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More than 80 species of birds, mammals, reptiles, and
amphibians use living trees with decay, trees with brooms,
hollow trees, snags, and logs in the interior Columbia River
‘basin. Animals use these structires for foragisg, nesting,
denning, roosting, and resting. Most notable of these wood-
using wildlife speties are thi¢ primary cavity nesters, the
woodpeckers and nutbatches, that excavate nest cavities in
decayed wood in standing trees: Their vacated cavities are
subsequently used by many-other birds and mammals..
About 25 percent.of the bird species nesting in the northern
Rocky Mountain forests are cavity nesters (McClelland and
others 1979). Many of the primary and secondary cavity-
‘nesting birds eat forest insects and thus play an important
role in regmatmg their populauons Machmerand Stéeger
(1995} provide a‘thorough review of the efféct these birds’
have in reducing mumbers of tree-feeding insects.

Tree decay i$ an important ecological process affecting
wildlife habitat. Once begun, the decay process can take
hondreds of years as a tree dies, falls to the ground, and
decompeses into the forest floor: As it decays, the iwee '
supports many different wildlife groups that use it for

foraging substrate, for nesting, and for shelter, The group of

Wwood deco_mpo_s_ers is diverse. Itincludes many arthropods,
but in this publication, we focus on decay fungi as the
primary organisms in decay. Decay fungi are an essertial
resource to foréstecosystéms in. storing and retammc

for a particular:species or & Specific, desired popuiation size,
it does present mformation managers can use to make
informed decisions regarding the conservation and enhance-
ment of dead wood structures most valuable to wildiife.
Forest management practices that fail fo properly manage
wood components may adversely affect wildlife, soil and
sream quality, and forest ecosystem Tunctions.

The information included here applies to coniferous
forest lands in the intetior Columbia River basin: the aréa
east of the crest of the Cascade Range in Orégon and
‘Washington, all of Idaho, and & portion of western Montana
(fig. 1). Tree species charactefistic of high-elevation forests,
(such as whitebark pine [Pinus albicaulis]; alpine larch
[Larie Iyallii}; mountain hemlock [Tsuga mertensianal, and
Pacific silver fir [4bies amabilis]) are excluded because they
typically grow where active management for wildlife tress is
seldom needed; these areas are seldom Jogged. Most of the.
tree species we-deal with here-are conifers, although black
cottonwood {(Populus trichocarpd), quaking aspen (Populus
fremuloides), and paper birch {Betitla papyrifera) are

nuirients-and 1 soil deveiopment.

This publication provides managers with a description of
the ecological processes that create wildlife trees, snags, and
logs It provides qualitative and quantitative information on
five distinct structures: living irees with decay (such as
internal decay), hollow trees, trees with brooms (nnsshapen
branches), dead tees (suags), and down woody material
(logs). We describe the value of these structures to wildlife,
the decay or infection processes that produce each type of
structure, principles-io help in selecting the best stuctures to
retain, and management smplications. Although this docu-

Jnent cannot prescribe the amount of landscape to manage

Figure {-—The interior Columbia River basin.




AE -
& o

Snag diseribution—=Snags can either be lefi in clusters or
scattered across the landscape; although where to retain therm:
depends lafgely on where they currently are. Typically,
spags are i clumps patiraily because the agents of disease,,
insects, fire; or flooding that kill many wees act in a Jocalized
area. Clusters of snags may be easier to protect during
management activities than snags, evenly distributed across
the lahdscape. Worker safety is an issue when Harvesting
adjacent to snags. Refaining snags in clusters, as well as the
live treeg between the snags, keeps workers away from snags
and provides canopy cover for wildlife using the snags.

Two studies on, woodpéecker use of shag ¢lusters reporred
different results. No difference was found between woodpecker
use of snag clusters vérsus scattered snags in western Oregon
{Chambers 1997). In areas where stand-replacement fires hag
‘buisnied in ponderosa pine/Douglas-fir stands in Idaho, Saab.and
Dudley (1997) found that cavity nesters a§ a group select

1 clusters-of snags for nest sites ingtead of evenly spaced trees.
Mostgg ies recommend: managing snags i every - to
{Bage 1995, Evans and Martens 1995).

