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Abstract

We review results and implications from recent wildlife studies that followed from the 1997 Tongass Land Management
Plan (TLMP) and identify information needs and directions for research, development, and application. Sustained population
viability of wildlife species was identified as a major issue in the TLMP planning proccss. Several species were identified as
management indicator species, and research was conducted to determine their potential sensitivity to forest management. South-
eastern Alaska was found to be a region with an especially high degree of endemism in its small mammal fauna, principally
because of the combination of its archipclago geography combined with highly dynamic glacial history. Two species of endemic
small mammals selected for demographic study, however, appeared to be less dependent on old-growth forests than had been
suspected at the time TLMP was written: the northern flying squirrel (Glaucomys sabrinus) because of relatively high suitability
of noncommercial, low-volume, mixed-conifer forest; and the southern red-backed vole (Clethrionomys gapperi) because of
relatively high suitability of precommercially thinned young-growth forest. The northern goshawk (Accipiter gentilis) was found
to be problematic for “management indicator” status because of logistical difficulties involved in monitoring this relatively rare,
highly mobile species that frequently changes nest sites. Sampling protocols were developed for marbled murrelet (Brachyra-
mphus marmoratus), although murrelet populations do not appear to be in trouble on the Tongass. The conservation strategy of
TLMP for American marten (Martes americana) appeared to be sound on Chichagof Island where marten have been studied
intensively, but implications for the rest of southeastern Alaska were unclear without further work. Studies of the Alexander
Archipelago wolf (Canis lupus ligoni) indicated that population density of black-tailed deer (Odocoileus hemionus) and road
access (to wolf hunters) were the predominant factors affecting wolf productivity and mortality, respectively. Finally, studies
of bird community response to timber-harvest alternatives to clearcutting indicated that although creation of forest “edge’™ may
incrcase nest predation rates, the actual response depends on a broad array of factors and is highly variable.

We suggest that research, development, and application focus on plant and animal communities and management of vege-
tation to achieve specific objectives for wildlife habitat. We suggest that such cfforts emphasize silviculture of second-growth
forests, understanding old-growth rescrves, distribution of endemic small mammals, and alternatives to clearcutting. Models for
evaluating black-tailed deer habitat and populations are needed for subsistence-hunting management, and some work needs to
be directed at interactions between tourism and selected wildlife species.
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1. Introduction

Land-management plans that provide for sustain-
able use of forest resources rank high in importance
among issues involving conservation of natural re-
sources (Rauscher, 1999). Management of natural re-
sources for sustained use has become increasingly
complex (Murphy and Noon, 1991; Thomas, 1991).
Among the challenges is a management goal of con-
tinued use of multiple resources without diminishing
ecosystem function and biological diversity (Thomas
and Dombeck, 1996; Rauscher, 1999). The challenge of
sustainable management of forest resources is great in
southeastern Alaska where the nation’s largest national
forest, the Tongass, recently revised its Land and Re-
source Management Plan (USDA Forest Service, 1997,
Everest, this issue). Because of its size (6.9 million ha),
and naturally fragmented and isolated nature (Smith,
this issue), the Tongass National Forest (hereafter, “the
Tongass”) has many unique features that challenge for-
est planners (Everest, this issue). Five'significant man-
agement issues were identified as strategic in the 1997
Tongass Land Management Plan (TLMP): fish habi-
tat protection, cave and karst resources, alternatives to
clearcut timber harvesting, social and economic issues
(especially those influencing the subsistence lifestyle
of indigenous people of the region), and wildlife vi-
ability (Everest et al., 1997; Iverson and René, 1997;
USDA Forest Service, 1997).

Wildlife viability ranks high among land-
management issues on public lands (Thomas,
1991; Iverson and René, 1997), and consideration
of wildlife habitat has shaped the development of
land-management alternatives (Forest Ecosystem
Management Assessment Team—FEMAT, 1993;
Lehmkuhl et al.,, 1997). The National Forest Man-
agement Act of 1976 requires that the USDA Forest
Service manage national forest lands without reducing
diversity of animals (Thomas, 1991; FEMAT, 1993;
Thomas: and Dombeck, '1996; Iverson and René,
1997). Maintaining viable populations of all species,
widely distributed throughout the forest, is a key
requirement.

