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NESTING AND FORAGING HABITAT OF GREAT GRAY OWLS

EveLYN L. BuLL, Marx G. HENJUM AND RONALD S. ROHWEDER!

ABSTRACT.—During 1982-1986, 46 Great Gray Owl (Strix nebulosa) nests were located in northeastern
Oregon. Twenty-five of these nests were on stick platforms, 11 were on artificial platforms, and 10 were
on broken-topped dead trees. Mean dbh and height of trees containing stick nests were 58 cm and 30 m,

respectively, and the majority (76%) of nests were in

five western larch (Larix occidentalis). Broken-topped

dead trees with nests averaged 78 cm dbh and 11 m tall. Forest types in which nests were found included:
Douglas-fir (Pseudotsuga menziesii)~grand fir (Abies grandis) (50%); western larch-lodgepole pine (Pinus
contorta) (29%); ponderosa pine (Pinus ponderosa }-Douglas-fir (15%); and ponderosa pine (7%). Nesting
males foraged primarily in mature, open stands (11-59% canopy closure) of ponderosa pine or Douglas-

fir.

The Great Gray Owtl (Strix nebulosa) is the largest
strigiform found in North America and is an im-
pressive owl of great interest to bird enthusiasts. This
circumpolar species is widespread and occurs in bo-

real forests from Alaska, east to Ontario, south to

Idaho, western Montana, northwestern Wyoming,
porthern Utah, northern Minnesota, northern Wis-
consin, and the Sierra Nevada in California; in
Eurasia, this owl occurs in northern portions of
Scandinavia, Russia and Siberia (American Orni-
thologists’ Union 1983).

Surprisingly little is known about the Great Gray - jgcation of Burr’s (1960) classification by tree species in

Owl, making management difficult. To manage for
the species, information on the habitat used for nest-

ing and foraging is essential. If foraging habitat is,

lacking and prey densities are low, the owls will not

nest even if nest sites are available. If prey is-ade- «-
quate and nest sites are lacking, again there will be
" Douglas-fir-grand fir (dbies grandis), and 4) western larch

no nesting.

Because these owls depend on existing nest plat-

forms such as old raptor nests, proken-topped dead
trees, and artificial platforms (Nero 1980; Mikkola
1983; Winter 1986; Bull et al. 1987; Franklin 1987;
_ Forsman and Bryan 1987), managers have a good

opportunity to manage the species by providing nest .

platforms where they want the owls—provided there
is adequate prey and habitat to support them. It is
therefore essential to know what habitats are suitable
for nesting and foraging.

Our objectives were t0 determine habitat used fors,

nesting and foraging of Great Gray Owls during the
breeding season in northeastern Oregon. Nesting
habitat included the nest tree and the area surround-
ing the tree, in addition to the habitat used by ju-

1 Deceased.

. veniles after fledging who were still dependent on
. the adults. Foraging habitat included areas used by

males who were feeding females and offspring.

STUDY AREA
During March-May 1982 we surveyed for Great Gray

- QOwls in 2 large areas: the arca within a 60-km radius
. around La Grande, Oregon and 2 50 km? area 47 km
- north of Enterprise, Oregon. During 1983-1986 survey

efforts were confined to 4 areas where Great Gray Owls

. were located in 1982—the Spring, Bowman, Sheep and

Thomason study areas.
Forest types in each area were categorized using a mod-

the dominant and codominant crown classes. Dominant
trees were defined as those with crowns extending above
the general level of the crown, and codominant trees were

| those whose crowns formed the general level of the crown

(Smith 1962:33). Each of the 4 study areas contained 4
different forest types: 1) ponderosa pine (Pinus ponderosa),
2) ponderosa pine-Douglas-fir (Pseudotsuga menziesit), 3)

(Larix occidentalis)-lodgepole pine (Pinus contorta).

Successional stages in cach area were classified based
on tree size and stand structure as subclimax, mature,
over-mature and remnant. In subclimax stands all trees
were <30 cm dbh; in mature stands the largest trees were
30-50 cm dbh; over-mature stands were unlogged and
larger trees were =50 cm dbh; remnant stands were typ-
ically logged and had 1-3 trees/ha =50 cm with the re-
mainder of trees <30 cm. The remnant stage identified
stands that did not resemble unlogged over-mature stands
but contained a few large-diameter trees.

The Spring study area (44 km?) was 17 km west of La
Grande at 930-1140 m elevation. Cover types included
conifer forest (63% of area), shallow-soiled grasslands (32%)
and dlearcuts (5%). During the previous 10 yrs, 66% of
forested stands within the Spring study area had been
selectively logged. As a result most forests in this area
consisted of open, park-like stands dominated by ponder-
osa pine. These stands were on deep soils with a dense
cover of grasses. Isolated stands of unlogged, large trees
(=50 cm dbh) comprising 22% of this study area remained
Tsolated stands contained Douglas-fir, lodgepole pine,
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Table 1. Characteristics of 3 types of Great Gray Owl nest structures at 46 nest sites in northeastern Oregon, 1982-
1986.
NEST STRUCTURE
CHARACTERISTIC STICK BROKEN-TOPPED TREE WOODEN PLATFORM

No. nests in Spring 16 1 4
No. nests in Bowman 3 2 2
No. nests in Sheep 5 1 —
No. nests in Thomason 1 6 5
Nest tree species

Western larch 76% 10% 45%

Douglas-fir 20% 20% —

Ponderosa pine 4% 70% 36%

Lodgepole pine — — 18%

z s.D x S.D. H S.D.

Nest height (m) 17 5.05 11 3.88 12 3.01
Tree dbh (cm) 58 17.16 ( 78 ™ 15.24 58 17.20
Tree height (m) 30 4.98 11 3.65 29 8.73
Bole height (m) 10 5.00 8 4.24 13 6.59
Tree age 151 35.07 173 25.40 129. 51.73
western larch, and occasionally grand fir. A total of 52 METHODS

artificial nest platforms were erected in 1984 in the Spring
ar

ea.
Bowman (27 km?) was 50 km west of La Grande at

1380-1500 m elevation. Cover types included coniferous

forest (68%), shallow-soiled grasslands (20%) and clear-
-cuts (12%). Dense stands of. lodgepole pine or mature and

over-mature stands of grand fir and Douglas-fir with some ~
dominated the Bowman .
area. About 60% of the forested area had been logged in .

western larch and ponderosa pine
the 15 yrs prior to our study; lodgepole pine stands had
been clearcut, and ponderosa pine and Douglas-fir stands
had been selectively logged. Fifty-four artificial nest plat-
forms were erected in this area in 1984.

Sheep (78 km?) was 37 km southwest of La Grande at

1290-1500 m elevation. Cover types included coniferous .

forest (68%), clearcuts (12%), wet meadows along streams
(12%) and shallow-soiled grasstands on ridges (8%). Pon-
derosa pine forests occurred on south-facing slopes, and
lodgepole pine stands or mixed stands of Douglas-fir, west-
ern larch and grand fir cccurred on north-facing slopes.
Greater than 80% of the forested area had been logged
(40% clearcut and 60% selectively logged) during the 15
yrs prior to this study-

Thomason (34 km?) was 47 km north of Enterprise at
1350-1470 m elevation. Cover types included coniferous
forest (71%) and wet meadows (29%). Forest stands were
lodgepole pine and ponderosa pine
Douglas-fir, western larch and grand fir. About 80% of
the area had been selectively logged in the 10 yrs prior to
this study. There were 38 artificial nest platforms in
Thomason at the onset of this study.

“-- Radio Telemetry.

or mixed stands of

Locating Birds

ritorial call of a male Great Gray Owl every 0.1 km while
walking through each study area. Areas containing owls
were searched for active nests during the day.

Adult Great-Gray. Owls were cap-
tured with bal-chatri traps, noose poles and mist nets (Bull
1987). Radio transmitters (AVM Instrument Co.—SM1,
1. Module) were placed on 10 males and 13 females and
35 post-fledging juveniles. Transmitters were attached to
the bird with a back-pack harness of 6 mm tubular teflon
ribbon. The entire package weighed 25 g and lasted 242~
505 d. A Telopics TR-2 receiver with a hand-beld 2-
clement Yagi antenna was used for locating owls.

Adult radio-tagged owls were located each spring at
their nests. Juveniles were located every 1-3 d for 7 d
after fledging. Eight nesting males were followed in the
morning (first light until roosting) and evening {departure
from roost until dark) 1-2 times/wk from the time trans-
mitters were put on until 2 mo after fledging, or until the
radio failed or the nest was abandoned.

Habitat Quantification. Variables recorded at nests
included nest type (stick, broken-topped dead tree, or ar-
tificial platform), nest height (m), tree species, dbh (cm),
height (m), age (increment bore used), and bole height
(height of lowest five branch) (m) (Table 1). Stick nests
were classified as natural platforms created by dwarf mis-
tetoe (Arceuthobium spp.) or as vacated nests built by
Northern Goshawks (dccipiter gentilis) or Red-tailed
Hawks (Buteo jamaicensis). At 4 sites we saw hawks con-

and Nests. Owls were located after
dark in February, March and April by imitating the ter-

g
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Table 2. Habitat characteristics in circular 0.1-ha plots
centered on 46 Great Gray Owl nests in north-
eastern Oregon, 1982-1986.

Fre-
CHARACTERISTIC x S.D. QUENCY
Forest type
Douglas-fir-grand fir 50
Lodgepole pine-western larch 29
Ponderosa pine~Douglas-fir 15
Ponderosa pine 7
Successional stage
Mature 26
QOver-mature 41
Remnant 33
Logging
None 72
Partial cut 19
Adjacent to clearcut 9
Canopy closure (%)
0-10 7
11-59 30
=60 63

Live trees/0.1 ha =50 cm dbh 32 251
Dead trees/0.1 ha =50 c¢m dbh 1.0 210
Lave trees/0.1 ha <50 cm dbh 267 1470
Dead trees/0.1 ha <50 cm dbh 9.2 7.80
Leaning trees/0.1 ha <10 cmdbh 5.1 14.45

Regeneration (trees/0.1 ha) 41.8 55.47
‘Distance to water (m) 231.6 209.98
Distance to clearing (m) 774 7013

structing nests in prior years; at the remainder, a nest’

below the canopy in a dense forested stand was classified
as an old Goshawk nest, and a nest high in the canopy of
2 more open forest was classified as an old Red-tailed
Hawk nest.

In 2 creular 0.1-ha plot centered on each nest, we
recorded the variables listed in Table 2. Regeneration

mncluded all trees =10 cm dbh. We also recorded landform -

(Rat, draw, or slope), slope aspect and gradient, number

of canopy layers and height (m) of tallest canopy. With.

aerial photos (scale 1:24 000) and a planimeter, we de-
termined the percent area in forest, grassland, clearcut and

* selectively logged forest within a 500-m radius of each

nest. The linear distance in edge between forest and grass-
land within the 500-m radius was calculated with a map
measure. Edge was defined as 2 60-m wide band where
forests and openings met.

Juvenile owls were located every 1-3 d during the week
after fledging. Each time a juvenile owl was located, we
recorded type of perch used (branch, leaning tree, or top
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of a broken-off dead tree) and perch height. Tree species,
condition (live or dead), dbh, and height of the tree used
for perching were measured. In addition we noted the
presence of leaning trees that provided owlets access to
perches in upright trees. For the next 2 mo, juveniles were
Jocated every 1-2 wks and locations recorded on aerial
photographs.

While following radio-tagged males, activity and habitat
use data were recorded at 15-min intervals and each time
an owl hit the ground when pursuing prey (hereafter

" referred to as a foraging site). Activity categories were
. hunting or roosting. Birds actively searching for prey,

flying from perch to perch, and staring intently at the
ground were classified as hunting. Birds quietly perched
in a tree next to the trunk and not watching the ground

" intently were classified as roosting.

Every 15 min we recorded location of the bird on an

~ aerial photo, estimated canopy closure over the bird and

recorded forest type, successional stage, physiognomy of
the stand (open or dense forest or edge), logging activity,

. number of stand layers, type of perch and tree species
. supporting perch. If 2 bird was roosting when first located,

we recorded the data once and waited until the bird left
the roost before continuing.

At each foraging site we recorded percent, height and
type of ground cover within a 1-m radius, presence or
absence of downed wood within 2 1-m radius, diameter

* (at largest point) of the downed wood, distance owl flew

to prey, height of perch, diameter of perch tree and distance
prey, néig

. to nest. Home range of hunting males was delineated by

connecting the outermost radio Jocations to form minimum

- convex polygons which were then measured with a pla-

nimeter.

LANDSAT data (Isaacsen et al. 1982) were used to
determine forest canopy closure classes (0-10%, 11-59%
and =60%) available in 3 of the study areas and in the
home range of 5 of the 8 males. The 0-10% class comprised

opénings; the 11=59% class contained relatively open stands,

many of which had been selectively logged; the >60% class
was primarily unlogged, overmature forest stands.

Density. We calculated density of active nests of Great
Gray Owls in Spring and Thomason by counting the
pumber of nests within a polygon defined by the outermost
nests in 1984. We chose 1984 because we believe all nesting
pairs within the polygons were located that year. We did
not present the density as pumber of nests/study area
because we believe all nests in the study areas were not
found. )

Analysis. Chi-square analyses were used to compare
the observed number of foraging locations in each canopy
closure class and in edge with the expected number of
locations based on the percent edge and canopy closure
classes in the home range of each radio-tagged male. We
compared habitat characteristics of hunting birds in Spring
with those in Bowman and Shecep using 2 Chi-square
analysis. Habitat used by 3 birds studied in Sheep and
Bowman were combined because of the small sample size
and because the 2 areas had similar habitat and logging
activity. We used P < 0.05 as the level of significance. We
could not test for preference for nest type or nest habitat
because we did not determine the number or distribution
of available nest sites.
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RESULTS

Nest Sites. During 1982-1986, we located 46 nests,
‘14 of which were used more than once (Table 1).
Of the 14 nests used more than once, 6 were used
2 years, 6 were used 3 years, 1 was used 4 years,
and 1 was used twice in the same year, so we ob-

served 69 nesting attempts on 46 nest structures.

Fifty-four pecent of the nests were stick platforms,
24% were artificial platforms and 22% were natural

depressions on broken-topped dead trees (Table 1).

Of the stick nests, 68% were originally made by

Northern Goshawks, 12% were made by Red-tailed

Hawks and 20% were natural platforms created by
dwarf mistletoe infections.
All 3 types of nests were commonly used, although

nests in broken-topped trees and wooden platforms '

had a lower rate of nest failure (20%) than did nests
in stick platforms (34%), suggesting that the latter

was a less stable structure because young or eggs fell -
through on at least 4 occasions. The majority of stick '

nests were in large diameter (=50 cm dbh) live

western larch (Table 1). The majority of nests in |
broken-topped dead trees were in large diameter

ponderosa pine at least 7 m tall. Nests in wooden

platforms were at least 9 m above the ground in live .

trees.

The mean size of 11 stick nests was 74 cm (SD-

= 17.32) long, 65 cm (S.D. = 11.97) wide, 27 cm

(S.D. = 14.04) high, with a depression 7 cm (S.D.:
= 2.70) deep. The only nest on a broken-topped :
"~ dead tree that was measured had a circular depres- -
sion in the top of the tree that was 56 cm in diameter .

and was 26 cm deep-

The majority of the nests occurred in Douglas-
fir-grand fir forest types and in over-mature and
remnant stands (Table 2). Sixty-nine percent of nests
occurred on slopes, 22% on flat ground, and 9% in
draws; mean slope gradient at nests was 13% (S.D.
= 9.28). Sixty-five percent of nests were on porth-
facing slopes. Northern aspects are preferred by
Northern Goshawks (Reynolds et al. 1982), the pri-
mary builder of nests used by Great Gray Owls.

Western larch comprised the dominant crown class
at 52% of nest sites, ponderosa pine 28%, and Doug-

las-fir and grand fir the remainder. Ponderosa pine

comprised the dominant crown class at nests in
Thomason, and western larch comprised the dom-
mant crown class in the other study areas. The co-
dominant crown class was comprised of lodgepole
pine at 51% of the nests, Douglas-fir at 31% and
ponderosa pine at 18%.
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Seventy-two percent of nest sites had not been

 logged, but 60-80% of stands in each study area had
~ been logged. Forty-four (96%) of 46 nest sites had

= 2 canopy layers, the tallest layer having a mean
héight of 34 m (S.D. = 4.90). Density of live trees
< 50 cm dbh at nest sites ranged from 5-64 stems/
0.1 ha, and of live trees = 50 cm dbh ranged from
0-10 stems/0.1 ha. Density of dead trees ranged
from 0-36 stems/0.1 ha at nest sites. Regeneration
ranged from 0-290 stems/0.1 ha.

Area in forest within a 500-m radius of each nest
ranged from 52-99%, and forested area that had
been logged ranged from 0-97%. The amount of
edge between forests and openings within 500 m of

* the nest averaged 4.2 km (range = 0.7-8.3 km). The

amount of area in natural openings within 500 m
of the nest ranged from 0-40%. Nests in Thomason
contained the greatest amount of natural opening (x
= 25%), and nests in the other 3 study areas con-
tained 13-15%. Bowman contained the greatest
amount of clearcut area (13%) within 500 m of nests;
nests in the other 3 areas contained =6%. Total area
in openings (natural and clearcut combined) ranged
from 18-26%.

Nest Site Fidelity. We observed 18 nesting at-
tempts by 9 pairs where at least 1 member of each
pair was radio-tagged. Of the 18 nesting attempts,
39% were on the same nest the next year, 39% were
within 1 km of the nest used the previous year, and
22% were farther than 1 km away from the nest

wused the-previous- year.- Average. distance. between

alternate nests was 1.3 km (range = 0.2-4.5 km,
Fig. 1). In 4 cases in which a bird or a pair moved
farther than'1 km from their previous year’s nest,
we found previous nest sites occupied by new pairs.
Density. Shortest distance between 2 active nests
was 430 m; 2 other nests were 460 m apart. In 1984
the minimum density of owls was 7 pairs/9.4 km?
(entire study area was 44 km?) at Spring and was
5 pairs/2.9 km? (entire study area was 34 km?) at
Thomason. AT Spring, 2 different females used the
same nest in 1984 and were counted as 2 pairs.
Perches Used by Juveniles. Owlets left the nest
before they could fly but were capable climbers,
using talons, bills and wings to claw and flap their
way up tree trunks. For the first few days, leaning
trees with bark were easiest for the young to climb.
After several days, juveniles could climb up some
vertical trees, particularly those with branches or
deeply fissured bark (characteristic of large-diameter
trees). As owlets aged, they perched higher in the
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Figure 1.
in successive years by the same bird.

canopy. Perches used the first week after the young -

left the nest averaged 6.2 m (S5.D. = 4.1 3) above the
ground, had an average canopy closure of 50% (S.D.
= 22.16) and were all within 200 m of the nest.

Of 116 perches used by juveniles, 67% were lean-

ing trees or trees which could be reached by climbing '

a leaning tree; the remainder were branches or bro-

~ ken-topped trees. Leaning perch trees were typically

small-diameter (¥ = 16 cm, S.D. = 7.82) lodgepole '
or ponderosa pine, with an average of 87% (S.D. = .

23.80) of the bark remaining. Branches used as

perches were typically in live ponderosa pine or .

Douglas-fir trees with a mean dbh of 37 cm (S.D.

= 20.10).
After leaving the nest, juveniles typically moved

toward dense forest cover (if the nest was not in a
~\_’_~___‘

Locations of nests of radio-tagged Great Gray Owls in Sp;—;ng area 1982-1986. Lines connect nests used

dense stand). Within 2 wks after fledging juveniles
gradually became more mobile but generally stayed
within forest stands with =60% canopy closure (Fig.
2). Family group C ranged the farthest and roosted

.less frequently in stands with dense canopies than

did other family groups (Fig. 2).

Foraging Habitat. During 229 hrs of radio-
tracking 8 male Great Gray Owls, we recorded 223
foraging sites and 622 hunting locations at 15-min
intervals. Males usually hunted in open forested
stands from perches dose to the ground. Hunting
perches averaged 5.5m (8.D. = 6.65) high and were
in trees with mean dbh of 27 cm (8.D. = 14.06).
Mean distance males flew from perches to prey was
10.5 m (S.D. = 9.39). Vegetative ground cover at
foraging sites averaged 88% with an average plant

N\
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Figure 2.
Juveniles were located during 2 mo after fledgi
groups C and D nested in 1985.

height of 21 cm. Grasses dominated in 96% of the:
sites. Downed wood with a mean diameter of 20 cm
was present within 1 m in /7% of the sites. . |
Mean distance the 8 males moved from the nest
when hunting was 0.62 km. One male foraged no’
further than 0.7 km from his nest, whereas the great--
est distance foraged by a male was 3.2 km. Home
range of 5 males with = 90 foraging locations av-
eraged 4.5 km? (range = 1.3-6.5 km?).
There was a significant difference in canopy clo-
sure of stands used for foraging by 5 males compared
to expected use based on availability (2 values for
5 males: 48.1, 41.1, 37.3, 109:.8, 58.4; 2 df, P <
0.01). Males preferentially foraged in stands with

ome famge~

:0,5 mz(Bo’!(D Gbﬂ,\)

Location of nests and perches used by juveniles of 4 Great Gray Owl family groups in Spring study area.

ng. Family groups A and B nested in 1983, and family

11-59% cariopy closure and avoided clearings: Four

of the males avoided stands with >60% canopy
closure, while 1 male used such stands in proportion
to their occurrence. Use of edge was significantly
greater (P < 0.05) than expected with 2 males, less
than expected with 2 males, and not different than
expected with 1 male. A

There were significant differences between 5 for-
aging males at Spring and 3 at Sheep and Bowman
in all habitat variables measured except canopy clo-
sure (Table 3). Males at Spring hunted more often
in stands that were open, logged, younger, with 1-
2 canopy layers and containing more ponderosa pine
than did males at Sheep and Bowman (Fig. 3). Males

B =l D km =
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at Sheep and Bowman hunted more often in stands
that were unlogged, older, with 2-3 canopy layers
and containing more Douglas-fir and lodgepole pine.
Males roosted during the day in stands with 11-
59% canopy closure (71%) and stands with 60% or
more canopy closure (29%)- Eighty-three percent of
62 roost sites were in mature or older stands with 2
or more canopy layers. Sixty-eight percent of roosts
were in unlogged stands. Owls roosted at least 7 m
above the ground 56% of the time, 3~6 m above the
ground 38% of the time and lower than 3 m 6% of
the time. . :

DiscUSSION
Great Gray Owls are versatile in their use of nest

_ structures and readily use artificial nests. In Finland

Mikkola (1981) observed the species using nests on
branches, on stumps, on the ground, on a cliff and
on a barn. Great Gray Owl use of artificial nest
structures has been reported by Nero et al. (1974),
Nero (1982) and Helo (1984) and provides oppor-
tunities for management. Owls may prefer artificial
structures over natural platforms; 3 females in our
study nested on platforms even though stick nests
were available nearby.

Great Gray Owls are flexible in their use of hab- -
itats as well. Nero (1980) and Servos (1986) found -

Great Gray Owl nests in poplar (Populus spp.) and
tamarack (Larix larcinia) trees adjacent to muskeg

~ in Canada. Winter (1986) found nests on dead trees
in conifer forests only within 260 m of meadows in- -

California. Harris (1984) described nests in forests
of tamarack and black spruce (Picea mariana) in
Canada, and Mikkola (1981) reported nests in dense
spruce and pine forests, deciduous stands, wet spruce
moors, and swamps in Finland and Sweden. Mik-
kola (1981) suggested that the owls preferred edges
of older stands rather than the interior of large, dense
forests. In Oregon we found Great Gray Owl nests
in all forest types available within the study areas;
however, the majority of nests were in over-mature
or remnant stands of Douglas-ar and grand fir forest

types on north-facing slopes.
Although the majority of each study area had been

logged within 15 yrs of our study, 72% of nests-
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Table 3. Foraging site characteristics of 8 nesting male
Great Gray Owls in northeastern Oregon, 1985
(data in percent).

SHEEP/
SPRING BowMaN?

CHARACTERISTIC (N = 357) (N = 265)
Forest type (% = 264.2, 3 df, P < 0.01)
Ponderosa pine 62 3
Ponderosa pine-Douglas-fir 25 5
Douglas-fir-grand fir 11 60
Lodgepole pine-western larch 2 32
Successional stage (o2 = 12.1, 3 df, P < 0.01)
Subclimax 23 17
Mature 61 58
Over-mature 6 6
Remnant 10 19
Physiognomy of stand (2 = 82.6, 2 df, P < 0.01)
Open forest 84 51
Edge . 14 30
Dense forest 2 19
Logging (2 = 54.2, 2 df, P < 0.01)
Unlogged 25 49
Partial cut 74 46
Clearcut 1 5
No. stand layers (x% = 130.6, 2 df, P < 0.01)
1 46 13
2 52 54
3 . 2 33
“Perch location (x2 =28.3; 2 df, P <0.01) - . -
Branch 68 55
Trunk 27 25
Leaning tree 5 20
Tree species of perch (x2=3182,3df, P < 0.01)
Ponderosa pine 82 7
Lodgepole pine 9 55
Douglas-fir 7 25
Other 2 13

aThe 3 birds in Sheep and Bowman were combined due to sample
size.

portant habitat components for fledglings. Owlets
1eft the nest before being able to fly, but leaning trees

occurred in unlogged stands. Either owls preferred
unlogged stands or there was a disproportionate
number of potential nest sites in stands, as logging
activities often remove large-diameter live and dead
trees that could support nests.

Leaning trees and dense cover near nests are im-

* to terrestri

enabled owIets to climb to perches above the ground.
Without leaning trees owlets would be vulnerable
predators.

Male Great Gray Owls foraged in a variety of
habitats; partially logged stands did not appear to
be detrimental, as 62% of foraging locations occurred
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Locations at 15-min intervals of a hunting male Great Gray Owl in Spring study area during daylight.

Observations were made on 10 d from 1 April-22 July 1985.

there. Open stands of mature forests were used most
for foraging, while subclimax and dense over-mature
stands and clearcuts were used less frequently. Win-
ter (1986) reported that Great Gray Owls foraged
primarily in or along meadow edges; Franklin (1987)
found them foraging in clearcuts. Factors that are
important in foraging habitats include high prey
density, perch availability and forests that are open
enough to allow birds to move freely. ‘
Relatively close spacing of some nesting pairs in
Oregon support the belief that Great Gray Owls
defend only the immediate vicipity around a mest
(Bull and Henjum 1987). Hoglund and Lansgren
(1968) reported pairs within 100 m of each other in

Sweden; Mikkola (1 976) reported 3 nests within 400
m of each other in Finland; and Wahlstedt (1974)
reported 5 pairs within 3 km in April. More recently,
Lehtoranta (1986) found 2 nests in Finland only 49
m apart, but since only 1 male was seen, polygamy
seems possible.

Because the species does not enerall
mutu W, fairly high densities
can be obtained. Mikkola (1 981) reported 8 nests in
100 km? in Finland, and Wahlstedt (1974) found 5
nests and an additional 4 pairs that he believed were
nesting in a 100 km?® area in Sweden. In Oregon we
found the highest density of nesting Great Gray
Owls reported for either North America or Europe.

aintain
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HABITAT USE AND MANAGEMENT OF PILEATED WOODPECKERS IN
NORTHEASTERN OREGON

EVELYN L. BULL, USDA Forest Service, Pacific Northwest Research Station, 1401 Gekeler Lane, La Grande, O/R 97850
RICHARD S. HOLTHAUSEN, USDA Forest Service, Pacific Northwest Region, P.O. Box 3623, Portland, OR 97208

Abstract: We determined home range size and habitats used by pileated woodpeckers (Dryocepus pileatus)
to provide essential information for proper management of the species in northeastern Oregon. Twenty-three
pileated woodpeckers fitted with transmitters were followed for 5-10 months (Jun-Mar) during 1989-90.
Mated pairs (n = 7) ranged over smaller areas (¥ = 407 ha) than birds (£ = 597 ha) whose mates had died
(n = 9). Habitat use within home ranges was not random. Stands with old growth, grand fir (Abies grandis),
no logging, and =60% canopy closure were used more (P < 0.01) than expected, and all other types of stands
were used less than expected. From June until March, 38% of the observations of foraging were on downed
logs, 38% on dead trees, 18% on live trees, and 6% on stumps. We recommend that management for pileated
woodpeckers in northeastern Oregon include increasing density of snags for nesting and foraging, increasing
density of downed logs in foraging areas, and increasing management areas from the existing 121 ha to 364

- ha of forest, Within-these areas, we recommend that-75%be in grand fir fores. type; 25% be-old growth; and - -

the remainder in mature stands.

- the remainder be mature stands; at least 50% have =60% canopy closure; and at least 40% be unlogged with

J. WILDL. MANAGE. 57(2):335-345

The pileated woodpecker was selected as a
management indicator species for older forests
by some regions in the U.S. Forest Service be-
cause it nests and roosts in large-diameter dead
trees or snags (Hoyt 1957, McClelland 1977,
Harris 1982, Bull et al. 19925), and is largely
dependent on dead wood (standing and down)
for foraging (Bull 1987).- These habitat com-
ponents are most common in older forests.

Management for pileated woodpeckers on
public lands in the western United States has
been based on guidelines that recommend leav-
ing specified densities of snags for nesting and
roosting to provide for different population lev-
els of woodpeckers (Thomas et al. 1979, Brown
1985). In addition, 121-ha patches of older for-
ests have been maintained for nesting pairs on
National Forests in the Pacific Northwest Re-
gion. Neither of these management approaches
has been tested, however, to ascertain whether
it supports the woodpecker in eastern Oregon.

Research conducted elsewhere suggests that
the 121-ha management areas are inadequate
in coniferous forests. Radio-tagged pileated

‘woodpeckers in western Oregon had home rang-

es of 257-1,056 ha (Mellen et al. 1992). In con-
trast, radio-tagged birds in Missouri used only
53-160 ha during April-August (Renken and
Wiggers 1989). However, this research was con-
ducted in deciduous forests that are typically
more diverse than coniferous forests, so a com-
parison of home range sizes is not valid.

We felt it necessary to determine population
density of pileated woodpeckers in 9 study areas
with different snag densities to test the snag
guidelines currently in use, and to test the ex-
isting guidelines for 121-ha management areas
maintained in old-growth conditions in the Pa-
cific Northwest Region.

We are grateful to M. A. Bishop, H. D. Coo-
per, R. D. Dixon, J. E. Hobmann, S. M. Lind-
stedt, and A. L. Wright for their assistance with
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Table 2. Habitat characteristics (averages) within the home ran

woodpeckers, northeastern Oregon, 1989-91.

J. Wildl. Manage. 57(2):1993

ges and within 4 size classes of home rang/és of pileated

Home range size class (ha)

All
Characteristic . pairs <300 300-499 500-799 >800

n (home ranges) 7 6 .8 1
Home range (ha) 407 220 370 647 1,464
Home range (forested , .

ha only) 364 208 345 566 1,324
Forest type series (%) :

Ponderosa pine® 3 2 13 68

Douglas-fir 23 27 19 ' 34 26

Grand fir 74 71 79 _ 53 5
Successional stage (%)

Young 6 5 4 . 8

Mature 70 59 71 67 88

Old growth 24 41 22 29 4
Logging activity (%)

None 43 - 81 38 64 9

Partial 49 19 53 34 81

Shelterwood L . 8 9 2 10
Canopy closure (%) '

<10% 8 7 4 15

10-59% 41 24 43 52 68

=60% 51 75 50 44 17

2 Values are percentage composition of the home ranges.

b Best predictor (R2 = 0.78; P < 0.01; stepwise multiple regression) of home range size.

Douglas-fir, and western larch snags were pre-
ferred (F =7.48; 5, 75 df; P < 0.01). Snags =38
cm dbh also were preferred (F = 63.05; 3, 45
df; P < 0.01). '

-~ Dead-standing -trees-and-logs were particu-
larly important for foraging, yet their use
changed over the year (Fig. 3). When we com-
pared foraging strata without snow (<5 cm)
with foraging strata with snow (>5 cm), we
noted an increase in use of live trees (17-22%),

an increase in use of dead trees (35-55%), a -

decrease in use of logs (41-18%), and a slight
decrease in use of stumps (7-5%).

DISCUSSION

We believe that home ranges did not overlap
a great deal except in situations when birds had
lost mates. Birds whose mates had died usually
had more overlap and larger home ranges than
did pairs. These birds may have expanded their
ranges to search for mates, or to forage over
larger areas because of poorer habitat.

We were unable to predict size of home range
very accurately with the habitat variables. How-
ever, the birds did not use habitat within their
home ranges at random and selected for stands

with old growth, grand fir, no logging, and >60% -

canopy closure. Similarly, Conner (1980) re-
ported that pileated woodpeckers in Virginia
used the oldest stands with the highest basal area
and density of stems available for foraging,

~“The snag densities in the study areas were |

variable, and while we did not consider some
areas (Spring and Wallowa) capable of sup-
porting self-sustaining pileated populations, we
felt others (Bear and Syrup) were self-sustaining
and capable of acting as sources for other areas
because of the high density of pairs (7 and 5
pairs, respectively) and successful reproduction
(75% of nesting pairs fledged young). We esti-
mated that 16% of the snags =51 cm in Bear
and Syrup had resulted from activity of spruce
budworm or Douglas-fir beetle, so 16% of the
snag density can be subtracted from the total to
yield a density without the influence of an insect
outbreak. We were unable to judge the ability
of the remaining areas to support self-sustaining
pileated populations because of only 1 year of
observations and very variable reproduction.
Our observations of foraging differed some-
what from observations in the eastern United
States. Conner (1980) reported more snags (49%)
and live trees (45%) and fewer downed logs (1%)
used by pileateds for foraging in Virginia. Con-
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Table 3. Characteristics of foraging strata (%) where pileated woodpeckers were observed foraging, and characteristics of

available logs and snags that were measured at 240 plots (20 x 20 m) in 12 home ranges, northeastern Oregon, 1989-91.

Downed log

Snag

Live tree '
Characteristic Observed Plots Observed Plots observed
Tree species*
Grand fir 23 28 47 75 41
Douglas-fir 25 6 21 9 21
Ponderosa pine 30 27 16 5 16
Western larch 20 14 14 -7 S 21
Other® 2 25 2 4 1
Dbh (cm)®
<25 : 26 46¢ 8 59¢ 9
25-37 34 33 26 27 27
38-50 - 24 12 30 9 29
=>51 16 8 36 5 35
Decay class® .
Recent-dead 1 18 24 )
Intermediate-dead : 23 66 61 -
Long-dead 76 16 15 .
n ) 995 2,779 1,080 558 484

3 Species of logs (F = 5.98; 5,45 df; P < 0.01;<f‘riedman's) and snags (F = 7.48; 5,75 df; P < 0.01; Friedman's) not used in proportion to

availability.
b Primarily lodgepole pine.

¢ Diameter classes of logs (F = 3.28; 3,.33 df; P = 0.03; Friedman’s) and snags (F = 63.05; 3, 45 df; P < 0.01; Friedman's) not used in proportion -

to availability.
d Limited to 15-24 cm dbh.

¢ Long-dead logs preferred (F = 47.67; 2, 22 df; P < 0.01; Friedman's).

ner (1979a) also reported a variety of foraging
strategies for pileateds with the majority of ex-
cavation occurring in winter, and more peck@ng_

~ and scaling occurring ‘during the spring and

summer. Excavation involved gaining access to
interior wood where the woodpeckers fed pri-
marily on ants, probably carpenter ants (Cam-

spp.) (Bull et al. 1992a). Pecking the bark may
have uncovered some ants (Lasius, Leptotho-
rax) and beetles that occurred under the bark
rather than in the interior wood (T. R. Torgersen
and E. L. Bull, unpubl. data). Tree gleaning

occurred primarily in June and July on live .

Douglas-fir and grand fir when the birds were
probably feeding on larvae of western spruce

"budworm. We found budworm mandibles in

woodpecker scats (Bull et al. 1992a).

We observed pileated woodpeckers gleaning
branches of live Douglas-fir and grand fir that
were infested with western spruce budworm lar-
vae in June and July. This timing coincided with
the highest use of live trees (42%) that we ob-
served and also coincided with the greatest
abundance of the large, late-instar budworms
(Fellin and Dewey 1986). Use of live trees again
increased from November to January when we
observed woodpeckers frequently excavating at

the base of live western larch. We think they
were feeding on carpenter ants in these larch
because ant galleries were evident in some of

 them. Conner (1981) also noted pileateds feed- -

ing on carpenter ants near the base of live trees
in winter.

Use of snags was greatest in the winter, pre-
sumably because logs became inaccessible when
snow covered them. Shallow snow apparently
did not preclude use-of logs because we observed
birds wiping snow off logs with their bills and
then feeding in the log. ’

MANAGEMENT IMPLICATIONS

Past management for pileated woodpeckers
followed guidelines presented by Thomas et al.
(1979) that were based on providing specified
snag densities in 121-ha territories. These guide-
lines were based on the best knowledge available
at the time. From our findings, we now know
that 121-ha areas are much smaller than ob-
served pair home ranges, and habitat compo-
nents other than snags are important in man-
aging for pileated woodpeckers in northeastern
Oregon. Management plans for pileated wood-
peckers should be revised to incorporate this
new information.

We recommend using an average home range
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INTRODUCTION

A T e

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 structures for foraging, nesting,
denning, roosting, and resting. Most notable of these wood-
using wildlife species are the primary cavity nesters, the
woodpeckers and nuthatches, that excavate nest cavities in .
decayed wood in standing trees. Their vacated cavities are
subsequently used by many other birds and mamimals.

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 regulating their populations. Machmer and Steeger
(1995) provide a thorough review of the effect these birds
have in reducing numbers of tree-feeding insects.

Tree decay is an important ecological process affecting
wildlife habitat. Once begun, the decay process can take
hundreds of years as a tree dies, falls to the ground, and
decomposes into the forest floor. As it decays, the tree
supports many different wildlife groups that use it for
foraging substrate, for nesting, and for shelter. The group of
wood decomposers is diverse. It includes many arthropods,
but in this publication, we focus on decay fungi as the
primary organisms in decay. Decay fungi are an essential
resource to forest ecosystems in storing and retaining
nutrients and in soil development.

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 trees with decay (such as
internal decay), hollow trees, trees with brooms (misshapen
branches), dead trees (snags), 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 to help in selecting the best structures to
retain, and managementémplications. Atthough this docu-
ment cannot prescribe the amount of landscape to manage

for a particular species or a specific, desired population size,
it does present information managers can use 10 make
informed decisions regarding the conservation and enhance-

ment of dead wood structures most valuable to wildlife.
Forest management practices that fail to properly manage

wood components may adversely affect wildlife, soil and
stream quality, and forest ecosystem functions.
The information included here applies to coniferous

forest lands in the interior Columbia River basin; the area

east of the crest of the Cascade Range in Oregon and
Washington, all of Idaho, and a portion of western Montana
(fig. 1). Tree species characteristic of high-elevation forests,
(such as whitebark pine [Pinus albicaulis], alpine larch
[Larzxvlyallzz}, mountain hemlock [Tsuga mertensianal, and
Pacific silver fir [4bies amabilis]) are excluded because they

typically grow where active management for wildlife trees is

seldom needed; these areas are seldom logged. Most of the
tree species we deal with here are conifers, although black
cottonwood (Populus trichocarpa), quaking aspen (Populus
tremuloides), and paper birch (Betula papyrifera) are

Figure 1—The interior Columbia River basin.



Snag distribution—Snags can either be left in clusters or
scattered across the landscape, although where to retain them
depends largely on where they currently are. Typically,
snags are in clumps naturally because the agents of disease,
insects, fire, or flooding that kill many trees act in a localized
area. Clusters of snags may be easier to protect during
management activities than snags evenly distributed across
the landscape. Worker safety is an issue when harvesting
adjacent to snags. Retaining snags in clusters, as well as the
live trees between the snags, keeps workers away from snags
and provides canopy cover for wildlife using the snags.

Two studies on woodpecker use of snag clusters reported
different results. No difference was found between woodpecker
use of snag clusters versus scattered snags in western Oregon
(Chambers 1997). In areas where stand-replacement fires had
burned in ponderosa pine/Douglas-fir stands in Idaho, Saab and
Dudley (1997) found that cavity nesters as a group select

% clusters of snags for nest sites instead of evenly spaced trees.

it Most studies recommend managing snags in every 5- {o

. .acre patch (Bse 1995, Evans and Martens 1995).
Because woo@iekers are territorial, only one pair of each
species occuples the same territory; therefore, to attain the
maximu-qensity < o1
uted across:the latidscape. .,

In addition, retaining snags on all aspects and on all posi-

tions of the slope ensures habitat availability for wildlife species
with different preferences 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 travel 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 winter but
only a third of the time in summer (Bull 1995).

1-— Retaining snags close to living trees provides cover for

- - cavity-users. -If snags are retained in the middle of a clearcut, -
species like northern flickers, Lewis’ woodpeckers, bluebirds,
and American kestrels (Falco sparverius) will use them for

nesters snags need to be distrib- -

nestmg, but most other woodpeckers will no‘tﬁbt in open areas.

In many areas, fuel-wood cutters are likely to remove
¥sitags along roads. This potential problem can be remedied
by not leaving snags in areas that are accessible to fuel-wood
cutters or by not counting snags left adjacent to accessible
roads toward the number retained for a particular stand.

In summary, wherever the objective is to provide viable
populations of primary and secondary cavity nesters, prudent
managers will provide large-diameter spags when available,
snags in a variety of structural classes, snags in every 5- to 25-
acre 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 species in the interior
Columbia River basin (Bate 1995, Bull and Holthausen
1993 Dixon 1993 Evans and Martens 1995) (table 1). The

(19?9). pr:sm‘bed the number of n_eit and roost trees to leave,

woo&pecker mpulauons but the number was
i beseiea & Evpothetical, uniested model and did not include
. azzysnagsftw:a:avm: ‘Three studies (Bate 1995, Bull and

= /e/" 2/

Holthausen 1993, Dixon 1995) conducted in eastern Oregon
have shown that retaining foraging SEUCTIIE i5 eSsemtial, m
addificnto o i managed landscapes. The
Thomas model provided only two roost trees per pair per
year, yet research has shown that individual pairs of pileated
woodpeckers and white-headed woodpeckers use consider-
ably more than two per year (Bull and others 1992, Dixon .
1995). Radio-telemetry studies have shown that home range
sizes of pileated woodpeckers (Bull and Holthausen 1993),
white-headed woodpeckers (Dixon 1995), and three-toed and
black-backed woodpeckers (Goggans and others 1988) are
considerably larger than those used in the Thomas model.
Raphael and White (1984) found that the relation between
numbers of snags and cavity nesters is not linear, which was
assumed in the Thomas model. The substitution factor used
in the Thomas model is variable and largely a function of
snag density. Neitro and others (1985) thought allowing
substitution of snags that reduced the number retained was
not appropriate. The Thomas 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 loose bark. In addition, Bull and Holthausen ?
(1993) found lower densities of pileated woodpeckers in nine

study areas than predicted by Thomas and others (1979)

based on the number of snags present. The above studies

present new data suggesting that some of the assumptions

and data used in the Thomas model are not valid. and that the

prescribed snag densities need to be revised upward.

