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INTRODUCTION AND SCOPE OF REVIEW

The Timber Fish and Wildlife (TFW) Agreement of 1987 provides both a framework for
forest management, practices on the State of Washington's state and private lands to protect
natural and cultura resources within the context of the managed forest, and a mechanism to
evduate and modify management practices. The Agreement incorporaies recommendations and
guiddines for the protection of water, fish, wildlife, and archaeologica resources. The
representatives of dtate resource agencies, Native American tribd  organizations, timber
companies, and consarvaion organizations who forged this Agreement recognized both the
immediate need for new forest management policies to protect these resources and the long-term
need for these policies to be flexible and responsive to new information. Thus, a centra feature of
the TFW Agreement is the introduction of adaptive management to Washington States naturd
resources. Adaptive management involves the continua evolution of management practices in
response to scientific knowledge gained through careful monitoring of naturd resources and well-
desgned experimental studies to evaluate how resources are impacted by management practices
(Walters  1986).

A st of management gods for the different resources provided the starting point for
participants to develop the TFW Agreement. For wildlife, the god "... is to provide the greatest
diversty of habitats (particularly riparian, wetlands, and old growth), and to assure the greatest
diversity of species within those habitats for the survival and reproduction of enough individuas
to mantan the naive wildife of Washington forest lands’ (TFW Agreement 1987, p.2). Inherent
in this statement is the recognition of the importance of maintaining habitat diversity to ensure
wildlife species diversty and of the disproportionate importance of certain habitats, including
riparian habitats. Given me importance of riparian habitats for wildlife, it is criticdl mat we
understand wildlife response to habitat conditions created by management practices in riparian
habitats. In an atempt to baance the wildlife goa with the timber resource god, the TFW
Agreement established Riparian Management Zones (RMZs) for the protection of riparian aress
and recommended appropriate Sizes, tree densties, and management practices for RMZs
associated with several defined water types. These guiddines have been incorporated into the
Forest Practices Board Rules and Regulaions (1988). The task at hand is to understand and
predict wildlife responses to the recommended management procedures. This paper provides a
review and synthesis of the literature on wildlife use of riparian habitats in the Pacific Northwest
that has a served as a cornerstone in the design of an adaptive management study that examines
the effectiveness of RMZs in providing habitat for wildlife

Our literature synthesis is organized around the following components, In our background
section we present an overview of riparian ecosystems. In this section we examine the structure
and function of riparian zones with respect to the mgor eements of a riparian zone, the
interaction of terrestrid and riparian environments in the riparian zone, and the role of disturbance
in shaping riparian habitats. Our overview next addresses generd consderations of wildlife use of
riparian habitats including features of riparian habitats that enhance the wildlife vaue of these
habitats. We then review theoreticd consderations of habitat fragmentation that are relevant to
understanding how wildlife species might respond to changing habitat conditions as a result of
timber management practices under the RMZ guiddines.

Our second section provides a review of empiricd sudies on wildlife use of riparian
habitats and response to habitat variation in riparian forests. We focus on dudies from the Pacific



Northwest (PNW), but include other studies that deal with general considerations of
wildlife/riparian relationships. We have examined the literature to address the following types of
questions: 1) What are the relative dependencies of PNW species on riparian habitats? 2) What
are the criticad habitat components that riparian habitats provide for wildlife? 3) How do different
silvicultural activities, including road building, in riparian areas affect wildlife? 4) Wha is the
potential response of wildlife species to the establishment of riparian buffer zones?

In our third section we will review the methodologies used to examine these issues. We
first consider field methods used to sample vertebrate populations. We next consider the field
methods used to describe habitat, determine population parameters of species, and determine
community composition. We dtress the importance of using multiple metrics to examine wildlife
use of riparian areas. Wildlife communities are expected to exhibit temporal and spatid variability.
Thii varigbility might mask differences between areas if only one melric is used. Furthermore,
single metrics might not contain full information to assess wildlife response to habitat changes.
For example, one might use species diversity. However, in riparian fragments, species diversity
might increase overall due to new opportunities created for weed species, but animas
characteritic of the riparian habitat might be lost. Next we will review population and community
parameters.

The fourth component develops a ranking system for Washington's riparian wildlife
species. Recently, Millsap et a. (1990) developed a system which ranked Florida's wildlife taxa
according to biologica vulnerability, population status, and management needs to help prioritize
conservation efforts. The ranking system was based on a biologica score, an action score, and a
supplementary set of scores deadling with taxonomic, biogeographic, and politica concerns. The
biologica score was a compilation of 7 variables measuring aspects of a species distribution,
abundance, and life history. The action score was based on 4 variables measuring the current state
of knowledge the taxon's distribution, population trend, and limiting factors as well as current
conservation efforts. Information ysed to determine scores was based on the literature and
experience of wildife biologists. Millsap et a. (1990) tested their ranking system by examination
of how the system ranked species of known status in Florida and found close agreement. We have
modified the methods of Millsap et a. (1990) to rank riparian wildlife species of Washington. We
consider the ranking system presented here to be an initid exercise tha will be finetuned as we
collect more information on these riparian Species.

We conducted on-line searches on BIOSIS (Biological Abstracts) and Cambridge Life
Sciences, AGRICOLA [data base of the National Agricultural Library], CRIS [Current Research
in agriculture and related science. Current literature was reviewed by consulting publications such
as Current Contents and by reviewing relevant journals. In addition to standard library research
procedures, we corresponded with appropriate government agencies and TFW cooperators to
obtain relevant reports. We have entered all citations into a hibliographic database. This has
dlowed sorting of citations by selected keywords and periodic updating through the life of the
project. Copies of the database are avallable to the Wildlife Steering Committee upon request.



RIPARIAN ECOSYSTEMS « GENERAL BACKGROUND

Riparian zones are found adjacent to watercourses such as streams, rivers, springs, ponds,
lakes, or tidewaters and represent the interface between terrestrid and aquatic environments. The
riparian zone can be varioudy defined in terms of vegetation, topography, hydrology, or
ecosystem function (e.g., Swanson et a. 1982, Kovachik and Chitwood 1990). The latter
approach integrates the former factors and defines the riparian zone as the zone of interaction
between the aquatic and terrestrid environments (Swanson et a. 1982, Bilby 1988). This
definition encompasses the concept that the terredtrid system influences the aguatic system and, in
turn, is influenced by the aguatic sysem. The zone of interaction can be identified as the water's
edge or on a broader scae, as a zone extending from the water through the canopy of the
vegetation associated with the zone (Swanson et d. 1982). On the latter scale, riparian zones
include the reldively mesic vegetative communities and associated faunas occurring between
aquatic and more xeric upland Stes (Knopf et d. 1988). Johnson and Haight (1985) divide the
zone of interaction into 1) the mesoriparian ecosystem that includes the frequently flooded
dreambanks, active channed shelves, active floodplains, and overflow channes and 2) the
xeroriparian that includes the trangtiond zone between the mesoriparian and upland ecosystems.

Watercourses associated with riparian zones have been varioudy classfied. A widdy
adopted system to describe drainages classfies small, headwater channels as firg-order streams
with each union of first-order streams forming a larger second-order stream, each union of
second-order streams forming a dill larger third-order stream, and so forth (eg., Strahler 1957,
Everest et d. 1985). For regulatory purposes, The Washington State Forest Practices (1988)
recognizes five water types on the basis of Size and presence of anadromous fish, with Type 1
corresponding to large rivers and shorelines and Type 5 to small headwaters that do not support
fish. From a wildlife perspective, a key element of the riparian zone is the amount of open water,
but as Hall (1988) points out, the amount of open water necessary to qualify an area as riparian
will depend upon individua species requirements. Wildlife use of riparian areas does not
necessarily correspond to the above classfications and it might be preferable to define
“operdtiond habitat units’ relevant to specific taxa as Bury (1988) does for reptiles and
amphibians,

The dructure of the riparian zone is closely related to the size of the watercourse. In the
Pacific Northwest, most riparian zones are found adjacent to streams and rivers (Oakley et d.
1985) and thii is especidly true for the forestlands of the region (Swanson et a. 1982, Bury
1988). Given the focus of this review on wildlife use of riparian habitat in managed forests of the
Pacific Northwest, we will emphasize the structure and dynamics of riparian zones associated with
greams and smal rivers. In the following we provide an overview of the structure and dynamics
of riparian zones as a foundation for examining wildlife use of these aress

STRUCTURE AND FUNCTION OF RIPARIAN ZONES

The stmcture and function of riparian zones are determined by several key eements
(Oakley et d. 1985, Swanson et a. 1982, Bilby 1988, Cummins 1980, Brinson et d. 1981). These
dements are topography, surface water, soils, microclimate, and vegetation. The interaction
between terrestriadl and aquatic environments that occurs in the riparian zone is mediated by these
elements. On the one hand, they combine to create common features that distinguish riparian



zones from upland aress. For example, ripaian zones are characterized ¢ :.creased primary
productivity, higher levels of energy transport, and often, more natural disturbance than upland
arcas. On the other hand, differences; between these key elements result in differences observed
among riparian habitats.

Topography

Topography .ithin and adjacent to riparian zones in the Pacific Northwest ranges from
narrow, entrenched channels that arc typically associated with lower order streams to broad
floodplains associated with higher order rivers. Topography determines many other features of the
ripaian zone (Oakley e a. 1985). Riparian zones surrounded by steep upland slopes, for
example, have soils that arc typicaly shdlow and coarse textured, are not exposed to direct
sunlight for long periods, can be sheltered from winds, have erosion and active transport as
dominant processes, and often have associated plant communities that arc relatively limited. In
contrast, riparian zones associated with broad floodplains have deep and typicaly line textured
soils, are exposed to sunlight and wind disturbance, have deposition as the dominant process, and
have an associated plant community that is diversified in structure and composition. Brinson et al.
(1981) distinguish between stream systems with bedrock controlled channels and those with
dluvial channels. The former arc confined between rock outcrops and have little, if any,
developed floodplain. The latter, in contrast, have well-developed floodplains and can adjust
dimensions, shape, and gradient in response to changing water conditions. Streams often have
dternating sections of both conditions along their entire reach.

Hydrology

A common element in al riparian Systems which sets them apart from upland areas is the
presence of surface water. The character of this surface water varies from standing to running
water and from perennid to intermittent. In the Pacific Northwest perennid streams and rivers
exhibit pronounced annual variation in flow levels (Hall 1988). In addition to annual variation in
flow, many riparian zones experience periodic catastrophic flooding episodes which might be
accompanied by ice flows or debris torrents (Hall 1988, Brinson et d. 1981, Cummins 1980,
Oakley et a. 1985). The dynamic nature of the water flow shapes the dtructure of the riparian
zone through erosive downcutting and deposition and is responsible for the high levels of nutrient
cycling characteristic of riparian zones. The seasonal variation in water level and flow are
important for nutrient recycling in riparian zones (Brinson et al. 1981). The expansion and
contraction of stream channels with changing flow levels influences the structure and composition
of plant communities (Brinson et a. 1981).

Although the presence of surface water is a conspicuous feature of the riparian zone, an
understanding of the hydrology of the riparian zone must also take into consideration the
interaction between surface and ground water (Brinson et a. 1981). The ground water is closely
associated with the surface water in riparian zones. The water is closer to the surface in riparian
than upland areas (Oakley et a. 1985). Under norma conditions, the movement of ground water
is toward the surface water, however, during overflow the movement of water can be reversed
and water might move into the aguifer (Brinson et a. 1981, Oakley et a. 1985). The topography
and substrate characteristics of the riparian zone will determine the extent to which ground water
can be stored (Brinson et a. 1981). The interaction between ground and surface determines levels

of soil moisture, which can be criticd for maintaining riparian vegetation during the dry summer
months.



Soils

Both the surface water character and topography of the riparian zone have a direct bearing
on the types of soils found in riparian zones. In generd, riparian soils differ from upland soils in
the origin of soil minerd content, organic content of soils, and amount of soil litter (Bilby 1988).
Typicdly the mineml content of riparian soils is derived from stream deposited sediment whereas
that of upland soils is the underlying rock. Consequently, riparian soils can be more
heterogeneous in mineral content than upland oils if a drainage basin has a varied geology (Bilby
1.939).

A number of factors can contribute to an increase in organic content of riparian soils
relaive to upland soils. The increased moisture content of riparian oils relaive to upland soils
generdly results in higher decomposition rates and therefore increased organic content. It should
be noted, however, that if riparian soils become saturated with stagnant water, decomposition
rates will decrease due to lack of oxygen. The organic content of riparian soils is dso determined,
to some extent, by redidribution during periodic flooding. Large amounts of organic matter will
be flushed from areas with high energy flood flows and deposited in other areas where the energy
of overflow water is lower (Bilby 1988). The organic content of riparian soils can be greater than
upland soils in part because many ripaian plants decompose easier than upland plants (Bilby
1988, Edmonds 1980). Decomposition rates can aso be affected by the nitrogen content of the
litter. Elevated nitrogen content results in more rapid decomposition and, consequently, increased
organic turnover (Swanson et a. 1982). In many Pecific Northwest riparian forests, red ader is a
common component of the riparian vegetation (Campbell and Franklin 1979). Red dder converts
nitrogen gas to reduced or organic nitrogen (Swanson et a. 1982). Consequently red alder litter
contains one to four times greater nitrogen than other deciduous or coniferous litters (Swanson et
d. 1982, Bilby 1983).

Riparian zones often have exposed soil surfaces whereas upland areas have greater
amounts of terrestriad litter. This is due to the combined effects of deposition and flooding in the
riparian zones (Bell and Sipp 1975).

-Microclimate

Topographic features and presence of surface water can result in microclimatic
differences ‘between riparian zones and upland aress. Riparian zones, for example, often have
higher humidity, increased rates of transpiration, and grester ar movement than upland aress
(Thomas et d. 1979).

The hydrologica, topographic, substrate, and microclimatic features of riparian zones
resllt in digtinctive physiologica, compostional, and dtructura features of riparian vegetation
(eg., Campbdl and Franklin 1979, Franklin et d. 1981, Swanson et d. 1982, Oakley et a. 1985).
The hydrology of the riparian zone afects the metabolism and growth of vegetation in three
primary ways (Brinson et d. 1981). Fird, increased soil moisture is important in maintaining
riparian forest vegetation, especidly in the more xeric forests east of the Cascades. Second, the
nutrient supply for riparian vegetation depends, in part, on the transport action of streams. Third,
flowing water ventilates the soils and roots of riparian plants resulting in more rapid gas exchange.
These three factors contribute to faster growth rates and increased primary productivity of
riparian plant communities relative to upland communities.



Composition considers both the number of plant species and the abundance of each
species. Riparian areas typically have greater species diversity than upland sites. Variation in the
diversity of vegetation between riparian Sites is related to a site's Size, aspect, soil moisture,
amount of woody debris, and time since disturbance (eg., Gawler 1988, Maanson and Butler
1990). The riparian vegetation is composed of generdized specics that inhabit both riparian and
upslope sites, but are often more abundant in riparian areas because of favorable conditions, as
wel as specialized species that are found only in the moist riparian habitat, The latter can include
species adapted to conditions created by patterns of natura disturbance characteristic of riparian
aeas (Gawler 1988). Riparian plant species have evolved a variety of strategies in response to
flooding and dluvia deposition. Rowe (1983) defined five categories of plants -- invaders,
endurers, resisters, evaders, and avoiders -- based on their mode of adaptation to disturbance and
Agee (1988) developed these categories in the context of riparian vegetation of Pacific Northwest
forests. Invaders (eq. red ader, black cottonwood, many herbaceous species) are able to quickly
colonize disturbed areas after flooding because they produce many reproductive propagules and
have rapid growth rates. For example, in Oregon's Central Cascade Range, herbs such as Circea
aplina and Montia sibirica ae commonly found on fresh deposits of sand and gravel. Endurers
are species that are often damaged during a flooding event but survive in riparian areas through
sprouting (e.g., willows) or by production of adventitious roots (e.g., lodgepole pine, coastal
redwood). Many riparian plants employ a resister strategy in response to low magnitude flooding.
The flexible sems of many willows exemplify this strategy. Evader plants (e.g., Ribes sp.) store
seeds in the soil and although the plant dies during the flooding disturbance, favorable conditions
arc created for the stored seeds. Given the nature of flooding disturbance, this strategy is not as
widespread in riparian species as in species adapted to fire disturbance. Finally, other species are
not well adapted to deposition or inundation during flooding and are categorized as avoiders.

The hydroperiod and the energy of flowing water, especially during catastrophic flooding,
affect riparian plant community composition and development in severa ways (eg. Bilby 1988,
Brinson et a. 1981, Swanson e d. 1982). The compostion of riparian plant communities might
be influenced by the dissemination of seeds by sream flow (Daubenmire 1968, Bilby 1988).
During periods of heavy flooding the battering action of debris or ice can damage and uproot
riparian vegetation. Erosion and bank undercutting of streambanks during flooding events might
dso eiminate riparian stands. New sites for the establishment of plant communities are thereby
created by flooding events. Establishment of streamside vegetation can be retarded in areas where
erosion leaves bedrock dlopes with little soil or by repeated destruction during successive flooding
events.

lassificati f ria fon
Given the potentia for multi-resource use in riparian habitats, there has been an increase in
the number of studies attempting to classify riparian ecosystems (e.g., Cowardin e d. 1979,
Ratliff 1982, Youngblood et al. 1985, Pierce and Johnson 1986, Kovalchik 1987). Traditional
floristic classification schemes are ‘based on identifying plant associations representative of a site's
potential. However, Kovachik (1987, Kovaichik and Chitwood 1990) suggests that traditional
floristic classfication theories are inadequate for riparian habitats given the dynamic nature of
these habitats. Kovalchik (1987, Kovalchik and Chitwood 1990) recommends combining floristic
classfication with geomorphic classification to yield a four-level classification that considers
physiographic area, watershed characteristics, riparian landforms, and fluvial surfaces/riparian



plant associations. This classfication scheme has been applied to ripaian habitats in centra
Oregon (Kovachik 1987) and the riparian plant associations of northeastern Washington arc
currently being classfied in a amilar fashion (Bernard L. Kovachik, USFS, persond
communication).

Characterization of Washington's Kipaian Management Zones

The Habita Management Divison of the Washington Depatment of Wildife (WDW)
recently completed a project characterizing the vegetation of the RMZs and Upland Management
Areas (UMAS) in the dtate. A totd of 155 RMZs was sampled on the west side and 29 RMZs
were sampled on the east Sde of the dtate. Anadysis of these data (Andrew Carlson, WDW,
persond  communication) indicate that the dominant trees in East-Sde RMZs were hardwoods,
red ader, grand fir, western red cedar, and Douglasfir. The dominant shrubs in East-side RMZs
associated with Type 1 waters are black hawthorn, ader, red-oser dogwood, and snowberry.
Other common shrubs in these RMZs include serviceberry, mockorange, and ‘bearberry. Dominant
herbaceous plants am grasses, horsetails, western yarrow, and sedges. Dominant shrubs in RMZs
on Type 3 dreams sampled on the Ead-side include vine maple, red-oser dogwood, ader, and
snowberry. Common herbaceous plants in these RMZs are grasses, horsetails, sweetscented
bedstraw, coolwort foamflower, and beadlily. The dominant trees in West-sde RMZs included
red adder, western hemlock, other hardwoods, western ted cedar, and Douglas-fir. Dominant
shrubs in RMZs associated with Type 1 waters on the West-sde are vine maple, salal,
sdmonberry, traling blackberry. Red elderberry is dso common in these RMZs. Dominant
herbaceous plants in these RMZs include grasses, Oregon oxalis, piggyback plant, and swordfem.
The shrubs dominant in RMZs associated with Type 2 waters on the West-sde are the same as
those found in Type 1 RMZs. Dominant herbaceous plants in Type 2 RMZs on the West-gde
include swordfem, Oregon oxdis, piggyback plant, deerfem, lady-fern and grasses. Dominant
shrubs in RMZs on Type 3 dreams on the West-sde are again similar to those listed above with
the exception that red ederberry is not present and stink currant is found in the sampled RMZs.
Grasses are less common in RMZs on Type 3 waters than in RMZs on Type | or 2 waters. The
average cover of shrubs and grasses is greater and the average cover of forbs is less in Eadt-side
RMZs associated with both Type 1 and 3 waters than in West-side RMZs on the same water
types.
P The dructure of the vegetation refers to the horizonta and verticd dratification of the
plant community. Riparian areas typicaly have greater dructurd diversty than upland Stes and
broader riparian zones have greater structurd diversty than narrow, steep-Sded riparian aress.

Preliminary results fromn WDW's RMZ and UMA habitat characterization project indicate
that the average number of tree stems/acre is greater for both hardwoods and conifers in East-side
(204, 121 treedlacre, respectively) than Wedt-side (100, 86 trees/acre, respectively). This
difference is dtributed to a greater number of smadler (< 12 in) diameter trees in RMZs sampled
on the Eadt-gde. The density of larger (> 20 in) trees is Smilar. Similarly, the average number of
both hardwood and conifer snags is Smilar in RMZs sampled on both sides of the date.
Midstream canopy closure over dreams was grester West-side than East-side RMZs. Canopy
closure was 69%. 71%. and 79% (mean = 76%) for West-side RMZs on water types 1,2, and 3,
respectively and 41%, 49%, and 72% (mean = 65%) for East-Side RMZs on water types 1, 2, and
3, respectively.



Influence of vegetation on stream structure and function

Many characteristics of riparian plant species and communities arc shaped by the presence
and flow of water; however, riparian vegetation, in turn, has a direct effect on stream structure
and function. First, roots of riparian vegetation stabilize streambanks and stream beds that help
define stream morphology and reduc :edimentation (Brinson et a. 1981, Swanson e a. 1982).

Second, riparian vegetation i. .a important source of large organic debris (LOD, eg., tree
boles, root masses, large branches) in Pacific Northwest streams. Although such debris was once
considered detrimental to dream quaity (Triska and Cromack 1980). large organic debris jg now
recognized as an integral link between terrestrial and aquatic components of forest ecosystems.
Indeed, Swanson et a. (1982) suggest that LOD might be the primary influence on lower order
mountain streams in forests of the Pacific Northwest LOD can help define stream structure by
retaning gravel and sediment, forming pools, and creating waterfdls (Swanson et a. 1976, 1982,
Bilby 1981, 1984, 1988, Triska and Cromack 1980). LOD facilitates deposition of sediments in
the stream and consequently affects the morphology and energy transport in lower order streams
(Keller and Swanson 1979, Bilby 1988, Swanson et al. 1982). For example, Megahan (1982)
found LOD to retain 49% of the sediments in Idaho streams. This retention of sediment can lead
to the formation of sediment terraces which form broad, level areas adjacent to the channel,
increasing the size of the riparian area (Bilby 1988). With the input of LOD, a stream becomes
characterized by long, level portions, in which the gradient is less than the overall gradient of the
valley, separated by short, steep falls in which much of the potentid energy of the water flow is
dissipated (Swanson et a. 1982). Remova of LOD in smaler streams results in a decrease in the
percent area of pools and number of waterfalls (Bilby 1981.1984) and an increase in particle
export from a watershed (Bilby 1988). As a result of this pattern of pools and fals, streams with
LOD typicaly have less erosion, slower routing of organic detritus, and greater habitat diversity
than straight, even-gradient streams (Swanson et a. 1982). LOD plays a more important role in
cregting habitat in smaller streams than in larger streams. The woody debris is large relative to
stream width and the smaller streams generally do not have strong enough water flow to
redistribute LOD. Wood-created habitat is formed by individual pieces of debris or small
accumulations. Periodic debris torrents in smaller streams can remove LOD. In larger dtreams, the
greater energy of the water flow and. reduced influence of surrounding forests on wider streams
results in less LOD and greater clumping of the LOD that is present (Keller and Swanson 1979,
Swanson et al. 1982, Triska and Cromack 1980). Preliminary results from WDW's RMZ habitat
characterization project suggest that the number of pieces of LOD found in al types of streams on
the West-side is greater than for comparable East-side streams.

Third, standing riparian vegetation has an important effect on stream function. Riparian
vegetation influences the chemistry of the stream through nutrient assimilation and transformation.
The absence of vegetation in the riparian zone can result in greater export of dissolved materials
(Brinson et al. 1981, Bilby 1988).

Fourth, the shading of streams by riparian vegetation can affect water temperature, and the
magnitude of the effect is directly related to sStream size. In smaler streams, riparian vegetation
can completely shade the water from sunlight and these streams typically exhibit stable, cool
temperatures year-round. Larger streams are too wide to be completely shaded so that riparian
vegetation has minima effect on water temperature. Stream sSize and the degree to which streams
are shaded by riparian vegetation also influences whether the energy source supporting the biotic
community of streams is primary production in the stream or detritus from surrounding




vegetation. In smdler streams, shading by riparian vegetation blocks the sunlight reaching the
water, thereby reducing primary production by agee, Organic materid from the surrounding
vegetation represents the main source of energy in these streams. For example, Swanson et d.
(1982) report that 95% of the organic matter in lower order streams in Pacific Northwest forests
IS detritus derived from terrestrid sources. This detritus represents the main food source for many
aguatic invertebrates, which in turn, provide food sources for other aquatic and terrestrial species
(Bilby 1988). In contrast, primary production by agae and diatoms in larger streams represents
the primary energy source for the aguatic community (Swanson et d. 1982, Cummins 1980).

The interaction between the terrestrid and aguatic environment which occurs in the
riparian zone changes with stream size. On the one hand, stream Size is one of the main factors
determining the sze of the riparian zone. Smal dtreams produce smaler riparian zones than larger
dreams. On the other hand, the effect of the terrestrid system on the aguatic system is inversely
related to stream sSize. The forest dominates in smal streams, controlling the physica structure
and energy base. As Bilby (1988) stresses, understanding this relationship between sream size
and interaction between aguatic and terrestrid systems is important when we examine the effects
of disturbance in the riparian zone.

Distur in_riparian zoneg

Riparian zones are a product of disturbance (Agee 1988) and an understanding of how
naturd disturbance affects riparian zone structure and function provides insght into how human
activities can dter riparian zones. In Peacific Northwest forests natural disturbances such as
flooding, fire, and wind, vary in frequency, magnitude, and relative importance in upland versus
fiparian  aress.

Fluvial disturbances in Pacific Northwest forests, as discussed above, can occur as
seasonal small-scale events or episodic large-scae events. The effects of fluvial disturbance are
typicdly grestest a the center of the riparian zone and diminish towards the edges. Annud
vaiations in flow make portions of riparian zones avalable for plants each dry season as channd
width decreases 16 to 60% (Swanson e a. 1982). Large-scae flooding has a much greater
impact on riparian vegetation, especidly in smal streams. If a channd is scoured to bedrock by a
debris torrent, re-establisnment of vegetation must generdly be preceded by LOD input and
sedimentation. Deciduous trees (eg., willows, red ader, aspen) dominate post-disturbance
riparian zones within 5 to 10 years. Canopy closure by upslope conifers eventudly suppresses the
shade-intolerant deciduous species (Swanson e d. 1982). Because the forest dominates the
fiparian zone in smaler streams, development of upslope stands determines that of riparian zones
(Agee 1988). In larger streams, fluvial disturbance might result in a stepped progresson of
successional stages from the channel to the upslope forest (Agee 1988). Deciduous trees colonize
recent gravel bars and dominate lower (younger) terraces. Older terraces support conifer stands.

Activity of beavers in the riparian system can adter effects of fluvial disturbance and
therefore affect plant successon in riparian zones. Damming of Streams by beavers can raise
terrestrial water tables to the detriment of some tree species. Remova of canopy cover can
promote conditions favorable for invasion of shade intolerant deciduous species. However,
beavers further affect riparian vegetation through selection of food sources. Over utilization of
deciduous species can lead to the creation of sedge-grass meadows.

Fire is an important disturbance in upland Pecific Northwest forests. Although riparian
zones are not immune to fires, their higher humidity, greater fuel moisture, and larger proportion



of less flanmable deciduous vegetation, result in less likelihood that fires will stat and in lower
intensity of fires that do enter riparian zones. These protective factors are 1¢ss pronounced in
smaler stream systems and fires arc therefore more likely to bum across riparian zones associated
with smaller streams than those of larger streams.

The susceptibility of a riparian zone to wind disturbance i< specific and dependent upon
local topography, stream size, soil conditions, and forest struci. 2d composition (Agee 1988).
Conditions that increase the likelihood of blowdown in a riparian «:ca include 1) little topographic
depresson of the riparian area, 2) poorly drained soils, 3) orientation of the riparian zone across
the direction of prevailing winds, and 4) presence of species (eg., western hemlock) prone to
windthrow.

Agee (1988) modeled the disturbance probabilities of fluvial, wind, and fire disturbance
relative to pogtion in the riparian zone for smal, medium, and large streams in Pacific Northwest
forests. In small streams there is a high probability of fluvial disturbance in the center of the
riparian zone and the probability of tire or wind disturbance at the center of the zone is equal to,
and under some conditions, greater than, that in surrounding forest. Consequently, the combined
probabilities of disturbance are greater in the center of the riparian zone rather than on the edges.
Frequent disturbances result in a mixture of patches of invader species with upslope vegetation.
The probability of water-based disturbance in riparian zones associated with medium-sized
streams is aso greatest at the center and decreases towards the edges of the riparian zone.
However, the probabilities of fire or wind disturbance arc decreased because of higher moisture
conditions and more protected topography, respectively. Therefore, the combined disturbance
probabilities tend to be reduced a the edges of medium-sized streams. The probability of water-
based disturbance relative to position in the riparian zone is similar in large streams to that
discussed above for smaller streams. The probability of wind disturbance is relatively great in
larger riparian zones because valleys can be corridors of wind movement and saturated soils make
trees susceptible to blowdown. Hign moisture conditions reduce the probability of fire. Combined
disturbance probabilities indicate that in larger streams water-based disturbances are the primary
disturbance, Leading to establishment of invader species.

Agee's (1988) model of disturbance probabilities relative to stream size and position in the
riparian zone has implications for assessing impacts of human disturbances in riparian zones and in
the design of riparian buffer zones to protect against these disturbances.

Although riparian habitats are the products of disturbance, they can aso be especidly
susceptible to human disturbance because 1) humans are attracted to and therefore concentrate
many activities in riparian habitats, 2) riparian habitats constitute a relatively smaler amount of
area than upland areas, 3) the long, thin shape of riparian areas creates extensive interface with
upland areas and makes riparian areas vulnerable to upland disturbances, 4) riparian habitats
support a unique flora that is often sensitive to disturbance (Oakley et a. 1985). Human impacts
on riparian habitats are varied and include timber harvesting, livestock grazing, road building,
impoundments, channelization, introduction of toxic compounds, hunting and fishing, and non-
consumptive recreation (e.g., Brinson et a. 1981, Hal 1988). Given the scope of this review, we
will focus primarily the effects of timber harvest, but will aso consder those of road building and
livestock grazing.

The impact of timber harvesting in riparian and adjacent upland habitats varies with the
type of harvest and characteristics of the watershed. Clear-cutting, for example, might have a
greater negative impact on riparian habitats than single tree sdection (eg., Oakley et a. 1985).
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Research concerning the effects of logging in watersheds has suggested varying levels of impact
on riparian zones from little or no impact to substantia impact. Much of the variation reflects the
initid  definition of the riparian zone, the variables measured, and the design of the studies. For
example, a comparative study of logged versus undisturbed gtes in northeastern Oregon {Carlson
et d. 1990) suggests little differences in LOD and pool volume between gtes. In contrast, other
dudies have identified severd maor dSream-habitat changes associated with logging (eg., Harr
1976, Har et d. 1979, Swanson 1980). Water temperatures increase after tree harvesting due to
the reduction of shading. Increased sedimentation often results from logging because 1) logging
activities (i.e, timber feling, yarding) increase input of soil and detritus into Streams, 2) sediments
trapped by LOD prior to logging can be released into the channd if LOD is removed, and 3) a
reduction in ground cover adjacent to Streams increases erosion of soils. Stream flow, especialy
in smaler streams, can significantly increase following timber harvests. Timber harvest in riparian
aeas can alter the composition and structure of both the overstory and understory plant
communities. Finaly, remova of vegetation from smal sStreams can dter the dynamics of the food
chain because, as discussed above, terrediridl vegetation represents the primary source of organic
input in these streams. Maintenance of vegetative buffer zones adjacent to streams and retention
of LOD in dream channels can decrease many of these negative impacts (eg., Franklin et d.

198 1).

Road congtruction is often associated with logging activities and can bave a lasting impact
on riparian habitats (e.g., Thomas et a. 1979). The condruction of roads in riparian habitats
changes vegetation dructure, aters microclimate conditions, can result in debris torrents due to
increased erosion, and reduces the size of the tiparian zone (Oakley et a. 1985).

Livestock grazing in managed forests is more common east of the Cascade Range than on
the coastal Sde. Grazing can remove plant biomass, dter the age structure of plant populations,
reduce tree and shrub reproduction by seedling browsal, and change the species composition of
plant communities (eg., Brinson et a. 1981). Although these effects are not limited to riparian
aess, livestock often concentrate in riparian areas, especidly during hotter, drier times of the
year. Heavy livestock grazing in ripaian zones has additiond negative impacts including soil
compaction, break down of streambanks and aterations of channed morphology, increased
eroson, lowered water tables, and deterioration of water qudity (eg., Thomas e d. 1979,
Oakley et d. 1985, Brinson e d. 1981, Hal 1983).

Timber harvesting, road building, and livestock grazing potentidly reduce the value of
riparian habitat for native wildlife. In the remainder of this background section we discuss the
characteristics of riparian habitats which make them of high wildlife vaue, wildlife use of these
areas, and how buffer zones designed to mitigate the effects of human disturbances in managed
forests might affect wildlife,

WILDLIFE USE OF RIPARIAN HABITAT

The high vaue of riparian habitats to wildlife has long been recognized by naurdists.
Quantitative studies conducted during the past several decades have supported observations and
have identified biologicd and physicd attributes of riparian habitats which enhance ther vaue to
wildiife. Brinson et d. (1981) and Oakley et d. (1985) provide summaries of these biologicd and
physical features,



Fird, the presence of surface water provides a critical habitat component for wildlife and
the abundance of soil moisture creates habitat conditions favorable to many wildlife species.
Second, the increased humidity, higher rates of transpiration, and grester air movement often
found in riparian zones creste microclimate conditions that differ from surrounding uplands and
ae preferred by some wildlife during hot weather. Third, riparian habitats tend to be complex
wildlife habitats because of the interspe :ion of many biologica and physical festures. Plant
communities in riparian habitats are more diverse in their compostion and sructure than in
uplands. Associated with this complexity iS an increase in internal edges a the interface between
stream chand and riparian vegetation and in the trangtion between riparian and upland
vegetation. A developed deciduous component in riparian plant communities creates additiond
habitat complexity because of changes in habitat conditions a different times of the year (Thomas
et a. 1979). Fourth, the linear shape typical of riparian habitats creates maximum edge effect with
adjacent upland forests which is beneficid for some wildlife species. Fiidly, the shape and habitat
conditions of riparian zones make them natural migration routes and travel corridors for many
wildlife species (eg., Thomas et a. 1979, Qakley e a. 1985, Brinson et d. 1981) and therefore
might represent routes of gene flow (West 1988).

Brincon et d. (1981) and Johnson (1977) provide extensve reviews of wildlife resources
in various regions of the US and Thomas e d. (1979), Oakley e d. (1985), and Raedeke (1988)
review wildlife use of Pecific Northwest forests. Most surveys indicate that wildlife species use
riparian habitats disproportionately more than other types of habitat. Although especidly true in
the more arid regions of the US (Johnson and Jones 1977, Brinson et &. 1981), this pattern is
generdly found in the forests of the Pacific Northwest. Thomas et d. (1979) report that 278 of
the 285 terredrid wildlife species in the Blue Mountains arc found exclusively or more commonly
in riparian areas and Oakley et d. (1985) report smilar patterns for 359 of the 414 wildlife species
of western Washington and Oregon forests. In contrast, McGarigal and McComb (1992) report
little difference in species diversty between riparian and upland habitats dong lower order
dreams in the coastd mountains of Oregon. The generd disproportionate use of some riparian
habitats by wildlife species reflects their response to the biologicd and physical features outlined
above. In the following paragraphs we introduce habitat functions that attract wildlife species to
tiparian aress. Each of these habitat functions will be discussed in mom detal in the sections on
specific vertebrate taxa.

Riparian habitats provide the water and food requirements for many wildlife species
(Oakley et d. 1985, Thomas et d. 1979, Brinson et d. 1981). Clearly, those species dependent
upon free water will utilize the surface water present in riparian habitats, especialy during the
hotter, drier times of the year. Surface water is aso required by many species for feeding (eg.,
waterfowl, fish-eating birds, some shrews, Pacific giant salamander). Other species will
preferentidly feed in riparian habitats because the productivity of riparian plant communities
provide abundant seeds (eg., seed-eating birds and mammals) and herbaceous vegetation (eg.,
grouse, deer). The dructurd complexity of riparian plant communities provides many drata for
foraging by different wildlife species. Insect eaters such as bats, shrews, flycaichers, swallows,
and some sdamanders, often forage preferentially in riparian areas because of increased insect
abundance. Predators (e.g., coyotes, hawks, owls) are in turn attracted to the abundance of prey
in riparian habitats.

Ripaian areas provide habitat for many wildlife species for breeding and rearing young.
Amphibians require standing water or grester moisture of riparian soils for reproduction. Aquatic
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mammals such as beaver and muskrat requite water for their dens. Many waterfowl and other
birds nest on floating platforms, in trees or snags adjacent to or in streams, and ponds. Fawning
and calving grounds of ungulaies are often near riparian areas because of the qudity of food and
cover.

The water and dense vegetation which characterize riparian areas provide many wildlife
species with escape, hiding, and resting cover. Aquatic species such as frogs, beaver, and muskrat
utilize water for escape from predators. Waterfowl use sheltered aress at the edges of streams and
ponds for hiding and resting cover. Many terrestrid vertebrate species use hollow logs and trees,
cavities in logs and trees, and dense foliage in riparian areas for hiding and regting cover. The
abundance of shrubs and trees in riparian areas provide perches for many bird species.

The linear shape, extenson from lowland to higher eevations, and habitat festures of
riparian areas make them naturd travel corridors for many wildlife species (Thomas et a. 1979,
Brinson et a. 1981, Stevens et d. 1977). For some species these travel corridors might be used
on an awnud bass. For example, ungulate species utilize riparian areas between high eevation
summer and low eevation winter ranges (Thomas et a. 1979). Ripaian areas can be important to
bird species during migration (Kappole and Warner 1976, Stevens et d. 1977). As Brinson et 4.
(198 1) point out, many birds seek riparian habitats during migration thet are similar to habitats on
nesting grounds. During winter months riparian areas can be used by both residents and migrants
from northern areas. In addition to providing habitat for annua movements, riparian areas often
provide habitat critical for successful dispersal of terrestria vertebrate species (Brinson et 4.
1981). Findly, surface water in riparian areas provide required travel habitat for many aguatic
species (e.g., beaver, muskrat).

Although there are common environmental attributes of riparian ecosystems which
enhance the wildiife value of these aress, other ecological charecteristics vary between riparian
aess and further determine the vadue of these wildlife habitats. These ecologica variables have
been reviewed by Brinson et d. (198 1) and include vegetation type, Sze and shape of riparian
aea, dream type and hydrologic pattern, adjacent land use, and elevation.

The dructurd form of the riparian vegetation has a sgnificant impact on wildlife
abundance and community composition. Many species requite specific structurd  attributes (eg.,
many songbirds, deer, bald eagles, black bear) (Brinson et a. 1981, Landers et d. 1979, Steenhof
1978). The variety of wildlife habitats is typicdly grestest in gructurdly diverse riparian habitats
which can support both specidized as well as more generalist species. In addition to Structura
form, the species compogtion of riparian plant communities can influence wildlife communities in
riparian areas. This is especidly true if there are distinct differences in the food value of riparian
versus upland vegetation, for example, the presence of deciduous trees dong sreams in
coniferous forests or of mast producing trees in bottomland communities. In addition, riparian
plant species might host different invertebrate species further distinguishing the food vaue of
riparian plant communities. The absence of vegetation due to continual erosion and depostion can
provide nesting habitat for some species (eg., belted kingfishers nest on steeply doped
sreambanks, spotted sandpipers nest on sandy shods) and resting habitat for other species (eg.,
migrating birds and turtles rest on sandbars).

The size and shape of the riparian area has a direct bearing on its vaue as wildlife habitat.
Narrow gtrips of vegetation can be sufficient for instream aguatic communities and some
terrestrial wildlife (eg., belted kingfisher; Curtis and Ripley 1975). However, for species requiring
large areas of forest or minima disturbance from humans (e.g., black bear, great blue herons, and

13



many forest dwelling songbirds, Landers et a. 19'79, Brinson et d. 1981). narrow drips are
insufficient. The width of the riparian habitat will alse influence how land use patterns in adjacent
aeas will impact water qudity and the overdl wildife vaue of the area In addition to width of
riparian aress, the overdl Sze is an important aspect of the wildlife vaue of the riparian area and
is relative to the space requircments of different species (e.g., home range size, territory size). The
question of what congtitutes a. adequate Sze for riparian aress is addressed below in the section
on buffer zones.

As discussed above, stream type has a direct influence on the riparian habitat and its
associated wildlife communities. In the smaller headwater Streams, the impact of the upstream
riparian vegetation on the stream is greater than downstream where flow volume increases,
flooding is more widespread, and the impact of riparian vegetation on the dtream is less. Brinson
et a. (1981) suggest that middle order perennid streams and associated riparian aress have the
greatest wildlife use. Periodic flooding impacts the wildlife vaue of riparian habitats in a variety of
ways. In some cases flooding enhances the avallability of food for wildlife by increasing fish
production (eg., Brinson et a. 1981) or by credting new feeding aress. Flooding can aso make
riparian habitat unsuitable for other species. Species abundance of riparian mamma communities
can be related to the timing of recent hydrologic events, impoverisned mamma populations have
been attributed to recent flooding whereas more abundant populations have been observed in
areas not subject to recent flooding (Brinson et a. 1981).

The wildlife vaue of riparian habitats can dso be affected by adjacent land use. If land use
practices in adjacent aress result in increased food supplies, some species can be found at higher
densties in the riparian area if the riparian habitat provides negting or resting habitat (eg.,
Caothers et d. 1974, Glasgow and Noble 1971). This is often most pronounced in agricultural
rather than timber areas (Brinson et a. 1981). The effects of adjacent land use patterns on wildlife
use of riparian areas are inversdly related to the sze of the riparian area

Elevation can have an influence on compostion of ripaian wildlife communities. The
abundance and diversity of bird communities is often greater in lowland rather than higher
elevation riparian areas (Stevens et d. 1977, Burkhard 1978, Knopf 1985). This is in part because
the grester avalability of moisture in nonriparian habitats a higher eevations reduces birds
dependency on the riparian zone. A smilar trend in the abundance and diversity of other wildlife
species with elevation awaits confirmation (Brinson et a. 1981)

In sum, riparian areas provide habitat for many wildlife species, but assessng the relative
vaue of a paticular riparian area for wildlife mugt take into account a variety of ecologica
characterigtics. Therefore, habitat management of riparian areas becomes a criticdl element of
wildlife management. To mitigate the effects of timber harvesting in managed forests many states
have adopted the use of buffer zones aong streams. In Washington dtate, for example, the Forest
Practices Board (1988) prescribed the creation of Riparian Management Zones (RMZs) for
managed forests on dtate and private lands. These RMZs vary in width and number of trees left in
the buffer depending upon water type and region of the state. The primary intent of mandating
buffer zones aong streams has often been the preservation of water quaity and fisheries habitat.
The maintenance of buffer zones can aso benefit terrestrid wildlife species, but the effectiveness
of these buffers must take into account a variety of factors. In the following paragraphs we
examine these factors from a broad perspective and in the sections on specific vertebrate taxa
examine the importance of buffer zones for each group.
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WILDLIFE USE OF RIPARIAN BUFFERS. GENERAL CONSIDERATIONS

In the managed forests of the Pacific Northwest buffer zones can serve two distinct roles.
Higoricaly, when the prevailing successonad stage in PNW was old forest, a function of riparian
zones was to provide refugia for species characteristic of early successona stages. Aside from the
presence of water, the unique features of riparian zones centered on the admixing of early
successiona characteristics within old forests. The presence of such areas was especialy
important for the continued existence of species with limited powers of dispersd. For example,
the smal drips of open ground supporting grasses and herbs were needed by herbivorous small
mammals, which survived a low population densties in such areas, and from which they could
rapidly colonize large aress after forest disturbance. With the maintenance of riparian buffer zones
in managed forests a second function envisoned for riparian zones is in providing eements of old
forest in a predominantly young forest landscape. Forest harvest, which creates riparian buffer
zones in managed forests, however, results in the fragmentation of existing habitat. This leads to
the credtion of a mosaic of forest patches which are scattered over the landscape and which vary
spatidly and temporally. Fragmentation of forest habitats results in a reduction in total area of
forest habitat, an increase in the amount of edge between previous and newly created habitats, and
an increase in isolation of remaning forest patches (Lehmkuhl and Ruggiero 1991). Forest
patches creasted by the retention of riparian buffers are unique in ther linear shape and because of
the specid features inherent to riparian zones. Examination of the effectiveness of riparian buffer
zones in the two above mentioned functions must therefore take into consderation the effects of
forest fragmentation on wildlife. Excellent reviews of this topic are available (eg., Harris 1984)
and our intent is only to briefly summarize pertinent aspects.

The postive relationship between area Sze and species abundance has long been
recognized for idand Stuations (eg., MacArthur and Wilson 1967) and has been applied to forest
landscapes (e.g., Harris 1984). Larger areas support greater species abundance because of greater
habitat diversity and likelihood of colonization from surrounding aress. The maintenance of buffer
zones aong dtreams creates forest fragments of potentidly different sizes. Studies of terredtrid
vertebrates (Rudolf and Dickson 1990, Stauffer and Best 1980, Dohkin and Wilcox 1986)
indicate that wider buffer zones (i.e, larger area) often support greaster species diversity. Although
maintenance of species diversty is a primary god of current conservation drategies, maximizing
species diversity without regard to differences between species is not dways a desrable
management goa (eg., Lehmkuhl and Ruggiero 1991, Van Home 1983, Murphy 1989).
Conddering the potentid dud function of riparian buffer zones in providing habitat for both early
and late successona species, managing for species diversity becomes a complex issue. For
example, in pine plantations of eastern Texas Dickson and Williamson (1988) found that narrow
(< 25 m) dreamsde management zones supported more smal mammas than medium (30-40 m)
or wide (50-90 m) zones but that only the wider zones provided habitat for species associated
with mature forest stands.

As background it might be helpful to redize that a riparian zone will be inhabited by three
sorts of wildlife species. The first group, ripaian obligates, am those species tha require free
water for some aspect of their naturd history and must inhabit the riparian zone. They will reach
maximum abundance within the riparian zone, and decline in abundance with disance from it. The
second, and larger group of species, are those that are characteristic of the old successiond
stages. Numbers of these species will increase as the area of old forest available to them in the
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riparian zone increases, resulting in relatively few of these species in small forest blocks and
generdly a full complement of species in large blocks. These species might not require the
resources of the riparian zone to survive, but will inhabit it and might even have more productive
populations within the zone than in the adjacent uplands. The third group of species consists of
those characteristic of early successional stages. They have an interesting relationship to riparian
zones in that, as previously mentioned, riparian zones amost adways provide some level of
resources to support these species. This is the result of the periodic disturbance regimes
characteristic of riparian zones. They will inhabit riparian zones embedded within old forest in
small but persistent numbers. Should the adjacent forest be harvested, the forest successional
sequence will be initiated, and these species will rapidly colonize these areas. Given this scenario,
they might exert considerable pressure on the resources avalable to species characteristic of old
fores which might be trying to exist within the riparian management zone. How much pressure
they exert will be related to the width of the zone.

As discussed above, riparian habitats are characterized by high levels of inherent (natura
edge) and maximum edge effect. The creation of riparian buffer zones in managed forests results
in equally high levels of induced (disturbance created) edge. “Edge’ can be defined as an ecotone
or transition between two habitat types. In the managed forest, for example, edge could be found
where a forest patch abuts a clear-cut or aong the boundary of a riparian buffer. Wildlife
biologists have long recognized that the abundance and diversity of some species is greater aong
edges because of the presence of species adapted to the two adjacent habitat types as well as
those specifically adapted to edge conditions. This is known as “edge effect” (Leopold 1933).
Wildlife habitat management has traditionally sought to maximize edge effect in managed forests.
This has benefited species such as white-tailed deer, elk, and ruffed grouse. Fragmentation of
habitat and creation of forest patches with increased edge, however, is detrimental to other
wildlife species. A substantial literature examines the impacts of increased edge on wildlife (eg.,
Harris 1989, Yahner 1989, Soulé 1986, Temple and Carey 1988, Laudenslayer 1986, Janzen
1986). Lehmkuhl and Ruggiero (1991), for example, summarize seven detrimental edge effects: 1)
competition between forest interior and edge species might occur which could reduce the viability
of interior species populations, 2) generalist species found in forest patches at time of
fragmentation might benefit from the atered environmental conditions outside the patches (a
“cross boundary subsidy”) and increase in population size or viability to the potential detriment of
interior species (eg., Raedeke and Lehmkuhl 1986); 3) nest predation and nest parasitism can
increase in forest patches with substantial edge (Wilcove 1985, Temple and Carey 1988); 4) the
forest edge might be a “unidirectiona filter” that animals will pass out of but cannot return, for
example some species are more vulnerable to predation outside of forest paiches, 5) elimination of
interior species as a result of forest fragmentation might lead to secondary extinctions because of
dtered community interactions, 6) extrinsic processes such as blowdown or ground fire, can
reduce forest paich size or qudity through “edge creep”; and 7) forest patch edges are subject
microclimatic changes which alter conditions for interior plant and anima species - in the PNW,
for examples, these microclimatic changes are thought to extend up to two tree lengths (160 m)
insde a forest patch (Haris 1984, Franklin and Forman 1987).

The potential negative impacts of forest fragmentation on wildlife, the unique features of
the riparian habitat, and the dual function envisioned for riparian zones in providing wildlife
habitat, require that careful attention be given to the design of buffer zones if they are to be
effective in providing that habitat. Although there is general consensus for the need to provide
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riparian buffers in managed forests, there is much less agreement as to the size and desired
characteristics of these buffers. In part this is because riparian buffers have been designed for a
variety of purposes. At one end of the spectrum, if the function of the riparian buffer gtrip is to
protect water quaity from logging, a narrow buffer (eg., 8 m; Trimble 1959, Washington Forest
Practices 1988) might suffice, but at the other end, wider buffers are recommended if these strips

ae desgned to maintain wild or scenic vaues of river corridors (eg., 400 m; Wild and Scenic
Rivers Act PL. 90-542).
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WILDLIFE USE OF RIPABIAN FOREST HABITATS &«
REVIEW OF EMPIRICAL STUDIES

AMPHIBIANS

During the last ten years there has been a dramatic increase in research to evauate the
extent to which amphibians are associated with various forest and riparian habitats and the impact
of logging practices on these communities. This work has grown out of controversy regarding the
datus of amphibian communities as well as out of studies examining timber harvest impacts on
dream water quality and salmonid communities. Many amphibians rely on streams and associated
pools to provide foraging aress, cover, reproductive Stes, and habitat for aquatic larvae Some
never enter streams or ponds yet depend on moist and cool environmental conditions. In generd,
amphibians tend to be more active a night when humidity is high and temperatures am low. Many
day underground or in rotting logs during summer droughts and cold winters and are physicaly
and morphologicaly adapted to function with a low flow of energy (Pough 1980). Thus, they are
dle to survive long periods when resources are limited.

The ecologicd significance of amphibians is a function of therr use of the environment to
regulate body temperatures (Pough 1980). As ectothermic vertebrates, they require less energy
because they do not work to maintain a congtant body temperature as do hirds and mammals.
Consequently, an amphibian is much more efficient in wransforming food energy to biomass than
an endothermic anima. Amphibian biomass is avallable to other trophic levels and makes them
important components of aguatic and terrestrial ecosystems (Pough 1980). Comparisons of
amphibian biomass to that of other vertebrates demondrate the dgnificance of amphibians within
certain ecosystems. The biomass of terrestrial and aquatic sdlamanders in a New Hampshire
deciduous forest was twice that of the breeding birds and equa to the biomass of smal mammas
(Burton and Likens 1975). In old-growth redwood forests in northern California, Bury (1983)
estimated over 400 sdamanders per hectare. The estimated mean densty of plethodontid
sdamanders associated with downed woody debris ranged from 364 per hectare in 40-75 year old
Douglasfir forest to 744 per hectare in old-growth Douglasfir forest in Western Oregon (Corn
and Bury 1991).

Washington state amphibian communities are notably different on the west and east Sides
of the Cascade Crest (Table 1). The sdamanders, Order Urodela, are moist forest species
primarily found west of the Cascade Crest where rainfdl is higher and temperatures more
moderate. Exceptions include the tiger sdlamander (Ambystoma tigrinum) which is only found
east of the Cascade Crest and the long-toed sdamander (Ambystoma macrodactylum) which is
found on both sides of the crest. Both the tiger and long-toed sdamander are found in a wider
range of habitats than the western Washington species of sadamander.

Frog species, Order Anura, are more widespread across the state. Six species are found on
both the east and west Sides of the Cascade Crest: bullfrog (Rana catesbeiana), green frog (Rana
clamitans), taled frog (Ascaphus truei), spotted frog (Rana pretiosa), Pacific chorus frog
(Pseudacris regilla), and the Western toad (Bufo boreas). The spotted frog is currently listed as a
dtate species of concern due to its disgppearance from most of the verified historica sites west of
the Cascade Crest (McAllister and Leonard 1990, 1991). The Washington Department of Wildlife
has implemented a program to determine the status of the spotted frog in Washington.
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Table 1. Amphibians of Washington state and their affinities for riparian habitats during different life history stages. Habitat codes:
0 = upland, 1 = riparian, 2 = aguatic. Ranking of dependency on aquatic or riparian habitat: O-3 = somewhat dependent,

47 = moderately dependent, §+ = highly dependent. Information compiled from Nussbaum et a. (1983), Licht (1986a, b), Good
(1989), Welsh (1990), McAlliser and Leonard (1991).

Repro- Neoteny  Adult Adult Over- Preferred  Rank Total Important  Forest  Structures
duction Feeding  Escape  wintering Habitat

O der Urodela

Cope's  sdamander 2 2 2 2 2 2 12 8-14°C dreams; rocks and LWD

Northwestern salamander 2 2 0or? 0or?2 0or? 0or 2 40r12* LWD; humid coniferous forest

Pacific giant sdlamander 2 2 0or? 0or?2 0or2 0 or 2 40r12  mountain Sreams, rocks, CWD;
little dltation; humid forests

Tiger  sdlamander 2 2 0or 2 0or 2 0or 2 0or 2 4ori2  ponds burows

Torrent  salamander 2 NA 2 2 2 2 10 8-12°C headwater streams, splash
zones; gravel, moss, CWD

Dunn’s  salamander 1 NA 1 1 ! ] 5 streamside rocks, moist taus, 4-
17°C subgrate temperature

Van Dyke's sdamander ! NA ! l 1 1 5 seepages. streamside taus; taus
dopes

Long-toed  salamander 2 NA 0 0 0 0 2 ponds, lakes

Roughskin  newt 2 NA 0 0 0 0 2 ponds, lakes, dow streams

Ensatina  sdlamander 0 NA 0 0 0 0 0 litter; woody debris

Larch mountain salamander 0 NA 0 0 0 0 0 lava talus slopes ot (_olumbia River
Gorge

Western redback  sdlamander 0 NA 0 0 0 0 0 litter, CWD; well-drained talus
dopes, 5-19°C  substrate
temperature
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Table 1. Continued. Habitat codes: 0 = upland, 1 = tiparian, 2 = aquatic. Ranking of dependency on aquatic or tiparian habitat:
0-3 = somewhat dependent, 4-7 = moderately dependent, 8§+ = highly dependent.

