although ponderosa
pine seeds fad the highest quantity of energy per

1 Rusch and Reeder 1978, Gurnell 1984, Hoffmeister

ed-outoff7-species-© sonifers,-they were taken

Special Habitat Needs
Food caches (middens) are of paramount

second moft frequently in feeding trials (91 of 108

| trials = 84%) (C. Smith 1968).

|  Becausq seed crops fluctuate widely from one

| yearto thefnext, cones caches not only provide a

| stable food source during the following winter, but
they may #lso serve as the primary winter food |
source thi ugh an additional 1 or 2 years of cone
crop fail ; (M. Smith 1968). i :

Meristgmatic buds are an important winter and

spring fodd supplement, especially in years when
cone crorh fail (M. Smith 1968, Rusch and Reeder
1978). Lgaf buds were eaten in early Julyin
mixed-spgcies forests in Arizona (Uphoff 1990).
Conifer ppilen is eaten from late spring to
mid-sumner depending on tree species. However,

pollen is L vailable for only 2 or 3 weeks during this

|

im&@ﬁm,rﬁmmmq;(ﬂ%ﬁi_——mm
‘winter starvation is inevitable (M. mith 1968, Kemp
and Keith T970). A large centralty-located-(prim
midden is the most prominent feature of red squirrel
territories. These primary middens, along with
several secondary middens, provide the energy
requirements of a single squirrel for half of the year
(Rusch and Reeder 1978, Gurnell 1984, Patton and
Vahle 1986). Cache sites arc in moist, shaded areas.
At cache sites, groups of mature trees and shading
from additional understory and overstory vegetation
maintains the humidity necessary to prevent the
cones from opening. :

These mesic areas also support other foods
sensitive to desiccation, such as fungi, conifer buds,
grasses, berries, and insects. These foods are
important to juvenile red squirrels learning to forage
on their own (Uphoff 1990).
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t per acre) than on randomly

had maye larger tregs (>20 inches DBH) than
#iden sites. Midden plots (0.1 acre) in the
White #ountains cgntained an average of 3 large,
domingnt trees (> !mches DBH) (Vahle and Patton
1983, Hatton and Va hle 1986). Mannan and Smith
(1991 % i hveraged alrf ost4 trees (216 inches DBH)
per mifiden site. |

Te: r yory size hagjbeen linked with food
requlr ents. The umber of cones required to |
sustairifa single red § quxrrcl for a year ranges from
42, u'| 0 131,000, | us 9 to 25 large, mature,
cone-pgoducing treds per I termitory are necessary (L
Srmth 968 Rusah ind Reeder 1978, Gurmnell 1984
Patton d Vahle 19 6) -

In I bug olas-fir, 2@0- to 300-year-old trees are the,
best s l ese old trees may produce 20
to 30 tines more se} Ed than trees that are 50 10 100
years t id (Herma |and Lavender 1990). White ﬁr
begm ;

i

isites (142 sduare feet per acre). Midden sites

Northern Goshawk in the Southwestern United States

Home Range
Home range estimates for adult red squirrels range
from 0.7 to 2.0 acres in a lodgepole pine forest

"(n=9), from 0.5 to 11 acres in a mixed

hardwood-conifer forest (n=13) (Layne 1954,
Gurnell 1984). Most researchers report estimates of
territory size, and Gurnell (1984) found that
territories were about 60% to 100% of the squirrels’
home range. In two spruce-fir and hemlock-cedar
sites in British Columbia, adult territories were
contiguous and non-overlapping and averaged 2.2
acres (10 low elevation sites) to 1.3 acres (5 high
elevation sites) (C. Smith 1968). Sguirrel home
ranges decreased in size as the number of trees
orqgtgl.hin 10 inches DBH increased. These
territories had the nignest aensities of cones available
to the squirrels (CSmith 1963). “lernitones,
estimated from observations of 23 marked
individuals, in mixed white spruce, black spruce,
jack pine, and aspen and poplar forests ranged from
1 to 2 acres (Kemp and Keith 1970). Rusch and
Reeder (1978) estimated territories of 0.6 to 1.6 acres
in similar habitat. In alow elevation
mixed-species/deciduous forest, Uphoff (1990)
estimated minimum defended territories of 0.07
acres.