We know of only three studies in the interior Columbia -
River basin that have calculated both the density of snags and
woodpeckers in managed and unmanaged landscapes. Bate
(1995) used six study areas in ponderosa pine stands and found

wogodpecker abi i redlcted b density, T

layers. Of the nine study areas, only one represented arela-
tively tnmanaged forest with the number of snags that probably
approximated historical ones. In this stand, Bate found 3.8
snags gpcamcﬂhan______io,m___fmwd_hgz and 60 percent were larger ~;
than 20 inches dbh. These snag numbers supported 32.3 f ‘\9 \
woodpeckers per 247 acres and represented the study area that

most likely supported viable populations of cavity nesters.

Dixon (1995) found similar results in some of the same study

areas Bate used.

Another study relating woodpecker density to snag density -+
was conducted in northeastern Oregon (Bull and Holthausen i
1993). The two study areas that contained viable populations of
pileated woodpeckers had an average of 4.2 and 3.8 snags (10
inches or larger d.b.h ) per acre and 0.5 and 0.4 nesting pair;p_er
247 acres, respectively. The two study areas were in lightly :
managed landscapes predominated by mixed-coniferous stands ~= -
with a high density of logs.

Evans and Martens (1995) recommended densities of
snags for retention on the Payette National Forest based on
their ecological value, encompassing soil health, seedling
regeneration, moisture retention, nuirient recycling, and
wildlife use (table 1). The numbers that they recommended
were derived from actual snag numbers identified during




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 inches d.b.h. and larger.

Ideally, data would be available 6n the exact number of

snags réquired to support specific populations of primary and -

secondary cavity nesters. Unfo ely, this kind of
information is not available. We do know, however, that the
snag numbers presented by Thomas and others (1979) are
not adequate to support the populations intended because of
a lack of foraging strata and invalid assumptions used in the
~§:j_;: model. If management agencies have an objective to manage
for viable populations of woodpeckers, providing numbers of

o snags that have been s port viable populations in
.. the recent studies would be prudent.

3 Although snags are the key structure typicaﬂy focused on for

cavity nesters, realizing the importance of the forest surroundi
the snags also is essential. Some species like the pileated and
white-headed woodpeckers and American martens are associ-
ated with older forests. For white-headed woodpeckers, the
snags must be in association with large-diameter ponderosa

Q pmes. For pileated woodpeckers and martens, logs, large-

diameter green trees, and & dense canopy are needed. Leaving
large-diameter snags or green trees In younger forests also has
value as providing b1ologgcal legacies.

3 Snag retention in burns—The above management unphca—
tions apply to healthy green stands. With vast areas of Oregon,
Washington, and Idaho burned by wildfires in the 1990, there
is much interest in determining numbers of snags to retain in
burned areas after harvesting. Saab and Dudley (1997) reported
that woodpeckers selected nest sites with snag densities greater

than 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 unharvested burned stands. .~

Seven species of cavity nesters using the burned stands selected
Dest sites with more than 20 spags per acre, where snags were -
distributed in clumps. Lewis’ and white-headed woodpeckers,
and American kestrels selected the largest, most heavily
decayed snags available for nesting. Evans and Martens (1995)
presented recommendations for numbers of snags to leave in
burned stands.

Green tree replacements—Spags are a dynamic resource;
old snags fall and living trees die to become new snags.
Snag-dependent wildlife need a continuous supplv of snags
we To provide 2 continu g , e
snags must be planned for by leaving sveen wees 10 eventu-
ally become snags in managed stands. To determine the
number of green tree replacements, information on fall raw
of standing STags, suag density, live Sremdensityamd
mortality rate of live stems is required. Various models have
been developed to calculate the number of green trees 1o
provide for recruitment when specific stand inventory
information is available (Bull and others 1980, Cimon 1983,
Schommer and others 1993). If snags are to be created by
killing green trees when the stand becomes snag deficient.
the number of green trees required is less because the
manager does not have to rely on natural mortality to replace

those snags that fall. Creating snags is costly, however, and

stands are seldom monitored to det?'mjne when trees need to
be killed.

Snag Longevity

Snag longevity, or the amount of time a snag stands, is
essential information for managing the snag resource. The
length of time snags stand is a primary factor in determining the
number of green tree replacements needed to maintain a specific
snag density over time. Snag longevity is a function of many
factors including species, diameter and height, percentage of
heartwood, cause of death, soil type and moisture, forest type,
and prevalence of windstorms. Because so many factors
influence how long a snag stands, fall rates should be deter-
mined by species and size class on each management area.
Listed below are studies that report snag fall rates. When
possible, the amount of time when 50 percent of snags in a
particular study have fallen will be reported.

Several studies have reported fall rates of beetle-killed
pondefosa pine. Keen (1955) reported that 50 percent of the
ponderosa pines in southern Oregon and northeastern
California fell 9 to 10 years after death on pumice soils and 6
to 7 years after death on loarh soils. The percentages of
snags that fell after 7 years by dlameter class, are presented

‘in the following tabulation:

Diameter class (inches) Percentage

10-18 75
20-28 65
30-38 . 50
40-48 35.
>50 30

between 7 and 10 years after infestation (Schmid and others
1985). Trees were 7 to 22 inches d.b.h.

In northeastern Oregon, half the ponderosa pines less
than 10 inches d.b.h. fell 7 to 8 years after death and half
those 10 to 19 inches d.b.h. fell after 8 to 9 years (Bull
1983). Beetle-killed lodgepole pines have similar fall rates,
with half of those less than 10 inches d.b.h. falling within 6
to 7 years and half of those 10 inches and larger falling after -
7 to 8 years (Bull 1983). In a second study in northeastern
Oregon (Bull and Partridge 1986), half of the ponderosa pine
snags less than 20 inches d.b.h. fell after 6 vears; half of the
ponderosa pine snags 20 inches and larger fell after 9 years.

Beetle-kifted spruce in Colorado stood much longer than
ponderosa pines reported in the studies above. Mielke (1950)
found thar 84 percent of beetle-killed spruce remain standing

afier 25 vears. Hinds and others (1965) found that 72 percent of
bestlekilted spruce remain standing after 20 years.

Fire-killed snags may or may not stand longer than
beetle-killed snags, depending on the area. Dahms (1949)
reporied that a little over half the ponderosa pine snags are
down 19 vears after a fire i central Oregon. In Montana,
nearly half of all lodgepole pine snags fall by the fifth season
(Lyon 1977). In California, Kimmey (1955) described the

29
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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 Jeffrey pine (Pinus Jjeffreyi) broke off at
the ground or up to 50 feet above the ground. By the fifth
year, the general breakup continued until only scattered
barkless snags and stubs remain.

In northeastern Oregon, different methods of killing
ponderosa pines were investigated (Bull 1996c, Bull and
Partridge 1986). Trees that had been topped stand the
longest; half of those less than 20 inches d.b.h. are down
after 10 to 12 years; half of those 20 inches or larger are
down after 12 to 17 years. Half the trees injected with a
silvicide are down 7 years after treatment. Half the girdled
trees are down 9 years after treatment.

Fall rates of snags that have been 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 pine and
lodgepole pine that died from fire or beetles in the interior
Columbia River basin have fall rates of less than 10 years.
Small-diameter snags fall sooner than do larger ones.

Sampling Techniques

Knowledge of snag density is essential for managing
forest stands effectively, as well as for complying with
standards and guidelines. 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-strip transects (Bate and others, in
press). Total counts of snags over large areas are very time-
consuming but yield the most accurate density information.
Fixed-radius plots typically need to be at least 1 acre because
snags are usually scarce and variance is high. Many plots
are usually required 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 are collected from a pilot
sample transect and used in a computer program. The
program determines the optimal length and width of a srip
transect within a given area; the optimal size is that which
minimizes the cost and variance. The program then provides
the necessary sample size to obtain a snag density within the
desired statistical bounds. Transect lengths are either 164 or
328 feet; transect widths range from 33 to 131 feet. The

Table t==Density of snags reported or recommended in four areas;
aumbers are snags per acre larger than 10 inches d.b.h. (unless
otherwise stated), and the percentages represent snags targer than 20

inches d.b.h.
Locality
Western Central Northeast North-centrat:

Forest type idaho? Oregon®  Oregon® idaho?
Ponderosa pine:

Open canopy® 1.6(75%)

Closed canopy’ 4.8(44%) 4(60%)
Mixed conifer:

Open canopy 2.5(72%)

Closed canopy 9.0(39%) 3.8(29%) 10-48
Lodgepole pine:

- Open canopy -~ 4.5 : - )

Closed canopy 7.7

Sprucef/fir 8.5(21%)

= Recommendations for snag densities selected from the lower ranges of shag
numbers on timber inventory plots and fixed-radius plots on the Payette National
Forest; different snag levels recommended for burned and unburned stands (Evans

and Martens 1995).

5 Snag numbers based on variable-width transects conducted in an unmanaged stand oL

of old growth in central Oregon where woodcutiing was prohibited (Bate 1995).

¢ Numbers based on density of snags in two 4,000-acre study areasiin northeastern
Oregon that supported viable numbers of pileated woodpeckers; areas had some

imber harvest but no woodcutting (Bull and Holthausen 1993).

4 Densities based on timber inventory plots in unmanaged stands ofilarge saw timber.
The snag density varied depending on what snags were included in the count. The 10
snags per acre included only snags 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. or larger of any height.

Western white pine snags were.not counted (Craig 1995).
» Stands with less than 30 percent canopy closure.
t Stands with more than 30 percent canopy closure.
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program also provides a “distribution index,” which is an
estimate of the percentage of the sampled Jandscape support-
ing target snags or trees.

Creating Wildlife Trees

In managed stands, retaining existing snags is the most
ecologically sound and economical approach to providing
wildlife trees. If stands are devoid of snags, however, an
option is to alter or kill living trees. Depending on the method
used, killing trees can be costly and may not produce the
desired decay conditions. Years may pass before the decay is
sufficiently advanced to promote cavity-nester excavations.

Bull and Partridge (1986) investigated six methods of
killing ponderosa pine. They determined that topping trees
with either a chainsaw or explosives produced snags that
stood the longest and received the greatest nest use by
woodpeckers (figs. 48 and 49). In this study, girdling, fungal
inoculation, and beetles attracted by pheromones did not
consistently kill the tree. Trees killed by girdling or silvicides
fell over too quickly to provide wildlife nest trees.

In a study in New Mexico, all of the ponderosa pines
killed by girdling were used for foraging by woodpeckers.
Most of the trees greater than 16 inches d.b.h. were standing
after 7 years, and about 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 trees 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 decades with a
" ‘pocket of decay that woodpeckers ¢an tise for nesting. Trees
may be logged next to these trees without safety concerns, and
live trees are less likely than dead trees to be lost to fuel- wood
cutters. These preliminary results for western larch suggest
that inoculation produces desirable wildlife trees at a lesser -
cost than killing trees to create snags.

A variety of wildlife tree structures can be created with a
chainsaw in standing, living trees. Trees can be topped
leaving a horizontal branch structure on which ospreys
(Pandion haliaetus) can build nests (fig. 50). A depression
can be cut into the top of a tree that has been topped 1o
produce a nest site for great gray owls (fig. 51). Artificial
cavities and hollows can be cut into standing and downed
trees (figs. 52, 53, and 54). Slits can be cut into trees to create
roosting habitat for bats (fig. 55). These techniques and
others are described by Brown (1996). :

Three primary considerations in creating wildlife trees are
the target wildlife species for which the structure is bemg
created; 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 to
produce long-standing trees in a given geographic area.
Rainfall, snowfall, incidence of windstorms, and prevalent
decay organisms all must be considered.

9?)

7

Thousands of trees have been killed to create snags in the

interior Columbia River basin in the last 15 years. Few of
them have been monitored, however, to determine whether
long-lasting, quality snags were actually produced. Because
climate and decay organisms differ with area, results of
management activities, such as snag creation, must be )
monitored to ensure that results warrant the cost of these -
treatments. We include a data form to monitor wildlife use of
created snags in appendix A.

Review
Ponderosa pine, western larch, quaking aspen, and paper
birch are favored tree species for nest sites of woodpeckers
in many areas in the interior Columbia River basin.
Large-diameter snags provide nest habitat for the greatest
variety of cavity nesters and stand longer than smaller
snags.

& Snags can be classed into three structural classes that are a

simplified version of past decay class categories.

Snags should be > provided in every 5- t0-25: ag‘”btand m
clusters If available, on all slope aspects and positions of
the slope, and adjacent to green trees.

Recent studies have shown that the snag model developed
by THomas amd-others (1979-dit ot aceurately predict ‘)ﬁ
woodpecker abundance based on snag abundance. New
information suggests that foraging strata (snags and other g

stnictures) must be incorporated into any snag model, anc.
that snag numbers need to be revised upward.

Published data suggest that populations of cavity nesters

were viable in standio_f)gn’ck:;o_sip___]neagd_m]xed—eomfer
forests that contained about four snags per acre, a large i}%{.

component. of old-growth stands, an
Snags can-be retained over time by usmg models for green

“tree replacements. ~ T~ S o

Snag longevity depends on cause of death, tree species,
diameter, height, amount of heartwood, geographic area,
and site conditions.

Creating snags and other wildlife structures can mitigate
the loss of natural habitat, but retaining existing structures
is most cost effective and ecologically sound.
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Nesting clzronoloé&.; The overall estimated mean onset of incubation was 5 May

*+ 1.42 days (range from 21 April to 14 May); hatching date, 6 Juné +1.42 days (22 May . -
to _15 June); and fledging date, 12 July * 1.42 days (29 June to 23 July).

. Nesting chronology differed between years (Mann-Whitney U = 5.0, P = 0.002).
Onset of incubation occurred 10 days earlier in 1998 than in 1997, pefhaps due to mild
weather. In' 1997, mean onset of incubation was 10 May =+ 1.53 days (range from4to i4
May); hatching, 11 June = 1.53 days (5 to 15 June); and fledging, 17 July +1.53 days (13
to 23 Iulys. In 1998, mean onset of incubation occurrcd_ on 30 April +1.93 déys (range
from '21' Ai)ﬁl to”9 May); hatching, 1 June (22 May to 10 June); and fledging, 7 July (29
| ‘June to 18 July). |

Banding effort and band returns.— Tn 1997, 11 goshawk chicks (6 females, 5

males) from five of the six monitored nests were banded in the nest 19 to 28 days

posthafchin g. In 1998, 12 chicks (6 females, 6 males) from five of the 12 monitored nests
were banded.  On 23 November 1998 (approximately 139 days postfledging), #1807-
* 69220, which I banded as a nestling female on 23 June 1998, was captured and released

by a falconer near Belgrade, Montana, approximately 160 km south/southeast from its

natal nest. .

GOSHAWK DIET
For 1997 and 1998 combined, I identified 101 prey items, 8 mammal and 10 bird '
“species, from the prey remains coilected at nests (Table 2). In 1997, the thre¢ most

- common prey species were, in descending order of abundance, snowshoe hare (Lepus
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Table 2. Prey species frequency distribution. Table shows mammalian and avian prey species,
the frequency (%) of each prey item for 1997 and 1998, and the percent of total biomass (1997
and 1998 combined) for each prey item.

1997 1898 Total
) . Frequency Frequency Biomass
Prey species - (%) (%) - . (%)
Mammals )
Snowshoe hare (Lepus americanus) 12 {32) 3 (5 53.39
Mountain cottontail rabbit {Sylvilagus nutialli) 1 {3) o {0 1.1
Columbian ground squirrel {Spermophilus 6 (16) 11 . {17)

26

columbiantis) 9.45
Golden-mantled ground squirrel {Spermophilus 1 {3) 0 (O
lateralis) 0.55
Red squirrel { Tamiasciurus hudsonicus) 7- (18) 26 (41) 14.27
Northem flying squirrel {Glaucomys sabrinus) E )] 2 (3. 0.95
.Northem pocket gopher (Thomomys talpoides) 1 3 1 @) 0.57
Vole (Microtus sp.) ) 1 (3 4 (B) 0.39
Total number of mammal prey items : 30 (82) 47  {73) 80.69
Birds
Blue Grouse {Dendragapus obscurus) i (3) 4 (8) 11.57
Ruffed Grouse {(Bonasa umbellus) o0 (0 2 3 258
Northem Flicker (Colaptes auratus) 0 (0) 3 {5) 0.94
Gray Jay (Perisoreus canadensis) 1 B 4 (6) 0.78
Clark’s Nutcracker (Nucifraga columbiana) 1 (3) 2 (3 0.90 -
o Common Raven {Corvus corax) 0 {0 1 (@) 1.98
; Townsend’s Solitaire (Myadestes townsendi) 1 3 0 (0 0.08
American Robin (Turdus migrafotius) 1 (3) o (0 0.18
Dark-eyed Junco (Junco hyemalis) 1 (3) IR (1) 0.06
Unknown smalf bird sp. - 1 (3) 1 2) 0.24
- —Total- number-of bird prey items- - -~ - - -7 (18) 17 {2n) - 19.27
Total number of prey items 37 64
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americanus), red squirrel (Tamiasciurus hudsonicus), and Columbian ground squirrel
(Spermophilus columbianus). Tn 1998, the three most common prey species included red
squirrel, Columbian ground squirrel, and an equal number of voles (Microius sp.), Blue

'\—- . ‘ .
Grouse (Dendragapus obscurus), and Gray Jays (Perisoreus canadensis). Overall,

mammals contributed 81.0% of the total prey biomass and birds the remaining 19.0%

. ﬁ (Table 2). In terms of biomass, the most important prey species were spowshoe hares, red
°Q

Y

squirrels, Blue Grouse, and Columbian ground squirrels.

HABITAT ANALYSIS
Goshawk distribution patterns.— In general, goshawlks nested in either Douglas-
fir (57.9%) or lodgepole pine (42.1%) forest cover types with overstory trees comprised

of pole-sized or larger size classes (Table 3). Although we surveyed nearly 70.0% of the

interior forest across the entire northern half of the Flint Creek Range (25 km® of which

‘was in a roadless area), all goshawk responses were received and all nests found areund
the periphery of the stud§ area within 1 to 5 km of the grassland/timber interfape (Fig. 3).
Nests were distributed 2 t<.) 5 km apart at elevations fro.m 1,524 10 2,012 m, with 82.6% of
nests located on north aspecis. Nests in lodgepole pine cover types were located at the
lower elevational extent where lodgepole pine occurs, wheyeas nests in Douglas-fir were

' 'foun-d throﬁghout the elevational range of Douglas-fir. The forested lands that go§hawks

occupied, adjacent to the graséland/forest interface, have been heavily M

timber harvest, associated road building, land exchanges, and livestock grazing (USFS

1995, 1996, 1997) relative to habitats at higher elevations in the forest interior.
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The criteria for inclusion of a plot in the analysis were;

1. Plots were survey type 45 and 46, which meet full standard exam procedures.

2. Plots were selected from stands with no evidence of logging.

3. Plots had an identified habitat type.

4. The largest tree on the plot was greater ihan 100 years old and greater than 9 inches dbh.

5. The plot basal area for trees greater than 5° dbh was greater than 40 sf/acre. |

A total of 680,000 plots were screened for the Idaho Panhandle, Clearwater, and Nezperce National Forests
in northern Idaho. A total of 1,068,000 plots were screened for the Kootenai, Flathead, Lolo, and Bitterroot
National Forests in western Montana. A total of 388,000 plots were screened for the Lewis & Clark, Helena,
Deerlodge, Beaverhead, Gallatin, and west side of the Custer National Forests in eastern Montana.

Habitat types are a land classification system based on the potential plant associations that will dominate a
site at the end point of plant succession (climax). Habitat types are ideal for stratifying site conditions in order
to predict the type of old growth forest they will produce. The plot data was sorted into groups of similar habitat
types. Before a site reaches climax condition, it may be dominated by several different conifer tree species
(with some associated structural differences), so plots in each habitat type group were subdivided by forest
cover type (based on plurality of tree species basal area).

Within each habitat type group and forest cover type group, plots containing large trees over 100 years of
age were selected for further analysis. The guiding principle was to select plots. containing large, old trees.

-that would represent the latter stages of stand development: These plots with large oid trees were then further -~ -~ -~

analyzed to determine the characteristics typical of old growth. These plots with old trees were analyzed for
significant differences in tree ages, sizes, and forest stand structures and composition. Based on groupings
of the data, and on professional judgment of the foresters, ecologists, and wildlife biologists, the following
ages were selected as minimums:

North Idaho
All types except lodgepole pine 150
Lodgepole pine ' 120

Western Montana

Ponderosa pine, Douglas-fir, western:larch 170
Lodgepole pine ’ 140
Other types 180

Eastern Montana

Douglas-fir types 1 and 2 200
Limber pine 120
Lodgepole pine 150
Subalpine fir type 10 135
Subalpine fir other types 160
Whitebark pine type 11 150



Whitebark pine type 12 135
Ponderosa pine 180
Douglas-fir type 3 180

The otherminimum criteria -- tree size, and number of large trees p: -= isti ishthose
stands where the old trees were dominating the stand structure. The number of trees over a given age and -
size (diameter at breast height) were used as minimum screening criteria for old growth. Associated charac-
teristics (such as number of snags, down woody material, dead tops and decay, and diameter variation)
represent the means, values, and ranges for structural characteristics found in the data for plots that met the
old growth minimum criteria. /

Three broad old growth stand structures were recognized in the analysis:

N

\1/«':1_ate Seral, Single-Story - these stands are still dominated by the tree species and tree canopy layer that
first captured the site after a stand replacing disturbance. The upper canopy is relatively closed. If understory
trees are present, they are generally small, exhibit little growth, and do not form an apparent canopy layer.
Other understory vegetation may be sparse. Ages and sizes of dominant trees are significantly beyond what
may be found at culmination of mean annual increment of tree stand volume growth, growth rates are slowing,
and tree crowns are showing signs of maturity or old age (flat, wide tops with slow main leader growth). This
stage may have moderate amounts of tree decay, but little mortality, and few snags or pieces of down woody
material.

@Late Seral, Multi-Story -- the initial seral trees and canopy layer have lost control of the site. Disturbance
r the natural mortality of age has produced holes in the the upper canopy; shade tolerant understory
vegetation and trees are increasing in crown volume; and shade tolerant understory tree species are growing
towards the main canopy, and may have occupied part of it. Two or more canopy layers are obvious, the
canopy may be irregular, and broken tops, bole rot, snags, and large down woody debris may be common.
The stand may have small openings dominated by shrubs or-understory forbs. Although there may be some
very large or old individual trees, stand average diameter and age may be either greater or less than in the
~previous Late Seral, Single-Story stage: There is often great variation-in-average tree-diameter.-- -~
e
3/Near Climax - this stage is dominated by shade tolerant (possibly climax) tree species that captured the
Site after the initial seral stand has been largely replaced. A few remnant shade intolerant, early seral trees
may persist, but they represent a smali part of total live canopy. Depending upon overstory structure, there
may be great variation in understory characteristics and tree diameter distributions. If the shade tolerant tree
species are relatively short lived (such as subalpine fire), or only moderately long lived (such as grand fir),
the canopy will be multi-storied, and contain significant numbers of snags and down woody debris. If the
shade tolerant tree species is very long lived (such as cedar), there may be 1 dominant canopy layer, with
relatively few snags or pieces of down woody debris. :

The above 3 stages are generalities useful for explaining why an individual old growth stand may be expected
to have, or not have, various structural characteristics sometimes identified with old growth in forest ecology
literature. Individual old growth stands may combine various elements of the above 3 stages, or may have
some other unique characteristics as the result of particular site and stand history.

The plot data base was stratified by habitat type groups and forest cover types. The forest cover type was
assigned to the tree species with plurality of basal area for trees greater than 9" dbh. Data from these plots
on numbers of trees by 4* diameter size class, basal area, layers, snags, decay, broken tops, age, and crown
ratio were graphed in various combinations, analyzed in frequency diagrams, and displayed in tables.
Interdisciplinary team members from the zone committees and Forests then reviewed the output and identi-
fied minimum screening criteria for old growth for each habitat type group and forest cover type by Forest.
Zone committees then met and grouped this data into minimum criteria for screening stands for old growth.
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TABLE 2 WESTERN MONTANA ZONE OLD QmO<<.—_.I TYPE CHARACTERISTICS

pER. | PROB-
MINIMUM ABIL- | PER-
OLD GROWTH HABITAT | ace oF | Nnumeer | PBH CENT | \rvor | cent | NUMBER | cusas|  NumBER OF
TYPE TYPE LARGE | TPA/DBH | YARIA- 1 DEAD/ | hawy | pecay | CANOPY 1y SAMPLES
GROUP _ TION 2/ | BROKEN | . LAYERS 3/
TREES A ‘woopy| 1/
TOP 1/ roa
_ C2f
1-PP, DF, L A-1, B-1 170 8 > 21° M 12 LM 5 SNGL 6 4,847
332 | 0-11 0-22
2.DF, L C-1 170 8> 21" H 1ol M 5 MLT 7 2,505
021 | 212 2.37
3.LP C-1,0-1,E-1, 140 10:> 13° L oM 6 SNGL 19 2,648
F1, G-1, H-1 |
522 215 0-92
4-SAF, DF, GF, C, | D1, E-1, F-1 180 10 > 21° H % | n 9 MLT 15 13,867
L m
019 | 248 | o19 243
5SAF, DF, GF,L | G-, H-1 180 10> 17° M o | w 6 MLT 12 4,053
148 | 0-12 3.36
6-SAF, WSL -1 180 10 > 13" M "oolowm 10 MLT 25 255
2:31 217 538
7.LP I-1 140 30 > g L 87 H 5 MLT 17 95
3-14 0-11 ,
9-22
8-SAF, WSL J-1 180 20 > 13" M 12 | M 5 SNGL a7 14
1044 | 08 33-40

1/ These values are not minimum criteria. They are the range of means across plots within woama, forest types, or habitat type groups.

2/ These are not minimum criteria. They are Low, Moderate, and High probabilities of abundant large down woody material or variation in diameters based on stand
condition expected to occur most frequently.

~ 3/ Number of canopy layers can vary within an old growth type with age, qm_mm<m mu::am:amum of different species and successional stage.
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- -not be-used as-an absolute.-The large tree age listed under minimum criteria is-meant to define the minimum age which— .~ -

(

CORRELATION WITH ADJACENT REGIONS

Old growth types were correlated across regional boundaries with Region 6 (Washington and Oregon) and Region 4~__
(southern Idaho and Wyoming). Meetings were held with regional representatives on June 11, 1991 in Spokane, Washing-

ton and on October 4, 1991 in Missoula, Montana. Most definitions correlated fairly well. Region 6 will use R1’s definitions

for seral cover types in eastern Washington and Oregon. A summary of the notes is given in Appendix B.

‘USE OF OLD GROWTH TYPE DESCRIPTIONS

Forest stand composition and structure is a function of site physical characteristics (soil, climate, topography), the
particular history of that site, the characteristics of the species that occupy the site and their interactions, and the physical
and biological forces that affect the site during succ,essiohal development. The rugged, mountainous topography of the
Northern Region is overlain with a complex climate produced by the west to east intersection of the Pacific Marine climate
with the Great Plains Continental climate. There is great annual variation in both temperature and moisture, and there is
a large amount of variation from year to year around the oeng term averages for any given date or month. Thereis also
great variation in type and severity of disturbance mechanisms, both natural and man caused. The result of this variety
of forces that shapes individual stands, is a wide variation in the resulting stand structures. No set of generated numbers
can capture all the variation that may occur at any given age or stage in forest development.” s e

Because of the great variation in old growth stand -_str-gctures, no set of numbers can be relied upon to correctly

classify every stand. In addition, the uncertainties of sampling and statistics introduce another need for caution in using

stand data. The minimum criteria in the "tables of old growth type characteristics" are meant to be used as a screening

device to select stands that may be suitable for management as old growth, and the associated characteristics are meant

to be used as a guideline to evaluate initially selected stands. They are also meant to serve as a common set of terms for

old growth inventories. Most stands that meet minimum criteria will be suitable old growth, but there. will also be some
stands that meet minimum criteria that'will not be suitabléold growth, and some old growth may be overlooked. Do not

accept or reject a stand as old growth bases on the numbers alone; use the numbers as a guide.

A stand dominated by trees of the age and size listed u_ndér minimum criteria is generally good potential old growth. Thé\
number of trees is meant as a guideline for how many trees it takes to produce older stand characteristics, and should ™

we will consider old growth, but that age is difficult to measure because some of the oldest trees may be too rotten or too
large to accurately age. For this and other reasons, although age is the single most valuable guide for determining when
a stand is old growth, age is often the least reliable data in:an inventory. Tree size generally increases as a tree ages, but
stand density and mortality affect tree size. The associated characteristics listed in Table 1 through 3 are meant to be
guidelines in evaluating stands. A stand should-not be accepted or rejected as old growth simply on the basis of associated
characteristics. The predominance of minimum criteria and associated characteristics, rather than a single number,
generally will be an excellent guide. Be aware that the associated characteristics of *DBH variation® and *tree canopy layers"
were only provided as a descriptor of what was most commion in existing inventory data, and should not be used to decide
whether a stand is really old growth. Use these numbers and descriptions as guides in applying the basic principle that

old growth is a "late stage of stand development" . . .* dominated ‘by old trees and related structural attributes.”

Where stand examination data is available, this data may be compared to the old growth minimun criteria in Tables 1
through 3, by habitat type group and forest cover type. Run Code 22 on the Forest Service Region 1 *R1EDIT Menu*
(available in all Forest Service Region 1 Data General computers in the R1EDIT Program Package) is designed to extract
potential old growth stands from the R1EDIT stand-exam data base. Run Code 22 is an interactive program that allows
a user to specify a group of habitat types and forest cover types, and specify the minimum criteria of number of trees,
minimum age, and minimum diameter. The program will then return a list of stands from the R1EDIT data base that meets
the specified characteristics, and will give some summary data for each stand. A separate Run code 22 extract will be
geeded for every combination of habitat types and forest cover types that has unique characteristics.

~ The minimum criteria are used to determine if a stand is potentially old growth. Where these values are clearly exceeded,
a stand will usually be old growth. The associated structural characteristics may be useful in decision making in marginal
cases, or in comparing relative resource values when making old growth evaluations.

\
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in a few cases of muiti-species stands, the forest cover type automatically assigned by the stand exam system, may be
misleading when trying to make an old growth determination. For example, in a multi-species stand, cedar may only have
25% of the stand basal area, and still be assigned the forest type, because it has more basal area than any other single
‘pecies. The old growth cedar forest type requires diameters larger than other species, and even a very old stand, with

'\_/ nly 25% cedar, may not have enough enough large cedar to meet the cedar minimum old growth criteria. However, if the
same stand was assigned a cover type of any of the other species that make up 75% of its basal area, the stand would
meet old growth minimum criteria. For this reason, if the forest cover type has an old growth minimum criteria that's different
from the majority of species for that habitat type, it is recommended that this forest type not be assigned for old growth
determination, uniess it represents 50%+ of the stand basal area. This adjustment will have to be made manually, on a
stand-by-stand basis for the cedar, lodgepole, and SAF-MAF forest types.

in addition to using old growth minimum criteria with the stand exam data base R1EDIT Menu, Run Code 22 for extracting
potential old growth stands, adaditional Run Code 22 extracts with stepped down standards are recommended. These step

Ul to extract stands that are either close to being old growth, or are actually old growth with an inclusion
of younger or smaller trees that skews the data. This step down procedure may aiso identify old growth blocks within larger
stands. Step down runs can be done with the minimum criteria backed off slightly (use 1* smaller minimum diameter, or
10 year lower age, or 1-2 fewer trees per acre; possibly do several iterations, each backing down 1 more step).

Because old trees are often rotten and difficult to age, it is r?commended that 1 step down version of Run Code 22 be done
with a zero age criteria to extract stands where this may be a factor. Careful further evaluation will be needed for any stands
extracted with a zero age criteria, since many of these stands will not be old growth.

Where no in-place stand exam data exists, but a site was visited by a professional interdisciplinary team in previous
environmental analysis, the notes and determinations of that interdisciplinary team may be used in deciding whether to
consider the stand old growth. Be aware that some interdisciplinary teams may have allocated young stands of old growth
to meet predetermined acreage targets, and some of their stands may not meet the type descriptions.

These old growth minimum criteria, associated charactefjstics, and descriptions were developed to apply to individual
stands. When applying these standards, 3 things need to be remembered. First, these numbers represent averages and
ranges that either existed in the inventories, or were assignéd by professional judgement. While they are good guides, they,
re not absolute. Because of the innumerable combinations of site characteristics and historical factors that can occur,
_i0 set of numbers will correctly define every possible situation. The basic concept is that old growth should represent *the
late stages of stand development dnstmgunshed by old trees and related structural attnbutes
The second point is that old growth is valuable for a whole hdst of resource reasons such as habitat for certain animal and
plants, for aesthetics, for spiritual reasons, for environmenfal protection, for research purposes, for production of unique
resources such as very large trees, unusual natural communities, etc. The resource values associated with potential oid
growth stands need to be considered in making allocgio_n}_g_‘
O

The third point to bear in mind when evaluating old growth, is that a stand’s landscape position may be as important, or
more important than any stand old growth attribute. The landscape is dynamic. We need to do more than draw lines to
manage this dynamic system. Consider the size of old growth blocks (large blocks have special importance), their
juxtaposition and connectivity with other old growth stands‘,‘ their topographic position, their shapes, their edge, and their
stand structure compared to neighboring stands. Stands are elements in dynamic landscape. We need to have representa-
tives of the full range of natural variation, and manage the landscape mosaic as a whole in order to maintain a healthy and
diverse systems.

Atthe same time, there may be some stands with trees so Iérge or so old, that they are unique. We should always maintain

a good representation of these very old unique and outstanding stands, because they are irreplaceable within human life
spans. Remember to value the truly unique and outstanding, wherever it may be.

12



Appendix B - Old Growth Definition Correlation Notes

"7Id Growth Correlation Mesting Notes - June 11, 1991; Spokane, WA
Aith Additions from October 4, 1991 meeting in Missoula, MT.

Attendees _ ,
Wendel Hann R1-RO-Missoula W.HANN:RO1A FTS 585-3214
John Joy R1-Deerlodge NF J.JOY:RO1f0SD02A 406-287-3223
Ernie Meisenheimer R6-Olympic NF E.MEISENHEIMER:RO6F09A  FTS 390-2354
Dick Shaffer R6-RO-Portland R.SHAFFER:R06C FTS 423-2953
Doug Eggers R4-Bridger-Teton NF D.EGGERS:R04F03A 307-739-5519
Gilen Jacobsen Ra4-Payette NF G.JACOBSEN:R04F12A 208-634-1421
Dean Sirucek R1-Flathead NF D.SIRUCEK:RO1F10A 406-755-5401
Jack Losensky R1-Lolo NF J.LOSENSKY:RO1F16A FTS 329-3819
Dwane Van Hooser INT Res. Sta. Ogden D.VANHOOSER:S22L.02A FTS 586-5388

Paul Harrington

R1-ldaho Panhandle

P.HARRINGTON:RO1F04A

208-765-7411

Tom High R6-Mt. Hood NF T.HIGH:R06F06A ‘503-666-0670
Ron Hamilton R4-RO-Ogden R.HAMILTON:R04A FTS 586-5525
Bob Naumann R1-RO-Missoula B.NAUMANN:RO1A FTS 585-

Jay Berube R6-Colville NF J.BERUBE:R0O6F21A 509-684-3711

Len Volland*
Clint Williams*

R6-RO-Portland
R6-RO-Portland

L.VOLLAND:R6/PNW
C.WILLIAMS:R6F

* Attended meeting in Missdula, MT with Wendel Hann and Bob Naumann to follow up on Spokane Meeting.

Objective - to correlate old growth definitions and explain differences for types with the same name relative to ecosystem
characteristics.

—Qld growth types are named using the standard SAF types as directed by the Washington Office.

standard elements for correlation of types:
a) live trees in main canopy
- number of trees per acre greater than a specufued DBH
=age of largest trees in-main canopy - T
- variation in tree diameter
b) number of standing dead trees per acre
¢) number of down pieces of wood per acre h
c) trees per acre with decadence or decay
¢) number of tree canopyies (layers)

Old Growth Type Correlations

Mountain Hemlock-Alpine Larch Type (SAF 205) - R1/R6
R6 hasm't completed analysis yet. Western Washington mountain hemiock old growth is in a very different
environment and disturbance regime from that in eastern Washington and northern ldaho. R6 will zone this type
into westside and eastside types. R6 will use R1’s definition for their eastside mountain hemiock.

Western Larch Type (SAF 212) - R1/R4/R6
Minor type in R6. R4 and R6 will use R1 definition.

Lodgepole Pine Type (SAF 218) - R1/R4/R6
R6 only described this type where it is climax. R1 described as old growth where it was both seral and climax.
Wallowa-Whitman NF probably doesn’t have much old growth lodgepole. R4 will go with R1 definition. R6 will use
the R1 definition for seral lodgepole in eastern Washington and eastern Oregon.

52



Western Yew Type (SAF --) - R1/R6 ‘ ,
R6 hasn’t described the western yew type yet. R6 will use the R1 definition. N

Ponderosa Pine Type (SAF 237) - R1/R4/R6 ) )
R1, R4, and R6 are all close on definition criteria’'so-will use the R1 definition.

Spruce and Subalpine Fir Type (SAF 206) - R1/R4/R6 . \
R1, R4, and R6 are all close on definition criteria 'so will use the R1 définition.
S :

Douglas-fir Type (SAF 210) - R1/R4/R6 o
R1 and R4 definitions correlate. R6 only developed a coastal and interior définition for climax Douglas-fir and did

not deal with seral Douglas-fir. R6 will use the R1 définition for seral Dougias-fir in eastern Wasington and eastern
Oregon. !

H
i

Grand Fir Type (SAF 213) - R1/R4/R6 i

R1 and R6 agree for the R6 low site definition,; which we could explain by R1 sites being comparable ecologically

to R6 low sites. However the disagreement could %;':'ﬂ‘s‘.o be related to the difference between climax and seral old
growth grand fir. R1 and R4 don't agree, but this can-be explained by differences in environments in R4. R6 will
use the R1 definition for grand fir in eastern Washington and eastern Oregon.

Western Hemlock Type (SAF 224) - R1/R6 ‘ _
R6 will zone this type into westside and eastsideand use R1’s definition for their eastside.

Western Redcedar-Western Hemlock Type (SAF 227) - R1/R6 . . '
R6 will zone this type into westside and eastside and use R1's definition for their eastside.

Western Redcedar Type (SAF 228) - R1/R6 :
R6 will zone this type into westside and eastside and use R1’s definition for their eastside.

 Western White Pine Type (SAF 215) -R1/R6

This type is not significant in either R1 or A6 dué 1o Blister vust.” T T
Whitebark Pine Type (SAF 208) - R1/R4/R6

R4 and R6 will use the R1 definition.

Aspen Type (SAF 217) - R1/R4
R1 will use the R4 definition.

Cottonwood-Willow Type (SAF 235) - R1/R4
R1 will use the R4 definition.
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Each old-growth definition and description conforms to a western forest cover type
described between pages 80 to 128 of the publication Forest Cover Types of the United
States and Canada; F.H. Eyre, Editor, published by the Society of American Foresters, 1980.
The old-growth definitions comply with the. indexing used in the above publication for the 12
cover types. The index is found on Table 2, page 80 of the publication. The 12 cover types

are indexed as follow:
HIGH ELEVATIONS

Engelmann spruce - subalpine fir (206)
Whitebark pine (208)
Bristlecone pine (209)

MIDDLE ELEVATIONS

Interior Douglas-fir (210)
Grand fir (213)
Blue spruce (216)
- Aspen (217) g
Lodgepole pine (218)
- Limber pine (219)

LOW ELEVATIONS, INTERIOR
Interior ponderosa pine (237) (North Plateau Race)

- Interior ponderosa pine (237) (Rocky Mountain Race) -
Pinyon juniper (239) o '



Forest Successional Stages

SUCCESSION: Plant communities evolve through a general series of condi_ljvons as' they progress from bare ground
to the final stage (climax). This gradual process is called succession and j, subdj ided into various stages that are
known as successional stages. i

A
i

1. GRASS-FORB
and downed logs
successions.

- the vegetation is dominated by grasses and forbs. Many times remanent snags
are present in the stand. This stage is usually short-lived in most forest

2. SHRUB-SEEDLING - the brush may be low brush (e.qg. snowberry) or tall brush (e.q. willow)

depending on the habitat type. Tree seedlings/saplings are usually under 10 feet tall. Remnant
snags and downed logs may still be present in this stage.

3. POLE-SAPLING - the trees are usuall
diameter. An occasional dead tree,

W W Y W WY VY

y taller than 10 feet, but are usually less than 8 inches in
or a few remaining snags, may be present.

4. YOUNG - trees are usually greater than 8 inches
'Few snags are present and most down material is s

mall limbs and twigs.

5. MATURE - trees have reached their hei
conditions do not meet all the old growth
becoming evident in the understory,

ght growth and their crowns start to widen, but stand
characteristics. Climax (shade tolerant) tree species are
but large snags and down woody materials are uncommon.

6. OLD-GROWTH (early phase) - has seral species as the o
present), with climax tree species of various sizes in a
with some large down woody material present.

verstory canopy (if seral species are
n understory. Snags are starting to develop
Only occasional small openings are present.

6. OLD-GROWTH (late phase) - some describe this stage as "Stage 7."
overstory have been replaced by climax vegetation.
tree species. Usually large amounts of down woody materials are present, and most of the seral

species snags have fallen to the ground. The stand may appear very patchy with many small
opening containing seedlings/saplings and tall brush.

All seral species in the
The understory contains various sizes of climax

79
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in diameter and in a vigorous stage of growth. - - -
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APPENDIX C
SUB-REGION DEFINITION TEAMS

To provide some idea about what the teams’ make up was and how the zones were divided,
the following is provided: ‘

Team Name:

Southwest Idaho (Boise, Challis Payette, Salmon,
and Sawtooth National Forests (NFs)).