‘Becanse. wooépfﬁkers are terntorial, only one pair of each
-spcmes occuples ihe same territory,; therefore, to attaln the
maxhmi Fsity of cavity nesters, snags need to be distrib-
uted across the Iandscape,

In addition, retaining snags on all aspects and on all posi-
tions of the slope ensures habitat availability for witdlife species
with different p_referenccs. For example, pileated woodpeckers
tend to roost in draws during summer but roost higher on slopes
in winter (Bull and others 1992). Martens rest or'tzavel in
riparian areas a third of the time in summer but only half that
often in winter; upper slopes are used half the time in Wwinter but
only athird of the time:in summer (Bull' 1995).

s~ Refaining snags close to living trees provides-cover for

cavity users. Ifsnags are retained in the middle of a ¢learctst,
species like northern, flickers, Lewis’ woodpeckers, blueblrds
and Americdn kestrels (Faleo sparverius) “grﬂl use them for
nesting, butmost other woodpeckers will notipiest in open areas.

_Inmany areas, fuel-wood cutters are likely o remove:
ags alorig roads. This potential problem can be remedied
by not: leaving snags in areas that are accessible to fuel-wond.
cutters or by not counting spags left adjacent to accessible

roads toward the number retained for a particular stand.
Insummary, wherever the objective.is to provide viable
populatmns of ; pnmary and secendary cavxty nesters pruclent

' snagsu:la vanety of structu.ral classes snags mevery5~ to 25~

acte stand and in clusters if‘available, and snags on all slope.
aspects and positions of the slope, and adjacent to green trees.
Snag densities—Limited information is available on
numbers of snags.to retain for wildlife spécies in the interior
Columbia River basio (Bate 1993, Bull and Holthausen
1993, Dixon 1995, Evans and Martens 1995) (table I) The
guide most widely used i the past, Thomas and others
(1979), prescrihed fhe aumber of nest and roost trees to jeave
for specified woodpecker populations, but the number was,
based e 2 Eypothencal, umested model and did not include
anysnag_sforfo‘@r Three studies (Bate 1995, Bull and

i3

1993) The two smdy aress thar contamed vmble populanons of ¥

Holthausen 1993, Dixen 1995) conducted in eastern Oregon
have shown that retdining foragiig STuctire 1S éssemmal, i
addifion 10 mest I roTseees 1d i:rlana 2 capes. The
Thomas madel provided only two roost l:rees per pairper

‘year, yet Tesearch has shown that individual pairs of pileated

woodpeckers and white-headed woodpeckers use considers

-ably more than two per vear {Bull and others 1992, Dixon. .

1995). Radio-telemetry studies have shown that hoine range
sizes of pileated woodpeckers (Bull and Holthausen 1993),
white-headed woodpeckers (Dixon [995), and three-toed -and

black _b_ackcd Woodp_eckers {Goggans and others [988) are
‘considerably largér than those used in the Thomas medsl,

Raphaet and White (1984} found that the réfation between
numbers of snags and cavity nesters is not linear; which was
assumed in the THomas model, The substitution factor used
in the Thomas mode] is variable and largely a function of
snag density, Neitro-and others ( 1985} thought allowing
substitufion of snags that reduced the number retained ‘was
not appropriate. The Thoraas model did not take into

-account the habitat needs of some of the secondary cavity

nesters, like: bats -and brown creepers, that use such. snag’
features as foose bark. In addition, Bull-and Helthausen
(1993) found Tower densities of pileated woodpeckers.in nine
study areas than predicted by Thomas and others (1979)
based on the numiber of snaps present. The above studies
present new data suggesting that some of the assumptions
and datauséd iy e Thomas model are not valid, apd that the
pmsmb_eﬂjnap' densities need to he revised: upward