Population

Spring density of adult red squirrels over a 50 year
period tended to be similar within a variety of conifer
forests: densities averaged 1.1 squirrels per acre in
spruce forests, 0.7 in mixed-species forests, and 0.4
in pine forests (Rusch and Reeder 1978, their Table
13). Since these studies spanned 50 years, a wide -~
variety of overwintering conditions and cone
nrndnr-nnn was-encountered

Vahle and Patton (1983) estimated popu.lauon
densities from 0.4 to 1.0 squirrel per acre in old
growth mixed-species forests, while Ward
(unpublished data) estimated red squirrel densities of
0.03 to 0.32 per acre in mixed-species forests of the

and-S E pperd 5 Blue-spruce-isalsoastow
grow 0, but long-1f ) ed species (>600 years).
Howe ;j T, its best s¢ ) ed producing years range
betwe‘ 50 and 15( ;years (Fechner 1990).

Nesj trees have growns that interlock with 2 or
more ajacent tree ](Vahle and Patton 1983). In: a
mixedgspecies foregt in Arizona, nest trees averaged

&
14 inclles DBH (3— ]5 inches). Average distance

i

betweiin nest trees nd the primary middens was 15
feet (80 feet; 186H fnests) (Vahle and Patton 1983).
A

In a miixed hardwogd forest in New York, Layne |

( 1954 found leaf riests in trees whose DBH ranged
from 4fito 16 mche and DBH of trees with cavny

" nests gAnged from ] ; to 36 inches.

g
E |
|

F :
i B
i :

:
i

Sacramento Mountains, New Mexico. In
mixed-species/deciduous drainages, squirrel
densities averaged 1.7 per acre in a 45 foot corridor
down the center of the drainages (primarily occupied
by females). Densities declined to 0.61 squirrel per
acre in a corridor located on the upper slopes of
drainages, where there were equal numbers of male
and female territories. Ridgetops in mixed-species
forests were more frequently occupied by males
(Uphoff 1990). ’

Densities in a lodgepole pine forest were i
estimated at 0.3 adult red squirrels per acre (Gurnell
1984). Squirrels were more abundant in both
unthinned and managed young (20 years of age)

y 3 . : .
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Stands of lodgepole pine, than in thinned (20 year)
dfands (0.5 velrsus 0.2 squirrel per acre, respectively).
:nthinned ydling stands had similar densities to
thature (110-Jear-old) stands of lodgepole pine.
| In mature frands, 100% of adult females attained
fireeding conflition, while only 56% did solin young
é: ands. Sw ; al was significantly higher in mature
tands. Simifar densities in young unthinned stands
' Aintained by higher recruitment rates -
dnto the youn stands (Sullivan and Moses 1986).

e suboptiral habitat of the unthinned young
ltands seemdd to serve as a dispersal sink for
fyoung squirrels from the surrounding
I (Sullivan and Moses 1986). Red “
is were geperally more abundant in
jincut forestgthan in 1- to 33-year-old clear-cuts
H(Thompson £t al. 1989). ‘

. #0ld-gro '

. h forest stands (250-730 yr) of
: ;z' ouglas-fir find western hemlock in the Cascade
[Range of Whshington supported densities of Douglas
r ,
i

flsquirrels thdf were 3 times higher than in young
if orest stand f (42-165 yr). Young forests were

L 7 dominated iy Douglas-fir. Old-growth forests

k isupported OF25 squirrels per acre, while the young

Hiforest stand§ supported 0.07 squirrels perjacre. Cone

if|crops for bdth Douglas-fir and western hemlock |

#rwere rated [i’very poor” and "extremely poor" for the
first 2 yeard {of this 3 year study (Buchannan et al:

[ 1990). L.xf red squirrels, Douglas squirrel

{li populationg *a:e similarly limited by food supply (C.

il Smith 196I 1970). , | }

i ,

il Managem ; t Effects

il Vahlez "Patton' (1983) and Patton and Vahle

Il (1986) recémmended maintaining areas with closely

foods (fungi, berries, bird eggs) and superior nest
sites (Uphoff 1990). Because these productive
canyon areas are limited in number in the Southwest,

they are particularly important squirrel habitat.

Habitat Management Recommendations
N Mixed-species and spruce-fir specialist
e Closed canopy VSS 4, VSS 5,and VSS 6
\ Nesting A
e Closed canopy VSS 4, VSS 5, and VSS 6
with interlocking crowns around nest sites
e Nests are close to middens
e Nest sites have high canopy cover and the
best sites are mesic
\ Foraging .
o VSS 5 and VSS 6 (infrequent use of VSS=~
4
e Middens have high canopy cover and are
mesic, preserving cones
e High canopy cover provides mesic
conditions for greater fungi production
v Other important habitat attributes
e Snags (>18 inches DBH) and downed

08s (10-207ches Very
important; sthaller woody debris less
important

e High canopy cover provides escape cover
for squirrels '

e Large mature cone-bearing trees,
abundant fungi, and multistoried stands
with many plant species in all forest
layers constitute superior squirrel habitat

e Medium to large forest openings degrade

. the mesic microclimate in adjacent
3" forests, and thereby reduce the quality of