Mentor: ‘
Chuck Wildes - Forest Supervisor - Challis NF

Technical Team:

Glenn Jacobsen, Silviculturist (Leader)
Floyd Gordon, Wildlife Biologist
Lynette Morelan, Forester
John Erickson, Wildlife Biologist
Sharon Bradley, Silviculturist
Doug Basford, Silviculturist
Dave Reeder, Wildiife Biologist
Richard Wenger, Wildlife Biologist
Roy London, Forester
Howard Hudak, Wildlife Biologist
__ Bob Steele, Research Ecologist .. _
Susan Reinhard, Public Affairs Specialist

Public Members:

Roger Rosentreter, State Botanist

Dave Van De Graff, Forester (Private Industry)

Mike Medberry, Idaho Conservation League

Dave Gruenhagen, Forester State of Idaho

Dotty Douglas, Boise State University, Biology Department
Ron Mitchell, Idaho Sportsman Coalition

Bob Mosely, Idaho Fish and Game Department

Dallas Olson, Salmon International
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Team Name:

SoutheaStem Idaho/We

stern Wyoming (Bridger-Teton,
part of the Caribou, an

d Targhee NFs)
Mentor:

Brian Stout, Forest Supervisor, Bridger-Teton
National Forest

Technica/ Team:

Doug Eggers, Silviculturist (Leader)
Bruce Padian, Silviculturist -

Bill Nobiitt, Wildlife Biologist

Ron Walker, Wildiife Biologist

Dee Session, Silviculturist

Hal Gibbs, Wildlife Biologist

Bob Steele, Research Ecologist
Team Name;
Northern Utah (Ashley, Uinta, part of the Cariboy,
and Wasatch NFs) ~ '
Mentor:

Duane Tucker, Forest Supervisor, Ashley Nationaj Forest
Technica/ Team: e e e
T Darrell Johnson, Silviculturist (Leader) -

Sherel Goodrich, Range Ecologist

Ken Timothy, Wildiife Biologist

Chip Sibbernsen, Forester

Mary Clough, Wildiife Biologist

Dr. Dave Roberts, Professor Forestry/Ecologist -
Utah State University

Public Members:
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Team Name:
Mentor:

Technical Team:

Public Member:

Team Name:

Mentor:

Technical Team:

Team Name:

Mentor;

Southemn Utah (Dixie, Fishlake, and Manti-LaSal NFs)
Hugh Thompson, Forest Supervisor, Dixie National Forest

Brian Ferguson, Silviculturist (Leader)
Ron Sanden, Silviculturist

Ron Rodriquez, Wildlife Biologist

Bert Lowry, Wildlife Biologist

Bob Thompson, Range Ecologist

Brent Spencer, Silviculturist

Richard Williams, Wildlife Biologist

Mark Van Avery, Public Affairs Specialist

Merlin Esplin, Forester, Forest Industries

Bill Patric, Utah Wildermess Coalition

Bruce Bonebrake, Utah Division of Wildlife Resources
Dr. Kim:Harper, Professor, Ecology -

Brigham Young University

Chris Goslin, Student Volunteer

_Nevada (Humboldt and part of Toiyabe NFs)

John Inman, Forest Supervisor, Humboldt National Forest

Gary Schaffran, Forester (Leader)

Elizabeth Bergstrom, Silviculturist and Wildlife Biologist
Steve Anderson, Wildiife Biologist

Charles Bowey, Wildlife Biologist

Robin Tausch, Research Ecologist

Toiyabe-Sierra (Part of Toiyabe NFs)

Jim Nelson, Forest Supervisor, Toiyabe National Forest
Tied in with Region 5’s definition development groups.
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Coordinator:

Technical Team:

Regional Team

. Team:

Ann Martin

Roland Shaw, Silviculturist (Leader)
Elizabeth Bergstrom, Silviculturist - Wildiife Biologist
Tina Mark, Wildlife Biologist

Bob Cottingham, Resource Analyst (Leader)
Dr. Dave Winn, Wildlife Ecologist

Ronald C. Hamilton, Regional Geneticist
Doug Myers, Inventory Team Leader

Duane VanHooser, Forest Survey Leader
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FIGURE 6 Mean (+95% Cl) canopy cover across the distribution of snowshoe hare (Lepus americanus) pellet density (a) and horizontal cover
{b). Codes ABLA, LAOC, PICO, PIEN, and PSME indicate subalpine fir (Abies lasiocarpa), western larch (Larix occidentalis), lodgepole pine {Pinus
contorta), Erigelmann spruce (Picea engelmannii), and Douglas-fir {Pseudotsuga menziesii), respectively. We estimated percentage canopy cover
{i.e., the upper canopy only) along a 5 x 5 m grid using a vertically projected moosehorn reading for trees 22.54 c¢m {i.e., 1 inch) in DBH

We used our top models characterizing occupancy and intensity
of use by snowshoe hares to spatially map these responses across

" our study area (Figure 11). We found that the area of predicted oc=

cupancy and absence of snowshoe hares within Glacier National Park
and wilderness areas was 4,032 km? (37%) and 6,896 km? (63%), re-
spectively. The area of predicted occupancy and absence on multiple-
use lands was 14,868 km? (59%) and 10,236 km? (41%), respectively.
These results suggested tﬁ'a't—pTd‘.-ected areas cz;gtu/red- more area of
predicted absence, and less predicted presence, of snowshoe hares
compared to multiple-use lands. Similarly, the predicted pellet density
was 1.\2‘6\;)ellets/subplot for protected areas relative to multiple-use
lands, which was 2.23 pellets/subplot.

—

4 | DISCUSSION

Snowshoe hares are an ecologically important herbivore and prey
species in northern forests of North America {Krebs, 2011), and
therefore, understanding their habitat relationships will help guide
ecosystem-level conservation and management. Because of our
gradient and multiscale approach, we advanced the understanding
of snowshoe hare habitat relationships on multiple levels. First, we
demonstrated that both occupancy and intensity of use by snowshoe
hares increased with horizontal cover, and highlighted that the influ-
ence of horizontal cover becomes stronger with increasing use (and
likely density) of snowshoe hares. Second, our work indicated that

subalpine fir and Engelmann spruce are the species that provide the
high horizontal cover that is important for snowshoe hares, as well
- 25 identified a species=specific-association between hares and lodge---. .
pole pine across scales. Previous work has highlighted that lodgepole

pine is more nutritious than other common conifers and that browsing

by snowshoe hares is consistent with nutritional quality (Ellsworth,

Wirsing, Shipley, & Murray, 2013). The association we documented
.between snowshoe hares and lodgepole pine provides support for
the hypothesis that high-quality nutrition substantively influences pat-
terns of habitat use and that use is not simply driven by predation
risk (e.g., Ellsworth etal., 2013; Hodges & Sinclair, 2003, 2005). I,p_
the mixed conifer forests of the Northern Rockies, the abundance of
hgrizontal cover (e.g., subalpine fir and Engelmann spruce) and lodge-
pole pine, arranged in a multistoried and dense structure, appear to be

the important aspects of habitat for snowshoe hares. Lastly, we ob-
served a parabolic association between snow depth {positive between
~0.2-1 m) and occupancy of snowshoe hares, and snow depth ranked
as our most important covariate characterizing occupancy (Table 1).
Snow extent and, by extension, snow depth are projected to decrease
within the Northern Rockies (e.g., Klos etal,, 2014; McKelvey et al,,
2011), which will likely have substantial implications for the distribu-
Hion of snowshoe hares (e.g., Mills et al,, 2013; Sultaire, Pauli, Martin,
Meyer, & Zuckerberg, 2016; Sultaire, Pauli, Martin, Meyer, Notaro,
et al, 2016; Zimova, Mills, & Nowak, 2016) as well as the predators
that rely on them (e.g., Canada lynx). Collectively, our work provides
a new, multiscale and gradient-based lens on habitat relationships of
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snowshoe hare conservation.

4.1 | Plot-scale patterns

Previous work has identified a positive relationship between snow-

shoe hare density and horizontal cover as well as spruce-fir and
lodgepole pine forests (Berg et al., 2012; Cheng et al,, 2015; Hodges
etal., 2009; lvan et al., 2014; Koehler, 1990). Our data support these
conslg_siigs; however, the interpretation of our results is more nu-

anced. Our analyses highlighted that the abundance of spruce-fir
is more associated with horizontal cover than any other species of
conifer (Figures 6 and 8), and we found that horizontal cover was
strongly associated with occupancy and intensity of use by snowshoe
hares (Figure 4). However, we did not discover any consistent rela-
tionship between snowshoe hare occupancy or intensity of use and
spruce-fir per se (although see parabolic relationships in Figure 5).
Thus, our data suggest that horizontal cover is an important attrib-
ute influencing snowshoe hares and that this attribute is associated
with forests that have a substantial spruce-fir component (relative
to those without a spruce-fir component). Preserving the horizontal

cover that spruce-fir trees provide within the mixed conifer context

of the Northern Rockies will likely be important for the conservation

shoe hares and abundance of lodgepole pine, which we attributed

mostly to nutritional mechanisms. Elisworth et al. (2013) discovered

" that fodgepole pine produced higher levels of digestible j

other common conifers in the Northern Rockies (e.g., Douglas-fir, sub-

alpine fir, Engelmann spruce, western larch) and that overwinter deple-
Hion of biomass and browsing by snowshoe hares was most associated
with lodgepole pine. Although our data indicate that areas with high
use by snowshoe hares are indeed highly mixed conifer forests {e.g.

Figure 5), forest managers within our study region could use lodgepole
pine as well as spruce-fir, or more specifically horizontal cover, as ini-
tial indicators of potential snowshoe hare habitat.

Our results reinforced previous studies highlighting the impor-
tance of dense forests for snowshoe hares (e.g., Berg etal., 2012;
Griffin & Mills, 2007; Hodges et al., 2009; Hodson et al,, 2011; lvan
etal., 2014; Lewis etal, 2011). Our data indicated that dense hori-

== -
zontal cover within multistoried forests with a substantial component

of medium-sized trees {i.e., 12.7-25.4 cm) produced the highest use

by snowshoe hares, which was also found in previous studies within
Montana (Grifin & Mills, 2007), Washington (Koehler, 1990; Lewis
et al., 2011), Wyoming (Berg et al,, 2012; Hodges etal, 2009), and
Colorado {ivan et al., 2014). Results from our data support conclusions

similar to previous studies in that disturbing (e.g., cutting or burn-

of snowshoe hares.

ing) multistoried forests with high stem densities {particulary in the

- “shiowshoe hares and offers specificinsight for forest management and - - —-Moreover, we found a species-specific association between snow- . .
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understory) would likely have a negative effect on snowshoe haresin

the short term {e-g., Abele, Wirsing, & Murray, 20 iffin & Mills,

2007), but may benefit them in the future (€g., 20-50 ygar ; Hodson
et al.,, 2011; Allard-Duchéne et al., 2014).

42 | Landscape-scale patterns

At the landscape level, our study is the first to spatially map horizon-
tal cover for modeling snowshoe hare habitat, as well as to mode! and
map both occupancy and intensity of use of snowshoe hares {although
see recent maps of occupancy in Sultaire, Pauli, Martin, Meyer, &
Zuckerberg, 2016; Sultaire, Pauli, Martin, Meyer, Notaro, et al., 2016).
Analyses of our maps indicatgd that protected areas (i.e., wilderness
and Glacier National Park) captured less area of predicted occupancy
of snowshoe hares than expected and that the predicted pellet density
was also lower in protected areas relative to multiple-use lands. This
pattern is consistent with national parks disproportionately protect-
ing alpine habitats {e.g., Bunn, 2009) and emphasizes the importance
of multiple-use lands (e.g., national forests, state and private lands)

for the conservation of snowshoe hares and their predators within
the Northern Rockies. In addition, our maps indicated that occupancy
and intensity of use by snowshoe hares were patchily distributed at a
course scale, which generally contrasts with previously developed maps
in the north-central continental USA (see occupancy maps in Sultaire,
Pauli, Martin, Meyer, & Zuckerberg, 2016; Sultaire, Pauli, Martin,
Meyer, Notaro, et al., 2016). The spatial products we provide in this
study advance the landscape-level understanding of snowshoe hares in
the Northern Rockies, and also provide a basis of comparison for future
modeling efforts assessing changes in the distribution and density of
snowshoe hares. However, it is important to mention that subsequent
analyses of our snowshoe hare maps should be at course resolutions
(e.s., 2100 m?), and we suggest caution when analyzing predicted val-
ues of snowshoe hare use because unmodeled temporal processes (e.g.,
predation, source-sink dynamics, cyclicity) could induce substantial
variation. Our map of predicted occupancy, however, should be com-
paratively more stable because it approximates the realized Grinnellian
niche (Grinnell, 1917; Hirzel & Le Lay, 2008). Developing these spa-
Hal products specifically within the Northern Rockies was important
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because this landscape is projected to experience substantial changes

. —
via reduction in snow (e.g;; Klos etal; 2014; McKelvey et al,, 2011)and - —by “enowshoe_hares. exhibited a positive relationship_with_canopy . . . _

increased wildfire (Liu et al., 2013; Stavros et al., 2014).

Of the few studies on snowshoe hares that have been conducted
at a landscape level, results indicated that occupancy is positively
associated with vegetation cover, show cover, and surrounding pop-
ulation density (Sultaire, Pauli, Martin, Meyer, & Zuckerberg, 2016;
Sultaire, Pauli, Martin, Meyer, Notaro, et al., 2016; Thomton et al,
2013). Furthermore, Lewis et al. (2011) highlighted that vegetation
cover at the local and neighborhood level was important for density
of snowshoe hares. Our occupancy results support the notion that
vegetation cover and perhaps moisture content are important for
snowshoe hares in that we observed a positive relationship between

occupancy and canopy cover of lodgepole pine, horizontal cover, and

tasseEd cép greenness and wetness. Snow depth, however, was the

most important variable characterizing occupancy of snowshoe hares,
which supports the recent findings of Sultaire, Pauli, Martin, Meyer,
& Zuckerberg (2016) and Sultaire, Pauli, Martin, Meyer, Notaro, et al.
(2016) indicating that snow cover is more important than forest cover
for characterizing snowshoe hare occupancy. In addition, we discov-
ered that occupancy of snowshoe hares was associated with relatively

flat topography, and perhaps some level of disturbance at a coarse

resolution. Although canopy and horizontal cover are clearly import-
ant, our results suggest that some open areas (e.g., edges) within a
matrix of high-quality cover provide resources for increased use by

snowshoe hares. Finally, similar to occupancy, the intensity of use

cover {both lodgepole and western larch) and horizontal cover. We
attributed the posii_:ivé effect of lodgepole pine to similar nutritional
mechanisms aforementioned (e.g., Ellsworth et al.; 2013). However,
the positive effect of western larch appeared to be related to a broad-
scale productivity gradient in that western larch tended to occur only
in multiple-use fands (vs. wilderness and national parks}, and was most
abundant in the northwestemn portion of our study area {i.e., consid-
ered most productive). We observed a negative effect of Douglas-fir
on intensity of use by snowshoe hares, which was expected given
the low level of horizontal cover associated with stands dominated
by Douglas-fir (Figures 6 and 8). The positive effect of tasseled cap
brightness and a negative effect of greenness are consistent with

the hypothesis that a few open areas {e.g., edges) Mf

high-quality cover could provide additional foraging opportunities for

snowshoe hares. This hypothesis is supported by previous work indi-
cating that foraging behavior by snowshoe hares was fargely associ-
ated with food supply (e.g., Ellsworth et al, 2013; Hodges & Sinclair,
2005), and not simply driven by predation risk.

4.3 | Foreseeable conservation challenges

Our work also highlighted the foreseeable challenges facing decision
makers that are related to climate-induced reductions in snow depth
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and increases in wildfire. Evidence suggests that changes in snow
extent and depth will continue to have direct effects on snowshoe
hare distribution and abundance because of mismatches in coat color
leading to increased mortality {e.g., Mills et al., 2013; Zimova etal,,
2016). Similarly, the observed and projected increase in wildfire within
the Northern Rockies could impact forest structure, composition, and

landscape arrangement, all of which could certainly influence oc-
cupancy and abundance of snowshoe hares. For instance, Picotte,
Peterson, Meier, and Howard (2016) demonstrated that subalpine
habitats in the Rocky Mountains have exhibited temporal increases
in both fire size and severity during 1984-2010, which together
could act as a large-scale homogenization process in terms of forest
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structure (e.g., more stand initiation and regeneration) and species
composition (e.g., increase in fire-adapted species such as lodgepole
pine). Previous work has indicated a positive response of snowshoe
hares to fire (e.g., Cheng et al., 2015; Hodson et al., 2011), but there
is a temporal delay, suggesting that the unburned matrix surrounding
fires might be critically important in the short term (e.g., Abele et al.,
2013; Ausband & Baty, 2005; Lewis.et al., 2011). These broad-scale
changes suggest that forest management for snowshoe hare habitat
will likely be a nuanced and landscape-ievel endeavor.

Additionally, perhaps of equal concern are the indirect effects as-
sociated with changes induced by snow reduction and increased wild-
fire. For example, predation is the main process driving population
dynamics of snowshoe hares (Feierabend & Kiefland, 2015; Krebs,
2011; Wirsing et ai., 2602), and changes in show, or vegetation struc-
ture due to fire, could introduce or remove predators. These indirect
effects might be of more concern in the southern range of snowshoe
hares because densities tend to be lower than the northern range
and the landscapes are generally more fragmented (Hodges et al.,
2009; Thornton et al., 2013; Wirsing et al., 2002}, perhaps making
the persistence of southern populations more vulnerable to changes.
Understanding the consequences of landscape-scale changes such
as climate and wildfire on the distribution, density, and demography
of snowshoe hares and their predators will continue to be important
for wildlife conservation in northern North America.

5 | CONCLUSIONS

Our gradient-based (vs. type-based) and multiscale approach em-

~braced the current paradigm-in ecology (e:g; Cushman et al;-2010; - - -

McGill, 2010) and advanced the understanding and management of
snowshoe hare habitat. First, our analyses produced consistent pat-
terns across scales and emphasized the importance of horizontal
cover, spruce-fir, and lodgepole pine as indicators of hare habitat
within the mixed conifer context of the Northern Rockies. Second, we
predicted snowshoe hare habitat and demonstrated that it is patchily
distributed at a coarse scale within the Northern Rockies and that
multiple-use lands (e.g., national forests, state-managed lands) are es-
sential for the conservation of snowshoe hare habitat. Simply focusing
on wilderness areas or national parks for conservation of snowshoe
hares will likely result in ineffective strategies. Third, we provided ex-
plicit structural information concerning snowshoe hare habitat within
the mixed conifer forests of the Northern Rockies that can be directly
implemented by forest managers. The structure of forests with high
use by snowshoe hares was characterized as dense (particularly in the
understory), relatively closed, and multistoried, which we described
using metrics such as quadratic mean diameter, trees/ha, canopy
cover, and basal area (for additional metrics, see Table 2 and Table Al

in Appendix A). These stand characteristics can arise in nearly all suc-

cessional stages and are presumably realized following disEurbaryp:g__
agents | (e.g., wildfire m\s;@ root disease, or cutting) of inter-
mediate severity th(at allow patches of light to reach the forest floor.

Overall, forest managers can apply this collective understanding to

Ecology and Evolution - _J_if
o e WILEY:

inform decision making relevant to habitat management of snowshoe
hares and their associated predators within the Northern Rockies.
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Sciurid Habitat Relationships in Forests Managed
Under Selection and Shelterwood Silviculture

in Ontario
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Abstract

Although partial forest harvesting is practiced over Iafge are

as, rhanagers know litle about its impacis on sciurid rodents,

particularly on northem (Glaucomys sabrinus} and southern flying squirreils (G. volans) in the northeastern United States and

Canada. We examined habitat relationships of sciurid rodents (northemn 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 Algonguin Provincial Park, Ontario, Canada. We live-trapped rodents in 26 northemn hardwood stands and
in 16 white pine {Pinys strobus) stands from 2002 to 2004. Northem flying squirrel and red squirrel densities were significantly lower
in recently harvestéd (3-10 yr since harvest) shelterwood stands than in unmanaged stands. In contrast, southern flying squirrel

densities were higher in selection-harvested stands than in old-forest areas. The densi

ties of northern flying squirrels and red

squirrels had a strong relationship with the density of large spruce (Picea sp.) and hardwood trees_ and snags in conifer sites.

Southem flying squirrel numbers had a posi

tive 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
the impacts of shelterwood harvesting on northern flying squirrels and red squirrels, and that they maintain high mast availability at
thé landscape level to ensure the persistence of southem flying squirrels. (JOURNAL OF WILDLIFE MANAGEMENT .70(6):1735~

1745; 2006)

Key words

eastern chipmunk, Glaucomys sabrinus, Glaucomys volans, habitat use, northem flying squirrel, Ontario, pahial 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, Cote
and Ferron 2001). However, .partial harvesting techniques,

 such as selection and shelterwood logging, 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
intervals (approx. 20 yr), creating a more frequent, but less
intensive disturbance regime, than under dearcut Iogging.
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 _(<110
m?/ha residual basal area) negatively affected flying squirrel
populations. Researchers have not examined the effects of

1 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 harvesting typically involves a reduction in the
abundance of diseased and dead ftrees {(McComb and
Lindenmayer 1999, McGee et al. 1999, Costello 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
negative effects for cavity nesters (Imbeau et al. 2001).
Most past studies on sciurids have only considered local
(site-level) effects; however, organisms may demonstrate

Jdifferent 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 Aigonquin Provincial
Park, Ontario, Canada, 2002-2004. Variable units are the number of stems per hectare unless otherwise stated.

Recent cutn =8, 7° Old cutn = 8° Oid forest n = 10, 9*

Habitat variabie® Mean ) SE Mean SE Mean SE P

Hardwood ‘ .
BA (m%/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 25 23.6 5.8 0.028
Hwd > 25 | 54.5 3.8 : 62.4 5.0 70.4 40 0.044
Spruce > 25 05 0.4 0.5 0.3 35 1.4 0.014
Snags 10.8 3.7 13.3 35 28.8 46 0.008
Snags > 25 3.0 0.7 8.0 1.4 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 804 .16 - 0,001
Conifer 1538 215 NA NA 229.3 25.4 . 0.047
Hwd > 25 12.4 3.9 ) NA NA 27.4 3.9 0.018
Spruce > 25 3.2 1.0 - NA NA 8.1 2.1 0.080
Snags > 25 o ar 1.1 NA NA 11.1 2.0 0.022

. # Sample sizes for hardwood and pine forests, respectlvely
® We sampled old cut stands only in hardwood forests.
¢ See text for definition of habitat variables.

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 tendéd 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 51gmﬁcance of each
variable using Monte Carlo simulations and a forward:
selection routine (9,999 permutations). We sequentially
. removed variables that contributed litde (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
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 densxty
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 southemn flying squirrel

o Lo
i z

?

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 regrcssmn to develop sciurid habirat
relationship, except in 2 instances (northern flying squirrels

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
Information Criterion (AIC; Burnham and Anderson 1998)
to compare among models created from these candidate
varizbles. 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 xmportant based on
relationships observed or hypothesized in the literature
(listed in Table 1). From these candidite wvariables, we

constructed all possible models of up to 3 terms and used . .

AIC, to compare among them. Specifically, we calculated
the difference between the ith 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

and red squirrels in hardwood sites) where densities were -
low and we therefore used logistic régression (on presence/

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

Holloway and Malcolm » Sciurid Habitat Relationships in Managed Forests
4

1739



:(sec Results, below; see also Cushman and McGarigal
2004), and 2) in a forested landscape, we reasoned that a
first-order model would incorporate local site features,
whereas any landscape-level effects would be additive to
- these local effects. As before, we undertook both stepwise
and AIC-based approaches. If results of the site-level AIC

evaluation were equivocal—that is, >2 models were of .

approximately equal explanatory value—then we evaluated
all combinations of these site models and landscape
variables.” For example, if 2 site-level models were
. equivalent, then in combination with 3 landscape variables,
we evaluated 8 models (the 2 best site-level models plus 6
combinations of 1 site model plus 1 landscape variable). We
performied all analyses with SPSS 11.0 (SPSS Inc., Chicago,
llinois). . : :

‘ Resuits -

Over 3 summérs we captured 274 individual southern flying
équirrels,_ 83 northern flying squirrels, 1,709 eastern
chipmunks, and 110 red squirrels during 28,548 trap-nights
(21,091 grid-station nights). In general, small mammal
populations were intermediate in abundance in 2002, high
in 2003, and low in 2004. In hardwood sites, southern flying
" squirrel density was significantly lower in 2002 compared
with 2003 (ANOVA. P=0.044; mean MNKA/ha [+ SE] =
0.35 [0.15]), and 1.12 [0.20] for 2002 and 2003,
respectively). We only analyzed grids sampled in 2002 and
2003 for southern flying squirrels because, remarkably, we
did not capture 2 single individual in 2004. This dramatic
- crash in numbers appeared to be a widespread phenomenon
acfoss the far northern range of the speties (Bowman et al.
2005). Similarly, eastern chipmunk density was significantly
‘higher in 2003 than in 2002 or 2004 (P < 0.001; mean
MNKA/ha [= SE] = 2.98 [0.55], 7.16 {0.63], and 0.90
[0.28] -for 2002, 2003, and 2004, respectively). In pine

“stands, eastern chipmunk densities in 2004 were signifi- ~
cantly lower than in 2002 and 2003 (P = 0.048; mean’

MNKA/ha [ SE] = 4.20 [1.51], 5.20 [0.88], and 1.16
[0.51] for 2002, 2003, and 2004, respectively). In contrast,
-zed squirrel densities were significantly high in 2004,
compared with densities in 2002 or 2003 (P = 0.025; mean
. MNKA/ha [# SE] = 0.33 [0.12], 0.17 [0.05], and 1.08
[0.46] for 2002, 2003, and 2004, respectively).
 Partial harvesting appeared to have little effect on densities
of southern flying squirrels or eastern chipmunks. Densities
of both species were slightly higher in cut sites of both ages
than in old-forest stands, although not significantly so for
either the hardwood or the white pine stands (P > 0.120;
Table 2). In pine sites, both northern flying squirrels and red
squirrels had significantly higher densities in old-forest sites
then in recent cuts (Table 2). However, there was a
sigriificaiif mteraction between trap year and logging history
(P < 0.001) for red squirrels because of especially high
- abundances in old-forest stands in 2004 compared with
2002 and 2003. We did not perform any analyses for
northern flying squirrels or red squitrels in hardwood stands
because of low captures.

In both hardwood and pine sites, logging history changed
the habitat structure present (Table 3). In hardwood sites, &
habitat variables were significantly higher in old-forest sites
than in either age of cut sites: basal area, spruce stems/ha
>25 cm dbh, total conifer stems per hectare, conifer stems/
ha >25 cm dbh, total snag stems per hectare, and snag
stems/ha >25 cm dbh. Stems per hectare of hardwood trees
>25 cm dbh were significantly higher in old-forest stands
than in recent cuts. In pine sites, 5 habitat variables were
significantly higher in old-forest sites then in recently
harvested sites: basal aréa, canopy closure, total conifer,
hardwood_stems/ha >25 cm dbh. and snags/ha >25 cm
dbh, Although not significant, stems per hectare of spruce
>25 cm dbh were greater in old-forest sites than in cut sites.

Habitat Associations )

Habitat variable reduction.—Eleven habitat variable
remained in the site-level hardwood data set after
collinearity was reduced to acceptable levels: basal area,
canopy closure, conifer density, hardwood density >25 cm
dbh, spruce density >25 cm dbh, mast density >25 cm dbh,
declining tree density >25 cm dbh, snag density, understory
stem density <10 cm dbh, volume of DWD > 25 cm dbh;
and volume of old decay class DWD. The 9 habifat variables
remaining in the pine habitat data set were canopy closure,
conifer density, hardwood density, hardwood density 225
cm dbh, spruce density >25 cm dbh, mast density >25. cm
dbh, snag density >25 cm dbh, hardwood understory A
density <10 cm dbh, and the volume of recent decay class
DWD. '

Variance partitioning: site "and landscape habitat
associations.—In the variance partitioning analysis, site-
level factors were more important than landscape-level
factors, accounting . for nearly twice as much explained
variance. The unique site-level variance accounted for
46.4% and 43.7% of the explained variance in the squirrel

. community (in hardwood and pine sites, respectively),

whereas the landscape-level variance accounted for only
22.0% and 22.5%, respectively. The remaining variance’
(31.6% and 33.8%, respectively) represented joint and
unexplained variance.

Species-specific habitat models.—The stepwise "te-
gression models compared favorably with those chosen
through the AIC, procedure (Tables 4, 5). We ranked them
as the best or second best model in all pine sites; when they
were second best, the AAIC, value was <0.64. In hardwood
sites, in.6 of 7 instances the stepwise model was one of the
best 3 models, with AAIC, values of <1.29. The only
discrepancy was the model for red squirrels in hardwood
sites, with the best AIC, model adding an additional term
(snag stems/ha) in comparison to the stepwise model. As a
result, below we describe in more detail the results of the
stepwise regression analyses, - except for red squirrels in
hardwood sites, for which we describe the top-ranked AIC,
mode! instead.

In hardwood forest, southern flying squirrel densities had a
negative correlation with several habitat variables, including
basal area (Fig. 1b) and conifer stems per hectare (r=~0.52,
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] y =0.066 + 0.037xSpruce225: ¢ = 0.514, p<0.001

NFSQ density (MNKA/Ia)

20

Spruce > 25 em dbh/ha

Figure 2. Northem fiying squirrel {NFSQ) density in white pine sites in
Algonguin Provincial Park, Ontario, Canada, plotted against stems/ha
of spruce >25 cm diameter at breast height (dbh) from summers 2002—-
2004. Black squares = old:forest sites, empty squares = recent. cuts,
and the soiid line represents the linear regression line. :

density and basal ar/e/a However, our study measured
_density, not reproductive success Or survival. Taulman et
al. (1998) found that predation on radiocollared animals was
more frequent in disturbed habitats; similarly, in a
_ concurrent radiotelemetry study, we found that the loss of
radiocollared animals was 2.5 times greater in selection cuts
than in old-forest stands (Holloway 2006). Open stand
structure may lead to easier movement, not only by flying
squirrels, but also by their owl predators.. :

The relationship we observed for southern flying squirrels
and snags in hardwood forest was the reverse of our initial
predictions. The negative relationship this species showed

with snags suggests southern flying squirrels are adaptable in |

regards to den use. In fact, cavities in live declining trees

were the most common den substrate used by southern

* fiying squirrels in our study area (Holloway 2006), and the
density of declining trees did not differ between old-forest
and cut sites. Mast density is a key habitat feature for
southern flying squirrels (Sonenshine and Levy. 1981,
Bendel and Gates 1987, Taulman et al. 1998), but the
availability of this resource appears to influence the spatial
scale at which mast is most critical. In suboptimal habitat

_ (mixed conifer-hardwood), mast density was important

directly at the local site level. In more suitable hardwood
stands, similar to those in Fridell and Litvaitis (1991), we
. observed a positive relationship between southern flying
squirrel density and mast availability on the landscape.
Flying squirrels are mobile animals, and presumably. move
into mast stands during the fall, but a supply of mast must
exist either within an animal’s home range or in the
surrounding vicinity for overwinter survival. Low mast
abundance the preceding fall, coupled with cold ‘winter
* conditions, most parsimoniously explains the crash of the
southern flying squirrel population at our study site in 2004
(Bowman et al. 2005). P )
Chipmunks were ubiquitous across our study sites and
partial harvesting had little discernable effect on their
populations. Dedlining trees, dense understory cover, and
downed woody debris are important habitat features for
eastern chipmunks (Bennett et al. 1994, Mahan and Yahner

1996, Zollner and Crane 2003, this study). Chipmunks use
fallen logs and branches as travel runways, while high shrub
density provides both protective cover and abundant food.
These features in our study area were most abundant in sites
with intermediate levels of canopy closure (particularly
declining trees). Intermediate canopy closure shows a link to
sites with intermediate gap sizes created by less intensive (or
older) logging activity, or the mortality of overstory trees,
which results in mosaic of gaps in old-forest stands.

This study affirmed the link between high densities of
northern flying squirrels and -red squirrels and older,
undisturbed forests "(Carey et al. 1999). Charactenstics -

"—__—:_—ﬁ—_—‘ - -
associated with old-forest areas (high snag density and basal
" area) were important predictors for these 2 species.”

"Shelterwood harvesting resulted in significantly lower
densitics of standing trees, spruce, hardwoods, snags, and
canopy closure, leading to an Gverall reduction i structural
complexify. The 1655 of these features under shelterwood
harvesting may be problematic for both northemn flying
squirtels and red squirrels because high structural diversity
and overstory cover are associated with decreased predation
risk (Vahle and Patton 1983, Carey 2000). Moreover, these
changes will affect the availability of nesting habitat because
northern flying squirrels and red squirrels commonly use

"hardwood trees and snags as- nests in central Ontario

(Obbard 1987, Holloway 2006). Finally, the removal of
trees increases the habitat suitability for undetstory species
such as eastern chipmunks at the expense of the arboreal
sciurids. ' :

The abundance and availabili of foraging resources also-
may be a crifical consideration for these species (Kemp and

- Keith 1970, Ransome and Sullivan 1997, Carey et al. 1999). . '

Hypogeous fungi are major dietary items for northern flying
squirrels and red squirrels, and both species act as primary
-dispersers of fungal spores (Maser et al. 1986, Vernes et al.
2004). Spruce density was a key habitat predictor for both
species, supporting previous research both in the ‘boreal
forest and in the southern Appalachians (Fancy 1980, Payne
et al. 1989, Cotton and Parker 2000, Ford et al. 2004).
Spruce is important directly 2s a seed source (a major diet
item for red squirrels; Kemp and Keith 1970) and indirectly
because of its mycorrhizal associations with fungi. In the
Appalachians, the presence of truffies was associated with
red spruce (Picea. rubra) abundances (Loeb et al, 2000), and
the frequency of ectomycorrhizal fungi occurrence in red

spruce stands was double that found in adjacent hardwood
. stands (Bills et al. 1986). In particular, the most common

fungal genus, Elaphomyces, found in the Appalachians (Loeb
et al. 2000) and in northern flying squirrel feces in this study
(Holloway 2006), was associated with spruce (Picea sp.) and
fir (Abies sp.) trees. )

In addition to a reduction in spruce and snag densities,
shelterwood harvesting may also decrease the microclimatic

suitability in stands for fungi. Hypogeous fungal productiv~ .

ity is associated with old-growth features (such as a well--
developed organic soil layer, 2bundant coarse woody. debris,
and the presence of large, old trees; North et al. 1997). The
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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 15~
ensur‘e‘d‘re*pc-'sxstence of red squirrels and porthern fying
squirrels.

We déveloped habitat "models usmg both stepwise
regressmn 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., @ = 0.05), and model over-fitting (Burnham
and Anderson 1998, Stcphcns et al. 2005). However,
models developed a priori may be equally prone to problems
when considering a large number of potential variables (i.c.,
model dredging; Stephens et al. 2005). Thoughtful’ model
development is critical in both stepwise techniques and 2
pricri model building. If researchers take caré 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 lmplications

Shelterwood harvesting decreased the density of large
spruces and hardwoods below critical thresholds for north-
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Which species are included in the modeling effort? Several published studies suggest that a
species should be detected on about 50 point counts before initiating a model-building effort, and
98 species met that criterion. I have appended models for each of those species plus 10
additional species that did not meet the sample size criterion, but that illustrate potential
management issues nonetheless.

Summary of principal results.

1. Based on a single year's field effort across all 13 forests, the monitoring program has produced
a wealth of knowledge about the geographic and habitat distribution of an amazing number of
bird species. We detected a total of 186 bird species, 137 of which were species that the point
count method was designed to detect--songbirds (loosely defined as doves through sparrows).

We also detected 14 waterfowl species, 19 raptor species, 8 shorebird species, and 8 game bird
species (Table 1). Geographic and habitat distribution patterns for most (108) of the 137
songbird species are included in this report.

2. The detail and region-specific nature of this information can be matched by no other database
in existence. Yes, some patterns of habitat use were already common knowledge (e.g.,
Grasshopper Sparrow is restricted to grassiands, or Brewer's Sparrow is restricted to sagebrush),
but other patterns of restricted distribution were not as evident prior to this work (e.g., Black-
backed Woodpecker to burned forests, or Brown Creeper to relatively uncut cedar-hemlock
forsts). More importantly, prior to this survey, we had no knowledge of the relative abundance of
the more widespread species across cover types, especially harvested forest types. It is now
evident that Orange-crowned Warbler and Solitary Vireo, for example, occur not only broadly
across forest types, but most commonly in harvested forest types, and that Williamson's
Sapsucker is even relatively restricted to such types! This kmd of information is available
nowhere else.

3. Results from this report can already provide clear guidance for land-use decisions that involve
input from wildlife biologists. For-example, a number of bird species are relatively restricted.in

their habitat distribution to-each of the following:(species that best illustrate a given distribution

pattern are highlighted in beld lettering): (a) post-fire, standing-dead forests, (e.g., Black-backed
Weedpecker, Cassin's Finch, Clark's Nutcracker, Hairy Woodpecker, House Wren, Lincoln's
Sparrow, Mountain Bluebird, Olive-sided Flycatcher, Pine Siskin, Ruby-crownded Kinglet, Tree
Swallow, Three-toed Woodpecker, Western Wood-Pewee); (b) relatively uncut, older’ forests ' \/‘U U
(e.g., Brown Creeper, Chestnut-backed Chickadee, Golden-crowned Kinglet, Gray Jay; L\
Hammond's Flycatcher, Hermit Thrush, Mountain Chickadee, Pine Grosbéak, Pileated- P;\‘:
Woaodpecker, Red-breasted Nuthatch, Townsend's Warbler, Varied Thrush, Winter- Wren) (c) ? L
marshes (e.g, Common Snipe, Common Yellowthroat, [Marsh Wren], Red-winged Blackbird, - wi'*
[Yellow-headed Blackbird]); (d) riparian bottomlands (e.g., American Goldfinch, American /
Redstart, Belted Kingfisher, Black-capped Chickadee, [Bank Swallow], Cedar Waxwing, Gray
Catbitd, Lazuli Bunting, Least Flycatcher, Northern Waterthrush, Ovenbird, Red-eyed Vireo,

-
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Song Sparrow, Tree Swallow, Veery, Western Wood-Pewee, Willow Flycatcher, Yellow-
breasted Chat, Yellow Warbler); (¢) upland riparian stream environments (e.g., American
Dipper, Lincoln's Sparrow, Wilson's Warbler); (f) grassland and/or sagebrush (e.g., Baird's
Sparrow, Brewer's Sparrow, Chestnut-collared Longspur, Clay-colored Sparrow, Common
Nighthawk, Field Sparrow, Grasshopper Sparrow, Horned Lark, Lark Sparrow, Sprague's Pipit,
Vesper Sparrow, Western Meadowlark); and (g) agricultural fields (e.g., Bobolink, Savannah
Sparrow, Vesper Sparrow, Western Meadowlark). Obviously, the loss any one of these cover
types will mean the loss of those bird species that are relatively restricted to it. Thus, it's clear
that we need to maintain each of those elements on the broader landscape, although it's unclear
how much of each needs to be retained to maintain viable populations.

4. Even if we are not about to lose a given cover type from the broader landscape, land use
practices within and around that type may have important implications, especially for species
restricted to that cover type. For example, '

a) Bird species relatively restricted to early post-fire situations.--salvage logging will
have a negative impact on species that are either restricted to, or relatively restricted to,
early post-fire conditions. Such distribution patterns result from the fact that those
wildlife species depend to a great extent on standing dead trees in burned forests for
feeding and/ot nesting purposes. The presence of such narrowly distributed habitat
specialists leaves little doubt that post-fire salvage cutting activities are in direct conflict
with the needs of these bird species.

“-bY Bird species restricted to relatively uncut, older forests.--Based on observed

distribution patterns, the cutting (even light thinning) of dense, older forests (especially
the cedar-hemlock type) will have negative effects on several species that are restricted to
those conditions. To assure the maintenance of their populations, we probably need to
maintain relatively large patches of older forest types on the landscape.

¢) Bird species restricted to marshiands.—The draining and conversion of wetlands
will have negative effects on species restricted to those conditions. Because our methods
were not well designed to survey birds that occupy this cover type, we did not detect
additional species that are known to fall nto this category.

d) Bird species restricted to riparian bottomlands.--Numerous songbird species are
relatively restricted to riparian bottomlands. This fact takes on special meaning when we
consider that bottomland riparian cover types make up less than 0.5% of all land area, and
that they incur a disproportionate amount of human activity (i.e., home building,
recreation, and livestock grazing) and cowbird activity. Much of this land base is private,
making publicly-owned land of this type much more important as refuges for wildlife that
might be sensitive to the human activities outlined above. We currently lack, but
desperately need, information on cowbird parasitism rates in relation to the presence of
livestock in riparian bottomlands, and we need information on the effects of vegetation
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aiteration and livestock presence on nesting success of our riparian bottomland birds.

e) Bird species restricted to upland riparian stream environments.--These species
may be especially sensitive to so-called "best management practices", which have never
been evaluated in terms of their effects on a wide variety of riparian-dependent terrestrial
wildlife species.

-

Mf) Birds restricted to grassland and sagebrush environments.--If we couple the fact
that many species are restricted to grassland, sagebrush, or a combination of both, with
the fact that many of the same species are declining on a nation-wide scale, the

:  management of those lands becomes an issue. We cannot comment on the effects of

| grazing until the 1995 data have been incorporated into the database, but this is a

{  common land-use activity on grassland and shrubsteppe environments that may be .
- incompatible with the needs of some of these bird species.

g) Birds that occur commonly in agricultural fields.--Several species occur commonly
in (and in some cases are nearly restricted to) agricultural fields during the breeding
season. The main issue here is one of whether mechanical disturbance from farm
machinery interferes with the reproductive biology of these species. If so, these
environments may be acting as "ecological traps” that attract the species, but don't allow
them to be successful there.

_ 5. Most conifer-forest birds are distributed broadly across forest types, and many occur relatively
commonly in variously cut forests (¢.g., American Kestrel, Black-headed Grosbeak, Chipping
Sparrow, Dusky Flycatcher, Hairy Woodpecker, House Wren, MacGillivray's Warbler, Mountain
Bluebird, Northern Flicker, Orange-crowned Warbler, Rufous Hummingbird, Steller's Jay,
Swainson's Thrush, Townsend's Solitaire, Warbling Vireo, Western Tanager, Williamsen's
Sapsucker, Yellow-rumped Warbler). This probably means that, except for those species
restricted to older, relatively uncut forests, we can modify forest lands to an extent and still retain
conditions necessary for most forest birds. The potential management issue that still looms is
related to the fact that harvested forests are "unnatural” in the sense that their structure consists of

combinations of elements (widely, Qr:éVéﬁl;y-spaced live trees) that simply do not exist in natural “

successional seres. The problem is that these unnatural cover types may elicit settling responses
by species that are "programmed" to respond to superficially similar, but fundamentally different,
early successional forest types. Thus, it becomes imperative that we determine whether these
unnatural forest types are acting as "ecological traps"; where species are being attracted to areas
where suitability (in terms of feproductive success and or adult survival) is poor because food
resources, predation, or parasitism rates are unnaturally high there. Because no forest bird
species is restricted to harvested conditions, there will always be a "backup" of lightly harvested
or unharvested forest as a refuge from such a potential problem, should it exist. Although we
need data on nest success to be sure, I suspect that most bird species do well in harvested forests.
Moreover, if our abundance data reflect suitability of cover types, we have improved conditions
for most forest bird species through timber harvesting activities.