“We know of only three studies i the interior Columbia
River basin that have calentated both the density of snags and
woodpeckers tn ‘managed and unmanaged Tandscapes. Bate
(1995} nsed stx study areas in ponderosa pine stands and found

wopdpecker ab : icted by b densﬂy il

large green. tree density, canopy hewht, a0d number of cahiopy
layers. Of the nine-study areas, only one represented a rela- )
tively tmmanaged forest with the number of snags that piobably |
approximated historical ones. In-this stand, Bate found 3.8
snags greater thian 10 inches d:bh, and 60 percent were larger - ) \ ﬁy’
than 20 inches d.b.h. These snag numbiers supported 32.3 .
woodpeckers per:247 acres and tepresented the study area that
most likely supported viable populations of cavity nesters.
Dixon (1995) found simitar results in some of the same study
-areas Bate used.

Another study reiatmg woadpecker densHy 0 snag densﬁy -

pileated woodpeckers had an average of 4.2 and 3.8 smags (10,
inches or larper d.b-h) per acreand 0.5 and 0.4 nesting pairs per
247 acres, respectively. The two study areas were in lightly- :
managed landscapes predominated by’ mixed-coniferotis stands ..
with a high density of logs.
E_v_a_ns and Martens {1993) recommended densities of
snags for retention on the Payette National Forest based on.
their ecological value, encomipassing soil heaith, seedling
‘regeneration, moisture Tetention, nutrient recycling, and
wildlife use (table 1). The numbers that they recommended.
were derived from actual snag numbers identified during

- /M‘f‘iﬁj
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- snags must be nIaJmed for by ieavwn eSS To eventli--

timber inventory and vegetation plots but were.scaled down
to the lower ranges.of the snag numbers:for the recommenda-
tions and include snags 10 inchés d.b.k. and larger.

Ideatly; datd would be available oh the 6xact fumber of
snags réquired to support specific populanon_s of primary and
'secwterme ¥, this kind of
ilable. We do know, however, that th the.
sna_gnumbers presetited by Thomas and others (1979) ate
not adequate 10 SUPpPOrt the populations mtended because of
& lack of foraging strafa. and invalid assumptions used in the
model. ] “model, If manage ‘management agencies have au objective to manage
for u@je populations of woodpeckers, providing numbers of
snags that have been shown to support viable populations in

the recent studies would be.prudent.
Although snags are the key siruciure typlca]iy focused o for

the al50'isi ial, Some species like the pileated and
white-headed woodpeckers and Amenc_anmartens_ are aseoci-
ated with older forests.. For white-headed woodpsckers, the
snags must be in association with farge-diameter ponderosa

‘pines. - For pileated woodpeckers and martens, logs, large-

diam‘ettér green {rees, ancl 2 ense canopy are ncél@_d. Leavjnb

valne as prowdmg bmloglcal 1egacxes

Snag retention in burns—1Ihe above management implica-
tions-apply 10 healthy green stands. With vast areas of Oregon,
Washington, and Idaho burned by wildfires in the 1990s, there
is much interest in détermining nuinbers of siags to retaim in
burned areas after harvesting, Saab and Dudley (1997) reported
that woedpeckers selected nest'sités with snag densities greater
thain those measured at random sites in ponderosa pine/Douglas:
fir forests with stand-replacing fires. From 10 to.14 snags per
acre were retained in burned stands that were harvested; about:
38 to 42 snags per acre were in-the unbarvested burned stands.
Seven species of cavity nesters using the burned stands selected
Hiest sites with more than 20 SDags PEr acre; WIers Snags were-
distributed in Ghumps: Lewis’ and white-headed woodpeckers,
and American kestrels___scleeted the largest, most heavily
decayed snags available for nesting. Evansand Martens (1995)
presénted recommendations for numbers of saags io leave-n
burmned stands, ,

Green tree replacemens—ﬁnqégs' aré-g dynamic resource;

old snags fall and living trees die fo becomie new snags.

cavity nesters, reahzmg the importance of the forest surrounding.

those suags that fall. Creating snags s costly, however, and
stands are seldom monitored 1o detgxmme when trees need 1o
be killed.