I spaced grofips of trees of different ages and sizes.

|| Stands of thees greater than 15 inches DBH are

{ necessaty o provide cone producing trees and nest
1l wees. ForjPouglas-fir, 200- to 300-year-old trees are
1 the best cdie producers (Hermann and Lavender

g

ted squirrelhabitat

Steller’s Jay
(Cyanocitta stelleri)

| 1990)-—AdHitionally; one-ormore-large tree
] compone jI (>20 inches DBH), consisting of snags,
5 fallen logs and live trees, are necessary for primiary
| middens. fClosed canopies (basal areas >200 square
| feet per adfe) are also important for maintaining
il mesic conflitions for tniddens and suitable cover for
% i nesting. % provide adequate Conifer seed for food, 3

i

x

1

\

1

!

0 41arge f>T8'inches DBH ) Trees are fieeded per
acre (Vahg'1978). ?
Tn mixdd-species forests in canyons of the

(- /-L-::

Southwy:sf, other habitat components may exceed
conifers i their importance for the red isquirrel.

Females i these areas typically produce 2 litters
(versus 1 §itter-at higher elevations) pet breeding
season b ause of a greater abundance of summer

|
f
)
|
|
|

|

Steller’s jays are a relatively large songbirds
averaging 11.5 inches total length, weighing 0.25
pounds (Kilgore 1971). Steller’s jays are a common
resident of ponderosa pine and mixed-species forest,
and occur often in goshawk diets. In eastern Oregon,
7.5% of goshawk prey remains were Steller’s jays
(Reynolds and Meslow 1984). Over 11% of the prey
deliveries to 7 goshawk nests in north-central New
Mexico were Steller’s jays (Kennedy 1991). In
northern Arizona, this corvid comprised 5.2% of 135
prey deliveries to 7 goshawk nests (Mannan and
Boal 1990). Steller’s jays were the most common
prey in remains collected at a goshawk nest in
pifion-juniper (K. Keel, A. Alexander and H. Reiser
pers. 0bs.).
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Species extinctions have defined the global blodlversn‘.y crisis, but extinction begins with loss in
abundance of individuals that can result in compositional and functional changes of ecosystems. Usmg
multiple and independent monitoring networks, we report population losses across much of the North
American avifauna over 48 years, including once common species and from most biomes. Integratlon of
range-wide population trajectories and size estimates indicates a net loss approaching 3 billion birds, or
29% of 1970 abundance. A continent-wide weather radar network also reveals a similarly steep decline in

biomass passage of migrating birds over a recent lo-year period. This loss of bird abundance signals an
urgent need to address threats to avert future avifaunal collapse and associated loss of ecosystem

. integrity, function and services.

Slowing the loss of biodiversity is one of the deﬁ:mng
environmental challenges of the 21¥ century (J-5). Habitat'

loss, climate change, unregulated harvest, and other forms of:
human-caused mortality (6, 7) have contributed to a,
thousand-fold increase in global extinctions in the:
Anthropocene compared to the presumed prehuman
background rate, with profound -effects on ecosystem:
_focus on;
ed the extent.

_and_consequences_of biotic ¢ Wmm@swwgmsmlnommpmmwpwlarmwy*gm

~functioning and services (8). The overw
species extinctions, however has undere

abundance within still-common species and in aggregate
across large species assemblages (2, 9). Declines in;
abundance can degrade ecosystem integrity, reducing vital’
ecological, evolutionary, economic, and social services that:
organisms prov1de to then' env:.ronment (8 10—15) leen theé

change in species abundances is essenhal ’co assess ecosystemé

impacts. Evaluating the magnitude of -declines requires

effective long-term monitoring of population sizes and;

trends, data which are rarely available for most taxa.

Birds are excellent indicators of environmental health and
ecosystem integrity (16, 17), and our ability to monitor many
species over vast spatial scales far exceeds that of any other:
animal group. We evaluated population change for 529 spe-
cies of birds in the continental United States and Canada.

(76% of breeding species), drawing from multiple standard-
ized bird-monitoring datasets, some of which provide close to
fifty years of population data. We integrated range-wide esti-

mates of population size and 48-year population trajectories;

“rst release: 19 September 2019
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along with their associated uncertainty, to ' quantify net
change in numbers of birds across the avifamia over recent
decades (18). We also used a network 143 weather radars
(NEXRAD) across the contiguous U.S. to esumhte long-term

changes in nocturnal migratory passage of avxan biomass
through the airspace in spring from 2007 to 2017. The contin-
uous operation and broad coverage of NEXRAD provide an

‘automated and standardised monitoring tool with unrivaled

temporal and spatial extent (19). Radar measures cumulative

which breed in areas north of the connguous U.S. that are
poorly monitored by avian surveys. Radar thus expands the
area and the proportion of the migratory avrfauna that is
sampled relative to ground surveys.