Large-scale, commercial logging was the major fac-
tor affecting changes in wildlife habitat on the Ton-
gass in 1997. Commercial logging’s potential effects
on wildlife viability within the Tongass were evalu-
ated through several processes. “Conservation assess-

ments” (Iverson and René, 1997) synthesized available
information on three management indicator species
that were being considered for potential listing as
“threatened” or “endangered” under the Endangered
Species Act: the northern goshawk (Accipiter gentilis),
Alexander Archipelago wolf (Canis lupus ligoni), and
marbled murrelet (Brachyramphus marmoratus). Ad-
ditionally, forest-wide strategies were developed for
maintaining habitat to support viable wildlife popu-
lations and functional old-growth ecosystems across
the Tongass (Iverson and René, 1997). Various com-
binations of strategies and management options be-
came distinguishing elements of an array of forest
plan alternatives that were assessed through an “ef-
fect analysis” to determine impacts to various for-
est resources (USDA Forest Service, 1997). Risk as-
sessment panels were commissioned to evaluate the
effects on habitat capability or risk to viability of
several old-growth-associated wildlife species (Shaw,
1999). Among those were American marten (Martes
americana), brown bear (Ursus arctos), Alexander
Archipelago wolf, northern goshawk, marbled mur-
relet, and other terrestrial mammals that were evaluated
as two groups: widely distributed species, and endemic
small mammals. A panel was convened for black-tailed
deer (Odocoileus hemionus) because of concerns over
significant reduction of habitat capability and its po-
tential effects on subsistence hunting and wolf popula-
tions, which depend primarily on deer as a prey base
(Personet al., 1996). After the writing of TLMP, several
studies were initiated to follow up on key information
needs identified in the TLMP process.

The purpose of this report is three-fold: (1) to pro-
vide a brief background of studies that were initiated
as follow-up to the TLMP; (2) to review major find-
ings of those studies; and (3) to identify information
needs and directions for future research. Specifically,
we summarize the results and implications of studies
of evolutionary diversity of endemic small mammals
and ecology of endemic populations of the southern
red-backed vole (Clethrionomys gapperi), the north-

"~ ern flying squirrel (Glaucomys sabrinus), the north-

ern goshawk, and the marbled murrelet. We also sum-
marize results of ongoing studies of American marten
and wolf ecology that were not TLMP follow-up stud-
ies per se, but which generated valuable information
relative to future management of the Tongass and re-
duction of risk to population viability. In addition, we
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include new information from a study of the com-
position of bird communities in old-growth conifer-
ous forests of southeastern Alaska. We then iden-
tify major areas of needed research, development, and
application.

2. Background

An important outcome of the conservation assess-
ments was awareness that there were substantial gaps
in basic knowledge of the natural history and ecol-
ogy of wildlife subspecies indigenous to southeastern
Alaska. Information needs were prioritized, and sev-
eral TLMP follow-up efforts were initiated, including
studies of endemic small mammals, northern goshawk,
and marbled murrelet. Additionally, a study was initi-
ated to examine alternative systems of timber harvest
(i.e., other than clearcutting) because of increasing in-
terest in harvesting trees in a manner that approaches
the natural disturbance regime of the region more
closely.

Studies of endemic small mammals included two
general topics: (1) documenting endemism in the mam-
mal fauna, which included questions about taxonomy
and phylogeography; and (2) ecology of endemic ar-
boreal and forest-floor small mammals. The dynamic
geological history and naturally fragmented nature of
the southeastern Alaska archipelago has produced an
environment where the potential for endemism is high.
Yet, there was little knowledge of the distribution and
diversity of mammals. There also had been no quanti-
tative studies of habitat distribution or demography of
old-growth-associated small mammals in southeastern
Alaska.