6
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Ruby-crowned Kinglet
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Distribution and habitat r ' T 1 T ' '
use. Ruby-crowned Kinglets 49 L e e ¢ present .
are widely distributed * absent
throughout the middle 8 4 -
portion of the region (see 2 Font
map at right). The speciesis @ ¢ E
restricted to conifer forest @ 477 . .;‘ 2 T
cover types (see histogram o % o
below). The fact that this © 46| . ]
kinglet is less likely to occur a. . ,. oond
on points with riparian cover .\ ¢ | Y og st ]
near (20.3% occurrence) ‘ , o , o
than on points without such 418 -116 -114 112 -110 -108 -108 -104 -102
cover near (24.1%) suggests
that its apparent abundance Degrees longitude
in the riparian cover types is
an artifact of the bird being detected in nearby forest types, and not that the bird is common in
riparian cover types, per se. '
Management considerations. r | T )
Despite its widespread occurrence COTTONWDIASPEN 1108
across most conifer forest types, RIPARIAN SHRUB | 1%%
including the harvested types, it is WARSH, WETLAND 17
noteworthy that this species shows POST-FIRE [t
) . CLEARCUT 1386
a continuous decrease in SEED TREE {118
abundance with increasing SHELTERWOOD 175
amounts of timber removed (see - GROUP SELECT 1142
histogram). Thus, it is a species SPRUCE-FIR 1134
that is sensitive to timber LODGEPOLE 1228
harvesting in the same way that CEDAR-HEMLOCK 1™
. - MIXED-CONIFER 11181
the Red-breasted Nuthatch is. For DOUGLASFI | 1208
whatever reason, this species PONDEROSA PINE 181
probably needs an abundance of SAGEBRUSH 1100
tw:[m]_pp_pum GRASSLAND {481
levels. AGRICULTURAL i 158
RESIDENTIAL _ {48
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use. The Solitary Vireo is 49 - present .
widespread throughout the *  absent

westernmost portions of the S 4l -
region (see map). The 2 Foa
species is restricted to o 3
coniferous forest cover @ 471 e T
types (see histogram), andis @ o

not uncommon in the by 48 .
harvested forest types. Q .

Most occurrences in the e N i
riparian cover types are A ) . T , . ,
probably because the birds 118 116 114 <112 410 108 -108 -104 -102
were detected in adjacent ‘

forest, as suggested by the Degrees longitude

fact that they are less likely

to occur on points with (8.5% occurrence) than on points without (12.3% occurrence) riparian

cover nearby. .

Management considerations. P
Although the Solitary Vireo is COTTONWD/ASPEN {108
common in the moderately cut forest RIPARIAN SHRUB i {205
types (group selection and MARSH, WETLAND 17
shelterwood cuts), its occurrence POST-FIRE 138
drops off continuously with :LE“RCUT 13

. ! T EED TREE 118
mncreasing levels of tree removal. SHELTERWOOD 175
This is the same pattern exhibited by GROUP SELECT 1112
several other forest bird species, SPRUCE-FIR 1134
including Ruby-crowned Kinglet, LODGEPOLE 1228
Rewh’ and CEDAR-HEMLOCK 174
Townsend’s Warbler, and it implies a WIXED-CONIFER [

- DOUGLAS-FIR { 208
certain degree of dependence. on the PONDEROBA PIE 1 a4
retention of some older, relatively SAGEBRUSH 1 100
uncut conifer forests. GRASSLAND { 481

AGRICULTURAL {88
RESIDENTIAL 148
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Steller’s Jay
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98

% Occurrence w/n 100 m

Distribution and habitat ) ‘
use. Steller’s Jay is a bird 49 * present 7
of the westernmost portion © absent
~ of'the region (see map at S a8 RO
night). It occurs primarily é ‘
in higher elevation spruce- & al i
fir forests (see histogram o . e
below), where it is six £ LN ‘
times more likely to occur 8 46| o 1
on points with dead/down @
than on points without 45 | D .
such. It is common in a . - R s s :
variety of harvested forest -118 -116 -114 112 -110 -108 -108 -104 -102
type as well Degrees longitude
Management Considerations. ()
Although this species appears to be COTTONWD/ASPEN 11
reasonably abundant in harvested RIPARIAN SHRUB 1%
. . . MARSH, WETLAND 177
forests, I suspect that nesting activity POST-FIRE 1ss8
is limited there. Instead, I suspect CLEARCUT {985
that this wide-ranging species SEED TREE 1118
frequents such areas for other SHELTERWOOD 17
reasons (nest egg predation?) and GROUP SELECT 112
that its primary nesting habitat is in f:::::::: ;
the less dls.turbed ] forest. This species CEDAR-HEMLOCK 174
may be a big reason why nest success MIXED-CONIFER 1 1181
of other songbirds might not be as DOUGLAS-FIR 1208
great as implied by census data alone, PONDEROSA PINE 181
and underscores the need for nest SAGEBRUSH 1190
success studies in cut forests. GRASSLAND 141
AGRICULTURAL 158
RESIDENTIAL {48
0 2 4 & 8 10 12
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Cassin’s Finch

Distribution and habitat

often increases after harvesting.

32

% Occurrence w/n 100 m

use. Cassin's Finch occurs 9 s * present 7
throughout the western *e ."J?,} p absent
portion of the region (see S 48 | bt Nt . _ -
map at right). They occur £ it e ¥ : ias
across most of the conifer & I :,.;‘t" 0 ! ]
forest types, but are 4 47 “Pn usbg e 8 £, o i
detected most frequently in g ¥, Tt tat 'f
early post-fire situations, K3 48 | i ot . }'; o )
shelterwood cuts, and T iy & e
ponderosa pine forests (see 45 | % g .
histogram below) where . . - o . . ,
they apparently hone in on 118 118 -114 -112 -110 -108 -108 -104  -102
conifer seed production.
Degrees longitude
~“Management Considerations. - - S
The seed resources that become m
available shortly after a stand- COTTORWDIASPEN 10
replacement fire may be important RIPARIAN SHRUB 12
3 ) MARSH, WETLAND 177
to this species. Thus, post-fire POST-FIRE s
salvage cutting may be in direct cLearcuT RENNENEN {385
conflict with its needs. SEED TREE {118
~ Shelterwood cuts look quite SHELTERWOOD 17
suitable, but they may act as GROUP SELECT e
"ecological traps" by creating f:;:;i:g ;::
stands that take on a post-fire- CEDAR-HEMLOCK 174
like, open appearance but fail to MIXED-CONIFER 4 1181
provide needs otherwise. In this povetas-FiR NN { 208
instance, however, I believe the PONDEROSA PINE 18
other needs of this species are SAGEBRUSH 1%
likely to be provided as well o A [
because the cone (seed) RESIDENTAL {4
production in the remaining trees
o 2 4 8 8 10 12 14 186
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Biologists track owls to save homes from logging

Great grays fitted with GPS backpacks to learn about habits, numbers.

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

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

to give a hoot.

“Right when we arrived, she fed the fledgling a vole,”
said Beth Mendelsohn, who’d been tracking the owl
since sunup. “This bird seems a little more spooky than
most.”

Mendelsohn, along with Katherine Gura and Bryan
Bedrosian, had hoped to net and then fix a GPS-
equipped backpack to the great gray. The team had
managed to fix backpacks to five great grays this
summer.

Craighead Beringia South hiclogist Bryan
Bedrosian lets a captured gray owl spread
its wings to allow a newly-attached tracring
device to work into its feathers near Red Top
Meadows. Bedrosian has been putting
transmitters and ID bands on several owls in
order to study the birds’ home range.
BRADLY J. BONER / NEWS&GUIDE

View our entire photo gallery >>

x o

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

The owi-catching crew came up empty-handed. The female, which was caring for a lone offspring, saw

through the biologists” ploy.

giving up.

Beringia Scuth, based in Kelly, 1s in the mudaie

b

of the first great gray owl research proj

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

“We found very few owls,” Bedrosian said, recalling a
winter of combmg the mountains from Grand Teton National Park to the Snake River. “There just isn’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 limbing is proposed in some of the birds’ prime
range in the Bridger-Teton National Forest.

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

The Forest Service has pledged:toput a buffer around the home ranges of great grays and other owl
.species ,,‘Bedrosmn sa1d Asa result h1s team of b1olog1sts has been gomg “gangbusters” trymg to find
-riest sites. - :

T

At 6 a.m. four days later, the biologists were back wandering the woods near Red Top Meadows.

Bedrosian hooted.

J. bR

“My call must not be that bad — it screwing up both the girls,” he said.
1

On the second take, the biclogists opted to switch capture techniques.
3 =

1

A gerbil enclosed in a mesh cage lined with looped monofilament fishing fine took the piace of the
tethered mouse. It’s name was Peppermint.

two hours into the search the group once again found the mother great gray.

“Th ;a'ﬂ(fuﬁy 1 didn’t have to tackle her this time,” he said. “Last time I had to do a flying leap as it got

off th uan

4 41

Tt was routine work for the Beringia South team, but they ail seemed energized.

http://us-mg4.mail.yahoo.com/neo/launch? rand=akhhc7k71gl14 8/7/2013
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“Peppermint worked,” Gura said.

The great gray, whose beady ycuuw eyes were covered with a ball cap, was a healthy two-pound female.

(.

The bird looked much larger, but that’s because she was aii fluff.

[{ia ] {‘ 41 9

There’s just 0 many feathers, Bedrosian said. “They appear larger in size than a great horned owl, but
a great horned owl is quite a bit bigger actually.”

The plurnage is for a reason.

Great 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, Bedrosian said.

emely heat-intole

Afier measurements and blood samples were taken, the captive owl was fixed with two ID bands.
Somewhere in the process a razor-sharp talon punctured the webbing between two of Bedrosian’s
fingers, and blood trickled.

The team then began to fit the great gray with the GPS backpack.

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

an 1 s S

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

Alflter she was released, the great gray, now No. A8, settled onto a perch 30 feet up and 100 or so feet
away. _ R e _

Q3 adayy I vevkeTrne ‘1 £ o St s that aae

She starled picking at the foreign siraps that secured the transmitt
biologists.

1

Y 24471

Littie does she know that the data the team will glean from her annoying new outfit will help save her
soon-to-be mapped home range.

far

The area around her nest site, Bedrosian said, had been slated for treatment under the Bridger-Teton’s
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HABITAT ASSOCIATIONS OF SYMPATRIC RED-TAILED HAWKS
AND NORTHERN GOSHAWKS ON THE KAIBAB PLATEAU

FRANK A. LA SORTE,'2 School of Renewable Natural Resources, 325 Biological Sciences East Building, University of Arizona,
Tucson, AZ 85721, USA

R. WILLIAM MANNAN, Schoo! of Renewable Natural Resources, 325 Biological Sciences East Building, University of Arizona,
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Abstract: We investigated habitat association of sympatric red-tailed hawks (Buleo  jamaicensis) and northern goshawks
(Accipiter gentilis) at 2 spatial scales centered on nest sites: (1) fine-scale patterns of forest structure and topography with-
in 16-m radius circles (0.08 ha), and (2) midscale patterns of forested and nonforested areas, forest fragmentation, and
topography within 2,085-m-radius circles (1,367 ha). Nonforested areas were defined as any area lacking >20% canopy
closure within a 30 x 30-m cell. At both scales, red-tailed hawk associations were more variable and goshawk associa-
tions less variable. At the fine scale, goshawks were consistently associated with open understories, tall trees, and gen-
tle slopes (% = 9.6°, SD = 6.9) while red-tailed hawks were associated, on average, with steep, north-facing slopes (x =
17.4°, SD = 8.1) and dense understories. At the midscale, goshawks were consistently associated with patches of con-
tinuous forest and level terrain within 645 m of nest sites. Red-tailed hawks were associated with nonforested areas locat-
ed within 105-645 m of nest sites and steep slopes within 105 m of nest sites. Forest fragmentation was greater around
red-tailed hawk nest sites, and forested regions were more aggregated around goshawk nest sites when compared with
the other species. These patterns indicate that on the Kaibab Plateau, red-tailed hawks will gain habitat at the mid-

scale and goshawks will lose habitat at both scales if forests are fragmented and mature forest structure is lost.

JOURNAL OF WILDLIFE MANAGEMENT 68(2):307-317

Key words: Accipiter gentilis, Arizona, Buteo jamaicensis, forest fragmentation, GIS, habitat association, Landsat, land-
scape pattern, northern goshawk, patch analysis, red-tailed hawk, remote sensing.

Northern goshawks (hereafter referred to as
goshawk) in North America breed in a variety of
forest types with nest sites typically found in associ
ation with mature to old-growth forest structure;
foraging and winter habitat are poorly studied
but appear to be more diverse and not as strong-
ly dependent on mature forest structure (Squires
and Reynolds 1997). The U.S. Forest Service desig-
nated goshawks as a “sensitive species” throughout
the species’ western range based on concerns relat-
ed to the impact of forest management practices
on goshawk breeding habitat. The status of
goshawk populations in the western United States
remains the subject of concern and debate
(Rennedy 1997, DeStefano 1998, Smallwood 1998).
In North America, red-tailed hawks are abundant,
ubiquitous, and typically associated with nonforest-
ed areas in various environments including conif-
erous and deciduous forests (Preston and Beane
1993). Several investigators have suggested that
red-tailed hawks may be replacing goshawks as

1 Present address: Department of Biology, New Mexi-
co State University, P.O. Box 30001 MSC 3AF, Las
Cruces, NM 88003-8001, USA.

2 E-mail: flasorte@nmsu.edu

forests are cleared and fragmented (Crocker-Bed-
ford 1990, Kenward 1996, Erdman et al. 1998). The

- relationship-and-habitat associations for-sympatric

Accipiterspecies (Reynolds et al. 1982, Reynolds and
Meslow 1984, Bosakowski et al. 1992), sympatric
Buteo species (Schmutz et al. 1980, Janes 1994,
Bosakowski et al. 1996), and sympatric Buzeo and
Accipiter species (Titus and Mosher 1981, Selés
1997, Sanchez-Zapata and Calvo 1999) have been
the subject of numerous investigations; yet the rela-
tionship and habitat associations of sympatric red-
tailed hawks and goshawks has not been studied.

Our objective was to provide descriptive informa-
tion on the habitat associations of sympatric red-
tailed hawks and goshawks during the breeding
season. We focused our investigation on forest
structure at nest sites and forest fragmentation and
the presence of nonforested areas around nest
sites to clarify how these species will be impacted
by forest alterations in the western United States.

STUDY AREA

Red-tailed hawks and goshawks occur sympatri-
cally on the Kaibab Plateau in northern Arizona,
USA. Vegetation within our study area on the
plateau consisted of ponderosa pine (Pinus pon-

307



RED-TAILED HAWK AND GOSHAWK HABITAT ASSOCIATIONS ¢ Lg Sorieetal J. Wildl. Manage.
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Fig. 4. Estimated change in odds and 95% confidence inter-
vals associated with a 12 increase in slope within 23 concen-
tric ring plots (midscale) at 90-m intervals centered on red-
tailed hawk (n = 41) and goshawk (n = 62) nests and random
sites (n = 62) on the Kaibab Plateau, Arizona, USA, in 2000.

age goshawk nest site contained a forested area
centered at the nest site with small nonforested
areas dispersed around the perimeter of the plot
(Fig. B).

DISCUSSION

The associations at the fine scale can be inter-
preted based on behaviors unique to the spe-
cies. Typically, red-tailed hawks enter nests from
above the canopy and goshawks enter nests from
below the canopy. Researchers have argued that

- open - and - unobstructed - access to mnests -from
above the canopy is an important factor in red-

tailed hawk nestsite habitat selection (Orians

and Kuhlman , Titus and Mosher , Bed-
narz and Dinsmore ). Therefore, forest
structure below red-tailed hawk nests is sec-
ondary, and features related to the nest tree and
topography are primary. Nests located high in tall
trees on steep, north-facing slopes would pre-
sumably allow easy access to nests, a favorable
microclimate within the nest with reduced solar
radiation, and a clear view of the surrounding
area. In contrast, goshawk nest sites were associ-
ated with characteristics of mature forest struc-
ture. This result is consistent with numerous
investigations documenting high canopy closure,
mature trees, and open understories at goshawk
nest sites (Reynolds et al. , Speiser and
Bosakowski , Hayward and Escano )
Squires and Ruggiero ). These features pre-
sumably would allow easier access to nests, unhin-
dered movement through the surrounding for-
est, a clear view of the forest floor, and a suitable
microclimate within the nest.

At the midscale, red-tailed hawks displayed
more variation overall and were associated with
nonforested areas between and m of the
nest site and steeper slopes within m of the
nest site. At the midscale, patterns documented
within m of the nest site mirrored patterns
documented at the fine scale, thus supporting the
conclusion that steep slopes are an important fac-
tor and forest structure is secondary at, and imme-
diately surrounding, the nest site. Studies exam-
ining red-tailed hawk habitat associations have
documented both a strong association (Mindell
and Samuel , Speiser and Bosakowski s
Moorman and Chapman ) and no apparent
association with nonforested areas (Titus and
Mosher ). These discrepancies likely result
from differences in forest structure and landscape
pattern among study areas. Our results support
the conclusion that red-tailed hawks nesting in
forested environments are capable of tolerating a
broad array of forest structures and that frag-
mented forest structure and nonforested areas
appear to play a central role in these associations.

Goshawks were consistently associated at the
midscale with regions of continuous forest cen-
tered at the nest site. The negative association
with nonforested areas extended to m and
was strongest within m of the nest site. This
forested area corresponds to the post-fledging
family area (PFA; Reynolds et al. ) estimated

..at -  ha or a circle-with a radius of . ..m

(Kennedy et al. ). The PFA, characterized by
mature forest structure, is the area where adults
forage during the breeding season and young
develop their hunting skills. In addition, our
results indicate an association with gentle slopes
that extend to m from goshawk nest sites.
This pattern is consistent across the fine scale
and midscale but is not consistent with findings
of other investigations (Squires and Reynolds
). The predominance of gentle terrain on
the Kaibab Plateau and the presence of mature
forest structure with open understories in regions
with gentle slopes might explain this pattern.

In summary, the patterns of goshawk and red-
tailed hawk habitat associations were distinctly
different at both the fine and midscale. Goshawks
were considerably more specialized at both scales
and presented consistent patterns of continuous
forest structure on level terrain at both scales.
Red-tailed hawks presented greater variation at
both scales, with differing central tendencies
from goshawks. The pattern at the fine scale sug-
gested that habitat selection for red-tailed hawks
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Fig. 5. Classified Landsat images (10 Oct 1999; 30 x 30-m celis) of sites that represented the (A) minimum, (B) that most close-
ly approximated the mean, and (C) represented the maximum for & landscape indices measured in 2,085-m radius circles (mid-
scale) centered on red-tailed hawk (n= 41) and goshawk (n = 62) nests and random sites (n = 62) on the Kaibab Plateau, Ari-

zona, USA, in 2000.

was not based on consistent patterns of forest
structure, as was found at goshawk nest sites, but
with features related to nest position and access.
Thus, selection was occurring primarily for the
nest tree and its relationship to the surrounding
topography for red-tailed hawks and for features
within and below the canopy for goshawks. Pat-
terns at the midscale suggested that habitat selec-
tion for red-tailed hawks was based on the pres-
ence of nonforested areas and fragmented forest
structure around the nest site and steep slopes at
the nest site. For goshawks, patterns at the mid-

scale suggested that selection was occurring
exclusively for regions of continuous forest on
level terrain centered at the nest site.

MANAGEMENT IMPLICATIONS

Our study reaffirms that the habitat associa-
tions of goshawks during the breeding season are
regionally consistent within a particular environ-
ment. This allows resource managers to identify
areas containing goshawk breeding habitat and
develop management guidelines to protect them
(e.g., Reynolds et al. ). However, successfully
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managing for a species’ unique habitat require-
ments is becoming more difficult in the western
United States due to a variety of economic, polit-
ical, ecological, and social pressures placed on
forests and forest managers. An ecological factor
that we examined is the presence of a very suc-
cessful generalist, the red-tailed hawk, which
introduces a variety of concerns for goshawk
management. One is the possibility of competition
for habitat or prey between the species. Anoth-
er is the encroachment of red-tailed hawks into
goshawk territories. If goshawk habitat is altered
beyond the range of assoc1at10n documented in
our study, it coul transm
habitat BSth ]
goshawk breeding territories within a region and
potentially negatively impact the goshawk popu-
lation. Our study did not attempt to examine the
consequences of competition or habitat alter-
ation; nevertheless, when sympatric, these

species coexist in a relationship defined in large
part by available habitat. Red-tailed hawks, or any
other bird-ofprey, are not likely to represent a
serious competitive threat to goshawk populations
because of the goshawk’s unique habitat associa-
tions and highly aggressive behavior. The real
issue is one of habitat; if the habitat requirements
of a species are not available, that species will
have difficulty fulfilling its ecological role. In this
case, the threats to goshawk breeding habitat are

more-severe because -of the goshawk’s specializa- . -

tion on features that have economic value and
features that are threatened by catastrophic wild-
fires. Thus, to increase the likelihood that goshawk
populations persist in the western United States,
an important management goal should be to
retain goshawk breeding habitat within the
goshawk’s range of association. This study and
many others have attempted to document these
associations for particular regions and environ-
ments. In addition, an understanding of the forces
that are acting to alter forests in the western Unit-
ed States and the potential long-term outcomes
of these processes to forest ecosystems need to be
incorporated into management strategies.
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Abstract

Mature and post-mature stands may be under-repre-
sented in many modern forest landscapes as a result of
preferential harvest of these age classes. It is important
for land managers concerned with protecting biological
diversity to know the approximate proportion of old
growth in forest landscapes prior to European interfer-
ence. Negative exponential models, based on mean stand-
replacing fire intervals taken from fire history studies,
were used to estimate presettlement stand-age distribu-
tions for three areas in northwest Montana. Results were
compared with empirical distributions calculated from
stand maps prepat,jéd in 1937-38, prior to significant tim-
ber harvest and “effective fire suppression. The models
predicted the observed proportion of 1937-38 old growth
(2200 years) within 10% but were poor at prjedicting
proportions in 20-year-age classes. These results \suggest

that negative exponential models based on empiri-

cally determined estimates of fire interval can be used
to obtain approximate estimates of presettlement old
growth if local fire history studies have been done.
Results of this study and numerous fire-history studies
suggest that old growth occupied 20-50% of many pre-
settlement forest ecosystems in the Northern Rockies.
Copyright © 1996 Elsevier Science Ltd

Keywords: Montana, old growth, fire history models,
forest conservation.

INTRODUCTION

One goal of modern forestry is to use ecological princi-
ples to manage forest lands for both commodity pro-
duction and the conservation of species diversity
(Norse et al, 1986; Hansen et al, 1991). In order to
attain this goal it is necessary to have forests with all
successional stages in quantities and spatial arrays like
those to which resident organisms are adapted (Harris,
1984; Bunnell, 1995). During the past decade attention
in western North America has been focused on mature

Correspondence to: P. Lesica, Tel.: 406-728-8740; Fax: 406-
243-4184.
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and especially post-mature (i.e. old growth) forests
(Morrison, 1988; Norse, 1990). Conservation advocates
believe that the extent of old growth forests has been
reduced by harvest activities to the point where many
species are jeopardized. However, land management
agencies and private timber interests often argue that
the present inventory of old growth is similar to preset-
tlement levels, and conservation is unnecessary (USDA
Forest Service, 1992).

Unfortunately, knowledge of forest age structure
prior to European disturbance is often difficult to obtain.
In some cases this information can be obtained from
historical documentation. However, quantifiable histor-
ical information is not available for many areas of
western North America. In these cases a method for
estimating the proportion of old forests on the preset-

tlement- landscape would be-useful to those managing - - -
. land for biological diversity.

Historically, fire has been an integral part of forest
ecosystems in the Northern Rocky Mountains and was
certainly the most important disturbance structuring
these systems prior to European settlement (Wellner,
1970; Arno, 1980; Habeck & Mutch, 1983). Fire regime
was the principal factor determining the mosaic of diff-
erent stand ages across the landscape. At low eleva-
tions, drier habitats experienced frequent non-lethal
fires, while moist sites were more likely to have had
infrequent stand-replacing fires. At higher elevations,
cool slopes experienced infrequent lethal fires, while
warmer slopes experienced a mixture of more frequent
stand-replacing and non-lethal fires (Barrett & Arno,
1991). Forest habitats with infrequent stand-replacing
fires would have supported greater proportions of
mature and old-growth forests.

There have been several attempts to model the rela-
tionship between fire interval and age-class distribution
mathematically. Van Wagner (1978) proposed the neg- -
ative exponential distribution as an approximatiorn to
this relationship. The Weibull model takes changing
flammability with stand age into account and has been
considered by some to be more ecologically realistic
(Johnson, 1979; Yarie, 1981). These models have been
shown to fit fire frequency data collected in coniferous
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forests from a-variety of landscapes throughout boreal
and cordilleran western North America. Although
Johnson (1979) found that the Weibull model better
described fire behavior in northwest Canada, he also
showed that the Weibull model was nearly equivalent
to the negative exponential model when terrain was
broken, suggesting that the negative exponential model
is appropriate for the Northern Rocky Mountains.
Rowe et al. (1975) found that the Weibull model fit
their data from northwest Canada better than the nega-
tive exponential model. However, McCune (1983) and
Johnson and Larsen (1991), working in the more

mountainous terrain of western Montana and west-cen-

tral Alberta respectively, determined that the negative
exponential model fit their data well, and Yarie (1981)
found that the two models fit most of his data from
Alaska equally well. The majority of studies from simi-
lar landscapes suggest the negative exponential model
provides a good approximation for fire behavior in
mesic forests of the Northern Rocky Mountains. Maxi-
mum likelihood estimates for negative exponential and
Weibull distributions for my data were very similar.

Even though they make many simplifying assump-
tions, Van Wagner (1978) proposed that negative expo-
nential models can be used to estimate presettlement
‘'stand-age distribution as well as the expected propor-
tion of forest in particular age classes given mean
stand-replacing fire interval and that certain assump-
tions are met. Thus, a simple equation relates the pro-
portion of old forests to the mean stand-replacing fire
interval. However, Baker (1989) argued that estimates
of mean fire frequency cannot be used to this end
because fire intervals are too variable.

The purpose of this study is to use empirical esti-
mates of stand-replacing fire intervals to test predic-
tions of proportions of old growth (defined solely on
the basis of age) derived from simple fire history mod-
els. This comparison can be made in northwest Mon-
tana because both historical data and estimates of
pre-interference fire frequency are available. The US
Forest Service conducted timber inventories of forested
lands in western Montana from 1937 to 1943. These
inventories can be used to determine the distribution of
stand ages at a time before significant timber harvest
and effective fire suppression. Fire history studies have
been conducted in western Montana, and estimates of
mean stand-replacing fire intervals are available for
some areas (Arno, 1980).

MATERIALS AND METHODS

Study areas

Each study area consisted of six townships (56,000 ha)
and was adjacent to or included the site of a previous
study that provided an estimate of mean stand-replac-
ing fire interval (Fig. 1). Forests with similar site poten-
tial, successional patterns and fire disturbance regimes
are called ‘fire groups’ (Fischer & Clayton, 1983;
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Fig. 1. Location of study sites in northwest Montana: (HH)
Hungry Horse, (NF) North Fork, (SV) Swan Valley.

Fischer & Bradley, 1987) and were assigned according
to Fischer and Bradley (1987). Only stands classified to -
the dominant fire group for that study area were
included in the analyses.

Hungry Horse

The moist lower subalpine fire group is dominant with
Abies lasiocarpa as the climax species in most stands,
and Larix occidentalis, Pinus contorta and Pseudotsuga
menziesii as the most common seral species. The analy-
sis area was 18,515 ha, and 1065-1890 m elevation.
Mean stand-replacing fire interval before 1910 at the
north end of the study area was 121 years below 1650
m (Davis, 1980).

North Fork

Dominant fire group and species composition are simi-
lar to those at Hungry Horse. Analysis area was 28,090
ha and 1220-1890 m in elevation. Barrett et al. (1991)
conducted a fire history study along the North Fork of
the Flathead River in Glacier National Park 1 km east
of this area and estimated mean stand-replacing fire
interval to be 186 years prior to 1935.

Swan Valley

The moist grand fir/western redcedar fire group dominates
the valley floor at 975-1400 m with Abies grandis and
Thuja plicata as the climax species, and Larix occidentalis,



Fire history and old growth 35

Pinus monticola and Pseudotsuga menziesii the most
common seral species. The analysis area was 19,750 ha.
A study of this fire group in the Middle Fork of the
Flathead River drainage in Glacier National Park 90
km to the north estimated the mean stand-replacing fire
interval prior to 1935 to be 261 years for this fire group
(Barrett et al., 1991).

Fire history models

In the negative exponential model the proportion of
stands reaching a particular age is the random variable,
and the reciprocal of mean fire interval (probability of
fire in a stand) is the only parameter. A lucid discus-

sion of the model’s derivation is presented by Van ‘

Wagner (1978). The cumulative proportion of all
stands less than or equal to age ¢ is given by

F(t) =1 —exp (—pt) = 1 — exp (-t/b) 48

where p is the annual probability of fire in any one stand
and b = 1/p is the mean fire interval (Van Wagner, 1978).
For example, the % of stands 101-120 years old is

Stands,g; 1 = [exp (~101/6) - exp (— 120/6)] X 100 (2)

This model assumes that stand flammability is constant

with age. If fire hazard increases with stand age, then "

the model will overestimate the proportion of very old
stands (Van Wagner, 1978). .

In order to use mean fire interval models to estimate
average presettlement stand-age distribution, the fol-
lowing assumptions must be met:

(1) Mean fire interval is determined on a point or

stand basis (Hawkes, 1980; Arno & Petersen, 1983).

(2) Estimates of mean fire interval apply only to
areas with similar fire regimes, topography and histo-
ries of human-caused fires (Hawkes, 1980; Johnson &
Van Wagner, 1985).

(3) Mean fire interval must be determined from the
time predating effective fire suppression.

(4) The size of the study area must be large com-
pared to the extent of the largest fire (Johnson & Van
Wagner, 1985; Baker, 1989). Johnson and Gutsell
(1994) propose the general rule that study areas in
which > 33% of the area has been burned by a single
fire are too small. Fire history models provide an esti-
mate of proportion of stands in each age class. In order
to compare the predictions of the models with the
observed areal data and to estimate the proportion of
forested landscape in old-growth condition, it is neces-
sary to assume that the proportions of stands and area
are equivalent (W. Baker, pers. comm.), ie. the size
distributions within the different age classes must be
similar. This assumption becomes more reasonable as
the number of stands in each class becomes larger.
Thus, larger study areas and/or broader age classes will
yield more robust results.

With one exception, my study met the assumptions
of the fire history models. Fire interval was determined

by examining fire scars and cohort regeneration on a
stand basis and preparing master fire chronologies
(Davis, 1980; Barrett et al, 1991). Only stands with
similar fire regimes (i.e. in the same fire group) were
used in the analysis. Estimates of mean stand-replacing
fire interval were made before fire suppression became
effective (Arno & Sneck, 1977; Pyne, 1982). Fires, or
perhaps a single fire, occurring in the 1920s initiated
31% of the stands in the Hungry Horse study area
(Fig. 2), suggesting that the study area may have been
too small (Johnson & Gutsell, 1994). Otherwise no sin-
gle 20-year interval accounted for initiation of more
than 16% of the stands in any study area (Fig. 2).
Every township in the study had stands of numerous
different ages. Thus, it is reasonable to assume that the
size of the study areas was sufficiently large.
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Fig. 2. Age class distribution of forest stands for three study
areas in northwest Montana determined from (1) 1937-38
stand exam maps (filled bars) and (2) mean fire frequency
models (open bars). Distributions appear bimodal or skewed
to the left rather than skewed to the right because the two
oldest age classes encompass more than 20 years.
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Historical data

I compared results derived from negative exponential
models with empirical data from stand maps prepared
in 1937-38. Age of the cohort having the greatest basal
area was determined from increment cores taken by
surveyors. Stand boundaries were delineated on the
ground, with the aid of aerial photography (Hart &
Lesica, 1994). Stands were placed in 20-year age classes
up to 160 years and then 160-200 years and 200+
years. Forests above 2130 m were generally considered
non-commercial ‘and were not examined. Stands were
delineated on 1:31,700 maps (USFS, 1937-43).

Hart and Lesica (1994) assessed the degree of con-
gruency between these early age estimates and those
from stand exams made during the last decade. They
found that 52% of the early estimates were within 20
years of the modern estimates, and less than 27%
showed discrepancies of greater than 60 years. There
was no bias toward either older or younger estimates,
and the distribution of discrepancies was symmetric
about zero. Thus, when a large number of stands are
considered, the distribution of age classes should be
reasonably accurate. Discrepancies may be the result of
errors in either the early or modern exams or differ-
ences in how stand age was determined for the two
data sets. Although far from perfect, these early maps
provide the best one-point-in-time estimates of stand
age distribution previous to timber harvest and fire
suppression available for western Montana.

For each study area the dominant fire group was
used to obtain the estimate of mean stand-replacing fire
interval. All stands in that fire group were located
using 1:24,000 stand maps based on surveys conducted
by the US Forest Service, Montana Department of
State Lands and Plum Creek. Thus, the fire regime of
the lands I mapped was similar to that on which the
fire frequency estimate was based. Areas were calcu-
lated for each age class using 1:2.4 ha dot grids.

RESULTS

Stand-age distributions, using 20-year classes derived
from mean fire interval models, were significantly diff-
erent than from distributions derived from 1937-38
data (Fig. 2; Kolmogorov-Smirnov test, p < 0-01). The
models underestimated proportions in the two oldest
age classes in five of six cases (Fig. 2).

Although the mean fire interval models predicted
individual 20-year age classes poorly for the 1937-38
data, predictions for the 200+ class were relatively
accurate (Fig. 2); model predictions of old growth pro-
portions were all within 6-10% of observed proportions.

DISCUSSION

Model performance
There are a number of possible reasons for the models’
failure to predict observed distributions. The poor fit is

most likely due to the large variance in the size and fre-
quency of fires compared to the size of the age classes.
Fire hazard in the Northern Rocky Mountains is not
constant over short periods but can vary on the scale
of decades due to prolonged periods of drought or
cool, wet weather. As a result, some 20-year age classes
are large due to extreme fire years, while others are
small as a result of long fire-free periods. A model
based on a single mean fire interval derived from
300-500 years of fires will not be robust at predicting
point-in-time distributions when small age classes are
used (Baker, 1989). Estimates of mean stand-replacing
fire intervals were taken from study areas close to my
study areas, but the lack of exact geographical corre-
spondence could introduce errors into estimates
obtained from the fire history models. Estimates of
mean fire interval obtained without random sampling
of fire-scarred trees may be biased (Johnson & Gutsell,
1994); however, there is no reason to suspect any sys-
tematic bias in the data collection (S. Barrett, pers.
comm.). In some areas fire cycles have changed in the
200400 years preceding fire suppression (reviewed in
Johnson, 1992). If the change in fire frequency was
large, models based on mean fire interval for the whole
period could not accurately predict age-class distribu-
tion for a single point in time.

The 200+ class encompasses ¢. 200 years, an order of
magnitude larger than the other classes. This is
undoubtedly the reason for the increased accuracy of
area predictions for this class. Using large age-classes
reduces the effect of the variance associated with fire
size and frequency. Larger study areas would likely
have increased the accuracy of the estimates, especially
in the Hungry Horse area.

One explanation for the consistent underestimates in
old classes is that the negative exponential model
assumes a constant hazard of fire, but old stands are
less prone to stand-replacing fire than young and mod-
erate-age stands (Van Wagner, 1977). The underesti-
mates may also result from some stand-replacing fires
failing to kill all of the trees in the stand, especially fire-
resistant species such as western larch (Barrett ef al.,
1991). If enough larch survived, 1937-38 timber survey-
ors may occasionally have recorded the survivors as the
dominant cohort.

Implications for conservation

Negative exponential fire history models can be useful
for estimating approximate proportions of old growth
in presettlement forest landscapes where fire is the
dominant force controlling stand replacement. In the
Northern Rocky Mountains, mean stand-replacing fire
frequency is variable even within the same fire group
(Table 1; Arno, 1980). Thus, it is important to use
localized fire history data to estimate the mean stand-
replacing fire interval. Such studies can provide man-
agers with information useful for setting guidelines for
the conservation of old growth in many forest landscapes.
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Table 1. Mean stand-replacing fire intervals and estimated % of presettiement old growth (>200 years old) forest (OG) in different -

fire groups (Fischer & Bradley, 1987) in the Northern Rocky Mountains of northern Idaho (ID) and western Montana (MT)
% old growth was derived using negative exponential models computed from mean fire interval (eqn 2).

Fire group Location Elevation (m) Source Mean fire oG
' interval %

Warm dry Douglas fir ID 550-1615 Barrett & Arno (1991) >200 >37
Moist Douglas fir MT 1100-1575 Barrett et al. (1991) 186 34
Dry lower subalpine MT 1800-1910 Davis (1980) >146 >25
Cool lodgepole pine 1D 1615-2285 Barrett & Arno (1991) 117 18
Moist lower subaipine MT 1000-1140 Davis (1980) >117 >18
Moist lower subalpine MT 1200-1650 Davis (1980) 121 19
Moist lower subalpine MT 1575-1800 Davis (1980) 146 25
Moist lower subalpine D 1430-130 Arno & Davis (1980) >150 >26
Moist lower subalpine D 1525-1980 Barrett & Arno (1991) 174 32
Moist lower subalpine MT 1200-1575 Barrett et al. (1991) 186 34
Moist lower subalpine MT 1220-1830 Barrett et al. (1991) 202 37
Grand fir/cedar-hemlock MT 1260-1400 McCune (1983) 63 ) 4
Grand fir/cedar-hemlock 1D 760-1525 Arno & Davis (1980) 100 14
Grand fir/cedar-hemlock ID 1280-1830 Barrett & Arno (1991) 119 19
Grand fir/cedar-hemlock ID 550-1280 Barrett & Arno (1991) 197 36
Grand fir/cedar-hemlock ID 7601065 Arno & Davis (1980) >200 >37
Grand fir/cedar-hemlock MT 975-1525 Barrett et al. (1991) 261 46

There is evidence that native vertebrate faunas are
adapted to particular fire regimes and stand age distri-
butions (Bunnell, 1995). Furthermore, many species of
plants and animals require or find optimum habitat in
old-growth forests of the Northern Rocky Mountains
(McClelland, 1979; Hejl & Wood, 1991; Lesica et al,
1991). Although old growth is often defined by struc-

tural as well as age characteristics'(Old Growth Defini-

tion Task Force, 1986), stand age is strongly correlated
with. structural characters as well as the occurrence of
many animal species (Franklin et al., 1981; Norse,
1990). Theory and empirical studies predict that many
species will have difficulty maintaining genetically and
demographically viable populations in a greatly reduced
habitat base (Harris, 1984; Gilpin & Soulé, 1986;
Wilcove, 1987; Gilpin, 1988; Doak, 1989).

Results of this study and model estimates based on
fire history studies throughout the Northern Rocky
Mountains (Table 1) suggest that old growth occupied
20-50% of the presettlement forest landscape in low-
and many mid-elevation habitats. Yet most national
forests in the Northern Rocky Mountains plan to
maintain at most 10% of their total forest inventory in
old growth (Yanishevsky, 1987). Low-elevation land-
scapes have suffered the greatest losses because much
of this land is owned by private companies who have
harvested all or nearly all of their ancient forests. A
reduction from 20-50% to less 10% in old growth in
low- to mid-elevation forests may well cause extirpa-
tion of many old-growth dependent species.

Fire suppression and management for timber pro-
duction have greatly altered the age-class distribution
of stands on forested landscapes (Arno, 1976; Habeck,
1983; Harris, 1984; McCune, 1983). By reducing the
occurrence of low intensity burns, fire suppression has

increased the chance of stand-replacing fires in many
remaining old-growth stands. Furthermore, low-eleva-
tion habitats undoubtedly support a much smaller pro-
portion of old growth than before European
settlement. All seral stages provide critical habitat to
some plants and animals (Hansen ez al., 1991). Perhaps
the best prescription for maintaining biological diver-
sity and sustainable ecosystems is to imitate as closely

" as possible the natural stand age distributiornr (Bunnell,

1995).. Although the method presented here cannot be
used to estimate accurately presettlement stand age dis-
tribution, it can help guide managers in protecting ade-
quate amounts of old growth.
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Uabitat fragmentation often separates and reduces populations of vertebrates, but the relative effects of habitat
attributes within remnant patches versus the matrix surrounding the patches are less clear. For snowshoe hares
(Lepus americanus) lower densities and disrupted cycles in their southern range have been ascribed to habitat

fragmentation,

north-central Washington we counted fecal pellets of sn
snowshoe hare densities within stands of suitable habitat

although relevant scales of landscape influence remain unknown. In a fragmented forest in
owshoe hares to examine the extent o which relative
changed with the composition of surrounding habitats.

Pellet densities were associated primarily with density of large shrubs and saplings and medium trees within a
stand. Pellet densities also were correlated positively with the amount of moist forest (dominated by Engelmann
spruce [Picea engelmannii] and subalpine fir [Abies lasiocarpal) and correlated negatively with the amount of

open—structured habitat within 300 m of the stand perimeter. These results suggest that forest managers will
fiave positive impacts on Fate densities by managing both focal stands and the surrounding stands for the higher

densifies of large shrubs and saplings and medium rees that hares select.

" Key words: fecal pellets, forest fragmentation, landscape, Lepus americans,
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Habitat loss and fragmentation are dominant threats to
biodiversity (Ewers and Didham 2006; Fahrig 2003). In
forested ecosystems fire and management activities create
mosaic landscapes of different stand ages and stem densities.
Often these activities are additive to natural fragmentation
arising from topography and other factors that influence forest
habitat types. Although research has addressed the effects of
patch size and isolation on the persistence of wildlife species,
these metrics alone do not describe adequately or predict
population persistence ot extinction (Doak and Mills 1994;
Prugh et al. 2008). The habitats in the matrix surrounding the
remnant patches can be hostile, neutral, or beneficial to 2
population, and the attributes and spatial patterning of habitats
within the matrix can affect population dynamics within
habitat patches (Lindenmayer et al. 2008).

The composition of the matrix and movements of animals
among habitat patches are presumed to drive population
dynamics of snowshoe hares (Lepus americanus) in fragment-
ed forests in southern parts of their range (Dolbeer and Clark
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1975; Sievert and Keith 1985; Wolff 1980). Snowshoe hare
densities, survival, and population growth are highest in
densely forested stands where understory structure provides
forage and protection from predators (Griffin and Mills 2009;
Orr and Dodds 1982; Parker et al. 1983; Thompson et al.
1989; Wolff 1980). In the southern parts of snowshoe hare
range patches of dense forest often are fragmented by natural
and anthropogenic causes. resulting in a heterogeneous mix of
habitat types that range from poor to high quality for hares.
Hare densities vary widely in patches of dense forest with
similar stand-scale attributes in fragmented forests in Montana
and Wyoming (Griffin and Mills 2007; Hodges et al. 2009;
Mills et al. 2005), suggesting that matrix habitats influence
hare densities.
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Understanding the processes that drive snowshoe hare
dynamics is important for management of forests at southern
latitudes, because hares are an impoxtant food source for many
forest carnivores, including the federally threatened Canada
lynx (Lynx canadensis). In the United States forest manage-
ment strategies include guidelines for considering habitat for
hares in areas where lynx occur (Ruediger et al. 2000). The
effectiveness of these strategies could depend omn the
importance of matrix habitats for hare dynamics in fragmented
forests at southern latitudes.