Snag Longevity
Snag longevity, or the amount of time a snag stands, is
essentia} information for managmg the snag resotirce. The
length of time snags stand is a primarv factorin’

nurnher of green iree replacements needed-to mamtam & Specific
spag density over time. Spag longevity is a function of many

factors including species, diameter and beight, percentage of
heartwood, cause of death, 50l type and moisture, forest type,
and prevalence of windstorms. Because so many factors
influence hiow long a snag stands, fall rates should be deter:
mined by species and size class on each managerent area.
Listed below are studies that report snag fall rates. When
possible; the amount of time when 50 percent of snags i a
parficular study have fallen will be reported.

Several studies have reported fall rates of beetle-kiiled
pondefosa pme Keen (1953) reported that 50 percent of the
ponderasa pines in southern Oregon and northeastern

'Cahfomla.fell 9to IO years after death or pumice soils and 6

to 7 years after death on loam soils. The percentages of
snags-that fell after 7 years by dlameter class, are presenied

in the following tabulation:

Diameter class {inches) Percentage

10-18 75
20-28 85
30-38 50
40-48 35
> 50 30

Most of the beetle-killed ponderosa pines in:Colorado fail
between 7 and 10 years after infestation (Schrnid and ‘others
1985). Trees were 7 to 22 inches d.bh,

In northeastern Oregon half the ponderosa plnes less
than 10 inches d.b.h. fell 7 to 8 years after death-afid half
these 10 to 19 inches d.b.k. fell after § to 9 years (Bull
1983). Beetle-killed lodgepole pines have Similar fall rates,
with half of those less than 10 iches d.b.h. falling within §
to 7 yéars and half of'thosé 10 inches and larger: falling after
710 § years (Bul] 1983). In a second study in northeastern:

Snacr degendent w:ldhfe need a coutmuous suppl'y of . snags

] 5{&‘."...' :

ally become Snags in-managed stands. Fo dérermine the
number of green wee replacements, formation o fall rare
of stamding $Hags, snag dernisity, ive stemdensty:-amd
mortaiity rate of live s is required, Various models have
been developed to calculate the number of green tress to
provide for recnuitinent when specific stand inventoty
information is available (Buil and athers 1980, Cimon 1983,
Schommer dnd others 1993). Ifisnags. are to be créated by
killing green trees When the stand becomes snag deficient,
the mumber of green trees requited is less because the
manager does not have to rely on natural mortality to replace

Oregon (Buli and Partndce 1986), half of the pondergsa pine

7 "B TSI ARET D years, ball of the
ponderosa ping S]la__S 70 inches and larger fell after 9 years.

Beetle-killed sprice in Colorado stood much longer than
ponderosa pmesTeported in the studies above. Mielke. (195 0)
foumd thar 84 percent of bestle-killed sprce remain standing
afier 23 jegrs. Hinds and others (1963) found that 72 percent of
MM@M

Fire-killed snags may or may not stand tonger than
beetle-killed snags, depending on the area. Dahms (1949)
Tepored that a litide over half the ponderosa pine snags are
down 10 vears after 2 fire in ¢entral Oregon. In Montana,
nearly half of all 1odgepole pine snags fall by the fifth season
(Lyon 1977). In Califorsia, Kimmey-(1955) described the




breakup of a fire-killed stand, although specific-fall rates
were not presented. In the fourth and fifth year after the fire,

many ponderosa and Jefirey pite (Pinus jeffreyi) broke off at.

the ground or up to.50 feet above the ground. By the fifth
year, the general breakup continued unti] only scatiered
barkless snags and stubs remain.

In portheastern Oregon, different methods of killing
‘ponderosa pines were investigated (Bull 1996¢, Bull and
Partridge 1986). Trees that had been topped stand: the
longest; balf of those less than 20 inches d.bli. are down.
after 10to 12 vears; half of those 20 inches or larger are
down after 12 10 17 years. Half thetrees injected with a
silvicide are down 7 years after treatment. Half the girdled
irees are down 9 years after trearment.