An ongoing, interagency study of nesting ecology
and movements of the northern goshawk was contin-
ued, and a study of diet composition during the breed-
ing season was initiated. The Queen Charlotte goshawk
(A. g laingi) is an endemic subspecies of the region
and was petitioned for listing as “endangered” under
the Endangered Species Act. It was not listed as en-
dangered, however, primarily because too little infor-
mation existed to accurately assess population status.
Concerns remained that continued broad-scale conver-
sion of old-growth forest to young, even-aged stands
would imperil goshawk populations on the Tongass
(USDI Fish and Wildlife Service, 1995). The northern

goshawk is a reputed old-growth forest associate with
large home range requirements (Iverson et al., 1996).
Goshawks are probably prey-limited in southeastern
Alaska (Iverson et al., 1996); yet, there has been lit-
tle quantitative information available about diet, key
prey species, or attributes of foraging habitat during the
breeding season. Suitable nesting and foraging areas
are essential to sustaining viable populations (Iverson
et al., 1996). Preliminary studies across the Tongass
indicated low breeding densities and a preference for
old-growth forests (Pendleton et al., 1998), with evi-
dence of recent cumulative impacts from commercial
logging (Iverson et al., 1996).

The marbled murrelet is unique among wildlife
species in southeastern Alaska because it spends most
of its time offshore but nests inland in late-seral conifer-
ous forests (Piatt and Ford, 1993; Nelson, 1997). In Cal-

ifornia, Oregon, and Washington, marbled murrelets

are listed as a “threatened” species under the Endan-
gered Species Act because of the legacy of clearcut log-
ging of coastal coniferous forests in the Pacific North-
west and the reputed dependence of marbled murrelets
on late-seral forests for nesting (Nelson, 1997). Prelim-
inary evidence indicated that marbled murrelets were
not declining in southeastern Alaska (DeGange, 1996),
but as with many other management indicator species,
data regarding natural history and population dynam-
ics are few. Crucial information needs for marbled
murrelets relative to land-management planning on the
Tongass included development of a sampling protocol
to monitor inland populations (DeGange, 1996).
Several management indicator species were already
the focus of ongoing studies and thus were not part
of the TLMP follow-up effort. These included the
American marten and Alexander Archipelago wolf.
The American marten has large home range require-
ments and has been proposed as a species that requires
landscape-level management (Bissonette et al., 1989).
A reputed old-growth associate, martens apparently
avoid clearcuts, and their abundance is correlated with
habitat features that are typical of older forest; they also
are believed to be sensitive to habitat fragmentation
(Bissonette et al., 1989; Hargis et al., 1999). Ongoing
research in southeastern Alaska indicates that Amer-
ican marten reproduction may be linked to vole (Mi-
crotus spp.) population levels (Flynn and Schumacher,
2001). Small mammals composed the largest portion
of their diet in years when Microtus and Peromyscus
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populations were high, and they preferentially sought

small mammals even when populations were low (Ben-
" David et al., 1997). An important question related to
marten population viability in southeastern Alaska is
whether riparian and beachfront buffers provide suffi-
cient connectivity among old growth reserves in man-
aged landscapes, a fundamental assumption of the 1997
TLMP conservation strategy (USDA Forest Service,
1997).

Concern about wolf population viability is linked di-
rectly to the cumulative impact of commercial logging
on the habitat capability for black-tailed deer, the pri-
mary prey of the Alexander Archipelago wolf (Person
et al., 1996). The legacy of five decades of commer-
cial logging left a significant portion of forested land-
scapes (up to 50% of some Ranger Districts) in second-
growth stands that have dense canopies and little un-
derstory, thus providing little forage for deer (Person
et al.,, 1996). Understanding the implications of past
clearcut logging on deer populations and developing
silvicultural prescriptions that improve second-growth
stands for deer are important for reducing future effects
on wolf populations.