Jequ:e;das uo /610 Bewisouelos'aousios//:diy WO PEPBOJUMOC]
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Resu}ts from long-term surveys, accounnng for both in-

da.nce of 2.9 billion (95% CI = 2 7—31 bﬂhon) b].I'dS across
almost all biomes, a reduction of 29% (95% CI = 27-30%) since
1970 (Fig. 1 and Table 1). Analysis of NEXRAD!data indicate

a similarly steep decline in nocturnal passage of migratory

biomass, a reduction of 13.6 + 9.1% since 2007|(Fig. 2A). Re-
duction in biomass passage occurred across the eastern U.S.
(Fig. 2, C and D), where migration is dominated by large num-
bers of temperate- and boreal-breeding songbn'ds, we ob-
served no consistent trend in the Central or Pacific flyway
regions (Fig. 2, B to D, and table S5). Two completely different
and independent monitoring techniques thus: signal major
population loss across the continental avifauna.

Species exhibiting declines (57%, 303/529) based on long-

(Page numbers not final at time of first release) 1




term survey data span diverse ecological and taxonomic
groups. Across breeding biomes, grassland birds showed the
largest magnitude of total population loss since 1970—more
than 700 million breeding individuals across 31 species— and’
the largest proportional loss (53%); 74% of grassland species’
are declining. (Fig. 1 and Table 1). All forest biomes experi-
enced large avian loss, with a cumulative reduction of more
than 1 billion birds. Wetland birds represent the only biome
to show an overall net gain in numbers (13%), led by a 56%.

increase in waterfowl populations (Fig. 3 and Table 1). Sur-

prisingly, we also found a large net loss (63%) across 10 in-~
troduced species Fig. 3, D and E, and Table 1).

A total of 419 native migratory species experienced a net
loss of 2.5 billion individuals, whereas 100 native resident
species showed a small net increase (26 million). Species
overwintering in temperate regions experienced the largest
net reduction in abundance (1.4 billion), but proportional loss;
was greatest among species overwintering in coastal regions:
(42%), southwestern aridlands (42%), and South America
(409%) (Table 1 and fig. S1). Shorebirds, most of which migrate
long distances to winter along coasts throughout the hemi-
sphere, are experiencing consistent, steep population loss
(37%).

More than 90% of the total cumulative loss can be at-
tributed to 12 bird families (Fig. 3A), including sparrows, war-
blers, blackbirds, and finches. Of 67 bird families surveyed,
38 showed a net loss in total abundance, whereas 29 showed:
gains (Fig. 3B), indicating recent changes in avifaunal com-
position (table S2). While not optimized for species-level
analysis, our model indicates 19 widespread and abundant
‘landbirds (including 2 introduced species) each experienced
populanon reductions of >50 million birds (data S1). Abun

~ detected by radar (19), and radar-derived trends provide a
fully independent estimate of widespread dec]mes of migra-
tory birds.

Our study documents a long-developing but overlooked
blOdIVGl’SltY cr1s1s in North Amenca—the axmulanve loss of

if we consider the amplifying effect of “missing” reproductive
output from these lost breeders.

Extinction of the Passenger Pigeon (Ectopzstes migrato-
rius), once likely the most numerous bird on the planet, pro-
vides a poignant reminder that even abundant :species can go
extinct rapidly. Systematic monitoring and attention paid to
population declines could have alerted society to its pending
extinction (20). Today, monitoring data suggestithat avian de-
clines will likely continue without targeted conservation ac-
tion, triggering additional endangered species listings at
tremendous financial and social cost. Moreover, because

birds provide numerous benefils I ecosystems{e.g., seed dis- .

persal, pollination, pest control) and economies (47 million
people spend 9.3 billion U.S. dollars per year through bird-
related activities in the U.S. (21)), their population reductions
and possible extinctions will have severe direct and indirect
consequences (10, 22). Population declines can be reversed,
as evidenced by the remarkable recovery of Waterfowl popu-

lations under adaptive harvest management (23) and the as-

sociated allocation of billions of dollars devoted to wetland
protection and restoration, providing a model for proactive
conservation in other widespread native habltats such as
grasslands. i

Steep declines in North American birds parallel patterns
of avian declines emerging globally (I4, 15, 22, 24). In partic-
ular, depletion of native grassland bird popula{:ions in North
America, driven by habitat loss and more toxié pesticide use
in both breeding and wintering areas (25), mirrors loss of