Most studies on densities of snowshoe hares have focused
on relationships with stand attributes (Griffin and Mills 2007;
Hodges 2000a, 2000b; Homyack et al. 2007). Open-structared
stands, such as recent clear-cuts, natural meadows, and
recently burmed forests, support low densities of snowshoe
hares (Ferron et al. 1998; Hik 1995; O’Donoghue 1933;
Sievert and Keith 1985). Moderately dense stands can support
moderate hare densities (Koehler 1990; Thompson et al.
1989). However, little is known about how densities of hares
vary with the spatial structure of landscapes, where preferred
habitat can be either abundant or scarce and set among 2
matrix of either poor- oOr intermediate-quality habitat types
(but see Griffin and Mills 2009; St-Laurent et al. 2007, 2008).

The primary objective of this study was to determine
whether snowshoe hare abundance within patches of good-
quality habitat is influenced by single- and multiscale habitat
factors. Because no previous work has identified landscape
scales particularly relevant to snowshoe hares, we examined 3
landscape scales and stand-level attributes tied to- different
aspects of hare biology. Based on previous research on habitat
relationships for hares (Hodges 20003, 2000b), we expected a
strong influence of stand-level understory structure on hare
densities, but no existing literature suggests the magnitude or
scale of any landscape-level impacts.

MATERIALS AND METHODS

Study area and vegetation classification.—The field re-
search was conducted during May—August of 2003 and 2004
in a 211-km? study area on the Okanogan National Forest in
north-central Washington (48°N, 120°W) concurrent with
research on lynx habitat in the same area (Koehler et al. 2008;
Maletzke et al. 2008). Elevations ranged from 643 m to
2,134 m, and average smow depth was 315 cm at 655 m
(Western Regional Climate Center; www.wrcc.dri.edu).

The study area contained a mosaic of habitats due to the
varied topography and microclimates, natural and prescribed
fires, and forest management activities such as roads, timber
harvests, and timber thinning. The median stand size was
10 ha, and the mean was 21 ha (SE = 1.5 ha); large patches of
homogenous vegetation were rare, which reflects conditions
typical of most lynx habitat in the state of Washington and
throughout the mountainous western United States (Ruggiero
et al. 2000).

We used geographic information system coverages devel-
oped by Maletzke (2004) to select sample sites and for spatial
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analyses. Stand data included vegetation type, canopy COVver,
and understory cover. Stands were classified into 4 categories

based on their dominant vegetation: moist forest, dry forest,

recent burns, and natural openings. Moist forest stands were
dominated by subalpine fir (Abies lasiocarpa) and Engelmann
spruce (Picea engelmannii), with subdominant Douglas fir
(Pseudotsuga menziesii), lodgepole pine (Pinus contorta),

. western larch (Larix occidentalis), whitebark pine (Pinus

albicaulis), or a combination of these. Shrub species that
contributed substantiaily to understory cover included alder
(Alnus spp.) and willow (Salix spp.). Moist forest stands
covered 55% of the study area, mostly on north-facing siopes
and steeper drainage bottoms. Dry forest stands were
characterized by ponderosa pine (Pinus ponderosa) and
Douglas fir, covered 37% of the area, and dominated lower

 elevations (<1.066 m). south-facing slopes at higher eleva-

tions, and broad drainage bottoms. Recent burns covered 6%
of the study area, resuited from wildfires within the previous
10 years, and had sparse sapling regeneration (< 10%
understory cover from 0.5 to 2.0 m above ground). Natural
openings, which included meadows and rocky slopes, covered
2% of the study area.

Site selection.—From the geographic information system
layers we identified all stands (n = 356) within the study area
in which canopy cover was >40% or understory cover_was

. >40%; that is, conditions that likely provided snowshoe hare

habitat (Hodges 2000a, 2000b). From these 356 stands we
fandomly sampled 76 stands. Because we wanted to sample
both stands that were surrounded by poorer-quality paich types
and stands that had matrix habitats of similar quality to the
focal stand, we selected 20 ha as our maximum stand size,
even if the actual forest stand was larger. We chose 20 ha for
this upper limit on our stand sampling because at least some
hares could have their entire home range within the stand (hare
home ranges typically do not exceed 10 ha—de Bellefuille et
al. 2001; Griffin 2003; Hodges 1999). For stands 3.4-20 ha we
sampled the entire stand (n = 36). For forest stands > 20 ha
(n = 40, ranging from 21 to 190 ha) we delineated an arbitrary
20-ha stand boundary at the stand center within which we
counted hare fecal pellets and recorded stand features. We
used this boundary to calculate landscape metrics.

Snowshoe hare relative abundance.—Within each stand we
counted fecal pellets in 50 randomly placed plots (3.05 m x
5.08 cm—Krebs et al. 2001), because this sample size has
reasonable power for evaluating differences in relative
abundances of snowshoe hares (Hodges and Mills 2008).
The plots were not cleared previously and therefore integrate
across an unknown time period, but uncleared plots are highly
comrelated with estimates from annually cleared plots (Hodges
and Mills 2008). Although the density of snowshoe hares in
any given forest stand is estimated best with mark-tecapture
approaches, Mills et al. (2005) and Murray et al. (2002)
compared estimated hare densities to pellet counts in Montana

“and Idaho, respectively, and concluded that counts of pellets

on uncleared plots are adequate for ranking relative bare
sbundance in many stands across large spatial scales. For
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TaBLE 1.—Spearman rank correlations (rs) between densities of snowshoe hare (Lepus am
in 76 forest stands in northerm ‘Washington during 2003-2004. Variables measured for each focal stand inclu
(m), stand area (ha), edge-to-area ratio (m:ha), slope (%), aspect (%), canopy cover (%),
(<10.2 cm diameter at breast height [DBHY), medinm-sized trees (10.3-27.9 cm DBH

undesstory cover (%),
), and large-sized trees (>27.9 cm DBH).

Vol. 92, No. 3

ericanus) pellets and vegetation variables measured
ded length of the stand perimeter
and density (trees/ha) of saplings

Understory
Perimeter Asea Edge:area Slope Aspect  Canopy cover cover Saplings ~ Medium trees Large trees
Peilets -0.15 —-0.03 —0.12 -0.01 -0.09 0.15 0.34% 0.55% 0.54* -0.09
Perimeter 0.72% 023 0.01 0.16 0.11 0.01 —0.01 -0.03 0.04
Area —-0.37* 0.07 0.14 0.09 -0.07 0.06 0.00 0.10
Edge:area -0.07 -0.02 —-0.04 0.05 —0.04 —0.11 —0.04
Slope —-0.09 —0.04 -020 —0.20 —0.08 0.15
Aspect 0.07 ~0.13 0.02 -0.10 0.07
Canopy cover 0.29 0.14 0.33% 0.46%
Understory cover 0.39% 0.28 -0.03
Saplings 0.54* -0.06
Medium trees 0.08

= p < (.05 {with Bonferroni correction—Rice 1989).

Modeling forest management scenarios.—To explore the

potential magnitude of effects on hare densities of making’

changes to either stand or landscape features within hare
habitat, we used the best-fitting model to run a simple
projection. We projected changes in pellet densities for 2
hypothetical stands with 4,000 saplings/ha and 500 medium
trees/ha (similar to stands surveyed in the study area), but
located in 2 different landscapes: within a high-quality matrix
in which moist forest stands comprised 80% of the habitat
within a 300-m buffer, or within a matrix of poor quality in
which only 20% was moist forest stands and 80% was dry

forest stands. In both projections we defined 20% of the

surrounding matrix as open-structured habitat.

We examined | scemario in which the surrounding
landscape was converted fo 80% open-structured habitat
(e.g., via timber harvest or fire); for a 20-ha stand this change
would mean harvesting timber on about 48 ha within the 300-
m buffer with a seed tree or similar prescription that would
decrease the canopy and undegstory <10%. We also
examined the effect of thinning within the stand from 4,000 to
1,000 saplings/ha while leaving medium trees at 500 trees/ha.
These alterations reflect strategies used by forest managers in
harvesting timber and in thinning for fuels reduction or
precommercial purposes. This analysis was designed as a
heuristic example that simply illustrated the kind of possible
effect rather than making specific inferences about these
sample cases. .

RESULTS

The mean pellet density across 76 surveyed stands was 1.93
pellets plot'l stand ™! (SE = 0.19 pellets plot_l stand ™), with
a range of 0.04-6.28 pellets plot"1 stand~'. Converting mean
pellets to hare density (Krebs et al. 2001) resulted in a range of
0.03—2.38 hares/ha, with a mean of 0.82 hares/ha (SE = 0.07
hares/ha) and a median of 0.67 hares/ha.

Of the suite of stand-scale variables considered, only 4 were
highly correlated with pellet density (Table 1): vegetation
type, understory cover. sapling density. and medium tree

density. Most variables were correlated with one another. To
avoid overfitting by using autocorrelated variables we used
only sapling and medium tree density as predictive stand-scale
variables in the model, because they created understory COver,
were more highly correlated with pellet density, and are the
variables most directly targeted in forest management.

Multiscale model evaluation.—Models including only
stand-scale variables better fit the data than models that
included only landscape-scale variables. However, the model
that best fit the data included stand- and landscape-scale (300-
m) variables (Table 2). with an Akaike weight of 0.69 and
236 AIC, values separating it from the 2nd-best (global)
model. The.model showed positive relationships between
pellet density and sapling and medium tree densities at the
stand scale and moist forest at the 300-m scale and a negative
correlation with open-structured habitat at 300 m:

In(peliets) = — 1.405 +0.0003 (saplings)
+0.0007 (medium trees)
+0.0113 (mdist forest 300 m)—0.0021
(open-structured habitat 300 m).

Projections based on field data indicated that matrix quality
had a meaningful impact on hare densities. Patches of
habitat with equal stand-scale attributes set within the moist
forest matrix had approximately twice as many hares as did
stands in the dry forest matrix—1.15 hares/ha versus 0.63

_ hares/ha, using the Krebs equation (Krebs et al. 2001) to

convert pellet numbers to hare densities. In both types of

landscape increasing the amount of open-structured habitat
within 300 m of the focal stand decreased relative hare densities

by approximately 11%. Reducing sapling density reduced hare

density by approximately 55% in each landscape.

DiscUsSION

Our study demonstrated that snowshoe hares are influenced
by habitat at both stand and landscape scales. Pellet densities
of snowshoe hares were explained best by stem density of
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TasLE 2.—Models describing densities of snowshoe hare (Lepus ame
2003-2004. Values reported represent number of model parameters (K),

LEWIS ET AL—LANDSCAFE EFFECTS ON SNOWSHOE HARES 565

ricanus) pellets from 76 forest stands in northern Washington during

Akaike information criterion corrected for small sample size (AICS)

scores and differences (4,), and Akaike weights (w;) for the 8 models. Stand-scale variables included the density of saplings (<10.2 cm diameter
at breast height [DBH]) and medium trees (10.3-27.9 cm DBH) pér hectare in the focal patch. Landscape variables were the amount of moist
forest (dominated by Engelmann spruce and subalpine fir) and open-structured habitat (<10% understory and canopy cover) along the perimeter

and within 300-m and 600-m buffers around the focal stand.

)

Model name Model structure K AIC, A w; R
Stand + 300 m Saplings + Medium Tregs + Moist (300 m) + Open (300 m) 6 —-525 0 0.69 040
Global Saplings + Medium Trees + Moist (perim) + Moist (300 m) + Motst 10 —2.89 2.36 0.21 0.48

(600 m) + Open (perim) + Open (300 m) + Open (600 m)
Stand Saplings + Medium Trees 4 —0.76 4.49 0.07 0.32
Stand -+ 600 m Saplings + Medium Trees + Moist (600 m) + Open (600 m) .6 1.14 6.39 0.03 0.35
Stand -+ Perimeter Saplings + Medium Trees + Moist (perim) + Open (perim) 6 5.81 11.06 <(.01 032
300 m Moist (300 m) + Open (300 m) 4 13.16 1841 <0.01 0.19
600 m Moist (600 m) + Open (600 m) 4 2297 2822 <0.01 0.09
Perimeter Moist (perim) + Open (perim) 4 29.3%9 34.64 <0.01 0.01

trees within the stand and at the landscape scale within 300 m
of the stand. Pellet densities were associated positively with
{Fs amount of moist forest and associated negatively with the
amount_of open-structured habitat within 300 m of a focal
patch.

Our results suggest that landscapes in which hare habitat is
more configuous, or where good paiches of hare habitat are
surrounded by other paiches of similar habitat quality, support
more hares than landscapes that are more fragmented oOr
include matrix habitats that are poorer quality. The importance
of matrix quality for snowshoe hares is supported by Walker’s
(2005) observation of significantly higher averages and lower

varation in pellet densities across stands in a nearby area -

where similarly dense forest was less fragmented—2.8 pellets/
plot in the ‘‘Meadows” area described by Koehler et al
(2008) compared to the 1.9 pellets/plot described here.
Although our results demonstrated that matrix composition
influenced pellet densities, the models reiterated the impor-
tance of vegetative density within forest patches, because all
of the Top models contained stand-scale variables. The model
containing only stand-scale variables explained 32% of the
variation in pellet densities; including variables at the 300-m
, landscape scale explained another 8% of the variation.
Sigilarly, our projection scenarios showed that decreasing
sapling density in a stand might decrease hare densities by
~50%. & hinding_supported by experimental studies of forest
thinning (Ausband and Baty 2004; Bull et al. 2005; Griffin and
Mills 2007; Homyack et al. 2007). Although this level of
effect emphasizes the importance of managing stand-scale
characteristics, activities that increase the amount of open-

could have reduced our overall model fit (our best-fit model
explained only 40% of the variation and the global model
48%), we suspect that unexplained variance also arose from
factors that we did not model explicitly, including stand and
Jandscape factors such as availability of specific food plants
and locations of predators.

The relative influence of landscape characteristics on hares
might reflect the degree t© which the matrix is used. Although
the majority of a hare’s activities take place at the stand-level
scale (Ferron and Ouellet 1992; Griffin 2003; Hodges 1999;
Walker 2005), dispersal and mate-seeking behaviors occur at
larger scales (up to fhousands of meters—Gillis and Krebs

11999) and necessitate that hares also use matrix habitats. Low-

quality matrix habitat could decrease survival for hares,
because predators might fave higher bunting success OL be
more numerous in the matrix Tabitats (Griffin and Mills 2009)."
Conversely, a high-quality matrix could provide altermative or
su@Temental Tesources (Dunning et al. 1992; Norton et al.
2000), thus supporting higher densities of hares in the focal
stand. Further exploration of hare densities in relation to larger
landscape scales could add insight as to whether hare densities
are further influenced by wide-ranging predators or rare long-
distance dispersal of hares.

When managing for snowshoe hares, managers should
consider the potential effects of changing the landscape matrix
and also within-stand alterations. Specifically, good stands for
hares in poor matrix landscapes could benefit from changes
made in the matrix, whereas if the best stands in a landscape
are only mediocre for hares, the best straiegy might involve
focusing 1st on improving stand-level attributes. Although our

stractured habitat in the matrix can reduce hare densities by
210%

Our conclusions are based on using pellet counts from
uncleared plots as an index of snowshoe hare density.
Although this index is adequate for evaluating coarse patierms
in hare density or relative use of different habitats (Hodges
and Mills 2008; Krebs et al. 2001; McCann et al. 2008; Mills
et al. 2005; Murray et al. 2002), pellet counts are pot as
reliable as mark-recapture models for estimating hare density
in the individual focal stands. Although this choice of index

results showed that stand-level vegetative structure had
roughly 5 times the influence that landscape-level vegetation
did on hare density, we do not know how robust this result is
across different landscapes. Because vegetation, soil, and
weather conditions vary throughout the range of snowshoe
hares, research is needed on the influences of landscape-scale
characteristics on snowshoe hare numbers in different regions.
Information on movements, diets, and behavior of hares in
fragmented landscapes would help determine the mechanisms
by which stand and landscape habitats affect hare densities.
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example, relative abundances of snowshoe hares from
uncleared pellet plots have been used in Yellowstone National
Park (Hodges et al. 2009) and in forestry-intensive landscapes
in Labrador, Canada (Newbury and Simon 2005).

Throughout our analyses we used the mean number of
pellets per plot per stand as the dependent variable. We also
converted pellet counts into hare densities using the equation
from Krebs et al. (2001) solely for easy comparison of hare
densities in our study area to those in other stadies, although our
estimates are likely to be slightly high because we used
uncleared plots, which do result in larger pellet counts than
cleared plots (Hodges and Mills 2008). The Krebs equation,
which was developed for another region, is a robust equation for
other locations in the western United States (Mills et al. 2005).

Stand-scale variables.—Studies of snowshoe hare habitat
conducted throughout their range have reported a variety of
characteristics to explain hare densities or habitat use. The
majority of these studies quantify characteristics of forest
stands, such as vegetation density (stem coumis or visual
measures of cover), vegetation types, and patch characteristics
such as size or aspect (Hodges 2000z, 2000b). Because no
work had been done in our particular study area to determine
which variables best explained hare densities within stands,
we measured a suite of variables in an effort to discern which
of the stand variables would be most appropriate for including
in our a priori models.

We used geographic information system data to quantify
stand size, perimeter length, and edge-to-area ratio of stands.

To measure vegetation structure we- randomly placed 10.

circular plots with a 5-m radius in each stand. At each plot
center we used a spherical convex demsiometer to estimate
canopy cover (Lemon 1957). To estimate understory cover we
used a 0.5 x 2-m cover board viewed at 5 m from plot center
and estimated the percentage of the board from 0 to 2 m that
was obstructed by vegetation, recording the average horizontal
cover at true north, 120°, and 240° to account for the high
variation in understory cover. We counted the namber of
stems from all trees and shrubs > 1 m tall and > 2.5 cm
diameter at breast height (DBH) within the circular plots and
converted the counts to trees/ha. Tree size classes were:
saplings (2.5-10.2 cm DBH), medium (10.3-27.9 cm DBH),
or large (>27.9 cm DBH). Coniferous trees constituted
approximately $0% of the sapling class of vegetation and
100% of the 2 larger classes; hereafter, we refer to the smallest
class as saplings even though some shrubs were present in this
class. We used the average of measures for canopy and
understory cover readings, tree densities, slope, and aspect
across the 10 plots to characterize each variable per stand.
Landscape-scale variables.—Because the appropriate land-
scape scale at which hares relate to their environment is
unknown, we explored multiple scales (Puhlendorff et al.
2002; Martin and McComb 2003; Naugle et al. 1999). We
selected 3 hierarchical landscape scales likely to relate to
snowshoe hare behavior and movement: perimeter, and
distances of 300 m and 600 m from the perimeter. The
perimeter scale examined the stands that directly border the
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selected stand; for stands > 20 ha, in which we delineated an
intermal 20-ha patch to sample, some or even all of the
perimeter would consist of the same stand type. Measures at
the perimeter scale reflect the habitats immediately available
to a hare shonld it decide to leave the focal patch. The 300-m
and 600-m scales consider all stands within those distances of
the focal stands, regardless of whether they directly touch the
perimeter. The 300-m scale represented habitats available to
hares on a daily basis, because it approximates the diameter of
2 hare’s home range (de Bellefuille et al. 2001; Griffin 2003;
Hodges 1999) and is close to the maximum distance hares
moved in an hour in this region (Walker 2005). The 600-m
scale represented habitats available to a dispersing hare (Gillis
and Krebs 1999; Griffin 2003).

We investigated 2 landscape-scale variables of high
relevance to snowshoe hares and to forest management, the
amount of moist forest and the amount of open-structured
habitat. Open-structured habitat consisted of natural openings,
recent bums, or timber harvest units where the canopy and
understory were both <10%. These areas likely present
barriers to interpatch movement by snowshoe hares (Griffin
and Mills 2007, 2009; Hodges et al. 2009; Wirsing et al.
2002), because they provide little food or shelter, especially
during winter. We calculated the percentage of the area
adjacent to the stand perimeter or within a 300-m or 600-m
buffer of the focal stand that was moist forest or open-
structured habitat.

Model selection and data analysis.—We chose to use an
information-theoretic approach to assess whether stand-scale
variables, landscape-scale variables, or a combination of
stand- and landscape-scale variables would best explain
variations in pellet densities, and to assess which, if any,
Jandscape scale was most appropriate. Because the snowshoe
hare literature reports a variety of stand-scale variables as
being the best predictors of hare density in different study
areas, and the best predictor variables for hare habitat had not
been explored in our study area, we 1st used Spearman rank
correlations (r;) between pellet densities and each of the stand-
scale variables to screen variables for inclusion in the models
(SPSS, Inc., Somers, New York). We developed a suite of a
priori linear regression models that examined pellet densities
in relation to stand-scale variables only, landscape-scale
variables only (at each of three different scales: perimeter,
300 m buffer, and 600 m buffer), and combinations of stand-

‘and landscape-scale variables (Table 2). To avoid spatial

autocorrelation of landscape variables we considered only 1
Jandscape scale at a time, except in the global model. We
populated the models with the best stand-scale variables and
with the landscape-scale variables described above, and used
the log-transformed mean number of pellets per stand as the
dependent variable (Krebs et al. 2001; Mills et al. 2005). For
each candidate model we calculated the residual sum of
squares using SPSS and used residual sum of squares to
calculate Akaike information criterion comected for small
sample size (AIC,) values and Akaike weights (Burnham and
Axnderson 2002).
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Abstract—In an ecosystem management context, management for lynx must
occur in the context of the needs of other species, watershed health, and a variety
of products, outputs, and uses. This chapter presents a management model based
on the restoration of historical patterns and processes. We argue that this model is
sustainable in a formal sense, practical, and likely to provide for the needs of a
variety of species, including lynx. Because our knowledge of lynx biology and
disturbance ecology is limited, implementation of this model will be experimental
and must be accompanied by a well-planned monitoring program.
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McKelvey—Chapter 15

disturbance stochasticity; one drainage may burn frequently, whereas an
adjacent drainage may avoid fire for centuries. For example, within a
burned drainage variation in wind patterns may leave unburned patches,
and diurnal variation in moisture and temperature during a fire may result
in some areas having high tree survival, whereas others do not. This
stochastic process leads to alandscape with a mosaic of conditions at various
spatial scales. A very large, stand-replacing fire has little mosaic within its
boundaries (Eberhart and Woodard 1987), but viewed at the spatial scale of
the region and the temporal scale of 100 years, it represents a patch in a fire
mosaic on the landscape. Such an event produces a large, contiguous area of
young forest but, in the larger context, there will be areas of very old forest
as well.

Johnson et al. (1995) and Agee (Chapter 3) argue that naturally occur-
ring age distributions in forested landscapes, especially landscapes com-
posed of boreal and subalpine forests (Johnson et al. 1995), often fit negative
exponential functions, indicating a constant-probability stochastic process.
While this model may not always produce the best fit (Chapter 3), all
stochastic processes produce 2 characteristic signature in the resulting age
distribution, including asymptotic “tails” in the older age classes (Fig. 15.1a;
Van Wagner 1978; McKelvey and Lamberson 1994). In contrast, cyclic
processes, such as even-aged rotation forestry, truncate the age distribution
(Fig. 15.1¢). In a cyclic system, there is no formal mechanism to generate
stands or elements older than rotation age. However, inaforested landscape
with a negative exponential stand-age distribution, about 36% of the land-
scape will beolder than the average stand age, about 13% older than twice
the average stand age, and about 5% older than three times the average
stand age (Table 15.1). Although there is no maximum stand age in this
system (Finney 1994), old stands that have not burned will be subject to
other sources of mortality, such as insects nd disease.

Table 15.1~Equilibrium time since disturbance for forests with a negative exponential stand age
distribution. Where time since disturbance exceeds the longevity of individual trees,
the stand ages will be younger than are indicated in this table, and the forests will be
characterized by “gap” processes due to overstory mortality.

Fire return interval Percent of area (by age class) o

(average stand age) S0 Tso-00 100200 200300 5300 30 A
100 years 40 24 23 9 s T Y7o
150 years 2 20 25 13 18 = ‘5/0 7o
200 years 23 17 24 14 2 :p0 7>
300 years 16 3 20 15 36 0
=7/ %
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The retention of older stands essentially mimics the process of ecologi-
cal “escape” in systems characterized by large-scale disturbances. In a
catastrophic fire, variation in fire intensities and the vagaries of weather
allow forest elements at many scales to survive, including individual
trees, small groups of trees, stands, or entire watersheds. As multiple
fires overlap over many years, there will be small areas embedded in larger
areas of younger forest that have, by chance or location, survived multiple
fires. This escape of older elements is not effectively mimicked by embed-
ding fixed reserves in a landscape of cyclic management. In a stochastic
system, with each new disturbance event, older forests may be destroyed or
altered, or they may be left intact; thus, late-successional stands are not
spatially assigned and maintained, but emerge dynamically within the
disturbance process. A variety of other differences, some of them dra-
matic, also distinguish fixed-rotation from stochastic systems. For ex-
ample, if a natural fire-return interval is 100 years, and a 100-year clearcut
rotation is implemented to mimic natural rates of disturbance, the average
stand age in the managed forest will be 50 years. In a stochastic system
with a negative exponential stand-age distribution, however, the same
Jandscape would have an average stand age equal to the fire-return interval,
or 100 years. ;

Assuming that the scale of disturbance corresponds with the movement
capabilities of individual lynx, landscapes generated through these sto-
chastic processes would provide an amenable environment for lynx by
producing areas of young, dense forest without removing the older ele-
ments. If the natural fire regime can be estimated for an area that is to be
managed for lynx, then itis [ogical to use this rate to design management
strategies. The overall rate of disturbance would be an aggregate of the
cumulative effects of imber harvest, fire, and other natural disturbances
(catastrophic windthrow or insect epidemics) on age structure. Therefore,
in areas subjected to large wildland fires, or where inholdings are managed
for short-rotation timber yield using even-aged management, timber har-
vest (including salvage) may be inappropriate for decades. In some regions,
significant amounts of wilderness or National Park land will be part of the
planning area, and management of natural fires must be incorporated into
planning. We assume here that fire and timber harvest are similar processes
in their capacity to initiate secondary succession. In addition, we would
argue for a planned rate of disturbance somewhat less than the historically
derived estimate. It is easy to increase the disturbance rate if desirable, but

much harder to recover old-growth forests removed through overly aggres- -

sive management.



Old-Growth Descriptions for the Major Forest Cover Types

in the Rocky Mountain Region’

Mel S. Mehl? |

Abstract.—Old-growth descriptions have been developed for each of the
major forest cover types in the Rocky Mountain Region of the Forest Service.
included with each description is a minimum list of tree and stand variables
that characterize old growth. Additional attributes are listed that affect the
quality of old growth. These descriptions will be used to locate, map, and
inventory old-growth forests for forest planning.

INTRODUCTION

This document describes the old-growth forest
conditions for the major forest cover types in the
Rocky Mountain Region (Region 2) of the Forest
Service. Region 2 covers the states of Colorado,
Wyoming, South Dakota, Kansas and Nebraska.

These old-growth descriptions are not precise
definitions. There is a certain amount of subjec-
tivity in defining old growth. Old growth is con-
ceptual and difficult to define precisely. For that
reason the term “description” was chosen instead
of “definition.” They describe the ecologically
important structural features of old-growth forest
ecosystems. They include a list of attributes
measurable from stand-level inventories that
characterize old-growth ecosystems. There are
intangible elements, various functions and inter-
actions occurring in old-growth ecosystems and
the composition of the understory vegetation that
are not part of these descriptions. '

The following descriptions are the first attempt
to describe old growth structurally by major
forest cover type for Region 2. They form the
collective knowledge of what is thought to de-
scribe old growth. These descriptions will be
dynamic and will be modified as we learn more

about the dynamics of old-growth ecosystems and

its need and influence on the landscape.
Descriptions have been developed for the
Engelmann spruce/subalpine fir, Douglas-fir,
lodgepole pine, ponderosa pine, aspen and pin-
yon-juniper forest cover types. Ponderosa pine
grows in 3 distinct topographical areas in Region
9: the Black Hills, front range of the Rocky Moun-
tains, and southwest Colorado, each with differ-
ent stand characteristics. Separate old-growth
descriptions have been developed for each area.

1Paper presented at Old-Growth Forests in the Rocky Mountains and
Southwest Conference, Portal, AZ, March 9-13, 1992.

2Regional Old-Growth Coordinator, USDA-Forest Service, Rocky Moun-
tain Region, P.O. Box 25127, Lakewood, CO., 80225
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The forest cover types are defined in the Soci-
ety of American Foresters (SAF) handbook Forest
Cover Types of the United State and Canada,
1980. These cover types are those by which most
inventory and management is done. Descriptions
for the minor forest types such as limber pine or
white pine will be added in the future.

These descriptions and associated attributes
will be used to map and inventory old growth in
the Region for Forest planning. They are general.
For project level work detailed site specific analy-
ses may be needed.

The descriptions follow a format developed by
the National Old-Growth Task Group. -

Description

Old-growth forests are unique ecosystems that
are an important component of biological diver-
sity. Old growth occurs at some point in the later
stages of the development of a stand (fig. 1).

A stand that has reached an old-growth condi-
tion has developed a diversity of functions and
interactions that did not exist in earlier stages.
The later stages of development also differ from
earlier stages by structure such as tree size,
standing and down dead trees, number of canopy
levels, age and the composition of the understory
species. C

The age at which old growth develops and the
structural attributes that characterize old growth
will vary by forest cover type, climate, site condi-
tions and past disturbances. However, old growth
is typically distinguished from younger growth by
several of the following stand attributes:

- large trees for species and site.

- variation in tree sizes and spacing. |

- standing and down dead trees.

" _ decadence in the form of broken or deformed
tops or bole and root decay.

- multiple canopy layers. .

- gaps in the tree canopy and understory
patchiness.
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Figure 1. Developmental stages of a stand to an old-growth condition.

A sjcand may contain some trees that meet the
= Eena for old_ growthbutthe stand as a whole could
k the functions and interactions of an old-growth
: ‘T:,sy}s-ltem and would not be considered old
Zowth.

) 0id growth encompasses both older forests

: inated by fire-dependent species and forests
nated by shade tolerant species. Different
or qualities of old growth will be recogniz-
, many forest cover types. Sporadic, low to
ate severity disturbances are an integral
of the internal dynamics of many old-growth
zems. Canopy openings resulting from the
of overstory trees often give rise to patches
1 trees, shrubs, and herbs in the under-
requent, low intensity fires are important
e species to maintain their dominance on

—rowth is not necessarily “virgin” or “pri-

" 1: could develop following human distur-
1: could also develop from man’s indirect
-z on the landscape by the control of fire.

Attributes

—=:.-z zre many attributes that could be used
rize old growth, but these descriptions
< that are tree and stand-level

sie 1o all cover types, there is
: of atiributes that can
= 0id growth for all cover

e there may be some attributes

e

SO

that further enhance the value of an old-growth
stand once it has been determined to be old
growth based on the above minimums. They are
not required for old growth, but provide higher
quality old growth if present. These criteria
would be useful for deciding which old-growth
stands are the most important for retention.
These attributes are tree and stand character-

istics that are normally used in stand inventories.

 Table 1 summarizes the attributes by forest cover
type. The glossary at the end of this paper de-

fines each attribute. They are readily identifiable
and measurable in a consistent manner. In
addition the standard attributes are generally
obtainable from remote sensing sources such as
aerial photography. The additional and quality
attributes may require some field work to collect.

The minimum stand size required for a stand
to be old growth was not considered in these
descriptions. Managers will decide the appropri-
ate size as configuration, location and position in
the landscape are also important in determining
the value of a stand as old growth.

0Old growth may have evidence of past treat-
ment including stumps, slash, down logs, roads,
fences and other improvements. However, this

may affect the quality of old growth.

Development of Descriptions

During the summer of 1990, workshops were
held in various locations throughout the Region
(fig 2).

The purpose was to visit old-growth sites and
discuss the tree and stand related attributes that
& describe these old-growth sites. Attendees
; included District, Forest and

‘entists from the Rocky
. Ezch workshop was

om the




Figure 2. Workshop on the Arapaho/Roosevelt NF looking at lodgepole
pine old growth.

Table 1.—The minimum criteria for the structural attributes used to determine old growth and
those that add a quality attachment. Attributes with an “X" or a numerical value are consid-
ered “must” criteria. Those with a “Q” are quality criteria. The quality attributes are not re-
quired for old-growth, but provide for higher quality old growth if present. Any of the “must”

criteria in excess of the minimums could also indicate a higher quality of old growth.

The descriptions and lists were then sent out
for review and comments to additional Regional
and Rocky Mountain Station staff and interested
publics.

SPRUCE-FIR - SAF COVER TYPE 206

Narrative

Engelmann spruce (Pica engelmannii) and
subalpine fir (Abies lasiocarpa) comprise the
spruce/fir forest cover type in the subalpine zone
in the Rocky Mountain Region. Spruce-fir occu-
pies the highest and coldest forest area in the
Region and is generally found from 9,000 to
11,000 feet but may grow as low as 8,000 feet
and as high as 12,000 feet or timberline.

Engelmann spruce and subalpine fir are ex-
tremely shade tolerant compared to the other
major forest species. By being shade tolerant thex
can reproduce under themselves and barring axw
major disturbance, perpetuate the stand. Subai-
pine fir is more shade tolerant than Engelman=
spruce and may reproduce vegetatively by layer
ing. In younger stands subalpine fir may be th=
major component of the forest type. However,
shorter lived than Engelmann spruce. Conse-
quently, most of the overstory in a spruce-fir
growth stand is Engelmann spruce. The undes-

Spruce/ | Douglas-| Lodgepole Ponderosa Pine
Forest Cover Type, Name Fir Fir Pine Front Rng Blk Hills So. West Aspen
Forest Cover Type, SAF Code 206 210 218 237 237 237 217
STANDARD ATTRIBUTES
LIVE TREES:
Upper Canopy
DBH/DRC. o e LB 18 10.. 6. )16 18 14
TREES/ACRE 10 10 10 10 10 10 20
AGE 200 200 150 200 160 160 100
VARIATION IN DIAMETER X X X Q X Q
DECADENCE X X X X X X X
MULTIPLE CANOPY LAYERS X Q Q Q
DEAD TREES:
Standing
DBH/DRC 10 10 8 10 10 10 10
TREES/ACRE 2 2 2 2 2 2 Q
Down
PIECES/ACRE X X X Q Q Q Q
ADDITIONAL/QUALITY ATTRIBUTES
SLOW GROWING (MAIN CANOPY) X X X X X X
CANOPY CLOSURE 50% PLUS X
CANOPY CLOSURE 35% PLUS
WIDE RANGE OF VIGOR Q X X
NET GROWTH NEAR ZERO X Q Q
PATCHINESS X Q Q
MANY STAGES OF DECOMPOSITION X Q X
MULTIPLE TREE SPECIES Q Q
DISTINCTIVE BARK Q Q Q Q
DISTINCTIVE CROWNS Q Q Q Q
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ssory may still have an abundance subalpine fir
@me 1o it’s high tolerance to shade and vegetative
¥=vering. Engelmann spruce life span averages
2 1o 400 years with 500-year-old or more trees
‘maz uncommon. Trees over 250 years are not
semeommon for subalpine fir but most are 150 to
@6 vears old. It is quite susceptible to heart rot
& generally dies at an earlier age than En-
welmann spruce.
Spruce-fir is climax in the range that it occu-
==. No other tree species will replace it. The
s time the stand would be replaced by another
species is when a major disturbance like fire
=zzid occur, opening up the stand to sunlight.
Eess shade tolerant species then could occupy the
z=. Over time, up to 300 years or so, the more
sk=de tolerant Engelmann spruce and subalpine
would re-dominate the site.
After a stand replacing event such as fire or
ear felling, lodgepole pine or aspen will be the
regiacing species at the lower elevational range of
spruce-fir. If there is a sufficient seed source,
spwdce-fir will begin to develop in the understory
#=d the lodgepole will begin to break apart with
= stand reverting back to spruce-fir. Where
#hmere is not a sufficient spruce-fir seed source the
=mid will remain in lodgepole pine or aspen.
. WWhen at climax the stands are usually quite
sz=ble and will remain on the site indefinitely
mntil replaced because of fire, logging, insect,
fZEsease, windstorm or other major disturbance.

Description

. " Spruce-fir old-growth stands are at climax and
==nerally have a high number of large, old trees

#ith an understory of shrubs and small subalpine

Zrs. The percentage of canopy closure can vary.

" There is usually a considerable amount of stand-

Figure 3. Down treesin an old-growth spruce-fir stand on the Arapaho/
Roosevelt NF.

ing dead and down trees making it quite difficult
at times to walk through the stand (fig. 3).

There can be lichens hanging from the tree
branches and on the stems of the trees. It usually
contains a mixture of different tree sizes provid-
ing a variety of structure within the stand. The
upper canopy would consist of a cohort of older
trees that are slow growing. These older trees can
be characterized as having dead or broken tops,
having flattened and open crowns, containing rot
and possibly having bark that is reddish in color.
Other tree species could be present such as
lodgepole pine or aspen but generally would be
scattered within the stand and at the lower
elevations.

Attributes

Table 2 lists the tree attributes that are being
used to describe spruce-fir old growth.

Table 2-Summary of Old-Growth Attributes for
Spruce Fir — SAF Cover Type Code 206

STANDARD ATTRIBUTES

LIVE TREES:

Upper Canopy - Older Component
Minimum DBH (inches) ......... eeevie—arnaes 16
Minimum Number of Trees Per Acre ...... 10
MiInimum AZe..ccovvrrrreerreermmemiiiriiaeinszenes 200

Variation in Tree Diameter .....cco.coeeiinnnnees Yes

Decadence - dead, broken or deformed

tops and/or bole or 100t TOb ..ooriieiiiiiinenn Yes

Multiple Tree Canopy Layers .......cccccoeeeee Yes

DEAD TREES:

SEANAINE wreevreeeereeemrneenrmsnressssenimsns s s
Minimum DBH (Gnches) coveiriiinnienieinaens 10
Number of Trees Per Acre ...cooeimeericnnnnnn. 2

Down
Minimum Pieces Per Acre.....ccooeeeeeeeees Some

ADDITIONAL ATTRIBUTES:
Trees in Upper Canopy Are Slow

GLOWITIE -veeeeeeeeeacecrmenemenaneeeeeaasssesesansnaness Yes
Net Growth Near Ziero ..cecocvvareneeaseeorinanens Yes
PatChINeSS .eeeeeeneinnirneeeseerarmersaenssaennnsanns Yes
Many Stages of Decomposition ................ Yes
QUALITY ATTRIBUTES:

Above Attributes in Excess of

TVIATUITIITTIES eveenremrnemnsnnrmecenrmsnnsnssassnassanses Yes
Wide Range of Tree VIgor ...ccovmiieeiciannnaen Yes
Distinetive Bark ccccveeeeeeveremcinrernmmecesiieennnans Yes

INTERIOR DOUGLAS-FIR —
SA¥ COVER TYPE 210

Narrative

The interior Douglas-fir (Pseuzdoizugc
var. glauca) cover tyDe GCCuTS ThTTmInTr BEEEE
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2 from 6,000 to 10,000 feet in elevation. It occurs
as pure stands or in association with other spe-
cies such as Engelmann spruce and subalpine fir
at higher elevations to lodgepole pine and aspen
at its mid-elevational range and to ponderosa
pine in its lower elevational range. In southwest
Colorado, it grows with white fir and ponderosa
pine were it is also referred to as mixed conifer.

Interior Douglas-fir is much different than the
coastal variety of the Pacific Northwest. It grows
in a drier climate and does not attain the growth,
size or age of the Douglas-fir (Pseudotsuga
menziesii var. menziesti) of the Pacific coast.

Douglas-fir is more shade tolerant than pine
and aspen but less tolerant than Engelmann
spruce or subalpine fir. When growing in associa-
tion with spruce-fir it will be seral giving way
eventually to the more shade tolerant spruce-fir.
When growing in association with ponderosa
pine, lodgepole pine or aspen it often dominates
these species becoming the climax species if
succession is not interrupted by a major distur-
bance such as fire.

Since Douglas-fir is shade tolerant, it can
reproduce under its own canopy. This results in
old stands of pure Douglas-fir that tend to be
uneven-aged rather than single-aged. These pure
stands most likely originated from fire. They
remain over time because of Douglas-fir's ability
to survive successive fires due to rapid growth,
thick corky bark, ability to form adventitious
roots and the longer fire interval on cool and
moist north facing slopes. These stands’ generally
reach a maximum age of 400 years old although
some have reached an age of 700 years.

Where Douglas-fir grows in pure stands, it is
usually on cooler and damper north facing slopes.
Along the front range of Colorado, these stands
have been heavily damaged by a spruce budworm
infestation that began in the mid 1980’s.

Insects often modify the structure of older
Douglas-fir stands, creating large gaps or patches
and groups of dead trees. This produces a patchy
stand of large trees with Douglas-fir seedlings
and saplings growing in the gaps giving the stand
more vertical structure and an uneven aged
composition.

At its lower elevational range, it has been
easily accessible and influenced by post settle-
ment activities. It has been heavily utilized for
mining timbers and lumber and for recreation.
Consequently few stands of old-growth Douglas-
fir exist at lower elevations. However, its area is
increasing in the lower elevations as it is replac-
ing ponderosa pine especially on the cooler more
moist north facing slopes. The frequent low
intensity fires that kept Douglas-fir from becom-
ing established in the ponderosa pine type have
been reduced, allowing Douglas-fir to become
established under the ponderosa pine.
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Description

An old-growth Douglas-fir stand would consist
of an overstory of trees that are predominately or
entirely Douglas-fir. On the cooler, more moist,
north facing slopes it may be growing in associa-
tion with spruce-fir or white fir. On drier sites
old-growth Douglas-fir could be associated with
ponderosa pine, lodgepole pine and aspen. Where
the site is dry, the stand would be more open-
grown compared to a cooler, more moist site such
as a north facing slope or drainage bottom. Some
dead standing trees and down dead trees would
be present. Some of the overstory trees would
have large and open branched, flattened or dead
tops and contain some rot.

Attributes

The following table lists the tree attributes
that are being used to describe Douglas-fir old-
growth.