Finally, there has been growing interest in finding
logging methods as alternatives to clearcut logging
for harvesting wood from the forests of southeastern
Alaska with minimum deleterious effects on wildlife
habitat and other resources. Individual-tree selection,
small group selection, and various levels of live-tree re-
tention have been suggested as alternatives to clearcut-
ting. Stand features resulting from such harvest systems
differ especially in the size and distribution of canopy
openings and the amount and spatial configuration of
“edge” (Forman and Godron, 1986). The size of canopy
openings and amount and distribution of edge are be-
lieved to have significant implications for wildlife habi-
tat (Hayward et al., 1999), especially for forest land-
birds (Gates and Gysel, 1978). An important consider-
ation in managing forests with alternatives to clearcut-
ting is the additional fragmentation and forest edge that
may result from creating more canopy openings across

a larger proportion of the landscape to obtain compa-

rable levels of timber volumes. The composition and
abundance of bird communities in old-growth forests
and the role of forest edge in avian community structure
in southeastern Alaska are important information that
was virtually unknown at the time of the 1997 TLMP
analysis.

3. Findings
3.1. Endemic small mammals

3.1.1. Evolutionary diversity and taxonomy
Conservation of biological diversity requires main-
taining the evolutionary diversity of organisms indige-
nous to a region (Cook and MacDonald, 2001), as
well as ecological components and processes (Smith,
this issue). A solid evolutionary framework is funda-
mental to documenting endemism throughout south-
eastern Alaska (Cook et al., 2001). Early expeditions
to southeastern Alaska surveyed about 1% (n=22) of
the named islands and documented 27 endemic mam-
mal taxa with an additional 12 indigenous taxa having
ranges largely restricted to the region (MacDonald and
Cook, 1996; Smith, this issue). More recent studies
added to the total number of surveyed islands (n=87),
documented that the structure of the mammal fauna in
the Alexander Archipelago was nested, and used mod-
ern genetic techniques to review the taxonomy of pre-
viously described forms and conduct phylogeographic
analyses (MacDonald and Cook, 1996; Conroy et al.,
1999; Cook et al., 2001). Southeastern Alaska has 48
extant native, land mammal species with the highest
number occurring in the Upper Lynn Canal Region
and the highest number of endemic taxa occurring in
the Mainland Subregion. Smith (this issue) summa-
rizes the indigenous small (<10kg) mammal taxa of
southeastern Alaska. Whereas some reputed endemics
showed nominal levels of genetic divergence among
conspecific populations, there was more genetic differ-
entiation in some taxa than was reflected in the current
taxonomy (Cook et al., 2001). For example, the long-
tailed vole (Microtus longicaudus), which includes two
subspecies from the Alexander Archipelago, exhib-
ited only a single distinctive genetic lineage. In con-
trast, some single subspecies (e.g., black bear; Ur-

" sus americanus pugnax) comprise multiple lineages

{Cook et al., 2001) and, perhaps, should be multi-
ple subspecies. Acute genetic variation was reported
for five species that were composed of two or more
clades.

Northern flying squirrel and southern red-backed

" vole showed minimal levels of genetic divergence.

Still, flying squirrels on the 11 islands of the Prince
of Wales Island complex exhibited distinct mitochon-
drial lineage, low heterozygosity and allelic diversity,
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and severely reduced genetic variation (Bidlack and
Cook, 2001, 2002). Genetic variation among south-
ern red-backed vole populations was consistent with
the current subspecific taxonomy. However, the current
ranges depicted for red-backed voles (i.e., C. gapperi
and C. rultilus) in southeastern Alaska (MacDonald
and Cook, 1996) are in need of revision (Amy
Runck, Alaska Department of Fish and Game, unpub-
lished observations of occurrences outside the depicted
ranges). '

Recent evidence suggests that the mammal fauna of
southeastern Alaska is composed of multiple elements
with discontinuities and different histories representing
distinct regional assemblages. It is much more complex
than was suspected only a decade ago. Although Cook
and MacDonald (2001) and their students have pro-
vided a wealth of new information in recent years, the
evolutionary diversity and taxonomy of endemic small
- mammals of southeastern Alaska is just beginning to
be understood.