Repro-  Neoteny  Adult Adult Over- Preferred  Rank Tota Important Forest Structures
duction Feeding Escape  wintering Habitat

Order Anura

Bulifrog 2 NA 2 2 2 2 i permanent water except coid, high
mountain  streams

Green frog 2 NA 2 2 2 2 10 permanent quiet water with
abundant  vegetation

Tailed frog 2 NA 2 2 2 2 10 cold, clear fast-flowing streams: no
siltation; rock

Cascade  frog 2 NA 2 2 ? 2 8 damp meadows: open marsh aiong
ponds and lakes

Spotted  frog 2 NA 2 2 ? 2 8 ponds, lakes, marshes; surface
debris; algae-grown pools

wood frog 2 NA 2 2 1 2 8 ponds, quiet streams; damp ground
litter

Leopard frog 2 NA 2 2 2 ! 6 marshes with abundant vegetation

Red-legged  frog 2 NA 1 2 ? 1 5 dill water (permanent or
temperature);, moist, humid area

Grest basin  spadefoot 2 NA 0 0 0 0 2 temperature ¢r permanent ponds;
arid, open areas

Pacific chorus frog 2 NA 0 0 ? 0 2 shdlow, quiet water; emergent
vegetation: open areas

Western  toad 2 NA 0 0 ? 0 2 mammal burows looe il for
burrowing

Woodhouse's toad 2 NA 0 0 0 0 2 permanent water: surface debris;

rodent burrows

* Adults score 4 and neotenic adults score 12.
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The importance of riparian zones to amphibian communities in Washington varies with the
life history characteristics of each species. Nearly 80% of al species in Washington require
aquatic habitat for breeding and development of larvae. Riparian zones are criticd for maintaining
the water quality of these breeding sSites whether they am streams, pools, or ponds.

Habitat associations of adult amphibians are not understood for al species. Trapping in
unmanaged Douglas-fir forests in western Washington in the early 1980's has reveded upland
habitat associations for ensatina (Ensatina eschscholtzii), western redback Saamander,
northwestern sdamander (Ambystoma grucile), roughskin newt (Taricha granulosa), red-legged
frog (Rana aurora), Cascades frog (Rana cascadae), and taled frog (Ascaphus truei) Species
(Aubry and Hal 1991). Aubry and Hall (1991) question whether their data reflect true habitat
associdions or proximity to breeding sites. Most Washington amphibians arc believed to occupy a
very limited range, however there is little documentation to support this. Movement is most
frequently observed on rainy nights but little is known about the movement patterns or distances
traveled. Ovaska (1988) edtimates the average range of the Western redback sdamander
(Plethodon vehiculum) t0 be only three meters. Wilson and Larsen (1988) estimated travel
distances of seepage dwelling Van Dyke's sdamanders to be 5 m.

The following discussion atempts to synthesize and summarize the state of knowledge on
amphibian associations within riparian and upland habitats in Washington date The firgt section
presents details on amphibian species use of riparian habitats based on life history information.
The second section discusses studies examining the effects of timber harvest on amphibians. The
third section brings together information on riparian buffer strips and amphibian responses to
them. As mentioned above, eastern and western Washington forests and amphibian communities
are quite different. Management drategies and sampling techniques must take these differences
into account.

Use Of rinarian habitats

Rdative dependency

Obligate inhabitants of ripurian zones

Amphibians which can be conddered obligate riparian species are: 1) those which are most
frequently found adjacent to or in streams or ponds throughout their adult lives, 2) paedomorphic
adults that have retained larval gills and cannot survive out of water; 3) those which require
aquatic habitat for breeding. These three categories include 80% of al Washington amphibian
species (Table 1).

Washington salamanders which are usualy found in or near Streams are the torrent
sdamander (Rhyucotriton cascadae, R. kezeri, R olympicus) and Dunn's sdamander (Plethodon
dunni). Torrent sdamanders are considered the mogt aguatic of all Washington sadamanders.
Lavee and adults are found in smal streams and seeps and adults are adso found aongsde the
dream. Dunn's sdamander is most commonly found in rocks aongside streams and waterfdls but
is not usualy found in the stream. Washington frogs which are most frequently found around
dreams and ponds are the taled frog and dl of the Ranid species: bullfrog, cascade frog, green
frog (Rana clamitans), leopard frog (Rana pipiens), red-legged frog, spotted frog, and wood frog
(Rana sylwdtica). The taled frog is found in and dong fast moving, mountain streams. The Ranids
ae found a the edge of marshes, streams, and ponds or in the water.
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Paedomotphisn has been observed in four species of sdamanders in Washington: Cope's
sdamander (Dicamptodon copei), Pecific giant sdamander (Dicamptodon tenebrosus),
Northwestern sdlamander (Ambystoma gracile), and tiger sdamander. Paedomorphic individuas
ae completely aguatic adults due to the retention of larva gills. The preservation of sStreams or
ponds and associated riparian zone is essentid to the survival of paedomorphic individuds. The
Cope's sdlamander is rarely found as a terrestrid adult (Jones and Corn 1989) and is therefore
congdered a truly obligate riparian species. The Pecific giant sdamander exhibits facultative
paedomorphisn (Nussbaum 1976). In areas where breeding streams seasondly dry up,
metamorphosis is the rule. Northwestern and tiger sadlamanders are more commonly found as
terrestrid  adults dthough populations of paedomotphic individuds have been observed (Eagleson
1976).

Amphibian species which breed in the water can be consdered obligate riparian zone
inhabitants for without suitable breeding waters, the species will dissppear from an area. The
riparian  breeding obligates are: al Anurans, Cope's sdamander, Pecific giant sdlamander, torrent
sdamander, long-toed sdamander, northwestern sdlamander, tiger sdamander, and roughskin
newt. These species produce larvae which metamorphose in the water, The talled frog, Cope's
sdamander, Pecific giant sdlamander, and torrent sdamander breed only in mountain streams and
ae sengtive to changes in stream temperature, sediment load, and substrate composition.

Riparian vegetation helps maintan the integrity and water qudity of the stream. To
provide appropriate habitat for obligate species, riparian vegetation must 1) effectively shade the
dream in summer and winter; 2) provide a continuous supply of large woody debris to the stream
and organic litter to the forest floor; 3) prevent extensve soil eroson dong the stream bank; 4)
provide refuges for overwintering and escape from hot, dry summer days. The importance of
these dructures to amphibian communities is discussed throughout this review.

Habitat generalists that use riparian zones primarily while breeding

After breeding in aguatic habitat, many amphibian species migrate to adjacent forest
beyond the riparian zone. This upland habitat with its closed canopy offers greater protection
from the environmental extremes of summer and winter. These species are Pacific giant
sdamander, long-toed sdamander, northwestern sadlamander, tiger sdamander, and roughskin
newt. Van Dyke's sdamander (Plethodon vandykei) breeds on land and is commonly found under
and between rocks aongsde streams and in splash zones of seepages and waterfals and
sometimes in forest debris or damp tams far from water. Anuran species which migrate away from
riparian zones after breeding are Pacific chorus frog (Pseudacris regilia), western toad (Bufo
boreas), Woodhouse's toad (Bufo woodhousei), and Great Basin spadefoot toad (Spea
intermontana). The Pacific chorus frog, western toad, and Woodhouse's toad are found in upland
forests as well as open aress. The Great Basin spadefoot toad is found in arid regions where it
survives dry periods by burrowing in sandy soil.

Infrequent inhabitants of riparian zones

Members of the salamander family Plethodontidee are considered forest salamanders
because they do not require aquatic habitat for breeding. Consequently, proximity to water does
not determine their digtribution. They may be found in riparian zones or in upland forests. In
Washington these species are the Larch Mountain sdlamander (Plethodon larselli), western
redback sdamander (Plethodon vehiculum), and the ensatina sdamander (Ensatina eschscholtzii),

23



Speci , ided by riparian habi

Foraging

Foraging strategies vary with life history patterns. Aquatic salamanders, either as juveniles
or as paedomorphic adults feed primarily on aguatic invertebrates, zooplankton, fish and
amphibian eggs, and tadpoles whereas anuran larvae are generaly herbivorous (Nussbaum et al.
1983). Taled frog tadpoles (Ascaphus truei) are filter feeders with mouths that are adapted to
cling to rocks in fast-moving streams. They feed by inching across smooth rocks but avoid moss
and st deposits (Nussbaum et a. 1983). Transformed taled frogs feed on flying or crawling
invertebrates along streams or on the forest floor adjacent to the stream (Bury and Corn 1988a).

Paedomorphic  sadlamanders (e.g., Pacific giant sdamander and Cope's sdamander), have
been observed feeding on nearly every type of smal, aquatic organism (Nussbaum et a. 1983).
Paedomorphic  Pecific giant salamanders replace salmonid fishes as the primary vertebrate
predator in headwater creeks (Murphy and Hal 198 1) feeding on aquatic arthropods as well as
snails, other amphibians, and juvenile smal mammads (Bury 1972, Nussbhaum et d. 1983).
Stomach content analysis of Van Dyke's sdlamanders revealed the presence of aguatic prey
species (Wilson and Larsen 1988).

Terrestridl  sdlamanders and anurans feed primarily on aquatic, terrestrid, and flying
invertebrates (Nussbaum et a. 1983). Periods of genera surface activity have been associated
with wet or rainy conditions and cooler temperatures (Smits 1984). Wilson and Larsen (1988)
found Van Dyke's sdamander activity to be amost entirely nocturnd and positively correlated
with substrate temperature. Licht (1986a) compared the feeding behavior of spotted frogs and
red-legged frogs. Spotted frog adults fed predominantly in water while floating on the surface or
clinging to aguatic vegetation. Only on wet days were they observed feeding on land. Red-legged
frogs relied more on terestrid prey, feeding amost exclusively on land.

Breeding

Seventy-nine percent (19/24) of Washington amphibian species use streams, ponds, and
temporary waters for mating, egg depostion, and larval development (Nussbaum et a. 1983).
Maintaining the integrity of breeding sites is essentid to the continued reproductive success of
these species. Characteristics of suitable breeding sites are species specific and determined by a
combination of life history traits, predation avoidance, and niche selection strategies. For example,
tailed frogs show a strong tendency to return to natal streams during the breeding season (Metter
1964, Daugherty and Sheldon 1982). Red-legged frogs were observed using intermittent waters
(Hayes and Jennings 1986) possibly to reduce the vulnerability of eggs and larvae to predators.

Aquatic egg masses are typicaly surrounded by gelatinous coats and attached to aquatic
vegetation, or placed under logs, between rocks, or in crevices (Nussbaum et a. 1983). None of
the Northwest anurans exhibits egg-guarding or parenta-care behaviors (Nussbaum et a. 1983).
Female Pacific and Cope's giant salamanders guard their eggs in aguatic nests until the eggs hatch
(Nussbaum et d. 1983). Giant sdamanders, torrent sdamanders (Rhyacotriron olympicus), and
tailed frogs deposit eggs in cracks and crevices found in and between submerged rocks and logs
(Nussbaum et al. 1983). These nest sites disappear when silt and sedimentation in streams
increase,

Recent declines in amphibian populations have been attributed to increased risks of
predation from introduced fishes and aquatic habitat ateration (Hayes and Jennings 1986).
Longer larval periods increase the chances of predation or habitat loss. In Washington, the length
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of the larval period varies with species and region. Anuran larvee generdly metamorphose in one
season.  Exceptions include tadpoles hatched late in the season or in cold, high dtitude waters,
eg. bullfrog and tailed frog tadpoles (Brown 1990, Nussbaum et a. 1983, Metter 1967). This
indicates a dependence on permanent water SOUrCeS.

Lungless, terrestrid sdamanders (family Plethodontidae) do not depend on aguatic
breeding Stes, they deposit eggs in moist, cool microgtes. Nests have been found in rotting logs,
rock crevices, taus dopes, soil cavities, and under bark or litter (Nusshaum et a. 1983, Jones
1989). Young emerge as fully-formed juveniles with no larva stage. The humid conditions
associated with riparian areas provide a favorable microclimate for Plethodontids to breed if
suitable nest dructures are available.

Cover

In stream environments, aquatic amphibians frequently occur under cobble, rocks,
boulders, and woody debris (Corn and Bury 1989). Davic and Orr (1987) found a sgnificant
positive association between stream sdlamander populaion densty and the density of pebbles and
cobbles. Streams with high st loads do not provide high quaity habitat (Jones 1986). This may
be due to depressed aquatic insect populations as well as loss of cover and egg ovipostion Stes
when crevices are filled with Slt and sediment. Larva amphibians that develop :in streams,
including giant sdamanders, torrent sdamanders, and talled frog tadpoles, hide under rocks and in
gravel during the day where water temperature ranges from 8 - 15°C (Nussbaum et a. 1983).

The marsh edges, emergent vegetation, and muddy bottoms of pond environments provide
cover for pond-breeding amphibians and thelr larvee. AU Washington frogs of the genus Rana are
frequently found at pond and marsh edges during hot, dry summers (Nussbaum et a. 1983). Some
Species seek escape cover on land and in the water. Licht (1986b) reported that spotted frogs
escape by diving into water whereas red-legged frogs escape more frequently by land. Marsh
edges and tal grass cover were strongly associated with northern leopard frog (R. pipiens)
dengty (Beauregard and LeClair 1988).

Terredtrial anurans occur under vegetation, bark, and logs (Nussbaum et a. 1983).
Terrestrid  sdamanders occur in taus and subterranean cavities, burrows, rotting logs, and under
bark (Nussbaum et a. 1983). In a study of nauraly regenerated Douglasfir forests in western
Oregon and Washington, Bury and Corn (19880) and Bury et d. (1991a) found no significant
difference in amphibian species richness or abundance related to forest age or old-growth forest
moisture gradients. Presumably these forests contain similar structura characteristics (e.g., snags,
downed wood, diversity of tree szes and ages, multi-layered crown canopy) to account for
dmilarities in amphibian abundance. Physiographic variables may be more important than
vegetative fegtures in determining amphibian abundance. Bury et d. (1991a) describe three
variables associated with amphibian abundance: proximity to streams and ponds, presence of
coase woody debris, and occurrence of talus. Coarse woody debris and talus provide important
cover gtes for terrestrid salamanders.

Pethodontid sdlamanders require humid gtes for cover. They are often found in moist
logs, wet, dense litter, or under rocks of taus dopes where cutaneous respiration is possible
(Nussbaum et d. 1983, Stebbins 1985). Ensatina and western redback sdamander abundance was
postively correlated with amounts of coarse woody debris in western Washington forests (Aubry
et d. 1988, Aubry and Hal 1991). Ensatinas were found most often under pieces of bark; western
redback sdamanders were found primaily under logs. The Larch Mountain sdamander is
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restricted to the lava talus slopes of the Columbia River Gorge and retreats to great depths to
escape extreme weather conditions (Herrington and Larsen 1985).

Winter cover sites are not well known but include floodplain soil, decaying wood and logs,
live trees with heart rot or cavities, and snags (Ohmart and Anderson 1986). Northern |eopard
frogs overwinter under rubble, 13-40 cm in diameter, in dSreams with temperatures from ().5-
2.1°C, water depths >85 cm, and mean mid-depth water velocities of 225 cm/s (Cunjak 1986).

Ripaian arcas provide a cool, moist environment necessary for the survival of Pacific
Northwest amphibians. They provide continuous sources of coarse woody debris. Trees and
smaller vegetation hold soils in place, maintaining talus and subterranean burrows used by
amphibians to escape severe weather conditions.

Effects of timber harvest

Two types of approaches are most frequently used to document effects of forest
management on amphibians: 1) sampling is done on a variety of sites differing in successional
stage; data are correlated between species abundance or richness and habitat characteristics
including environmental and successional parameters; 2) sampling is done at similar sites before
and after a specified forest management technique is applied. Both methods have advantages and
disadvantages associated with them.

Sampling numerous sites of different successona stages caries inherent biases. Little
information is available to describe the amphibian fauna prior to the event which initiated
regeneration of the stand. Conclusions may be erroneous if they attribute a difference in the
amphibian community solely to stand characteristics. These studies can suggest possible
relationships but not prove them. Furthermore, site-specific parameters such as amounts of coarse
woody debris present appear to have more influence on amphibian communities than broader
habitat characteristics associated with successona stage (Irwin et a. 1989, Bury et a. 1991d).
This type of approach is logisticaly simpler because modifications of treatment sites do not have
to be considered.

True experiments which compare amphibian communities before and after a treatment are
more difficult to redize. Logisticd complications often arise when coordinating scientific  methods
and timetables with management of private and state lands. They can, however, offer the most
conclusive information on the effects of forest management techniques on loca fauna. Very few
studies of this nature have heen published in this region.

Clear-cutting

In general, amphibians are more numerous in forested stands than in clear-cuts (Raphael
1988). Raphael (1988) and Raphael and Barrett (1984) reported increased abundance of
salamanders with increasing stand age,. They suggest that greater volumes of coarse woody debris
and greater litter depth found in older forests contribute to higher densities of salamanders.
Retention of class 2 logs in northern California clear-cuts increased the likelihood of clouded
salamander (Aneides fer:s) persistence (Raphael 1984 Aubn st al. (1988) found ensatina and
western redback salamar. s most often under pieces of bark a: - logs respectively in western
Washington Douglas-fir si;nds 55 to 730 years old. The retention of coarse woody debris in
managed forests could provide for the habitat needs of plethodontid salamanders.

In a narrow corridor aong the Columbia River gorge, relict populations of the Larch
Mountain salamander are found in talus slopes (Herrington and Larsen 1985). Clear-cutting to the
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taus edge and remova of rock for road building results in severe eroson and dteration of soil
properties. Such activity threatens Larch Mountan salamander populations. Current evidence
suggests that the sadamanders cannot remain for extended periods on exposed dopes (Herrington
and Larsen 1985).

Many species are conspicuoudly absent from clear-cuts. Pecific giant salamanders were not
found in 6-10 year old clear-cuts but were present in 50% of old growth redwood forest stands
sampled in northern Cdifornia (Bury 1983). In the Oregon Coast Range nine amphibian gpecies
were found in old-growth stands. Of these, only two, the northwestern sdamander and the taled
frog, were not found in clear-cut Sites paired with the old-growth stands (Corn and Bury 1991).
Comparisons of abundance in naturdly regenerated young and clear-cut stands in the Oregon
Cascades showed Pacific chorus frogs to be nearly three times more abundant in clear-cuts (Bury
and Corn 1988h). The taled frog, ensatina, and roughskin newt were more than twice as
abundant in young stands than in clear-cuts (Bury and Corn 1988bh).

Riparian vegetation shades the stream or pond, regulating primary production as well as
water temperature (Naiman et a. 1991). Shortly after clear-cutting, primary production increases
followed by a rise in invertebrate populations (Newbold et d. 1980, Murphy et d. 1981, Hawkins
a da. 1982). Pacific giant sdlamanders were more abundant in streams traversing recent clear-cuts
than in densdy forested stands (Murphy and Hal 1981, Murphy et d. 1981, Hawkins et a. 1983).
This may be explained by the higher numbers of invertebrate prey (Bury 1988).

A comparison of mean July temperatures of a second order stream in the Oregon Coast
Range showed an increase in stream temperature from 14" to 22°C following clear-cutting
(Brown and Krygier 1970). Beschta et d. (1987) suggest that an increase in sunlight as well as an
increase in stream temperature lead to reductions in diatoms, a food of taled frog larvae.
Increased stream temperatures are believed to be detrimentd to torrent salamander populations.
These sdamanders are generdly found in streams with temperatures from 8" to 12°C (Nussbaum
e d. 1983).

In managed forests where replanting occurs shortly after clear-cutting, shading levels
dong smal streams can be restored to origind levels quite soon. Five years after clear-cutting
dong a dream in the Oregon Coast Range shading reached 50% of prelogging levels and origind
shading levels were restored in ten years (Andms and Froehlich 1988). After the initid
productivity bloom, when shade is reedtablished, invertebrate and vertebrate populations decline
(Murphy et a. 1981, Hawkins et a. 1982. 1983).

Riparian vegetation inputs large amounts of organic debris in lower order streams,
providing bank gability and a diversity of habitats retaning coarse particulate organic matter, and
controlling water flow (Keler and Swanson 1979, Bilby and Likens 1980, Naiman et a. 1991).
Lower quality food resources and ungtable stream habitats are associated with streams in logged
forests as compared to unlogged forests (Sedell and Swanson 1984) due to a reduced input of
large organic debris (Swanson and Lienkaemper 1978, Bryant 1985). The presence of large
organic debris in small stream channels creates a dair-step profile. A pool forms behind the log
where sediments, leaves, and other debris are trapped and decompostion and nutrient cycling
processes can occur. On the downstream side a smal riffle forms with fast-flowing water until
another log blocks the channel. The heterogeneity of such a stream provides for a diversty of
habitats, debris and sediment retention, and nutrient cycling beneficid to amphibian communities.
Stream-dwelling larvae and adults are adapted to exploit such an environment while foraging,
breeding, and finding cover. Clear-cutting to the stream or pond edge removes the source of

27



organic debris for the period of time it takes riparian vegetation to regenerate. Higher water
temperatures, increased sediment loads, decreased bank dtability, and loss of habitat diversity will
negatively affect the habitat value for amphibians associated with streams and ponds.

Increases in fine streambed Ssedimentation have been documented a or below clear-cuts
(Platts et d. 1989). Corn and Bury (1989) found a significantly grester number of streams in
logged forests to have smal size class substrate (slt, sand, and gravel) than streams in unloggcd
forests. As slt and fine sediment fill interdtitial cracks and crevices between rocks important
breeding sites and habitat for Pecific giant, Cope's, and torrent sdamanders and tailed frogs are
lost. Stream sediment and substrate size influence macroinvertebraic communities which are an
important food source for amphibians. In a study of a woodland stream in North Carolina, Reice
(1980) reported that substratum size was a prime determinant of the structure of stream
macroinvertebrate communities. prey abundance can determine whether amphibians are present or
absent from a ste.

Corn and Bury’'s (1989) survey of amphibian populations in headwatcr streams in logged
and unlogged forests in the Oregon Coast Range reveded higher species richness, density, and
biomass in unlogged forests. Dendity of Pecific giant salamanders was pogtively related to stream
gradient in logged forests. Hall et d. (1978) dso reported a decrease in Pacific giant salamander
biomass in streams dong clear-cuts with gradients less than 6%. Corn and Bury (1989) suggest
that the swift-moving waters in higher gradient streams removes st and sediment, leaving
crevices and cavities between rocks unclogged and available for cover and nest stes. The torrent
sdamander was absent from dl low-gradient logged streams, suggesting that loca extinctions
may result from logging. Several researchers have noted that the torrent sdlamander must
mantan a low body temperatiure and may be eiminated or stressed by increased water
temperatures (Nussbaum et d. 1983, Bury 1988, Corn and Bury 1939).

Corn and Bury (1989) found a postive relaionship between the presence of uncut,
upstream timber and abundance of aguatic taled frogs and Dunn's sdamanders in logged aress.
This result was not datisticaly significant but does suggest that upstream forests may provide a
source for eventual recolonization of disturbed aress. There was no indication, however, that
amphibian populations improved as second-growth forests matured to 40-year-old stands.

The potentid for recolonization of clear-cut areas from adjacent forest is highly species
specific. Frogs and many adult sdlamanders are capable of moving severd hundred meters
(Nussbaum et a. 1983) and could recolonize a previoudy disturbed forest. Sdlamanders of the
family Plethodontidee are believed to have limited home ranges (Ovaska 1988, Wilson and Larsen
1988) with extensve movement limited to nights when the soil is saturated (Wilson and Larsen
1988). Torrent sdamanders are limited to natd streams due to the risk of desiccation they face
when leaving a stream (Nussbaum et a. 1983). Taled frogs occur in digunct populations with
very rare dispersd between them (Metter 1967, Daugherty and Sheldon 1982). Corn and Bury
(1990) report seeing some juvenile and adult talled frogs away from dtreams on rainy nights,
suggesting that there may be limited dispersal of this species.

Sective cutting

Partid cutting and thinning harvest practices are employed more commonly east of the
Cascade Crest. Information concerning the effects of this type of harvest on western Washington
amphibian communities is not available. In centrd and eastern Washington forests, wildlife
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hiologists arc beginning to examine the effects of patid cuts on amphibian communities. The
information to date is only anecdota.

Foret  fraementation

Rosenberg and Raphadl (1986) reported on a study in northwestern Cdifornia of
amphibian responses to fragmentation in Douglasfir forests a the plot, stand, and 1000-ha leve.
Amphibian species richness increased ggnificantly in plots with more edge and in more
fragmented stands. In 10-ha plots species richness decreased with increasing distance from clear-
cuts and was proportional to the amount of clear-cut edge. At the 1000-ha level, species richness
was postively correlated to the amount of edge. Responses of individua species varied. Results
indicate that of the species found, (Pecific giant sdlamander, roughskin newt, ensatina, Del Norte
salamander, western toad, and Pecific chorus frog) the Pacific giant salamander is primaily an
interior forest species., The others were found in forested areas as smal as 10-ha and did not
appear to be negatively impacted by adjacent forest fragmentation. Distance to breeding Stes may
limit the abundance of amphibians in 10-ha plots. The Pecific giant sdamander is the only Species
of the sx found for which streams provide breeding habitat. Loss of or changes to this habitat can
be detrimental. The roughskin newt, western toad, and Pacific chorus frog use ponds and slow-
moving sections of sSreams for breeding habitat. As these are usudly gt laden, logging impacts
are less severe,

Successional stage of stand

In a survey of terrestrid amphibian communities in the southern Washington Cascade
Range, no sgnificant differences among stand age-classes (young, 55-75 years old; mature, 80-
190 years old; old growth, 210-730 years old) of naturdly regenerated Douglas-fir forest were
found when comparing overal species richness (Aubry and Hall 1991). The results sugges,
however, sgnificant relaionships between individud species abundance and stand age. Similar
terrestrid  surveys in the Oregon Cascade and Coast Ranges did not find any amphibian species
sgnificantly associated with old-growth forests (Gilbert and Aliwine 1991b, Corn and Bury
1991). Results describe amphibian population associations with different stage forest on
unmanaged timber lands and may not be applicable to sudies on managed forest lands.

Use of riparian buffer zones

To dae little has been reported on the effects of riparian buffer zones on amphibians.
Buffers have been shown to be effective a protecting stream and pond habitat and structures
which are used by aquatic-breeding amphibians.

Buffer zones which were 30 m from each side of the stream provided substantia
protection from logging practices by providing a continuous source of large organic debris
(Murphy et a. 1986, Murphy and Koski 1989). Thirty meter buffer strips were dso shown to be
effective a protecting stream biota and habitat by maintaining shade (Beschta et d. 1987),
reducing sedimentation (Moring 1982), and maintaining macroinvertebrate communities
(Newbold et ad. 1980). Steinblums et a. (1984) point out that poorly designed buffer strips are
somewhat prone to fallure by blowdown which may render them ineffective,

A recent study in eastern Texas tested the effects of stream buffer strip width on
amphibian abundance (Rudolph and Dickson 1990). A sgnificantly greater number of frogs was
found in streamside zones 30 to 95-m wide than in narrower zones. Study Stes were selected
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from loblally pine (Pinus taeda) plantations 2 to 4 years old. The authors described the wider
riparian zones as having an intact overstory and midstory, sparse shrub and herbaceous vegetation
and abundant leaf litter. The vegetation of narrower strips Was more Smilar to that of the recently
planted pine plantation adjacent to the streamside zone. Rudolph and Dickson attributed grester
amphibian abundance to a closed canopy and abundant leaf litter ground cover. Frog abundance
was ggnificantly lower in the adjacent pine plantation than in riparian zones.

Stream and pond breeding amphibians are most sengitive to increases in water temperature
and sedimentation levels. Timber harvest practices which remove trees dong stream and pond
banks appear to dter habitat and microclimate conditions, leaving these areas unsuitable to
amphibians. Effective buffer strips have been shown to protect aguatic habitat and characteristics
essentid to amphibian surviva. If forest managers are concerned about maintaining Washington
date amphibian communities, effective riparian buffer strips must be provided.

REPTILES

The use of riparian zones and adjacent upland habitats by reptiles has not been extensively
dudied in the Pacific Northwest. It is difficult to detect species occurrence and relative abundance
because many reptiles are only seasondly active, secretive, not evenly didributed, or specidized in
their habitat use (e.g., fossorid, arboreal). Sampling techniques are generdly biased in tha they
can detect the presence of only certain species. Despite these difficulties, reptiles should be
included in monitoring studies for severa reasons. First, they may compose a maor proportion of
vertebrates in certain ecosystems. Reptiles may predominate in some arid regions with numbers of
individuals and species richness greater than resdent birds and mammas (Bury and Raphael
1983). In Cdifornia, riparian systems provide habitat for approximately 40% of the reptiles
(Brode and Bury 1984). Second, they are ecologicaly important in the transfer of energy between
trophic levels (Pough 1980). As ectotherms, a greater percentage of the food they ingest is
converted to biomass than in endothermic animals because very little energy is used for
thermoregulation.

Differences between the reptilian fauna west and east of the Cascade Crest are dramatic
(Table 2). In western Washington, 75% (9 of 12) of al state sneke species and less than 30% (2
of 7) of dl date lizard species are represented. The cooler, moister forests of western Washington
generdly do not provide the dructures which characterize optimum reptile habitat. Pecific
Northwest reptiles are most commonly associated with open areas where woody debris provides
basking stes for thermoregulation, cover from predators, and invertebrate habitat to assure
adequate food resources. Vegetation aong with coarse woody debris offers verticad structure
important to some species of reptiles. Reptiles may be found in riparian systems which provide
this type of structure.

The following discusson presents an overview of the literature describing reptile use of riparian
zones and ther responses to timber harvest. The firgt section, Use of Riparian Habitats, classfies
Washington dtate specics according to their relative dependence on riparian zones and details the
nature of the dependence. The second section examines the impacts of timber harvest practices on
riparian and upland species. The third section summarizes sudies describing the influence of
maintaining riparian management zones during timber harvest.
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Table 2. Reptiles of Washington state and their affinities for riparian habitats during different life history stages. Habitat codes:
0 = upland, 1 = riparian, 2 = aguatic. Ranking of dependency on aguatic or riparian habitat: O-3 = somewhat dependent,
4-7 = moderately dependent, 8+ = highly dependent. Information compiled from Nussbaum et al. (1983) and Bury (1988).

Reypro. Adult Adult Over- Preferred Rank Total Important  Forest  Structures
duction feeding  escape  wintering habitat

Order Tesiudinaia

Painted turtle 2 2 2 2 2 10 ponds, marshes with logs mud
bottoms aguatic  vegetation
Western pond turtle 2 2 2 2 2 10 ponds, marshes, dow streams with

LWD, mud bottoms, aquatic vegetation

Order Squamata

Northern  aligator lizard 0 0 0 0 0 0 dry leaves grass, CWD, tdus, humid,
cool areas

Sagebrush lizard 0 0 0 0 0 0 open, brushy, understories of juniper,
ponderosa, lodgepole pine

Short-homed  lizard 0 0 0 0 0 0 loose soil, sand for burrowing

Sde-blotched  lizard 0 0 0 0 0 0 rocks, boulders, cliffs, sand

Southern  dligator  lizard 0 0 0 0 0 0 CWD, rock piles, thickets, shrubs,
grasses

Western fence lizard 0 0 0 0 0 0 vertical comp: boulders, trees, fence
rows, huildings, logs

Western ~ skink 0 0 0 0 0 0 rotting logs, surface litter, rocks
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Table 2. Continued. Habitat codes: 0 = upland, 1 = riparian, 2 = aquatic. Ranking of dependency on aguatic or riparian habitat:
0-3 = somewhat dependent, 4-7 = moderately dependent, 8+ = highly dependent.

Repro- Adult Adult Over- Preferred Rank Total Important  Forest  Structures
duction feeding  escape  wintering  habitat

Western terrestrial garter snake ! 2 2 ! 2 8 boulders in and dong dreams,
marshes, damp meadows, ponds

‘ha: ntai] snake 1 1 l ! 1 5 moigt, rotting logs, taus, moist
habitats

Common garter snake ! ! ! ? 1 4 wet meadows, humid forests, litter

Cdifornia mountain king snake 0 0 0 0 0 1 rotting logs, rocks

Gopher  snake 0 0 0 0 0 0 talus, south-facing dopes, brush

Night snake 0 0 0 0 0 0 rocky outcrops

Northwestern  garter  snake 0 0 0 0 0 0 thickets, taus, brush

Racer 0 0 0 0 0 0 open areas: meadows, sagebrush flats,
forest edge, fence rows

Ringneck snake 0 0 0 0 0 0 rocks, rotting logs, talus

Rubber boa 0 0 0 0 0 0 rotting stumps, logs, rocks, forest cuts

Striped  whipsnake 0 0 0 0 0 0 rocks, sagebrush,  burrows

Western rattlesnake 0 0 0 0 0 0 south-facing, rocky slopes
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Use of riparian habitats
Relative d |

Obligate inhabitants of riparian zones

The mogt aquatic reptiles in the Pacific Northwest belong to the family Emydidae. They
are the western pond turtle (Clemmys marmorata), a State-listed threatened species, and the
painted turtle (Chrysemyspicta). These turtles are most frequently found in ponds or slow-
moving streams with mud bottoms. The presence of large woody debris provides basking sites for
tbermoregulation. Western pond turtles have been observed in densties of 425 per ha in
Cdifornia ponds and streams (Bury 1979). Trapping efforts by the Washington Department of
Wildlife identified three western pond turtle populations in the Columbia Gorge and no
populations in the Puget Sound area (Washington Department of Wildlife Fact Sheet, Mimer
1986). Western pond turtles am found in western Washington while painted turtles are found
throughout the dtate.

The westem terrestriadl garter snake (Thamnophis elegans) is hugdy aguatic in

Washington. They are found near marshes or other waters both east and west of the Cascade
Crest.

Habitat generalists that use riparian zones

Snakes which use riparian zones as well as upland habitat include the sharptail snake
(Contia renuis) and the common garter snake (Thamnophis sirtalis). The sharptal snake is
generdly found in moigt habitats, under rotting logs or taus in western Washington. The common
garter snake is most commonly found in wet meadows and humid forests, generally under moist

litter throughout Washington. In arid regions, the riparian sysem may provide the mogt suitable
habitat for both of these snakes.

Infrequent inhabitants of riparian zones

Most of the snakes and all of the lizards in Washington are more common in upland than
in riparian areas. The rubber boa (Charina bottae), racer (Coluber constrictor), ringneck snake
(Diadophis punctaturs), Cdifornia mountan kingsneke (Lampropeltis zonata), gopher snake
(Pituophis melanoleucus), and northwestern garter snake (Thamnophis ordinoides) are found in
open forests, along forest edges, meadows, and grassands. The northwestern garter snake is the
only one limited to western Washington. The night snake {Hypsiglena torquata), striped
whipsnake (Masticophis taeniatus), and the western rattlesnake (Crotalus viridis) are found in
aid regions east of the Cascade Crest though the western rattlesnake is sometimes found in
woodland  aress.

Ail of the Washington lizards are mom common in upland or arid regions than in riparian
zones. The northern alligator lizard (Elgaria coerulea) and the western fence lizard (Sceloporus
occidentalis) are the only lizards found in western Washington. The northern dligator lizard may
be found along forest edges, in cut-over aress, or around abandoned buildings. The western fence
lizard is found in both desert and wooded areas but avoids dense, humid forests. The southern
dligaor lizad (Eigaria mudticarinata), short-homed lizard (Phrynosoma douglassi), sagebrush
lizard (Sceloporus graciosus), Sde-blotched lizard ({/ra stansburiana), and western skink
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(Eumeces skiltonianus) are found in a variety of habitats from forest edges to grasslands to desert
regions.

In the arid parts of their range in California, the western skink, northern aligator lizard,
and ringneck snake depend on riparian systems. They extend their range into arid regions aong
riparian corridors (Brode and Bury 1984).

Foraging

The western pond and painted turtles forage in the water and aongside it. Both species
are omnivorous and feed on plants and smal aguatic animas (Nussbaum et a. 1983).

Moist ground litter provides feeding substrate for lizards which forage for insects and
spiders (Ohmart and Anderson 1986). The northern and southern alligator lizards feed on
arthropods and small vertebrates with the exception of amphibians. They arc quite sensitive to the
toxic skin secretions of many amphibians (Brodie et a. 1969). The diet of the western skink
consists of smal arthropods which arc stalked in forests, open woodlands, and desert canyons
(Tanner 1943).

The western terrestrial garter snake which is largely aguatic in western Washington feeds
opportunistically on aguatic and terrestrial prey (Nussbaum et a. 1983). Common garter Snakes
am aso opportunistic feeders. They prey on smal mammals, birds, and occasionaly other reptiles
as well as aguatic vertebrates (Kephart and Arnold 1982). Most snakes, however, are terrestrial,
feeding on terestrial prey. Northwestern garter snakes feed on earthworms, small dlugs and
sdamanders, and sSimilar species associated with moist forest environments. Sharptaill snakes feed
exclusvely on dugs found in moist forest environments (Nussbaum et a. 1983).

Many of the prey species which reptiles feed on can be found within riparian zones.
Although most Washington state reptiles arc infrequently found within riparian areas, these areas
could become important when surrounding forests arc harvested. In eastern Texas, numbers of
skinks (Scincella lateralis) were greater in riparian zones than in adjacent pine plantations two to
four years old (Rudolph and Dickson 1990).

Breeding

Washington reptiles, with a few exceptions, breed primarily in terrestrid environments.
Western pond and painted turtles mate in ponds, marshes, or slow moving streams, and deposit
eggs in nests dug in loose, sandy soils usually adjacent to ponds where mating occurred
(Nussbaum et a. 1983). All reptiles which deposit eggs select oviposition sites in loose, sandy
soil. Sites vary from sandy areas adjacent to water to arid Sites (Nussbaum et a. 1983). In a
comparison of reptile use of different habitats for breeding, Bury (1988) concluded that riparian
habitats were two times more important than upland habitats. His rankings are based on
observations made in the Oregon Coast Range where he found sharptail snakes, mountain
kingsnakes, western terrestrid garter snakes, and western pond turtles are more likely to breed in
riparian than in upland habitat. The importance of these riparian breeding areas may increase when
adjacent forests are harvested.
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Cover

According to Bury (1988), riparian habitats in the Oregon Coast Range are twice as
important as upland areas in providing cover for reptiles and three times more important than
aquatic habitats. Western pond turtles use water for escape cover (Bury 1988). Patidly
submerged rocks and logs provide basking sites for western pond and painted turtles (Nussbaum
et d. 1983). Riparian vegetation provides large woody debris in streams and ponds which turtles
use for cover.

Falen logs and trees have been identified as important components of lizard habitat
because they provide both cover and, when exposed to the sun, basking sites (Ohmart and
Anderson 1986, Jones 1988). For example, the western skink (Eumeces skiltonianus) can often be
found in rotting logs, under surface litter, or in moist soil under large, flat stones (Nussbaum et d.
1983). This species prefers moist cover aress. Western fence lizards are more common where
them is a verticad component to the environment Downed wood, trees, and snags provide this
vertical component. The sagebrush lizard hides in rodent burrows, crevices, and under surface
litter (Nussbaum et a. 1983).

Gravid western terredtrial garter snakes in northeastern Caifornia retreated under rocks of
intermediate thickness presumably because of themtoregulatory potentid (Huey et d. 1989).
Sharptail snakes are most commonly found in moigt, rotting logs, near streams or in other damp
habitats. Periods of high surface activity coincide with the cool, wet portions of the growing
season (Nussbaum et. a. 1983). Coniferous forests provide habitat for some gopher snakes,
dthough they are absent from dense forests (Nussbaum et a. 1983).

The diversity of dructure within a riparian system can provide cover for many Washington
reptiles. Those that are infrequent inhabitants of riparian areas when upland forests are present
could find better foraging, cover, and breeding aress in ripaian buffers after timber harvest, This
idea is supported by Rudolph and Dickson's (1990) findings that the abundance of many lizards
and snakes was greater within riparian zones than in adjacent pine plantations.

Effects of timber harvest

Clear-cuts and stands prior to canopy closure offer more of the structura components
required by many reptiles. Coarse woody debris remaining after logging and increased
temperatures appear to favor reptile abundance. Raphadl (1988) reported that lizards were more
abundant in clear-cuts and early-seral forests than older, mature forests. The northern aligator
lizard is most common aong margins of coniferous forests or under logs in cutover areas
(Nussbaum et a. 1983). During spring or early summer rains, the rubber boa is commonly found
in rotting stumps or logs of clear-cuts in the coast mountains and foothills of western Oregon
(Nussbaum et a. 1983).

Patid _guts
There is no literature on reptile responses to selective harvesting techniques in the Pecific
Northwest. It is concelvable that reducing canopy closure through partial cuts would increase

dructures important to reptiles. More sunlight would enter and some downed wood would be
dropped during the cutting process.
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Forest fragmentation

Little information is available on the response of reptiles to timber harvest. Rosenberg and
Raphael  (1986) found no correlations between reptile diversity and any of the parameters
measured (including stand area, insularity, and proximity to adjacent clear-cuts or pure hardwood
patches) in patches of old-growth forest in northwestern California. Responses were examined a
the plot, stand, and 1000-ha levd. Among 10-ha plots, the distance to clear-cut stands was
positively related to abundance of sagebrush lizards. At the stand level, Southern aligator lizards
(Elgaria multicarinata) were negatively correlated with proximity to adjacent hardwood stands.
Western fence lizards and sagebrush lizards were identified as species most sensitive to Douglas-
fir forest fragmentation.

Raphael and Barrett (1984) and Raphael (1988) found that reptiles tended to be less
abundant in mature forests than in young stands less than 150 years old. Snakes were more
abundant in older forested Douglas-fir stands in northern California than younger stands (Raphael
1988). Abundance of western skinks, sagebrush lizards and western fence lizards declined with
increasing stand age (Raphael and Barrett 1984, Bury and Corn 1988).

Use of ripari  uffer zones

Western pond turtles, aquatic garter snakes, and Western terrestrial garter snakes would
probably decline and become locally extinct if aguatic, bank, and riparian zone habitats were
eliminated. Bury (1988) suggests that northern alligator lizards, rubber boas, sharptail snakes, and
mountain kingsnakes may be more numerous in riparian zones than in upland areas, but these
species probably do not depend on riparian habitat for their survival.

In an eastern Texas study of reptile abundance in riparian buffer zones, Rudolph and
Dickson (1990) reported a significantly greater number of lizards and snakes in buffer zones 30 to
95-m wide than in narrower zones. They aso found significantly more lizards in adjacent pine
plantations when 30 to 95-m buffer strips were present. The data indicate that reptiles will use
both types of habitat but are more abundant after timber harvest when buffer strips of a least 30-
m are present.

BIRDS

Most of the studies pertaining to avian use and composition within riparian habitats of the
West have been performed in the arid regions of Arizona, New Mexico, Texas, and Colorado
(Carothers et d. 1974, Stevens et d, 1977, Johnson et a. 1977, Anderson and Ohmart 1977,
Szaro 1980, Knopf 1985). These ripaian systems include well-defined vegetative zones within a
much drier surrounding area. One must not assume that what occurs in these riparian
environments will coincide with what is found in Pecific Northwest (PNW) riparian areas due to
vaiation in climate and vegetation. In addition, ecologica differences exist between the riparian
zones of eastern and western Washington, and one would expect differences in avian dependency
on and responses to change within riparian zones. Very few studies have been performed in the
Pacific Northwest pertaining to avian responses within riparian ecosystems. Therefore, the
information from studies performed in the southwestern states will be presented to provide the
reader with an overview on the genera importance of riparian areas to avian populations.

36



The ggnificance of riparian zones to avian populations depends on the following: 1)
climate conditions, 2) riparian and adjacent upland vegetation, 3) time of year, 4) individud bird
species characteristics, and 5) stream size, 6) structure, 7) edge to area ratios, and 8) favorable
microclimates. Riparian zones will be of greater importance to al bird species in xeric
environments, where ‘water is a limiting resource. Johnson et a. (1977) found that 77% of
(127/166) species from southern Arizona, southern New Mexico, and west Texas were dependent
on water related habitat and 5 1% (84/166) were completely dependent on aquatic habitat.

Bird densties in the southwest are often greater in riparian areas than adjacent nonriparian
areas (eg., Strong and Bock 1990, Johnson et a. 1977, and Szaro and Jakle 1985). In Arizona,
Stevens et d. (1977) found the total number of migrant birds was up to 10.6 times greater in
riparian habitats than in adjacent uplands. Szaro and Jekle (1985) found that bird density ranged
from 336-446 birds/40 ha in riparian core and edge habitats and decreased with distance from the
riparian zone to a low of between 101-137 birds/40 ha In lowa, Stauffer and Best (1980) found
that the mean dengties of breeding birds on larger (>4 ha) study plots increased from herbaceous
habitats (153 +33 pairg40 ha) to upland woodlands (339 + 31 pairs /40 ha) to floodplain
woodland (506 + 46 pairs40 ha). A sSmilar trend was noted by Tramer (1969). Along a
Sacramento river system, Hehnke and Stone (1978) found 95% fewer birds and 32% fewer
species on agriculturd lands from which adjacent riparian vegetation had been removed than on
agriculturdl land in associaion with riparian habitat.

Severd dudies have found grester bird dengties and avian species diversity or richness in
riparian zones than in adjacent uplands, however this is not dways the case and there is
congderable overlap in species composition between ripaian and upland Stes. In the centrd
Oregon Coast Range, McGarigal and McComb (1992) found species diversity, richness, and total
bird abundance were grester dong upslope transects. They found five species exhibited grester
abundance dong upslope transects than aong streams. brown creeper, chestnut-backed
chickadee, dark-eyed junco, golden-crowned kinglet, and Hammond's flycatcher. Two species
were more abundant aong sreams than dong upsiope transects. winter wren and Swainson's
thrush. However, four of the five bird species associated with upslope areas may have been
responding to the distribution of snags and conifers. Anthony (1984) found avian communities
within riparian zones to be smilar to communities of the forested uplands dong low order streams
within Douglasfir forests of Oregon. In northern Colorado, Knopf (1985) found that avian
species richness was higher in riparian than adjacent upland Stes (15-38 species/riparian vs. 4-19
species/upland). The number of species unique to riparian Stes was generaly lowest a coniferous
sites. Conversdy, a higher eevations (2747m), avian diversty was greater in upland than the
riparian Stes. Szaro (1980) found that athough riparian areas had greater diversties and dengities
of breeding birds, some bird species frequented adjacent nonriparian areas for feeding;, 41%-84%
of riparian breeders were found to use adjacent upland. In Montana, Manuwal (1983) found that
riparian grips included 200 pairs/40 ha more birds than the adjacent upland Douglasir
(Pseudostuga menziesii) forests.

The information that follows presents an overview of the studies performed on birds
within riparian zones and specificaly targets information regarding the requirements and
responses of typicd PNW species. This section is divided into three parts. The first part deds with
avian use of riparian zones and digtinguishes species that are more dependent on riparian habitats
from more generdized species. The second section contains information on the responses of PNW
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bird species to timber harvest and forest successional stage. The third part describes studies that
address the response of bird populations to changes in the riparian buffer strip widths.

Use of riparian habitats

Relative dependency

Obligate inhabitants of riparian zones

Obligate inhabitants are species that depend on riparian zones for breeding, feeding,
nesting, or roosting. These species can, however, be found in other habitats during certain times
of the day or year. Birds of the northwest that are obligate inhabitants of wetlands include great
blue heron (Ardea herodias), American bittern (Botaurus lentiginosus), common snipe
(Gallinago gallinago), belted kingfisher (Ceryle alcyon), spotted sandpiper (Actitis macularia),
willow flycaicher (Empidonax trailii), American dipper (Cinclus mexicanus), veery (Catharus
fuscescens), gray cathird (Dumetella carolinensis), yellow warbler (Dendroica petechia),
common yellowthroat (Geothlypis trichas), yellow-breasted chat (Zcteria virens), fox sparrow
(Passerella iliaca), song sparrow (Melospiza melodia), Lincoln's sparow (Melospiza lincolnii),
and northern oriole (fcterus galbula) (Knopf in press). Among these, willow flycatcher, veery,
gray cathird, yellow warbler, common yelowthroat, fox sparrow, song Sparrow, Lincoln's
sparow and northern oriole are considered as obligate riparian species primarily during the
breeding season. The great blue heron, American bittern, common snipe, and belted kingfisher are
not restricted to streamside riparian areas, but can be found in a variety of wetlands in general.
Within riparian areas, they are most often associated with larger streams. Wood ducks (Aix
sponsa), harlequin ducks (Histrionicus histrionicus), common goldeneyes (Bucephala clangula),
Barrow's goldeneyes (B. islandica), bufflehead (B. albeola), and common (Mergus merganser)
and hooded (Lophodytes cucullatus) mergansers (Irwin et al. 1989, Lowney and Hill 1989) are
dependent on riparian zones and can be found nesting in forests associated with streams and
rivers, as well as, marshes, ponds, and lakes.

Habitat generalists that use riparian zones

Many species of birds occur in both upland and riparian habitats. This group includes the
hairy woodpecker (Picoides viflosus), downy woodpecker (Picoidespubescens), Empidonax
flycatchers, western wood-pewee (Contopus sordiduius), black-capped chickadee (Parus
atricapillus), brown creeper (Certhia americana), white-breasted nuthatch (Sitta carolinesis),
western  bluebird (Sialia mexicana), Bewick's wren (Thryomanes bewickii), hermit thrush
(Catharus guttatus), Swainson's thrush (Catharus ustulatus), <olitary vireo (Vireo solitarius),
warbling vireo (Vireo gilvus), red-eyed vireo (Vireo olivaceus), yellow-rumped warbler
(Dendroica coronata), black-throated gray warbler (Dendroica nigrescens), MacGillivray's
wabler (Oporornis tolmiei), Wilson's wabler (Wilsonia pusilla), black-headed grosbeak
(Pheucticus melanocephalus), and rufoussided te  2e (Pipilo erv “ophthalmus) (Stevens et al.
1977, Stauffer and Best 1980, Meent: =t d. 198: srrison and b iow 1983). In fact, there are
regional variations in response to riparian zones. por example, Swainson's thrush in western
Washington is not redtricted to riparian areas, athough it is most common there. In western
Oregon (McGarigal and McComb 1992) and pats of western Montana (Manuwal 1986), this
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species IS more closely associated with riparian areas. This may smply be a factor of dense shrub
cover being present.

Some generdlist species tend to use riparian zones more than adjacent uplands during the
breeding season. The increased complexity of riparian vegetation, vertical layering and canopy
cover, provides abundant niches for nesting and available food for young. Manuwal (1986) found
that breeding territories of males of the following species redtricted to riparian zones in spring:
winter wren (Troglodytes troglodytes), MacGillivray's warbler, and American redstart (Setophaga
ruticilla). Those that extended outsde the riparian area (which included both riparian vegetation
and upland coniferous vegetation) included: Hammond's flycaicher (Empidonax ha-ndii),
black-capped chickadee, Swainson's thrush, orange-crowned warbler (Vermivora celata), and
yellow-rumped warbler. The winter wren, Swainson's thrush, hermit thrush, varied thrush
(Ixoreus naevius), and rufous-gded towhee require sufficient ground cover (vegetation and
coarse woody debris), typicd of PNW riparian areas, for nesting and breeding.

Chipping (Spizella passerina) and white-crowned sparrows (Zonotricha leucophrys) are
dtracted to riparian areas if the canopy is open enough to accommodate large flocks (Stevens et
a. 1977). The lazuli bunting (Passerina amoena) and American robin (Turdus migratorius) prefer
open riparian habitat to dense, riparian areas (Stevens e a. 1977). Song sparrows and swallows
ae more numerous in grassy openings of riparian zones as opposed to forested riparian aress.

Some hirds tend to avoid riparian aress if the vegetation becomes very dense and are more
likely to be found in uplands. These include the dark-eyed (Oregon) junco (Junco hyemalis),
Townsend's solitaire (Myadestes townsendi), American robin, rufoussded towhee, lazuli bunting
(Passerina amoena); chipping and white-crowned sparrows, purple finch (Carpodacus
purpureus), and pine Sskin (Carduelis pinus) (Stevens e d. 1977). Many of these species are
granivorous. Granivorous species are not dependent on riparian zones for feeding but may use
riparian vegetation for cover (Strong and Bock 1990).

Species requirements provided by._riparian habitats

The most important characteristics of riparian environments for birds seem to be structura
features, such as stes for feeding, breeding, nesting, roosting, and perching. Foods and
characterigtics of breeding habitat used by riparian inhabitants are summarized in Table 3.

Food

During the breeding season, virtudly al songbirds are insectivorous and. obtain food from
the ground, on vegetation, or in the ar. More aquatically oriented birds obtain food in or near the
water. Food sources exploited by birds in riparian environments include aguatic plants, aguetic
invertebrates (insect larvae, mollusks, crustaceans), vertebrates (amphibians, fish), and flying
insects. Disperson of breeding common merganser pairs is dependent on the avalability of
juvenile Pecific salmon (Oncorhynchus spp.) in streams (Wood 1986). Smilarly, the number and
digtribution of raptors within riparian zones depends on the availability of food, including salmon,
waterfowl, and carion (White and Cade 1971, Olendorff 1973, Knight et a. 1982). Raptors
feeding primarily in ripaian habitet include osprey (Pandion haliaetus), bdd egle (Haliaeetus
leucocephalus) (Frenze and Anthony 1989), and northern harrier (Circus cyaneus). Other raptors
may be common in riparian areas Smply because these aress atract large numbers of suitable
prey. Such raptors include: sharp-shinned hawk (Accipiter striates), Cooper's hawk (A. cooperii),
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red-tailed hawk (B. jamaicensis), barn ow! (Tyro alba), western screech-owl (Otus kennicottii),
bared owl (Strix varia), and long-eared owl (Asio orus) (Knight 1983).

In Arizona, Strong and Bock (1990) found that avian densities increased in riparian areas
in summer due to the increase in food abundance there. The lush vegetation of riparian zones
provided greater resources for insectivorous hirds than either surrounding grasslands or oak-
forests. Insectivorous species, such as flycatchers, swallows (Ehrlich et a. 1988), vircos,
warblers, thrushes, and tanagers, benefit from abundant insects found over or near water (Stevens
et a. 1977). These species use dense riparian habitats proportionally more than adjacent upland
habitats due to the higher insect avalability there

Structural features of habitat

Helle (1985b) argued that the narrow habitat breadths of riparian obligates are most likely
the consequence of gpecid habitat requirements rather than interspecific competition. Bull and
Skovlin  (1982) attributed Qreater species richness and diversity within riparian habitats to greater
dructural diversity of the vegetative community and thus the availability of more niches. Strong
and Bock (1990) concluded that sparsely forested riparian zones adjacent to upland grasslands
have higher local breeding densities of birds due to the presence of trees as focal points for
nesting and foraging activities.

Wood ducks, goldeneyes, bufflehead, and mergansers depend on riparian zones or
adjacent forest for cavity nests (Irwin et a. 1989, Lowney and Hill 1989). Nests are typicaly
found in deciduous trees of the riparian zone. Virtudly al bufflehead nests are located within 650
ft (198 m) of water (Erskine 1972). Raptors aso depend on riparian trees for perch stes (White
and Cade 1971, Olendorff 1973, Knight et al. 1982).

Many birds use riparian habitats because of the deciduous vegetation found there. The
high foliage density associated with deciduous trees protects nests from predation. Martin (1988)
found that the number of nests increased with foliage density at nest height due to the
corresponding decrease in predation risk. Stauffer and Best (1980) predicted the following species
would be dependent on the deciduous component of riparian vegetation for breeding and nesting:
hairy woodpecker, downy woodpecker, black-capped chickadee, white-breasted nuthatch, red-
eyed vireo, warbling vireo, yellow warbler, rufoussided towhee, and northern oriole. The willow
flycatcher and veery are aso typical of riparian zones with substantiadl amounts of deciduous
vegetation (Manuwal 1986). Wilson's warbler, Swainson's thrush, and black-headed grosbeak
nests are associated with dense ader stands (Morrison and Meslow 1983). Vemer and Larson
(1989) classified the following as obligate shrub (but not necessarily riparian) nesters. yellow and
MacGillivray's warblers, rufous-sided towhee and fox sparrow.

The density of birds using deciduous vegetation depends on the composition of deciduous
species present. Carothers et d. (1974) found up to 847 pairsl40 ha breeding in riparian
cottonwood (Populus spp.), Whereas only 332 pairs40 ha were bred in mixed broadleaf riparian
habitat. Heterogeneous deciduous vegetation offers the greatest variety of niches for migrants and
.+ been shown to be most heavily used by migrating birds for nesting and breeding (Stevens et al.
1977).