Table 3—-Summary of Old-Growth Attributes
Interior Douglas-Fir — SAF Cover Type 210

STANDARD ATTRIBUTES
LIVE TREES:
Upper Canopy - Older Component
Minimum DBH (inches) ....cccocouviiinineccanee 18
Minimum Number of Trees Per Acre ...... 10
MENITAUT AZE eeeeeivirnnrineceersassaernneeenissnan 200
Variation in Tree Diameter ......ccceeecmeeueenns Yes
Decadence - dead, broken or deformed
tops and/or bole or OOt TOb ..coveveieuriivriccns Yes
Multiple Tree Canopy Layers ..........cc.c.e.. No
DEAD TREES:
Standing
Minimum DBH (inches) «......cccocneeercinennns 10
Minimum Number of Trees Per Acre ........ 2
Down
Minimum Pieces Per Acre.....cccccevveeeees Some

ADDITIONAL ATTRIBUTES:
Trees in Upper Canopy Are Slow

GITOWINLE cvveeneersseessmaaseesensmmansessebssneanasnes Yes
Wide Range of Tree Vigor ......cecceomeeeneene Yes
QUALITY ATTRIBUTES:

Above Attributes in Excess of

VDTS cevvvmenreremmernsnsassemsnmmnnasorscesarnsens Yes
Multiple Tree Canopy Layers ..cccceneeennane Yes
PatChiTIESS comeeerenerenrenrnesrsresssssnaanasssessasssseases Yes

LODGEPOLE PINE - SAF COVER TYPE 218
Narrative '

The lodgepole pine (Pinus contorta var.
latifolia) cover type in Region 2 consists of exten-
sive stands of pure lodgepole pine oz, to a lesser
extent, stands in association with other species
such as Engelmann spruce, subalpine fir, or
aspen. It occurs between 7,500 feet and 11,500




feet elevation but reaches maximum development
in the upper montane and lower subalpine zones
on south and west facing slopes between 9,000
and 10,000 feet elevation.

In contrast to the shade tolerant Engelmann
spruce and subalpine fir, lodgepole pine is shade
intolerant and is an aggressive pioneer develop-
ing on sites recently opened up due to fire, insects
and disease, windstorms, clearcutting or other
major stand removing disturbance. Lodgepole
pine stands that are 350 to 400 years old exist
but they are uncommon. The average life span of
lodgepole pine is probably closer to 250 years or
less because of the frequency of stand replacing
disturbances such as fire. Fires are more frequent
in lodgepole pine than spruce-fir as they occur in
a warmer and dryer environment.

Lodgepole pine is generally considered a seral
species. That is, it will be replaced by the more
shade tolerant Engelmann spruce and subalpine
fir. Most lodgepole pine stands become estab-
lished after stand replacing events such as fire.
As the lodgepole pine matures Engelmann spruce
and subalpine fir will appear as the understory
eventually replacing the overstory lodgepole pine.
The stand will remain as spruce-fir until another
stand replacing event occurs.

There are instances when lodgepole pine can

. be considered climax. In areas where a seed
'+ source of more shade tolerant trees species does

" not exist or the site is marginal for other tree
species, the lodgepole pine stand will not be

- replaced. If thereis a stand replacing occurrence

" ke fire the stand will re-seed with lodgepole

" pine. If not disturbed the stand will begin to

- develop gaps in the tree canopy as trees die.

" These gaps will allow sunlight to reach seedlings,
. renewing the stand but a stand with a more
varied structure. Over successive generations the

. _-stand would develop a structure more consistent
* of old growth in shade tolerant species. When fire

.. was more prevalent few stands would have had
" the opportunity to reach this structure.

When the overstory trees in a lodgepole pine
stand begin to die and fall, the overstory probably

. ’ﬁrﬂl not persist for more than 50 years or so.

Description

_ Many people do not believe that lodgepole pine

old growth really exists. Using a definition of old-
growth where a stand must be climax would
climinate much of the Region’s lodgepole pine as
old growth. However, the seral lodgepole pine
condition can exhibit old-growth characteristics
albeit they may not last long in one place, but
overall in a landscape this old-growth condition
can exist for quite some time. Lodgepole pine is
more dynamic in its landscape behavior than the
more shade tolerant species such as Engelmann
spruce or subalpine fir.

In a seral condition lodgepole pine old growth }
would be described as having an overstory of *
large old trees without lower limbs, with dead or
dying tops and with crowns that are sparse, open
branched and somewhat flattened (fig 4).

The stand would probably have mistletoe, rust
or stem rot present contributing to the decadence
of the overstory. The understory would consist of
Engelmann spruce and subalpine fir. Depending
on the age of the understory there could be a fair
amount of structure and variation in tree diam-
eters within the stand. Some down material
would be present, increasing as the overstory
continued to degenerate. It is important to note
that when the older lodgepole pine 1s replaced by
the understory, the stand is no longer old growth.
The stand would be a young spruce-fir stand.

Where lodgepole pine is considered climax, old
growth will again include large old trees lacking
lower limbs and with dead or dying tops and
crowns with sparse foliage, open branched,
misshapened and somewhat flattened. It would
probably have mistletoe, rust and/or stem rot
present contributing to the decadence of the
overstory. However, it will not have the spruce-fir
understory. It will most likely have one canopy
layer and thus not much structure. There prob-
ably would be very little variation in tree diam-
eter. There may be a lot or little down dead
material depending on how advanced the decline
is of the overstory. In stands that are very old
perhaps 300 or more years old, there may be a
fair amount of stand structure developed due to
trees developing in openings created by trees in
the original overstory that had fallen.

Figure 4. Seral old-growth lodgepole pine stand.



Attributes

The following table lists the tree attributes
that are being used to describe lodgepole pine old
growth.

Table 4—Summary of Old-Growth Attributes
Lodgepole Pine — SAF Cover Type 218

STANDARD ATTRIBUTES

LIVE TREES:
Upper Canopy - Older Component

Minimum DBH (inches).....cccccerreceriiinnnnnns 10

Minimum Number of Trees Per Acre...... 10

MANITOUIN AZE eoeeeaeeemeeieecnaaneaeeeniannns 150
Variation in Tree Diameter ....cccccooviieeiinians No
Decadence - dead, broken or deformed

tops and/or bole or root rot ...t Yes
Multiple Tree Canopy Layers ......ccc.ccccooeees No
DEAD TREES:
Standing

Minimum DBH (inches)...ccccooiieiiininnnnnnnnn. 8

Number of Trees Per AcCre .c..cccceevnevemninnnnn. 2
Down

Minimum Pieces Per Acre ......ccoeeeeee. Some

ADDITIONAL ATTRIBUTES:
Trees in Upper Canopy Are Slow -

GIOWITIZ ceevereereeeemrerierineeeeenesassesvnnceneennes Yes
QUALITY ATTRIBUTES:
Above Attributes in Excess of

LY/ ST e 00 005 8¢ ¢ 1 JNNU OOt Yes
Net Growth Near Zero .....cciiiiererminnnns Yes
Multiple Tree Canopy Layers ......c..cccccueeee Yes
Multiple Tree Species .....ccceeceieececannnn. R Yes
Patchiness ..cocceecveeiennnnns e eearerrearnaraan e Yes
Many Stages of Decomposition ................. Yes

Distinctive Crowns in the Upper Canopy . Yes

INTERIOR PONDEROSA PINE -
SAF COVER TYPE 237
(Front Range)

Narrative

Front Range ponderosa pine (Pinus ponderosa
var. scopulorum) forests extend along the east
slope of the Rocky Mountains from south of
Pueblo on the Pike/San Isabel National Forest
north to the Laramie Peak area on the Medicine
Bow National Forest. It occurs at elevations
between 6,000 and 8,000 feet, lower than the
other Rocky Mountain conifers except for pinyon
juniper and is well adapted to the warm dry sites

at these lower elevations. Although there are
stands of pure ponderosa pine, it frequently
occurs with Douglas-fir and is often referred to as
mixed conifer. }

Ponderosa pine is shade intolerant. It occurs in
stands that are open-grown, often lower in stock-
ing than other conifers and interspersed with

.meadows and parks. Fire has played a very

important role in shaping ponderosa pine stands.
In the past cool, light ground fires would burn
through ponderosa pine stands every 8-15 years,
removing competing understory vegetation, down
dead material and young trees. This resulted in
developing irregular shaped stands with even-
aged groups of trees varying in size. Patchy
distribution of clumps of trees varying in size, age
and density are characteristic of naturally occur-
ring ponderosa pine forests.

Where ponderosa pine is the sole species or fire

is still part of the ecology, it can be considered the

climax species. These stands develop into and
remain as open-grown, irregular and uneven-
aged stands. Some stands with trees over 450
years do exist but 300 to 350 year old trees are
more cCOMmon. '

Where fire has been excluded and the more
shade tolerant Douglas-fir is present, ponderosa
pine is generally considered seral. The open-
grown stands develop an understory of more
shade tolerant species such as Douglas-fir. These
more shade tolerant species will replace the
ponderosa pine if not removed whether by fire or
some other means. On sites more marginal in
growing conditions it can exist with other species
and not be replaced by them. N o

The lower elevations where ponderosa pine
grows are easily accessible and have been highly
influenced by man’s activities compared to coni-
fers growing at higher elevations. Consequently,
most ponderosa pine stands have been harvested
for mining timber, lumber and railroad ties and
used heavily for recreation. As a result few
stands of ponderosa pine over 150 years old exist
except in isolated areas that were difficult to
access:.

Description

Where ponderosa pine is climax and fire has
been present, stands will contain clumps of large
uneven-aged trees with little understory or down
woody material and few if any standing dead
trees (fig. 5).

Where fire has been controlled or less frequent
there will be old large trees with smaller size
trees in the understory giving the stand some
structure. Dead down material will be present in
varying amounts along with some standing dead
trees. In both cases the large old trees will have
irregular, open and large branched crowns and
have lost their lower branches. The bark will also
be thick, have large and somewhat concave
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plates and have a lighter color compared to
younger trees. Burls and other deformities may
be present including fire scars that could be
completely healed over.

Where ponderosa pine 1s seral due to the lack
of frequent fires or the site is outside its normal
range, stands will contain large trees with a
multi-layer canopy and contain various amounts
of standing and down dead trees (fig. 6).

It has an understory component of smaller
trees including the more shade tolerant Douglas-
fir filling in the openings between the groups of

- ‘older ponderosa pine.

Attributes

The following table lists the tree attributes
that are being used to describe Front Range
“ponderosa pine old growth.

Table 5-Summary of Old-Growth Attributes
Interior Ponderosa Pine — SAF Cover Type 237
(Front Range)

STANDARD ATTRIBUTES

LIVE TREES: Figure 5. Old-growth ponderosa pine on the Arapaho/Roosevelt NF
with little understory.

Upper Canopy - Older Component

| Mipimum DBH (inches)............... veeeereeenns 16

}'. - Minimum Number of Trees Per Acre ...... 10

o MADIMUM A eoerninnieecnnnnnneseneees 200

.| Variation in Tree Diameter

- Decadence - dead, broken or deformed

“tops and/or bole or root rot : Yes

'] ‘Multiple Tree Canopy Layers
- DEAD TREES:

. Standing

1 Minimum DBH (inches)...... eeereeeennennerenas 10

| Number of Trees Per ACre ....cccoovemeeanncens 2
- Down

| Minimum Pieces Per Acre ..........cccoeee None

ADDITIONAL ATTRIBUTES:

Trees in Upper Canopy Are Slow

GLOWIDE vveeeveeeserrnrmraeresasssnnmasanneess
Wide Range of Vigor

QUALITY ATTRIBUTES:
| Above Attributes in Excess of
Minimums .....cceeeeceveeeenss veeeene YES
Distinctive Bark
§ Down Dead Trees ... .
" Distinctive Crowns in the Upper Canopy . Yes

INTERIOR PONDEROSA PINE -
SAF COVER TYPE 237
(Black Hills)

Narrative

Black Hills poncierosa pine (Pinus ponderosa S

war. scopulorum) occurs in Region 2 in the Black
E=11s of South Dakota and Wyoming and the Bear Figure 6. Old-growth ponderosa pine on the Manitou Experimental

Lodge Mountains of Wyoming. Here it forms a Forest with some understory and down material.
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unique and isolated ecotype of the interior pon-
derosa pine type. It usually grows in pure stands
at 3,600 to 7,000 feet in elevation.

Old photographs show ponderosa pine growing
in even-aged clumps or groups of trees apparently
before the 1870’s. These groups or clumps were
separated by grassy areas or parks. This condi-
tion dominated the landscape and was similar to
that of ponderosa pine in other parts of the Rocky
Mountain Region where periodic low intensity
fires removed competing vegetation and pre-
vented large numbers of trees from maturing.

/

Where periodic, low intensity fires were not
part of the ecosystem, ponderosa pine grew in a
multi-storied and a more homogeneous and
denser condition with standing dead and down
trees. :

A few old ponderosa pine stands, about 350
years old, remain in the Black Hills. Virtually all
of the accessible areas have been cut over at least
once since the mid 1870°s. The open-grown
clumps of ponderosa pine have been converted to
stands with an older overstory and a young
ubderstory through harvesting and intensive
management. The amount of stocking has been
dramatically increased with the control of fire.

Ponderosa pine is considered a climax species
in the Black Hills. After fire or other distur-
bances, the stand may temporarily be replaced by
other plant species but will soon return to pon-
derosa pine. :

Since little old-growth ponderosa pine remains
in the Black Hills old growth will have to develop
from existing stands. It will take active manage-
ment to return existing stands £ an old-growth
condition similar to that which dominated the
landscape at pre-settlement.

Where old-growth stands do exist a dense
understory of younger frees has developed due to
the absence of fire. This is dramatically different
from what existed as old growth prior to the
1870’s.

Description

Where periodic, low intensity fires have been
part of the ecosystem, old-growth stands would
consist of clumps or groups of trees with grasses
in the openings between the clumps. They would
contain large old trees with open branches,
irregular and flattened crowns. The clumps or
groups of trees would contain little down dead
material and few small trees.

Where periodic, low intensity fires have not -
been part of the ecosystem, old-growth stands
would contain large old trees with open branches
and irregular crowns. The stands would have
multiple canopy layers made up of various aged
trees. They would be well stocked with trees and
contain standing dead and down trees.
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Attributes

The following table lists the tree attributes
that are being used to describe Black Hills pon-
derosa pine old growth.

Table 6-Summary of Old-Growth Attributes
Interior Ponderosa Pine — SAF Cover Type 237
(Black Hills)

STANDARD ATTRIBUTES A
LIVE TREES: Do
Upper Canopy - Older Component ' |

Minimum DBH..(Gnches) .oocevcviivnncieeeneeees 16

Minimum Number of Trees Per Acre ...... 10

MEDEM U AZE eeennrrreenirrrenesenessanermssssnsses 160

Variation in Tree Diameter ....cccooemeeeriinnns No

Decadence - dead, broken or deformed
tops and/or bole or root rot.....ooverieninen Yes

Multiple Tree Canopy Layers .......ccccveeveen No

DEAD TREES:

Standing _ :
Minimum DBH (inches) ...ccccccevrminnninens 10 E
Number of Trees Per ACre ......ceoevveeceecensnes 2 :

Down 3
Minimum Pieces Per Acre .......cccceeeeeens None

ADDITIONAL ATTRIBUTES: 1

Trees in Upper Canopy Are Slow g
GTOWIILE «eveeeeervnrermnrnnnnsrnesessnrsssananssssancons Yes ;

QUALITY ATTRIBUTES: -;:3,

Above Attributes in Excess of B
MEATETIIUIIS ceeveenneremsereensensecrnnsrsenssnssssarnenee Yes A

Distinetive Bark ..oeoveecccecrevimmrreraremanieneennan Yes 4

Variation in Tree Diameter.....cccoccocvviemenns Yes -

Down Dead Trees ...iveevccieeniereneccnressnnens Yes

INTERIOR PONDEROSA PINE -
SAF COVER TYPE 237
(Southwest)

Narrative

Southwest ponderosa pine (Pinus ponderosa
var. scopulorum) occurs in Region 2 in the south-
west portion of Colorado, but covers extensive
areas of Arizona, New Mexico and southern
Utah. As with ponderosa pine elsewhere, it occurs
at the lower elevations between 6,000 and 8,000
feet. It reaches maximum development between
7,000 and 7,800 feet where 1t is a climax forest.

Southwestern ponderosa pine is shade intoler-
ant. It oceurs in stands that are open-grown,
often poorly stocked and interspersed with mead-
ows and parks. Fire has played a very important
role in shaping ponderosa pine stands. In the
past, low intensity fires would burn through
ponderosa pine stands every 8-15 years, remov-
ing competing understory vegetation and down
material. This resulted in irregular shaped
stands of even-aged groups of trees varying in

 size, age and density. There is a greater variation

in age groups than for ponderosa pine elsewhere
as the occurrence of having good moisture, seed
production and germination is quite infrequent.



At the lower elevation limits, pinyon-juniper may
grow in association with ponderosa pine.

‘Where ponderosa pine is the sole species or low
stocking and frequent fires are still part of the
ecosystem, it can be considered a climax species.
Some stands with trees over 450 years do exist
but more commonly contain trees 300 to 350
years old.

Where periodic low intensity fires have been
eliminated from the ecosystem, allowing more
shade tolerant species such as Douglas-fir or
white fir to survive, ponderosa pine 18 seral. It
will eventually be replaced by more shade toler-
ant species. The existing open-grown stands are
developing understories of Douglas-fir, white fir,
and blue spruce with Gambel oak filling in the
openings. These old-growth stands will eventu-
ally be replaced by these species if fire or some
other low intensity disturbance is kept out of the
‘ecosystem.

As with ponderosa pine elsewhere, it has been
easy to access and has been heavily used since
the mining days of the 1850’s. It has been har-
vested for many things such as mine props,
railroad ties, lumber, and firewood. Grasses Figure 7. Large open-branched crown of an old ponderosa pine treeon
growing in the open areas provided forage for the San Juan NF in southwestern Colorado.

Livestock. Harvesting in the last 30 years or SO
has generally been by selection and has main-
tained the uneven-aged structure of old-growth
stands. However, with the exclusion of fire, these
stands are developing thick understories of
Gambel oak, pine and Douglas-fir with a buildup
of down dead material, providing excellent condi-
tions for catastrophic fires that could completeBr
eliminate the stands. Ponderosa pine will be
replaced by the more shade tolerant species such
as Douglas-fir. The dense Gambel oak understory
is also difficult to remove, further complicating
ponderosa pine being returned to a pre-settle-
ment old-growth condition through management.

Description

Where fire has been present, stands will be
climax and contain groups of large, old trees with
Little understory vegetation or down woody
material and few standing dead trees. The age
Fifference of the groups of trees would be large.
Where fire is less frequent there will also be
smaller size trees in the understory giving the
stand some structure with various canopy layers.
Dead, down material will be present in varying

" amounts along with some standing dead trees. In
both cases the large old trees will have irregular
open, large branched crowns (fig. 7). The bark
will be lighter in color, almost yellow, thick and
some will likely have basal fire scars.

Where ponderosa pine is seral, generally where
Sre has been controlled or outside of its optimum
slevational range, stands will contain large trees

= - . . Figure 8. An old-growth ponderosa pinestandon the San Juan NF with
with a multi-layer canopy with various amounts Douglas-fir and Gambel o2k in the understory. Note the horse and
of down, dead material and standing dead trees rider in the lower left foreground.
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(fig. 8). It will have an understory component of
smaller trees such as Douglas-fir, blue spruce,
white fir and Gambel oak, filling in the openings
between the groups of the large older ponderosa
pine. Eventually these species will replace pon-
derosa pine. There would be varying amounts of
dead, down material and some standing dead
trees. The large old trees will have irregular
open, large branched crowns. The bark will be
lighter in color, almost yellow and thick or platy.

Attributes

The following table lists the tree attributes
that are being used to describe southwest pon-
derosa pine old growth.

Table 7-Summary of Old-Growth Attributes

Interior Ponderosa Pine — SAF Cover Type 237

(Southwest)

STANDARD ATTRIBUTES
LIVE TREES:
Upper Canopy - Older Component

Minimum DBH (inches) ....cceeeeceveeneeceennen. 18

Minimum Number of Trees Per Acre ...... 10

MiEnimum AZe ..oeveueiiecereiremriirieciennneees 160
Variation in Tree Diameter .......cccccoeiaeenee Yes
Decadence - dead, broken or deformed

tops and/or bole or root rot ...........ccc....e. Yes
Multiple Tree Canopy Layers ...ccccccccviunnnne. No
DEAD TREES:
Standing

Minimum DBH (inches)....cccceeeveneeennenennes 10
Number of Trees Per ACre...cvueeeeeerveeennaeenes 2
Down ) _ )

Minimum Pieces Per Acre ......cccceeeeenene None
ADDITIONAL ATTRIBUTES:
Trees in Upper Canopy Are Slow

GLOWINE «.eveeeereeeeeeeeeereemeaeeeeressisniisansannes Yes
QUALITY ATTRIBUTES:
Above Attributes in Excess of Minimums Yes
Distinctive Bark ..o Yes
Down Dead Trees covvevveeeeeeencemcenceneaanacenns Yes
Distinctive Crowns ...oceeeveeeeeemeeceemraeeceaenns Yes

ASPEN - SAF COVER TYPE 217
Narrative

The aspen (Populus tremuloides) cover type
occurs throughout Region 2 and is associated
with both montane and subalpine vegetation.
Aspen is found within a broad elevational and
moisture gradient occurring on all aspects and
slopes, with the most extensive aspen forests
occurring between 8,500 and 10,000 feet eleva-
tion, similar in elevation to lodgepole pine.

Aspen is the most shade intolerant tree species
in the Rocky Mountain Region. Unlike the other
major tree species in the Region, most aspen
regeneration is by sprouting or suckering rather
than by seeding. Aspen does produce seed but
requires a bare mineral soil with constant mois-
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ture to germinate. Rarely does this occur. Typi- 7
cally aspen regenerates after a major disturbance;
such as fire, abnormal wind or snow storms, or 7
harvesting by clear felling. In conifer stands %
where aspen is a minor component, the majority 3
of the regeneration after a stand replacing distur-}
bance can be aspen. Aspen stands can reach an
age of 160 or more years but the average life
span is probably closer to 125 years.

srssipsados

Like lodgepole pine, aspen is generally consid-
ered a seral species. And like lodgepole pine, mo
aspen stands regenerate following some major
stand replacing event such as fire. As the aspen :
matures, it will be usually replaced by the more
shade tolerant Engelmann spruce and subalpine
fir and in southwest Colorado also by white fir
and Douglas-fir. The stand may still contain
some scattered aspen.

In areas where no Engelmann spruce or subal-i
pine fir seed source exists, the aspen stand will.

not be replaced by another species and can be ?é

4
considered climax. Two things could happen. The;}.y% :

stand could reach its maximum life span and the’

ok

overstory aspen trees rapidly fall with reproduc-
tion being sparse as aspen generally requires a 3
major disturbance to initiate abundant sprouting.?f
Or the overstory aspen trees could gradually fall.
This path could have two possible results. The - 4
stand would not reproduce under itself. Or it
would reproduce under itself, creating a multi- .
level canopy of various tree ages. This condition®
could continue for many generations. In any case !
it is difficult to predict which path the stand -~ % |
would take. Any down dead material would
quickly decompose.

ST

Description

Many people believe that aspen old growth
does not exist. Using a definition of old growth
where a stand must be climax to be old growth .
would eliminate much of the Region’s aspen as =~ |
old growth. However, the seral aspen condition
can exhibit some old-growth characteristics. They .
may not last long in one place but overall in the
landscape this old-growth condition can exist for - |
quite sometime. !

In a seral condition aspen old growth would be !
characterized as having a single canopy level of |
old trees. The aspen would be the overstory
which would be closed with an understory of
Engelmann spruce and subalpine fir. However,
there could be instances where the conifers have
become the overstory. Depending on the age of
the understory could be a fair amount of struc-
ture and variation in tree diameters. There ‘
probably would not be much dead down material
until the aspen stand began to degenerate. Then
the amount of down dead material would accu-



o Figure 9. An old-growth climax aspen stand on the Grand Mesa,

Uncompahgre and Gunnison NF near Kebler Pass. Stand is ap-
proximately 100 years old.

. mulate quickly as the aspen stand would degen-
' erate rapidly. It is important to note that if the
- understory conifers are relatively young, the
remaining stand may not be old growth.

Where aspen is considered climax, old growth
will again include a canopy of old large aspen
trees which would be closed. However, the stand
would have little structure as there would be no
understory conifers and little down trees or
standing dead trees (fig. 9).

Once stand deterioration started, mature
stems could die and fall rather quickly, or the
process might take some time. An overstory of
various levels with trees of various ages and
some down dead trees would then exist. This
_condition might exist over successive generations.
However, if no regeneration occurred when stems
died, a single canopied, thinly stocked stand
containing gaps in the canopy and down dead
trees might persist until all the remaining trees
had fallen.

Attributes

The following table lists the tree attributes
that are being used to describe aspen old growth.

1
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Table 8-Summary of Old-Growth Wt
Aspen — SAF COVER TYPE 2

STANDARD ATTRIBUTES

LIVE TREES:

Upper Canopy - Older Component
Minimum DBH (Inches) .......coovemimieeinnnnnn 14
Minimum Number of Trees Per Acre ........... 20
MINIMUIN AGE .eveeervrmeeamrirresiesisinesesssssssesaes 100

Variation in Tree Diameter
Decadence - dead, broken or deformed

tops and/or bole or 100t YOt ...cocruiviinirireenee Yes
Multiple Tree Canopy Layers ........cocoveeeeneenes No
DEAD TREES:
Standing

Minimum DBH Gnehes) ...oooovieennsinieciianns No

Minimum Number of Trees Per Acre coeeeeenns No
Down

Minimum Pieces Per ACTe ..ocoooriiiiaiiieeriinannns No

ADDITIONAL ATTRIBUTES:
Trees in Upper Canopy Are Slow Growing.... Yes

Canopy Closure Greater Than BO% .eeeeeenennnns Yes
QUALITY ATTRIBUTES:

Above Attributes in Excess of Minimums...... Yes
Multiple Tree Canopy Layers .......cceeeeuences Yes
Multiple Tree SpPecies ......cocvvirermmiiniearenesens Yes
Standing Dead Trees 10" plus DBH.....ccceenne Yes
Down Dead TTEES coccvcrverirmrreserreissinnrsssansemaaes Yes
Variation in Tree Diameters ............ reeevreoneeans Yes

PINYON-JUNIPER - SAF COVER TYPE 239
Narrative

Pinyon pine (Pinus edulis) and juniper
(Juniperus scopulorum) comprise the pinyon-
juniper cover type. Pinyon-juniper occurs as a
forest type but more often as woodland as the
trees are generally shorter than 20 feet and the
crowns rarely touch. Pinyon-juniper is found in
the southern and western portions of Region 2
extending just into the southern portion of Wyo-
ming. Although pinyon-juniper usually refers to a
mixture of both species it may-consist of just
either one. It occupies the lower and warmest
elevations growing from 4,500 to 9,000 feet
growingin a semiarid climate. It grows best just
below the lower elevational range of ponderosa
pine and may also intermix with ponderosa pine.

The stands exhibit considerable diversity in
appearance and composition.

Stands may consist of all ages or one age.
Dominant trees are often 400 years old. Trees
800 to 1000 years old have been recorded. The
trees can be single stemmed or have a sprawling
multi-stemmed character. A few stands may have
closed canopies with single or both tree species,
with little or no understory, but most stands are
open-grown with widely scattered trees of one or
both species with a wide variety of understory
vegetation.

The pinyon-juniper woodland is shade intoler-
ant. It is the climax cover type remaining on the



site undisturbed by fire. When disturbed by
fire it will revert to grasses and eventually return
to pinyon-juniper woodland,

he pinyon-juniper woodland has been used for
grazing, firewood, buil ding material and espe-

cially prized for its pine nuts for over 400 years.

tion of competing grasses due to grazing, pinyon-
Juniper woodland is increasing its ares and also
tree densities within existing stands,

Description

An old-growth pinyon-juniper stand would be
fairly open grown and contain g cohort of domj-

oben grown it would be hard to distinguish if
more than one tree canopy exists. The old trees
would vary in diameter some would have dead

Attributes

The following table lists the tree attributes
that are being used to describe pinyon-juniper olq
growth.

Table 9-Summary of Old-Growth Attributes
Pinyon—Juniper -
SAF COVER TYPE 239

STANDARD ATTRIBUTES
LIVE TREES:
Upper Canopy - Older Component
Minimum DRC (inches) ... 12
Minimum Number of Trees Per Acre ... 30
Minimum AgE T 200
Variation in Tree Diameter .............. Yes
Decadence - dead, broken or deformed
tops and/or bole or root ot e Yes
Multiple Tree Canopy Layers ... No
DEAD TREES:
Standing
Minimum DRC (inches) ... 10
Number of Trees Per Acre.............. 1
Down
Minimum Pieces Per Acre ... 2
ADDITIONAL ATTRIBUTES:
Trees in Upper Canopy Are Slow
Crowing..oe o Yes
Canopy Closure Greater Than 35% .. Yes
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GLOSSARY OF OLD-GROWTH ATTRIBUTES

Forest Cover Type - a descriptive classifica-
tion of forested land based on present occupancy

is confined to one (ponderosa pine) or two (spruce-

fir) species. The mixed-species/mixed conifer

forest cover type is not a forest cover type in itself

as defined by SAF but includes several forest
cover types.

Attributes - The elements that are measured
to determine the classification of 3 stand as old-
growth. They are as follows:

Standard Attributes

1. Live trees:

Upper canopy - a grouping of the taller (domi-
hant and codominant) trees in the stand. For
live trees the following attributes of minimum
DBH, number of trees per acre, and age refer
to the upper canopy of the stand. There must
be an upper canopy of trees meeting these
minimums for the stand to be considered old
growth.

Minimum DBH - this refers to trees in the
upper canopy and not to average DBH for the
stand which would generally be lower. It is
the minimum DBH that would be required for
the stand to be considered old growth. DBH is
the diameter of a tree at 4.5 feet from the
ground measured on the uphill side. It ig
generally outside bark. However, if the tree is
dead and the bark has fallen then it would
not include bark.

Minimum DRC - this is used for woodland
Species such as pinyon-juniper. DRC is the
diameter at the root collar. The root collar is
the region where the root and stem merge.

Minimum Number of Trees Per Acre - the
minimum number of trees per acre in the
upper canopy meeting or exceeding the above
minimum DBH.

Minimum Age - the minimum mean age of the
trees in the upper canopy meeting or exceed-
ing the above DBH. This would be total tree
age. Age is just one part of the equation for
stand to be old growth. A stand could meet
the minimum age requirements and may still
not be old growth. Age has been included as
an attribute to give an idea of what age old
growth is thought to begin. It is the attributes
that develop with age such as stand structure,
dead trees, down material, distinctive bark,
net stand growth near zero and tree deca-
dence that need to be considered. Some
stands may meet the minimum age require-
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ment but have not yet developed these other
attributes.

Variation in Tree Diameters - there are trees
of various diameters present in the stand.
This would allude to an uneven aged stand
and/or a stand with more than one tree spe-
cies. All of which suggest a more structured
stand. No diameter ranges have been sug-
gested as little is known what they should be.
However it was common consensus that such
an attribute is an important characteristic of
old growth.

Decadence - this refers to the trees in the
upper canopy. The tops or crowns of some of
the trees are broken, dead, deformed or have
sparse foliage or the stems have rot and/or
root rot. These are indicators that the stand
could be past maturity and declining. Growth
is being succeeded by mortality. The stand is
not young and vigorously growing. It could
also mean that the stand has been infected
with some disease and that’s all. But if the
above attributes are present in a stand,
decadence would be a further indicator of old
growth. No values are listed as no data is
available on how many trees should have
reached senescence. ’

" Multiple Tree Canopy Layers - more than one
tree canopy layer or story is present. A canopy
layer or story is roughly a horizontal stratum
or layer formed by the crowns of trees. A

- stand can have one to many canopy layers:
Generally trees of the same age or species
tend to grow to the same height in a stand.

_ This height or horizontal layer formed by the
~ tree crowns would be a canopy layer. The
tallest canopy layer representing the most

"= crown cover in a stand would generally be the
. upper canopy layer.

Dead Trees

. Standing - a tree, vertical or near vertical,
that is supporting itself or leaning on another
tree. A standing dead tree is also called a
snag.

Minimum DBH - the minimum diameter
at 4.5 feet that a dead tree would be
considered for old growth.

Minimum Number of Trees Per Acre - the
minimum number of dead trees per acre
that are equal to or above the minimum
DBH to be considered for old growth.

Down - tree that has fallen down, is dead and
laying horizontal. May be a whole tree or
section of one. All, part or none of the whole
tree or section may be touching the forest
floor.
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Additional and Quality Attributes

Trees in Upper Canopy Are Slow Growing -
trees are growing slower than in the past.
This indicates the stand has reached maturity
and/or may be over-mature, that is past it’s
peak of maximum growth. Generally the
crowns are beginning to flatten and become
broader and more open.

Canopy Closure Greater Than 50% - 50% or
more of the ground is covered by foliage of the
upper canopy in a vertical projection.

Wide Range of Tree Vigor - trees in the stand
are growing at various rates from vigorous
growth to almost no growth.

Net Growth Near Zero - this applies to the
stand as a whole. Basically the amount of
new growth is offset by trees dying.

Patchiness - a stand has breaks in the upper
canopy level and/or has openings. An opening
is defined as an area within the stand that
contains vegetation different than the major-
ity of the stand, such as grasses, forbs, shrubs
and young trees. .

Many Stages of Decomposition- this refers to
the dead material either standing or down.
The dead material is in various conditions of
decay.

- Multiple Tree Species - there is more than one

tree species in the stand.

Distinctive Bark - some species of trees with
age acquire bark characteristics that are
much different (distinctive) than when
younger and vigorously growing. The bark
becomes platy that is it has large patches
with deep furrows in between the patches.
The bark may also be different in color for
some species. Darker for lodgepole pine,
reddish for spruce-fir and light tan or yellow
for ponderosa pine.

Distinctive Crowns in the Upper Canopy - as
they age some species of conifer trees acquire
crown characteristics that are much different
than when young. The crowns loose their
conical shape as growth diminishes with the
crowns flattening. Crowns develop holes,
become misshapen and foliage develops dead
areas. Branching is more open with large
branches. Part or all of the crown can die.
These characteristics are very evident in older
ponderosa pine and lodgepole pine trees.
These characteristics can also be attributable
to insects or pathogens so the other attributes
need to be considered as well.
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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 in these
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
Species Prioritization

Partners in Flight uses a system that identifies species of conservation priority in each of its planning units,
rather than writing planning 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 identified 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
different 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 all breeding species in Montana are found in °

Appendix B.

The Partners in Flight Species Prioritization scheme was first developed in 1991, and has been continually
reviewed and refinéd in the years Jollowing inception (Carter et al. 1998). The system ranks each species
of North American breeding bird based upon seven measures of conservation “vulnerability”. These factors
include relative abundance (interspecific; RA), size of breeding (ED) and non-breeding (ND) ranges, threats
to the species in breeding (TB) and non-breeding (TN) areas, population trend (PT), and relative density
(intraspecific; Al) in a 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
parameterand 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 used the following criteria to help us select priority bird species in Montana:

Gervess . £ 007
2

g m



Montana Bird Conservation Plan 24
Version 1.0 - Jan. 2000

Species of importance in Montana. (PA 64, 39) Species scoring >22 in the PIF system, for Montana or
either physiographic area overlapping the state. Indicates a species of moderate or high global vulnerability,
and with relatively high abundance as well as declining or uncertain population trend in the physiographic
area or in Montana.

Species showing significant declines. Species for which BBS data sample sizes are adequate to indicate
significant declines over the period 1966-1996 (CBO scores of 5/1 or 5/2 for population trend (PT) and
population trend uncertainty (PTU) in PA 39, PA 64 or MT). Species whose populations are declining range
wide may or may not be declining in a given planning unit. It is important to focus active management in
those areas where declines should be stabilized or reversed and to identify the factors responsible for stable
or increasing trends in other areas so that similar conditions can be achieved where needed.

High responsibility species. (by Physiographic Area) Species with relatively high proportion (>20%) of
their global population for either of the physiographic areas ovetlapping Montana. Percent of population
calculated from percent of range area, weighted by BBS relative abundance (see Rosenberg and Wells, in
press). Percent of geographic range used for species with inadequate relative abundance data. Signifies high
responsibility for long-term conservation of species, even if not currently threatened. Physiographic areas
with large percentages are able to take greater conservation responsibility for that species because affecting
an increase or decrease in a population trend has greater potential impacts in areas where numbers of
individuals are greater.

Special status. (FWP,NHP, BLM, USFS, Watch List) We included for consideration any bird species listed
by one of the following entities as being of management concern. Typically, a species was not considered
high priority if it appeared on only one of the following lists; those appearing on 3 or more were considered
a priority even if other criteria were not met:

Montana Fish, Wildlife and Parks Species of Special Concern
Montana Natural Heritage Program Sensitive Species

Bureau of Land Management Special Status Species

U.S. Forest Service (Region 1) Sensitive Species

National Audubon’s National Watch List

£mMwz®»

Special Consideration. (Local Concern) Species of justifiable local concern or interest. These were
generally habitat obligates or species of immediate concern, as identified by Montana PIF (P). May represent
geographically variable population or be representative of specific habitat of conservation concern. These
were generally selected based on the specific expertise of planning participants.

Additional listed species. Species on federal endangered or threatened list not meeting any of the above
criteria.

Montana Priority Levels

'We assigned each of the 141 species in Table 2 to one of the following four priority levels. All species

designated as levels I-II are treated in this plan. Generally, level I species are the highest priority and are
the focus of proposed conservation actions. Most biological objectives are integrated, however, and
addresses multiple species needs. The names of these levels (e.g. “Conservation Action”) should not
therefore be considered mutually exclusive.

L Conservation Action. Generally high overall scores (>22), declining population trends (PT/PTU
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1L

IIL

of 5/1 or 5/2), and/or high area importance (PA % Pop.>20). These are the species for which
Montana has a clear obligation to implement conservation

Monitoring Species. Species in need for which we have responsibility, but with lesser threat or
stable/increasing populations in the state. As compared to level I, these species have generally lower
overall scores, in many cases because they are poorly sampled by the BBS. Montana has a high
responsibility to monitor the status of these species, and/or to design conservation actions.

Local Concern. Species of concern (often designated as such by participating agencies) which rank
Jower, are not in imminent risk, or which are near-obligates for high priority habitat. Presence of
these species may serve as added criteria in the design and selection of conservation or monitoring
strategies.

Non-Priority. Formerly suggested for inclusion in the planning effort, but recommended for
deletion because of occurrence as rare migrants only, extremely peripheral occurrence, or lack of
imminent risk (widespread, generalist, increasing).
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BIRD CONSERVATION PRIORITIES IN MONTANA

Priority Bird Species List

Our prioritization process led to the selection of the following 107 species (one group) that merited priority
status in the state. These included 14 species at priority level I, 43 at level II, and 51 level II1, or “local

concern” species:
Level I (n=14)

Common Loon
Trumpeter Swan
Harlequin Duck
Sage Grouse
Piping Plover
Mouritain Plover
Interior Least Tern
Flammulated Owl
Burrowing Owl
Black-backed Woodpecker
Olive-sided Flycatcher
Brown Creeper
prague s Pipit
Baird’s Sparrow

Level II (n=43)

Horned Grebe
White-faced Ibis
Barrow’s Goldeneye
Hooded Merganser
Bald Eagle
Northern Goshawk
Ferruginous Hawk
Peregrine Falcon
Ruffed Grouse

Columbian Sharp-tailed Grouse

Long-billed Curlew
Marbled Godwit
transient shorebirds
Franklin’s Gull
Caspian Tem
Common Tern
Forster’s Tern
Black Tern
Black-billed Cuckoo
Yellow-billed Cuckoo
Black Swift

Vaux’s Swift

Calliope Hummingbird
Lewis’s Woodpecker
Red-headed Woodpecker v
Red-naped Sapsucker v/
Williamson’s Sapsucker v
Three-toed Woodpecker v
Pileated Woodpecker
Willow Flycatcher
Hammond’s Flycatcher
Cordilleran Flycatcher
Winter Wren

Veery

Loggerhead Shrike
Red-eyed Vireo

Lazuli Bunting

Brewer’s Sparrow

Lark Bunting

Grasshopper Sparrow
McCown’s Longspur
Chestnut-collared Longspur
Black Rosy-finch

Level IIX (n"—"5 [})

Clark’s Grebe
American White Pelican
American Bittern
Black-crowned Night-heron
Northern Harrier
Sharp-shinned Hawk
Swainson’s Hawk

Blue Grouse
White-tailed Ptarmigan
Yellow Rail

Killdeer

Black-necked Stilt
Willet

Wilson’s Phalarope
Eastern Screech-owl

‘Western Screech-owl
Great Gray Owl
Boreal Owl
Short-eared Owl
Common Poorwill
Chimney Swift
Rufous Hummingbird
Downy Woodpecker
Least Flycatcher
Clark’s Nutcracker
Chestnut-backed Chickadee

‘Sedge Wren

American Dipper
Golden-crowned Kinglet
Townsend’s Solitaire
Varied Thrush -

Gray Catbird

Sage Thrasher

Cassin’s Vireo
Plumbeous Vireo
Warbling Vireo
Nashville Warbler
Townsend’s Warbler
Qvenbird

American Redstart
MacGillivray’s Warbler
Green-tailed Towhee
Chipping Sparrow
Clay-colored Sparrow
Lark Sparrow
LeConte’s Spatrow
Nelson’s Sharp-tailed Sparrow
Song Sparrow

Bobolink

Red-winged Blackbird
Yellow-headed Blackbird
Brewer’s Blackbird
Orchard Oriole

Cassin’s Einch

Red Crosshill
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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 (north 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. Usuaily 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 occur at aimost any time of the year. Research has indicated
that there are up to 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 Objecﬁvesz Dry Forest

Mature Ponderosa Pine Restoration. Restoration activities in dry forest habitat types are important due
to the dramatic changes in tree species composition and stand structure that have affected most dry forest

habitat in western North America. An awareness and understanding of these changes, and the desirability -

of restorative activities in ponderosa pine habitat, is ubiquitous 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

. Retain all 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.

. 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).1Va1ues 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.

257
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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 Trees # 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 trees/ac > 21 in dbh
‘Warm, dry ponderosa pine (éast 180 yr 4 trees/ac > 17 in dbh
side)
Cool, dry Douglas-fir (east side) 200 yr 5 trees/ac > 19 in dbh
° Restore the role of fire, and use thinning as necessary, to restore historic conditions.
. Retain all snags and broken-top trees > 9 in dbh and all large trees > 17 in dbh in harvest units.
. 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
(west side)
Warm, dry ponderosa 215 yr 24 trees/ac > 17 in dbh 7 trees/ac > 9 in dbh
pine (east side)
Cool, dry Douglas-fir 229 yr 31 trees/fac> 17 in dbh 10 trees/ac > 9 in dbh
(east side)

. Manage for a variety of habitat conditions at the landscape level, particularly varied understory

conditions, to meet the needs of the Flammulated Owl and Lewis’s Woodpecker:

Priority Species Objectives.

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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habitat.