_ farmland birds throughout Europe and elsewhjere (15). Even

declines among introduced species match similar declines
Wlthm ‘these same species’ native ranges (26). Agncultural in-

birds are one of the best monitored animal groups, birds may

also represent the tip of the iceberg, mdacatmg similar or

greater losses in other taxonomic groups (28, 30)
Pervasweness of avian loss across biomes and blrd fami-

not restricted to rare and threatened species, but mcludes
many widespread and common species that may be dispro-
portionately influential components of food webs and ecosys-
tem function. Furthermore, losses among habitat generalists
and even introduced species indicate that declining species
are not replaced by species that fare well in human-altered
landscapes. Increases among waterfowl and a few other
groups (e.g., raptors recovering after the banning of DDT) are
insufficient to offset large losses among abundant species
(Fig. 3). Importantly, our population loss estimates are con-
servative since we estimated loss only in breeding popula-
tions. The total loss and impact on communities and
ecosystems could be even higher outside the breeding season

First release: 19 September 2019

Www.sciencemag.org

no-temporal hmmng factors for md.mdua.l species and”
populations will require additional study, however, since mi-
gratory species with complex life histories are in contact with
many threats throughout their annual cycles. A focus on
breeding season biology hampers our ability to understand

how seasonal interactions drive population change (31), alt-

hough recent continent-wide analyses affirm the importance
of events during the non-breeding season (19, 32). Targeted
research to identify limiting factors must be coupled with ef-
fective policies and societal change that emphésme reducing
threats to breeding and non-breeding habitats;and minimiz-

ing avoidable anthropogenic mortality year—rbund Endan-

gered species legislation and international treaties, such as

(Page numbers not final at time of first release) 2

tensification and urbanization have been sumlarly hnked 1:0'
_ dant species also contribute strongly to the migratory passage _declines in insect diversity and biomass (27), with c: g
impacts on birds and other consumers (24: 28 2.9) Given that
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Table 1. Net change in abundance across the North American avifauna, 1970-2017. Species are grouped into na-
tive and introduced species, management groups (fandbirds, shorebirds, waterbirds, waterfowl), major breeding bi-
omes, and nonbreeding biomes (see data S1 in (18) for assignments and definitions of groups and biomes). Net
change in abundance is expressed in millions of breeding individuals, with upper and lower 95% credible iptervals {ChH
shown. Percentage of species in each group with negative trend trajectories are also noted. Values in bold indicate de-
clines and loss; those in italics indicate gains.

_ Number  gagp e noe Change (MALons) & | percent Change & 95% Cs | Iéﬁi‘i?;? i
Species Group of Species o ’ . ; Decline
Change L.C95 UC9s Change LC95  UC95
Species Summary ;
All'N. Am, Species 529 -2,911.9 -3,097.5 -2,732.9 | -288% -30.2% -27-3% 573%
All Native Species 519 -2,521.8 -2,698.5 -2,347.6 265% -280% -24.9% 574%
Introduced Species 10 -391.6 4423 -336.6 =£2.9% -66.5% -55.4% 50.0% 9
Native Migraiory Species 415 -2,547.7 -2,723.7 2,374.5 -283% -29.8% -26.7% 58.2% §_
Native Resident Species 100 26.3 73 469 5.3% 1.4% 9.6% . 54.0% :‘%’.
Landbirds 357 -2,516.5 -2,692.2 -2,346.0 271% -28.6% -25.5% 58.8% %
Shorebirds 44 -17.1 21.8 -12.6 374% -45.0% -28.8% 68.2% ?;
Waterbirds 77 225 3738 6.3 215% -33.1%  62% | 51.9% H
Waterfowl 41 348 2.5 483 56.0% 37.9% 794% | 43.9% &
Aerial Insectivores 26 -156.8 -f1‘83.8 -127.0 -31.8% -36.4% -26.1% 73.1% :‘2
Breeding Biome : : 2
; 3
Grassland 31 =717.5 -763.9 -673.3 -53.3% -55.1% -51 5% 74.2% g
Boreal forest 34 -500.7 -627.1 -381.0 33.1% -389% - -26.9% 50.0% §
Forest Generalist 40 -482.2 -552.5 -413.4 -18.1% -204% -1 5.8%:; 40.0% §
Habitat Generalist 38 4173 4621 3713 | 231% -254% 20.7% | 60.5% &
(BasteraForest 63 <1667  -1858 1477 | -174% -192% -156% | 635% | 3 -
Western forest 67 1397 -1638 1161 | -295% -328% -26.0% | 64.2% g
Arctic Tundra SSL e d812 07 |234% 375%  02% | 565% | i
Arndlands 62 -35.6 497 -17.0 -17.0% -230% -8.1% 56.5% ©
Coasts 38 -6.1 -18.9 85 -15.0% -394% 21.9% 50.0%
Wetlands 95 20.6 8.3 353 13.0%  51%  23.0% | 474%
Nombreeding Biome :
Temperate North America 192 -1,413.6  -1,5215 -1,292.3 ~274% -293% -25.3% 55.2%
South America 41 -537.4 -651 ] -432.6 40.1% -452% -34.6% 75.6%
Southwestern Aridlands 50 -238.1 -261 ‘2 -215.6 -41.9% -44.5% -39.2% 74.0%
Mexico-Central America 76 -1553 -1878 -122.0 -155% -183% -12.6% 52.6%
Widespread Neotropical 22 1260 -1712 86.1 268% -334% -193% | 45.5%
' Widespread 60 316  -63.1 16 37%  74%  02% | 433%
Marine 26 -16.3 -29.7 -1.2 -308% -49.1% -2.5% . 61.5%
Coastal 44 -11.0 -14.9 -6.7 “420% -51.8% -26.7% 68.2%
Caribbean 8 -6.0 14 -15.7. 121%  2.8% 31.7% 25.0%
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infroduction