Migrant passerine use of riparian habitats is influenced by habitat preferences, plant
species composition and diversity, accessibility, and quality of adjacent habitat (Stevens et 4.
1977). 1t is likely that summer habitat speciaists select vegetation primarily on the basis of nesting
requirements and the availability of food for young. Wintering birds are more likely to be limited
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by food resources, and their habitat selection probably reflects food availability (Meents €t d.
1981). Anthony (1984) found dendties of hairy woodpeckers, chestnut-backed chickadees (Parus
rufescens), winter wrens, golden-crowned kinglets (Regulus satrapa), and evening grosbesks
(Coccothraustes vespertinus) in riparian areas were higher in winter than in summer.

Effects of timber harvest

The effects of timber harvest on birds arc varied and depend upon species characteristics;
type, intengty, and timing of harvest: pm-harvest vegetation; and successond Stage remaining
after  treatment.

A number of bird species are dtracted to clearcuts for foraging and nesting. Granivorous
birds are probably attracted to cleared areas because of the annua plants and scattered shrubs that
develop (Anderson and Ohmart 1984). Rufous hummingbirds (Selasphorus rufus), willow
flycatchers, Swainson’'s thrushes, rufous-sided towhees, white-crowned and song Sparrows,
orange-crowned, MacGillivray's, and Wilson's warblers are common in clear-cut or young stands
(Buckner et d. 1975, Morrison and Meslow 1983). In addition, dark-eyed (Oregon) juncos,
Bewick's wrens (Thryomanes bewickii), American robins, black-headed grosbesks, and American
goldfinches (Carduelis tristis) are regular inhabitants but uncommon nesters in clear-cuts
(Morrison and Meslow 1983).

Cleared aress attract birds that typicaly occur in open aress, such as loggerhead shrikes
(Lanius ludovicianus) (Anderson and Qhmart 1984), which typicaly nest in shrubs or small
deciduous trees (Ehrlich et d. 1988). Sharp-shinned, Cooper's, and red-tailled hawks commonly
forage over clear-cuts (Morrison and Meslow 1983). Logging may incresse habitat heterogenety
and foster population growth in prey species (Hagar 1960).

The increase in the amount of edge habitat avalable after clear-cutting is beneficid to
many birds. For example, some species occur in greater densties in forest edges adjacent to clear-
cuts than in forest interiors. At the same time, a number of Species are sengitive to edge, including:
Pacific-dope flycatcher, Hammond's flycatcher, and hermit and Townsend's warblers. Some birds
nest in old growth stands and forage in adjacent logged areas (McClelland 1980). Species that are
occasondly sighted in clear-cuts but usuadly nest in surrounding edge habitats include western
wood-pewee, rough-winged swallow (Stelgidopteryx serripennis), common bushtit (Psaltriparus
minimus), winter wren, Townsend's solitaire, warbling and Hutton's (Vireo huttoni) vireos, black-
throated gray warbler, chipping sparrow, Brewer's blackbird (Euphagus cyanocephalus), brown-
headed cowhird (Molothrus ater), and western tanager (Piranga ludoviciana) (Morrison and
Meslow 1983).

Edge trees harbor a richer insect fauna than those in deep forest and thus can support a
greater abundance of insectivorous species (Ranney et a. 1981). In addition, Ranney et a. (1981)
found higher primary productivity in edge belts than in interior forest habitats. Nevertheless, there
are no sudies in the Pacific Northwest that document hird response to edge microhabitats.

Well supervised clear-cutting programs that leave dead snags and some standing live trees
and do not disc or bum dash increase avian abundance and species diversty over the entire area
"being managed (Conner and Adkisson 1975). Ruffed grouse (Bonasa umbellus) ae common in
deciduous, second growth habitat (Aldrich 1963). Olive-sided flycatchers (Contopus borealis),
black-headed grosheaks, and western tanagers benefit from logging, due to increases in numbers

41



of insects and berries (Hagar 1960). In northern California and Virginia, bird abundance declined
after clear-cutting but increased above that of the origina forest by 3-7 yrs following harvest
(Hagar 1960, Conner and Adkisson 1975), however, Meslow and Wight (1975) found decreased
avian diversity in mid-successional stages related to a reduction in both the complexity and
layering of vegetation.

Along the lower Colorado River, Anderson and Ohmart (1984) found that birds
recolonize sites revegetated with native vegetation rapidly, reaching average or above-average
densities and diversities in less than 2 yr. Understorygleaning insectivores, foliage-gleaning
omnivores, and foliage-gleaning insectivores were more abundant in young (42-75 yr) stands than
old-growth (250-500 yr) (Manuwal and Huff 1987). However, Hammond's flycatchers, hermit
warblers (Dendroica occidentalis), and western wood-pewees do not invade recently logged
aeas in Cdifornia (Hagar 1960). Winter wrens are common in the weed/brush stage that follows
logging (Hagar 1960, Peterson and Peterson 1983).

Changes in avian populations occur as a forest progresses from clear-cut to old-growth.
Bird species richness was lowest in clear-cut sites and increased with development of shrub and
tree layers, peaking in mature stands with crown cover ranging from 4555% (Vemer 1980). The
most important features of forests to birds include large dominant trees, mixed tree Species
composition, multi-layered canopy, irregular crown structure, paiches of dense foliage, large
standing dead wood, and abundant woody debris on the forest floor (Manuwa and Huff 1987).
These characteristics are typical of late successional forests. The large leaf surface area associated
with late successional deciduous forests may result in an increase in insect abundance and
consequently in insectivorous birds (Grier and Logan 1977, Manuwa 1983). As the canopy
develops, species that forage and nest in canopies (e.g., finches, kinglets, and jays) appear
(Manuwal and Huff 1987). In addition, increased vegetative cover around the nest in mature
forests and an increase in branches for nest support contribute to nesting success in flycatchers
(Murphy 1983).

As a forest approaches climax, the biomass of birds supported increases (Salt 1953,
Manuwa and Huff 1987). For example, Vaux's swifts (Chaetura vauxi), western flycatchers,
chickadees, brown creepers, winter wrens, and varied thrushes are more abundant in old-growth
than in young or mature stands (Ramsden e d. 1979, Scoullar 1980, Mannan 1982, Anthony
1984, Manuwa and Huff 1987, Manuwa 1991). In terms of breeding guild response, hirds in the
bark-drilling insectivore, bark-gleaning insectivore, aeriadl sallying insectivore, and aerid flying
insectivore guilds are more common in old growth than younger forest age classes (Manuwa and
Huff 1987).

The availability of snags and large-diameter, old grees with loose bark for bird nesting and
arthropod microhabitat probably contributes to the high densities of these species in late
successional stages (Thomas 1979, Vemer 1980, Mannan 1982, Anthony 1984, Zarnowitz and
Manuwal 1985, Lundquist and Manuwal 1990, Maiani and Manuwal 1990). In addition, the large
amounts of standing and forest floor woody debris common in moist stands might contribute to
high densities of wrens and chickadees. Coarse woody debris provides cover for winter wrens and
food for chickadees. Abundant snags, logs, and canopy openings from tree-fal gaps in mature and
old-growth forests might aso make them more conducive to flycatcher foraging (Manuwa 1991).
Increased sun exposure due to gaps in the canopy in old-growth forests causes conifers to
produce more cones and hence attract more seed eaters (e.g., finches), particularly in winter
(Manuwal and Huff 1987).
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In the southern Washington Cascade Range, Manuwa and Huff (1987) found that bird
abundance increased with stand age in winter but not in spring. In winter, 3 times more birds were
in old-growth than in young stands, winter inhabitants included the: gray jay {Perisoreus
canadensis), red-breasted nuthaich (Sitta canadensis), brown creeper, and red crossbill (Loxia
curvirostria). Old-growth (250-500 yrs) apparently offers more resources to the birds in winter
than young (42-75 yrs) or mature (105-165 yrs) stands. This seasona abundance pattern may be
due to differences in forest dructure, tree species composition, foraging and roosting Stes, and
cone Crops.

sdective cutting

Many bird species increase in abundance with thinning or sdlective cutting, however, there
1s a Qgreat ded of regiond and Ste-specific variation in the response of birds. Thinned 85-year-old
managed stands supported more breeding dusky flycetchers (Empidonax oberholseri), ruby-
crowned kinglets, and chipping sparrows than old growth (Mannan and Meslow 1984). In
Arizona, higher breeding dendties of non-cavity nesting, foliage-gleaning insectivores occurred in
thinned then in uncut sands (Brawn and Balda 1988).

Franzreb (1978) studied the importance to birds of foliage for protection from predators,
inclement weather, and shelter Stes. Brown creepers were diminated from a partidly cut stand.
Mountain chickadees (Parus gambeli) were reduced in the patialy cut stand, due to the
reduction of foliage. Juncos increased in abundance in the logged aress, due to additiond
substrates provided by coarse woody debris remaining after logging.

Forest fragmentation

The number of hirds remaining within a forest fragment may be dependent on territory
sze. Bird species most sengtive to habitat fragmentation have large teritories. In general, smaler
birds have smdler territories and can survive in smaler fragments (Helle 1985a). If timber
practices result in smaler fragments, many large territorid species will be lost. Species which
appear sendtive to fragmentation include spotted owl (Strix occidentalis) and pilegted
woodpecker (Dryocopus pileatus) (Rosenberg and Raphadl 1986). Other species likely to be
reduced by forest fragmentation include: 1) long distance migrants that winter primarily in the
New World tropics, 2) obligate inhabitants of forest interior; 3) ground nesters, 4) builders of
exposed nedts, 5) species that lay smal clutches or raise only a single brood per year (Robbins
1980, Anderson and Robbins 1981, Temple and Cary 1988). These studies were conducted in
eastern deciduous forest. Similar studies have not been done in the Pecific Northwest. In
Cdifornia, avian species richness increased sSignificantly in fragmented stands due to increased
edges (Rosenberg and Raphadl 1986). The edge effect was largest in the tree-gleaning Species.
Ground-feeding, forest thrushes showed no pronounced change in numbers in relation to forest
edge (Hansson 1983).

In severdly fragmented habitats, virtudly all the remaining habitat may be so close to edges
that virtualy no habitat interior remains. This would have a negative impact on forest interior
species. In a Maryland forest, 9 species of long distance migrants disappeared from the breeding
populations of a sudy area reduced from 5,260 ha over time to a present level of 40 ha (Anderson
and Robbins 1981).

With fragmentation and reduction of forest unit size, nests of ground-nesters arc exposed
to potential predation (Wilcove 1985). In Sweden, bird abundance decreased in clear-cut arcas

43



except for species of open habitats (Hansson 1983). This might have been due to ambush
predation from forest jays (Cyanocitta spp.) or interspecific competition from forest species
exploiting clear-cuts close to the forest edge (Hansson 1983). By nedting in forest interiors, taxa
such as Empidonax reduce nest mortdity from predation (Murphy 1983).

Forest fragmentation increases the risk of nest parasitism for some hirds. Cowbirds ar:
obligate nest parasites whose distribution depends on host species availability and distributior. vi
habitat. Gates and Griffen (1991) found brown-headed cowbirds were 4 times more abundant at
dreams edge than in interior forest. The role of the brown-headed cowbird in reducing
populations of riparian hirds in the Sacramento Valey, Cdifornia, is discussed by Ganes (1974b).
Cowbird parasitism could lead to a decline in songbirds such as yellow warbler, warbling vireo,
willow flycatcher, red-eyed vireo, song sparrow, and Swanson's thrush (Brittingham and Temple
1983). The increase in brown-headed cowbird numbers due to the expansion of agriculture into
the Colorado River valey has led to increased parasiism and declining numbers of Bell's vireos
(Vireo bellii) (Meents e d. 1981).

The combined effects of forest fragmentation and simplification of forest structure through
even-aged management in northwest forests will probably lead to declines in 1) cavity-nesting
birds (woodpeckers, nuthaiches, chickadees, brown creeper, and smal owls), 2) species closely
associated with complex structure on the forest floor (winter wren, thrushes), and 3) species that
utilize mid-story canopy layers (warblers and chickadees) (Manuwa 1991).

Intensive timber management with shortened rotations eliminates snags (Meslow and
Wight 1975). Species richness, abundance, and diversity are greater in plots with snags than in
plots without snags (Dickson et a. 1983). Severd authors recommend a minimum of 5-6 snags’ha
to maintain nesting populations of most primary and secondary cavity nesters (Morrison and
Meslow 1983). The decline in avallability of snags contributes to a loss of structural heterogeneity
and snags provide important perching and roosting sites as well as cavities for hole-nesting
Species.

Snags are used by many species. Eagles prefer snags as perching and roosting sites;
however, communa bald eagle roosts have been clear-cut aong the north fork of the Nooksack
River in western Washington (Knight 1988). Tal snags near water are idea nesting stes for
osprey, permitting an unrestricted view of the surrounding area (Miller and Miller 1980). In the
eastern U.S, Carolina wrens (Thryothorus ludovicianus), yellow-breasted chats, and brown-
headed cowbirds perch on snags and increase in clear-cuts that retain snags (Dickson et a. 1983).
Western  wood-pewees, Hammond's and olive-sided flycaichers, and Townsend's solitaires select
dead trees or bare branches instead of foliated ones for perching (Miller and Miller 1980). This
may be because branches without foliage provide better visibility for foraging and hawking.
Cowbirds use the snags as perches from which they may locate nests of other birds.

Cavities in snags provide protection from predators, precipitation, wind, and extreme
temperature fluctuations (Miller and Miller 1980). Birds that use cavity nests are vulnerable to
predation, parasites, and disease (Miller and Miller 1980). Densities of hole-nesting bird are
positively correlated with mean diameter a breast (DBH) height of snags (Mannan e d. 1980,
Zarnowitz and Manuwal 1985). Cavity nesters such as purple matins (Progne subis) and other
hole-nesting swallows, downy and hairy woodpeckers, northern flickers (Colaptes auratus), and
chestnut-backed chickadees decline in clear-cuts lacking snags (Dickson et a. 1983, Morrison and
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Meslow 1983). Pileated woodpeckers require large (> 58 cm DBH), tall (> 12 m) snags for
nesting (Meslow and Wight 1975).

Use Ofriaarian buffer strips

The destruction of vegetation stands along river drainage systems could result in
significant losses of avian species. Even where riparian buffer strips are left, pronounced declines
in abundance and diversity might occur. For example, Bedleman (1978) reported a fourfold
decrease in spring species, a threefold decrease in wintering species, a 50-65% decrease in
mourning dove (Zenaida macroura), black-billed magpie (Pica pica), and house wren
(Troglodytes aedon) abundance, and the eimination of dark-eyed juncos and black-capped
chickadees in a riparian buffer dominated by cottonwood and willow (Salix spp.) in eastern
Colorado. Klebenow and Qakleaf (1981) reported that avian species richness and abundance in
the riparian zone of the Truckee River, Nevada declined between 1868 (Ridgeway 1877) and the
present as a result of agriculture, grazing, and flood control efforts.

The width of riparian buffer strips affects their use by birds. Avian species richness
increases with the width of wooded riparian habitats (Stauffer and Best 1980). Manuwal (1986)
found that a 50% increase in the size of a riparian zone was accompanied by a 58% increase in
use. Yelow-hilled cuckoos (Coccyzus americanus) prefer to breed in thick riparian growth
occurring in stands at least 300 m x 100 m (Ganes 19743).

Clearing of riparian areas has left idands of riparian habitat. The size and diversity of the
remaining bird population depends on patch size. For example, in cottonwood (Populus sargentii)
stands along the Verde River, Arizona, breeding bird densities ranged from 425-847 pairs/40 ha
and included 20-26 breeding species (Carothers et d. 1974). while a sSmilar but smaler riparian
patch of 1.6 ha supported only | O breeding species, with a tota density of 198 pairs40 ha
(Stevens et d. 197'7).

The importance of buffer strips to avian communities in the western Washington Cascades
has not yet been investigated. The appropriaie size and vegetative composition of the riparian
zone prescribed to maintain current avian population structures will vary from the east side to the
west side of Washington State due to climate, vegetational differences, silvicultural treatments,
and individua avian species characteristics. Some important considerations for the remaining
buffer strips should include amount of canopy cover and forest floor material, and number of
snags.
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Table 3. Bird species whose feeding, nesting, or breeding habitat requirements can be met within riparian zones in Washington State.
Obligate inhabitants of riparian zones ate shown in bold type; al other species liged are habitat generdists that use riparian zones.
(Where not stated, source of information is Ehrlich et d. 1988). AqIn = aquatic invertebrates, AgVeg = aquatic vegetation, DecShr =
deciduous shrubs, DeTr = deciduous trees, SmVert = smal vertebraies, EmVeg = emergent vegetation, WillTh = willow thickets.

Species Food Breeding  Habitet Nest ste
American Bittern EmVeg

Great Blue Heron Fish, Agln, SmVert

Wood Duck Agln Wooded swamp, flooded forest, pond, marsh DeTr cavity
Harlequin Duck Agln Mountain stream, fast flowing water Shrubs < 60-90
Common Golden-eye Agln, fish, crayfish, Agveg Wooded marshy habitat, pond, lake, river DeTr cavity
Barrow’s Golden-eye Aqln, fish, crayfish, Aqveg Densdy vegetated lake and pond DeTr cavity
Buftlehead Agln, AgQVeg Densdy vegetated lake and pond DeTr cavity
Hooded Merganser Fish, Aqln, SmVet Forested habitat near water DeTr cavity
Common Merganser Fish, Agln, SmVert Lake/river in mountainous and forested area  DeTr cavity
Common Snipe High water consumption

Belted Kingfisher Fish, Agln, Amphibians Near water Bank
Willow Flycatcher swamp, WillTh DecShr 2'-10

American Dipper

Veery
Gray Catbird
Yellow Warbler

Common Yellowthroat

Yellow-breasted Chat

Fox Sparrow
Song Sparrow

Lincoln’s Sparrow
Northern Oriole

Aqln, Fish

Swift mountain stream

Shaded moist woodland

Dense brush bordering swamp

WillTh

Freshwater and sat marsh

Dense brush or scrub stream, swamp margin

Riparian  woodland

Dense vegetation aong watercourse, coadt,
and marsh

Bog, wet meadow, riparian thicket
Riparian woodland, forest edge
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on midstream rock

Shrub
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Teble 3. Continued. Aqln = aquatic invertebrates, AqVeg = aguetic vegetation, DecShr = deciduous shrubs, DeTr = deciduous trees,
SmVert = small vertebrates, EmVeg = emergent vegetation, WiliTh = willow thickets.

Species Food Bresdng Habitet Nest gSte
Red-tinged Blackbird Madhes ad ripaian hebitat Emagat  vegaaion
Ogrey Fish, SmVert River, lake ocoagt Deed o live dedduous o

Bald Eagle

Nothen Harmea

Sapdimaed  Hank

Coopa’'s Hank
Reddoudeed  Hank

Redtaled Hank
Ban Ow

Wegen syexh o
Bared OW
Longeared Owi
Domy  Woodpsdker

Hary Woodpsdke

Fsh, watafoM, smali
mammals

Animds asodaed  with
we meadons (Klebenow
and Oakleaf 198 1)

Birds svdl mamnds
frogs ad lizads

Few repliledamphibians
Rodents sekes  lizads
Rodats amphibians
crayfish, fish

Rodats amphibians
reptiles  inssdts
Arttropods  amphibians
reptiles, fish

Rodets  aayfish,
anphbias

Rodats amphbas
reptiles, fish, insacts

conferous tress near water
Coadt, river, lake Fork of tall tree
We mesdow vepeaion
(Kldbeow ad Oakleaf
1981)

Decid forex woodand, exp. riparian
Ripaian fored, svamp

Riparianfoak woodand, sorub, orchard,
woodlot

Coniferous,  conferous-deciduous  foredt,
wooded svamp, river valey

Conifarous,  coniferous-deciduous  foredt,
. near water

Dedduous and mixed dedid-coniferous
woodand, ripaian woodand, pak and
orchard

Dedduous and coniferous forest, wooded
swvamp, orchard, woodand habitet
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Table 3. Continued. AgIn = agquatic invertebrates, AqVeg = aguatic vegetation, DecShr = deciduous shrubs, DeTr = deciduous trees,

SmVert = gmall vertebrates EmVeg = emergent vegetation, WillTh = willow thickets.

Species Food Breeding  Habitet Nest gte
Western  Wood-pewee Coniferous-deciduous forest, forest edge,
riparian  woodland
Dusky Flycatcher Open coniferous forest, aspen grove, WillTh
Western  Flycatcher Deciduous and conferous forest and
woodlands, esp. near water
Purple  Martin Open country, savanna, rurd arca, esp. near
water
Tree Swalow Open country, woodland edge near water
Violet-green  Swalow Insects
Northern  Rough-winged Insects Open country, savanna, rurd areas, esp. near
Swallow water
Cliff Swellow Insects {Ypen country, savanna, rurd areas, esp. near
water
Ban Swalow Open country, savanna, rurd areas, esp. near
water
Bank Swalow Open country near running water
Black-capped  Chickadee Deciduous or mixed decid-coniferous DeTr cavily

Chestnut-backed ~ Chickadee  Spiders, seeds
Brown Creeper

White-breasted ~ Nuthatch

Bewick's Wren
Winter  Wren Spiders
Western  Bluebird

woodland, riparian woodland, or thicket
habitat

Humid forest regions

Cottonwood/willow communities (Meents et
a. 1981)

Deciduous forest, woodland, and forest edge
habitat

Open woodland and shrubland

Near water in dense coniferous forest

Open, riparian, burned or cutover woodland
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Table 3. Continued. AgIn = aguatic invertebrates, AqVeg = aguatic vegetation, DecShr = deciduous shrubs, DeTr = deciduous trees,
SmVert = smal vertebrates, EmVeg = emergent vegetation, WillTh = willow thickets.

Species

Food

Breating Habitat

Nest ste

Swainson's Thrush

Hermit Thrush

American  Robin
Solitary  Vireo
Wabling  Vireo

Red-eyed Vireo
Orange-crowned ~ Warbler

Yellow-rumped Warbler
Black-throated ~ Gray
Warbler

American  Reddtart
MacGillivray’'s Warbler

Wilson's Warbler

Eathworms, snails

I nsects
Insects

Dense thickes (ex.
tipeian willov and dder
(Alnus spp.)), edge of
coniferous or mixed wood

Woodland, coniferous forest edge esp. where

damp), orchards, and riparian thickets
Coniferous, mixed or deciduous forest and
forest edge

Habita generdidt

Decid-coniferous  woodland

Open deciduous and decid-coniferous
woodland, riparian forest and thicket habitat
Deciduous forest and woodland habitat
Deciduous and decid-coniferous woodland,
chepard, ad rnpaian woodand
Coniferousdedduous  forest
Coniferousdedduous  fores, chgparrd,
srub, and 0K (Quercus p.) ad pinon
montane  woodad

Fores edge

Thickes and brush in wdl-waered location
(ep. willow ad dde bogs and ripaian
woodad  hebitet)
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Table 3. Continued. Aqln = aquatic invertebrates, AqVeg = aguatic vegetation, DecShr = deciduous shrubs, DeTr = deciduous trees,
SmVert = smal vertebrates, EmVeg = emergent vegetation, WillTh = willow thickets.

Species

Food

Breating  Habitat Nest ste

Black-headed  Grosheak

Lazuli Bunting

Rufous-sded Towhee

Chipping  Sparrow
White-crowned  Sparrow
Brewer's Blackbird

Brown-headed  Cowbird
Purple Finch

Pine Siskin

American  Goldfinch
Evening  Groshesk

Arid brushy canyons,
riparian thickets, chaparrd,
open  woodland

Spiders, crustaceans, snails
Spiders, snalls
Seeds of deciduous trees

Insects, seeds, beries

Riparian woodland and thickets, edge of
pond, and open woodland habitat

Forest edge, chaparrd, thickets, woodland
habitat

Forest edge

Coastd scrub, wet meadow

Shrubby, brushy area esp. near water,
riparian  woodland

Forest edge

Forest edge

occ. DeTr and EmVey

Open deciduous and riparian woodland
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SMALL MAMMALS

In this review the term “smal mammas’ denotes non-carnivorous, non-volant mammals
up to the size of the beaver. It includes insectivores, rodents, and lagomorphs.

Smal mammals are important in the food chain as part of the prey base for carnivorous
mammals and raptors (Soutiere 1979). In addition, many small mammals consume fungi and
disperse their spores (Maser et d. 1978, Mclntyre 1984, Rhoades 1986, Maser and Maser 1987);
this is crucid for trees that depend upon symbiotic mycorrhizae (Harris 1984). A few members of
this group, such as the muskrat, nutria, and beaver are valued as furbearers.

Much of the information on the life histories and habitat requirements of smal mammals
has grown out of studies concerned with economic damage caused by rodents. Although ponds
created by beaver dams are beneficid to a variety of species, including fish, amphibians, reptiles,
waterfowl, shorebirds, small mammals, and furbearers, beaver do damage by causing loca
flooding, burrowing into banks, and cutting trees for use in condruction or as food (Miller 1983a,
Medin and Clary 1991). Mountain beaver, muskrat, pocket gophers, nutria, and voles damage
fidds, orchards, forests, and levees by burrowing, girdiing trees, and feeding on vegetation (Neal
and Borrecco 1981, Case 1983, Evans 1983, Miller 1983b, O'Brien 1983, Teipner et d. 1933).
Shrews, deer mice, (chipmunks, and tree squirrels can hinder reforestation efforts by consuming
seeds (Jackson 1983, Timm and Howard 1983, West 1992). Studies of the relationship of these
seed predators to logging practices have provided a great ded of information on thelr habitat
preferences and population dynamics in managed forests (Tevis 1956a,b, Gashwiler 1965, 1967,
Ahlgren 1966, Harris 1968, Sullivan 1979b, West 1992).

Because smadl mammals are often abundant and have smal home ranges and high
reproductive rates, this group has been used in many ecological studies. This fact, coupled with
the economic importance of smal mammals, has resulted in the accumulation of a large amount of
data on smal mamma communities. Thus, when we assess the use of riparian zones by smdl
mammals, we have avalable data on parameters such as surviva, dispersa, competition,
abundance, diversity, and hiomass that are sedom available for other groups.

Use of riparian habitats
Relativdependency

Obligate inhabitants of riparian zones

Severd smdl mammas of the Pecific Northwest are obligate inhabitants of streamside
zones. The water shrew, Sorex palustris (Baley 1936, Conaway 1952, Anthony et d. 1987), is
semi-aquatic, and the marsh shrew, S. bendirii (Pattie 1973, Hooven and Black 1976, Anthony et
d. 1987), is generdly captured adjacent to running water. McComb et a. (1993) reported that
captures of marsh shrews dropped sharply 50-100 m from a stream. The exotic nutria (Myocastor
coypus) (Maser et d. 1981), as well as the muskrat (Ondatra zibethica) (Willner et d. 1980),
beaver (Castor canadensis) (Hill 1982), and water vole, Microtus richardsoni (Baley 1936,
Hooven and Black 1976, Ludwig 1984, Doyle 1985, Anthony et d. 1987) are adso redricted to
Stes near water.



Habitat generalists that use riparian zones

Many smal mammals typical of northwestern forests occur in both upland and riparian
habitats but are more abundant at riparian sites in some areas or seasons. This is the case for the
following insectivores and rodents: masked shrew, S§. cinereus (Larrison 1976}, Trowbridge's
shrew, S. trowbridgii (Anthony et d. 1987, Doyle 1990, McComb ¢ ...1993), montane shrew, S.
monticolus (Doyle 1990), pygmy shrew, Microsorex hoyi (Long 19 Stinson and Gilbert 1985).
coast mole, Scapanus orarius (Hartman and Yates 19835), and shrew-mole, Neurotrichus gibbsii
(Dalquest 1948, Terry 1981, Cross 1985, Anthony et al. 1987, Doyle 1990, McComb et al.
1993), southern red-backed vole, Clethrionomys gapperi (Hoffman 1960, Cross 1985 McComb
et al. 1993). northern flying squirrel, Glaucomys sabrinus (Cross 1985, Anthony et a. 1987,
Doyle 1990). and Douglas squirrel, Tamiasciurus douglasii (Anthony et a. 1987).

The deer mouse, Peromyscus maniculatus, is a species that makes use of forested riparian
sites but for which a preference has not been demonstrated. The deer mouse occupies a wide
variety of habitats, including forested uplands and riparian sites. Although not more abundant in
riparian than in upland areas, the deer mouse is often the most commonly trapped member of
small mammal communities on riparian sites (Anthony et al. 1987, Cross 1988, Doyle 1990,
McComb et a. 1993). The association of the forest deer mouse, Peromyscus oreas, with riparian
zones is unknown.

The long-tailed vole, Microtus longicaudus, occupies a variety of moist habitats in the
Pacific northwest, including forests shrubs, and marshes (Maser et a. 1981, Smollen and Keller
1987). On the other hand, severa microtine rodents and other small mammals, including the
creeping vole, M. oregoni (Goetz 11964, Carraway and Verts 1985 Cross 1985, Anthony et dl.
1987, Doyle 1990), Townsend's vole, M. townsendii (Balley 1936, Goertz 1964, Maser et 4.
1981), and the meadow vole, M. pennsyivanicus (Getz 1970, Snyder and Best 1988) inhabit
moist open areas adjacent to streams or springs within forest. Similarly, the vagrant shrew, S.
vagrans, occurs in patches dominated by grasses or sedges (Hoffman 1960, Hooven e d 1975,
Terry 1981, Whitaker et a. 1983, Morrison and Anthony 1989), and the mountain beaver,
Aplodontia rufa, utilizes treeless openings and sapling stands (Neal and Borrecco 1981). The
Pacific jumping mouse, Zapus trinotatus, is also associated with riparian sites having an open
canopy {Hooven and Black 1976, Maser et d. 1981, Cross 1985, Anthony et d. 1987, Doyle
1990). particularly areas of high grass cover and low shrub cover near streams (Morrison and
Anthony 1989, McComb et a. 1993). In eastern Washington moist meadows are thought to
provide optimum habitat for the western jumping mouse, Zapus princeps, and western harvest
mouse, Reithrodontomys megalotis (Stinson and Gilbert  1985).

Infrequent inhabitants of riparian zones

Many northwestern sciurids use upland forest and are rarely, if ever, encountered in
riparian Situations. This group includes the golden-mantled ground squirrel, Spermophilus
lateralis (Medin 1986), yellow-pine: chipmunk, Tamias amoenus (Hoffman 1960, Rickard 1960,
Simons 1985, Medin 1986, Medin and Booth 1989), least chipmunk, T. minimus (Ahlgren 1966,
Martell and Radvanyi 1977, Verme and Ozoga 1981, Scott e a. 1982, Martell 1984), red-tailed
chipmunk, T. ruficaudus (Ramirez and Hornocker 1981, Scrivner and Smith 1981), and red
squirrel, Tamiasciurus hudsonicus (Verme and Ozoga 1981, Sullivan and Moses 1986).
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ition of saall Lo s

Riparian habitats typicdly harbor al or most species of smal mammals captured in
adjacent uplands as well as some species confined to riparian areas (Cross 1985, Anthony et .
1987, Doyle 1990, McComb et a. 1993). Consequently, species richness is greater for riparian
communities. Evenness or equitability is likely to be low on upland sites dominaied by one or a
few abundant species, such as Trowbridge's shrew and the southern red-backed vole (McComb et
d. 1993), but may aso be low at riparian Sites because of the presence of a few rare species
(Doyle 1990).

requi 1ts provided by ri
Riparian zones differ from uplands in hydrology, soils, and plant communities. These
specid features provide water, food, and cover and affect the microclimate avalable to small

mammals. Inhabitants of riparian stes may respond to any of these characteristics or to a
combination of severd.

Water

Beaver, muskrat, and nutria condruct dens in the banks of streams or ponds. In addition,
many small mammals are adapted for locomotion in or on surface water. Water shrews, beaver,
muskrat, and nutria. are semi-aquatic; al are excelent swvimmers and divers (Baley 1936,
Conaway 1952, Jenkins and Buscher 1979, Willner et d. 1980, Maser et d. 1981, Hill 1982,
Perry 1982, Ludwig 1984, Beneki and Stinson 1987). Jumping mice, shrew-moles, Townsend's
voles, and mountain beaver, though less closdy tied to water, are dso good swimmers (Bailey
1936, Maser et d. 1981, Feldhamer and Rochelle 1982). Water shrews and the water vole require
moving water (Beneski and Stinson 1987), while muskrat use water that is lentic or dightly lotic
(Perry 1982).

Some smal. mammals depend on plant or anima food found only in or near water.
Riparian insectivores, such as the water srew and marsh shrew, forage on aguatic animas. Water
voles, nutria, muskrat, and beaver feed partly on aguatic or semi-aquatic vegetation.

Soils

Because many smal. mammals spend much of their life underground or on the soil surface,
soil characterigtics have a profound impact on smal mamma digtributions. As discussed in the
background section, riparian zones are characterized by higher soil moisture, higher levels of
organic matter, and larger areas of exposed soil relaive to uplands. All of these features affect the
abundance of smal mammals.

Some smal mammals of the riparian zone require wet soils. High soil moisture or a
mixture of wet and dry soils appears to be important for vagrant shrews (Terry 1981), pygmy
shrews (Long 1974), coast moles (Hartman and Yates 1985), southern red-backed voles (Miller
and Getz 1972, 1973), and Townsend's voles (Bailey 1936). The vagrant shrew iS common in
aeas with a high water table; its distribution is also Srongly postively correlated with the depth
of organic rnatter in the soil (Terry 1981).

On the other hand, burrowing mammals are likely to be excluded from areas where sail is
usualy saturated. For instance, Trowbridge's shrew is rare at dtes with a high water table (Terry
1981).
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The high percent of exposed soil in riparian zones results from episodes of flooding and
deposition. Doyle (1987) reported a correlation between the occurrence of water voles and

percentage of exposed soil.

Microclimate

In some cases terrestrid inhabitants of riparian Stes require high moisture because of
poorly developed physiologicd mechanisms of water conservaion. For ingtance, the southern red-
backed vole must drink twice the amount of water predicted for a smal mammad of its weght;
hence, its high moisture requirement ties it to mesic environments where succulent herbaceous
vegetation is avalable (Miller and Getz 1977, Meritt 1981). Smilaly, mountan beaver have an
inefficient kidney and therefore require succulent vegetation and humid burrows (Feldhamer and
Rochdlle 1982).

Plant species composition

Many smadl mammas feed on the didtinctive plants and associated fauna of riparian zones,
taking advantage of the high primary productivity of riparian communities. Food resources
avalable to smdl mammas in the ripaian zone include aguatic vegetation, aguatic invertebrates
and vertebrates, streamside vegetation, and terredtria  invertebrates.

Insectivorous habitat generdists, such as masked, Trowbridge's, montane and pygmy
shrews, and coast and shrew-moles, probably benefit from the abundance of streamside insects as
well as invertebrates in the moist soils characteristic of riparian zones. Similarly, the dense
vegetation adjacent to surface water provides food for many herbivorous generdists. Grasses and
forbs available in moist meadows arc fed upon by voles, beaver, and muskrat. McComb € 4d.
(1993) suggested that the association of the Pacific jumping mouse with streamside habitats may
reflect the avalability of grasses and fruits.

Tree squirreds and chipmunks arc primarily granivorous and mycophagous. These guilds,
while not dependent upon the riparian zone for feeding, may nevertheless feed in the dense shrub
thickets and tree stands characteristic of riparian forests.

Riparian zones typicaly contain vegetation adapted to the high disturbance regime
produced by frequent episodes of flooding, scouring, and depostion. In many cases small
mammals are closdy tied to these patches of early successonal vegetation. For instance, grassy
aeas are especidly important for the vagrant shrew, mountain beaver, jumping mice, and severd
voles. The soil benesth thickets of red dder (Alnus rubra), an inveder of flooded sites (Agee
1988). typicdly has a thicker layer of organic matter than uplands stands dominated by Douglas-

fir (Pseudotsuga menziesii); as noted above, this is a crucid dement of habitat quality for vagrant
shrews.

Vegetation density and quality

As noted above, taxa with bigh moisture requirements benefit from the succulent
vegetation avalable in riparian zones. In addition, the high productivity of riparian Stes results in
dense cover, an important aspect of habitat quality for smal mammals active on the forest floor
(eg., insectivores [Baley 1936, Conaway 1952, Tery 1981, Beneki and Stinson 19871, southern
red-backed voles [Miller and Getz 1972, 1973, Bondrup-Nielsen 1987], and cregping voles
[Maser et al. 19811). Vulnerability to predators has been shown to increase for meadow voles
(Getz 1970) and southern red-backed voles (Wywiaowski 1987) following a decrease in cover.
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Structural diversity of vegetation

Riparian zones typicaly exhibit greater dructurd diversity in vegetation than upland Stes.
This is likely to benefit smal mammas, however, some dructural features of vegetation that are
important to smal mammas may be less available in riparian zones than in uplands. McComb et
a. (1993) reported that streamside transects had shallower litter; lower basal area of stumps,
snags, and live conifers; and fewer stumps than upland Stes. Litter appears to be an important
component of habitat quaity for Trowbridge's shrews, marsh shrews, shrew-moles, red-backed
voles, cregping voles, and meadow voles (Goertz 1964, Getz 1970, Hooven and Black 1976,
Terry 1981, Martell 19834). Snags are important for Douglas squirrels, northern flying squirrels,
and Townsend's chipmunks (Tamias townsendii) (Doyle 1990, Gilbert and Allwine 1991a).

Plant diversity

Ripaian zones ae typified by high species diversty of plants relaive to uplands. Doyle
( 1990) reported that the abundance of deer mice and Pecific jumping mice in riparian and upland
habitats of the Oregon Cascades was strongly correlated with plant species richness. Southern
red-backed vole abundance is associated with shrub diversity (Bondrup-Nielsen 1987).

Fdge

Riparian zones are typified by extensve edges with an admixing of stream and riparian or
riparian and upland characteristics. This may be sgnificant for smal mammals because they are
relaively poor dispersers and must meet dl their habitat requirements within a smal area

Effects of timber harvest

The effects of timber harvest on smal mamma communities depend on a variety of factors
including origina plant community; type, size, and timing of harvest; and on gSte trestment of
dash and snags (West 1992). Nevertheless, it is possble to make some generdizations about the
effects of logging on smal mammas in coniferous forests of the Pacific northwest and to predict
some effects of riparian buffer strips in logged aress.

A number of species arc likely to benefit from clear-cutting or forest management
practices, such as burning and herbicide application, that set back succession. These include the
vagrant shrew; mountan beaver (Feldhamer and Rochelle 1982); Cdifornia ground squirrel,
Spermophilus beecheyi (Tevis 1956b, Gashwiler 1970); least chipmunk (Scott et a. 1982,
Ahlgren 1966, Martell and Radvanyi 1977, Verme and Ozoga 1981, Martell 1984); Townsend's
chipmunk (Tevis 1956b, Gashwiler 1970, Hooven and Black 1976, Gunther et a. 1983, Corn et
d. 1988); and yelow-pine chipmunk (Rickard 1960, Medin and Booth 1989); red squirrd (Verme
and Ozoga 1891); northern pocket gopher, Thomomys tulpoides (Scrivner and Smith 1981);
beaver (Jenkins and Buscher 1979); deer mouse (Tevis 1956b, Gashwiler 1959, 1970, Borrecco et
d. 1979, Sms and Buckner 1973, Hooven and Black 1976, Martell and Radvanyi 1977, Campbell
and Clark 1980, Ramirez and Hornocker 1981, Van Home 1981, Gunther et a. 1983, Martell
1983a,b, Cross 1985, Corn et al. 1988), heather vole (Phenacomys intermedius) (Martell and
Radvanyi 1977); meadow (Martell and Radvanyi 1977), Townsend's (Gunther et a. 1983), long-
tailed (Harris 1968, Havorson 1982), and creeping voles (Goertz 1964, Gashwiler 1970, 1972,
Hooven and Black 1976, Cross 1985, Corn e d. 1988); Pecific jumping mouse (Gashwiler 1970,
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Hooven and Black 1976, Borrecco et al. 1979, Gunther et al. 1983); bushy-tailed woodrat,
Neotoma cinerea; pika, Ochotona princeps, and snowshoe hare, Lepus americanus (Gashwiler
1970).

For some smal mammals that benefit from timber harvest, abundance does not increase
until severd years after logging, especidly if clear-cutting is followed t surning. For instance,
Townsend’s chipmunks were captured on clear-cuts 3-10 and 8-10 yr a -+ cutting, presumably
taking advantage food and cover provided by herbs and shrubs that proliferate severa years after
harvest (Tevis 1956b, Gashwiler 1970).

Inhabitants of mature and old-growth forests

Similarly, some smal mammals associated with old-growth forest aso use cutover areas if
sufficient ground cover is available. Southern red-backed voles usualy decline following logging
(Tevis 1956b, Gashwiler 1967.1970.. Krefting and Ahlgren 1974, Campbell and Clark 1980,
Ramirez and Hornocker 1981, Corn et al. 1988). fire (Gashwiler 1959, Martell 1984), or
herbicide application (D'Anieri e a. 1987). Under some circumstances, however, abundance of
southern red-backed voles on clear-cuts equals or exceeds that in mature or old-growth forests
(Ahlgren 1966, Lovejoy 1975, Kirkland 1977, Martell and Radvanyi 1977, Soutiere 1979, Scott
e a. 1982, Gunther et a. 1983, Mortthey and Soutiere 1985). Use of logged areas by southern
red-backed voles is likely related to the development of thick ground cover (Gunther et al. 1983).
Martell (1983a) suggested that red-backed voles use unscarified clear-cuts because of the
persistence of a layer of mostly dead mosses and shrubs. High quality habitat for this genus is
characterized by extensive debris and high shrub diversity (Miller and Getz 1972, 1973, Bondrup-
Nielsen 1987). Lovejoy (1975) reported that 80% of red-backed vole captures on recently logged
aeas were in or adjacent to dash piles. Wywidowski (1987) demonstrated a preference for high
densities of vertical and horizontal cover in red-backed voles.

Forest-dwelling shrews, especidly Trowbridge's shrew, are aso generdly not favored by
management practices that lead to early seral stages in coniferous forest (Tevis 1956b, Hooven
and Black 1976, Kirkland 1977, Martell 1984, Cross 1985, Corn et al. 1988) but may become
abundant several years after cutting (Harris 1968, Simons 1985). This pattern contrasts with the
vagrant shrew, which inhabits sites in early successional stages. A litter layer may not develop
until several years after cutting; consequently, the moss and shrub layer on unscarified clear-cuts
may be criticad for shrews (Martell 1983a). In addition to providing litter, after several years clear-
cuts provide woody debris and thick herbs and shrubs for cover, as well as dense populations of
insects associated with slash (Lovejoy 1975). an important resource for shrews and moles
(Gunther et al. 1983).

Northern flying squirrels (Tevis 1956b, Gashwiler 1970, Hooven and Black 1976, Gunther
et al. 1983, Verme and Ozoga 1981, Cross 1985) and Douglas' squirrels {Tevis 1956b, Gashwiler
1970, Hooven and Black 1976) are unlikely to use clear-cuts, athough both inhabit young stands
of conifers (Anthony et a. 1987).

Although timber harvest and natural disturbances causing forest regeneration profoundly
dfect the compostion of smal mamma communities, once canopy closure is reached within
unmanaged forests of Washington and Oregon few smal mammals appear to be strongly
influenced by stand age. Most differences in species composition in naturaly regenerating forests
are attributable to zoogeographic barriers rather to consistent differences between forest age
classes. This may be because critica values for habitat parameters are exceeded in naturally
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regenerated forests soon after the canopy closes (Corn et a. 1988, Aubry et a. 1991, Corn and
Bury 1991, Gilbert and Allwine 1991a, West 1991).

(e of rinarian buffer strips

To be useful management tools for smal mammals, riparian buffers need to be large
enough and retain sufficient habitat value to alow taxa that depend on riparian habitat as well as
those that are characteristic of late successional stages to persist until tree canopy is reestablished
on adjacent uplands.

Cross (1985) trapped Trowbridge's shrews, Pacific shrews, Sorex vagrans pacificus, deer
mice, bushy-tailed woodrats, creeping voles, jumping mice (Zapus sp.), and one shrew-mole in
riparian leave dtrips 9-67 m wide. Northern flying squirrels were not trapped in leave-strips, it was
not known whether this was due to inadequate sampling or to lack of minimum area McComb et
d. (1993) found that capture rates of Pacific shrews, marsh shrews, and jumping mice decreased
curvilinearly with stream  distance. Rector (1990) found no difference between the smal mammal
communities of riparian and adjacent areas in old-growth Douglas fir forests.

There is some evidence that riparian habitats act as sources of individuas dispersing into
uplands. Doyle (1990) found that among deer mice, Pacific jumping mice, northern flying
squirrels, and Townsend's chipmunks, upland areas were characterized by mom juveniles, smaller
adults (except Pacific jumping mice), and reduced reproductive activity in comparison to riparian
stes. She concluded that upland areas functioned as dispersa sinks for juveniles dispersing from
riparian habitats. Recently logged or burned areas may be dispersd sinks for deer mice (Sullivan
1979a, Martell 1983b, 1984) or provide suitable sites for reproduction depending upon the
dructure of the habitat. Similarly, young stands of lodgepole pine appear to be dispersa sinks for
red squirrels from mature forest (Sullivan and Moses 1986). It is not known whether riparian
‘buffer strips can provide sufficient habitat to maintain sources to populate logged uplands.

Buffer gtrips are likely to be especidly critical for species with low vagility. Taxa adapted
to early successiona stages or other disturbed habitats are good colonizers, either moving to such
aeas or surviving in situ a low density and increasing populations when conditions become
favorable after disturbance. For instance, Caifornia ground squirrels do not occur in virgin
forests, yet they rapidly locate new clear-cuts surrounded by forested areas and connected only by
roads (Tevis 1956b, Gashwiler 1970). Meadow voles, another species of open areas, aso have
excellent colonization abilities (Reich 1981, Lomolino 1984). Large-bodied aquatic rodents tend
to be good dispersers; muskrat and nutria are capable of dispersing dozens of kilometers (Willner
e a. 1980, Maser e a. 1981, Perry 1982). Beaver are able to locate and colonize temporary
patches of early successiona deciduous trees (Slough and Sadlier 1977, Hill 1982). Beaver
movements up to 328 stream kilometers have been recorded (Hibbard 1958).

On the other hand, for inhabitants of mature forest with limited vagility, maintenance of
source populations in streamside refugia is likely to be important to long-term persistence at a
dte. This is likey to be the case for southern red-backed voles, which must periodicaly reinvade
cleared sites (West. et a. 1980).

It is not known whether competition between small mammal species within RMZ's has the
potentidl to exclude some taxa. Interspecific microhabitat segregation has been demonstrated for
some forest small mammals (Dueser and Shugart 1978, Terry 1981, Doyle 1985, Millar et al.
1985); however, results obtained by Morris (1983) and Morrison and Anthony (1989) do not
support the hypothesis of competitive interference for space. Other workers have inferred
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competitive interactions from reciprocal patterns of abundance for species pairs. For instance,
Gunther e a. (1983) and Halvorson (1982) noted that numbers of deer mice and southern red-
backed voles were inversdly related. Direct evidence for competitive interactions among forest
smal mammas was provided by remova experiments conducted by Doyle (1985). Captures of al
species of Insectivora present on the study area (Trowbridge's shrews, montane shrews, marsh
shrews, and coast moles) increased sSignificantly following remova of deer mice. Peacific jumping
mice and northern flying squirrels also increased after removal.

To summarize, because most or adl smal mammals of upland forests in the Pecific
Northwest are capable of inhabiting riparian zones, the species richness of riparian buffers is not
likely to be enhanced after timber harvest; probably no new species will invade riparian areas from
uplands. On the other hand, some species with large home range requirements, such as the
northern flying squirrel, might be lost. Taxa that are poor dispersers may depend on riparian
buffers as refugia because they are unable to invade uplands from more distant sites. Poor
dispersers are likely to be inhabitants of mature or old-growth stands rather than early
successional  stages. Species normaly present in low densities in riparian habitats and affected by
competition with more abundant deer mice or other taxa may not be able to maintain sufficient
populations to persist in riparian management zones.

Insectivores are likely to be especidly vulnerable. Several are dependent on riparian
habitat; they are often present at low densities (e.g., water shrews, [Beneski and Stinson 1987]),
are poor colonizers (eg., short-tailed shrew, Blarina brevicauda [Lomolino 1984]), and are
adversely affected by competition from deer mice (Doyle 1985). If species that are poor
colonizers disappear from riparian buffers, they will be unlikely to recolonize from more distant
sources, and local extinctions may result

BATS

Fourteen species of bats are found in Washington, 11 of which use forested land as either
primary or secondary habitat (Dalquest 1948). Because of ther nocturnal habits, they are difficult
to study and until recently, information concerning specific habitat associations has been difficult
to obtain. Recent advances in the miniaturization of radiotransmitters and the development of
ultrasonic detectors promise to yield vauable information about habitat use patterns, roost site
selection, and response to habitat ateration of bats. Much of the available information on habitat
preferences comes from studies performed in areas other than the Pacific Northwest and, where
appropriate, this information has been incorporated in this review (Christy and West in press).

Evidence suggests that Pacific Northwest bats are generaly opportunistic in both foraging
and roosting behavior and are not restricted to any given habitat, athough Lasionycteris
noctivagans and Lasiurus cinereus appear to be highly associated with forested areas in the
Pacific Northwest (Barclay 1985, Perkins and Cross 1988). Most species forage in many different
habitats, from city streets to forested areas, and prey on a wide variety of insects. Virtudly any
structure which provides protection and the proper conditions of temperature and humidity may
be used as a roost and thirteen of the fourteen species in Washington have been found roosting in
manmade dructures (see Cross 1976, Maser et a. 1981, Pekins 1983, van Zyll de Jong 1985).
However, in spite of the lack of information about habitat associations, riparian areas within
forests appear to be of primary importance, providing more suitable feeding and roosting Sites
than the adjacent upland for many species (see Cross 1988).
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Use of riparian habi

Relative Dependency

‘Obligate inhabitants of riparian zones

There are no Pacific Northwest bat species which are known to be restricted to riparian
aress.

Habitat generalists that use riparian zones

As previoudy discussed, bats are generdists in most respects, feeding; and roosting in
many different habitats. Riparian areas, however, are an important habitat element for bats,
primarily as foraging and drinking habitat. Some species are apparently more reliant on water for
foraging than others: Myotis yumanensis often forages primarily over water (Herd and Fenton
1983, Barbour and Davis 1969) while M. ciliolabrum, M. thysanodes, L. cinereus and P,
townsendii commonly feed aong roads or open areas within forest stands rather than over water
(Black 1974, Whitaker et d. 1977, Kunz and Martin 1982, Barclay 1985, van Zyll de Jong 1985).
In naturd settings, riparian areas are used by al species to some degree for feeding, drinking or
roosting and al Pacific Northwest species have been caught or observed while drinking and/or
foraging over streams or ponds.

Infrequent inhabitants of riparian zones

Although Pecific Northwest bat species are not redtricted to riparian habitats, al species
frequently use lakes, streams and ponds as foraging and drinking habitat.

Species requirements provided by riparian habitats

Food

All bats of the Pecific Northwest are insectivorous. They feed primarily on flying insects
dthough some species dso glean, taking non-flying insects from foliage or tbe ground. Although
pmy selection appears to be largely opportunistic, aquatic insects are frequently a major
component of the diet (Whitaker 1972, Belwood and Fenton 1976, Whitaker et d. 1977, Fenton
and Bell 1979, Herd and Fenton 1983, ) and many bats, paticulally Myoris species, have been
found to feed primarily over water rather than in foredts, fields, or clearings. Feeding rates of eight
Myotis species, measured with ultrasonic detectors, in the Washington Cascade and Oregon Coast
Ranges were 10 times higher over water than in forest stands (Thomas and West 1991). Two of
these species, Myotis lucifugus and Myotis yumanensis, Uudly roost near water and frequently
fly directly to lakes or rivers for part of foraging (Barbour and Davis 1969). These two species are
dso apparently redtricted to foraging over water in some areas (Davis and Hitchcock 1965, Herd
and Fenton 1983), dthough they feed in forests and urban aress (i.e, Streets and parks) in other
parts of their range (Barbour and Davis 1969). In Canada, Myotis lucifugus preferred lakes to
open fidds for foraging (Fenton 1970); activity rates over lakes were 75 times gregter than rates
over forest (Lunde and Harestad, 1986). In the Okanagon Valey of British Columbia, Fenton et
d. (1980) found that Myotis lucifugus foraged over fast and dow flowing water whereas Myoris
yumanensis and Myotis californicus fed over dow moving water (Fenton et . 1980). Both
species dso foraged dong stream banks and in upland aress. However, a subsequent study in the
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same aea revealed a different Stuation: Myotis yumanensis foraged amost exclusively over
water, prefening moving water to gill water, while Myotis lucifugus foraged in a variety of
habitats, both forested and riverine (Herd and Fenton 1983).

In more arid areas of the United States, bat activity is aso frequently concentrated in
riparian areas. Activity levels of La:s:urus cinereus, Lasionycteris noctivagans, Eptesicus fuscus,
Myotis thysanodes, Plecotus townsendii, Myotis californicus, Pipistrellus hesperus, Tadarida

brasiliensis were significantly higher in riparian forests of Arizona than in desert or scrub (Bell
1980).

Water

Riparian areas provide critical drinking habitat for bats, particularly the larger species.
They drink on the wing, flying close to the water with their mouths open and skimming the
surface with the lower jaw. Small, agile species may be able to drink from a pool only a few
centimeters in diameter but larger, less maneuverable species requite large areas of open water for
drinking (Cross 1986).

Roosts

There is little direct evidence regarding the importance of riparian zones as habitat for
roosting bats. However, foliage roosting bats, such as Lasiurus cinereus, roost preferentialy in
deciduous tree foliage, commonly a the edge of clearings, in the eastern United States and may
prefer the same type of roost on the west coast, where deciduous trees are more abundant in
riparian zones than interior forest (McClure 1942, Congtantine 1958, 1966, Barbour and Davis
1969, Shump and Shump 1982, Barclay 1985).

Riparian areas may aso be important roosting habitat for cavity- and crevice- roosting
species, such as the Myotis species, Eptesicus fuscus and Lasionycteris noctivagans. Evidence
suggests that proximity to open water for foraging and drinking may be an important
consideration in roost site selection. In Australia, Tidemann and Flavel(1987) reported that all
roost sites of several small, insectivorous bat species (Eptesicus vulturnus, Chalinolobus morio,
Nyctophilus gouldi, Nyctophilus geoffroyi) were within 700 m of permanent or semi-permanent
water. In a radiotelemetry study in lllinois, roosts of Mvyoris sodalis were aso generaly located
cloe to waer (mean = 141 m from intermittent streams, and (mean = 1097 m from perennia
sreams) (Gardner et a. 1991). Although riparian habitats were important to this species, selection
of maternity roosts was not limited to riparian habitats. Reproductive femaes traveled up to 2.5
km from their roosts to foraging areas near perennia streams.

Although maternity roosts may be located far from foraging sites, distance between
foraging habitat and roosting sites may be an important factor in determining juvenile growth and
survival for some species. In the southeastern United States, juvenile growth rates of Myotis
grisescens were found to be inversely proportiona to distance traveled between maternity roosts
and foraging habitat (rivers and lakes). Summer colonies of this species prefer caves within 1 km
of a maor river or lake and are rarely found in caves located >4 km from such places (caves
ranged from O-66 km from water) (Tuttle 1976). Although Myotis grisescens appears to be more
dependent on water for foraging habitat than most species in the Pacific Northwest, it is likely that
the distance between roosts and foraging sites (which are often associated with water) may aso
affect juvenile growth and surviva in Pacific Northwest species.
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Forest management,

Very few studies have teen performed regarding the response of bats to forest
management practices worldwide and none of this research has taken place in the Pacific
Northwest. However, forest age associations have been studied and most species of bats in Pacific
Northwest forests have shown a preference for old stands over younger stands. In studies of eight
species of Mpyotis, Eptesicusfuscus, and Lasionycteris noctivagans in western Washington and
Oregon, bat activity was 2-10 times greater in old growth forests than in younger stands (Thomas
and West 1991). Activity periods were highest in early evening with a 15-30 mm pesk in activity
and few feeding buzzes, suggesting that old growth is used for roosting rather than feeding.
Thomas and West (1991) found no significant difference between bat activity levels in young and
rnature forests, indicating that bats discern only two age classes, old growth and younger.