Distribution. The Townsend’s Warbler breeds from southeastern Alaska, south through western Canada
to central and northeastern Oregon, northern ldaho, 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 a predominant 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 1 995). Inthose 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 ft) of the survey points and were nearly 5 times more
comimon on points with a lot of dead and down material (Hutto 1995). In a review of several studies, Hej!
et al. (1995) listed the Townsend’s Warbler as an old-growth associate in studies in Montana, Idaho, and
Oregon, although another Idaho study Tound them present but not clearly associated with old-growth, mature,
or immature forests. Hejl et al. (1995) found Townsend’s Warblers to be less abundant in clearcut or partially

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, leafhoppers, 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 the more sensitive
species to timber harvesting activity as evidenced by a continuous decline in probability 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 ft). Management at the landscape level should allow for retention
and recruitment of mature mixed conifer stands.

Habitat and Population Objectives: Moist Douglas-fir and Grand fir

Habitat Objectives - Old Growth:

. Existing old-growth stands (> 170 years, meeting minimum criteria for region and forest type:

d
Green) should be retained whenever possible, especially in areas that are in likely refugia from ;O/ﬂ

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 managed for old-growth conditions; these should be located in tikely 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 Jeast 50-100 acres
(McClelland et al. 1979), imbedded within an area of 364-1000 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).

® Encourage retention of snags and logs in all silvicultural treatments [Bulland Holthausen
recommended > 8 snags/ha, at least 20% of which are > 50 cm, and . 100 logs/ha, witha 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).

Prescribed Fire: (see also section on Burned Forests)

. Expand the opportunity for allowing lightning fires to burn.

° Re-ignite suppresséd- lightning fires when conditions come back into prescription.

® Use broadcast burning to restore normal fuel conditions so that lightning fires can be allowed to
burn.

* Capitalize on opportunties to develop stand conditions that approximate those created by stand-
replacement fire regimes.

Timber Harvest: .

. Vary timber harvest methods, using more even-age prescriptions (“messy” clearcuts and seed-free

cuts) in more mesic sites that would have historicalty 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, buf vary with more heterogeneous stand prescriptions. Leave
clumps of intact forest, snags, and large logs.
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Management Recommendations

goshawk pair, and represents an area of concentrated
use by the family from the time the young leave the
nest until they are no longer dependent on the adults
for food (up to two months). These areas are
important for fledglings; they provide hiding cover
and prey on which to develop hunting skills. 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 (Fig. 4).

The foraging area is approximately 5,400 acres in
size, and surrounds the PFA. Hunting goshawks
evidently use available habitats opportunistically.
This opportunism suggests that the choice of
foraging habitat by goshawks may be as closely tied
to prey availability as to habitat structure and
composition. Goshawks hunt from tree perches by
scanning lower portions of the forest (ground, lower
canopy) for prey. Because of visual limitations in
dense forest environments, an open understory
enhances detection and capture of prey (Fig. 5).
Raptor (hawks, falcons, owls) populations are often

_ limited by availability and abundance of their prey.
The recommendations presented here are based on
information available on how foraging goshawks use

their habitat, and was supplemented with informatic
on the habitats, foods, and cover of important
goshawk prey.

Goshawk Prey

A comparison of goshawk diets from disparate
areas within North America showed that, while as
many as 50 species are eaten, about 20 are commort
in the diets. Fourteen species were important in the
diet of southwestern goshawks. Information on the
distribution, habitat, special habitat needs, home
range size, and populations of these 14 prey species
were gleaned from the literature. A synthesis of thi
information provided a set of "desired forest
conditions™ that would result in sustainable
populations of each prey. Because no single prey
species is likely to be abundant enough to support
goshawks, especially during the winter and extremx
environmental fluctuations (periods of drought),
habitats for and populations of all 14 prey are-
necessary.

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.

4 - Executive Summary




Management Recommendations

browsing and grazing have accentuated this loss. In
addition to 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
pine and mixed-species forests reflect the extent of
human interference with natural-processes. Given
the improbability of returning to the previous
frequencies of natural disturbances, some active
management (mainly thinning and prescribed fire)
will be necessary to produce and maintain the
desired conditions for sustaining goshawks and their
prey. In some spruce-fir forests, natural processes
are still functioning and little or no management may
be necessary to maintain the desired conditions.

"These recommendations were specifically
designed to provide breeding season habitat for the
goshawk and its prey. It is not known whether
goshawks in the Southwest winter on their nesting
home ranges; if they do winter there, then these

‘recommendations will provide habitat and food
year-round. ;

Nest Areas (30 acres each) o

Three suitable nest areas should be maintained per
home range. In addition, three replacement nest
areas per home range should be in a development
phase, using intermediate treatment and prescribed
fire. Suitable areas may be lost because of insect
epidemics, catastrophic fire, or other factors. Nest
areas are typified by one or more stands of mature or
old trees and dense forest canopies. No ‘adverse .
management activities should occur at any time in
suitable nest areas. Desired forest conditions for the
nest stands and management recommendations for
maintaining and developing nest stands within nest
areas are presented in Tables 1 and 2.

Post Fledging-Family Areas (PFA) (420 acres)
The PFA contains a vatiety of forest conditions
and prey habitat attributes. Interspersed small
openings, snags, downed logs,.and woody debris are
critical PFA attributes. To sustain the desired canopy
cover, size of trees, and the specified portions of
different forest ages within the PFA, regeneration of
10 percent of the PFA may be required every 20
years. Other management tools, such as prescribed
fire and removing understory trees, are suggested for
sustaining other critical elements of goshawk habitat

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

(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 spec |
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 group of 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 anc
oak regeneration are encouraged. Snags, downec
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
management of woody debris. Thinning from be
(removing understory trees) is preferred for
maintaining desired forest structures, and a variab
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. Forage
utilization should average 20 percent by weight an
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

Foraging Area (5,400 acres)

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

foraging area need not provide hiding cover for

fledgling goshawks, a more open canopy is preferre

* --40 percent in the mid-aged forests and 40 to 60

percent in the mature and old forests, depending on

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

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 managemen
recommendations to obtain the desired conditions fc
the foraging area are identical to the PFA (Table 2).

6 - Executive Summary



Northern Goshawk in the Southwestern United States

Table 1. Desired forest conditions in three forest types for sustaining northern
goshawks and their principal prey species in the Southwest. i
|
|

Home-Range Components
Foraging Area

Attribute Nest Area® Post Fledaing-Family Area
Ponderosa Mixed- Spruce- Ponderosa Mixed- Spruce-
Pine Species fir Pine Species fir
VSS distribution” :
grass/forb/shrub VSS 1 (%) 0° 10° 10° 10° 10° 10° 10°
seedling-sapling VSS 2 (%) 0 10 10 10 10 10 10
young forest VSS 3 (%) o - 20 20 .20 20 20 20
rhid-aged forest VSS 4 (%) 0 20 20 ., 20 20 20 20
mature forest VSS 5 (%) 100 - 20 20 ! 20 ' 20 20 20
old forest VSS 6 (%) 00 .. . 20 . 20 20 20 20 20
; Canopy cover :
mid-aged forest VSS 4° NA 1/3 60+ 60+ 60+ 40+ 1/3 60+ 1/3 60+
2/3 50+ . 2/3 40+ 2/3 40+
mature forest VSS.5 (%) 50-70+ 50+ 60+. 70+ 40+ 60+
old forest VSS 6 (%) 50-70+ 50+ 60+ 70+ 40+ 'f e+ N RGO
; ?EMMO 200-250 200-300 200-300 200-250 230 200-300
; ~Opening size ~ — ‘ :
: maximum size (acre) ©NA 2 2 T 4 4 4 1,
width--maximum (f) NA 200 150 125 200 200 125
Reserve trees® :
number of groups/acre Al 1 1 2" 1 1 - on
number (per-group) . NA 35, 6 6 3-5 <] 6
opening threstield? (acres NA >1 >1 >0.5 >1 >1 0.5
Snags (no/acre) . - NR' 2 A 3 3 2 3 - 3
4 Downed logs (acre) ’ NR 3 5 5 , 3 5 5
i Woody debris (tons/acre) NR 5-7 10-15 -~ 10-15 5-7 10-15 10-15

y, T Suitable nest areas only; attribute values may vary by forest type. .
b VSS; Vegetation Structural Stages, a forest description based on the tree diameter distributicn within a stand. For example, if the majority: of.the

sterns of a stand (based on basal area)were located in the 12-18 inch diameter class, the stand would be classified as a VSS 4. General
diameter limits are: VSS 1= 0-1" DBH; VSS 2= 1 -5" DBH; VSS 8=5-12" DBH; VSS 4= 12-18" DBH; VSS 5= 18-24" DBH; VSS 6 = 24"+ DBH.

DBH = Diameter at Breast Height (4.5 ft.).

¢ Proportion of the area.
4 NA; not applicable. .

3 ¢ Reserve trees; standing trees left after harvesting that will be allowed to become snags and downed logs.

i t A; applicable, clumpiness, or groups of large trees is also desirable. ) :

E: S When threshold size is exceeded, reserve trees are necessary.

E % One group per 0.5 acres. '«

;g " NR: not required, but presence of these features are not detrimental.

i Table 2. Management recommendations for sustaining habitat for northern goshawks

gﬁg and its principal prey species in the Southwest.

£ Attribute : Home Range Components®

§’3 Nest Area PFA . Foraging Area

% Number of areas : . 6 : 1 !

‘g Suitable® ) ' 3 NA. NA

2 Replacement® . 3 NA NA

: Size (acre) 30 (Total =180) 420 5,400

' Management season” Oct-Feb Oct-Feb Year-long

g‘g Regeneration of forest ’
. @ _ Conifer None Yes Yes
5 Aspen & Oak None Yes Yes

& Planting None Yes . Yes

Non-uniform spacing

Thinning from below?® . Non-uniform spacing Non-uniform spacing

Transportation system

HE G

Minimum density

Road Minimum density Minimum density
Skid trails Permanent Permanent Permanent
Forage utilization® (%) 20/40° © 20/40° 20/40°
Woody debris treatment [ In Order of Preference )
Prescribed burning® 1 1 1.
Lopping & Scattering® -2 2 2
Hand piling® 3 3 3
Machine grapple piling® None 3 3
Dozer-piling® None 4 4

3 Refer to glossary of terimns.

. For PFAs surrounding gctive nest areas, months in which management activities are allowed.
Average forage utilization (percent by weight) in herbaceous layer/shrub layer; utilization should not exceed 40%

: shrubs.
Not app{icab!e in spruce-fir forest type.

of grasses and forbs and 60% of

Executive Summary - 7
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Management Recommendations

a landscape.

Desired Conditions

\ Size: Approximately 30 acres (3 suitable and 3
replacement totaling 180 acres per home range).

< Location: Along drainages, base of slopes, and on
northerly aspects. ~

~ Stand structure: See Table 5, page 14.

Management Recommendations
 Maintain at least 3 suitable nest areas per home
range. Selection priority:
1) the active nest area; and
2) the most recently used historical nest
areas. '
‘When possible, all historical nest areas should be
maintained. '
 Provide at least 3 replacement nest areas (in
addition to the 3 suitable nest areas) per home
range.
| All nest areas are best located approximately 0.5
" miles from each other (Fig. 9). )
-+ No adverse management activities in nest areas at
- - any time.
~/ Minimal human preserice in active nest areas
during the nesting season, March 1 - September
30. '
~ Preferred treatments for maintaining stand
structure in nest areas:

o In suitable nest areas: . thin uriwanted
understory trees; with non-uniform
spacing, in using prescribed fire (except
for spruce-fir), and/or hand operated tools.

e Inreplacement nest areas: :

1) thin from below (remove trees from the
understory), with non-uniform spacing
in the three youngest VSS to maintain
low densities to promote faster tree
growth and crown development, and

2) allow for stand density increases in the
three older VSS to develop-interlocking
crowns (Fig. 10). o

< Replacement nest areas should be first selected
from stands in the PFA that resemble vegetation
and landform of suitable nest areas.

o To decrease fuel hazards, in order of
priority: | '

1) Use periodic prescribed fires (exceptin
spruce-fir).

2) Lopping and scattering of thinning debris
is preferred if prescribed fire cannot be.
used. - -

SUITABLE
NEST AREA

REPLACEMENT .
@ NEST AREA

DRAINAGE

Figure 9. Schematic diagram of suitable and replacement
nest areas within a post-fiedging family area.
The foraging area surrounds the PFA. .

destruction of the forest floor and the %J

herbaceous layer.
- 4) Grapple or dozer piling is not
: recommended.
4 Manage road densities at the lowest level possible
to minimize disturbance in the nest area. Where
timber harvesting has been prescribed to achieve

i
|
|
i

desired forest condition, use small, permanent skid

trails in lieu of roads.

~ Wildlife and livestock utilization of grasses and
forbs should average 20% by weight and not
exceed 40% in any area, and shrub utilization
should average 40% by weight and not exceed
60% in any area. These levels of utilization

should maintain native food and cover for many of

the prey species (Schmutz 1978, Wasser 1982). -
Post-fledging Family Area (PFA)

Management Objectives
| Provide hiding cover (from predators, siblings,
~ and weather) for goshawk fledglings.
| Provide habitat for prey and foraging
opportunities for the adults and fledgling
goshawks-during the fledgling-dependency.period.

Desired Conditions, All Forest Types

3) Piling of debris should be limited. When
necessary, hand piling should be used to
minimize compaction within piles and
to minimize displacement and

22 - Management Recommendations for the Home Range

N Size: Approximately 420 acres (not including the
acres in suitable and replacement nest areas).
Although portions of natural and permanently
created openings close to forest edges may be

2274



Northern Goshawk in the Southwestern United States

Executive Summary

|
The northern goshawk (Accipiter gentilis development of the "desired forest conditions” for \
atricapillus) (hereafter called the "goshawk") is the the goshawk and its prey required certain
Jargest North American member of the genus assumptions: - ’
Accipiter, which includes both the sharp-shinned 1) goshawks and their prey populations are
hawk (Accipiter striatus) and the Cooper’s hawk limited by the availability of their foods
(Accipiter cooperii). It breeds in coniferous, and habitats,
deciduous, and mixed forests throughout much of . 2) the availability of abundant, sustainable
North America. : ' ' ) prey populations reduces the probability
The goshawk is a forest habitat generalist that uses that food is limiting,
a variety of forest types, forest ages, structural 3) extreme fluctuations of goshawk
conditions, and successional stages. It preys on ' populations caused by changes in the
small- to medium-sized birds and mammals (robins abundance of one or more prey willbe
and chipmunks to grouse and hares), whichit = . dampened wher a wider variety of prey
captures on the ground, in trees, or inthe air. A species are available,
single goshawk may consume one-to-two prey per 4) the foods and habitats of goshawk prey in
day. . southwestern forests are similar in
The principal forest types occupied by, the adjacent regions, and '
goshawk in the Southwest are ponderosa pine, 5) the forest attributes and age-classes of
mixed-species, and spruce-fir. There is a concern southwestern forests described herein

that populations and reproduction of the goshawk are
declining in these forests and elsewhere in the
western United States. These declines may be
associated with forest changes causéd by timber
‘harvesting. However, fire suppression, livestock
grazing, drought, and toxic chemicals may be
involved. Because.of the concems over the effects of
_ timber harvesting, the goshawk was listed asa’
% "gensitive species” by the Southwestern Region of
the Forest Service, U.S. Department of Agriculture in
1982. . -

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 an 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 (VSS)
The Northern Goshawk ‘were uséd to describe regeneration,
Scientitic'Co‘m"mitt’ee I : 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.. . - ' o
e The extent to which soutliwestern forests
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

The Northerrd Goshawk Scientific Committee
(GSC) was established by-the Regional Forester of
the Southwestern Region in the fall of 1990. Its
charter was to develop a credible management
strategy to conserve, the goshawk in the southwestern
United States. Thislreportdescxibes the process
used, findings, and recommendations of the scientific
committee. In developing the recommendations, we
used available information on goshawk biology,

behavior, diet, and habitat. Information about control) have changed the structure and
goshawk foraging habitat was augmented with . species composition of forests. Today,
 information on the habitat and foods of its main prey ~ much forested area consists of dense
species. From this the GSC developed a set of "thickets" of small-diameter trees (Fig. 2).
"d_esi,redqure_s‘t_éqnditions" that, in their best - Forests containing these thickets are
o ebtitnate~willsustain-goshawk populationsinthe . _ prone to catastrophic, tree-killing fire, and
Southwestern Region. . insect and disease outbreaks. Because of
Because information on goshawk biology is inter-tree competition for moisture, - )
Jimited, and our ability to produce and sustain certain, nutrients, and light, these thickets will not ﬂ_ Zg
forest conditions over long periods is unknown, the mature into large trees. To accelerate the '

Executive Summary - 1



development of maturc forests and large
trees, tree cutting and prescribed fire
should be used to thin forest stands,
concentrating growth on the remaining
trees.

Large trees, snags, and large downed logs
provide important habitats for many
plants and animals, and provide organic
matter to the soil resource. Every acre of

~ a goshawk nesting home range should

contain a few large trees in clumps that
are never removed. These trees live out
their lives, die (become snags), fall, and
decompose.

Forest regeneration, growth, and
development varies among locations
becduse site specific productivity differs
greatly throughout the Southwest.
Therefore, no single management
prescription is likely to develop or sustain
the desired forest conditions on all sites
within a landscape. In fact, the desired
forest conditions may not be attainable on
sites with low productivity, and may be
easily attained on sites with high

productivity.

(ORI ARORR AR V2

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 late September. The nest area is

-the center of all movements and behaviors associated

with breeding from courtship through fledging. -
Most goshawks have two to four alternate nest areas

_within their home range; alternate nest areas may be

used in different years, 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 t0
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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Figure 5. Because of visual limitations in dense forest environments, an open understory enhances
detection and capture of prey by goshawks.

downed logs, woody debris, large trees, openings,
herbaceous and shrubby understories, and an

intermixture of various forest vegetative structural
stages. Prey populations within goshawk foraging

- areas will be abundant and sustainable when:

1) the specific habitat attributes are
provided, - '

2) forests contain large trees and have
relatively open tree understories,

3) forest openings are small (1/3 - 2 acres)
to medium (24 acres) in size,

4) patches of dense, mid-aged forests are’
scattered throughout, and

5) the majority of forests are in the
"mid-aged," "mature," and "old"
structural stages. '

Present Forest Conditivons

Southwestern forests have been altered from
pre-settlement conditions by fire suppression, timber

. harvesting, livestock grazing, mining, and

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
often-catastrophic, 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) 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
succession. '

Accumulated fuels and dense forest conditions
resulting from fire suppression have also increased
the potential loss of goshawk habitat through
catastrophic wildfire and epidemic infestations. of

recreational uses. Prior to fire suppression in the
western United States, ponderosa pine forests were
bumed by low-intensity surface fires at 2- to 15-year
intervals. Fires burned at lesser frequencies in

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

Executive Summary - &
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and very dense understories, goshawk populations
may effectively be diminished because:
1) impaired ability of goshawks to visually

Northern Goshawk in the Southwestern L\\l\\gd States

9
scan for prey,
2) restricted flight access to prey, and/or
3) greater escape cover for prey.

Conservation of the Northern
Goshawk: Approach

To identify, describe, and ultimately manage
goshawk habitat in the Southwestern Region, three
critical spatial components of a goshawk’s nesting
home range were identified: nest area, post-fledging
family area (PFA), and foraging area.

The description of goshawk habitat in each of
these components is based on the biology and.-
ecology of goshawks and their main prey species. In
contrast to our knowledge of the summer nesting
biology of the goshawk, almost nothing is known of
its winter ecology. Therefore, the habitat
descriptions herein focus on the nesting home range
and habitat. However, there is limited radio-
telemetry evidence that adult goshawks in New
Mexico winter on or near their nesting home ranges

(Kennedy unpub. data, Reynolds pers. obs.). If this

proves true for goshawks in the Southwest in
general, then providing nesting habitat will also
provide some winter habitat needs.

Nest Area

Nest areas are easily identified by their unique
vegetation structure. Nest areas include one or more
forest stands, several nests, and several landform
characteristics. Nest areas are occupied by breeding
goshawks from early March until late September,
and are the focus of all movements and activities
associated with nesting (Reynolds 1983).
Boundaries of nest areas were determined by
observing the behavior of the adults, the movements
and behavior of newly fledged young, and the
locations of prey plucking areas and roosts
(Reynolds et al. 1982). The size (20-25 acres) and
shape of nest areas depend on topography and thé
availability of patches of dense, large trees (Reynolds
1983).

Suitable nesting habitat is critical in the
reproductive biology of goshawks. Nest areas are
often used more than one year, and some are used
intermittently for decades (Reynolds 1983,
Crocker-Bedford 1990). Many pairs of goshawks
have two to four alternate nest areas within their

replacement nest areas are required because goshawk
nest stands are subject to loss from catastrophic
events and natural decline.

Goshawk nest stands have a relatively high tree
canopy cover and a high density of large trees '
(Bartelt 1974, McGowan 1975, Hennessy 1978,

- Shuster 1980, Reynolds et al. 1982, Saunders 1982,

Moore and Henny 1983, Hall 1984, Speiser and

Bosakowski 1987, Crocker-Bedford and Chaney

1988, Kennedy 1988, Hayward and Escano 1989).
(Table 5). Most nest stands are either on slopes with

- northerly exposures (NW to NE) or in drainages or
~ canyon bottoms protected by such slopes. Studies

suggest that the dense vegetation in these stands
provide relatively mild and stable micro-
environments, as well as protection from predators of
goshawks (other goshawks, great-homed owls,

._ red-tailed hawks, coyotes, bobcats, raccoons,
humans) (Reynolds et al. 1982, Moore and Henny

1983). Information on tree height, diameter, and
canopy closure of goshawk nest areas in interior
ponderosa pine and mixed-species forests is provided

by Reynolds ét al. (1982), Moore and Henny (1983),
. Crocker-Bedford and Chaney (1988), Kennedy

(1988), and Patla (1990). -
The structure of the vegetation within Dpest areas is

associated with the forest type, and tree age, size,

and density, and the developmental history of the-

stand. Within the Southwestern Region, nest areas

occur-within a range of forest growth-site potentials

(Table 5). Nest areas in locations with low growth

._ potential will have smaller (diameter and helght)

trees than locations with high potential. Table 5
presents minimum attributes required for goshawks
on locations with "low" and "high" site productivity.

Post-fledging Family Area (PFA)

In a radio-telemetry study of the post-fledging
behavior of goshawks, Kennedy (1989, 1990)
described an area used by the adults and young from
the time the young leave the nest until they are no

~ longer dependent on the adults.for food. . This "post-

Home range. - All previously occupied nest areas may

be critical for maintaining nesting populations
because they contain the habitat elements that
attracted the goshawks originally. Additionally,

fledging family area (PFA)" surrounds the nest area

-and, although it generally includes a variety of forest

conditions, the vegetation structure resembles that
found within nest stands. PFAS vary in size from

Conservation of the Northern Goshawk: Approach - 13
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Table 5. Structural attributes for suitable northern goshawk nest stands in the Southwest'"

Nt . Interior Pondeross Engelma ‘

Forest Cover Type2 Pinon-Juniper Pine Mixed-Species Aspen  Spruce-Subal
Site Index® <55 >55 <50 >50
Trees/Acre* 60-100 40 30 45 35 20 35
Mean DBH/DRC (in.)® 12 16 22 15 20 16 20
Age (yrs.)® 200+ 200+ 200+ 200+ 200+ 80+ 150+
Total BA (sq. facre)® ' 60 120 140 110 130 50 140
Overstory canopy cover (%) 60+ 50+ 60+ 50+ 60+ 60+ 70+
vss’ " 5A6 5B-6 5B-6 5B-6 5B-6 5B-6 58-6

The entire nest area may not support all of these structural attributes.

2 Forest cover types, SAF codes (Eyre 1980); Ponderosa pine 237; Mixed-species 209, 210, 211, 216; Aspen 217; Engelmann spruce-Sut

206; Pifion-juniper 239.
Site Index (Sl) = base age of 100 years; S| used for interior ponderosa plne
Number of live trees in the main canopy.

BA = basal area.
VSS = Vegetation Structural Stage.

N o 6 s W

Arithmetic average of the ages of domlnant and codominate trees in the stand: DBH = diameler at breast height; DRC = diameter at root

ponderosa pine; Si used for mixed-species = Dougias-fir.

]

300 to 600 acres (mean = 415 acres) and may
correspond to the territory (a defended area) of a pair
of goshawks (Kennedy 1989). PFAs provide the
young hawks with cover from predators, and
sufficient prey to develop hunting skills and feed
themselves in the weeks before juvenile dispersal.
Thus, forests in the PFAs should contain overstories
with a canopy cover greater than 50%, and
well-developed understories and habitat attributes
(e.g., snags, nest trees, foods) critical in the
life-histories of goshawk prey species. -

Foraging Area

Itis difficult to identify and describe goshawk
foraging habitat because of the size of the home
range and the dearth of information on what habitats
are preferred.

As in most raptors, there are differences in the
duties of the goshawk sexes during nesting: males
hunt for the family while females stay close to the
nests — first to incubate eggs, then to brood and
protect young. Information on nesting home range-
size and habitats used while foraging must therefore
primarily come from studies of foraging males. The
extent to which the foraging areas of adjacent pairs

vertebrates have less dense populations than s
species, predators of large prey must hunt ove:
areas in order to meet their energy requiremen
{Schoener 1983). This body size/home range
relationship is demonstrated in the North Ame
Accipiter: the smallest, the sharp-shinned haw. *
feeds on small birds and has nesting home ran
about 1,200 acres; the Cooper’s hawk, which {
on birds and mamrmals of intermediate size, he
home ranges of about 4,000 acres; and the nor
goshawk, the largest Accipiter, has ranges of a
5,000-6,000 acres (Reynolds 1983, Kennedy 1
(Table 3).

The size of nesting home ranges of goshawl
been estimated by:

1) repeatedly observing adult males leavi
their nest areas above the forest canop:
and noting the distance and direction
traveled (Reynolds 1983);

2) Assuming home ranges are circular an
using one-half the mean distance
between nests as the radius of the hom -
range (Newton et al. 1977, Reynolds
1983);

3) plotting the locations where some prey
speaes were trapped and marked and

n\‘lF‘r]qr} is unkaovm

Goshawks prey on birds and mammals in the
larger body-size classes available to forest-dwelling
hawks (Storer 1966, Reynolds and Meslow 1984).
Generally speaking, because larger species of

14 - Conservation of the Northern Goshawk; Approach

vvuuo\, x\.,um.um 14V ouUbC\iucu.l_y luLL
at goshawk nests (Eng and Gullion
1962); and

4) monitoring the movements of aduits
using radio-telemetry (Kennedy 1991,

B-10/
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Austin in prep).

Radio-telemetry is the most accurate of these
estimates, but radio-tracking of such a wide-ranging
bird in mountainous terrain is most difficult. The
task is made more difficult because goshawks, as
well as other Accipiters, are short-sit-and-wait-
short-flight predators (Fischer 1986, Kenward 1982,
Kennedy 1991). That is, goshawks search their
immediate surroundings for prey from a tree-perch
for a short period (seconds) and then make a short
flight to a new perch (Kenward 1982, Widen 1985).
This searching behavior is an adaptation to living in
forests where the area searched from a single perch
js limited. Because of visual limitations, perches are
changed frequently. Goshawks move rapidly
through their home range in this manner, making it
difficult to triangulate on radio-marked hawks.

Limited radio-telemetry evidence suggests that
goshawks prefer mature forests for foraging. For
example, Fischer (1986) found that a radio-tagged
male in Utah preferentially foraged in "mature”
Douglas-fir/white fir stands. Widen (1989), studying
radio-marked goshawks (A. g. gentilis) in winter in
intensively managed conifer forests in Sweden,
found that both sexes of goshawks preferentially
foraged in forests greater than 60 yéars of age.
Application of this information in management
recommendations is limited because of the small

Northern Goshawk in the Southwestern United States

sample size in Utah, and uncertainties as (o the
similarities in foraging behavior of European and
North American goshawks.

Additional information on the composition and
structure of goshawk foraging habitat was gleaned
from information on the habitat requirements of -
goshawk prey species. This approach is justified
because:

1) raptor populations are often limited by
prey populations, and

2) choice of foraging habitat by goshawks is
predicated, at least in part, on habitats
where prey are abundant and accessible.

We designed foragirig areas consisting of forest
conditions that would provide a high overall
diversity and abundance of prey. Because not all 14
selected prey species occur in each of the forest
types in the Southwest, three separate designs -- for
ponderosa pine, mixed-species, and spruce-fir -
were required (Table 6). Sufficient prey habitats are
provided so there is food to support goshawks in all
seasons, especially during winter when fewer prey
are available, and in years when prey populations are
low due to factors such as drought or deep snow
cover. Bécause no single prey species will be -
abundant enough to support goshawks, especially
during winter, habitats for all 14 prey species are
provided.

Synthesis of Desired Forest
- Conditions

Forests can be described by either:
1) community associations or ,
2) forest cover types (Daubenmire an
Daubenmire 1968, Larson and Moir
1986, Larson et al. 1987, -
Bassett et al. 1987).

An integrative approach, combining vegetation
and forest growth, has been developed for the
Southwest (after Thomas et al. 1979) and is 2
generalized description of forest age and tree size
from seedling to old forests. To describe the
southwestern forests we defined 6 vegetation
structural stages (VSS) that were based primarily on
tree diameters (Fig. 1). These stages are:

e VSS 1, areas dominated by grasses, forbs,
and shrubs; .
VSS 2, forests dominated by seedlings
-and-saplings;- :

Nest Area

Nest areas are a key component of goshawk home
ranges. In each of the three southwestern forest
types, goshawks nest in older-aged stands that have a
high density of large trees, high tree canopy Cover,
and high basal areas (Table 5, Fig. 7, and Fig. 8).
Nest areas are usually on cool, shady slopes or

canyon sides, and are often near streams.

Post-fledging Family Area (PFA)

Post-fledging family areas (PFAs) contain patches
of dense, large trees that provide protection for
fledglings and small trees for hiding cover near the
ground. Because newly fledged young have poorly
developed flight, their spatial movements tend to be
centered-around-the-nest With-timne. fledelings

VSS 3, young forests;
VSS 4, mid-aged forests;
VSS 5, mature forests; and
VSS 6, old forests.

®@ o 6 o

become proficient foragers and are fed less and less
by their parents. To provide learning opportunities,
prey should be abundant throughout the PFA; thus

prey habitat should be intermixed with dense hiding

Synthesis of Desired Forest Conditions - 15
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of bark beetles (Dendroctonus spp.) is present in

" many ponderosa pine and mixed-species forests

(Hedden et al. 1981, USDA Forest Service 1988,
Rogers and Conklin 1991). The threat of western
spruce budworm (Choristoneura occidentalis)
outbreaks is also increasing in the multi-storied
stands being perpetuated in the mixed-species forests
(USDA Forest Service 1985, Swetnam and Lynch
1989) (Appendix 5, page 79).

The individual and cumulative effects of these

. “forest modifications on the habitat of goshawks and

their prey are poorly understood. However, we
believe these modifications affect habitat use by the
goshawk and the availability (abundance and
vulnerability) of goshawk prey. Specifically:
1) in areas of thick tree regeneration, access
to prey may be limited (Reynolds 1989),
2) increased tree canopy cover results in a

Northern Goshawk in the Southwestern United Stales

loss of herbaceous and/or shrubby foods

(Cooper 1960, Stein 1988) and therefore,
~ reductions in populations of the many

herbivorous prey of the goshawk,

3) reductions in the amount of older forests
reduces the abundance of those prey that
require large trees (Szaro and Balda
1979, Patton et al. 1985, Sullivan and
Moses 1986, Brawn and Balda 1988),

4) reductions of large snags decreases the

- - -abundance of those prey dependent on
them (Balda 1975, Brawn and Balda
1988), and

5) creating large openings in forests results
in the reduction of the abundance of
fruiting fungi, and lower populations of
prey that feed on fungi (States 1985,
Pederson et al. 1987).

Management Recommendations for
the Home Range

The present forest conditions above reflect the
extent of human influence on natural processes.
Several types of active management such as thinning
and prescribed fire should speed the process of
producing and maintaining the desired conditions for
sustaining goshawks and their prey. For example, if
wild stands of ponderosa pine are not thinned
naturally (by fire) or artificially (by tree cutting) they
typically stagnate and will not develop into large,

mature trees (Appendix 4, Table 5; page 84). When -

thinned regularly, trees can reach 10 inches in
diameter within 80 years, depending on forest site. In
some forests (such as spruce-fir), natural processes
are still functioning, and little or no active
management will be necessary to reach the desired
conditions (Stromberg and Patten 1991).

There are three key components in the goshawk’s

" home range: nest areas, post-fledging family area,

and foraging area. Management objectives, desired

4 . conditions, and management recommendations based
on goshawk nest habitat and foraging behavior, and

the food and habitat of selected goshawk prey for
each home range component has been specified.
Across the Southwestern Region there is
considerable variation in site-specific growth
potential. This variation is associated with elevation,
slope, aspect, soil, available moisture and nutrients,
and digturbance history. - Therefore; sites have widely

the greatest capabilities to produce nest areas, low
potential sites may still provide foraging habitat with
enough time. :
Because trees and forests require many years to
grow, and because much research is needed to
improve our understanding of goshawk habitat use, it
is prudent to minimize the possibility of immediate
loss of goshawk habitat. Therefore, the following
management recommendations are conservative; that

- is, they are designed to produce forest conditions that

will sustain goshawk populations by minimizing
long-term loss of their habitat due to unfavorable
environmental conditions such as long periods of
drought. Therefore, the largest areas (acres) reported
in the literature (Table 3, page 9), rather than the
average or the smallest, were used when developing
the management recommendations for the nest area,
PFA, and foraging area. :
The opportunities to produce, maintain, and
enhance goshawk habitat may not bé equally applied
on all forested lands because of "reserved forest
land" designations, such as wilderness, research

" natural areas, National Parks, and "area limitationsA".

related to slope and soil type. Desired conditions

‘might be achieved in some of these areas through the

application of allowable management tools (fire,
hand-thinning).

varying capabilities to produce the desired forest
conditions; on certain sites desired conditions cannot
be attained, while on others the conditions can be
exceeded. Although high growth-potential sites have

NestATea

Management Objectives, All Forest Types
v Provide long-term nesting habitat for goshawks in

Management Recommendations for the Home Range - 21
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Thinning from Below

_ Step 1: Thinning. : Step 2: Thinning. Continue
) Remove slow growing, same process as step 1 as
i unhealthy trees. Leave ' many times as necessary until
i taller faster growing, : the decision is made to start a
4 healthy trees spaced at new stand.

a selected density and

pattern.

P

Forest before 20-30 years after step 1
intermediate cutiing - trees have grown hoth in
: , stem diameter and height.

Figure 10. Thinning from below (rei*novin'g trees from the understory) to achieve desired forest conditions.

utilized for foraging by goshawks, these areas are Y, or stringers with interlocking crowns.

not counted as part of the PFA. Also, do not count * o A developed herbaceous and/or shrub
created openings (such as forest health, fire) understory throughout the PFA should
greater then two acres in size as part of thie PFA, ' emphasize native species, especially -

< Location: Approximately centered around ; grasses. ' '
suitable and replacement nest areas (Fig. 9). - N Woody debris: Present throughout the PFA. .

N Stand structure: A mosaic of vegetation < Soil conditions: Developed, intact forest soils
structural stages (VSSs) interspersed throughout with emphasis on organic surface layers (humus,
the PFA in small patches. litter and soil wood) within the natural turnover

o The majority (60%) of the PFA should be rates. These conditions should provide for the
in the three older VSSs (4,5,6), sustainability of mycorrhizae.
approximately 20% in each. Of the _
remaining 40%, 20% should be in young . L . .
forest (VSS 3), and 10% in the seedling / Addlt}onal Desired Conditions, Ponderosa Pine
sapling (VSS 2), and 10% in grass/forb/ Forest Type _
shrub stages (VSS 1). The approximate ' N Stand structure: The portions of the PFA in the
proportions that can be maintained in the mature and old VSSs have a minimum canopy
different VSS classes depend on: . cover of 50%. One-third of the area in the
1) the years required for tree establishment mid-aged portion has a minimum canopy cover of
and development, 60%, and the remaining two-thirds has a minimum
2) diameter g{bw[h rates, and canopy cover of 50%. This distribution provides
3) tree longevity (Appendix 5, page 82). _ hiding cover for fledgling goshawks an _‘6'1'“5“3'1':« '
The number of years spent in each VSS will forest soils.for development of fungi. °
depend on the intensity of management (Appendix 5, o Snags: Atleast2large (>18 inch DBH,
page 32). . —=S3(01cet tall) snags per acre throughout
e The large-tree component throughout the the PFA. These dimensions meet the
PFA should include: snags, downed logs, minimum requirements for the majority
and mature and old, live trees in clumps of prey species.
e Downed Logs: Atleast 3large (>12 inch
Management Recommendations for the Home Range ; 23 s
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" Management Recommendations

diameter mid-point, >8 feet long) downed
" logs per acre throughout the PFA.

Downed logs of this number and size are

important for many prey species.

e Live trees: A minimum of 3-5 mature
and old, live trees per acre in groups or
stringers with interlocking crowns.
Interlocking crowns allow squirrels to
move from tree crown to tree Crown
(Appendix 3, page 53).

o

Additional Desired Conditions, Mixed-species
and Spruce-fir Forest Types
N Stand structure: Those portions of the PFA in the

Provide for or preserve existing clumps of trees
with interlocking crowns in the three older VSSs
by avoiding uniform spacing of trees. Other
treatments (such as sanitation, liberation,
improvement) could be used when and where
appropriate to create desired conditions.

v Manage road densities at the lowest level possible

to minimize disturbance in the PFA. Where
timber harvesting has been prescribed to achieve
desired forest conditions, use small, permanent
skid trails in leu of roads. '
+/ ‘Wildlife and livestock utilization of grasses and
- forbs should average 20% by weight and not
exceed 40% in any area, and shrub utilization -

mature and old VSS have a minimum canopy

cover of 60% in mixed-species and 70% in

spruce-fir. In the mid-aged portion of the PFA, the
minimum canopy cover is 60% for both forest
types. This distribution provides hiding cover for
fledgling goshawks and moist forest soils for
development of fungi. R
e Snags: Atleast3 large (=18 inch DBH,
>30 feet tall) snags per acre throughout
the PFA.
o Downed logs: Atleast 5large (=12 inch
diameter mid-point, >8 feet long)
downed logs per acre throughout the PFA .
e Live trees: Because the mixed-species
(upper elevations) and spruce-fir forest
types contain red squirrel habitat, a higher
density of mature and old trees with
interlocking crowns in clumps is required.
A minimum of 1 group of 6 mature and
old trees per acre in mixed-species, and at
least 1 intact group (with at least 6 mature
or old trees per group) per half-acre (2
groups per acre) in spruce-fir is required
(Appendix 3, page 53).

Management Recommepdatiohs, All Forest Types
+ In cases where the PFA of one goshawk pair

overlaps the foraging area of another pair, the
management recommendations for the PFA take
precedence.

v No adversé management activities in PFAs during

the pesting season, March 1 - September 30.
Minimize human presence during nesting.

' Preferred treatment for maintaining stand structure

in the PFA: Thin from below (Fig. 10). In the
three youngest VSSs, these treatments should
result in lower stand densities (basal areas) to
promote fast tree.growth, crown development,

should average 40% by weight and not exceed
60% in any area. This level of utilization should

prey species (Schmutz 1978, Wasser 1982).

maintain native foods and cover for many of the Qe

- Additional Management Recommendations,
Ponderosa Pine Forest Type

N

Create small openings (2 acres or less) with
regeneration cuts. Small openings are preferred to

; :

¢ !

. large openings because the PFA is a transition in U

o

_\l .

.\]

vegetative structure from the-nest area (no.
openings) to the foraging area with medium-sized
openings (see Foraging Area). Openings should
be irregular in shape and no greater than 200 feet
in width to assure goshawk foraging opportunities
in openings within them. If openings are greater
than 1 acre, identify and retain 3 to 5 mature and
old trees per acre (reserve trees) with interlocking
crowns. In openings less than 1 acre, the
large-tree component can be met in adjacent
forested areas. Interlocking crowns provide
squirrel habitat and food, minimize blowdown,
and increase drought resistance. Scatier openings

_throughout the PFA wherever possible to develop
the desired interspersion of structural stages (Fig.

11 and Fig. 12). o

Encourage aspen and oak regeneration. These
trees are desirable for woodpeckers and other prey
species (Appendix 3, page 53). Animal exclosures
may be necessary to develop and maintain tree
regeneration. .
Planting of ponderosa pine, in addition to relying
on natural regeneration, is recommended. '
Leave 5 - 7 tons per acre of woody debris (greater
than 3 inches in diameter) and downed logs
distributed across areas, after timber harvesting,
for small animal habitat and to maintain long-term
productivity (Harvey et al. 1987, Graham et al.in

herb and/or shrub development. 1reatments

should also allow for irregular spacing of trees in
the three older VSS’s, allow stand densities (basal
areas) to increase (Appendix 5, Table 5; page 84).

24 - Management Recommendations for the Home Range

press)— Treamments; firorderof priority:
1) Use periodic prescribed fires to
regenerate where needed and to develop
desired stand-conditions, recycle
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MARTEN SUBNIVEAN ACCESS POINT USE:
RESPONSE TO SUBNIVEAN PREY LEVELS

LI

G4

STUART S. SHERBURNE,' Utah Cooperative Fish and Wildlife Research Unit, Department of Fisheries and Wildlife, Utah State

University, Logan, UT 84322-5290

JOHN A. BISSONETTE, National Biological Survey, Utah Cooperative Fish and Wildlife Research Unit, Department of Fisheries

and Wildlife, Utah State University, Logan, UT 84322-5290

Abstract: Because marten (Martes americana) require subnivean access for cover, prey access. and homeo-
thermic reasons, we developed a predictive model to explain their differential use of subnivean access holes
in Yellowstone National Park. We included prey biomass and percent ground cover of coarse woody debris
(CWD) as explanatory variables in a Jogistic regression model because of their biological importance to
marten in winter. Taken singly, relative prey biomass vielded the best univariate predictive model (P =
0.001). However, we included CWD in 2 multivariate model because of its biological significance. Coarse

woody debris provides structure that intercepts snow

fall, creating subnivean tunnels, interstitial spaces, and

access holes, and was found at used

Socess poinks, Mean prey biomass was 205.4 g/400 m? (SE

= 20.26) and 1082 g/400 m® (SE = 10.73) at used and unused points (P < 0.001), respectively, while mean

percent ground cover of CWD was 24.7 (SE = 2.30)

(P = 0.017), respectively. As CWD increased by 5%,

and 18.5% (SE = 1.18) at used and unused access points
the probability of use by marten increased 1.12 times,

and for every 50 g increase in relative prey biomass, marten were 1.37 times more likely to use that access
point. Prey biomass varied (P < 0.001) among subnivean access points, and marten chose between different
access points primarily on the basis of prey abundance levels. Older growth forests with accumulated CWD

will enable marten to forage effectively in winter.

J. WILDL. MANAGE. 58(3):400-405

Key words: marten, Martes americana, predation, prey. subnivean access, Wyoming.