Recent epidemics of mountain pine beetles (Dendroctonus ponderosae; MPB) will
fundamentally alter Rocky Mountain forests, impacting management decisions related
to fire, logging, and wildlife habitaf. We are studying effects of o recent MPB outbreak
on nest-site selection and nest survival of 6 woodpecker species, and on occupancy
dynamics of 46 avian landbird species in the Elkhorn Mountains, Helena National Forest.
Here we report a summary of habitat characteristics measured at woodpecker nest
locations before (n = 89; 2003-2006) and after the outbreak [n = 124; 2009—2Q1 1}. We
descripfively compare habitat characteristics at nest locations to non-nest random
locations {n = 76}, which characterize the average conditions on the landscape in our
‘Elkhorns study area.

Methods

Habitat Measurements: To quantify the habitat changes associated with the MPB
epidemic, we measured habitat characteristics at each of our 76 non-nest random
point stations once before the beetle epidemic (in 2002-03) and again affer the
epidemic (2010). We measured the same vegetation characteristics annually at nest
locations. Data were collected in 2012 at both random and nest locations but not
included in this summary because the data entry is ongoing and incomplete as of
October 2012. At each random and nest location, the vegetation plot was 2.5 ha in
size and consisted of intersecting nested plots within 20m x 100m rectangles in o cross
plot design {Saab et al. 2006; Figure 1). These vegetation plots were centered on focal
_trees at point count surveys (i.e. random locations) and nest frees.at nest locations. .
Snags were defined as any standing dead (at least 50% of the needles dead or mcssmg)

free = 1.4 m in height measured in 2 size classes [small = 3-9” [= 8-23 cm] and large > 9"
[>23 cm]) in diameter at breast height ([dbh). Small snags and frees within I m, large
snags within 10m, and large frees within 3m to either side of a 50m fransect were tallied
cn‘ eoch vege’rohon piof These measurements were repea’red in each corqui

fotal area surveyed (e.g., 20x50><4 4OOOm2 per plot for large snags) 1o create the
snag/iree density measurement. Species and dbh of the nest free or focal tree at
random locations was also recorded.




Nest Surveys: Nest surveys were conducted from 15 May - early July along belt
fransects {approximately 0.2 x ~0.8 km) {Dudley and Saab 2003). Transects were
surveyed with the aid of playbacks, two times during the season. Birds that were
defected during surveys were subsequently followed until their nests were found. A
GPS location and notes describing the location-were taken to allow for future visits.
Once an occupied nest cavity was determined, nests were monitored every 3-4 days
untif fledging or failure.

Preliminary Resulis {see Table 1q)

89 before (2002-2006) and 124 nest locations eﬁ‘er (2009-2011) The oufbreck cnd at76 Q
non-nest random plots once before (2002-2003) and once after (2010) the outbreak. In
2010, large (> 9" dbh) live iree (all spp.) densities were reduced by nearly half {90.3 vs. %
47.7 frees/ac), while large snag densities increased > 15 times {3.5 vs. 50.3 snags/ac)
compared with pre-outbreak conditions at random locations. These changes are g
representative of average conditions on the landscape.