An dffinity for old-growth Douglasfir forests has also been shown by Lasiurus cinereus
and Lasionycteris noctivagans throughout Oregon. Lasiurus cinereus prefers Douglas fir/western
hemlock forest >2(X) years old, and 94% of captures of Lasionycteris noctivagans occurred in
conifer stands >101 years old. Both species used Douglasfir stands more frequently than stands
of Ponderosa pine (Pinus ponderosa) or true fir (Abies grandis and Abies concolor) (Perkins and
Cross 1988). Although no roost sites were found in this study, other studies have found that
Lasionycteris noctivagans roosts in cracks and crevices in large, old trees which ae more likely
to be found in old-growth forests than in younger seral Stages (Barclay et a. '1988). It has dso
been suggested that when L. cinereus roost in conifers they choose the largest, oldest trees, which
provide more roost sites than smaller, younger trees (Vemer and Boss 1980, Perkins and Cross
1988).

Structural features associated with old-growth forests, such as snags and large trees with
thick, exfoliating bark, provide potential roost sites for bats. In forested habitat, colonia species
use large cavities and exfoliating bark as maternity roosts while solitary species use bark crevices
or foliage clumps for roosting (Barbour and Davis 1969). Higher capture frequencies in areas with
snags than in areas without snags have been reported for Eptesicus fiscus and Lasionycteris
noctivagans (Cross 1976), suggesting that these structures may be used for roosting.

Clear-cuts

Although data are limited, the effects of timber harvest on bats apparently depend upon
the intensity of harvest, clear-cut versus selective cut. Activity is apparently reduced after clear-
cutting, probably as a result of loss of potential roost sites. In northwestern coastal forests, Myotis
lucifugus activity, measured by ultrasonic detection, was 10 times greater in 50-year-old stands
than in 2-year-old clear-cuts (Lunde and Harestad 1986). A radiotelemetry study in Austrdia
reveled similar habitat use patterns: radio-tagged chocolate wettled bats (Chalinolobus morio « a
cavity roosting, colonial species smilar to the Myotis bats of North America) flev 5 km from
logged forest to roost in exceptionaly large trees in unlogged forest (Lunney et a. 1985).
Through examination of roost sSite characteristics it was aso determined that in a managed forest,
only unlogged gullies provided trees of the size and species required by another Australian
species, Nyctophilus gouldi, for roosting (Lunney et a. 1988).
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Partial cuts

The impact of selective cutting on bats will depend, in part, upon the size of trees that
remain after harvest. The remova of large, old trees may tender forests unusable to bats as
roosting habitat but if some large trces remain after harvest, they may continue to provide suitable
roosts. Myotis sodalis continued to roost and forage in upland and floodplain forests in Illinois in
spite of selective cutting, athough the number of bats roosting in the area was substantialy
reduced. Eight roosts were located within the harvest area before cutting and individuals returned
to two of these roosts after harvest (Gardner et a. 1991).

CARNIVORES

Use of riparian habitats

Relativ nden

Many species of carnivores are associated with riparian habitats and none of the species in
the PNW appears to actively avoid riparian habitats. The relative use of riparian habitats does vary
between  species.

Obligate inhabitants of ricarian zones

River otters (Lutra canadensis) and mink (Mustela vison) are the carnivore species most
closely associated with the open water in riparian areas. Both food and shelter influence otter's
use of riparian areas and they are known to prefer stream-associated habitats to lakes, reservoirs,
and ponds. Lakes, reservoirs and ponds are used primarily in winter while mud flats and
associated open marshes, swamps, and backwater sloughs are used in summer months (Melquist
and Homocker 1983). Otters can also be found in estuaries, and they frequently visit nearshore
islands off the Washington coast (Kenyon and Scheffer 1961, Aubry and West 1987). Mink
inhabit al types of wetlands such as river banks, streams, lakes, ditches, swamps, marshes, and
backwater areas (Chapman and Feldhamer 1982). In Michigan, 50% of al mink tracks were found
in areas closely associated with water (Marshall 1936). In the Yukon, the highest density of mink
occurred in swampy habitats surrounding large bodies of water which supported large numbers of
fish (Bums 1964). In Louisiana, the: highest density of mink occurred in coasta marshes,
cypress-tupelo swamps and backwater hardwood areas (Arthur 1931). Erlinge (1972) found
minks to be common aong streams surrounded by marshes where fish and smal mammas were
abundant. Males occasionaly travel far from water to feed but this is probably due to a temporary
shortage of food in the aquatic part of the home range (Gerell 1970).

Habitat generalists that use riparian zongs

Raccoons (Procyon lotor) are aso aguatically oriented, although less so than otters and
minks. They are srong swimmers and spend most of their life near streams, lakes, or marshes
dthough they may move far from water while hunting (Ingles 1965, Kaufmann 1982). Raccoons
are found where water is available in their range, but are scarce in dry, upland areas (Kaufmann
1982). Radio-tracked raccoons in Ohio spent long periods of time in areas with shalow water and
87% of ther home range was dtuated in marshland (Urban 1970). In the Appaachian region,
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raccoons used forested regions along streams and hillsides more than expected by availahbility. In
land aong the Potomac river, both mae and femae raccoons used wetlands more than expected
(Ingles 1965).

The association of red foxes (Vulpes vulpes) with riparian areas is primarily due to the
abundance of food sources in wetland habitats. Voles and rabbits congtitute a large part of the diet
dthough red foxes are opportunistic and will feed on many other items such as fruits, earthworms,
insects, and other rodents (Lloyd 1980, von Schantz 1980). Red foxes and coyotes will not
coexist in a given area and coyotes seem to drive foxes out of preferred habitat, such as riparian
zones. Maor and Sherburne (1987) reported that coyotes selected wetland bogs in eastern Maine
during al seasons with the strongest selection observed in spring and fall. This may limit available
habitat for red foxes (Harison et a. 1989) as fox home ranges do not overlap coyote home
ranges (Mgor and Sherburne 1987). Red foxes are associated with lake shores or riparian zones
when outside of coyote territory (Harison et a. 1989). Areas adjacent to streams and lake shores
are used intensively by the red fox and may act as natural boundaries between coyote and fox
territories (Harrison et a. 1989). However, foxes were found to be negatively associated with bog
habitat in Maine (Major and Sherbume 1987).

Black (Ursus americanus) and grizzly (Ursus arctos) bear use of riparian areas varies
seasondlly. Black bear generdly remain in close proximity to water, feeding and resting in areas
less than 100 m from water during spring, summer, and fall (Unsworth et d. 1989). Grizzlies will
use riparian areas for foraging when a run of samon is active and in the summer and fall when
plants are fruiting but they are not dependent on these zones for feeding (Craighead et a. 1982,
[eFranc e a. 1987). Both black and grizzly bear are found to be seasonaly more abundant in
riparian than in upland areas during samon runs and fruiting periods (Raedeke et a. 1988,
LeFranc et al. 1987).

There arc conflicting reports about the affinity of bobcats (Felis rufus) for water.

Chapman and Feldhamer (1982) found that bobcats avoid water whenever possible whereas
Koakum (1964) observed that they swam readily in captivity. Bobcats are attracted to riparian
zones because their preferred prey and carrion are generally more abundant in riparian habitats
than in the adjacent upland (Sweeney 1978, Raedeke et a. 1988). For example, Koehler and
Hornocker (1989) found, through radio tracking and scat analysis, that bobcat numbers increased
aound mesic environments during the summer due to the increased number of voles in these areas
as opposed to the adjacent xeric environments. Voles made up 40% of the bobcat diet. During
winter, however, the uplands were used more extensively.

Throughout its range, the marten (Martes americana) is associated with riparian habitats.
In the northern Sierra Nevada, marten strongly prefer riparian lodgepole associations over upland
forest for feeding (Spencer et a. 1983). They occupied riparian areas far more than expected
based on availability in the home range. Marten are attracted to riparian areas in the Tahoe area as
wdl (Smon 1980, Zielinski 1981). Marten in Ontario utilized riparian habitats more than upland
areas (Francis and Stephenson 1972).

The digtribution of ermine (Mustela erminea) is related to the distribution of small rodents
and lagomorphs. Ermine avoid dense forests but are abundant in early successional or edge
habitats, scrub, apine meadows, marshes, riparian woodlands, and riverbanks which support large
populations of small mammals (Erlinge 1977a, 1977b, 1981, Fitzgerald 1977, Simms 1979). In a
mark-recapture study in the Cascade Range of Oregon ermine were captured more frequently in
riparian areas than upland areas (Doyle 1990).



Long-tailed weasels (Mustela frenata) appear to favor areas in the vicinity of free standing
water (Hal 1951, Gamble 1980). They ae more generdized than emine in feeding habits
(Hamilton 1933, Polderboer et al. 1941, Quick 1951, Wobeser 1966}, and this may allow the
long-tailed weasel to exploit a wider range of habitat types than the ermine.

Species requirements provided by siparian habitats
Food

The association of many carnivore species with riparian habitats appears to be largely due
to the abundance of anima prey, both aquatic and terrestria. Most carnivores are omnivorous
during certain times of the year, feeding on berries and other fruits in addition to animals. These
plant foods are also more abundant in riparian areas than in adjacent uplands. The availability of
food during the breeding season will have a direct effect on the reproductive success of any
animal. Because food supplies for many carnivores are more abundant in tiparian areas, breeding
success will be higher for animals with access to riparian aress.

Riparian areas are very important to foraging otters because aquatic animals are ther
favored prey (Melquist and Hornocker 1983). They prefer more motile species (i.e, fish) over less
motile species (i.e, crustaceans and amphibians) (Toweill 1974) and they prefer larger fishes
(1517 cm) over smdler ones (<15 cm) (Erlinge 1968). Otters hunt near undercut banks and logs
or other debris in small streams and among log jams in deep, sow-moving pools (Melquist and
Hornocker 1983). Mink generdly feed on animas associated with aguatic habitats, such as
muskrats, frogs, ducks and other birds, mice, insects, and fish (Gerell 1970, Errington 1943 1954,
Sealander 1943, Wilson 1954, Korschgen 1958, Waller 1962, Erlinge 1969, Eberhardt 1973).

Raccoons are opportunistic and omnivorous, eating fruits, nuts, grains, insects, frogs,
crayfish, bird eggs, fish, turtles, smal mammals (Burt and Grossenheider 1976, Sherfy and
Chapman 1980) and waterfowl crippled during hunting season (Stains 1956, Llewellyin and
Webster 1960). They feed mainly aong lakes and streams, often dunking their food in water
before eating (Burt and Grossenheider 1976). Plants are generally more important in the diet than
animals, except in the spring when animals pesk in abundance (Kaufmann 1982). Most animal
prey comes from shalow water or aong the shore (Raedeke et al. 1988).

Riparian areas are used by black bears for foraging in both Cdifornia and Idaho
(Kellyhouse 1980, Young and Beecham 1986). They feed on grasses and forbs in spring, soft
mast (shrub and tree borne fruit) in summer, and hard (nuts) and soft mast in fal (Chapman and
Feldhamer 1982). In Idaho, the primary sources of food for black bear in the summer and fal are
huckleberries (Vaccinium spp.), bitter cherry (Prunus emarginata), and chokecherry (P.
virginiana). These fruits are abundant in riparian zones and mesic aspen stands in the summer and
fal (Unsworth et a. 1989). Black bear also eat insects, fish, small rodents, and an occasional large
mamma (Chapman and Fedhamer 1982). Grizzlies are common in riparian habitats that support
sdmon populations (Craighead et a. 1982, Raedeke et a. 1988). They are not, however,
dependent solely on riparian areas for feeding. LaFranc et d. (1987) found grizzlies to be more
abundant in riparian areas in the summer (due to the fruiting plants) than in the spring.

Bobcat numbers increased around riparian Sites due to the increased number of voles in
these areas as opposed to the adjacent upland (Koehler and Hornocker 1989). Bobcat in western
Washington also eat spawned out salmon and steelhead from river bars or shallow pools, but the
most abundant component of their diet in the region is mountain beaver (Sweeney 1978). In
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general, bobcats are attracted to riparian zones because their preferred prey (mountain beaver,
snowshoe hare, and cottontails) and carrion are generally more abundant in riparian habitats than
in the adjacent upland (Raedeke et a. 1988).

Marten prey is not only more abundant in riparian zones but it is more avalable as the
abundance of coarse woody debris in riparian habitats makes prey more accessible to the predator,
especidly in winter when stumps and large logs provide access to prey living under the snow
(Buskirk et d. 1989). The common prey species of the marten in Ontario are the meadow vole
(Microtus pennsylvanicus) and the southern red-backed vole (Clethrionomys gapperi), both of
which inhabit wet coniferous areas near creek edges (Francis and Stephenson 1972). In the Sierra
Nevada Mountains voles are preferred food and these are more abundant in the lush, herbaceous
vegetation characteristic of riparian zones (Zielinski 1981). Microtine rodents ac smilaly
important  for marten in interior Alaska (Magoun and Johnson 1991).

The population density of prey has been shown to be the most important factor regulating
ermine numbers (Aspisov and Popov 1940). Ermine populations will decline when prey density
declines (Lavrov 1941). Ermine feed on small mammals, especially voles (Hall 1951, Teplov
1952, Day 1968, Erlinge 1975, Fitzgerald 1977, Simms 1979), which are more abundant in
riparian areas than in the adjacent upland (Tevis 1956b, King 1983, Doyle 1990). Reproductive
success in ermine is strongly influenced by food supplies prior to parturition and is a function of
the availability of microtines (Vershinin 1972, Andersson and Erlinge 1977, Eringe 1981, King
198 1). In response to the diversity and abundance of small mammals in riparian habitats, the
relative number of breeding: female ermine was higher in riparian than upland. areas (Doyle 1990).

Resting, roosting, and denning sites

Coarse woody debris, both within the aguatic and terrestrial components of the riparian
zone, and hollow trees and snags provide denning sites for many species of carnivores. Otters and
minks den in or directly adjacent to the water's edge. Otters often use log jams as resting sites
(Melquist and Hornocker 1983). Winter dens of otters are aso frequently located on shorelines,
generally within {3 m of the water's edge (Reid et a. 1987). The most common type of mink den
found in Sweden was located in cavities under trees a the edge of the water surface (Gerell
1970).

Flood-killed and short-lived deciduous trees, which provide tree hollows and snags, are
more abundant in riparian areas than adjacent upland (Kaufmann 1982). Aggregates of coarse
woody debris, in which marten and other mustelids often rest, are commonly found in
steep-sloped, upper level riparian areas, made more attractive by woody debris that moves down
slopes due to windthrow and earthflow (Harmon et a. 1986). Raccoons frequently use hollow
trees, snags, and downed logs for breeding, resting and hiding cover (Kaufmann 1982, Raedeke et
a. 1988). In Tennessee, raccoons showed a preference for tree cavities over ground burrows as
den stes, and 74.4% of the den Stes located during a radio tracking study were in tree cavities
(Allsbrooks and Kennedy 1987). Raccoon dens are rarely far from water, averaging 67 to 140 m
away with maximum distances of 180 to 800 m (Giles 1942, Stuewer 1943, Calbalka et al. 1953,
Schneider et al. 1971, Hardy 1979, Taylor 1979, Allsbrooks and Kennedy 1987). Distance from
water iS aso an important factor influencing den selection among red foxes and marten (Pils and
Martin 1978, Buskirk et a. 1989). In New York, dens were most commonly located in dense
cover less than .4 km from water (Layne and McKeon 1956). In a study in tbe northern Sierra
Nevada, 58% of marten rest site observations were in live trees in riparian lodgepole associations

65



(Spencer 1987). In Wyoming, rest sites were Sgnificantly closer to streams or lakes (mean = 173
m) than expected from the distances between streams and fakes and 150 randomly chosen points
within the study area (Buskirk et al. 1989). Skunks (Spilogale putorius and Mephitis mephitis),
on the other hand, seem to avoid water and den in nearly any dry place, such as under buildings
and in burrows (Bailey 1971).

Living vegetetion rather than coarse woody debris or dead trees influences grizzly use of
riparian areas. Grizzlies prefer ader and lodgepole “downfals’ and other dense, riparian
vegetation for bedding down (Craighead et d. 1982).

Movement _corridors

Carnivores will often follow streams for traveling, teking advantage of the water,
vegetative cover, and food provided by the riparian area Travel routes of otters generdly follow
dreams and waterways. They will take overland routes across peninsulas formed by stream
meanders but will generdly follow dream routes (Mdquis and Hornocker 1983). Raccoons use
dreams and greenbelts as corridors and travel routes in both urban and rurd areas (Riley 1989,
Sherfy and Chapman 1980). Black bears in Cdifornia use riparian areas as traveling corridors
(Kellyhouse 1980). Bobcats use thickets of river bottoms, swamps, dry washes, and brushy draws
as travel corridors (Young 1958). Long-tailed weasds use waterways in daily activity, perhaps as
dispersal and travel routes. In a study in Manitoba, trapping records of weasels showed that they
Were common in areas with waterways but absent in dry areas (Gamble 1981).

Effects of timber harvest

Impacts from habitat ateration due to clear-cut timber harvesting on Washington state
carnivores falt into three groups.

1) adverse impacts usudly resulting in a decrease in abundance and densty, (black bear,
grizzly bear, fisher, pine marten);

2) advantageous impacts usualy resulting in an increase in abundance and densty, (red
fox, gray fox, bobcat);

3) unknown impacts, (raccoon, ermine, mink, long-tailed weasel, western spotted skunk,
driped skunk, river ofter).

These groups are based on results of studies performed in different regions of North

America. Each study may or may not be directly applicable to animas in Washington dtate due to
varying environmenta  conditions.

Clear-cutting

Clear-cut logging results in direct habitat loss for pine marten (Campbell 1979, Smon
1980, Spencer 1981). Campbell (1979) dated that marten in Montana did not use clear-cuts in the
fird year after cutting. Koehler and Hormocker (1977) and Soutiere (1979) found marten avoided
large forest openings and clear-cuts in Montana and Maine, respectively. They reported avoidance
of cut or severely burned areas for up to 15 years after the disturbance. Thompson (1982),
working in Ontario, described marten abundance 2-3 times greater in undisturbed forests than in
harvested areas. His capture rates in uncut forest were twice those in clear-cuts. Thompson et d.
(1989) found marten tracks more abundant in uncut forest than in Stes logged 5, 10, 20, or 30
years previous and use of stands logged up to 38 years earlier remained significantly lower than in
uncut forest. In Maine, avoidance of clear-cuts was particularly pronounced during winter.
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Marten used uncut softwood or partially cut mixed-wood stands more heavily than regenerating
clear-cuts (Steventon and Mgor 1982). A Newfoundland study of marten by Snyder and
Bissonette (1987) reveded tree DBH (diameter breast height) and stand size as the most
significant variables in determining trapping success. Marten capture rates were greater in residua
stands with an average tree DBH greater than 15 cm and 5-24.9 ha in size The authors suggest
that the apparent avoidance of large residua stands by marten was probably due to difficulty in
sampling the larger stands. Overhead cover averaged SO-100% at successful trapping sites. Only
105% of the overall captures occurred in clear-cuts. These individuds may have been taking
advantage of temporary increases in prey abundance. As plant growth in clear-cuts becomes more
dense, it becomes more difficult for marten to capture prey. This may patialy explan ther
avoidance of clear-cuts. Snyder and Bissonette (1987) aso reported that marten tracks in snow
on clear-cuts followed dtraight lines from one adjacent residual stand to another. In forested
habitats, trails zig-zagged. Eighty-seven percent of open crossings were less than 250 meters long.
During winter, 74% of dl travet was in forested habitats. The authors conclude that larger
residuad stands and undisturbed stands, both greater than 15 ha, are important habitat components
for marten in extensvely clear-cut areas. Soutiere (1979) observed fewer tracks in  winter,
summer trapping success reduced by haf, and lower marten densities in clear-cuts compared to
undisturbed forests. Marten with significant amounts of clear-cut forests in their home ranges had
sgnificantly larger home ranges than those in uncut or partiadly cut forests (Soutiere 1979). In the
taiga of interior Alaska, however, marten may not be as closdy associated with older forest, and
there is evidence that they respond positively to increased populations of microtine rodents which
develop on areas following wildfires (Magoun and Johnson 1991). The possibility of higher
marten populations on recently burmed areas is currently under investigation (Johnson and Paragi
1992).

Speculation on factors resulting in reduced use of clear-cut areas by marten includes an
open canopy (Koehler and Hornocker 1977), lower number of deadfals (Steventon and Mgjor
1982), and lower hunting success in regenerating forests (Thompson 1986).

Pine marten prefer old-growth habitat. Optimum habitat elements appear to be well
established understory of trees, snags, stumps and fallen logs, and lush shrub and forb vegetation.
These support squirrds and other smal mammal rodent prey in mature old-growth sprucefir
communities with less than 30% canopy cover (Burnett 1981). They preferred stands with
40-60% canopy closure for both resting and foraging sites, and avoided stands with less than 30%
closure (Taylor and Abrey 1982, Spencer et a. 1983). They dso prefer mature coniferous or
mixed forests with at least a 30-50% crown density (Clark et . 1987).

Trees, snags, stumps, and logs provided 86% of the non-subnivean resting sites of the
marten (Spencer 1987). Snags were used more, relative to availability, than any of the other three
types of resting sites (Burnett 1981). Snags used as resting Sites were amost exclusively
large-diameter fir snags (mean == 102 cm DBH, range = 58-147). Observations in Wyoming
showed a similar pattern. Fifty-six percent of rest-sites were in large Engelmann spruce (Picea
engelmanni) and subdpine fir (Abies lasiocarpa) snags (Campbell 1979). Snags used by marten
dso retained most of their bark and had soft bases which provided cavities near or beneath the
ground vyielding ideal winter resting sites (Spencer 1987). Highly decayed logs, stumps, and snags
were aso used subniveanly (Spencer 1987).

Fishers (Martes pennanti) prefer habitat with extensive, continuous canopy and dense,
lowland forests and sprucefir forests with high canopy closure (deVos 1952, Coulter 1966, Clem
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1977, Kelly 1977, Powell 1977, 1978). Fishers aso avoid forests with little overhead cover and
open arcas (Coulter 1966, Clem 1977, Kelly 1977, Powell 1977, 1978). Fishers avoid
non-forested areas (Coulter 1966, Kelly 1977, Powel 1977, 1978) but use clear-cut areas in the
summer only when dense ground cover is avalable (Kely 1977).

The effect of clear-cutting on black bear habitat use depends on a variety of factors
including size of the clear-cut and post harvest treatment. On ti.. sne hand, black bear habitats are
typicaly early successiond areas with relatively inaccessible terram, thick (dense) understory
vegetation, and abundant sources of food in the form of shrub and treebome soft or hard mast
(Chapman and Feldhamer 1982). Most food items of the black bear are shade-intolerant,
therefore, a large proportion of foraging occurs in openings (Rogers et a. 1988). Significant
understory species include blueberry and huckleberry (Vuccinium spp.) and raspberry and
blackberry (Rubus spp.). Considerable damage to young trees by black bears in western
Washington indicates use of young second forests (Poelker and Hartwell 1973).

In western Washington, 9-14-year old clear-cuts were used more by bears than 27-year-
old clear-cuts. Bears avoided 45-year old clear-cut aress. Berry-producing shrubs were 7-8 times
more abundant in the 9-14-year old clear-cuts (Lindzey and Meslow 1977). However, esewhere
black bears avoid clear-cuts. Young and Beecham (1986) in North Centrd Idaho and Jonkel and
Cowen (197 1) in sprucefir forests found that black bears generally avoided clear-cuts. Unsworth
et a. (1989) reported that foods most frequently found in black bear sca were less common in
clear-cuts (< 8 years old) than in mature forest stands. In part, observed black bear avoidance of
clear-cuts might be a function of the size of the clear-cut. For example, Maine black bear were
rarely found in clear-cuts beyond 135 yards from forest cover. They avoid large, unshaded
openings because they are easily heat stressed (Hugie 1982). In addition, post harvest treatment
of clear-cuts might create adverse habitat conditions for black bears. Black bear abundance is
closely associated with avallability of food sources, primarily berries. Silvicultura techniques
which disturb vegetation preferred by black bears indirectly impact this species. The use of
bulldozers and burning on harvested lands causes soil scarification and severe root damage to
berry-producing shrubs. Unsworth et a. (1989) suggest that these practices may have a
detrimental  effect on black bear populations. Lindzey and Meslow (1977) suggest that broadcast
burns or no burning be done to alow vegetation to shift from early to mid-seral stages, producing
higher quantities of mast. Spraying to kill brush will aso detract from the value of clear-cuts to
black bears (Lindzey and Meslow 1977). Unsworth et a. (1989) suggest that the negative effects
of clear-cuts could be minimized by harvesting smal, irregularly shaped areas in a rotation
requiring a 20-year green-up period before harvesting adjacent forests. Dense timber stands on
north aspects and strips along streams and roads should be maintained for bedding and cover.

Grizzly bears (Ursus arctos) prefer open, early-sera vegetation (i.e, dry grass meadows,
dry shrubland, and mesic shrubfields) to mature forest due to greater food abundance. Early-seral
vegetation includes graminoids, yellow hedysamm (Hedysarum sulphurescens), buffaloberry
(Sheperdin canadensis), and huckleberry (Vuccinium spp) (Hamer and Herero 1986). Grizzly
bears inhabit forests open or immature forests with canopy cover less than 25%. Hamer and
Herrero (1986) concluded that wildfires were essentidl to the maintenance of early successiond
stages for grizzlies.

Insofar as clear-cuts create early successional habitat conditions, grizzlies will use clear-
cuts. However, Zager et a. (1977) reported 82% of established grizzly bear locations in clear-cuts
to be less than 165 feet from cover. Grizzlies frequently used forested corridors when moving
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between adjacent harvest aress, However, as habitat becomes more forested grizzlies arc replaced
by black bears (Hamer and Herrero 1986).

Red foxes utilized woods more in winter in lIllinois, but dense forests are undesirable
(Follman 1973, Samud and Nelson 1982).

Partial cuts

Soutiere (1979) reported little difference in marten densty between patidly harvested and
undisturbed forests. Partid harvesting involved remova of basam fir (Abies balsamea) Qreder
than 1.5 cm DBH and spruce (Picea rubens) gregter than 40 cm DBH.

Selective cutting offers another aternative for black bears. In west-central Idaho sdlective
cutting of 10-35 year old stands alowed the growth of a wide variety of black bear foods
(Unsworth et a. 19189). In northern Idaho, black bear preferred 20-40-year old sdlective cuts
during al seasons, possibly due to abundant food species and escape trees (Young and Beecham
1986).

H

Actud harvedting activity did not seem to cause any shifts in marten home ranges
(Soutiere 1979). and individuals remained in the area despite ongoing timber harvest in close
proximity (Stcventon and Mgor 1982).

GrizzZly bears require habitat that receives only light recregtiona, logging, or livestock use
(Craghead et d. 1982). Consequently, extendve timber harvest activities will drive grizzly bears
from an area

Timber harvest activities provide suitable habitat for bobcat, red fox, and gray fox. Miller
and Speake (1978) found bobcats intensively using recently logged areas because of increased
prey species (Sylvilagus Spp., Peromyscus pp., Sorex Spp., Thomomys pp.) found in these aress.
Sweeney (1978) reported mountain beaver (Aplodontia rufa) to be the primary component of
western Washington bobcat diets. Bobcat ranges extended into clear-cut areas with lush,
understory vegetation that supported mountain beaver. If ledges are present within a logged area
and urban development does not surround it, bobcat can use the remaining natura habitat
(Chapman and Feldhamer 1982).

The Wildlife Habitat Management Handbook (1971) dtates that most ‘types of tree harvest
benefit red foxes. Regeneration should maximize edge effects and converson of pine forest to
mast and fruit producing hardwoods to enhance red fox habitat. The handbook describes red fox
as a forest edge and open land animd that avoids wvirgin forests and treeless prairies. During the
eighteenth and nineteenth centuries as northeastern U.S. forests were cut, the red fox increased its
range, moving on to new farmlands. The gray fox aso benefits from edge effects (Trapp and
Hallberg 1975). Wood et a. (1958) suggested thet a trend in Georgia to decrease cultivated land
and increase timber and pasture land would reduce the dtat€’'s gray fox population.

Use of riparian buffers

Stands need not be large to be used by marten. Riparian areas are used for foraging. Small,
scattered old-growth stands may be sufficient for marten if located adjacent to riparian areas
(Spencer 1981). The impact of clear-cutting may be reduced by leaving clusters of trees no further
than 50 m gpart and leaving logs and dash for foraging, winter dens, and subnivean travel
(Campbell 1979, Simon 1980, Spencer 1981).
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UNGULATES

Six wild ungulate species are found in the Pecific Northwest (PNW). Five of these occupy
riparian zones. Their dependence on riparian zones varies over time and with other available
habitat on a lanci<cape level. The sixth species, the : - sntain goat, Oreamnos americ: ;ws, is
generaly not as.ociated with riparian habitats in fo: of commercial value (Rideou. 1978). In
the past two decades it has become evident that ripanan zones play a major role in ungulate
ecology in forested as well as unforested habitats. Consequently, timber management practices
that impact riparian zones may affect ungulates negatively or positively. Ungulates can be divided
into three groups in relation to their need for riparian habitat types.

Use of riparian hghitats

Relative dependency on_riparian _zones

Obligate inhabitants of riparian zones

The Columbian white-tailed deer, Qdpcoileus Virginianus leucurus, is found in southern
Washington and northern Oregon aong the Columbia River. It is wel isolated from other white-
taled deer populations (Halls 1984). Gavin (1984) describes sightings until the 1940's of the
Columbian white-tailed deer; they al appear to be within riparian zones of the Columbia River
system. Today, the Columbian white-tailled deer is restricted to the lower Columbia River
bottomlands, which have little elevational relief. The native vegetation at these sites consists of a
dense shrub and tree community containing Sitka spruce (Picea sitchensis), red-osier dogwood
(Cornus canadensis), black cottonwood (Populus nigra), red alder (Alnus rubra), and willow
(Salix ) (Franklin and Dymess 1984). Small, isolated populations of the Columbian white-tailed
deer are aso found along a few large rivers in Oregon (Gavin 1984). This subspecies might be
restricted to riparian zones. Because its present range is limited to habitat along large rivers, its
conservation might be more related to agriculture than forestry. Riparian zones aong the larger
rivers have been converted to fields or urban areas (Raedeke et a. 1988).

The Columbian white-tailled deer has the smalest mmen volume:body weight ratio of any
white-tailed deer subspecies (Dublin 1980). This implies a high quaity diet consisting of large
amounts of browse and herbs and low amounts of grasses (Hanley 1982, Hofmann 1988). In the
PNW, this combination of foods is found year around only in riparian habitats. Dublin (1980)
found that Columbian white-tailed deer relied heavily on high quality food throughout the year.
This suggests that the Columbian white-tailed deer might require riparian habitats. If this is the
case, we would expect to find it only aong large rivers, because they provide riparian zones large
enough to sustain populations throughout the year.

Habitat generalists that use riparian zones

Habitat generalists that use riparian zones in the PNW include Rocky Mountain white-
taled deer, 0. v. ochronra; Columbian black-tailled deer, 0. hemionus columbianus; sStka black-
tail& deer, 0. h. sitkensis; mule deer, 0. h. hemionus; Rocky Mountain ek, Cervus elaphus
nelsoni; Roosevelt ek, C. e roosevelti; 2 subspecies of moose, Alces alces shirasi and A. a
andersoni; and woodland caribou, Rangifer tarandus caribou. The Rocky Mountain white-tailed
deer is found east of the Cascade Range (Peek 1984). The Columbian black-tailed deer is found
throughout the PNW west of the Cascade Range. North of Vancouver Island, it is replaced by the
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Sitka black-tailled deer, and east of the Cascades it is replaced by the mule deer (Wallmo 1981).
The distributions of these 3 subspecies are almost continuous and some traits intergrade, forming
a cline (Covan 1956).

The Rocky Mountain elk occurs in the Cascade Range and eastern Washington. These
populations are the result of severa transplants in the beginning of the century (Thomas and
Towell 1982). From the Olympic Peninsula to northern Cadifornia aong the Pacific coast, the
Roosevelt elk occupies coastal forests such as the Sitka, western hemlock (Tsuga heterophylla)
and redwood (Sequoia) temperate coniferous zones. Both subspecies are common throughout
their range (Thomas and Toweiil 1982).

Alces alces shirasi ranges from eastern Washington into ldaho and Montana. It is replaced
by A a gndersoni in the extreme northeast of Washington and southeastern British Columbia
(Franzmann 1978, Hall 1981). Washington is the southernmost extension of this subspecies.

The woodland caribou occurs in the northeast comer of Washington (Bergerud 1978,
Williams and Heard 1986). The mgority of its range is borea forest and taiga biome (Franzmann
1978, Williams and. Head 1986). The woodland caribou found in Washington constitutes the
southern Selkirk herd of approximately 30 individuals, which aso ranges into adjacent Idaho and
southern British Columbia, The recovery plan for the herd has the objective of having a self-
sustaining caribou herd in this region (Danielle 1983). Because this herd is very isolated from the
nearest herds of other woodland caribou in southern British Columbia (Stevenson and Hutler
1985), establishment of satellite herds has been recommended (Danielle 1983, Stevenson and
Hutler 1985). Thus this subspecies must be considered closely in relation to forest practices in
Washington in the future.

Historical records of caribou show that large population fluctuations occur. These
fluctuations display no predictable period or amplitude, therefore, they should not be termed
cycles. The causes and long-terrn dynamics of caribou fluctuations are poorly understood
(Valkenburg and Davies 1989, Alaska Dept. of Fish and Game 1990); however, hunting,
predation, and changes in range conditions are known to influence population size (Bergerud
1978). Therefore, it can be problematic to sort out these effects from the effects of silvicultura
practices on population fluctuations.

None of these ungulates are tied exclusively to riparian zones. Rather they utilize riparian
aeas for food, cover, or water to varying degrees depending on season, local temperature and
moisture regimes, and the habitat types available on a landscape level.

In addition to wild ungulates, forested riparian areas east of the Cascade range are often
used for cattle grazing. In many places this has caused vegetationa changes (Hall 1988). This is
very important to keep in mind, if riparian buffer zones are to be managed for wildlife. For
example, Loft et d. (1991) found that femae mule deer showed habitat shifts in response to cattle
grazing.

Infrequent inhabitants of riparian greas

The mountzin goat is not considered dependent on riparian habitat types as it requires
vegetation types above and around timberline (Rideout 1978). These areas are generdly not of
sgnificant value for commercid timber harvest (Franklin and Dymess 1984); however,
information on habitat preference in the Cascade Range is relatively limited compared to other
ungulates in Washington State.
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The most important characteristics of riparian areas for ungulates are the presence of free
water, high qudity foods, and cover. The dependence of ungulates on these habitat factors often
varies  seasonally.

Food and water

All wild ungulate species in the PNW have been reported to utilize riparian zones to obtain
drinking water, and strong relationships between habitat use and the availability of water have
been established (eg., Thomas et a. 1979, Carson and Peek 1987).

Black-tailed and mule deer: In north-central Washington conifer and riparian habitat
provided high forage availability and quality for mule deer (Carson and Peek 1987). The quality
and quantity of forage in riparian areas were aso important to mule deer in southeastern Oregon
(Dealy et d. 1981, Leckenby et a. 1982). The avallability of free water seemed to be important
during summer in these studies.

White-tailed deer: Columbian white-tailled deer utilize and seem to depend amost
exclusvely on the high quality forage in riparian zones. In addition, riparian agricultura fields are
used as foraging areas (Dublin 1980, Gavin 1984). Rocky Mountain white-taled deer do not seem
to depend on riparian vegetation for food (Peek 1984, Hals 1984).

Elk: Marcum (1976) found that ek on their summer range in the dry forests of western
Montana most frequently selected areas within 46 m of water. Areas within 320 m of free water
were utilized in excess of their availability, whereas areas more than 320 m from water were not.
Dependence on free water increases as the climate gets dryer. In the arid shrub-steppe of eastern
Washington, natural springs were especialy important to lactating females, whereas bulls were
less constrained by free water (McCorquodale e d. 1986). Preliminary results from the
Colockum study in central Washington indicated that half of the observed ek were within 20{) m
of water (Musser and Bracken 1990):; however this study used radio telemetry observations
obtained only during daylight hours. In the wetter forests of the western Cascades access to free
water is less critical (Schoen 1977). The degree to which ek depend on free water in western
Washington has not yet been determined (Lyon 1980, Raedeke et a. 1988). On the Olympic
Peninsula Jenkins and Starkey (1984) showed that old-growth bottomland forests provided
adequate forage for Roosevelt elk over most of the year; however, adluvid and colluvial substrates
were adso important seasonally. Other studies have aso indicated the importance of riparian zones
as foraging areas for elk (Marcum 1976, Schoen 1977, Thomas et al. 1979).

Moose: Moose are primarily browsers and require high quality regenerating forest
communities, where they utilize deciduous shrubs and young trees (Coady 1982). Ther use of
riparian vegetation seems to depend on the availability of suitable upland vegetation. Use of
aquatic areas and communities has been observed in al populations of moose, but it is difficult to
determine how important these are. In Nova Scotia aquatic habitats were relatively unimportant
when moose populations were high (Telfer 1967). Other studies have reported extensive use of
aquatic habitats for feeding on emergent and submergent vegetation (Peek et a. 1976, Coady
1982).

Throughout Alaska, riparian willow communities provide moose with browse during
winter (LeResche e d. 1974). Riparian habitats also serve as calving and summering areas for
moose in interior Alaska (LeResche et a. 1974). Streamside habitat provides high quaity food,
adequate water, and cover for female moose with calves. Moreover, protection from predators is
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an important feature of riparian areas (Franzmann 1978). During winter, riparian willow
communities provide moose with high quality browse. These early- to mid-successond dtage
riparian zones are essential t0 moose, unless early successond forage is available from
regenerating burns or logged aress (LeResche et al. 1974). In Idaho (Pierce and Peek 1934)
winter browse in ol.d-growth and mixed-age stands condtitute a large part of the winter diet for
MOOSe.

Caribou: Woodland caribou sometimes use streamside habitat (Danielle 1983) or muskegs
(Darby and Duquette 1986), perhaps because of the avalability of high qudity food; however, this
use seems t0 be limited. Information on use of riparian aeas is not available for the Selkirk herd,
dthough severd studies currently are underway.

Cover

Riparian zones, as discussed in the introductory section, often Support dense and
gructurdly diverse vegetation. These areas can therefore provide important thermal, escape, and
hiding cover for ungulates. Hiding cover was defined by Thomas et d. (1979) as any vegetation
capable of hiding 90% of a standing adult deer or ek a 61 m or less. Therma cover is provided if
the canopy is 12 m in height with at least 70% tree canopy cover (Witmer et a. 1985). Riparian
zones ac used for thermal cover only if timber is large and dense enough (Oakley et d. 1985). In
severe winters with heavy snowfal, riparian zones may he the only habitat where snow does not
render the habitat unsuitable for ungulates such as deer, €k, and moose (Oakley et d. 1985).
Escape cover has not been formaly defined hut can he understood to mean any vegetation that
can patidly obscure an anima. When ungulates arc disturbed they escape to the nearest cover
and continue from there to more dense hiding cover (Loft et a. 1984, Jeppesen 1987).

Black-railed and mule deer: In southeastern Alaska old-growth and large saw-timber
reduce snow depth on the forest floor (Kirchhoff and Schoen 1987). Snow interception reduces
locomotion costs for deer (Parker et a. 1984). Cover by large canopy trees aso provides thermal
cover (Thomas et d. 1979).

In northern Cdifornia, Columbian black-talled deer utilize timbered dringers within clear-
cuts as escape routes to more dense cover (Loft et a. 1984). Migrating mule deer in southeastern
Idaho select open nonagricultural cover types in spring and fal (Thomas and Irby 1990);
however, human disturbance was minima within the study area

In north-centrd Washington, mule deer utilize riparian habitat, which provides excelent
theema and escape cover throughout the year (Carson and Peek 1987). Riparian areas comprised
1.8%, of the area but received 23% utilization. Studies in southern Oregon have dso indicated the
importance of riparian zones in providing cover for black-talled deer (Dealy et a. 1981, Leckenby
et al. 1982),

White-tailed deer: Along the lower Yelowsone River, Compton et al. (1988) found that
the most sgnificant habitat atribute for white-tailed deer in riparian zones was shrub and forest
cover. Only 30% of the avalable habitat was riparian forest, but it received 70-80% use. Portions
with high deer densties aso had greater river Sinuosity and larger tracts of riparian cover.

Channd gnuosity may be an important factor determining relative abundance of riparian cover
(Compton et d. 1988). As snuosity increases, the area of adluvid flats increases, thereby credting
larger patches of riparian vegetation. Compton et d. (1988) concluded that the amount of riparian
cover probably determined the number of white-talled deer that bottomland habitat can support.
Any substantial decrease in cover through interruption in succession in riparian communities, as
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may occur with aterations of streamflow and dynamics or logging of riparian timber, may reduce
the potentid for sustaining deer. The relative density of whitetalled deer in the lower
Yellowstone River drainage varied directly with avalability of riparian forest and shrub cover
(Dusek et a. 1989).

Elk: The importance of riparian zones in providing escape and hiding cover for ek :::5
been demondrated in many projects (eg., Taber 197i. Thomas et d. 1979, Oakley et d. 1:: $5).
Studies on the Olympic Peninsula bave shown the importance of cover for Roosevelt ek (Witmer
1982). Old-growth bottomland forests provide adequate cover for Roosevelt and Rocky
Mountan ek during mogt of the year (Hanley 1983, Jenkins and Starkey 1984).

Moose: In north-centrd Idaho a radio telemetry study by Pierce and Peek (1984) indicated
the importance of old-growth and mature mixed-age stands as cover for moose. Mature conifers
are important because they intercept snow; snow depths of 60-70 cm impede moose movement,
and snow depths greater than 90 cm severely redtrict their movement (Coady 1974). Mature
stands are aso used by moose for escape from predators. At Ide Royale cover seems to be more
important than food availability, especidly during caving (Edwards 1983).

Caribou: Escape cover for woodland caribou differs from that of other ungulates.
Woodland caribou do not aggregate into large herds like the barren ground Rengifer. Rather, they
day in smal groups scattered throughout suitable habitet, like forest reindeer in Fennoscandia and
European Soviet Union (Eriksson 1975, Baskin 1986). Though woodland caribou are forest
animds, they prefer semi-open habitat and require good vighility to avoid predators (Klein 1986).
This is important when managing riparian zones for caribou and is in strong contrast to other
ungulate species, which require closed stands for cover.

Seasonal use of nipanan zones

Use of riparian zones by PNW ungulate species varies from year-round to highly seasond,
depending upon the species and location. Many seasond shifts in use of riparian zones, as outlined
below, are associated with annua breeding and movement patterns.

White-tailed deer: Along the lower Yelowstone River white-taled deer strongly prefer
riparian forest throughout the year; no mgor seasond differences have been observed (Dusek et
d. 1989). Similarly, year-round use of riparian zones has been reported for whitetailed deer a
the George Reserve from a habitat use study using radio collared animas (Beler and McCullough
1990). In contrast whitetailed deer in northeastern North America likewise utilize forest stands
dong lakes and rivers primarily during winter. These provide cover and forage. During summer
they consgtently sdlect habitats that contains mixed stands, openings, and clear-cuts (Hals 1984).

Moose: In Alaska riparian willow communities are. the year-round habitats of moose a the
edges of their geographica range (Svendsen 1987). In the bored forest zone, riparian zones
become important winter habitats wherever they occur (LeResche et d. 1974). As forest habitats
become more diverse (i.e, a lower latitudes) the dependence on riparian habitat tends to diminish
(LeResche et d. 1974). Shrub communities are important winter forage habitat for moose in the
western North America (LeResche et d. 1974, Peek et a. 1976); however, when degp snow
accumulates a higher eevations, shrub communities are abandoned in favor of lowland riparian
aeas (Coady 1982).

Riparian habitats serve as caving and summering areas for moose in interior Alaska
(LeReche e d. 1974). The dreamsde habitat provides high qudity food, adequate water, and
cover for females with caves as well as protection from predators (Franzmann 1978).
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Black-tailed and mule deer: Most seasonal variation in habitat use by black-talled deer has
been associated with seasonal changes in the availability of food and protective cover (Dasmann
and Taber 1956, Mackie 1970, Loft et a. 1984, Murphy et d. 1985). Food availability depends
on phenological changes in the landscapes, which in turn vary with elevation. During winter, only
forested areas provide cover, whereas grasslands and cut-over areas provide some cover during
summer. On the west side of the Cascades, black-taled deer utilize riparian aresas during fawning.

Mule deer fawns in the Missouri Bresks of north-central Montana select habitat types with
dense vegetative cover and typicaly use the mid- and lower portions of sopes. Seasona shifts in
habitat use are correlated with desiccation of herbaceous cover and associated changes in the diet
of does (Riley and Dood 1984). Coniferous and riparian habitat types are important mule deer
favning areas in north-central Washington (Carson and Peek 1987), in the Great Basin of
southeast Oregon (Leckenby et a. 1982). in wooded riparian areas of the northern Great Plains
(Uresk 1983). and along the mid-Columbia River (Fielder and McKay 1984). Both cover and
plant phenology influence selection of riparian zones during fawning.

In the Blue Mountains of Oregon and Washington riparian zones provide migration routes
for seasonad movements between winter and summer range (Thomas et a. 1979) . Similarly, in
northern California Columbian black-talled deer utilize riparian areas as seasonal migratory routes
between summer and winter ranges (Loft et a. 1984). In contrast, mule deer in southeastern
Idaho do not preferentially use riparian areas during migration (Thomas and Irby 1990); however,
hunting season in this region did not coincide with fal migration during this study, and the deer
might have been more likely to use open slopes.

Elk: In western Washington the mountain hemlock (7suga mertensiana) zone is little used
by ek a any season. The true fir (Abies) zone is favored only during summer and rut; clear-cut
aeas and second-growth in this zone are favored over old-growth and are most heavily used in
fal and winter. Riparian zones and wetlands are used during all seasons, especially in winter,
spring, and during the rut (Taber 1976).

Like black-tailed deer, Roosevelt ek on the west side of the Cascades ek utilize riparian
areas during caving, presumably because of the proximity of open water or other habitat
attributes found in the riparian area. The width and type of vegetation needed to maintain the
integrity and value of riparian habitat for deer and elk have not been thoroughly investigated
(Witmer et al. 1985, Harper 1987, Raedeke et al. 1988).

Caribou: Woodland caribou exhibit seasonal differences in habitat use. During summer,
dpine areas are used for foraging. Seasonal changes in habitat use by the Selkirk herd cover a
wide range of elevations within the range of commercial timber harvest. During the rut in the early
fal, considerable movement takes place, but data on habitat selection arc not yet avalable. In fall
and winter caribou are reported to use low elevation forests, where they forage on arborea
lichens. Old-growth stands are important throughout winter whenever severe storms increase the
availability of arboreal lichens by blowing down limbs and branches (Rominger and Oldemeyer
1989). During spring low elevation valley bottoms with Engehnann spruce/subalpine fir (Picea
engelmanniifAbies lasiocarpa) forests interspersed with wet meadows are used as foraging Sites
(Danielle 1983, Stevenson and Hatler 1985). During spring me Selkirk herd uses cutover areas for
forage, because of accelerated snowmelt, which alows early green-up (Servheen and Lyon 1989).
Spring habitat appears to be the only seasonal habitat that can be created or improved through
clear-cutting or selective harvest (Servheen and Lyon 1989).
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Cdving areas of the Selkirk herd of woodland caribou are poorly documented. It is
thought that calving occurs in snow.-free areas at high eevations, but cows with newborn caves
have adso been observed in timbered areas (Danidle 1983, Stevenson and Hatler 1985). In the
centrd Arctic, Jakimchuk et a. (1987) observed that femae caribou avoided riparian areas during
the spring caving period whereas males pref--:ntiaily used these aress. They attributed this to
femaes avoiding increased predetion pressutr -a ripaian areas (Jekimchuk et d. 1987).

Effect of timber harvest

Clear-cutting

Complete remova of the overstory promotes growth of many herbaceous forage species,
resulting in excellent forage opportunities for deer (Nyberg 1987) and ek (Brunt 1987); however,
it is important to keep in mind that these areas can only be utilized if al other requirements are
within close proximity (Brunt 1987, Thomas et ad. 1979). Seeding of grasses and legumes does
not appear to enhance ek use of clear-cuts (Skovlin et a. 1989).

Disturbance by clear-cutting or tire has three mgor effects on deer forage plants in forests
of the PNW: a change in plant species compostion, an increase in forage production, and changes
in nutrient quaity (Taber and Hanley 1979). Although the compostion of the plant community
growing within a clear-cut area depends upon the compostion of the understory before
disurbance, it is dso affected by soil disturbance during logging, methods of dash disposd, tire,
and herbicide treatment (Taber and Hanley 1979). Remova of trees, whether by thinning or clear-
cutting, encourages understory plants that conditute potentid deer forage. The degree of use that
a foraging area will receive is dependent upon deer density, home range size, and qudity of the
habitat in terms of degree of interspersion, species compostion, and adequacy of escape and
thermal  cover.

Deer density, home range sze, and clearing Size interact in determining the potentid use
of a given clear-cut (Taber and Hanley 1979). For an animd to be atracted to a clear-cut, it must
be aware of the cut area In this respect home range size is important. Black-tailed deer generaly
have relatively smal home ranges. Assuming an average seasond home range of about 80 ha, a
black tailed deer would be expected to be aware of a new clear-cut at a distance of about 1 km,
and a 10-ha clear-cut in a mature forest with 4 deer per km?2 will attract about 4 deer. However,
larger clear-cuts would gtill only attract about 4 deer.

Some plants respond to herbivory by changing their chemica compostion to render their
tissues less suitable to herbivores (Crawley 1983, Rhoades 1985). This response to herbivory
depends on the carbor/nutrient balance within the plant and the carbon/nutrient balance within the
ecosystem; these vary with successona stage (Bryant 1985). In southeast Alaska, it has been
shown that timber harvest influences the yield and protein content of Vuccinium browse.

In the rainforests of the PNW early stages of successon following logging or tire provide
favorable habitat for deer unless snow accumulations restrict foraging during winter (Wallmo
1981). Old-growth timber or thinned mature stands with understory vegetation and the ability to
intercept snow are critical for deer if permanent snow accumulates during winter (Jones 1974).

Bitterbrush and snowberry are important for mule deer in the sagebrush steppe and
ponderosa pine zones of eastern Washington (Wallmo 1981). Mule deer in eastern Washington
summer in the mountains and winter a lower elevations where forage is more accessible (Wallmo
and Regdin 1981).
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Whitetailed deer utilize: early successona stages after fire or logging for forage, as long
as cover is not far away (Peek 1.984). During winters with light snow open areas are utilized for
forage, while during winters with heavy snowfal open areas are abandoned and white-taled deer
are redricted to forest stands that intercept snow; these are usualy closed-canopy mature forests
(Peck 1984).

Early successonad stages arc highly preferred by moose for foraging because of their
shrub/young tree component (LeResche et d. 1974). Ealy successond plant communities
associated with riparian zones are especidly important as feeding areas for moose (LeResche et
d. 1974, Coady 1982). In a long-term study in Minnesota, clear-cutting was beneficid in
providing abundant deciduous browse for moose, if adequate cover for winter was provided
(Peek et d. 1976). Lowland mid-successiond stage plant communities were utilized throughout
the year.

In northwestern Ontario moose preferred mixed hardwood and conifer stands during
winter because these offered less snowpack than clear-cuts but ill provided criticd browse
(Mastenbrook and ‘Cummings 1989).

Woodland caribou are displaced by logging operations (Darby and Duquette 1986). In
Alberta, caribou did not feed in clear-cuts larger than 2 ha, and only very occasionaly crossed any
larger clear-cuts (Edmonds and Bloomfield 1984). Bergerud et a. (1984) argued that increased
hunting and predation are the main causes of caribou declines rather than habitat disturbance per
se. They found evidence that increased road access resulted in grester hunting mortaity among
caribou, and increased moose dendity resulted in greater wolf predation on caribou (Edmonds and
Bloomfield 1984). Neverthdess, forage and range conditions can limit Rangifer populdion sze
and affect digribution (Klein 1968). Caribou have low reproductive potentid (Bergerud 1978).
and occupy habitats in which deep snow can limit food avalability (Darby and Pruitt 1984). The
low dengty of woodland caribou in bored forest (Fuller and Keith 1981, Darby and Duquette
1986) is a reflection of low productivity in this environment. As a consequence of ther low
dengty, populations of 50 caribou are very sengtive to dight changes in productivity or mortality
(Bergerud 1978). Displacement to less suitable habitat may result in the carrying capacity being
exceeded; this has been shown for Norwegian reindeer (Reimers et a. 1983).

Jenkins and Starkey (1990) concluded that thinning practices produced only negligible
forage benefits for ek in regenerating Douglasfir stands in western Washington. It appeared that
herbaceous forages important to elk had dready declined by the time stands were thinned at
approximately 20 years of age. In the Blue Mountains of Oregon, Skovlin et d. (1989) came to
smilar conclusons, ek use had dready returned to prelogging levels after 5 yrs. Partid cuts were
used the least because they neither afforded good cover nor increased the available forage
(Skovlin et d. 1989). The same was concluded for smal-stem lodgepole pine (Pinus contorta)
gands in the Rocky Mountains (Lyon and Barger 1987).

Forest prectices that produce large amounts of browse while mantaining winter cover
appear to enhance moose habitats (Monthey 1984). Where a variety of forest practices such as
clear-cutting, selective cutting, and buffer stands were used within a predominantly clear-cut
forest in northern Maine, a mosaic of forage and winter cover aress favorable to moose was
cregted (Monthey 1984). In contrast, partid stand harvesting resulted in @ more homogeneous
habitat with less browse available for moose.
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Integrated management can be beneficid to both timber and ungulates (Brunt 1987.
Nyberg 1987). Commercial thinning has been of specia concern since it reduces a stands ability
to provide adequate cover for elk at certain times, however, thinning eventually enhances a stand's
ability to intercept snow because it stimulates growth of wider crowns and stronger branches
(Brunt 1987). On the other hand, removing understory species which compete with crop trees not
only reduces forage availability in the short term but aso encourages tree growth, which reduces
the time during which the stand provides forage (Brunt 1987).

Interspersion of different aeed standls

The use of different habitat types by ungulates varies spatialy and temporally. Ungulates
utilize habitat types on a landscape level. Different habitat types are needed simultaneously to
maintain viable ungulate populaions. The spacing, size, and juxtaposition of different habitat units
can be criticd (Thomas et d. 1979, Wisdom et a. 1986, Roedeke et a. 1988).

Moose require an interspersion of early and late successional stages (Welsh et a. 1980).
Old-growth grand fir/Pacific yew (Abies grandisiTaxus brevifolia) stands in Idaho provide critical
winter habitat for moose; even-aged pole timber stands and open areas, including clear-cuts and
lakes, are only used during summer (Pierce and Peek 1984). Optimum moose habitat contains
both disturbed areas providing food and mature conifers for cover (Hamilton and Drysdale 1975).
Large areas disturbed by logging retain little cover and hence are not as useful for moose as small
ones (Tefer 1978, Hamilton et a. 1980). In Ontaio moose cows with caves utilized 18-yr-old
cutovers if at least three residual stands of timber were present and the cutovers did not exceed 64
ha in early winter and 16 ha in late winter. In addition, a least one of the residual stands needed
to be a mesic upland habitat of at least 107 ha (Thompson and Vukelich 1981).

In the coastal forests of Washington, Roosevelt elk are most abundant in floodplains,
deltas, beaver meadows, and other areas associated with fluvial activities. These areas provide
continuous forest cover interspersed with moist, productive forage areas throughout the year
(Raedeke and Taber 1982, Jenkins and Starkey 1984).