Pall rates of snags that have béen created differ. Ponde-
rosa pines infected with dwarf mistletoe were frilled and
poisoned with an herbicide in the Southwest; after 10 years,
95-percent of those trees are down (Fairweather 1995).

All of these studies suggest that most ponderosa pinie and
lodgepole pine that died from ﬁre or beetles in thie intérior
Colurmibia River basin have fall rates of less than 10 years.
Smali~-diameter snags fall sooner than do larger ones.

Sampling Techniques

Knowledge of snag depsity is essential for managing
forest stands effectively, as well as for complying with.
standards and guidelings. Various methods have been used
to determine snag densities: area-wide counts, fixed radius
circular plots, variable-radius plots using prisms (Bull and.
others 1990) .and variable- smp ransects (Bate and others, in.
press). Total counts of snags over laige areas are very tisoe-
consuming but yield the:most dceurate density information.

Fixed-radius plots typically need to be af least 1 acre because

snags are Usuatly scarce and variance is high. Many plots.
are wsually reqnired to accurately estimate snag density.
Bate and others (in preparation} have developed a more
efficient method of sampling snags than either area-wide.
counts or fixed-radius plots: 'data aie collected from a pilot

sample transect and used in a computer program. The

program determines:the optimal lenigth and width of a $trip
wansect within a given area; the optimal size is that which
minimizes the cost and variance; The program then provides

the mecessary sample size to.obtain a snag density within the

desired statistical bounds. Transect lengths are ejther 164-or
328 feet; ransect widths range from 33 to 131 feet. The

Tabla _1'~=.P_9'nsity of snags reported orrecommernided in fbur_'areas;.
numbers are snags peracre larger than 10 inches d.b.h. (unless
-otherwise stated), and the percentages represent snags Iarger than 20

inches d.b.h.
Locality
Western Central  Northeast  North-centrd

Forest type. Idaho? Oregon®  Qregon® idaho?
Fondergsa pine:

Open canopy® 1.6{75%)

Closed canopy’ 4:8(44%) 4{60%)
Mixed conifer;

Cpen canapy 2.5(72%) _

Closed-canopy 8:0{39%} 3.8(29%)" 10-48
Lodgepole pine:

Open candpy -~ 45 -

Cloged canopy 77
Spruceffir 9.5(21%)

< Hecuummﬁgmﬂg“dmﬁmwsem i

‘numbers-on timber inveriioly plots and fixed-radius. p!ots an ‘me Payetie Natlcmal

Forest; different snag levels recommended for burned.and: unburned stands (Evans

and Martens 1995).

* Spag numbers based on variable-width transects conducted in an unmanaged stand .
of old growth In zertral Oregon whete woodcutting was prohibited {Bate 1995).

& Numbers hased on density of sniags in two 4,000-acre sitidy areas in nodh&dstern

Qregon that-stipporied vigble numbers of puleated wopdpeckers; areas had some

timber harvest but ne.woodeutting {Bull and Holthausen 1983},

9 Densities based on timber inventory plots in unmanaged-stands of large saw timber.
The sniag density varied depending on what snags were. included in the count. The'10
snags pet acre inciuded only énags 15 inches d.b.h. or larger and 50 feet or-taller.
The 48 snags per acre included all snags 15 inches d.b.h. oF larger ¢t any height.

Western white pine snags were:not Sounted- (Crag 1995},
¢ Stands with less than 30 parcent canopy. closure.
f Stands With.more than 30 psrcent canopy: ‘closure.
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progiam also provides a “distribution index,” which is an
estimate of the percentage of the sampled landscape support-
ing target'snags or wees.

Creating Wildlife Trees

In managed stands, refaining existing snags is the thost
acologlcally sound and.- economical appreach to providing
wildlifs trees. If stands are devoid of snags, however, an
optioz is to alter er kill living trees. Depending on the method
used, kilting trees can be costly and may not produce the
desired decay conditions. Years may pass before the decay is
sifficiently advanced to promote cavity-nester excavations.