Pre-outbreak, ail woodpecker species selected locations of higher large snag densities K
than those measured at random. Post-outbreak, however, snag densities at
woodpecker nests were variable compared with random locations. Post-outbreak
snag densifies were significantly higher at three-toed woodpecker nests compared with
rangdom locations {73.3 + 4.6 vs. 50.3 + 3.1 snags/ac). Higher snag densities near their
nesfs likely provided greater foraging opportunities for this beeﬂe—foragmg woodpecker

Tree Species: Ponderosa pine [PIPO) is the dominant tree species {>.60% of tree g\
comyposition) in our study units. Aspen (POTR) is rare on the landscape (< 3% of all ’rree

“species) but has been highly favored for nesting subsirate, particularly pre-outbreak.

\
Once conifer snags were recruited as o result of the outbreak, Hairy and three-toed 5
woodpeckers shifted and expanded their nesting use of primarily aspen to ponderosa
and lodgepoie pmes Williamson's and Red noped sopsuckers downy woodpecker,

Tree Diameter: Tree diameters were appqrenﬂy not limiting to nesting woodpeckers in
our study area. Average nest tree diameters were similar in size as those measured at
random locations.

O sz e g 4*

Discussion

: (M@M/
7),

Snag densities and diameters were similar between nest and random locations in the
Elkhorn's study area except at nest locations of the Three-toed Woodpecker, a species
selecting high densities of large snags. Three-toed woodpeckers specialize in foraging
on bark beetle iarvae and higher snag densities surrounding their nests likely provided
greater foraging opportunities. This result suggests that high snag densities after beetle
outbreaks are necessary for successful breeding of American three-toed woodpecker
Another notable result was the lmpoﬁance of aspen fo nesting woodpeckers
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Temporal patterns of wolverine (Gulo guld luscus) foraging in the

boreal forest
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The foraging patterns and behaviors of predators can be discerned using GPS data. We used GPS data to investigate
the temporal patterns of wolverine (Gulo gulo luscus) foraging on large prey in northern Alberta. We built a
predictive model of wolverine large-prey events (beaver predation or ungulate scavenging) based on the spatial
and temporal patterns of wolverine GPS data at foraging sites we visited in the field in winter. We used this model
to predict large-prey events throughout our entire wolverine GPS dataset in winter and summer. We then evaluated
how variables related to prey availability, seasonality, competition, and territoriality affected wolverine encounter
time, residency time, and return time at predicted large-prey events. We found that wolverines encountered
large prey more often in the spring when there is increased beaver and ungulate availability. The total time that
wolverines spent at large-prey events was greater in winter (3.11 days [95th percentile = 2.62-3.63 days]) than
summer (2.08 days [95th percentile = 1.70-2.51 days]), potentially because prey availability is limited in winter
or prey is easier to capture in summer. Wolverines partitioned the total time at events into multiple visits, reducing
their residency time and increasing their returns time with each revisit, indicating biomass decline through time.

The time between visits in winter (10.12 days [95th percentile = 7.99-12.56 days]) and summer (8.39 days [95th -

percentile = 7.18-9.74 days]) suggests wolverines might be patrolling their home range. We also found that
wolverine residency time decreased and return time increased when there were other large-prey events available.
Moreover, wolverine residency time at events increased when other wolverines were 1o the area. Our results
suggest that large-prey events are important to the energy balance of wolverines and that wolverine foraging

behavior is dynamic in response to environmental change.

i

. Key words: = Alberta, Alces alces, beaver, Castor canadensis, encounter time, Gulo gulo luscus, handling tirae, kill rate, moose, ..

wolverine

The foraging patterns of predators can indicate the availability
of prey on the landscape and the behaviors used to exploit them
(Charnov 1976; Stephens and Krebs 1987). Predator foraging

time can be divided into time spent finding and consummg

prey. Researchers measure time spent finding prey as e

time, or the time between encounters with prey items, whereas
time spent consuming prey is measured as handling time, or the
time from acquisition to consumption of prey. The time needed
by predators to find prey is often dependent on the availability
of prey (Holling 1959), whereas the time needed for consuming
prey is frequently dependent on prey size (Knopff et al. 2010b;
Cristescu et al. 2014) Researchers also have shown that there
are a variety of other spatial and temporal variables, unique to
the local environment, that have an effect on the time associated

with predators finding (Merrill et al. 2010; Whittington et al.
2011; McPhee et al. 2012) and consuming prey (Shrader et al.
2007; Courant and Fortin 2012; Stewart et al. 2017).