3.1.2. Distribution and ecology of flying squirrels
Northern flying squirrels in southeastern Alaska are
known to occur on the mainland east of Glacier Bay Na-
tional Park and south of the Chilkat River (MacDonald
and Cook, 1996). They have not been documented on
Etolin or Woronkofski Island, the islands north of Sum-
ner Strait (except Mitkof Island), and the islands south
of Revillagigedo Island. The Prince of Wales flying
squirrel (hereafter squirrel) is known from the Prince
of Wales Island complex, a group of 11 islands in-
cluding Prince of Wales and nearby islands along its
western shore (MacDonald and Cook, 1996; Smith,
this issue). A reputed associate of old-growth conif-
erous forests in the Pacific Northwest, this species oc-
curred in upland old-growth western hemlock (Tsuga
heterophylla)-Sitka spruce (Picea sitchensis) forests

and largely noncommercial peatland/mixed-conifer -

forests of Prince of Wales Island (Smith and Nichols,
2003).

Squirrel densities vary depending on forest type,
" seral stage, and management history (Smith, this is-
sue). In old-growth forests of the Tongass, densities
were among the highest reported in northwestern North
America (Smith, this issue; Smith and Nichols, 2003).
Squirrel densities in mixed-conifer forests were less
than in old growth, but were comparable to densities
reported for some old-growth Douglas-fir (Pseudot-

suga menziesii) stands in Washington (Carey et al.,
1992). Age and sex composition, mean body weight,
and juvenile recruitment of squirrels did not differ be-
tween habitats on Prince of Wales Island. However,
summer survivorship and density of reproductive fe-
males were higher in old growth than in mixed-conifer
forests (Smith and Nichols, 2003). Juvenile weights
averaged 119g on Prince of Wales Island, which is
20-40% higher than means reported for Oregon and
Washington (Villa et al., 1999). Mean adult weights
during spring (129 g) and autumn (123 g) (Smith and
Nichols, 2003), however, seem to fall within the range
of variation reported from Oregon and Washington
for squirrels of similar age (Villa et al., 1999). Ju-
venile recruitment into the fall population was lower
on Prince of Wales Island than in the Pacific North-
west (Villa et al., 1999), which may have been re-
lated to density-dependent influences on natality or
survival on Prince of Wales (Smith and Nichols,
2003). .

Possible factors contributing to demographic vari-
ation between Prince of Wales Island and the Pacific
Northwest include predation, competitive release, and
diet (Pyare et al., 2002; Smith and Nichols, 2003). [n
southeastern Alaska, there are no known predators that
specialize on squirrels, such as the spotted owl (Strix
occidentalis) does in the Pacific Northwest (Carey
et al, 1992); and the small mammal community
is relatively depauperate. compared to the Pacific
Northwest (Carey, 1991). Squirrel diets on Prince of
Wales Island differed substantially from the Pacific
Northwest (Pyare et al., 2002). Important habitat
attributes associated with high densities of squirrels in
the Pacific Northwest include complex forest canopy,
tree decadence, large live and dead trees (standing
and downed), and a well-developed understory of
ericaceous shrubs (Carey et al., 1999). In southeastern
Alaska, it is unclear what habitat features are impor-
tant ecological correlates of abundance, but squirrel
populations are apparently not limited to old-growth,
spruce-hemlock  forests.  Peatland/mixed-conifer
habitat likely contributes to breeding populations in
managed landscapes and thus may reduce risks to
population viability (Smith and Nichols, 2003). Nev-
ertheless, important questions remain about dispersal
and the influence of annual population fluctuations
on habitat distribution and demography in managed

- landscapes.