In Winter, marten_require subnivean access
(Pulliainen 1981, Buskirk 1984, Buskirk et al.

1989), but the mechanisms that determine use
of some access points over others are unclear.
Food availability, escape cover, and homeother-
mic requirements have been hypothesized as
important factors affecting use of subnivean ac-
cess points. There also is a relationship between
use of access points and the presence of CWD.
Coarse woody debris breaks the snow surface
and provides access to the subnivean zon Bus-
kirk et al. (1989) found that 49% of marten
resting sites and 63% of resting episodes were
associated with CWD. Corn and Raphael (1991)
reported higher CWD levels at used access points
than at randomly sampled points. Buskirk et al.
(1989) suggested that marten used subnivean
access points primarily to reach CWD that pro-
vides thermal insulation. Marten in Wyoming
(Buskirk et al. 1989) used access sites associated
with CWD when ambient temperatures were
coldest. Buskirk et al. (1988) reported that a
mean depression in body temperature of 2.9 C

| Present address: 28 North Main, Upton, MA 01568.

produced an estimated energy savings of 4%.
Taylor (1993), and Taylor and Buskirk (Univ.
Wyoming, Laramie, unpubl. data) reported that
subnivean cavities associated with CWD offered
a warmer microenvironment when convective
losses were high outside the cavity. The energy
savings associated with resting in subnivean
spaces instead of above the snow was approxi-
mately 23% (5. W. Buskirk, Univ. Wyoming,
Laramie, pers. commun.). Studies of marten
temporal activity patterns, however, have shown
that they were muost active at night during win-
ter (Lensink et al. 1955, Zielinski 1981, Zielinski
et al. 1983) when temperatures were coldest.
These observations imply that other mecha-
nisms may contribute to access point use.
Marten and other mustelids have metabolic
rates that are 20->100% higher than those of
other mammals with similar body size (Brown
and Lasiewski 1972, Iversen 1972, Casey and
Casey 1979, Korhonen et al. 1983). Brown and
Lasiewski (1972) attributed the increased basal
metabolic rate of weasels (Mustela frenata) to
their elongated body shape, which, combined
with relatively thin and poorly insulative fur
(Casey and Casey 1979). sacrificed energetic ef-
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gression models explaining use of subnivean ac-
cess points by marten. Coarse woody debris
provided marten with access to the subnivean
some. Buskirk (1984) and Buskirk et al. (1989)
noted that CWD may provide thermal benefits.
Their data suggested a threshold temperature
effect may exist. As temperatures decrease mar-
ten appear to use access points more frequently
for thermal advantage. As a consequence, total
time spent active should decrease. Indeed, in
more northerly and colder climates, marten ap-
peared to increase activity during warmer sea-
sons (Zielinski 1981. Buskirk 1983). Bissonette
et al. (1988), Fredrickson (1990), and G. S. Drew
(Natl. Biol. Surv., pers. commun.) documented
periods of apparent total inactivity by marten
at times of very cold temperatures (<—25 C).

Use of access points also could be influenced
by predators. Mammalian and avian predators
kill marten. In Newfoundland, marten respond-
ed to terrestrial predators by climbing trees (Bis-
sonette, unpubl. data). Most raptors migrated
south of Newfoundland in winter, leaving 4 ow!
species (great horned [Bubo virginianus), boreal
[Aegolius funereus], snowy [Nyctea scandiacal,
and northern hawk-owl [Surnia ulula]) (Bull and
Farrand 1977) as primary avian predators. We
believe marten responded to owl predation by
using subnivean cover; however, we do not have
data to support this hypothesis. Choice of habitat
(i.e., forest, meadows, clear-cuts), however, was
influenced by predators (Drew and Bissonette,
unpubl. data).

In our study area, CWD was abundant and
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Fig. 1. Probability of access point use by marten in Yellow-
stone National Park, 1989-91, as a function of prey biomass
(g) and coarse woody debris (% cover). Area of open circles is
proportional to coarse woody debris level. The dark sofid line
describes the refationship between prey biomass found at sub-
nivean access holes and the predicted probability of use of the
access point by marten. The lighter solid lines represent 95%
confidence intervals.

on the basis of prey abundance appears clear.
However, we do not yet understand how marten
make their selection. At least 2 possible mech-
anistic explanations appear worth investigating.
Marten may use either auditory or olfactory
cues to assess presence of small mammals in

widespread. and potential subnivean access
points were abundant. Marten bypassed a num-
mmilable subnivean access
points before using a seemingly similar point.
When used and unused points were compared,
relative prey biomass and CWD were the only
variables that differed. Canopy cover, percent
ground cover, and snow depth were not related
to access point use. Prey biomass consistently
showed a stronger relationship to access point
use than CWD. While CWD provided access to
prey by providinm
§Tiow fall, thus creating passages, it was the pres-
énce of prev that dictated differential access
point use by marten. We found no relationship
between relative prey biomass and CWD levels.
Marten appeared to be able to discriminate be-
tween access points with high prey levels and
those with low prey levels.

The pattern of marten choice of access points

subnivean locations. Some voles may group to-
gether during winter (Cranford 1984) providing
stronger olfactory cues than if they existed sol-
itarily. Similarly, voles or other small mammals
in groups may emit a higher frequency and
volume of auditory cues than do single conspe-
cifics. Field and laboratory experiments are
needed to explain how marten are able to dis-
tinguish between access points with higher sub-
nivean prey levels.

MANAGEMENT IMPLICATIONS

The world’s coniferous forests, the source of
most industrial wood production, covered 1.1
billion ha or 27% of the world’s total forest area
in 1985 (Hinrichsen 1987:59); 26% of these for-
ests were in North America. Because of the
growing worldwide demand for wood products,
increasing pressure is being placed on older
growth forests. In many parts of North America,
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timber harvest levels approach or have exceeded
sustainable levels. Postel and Heise (1988) re-
ported that between 1963 and 1982, forest cover
in the contiguous United States dropped 10%,
to 233 million ha. The United States and Canada
accounted for 35% (590 million m?) of the
worldwide production of coniferous tree species
in 1988, and demand levels are projected to
increase 18-53% by 2030 (Postel and Ryan 1991).
Marten are habitat specialists (Bissonette et al.
1989, Brainerd 1989), occurring primarily in
mature coniferous habitat (Soutiere 1979, Ste-
venton and Major 1982, Raine 1983, Bateman
1986), and their population status and health

are linked closely to forest trends. As mature:

coniferous forest is cut and replaced by early
seral stages, marten habitat is lost. The impacts
are most severe in winter because marten re-

quire subnivean access to their prey. Only oldex.

growth forests with accumulated CWD provide
the forest Hoor structure necessary to enable
marten to torage effectively during winter.
Managers need 1o be cognizant of the large-scale
cumulative effects of habitat alteration to avoid
long-term population declines in core sensitive
species (Bissonette et al. 1989) such as marten.
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: ontam, fesource selection.

cc 2000, Aubry et al. 20005, ‘Ruggiero: et al.

g lynx requires that we consider the rc.gxonal
. popu -rather ‘than the species as the - appropiiate

taxonomic( level: for resource planning (Ruggiero et al.
20002); Changes in carnivore habitat quality can be driven
10nal scale by gradients of human disturbance
( off et-al. 1995, Kerley ct al. 2002, Beckmann and
Berger 2008); forest management and changes in. vegetation
structutc €N1clsen ct al. 20044, #; Fuller et al. 2007), reduced
ulation connectivity (Coulon et al. 2004), and prey
dcnsnty (Si:ll:van and Sullivan 1988, Bull et al. 2005, Griffin
and' MHs’ZO07) Given these diverse environmentsil factors,
. resource selection by carnivores may vary considerably across
a species’ dxstnbuuon (Ruggiero et al. 2000). Emphasizing

! E-mail: j:gmm@?ﬂa’m

WORBS Canzda Tyrix, ecologxml sczlc, forcst managcmcnt, hzbmr sdccnon.

o dge of
e natural patchiness. of southcm bo:eal

human dxsturbancc (Auﬁfy et al 2000a, Mury
20084). Lynx populations in the contiguous Ut

occur in western subalpine forests in Washington; Wyom- -
ing, and Montana, mixed conifer forests in Minnesota, -

eastern mixed conifer forests in Maine, and incude a

reintroduced population in Colorado.

Results from northern studies (see Mowat et al. 2000} led .

Ruggicro (2000) to describe suitable lynx habitat 2s mixed

forests dominated by early successional stages, though atthe
time he acknowledged that few studies in southern

populations were available for' comparison. Lynx fror—""
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Table 3. Muluvmatc analy-:n of resource selection of lynx at winter kill-
ites, comiparedito travel routes in northwestem Monmna, USA 1998—2()02.

“CoefE (B)  SE z ‘1'-*.

~0805 0961 0701  0.402

0469 0593  0.625 0429
: —1.332 1.906 0.488 0.485
' cover 0.015 3290 0:070

0.018 0. 008 5495 0018

Tcsrl} oxz 5743, P = 0.017.

Table 4. Lyhx selection of summer resources based on multivariate logistic
regmsslon,,chd" V.Lakc Monmna., USA, 1998-2002.

Varisble. Coeff. (§) SE z P
Horizontal lcover 0011 . 0003 335 © 0.001
Douglas fir' (%) —0.685 0224 306 0002
Griss (%), ; —0.655 0234  —-280 0005
Spriice=fic saplings 0.481 0.183 263 0.009
Total shrubs 0.031 0.012 ‘261 0.009
Sapling density (m?) 0.562 0.233 241 0016

nags —0.955 0464 =206 - 0.040
Trees 8-18 cm dbh 0.345 0.187 185  0.065

* Global Likelihood Ratio Test B = 0: ¥% = 180.336, P < 0.001.

succcssfully capturcd prey

DISCUSSION

Lynx exhibit substantial regional differences i
selection across the contiguous United States:
Fuller et al. 2007, Moen ct al. 2008, Vashon et al. 2
Appreciating these differences is fundamerital to managé-
ment and conservation of southerns lynx populations. In
contrast to populations in Canada (ODonoghue et al
19982, Mowat ct al. 2000) and other southern populitions
in the contiguous United States (Parker-et al. 1983, Fuller et
al. 2007, Vashon et al. 20085), lynx in the Rocky Mountains

Squires et al. * Lynx Resource Selection
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of Montana selected mature, multistoried forests composed

: o growth age clases can’ support hxgh hare
densities in-the northem and’ southern Rocky Mountains
dunnng ater (Wolfe et al. 1982, Griffin 2004, Malancyand
Frey 2006, Zahratka and Shenk 2008). Thus, within heavily
managed:lahdscapcs of the northern Rockies, we believe that
- miafagers §hould prioritize retention and recruitment of
abundant and spatially well-distributed patches of mature,
multilayer spruce—fir forests.

Lynx in the northern Rockies, like those in other southern
populations; (sce Vashon et al. 20085 for an exception),

of large am ter trees with high horizontal cover during

mer
Scelcy prornotcd larch recruxtment, whzch likels reduced'
winter hare density in regenerating clear-cuits, because larch
is a deciduous conifer. Forests that were thinned 2s a
silvicultural treatment were generally avoided by lynx. High
horizontal cover from dense Iateral foliage coupled with
high stem density in high-elevation spruce-fir forests
(especially subalpine fir) was similarly found' to. support
the highest hare densities in New Mexico, (Malancy and:

~ Frey 2006). The highest horizontal cover that lynx used in
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ern.Rockies of Montana was at spring—summer
Squu’cs et:al. 2008).

¢, e.structure and prey density affect- lynx
avior; . whxch can ‘vary - across ' spatial scalcs
994, '1995; O’Donoghue ‘et “al. 1
al. 005)’..:Our ﬁndmg thatlynxlm vint

sprucz.—ﬁr forést across 4ll' scales and
also’ selected basin-like patches, such. -as
2 cgardlcss of season. However, Iynx use of
may be attributed to statute or agency policy for
shing ‘streamside management zones to protect
npanan areas on federal, state, and private lands, which
required managers to retain mature forest patches in buffers
along thestreams that lynx used to navigate the larger
matrix of less suitable habitat, especially in winter (Naturat
Resource Conservatxon Service 2007).
Lynx extibited scasonal differences in patterns of sclection
for other patch~metrics, indluding open patches (primarily
created by dea.r—cumng), patch richness, and dry-forest

patches. During winter, Iynx strongly.
open patchcs Aacross: all;

growmg scasons, - cold
snow. (Fiedler ¢t al. 1985
horizontal cover within multist 1y spriicé=fir: for
thinning or harvest may degrade lynx habxut ‘
decades.

ACKNOWLEDGMENTS

We acknowledge the many excellent technicians that
assisted with field data collection. Research was funded by
the Rocky Mountain Research Station, Forestry Sciences

Laboratory, Missoula, Montina. We  thank PIum.Creck
Timber Company and the Bureau of Land Managenent for

Squires et al. »Lynx Resource Selection

1657

e iy
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SNAG AND DOWN WOODY ASSOCIATED
- SPECIES

INTRODUCTION

Snags, broken-topped live trees, down logs, and other woody material are required by a wide variety
of species for nesting, denning, roosting, perching, feeding, and cover (Bull et al. 1997). Snags and
down, dead, material are also used for communication purposes:

- - Singing, (songbirds), P e
= Drumming (grouse and V\;oddpeckers),
» Calling (squirrels, jays, birds of prey), and
= Sight recognition posts.

Small mammals and birds use standing and down dead material for food storage and for hunting.
Down logs and stumps are important for travel, both below the snow in the winter, and as travel cover
throughout the year. It is estimated that about one third of the bird and one third of the mammal
species that live in the forests of the Rocky Mountains use snags for nesting or denning, foraging,
roosting, cover, communication, or perching. On the Flathead National Forest, at least 42 species of
birds and 10 species of mammals are dependent on dead wood habitat for nesting, feeding, or shelter
(USDA 1999b). The more mobile species that depend on dead wood habitat include black bears,
Canada lynx, wolverines, marten, fisher, bats, woodpeckers, and small owls. Less mobile species
that depend on dead wood include snowshoe hares (the primary prey of Canada lynx), red-backed
voles (the primary prey of marten, fisher, boreal owl, and several other species), shrews, bryophytes,
lichen, fungi, and protozoa. As down woody material further decays, it plays an lmportant rolein - ——
nutrient cycling, soil fertility, and erosion control.

Snags and their management have become a maijor conservation issue in managed forests acro

the western United States. Biologists have recognized for a long time that snags and down woody
material provide important wildlife habitat, but only in the last decade or so have managers begun to
understand that not only is tree decay an important ecological process that affects wildlife habitat
(Bull et al. 1997), but snags and dead wood are an essential, important part of the larger ecosystem.
The number, species, size, and distribution of available snags strongly affect snag-dependent wildiife.
An insufficient number of suitable snags may limit or eliminate populations of cavity-using species
(Saab et al. 1998; Thomas et al. 1979).

Although various sizes of snags and down woody are used, larger birds and mammals require larger
dead trees. The larger-diameter down frees provide stable and lasting structure and offer better
protection from weather extremes (Bull 2002). Longer down woody pieces provide better runways,
shelter, and under-snow access.

Several wildlife species that use snag and down woody habitats on the Flathead National Forest are
USFS Region One Sensitive Species, including the bald eagle, black-backed woodpecker, fisher,
flammulated owl, Townsend’s big-eared bat, and wolverine. One of the TES Species on the Flathead
National Forest, the Canada lynx, has a strong habitat association with down woody matenal
(denning).

Snags are essential habitat for at least 42 species of birds and 10 species of mammals in Montana.
Table 3- 88 displays specific habitat relationships and Montana NHP rankings for wildlife species in
Montana associated with snag, “defective” live tree, or down woody habitat.
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2009) *

SNAG DBH
_ (INCHES)

" SNAG
HEIGHT
(FEET)

_ TaBLE 3- 88 SPECIES THAT USE SNAGS, "DEFECTIVE" LIVE TREES, AND/ 10Gs.
GLOBAL & STATE

RANKS (MTNHP DOWNED

OCCURRENCE

L American Kestrel (N) G5, 858 17 20 Known current
Bald Eagle (S) G5, 83, S0C 25 40 Known current

Barred Owl (former MIS) G5, S4 25 30 " Known current
Barrow's Goldeneye G5, S4, potential SOC 25 10 Known current

Big Brown Bat G5, 54 17 20 Known current

v V\%ig’;'ffk‘;kf(ds) 65,53 (SOC) 17 10 Known current
_ Black capped G5, S5 9 10 Known current
Bobcat G5, S5 - - yes Known current

Boreal Chickadee G5,S3 (S0C) 9 10 Known current

1~ Boreal Owl (former S) G5, 84 17 10 Known current
|' Brown Creeper G5,'$3,S0C 15 20 Known current
i’ Buffiehead G5, S58 17 10 Known current
Canada lynx (T) G5, 83, S0C - - yes Known current

L Cheé;ﬁ?ﬁ;%gked G5, S4 9 10 Known current
- -Common Goldeneye G5, 85 25 10 Known current
" Common Merganser G5, S5B 17 10 Known current
Dark-eyed junco G5, S5B - - yes Known current

Downy Woodpecker G5, 85 11 10 Known current
Fisher (S) (35, 83, SOC | 25 30 yes Known current

A _Flammulated Owi (S, N) G4, 83B, SOC 17 10 Known current
Great Horned Owl G5, 85 25 30 Known current

\ Hairy Woodpecker G5, S5 17 20 Known current
Harlequin Duck (S) G4, 82B, SOC - - yes Known current
Hooded Merganser G5, S4, potential SOC 17 10 Known current
House Finch G5, S5 15 10 Known current

House Sparrow G5, undesired species 15 20 Known current

House Wren (N) G5, S58 15 10 Known current

(: . Lewis' Woodpecker G4, S2B (SOC) 17 30 Known current
— Little Brown Myotis G5, 54 17 . A0-= ~ Known current
Long-eared Myotis G5, S4 17 10 ' Known current
Long-legged Myotis G5, 84 17 10 Known current
Long-tailed Weasel G5, 86 - - yes Known current
_~Marten (former MIS) G5, 84 17 20 yes Known current
v Mountain Bluebird 35, $58 15 10 Known current
P Mountain Chickadee - G5, 85 - 9 10 yes Known current .
Northern Alligator Lizard G5,53 (SOC) - - yes Known current
"~ Northern Flicker G5, S5 17 10 ) " Known current
" Northem Flying Squire! G5, 54 17 20 - Knowy, current
Nort?fzr;\n gfgr)xawk 65,53 (SOC) _ - yes Known current

v Northern Hawk Owl G5, S4, potential SOC 25 10 v Known current
Northern River Otter G5, 84 - - yes Known current
Nerthem (WN:-;nterthmsh G5, S5B - - yes Known current
Osprey G5, S58 17 40 Known current
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~ TABLE 3- 88 SPECIES THAT USE SNAG

GLOBAL & STATE
RanNks (MTNHP

DEFECTIVE.
SNAG DBH

SNAG

HEGHT

TREES,

DOWNED

ND/OR DOWNEDLOGS.

- OCCURRENCE
. ? .
. 2000) % . (NcHEs) . D) - 10GS? 5
Painted Turtle G5, 54 - - yes Known current
ileated Woodpecker
A (fotner MIS) G5,83 (SOC) 25 60 Known current
J~ _ Pygmy Nuthafch 65,84 17 30 Known current
\_/ Pygmy Owl G5, S4 17 30 Known current
- "~ =~ Raccoon G5, S5 25 10 Known current
L/Red—breasted Nuthatch - G5,85 17 20 Known current
L/Red‘”ape&?apsu"ker G5, S4B 17 20 Known current
Rubber Boa G5, 54 - - yes Known current
Ruffed Grouse G5, 84 - - yes Known current
[~  Saw-whetOwl Z G5,84. .- . -. 17 20 Known clrrent _
Silver-haired Bat G5, $4, potential SOC 17 20 Known current
Southem Red-backed G5, S4 _ _ yes Known current
Vole
Spruce Grouse G5, 54 - - yes Known current
Striped Skunk G5, 85 - - yes Known current
Swainson’s Thrush (N) G5, S5B - - yes Known current
Tailed Frog G5, 84 - - yes Known current
v/f'hree%oed Woodpecker G5, S4 17 20 Known current
b/ Tree Swallow (N) G5, 858 15 20 Known current
Vaux's Swift (N) G5, 54B 25 40 Known current
L/ Violet-Green Swallow G5, 85B 15 20 Known current
Westermn Bluebird G5, S4B 15 10 Known current,
Western Jumping ) - B ‘ Co
Mouse G5, 84 - yes Known current
L/ Western Screech Owl G5, 83, potential SOC 17 20 Known current
‘Westemn (Townsend's) :
Big-eared Bat (S) G4, 82 (SOC) ? ? Known current
White-breasted
e Nuthatch G5, 54 17 20 Known current
Vi “"ams"”(';)sapsu‘;ker G5, S4B 17 20 Known current
Wilson's Warbler (N) G5, 858 - - yes Known current
Wolverine (S) G4, S3 (SOC) - - yes Known current
Wood Duck G5, S5B 25 10 Known current
Yuma Myotis G5, S3, potential SOC 17 10 Known current

T=Threatened; S=Sensitive Species; N-Neotropical migratory bird; Natural Heritage Program Rank: G=species range-wide
(global); S=state wide; 2=At risk because of very limited and/or declining numbers, range, and/or habitat, making it
vulnerable to global extinction or extirpation in the state. 3=Potentially at risk because of limited and/or declining numbers,
range, and/or habitat, even though it may be abundant in some areas. 4=Uncommon but not rare (although it may be rare in
parts of its range), and usually widespread. Apparently not vulnerable in most of its range, but possibly cause for long-tam
concem. 5=Common, widespread, and abundant (although it may be rare in parts of its range). Not vulnerabie in mostofis 3

range. B=State rank modifier indicating breeding for a migratory species. SOC=Montana Species of Concemn.
ekt

ANALYSIS AREA
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OLD GROWTH ASSOCIATED WILDLIFE

INTRODUCTION

Old growth is defined in Amendment 21 of the Forest Plan as “a community of forest vegetation that
has reached a late stage of plant succession.” The generic description is as follows:

= The age of the dominant cohort of trees is significantly older than the average time interval
between natural disturbances (interval will vary depending upon forest cover type and habitat

type);
Forest composition and structure are different from younger stands;

= Rates of change in composition and structure of the stand are slow relative to younger
forests;

= There is a significant showing of decadence (wide range of defect and breakage in both live
and dead trees).

In The Dictionary of Forestry (Helms 1998), old growth forests are described as having:
= Large frees for the species and site;
=  Accumulations of large dead standing and fallen trees;
= Decay or breakage of tree tops, boles, or roots;
= Multiple canopy layers;
= A wide variation in'tree size and spacing; and
= Canopy gaps and understory patchiness.

The characteristics of old growth forest described above provide habitat for many plant and animal
species. Old growth forests are an important component of biological diversity. For the purpose of this
discussion, old growth associated species includes any wildlife species that use the various attributes
of old growth forests for some or all of their ecological needs, These needs could include nesting, -
denning, security, or foraging habitat. For some species, closed canopy old growth provides snow
capture and reduces snow depths, insulates the animals from cold winds, and provides protection
from predators. Some species, such as the fisher, are strongly tied to canopy cover and mature forest
structure for the majority of their habitat needs. More open canopies, or open understories, provide
foraging opportunities for prey and predator species alike. Wildlife may use interior old growth habitat
as shelter from sun, heat, dryness, or wind and old growth cover may provide protection from
predators. Some old growth associated wildlife species need only a portion of their home range to be
in old growth; examples include the Canada lynx, northern goshawk, and American marten. Other
species such as southern red-backed voles, chestnut-backed chickadee, Swainson’s thrush, and
northern flying squirrels, have relatively small home range sizes (less than 100 _acres), with the
necessary proportion of this home range being in old growth unknown.

The following table displays 31 old growth associated species that may be found in the Swan Valley,
along with their associations with various old growth habitat characteristics (USDA 1999b).
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TABLE 3- 87 HABITAT REQUIREMENTS OF OLD GROWTH ASSOCIATED WILDLIFE SPECIES. (BASED ON WARREN 1998
AND LRMP AMENDMENT 21 FEIS).

. ) Med esic, Iodgeole Knon
American Marten spruce/fir forests Closed - + X current
Mixed mesic forests, near Known
Bald Eagle (S) large lake or river Open * X current
Lower Montane & Montane;
Black-backed ] . = Known
»Woodpecker (S) post-fire or insect-epidemic Open X current
A forests
Mixed mesic and spruce/fir . Known
Boreal Owt forest mosaic Closed X current
Mixed mesic, lodgepole, Known
1% Brown Creeper and spruceffir forests Closed - X current
Mixed mesic, lodgepole, Known
Canada Lynx (T1) and spruceffir forests; +2 + X3
current
gentle terrain
Mixed mesic and spruce/fir
Chestnut-Backed . Known
-, - forests, especially cedar- Closed -4 X
s N £
A Chickadee hemlock current
. Mixed mesic and lodgepole Known
Fisher (35) forests Closed current
_Flammulated Owl Lower Montane and Open X Known
i (S, F® Montane, single-story. P current
Golden-crowned Mixed mesic, lodgepole, Known
Kinglet -and spruceffir forests Closed * X current
. Mixed mesic, lodgepole, Known
Hairy Woodpecker and spruce/fir forests Open X current
Hammond’s Mixed mesic and spruce/fir Known
Closed
Flycatcher (F) forests current
. Swift mountain streams, - :
Harleq(Lg;\ Duck riparian old growth (weak Open f&?m
association)
. Dry mixed mesic and Known
Hermit Thrush spruce/fir forests Open * current
% Lewis' Lower Montane ponderosa Oven X Known
# Woodpecker pine and old burns P current
L Northern Flying Mixed mesic and lodgepole + X Known
Squirrel forests current
Northern Single or multistory old Known
Goshawk growth; clear forest floor e * X current
Pileated . . ' Known
e
¥~ Woodpecker Mixed mesic forests Closed + X current.
s Mixed mesic, lodgepole, Known
Pine Grosbeak and spruceffir forests current
Large single-story
// Pygmy Nuthatch ponderosa pine and mixed Open X Known
| current
mesic forests - e
Red-Breasted Mixed mesic, lodgepole, Known
/’A Nuthatch and spruce/fir; relatively dry Open * X current
Harhai Mixed mesic and lodgepole
Silver-haired Bat forests: caves and snags X Suspected
Southern Red- Mixed mesic, lodgepole, Known
X
backed Vole and spruce-fir forest current
Swainson’s Mixed mesic and lodgepole & Known
Thrush (F) forest with shrub understory current
; Cold, high gradient Known
Tailed Frog headwater streams current
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TABLE 3- 87 HABITAT REQUIREMENTS OF OLD GROWTH ASSOCIATED WILDLIFE SPECIES. (BASED ON WARREN 1998
AND LRMP AMENDMENT 21

FEIS).

' "~ Mixed esi loepl
Three-toed g m Known
v Woo dpecker and spruce/fflirlr ;orests, post- current
Townsend's Mixed mesic and lodgepole Closed _ + Known
Warbler forest; dense understory current
Mixed mesic and spruceffir Known
Varied Thrush forests, especially cedar- Closed + current
hemlock
X . Mixed mesic and spruceffir Known
Vaux's Swift (F) | ¢ rests: large hollow snags current
White-breasted Large single-story Known
// Nuthatch ponderosa pine Open current
’ Mixed mesic and spruce/fir : Known
Winter Wren forests, especially cedar- - +
4 current
7 hemlock

1T = Threatened
2 + = Positive correlation (where known)

3 X = Important Habitat Component

4. = Negative correfation (where known)

5 S = Sensitive

SF= Forest-dwelling Neotropical migrant with apparently declining populations

ANALYSIS AREA

SPATIAL BOUNDS

The effects analysis area for direct, indirect, and cumulative effects to old growth associated wildlife
species is the Glacier Loon Project Area (37,320 acres). This area is large enough to include the
home ranges of old growth associated species, and is representative of the effects of fire, natural tree
mortality, timber harvest, and road management across the landscape. At the same time, this
analysis area is small enough to not obscure the effects of the alternatives. A multi-scale assessment
has also been conducted to address habitat diversity concerns.

TEMPORAL BOUNDS

The length of time for effects from the proposed fuels reduction and forest health treatments is
approximately 1 to 5 years. This is based on the probable contract length for the proposed project,
and the timeframes for related activities.

DATA SOURCES, METHODS, AND ASSUMPTIONS USED

Data used included stand exams, field surveys of snags and down woody logs, old growth surveys,
project area field visits, research literature, and GIS and dataset information for features, such as

general forest attributes, habitat type, and forest type.

MEASUREMENT INDICATORS
The effects analysis will focus on:
1. Effects to old growth habitat, and

2. Potential effects to old growth associated wildlife species.
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“Science affecty the way we think together. ”

Lewis Thomas

Woodpecker Woes: The Right Tree Can Be Hard to Find

Teresa Lorenz

A female black-backed woodpecker perches at a nest excavated in a live ponderosa pine in central
Washington. Although the tree diameters used by this species for nesting differed (ranging from 8 to 34
inches), it consistently selected nest sites with softer interior wood. ) e

e

“Tn ovder to-see bivds, it iy The bird was extracting beetle larvae from
necessary to- become part another burned tree when a larger, louder
' of the il » black-backed woodpecker (P. articus) drove it

away. But here, on this burned tree, it drums,

—JohnKeats  wrpis one is mine. Stay away.”

omewhere in Washington’s eastern Soon it will pick a spot on the tree, say 30

Cascade Range a bird perches motion- feet above the forest floor, and bore rapidly

less against a burned tree. It’s an into the wood with its chisel-like bill until it
American three-toed woodpecker (Picoides excavates a deep pocket. The bird and its mate
dorsalis), sporting black back feathers, a white will roost and nest in this safe place until its
mustache stripe, and a yellow cap. About the favorite food runs out, perhaps in 4 or 5 years.
size of a large banana, the bird has evenly By then, another forest fire might provide a
spaced white flecks on the sides of its chest new supply of wood-boring insects.

and on its primary and secondary feathers.

e




In the woodpeckers’ absence, other birds or
small mammals like owls, squirrels, and bats
move in. The new tenants disperse seeds and

spores that help new plants and fungi grow. « Across 818 snags in Yakima, Kittitas, and Chelan Counties in Washington’s east-

When the dead, burned trees—also called ern Cascade Range, trees not used by birds had wood five times harder than trees that
snags—fall to the ground, wood-living bees were. Such trees could not be used by birds simply because their wood was too hard for
and wasps take up residence. Fungi and the birds to excavate.

lichens flourish on the fallen tree’s ERATLY SUT-  boosroosmrmesesnsensessss s e eer e e e et at e eareaa e ba st n s n e
face, and occasionally a marten hides behind . Within burns used by at-risk woodpeckers, the majority (86 to 96 percent) of seemingly
the log. suitable trees contained unsuitably hard wood; wood hardness limits nest site availabil-

Because of the woodpeckers’ crucial role in ity for these declining species.

maintaining healthy forests, researchers want
to understand how these cavity-excavating
birds choose trees to nest in. When forest
managers know what these birds like, they
can take steps to ensure that forests have these

. Researchers found no reliable visual cues to distinguish between suitable and unsuit-
able trees. Currently, the most effective management solution is to provide large num-
bers of snags, which can be difficult without the aid of fire.

kinds of trees. « In dry forests, a mixed-severity fire that kills trees is an iraportant but underappreciat-
w . . ed strategy for providing enough snags for cavity-dependent species. Low-severity pre-
Woodpeckers are ecosystem engineers, says scribed fires may not provide enough snags for these species.

Teresa Lorenz, a research wildlife biologist
with the Pacific Northwest Research Station.
“Many small animals compete for their vacat-
ed nests because they are so protected from
the elements and other predators.”

» Suitable snags are limited, such that snag availability drives landscape-level habitat-
selection by some species. For example, white-headed woodpeckers selected severely
burned patches for nesting, which was initially puzzling because this species does not
characteristically forage in burns.

Ecosystem engineers are organisms that sig-
nificantly modify, maintain, or destroy a habi-
tat. In the woodpeckers® case, the species help

build and maintain a habitat for other species Cavity-nesting birds typically nest ir} recent Other §tudi§s p'ointed to woc;d decay, but used
oy, excavaTitig fests in live and dead trees. burns. More than 50 years 280, studies sug- only visual indicators to assign a snag decay
When féresf mmanagers find many di frerent gested that woodpeckers p1ck§d trees solely class as a proxy fo'r measuring this. Lor_enz
woodpecker species in a forest. it often signals b.ased on .extemal tree- or habxtat—levgl facFors, felt there was a missing p'1ec'e: few studies

like the size of the tree, the tree species, or actually measured wood inside the trees where

the presence of a thriving and diverse commu-

. . what the vegetation cover is like near the nest. cavity-excavating birds had chosen to nest.
nity of plants and animals. ]

Teresa Lovenz

A pine marten looks out of a pileated woodpecker nest cavity. Many species require or prefer vacated
woodpecker cavities, but cannot excavale the cavity themselves. Thus, they rely on woodpeckers to con-
struct habitat for them.




Matsuoka’s Method

The idea for the study came to Lorenz and her
colleagues in summer 2011, when they were
investigating how far woodpecker nestlings
wandered from their nests soon after they
fledge. Using hole saws, they drilled into
trees to get to the nestlings, to band them.
“We noticed an enormous variation in the
thickness of the wooden plug,” Lorenz says.
“Gometimes the nestling would be just inside
the bark of the tree. Other times we had to
drill through 4 inches of wood. We had all
these hypotheses as to what was going on.”

A colleague suggested that the variation could
be due to the properties of the wood in the
tree. Intrigued, they checked the literature.
‘What if wood hardness had something to do
with the birds® preference when looking for
trees to nest in? Lorenz and her colleagues
did not find many studies that addressed this
question. “We were surprised that nobody had
considered that this wood inside the tree was
influencing where the birds were nesting,”
Lorenz says. So, she decided to investigate
the question for her Ph.D. dissertation at the
University of Idaho.

The problem was there weren’t many reli-

able ofethods Tor measuring wood hardness

in a forest setting. “But we found an obscure
article in the Japanese Journal of Ornithology
and this guy had figured out an ingenious way
to measure the hardness of wood inside a tree,
using a cordless drill, a foot-long drill bit, and
an increment borer, without destroying the
nest or harming the tree,” Lorenz says.

An increment borer is a tool used by forest-
ers and other researchers to extract a section
of wood tissue so they can count a tree’s
annual rings and determine its age. Japanese
researcher Shigern Matsuoka’s method ]
involves inserting this tool into a pre-drilled
hole above the nest cavity opening. The torque
required to spin the increment borer would
represent wood hardness. With the most
important aspect of her field methods squared
away, Lorenz set out with colleague Philip
Fischer to gather field data in the eastern
Cascade Range in Washington.

Lorenz had selected six species of cavity-
excavating birds for the study. She picked three
strong excavators: the three-toed woodpecker,
the black-backed woodpecker, and the hairy
woodpecker. She also picked a weaker guild

of excavators, namely the northern flicker
(Colaptes auratus), the white-headed woodpeck-
er (Picoides albolarvatus), and Williamson’s
sapsucker (Sphyrapicus thyroideus).

This photo shows the longitudinal section of an American three-toed woodpecker (Picoides dorsalis)

Teresa Lorenz

Teresa Lorenz

nest and the procedure the study used to quantify wood hardness. First, the researchers use a drill to
create a small hole about one-third inch in diameter above the nest cavity opening (top). Then they
record the 1orque required to spin aft izcremient borer into thé predrilled héle (bottor). The-area
marked “4” represents the nest sill, and the area marked “B" represents the nest cavity body.

They searched for nests in all major forest
types for 3 years from March to July, 2011
through 2013, hiking through ponderosa
pine, Douglas-fir, and western hemlock in
lower elevations and through higher eleva-
tion forests of grand fir, subalpine fir, and
western larch. Lorenz and Fischer located
adult birds by broadcasting playbacks of
their calls and drumming. “Then, we fol-
lowed the adults until they led us to their
nest cavities,” Lorenz says. They marked the

locations of occupied nests on portable GPS
units. If they noted fresh woodchips on the
ground surrounding the nests, they marked
those as,current-year excavations. They found

- pests in forest patches ranging ffom unburned

to severely-burned.

Lorenz and Fischer coyergd a lot of ground.
Each of their 10 study sites were 1,483 to 7,413
acres in size. “You get in really good shape,”
Lorenz says.



Soft Pockels

Each carrying about 30 pounds of equipment,
Lorenz and Fischer returned in summer to
make their measurements. After ensuring

the nests had been vacated by the birds, the
researchers would scale a tree on climbing
ladders to measure wood hardness. They
drilled 2 inches above the nests because
Matsuoka’s study suggested this spot would be
representative of the excavated wood.

“Ip the beginning, we had assumed that wood
at the nests would be entirely soft, but that
wasn’t the case,” Lorenz says. “There was
some variability when we first started drilling
into the trees. Some had bard surfaces. But
when you get into the tree a bit, that’s when
you find these soft pockets. Other times, the
soft pockets were close to the surface of the
tree, and other times the tree was soft from the
get go”

To determine if a tree’s external features are
reljable indicators of interior wood hardness,
the researchers measured wood hardness in
random trees within different decay classes.

Then the researchers measured vegetation
features that were hypothesized to influence
cavity-excayating birds’ nest site selection in
past studies, Such as diameter at breast height
of the nest tree; nest and tree height; orienta-
tion of the nest cavity entrance; proportion of
the ground covered by shrubs; tree and snag

Mean hardness (N*m)
N W R O N B ©

-

= American three-toed woodpecker % Black-backed woodpecker
10 - = Hairy woodpscker = Northern flicker
i =White-headed woodpecker = Williamson's sapsucker
¢ wRandom trees

Lorenz et al. 2015

Distance from bark surface (cm)

8 g 10 11 12 13 14 15

Mean hardness at nests for six species of woodpecker compared 1o random sites in central Washington,

from 2011 to 2013.

ites; A tree Species:
For nests found in snags, they examined the
remaining bark, tree growth form, and other
features to determine the tree’s species.

“t was a pretty brutal field season,” Lorenz
says. “We worked from 6 2.m. to 4 pm. And it
got really hot in these sites.”

Lorenz and Fischer also used remote sensing
data. To estimated prefire canopy cover at
nest sites found in snags, they used gradient
nearest neighbor classified Landsat satellite
imagery captured between 2 and 8 years prior
to each fire. ;

Lorenz was concerned about seeing an effect
in nature, measuring it, but finding a lot of

- variability. “What if we went to another tree
and that pattern didn’t hold?” Lorenz says.
“But in this study, we were able to measure
so many trees that we were confident that the
effect we were seeing was real. And it has
major management implications.”
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A small percentage of snags are suitable for woodpecker nesting. This chart shows the percentage of
360 unused snags in black-backed woodpecker and white-headed woodpecker nesting territories that
were deemed suitable for nesting, based on wood hardness, in central Washington, from 2011 to 2013.

Drawn to Snags

Lorenz and ber colleagues found that cavity-
excavating birds preferred to nest in trees with
significantly softer interior woed: They found
that across 818 snags, trees not used by birds
had wood five times harder than trees that
were. These trees could not be used by birds
simply because of the birds’ physical limita-
tions in pecking ability.

They found that at-risk species, namely the
black-backed and the white-headed woodpeck-
ers, were nesting within burns that contained
86 to 96 percent of trees with unsuitably hard
wood. This suggests that past studies that did
not measure wood hardness counted many
sites as available to cavity-excavating birds
when actually they were unsuitable. “By not
accounting for wood hardness, managers may
be overestimating the amount of suitable habi-
tat for cavity-excavating bird species, some of
which are at risk,” Lorenz says.

In their study plots, the researchers did

not find reliable visual cues to distinguish
berween suitable and unsuitable trees. Snag
decay class was a poor indicator of internal
wood properties—and this was not the first
study to demonstrate that fact, although it was
the first study to do so in ornithology (past
studies had been done by foresters and pub-
lished in forestry journals).

“Currently, the best solution e can recom-
mend is to provide large numbers of snags for
the birds, which can be difficult without fire,”
Lorenz says. Accordingtto the researchers’
calculations, if one of every 20 snags (approx-
imately 4 percent) has suitable wood, and
there are five to seven species of woodpeckers
nesting in a given patch, approximately 100
snags may be needed each year for nesting
sites alone. This does not account for other
nuances, like the fact that most species are




territorial and will not tolerate close neighbors
while nesting, or the fact that species like the
black-backed woodpecker need more foraging
options. Overall, more snags are needed than
other studies have previously recommended.

Based on their results, Lorenz and her col-
leagues see the critical role that mixed-sever-
ity fires play in providing enough snags for
cavity-dependent species. Low-severity pre-
seribed fires often do not kill trees and create
snags for the birds. In addition to benefiting
the cavity nesters, a mixed-severity prescribed
burn could also aid species that, historically,
did not prefer to nest in snags. During their
field work, Lorenz and Fischer observed that
white-headed woodpeckers, a species tradi-
tionally associated with old-growth forest,
used prescribed burns presumably because of
shortages in suitable nest sites.

I think humans find low-severity fires a more
palatable idea. Unfortunately or fortunately,
these birds are all attracted to high-severity
burns,” Lorenz says. “The devastating fires
that we sometimes have in the West almost
always attract these species of birds in rela-
tively large numbers.”

Many studies have shown that a severely
burded £6TEst is a natural part of western for-
est ecosystems. Snags from these fires attract
insects that love to burrow beneath charcoal
bark. And where there are insects, there are
birds that love eating these insects.

Lorenz and her colleagues stress that provid-
ing snags that woodpeckers can excavate

is crucial for forest ecosystem health in the
Pacific Northwest, where more than 50 wild-
life species use woodpecker-excavated cavities
for nesting or roosting.

“This study was just the beginning of what
1 hope will be decades of research,” Lorenz
says. Picking up on what she learned in this
study, Lorenz is now collaborating with
Forest Service colleague Michelle Jusino
toinvestigate a kind*of fungi that follows
forest fires. “There is some mechanism by
which the death of a tree somehow enables
some species of fungi to decay the wood,”
she says. The research is bound to take

her back into the forests of the Pacific
Northwest, where woodpeckers follow forest
fires in a timeless cycle of change.

“The powerful play goes ovv
and, yow way contribuies o verse. ?
—Walt Whitman, Leaves of Grass

ed cavities for nesting or roosting.

» Providing snags that woodpeckers can excavate is important for forest ecosystem health

in the Pacific Northwest, where more than

. Mixed-severity prescribed-fire may be useful in creating breeding habitat for the
white-headed woodpecker, a species traditionally associated with old-growth forest.

50 wildlife species use woodpecker-excavat-

The prescribed burn conduct d in this stand flared up in patches, creating a mosaic of burned and

Teresa Lorenz

|

unburned trees (a mixed severity burn) that is still used by white-headed woodpeckers and black-backed
woodpeckers 10 years dfter the fire. Tree death is usually required to initiate the process of wood
decay—which softens the wood, making it suitable for woodpecker excavation.
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