Dlrect observauon is one way to measure encounter and

2()02) For example, observers can follow predators in the
field to document the time between predation events (Miller
et al. 2013). Although effective, tracking predators to estimate
these parameters is time consuming and can be cost prohibi-
tive. Researchers have recently developed statistical techniques
that predict predation events from GPS data (Webb et al. 2008;
Knopff et al. 2009; Ebinger et al. 2016). To create these models,
one must have animal GPS data in tandem with a sample of
predation events validated from field surveys. The information

© 2018 American Society of Mammalogists, www.mammalogy.org
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wolverine, Gulo gulo luscus, Resting Sites and Caching Behavior in

 the Boreal Forest
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forest. Canadian Field-Naturalist 118(1): 61-64.

wright, Jonathan D.. and Jessica Emst 2004. Wolverine, Gulo gulo luscus, resting sites and caching behavior in the boreal

wolverine (Gulo gulo luscus) caches and resting sites were examined in a study area in the boreal upland forests of northwestern
slberta and northeastern British Colurnbia (approximately 57°N). Cache sites were in climax, or “overmature” stands of Black

spruce (Picea mariana) ot mixed-wood of hi

complexity, dominated by conifers, and in which the Trembling Aspen (Populus

remuloides) and Balsam Poplar (Populus balsamifera) component consisted of mostly dead or dying trees characteristic of
such_old growth in the boreal uplands. Sites offered relatively good visibility of the surrounding stand. Sites were never

Jocated in the dense to extremely dense homogengus  spruce stands documented as being favored for travel.by Wolverines in the
sudv_area. The better used cache complexes were accessed by numerous well-used trails made by the Wolverines themselves.

Caches consisted of the bones, hide and hair of Moose (Alces alces) believed to have been killed by Grey Wolves (Canis
Jupus). Caches were classified as “simple caches” composed of a single feeding site and/or excavation and “cache complexes”
involving one or more feeding “stations”, latrines, resting sites, and climbing trees that may have been used as avenues of escape
from competitors/predators. Resting sites were located atop the snow in relatively open locations that offered good visibility
of the surroundings. Climax stands were implicated as being of importance to Wolverine caching behavior. Conservauon

implications include the detrimental effect on Wolverine populations likely to result from current timber harvestmg_ practices

in the Boreal forest.
 tne DOtTal OIS

Key words: Wolverine. Gulo gulo luscus, cache, resting site, climax, boreal forest, stand, Alberta, British Columbia.

Knowledge gaps exist involving many aspects of
Wolverine life history in forests, including caching
behavior and selection of resting sites (Banci 1994).
This paper presents observations of these aspects of
Wolverine activities as documented over three winters
(1997-2000) of snow-tracking efforts in the boreal
upland forests of the border between northwestern
Alberta and northeastern British Columbia, at approxi-
mately 57°N.

Methods

Wolverine and other furbearer activities were moni-
tored during three winter seasons (1997-2000) utilizing
snow-tracking methods. The tracking efforts covered

~approximately 1100 km? in"the region of the border ~

country of Alberta and British Columbia known as

“hinchaga™ (after-the-Chinchaga River)~Trackingfs—coveris by comparison more continuous

being increasingly recognized as a useful scientific tool
in wildlife studies. management and conservation, with
efforts being made to establish standardized termi-
nology, to institute university courses on the subject,
and to establish networks of trackers throughout the
North American continent (Rezendes 1999; Zielinski

of furbearer tracks over the course of the three winters,
with an emphasis on locating Wolverines. Markedly
different and readily divisible stand characteristics are
a feature of the area as a result of the “Great Chinchaga
Fire” which blanketed the region duxing the 1950s
(Don Williams, personal communication), burning all
but the upland ridges. Fifty years following the fire,
two distinct forest types predominate: early-to-mid seral
second growth of predominantly aspen or pine in the
lowlands, with more limited late-seral, climax or “over-
mature” stands predominated by White Spruce and
Black Spruce (Picea spp.), and mostly dead and dying
Populus spp. in the uplands. The lowland forest may
be further characterized as forming a mosaic broken by

broad expanses of relatively open'Black Sprucefenand "
open Willow (Salix spp.) muskeg. The upland forest

Moose (Aices alces) reach some of their mghest
densities in North America in the area (Brody 1981),
being most heavily distributed in the lowlands, and
frequent in the uplands. Groups of Woodland Caribou
(Rangifer tarandus caribou) are frequent at low densi-
ties in the lowlands. These ungulates offer a generous

and Kucera 1995). Snow tracking may be the only
practical way of learning details of Wolverine habits
and habitat use, as such details are not adequately pro-
vided by radio-telemetry studies (Eric Lofroth personal
communication).

Approximately 34 000 km were traveled by truck,
snowmobile, cross-country skis and on foot, in search

prey base for the area’s healthy Grey Wolf (Canis Zupus)
population, whose kills in turn offer a ready food
source for the infrequent Wolverines.

When Wolverine tracks were located, the individ-
uals were fore-tracked (older trails) or back-tracked
(fresh trails) in order to gain insights into important
and little-known details of the creatures’ use of the

61