118 T.A. Hanley et al. / Landscape and Urban Planning 72 (2005) 113-133

3.1.3. Distribution and ecology of southern
red-backed voles

The southern red-backed vole (hereafter vole) oc-
curs as four endemic subspecies in southeastern
Alaska: two subspecies reputedly occur on the main-
land south of the Taku River (but see Smith et al,,

2001), and two subspecies are island endemics of

the nearshore islands Wrangell and Revillagigedo
(MacDonald and Cook, 1996). This species is re-
putedly associated with old-growth coniferous forests
(Nordyke and Buskirk, 1988; Aubry et al., 1991;
Smith, this issue). Regardless of forest type, voles
seem to favor mesic habitat and moist microenvi-
ronments (Odum, 1944), probably because of an un-
usually high physiological need of free water (Getz,
1962, 1968; McManus, 1974). In southeastern Alaska,
voles occurred in old-growth forest, recently thinned
young-growth stands (20-25 years old), and to a much
lesser extent peatland/mixed-conifer forests (Smith and
Nichols, 2004). Voles apparently prefer sites with abun-
dant stumps, downed coarse woody debris (especially
rotting logs), and exposed roots within a loose forest
litter (Merritt, 1981; Moses and Boutin, 2001). Vole
abundance has been linked to understory cover, which
likely promotes a moist microclimate, provides impor-
tant foods, and affords ample escape cover (Nordyke
and Buskirk, 1991).

Vole densities reported for coniferous forests of the
Pacific Northwest differ by an order of magnitude ac-
cording to region, forest type, land use, and methodol-
ogy (Smith, this issue). Unfortunately, densities from
the Pacific Northwest were not computed with esti-
mates of effective area sampled (Swift and Steinhorst,
1976), which can differ among habitats, and therefore
are not directly comparable to estimates from south-
eastern Alaska (Smith and Nichols, 2004). In southeast-
ern Alaska, voles consistently achieved their highest
densities in old-growth forest, which was the highest
ranked habitat according to several demographic pa-
rameters (Smith and Nichols, 2004). In contrast, vole
density was very low in peatland/mixed-conifer forest,
which invariably was the habitat ranked lowest in qual-
ity and probably was incapable of supporting breeding
populations. Thinned young-growth stands supported
breeding populations, at least in years when popula-
tion levels were relatively high (Smith and Nichols,
2004). Moreover, mean body mass, minimum summer
and overwinter survival, age and sex composition, and

percentage of reproductive females did not differ be-
tween thinned young-growth and old-growth forests.
These results depart from the pattern reported for
the Pacific Northwest (Aubry et al., 1991; Sullivan
et al., 2000) and have significant implications for pop-
ulation viability in managed landscapes. It remains
unclear what habitat attributes are necessary to sus-
tain vole populations in southeastern Alaska, but it
appears that breeding populations can exist in man-
aged young, second-growth stands that have a rela-
tively open canopy and developing understory (Smith

. and Nichols, 2004). Still, there remain several impor-

tant areas that warrant further study: (1) influence of
annual fluctuation in population levels on vole habitat
distribution and demography in managed landscapes;
(2) habitat capability of older second-growth (i.e., stem
exclusion) stands; (3) benefits to vole habitat of pre-
commercial and commercial thinning; and (4) stand
and landscape features that limit dispersal.

3.2. Northern goshawk

An interagency study was initiated in 1991 with the
goal of understanding the ecological relationships of
nesting goshawks, including nesting area use, produc-
tivity, and movements on the Tongass National Forest,
yet study results were not complete at the onset of the
1997 TLMP (Iverson et al., 1996; Flatten et al., 2001).
Consequently, subsequent research was conducted to
increase the database and study diet composition dur-
ing the 1998 and 1999 nesting seasons (Lewis, 2001).

Observations revealed that areas of use (95% min-
imum convex polygons from radio-telemetry reloca-
tions) were large and varied among male and female
goshawks (Flatten et al., 2001). Use areas during the
breeding season (I March—15 August) averaged 4153
and 4785 ha for females and males, respectively. Dur-
ing the nonbreeding season (16 August-28 February),
use areas averaged 32,961 and 16,503 ha for females
and males, respectively. “Nesting areas” included perch
sites, roosts, and nest structures within a breeding-
season use area. Based on the maximum movement of
adults between nest structures in consecutive nesting
years (range 0.5-3.2 km, n = 24), nesting areas were up
to 3.2 km in diameter (804 ha).