Young stands are used for escape cover by elk and deer (Thomas et a. 1979, Brunt 1987,
Wisdom et a. 1985). Forested areas are utilized by mule and black-talled deer for cover during
winter, and for water, cover, and food during summer and winter (Wallmo and Regdin 1981).
Most deer and elk winter ranges in coasta areas include old-growth forests, which possess
excelent winter forage avalability and snow interception characteristics (Carpenter and Wallmo
1981, Brunt 1987).

The size of a clear-cut unit affects its use by both deer and elk. Foraging areas should be
near escape cover and, in winter, to therma cover (Brunt 1987, Nyberg 1987). Forest edges
between early and late seral stage forest communities are extremely important for deer and ek
(Hanley 1983, Brunt 1987, Nyberg 1987). In northern Maine white-tailed deer were adversely
affected by extensive clear-cutting. Softwood stands of at least 2 ha separated by narrow clear-cut
strips were recommended to promote white-taled deer (Monthey 1984). The dependence of deer
on mature softwood stands is related to their greater snow interception ability (Keraney and
Gilbert 1976, Wallmo and Schoen 1980, Monthey 1984, Kirchhoff and Schoen 1987).

Response to harvest disturbance
If disturbance by logging results in increased activity budgets, the health of the animals
might be impacted. Consequently, DDarby and Duquette (1986) recommended that logging be
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redricted to summer. In Montana the fidelity of elk to their home ranges decreased only dightly in
response to logging activities (Edge et d. 1985); however, dl ek had extensve areas of cover
available within ther traditiond home ranges. A buffer zone of 500-1,000 m separated areas of
high ek use from areas of disturbance (Edge and Marcum 1985). Hershey and Leege (1982)
reported that cow ek demondraied home range fiddlity regardiess of disturbance, phenological
conditions, and changing weather.

Sash treatment

The effects of broadcast burning on ungulates are not well understood. It has been
suggested that broadcast burning enhances forage quaity for deer and ek (Wisdom et a. 1988).
However, an analyss of forage qudity in response to burning after logging indicated that burning
did not promote a detectable increase in qudity in shrubs commonly utilized by ek and deer;
rather, quality decreased in species sengtive to site conditions (Friesen 1991).

Large dash Ieft in piles after logging operations can provide cover for deer (Bartels et 4.
1985), but often dash has a negative impact on movements of ungulates (Thomas et a. 1979,
Witmer e a. 1985).

Burning following clear-cutting reduces dash, thereby enhancing access for ek, and
provides space for growth of preferred species. The release of soil nutrients aso increases soil
productivity (Brunt 1987). A comparison of ek use in Oregon on burned and unburned logging
units after harvest showed that burning was followed by decreased use for 2 yrs, but use increased
during the following 2 yrs (Harper 1987).

Use of riparian buffer strips
As noted in the background section, riparian areas serve as natura travel corridors

because of their shape, extenson from high to low eevations, and babitat characteristics. This is
especidly true of riparian buffer grips remaining in a logged landscape. One reason ungulates
travel aong timber srips is the snow interception provided by mature conifers. In the Cedar River
drainage, Washington, riparian areas were used as travel corridors by ek (Taber 1976).
Mastenbrook and Cummings (1989) showed that timber corridors or scattered coniferous stands
may be used as escape cover, thermal cover, or travel zones by moose. These results suggest that
riparian buffers remaining after timber harvest may be beneficid to moose. Smilaly, Darby and
Duquette (1986) recommended leaving buffer zones of standing timber 1-2 km wide around the
mgjority of the winter range for woodland caribou and redtricting cutting to summer.

Riparian zones provide more edge than the surrounding upland forests because of ther
linear shape and the high disturbance regime experienced in and aound streams (Thomas 1979,
Harper 1987). This increases the habitat for black-taled deer and ek, which benefit from edge
(Teber and Raedeke 1980, Hanley 1984). Aerid surveys in Ontario showed that corridor edges
within a clear-cut were ether preferred by moose or used in proportion to their availability. Thus
timber drips arc an effective management option for increasing the amount of cutover area
available for use by moose because they increase the amount of edge in relation to cutover areas
(Mastenbrook and  Cummings 1989).

Riparian buffer zones may aso be a useful tool to provide escape and thermal cover for
ungulates aong clear-cuts (Taber and Hanley (1979). Furthermore, unharvested riparian buffers
will eventudly provide mature trees that intercept snow. This is important in eastern Washington
and a elevations in western Washington above 610 m, where snow may be permanent for severd
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months in some years. If ripatian buffer zones aong streamsides are provided in western
Washington, they will likely serve as hiding and thermal cover for black-tailed deer.

Timber corridors are generally not used as feeding areas (Mastenbrook and Cummings
1989); however, buffer zones adjacent. to clear-cuts and young regenerating stands might be used
by high numbers of deer since the juxtaposition of these habitats would provide both cover and
forage. Columbian black-tailled deer in northern Cdifornia utilized timbered strips within clear-
cuts as escape routes to more dense cover (Loft et a. 1984). In southwestern Montana mule deer
on exposed winter ranges selected feeding Sites where forage availability, security, and thermal
cover were optimized (Wamboldt and McNeal 1987).

The narow riparian buffer strips provided by the current regulations in Washington may
provide only escape cover and not hiding or therma cover. If buffer zones aong streams were
wide enough, they could aso provide hiding cover for elk, deer, and moose (Oakley et a 1985)
but the required width may differ east and west of the Cascade Range.

Many ungulate species are dependent on riparian zones for critical stages of their life cycle
(Oakley et d. 1985) or for high quality forage or cover (Raedeke et a. 1988). As a consequence,
biotic disturbance from ungulates can be extensive. Herbivores may ater structure and function of
riparian zones (Hanley and Taber 1980, Pestor and Naiman 1992). Selective feeding by herbivores
may ater species composition and/or plant diversity. This is important to keep in mind if riparian
buffers arc provided as a substitute for rather than in addition to existing forage and cover areas.
The greatest use of streamsides occurs in laie successional patches of tiparian communities
(Kauffman 1988). However this does not infer that early- to mid- successiona stages are
unimportant They recelve great herbivore impact as well.

Ungulates are not confined to a single habitat type (Thomas et a. 1979, Raedeke et al.
1988). They utilize entire landscapes consisting of severa different habitat types, daily as well as
seasonally. This is in sharp contrast to smal mammals and amphibians, which are characterized by
avallability of most requirements for a particular species within a given habitat type and by low
mobility. The amount and juxtaposition of habitat types required to maintain an ungulate
population are usudly found in a landscape matrix or patchwork (Thomas et a. 1979). In
particular, forest edge is important for elk and deer. Habitat selection studies of Rocky Mountain
elk (Hanley 1983, Musser and Bracken 1990) and Columbian black-tailed deer (Hanley 1983)
have indicated that these species prefer ecotones. The areas immediately inside stands of timber
adjacent to clear-cuts are most heavily utilized, probably because these areas provide cover as
well as adequate forage as a result of increased light. Thus management of riparian buffer zones
must be viewed in the context of entire landscapes and how these ate utilized by ungulates rather
than as isolated entities.

In Florida riparian corridors are viewed as an integral part of applied landscape ecology in
teems of both content and context (Noss and Harris 1989). Riparian corridors are considered to
be landscape linkages as well as systems of their own. Noss and Harris (1989) describe 163 m
buffers on either side of rivers used by river otters, bobcats, and black bears, however, no data are
available yet on the width of buffers used by deer.

Current knowledge of wildlife use of riparian zones aong large streams and rivers
suggests that tiparian buffer zones along streams with early- to mid- successional stage plant
communities should be delineated aong the border between riparian and upland areas, rather than
adong a predetermined width. This procedure provides ungulates with ripatian forests of a variety
of paich sizes. Sinuous streams, because they provide larger patches of riparian habitat, will be
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most beneficid to ungulate populations in Washington. For buffer zones along streams and creeks
with very narow or non-distinct riparian vegetation, a predetermined width would probably he
advantageous, since the vegetation along narrow streams is very similar to that of the nearby
upland. The denser the vegetation the thinner the buffer can be and till to provide adequate
‘hiding cover for ungulates.

potential interspecific interactions

If ungulates are to be managed on a landscape level, possible ecological interactions
‘between sympatric species should be considered. A given management scheme may prove positive
to one species but detrimental to another. Accordingly, such interactions need to be considered in
designing riparian management ZOnes.

Bergerud et a. (1984) showed that increases in moose were accompanied by adverse
effects on woodland caribou. Irarby and Duquette (1986) suggested that in areas managed for
woodland caribou moose and deer densities should not be alowed to rise as a consequence of
large scale logging. They recommended prohibitions on burning, to stimulate growth of lichens,
and application of herbicides, to reduce browse for deer and moose and stimulate conifer
regeneration  beneficial  to  caribou.

In the last decade the beavers have increased dramaticaly in numbers and distribution in
‘Washington (Naiman et a. 1988). As a consequence, many streamside riparian areas are rapidly
being converted from forest to meadow. This dramatic change may influence elk and deer in both
eastern and western Washington. Presently, little data are avalable on the consequences of this
habitat conversion for elk and (eer; however, some possible interactions between beaver and
cervids can be suggested. Loss of thermal and hiding cover may detrimental. On the other hand,
wet meadows will provide elk with an increase in high quality forage. Both beaver and deer are
browsers, but in spite. of dietary overlap between the two species, they may not impact each other
negatively. Furthermore, beaver logging activity may provide deer with additional winter browse.
On the other hand, beaver may speed up succession by removing deciduous early successional
species, alowing species of later stages to preval. In western Alaska, moose provide snowshoe
hares with high quality browse from tree tops left after moose bresk down mid-sze trees
(Svendsen 1987).

In Olympic Nationd Park ek appear to have a competitive advantage over deer, perhaps
because of their larger size and greater reach, mobility, and group size (Jenkins and Starkey
1984). This study indicated a population ratio of 3 elk:1 deer in the Hoh Valey. The smal deer
populations in this habitat may be able to persist because large numbers of downed trees provide
forage accessible only to deer (Leslie and Starkey 1982, 1984). This study was done in an ancient
old-growth forest; (competitive interactions between elk and deer may differ after logging and in
remnant buffer zones around streams. In western Washington elk preferred mesic habitat patches
dominated by graminoids and forbs, while black-tailled deer preferred xeric patches where browse
and forhs dominated (Hanley 1984). These different habitat preferences may minimize
interspecific competition between ek and deer.

Mule deer and white-tailled deer in Montana show considerable habitat and forage overlap;
however, mule deer utilize intermediate to high elevations within pine-
bunchgrass/shrub/coniferous plant communities, while white-tailed deer utilize mid-elevation
bunchgrass/shrub/aspen communities and willow/meadow communities at low elevations
(Martinka 1968). In southern Texas, Kraussman (1978) aso found that sympatric white-tailed
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deer and mule deer chose somewhat different habitats and preferred different forage types.
Anadysis of niche overlap patterns between whitetailed deer, elk, and moose in the northern
Rocky Mountains provided little evidence that interspecific competition was important in shaping
niche relationships. There was no evidence of competitive exclusion, despite considerable overlap
in habitat, space, and diet betwes~ =asons and years (Jenkins and Wright 1988). Thus, athough
there is some evidence for com:. ..ve interactions between elk and deer in old-growth fores,
studies of ek, whitetalled deer, 1ule deer, black-taled deer, and moose provide little evidence of
competition pairs of cervid Species in other habitats.

Beier and McCullough (1990) suggested that spatial and habitat segregation between
sexes may minimize intersexual competition between white-tailed deer. Such differences in habitat
preferences between the sexes can complicate management of riparian zones.

Conclusion

Our knowledge of ungulate use of riparian zones is incomplete. In eastern Washington
riparian zones clearly comprise criticadl habitat for ungulates, because they provide dense
vegetation, abundant of forage, and accessible water within a relatively arid landscape mosaic. In
western Washington little information is available on use of riparian zones by ungulates. It is
therefore important to obtain information on ungulate use of riparian zones as well as information
on ecological interactions between herbivores.
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METHODOLOGIES

FIELD SAMPLING OF VERTEBRATE TAXA

Amphibians and reptiles

Sampling methods for amphibians and reptiles are described in great detal by Corn and
Bury (1990}, Bury and Corn (1991), and Jones (1986). Following is a summary of the most
common methods and their advantages and disadvantages.

Aquatic survey techniques

Stream surveys are most commonly used to sample stream amphibians. In smaller streams
a. three person team is needed to do an effective and thorough hand search. While one person
stays on land to record data, the other two methodically work their way upstream turning over
rocks, searching gravel bottoms and under overhanging vegetation. Hand-held nets are placed
downstream to catch amphibians dislodged during the search process. The minimum length for a
sngle survey of a headwater stream is 10 m (Bury and Corn 1991). Some species present in the
sream are missed if a shorter sampling length is used. This method provides information on
species density, diversity, and relative abundance. Measurements may include physical and
biological stream parameters as well as information on individuals caught. Information on habitat
characteristics and microhabitat use is obtainable. Hand searching is limited to smaller order
dreams; larger streams are difficult to search effectively by hand. Habitat disruption is limited if
the surveyors replace rocks and gravel as they were found.

In larger streams electroshocking techniques have been used to sample amphibians as well
as fishes (Hawkins et a. 1983, Murphy and Hall 1981, Murphy et d. 1981). This technique
requires at least two people. One operates the electroshocking equipment while the other holds a
net to capture shocked animals. This method appears to be biased toward capturing large giant
sdamander lavae and may miss the smaller torrent sdamanders. Studies in streams greater than 2
m wide may need to employ both techniques to obtain adequate data. Like hand searching,
electroshocking provides data on density, diversity, relative abundance, and microhabitat use. This
technique is more expensive than hand searching.

Terredtrid _survev_technigues

Terrestrid  survey techniques include time or area constrained searches, surveys of downed
wood, and pitfall trapping. Time or area constrained searches require a team of samplers to
thoroughly search for a specified length of time or a predetermined area within the sampling unit.
The search can provide data on species presence and microhabitat use. To thoroughly look for
amphibians, rotten logs must be turned over and tom apart, al rocks must be turned over, and
ground litter must be moved to search underneath. This method is destructive and can lead to
biases in subsequent years due to loss of habitat. It is labor intensive and provides insufficient data
for reliable estimates of population parameters.

Surveys of coarse woody debris use techniques Similar to time-constrained searches.
However, the quantity of wood to be searched is predetermined. This alows the calculation of
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minimum density estimates relative to the amount of downed wood and the quantification of
microhabitat use. From this information, meaningful comparisons among species can be made. A
limitation of this method is that density estimates apply to only one feature of the habitat.

The use of pitfal traps circumvents most of the problems and biases associated with time-
constrained searches and coarse woody debris surveys. Pitfall traps are usually constructed from
two #10 tin cans taped together and buried in the ground. Environmenta damage from this
method is minimal. If checked frequently, the traps can function as live traps. They are aranged in
transects, grids, arrays, or used to encircle specialized habitats. Drift fences are used to increase
the capture probability of pitfall traps. An auminum sheet approximately one meter high is place
between traps. The lower edge is buried severa inches into the ground. An anima running into
the aluminum fence is forced to run aong its edge until it fals into one of the pitfal traps. Data
ae used to estimate species diversity, relative abundance, and microhabitat use. Mark-recapture
techniqgues may be used to provide population and home range estimates. Trapability differs
among species. Amphibians and reptiles which move verticaly in the forest are unlikely to be
caught Snakes arc rarely caught in pitfall traps and have been observed feeding from them. Small
mammals and amphibians are caught most frequently. Mortdity is high among smal mammals;
populations may be depleted if traps are checked infrequently. Water may be put into the traps to
drown the smal mammas immediately. This can affect the condition of amphibians depending on
the frequency with which traps are checked. Despite the disadvantages, these traps offer flexibility
and can be left intact and covered when not in use.

Birds

Some of the most common bird sampling techniques are described below. The most
appropriate method depends on the objectives of the study. For a more detailed description of
each technique refer to Vemer (1985) and Manuwal and Carey (1991).

Variable gircular plot_technigue,

Reynolds et al. (1980) proposed a variable circular-plot (VCP) method for determining
absolute abundance. The method makes use of timed counts of species numbers and distance
estimations from observer to hird a a number of stations located dong a transect. The VCP
method is reported to offer distinct advantages for surveying large geographical areas, for
comparing different habitats, and for working in rugged and remote terrain (Scott and Ramsey
1981). It was found to be more effective within a study on riparian areas in the Western Cascades
of Oregon than the line transect method (Anthony 1984). Reynolds et a. (1980) found that a
stationary observer spent mote time searching for birds and less time watching the path of travel
than one walking along a transect. They reasoned that stationary observers have less effect on hird
activity and provide better density estimates. Edwards et a. (1981) found that significantly more
species were detected by the VCP plot technique than by the fiied radius plot (Bond 1957) or the
line transect method (Emlen 197 1). Some of the major drawbacks of the VCP method have to do
with biases with respect to distance (estimation and inter-observer differences (D. Manuwd, UW,
personal communication).

Point _count methods

There are three types of point count methods: simple point count, fixed radius point count,
and variable radius point count (Verner 1985). The simple point count is employed when
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information is needed on species richness, presence, and abundance (Manuwal and Carey 1991).
The fixed radius point count is used to compare differences in community composition and
relative abundance between sites. Its advantages are that it has fewer assumptions than variable
distance transects and point counts, it is easy to conduct in the field, and the data am easy to
andyze. A 50-m radius is adequate for most species in typica Douglasfir forests west of the
Cascade mountains. However, rare species with long detection distance, such as the pileated
woodpecker, will be under-represented (Manuwal and Carey 1991).

Point counting is superior to transects for studying annual trends, primarily because the
time spent counting can be controlled, and more sites can be sampled, permitting more
representative  sampling (Verner 1985). Point counts are also preferable to transects in areas of
rugged, densdly vegetated terrain, where movement aong the transect could interfere with bird
sampling (Manuwal and Carey 1991). By not recording distances, the point count method
diminates the distance estimation bias associated with the similar VCP technique.

Transects

Varidble width transects are used when the objective is to estimate densities and when it is
necessary to account for variance in detectability due to differences among species, observers, or
habitats (Emlen 1977). Transects and point counts are more efficient for abundance measures than
‘mapping (Vemer 1985). The aea sampled increases linearly with distance from the observer with
transects but geometrically with point counts. If certain assumptions are violated, point counts
result in much larger errors in density estimations than do transects (Vemer 1985).

Anderson and Ohmart (1981) found that the time spent in the field was shorter for the
variable strip transect method of Emien (1971) than with the VCP technique. However, the tota
area censused was sgnificantly greater with the transect method because of the 100-m interval
between plots that was not censused in the variable circular plot technique. Total detections were
dways significantly greater with the transect technique.

Mapping

Mapping involves plotting the locations of singing males on gridded maps during each of
several visits to a plot. Information from the maps is then transferred to composite maps for each
species. The maps provide information on species abundance, composition, density, and
territoriality. Studies of energy consumption by birds as a pat of a study of trophic dynamics
should not be attempted with any method other than totd mapping (Vemer 1985). For most bird
species, mapping provides a befter estimate of density than the VCP. The advantage to using the
mapping technique, is that it produces the most reliable estimates of absolute density (Franzseb
198 1). The disadvantages to this method are that it requires a great deal of time and effort, its use
is restricted to the breeding season, for large species such as raptors it is difficult to determine
what portion of a teritory is on the plot, observer bias increases with variability in territory
delineation, and counting singing males may not give a reliable estimate of breeding males.
Kendeigh (1944) noted that 9% of singing house wrens were unmated.

i~

) mmal

The estimation of population structure and the population density or number of animals
per unit area is an important consideration in many ecologica studies concerned with interactions
between animals and their habitats. For most wild mammals accurate estimation of density and

85



population structure is difficult to obtain because of their generaly secreus e and inconspicuous
natures. Small mammas am additionaly difficult to census because of their size and genera lack
of signs to indicate their presence. These difficulties are overlaid with biases introduced by the
choice of sampling method (Williams and Braun 1983). There apparently is no single type of trap
or combination of traps that w:ll capture individuals of al species, sexes ad age-classes - th
equal probability. Thus, the .:lection of a method depends on the ¢hjes of the study “he
questions being asked. The techniques can be considered broadly in thi.  _iegories: cap:i ie-
mark-recapture  methods, intensve removal methods, and indirect methods.

Capture-mark-recapture methods

The technique of capture, marking, release, and recapture is one of the most frequently
used sampling techniques for smal mammas. The proportion of marked individuals recaptured in
the second sample, aong with the known number of marked individuals released, permits an
estimate of the total population size. Two situations each of which has different approaches for
estimating population parameters must be considered (Otis et a. 1978, Mc¢Cullagh and Nelder
1983). A population is defined as closed if it is not changing in size during the period of capture,
marking, and recapturing. A population is defined as open if it is changing in size during the study
period. Open populaions experience recruitment through immigration (or birth) and emigration
(or death). Real populations are clearly open, unless they are sampled for a very brief period.

This approach can estimate population abundance, population structure, survival rate,
growth rates, and emigration and immigration rates. It requires intensive sampling effort
Consequently, the number of gites that can be anayzed is relatively smal. Live traps and pitfall
traps are the most commonly used traps for capture-mark-recapture methods.

Live traps

There are severa designs for livetraps, some for catching multiple individuals and others
for single captures. Most of the commercidly avalable traps are single-capture traps, either
consisting of a spring-driven door triggered by a treadle on the floor of the trap (Sherman,
Havahart, and Tomahawk traps) or a door released by a wire treadle placed in the trap entryway
(Longworth) (DeBlase and Martin 1981, Taber and Cowan 1969). Traps usually are baited, but
type of bait varies widely in accordance with food preferences of the species in question. Some of
the advantages of live traps are that they am easy to set, can be used in large arrays for estimating
population density, and they are non-destructive (Otis et a. 1978). Some of the disadvantages are
the large effort/time commitment needed to conduct livetrapping and the expense involved in
surveying a large area (or severa areas).

Typicd marking techniques for smal mammals involve ear tagging or toe clipping. Other
methods such as hair clipping, hair dying, freeze-branding, and numbered collars also have been
used (DeBlase and Martin 1981, Taber and Cowan 1969).

Pitfall traps
Pitfall trapping is a technique that is increasingly used to sample amphibian and reptile
populations (Corn and Bury 1990) as well as cetan smal mamma species. Pitfal traps are very

efficient a capturing species of low agility or species that use tactile and olfactory rather than
visual cues (West in press). This technique is mostly effective for capturing insectivores and non-

jumping rodents, but is less effective a capturing species such as deermice, chipmunks, and
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jumping mice (Briese and Smith 1974, Bury and Corn 1987, Williams and Braun 1983).

Substantial effort is required to place pitfals in the ground, especialy in rocky soil and gravel.
Because the technique primarily is effective in capturing insectivores, which must feed every 2-4
hours, traps must be provisioned with sufficient food and checked frequently (7 hours or less).
Because pitfal traps catch relatively few agile rodents when used as live traps, other methods
should be employed at the same time to assess the small mamma community fully (Bury and Corn
1988).

Intensive removal methods

When many kill traps arc set in a smal area, the totd number of individuals removed can
provide an edimate of density. Hayne (1949) and DeLury (1947) first proposed an estimation
procedure for such intensively trapped areas in which they plotted a regression line for the number
of animals caught each day against the cumulative number previously caught. This technique
provides an estimate of density at the point where the regression line intersects the abscissa The
statistical basis for this technique was discussed in Zippin (1958). Currently the computer
progran CAPTURE developed by White et a. (1982) is the best treatment on removal estimates
for smal mammal population sze and density.

Although removal methods change the population under study, this method has its own
advantages. It provides information on questions of age, sex, reproductive condition, and diet.
These kinds of data, are very useful for assessing population performance and habitat suitability. In
some cases, notably diet and reproductive condition, removal methods and subsequent necropsy
are necessary. Snap traps and pitfall traps are the two most common techniques for the removel
methods.

Snap traps

Snap trapping is the one: of the most common methods for censusing smal mammas. The
frequently used Museum Specia snap trap is larger than household-variety mousetraps and has a
longer ball wire which is designed to strike the back rather than the head of animas (West 1985).
In a study by Wiener and Smith (1972) Museum Special snap traps proved to be more effective
due to a more sensitive trigger mechanism than conventional snap traps during periods of strong
winds or rain. Although many different baits have been used, a common bait is a mixture of rolled
oats and peanut butter,

Snap traps are easlly set, inexpensive, and have a rapid rate of return for effort. They are
useful for collecting information in a short time period, and in sampling extensve areas. They ae
more efficient a capturing species that orient visually, but they are less efficient at capturing
species that orient by tactile or olfactory cues. Snap traps are disadvantageous in that they are
single capture traps and must be checked rather frequently and reset.

Pitfall traps

This technique can be used for live or remova trapping, athough it is most commonly
used for the later. In the Pacific. Northwest many animas drown due to the accumulaion of
water in the traps. Drowning is recommended as a humane technique by the American Society of
Mammalogists (1987) when npitfal traps are used as remova traps. Pitfall traps permit both
simultaneous and sequential multiple captures without the need for constant or frequent trap
attendance (Williams and Braun 1983).
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Indirect methods

The characteristic feature of al methods for measuring relative density is that they depend
on the observation of sign that represents some relatively constant but unknown relationship to
the total population size. They provide no estimate of density but rather an index of abundance
(Krebs 1985). Most methods arc useful as supplements to more direct census techniques and for
picking up large changes in population density.

For smal mammals in this region, the most common techniques involve counts of runways
(species of voles and moles) (Sarrazin and Bider 1973), counts of burrow systems (moles,
gophers and ground squirrels) (Scrivner and Smith 1981), counts of vocalizaticn (tree squirrels)
(Davis and Winstead 1980), and counts of nests and middens (nests of woodrats, flying squirrels,
and tree squirrels, middens of red squirrels) (Wolff and Zasada 1975).

Bats
The following discussion is ‘based primarily on material presented in Kunz and Kurta
(1988) and Thomas and West (1989).

Methods of capturing bats

There are two widely used methods of capturing bats in the field: mist nets and Tuttle
traps. Mist nets are portable and can be set up to cover a large area; however, nets must be
watched constantly and entangled bats removed promptly to avoid mortaity. In contrast, Tuttle
traps (Tuttle 1974) do not have to be monitored constantly and severa traps can therefore be run
smultaneoudly. In addition, Tuttle traps protect captured bats from weather, and are 10 times
more efficient than mist nets. several disadvantages. Bats in traps may bite or prey on one another
and are vulnerable to predators such as snakes. If large numbers of bats are caught at one time
bats may suffocate.

Capture methods are subject to several sources of bias. Wind and rain can affect success
by making nets or traps more visble. When Tuttle traps are used, variations in line tension can
dso introduce bias because different species may be caught with different line tension. When lines
are too loose, large bats pass through; if too tight, small bats bounce off. It is desirable to fmd a
moderate tension to catch as many species as possible, but some may still be missed.

Capture rates vary with species, behavior, and age of individuals. Some bats (both species
and individuals) avoid capture. High flying and maneuverable bats are not easlly be captured, and
gleaning and hovering bats, such as the long-eared bat (Myotis evotis) and the pallid bat
(Antrozous pallidus), are especidly good at avoiding traps. Adults are better at avoiding nets than
juveniles, and near-term pregnant individuals are caught more often than male, non-parous, or
lactating  individuals.

Although biased, trapping provides information on reproduction, sex, and age that cannot
be obtained by methods in which bats are not handled, such as visual counts and ultrasonic
detection.

Visua  counts

In visual counts bats are counted as they emerge from a roost. This is a precise but labor-
intensive method of monitoring bats, with as little as 0.5% variation between counts (Swift 1980).
The utility of visua counts is limited to estimating numbers of individuads using a given roost

88



because in order to use this method to estimate population Size, the number of roosts in an area,
individua foraging ranges, and immigration rates must be known.

Visud counts have aso been used to monitor habitat use of several species in urban aress.
Usng visua drip counts in which bats were counted along a transect, Gaisler (1979) was able to
identify three species on the basis of Size seen againgt an open sky in a city. This technique has
several drawbacks. It cannot used in forested areas because the bats must be silhouetted against a
light background to be ideniified; detection distance varies depending on bat Sze, flight levels, and
light intendty; and the species of interest must be of substantialy different Sizes for postive
identification.

Ultrasonic  detection

Ultrasonic  detection systems have been developed that dlow remote sensng and
recording of cals for later playback and recognition. These techniques offer me ability to census
bat activity over many areas smultaneoudy without some of the biases of capture techniques.
Bats need not be trgpped or handled and the detector microphones cover a larger area then traps
or nets, alowing the collection of larger samples.

However, ultrasonic detection aso has shortcomings. Many species cannot be
distinguished from one another based on echolocation cal characterigtics (Thomas and West
1991, Fenton et d. 1973) and species with smilar cals must, therefore, be grouped in andyss.
This limits the effectiveness of this method for monitoring habitat use by individud species
(Thomas and West 1991). In addition, detectors cannot yield absolute measures of abundance.
They are only useful for measuring relative levels of activity among different areas because there
iS no one-to-one correspondence between the number of cals recorded and the number of bats
present; a sngle individua emitting severd cdls cannot be distinguished from severd individuas
emitting single cals. Findly, detectors cannot be used to compare activity among species. Cals of
different species vary in intensity and detection distance such that lower frequency cals are
detected a greater distances than high frequency cals (Griffin 1971, Fenton and Fullard 1981).

Carnivores

Many of the methods for the studying carnivores are designed to determine population
Size, densities, physical characteristics, and home range. Some of the more common methods for
censusing canivores are described below. The advantages and disadvantages of each technique

depend on the objectives of the study being designed.

Census techniques

Capture-mark-recapture

Capture-mark-recapture (CMR) methods have been used for many years and incorporate a
variety of techniques to provide information for population edtimates, densities, movements,
weight variation, home range, and externa characterigtics (Ring and Edgar 1977). In generd,
traps are set & regular intervas over a plot of land, animas are marked and released, and
recaptured a number of times (Stickel 1954). The grid Sze, configuration and number of traps
established is specific to the anima population being studied (White et d. 1982). Four critica
assumptions of the CMR methods are:

1. Marked and unmarked animas are captured randomly (Krebs 1972).
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2. Marked animals are subject to the same mortdity rate as unmarked animas (Krebs
1972).

3. Marks are not lost or overlooked (Krebs 1972).

4. The size of the population. is constant over the period of census. This means that no
recruitment (birth or immigration) or losses (death or emigration) occur (White et a. 1982).

CMR methods are most appropriate for animals with high densities and smal mov..ment
patterns  (Montgomery 1987). Some advantages to using the CMR methods are that they alow
the observer to estimate the population size of elusive, mobile organisms that are seldom
amenable to direct counts, and that the anima populations being studied remain aive and intact
One maor disadvantage is the difficulty in incorporating heterogeneity in catchability, behavior,
and age dructure into the design (Montgomery 1987, White et a. 1982). Consequently, catches
could misrepresent the population in various ways (King 1983).

Removal

Remova techniques involve trapping the animas adong a grid system smilar to the CMR
methods and removing the anima from the populaion, ether by marking unmarked animas or Kkill
trapping. An estimation of population size can be determined by andyzing the decreasing
proportion of captures in successive trapping efforts (West in press). Data necessary for
determination of age, breeding condition, and digestive tract anaysis can be obtained by Kkill
trapping (King and Edgar 1977).

One advantage to the removal method is that it is a quick and efficient way to estimate
population numbers. Daily inspections of traps may not be necessary (King and Edgar 1977). One
of the mgor disadvantages to the remova method is that it may change the population structure
and additiondly may alter the responses of surviving individuals (Ring and Edgar 1977).

Camera traps

Camera traps involve the connection of a detector or baited trigger mechanism to a battery
operated camera with flash. Upon detection of the animal or upon release of the bait from the
trigger, the camera will photograph the animals (Jodin 1988). Care must be taken to strategicaly
place the camera in a postion where it will receive the best full body shot of the animal.

Some advantages to this method are that it requires little time commitment and is
sufficient for determining presence or absence. Presence information can be a useful and efficient
way to describe large scale ecological patterns (West in press). Some of the disadvantages to

camera traps are that visitation rates may be low, they can be expensive, and they provide only
presence data

Aerial surveys

Aerid surveys involve photographing mammas from aircraft fitted with aerial survey
caneras (Ward et a. 1987). The photos are then examined to provide an indication of population
Size, habitat use and location, and migration patterns. An advantage to this method is that it
provides information on more elusive animas that are difficult to track by other methods. One
disadvantage to aerial surveys is that they are expensive in terms of flight costs, camera
equipment, and time spent searching for animals. Also, the sightings from aerid surveys are a
function of habitat “transparency.” For example, one would inevitably count more numbers of
individuals in an open meadow than in a closed canopy forest.
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Tracking

The use of tracks as a population estimation technique has been offered as an inexpensive
technique (Reld et al. 1987). It involves tracking animals by their prints in the snow, on track
plates, or other appropriate medium to provide information on didribution, dispersion, activity
(time or space), habitat preference, and species interaction (Ring and Edgar 1977). Some of the
advantages to tracking are that there is little interference with the animas activities and a larger
aea can be censused than with a trapping method (Ring and Edgar 1977). One disadvantage to
tracking is that it provides no physicd information about the animas (i.e, Sex, Size, reproductive
condition) (Teplov 1952). An obvious disadvantage specific to snow tracking is tha its use is
temperature dependent. Snow tracks may indicate winter habitat use but the habitat requirements
of a species may change seasonally, paticularly during the breeding season (Wan Home 1983).

Sign analysis

The andysis of sgn to index abundance may be used when the actuad capture of animals is
not necessary and when the animal species is very difficult to capture. Some examples of sign
analyses include: counts of vocdlizations, dens, scat, prey kills, marked trees, trals and sign posts
(West in press). The type of sign chosen for andysis is a function of naturd history and varies
greatly with respect to different species. For presence-absence techniques any sign of presence
will do, while for indices of abundance the signs must have some consstent relationship to
abundance (West in press).

In summary, the technique used to determine and describe a population of carnivores
depends on the species being studied and the questions being asked. In generd, CMR, removd
techniques, aerid surveys, and sign andyss can be used to obtain population estimates for
carnivores. Camera traps arc most frequently used to determine the presence or absence of a
species. The most effective method to obtain information regarding reproductive success of
canivore populations is CMR. The determination of carnivore-habitat relationships is dependent
on the didribution or teritory of the species being studied. For wide-ranging carnivores (i.e,
bear, opossum, and raccoon), carnivore-habitat relationships arc determined by tracking, aerid

surveys, sSign andysis, and radio telemetry (explained below). For narrow ranging carnivores
CMR may dso be employed.

mmgthody

Radio ftelemetry

Radio telemetry is used primarily for the study of movement patterns, but can dso be very
useful in augmenting census data. Radio telemetry, in conjunction with tragoping methods for
population estimates, provides information on the animas that were not in the populaion during a
paticular trapping period (Halett e d. 1991) In radio telemetry, an animd is equipped (by collar,
harness, or surgicd implant) with a miniature Signa-emitting radio transmitter which does not
afect its capture probability or survivd. The animal carrying the transmitter is then located by
recevers fitted with directiond antennae. The directiond antenna indicates the direction from
which the tranamitter signals are coming by emitting louder signals when the antenna is pointed in
the right direction (Riney 1982). Locaions of the animas can be marked on maps to provide
information regarding the movement patterns.

Some advantages to using this method to study carnivores include:

91



1 It, like CMR, is an effective way to monitor shy animas in good cover.

2. It has the advantage of getting the observer quickly to a position where he can observe
a paticular instrumented anima. (Craghead and Craighead 1965).

Some of the main disadvantages to radio-telemetry arc the initiadl cost of equipment and

the expertise and time required to develop a workable system for relocating the animals (Riney
1982).

Ungulates

Two general approaches can be taken to gather information about ungulates. First, the
animals themselves can be surveyed and sampled using visua observations, radio telemetry, and
vocalization. Second, indirect methods using tracks and traces can be surveyed and sampled,
including pellets, browse, and rutting pits.

Direct visual observation of ungulates is a useful method for obtaining information on
habitat selection, activity patterns, and to some degree food selection, and it has been widely used
throughout the world. However, the method is only useful if the animas are visible the mgority of
the time. This is not the case in the PNW, where ungulates utilize forested areas. Therefore, radio
telemetry might prove to be a more useful method. If animals arc equipped with motion sensitive
transmitters, both habitat selection and activity patterns can be obtained. Aeria surveys are aso
useful to obtain locations of ungulates, marked as well as unmarked individuals (Kenward 1987).

Spotlight techniques have been used with a variety of animals. The method is easy in the
fild and relatively inexpensive. From spotlight counts population estimates can pe caculated
(Harestad and Jones 1980).

Browse inventories have been used frequently to get information on plant species
preference by an ungulate species and carrying capacity evaluation (Telfer [ 1980] for a review).
The method is fairly robust, since it gives a good estimate of browse pressure. On the other hand,
if two or mom ungulate species are involved, only the accumulated browse effect (result) can be
measured. There is no way to tell what kind of ungulate browsed a particular twig. Browse
inventories cannot be used to distinguish browse of different ungulate herbivores.

In ungulate ecology, animal abundance in relation to their food resource is important. For
browsing ungulates the estimation of browse biomass is important. Marshal et a. (1990)
developed a method to estimate. browse biomass using multiple regression and plotless density
estimaies. The technique is inexpensive since it requires relatively smal sample sizes.

In the evaluation of ungulate habitat, measuring availability of key forages is important
(Wallmo e d. 1977, Hanley and McKendrick 1985). The availability of browse changes when
snow accumulates. A commonly accepted dternative to direct measurement involves estimating
proportions of browse present before snowfall that exceeds heights of various snowpacks (Telfer
1980). In Montana it was found that there is a nonlinear relationship between available browse
and increasing snowpack (Jenkins et a. 1990). If a simple linear relationship is used it leads to
overestimation of browse (Schwab and Pitt 1987).

Strip and line transects have traditionally been used to estimate populations, and browse
pressure. (Eberhardt 1980). Burnham et a. (1985) compared the two types and found that in
generd the line transect method should be preferred over strip transects on the basis of human
bias and efficiency.

Line transect surveys of pellet groups provide a very useful method to get a population
estimate or an index of use of a habitat type compared to others (Eberhardt 1980). When the
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population of interest consists of groups or clusters of individuas such as elk rather than single
individuals, group size may influence the probability of detecting a group. Drummer et a. (1990)
incorporated group size as a covariate in their line transect method to eliminate overestimation of
density of individuals. One of the problems using pellet transect surveys is variation in the
persistence of fecal pellets from deer and ek. Loft and Kie (1988) compared radio-triangulation
methods for assessing deer habitat use and came to the conclusion that pellet group counts are
useful in ranking relative use of habitats, but may not be reliable for ranking habitats that receive
similar levels of use. One of the weaknesses is that the pellet group counts does not indicate the
kind of use a given habitat receives. Additiona data are needed to supplement the information
from the pellet group counts. Harestad and Bunnell (1987) showed for black-tailed deer in British
Columbia that twice as many pellets remain in a dry site compared to a moist site after one year.
Furthermore, defecation rate of an ungulate depends on forage quality (Robbins 1983). As food
quality decreases (i.e., as the fiber content increases) ungulates pass more indigesible materia.
This is most strongly pronounced between seasons. Winter pellets are more persistent than spring
and early summer pellets where ungulates forage on early phenological plant materid, which is
low in fiber.

Estimates of home-range size are very senstive to the length of sampling intervals.
Moreover, if large sample sizes are acquired over a short period of time, the samples may not be
independent (Swihart and Slade 1985).

Especially during winter ungulates may suffer nutritional constraints (Hanley and Rose
1987). Hanley and McKendrick (1985) showed for Sitka black-tailed deer in Southeast Alaska
that the winter energy limiting hypothess may be true, when deep-snow winters or when herb-
layer evergreen forages are not avalable. In addition, the role of protein digestion-inhibitors play
an important role.

Tracks left in the snow by wild ungulates have been used to estimate relative abundance of
species between years (Fedyk et al. 1984). It is a very inexpensive method and not very labor
intensive. It could also be used to indicate differential use between habitat types. On the other
band, if it is not combined with other field data, the habitat use may be meaningless because
tracking data does not indicate the animals activity patterns.

Modeling of ungulates

Over the years severa ungulate models have been developed. The advantage of models is
that they can provide a quick and fairly inexpensive idea of what might be accomplished under
different management manipulations in a given habitat or in particular a a landscape level. Within
their limited Scope, models can be used as a predictive framework of a given ungulate population.

A resource limitation model for black-tailed deer was developed by Garcia & d. (1976)
based on the Ledie matrix. The model will generate a possible carying capacity for a given area
but is probably too smple to give vaid population numbers. Raedeke and Lehmkubl (1986)
congtructed the HABSIM-model. It predicts population sizes of ek on a landscape level, and is
useful for making predictions due to large scde logging or habitat aterations.

For the commercid timberlands north of Mt Rainier Nationa Park aong the White River
in western Washington a model was constructed for assessing influences of forest harvesting
activities on ek forage conditions (Jenkins and Starkey 1990). The model is used to assess
influences of several possible forest harvesting rates, rotation lengths, thinning rates, hardwood
cutting rates, and winter snowfall on forage conditions in the White River drainage (Jenkins and
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Starkey 1990). This model may be a useful tool in predicting the outcome of riparian management
zones under different management schemes.

Hanley and Rogers (1989) developed a genera ungulate model based on nutritional
requirements and their availability. The advantages are that it can be used in a variety of habitats
and it is not restricted to one species.

Wisdom et al. (1989) refined the del developed by T' omas e d. (1979) for ek to be
useful in western Oregon. The origind ni.xeel by Thomas et a. { :979) was created for the Blue
Mountains of Oregon and Washington. Several improvements have been made since then (Musser
and Bracken 1990).

POPULATION AND COMMUNITY PARAMETERS

Population ecology

A primary concern of population ecology is how population parameters are related to the
environment where animals live (Caughley 1977). Parameters of interest include abundance,
density, survivorship, fecundity, age-structure, sex raio, immigration, emigration, rates of change
and the variance of these estimators (Caughley 1977, Newton 1989). These estimates can be age-
specific, athough this generdly requires intensive, long-duration study and the ability to
accurately age and identify individuas (Caughley 1977). Long-term, age-specific data would
permit partitioning of estimator variance between habitat types, socia factors (eg., densty
dependence), environmental stochasticity, and individual life-time reproductive success (Clutton-
Brock 1988, Newton 1989). Long-term study is not only difficult in terms of funding and current
research ingtitutions (e.g., Vemer 1992). but decisions about landscape level management may be
needed Dbefore long-term research can be completed (Soulé 1986). Fortunately, it is possible to
learn a great deal about relationships through experimenta manipulation and short-term
correlations observed in different environments. In the remainder of this section we briefly review
a number of considerations about population level parameter estimation.

Relative abundance

This is a measure of abundance based on an index which is not a direct estimate of
population numbers (Caughley 1977). It is the smplest type of abundance measure both in terms
of estimation and because limited information is gathered. Indices include direct counts from
animal signs such as the number of fecal deposits, nests, burrows, scratching posts, and predated
plants. These types of indices may requite an estimate of the expected number of signs per animal
and require a minimum time lag between the animas presence and observation of signs (Caughley
1977). Another class of measures relates abundance to catch per unit effort such as with pitfall
traps, track plates, and cal counts. Relative abundance can be a very cost-effective and useful way
to index population responses to habitat perturbations.

Density

Crude density is the estimated number of animas in a given area (Caughley 1977). This
measure is most useful for comparing tempora varigion within study areas. Comparisons
between arcas is more problematic because definitions of study area boundaries can be abitrary
relative to the sampled organisms. Measures of absolute density (i.e, tota number of animas in a
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given area) will requite more intensve sampling methods than required for relative abundance
measures (Caughley 1977). Fied methods include quadratc counts (Clarke 1986). mark-recapture
studies (Jolly 1965, Seber 1965, Otis et d. 1978) and transect samples (Burnham €t a. 1980).
Important considerations for these methods include standardization of methods, observer hias,
independence of observations, and behavioral, tempora, and socid dynamic effects on capture
probabilities.

Ecologicd densty is the esimated number of animas relaive to the availability of specific
habitats. This measure may have an a priori assumption of what constitutes a habitat type relaive
to the organism being sampled, but if this condition can be sdtisfied the measure provides more
specific information than crude density. Both crude and ecologicd density estimates may be
biased by study area Sze (Franklin et a. 1990), but this is less problematic if the numbers are used
to assess tempord variation within study areas or if inter-sudy comparisons involve aress that are
approximately equa in Sze. Rarefaction is a tool that can be used to standardize density estimates
for study gites of various sre. (Tipper 1979). Interpretation of density measures should recognize
that dengty is not dways a good indicator of habitat qudity (Van Home 1983, Pulliam 1988) and
a more complete assessment will require demographic estimates.

Demographic measures

These parameters, described above, provide the most complete information needed to
relate how animals respond to different environmental conditions. However, sampling can be very
expensve in terms of time, money and effort (Caughley 1977). It is possble to estimate a number
of parameters such as reproductive condition, age-structure, and sex ratio during the course of
presence/absence sampling such as with pitfal traps. Survivorship, fecundity, immigration and
emigration require more intensve sampling such as mark-recapture studies with large sample sizes
and involving several generations and years to accurately edtimate the variance for these
parameters (Caughley 1977, Newton 1989). Lie stage projection parameter estimates arc a useful
approach to examining retes of populetion change where age-specific data is unavailable (Caswell
1989).

community Ecotogy

Communities have been defined in a myriad of ways but a common operationa theme is
that a community is an assemblage of severd species occupying the same area (Wiens 1989).
Community ecologists are concerned with factors that influence community composition and this
has been accompanied by consderable debate (e.g., Diamond 1975, Connor and Simberloff 1984,
Gilpin and Diamond 1984). A number of community level relationships have ‘been explored which
we briefly review below.

Species diversi
Diversty measures combine both the variety of organisms in a community (i.e, Species
richness) and their relative abundance (Magurran 1988). A large number of indices of species
diversty have been proposed to enumerate differences between communities. For a review of
concepts and methodologies see Ludwig and Reynolds (1988). Magurran (1988). Wiens (1989),
and Krebs (1989). Diversity measures are commonly a function of sampling methodology and
thus standardization is needed to make comparisons between study aeas (e.g., rarefaction, Tipper
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1979). Diversity is a function of habitat structure, succession, seasona changes, interspecific
relationships, and other factors described below (Wiens 1989).

MacArthur and Wilson (1967) examined the relationship between species richness and
area for severd taxa occurring ¢n islands. They found that sp.zcies richness generaly increases
with area when plotted on a log-log scale. In island situations and isolated mountain ranges,
factors other than area may be important. Distance from sources of colonists, and habitat features
have been shown to ater species-area relationships (Johnson 1975, Gilpin and Diamond 1976).
Considerable debate continues as to the usefulness of species-area relationships in conservation
biology (e.g., Simbcrloff and Abeie 1982, 1984, Wilcox and Murphy 1985, Simberloff and Cox
1987).

Species abundance models

These models tit various mathematical distributions to observed abundances of species.
For instance, Preston (1948) observed that the relative density of bird species commonly fits a log
norma distribution. This tit was used to explain the observation that communities usualy have
few very common species and more species with lower abundances. However, there is
considerable debate regarding the biologicd meaning of this relationship (May 1975, 1984,
Sugihara 1981). Ugland and Gray (1.982) noted that an implicit assumption in Preston’s mode is
that the communities are in equilibrium. They found that communities in nonequilibrium (such as
those undergoing habitat modification) do not fit a log norma distribution. Considerable debate
exists about the equilibrium state of communities (Wiens 1989). Other distributions have been
proposed such as a niche preemption model using a geometric series (Rgv 1975). See Ludwig and
Reynolds (1988) for a review of methodologies.

Niche

One definition of a niche focuses on single species abundance and distribution as a
function of many environmental factors (Grinneil 1917, 1924, 1928). Another more community
based definition describes a niche as a species functiona role in the community with interspecific
competition as the primary determirdng factor (Elton 1927, Hutchinson (1957). Both definitions
can complement one another (Wiens 1989). Niche overlap is the degree of similarity between the
ecological niches of various species (Wiens 1989). Groups of species having a high degree of
overlap are commonly classified as guilds (Root 1967) and are the focus of research testing ideas
about competitive excluson and niche complementarity (MacArthur 1970, Wiens 1989). Groups
of species having a high degree of ecological overlap are clustered into guilds for analytical
purposes. Guilds have been defined a priori (Cody 1983, Diamond 1975) using a mixture of
taxonomy and behavioral differences between species. Others have defined species guilds using a
posteriori methods such as cluster analysis, principal components anaysis and discriminant
function analyss (Holmes et a. 1979, Capen 1981). There can be considerable difficulty in
measuring niche overlap because of regional differences, temporal variation in species abundance
and resource availability and in defining and quantifying resource use and availability (Wiens
1989).
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USE OF RIPARIAN ECOSYSTEMS BY TERRESTRIAL VERTEBRATES IN
WASHINGTON: ASSESSING DEPENDENCE ON RIPARIAN HABITATS

In this section we summarize information on terrestrid vertebrates of Washington that use
riparian habitats and use this information to develop a ranking system to assess thelr senstivity
and significance. Table 4 presents information on 1) descriptive variables life forms, use of
riparian habitats (rivers, streams, and creeks) 2) variables used in assessing senstivity: habitat
Specificity, population trend, geographic range, population concentration, and reproductive
potentia, 3) variables used in assessing significance: Systematic Significance, biogeographic
ggnificance, and 4) senstivity and sgnificance scores. The definitions of variables and
procedures for scoring used in this section were adapted from Millsap et a. 1990. Scores were
determined using information from Brown (1985). Burt and Grossenheider (1976), Ehrlich et 4.
(1988), Hdl (1981), Nussbaum et d. (1983), Stebbins (1985). and Thomas (X979). Each variable
used in assessing senstivity or significance was assgned a vaue from O-6. The higher a vaiable's
score, the greater the vulnerability or significance of that taxon: a score of 6 indicates high risk, 3
indicates moderate risk, and O indicates low risk. The senstivity and significance scores represent
a gynthesis of these variables.

EXPLANATION OF TABLE 4

Taxa

The taxa included were designated as inhabitants of riparian ecosystems on the basis of
one or more of the following: 1 j lists of riparian species compiled by the Washington Department
of Wildlife 2) taxcn chapters by Cross (1988). Knight (1988), Knopf and Samson (1988). and
Raedeke et d. (1988) in Raedeke (1988); 3) review by regiond authorities. Some species
identified as riparian species by 1 or 2, aove, were excluded from the ranking because they ae
uncommon or do not breed in the region (i.e, fal and spring migratory birds, overwintering
birds).

Nomenclature for common and scientific names follows the following sources: amphibians

and reptiles « Collins (1990) and Good and Wake (1992), birds - American Ornithologists Union
(1983). mammals - Jones et a. (1991).
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Descriptive variables

Life form descriptions for western Washington are from Brown (1985) and those for
eastern Washington are from Thomas (1979).

Life form  Reproduces Feeds
! in water in water
2 in water or in trees on the ground, in bushes
3 on the ground around water on the ground and in bushes, trees, and water
4 in cliffs, caves, rimrock, or tams on the ground or in air
5 on the ground without specific on the ground
water, diff, nmrock, or talus
7 in bushes on the ground, in water, or in ar
in bushes in trees, bushes, or ar
9 primarily in deciduous trees in trees, bushes, or ar
10 primarily in  conifers in trees, bushes, or air
11 in conifers or deciduous trees in trees, in bushes, on the ground, or in air
12 on very thick branches on the ground or in water
13 in own hole excavated in tree in trees, in bushes, on the ground, or in ar
14 in a hole made by another species on the ground, in water, or in ar
or in a naura hole
15 in a burrow underground on the ground or under it
16 in a burrow underground in the air or in the water

Primary habitat is designated by a “1"; secondary, or marginal, habitat is designated by a “2".
Information on use of habitats is from Brown (1985) and Thomas (1979).

Variables used in assessing sengtivity (SW_& SE)

Habitat gpecificity
Habitat specificity scores are derived from versatility scores in Brown (1985) for forests of

western Washington (SW) and from Thomas (1979) for forests of the Blue Mountains (SE).
Vesdility = Number of plant communities used for reproduction + Number of successiona

stages used for reproduction + Number of plant communities used for feeding + Number of
successional stages used for feeding.
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Numbers in left column represent scores.

3 High habitat Specificity (versatility score 1- 16).
2 Medium habitat specificity (versatility score 17-29).
0 Low habitat specificity (versatility score > 30).

If information was available for a taxon on only one sde of the dtate, the versdtility scone for that
taxon on the gde of the dtate where it occurred was doubled, to give a maximum of 6 possible
points.

Population trend throughout range of taxon (PT)

6 Populations; known to be or suspected of decreasing throughout al or most of range of
taxon.
3 Populations formerly experienced serious declines throughout range of taxon but presently

thought to be stable or increasing, or population decreasing in part of its range.
0 Populations stable or population trend unknown.

Geographic range refers to the area in the U.S. and Canada over which the taxon is
digributed during the season when didribution is most restricted.
6 (< 130,000 km?, i.e, < approximately 1/3 the area of California).
(130,000 1/3 km? - 400,000 km?, i.e, > 1/3 the area of Cdiforniathe area of Cdlifornia)
(> 400,000 km?)

o W

If a taxon has no wintering range in North America (e.g., black tern, solitary sandpiper), it scored
6, even if it has a large breeding range in Centra or South America The justification for this is
that species wintering in Centrad or South America are likely vulnerable on their wintering
grounds because of habitat loss or exposure to pesticides.

The only risk factor affecting reproductive potentia for recovery included in this andysis
was the number of young produced per year, computed as litter Sze x number of clutches (litters)
produced per year. As more information is obtained, information on survivd and age a sexud
maturity will be added to the matrix, so that reproductive potentid will reflect these additiona
components as well as clutch size. A high risk factor for each component is worth 2 points;
moderate risk factors score one point. In computing sensitivity scores using only clutch (litter)
sze, we multiplied scores by 3, so that reproductive potentid had the same weight (6 possible
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points) as each of the other risk factors.

2 For amphibians: 1-25 eggs/clutch.

2 For reptiles, birds, and mammas. clutch or litter sze x number of clutches (litters)
produced per year <3.

! For amphibians: clutch size >235 and <76.

| For reptiles, birds, and mammas. clutch or litter size x number of clutches (litters)
produced per year >2 and <.

0 For amphibians: >76 or clutch size unknown.

0 For reptiles, hirds, and mammals. clutch or litter size x number of clutches (litters)
produced per year >6 or unknown.

Population concentration {CQ)

Population concentration reflects the degree to which individuals congregate or aggregate
seasonally at specific locations (e.g., hibernacula, breeding sites, migration foca points) or daly at
specific  locations (e.g., communa  roosts).

6 Mgority of the Washington population concentrates a 1-5 locations within the state.
3 Individuals sometimes concentrate in colonies, communa roosts, or large flocks.
0 Individuals rarely congregate or aggregation behavior unknown.

Systematic significance (SS)
This score includes total of al categories that apply:
3 Monotypic family.
2 Monotypic  genus.
l Monotypic species (i.e, no subspecies).
0 Species includes >1 subspecies.

Systematic scores are based on Collins (1990) and Good and Wake (1992) for amphibians,
Collins (1990) for reptiles, Howard and Moore (1980) for birds, and Hall (1981}, for mammals.

Bi raphic signifi B
75-100% of total range occurs in Washington.

50-74% of total range occurs in Washington.

2549% of total range occurs in Washington.

[an BN NG O © >}

<25% of tota range occurs in Washington.
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Scores

Sensitivity score (SEN)
The sendtivity score assesses the sendtivity to disturbance, especidly loss of riparian
habitat. This score is caculated as.

Sengttivity score = habitat specificity score for western Washington + habitat specificity score for
castern Washington [or 2(habitat specificity score for western or eastern Washington)] +

population trend score + geographic range score + population concentration score + (clutch
size)3.

The significance score assesses contribution of taxon in Washington to hiologica
diversty. This score is caculaed as.

Significance score = systematic significance score +  biogeographic  significance score.

Status
Identifies taxa listed or proposed for listing as threatened, endangered, or senstive, or
species of gpecid concern.

FE: Federdly-liged; Endangered.

SE.  Saeliged; Endangered.