Bull and Partridge (1986) imvestigated six methods of
killing ponderosa pine. They determined that topping trees
with either a chainsaw or explosives produced snags that
stood the Jongest and received the greatest nesi use by

5/
woodpeckers (figs: 48 and 49), In this snudy, girdling, fungal

inoculation, and beetles attracted by phéromongs did not.
consistently kill the tree. Trees killed by girdling or silvicides
fell over too quickly to provide wildlife nest irees.

Ina study in New Mexico; all of the ponderosa pines
killed by girdling were used for foraging by woodpeckers.
Maost of the trees greater than 16 inches'db.h. were standing.
after 7 years, and abouf 30 percent contained woodpecker nest
sites (Parks 1996b). Because the climate in the New Mexico
sites is drier than in the Oregon study area used by Bull and
Partridge (1986), basal decay of killed trees may have been.
less, so.the trees stood longer. _ _

Recent work by Parks and others (1996a, 1996b) docu-
ments a new method of inoculating live:treés with decay
fungi. Six years after inoculation of 60 living western larch,
14 percent contained woodpecker cavities near the point of-

“inoculation. These trees may remain alive. for decadés with.a
pocket of décay that woodpeckers can use for nesting. Trees’
may be logged next to these trees without safety concerns, and
live trees are less likely than dead trees 1o be lost to fuel-wood
cutters.. These preliminary results for western larch suggest
that-inoculation produces desirablé wildlife trees-ata-lesser
cost than killing trees to create snags.

A variety of wildlife tree structures can: be created with a.
chaingaw in standing, living trees. Trees can be topped
leaving a horizonta} branch structure. on which ospreys
{Pandion halieetus) can build nests (fig. 507, A depression
¢an be cut into the top of a tree that has beéb topped to

4 s Large-diemeter snags provide nest habitat for the greatest
variety of cavity nesters and stand longer than smaller

‘Thousands. of trees have heen killed to creaté snags in the.

interior Columbia River basin in the last IS5 years, Few of
them have been monitored, howsver, to determine whether
Tong-{asting, quality snags were actually produced. Because-
climate and decay organisms differ with area, results of
management activites, sach as snag creation, must be

-monijtored io ensire that results warrant the cost of these -

treatments. We inclhude a data form: to monitor wildlife use of
created spags in appendix A

Recent studies have shown' that the snag model developed

Review
Ponderosa pime, western larch, quaking aspen, and paper
birch are favored tree. species for nest sites of woodpeckers
iri many areas in thé interior Columibia River basin.

snags.

Snags can be classed into three structural classes that areq
simplified version of past decay class categories,

Srags should be provided in every 5- to 25-acre stand. in
clusters it available, on all slope aspects and positions of
the slope, and adfacent to green wées.

craaiely predict (i
woodpecker abundance based on snag bundance, New N
information suggests that fordging strata (snags and other
strictures) must be mcorporated into. any snag moded, and i
that snag minbers need to be reviséd upward.
Pub 1shed data suggest that ) ulatlons of cav1

'companent of old- growth stands;
Snags can-be retained. over time by usmg models for green
tree replacements.

Snag longevity depends on cause ofdeath, free species;
-diameter, helght, amount of heartwood, geographic area,
and site conditions,

Creating snags and other wildlife structures caun mitigate
the loss of matural habitat, but retaining existing structires-
is most cost effeciive and ecologically séund:

DTOUUCE & Nest SLE 10T greal gray owis (fig. 51). Attficial
cavities and hollows can be cut into standing and downed-

trees (figs. 52, 53, and 54). Slits can be cut into treesto create

roosting habitat for bats (fig. 55). These techmquea and

n'.r'hnrc ara doc'r-rl'har'-l i-\v nrn“m F108EY

NI A 2P

Three primary c_on,sléerations In creating wildlife wees are
the target wildlife species for which the structure is being
-{_;rea_ted; the tree species, size of tree, and habitat locality most
likely to be used by the targeted wildlife species; and the
method of altering or killing trees that is most likely fo
produce long-standing trées in a given geographic area.
Rainfall, snowfall, incidence of windstorms, and prevalent
decay organisms all must be considered,
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