Average occupancy of nesting areas by radio-tagged
adults was 1.9 years for males and 1.6 years for fe-
males. Some nesting areas may have been used for
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longer consecutive periods, but factors such as radio
failure limited the number of years that a site was mon-
itored. Nonetheless, occupation of a nesting area for
more than 3 consecutive years was rare.

Goshawk productivity appeared to vary geograph-
ically across the Tongass (Flatten et al., 2001). An
average of 28.4% of known nest sites were occupied
annually during 1991-1999, but this differed across
the region: 13% in northern, 20% in central, and
53% in southern study areas. Goshawks averaged 2.0
fledglings per active nest, which was comparable to
goshawk populations elsewhere (Iverson et al., 1996).

Goshawk diets differed substantially among nests
during the breeding season (Fig. 1), and within nests
between years (Fig. 2; Lewis, 2001). Blue grouse
(Dendragapus obscurus), spruce grouse (Falcipennis
canadensis), ptarmigan (Lagopus spp.), red squirrels
(Tamiasciurus hudsonicus), Steller’s jays (Cyanocitta
stelleri), varied thrushes (Ixoreus naevius), northwest-
ern crows (Corvus caurinus), and small passerines
(Passeriformes, Class: Aves) dominated the diet, al-
though frequency of each prey species differed among
nests, during the nesting season, and between years
(Figs. 1 and 2; Lewis, 2001). Goshawks used a diver-
sity of prey species, with birds representing a much
greater percentage of prey than mammals, both in terms
of number of deliveries to the nest and prey remains
(78% versus 22% and 91% versus 9%, respectively).
The variability in diet among nests could be attributable
to differences in prey availability, nesting chronol-

ogy (differences in prey vulnerability), or individual
goshawk preferences (Lewis, 2001).

Current protective measures of goshawk habitat on
the Tongass National Forest are “nest-based”, i.e., a
no-harvest buffer of 40.5 ha around known nest trees
(USDA Forest Service, 1997). However, areas used by
known goshawk breeding pairs are substantially larger
than this buffer, especially when nests from multiple
years are considered (Flatten et al., 2001). When radio-
tagged goshawks nested in consecutive years in the
same nesting territory, only 54% of alternate nests fell
within the 40.5 ha buffer surrounding the initial nest
site; a 314 ha buffer included 79% of the nests. Conse-
quently, under current habitat management guidelines,
potential nest sites may be subject to timber harvest,
which ultimately may compromise the quality of the
breeding territory. Goshawks tend not to use the same
nest site in subsequent years, so availability of alterna-
tive nest sites in the breeding territory is an important
habitat feature (Flatten et al., 2001). In addition, cur-
rent guidelines may not adequately protect important
foraging habitat either.

Management implications of the diet study are less
clear than are those of the nesting study. Timber man-
agement affects community structure of many prey
species, such as forest birds, by modifying vegeta-
tive structure and composition (Willson and Gende,
2000). Cumulative impacts of clearcut logging also in-
fluence populations of arboreal (DeSanto and Willson,
2001) and forest-floor mammals (Smith and Nichols,
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goshawk nests near Fish Creek, Douglas Island, in 1998 (a) and 1999 (b). Figure illustrates the annual variability in goshawk diet in same

geographic area (source: Lewis, 2001).

2004). Timber management, through influences on
stand structure, also may affect the ability of goshawks
to capture their prey (Iverson et al., 1996). Unfortu-
nately, little is known about relations between for-
est structure and abundance of prey species or their
vulnerability to predation. Furthermore, the degree to
which goshawks on the Tongass depend on certain prey
species for successful reproduction is unknown. Al-
though evidence indicates that goshawks can use a wide
diversity of prey (Lewis, 2001), it is unclear whether
that has positive or negative implications for popula-
tion viability. In areas of this species’ 