FT; Federdly-liged; Threatened

ST: State-listed;  Threatened

SC. Species of Concern; State-listed proposed Threatened or Endangered, Senstive, and
proposed  Senstive,

SUMMARY OF RANKING

As dstressed previoudy, we congder this ranking system to be an initid exercise that will be
refined as more information is obtained on these species. Nonetheless, certain trends are apparent.
First, dmost al of the species listed or proposed for liging by the state or federal government
receive high sensitivity scores in our ranking system. Indeed, the Columbian whitetalled deer, a
federally listed endangered species received the highest score of 22. The only listed species that
did not recelve a high senstivity score is the water vole. However, the low score of 5 mogt likely
reflects our lack of information on this species. Second, certain taxonomic groups are
characterized by high sensitivity scores as a result of their high degree of habitat specificity. This
is the case for groups such as sdamanders and the herons and hitterns. Other species receive high
scores because a combination of factors including population trends, habitat specificity, and
restricted geographic range..
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Table 4. A ranking system to assess the relative vulnerability of Washington’s terrestrial riparian vertebrates to disturbance. Variables and cal culation of scores

are described in the text.

Taxon Life Forms Habitat Sengitivity Variables Significance scores Status
Specificity Variables
West East West East PI GR CS CO §§ BS SEN SIG

Amphibians

Caudata: Salamanders

Ambystomatidaes Mole salamanders
Northwestern salamander Ambystoma gracile 2 2 0 3 0 3 1 0 ]
Long-toed salamander Ambysmma macrodactyvlum 2 2 2 2 0 0 0 3 0 0 g 0
Tiger salamander Ambystoma tigrinum 2 3 0 0 1 3 0 0 12 0
Dicamptodontidae: Giant salamanders
Cope's giant sdlamander Dicamptodon copei 1 3 0 6 1 0 ! 6 15 7
Pacific giant salamander Dicamptodon  fenebrosus 2 2 0 6 0 0 ! 2 10 3
Khyscotritonidae: Torrent salamanders
Cascade torrent salamander ~ Rhyacotriton cascadae 2 3 0 6 2 0 ! 4 18 5
Olympic torrent salamander ~ Rhyacotriton olympicus 2 3 0 6 2 0 ! 6 18 1
Columbia torrent salamander Rhyacotriton kerzeri 2 3 0 6 2 0 ! 4 18 5
Salamandridae: Newts

Roughskii newt Taricha granulosa 2 2 0 3 ! 3 0 0 13 0
Plethodontidae: Lungless salamanders
Ensatina Ensatina eschscholtzii 5 0 0 3 2 0 2 Q 9 2
Dunn’s salamander Plethodon  dunni 5 3 0 6 2 0 L 0 18 !
Larch Mountain salamander ~ Plethodon Jarselli 0 6 2 0 1 2 3
Van Dyke's salamander Plethodon vandykei 3 2 0 6 2 0 0 2 16 2
Western redback salamander  Plethodon vehiculum 5 2 0 6 2 0 ! 2 16 3
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‘Table 4. Continued.

Taxon Life Forms Habitat Sensitivity ~ Variables Significance scores status
Specificity Variables

West East West East PT GR CS co S§§ BS SEN SIG
Anura: Frogs and toads
Leiopelinatidae: Bell frogs
Tailed frog Ascaphus truei 2 2 3 2 0 3 1 0 3 2 11 5
Peiobatidae: Spadefoot toads
Great Basin spadefoot Scaphiopus intermontanus 2 2 0 0 0 0 1 0 4 i
Bufonidae: Toads
Western toad Bufo boreas 2 2 2 0 0 0 3 0 0 5 0
Woodhouse's toad Bufo woodhousei 2 2 0 0 0 0 0 0 4 0
Hylidae: Treefrogs
Pacific chorus frog Pseudachris regilla 2 2 2 0 0 0 0 0 0 0 2 0
Ranidee: True frogs
Red-legged frog Rana aurora 2 2 3 3 0 0 0 2 10 2
Cascades  frog Rana cascadae 3 3 6 0 0 ! 2 15 3
Bullfrog Rana catesbeiana i i 2 2 0 0 0 0 1 0 4 !
Green frog Rana clamitans 0 6 0 0 0 2 6 2
Northern leopard frog Rana pipiens 2 2 3 ¢ 0 0 0 0 g 0
Spotted  frog Rana pretiosa 2 2 3 3 0 0 0 ! 0 8 !
Wood frog Rana sylvatica 2 2 0 0 0 3 ! 0 7 !
Reptiles
Testudines: Turtles
Emydidae Water and box turtles
Painted turtle Chrysemys picta 3 3 3 3 0 0 0 0 2 0 6 2

Clemmys marmorata 3 3 6 3 0 0 0 0 15 0 ST

Western pond turtle
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Tahle 4 (Continned.

Specificity Variables
West East West East PT GR C§ CO S8 BS SEN SIG
Iguanidae: Iguanids
Sagebrush lizard (Mt fence  Sceloporus graciosus 5 5 2 2 0 0 i 0 0 0 7 0
lizard)
Western fence lizard Sceloporus occidentalis 5 5 2 2 0 0 0 0 0 0 4 0
Scincidae; Skinks
Western skink Eumeces skiltonianus 3 3 2 2 0 0 1 0 ] 0 7 0
Anguidae: Anguids
Northern alligator lizard Elgaria coerulea 5 0 0 0 0 0 0 2 0 2
Southern alligator lizard Elgaria multicarinata 5 2 0 3 0 0 0 0 7 0
Boidae: Boas
Rubber boa Charina botiae 5 15 0 2 0 0 1 0 2 Q 5 2
Colubridae: Colubrids
Western yellowbelly racer 5 5 2 2 0 0 1 0 0 0 7 0
Sharptail snake Contia tenuis 5 ] 0 6 0 0 1 0 6 1
Ringneck snake Diadophis punctatus 5 3 0 0 0 ] 2 0 2 0 6 2
California mountain Lampropeltis zonata 5 2 0 6 0 0 0 0 10 0
kingsnake
Pine (gopher) snake Pituophis melanolencus 5 5 { ) 0 4] 0 0 O ¢ iy {
Western terrestrial garter Thamnophis elegans 5 5 0 2 0 0 0 0 0 0 2 0
snake
Northwestern garter snake mno 5 2 0 3 0 0 1 2 7 3
Common garter snake mno 3 3 0 0 0 0 0 0 0 0 a 0
Viperidae: Pit vipers
Western rattiesnake 5 5 2 2 0 0 2 0 0 0 i0 Q
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Table 4. Continued.

Taxon Life Forms Habitat Sensitivity  Variables Significance Scores status
Specificity Variables
West East West East PT GR CS CO SS BS SEN SIG
Birds
Ciconiiformes: Herons, bitterns, and their allies
Ardeidae: Herons and bitterns

Great blue heron Ardea herodias 12 12 3 3 0 0 ! 3 0 0 12 0
American  bittern Botaurus lentiginosus 3 3 3 3 6 0 ! 0 l 0 15 !
Green-backed  heron Butorides virescens 7 7 3 0 0 ! 0 0 0 9 0
Great egret Casmerodius albus 7 7 3 3 0 ! 3 0 0 15 0 SC
Snowy  egret Egretta thula 3 0 ! 3 0 0 9 0
Black-crowned  night Nycricorax nycticorax 1 7 3 0 0 ! 3 0 0 12 0
Anseriformes: Waterfowl
Anatidae: Swans, geese, and ducks
Wood duck Aix Sponsa 14 14 2 3 3 0 0 0 ! 0 8 !
Northern  pintail Anas acuta 3 3 3 3 0 0 0 0 0 0 6 0
American - wigeon Anas americana 3 3 3 3 0 0 0 0 1 0 6 !
Northern  shoveler Anas clypedata 3 3 3 3 0 0 0 0 1 0 6 !
Amer. green-winged teal Anas crecca 3 3 1 3 0 0 0 0 0 0 6 0
Cinnamon  teal Anas cyanoptera 3 3 3 3 0 0 0 0 0 0 6 0
Blue-winged  teal Anas discors 3 3 3 3 0 0 0 0 ! 0 6 !
Mallard Anas  platyrhynchos 3 3 3 3 0 0 0 0 0 0 6 0
Gadwall Anas strepera 3 3 3 3 0 0 0 0 0 0 6 0
Bufflehead Bucephala aibecia 14 14 3 2 0 0 0 0 ! 0 5 1
Common goldeneye Bucephala clangula 14 14 2 2 0 0 0 0 0 0 4 0
Barrow's  goldeneye Bucephala islandica 14 14 3 2 0 0 0 0 1 0 5 !
Harlequin  duck Histrionicus ~ histronicus 3 3 3 3 0 0 0 0 3 0 6 3
Hooded merganser Lophodytes  cucullatus 14 14 3 2 0 0 0 3 3 0 8 3

Mergus merganser 14 14 3 2 0 0 0 0 0 0 5 0

Common merganser



Table 4. Continued.

Taxon Life Forms Habitat Sensitivity ~ Variables Significance Scores status
Specificity Variables
West East West East PT GR CS CO §§ BS SEN SIG
Falconiformes: Birds of prey
Cathartidae: American vultures
Turkey vulture Cathartes aura 4 4 0 2 3 0 2 3 0 0 14 0
Acctpitridae: Kites, hawks, eagles, osprey
Cooper's hawk Accipiter cooperii 11 11 0 2 3 0 ! 3 1 0 11 !
Northern  goshawk Accipirer gentilis 11 11 2 3 3 0 ! 3 0 0 14 0 SC
Sharp-shinned  hawk Accipiter strigtus 1 1 0 2 3 0 ! 3 0 0 1 0
Red-tailed hawk Buteo jamaicensis 12 12 2 2 0 0 i 0 0 0 7 0
Northern  harrier Circus cyaneus 5 5 3 3 6 0 | 3 0 0 18 0
Bald eagle Haliaeetus leucocephalus 12 12 2 2 3 0 [ 3 0 0 13 0 FT ST
Osprey Pandion haliaetus 12 12 3 2 3 0 ! 0 2 0 11 2
Falconidae; Falcons and caracaras
Merlin Falco columbarius 1 1 2 2 3 0 ! 0 0 0 10 0
American  kestrel Falco sparverius 14 14 0 2 0 0 ! 0 0 0 5 0
Prairie falcon Falco mexicanus 4 4 3 3 3 0 ! 0 ! 0 12 !
Peregrine  falcon Falco peregrinus 4 4 2 0 6 0 ! 0 0 0 13 0 FESE
Galliformes: Fowl-like birds
Phasianidae: Pheasants, grouse, partridges, and quail
Ruffed grouse Bonasa umbellus 5 5 2 2 0 0 0 0 0 0 4 0
Caifomia  quail Callipepla californica 5 5 2 3 0 0 0 3 0 0 8 0
Mountain  quail Oreortyx, pictus 5 5 0 3 0 0 0 0 2 0 6 2
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Table 4. Continued.

Taxon Life Forms Habitat Sensitivity Variables Significance Scores Status
Specificity Variables
West East West East Pl R C8S CcOo SS BS SEN ﬁG
Gruiformes: Cranes and their allies
Rallidae: Rails, gallinules, and coots
Sora Porzana caroling 3 3 3 0 0 0 0 ! 0 6 !
Virginia rail Rallus limicola 3 3 3 0 0 0 0 0 0 6 0
Gruidae: Cranes
Sandhill crane Grus canadensis 3 3 3 6 0 2 0 0 0 18 0 SE
Charadriformes: Shore birds
Charadriidae: Plovers
Killdeer Charadrius vociferous 3 3 3 0 0 0 0 1 0 6 1
Recurvirostridae: Avocets and ilts
American avocet Recurvirostra americana 3 0 0 3 1 0 12 !
Scolopacidae: Woodcock, snipe, and sandpipers
Spotted sandpiper Actitis macularia 3 3 3 0 0 0 3 i 0 9 i
Western  sandpiper Calidris mauri 3 3 3 0 3 1 3 | 0 15 1
L east sandpiper Calidris minutilla 3 3 3 0 0 ! 3 0 0 12 0
Willet Catoptrophorus semipalmatus 3 3 3 0 ! 3 2 0 15 2
Common snipe Gallinago gallinago 3 3 3 0 0 ! 0 0 0 9 0
Long-hilled dowitcher Limrodromus scolopaceus 3 3 3 0 3 i 3 0 15 1
Lesser yellowlegs Tringa flavipes 3 3 3 0 Q 1 3 \ 0 12 i
Greater yellowlegs Tringa melanoleucus 3 3 3 0 0 1 0 1 0 9 1
Solitary sandpiper Tringa se¢litaria 7 7 3 0 6 ! 0 0 0 15 0
Laridae: Gulls and terns
Black term Chlidonius niger 3 3 3 6 0 | 3 0 0 18 0



Table 4. Continued.

Taxon Life Forms Habitat Sensitivity Variables Significance scores status
Specificity Variables
West FEast West East PT GR CS CO S8§ BS SEN SIG
Columbiformes; Pigeons and doves
Columbidae: Pigeons and doves
Band-tailed pigeon Columba fasciata 11 11 0 3 3 0 0 0 0 6 0
Cuculiformes; Cuckoos and their allies
Cuculidae: Cuckoos, roadrunners, and amis
Yellow-hilled cuckoo Coccyzus americanus 8 3 6 3 ! 0 0 0 18 0
Strigiformes: Owls
Strigidae: Typical owls
Northern saw-whet owl Aegolius acadius 14 14 0 3 0 0 0 0 0 0 0
Short-eared  owl Asto flammeus 5 5 3 3 6 0 0 3 0 0 15 0
Long-eared  owl Asio otus 1 11 2 2 0 0 ! 3 0 0 10 0
Great homed owl Bubo virginianus 12 12 0 2 0 0 ! 0 0 0 5 0
Notthern pygmy owl Glaucidium gnoma 14 14 0 2 0 0 ! 0 0 0 5 0
Western screech  owl Otus  kennicottii 14 14 0 3 0 0 I 0 0 0 6 0
Barred owl Strix varia 14 14 2 3 3 0 H 0 0 0 11 0
Apodiformes: Swifts and hummingbirds
Apodidae  Swifts
White-throated swift Aeronautes saxatalis 4 3 0 0 ! 3 2 0 12 2
Vaux's swift Chaetura vauxi 14 14 0 3 0 6 ! 3 0 0 19 0 sc
Trochilidae: Hummingbirds
Black-chinned hummingbird Archilochus alexandri 8 1 2 0 6 0 0 1?
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Specificity Variables
West East West East PT GR CS CO 8§ BS SEN SIG

Caoraciiformes: Kinofichere

Coraciiformes: Kin gficher g

Alcedinidae: Kingfishers
Belted kingfisher Ceryle alcyon 16 16 2 2 0 0 0 0 0 0 4 0
Piciformes: Woodpeckers

Picidae: Woodpeckers
Pileated woodpecker Dryocopus pileatus 13 13 2 3 0 0 1 0 0 0 8 0
Lewis' woodpecker Melanerpes lewis 13 3 0 0 1 0 0 Q 9 0
White-headed woodpecker Picoides albolarvatus 13 3 0 0 H 0 g 0 9 0
Downy woodpecker Picoides pubescens 13 i3 2 3 0 0 1 a 0 G 8 0
Hairy woodpecker Picoides villosus 13 13 2 3 0 0 1 0 0 O B 0
Three-toed woodpecker Picoides tricdactylus 13 13 3 3 g 0 1 0 g 0 9 0
Black-backed woodpecker Picoides arcticus 13 13 3 3 0 0 1 0 0 0 9 0
Northern flicker Colaptes auratus 13 13 0 2 0 0 i 0 0 0 7 0
Williamson's sapsucker Sphyrapicus throidens 13 13 3 3 0 0 1 0 0 0 9 0
Yellow-bellied sapsucker Sphyrapicus varius 13 3 6 0 0 0 0 0 12 0
Red-breasted sapsucker Sphyracpicus ruber 13 2 G 0 0 0 0 0 4 0
Passeriformes: Perching birds

Tyrannidae: Tyrant flycatchers
Western flycatcher Empidonax difficilis ii 10 2 2 0 4] I 4] i ] 13 0
Dusky flycaicher Empidonax oberholseri 8 8 3 2 0 6 I 0 1 0 14 i
Willow flycatcher Empidonax trailii 7 7 2 3 3 6 1 0 1 0 17 1
Eastern kingbird Tyrannus tyrannus 7 7 2 2 0 6 1 ¢ 1 0 13 1
Western kingbird Tyrannus verticalis 11 11 3 3 0 6 i g 1 0 15 1
Western wood-pewee Contopus sordidulus 11 11 2 2 0 0 1 0 1 0 7 1
Olive-sided flycatcher Contopus borealis 10 10 3 3 0 4] 1 0 1 0 9 1
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Table 4. Continued.

Taxon Life Forms Habitat Sensitivity Variables Significance Scores Status
Specificity Variables
West East West East PT GR C§ CO S§§ BS SEN SIG
Hirundinidae: Swalloys
CHff swallow Hirunde pyrrhonota 4 4 3 3 0 ¢ 1 3 0 0 18 0
Barn swallow Hirundo rustica 4 4 2 3 0 6 0 3 ¢ 0 14 0
Purple martin Progne subis 14 2 3 6 0 3 0 0 16 0 SC
Bank swallow Riparia riparia 16 16 3 3 ] 6 1 3 0 0 18 0
Northern rough-winged Stelgidopteryx serripennis 16 16 3 3 0 3 0 0 0 0 9 0
swallow
Tree swallow Tachycineta bicolor 14 14 2 3 0 0 1 3 I 0 |13 1
Violet-green swallow Tachycineta thalassina 14 4 0 3 0 3 1 3 0 15 0
Paridae; Chickadees and titmice
Black-capped chickadee Parus atricapillus 14 14 2 3 0 0 3 0 0 8 0
Chestnut-backed chickadee  Parus rufescens 14 14 2 3 0 0 1 3 0 0 11 0
Troglodytidae: Wrens
House wren Troglodytes aedon 14 14 2 3 0 0 0 0 0 0 5 0
Marsh wren Cistothorus palustris 3 3 3 3 0 0 0 0 0 0 6 0
Bewick's wren Thryomanes bewickii 3 3 0 0 0 0 0 0 6 0
Cinclidae: Dippers
American dipper Cinclus mexicanus 3 3 2 2 0 0 0 0 3 0 4 3
Muscicapidae; Thrushes, gnatcaichers, and kinglets
Veery Catharus fuscescens 3 3 0 6 i 0 0 0 15 0
Gray catbird Dumetella carolinensis 7 3 0 0 0 0 3 0 6 3
Swainson's thrush Catharus ustulatus 8 8 0 0 0 0 0 0 0 0 0 0
Hermit thrush Catharus gutrantus 8 8 0 0 0 0 0 0 0 0 0 0
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Taxon Life Forms Habitat Sensitivity Variables Significance scores Status
Specificity Variables
West East West East PT GR CS CO SS BS SEN SIG

Vireonidae: Vireos
Warbling vireo Vireo gifvus 1 u 3 3 6 ! 0 0 0 17 0
Red-eyed  vireo Vireo olivaceus 11 11 3 3 3 6 | 0 0 0 18 0
Hutton's vireo Vireo huttoni u 3 0 0 0 0 0 0 6 0
Emberizidae: Vood warblers, blackbirds, tanagers, sparrows, grosbesks, and buntings
Red-winged blackbirg Agelaius phoeniceus e 7 3 3 & ¢ G 3 i o 9 U
Yellow-rumped warble: Dendroica coronata 10 10 0 2 0 0 0 3 0 0 5 0
Yellow warbler Dendroica petechia 8 8 2 3 3 6 ! 0 0 0 17 0
Black-throated gray wabler  Dendroica nigrescens 10 2 0 0 ! 0 0 2 1 2
Orange-crowned warbler Dendroica celata 6 6 0 3 0 0 ! 0 0 0 6 0
Townsend's  warbler Dendroica fownsendi 10 10 2 3 0 0 l 0 0 0 8 0
Hermit  warbler Dendroica occidentalis 10 2 0 0 1 0 0 0 7 0
Common yellowthroat Geothlypis frichas 3 3 3 3 0 0 0 0 0 0 6 0
Yellow-breasted  chat Icteriavirens 8 3 6 0 ! 0 2 0 15 2
Wilson's  warbler Wilsonia pusilla 5 0 3 0 0 0 0 0 0 6 0
Northern  oriole Icterus galbula 9 2 3 0 6 ! 0 0 0 14 0
Nashwille  warbler Vermivora ruficapilla 9 3 0 0 ! 0 0 0 9 0
MacGillivray's warbler Oporornis tolmiei 8 7 2 2 0 6 ! 0 0 0 13 0
Lincoln's  sparrow Melospiza lincolnii 6 6 2 3 0 0 i 0 0 0 8 0
SONg sparrow Melospiza melodia 7 7 2 3 0 0 0 0 0 0 5 0
Lazuli bunting Passerina amoenq 7 7 2 2 3 3 0 0 ! ¢ 10 !
Fox sparrow Passerella iliaca 7 7 0 3 0 0 0 0 2 0 3 2
Black-headed ~ groshesk Pheuticus  melanocephalus 9 11 2 2 0 6 ! 0 0 0 13 0
Rufous-sided towhee Pipilo erythrophthalmus 7 7 0 3 0 0 0 0 0 0 3 0
Western  tanager Piranga ludoviciana 10 10 0 2 0 6 L 0 ! 0 11 1
Northern  waterthrush Seiurus novaboracensis 3 3 0 6 ! 0 ! 0 15 l
White-crowned  sparrow Zonotrichia leucophrys 7 7 0 2 0 0 1 0 0 0 7 0
American tree sparrow Spizella arborea 7 2 0 0 ! 0 0 0 7 0
Chipping  sparrow Spizella  passerina 1 7 0 2 3 0 ! 0 0 0 10 0
Yellow-headed blackbird Xanthocephalus xanthocephlus 1 7 3 3 0 0 ! 3 3 0 12 3

Junco hvemalis 5 5 0 2 0 0 ! 0 0 0 5 0

Dark-eyed junco
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Taxon Life Forms Habitat Sensitivity Variables Significance scores Status
Specificity Variables
West FEast West East PT GR Cs CO SS BS SEN SIG

Fringillidae: Finches and grosbeaks
House finch Carpodacus mexicanus 9 9 2 2 0 0 ! 0 0 0 1 0
Purple finch Carpodacus purpureus n n 2 2 0 0 ! 0 0 0 7 0
Cassin's finch Carpodacus cassinii 1 1 2 2 0 0 | 0 0 0 1 0
American goldfinch Carduelis tristis 8 2 2 0 0 ! 3 0 0 10 0
Mammals

Marsupialia: Marsupials

Didephidaec New world opossums
Virginia opossum Didelphis virginiana 5 5 2 3 0 0 0 0 0 0 5 0
Insectivora: Insectivores

Soricidae: Shrews
Marsh shrew Sorex bendirii 16 2 0 3 0 0 0 2 7 2
Masked shrew Sorex cinereus 15 2 0 0 0 0 0 0 4 0
Montane shrew Sorex monticolus 15 15 0 3 0 0 0 0 0 0 3 0
Waler shrew Sorex palustris 16 16 3 2 0 0 0 0 0 0 5 0
Preble's shrew Sorex preblei 15 3 0 3 0 ! 2 9 3
Trowbridge's shrew Sorex trowbridgii 15 0 0 3 0 0 0 2 3 2
Vagrant shrew Sorex vagrans 15 15 0 2 0 0 0 0 0 0 2 0

Talpidae: Moles
Shrew-mole Neurotrichus gibbsii 15 0 0 3 0 0 2 2 3 4
Coast mole Scapanus orarius 15 15 0 0 0 3 l 0 0 2 6 2
Townsend’s mole Scapanus fownsendii 15 2 0 3 | 0 1 4 10 5
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Taxon Life Forms Habitat Sengitivity Variables Significance scores status
Specificity Variables
West East West East PT GR CS CO S§ BS SEN SIG

Chiroptera: Bats

Vespertilionidae: Plainnose bats
Pallid bat Antrozous pallidus 4 4 2 3 3 0 2 3 0 0 17 0 SC
Big brown ba: Eptesicus fuscus 14 14 0 2 0 0 2 0 0 0 § 0
Silver-haired bat Lasionycteris noctivagans 14 14 2 2 0 0 2 0 3 0 10 3
Hoary bat Lasiurus cinerea 11 11 2 3 0 0 2 0 ! 0 un 1
Cdifornia myotis Myotis californicus 14 14 2 2 0 0 2 3 0 0 13 0
Western small-footed myotis ~ Myotis ciliolabrum 4 3 0 0 2 3 0 0 15 0
L ong-eared myotis Myotis evotis 14 14 0 2 0 0 2 0 0 0 8 0
Keen's myotis Myotis keenii 14 2 0 0 2 3 0 0 13 0

Little brown myotis Myotis lucifugus 4 14 0 2 0 0 2 3 0 0 1 0

Fringed myoiis Myotis thysanodes 14 0 0 G 2 3 0 0 9 G
Long-legged myotis Myotis volans 4 i4 0 2 3 0 2 3 u 0 4 0 sc
Yuma myotis Myotis yumanensis 14 14 0 3 0 0 2 3 ] 0 12 0
Western pipistrelle Pipistrellus hesperus 4 3 0 0 2 0 0 0 12 0
Townsend’s big-eared bat Plecotus townsendii 4 4 3 2 3 0 2 3 0 0 17 0 sC
Lagomorpha: Pika, hares, and rabbits

Leporidae: Hares and Rabbits
Snowshoe hare Lepus americanus 5 5 0 3 0 0 0 0 0 0 3 0
Eastern cottontail Sylvitagus floridanus 15 0 0 0 0 0 0 6 G
Nuttall’s cottontail Svivilagus nuttallii 15 15 3 2 0 0 0 0 0 0 5 0

Rodentia: Rodents

Aplodontidae: Mountain beaver
Mountain  beaver Aplodontia rufa 15 2 0 3 I 0 5 2 10 7
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Specificity Variables
West FEast West East PT GR CS CO S§ BS SEN SIG
Sciuridae: Squirrels
Northem flying squirrel Glaucomys sabrinus 14 14 2 2 0 0 1 0 0 ] 7 0
Western gray squirrel Sciurus griseus 10 10 2 3 0 3 1 0 0 0 11 0
Golden-mantled ground Spermophilus lateralis 15 15 2 0 0 0 1 0 0 0 5 0
squirrel
Cascade golden-mantled g. s. Spermophilus saturatus 15 2 0 6 1 0 0 6 i3 6
Y ellow-pine chipmunk Tamias amoenus 15 15 0 Q 0 0 0 0 0 0 0 0
Least chipmink Tamiias minimis 15 3 0 0 0 0 0 0 6 0
Townsend's chipmunk Tamias townsendii 15 0 0 3 1 0 0 2 6 2
Douglas squirrel Tamiasciurus douglasii 10 10 2 2 0 3 0 0 0 0 7 0
Geomyidae: Pocket gophers
Western pocket gopher Thomomys mazama 15 2 0 6 1 { 0 0 13 0
Castoridae: Beaver
Beaver Castor canadensis 16 16 2 2 3 0 1 0 3 0 10 3
Muridae: Mice and rats
Muskrat 16 16 3 2 0 0 0 0 2 0 5 2
Deer mouse Peromyscus maniculatus 15 15 0 0 0 0 0 0 0 0 0 0
Forest deer mouse Peromyscus oreas 15 2 0 6 0 0 0 4 10 4
Southern red-backed vole Clethrionomys gapperi 15 5 2 3 0 0 0 0 0 0 5 0
Long-tailed vole Microtus longicaudus i5 15 2 0 0 0 0 0 0 0 2 0
Creeping vole Microtus oregoni 15 0 0 3 0 0 0 0 3 0
Meadow vole Microtus pennsylvanicus 0 0 0 0 0 0 0 0
Water vole Mictotus richardsoni 15 16 3 2 0 0 0 0 0 0 5 0 SC
Townsend's vole Microtus townsendii 5 2 0 3 0 0 0 0 7 0
Heather vole Phencomys intermedius 15 15 3 3 0 0 0 0 0 0 6 0
Northern bog lemming Synaptomys borealis 15 3 3 0 1 0 0 0 0
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Taxon Life Forns Habitat Sensitivity Variables Significance Scores status
Specificity Variables
West East West East PT (GR CS (6(0) SS BS SEN SIG
Zapodidae: Jumping mice
Western  jumping mouse Zapus princeps 3 3 2 2 0 0 I 0 0 0 7 0
Pacific jumping mouse Zapus trinoratus 3 0 0 6 1 0 0 2 9 2
Myocastoridae; Nutria
Nutria Mvocastor covpus 16 16 3 3 0 0 0 0 3 0 6 3
Carnivora: Carnivores
Ursidae: Bears
Black bear Ursus americanus 15 15 0 2 0 0 2 0 0 0 8 0
Grizzly  bear Ursus arctos 15 2 6 0 2 0 0 0 16 0 FESE
Procyonidae: Raccoons and coatis
Raccoon Procyon lotor 14 14 0 3 0 0 1 0 0 0 6 0
Mustelidae: Weasels, skunks, and their allies
River otter Lutra canadensis 16 16 0 2 0 0 | 0 0 0 5 0
Marten Manes americana 14 3 0 0 ! 0 0 0
Fisher Martes pennanti 14 14 2 3 3 0 | 0 0 0 i1 0 SC
Striped skunk Mephitis  mephisis i 15 2 3 0 0 0 0 0 0 5 0
Ermine Mustela erminea 15 15 0 2 0 0 0 0 0 0 2 0
Long-tailed weasel Mustela frenata 15 15 0 0 0 0 0 0 0 0 0 0
Mink Mustela vison 14 16 0 0 0 0 1 0 0 0 3 0
Western spotted skunk Spilogale putorius 15 15 2 3 0 0 0 0 0 0 5 0
Canidae: Dogs
Red fox Vulpes vulpes 15 0 0 0 0 0 0 0 0 0
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Table 4. Continued.

Taxon Life Forms Habitat Sensitivity Variables Significance scores status
Specificity Variables
West East West East PT GR CS CcO S§ BS SEN SIG
Felidaes Cats
Bobcat Felis rufus 4 4 0 0 0 0 10 0 0 3 0
Artiodactyla: Even-toed ungulates
Cervidae: Deer
Moose Alces alces 0 0 2 0 0 0 6 0
Rocky mountain elk Cervus elaphus nelsoni 5 2 0 0 2 0 0 0 10 0
Roosevelt elk Cervus elaphus roosevelt 5 0 0 6 2 0 0 2 12 2
Mule deer Odocoileus  hemionus 5 0 2 0 0 2 0 0 0 8 0
hemionus
Black-tailed deet Odocoileus  hemionus 5 0 0 3 2 0 0 0 9 0
columbiana
Columbian White-tailed deer  Odocoileus virginianus 5 2 6 6 2 0 0 2 2 2 FE
leucurus
White-tailed dect Odocoileus  virginianus 5 3 0 0 2 0 0 0 12 0
ochoura

116



LITERATURE CITED

Agee, J. K. 1988. Successond dynamics in forest riparian zone. Pages 31-43 in K. J. Raedeke,
editor. Streamsde management: riparian wildlife and foredtry interactions. University of
Washington Press, Seattle, Washington, USA.

Ahlgren, C. E. 1966. Smdl mammads and reforestation following prescribed burning. Journd of
Forestry 64:614-619.

Alaska Department of Fish and Game. 1990. Annua report of survey-inventory activities | July
1988-30 June 1989. Vol XX, Part X1, Project W-23-2, Study 3.0.

Aldrich, J. W. 1963. Geographic orientation of American Tetreonidae. Journd of Wildlife
Management 27:529-545.

Allsbrooks, D. W., and M. L. Kennedy. 1987. Movement patterns of raccoons (Procyon lotor) in
western Tennessee. Journal of the Tennessee Academy of Science 62:15-19.

American Ornithologists Union. 1983. Check-list of North American birds. Allen Press,
Lawrence, Kansas, [JSA.

American Ornithologists Union. 1989. Thirty-seventh supplement to the American Ornithologists
Union check-list of North American birds. Auk 106:532-538.

American Society of Mammaogiss. 1987. Acceptable fidd methods in mammaogy: preiminary
guiddines approved by the American Society of Mammaogists. Journal of Mammaogy
68:1-18.

Anderson, B. W., and R. D. Ohmart. 1977. Vegetation structure: bird use in the lower Colorado
river valey. Pages 23-34 in R. R. Johnson, and D. A. Jones, editors. Importance,
preservation, and management of riparian habitat: a symposum. USDA Forest Service
Generd Technicad Report RM-GTR-43.

Anderson, B. W., and R. D. Ohmart. 1981. Comparisons of avian census results usng variable
distance transect and variable circular plot techniques. Pages 186- 192 in C. J. Ralph, and
M. J. Scott, editors. Estimating numbers of terrestrid birds. Studies in Avian Biology 6.
Allen Press, Lawrence, Kansas, USA.

Anderson, B. W., and R. D. Ohmart. 1984. Avian use of revegetated riparian zones. Pages 626-
631 in R. E. Warner, and K. M. Hendrix, editors. Cdifornia riparian sysems. Universty
of Cdifomia Press, Berkeley, Cdifornia, UUSA.

Anderson, S. H., and C. S. Robbins. 1981. Habitat sze and bird community management.
Transactions North American Wildlife and Naturd Resource Conference 46:5 1 1-520.

Andersson, M., and S. Erlinge. 1977. Influence of predation on rodent populations. Oikos
29:591-597.

Andrus, C., and H. A. Froehlich. 1988. Riparian forest development after logging or fire in the
Oregon Coast Range: wildlife habitat and timber value. Pages 139-152 in K. J. Raedeke,

editor. Streamdde management: riparian wildlife and forestry interaction. University of
Washington Press, Sedttle, Washington, USA.

17



Anthony, R. 1984. Avian communities in riparian zones of Douglas-Fir forests, western Qregon.
Unpublished report on USDA Forest Service contract no. PNW-83-343.

Anthony, R. G., E. D. Forsman, G. A. Green, G. Whitmer, and S. K. Nelson. 1987. Small

mamma populaions in riparian zones of different-aged coniferous forests. Murrelet
68:94-102.

Arthur, S. C. 1931. The fur animas of Louisana Louisana Depatment of Consarvation, Bulletin
18:1-444,

Arthur, S. M., W. B. Krohn, and J. R. Gilbet. 1989. Habitat use and diet of fishers. Journa of
Wildlife Management 53:680-688.

Aspisov, D. I., and V. Popov. 1940. [Factors determining fluctuations in the numbers of erming].
Arb. d. Naturforsch. Ces. and der University of Kasan (in Russan) 6:41-64.

Aubry, K. B., M. J. Crites, and S. D. West. 1991. Regionad patterns of smal mammal abundance
and community composition in Oregon and Washington. Pages 285-294 in L. F.
Ruggiero, K. B. Aubry, A. B. Carey, and M. H. Huff, editors. Wildlife and vegetation of
unmanaged Douglasfir forests. USDA Forest Service General Technicd Report PNW-
GTR-285.

Aubry, K. B., and P. A. Hal. 1991. Terredriad amphibian communities in the southern
Washington Cascade Range. Pages 327-338 in L. F. Ruggiero, K. B. Aubry, A. B. Carey,
and M. H. Huff, editors. Wildlife and vegetation of unmanaged Douglasfir forests. USDA
Forest Service Generd Technica Report PNW-GTR-285.

Aubry, K. B., L. L. C. Jones, and P. A. Hall. 1988. Use of woody debris by Plethodontid
sdamanders in Douglasir forests in Washington. Pages 32-37 in R. C. Szaro, K. E.
Severson, and D. R. Patton, editors. Management of amphibians, reptiles, and small

mammals in North America USDA Forest Service Generd Technicd Report RM-GTR-
166.

Aubry, K. B., and S. D. West. 1987. Occurrence of Townsend's vole (Microtus townsendii) on
Ozette I1dand, Washington. Murrdet 68:63-66.

Bailey, T. N. 1971. Biology of striped skunks on a southwestern Lake Erie marsh. American
Midland Naturdist 85: 196-207.

Baley, V. 1936. The mammals and life zones of Oregon. North American Fauna 55:1-416.

Barbour, R. W., and W. H. Davis. 1969. Bats of America University of Kentucky Press,
Lexington, Kentucky, USA.

Barclay, R. M. R. 1985. Long- versus short-range foraging strategies of hoary (Lasiurus

cinereus) and slver-hared (Lasionycteris noctivagans) bats and the consequences for
prey sdlection. Canadian Journa of Zoology 63:2507-2515.

Barclay, R. M. R., P. A. Fame, and D. R. Farr, 1988. Roosting behavior and roost selection by

migraing slver-hared bats (Lasionycteris noctivagans). Journd of Mammaogy 69:821-
825.

118



Baskin, L. M. 1986. Differences in the ecology and behavior of reindeer populations in the USSR.
Pages 333-340 in A.. Gunn, F. L. Miller, and S. Skjenneberg, editors. Proceedings of the
Fourth International Reindeer and Caribou Symposum. Rangifer Specid Issue No. 1,
Whitehorse.

Beauregard, N., and R. Leclair Jr. 1988. Multivariate andyds of the summer habitat Sructure of
Rana pipiens Schreber, in Lac Saint Fierre (Quebec, Canada). Pages 109-128 in R. C.
Sao, K. E. Severson, and D. R. Patton, editors Manegement of amphibians, reptiles,
and small mammas in North America USDA Forest Sarvice Generd Technicd Report
RM-GTR-166.

Bademan, R. G. 1978. The cottorwood-willow riparian ecosysem as a vertebrate habitat, with
particular reference to birds. Pages 172-195 in W. D. Grauland, and S. J. BisHll, editors
Lowland river and stream habitat in Colorado: a symposum. Colorado Chapter of the
Wildife Socety and Colorado Audubon Coundil, Greeley, Colorado, USA.

Beer, P, and D. R.. McCullough. 1990. Factors influenang white-talled deer activity petterns and
hebitat use. Wildlife Monographs 109: 1-5 1.

Bel, D. T., and S. K. Spp. 197.5. The litter dratum in the sreamsde forest ecosystem. Oikos
26:391-397.

Bdl, G. P. 1980. Hahitat use and response to patches of prey by desert insectivorous bats.
Canadian Journal of Zoology 58: 1876-1 883,

Bdwood, J. J, and M. B. Fenton. 1976. Vaidion in the diet of Myotis lucifugus
(Chiroptera: Vespertilionidae). Canedian Jound of Zoology 54:1674-1678.

Beneski, J. T., and D. W. Stinson. 1987. Sorex palustris. Mammdian Species 296; 1-6.

Bergerud, A. T. 1978. Caribou. Pages 83-101 in J. L. Schmidt, and D. L. Gilbert, editors. Big
game of North America ecology and management. Stackpole Books, Harrisourg,
Pennsylvania, USA.

Begerud, A. T., R. D. J&kimchuk, and D. R. Carruthers. 1984. The buffao of the north: caribou
(Rangifer tarandus) and human devdopments. Arctic 37:7-22.

Besthta, R. L., R. E. Bilby, G. W. Brown, L. B. Holtby, and T. D. Hofgtra. 1987. Stream
temperaure and aquatic hebitat: fisheries and foredry interactions. Pages 330-372 in E.
0. Salo, and T. W. Cundy, editors Sreamade management: forestry and fishery
interactions. Universty of Washington Press, Sedttle, Washington, USA.

Bilby, R. E. 1981. Rdle of organic debris dams in regulaing the export of dissolved and
paticulate matter from a forested waershed. Ecology 62:1234-1243.

Bilby, R. E. 1984. Removd of woody debris may afect sream channd Sability. Journd of
Forestry 82:609-613.

Bilby, R. E. 1988. Interactions ‘between aguatic and terredtrial systems. Pages 13-29 in K. J.
Raedeke, editor. Streamade management: riparian wildlife and foredtry interactions
Universty of Washington Press Sedttle, Washington, USA.

119



Bilby, R. E., and G. E. Likens. 1980. Importance of organic debris dams in the structure and
function of stream ecosystems. Ecology 61: 1107- 1113.

Billings, R. F., and N. C. Wheder. 1,979. The influence of timber harvest on yield and protein
content of Vaccinium browse on three dominant soil types in southeast Alaska. Pages
102-1 13 in 0. C. Wallmo, and J. W. Sc!en, editors. Sitka black-tailed deer: pro:::ings
of a conference. USDA Forest Service series R10-48.

Bjorge, R. R, J. R. Gunson, and W. M. Samud. 1981. Population characterigtics and movements
of griped skunks (Mephitis mephitis) in centrd Alberta. Canadian Field-Naturaist
95:149-155.

Black, H. L. 1974. A north temperate bat community: structure and prey populations. Journal of
Mammdogy 55:138-157.

Bond, R. R. 1957. Ecologicd distribution of breeding birds in upland forests of southern
Wisconsin. Ecologicd Monographs 27:351-384.

Bondrup-Nidsen, S. 1987. Demography of Clethrionomys gapperi in different habitats. Canadian
Journd of Zoology 65:277-283.

Borrecco, J. E., H. C. Black, and E. F. Hooven. 1979. Response of small mammals to herbicide
induced habitat changes. Northwest Science 53:97-106.

Brawn, J. D., and R. P. Balda. 1988. Population biology of cavity nesters in northern Arizona: do
nest stes limit breeding densities? Condor 90:6 1-7 1.

Briese, L. A., and M. H. Smith. 1974. Seasond abundance and movement of nine species of smal
mammads. Journd of Mammdogy 55:615-629.

Brinson, M. M., B. L. Swift, R. C. Plantico, and J. S. Barclay. 1981. Riparian ecosystems:. ther
ecology and status. USDI Fish and Wildlife Service, Biologicd Services Program,
Kearneysville, West Virginia,, USA.

Brittingham, M. C., and S. A. Temple. 1983. Have cowbirds caused forest songbirds to decline?
Bioscience 33:31-35.

Brode, J. M., and R. B. Bury. 1984. The importance of riparian systems to amphibians and
reptiles. Pages 30-36 in R. E.. Warner, and K. E. Hendrix, editors. Cdifornia Riparian
Sysems. Univergty of Cdifornia Press, Berkeley, Cdifornia, USA.

Brodie, E. D., J., and L. S. Gibson. 1969. Defensve behavior and skin glands of the
northwestern sdlamander, Ambystoma grade. Herpetologica 25:187-194.

Brown, E. R, editor. 1985. Management of wildlife and fish habitats in forests of western Oregon
and Washington. USDA Forest Service R6-F&WL-192-1985.

Brown, G. W., and J. T. Krygier. 1970. Effects of clear-cutting on stream temperature. Water
Resource Research 6:1133-1 139.

Brown, H. A. 1990. Morphologica variation and age-class determination in overwintering
tadpoles of the tailed frog, Ascaphus truei. Journa of Zoology (London) 220: 17 1- 184.

120



Bnmt, K. 1987. Man-mede forests and dk in coagd British Columbia Forest Chronides 63:155-
158.

Bryat, L. D., and C. Masar. 1982. Classification and didribution. Pages 1-60 in J W. Thomeas,
and D. E. Toweill, editors Elk of North America; ecology and management. Stackpole
Books Harishurg, Pennsylvania, USA.

Bryant, M. D. 1985. Changes 30 years ater logging in large woody debris and its use by
sdmonids. Pages 329-334 in R. R. Johnson, C. D. Ziebdl, D. R. Paton, P. F. Pfdllict, and
R. H. Hamre, editors Ripaian ecosydems and their management: recondiling conflicting
uses Proceadings of the Fird North American Riparian Conference, USDA Forest Savice
Gengd Technicd Report RM-120.

Buckner, C. H., A. J Erskine, R. Lidgtone, B. B. McLeod, and M. Ward. 1975. The breeding bird
community of coagt fores dands of northen Vancouver Idand. Murrdet 56:6-1 1.

Buhlmann, K. A., C. A. Pague, J. C. Mitchdl, and R. B. Glasgow. 1988. Forestry operations and
terresrid sdamanders techniques in a sudy of the cow knob sdlamander, Plethodan

punctatus. Pages 38-44 in R. C. Szaro, K.. E. Severson, and D. R. Patton, editors.
Management of amphibians, reptiles and amdl mammas in North America USDA Forest
Savice Generd Technicd Report RM-166.

Bull, E. L., and J. M. Skoviin. 1982. Rdationships between avifauna and streamside vegeation,
Transctions North American Wildlife and Naurd Resource Conference 47:496-506.

Burkhard, W. T. 1978. Vertebrate asodations in lowland versus high devation river and sream

hebitat in Colorado. Pages 52-55 in W. D. Grauland, and S. J. Bissl, editors Lowland
river and stream habitat in Colorado: a symposum. Colorado Chepter of the Wildlife
Sodiety and Colorado Audubon Council, Denver, Colorado, USA.

Burnett, G, W. 1981, Movements and habitat use of marten in Glacier Naiond Park, Montana.
Thess Univarsty of Montana, Missoula, Montang, USA.

Bumham, K. P, D. R. Anderson, and J. J. Laske 1980. Edtimation of dengty from line transect
sampling of biologicd populaions. Wildife Monogrgphs 72: 1-202.

Burnham, K. P., D. R. Anderson, and J. L. Laske. 1985. Efficdency and bias in drip and line
transect sampling. Journd of Wildife Manegement 49:1012-1018.

Bums, J. J 1964. The ecology, economics, and management of mink in the 'Y ukon-Koskokwim
Ddta, Alaska Thess. University of Alaska, Farrbanks, Alaska, USA.

Burt, W. H., and R. P. Grossenheider. 1976. A fidd guide to the mammas. Houghton Mifflin,
Bogton, Massachusetts, USA.

Burton, T. M., and G. E. Liens 1975. Sdamander populations and biomass, in the Hubbard
Brook Experimentd Forest, New Hampshire. Copeia 1975:54 t-546.

Bury, R. B. 1972. Smdl mammads and other prey in the di¢t of the Padific giant sdamander,
Dicamptodon ensarus. Ameican Midand Naurdis 87:524-526.

121



Bury, R. B. 1979. Population ecology of freshwater turtles. Pages 571-602 in M. Harless, and H.
Morlock, editors. Turtles. perspective and research. John Wiley & Sons, New York, New
York, USA.

Bury, R. B. 1983. Differences in amphibian populations in logged and old-growth redwood forest,
Northwest Science 57:167-178.

Bury, R. B. 1988. Hahitat relationships and ecological importance of amphibians and reptiles.
Pages 61-76 in K. Raedeke, editor. Streamside management: riparian wildlife and forestry
interaction. Univerdty of Washington, Sedttle, Washington, USA.

Bury, R. B, and P. S. Corn. 1987. Evaluation of pitfal trapping in northwestern foress: trgp
arrays with drift fences. Journd of Wildlife Management 51: 112- 1109.

Bury, R. B., and P. S. Corn. 1988a. Responses of aquatic and streamside amphibians to timber
harvest: a review. Pages 165-181 in K. Raedeke, editor. Streamside management: riparian
wildlife and forestry interaction. Universty of Washington, Seettle, Washington, USA.

Bury, R. B., and P. S. Corn. 1988b. Douglas-ir forests in the Oregon and Washington Cascades:
relaion of the herpetofauna to stand age and moisture. Pages | 1-22 in R. C. Szaro, K. E.
Severson, and D. R. Peatton, editors. Management of amphibians, reptiles, and smal
mammals in North America. USDA Forest Service Generd Technical Report RM-166.

Bury, R. B., and P. S. Corn. 1991. Sampling methods for amphibians in streams in the Pacific
Northwest. USDA Forest Service Generd Technica Report PNW-GTR-275.

Bury, R. B., and P. S. Corn. 1991. Smalli mamma communities in the Oregon Coast Range. Pages

241-254 in L. F. Ruggiero, K. B. Aubry, A. B. Carey, and M. H. Huff, editors. Wildlife
and vegetation of unmanaged Douglasfir forests. USDA Forest Service Generd
Technical Report PNW-GTR-285.

Bury, R. B., P. S. Corn, and K. B. Aubry. 1991. Regiona patterns of terrestriad amphibian
communities in Oregon and Washington. Pages 341-350 in L. F. Ruggiero, K. B. Aubry,
A. B. Carey, and M. H. Huff, editors. Wildlife and vegetation of unmanaged Douglasfir
forests. USDA Forest Service Generd Technicd Report PNW-GTR-285.

Bury, R. B., and M. G. Raphadl. 1983. Inventory methods for amphibians and reptiles. Pages 416-

419 in J. F. Bdl, and T. Attcrbury, editors. Proceedings of an Internationad Conference:
Renewable resource inventories for monitoring changes and trends. Oregon State

Universty, Corvdlis, Oregon, USA.

Buskirk, S. W., S. C. Forrest, M. G.. Rapheal, and H. J. Harlow. 1989. Winter resting Site ecology
of marten in the centrd Rocky Mountains. Journd of Wildlife Management 53:191-196.

Cabaka, J. L., R. R. Costa, and G. (), Hendrickson. 1953. Ecology of the raccoon in centra
lowa. Proceedings lowa Academy of Science 60:616-620.

Cahn, A. R. 1936. A weasd learns by experience. Journal of Mammalogy 17:286.

Campbell, A. G., and J. F. Franklin. 1979. Riparian vegetation in Oregon’s western Cascade

Mountains: composition, biomass, and autumn phenology. Coniferous Forest Biome
Ecosysem Andyds Studies Bulletin 14: [-90.

122



Campbdl, T. M. 1979. Short-term effects of timber harvests on pine marten ecology. Thess
Colorado State Universty, Ft. Callins Colorado, USA.

Campbdl, T. M., and T. W. Clak. 1980. Short-term effects of logging on red-backed voles and
dearmice. Great Bagn Naurdist 40:183-189.

Capen, D. E, editor. 1981. The use of multivariate datidics in dudies of wildife habitat. USDA
Gengd Technicd Report, RM-GTR-87.

Carlson, 1. Y., C. W. Andrus, and H. A. Froehlich. 1990. Woody detris, channd features, and
mecroinverteorates of dreams with logged and undisturbed riparian timber in northeastern
Oregon, U. S A. Canadian Journd of Fisheries and Aquatic Scences 47: 11031 111

Carothers, S. W., FI. R. Johnson, and S. W. Aitchison. 1974. Population sructure and socid
organizetion of southwesern riparian birds American Zoologist 14:97-108.

Carpenter, L. H., and 0. C. Wdlmo. 1981. Habitat evauation and management. Pages in 0. C.
Walmo, editor. Mule and black-tailed deer of North America Universty of Nebraska
Press, Lincoln, Nebraska, USA.

Carraway, L. N., and B. J. Verts. 1985. Microtus oregoni. Mammdian Species 233:1-6.

Cason, R. G, and J M. Peek. 1987. Mule deer habitat sdlection patterns in northcentral
Weaghington. Journd of ‘Wildlife Management 51:46-5 1.

Case, R. M. 1983. Pocket gophers. Pages B-13 - B-26 in R. M. Timm, editor. Prevention and
contral of wildlife damege Grest Flains Agriculturd Counal, Wildlife Resources
Commisson and Cooperdive Extenson Savice, Univardty of Nebraska, Lincoln,
Nebraska, USA.

Caswdl, H. 1989. Mdrix population modds. Snauer Assodiates Sunderland, Massechusdts
USA.

Caughley, . 1977. Andyss of vertebrate populations. John Wiley & Sons, New York, New
York, USA.

Chepman, J. A., and G. A. Fdhamer, editors. 1.982. Wild mammads of North America The John
Hopkins Universty Press Bdtimore, Maryland, USA.

Chrigy, R E.,, and S, D. Wed. in press. Biology of bats in Douglasfir forests USDA Forest
Savice Generd Technicd Report PNW-GTR-XXX.

Clak, T. W., E. Anderson, C. Douglas, and M. Strickland. 1987. Martes americana. Manmdian

Species 289: [-8.
Clake, R., editor. 1986. The handbook of ecologicad monitoring. Clarendon Press, Oxford,
Engand.

Clem, M. K. 1977. Food habits, weight changes and habitat use of fisher Martes pennanti duing
winter. Thess Universty of Gudph, Gudph, Ontario, Caneda

Clutton-Brock, T. H., editor. 1988. Reproductive success Universty of Chicago Press, Chicago,
Minois, USA.

Coady, J. W. 1974. Influence of snow on moose. Naturd Canedian 101:417-436.

123



Coady, J. W. 1982. Moose. Pages 902-922 in J. Chapman, and G. Feldii: amer, editors. Wild
mammals of North America. The John Hopkins Universty Press. :altimore, Maryland,
USA.

Cody, M. L. 1983. Continental diversity patterns and convergent ¢ sution in bird commumitir:
Pages 357-402 in F. J. Kruger, D. J. Mitchell, and J. U. M} vis, editors. Meditcrra ;1
Type Ecosystems. Springer-Verlag, Berlin.

Collins, J. T. 1990. Standard common and scientific names of North . 1erican amphibians and
reptiles. Museum of Naturd History, University of Kansas Herp:tological Circular 19.

Conaway, C. H. 1952. Life higory of the water shrew (Sorex palustris navigator). American
Midland Naturdist 48:219-248.

Conner, R. N., and E. S. Adkisson. 1975. Effects of clearcutting on the diversity of breeding
birds. Journd of Forestry 73:781-785.

Connor, E. F., and D. Simberloff. 1984. Neutrad models of species co-occurrence patterns. Pages
316-331 in D. R. Strong Jr., D. Smberloff, L. A. Abele, and A. B. Thistle, editors.
Ecologicad communities: conceptua issues and the evidence. Princeton University Press,
Princeton, New Jersey, USA.

Congantine, D. G. 1958. Ecologica observations on lasurine bats in Georgia. Journa of
Mamméaogy 39:64-70.

Congantine, D. G. 1966. Ecologica observations on lasiurine bats in lowa Journa of
Mammdogy 47:34-41.

Corn, P. §., and R. B. Bury. 1989. Logging in western Oregon: responses of headwater habitats
and sream amphibians. Forest Ecology and Management 29:39-57.

Corn, P. S, and R. B. Bury. 1990. Sampling methods for terrestrial amphibians and reptiles.
USDA Forest Service General Technica Report PNW-GTR-256.

Corn, P. 8., and R. B. Bury. 1991. Smal mamma communities in the Oregon Coast Range. Pages
241-254 in L. F. Ruggiero, K. B. Aubry, A. B. Carey, and M. H. Huff, editors. Wildlife
and vegetation of unmanaged Douglasfir forests. USDA Forest Service Generd
Technicd Report PNW-GTR-285.

Corn, P. S, R. B. Bury, and T. A. Spies. 1988. Douglasir forests of the Cascade Mountains of
Oregon and Washington: is the abundance of smal mammads related to stand age and
moisture? Pages 340-352 in R. C. Szaro, K. E. Severson, and D. R. Patton, editors.
Management of amphibians, reptiles, and smal mammads in North Americaa USDA Forest
Service Genera Technicd Report RM-GTR-166.

Coulter, M. W. 1966. Ecology and management of fishers in Mane. Dissatation. State University
College of Forestry, Syracuse University, Syracuse, New York, USA.

Cowan, I. M. 1956. Life and times of the coast black-tailed deer. Pages 334-359 in W. P. Taylor,
editor. The deer of North America. Stackpole Books, Harrisburg, Pennsylvania, USA.

124



Cowardin, L. M., V. Carter, F. C. Golet, and E. T. LaRoe. 1979. Classification of wetlands and
deep water habitats of the United States. U. S. Department of Interior, Fish and Wildlife
Service, Washington, [} C.

Craighead, F. C.,, Jr., and J. J. Craighead. 1965. Tracking grizzly bears. Bioscience 15:88-92.

Craighead, J. J,, J. S. Sumner, and G. B. Scaggs. 1982. A definite sysem for andyss of grizzly
bear habitat and other wilderness resources. University of Montana, Missoula, Montana,
USA.

Crawley, M. J. 1983. Herbivory: the dynamics of anima-plant interactions. University of
Cdifornia Press, Berkdey, Cdifornia, USA.

Crompton, B. B.. R. J. Mackie, and G. L. Dusek. 1988. Factors influencing distribution of white-
tailled deer in riparian habitats. Journd of Wildlife Management 52:544-548.

Cross, S. P. 1976. .A survey of bat populations and their habitat preferences in southern Oregon: a
student oniented studies project of the National Science Foundation. Southern Oregon
State College, Ashland, Oregon, USA.

Cross, S. P. 1985. Responses of smal mammals to forest riparian perturbations. Pages 523 in R.
R. Johnson, editor. Riparian ecosystems and their management: reconciling conflicting
uses. Proceedings of the: First North American Riparian Conference, USDA Forest Service
Generd  Technicd Report RM-GTR-120.

Cross, S. P, 1986. Bats. Pages 858 in A. Y. Cooperidge, R. J. Boyd, and H. R. Stuart, editors.
Inventory and monitoring of wildlife habitat. U.S. Department of Interior, Denver,
Colorado, USA.

Cross, S. P. 1988. Riparian systems and small mammals and bats. Pages 93-112 in K. J. Raedeke,
editor. Streamside management: riparian wildlife and foredtry interactions. Universty of
Washington Press, Seattle, Washington, USA.

Cummins, K. W. 1980. The multiple linkages of forest to streams. Pages 191-198 in R. H.
Waring, editor. Forests:: fresh perspectives from ecosystem analyss, Proceedings of the
40th Annuad Biology Colloguium. Oregon State Universty Press, Corvdlis, Oregon,
USA.

Cunjak, R. A. 1986. Winter habitat of northern leopard frogs, Rana pipens, in a southern Ontario
Stream. Canadian Journd of Zoology 64:255-257.

Curtis, R. L., and T. H. Ripley. 1975. Water management practices and their effect on nongame
bird habitat. values in a deciduous forest community. Pages 128-141 jn D. R. Smith,
editor. Proceedings of the symposum on management of forest and range habitats for
nongame birds. USDA Forest Service General Technical Report WO-GTR-1.

D'Anieri, P, D. M. Ledie J., and M. L. McCormack J. 1987. Smal mammals in glycophosphéate
treated clearcuts in northern Maine. Canadian Fidd-Naturdist 101:547-550.

Dalguest, W. W. 1948, Mammas of Washington. Universty of Kansas Museum of Naturd
Higtory Publications 2:1-444.

125



Danidle, J 1983. Sdkirk mountain caribou management plan. USDA Forest Service, Idaho
Panhandle Nationd Forest

Darby, W. R., and L. S. Duquette. 1.986. Woodland caribou and forestry in Northern Ontario,

Canada. Pages 87-93 in A. Gunn, F. L. Miller, and S. Skjenneberg, editors. Proceedings
of the Fourth Internationa Reindeer and Caribou Symposum. Rangifer Speciad Issue No.
1, Whitehorse.

Darby, W. R., and W. 0. J. Pruitt 1984. Habitat use, movements and grouping behavior of
woodland caribou (Rangifer caribou) in southeastern Manitoba. Canadian Field-Naturalist
98:184-190.

Dasmann, R. F., and R. D. Taber. 1'956. Behavior of the Columbian black-tailed deer with
reference to populaion biology. Journd of Mammaogy 37:143-164.

Daubenmire, R. F. 1968. Plant communities: a textbook of plant synecology. Harper and Row,
New York, New York, USA.

Daugherty, C. H., and A. L. Sheldon. 1982. Age-specific movement patterns of the frog
Ascaphus truei. Herpetologica 38:468-474.

Davic, R. D., and L. P. Orr. 1987. The reationship between rock density and sdlamander density
in a mountain stream. Herpetologica 43:357-361.

Davis, D. E,, and R. L. Wingead. 1,980. Estimating the numbers of wildlife populations. Pages
221-245 in S. D. Schemnitz, editor. Wildlife Management Techniques Manud. The
Wildlife Society, Washington, D. C., USA.

Davis, W. H., and H. B. Hitchcock. 1965. Biology and migration of the little brown bat, Myotis
lucifugus, in New England. Journd of Mammaogy 46:296-313.

Day, M. G. 1968. Food habits of British stoats (Mustela erminea) and weasdls (Mustela nivalis).
Journd of Zoology (London) 155:485-497.

Dedy, J. E.,, D. A. Leckenby, and D. M. Concannon. 1981. Wildlife habitats in managed

rangelands - the Great Basin of southeast Oregon. USDA Forest Service Generd
Technical Report PNW-GTR-120.

Dearborn, N. 1932. Foods of some predatory fur-bearing animals in Michigan. University of
Michigan School of Forestry and Consarvation, Bulletin 1. |-52.

DeBlase, A. F,, and R. E. Martin. 1,981. A manud of mammalogy, with keys to families of the
world. William C. Brown, Dubuque, lowa, USA.

DeLury, D. B. 1947. On the estimation of biologica populations. Biometrics 3:145-167.

DeSante, D. F. 1981. A fidd test of the varigble circular plot censusing technique in a Cdifornia
coastal scrub breeding bird community. Pages 177-185 in C. J. Ralph, and J. M. Scott,
editors. Estimating numbers of terredtrial birds. Studies in Avian Biology 6. Allen Press,
Lawrence, Kansas, USA.

Diamond, J. M. 1975. Assembly of species communities. Pages 342-444 in M. L. Cody, and J. M.
Diamond, editors. Ecology and evolution of communities. Harvard Universty Press,
Cambridge, Massachusetts, USA.

126



Dice L. R. 1921. Notes on mammds of interior Alaska Journd of Mammaogy 2:20-28.

Dickson, J. G., R. IN. Conner, and J. H. Williamson. 1983. Shag retention increases bird use of a
deacut. Jound of Wildife Manegement 47:799-804.

Dickson, J. G,, and J. H. Williamson. 1988. Smdl mammdls in dreamsde management zones in
pine plantations. Pages 375-378 in R. C. Szaro, K. E. Severson, and D. R. Petton, editors,
Management of amphibians reptiles and andl mammas in North America USDA Forest
Service General Technicd Report RM-166.

Diller, L. V., and D). R. Johnson. 1988. Food habits, consumption rates, and predation rates of
western ratlesnakes and gophersnekes in southwestern |daho. Herpctologica 44:228-233.

Diller, L. V., and F'. L. Wdlact.. 1984. Reproductive biology of the northern Pecific rattlesnake
(Crotalus viridis oreganus) in northern Idaho. Herpetologica 40: 182-193.

Dobkin, D. S, and B. A. Wilcox. 1986. Andyss of naturd forest fragments: riparian birds in the
Toiyabe Mountains, Nevada. Pages 293-300 in J. Vemer, M. L. Morrison, and C. J.
Rdph, editors. Wildife 2000 modding habitat rdationships of taredrid verteorates
Universty of Wiscondn Press Madison, Wisconan, USA.

Doyle A. T. 1985. Smdl mammd microhabitat sdection in dreamsde ecosysems (Oregon,
Cascade range). Dissartation. Oregon State Universty, Corvallis, Oregon, USA.

Doyle, A. T. 1987. Microhabitat separdtion among sympatric micratines, Clethrionomys
californicus, Microtus oregoni, and Microtus richardsoni. American Midand Naturdist
118:258-265.

Doyle, A. T. 1990. Use of riparian and upland habitats by smdl mammds Journd of Mammalogy
71:14-23.

Drummer, T. D., A. R. Degange, L. L. Pank, and L. L. McDondd. 1990. Adjuging for group sze
influence in line transsct sampling. Journd of Wildife Management 54:5 1 1-514.

Dublin, H. T. 198(0. Rdating deer diets to forage qudity and quartity: the Columbian white-talled
deer (Odocioleus virginianus leucurus). Thess, Universty of Washington, Setle,
Waghington, USA.

Dueser, R. D., and H. H. Shugart J. 1978. Niche pattern in a fores floor smdl mammd
community. Ecology 66: 1081 18.

Dus, G. L., R. J. Mackie, J. D. Herriges, and B. B. Compton. 1989. Populaion ecology of
whitetalled dear dong the lower Ydlowstone River. Wildlife Monogrgphs 104: 1-68.

Eagleson, G. W. 1976. A comparison of the life higories and growth patterns of populaions of
the sdlamander Ambystoma grade (Bard) from pemanent low-dtitude and montane
lakes. Canadian Journal of Zoology 54:2098-2111.

Eberhardt, L. L. 1980. Comments on transect methodology. Pages X7-39 in F. L. Mille, and A.

Gunn, editors Symposum on census and inventory methods for populaion and hebitats
Banff, Alberta, Canada

127



Eberhardt, R. T. 1973. Some aspects of mink-waterfowl relationships on prairie wetlands. Prairie
Naturdist 5:17-19.

Edge, W. D., and C. L. Marcum. 1985. Movements of ek in relation to logging disturbance.
Journd of Wildlife Management 49:926-930.

Edge, W. D., C. L. Marcum, and S. L. Olson. 1985. Effects of logging activities on home-range
fiddity of ek. Journd of Wildlife Management 49:741-744.

Edmonds, R. L. 1980. Litter decomposition and nutrient release in Douglas-Fir, Red Alder,
Western Hemlock, and Pecific Slver Fi ecosystems in western Washington. Canadian
Journal of Forest Resources 10:327-337.

Edwards, D. K., G. L. Dorsey, and J. A. Crawford. 1981. A comparison of three avian census
methods. Pages 170-176 in C. J. Raph, and J. M. Scott, editors. Estimating numbers of
terrestrid birds. Studies in Avian Biology 6. Allen Press, Lawrence, Kansas, USA.

Edwards, J. 1983. Diet shifts due to predator avoidance. Gecologia (Berlin) 60:185-189.

Ehrlich, P. R,, D. S. Dobkin, and D. Wheye. 1988. The hirder’s handbook: a field guide to the

natural history of North American birds. Smon and Schuster, New York, New York,
USA.

Elton, C. 1927. Anima ecology. Sidgwick and Jackson, London, England.
Emlen, J T. 1971. Population dendties of birds derived from transect counts. Auk 88:323-342.

Emlen, J. T. 1977. Estimating breeding season bird dengties from transect counts. Auk 94:455-
468.

Eriksson, 0. 1975. Silvicultural practices and reindeer grazing in northern Sweden. Pages 108-
121 in J. R. Luick, editor. Proceedings of the first International Reindeer and Caribou
Symposum. The University of Alaska, Farbanks, Alaska, USA.

Erlinge, S. 1968. Territoridity of the river otter Lutra lutra. Oikos 19:81-98.

Erlinge, S. 1969. Food habits of the otter, Lutra lutra L. and mink Mustela vison Schreber in a
trout water in southern Sweden. Giios 24:1-7.

Erlinge, S. 1972. Interspecific relations between otter Lutra {utra and mink Mustela vison in
Sweden. Giios 23:327-335.

Erlinge, S. 1975. Feeding habits of the weasd Mustela nivalis in relaion to prey abundance.
Oikos 26:378-384.

Erlinge, S. 1977a Spacing drategy in stoat Mustela erminea. Oikos 28:32-42.

Erlinge, S. 1977b. Home range utilizetion and movements of the stoat, Mustela erminea.
International Congress Game Biology 13:31-42,

Erlinge, S. 1981. Food preference, optima diet and reproductive output in stoats Mustela
erminea in Sweden. Oikos 36:303-315.

Errington, P. L. 1943. An andyss of mink predation upon muskrats in north-centrd United
States. Research Bulletin lowa Agriculturd Experimenta Station 320:797-924.

128



Errington, P. L. 1954. Specid responsiveness of minks to epizootics in muskrat populations
Ecologicd Monogrgphs 24:377-393.

Erskine, A. J. 1972.. Buffleheads. Canadian Wildlife Service Monographs 4:1-241.

Evans, J. 1983. Nutria. Pages B-61-B-70 in R. M. Timm, editor. Prevention and control of
wildlife damege Great Flans Agricuiturd Coundl, Wildlife Resources Commisson and
Cooperdive Extensgon Savice, Univeraty of Nebraska, Lincoln, Nebraska, USA.

Everes, F. H., N. B. Armantrout, S. M. Kdler, W. D. Parante, J. R. Sedell, T. E. Nickdson, J.
M. Johngton, and G. N. Haugen. 1985. Sdmonids. Pages 199-230 in E. R. Brown, editor.
Management of wildife and fish habitats in foress of western Oregon and Washington
pat |: chapter narratives USDA Forest Service R6-F&WL-192-1985.

Fedyk, S, Z. Gebczynska, M. Pucek, J. Raczynski, and M. D. Sikorski. 1984. Winter prenetation
by mammeds of different habitats in the Bigoraza Vdley. Acta Theiologica 29:317-336.

Feldhamer, and Rochetle. 1982. Mountain beaver (Aplodontia rufa). Pages 167-175 in J. A.

Chgomen, and G. A. Fddhamer, editors Wild mammds of North America: Johns Hopkins
Universty Press Bdtimore, Maryland, ‘USA.

Fenton, M. B. 1970. Population sudies of Myotis lucifugus in Ontario. Life Scences
Contributions of the Royd Ontario Museum 77: 1-34.

Ferton, M. B., and G. P. Bdl. 1979. Echolocation and feeding behavior in four spedies of Myotis
(Chiroptera). Canadian Journd of Zoology 57: 127 1- 1277.

Fenton, M. B., and J. H. Rullard. 1981. Math hearing and the feeding drategies of bats American
Stetis 69:266-274.

Fenton, M. B., S |I,. Jacobsen, and R. N. Stone. 1973. An automated ultrasonic sengng system
for monitoring the activities of some bats Canadian Journd of Zoology $1:291-299.

Fenton, M. B., C. G. van 2Zyll de Jong, G. P. Bdl, D. B. Campbd|, and M. LaPlante. 1980.
Didribution, perturition dates, and feeding of bats in south-centrd British Columbia,
Canadian Field-Naturalist 94:416-420.

Fielder, P. C.,, and E. McKay. 1984. Vegdation types used by mule dear fawns Mid-Columbia
River, Washington. Northwest Science 58:80-84.

Fitzgerald, B. M. 1977. Weasd, predation on a cydlic populaion of the montane vole (Microtus
montanus) in Cdifomid Jound of Animd Ecology 46:367-397.

Fallmen, E. H. 1973. Compardtive ecology and behavior of red and gray foxes Dissartation.
Southern 1llinois Universty, Carbondde, lllinois USA.

Francis, G. R, and A. B. Stepbenson. 1972. Marten ranges and food habits. Ontario Minigry of
Naturd Resources 91:53.

Franklin, A. B., J. P. Wad, R. J. Gutierrez, and J. |. Gould J. 1990. Dendty of northern spotted
owls in nothwesen Cdifornia Journd of Wildife Management 54:1-10.

129



Franklin, J. F., K. Cromack Jr., W. Denison, A. McKee, C. Maser, J. Sedell, F. Swanson, and G.
Juday. 1981. Ecologica characterigtics of old-growth Douglas-fir forests. USDA General
Technicad Report PNW-GTR-118.

Franklin, J. F., and C. T. Dymess. 1984, N:tural vegetation of Oregon and Washington. Oregon
State Universty Press, Corvdlis, ¢ <on, USA.

Franklin, J. F., and R. T. T. Forrnan. 1987. :ating |landscape patterns by forest cutting:
ecological consequences and principics. Canadian Fied-Naurdist 1:5-18.

Franzmann, A. W. 1978. Moose. Pages 67-81 in J. L. Schmidt, and D. L. Gilbert, editors. Big
game of North America; ecology and management. Stackpole books, Harrisburg,
Pennsylvania, USA.

Franzreb, K. E. 1978. Tree species used by birds in logged and unlogged mixed-coniferous
forests. Wilson Bulletin 90:221-238.

Franzreb, K. E. 1981. A comparative anadlyss of territorial mapping and variable-strip transect
censusing methods. Pages 164-169 in C. J Raph, and J. M. Scott, editors. Estimating
numbers of terrestrid birds. Studies in Avian Biology 6. Allen Press, Lawrence, Kansas,
USA.

Frenzel, R. W., and R. G. Anthony. 1989. Rdationship of diets and environmental contaminants
in wintering bad eagles. Journd of Wildlife Management 53:792-802.

Friesen, C. A. 1991. The effect of broadcast burning on the qudity of winter forage for ek,
Western Oregon. Thess. Oregon State Universty, Corvallis, Oregon, USA.

Frogt, D. R. 1985. Amphibian species of the world. Allen Press and Associated Systematics
Collections, Lawrence, Kansas, USA.

Fuller, T. K. 1978. Vaiable home-range sizes of femde gray foxes. Journd of Mammaogy
59:446-449.

Fuller, T. K., and L. B. Keith. 1981. Woodland caribou population dynamics in northeastern
Alberta. Journa of Wildlife Management 45: 197-211.

Gaines, D. 1974a. Review of the status of the yellow-billed cuckoo in Cdifornia. Condor 76:204-
209.

Games, D. 1974b. A new look a the nesting riparian avifauna of the Sacramento Vadley,
California. Western Birds 5:61-80.

Gaider, J. 1979. Reaults of a bat census in atown (Mammalia:Chiroptera). Vestnik
Ceskodovenske Spolecnosti Zoologicke 43:7-21.

Gamble, R. L. 1980. The ecology and distribution of Mustela frenata 1ongicauda Bonaparte and
its relationships to other Mustela pp. in sympatry. Thess. University of Manitoba,
Winnipeg, Manitoba, Canada.

Gamble, R. L. 1981. Didribution in Manitoba of Mustela frenata longicauda Bonaparte, the
long-talled weasd, and the interrdation of digtribution and habitat sdection in Manitoba,
Saskatchewan, and Alberta. Canadian Journd of Zoology 59: 1036- 1039.

130



Garcia, J C, G. F. Schreuder, and R. T. Taber. 1976. Modds of fores ecosysems VIl resource
limiting model for black-tailed deer. Inditute of Forest Products, College of Forest
Resources, University of Washington Press, Seditle, Washington, USA.

Gadner, J. E., J. D. Ganer, and J. E. Hofmann. 1991. Summer roogt sdlection and roosting
behavior of Myotis sodalis (Indiana bat) in Illinois Unpublished Report to U.SFW.S

Gagwiler, J S 1959, Smdl mammd sudy in wes-centrd Oregon. Journd of Mammaogy
40:128-139.

Gadwiile, J. S. 1965. Tree seed abundance vs. der mouse populaions in Douglasfir dearcuts
Procesdings of the American Society of Foresters 1965:219-222,

Gedwiiler, J. S. 1967. Conifer seed survivd in a western Oregon dearcut. Ecology  48:43 1-438.

Gadwiiler, J. S. 1970. Plant and mamma changes on a clearcut in west-centrd Oregon. Ecology
51:1018-1026.

Gagwiiler, J, S. 1972. Life hisory notes on the Oregon vole. Journd of Mammaogy 53:558-569.

Gaes J E, and N. R. Giffen. 1991. Neotropicd rnigrant birds and edge effects of a forest-stream
ecotone. Wilson Bullein 103:204-217.

Gavin, T. A. 1984. Pacific Northwest. Pages 487-496 in L. K. Hdls, editor. White-tailed desr;
ecology and management. Stackpole Books, Harrisourg, Pennsylvania, USA.

Gavin, T. A, L. H. Suring, P. A. Vohs J., and E. C. Meslow. 1984. Populaion characteridtics,
gotid organization, and naturd mortdity in the Columbian whitetaled desr. Wildlife
Monogrgphs 91:1-41.

Gawler, S. C. 1988. Digturbance-mediated populaion dynamics of Pedicularis furbishae S. Wats.
Dissertation. Universty of Wisoconan, Madison, Wisconan, USA.

Gerell, R. 1970. Home ranges and movements of the mink Mustela vison Schreber in southern
Sweden. Oikos 21:160-173.

Getz, L. L. 1970. Influence of vegeation on the locd didribution of the meadow vale in
Wiscondn. University of Connecticut Occasond Pgpers (Biologicd Scence Saries)
1:213-241.

Gilbet, F. F,, and R. Allwine. 1991a. Smdl mamma communities in the Oregon Coest Range
Pages 257-267 in L. F. Ruggiero, K. B. Aubry, A. B. Carey, and M. H. Huff, editors

Wildlife and. vegetation of unmaneged Douglasfir forets USDA Forest Savice Generd
Technicd Report PNW-GTR-285.

Gilbert, F. F,, and R. Allwine. 1991b. Taredrid amphibian communities in the ORegon Coast
Range. Pages 319-324 in L. F. Ruggiero. K. B. Aubry, A. B. Carey, and M. H. Huff,
editors Wildife and vegetation of unmanaged Douglasfir forets USDA Forest Service
Gengd Technicd Report PNW-GTR-285.

Giles, L. W. 1942. Utilization of rocky exposures for dens and escape cover by raccoons.
American Midland Natumligt 27: 171-176.

131



Gilpin, M. E., and J. M. Diamond. 1976. Calculation of immigration and extinction curves from
the species-area-distance relation. Proceedings of the Nationa Academy of Sciences, USA
73:4130-4134.

Gilpin, M. E,, and J. M. Diamond. 1984, Are species co-occurrences on idands non-random, and
are null hypotheses useful in community ecology. F 5 297-315 /» D. R. Strong J, D.
Smberloff, L. A. Abde, and A. B. Thidtle, editors. :  :ogical cor.. ;unities: conceptual
issues and the evidence. Princeton Universty Press, ::inceton, New Jersey, USA.

Glasgow, L. L., and R. E. Noble. 1971. The importance of bottomland hardwoods to wildlife.

Pages 30-43 in Proceedings of the Symposum on Southeastern Hardwoods. Louisana
Stae Universty, Baton Rouge, Louisana, USA.

Glover, F. 1942. Population studies of weasds in Pennsylvania. Theds. Pennsylvania State
College, State College, Pennsylvania, USA.

Goertz, J. W. 1964. Habitats of three Oregon voles. Ecology 45:846-848.

Good, D. A. 1989. Hybridization and cryptic specis in Dicamptondon (Caudata:
Dicamptondontidee. Evolution 43:728-744,

Good, D. A., and D. B. Wake. 1992. Geographic variation and speciation in torrent salamanders

of genus Rhyacotriton (Caudatar Rhyacotritonidag). University of Cdifornia Publications
in Zoology 126:1-91.

Grier, C., and R. Logan. 1977. Old-growth Pseudotsuga menziesii communities of a western
Oregon watershed; biomass didtribution and production budgets. Ecologica Monographs
47.377-400.

Griffin, D. R. 1971. The importance of atmospheric attenuation for the echolocation of bats
(Chiroptera). Anima Behavior 19:55-61.

Grinndl, J. 1917. The niche-rdationships of the Cdifornia Thrasher. Auk 34:427-433.
Grinndl, J. 1924. Geography and evolution. Ecology 5:225-229.

Grinndl, J. 1928. Presence and absence of animds. University of Cdifornia Chronicle 30:429-
450.

Grinnell, J, J. S. Dixon, and J. M. Linsdale. 1937. Furbearing mammals of Cdifornia Universty
of Cdifornia Press, Berkeley, Cdifornia, USA.

Gunther, P. M., B. S. Horn, and G. D. Babb. 1983. Smal mammal populations and food sdection
in relation to timber harvest practices in the western Cascade Mountains. Northwest
Science 57:32-44.

Hagar, D. C. 1960. The interrdationships of logging, birds, and timber regenerdtion in the
Douglasfin region on northwestern Cdifornia. Ecology 41:116-125.

Hagmeier, E. M. 1956. Digtribution of marten and fish in North America. Canadian Field-
Naturdist 70: 149-168.

Hal, E. R. 1951. American weasdls. Universty of Kansas Museum of History Miscellaneous
Publications 4.

132



Hdl, E. R. 1981. Mammds of North America. John Wiley & Sons, New York, New York, USA.

Hal, F. C. 1988. Characterization of riparian sysems. Pages 7-12 in K. J Raedeke, editor.
Sreamdgde managanant; riparian wildlife and foredry interactions. Universty of
Waghington Press Seattle, Washington, USA.

Hal, J. D., M. L. Murphy, and R. S. Aho. 1978. An improved design for assessing impacts of
watershed practices on amdl dreams. Berh. Internat. Verein, Limnol. 20: 1359-1365.

Hallett, J. G.,, M. A. O’ Conndll, G. D. Sanders, and J. Seidendticker. 1991. Comparison of
populaion edimetors for mediumszed mammds Journd of Wildlife Management 55:81-
3.

Hals L. K. 1984. White-tailed deer: ecology and management. Stackpole Books, Harrishurg,
Penngylvania  USA.

Havorson, C. H. 1982. Rodent. occurrence, habitat disturbance and seed fdl :in a larchfir fores.
Ecology 63:423-433.

Hamer, D., and S. Herrero. 1986. Wildfires influence on grizzy bear feeding ecology in Banff
Nationd Park, Alberta Jntemationd Conference on Bear Research and Management
7:179-186.

Hamilton, G. D., and P. D. Drysdde 1975. Effects of cutover width on browse utilizetion by
moos2. Proceadings of the North American Moose Conference Workshop 11:5-26.

Hamilton, G. D., P. D. Drysdde, and D. L. Euler. 1980. Moose winter browsng petterns on
dearcuttings in northern Ontario. Canedian Journd of Zoology 58:1412-1416.

Hamilton, W. J,, J. 1933. The weasds of New ‘York. American Midland Naturdist 14:289-344.

Hanley, T. A. 1980, Sdective plant spedies inhibition by dk and deer in three conifer communities
in western Washington. Forestry Science 26:97-107.

Hanley, T. A. 1982.. The nutritiond basis for food sdection by ungulaes Journal of Range
Managemeant 35:146-151.

Hanley, T. A. 1983. Black-tailed deer, elk, and forest edge in a western Cascades watershed.
Jound of Wildife Manegement 47:237-242.

Hanley, T. A. 1984.. Habitat patches and their sdlection by wapiti and black-tailed deer in a coedte
montane coniferous forest. Journd of Applied Ecology 21:423-436.

Hanley, T. A., and J J Rogers 1989. Edimaing carying cgpecity with Smultaneous nutritiond
condraints. USDA Forest Sarvice Research Note PNW-RN-485.

Hanley, T. A,, and C. L. Rose. 1987. Influence of overstory on snowdepth and density in
hemlock-soruce dands implications for management of dear habitat in southeestern
Alaska USDA Forest Sarvice Research Note PNW-RN-459.

Hansson, L. 1983. Bird numbers across edges between mature conifer forest and dearcuts in
centrd Sweden. Ornis Scandinavica 14:97-103.

Hardy, G. H. 1979. Movement ecology of resdent raccoons in eest Tennessee Thess Universty
of Tennessee Knoxville Tennessee, USA.

133



Haredad, A. S, and F. L. Bunndll. 1987. Peragence of black-talled deer fecd pellets in coadtd
hebitats. Journd of Wildlife Management 51:33-37.

Harested, A. S, and G. W. Jones 1980. Use of nightcounts for censusing black-talled deer on
Vancouver Idand. Pages 83-96 in F. L. Miller, and A. Gunn, editors Symposum on
Census and Inventory Methods for Population ang: #{abiizrs. Banff, Canada

Hagis, C. D., and D. R. McCullough. 1984. Winter diet and habitat selection of marten in
Yosamite Naiond Pak Jound of Wildlife Management 48: 140)- 146.

Harmon, M. E., J. F. Franklin, F. J. Swvanson, P. Sallins S, V. Gregory, J. D. Latin, N. H.
Anderson, S. P. Cline, N. G. Aumen, J. R. Seddl, G. W. Lienkaemper, K. Cromack .,
and K. W. Cummins. 1986. Ecology of coarse woody debris in temperate ecosysems
Advances in Ecologicd Research 15:133-302.

Harper, J. A. 1987. Ecology and management of Roosevet dk in Oregon. Oregon Department of
Fsh and Wildlife, Portland, Oregon, USA.

Harr, R. D. 1976. Forest practices and dreamflow in western Oregon. USDA Forest Sarvice
Generdl Technical Report PNW-GTR-49.

Harr, R. D., R. L. Fredrikson, and J. Rothacher. 1979. Changes in streamflow following timber
harvest in southwestern Oregon. USDA Forest Sarvice Research Paper PNW-249.

Haris A. S 1968. Smdl mammads and naurd reforestation in southeest Alaska USDA Forest
Sarvice Research Pgper PNW-75.

Haris, L. D. 1984. The fragmented forest: idand biogeography theory and the presarvation of
biotic diversty. Universty of Chicego Press, Chicago, lllinois USA.

Harris L. D. 1989. Edge effects and consarvetion of biatic diversty. Conservation Biology
2:330-332.

Harison, D. J, J. A. Bissondte, and J. A. Sherbume. 1989. Spatid rdaionships between coyotes
and red foxes in eegen Maine Journd of Wildlife Management 53: 181- 18.5.

Hartman, G. D.,and T. L. Yaes. 1985. Scapanus orarius. Mammdian Spedes253:1-5.

Hawkins, C. P., M. L. Murphy, and N. H. Anderson. 1982. Effects of canopy, substrate
compodtion, and gradient on the dructure of macroinverteorate communities in Cascade
Range dreams of Oregon. Ecology 63: 1840- 1856.

Hawkins, C. P, M. L. Murphy, N. H. Anderson, and M. A. Wilzback 1983. Densty of fiih and
sdamanders in rdation to riparian canopy and physcd habitat in sreams of the
northwestern United States. Canadian Journd of Fisheries and Aquatic Science 40: 1173-
1185.

Hayes, M. P,, and M. R. Jenings. 1986. Dedline of ranid frog spedes in western North America
are bullfrogs (Rana catesbeiana) responsble? Journa of Herpetology 20:490-509.

Hayne, D. W. 1949. Two methods for estimating population from trapping records. Journd of
Mammdogy 30:399-411.

134



Hehnke, M., and C. P. Stone. 1978. Vdue of riparian vegetation to avian populaions dong the
Sacramento river system. Pages 228-235 i» R. R. Johnson, and J. F. McCormick, editors
Strategies for protection and management of floodplain wetlands and other riparian
ecosysems USDA Forest Service Generd Technicd Report WO- 12.

Hele P. 1985a Effects of fores fragmentation on bird dendties in northern bored forests Omis
Fennica 61:121-122.

Hdle, P. 1985b. Habitat sdection of bresding birds in rdaion to foret successon in northeagtern
Fnland. Omis Fenica 62:113-123.

Herd, R. M., and M. B. Fenton. 1983. An dcctrophoretic, morphologica and ecologica
invedtigetion of putetive hybrid zone between Myortis lucifugus and Myotis yumanensis
(Chiroptera: Vespertilionidae). Canedian Journd of Zoology 61:2029-2050.

Herington, R. E., and J. H. Larsen. 1985. Current satus, habitat requirements, and maenagement
of the Lach Mountain sdamander, Plethodon larselli Bums Bioogicd Consarvation
34:169-179.

Heshey, T. J, and ‘T. A. Leege. 1982. Elk movements and habitat use on managed foregt in
north-central Idaho. Idaho Department of Hsh Game Wildife Bulletin 10.

Hewson, R. 1972, Changes in the number of dods, rats, and little owls in Y orkshire as shown by
tunnd trgoping. Jound of Zoology 168:427-429.

Hibbard, E. A. 1958. Movements of beaver transplanted in North Dakota Journd of Wildlife
Manegement 22:209-2 11.
Hill, E. H. 1982. Beaver (Castor canadensis). Pages 256-281 in J. A. Chapmen, and G. A.

Feldhamer, (editors Wild mammals of North America Johns Hopkins Universty Press
Bdtimore, Mayland, USA.

Hoffmean, G. R. 1960. The small mammd components of Sx dimax plant assoaaions in eeten
Washington and northern Idaho. Ecology 41:571-572.

Hofmann, R. R. 1988. Morphophysologicd evolutionary adgptations of the ruminant digesive
system. Pages |-20 in A.. Dobson, and M. J. Dobson, editors. Agpects of digedtive
phydology in ruminants Procesdings of a Sadlite Symposum of the 30th Internationd
Congress of the Internationd Union of Physologicd Sdences Comgtock Publishing
Asociates, Ithaca, New York, USA.

Holmes, R. T., R. E. Bonney X., and S W. Pacda 1979. Guild gructure of the Hubbard Brook
bird community: a multivariate gpproach. Ecology 60:512-520.

Horn, C. L. 1988. Cover object choice by femde dusky sdamanders, Desmognathus fuscus.
Herpetologica 22:247-249.

Hooven, E. F,, and H. C. Black. 1976. Effects of some dear-cutting practices on smdl-mammd
populations in western Oregon. Northwest Science 50:189-208.

Hooven, E. F, R. F. Hoyer, and R. M. Storm. 1975. Notes on the vegrant sew, Sorex vagrans,
in the Willamette Vdley of wesern Oregon. Northwest Science 49:163-173.

135



Howard, R., and A. Moore. 1980. A complete checklist of the birds of the world. Oxford
University Press, Oxford, England.

Huey, R. B., C. R. Peterson, S. J. Arnold, and W. P. Porter. 1989. Hot rocks and not-so-hot
rocks: retreat-site selection by garter snakes and its thermal consequences. Ecology
70:93 1-944.

dugie, R. D. 1982. Black bear ecology and management in the northern coniferous-deciduous
forests of Maine. Dissartation. University of Montana, Missoula, Montana, USA.

Hutchinson, G. E. 1957. Concluding remarks. Cold Spring Harbor Symposia on Quantitative
Biology 22:415-427.

Ingles, L. Ci. 1965. Mammals of the Pecific states. Stanford University Press, Stanford, California,
USA.

Irwin, L. L., J. B. Buchanan, T. L. Fleming, and S. M. Speich. 1989. Wildlife use of managed
forests in Washington. Nationa Council of the Paper Industry for Air and Stream
Improvement TFW-017-89-044.

Jackson, J. J. 1983. Tree squirrels. Pages B-141 B-145 in R. M. Timm, editor. Prevention and
control of wildlife damage. Great Plans Agriculturd Council, Wildlife Resources
Commisson and Cooperdtive Extenson Service, Universty of Nebraska, Lincoln,
Nebraska, USA.

Jakimchuk, R. D., S. H. Ferguson, and L. G. Sopuck. 1987. Differentid habitat use and sexua
segregation in the centrd Arctic caribou herd. Canadian Journd of Zoology 65:534-541.

Janzen, D. H. 1986. The externa threat. Pages 286-303 in M. E. Soulé, editor. Conservation
biology: the science of scarcity and diversty. Sinauer Associates, Sunderland,
Massachusetts, USA.

Jeffries, D. J, and J. B. Pendlebury. 1968. Population fluctuations of stoats, weasdls, and
hedgehogs in recent years. Journd of Zoology 156:513-517,

Jenkins, K. J, P. J. Happe, and R. GG, Wright. 1990. Evauating above-snow browse availability
usng nonlinear regressons. Wildlife Society Bulletin 18:49-55.

Jenkins, K. J, and E. E. Starkey. 1984. Habitat use by Roosevet ek in unmanaged forests of the
Hoh Valey, Washington. Journd of Wildlife Management 48:642-646.

Jenkins, K. J, and E. E. Starkey. 1990. Influences of adjacent forest management activities on
migratory ek of Mount Rainier Nationd Park. CPSU/QSU 90-3.

Jenkins, K. J, and R. G. Wright. 1988. Resource partitioning among cervids in the northern
Rocky Mountains. Journd of Applied Ecology 25:1 |-24.

Jenkins, S. H., and P. E. Buscher. 1.979. Castor canadensis. Mammaian Species 120:1-8.

Jeppesen, J. L. 1987. Impact of human disturbance on home range, movements and activity of red
deer (Cervus elaphus) in a Danish environment. Danish Review of Game Biology 13:1-38.

Johnson, N. K. 1975. Controls of number of bird species on montane idands in the Greast Basin.
Evolution 29:545-567.

136



Johnson, R. R, L. T. Haight, and J. M. Simpson. 1977. Endangered species vs. endangered
hebitats a concept. Pages 68-79 in R. R. Johnson, and D. A. Jones, editors. Importance,
preservation and management of ripaian hebitat: a symposum. USDA Forest Sarvice
Gengd Technicd Report RM-GTR-43.

Johnson, R. R, and D. A. Jones, editors. 1977. Importance, preservation, and managment of
riparian hebitet: a symposum. USDA Forest Service Generd Technical Report RM-
GTR-43.

Johnson, W. N., and T. F. Paragi. 1992. The rdaionship of wildfire to lynx and marten
populations and hebitat in interior Alaska U.SF.W.S, Gaena, Alaska, USA.

Jlly, G. M. 1965. Explicit esimates from capture-recapture deta with both desth and
immigraion-sochedic modd. Biometrika 52:225-247.

Jones, G. 1974. Influence of forest development on black-talled deer winter range on Vancouver
I[dand. Pages 139-148 in H. C. Black, editor. Wildlife and foret management in the
Padific Northwest Proceedings of a Symposum Forest Research laboratory, Schoal of
Foredtry. Oregon State Universty, Corvdlis, Oregon, USA.

Jones K. B. 1986. Amphibians and reptiles. Pages 267-290 in A. Y. Cooperrider, R. J. Boyd, and

H. R Suat, editors. Inventory and monitoring of wildife hebitat. USDI, BLM Savice
Center, Denver, Colorado, USA.

Jones, K. B. 1988. Didribution and habitat associaions of herpetofauna in Arizona comparisons
by habitat type. Pages 109-188 in R. C. Szaro, K. E. Severson, and D. R. Peatton, editors.
Management of amphibians reptiles and smdl mammds in North Ameiica USDA Forest
Savice Gengrd Technicd Report RM-166.

Jones, L. L. C. 1989. Plethodon vandykei (Van Dykes sdamander) reproduction. Herp Review
20:48.

Jones, L. L. C,, and P. S, Corn.. 1989. Third specimen of a metamorphosed Copes's giant
sdamander (Dicamptodon copei). Northwestern Naturdigt 70:37-38.

Jonkd, C. J, and I. M. Cowen. 1971. The black bear in the gorucefir fores. Wildife
Monogrgphs 27:1-57.

Jodin, P. 1988. A phototrgpline for cold temperatures. Pages 121-128 in H. Freaman, editor.
Procesdings of the fifth internationd snow leopard symposum. Internationd Snow
Leopard Trus and Wildlife Inditute of India

Kauffman, J. B. 1988. The datus of riparian habitats in Pacific Northwest forests. Pages 45-55 in
K. J. Raedeke, editor. Seamsde managernant: riparian wildlife and forestry interactions.
Univardty of Washington Press, Seditle, Washington, USA.

Kaufmann, J. H. 1982. Raccoon and dlies. Pages 567-585 in J. Chgoman, and G. Fedhamer,
editors. Wild mammas of North America Johns Hopkins Universty Press Bdtimore,
Maryland, USA.

Keamey, S. R, and F. F. Gilbert. 1976. Habitat use by white-talled deer and moose on sympatric
range Journd of Wildlife Management 40:645-657.

137



Kdler, E. M., and F. J. Swanson. 1979. Effects of large organic materid on channel form and
fluvial processes. Earth Surface Process 4:361-380.

Kdly, G. M. 1977. Fisher (Martes pennanti) biology in the White Mountain National Forest and
adjacent aress. Dissartation. University of Massachusetts, Amherst, Massachusetts, USA.

Kelyhouse, D. G. 1980. Habitat utilizetion by black bears in northern Cdifornia Internationa
Conference of Bear Research and Management 4:221-227.

Kendeigh, S. C. 1944. Measurement of bird populations. Ecologicad Monographs 14:67-106.
Kenward, R. 1987. Wildlife radio tagging. Academic Press, London, England.

Kenyon, K. W., and V. B. Scheffer. 1961. Wildlife surveys dong me northwest coast of
Washington. Murrdet 42:29-37.

Kephart, D. G, and S. J. Arnold. 1982. Garter sheke diets in a fluctuaion environment: a seven-
year study. Ecology 63: 123221236.

King, C. M. 198 1. The reproductive tactics of the stoat (Mustela erminae) in New Zedand
forests. Pages 443-468 in J. A. Chapman, and D. Pursely, editors. Proceedings of the
Worldwide Furbearer Conference. Frostburg, Maryland, USA.

King, C. M. 1983. Mustela erminea. Mammdian Species 195:1-8.

King, C. M., and R. L. Edgar. 1977. Techniques for trgpping and tracking stoats (Mustela
erminea); areview and a new system. New Zedand Journa of Zoology 4: 193-212.

King, C. M., and P. J. Moors. 1979a. On coexistence, foraging strategy, and the biogeography of

weasels an stoats (Mustela nivalis and M., erminea) in Britan. Oecologia (Berlin) 39: 129-
150.

Kirchhoff, M. D., and J. W. Schoen. 1987. Forest cover and snow: implications for deer habitet in
southeast Alaska Journd of Wildlife Management §1:28-33.

Kirkland, G. L., J. 1977. Responses of smal mammals to the clearcutting of northern
Appaachian forests. Journd of Mammadogy 58:600-609.

Klebenow, D. A., and R. J. Oakleaf. 1981. Higtoricd avifaund changes in me riparian zone of the
Truckee River, Nevada. Pages 203-209 in R. E. Warner, and K. M. Hendrix, editors.
Cdifornia riparian systems. University of California Press, Berkeley, Cdifornia, USA

Klen, D. R. 1968. The introduction, increase, and crash of reindeer on &. Matthew Idand.
Journd of Wildlife Management 32:350-367.

Knaus, R. M., N. Kinler, and R. G. Linscombe. 1983. Edtimating river otter population: the
feasibility of 657n to label feces. Wildlife Society Bulletin 11:375-377.

Knight, R. L. 1988. Relationships of birds of prey and riparian habitat in the Pacific Northwest: an
overview. Pages in K. J. Raedeke, editor. Streamside management: riparian wildlife and
forestry interactions. Universty of Washington Press, Seditle, Washington, USA.

Knight, R. L., D. G. Smith, and A. W. Erickson. 1982. Negting raptors dong the Columbia River
in north-centrd Washington,. Murrelet 63:2-8.

138



Knopf, F. L.. 1985. Sgnificant riparian vegetation to breeding birds across an dtitudind  cline.
Pages 1051 11 in R. R. Johnson, C. D. Ziebdl, D. R. Paton, P. F. Pfallict, and R. H.
Hamre, editors Ripaian ecosysems and their management: reconaling conflicting uses
Hra North American Riparian Conference, USDA Forest Sarvice Generd Technicd
Report RM-120.

Knopf, F. L. In press Consarvation of avian diversty in riparian corridors Bird Consarvetion

Knopf, F. L., R. R, Johnson, T. Rich, F. B. Samson, and R. C. Szaro. 1988. Consarvation of
riparian ecosysems in the United Siates. Wilson Bulletin 100:272-284.

Knopf, F. L,., and F. B. Samson. 1988. Ecologicd patterning of riparian avifaunas. Pages 77-78 in
K. J Reedeke, editor. Sreamdde management: riparian wildlife and foredry interactions
Univergty of Washington Press Sedtle Washington, USA.

Koehler, G. M., and M. G. Homocker. 1977. Fre effects on marten habitet in the Seiway-
Bitteroot wildermess Journd of Wildlife Manegement 41:500-505.

Koehler, G, M., and M. G. Homocker. 1989. Influences of seasons on bobcats in 1daho. Journd
of Wildife Management 53: 197-202.

Koehler, G. M., W. R. Moore, and A. R. Taylor. 1975. Presarving the pine marten. Management
guiddines for western forests Wesern Wildlands 2:31-36.

Korschgen, L. T. 1958. December food habits of mink in Missouri. Journd of Mammaogy
39:521-527.

Kovdchik, B. L. 1987. Riparian zone assoddions of the Deschutes, Ochoco, Fremont and
Winema National Forets USDA Forest Sarvice, Padific Northwest Region 6 R6 ECOL
TP-279-87.

Kovachik, B. L., and L. A. Chitwood. 1990. Use of geomorphology in the dassfication of
riparian plant assodations in mountainous landscapes of centrd Oregon, U. S A. Forest
Ecdogy and Management  33/34:405-418.

Krausman, P. R. 1978. Forage reationships between two deer species in Big Bend Nationd Park,
Texas. Journd of Wildlife Manegement 42:101-107.

Krebs C. J 1972. Ecology: the experimenta andyss of digribution and abundance. Harper and
Row, New York, New York, USA.

Krebs, C. J 1989. Ecologicad methodology. Harper and Row, New York, New York, USA.

Krefting, L. W., and C. E. Ahlgren. 1974. Smdl mammas and revegetaion changes dter fire in a
mixed conifer-hardwood forest. Ecology $5:1391-1398.

Kunz, T. H., and A. Kurta. 1988. Cgpture methods and holding devices Pages|-29 in T. H.

Kunz, editor. Ecologicd and behaviord methods for the sudy of bats Plenum Press New
York, New York, USA.

Kunz, T. H.,, and R. A. Matin. 1982. Plecotus townsendii. Mammdian Spedes 175:1-6.

LaFranc, M. N., ., M. B. Moss, K. A. Patnode, and W. C. Sugg Ill. 1987. Grizzly bear
compendium. Interagency GrizZy Bear Committee

139



Landers, J. L., R. J. Hamilton, A. S. Johnson, and R. L. Marchinton. 1979. Foods and habitat of
black bears in southeastern North Carolina. Journd of Wildlife Management 43:143-153.

Larison, E. J 1976. Mammas of the northwest, Seettle Audubon Society, Sesttle, Washington,
USA.

Laudendayer, W. F., J. 1986. Summary: predicting effects of habitat patchiness and
fragmentation - the manager’s viewpoint. Pages 331-333 in J. Vemer, M. L. Morrison,
and C. J Rdph, editors. Wildlife 2000: modding habitat relationships of terrestrid
vertebrates. University of Wisconan Press, Madison, Wisconsn, USA.

Lavrov, N. P. 1941. [Methods for forecasting population changes in the ermine]. Proceedings
Center Laboratory Biology Game Industry 5:60-77.

Layne, J. N., and W. H. McKeon. 1956. Notes on red fox and gray fox den sitesin New York.
New York Fish and Game Journd 3:44-74.

Leckenby, D. A. 1982. Wildlife habitats in managed rangelands - The Great Basin of southeast
Oregon. USDA Forest Service General Technical Report PNW-GTR-139.

Lehmkuhl, J F.,, and L. F. Ruggiero. 1991. Forest fragmentation in the Pacific Northwest and its
potentid effects on wildlife. Pages 35-46 in L. F. Ruggiero, K. B. Aubry, A. B. Carey, and
M. H. Huff, editors. Wildlife and vegetation of unmanaged Douglasfir forests. USDA
Forest Service General Technicd Report PNW-GTR-285.

Leopold, A. 1933. Game management. Charles Scribners, New York, New York, USA.

LeResche, R. E., R. H. Bishop, and J. W. Coady. 1974. Digtribution and habitats of moose in
Alaska. Natura Canadian 101:143-178.

Ledie, D. M., and E. E. Starkey. 1982. Cervid-habitat interactions in Olympic Nationd Park. CX-
9000-0-E035.

Ledie, D. M., and E. E. Starkey. 1984. Elk and deer diets in old-growth forests in western
Washington. Journd of Wildlife Management 48:762-775.

Licht, L. E. 1986a. Food and feeding behavior of sympatric red-legged frogs, Rana aurora, and

spotted frogs, Rana pretiosa, in southwestern British Columbia. Canadian Feld-Naturalist
100:22-31.

Licht, L. E. 1986b. Comparative escape behavior of sympatric Rana auroraand Rana pretiosa.
American Midland Naturdist 115x239-247.

Lindzey, F. G., and E. C. Meslow. 1977. Home range and habitat use by black bears in
southwestern Washington. Journal of Wildlife Management 41:413-425.

Linsdale, J M. 1938. Environmenta responses of vertebrates in the Great Basin. American
Midland Naturdist 19:1-216.

Llewdlyin, L. M., and C. G. Webster. 1960. Raccoon predation on waterfowl. Transactions
North American Wildlife and Natural Resource Conference 25: 18(0- 185.

Lloyd, H. G. 1980. Habitat requirements of the red fox. Pages 7-25 in E. Zimen, editor. The red
fox: symposum on behavior and ecology. W. Junk, The Hague.

140



Loft, E. R, and J. G, Kie. 1988. Comparison of pelet-group and radio triangulation methods for
assessing deer habitat use. Journd of Wildlife Management 52:524-527.

Loft, E. R., J. W. Menke, and T. S. Burton. 1984. Seasond movements and summer habitats of
femde black-talled deer.. Journa of Wildlife Management 48:1317-1325.

Loft, E. R, J. W. Menke, and G. Kie 1991. Habitat shifts by mule deer: the influence of cattle
grazing. Natura Canadian 55:16-26.

Lomolino, M. V. 1984. Immigrant sdection, predation, and the digtribution of Microms
pennsylvanicus and Blarina on idands. American Naturdist 123:468-483.

Long, C. A. 1974. Microsorex hoyi and Microsorex thompsoni. Mammalian Species 33:1-4.

Lovejoy, D. A. 1975. The effect of logging on smal mamma populations in New England
northern hardwoods. University of Connecticut Occasiona Papers (Biologica Science
Series) 2:269-291.

Lowney, M. S, and E. P. Hill. 1989. Wood duck nest sites in bottomland hardwood forests of
Missssppi. Journd of Wildlife Management 53:378-382.

Ludwig, D. R. 1984. Microtus richardsoni. Mammaian Species 223:1-6.

Ludwig, J. A., and J. F. Reynolds. 1988. Statistica ecology. John Wiley & Sons, New York, New
York, USA.

Lunde, R. E,, and A. S. Harestad. 1986. Activity of little brown bats in coastd forests. Northwest
Science 60:206-209.

Lundquist, R., and D. A. Manuwal. 1990. Seasond differences in foraging habitet by cavity-
nesting birds in the southern Washington Cascades. Studies in Avian Biology 13:218-225.

Lunney, D., J Barker, and D, Priddd. 1985. Movements and day roosts of the chocolate wattled

bat Chalinolobus moric (Gray) (Microchiroptera: Vespertilionidae) in alogged forest.
Audrdian Mammdogy 8:313-317.

Lunney, D., J. Barker, D. Ptidddl, and M. O’ Connell. 1988. Roost selection by Gould's long-eared
bat, Nyctophilus gowuldi Tomes (Chiroptera: Vespertilionidae) in logged forest on the
south coast of New South Wdes. Augtrdian Wildlife Research 15:375-384.

Lyon, J. 1980. Coordinating forestry and ek management. Transactions North American Wildlife
and Natura Resource Conference 45:278-287.

Lyon, L. J, and R. L. Barger. 1987. Effects of thinning smal-stem lodgepole pine stands on big
game habitat. Pages 162-165 in R. L. Barger, editor. Management of smali-stem stands of

lodgepole pine workshop proceedings. [JSDA Forest Service General Technicd Report
IRS-GTR-237.

MacArthur, R. H. 1970. Species packing and competitive equilibrium for many species,
Theoreticd Population Biology 1: 1-11.

MacArthur, R. H., and E. 0. Wilson. 1967. The theory of idand biogeography. Princeton
Univergty Press, Princeton, New Jersey, 1JSA.

141



Mackie, R. J. 1970. Range ecology and rddions of mule deer, €k and cattle in the Missouri River
Bresks, Montana. Wildlife Monographs 20: |-79.

Magurran, A. E. 1988, Ecologicd diversty and its messurement. Princeton University Press
Princeton, New Jarsey, USA.

Magor, J. T., and J. A. Sherburne. 1987. Interspecific rdaionships of coyo:es, bobcats and red
foxes in wetern Mane Journd of Wildlife Manegement 51:606-616.

Mdanson, G. P, and D. R. Butler. 1.990. Woody debris, sediment, and riparian vegetation of a
subdpine river, Montang, U.. S. A. Arctic and Alpine Research 22:183-194.

Mannan, R. W. 1982. Bird populaions and vegetation characteridics in managed and old-growth
forests, northeest Oregon. Dissartation. Oregon State Universty, Corvdlis, Oregon, USA.

Mannan, R. W,, and E. C. Meslow. 1984. Bird populaions and vegetaion characteridics in

managed and old-growth forests northeastern Oregon. Journd of Wildife Management
48:1219-1238.

Mannan, R. W., E. C. Mesiow, and H. W. Wight. 1980. Use of snags by birds in DouglasHir
forests, wesern Oregon. Journd of Wildlife Management 44:787-797.

Manuwad, D. A. 1968. Breading bird populaions in the coniferous forests of western Montana
Thess Univergty of Montana, Missoula, Montana, USA.

Manuwa, D. A. 1983. Avian abundance and guild dructure in two Montana coniferous forests
Murrelet 64:1-1 1.

Manuwd, D. A. 1986. Characteristics of bird assamblages dong linear riparian zones in westen
Montana Murrdet 67:10-18.

Manuwd, D. A. 1991. Soring bird communities in the Douglasfir forests of the southern
Washington Cascades. Pages 161-174 in L. E. Ruggiero, K. B. Aubry, A. B. Carey, and
M. H. Huff, editors Wildlife and vegeation of unmanaged Douglasfir forets. USDA
Forest Sarvice Genard  Technical Report PNW-GTR-285.

Manuwd, D. A., and A. B. Carey. 1991. Methods for messuring populaions of amal, diurnd
fores birds. USDA Fores Savice Generd Technicd Report PNW-GTR-278.

Manuwd, D. A., and M. Huff. 1987. Saring and winter bird populations in a Douglasfir fores.
Journd of Wildife Management 51:586-595.

Manuwd, D. A., and G. Munger. 1978. The dfect of timber harvest on bird populaions in the

Douglasfir forets of Washington State Report to USDA Forest Sarvice. College of
Fores Resources Universty of Washington, Seditle, Washington, USA.

Marcum, C. L. 1976. Habitat sdection and use during summer and fdl months by a wesern
Montana ek herd. Pages 91-96 in S. R. Heb, editor. Elk-logging symposum. University
of Idaho, Moscow, 1daho, USA.

Mariani, J, and D. A. Manuwd. 1990. Factors influencing Brown Creeper (Certhia americana)

abundance patterns in the southern Washington Cascade Range: Studies in Avian Biology
13:53-57.

142



Marr, N. V. 1985. Gopher snake preys on northern oriole nestlings. Murrelet 66:95-97.

Marshall, P. L., M. D. Ritt, and H. L. Habgood. 1990. Edtimating browse biomass usng multiple
regresson and plotless dendty estimates. Journal of Wildlife Management 54: 180- 186.

Marshdl, W. H. 1936. A dudy of the winter activity of mink. Journd of Mammalogy 17:382-392.
Marshall, W. H. 1951. Pine marten as a forest product. Journal of Forestry 49:899-905.

Martell, A. M. 1983a Changes in smdl mamma communities after logging in north-centra
Ontario. Canadian Fidd Naturdist 61:970-980.

Martell, A. M. 1983b. Demography of southern ted-backed voles and deermice after logging in
north-centra Ontario. Canadian Journa of Zoology 61:958-969.

Martell, A. M. 1984. Changes in smal mamma communities &fter fire in northcentrai Ontario.
Canadian Field-Naturalist 98:223-226.

Mat-tdl, A. M., and A. Radvanyi. 1977. Changes in smal mamma populations after clearcutting
of northern Ontario black spruce forest. Canadian Field-Naturdist 91:41-46.

Martin, T. E. 1988. Habitat and area effects on forest bird assemblages. is nest predation an
influence? ‘Ecology 69:74-84,

Martinka, C. J. 1968. Habitat relationships of whim-talled and mule deer in northern Montana
Journd of Wildlife Management 32:558-565.

Maser, C, B. R. Mate, J. F. Franklin, and C. T. Dymess. 1981. Natura history of some Oregon
coast mammals. USDA Forest Service General Technicd Report PNW-GTR-133.

Maser, C., J. M. Trappe, and R.. A. Nussbaum. 1978. Fungal-small mammad interrelationships
with emphasis on Oregon coniferous forests. Ecology 5§9:799-809.

Maser, Z., and C. Maser. 1987. Notes on mycophagy of the yellow pine chipmunk (Eutamias
amoenus) in northeastern Oregon. Mm-relet 68:24-27.

Mastenbrook, B., and H. Cummings. 1989. Use of resdud gtrips of timber by moose within
cutovers in northwestern Ontario. Alces 25:146-155.

May, R. M. 1975. Patterns of species abundance and diversity. Pages §1- 120 in Ecology and
evolution of communities. Harvard Universty Press, Cambridge, Massachusetts, USA.

May, R. M. 1984. An overview: red and gpparent patterns in community structure. Pages 3-16 in
D. R. Strong, D. Smbcrloff, L. G. Abele, and A. B. Thidtle, editors. Ecologica
communities conceptua issues and the evidence. Princeton University Press, Princeton,
New Jersay, USA.

McAlliger, K. R., and B. Leonard. 1990. 1989 progress report - past didtribution and current
datus of the spotted frog in western Washington. Washington Department of Wildlife,
Wildlife Management, Nongame Program. Olympia, Washington.

McAlligter, K. R., and B. Leonard. 1991.1990 progress report - past didribution and current

datus of the spotted frog in western Washington. Washington Department of Wildlife,
Wildlife Management, Nongame Program. Olympia, Washington.

143



McCleland, B. R. 1980. Influences of harvesting and residue management on cavity nesting birds.
Pages 469-496 in Environmental consequences of timber harvesting in Rocky Mountain
coniferous forests. USDA Forest Service Generd Technial Report INT-90.

McClure, H. E. 1942. Summer ectivities of bats (genus Lasiurus) in lowa. Journa of Mammalogy
47:34-41.

McComb, W. C., K. McGarigal, and R. G. Anthony. 1993. Smal mamma and amphibian
abundance in streamside and upslope habitats of mature Douglasfir stands, western
Oregon. Northwest Science 67:7-15.

McCorquodale, S. M., K. J. Raedeke, and R. D. Taber. 1986. Elk habitat use patterns in the
ghrub-steppe of Washington. Journd of Wildlife Management 50:664-669.

McCullagh, P, and J A. Neder. 1983. Generdized linear models. Chapman and Hall, London,
England.

McGarigal, K., and W. C. McComb. 1992. Streamside versus upslope breeding bird communities
in the centrd Oregon Coast Range. Journd of Wildlife Management 56: 10-22.

Mclntire, P. W. 1984. Fungus consumption by the Siskiyou chipmunk within a varioudy treated
forest. Ecology 65:137-146.

Medin, D. E. 1986. Smal mamma responses to diameter-cut logging in an Idaho DouglasHfir
forests. USDA Forest Research Research Note INT-362.

Medin, D. E., and W. P. Clary. 1991. Small mammals of a beaver pond ecosystem and adjacent
riparian habitat in Idaho. USDA Forest Service Research Note INT-445.

Meents, J. K., B. W. Anderson, and R. D. Ohmart. 1981. Sengtivity of riparian birds to habitat

loss. Pages 619-625 in R. E. Warner, and K. M. Hendrix, editors. Cdifornia riparian
sysems. Universty of Cdifornia Press, Berkdey, Cdifornia, USA.

Megahan, W. F. 1982. Channdl sediment Storage behind obstructions in forested drainage basins
draining the granitcc bedrock of the Idaho Batholith. Pages 114-121 in F. J. Swansen, R.
J. Janda, T. Dunne, and D. N. Swantson, editors. Sedimant budgets and routing in
forested drainage basins. USDA Forest Service Research Paper PNW-141.

Mequigt, W. E., and M. G. Homocker. 1983. Ecology of river otters in west central Idaho.
Wildlife Monographs 83: |-60.

Mequigt, W. E., J S. Whitman, and M. G. Homocker. 1981. Resource partitioning and
coexistence of sympatric mink and river otter populations. Pages 187-220 in J. Chapman,
and D. Purdey, editors. World furbearer conference. Frostburg, Maryland, USA.

Merritt, J. F. 1981. Clethrionomys gapperi. Manmalian Species 146:1-9.

Meslow, E. C., and H. M. Wight. 1975. Avifauna and succession in Douglasfir forest of the
Pecific Northwest. Pages 343 in D. R. Smith, editor. Proceedings of the symposum on
management of forest and range habitets for nongame birds. USDA Forest Service
Generd Technicd Report WO-GTR-1.

Metter, D. E. 1964. A morphologica and ecologica comparison of two populations of the tailed
frog, Ascaphus truei Stcjneger. Copeia 1964: 181-195.

144



Metter, D. E. 1967. Variation in the ribbed frog Ascaphus truei Stejneger. Copeia 1967:634-649.

Millar, J. S, D. G. L. Innes, and V. A. Loewen. 1985. Habitat use by non-hibernating small
mammals o:f the Kananaskis Valey. Canadian Fidd-Naturdist 99: 196-204.

Miller, D. H., and L. L. Getz. 1972. Factors influencing the loca digtribution of the redback vole,
Clethrionomys gapperi, in New England. University of Connecticut (ccasional Papers
(Biological Science Series) 2:115-138.

Miller. D. H., and L. L. Getr. 1973. Factors influencing the loca digribution of the redback vole,
Clethrionomys gapperi, in New England. II. vegetation cover, soil moisture, and debris
cover. Univerdty of Connecticut Occasiona Pepers (Biological Science Series) 2: 159-
180.

Miller, D. H., and L.. L. Getz. 1977. Factors influencing loca distribution and species diversty of
fores smdl mammads in New England. Canadian Journd of Zoology 55:806-814.

Miller, E., and D. R. Miller. 1980. Snag use by birds. Pages 337-354 in R. M. Degraff, editor.
Management of western forests and grasdands for nongame birds. USDA Forest Service
Generd Technica Report INT-86.

Miller, J. E. 1983. Beavers. PagesB-l1 - B-l 1 in R. M. Timm, editor. Prevention and control of
wildlife damage. Great Plains Agricultural Council, Wildlife Resources Commisson and
Cooperative Extenson Service, University of Nebraska, Lincoln, Nebraska, USA.

Miller, J. E. 1983. Muskrats. Pages B-51 - B-59 in R. M. Timm, editor. Prevention and control of
wildlife damage. Great Plains Agriculturd Council, Wildlife Resources Commisson and
Cooperdtive Extenson Service, University of Nebraska, Lincoln, Nebraska, USA.

Miller, S. D., and D. W. Speake. 1978. Status of the bobcat: an endangered species? Pages 145-
153 in R. Odom, and L. Landers, editors. Proceedings of the Annual Conference of the
Southeast Associaion of Fish and Wildlife Agencies.

Millsap, B. ,A., J. A.. Gore, D. E. Runde, and S. I. Cerulean. 1990. Setting priorities for the
consarvation of fish and wildlife species in Horida Wildlife Monographs 111:1-57.

Milner, R. L. 1986. Status of the western pond turtle Clemmys marmorata in northwestern
Washington. Washington Department of Wildlife, Nongarne Divison. Olympia,
Washington., USA.

Montgomery, W. |. 1987. The application of capture-mark-recapture methods to the enumeration
of amdl mamma populations. Zoologicd Society of London Symposum 58:25-57.

Monthey, R. W. 1978. Reative abundance of mammds in commercidly harvested forests in two
townships in northern Maine. Dissertation. Universty of Maine, Orono, Maine, USA.

Monthey, R. W. 1984. Effects of timber harvesting on ungulates in northern Maine. Journd of
Wildlife Management 48:279-285.

Monthey, R. W., and E. C. Soutiere. 1985. Responses of smal mammas to forest harvesting in
Northern Maine. Canadian Field-Naturalist 99: 13- 18.

Mot-in, P. J. 1983. Predation, competition, and the composition of larval anuran guilds. Ecologica
Monographs $3:119-138.

145



Moring, J R. 1982. Detrease in dream gravd pameshility after dear-cut logging: an indication
of intragravel oconditions for developing salmonid eggs and devins Hydrobidlogia S& 295
298.

Morris, D. W. 1983. FHdd tes of competitive interference for space among temperae-zone
rodents. Canadian Journd of Zoology 61: 1< 17- 1523.

Morrison, M. L., and R. G. Anthony. 1989. Habitat ::s¢ by amdl mammeas on ealy-gronth clear-
cuttings in western Oregon. Canadian Journd of Zoology 67:805-811.

Morrison, M. L., and E. C. Meslow. 1983. Avifauna assodated with early growth vegetation on
clearcuts in the Oregon Coast Ranges. USDA Forest Service Research Paper PNW-305.

Murphy, D. D. 1989. Consarvaion and confuson: wrong species, wrong scae, wrong
condusion. Consavaion Biology 3:82-84.

Murphy, M. L., and J. D. Hdl. 1981.. Varied effects of dear-cut logging on predators and thar
hebitat in smdl dreams of the Cascade Mountains, Oregon. Canadian Journd of FHsheries
and Aquatic Science 38:137-145.

Murphy, M. L., C. P. Hawkins and N. H. Anderson. 1981. Effects of canopy modification and
accumulaed sediment on sream communities. Transactions American Fisheries Sodety
110:469-478.

Murphy, M. L., J. Hafetz, S. W. Johnson, K. V. Koski, and J. K. Thedinga 1986. Effects of
dear-cut logging with and without buffer drips on juvenile sdmonids in Alaskan dreams
Canadian Journd of Fisheries and Aquatic Sciences 43:1521-1533.

Murphy, M. L., and K. V. Koski. 1989. Input and depletion of woody deris in Alaska sreams
and implications for dreamsde management. North American Journd of Fsheries

Managemat 9:427-436.

Murphy, M. T. 1983. Nest success and nesting habits of eastern kingbirds and other flycatchers.
Condor 85:208-219.

Murphy, R. K., N. F. Payne, and R. K. Anderson. 1985. White-taled deer use of an irrigated
agriculturd-grasdand complex in centrd Wisconan, Journd of Wildlife Manegement
49:125-128.

Musser, J, and E. Bracken. 1990. Colockum dk sudy. Washington Department of Wildlife,
Wildlife Management Divison Progress Report 2.

Namen, J, C. A. Johngton, and J. C. Kdley. 1988. Alteration of North American sreams by
beaver. Biostience 38:753-762.

Namen, R. J, T. J. Beechie, L. E. Benda, D. R Beg, P. A. Bisson, L. G. MacDondd, M. D.
O Connar, P. L. Olson, and E. A. Steel. 1991. Fundamentd dements of ecologicdly
hedthy watersheds in the Padific Northwest Coadtd ecoregion. Pages in R. J. Namen,
editor. Waeshed manegement: baancing sudaingbility with environmentd  change.
Syinger-Verlag, Belin, Geamany.

Ned, F. D., and J. E. Borrecco. 1981. Didribution and rdaionship of mountain beaver to
openings in spling dands. Northwest Saence 55:79-86.

146



Newbald, J. D., D. C. Erman, and K. B. Roby. 1980. Effects of logging on macroinverterates in
greams with and without buffer grips. Canadian Journd of Fsheries and Aquatic Saences
37:1076-1085.

Newton, |., editor. 1989. Lifetime reproduction in birds. Academic Press, London, England.

Noss, R F, and L. D. Harris 1990. Habitat connectivity and the consarvetion of biological
diversty: Horida as a case higory. Pages 131-135 in Proceadings of the 1989 Society of
American Foresers Conference, Spokane, Washington. Society of American Foresers,
Bethesdla, Maryland, USA.

Nusshaum, R. A. 1976. Geographic varidion and systematics of salamanders of the genus
Dicamptodon Srauch (Ambygtometidee). Universty of Michigen Misodlaneous
Publications Museum of Zoology 149.

Nussbaum, R. A., E. D. Brodie ., and R. M. Storm. 1983. Amphibians and reptiles of the Padific
Northwest. University of Idaho Press, Moscow, daho.

Nyberg, J. 13. 1987. Man-mede foredts for dear: chdlenge or dilemma? Forest Chronides 63:150-
154,

O'Brien, J, M. 1983. Voles. Pages B-147-B-152 in R. M. Timm, editor. Prevention and control of
wildife damage Gredt Plains Agriculturd Coundl, Wildife Resources Commisson and
Cooperative Extenson Savice, Univarsty of Nebraska, Lincoln, Nebraska, USA.

Oaley, A. L., J A. Cdllins, L. B. Everson, D. A. Hdler, J. C. Howerton, and R. E. Vincent.
1985. Riparian zones and freshwater wetlands. Pages 57-80 in E. R. Brown, editor.
Manegemantt of wildife and fish habitats in forests of western Oregon and Washington.
USDA Forest Sarvice R6-F&WL-192-1985.

Olendorff, R. R, 1973. Raptorial birds of the U.SA.E.C. Hanford Resarvetion, southcentra
Washington. Baitelle Northwest Laboratories BNWL-1790 UC-11.

Olson, D. H. 1989. Predation on breeding western toads (Bufo boreas). Copela 1989:391-397.

Ctis, D. L., K. P. Burnham, G. C. White, and D. R. Anderson. 1978. Satidicd inference from
cgpture data on dosad animd populaions. Wildlife Monogrgphs 62; 1- 135.

Ovaska, K. 1988. Spacing and movements of the sdamander Plethodon vehiculum. Herpetologica
44:377-386.

Parker, K. I,., C. T, Robbins, and T. A. Hanley. 1984. Energy expenditures for locomation by
mule deer and dk. Journd of Wildlife Management 48:474-488.

Pedtor, J, and R. J. Naiman. 1992. Sdective foraging and ecosystem processes in bored foreds.
American Naurdig 139:690-705.

Pattie, D. 1973. Sorex bendirii. Mammdian Spedes 27:1-2.

Peek, J. M. 1984. Northern Rocky Mountains. Pages 497-504 in L. K. Hdls, editor. White-tailed
dear: ecology and management. Stackpole books, Harrisburg, Pennsyivania, USA.

Peek, J. M., D. L. Urich, and R.. J. Mackie. 1976. Moose habitat sdlection and rdationships to
forest management in northeesten Minnesota. Wildlife Monographs 48:65.

147



Perkins, J. M. 1983. Northwest Oregon bat survey. Unpublished report to the Oregon
Department of Fish and Wildlife, Portland, Oregon, USA.

Perkins, J. M., and S. P. Cross. 1988. Differentid use of some coniferous forest habitats by hoary
and slver-haired bats in Oregon. Murrclet 69:21-24.

Perry, H. R, Jr. 1982. Muskrats(Ondatra zibethicus and Neojiber alleni). Pages 282-325 jn J. A.
Chapman, and G. A. Feldhamer, editors. Wild mammas of North America Johns Hopkins
Universty Press, Bdtimore, Maryland, USA.

Peterson, E. B., and N. M. Peterson. 1983. Summer bird dendties in relation to forest types in
western North Americas annotated bibliography and andyss of literature. Canadian
Wildlife Service, Deta British Columbia, Canada

Pierce, D. J, and J. M. Peek. 1984. Moose habitat use and selection patterns in north-central
|daho. Journd of Wildlife Management 48:1335-1343.

Pierce, J, and J. Johnson. 1986. Wetland community type classification for west-centrd Montana.
USDA Forest Service, Northern Region |, Missoula, MT., Ecosystem Management
Program review draft on file.

Rls, C. M., and M. A. Martin. 1978. Population dynamics, predator-prey relationships and
management of the red fox in Wisconsn. Wisconsn Department of Naturd Resources
Technicd Bulletin 10.5.

Platts, W. S, R. J. Torquemada, M. L. McHenry, and C. K. Graham. 1989. Changes in sdlmon
gpawning and rearing habitat from increased delivery of line sediment to the South Fork
Sdmon River, ldaho. Transactions American Fisheries Society 118:274-283.

Podker, R. J, and H. D. Hartwell. 1973. Black bear of Washington. Washington State Game
Depatment Biologicd Bulletin 14.

Polderboer, E. B., L. W. Kuhn, and G. 0. Hendrickson. 1941. Winter and spring habits of
weasds in centrd lowa Journd of Wildlife Management 5: 115- 119.

Pough, F. H. 1980. The advantages of ectothermy for tetrgpods. American Naturdist 115:92-1 12.

Powdl, R. A. 1977. Hunting behavior, ecologicd energetics and predator-prey community
dability of the fisher (Martes pennanti). Dissertation. University of Chicago, Chicago,
lllinois, USA.

Powdl, R. A. 1978. A comparison of fisher and weasd hunting behavior. Carnivore 1:28-34.
Preston, F. W. 1948. The commonness and rarity of species. Ecology 29:254-283.
Pulliam, H. R. 1988. Sources, snks, and population regulation. American Naturdist 132:652-661.

Quick, H. F. 195 1. Notes of the ecology of weasds in Gunnison County, Colorado. Journa of
Mammaogy 32:281-290.

Racey, P. A., and S. M. Swift. 1985. Feeding ecology of Pipistrellus pipistrellus
(Chiroptera’Vespertilionidae) during pregnancy and lactation. 1. Foraging behavior.
Journd of Animd Ecology 54:205-215.

148



Reedeke, K. J, editor. 1988. Sreamdde manegement: riparian wildlife and foredry interactions.
Univeraty of Washington Press Sedttle, Waghington, USA.

Raedeke, K. J, and J. F. Lehmlkuhl. 1986. A smulation procedure for modding the rdaionships
between wildlife and forest managment. Pages 377-382 in J. Vemer, M. L. Morrison, and
C. J Rdph, editors. Wildife 2000: modding habitat rdationships of terredtrid verteorates
Univergty of Wiscongn Press Madison, Wisconan, USA

Reedeke, K. J, and R. D. Taber. 1982. Mechaniams of population regulation in wedern
Waeshington forests for Cervus and Odocoileus. Transactions international Congress
Gamre Bioogy 14:69-79.

Raedeke, K. J, R. ID. Taber, and D. K. Paige 1988. Ecology of large mammals in riparian
sysems of Pecific Northwest forests. Pages 113-132 in K. J. Raedeke, editor. Streamside
management: ripaian wildife and foredry interactions Universty of Weashington Press
Sedtle Washington, USA.

Ramires, P., and M. Homocker. 1981. Small mamma populaions in different-aged clearcuts in
northwestern Montana. Journd of Mammadogy 62:400-403.

Ramsden, D. J, L. J Lyon, and G. L. Havorsen. 1979. Smdl bird populations and feeding
hebitatswestern Montana in July. American Birds 33: 1 1- 16.

Ranney, J. W., M. C. Bruner, and J. B. Leveson. 1981. The importance of edge in the dructure
and dynamics of forest idands Pages 67-96 in R. L. Burgess, and D. M. Sharpe, editors
Fores idand dynamics in man-dominated landscapes. Soringer-Verlag, New York, New
York, USA.

Rephad, M. G. 1988. Long-term trends in aundance of amphibians, reptiles, and mammds in
Douglasfir forests of northwestern Cdlifornia Pages 23-31 in R. C. Szaro, K. E.
Sevarson, and D. R. Patton, editors. Management of amphibians, reptiles, and amdll
mammals in North America USDA Forest Sarvice Generd Technicd Report RM-166.

Rephed, M. G, and R. H. Barett. 1984. Diversty and abundance of wildlife in late successond
Douglasfir forests. Pages 34-43 in New foress for a changing world. Procesdings of the
1983 Socety of American Foreders nationd convention, Portland, Oregon. Society of
American Foreses Bethesda, Mayland, USA.

Rappole, J H., and D. W. Warner. 1976. Rdaionships between behavior, physology and
wegther in avian trandents a a migretory sopover Ste. Qecologia (Belin) 26:193-212.

Raliff, R. D. 1982. A meadow gte dassficaion for the Sara Nevada, Cdifornia USDA Forest
Savice Gengd Technicd Report GTR-PSW-60.

Rector, M. E. 1990. Riparian small mammd and carabid bedle communities of Mount Rainier
Nationd Pak. Thess Univerdty of Washington, Seditle, Washington, USA.

Reice, S R. 1980. The role of subgratum in benthic macroinverteorate microdigribution and litter
decompogtion in a woodland sream. Ecology 61:580-590.

Rech, L. M. 1981. Microtus pennsylvanicus. Mammaian Species 159:1-8,

149



Reid, D. G., M. B. Bayer, T. E. Code, and B. McLean. 1987. A possible method for estimating
river otter, Lutra canadensis, populations usng snow tracks. Canadian Field-Naturdist
101:576-580.

Reimers, E., D. R. Klein, and R. Scrumgard. 1983. Caving time, growth rate, and body size of
Norwegian reindeer on different ranges. Arctic and Alpine Research 15: 1(7- 118.

Reynolds, R. T., J. M. Scott, and R. A. Nussbaum. 1980. A variable circular-plot method for
esimating bird numbers. Condor 82:309-313.

Rhoades, F. 1986. Smdl mamma mycophagy near woody-debris accumulation in the Stehekin
River Vdley, Washington. Northwest Science 60:150-153.

Rickard, W. H. 1960. The digribution of smal mammads in relaion to the dimax vegetaion
mosaic in eastern Washington and northern Idaho. Ecology 41:99-106.

Rideout, C. B. 1978. Mountain goat. Pages 149-159 in J. L. Schmidt, and D. L. Gilbert, editors.

Big game of North Americac ecology and management. Stackpole books, Harrisburg,
Pennsylvania, USA.

Ridgeway, R. 1877. Ornithology. F ages 303-669 in C. King, editor. Ornithology and
Pdeontology. US Geological Explorations 40th Pardld 4.

Riley, D. G. 1989. Controlling raccoon damange in urban aress. Pages 85-86 in A. J. Bjugstad, D.
W. Uresk, and R. R. Hamre, editors. Ninth Great Plains Wildlife Damage Control
Workshop Proceedings. USDA Forest Service Generd Technical Report 171.

Riley, S. J, and A. R. Dood. 1984. Summer movements, home range, habitat use, and behavior of
mule deer fawns. Journd of Wildlife Management 48: 1302-1310.

Riney, T. 1982. Study and management of large animas. John Wiley & Sons, New York, New
York, USA.

Robbins, C. S. 1980. Effect of forest fragmentation on breeding bird populations in the Piedmont
of the mid-Atlantic region. Adlantic Naturdist 33:31-36.

Robbins, C. T. 1983. Wildlife feeding and nutrition. Academic Press, New York, New York,
USA.

Rogers, L. L., G. A. Wilker, and A.. W. Allen. 1988. Managing northern forests for black bears.
Pages 36-42 in Integrating foret management for wildlife and fish. USDA Forest Service
Generd Technica Report NC-122.

Rominger, E. M., and J. 0. Oldemeyer. 1989. Early-winter habitat of woodland caribou, Sekirk
mountains, British Columbia Journd of Wildlife Management 53:238-243.

Root, R. B. 1967. The niche exploitation pattern of the Blue-gray Gnatcatcher. Ecologica
Monographs 37:317-350.

Rosatte, R. C., and J. R. Gunson, 1984. Dispersd and home range of striped skunks, Mephitis
mephitis inan area of population reduction in southern Alberta. Canadian Field-Naturaist
98:315-319.

150



Rosenberg, K. V., and M. G. Raphad. 1986. Effects of forest fragmentation on vertebrates in
Douglasfir forets Pages 263-272 in J, Vemer, M. L. Marrison, and C. J. Raph, editors
Wildife 2000: modding hebitet rdationships of taredrid verterates Universty of
Wiscondn Press, Madison, Wisconan, USA.

Rgv, N. 1975. Breading bird community sructure and species diversty adong an ecologica
gradient in deciduous forest in western Norway. Ornis Scandinavica 6: 1-14.

Rowe, J. S. 1983. Concepts of fire affects on plant individuas and species. Pages 135-1%4 in R
W. Wein, and D. A. MacLean, editors The role of fiie on northemn drcumpolar
ecosysdems. John Wiley & Sons, New York, New York, USA.

Ruddf, D. C,, and J. G. Dickson. 1990. Sreamngde zone width and amphibian and reptile
abundance. Southwestern Naturdist 35:472-476.

SAt, G WL 1953, An ecologicd andlyss of three Cdifornia avifaunas. Condor 55:258-273.

Samud, D. E., and B. B. Nelson. 1982. Foxes. Pages 475-490 in J A. Chgpman, and G. A.
Fedhamer, editors Wild mammds of North America: Johns Hopkins University Press
Bdtimore, Maryland, USA.

Sarrazin, J. R, and J R. Bider. 1973. Activity, a neglected parameter in populaion edimatesthe
devdopment of a new technique Journd of Mammaogy 54:369-382.

Schmidt, J L., and D. L. Gilbert. 1978. Big game of North America ecology and management
Stackpole Books, Harisourg, Pennsylvania, USA.

Schneider, D. G,, L. D. Mech, and J. R Tedter. 1971. Movements of femde raccoons and ther
young as determined by redio-tracking. Anima Behavior Monogragphs 4:1-43.
Schoen, J. 1.977. The ecologicd didtribution and bidlogy of wapiti (Cervus elaphus nelsoni) in the

Cedar River Waeshed, Washington. Dissertation. Univerdty of Washington, Settle,
Weaghington, USA.

Scott, J M., and F. L. Ramsey. 1981. Length of count period as a possble source of biasin
edimating bird numbers. Pages 409-413 in C. J Raph, and J M. Scott, editors
Edimating numbers of taredrid birds Sudies in Avian Bidogy 6. Allen Press
Lawrence, Kansas, USA.

Soatt, V. E, G. L. Crouch, and J. A. Whdlan. 1982. Responses of hirds and smdl mammads to
dearcutting in a subalpine forest in centrd Colorado. USDA Forest Service Generd
Technicd Report RM-(GTR-422.

Scoullar, K. A. 1980. Usng land resource maps to define habitat for forest birds. Thess
Universty of British Columbia, Vancowver, British Columbia, Canada

Scrivner, J. H., and H. D. Smith. 1981. Pocket gophers (Thomomys talpoides) in successiond
dages of gorucefir forest in Idaho. Great Basn Naturdist 41:362-367.

Sorivner, J H., and H. D. Smith. 1984. Rddive abundance of smdl mammals in four successond
dages of gorucefir forest in Idaho. Northwest Science 58 17 1- 176.

Sedander, J. A. 1943, Winter food habits of mink in southern Michigen. Journd of Wildife
Manegemeat 7:411-417.

151



Seber, G. A. F. 1965. A note on the multiple-recapture census. Biometrika 52:249-259.

Sedell, J. R.,, and F. J. Swanson. 1984. Ecologica characteristics of streams in old-growth forests
of the Pacific Northwest. Pages 9-16 in W. R. Meehan, T. R. Merdl J, and T. A.

Hartley, editors. Fish and wildlife reaionships in old-growth ferests. American Inditute of
Fisheries Research Biology, Juneau.

Servheen, G, and L. J. Lyon. 1989. Habitat use by woodland caribou in ;i Sdkirk mountains,
Journd of Wildiife Management 53:230-237.

Shefy, F. C,, and J. A. Chapman. 1980. Seasond home range and habitat utilization of raccoons
in Maryland. Carnivore 3:8- 18.

Shirley, M. G., R. G. Linscombe, N. W. Kinler, R. M. Knaus, and V. L. Wright. 1988. Population
esimates of river otters in a Louisiana coastd marshland. Journd of Wildlife Management
52:5 125 15.

Shump, K. A,, Jr., and A. U. Shump. 1982. Lasiurus cinereus. Mammaian Species 185:1-5.

Simberloff, D., and L. G. Abde. 1982. Refuge design and idand biogeographic theory: effects of
fragmentation. American Naturdist 120:41-50.

Smbeloff, D., and L. G. Abde. 1984. Consarvation and obfuscation: subdivison of reserves.
oikos 42:399-401,

Simberloff. D., and J. Cox. 1987. Consequences and costs of conservation corridors.
Conservetion Biology 1:63-7 1.

Smms, D. A. 1979. North American weasds, resource utilization and distribution. Canadian
Journd of Zoology 57:504-520.

Simon, T. L. 1980. An ecologica study of the marten in the Tahoe Nationa Forest, Cdifornia.
Thess. Cdifornia State University, Cdifornia, USA

Smons, L. H. 1985. Smdl mamma community structure in old growth and logged riparian
habitat. Pages in R. R. Johnson, editor. Riparian ecosystems and their management:
reconciling conflicting uses Firsd North American Riparian Conference. USDA Forest
Service Generd Technicd Report RM-GTR-120.

Sims, H. P, and C. H. Buckner. 1973. The effect of dearcutting and burning of Pinus banksiana
forests on the populations of smdl mammas in southeastern Manitoba American Midland
Naturdist 90:228-231.

Skovlin, J. M., L. D. Bryant, and P. J. Edgerton. 1989. Timber harvest affects elk didribution in
the Blue Mountains of Oregon. USDA Forest Service Research Paper PNW-RP-415.

Sough, B. G,, and R. M. F. S. Sadlier. 1977. A land capability classfication system for beaver
(Castor canadensis Kuhl). Canadian Journal of Zoology 55:1324-1335.

Smits, A. W. 1984. Emergence of toads to activity: A datistical andysis of contributing cues.
Copeia 1984:696-701.

Smollen, M. J, and B. L. Kéller. 1987. Microtus longicaudus. Mammaian Species 271:1-7.

152



Shyder, E. J, and L. B. Best. 1983. Dynamics of hebitat use by andl mammas in prairie
communities Americen Midand Naurdist 119:128-136.

Shyder, J E, and J. A. Bissonette. 1987. Marten use of dear-cuttings and resdud forest dands
in western Newfoundiand. Canadian Journd of Zoology 65:169-174.

Soulé, M. E. 1986. The effects of fragmentation. Pages 233-236 in M. E. Soule, editor.
Consrvation biology: the sdence of scarcity and diversty. Snauer Assodates
Sunderland, Massechuseits, USA.

Soulé, M. F,, editor. 1986. Consarvaion biology: stence of scarcity and diversty. Sinauer
Asodiaes Sunderland, Massechusetts, USA.

Soutierc, E. C. 1978. The fects of timber harvest on the marten. Dissartation. Universty of
Mane, Orono, Mane, USA.

Soutiere, E. C. 1979. Effects of timber harvesing on marten in Maine Jound of Wildife
Manegament 43:850-860.

Spencer, W. D. 1981. Pine marten habitat preferences a Sagehen Creek, Cdifornia Thess
Univeraty of Cdifornia Berkdey, Cdifornia, USA.

Spencer, W, D. 1987. Seasond redt-dte preferences of pine martens in the northern Serra
Nevada Journd of Wildlife Management 51:616-621.

Spencer, W. D., R. H. Barrett, and W. J. Zidinski. 1983. Marten hebitat preferences in the
northern Seara Nevada. Journd of Wildlife Management 47: 118 1- 1187.

Sains, H. J. 19.56. The raccoon in Kansas: naturd higory, manegement, and economic

importance. Miscdlaneous Publications Musaum of Naturd History Univeraty of Kansss
|O:I-76.

Sauffer, D. F.,, and L. B. Bedt. 1980. Habitat sdection by birds of ripaian communities
evauding efects of habitat dterations Journd of Wildife Manegement 44: |- 15.

Sebbins, R. C. 1985. A fidd guide to western reptiles and amphibians. Houghton Mifflin, Bogton,
Massachusetts, USA..

Steenhof, K. 1978. Managemen( of wintering bald eagles U. S Fsh and Wildlife Sarvice
FWS/OBS 78/79.

Senblums, 1. J, H. A. Frodich, and J. K. Lyons 1984. Desgning stable buffergrips for stream
protection. Journd of Foredry 82:49-52.

Sevens L. E, B. ‘I'. Brown, J. M. Smpson, and R. R. Johnson. 1977. The importance of riparian
habitat to migrating birds. Pages 156-164 in R. R. Johnson, and D. A. Jones X, editors.
Importance, preservation, and management of riparian habitat: a symposum. USDA
Forest Sarvice Gengd ‘Technicd Report RM-43.

Sevenson, S. K., and D. F. Hatler. 1985. Woodland caribou and their habitat in southern and
centrd British Columbia Land management report No. 23, Minigry of Naturd Resources,
Crown Publications, Victorig, British Columbia, Caneda 1: 1-355.

153



Severtton, J. D. 1979. Influence of timber harvesting upon winter hebitat use by marten. Thess
Univergty of Mane, Orono, Maine, USA.

Seventon, J. D., and J. T. Mgor. 1982. Maten use of habitat in a commerddly clearcut forest.
Jound of Wildife Manegement 46:175-182.

Stickel, L. F. 1954. A comparison of cartain methods of measuring ranges of amdl mamn: ;is.
Journd of Mammdlogy 35:1- 15.

Sinson, D. W., and F. F. Gilbert,. 1985. Wildlife of the Spokane Indian Resarvation: a predictive
modd. USDI Bureau o1 Indian Affars Spokane Agency, Wellpinit, Waghington, USA.

Srahler, A N. 1957. Quartitaive andyss of watershed geomorphology. American Geophysics
Union Transactions 83:9 13-920.

Streeter, R. G, and C. E. Braun. 1968. Occurrence of pine marten, Martes americana,
(Carnivora:Mustelidae) in Colorado dpine areas. Southwestern Naturdist 13:449-45 1.

Srong, T. R, and C. E. Bock. 1990. Bird spedies digribution patterns in riparian habitats in
southeagern Arizona Condor 92:866-885.

Suewer, F. W. 1943. Raccoons ther habits and management in Michigan. Ecologicd
Monographs 13:203-257.

Sugihara, G. 1981. S=cAZ, Z=1/4: a reply to Connor and McCoy. American Naurdigt 117:790-
193.

Sullivan, T. 0. 1979%. The use of dternaive foods to reduce conifer seed predation by the deer
mouse (Peromyscus maniculatus). Jound of Applied Ecology 16:475-495.

Sullivan, T. P. 1979a Demography of populations of deer mice in coadd forest and dear-cut
(logged) habitats Canedian Journd of Zoology 57:1636-1648.

Qulliven, T. P, and R. A. Moses 1986. Red squirrd populaions in naturd and maneged stands of
lodgepale pine Journd of Wildife Management 50:595-601.

Sulliven, T. P, and D. S Sullivan. 1982. Responses of a deer mouse populdion to a forest
herbicide gpplication: reproduction, growth, and survivd. Canadian Journd of Zoology
59:1148-1154.

Svendsen, C. R. 1987. Sdected aspects of patterns of browsing by moose, muskoxen, reindesr,
and snowshoe and actic hare in riparian willow gands on the Seward Peninsula, Alaska

Thess Copenhegen Universty, Copenhagen, Denmark
Svendson, G. E. 1982. Weasds Pages 613-628 in J. A. Chgpman, and G. A. Fedhamer, editors.

Wild mammds of North America Johns Hopkins Universty Press, Bdtimore, Maryland,
USA.

Swanson, F. J. 1980. Geomorphology and ecosystems. Pages 159-170 in R. H. Waring, editor.
Forests fresh pergpectives from ecosysem andyss. Proceedings of the 40th Annud
Biology Calloquium. Oregon Sate Universty Press, Corvallis, Oregon, USA.

Swvanson, F. J, S V. Gregory, J R. Seddl, and A. G. Campbdl. 1982. Land-water interactions:
the ripatian zone. Pages 267-291 in R. L. Edmonds, editor. Analyss of coniferous

154



ecosydems in the wesen United States Hutchinson Ross Publishing Company,
Sroudsburg, Pennsylvania, USA.

Swanson, F. J, and G. W. Lienkacmper. 1978. Physca conssguences of large organic deris in
Pecific Northwest streams. USDA Forest Sarvice Generd Technicd Report PNW-GTR-
69.

Swanson, F. 1., G. W. Lienltaeemper, and J. R. Seddll. 1976. Higory, physicd effects, and
meanagement implications of large organic deris in wesern Oregon dreams. USDA
Forest Sarvice Generd Technicd Report PNW-GTR-56.

Sweeney, J. S. 1978. Diet, reproduction, and population gtructure of bobcat (Lynx rufus
fasciatus) in Wesden Weashington. Thess. Universty of Washington, Seditle, Washington,
USA.

Swift, S. 1980. Activity paterns of Pipigrdle bats (Pipistrelius pipistrellus) in northesst
Scotland. Journd of Zoology (London) 196:285-295.

Swihat, R. K., and N. A. Slade. 1985. Influence of sampling interva on edimates of homerange
sze Journd of Wildife Management 49: 1019-1025.

Szaro, R. C. 1980. Factors influencing bird populations in southwestern riparian forests. Pages
403-418 in R. M. Deyraff, editor. Management of western forests and grasdands for

nongame birds USDA Gengd Technicd Report INT-86.

Sao, R. C, S C. Bdfit, J. K. Aitkin, and J. N. Rinne. 1985. Impact of grazing on ariparian
garter Sneke. Pages 359-363 in R. R. Johnson, C. D. Ziebdl, D. R. Paiton, P. F. Pfalliott,
and R. H. Hamre, editors Ripaian ecosysems and their management: recondiling
corflicting uses USDA Forest Sarvice Generd Technicd Report RM-124).

Sao, R. C,, and M. D. Jakle. 1985. Avian use of a desat ripaian idand and its adjacent scrub
habitat. Condor 87:51 1-5 19.

Taber, R. D. 1976. Seasond landscgpe use by dk in the managed foredts of the Cedar River
drainage, western Washington. USDA Forest Sarvice Report FS-PNW-14, College of
Fores Resources Universty of Waghington, Seditle, Waghington, USA.

Taber, R. D., and 1. M. Cowan. 1969. Capturing and marking wild animads. Pages 217-317 in R.
H. Giles J, editor. Wildlife management techniques The Wildife Sodety, Washington, D
C.

Taber, R. D., and T. A. Hanley. 1979. The black-talled deer and forest sucession in the Padfic
Northwest. Pages 33-52 in 0. C. Wdlmo, and J. W. Schoen, editors. Sitka black-tailed
deer: proceedings o:f a conference. USDA Forest Sarvice Saries R10-48.

Tanner, W. W. 1943. Notes on the life hidory of Eumeces skiltonianus. Great Baan Naurdig
4:81-88.

Taylor, C. 1. 1979. Movements, activities, and survival of trandocated raccoons in East
Tennesse Thess Univarsty of Tennessse, Knoxville, Tennessse, USA.

Taylor, M. E., and N. Abrey. 1982. Marten, Martes americana, movements and habitat use in
Algonquin Provincid Pak, Ontario. Canadian Hed-Naurdist 96:439-447.

155



Teipner, C. L., E. 0. Garton, and L. Nelson. 1983. Pocket gophers in forest ecosystems. USDA
Forest Service Research Note INT-154.

Tdfer, E. S. 1967. Comparison of moose and deer ranges in Nova Scotia. Journd of Wildlife
Management 31:418-425.

Tefer, E. S. 1978. Habitat requirements of moose - the principd taga range animad. Proceeaings
of the 1t International Rangeland Congress 462-465.

Tefer, E. S. 1980. Browse inventories. techniques and evauation. Pages 67-82 in F. L. Miller,

and A. Gunn, editors. Symposum on Census and Inventory Methods for Population and
Habitats. Banff.

Temple, S. A., and J. R. Cary. 1988. Moddling dynamics of habitat-interior bird populetions in
fragmented landscapes. Conservation Biology 2:340-347.

Teplov, V. P. 1952. Taking a census of otter, sable, marten, and smal mustelids. Indtitution of
Geography, Academy of Science, Moscow, Russa

Terry, C. J. 198 1. Hebitat differentiation among three species of Sorex and Neurotrichus gibbsi in
Washington. American Midland Naturdist 106:119-125.

Tevis, L., J. 1956a Effect of a dash bum on forest mice. Journd of Wildlife Management
20:405-409.

Tevis, L., J. 1956b. Responses of smdl mamma populations to logging of Douglasfir. Journd
of Mammaogy 37:189-196.

Thomas, D. W., and S. D. West. 1989. Sampling methods for bats. USDA Forest Service Genera
Technicd Report PNW-GTR-243.

Thomas, D. W., and S. D. West. 1991. Forest age associations of bats in the Washington
Cascades and Oregon Coast Ranges. Pages 295-303 in L. F. Ruggiero, K. B. Aubry, A.
B. Caey, and M. H. Huff, editors. Wildlife and vegetation in unmanaged Douglasfir
forests. USDA Forest Service Generd Technica Report PNW-GTR-285.

Thomas, J W. 1979. Wildlife habitats in managed forests. the Blue Mountains of Oregon and
Washington. USDA Forest Service Agriculturd Handbook No. 553.

Thomeas, J. W., H. Black Jr., R. J. Scherzinger, and R. J. Pedersen. 1979. Deer and elk. Pages
104-127 in J W. Thomas, editor. Wildlife habitats in managed forests, the Blue Mountains
of Oregon and Washington,. USDA Forest Service Agriculture Handbook No 5.53.

Thomas, J W., G. L. Crouch, R. S. Bumstead, and L. D. Bryant. 1975. Silviculturd options and
habitat values in coniferous forests. Pages 272-287 in D. R. Smith, editor. Proceedings of
the symposium on management of forest and range habitats for nongame birds. USDA
Forest Service Generd Technical Report WO-GTR-1.

Thomas, J. W., C. Maser, and J. E. Rodieck. 1979. Riparian zones. Pages 40-47 in J. W. Thomeas,
editor. Wildlife habitats in managed forests, the Blue Mountains of Oregon and
Washington. USDA Forest Service Agriculturd Handbook No 553.

Thomas, J. W., and D. E. Towelll. 1982. Elk of North America; ecology and management,
Stackpole Books, Harrisburg, Pennsylvania, USA.

156



Thomes, T. R, and L. R. Irby. 1.990. Habitat use and movement patterns by migrating mule deer
in southeastern Idaho. Northwest Science 64: 19-27.

Thompson, 1. D. 1982. Effects of timber harveding of bored forests on marten and amdl
mammas. Canadian Wildlife Sarvice Progress Report 1.

Thompson, 1. D. 1986. Diet choice, hunting behavior, ectivity petterns, and ecological energetics
of marten in naturd and logged areas Dissartation. Quean's Univearsty, Kinggon, Ontario,
Canada, Kinggton, Ontario, Canada.

Thompson, |. D., I. J Davidson, S. O'Donndll, and F. Brazeau. 1989. Use of track transects to
measure the rdative occurrence of some bored mammas in uncut fores and regeneration
dands. Canadian Journd of Zoology 67:1816-1823.

Thompson, I. D., and M. F. Vukdich. 1981. Use of logged hebitat in winter by moose cows with
caves in northeegtern Clntario. Canedian Journd of Zoology 59:2103-2114.

Tidemann, C. R, and S. C. Havd. 1987. Factors affecting choice of diurnd rood ste by tree hoe
bets (Microchiroptera) in southesst Audrdia Audrdian Wildlife Resources 14:459-473.

Timm, R M., and ‘W. E. Howard. 1983. White-footed and deer mice. Pages B-45 . B-49 in R. M.
Timm, editor. Prevention and contral of wildife damege Great Plans Agriculturd
Counal, Wildife Resources Commisson and Coopedive Extenson Savice, Universty
of Nebraska, Lincoln, Nebraska, USA.

Tipper, J. C. 1979. Rarefaction and rarefiction - the use and abuse of a method of paeoecology.
Pdeobiology 5:423-434,

Tobalske, B. W., R.. C. Shearer,, and R. L. Hutto. 1991. Bird populations in logged and unlogged
Weden Lach/Douglasfir forest in northwestern Montanas USDA Forest Sarvice
Research Pgper INT-442.

Tomialojc, L., and J Vemer. 1990. Do point counting and spot mapping produce equivaent
esimates of bird dengties? Auk 107:447-450.

Towalll, D. E. 1974. Winter food habits of river otters in western Oregon. Journd of Wildlife
Management 38: 107- 11.1.

Tramer, E. J 1969. Bird species diversty: components of Shannon's formula Ecology 50:927-
930.

Trapp, G. R, and D. L. Hallberg. 1975. Ecology of the gray fox (Urocyon cynereoargenteus): a
review. Pages 164-178 in M. W. Fox, editor. The wild canids: ther systematics,
behaviord ecology and evolution. Van Nodrand Renhold, New York, New York, USA.

‘Trimble, G. R. 1959. Logging roads in northeestern municipd watersheds Journd American
Water Works Assodation 51:407-410.

‘Triska, F. J, and K., Cromack J. 1980. The role of wood detris in forests and streams. Pages
171-190 in R. H. Waring, editor. Foress fresh perpectives from ecosystem andyss
Proceedings of the 40th Annua Biology Colloquim. Oregon State Universty Press,
Corvdlis, Oregon, USA.

‘Tuttle, M. D. 1974. An improved trap for bats. Journd of Mammeaogy 55:475-477.

157



Tuttle, M. D. 1976. Populaion ecology of the gray bat (Myotis grisescens): fadors influendng
growth and surviva of nemy volant young. Ecology §7:587-595.

Ugland, K. I., and J S Gray. 1982. Lognormd didributions and the conoepts of community
equilibium. Oikos 39:171-178.

Unsworth, J. W., 3. J. Beecham, and L. R. Irby. 1989. Femae black bear habitat use in west-
centrd 1daho. Journd of Wildlife Management 53:668-673.

Urban, D. 1970. Raccoon populations, movement petterns, and predaion on a managed
waefor mash. Journd of Wildife Management 34:372-382.

Uresk, D. W. 1983. Vdue of woody draws in the northern Great Plains as ariticd wildlife hebita.
Bulletin Ecologicd Sodety America 64: 110.

Vdkenburg, P, and J. L. Davis 1989. Status, movements, range use patans and limiting factors
of the Fortymile caribou herd. Arkansas Department of Fish and Game Research Progress
Report, Project W-23-1, Study 3.32.

Van Home, B. 1981. Demography of Peromyscus maniculatus populaions in serd dages of
coadd coniferous forest in southeest Alaska: Canadian Journd of Zoology 59:1045- 1061.

Van Home B. 1983. Dendty as a mideading indicator of habitat qudity. Jound of Wildlife
Manegement 47:893-901.

van Zyll de Jong, C. G. 1985. Handbook of Canadian mammas Nationd Museums of Caneda,
Ottawa, Ontario, Canada.

Vame L. J, and J J. Ozoga 198 1. Changes in smdl mammd populaions follonving dearcutting
in upper Michigan conifer swvamps Canadian FHdd-Naturdig 95:253-256.

Vemer, J. 1980. Bird communities of mixed-conifer forests of the Sera Nevada Pages 198-223
in R. M. Degraff, editor. Management of western forests and grasdands for nongame
birds USDA Forest Sarvice Genard Technica Report INT-86.

Veme, J 1985. Assessment of counting techniques. Current Ornithology  2:247-302.

Veme, J 1992. Dam needs for avian conserveion biology: have we avoided cariticd research?
Condor 94:301-303.

Veame, J, and A. S. Boss 1980. Cdifornia wildlife and ther habitas western Sara Nevada
USDA Forest Sarvice Gengrd Technical Report PSW-37.

Vemer, J, and T. A. Larson. 1989. Richness of breeding bird species in mixed-conifer forests of
the Sara Nevada, Cdifornia Auk 106:447-463.

Vemer, J, and K. A. Milne 1990. Andys and obsarver vaiability in dengty esimates from oot
mapping. Condor 92:313-325,

Verdhinin, A. A. 1972. [The biology and trgoping of the ermine in Kamchatkd]. Byull. Mosk. o-va
Ispyt. Prir. Otd. Bidl. (in Russan) 77:16-26.

Vets B. J 1967. The biology of the driped skunk. University of Illinois Press, Urbana, Illinois
USA.

158



von Schantz, T. 1980. Prey consumption of red fox populaion in southern Sweden. Pages 53-64
in E. Zimen, editor. The red fox: symposum on behavior and ecology. W. Junk, The
Hague, The Netherlands.

Waler, D. W. 1962. Feading behavior of minks a some lowas marshes. Thess lowa Stae
Univergty, Ames lowa, USA.

Walmo, 0. C. 1981. Mule and black-tailled deer didribution and habitat. Pages |-27 in 0. C.
Wadlmo, editor. Mule and black-talled deer of North America Universty of Nebraska
Press Lincoln.

Wadlmo, 0. C, L. H. Carpenter, W. L. Regdin, R. B. Gill, and D. L. Baker. 1977. Evauation of
deer habitat on a nutritiond bass Journd of Range Management 30: 122- 127.

‘Wdlmo, O. C,, and W. L. Regdin. 1981. Rocky Mountain and intermountain hebitats Pages in
0. C. Wdlmo, editor. Mule and black-talled deer of North America. Univeraty of
Nebraska Press, Lincoin.

‘Wdlmo, O. C., and J W. Schoen. 1980. Response of deer to secondary forest successon in
southeast Alaska. Forestry Science  26:448-462,

Widters, C. 1986. Adgptive management of renewable resources. Universty of Cdifornia Press
Bakdey, Cdfomia, USA.

Wamboldt, C. L., and A. F. McNeal. 1987. Sdection of winter foraging Stes by dk and mule
der. Journd of Environmenta Manegement 25:285-291.

Wad, A. J, D. Thompson, and A. R. Hiby. 1987. Census techniques for gray sed populdions
Symposum Zoologicd Sodely of London 58:181-191.

Washington Department of Wildlife. no date. Fact sheet: western pond turtle management.
Olympia, Waghington, USA.

Washington State Forest Practices Board. 1988. Washington state forest practices, rules, and
regulations Olympia, Washington, USA.

Welch, H. H., J. 1990. Relictual amphibians and old-growth foress Consarvation Biology
4:309-319.

Wddah, D. A., K. P. Morrison, K. Oswdd, and E. R. Thomas 1980. Winter utilization of hebitat
by moose in rdation to forest harvesing. Proceedings of the North American Moose
Conference Workshop 16:398-428.

Wddh, H. H., J. 1990. Rdictud amphibians and old-growth forests Consarvation Biology
4:309-319.

Weddh, H. H., J., and A. L. Lind. 1988. Old-growth forest and the didribution of the terregtrid
herpetofauna. Pages 439-458 in R. C. Szaro, K. E. Severson, and D. R. Patton, editors.
Managemeant of amphibians, reptiles, and smdl mammals in North America USDA Forest
Service Generd Technica Report RM-GTR-166.

Wed, S. D. 1985. Differentid capture between old and new modds of the museum specid sngp
trap. Journd of Mammaogy 66:798-8040).

159



Weg, S. D. 1988. Introduction: riparian sysems and wildlife Pages 59-60 in K. J. Raedeke,
editor. Streamside manegemant: riparian wildlife and foredry interactions Universty of
Washington Press, Sedttle, Washington, USA.

Weg, S D. 1991. Smdl mammd communities in the southern Washington Cascade Range. #*ages
269-283 in L. F. Ruggiero, K. B. Aubry, A. B. Carey, and M. H. Huff, editors. Wi: e
and vegdation of unmanaged Douglasfir forets. USDA Forest Savice Generd
Technicd Report PNW-GTR-285.

Weg, S. D. 1992. Sead-edting mammals and birds. Pages 167-186 in H. C. Black, D. L. Brooks,
W. C. McComb, S, R. Radosevich, and J. D. Walstad, editors Silviculturd gpproaches to
anima damage management in Padfic Northwest forets. USDA Fores Savice Generd
Technicd Report PNW-GTIR-287.

Wed, S. D. In press. Sampling fores floor smdl mammds USDA Forest Sarvice Generd
Technicd Report.

Weg, S. D, R. G. Ford, and J. C. Zasada 1980. Population response of northern red-backed vole
(Clethrionomys rutilus) to differenticly cut white soruce forest. USDA Forest Service
Research Note PNW-362.

Whitaker, J. O., J. 1972. Food habits of bats from Indiana. Canedian Journd of Zoology 50:877-
883.

Whiteker, J. O., X., S. P. Cross, and C. Maser. 1983. Food of vagrant shrew (Sorex vagrans)
from Grant County, Oregon, as rdlated to livestock grazing pressures. Northwest Science
57:107-111.

Whiteker, J. O, J., C. Masar, and L. E. Kdler. 1977. Food habits of bats of western Oregon
Northwest Science 51:46-55.

White, C. M., and T. J. Cade. 197 1. Cliff-negting raptors and ravens dong the Colville River in
adic Alaska Living Birds 108:107-150.

White, G. C,, D. R. Anderson, K. P. Burnham, and D. L. Otis. 1982. Capture-recagpture and
removad methods for sampling closed populations. Los Alamos Nationd Laboratory, Los
Alamos, New Mexico, USA.

Wieng, J. G, and M. H. Smith. 1972. Rdative effidendes of four andl mammd trgps Journd of
Mammdogy 53:868-873.

Wiens J. A. 1989. The ecology of bird communities - foundations and patterns. Cambridge
Universty Press Cambridge, England.

Wiens J A. 1989. The ecology of bird communities - processes and variaions. Cambridge
Universty Press Cambridge, England.

Wilcove, D. S. 1985. Nest predation in forest tracts and the decline of migratory songbirds.
Ecology 66:1211-1214.

Wilcox, B. A., and D. D. Murphy. 1985. Consarvadion drategy: the effects of fragmentation on
extinction. American Naurdist 125:879-887.

160



Williams, D. F., and S E. Braum. 1983. Comparison of pitfdl and conventiond traps for sampling
gmdl mammd populaions Joumnd of Wildlife Management 47:841-845.

Williams, T. M., and D. C. ‘Heard. 1986. World saus of wild Rangifer tarandus populaions
Pages 19-28 in A. Gunn, F. L. Miller, and S Skjenneberg, editors. Proceedings of the
Fourth International Reindesr and Caribou Symposum. Rangifer Specid Issue No. 1,
Whitehorse

Willner, G. R, G. A. Fddhamer, E. E. Zucker, and J. A. Chgpman. 1980. Onrdatra zibethicus.
Mammalian Species 141:1-8.

Wilson, A. G, ¥., and J. H. Larsen . 1988. Activity and diet in segpage-dwelling Coeur d'Alene
sdamanders (Plethodon vandykei idahoensis). Northwest Science 62:211-217.

‘Wilson, K. A. 1954. Mink and otter as muskrat predetors in northeastern North Carolina. Journd
of Wildife Manegemen 18:199-207.

Wigdom, M. J, L. R. Bright, C. G. Carey, W. W. Hines, R. J. Pedersen, D. A. Smithey, J. W.
Thomaes, and G. W. Witmer. 1986. A modd to evauate dk habitat in western Oregon.
USDA Forest Savice Padfic Northwest Region.

Witmer, G. W. 1982. Roosevet dk habitat use in the Oregon coast range. Dissartation. Oregon
State Univargty, Corvallis, Oregon, USA.

Witmer, G. W., M. Wisdom, E. P. Harsman, R. J. Anderson, C. Carey, M. P. Kuttdl, 1. D.
Lurnan, J. .A. Rochdle, R. W. Scharpf, and D. Smithey. 1985. Dear and dk. Pages 231-

258 in E. R. Brown, editor. Management of wildife and fish habitats in forests of western
Oregon and Washington. USDA Forest Sarvice R6-F&WL-192-1985.

Wobeser, G. W, 1'966. Ecology of the long-talled weesd (Mustela frenata novaboracensis
(Emmong)) in Rondeay Park, Ontario. Thess Univarsty of Gudph, Gudph, Ontario,
Canada.

Wadlff, J O., and J. C. Zasada 1975. Red squirrd response to clearcut and sheterwood sysems in
interior Alaska Pacific Northwest Fores and Range Expeiment Station USDA Forest
Sarvice Research Note PNW 255.

Wood, C. C. 198¢. Digperson of common merganser (Mergus merganser) breeding pars in
rdaion to the avaladlity of juvenile padfic sdmon in Vancouver Idand dreams
Canadian Journd of Zoology 64:756-765.

Wood, J. E.,, D. E. Davis, and E. V. Komarek. 1958. The didribution of fox populaions in
reaion to vegetation in southern Georgia Ecology 39:160-162.

Wywidowski, A. P. 1987. Habitat sructure and predators. choices and consequences for rodent
habitat goedidigs and gengdids Oecologia (Berlin) 72:39-45.

Yahner, R H. 1989. Changes in wildlife communities near edges Consarvetion Biology 2:333-
330.

Yoakum, J 1964. Observations on bobcat-water relaionships. Journd of Mammalogy 45:.477-
479.

161



Young, D. D., and J. J. Beecham. 1986. Black bear habitat use a Priest Lake, Idaho.
Internationdl Conference on Bear Research and Management 6:73-80.

Young, S. P. 1958. The bobcat in North America Wildife Management Indtitute, Washington,
D.C, USA.

Youngblood, A. P., W. G. Padgett, and A. H. Winward. 1985. Riparian community type
dasdfication for eagtern Idaho-western Wyoming. USDA Forest Sarvice Intermountain
Fores Range Expearimentd Station. Ogden, Utah, USA.

Zager, P., C. Jonkel, and J. Habeck. 1977. Logging and wildfire influence on grizly beer hebitet
in northwestern Montana. Internaiond Conference on Bear Research and Management
5:124-132.

Zahn, H. 1985. Use of thermal cover by elk (Cervus elaphus) on a wesen Washington summer
range. Dissartaion. Univergty of Washington, Seditle, Washington, USA.

Zamowitz, J E.,, and D. A. Manuwd. 1985. The effects of fores management on cavity-nesing
birds of northwestern Washington. Journd of Wildife Management 49:255-263.

Zidinski, W. J. 198 1. Food habits, activity patterns and ectoparadtes of the pine marten a
Sagehen Crek, Cdifornia Thess Universty of Cdifornia Bekdey, Cdifornia USA.

Zippin, C. 1958. An evdudion of the removd method of estimeting anima populations
Biomdrics 12:163-189.

162



