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PLENARY SESSION

EVERYTHING I NEEDED TO KNOW ABOUT BIOLOGY I LEARNED EARLY OR
DURING AN ODYSSEY OF FIELD TRIPS FROM ARCATA TO ZZYXX SPRINGS. R
BRUCE BURY, USGS Forest and Rangeland Ecosystem Science Center, 3200 SW Jefferson Way,
Corvallis, Oregon 97331; bruce�bury@usgs.gov.

Although not a career requirement, I dove into herpetology as a teen (age 14): subscribed to a journal,
submitted a paper (rejected, but what the heck!), met famous scientists, and started my very own ‘‘herp
society’’. You learn by experimenting and networking. Many of my pen pals became my heroes and mentors
and were great people, too. Starting my undergraduate days behind the redwood curtain (Humboldt State
University, Arcata, California), I experienced much through field trips to the nearby California deserts (for
example, Zzyxx Springs), remote deserts (Mexico), coastland (Texas, Virginia, Florida), interior sand dunes
(Nebraska), and other exotic and more parochial locales. Each field trip offered new and different learning
and research opportunities and ‘‘lessons’’ of life for a budding and then professional biologist (all the way
to the National Museum, oh my!). This is an encapsulated story of those ventures, places, and people over
the last 40 y with notes on the good, the bad, and the sometimes ugly. Also, it is time to get the historic names
right: it was Lewis, Clark, and Bury. Trust me on this one. Photo-documentation to be provided.

PULPITS, PRISONS, AND POETS: DISSEMINATING ACADEMIC RESEARCH
BEYOND ACADEMIA. NALINI M NADKARNI, The Evergreen State College, Olympia,
Washington 98505; nadkarnn@evergreen.edu.

One of our major problems is the growing gap between science and society and the increasing distance
and lack of connection between people and nature. Within academia, few rewards or training arenas for
researchers exist to communicate their research outside of scientific venues. Such activities are often consid-
ered secondary to the ‘‘real work’’ of academics, such as publishing scientific papers and writing grant pro-
posals. Some scientists communicate their research to the public, but they mainly do so to ‘‘environmentally
aware’’ audiences, and often rely on media spokespeople and informal science education institutions, which
can sensationalize or dilute the work or place it only in the minds of those who are already connected to
science and nature. In 2003, I developed the ‘‘Science Ambassador Program’’ to empower academic scientists
to communicate their passion for and knowledge of science to non-scientists in ways that will both enhance
their careers and provide outreach, with a focus on ‘‘environmentally unaware’’ public audiences. In this
talk, I present examples of outreach that relate to canopy biology studies in tropical and temperate rainfo-
rests. Outreach venues have included giving sermons on trees and spirituality in churches and temples, work-
ing with rap singers to expose at-risk urban youth to field ecology, partnering with artists and poets to com-
municate the complexity of forests, and creating educational materials for tropical canopy ecotourism facil-
ities. Formal assessment of these activities leads us to conclude that this program can be successful in both
educational and conservation efforts targeted at traditionally underserved audiences.

HERETICAL MONARCHS, WINTER TADPOLES, AND GIANT HAIRY APES: ASKING
THE UNASKABLE QUESTIONS. ROBERT MICHAEL PYLE, 369 Loop Road, Gray’s River,
Washington 98621; tlpyle@willapabay.org.

Too often we frame questions according to the answers we expect. This is as true of scientists as the lay public.
Thus, in an activity that should be the very enterprise of surprise, the questions frequently dictate their own
solutions. Self-fulfilling answers may be the 2nd greatest source of bias in science, after money. Contrarian,
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apostatic, or iconoclastic hypotheses seldom make it past the gates due to institutional, funding, or self-inflicted
pressures for conformity. It is natural to follow our inclinations according to the world as we know it, or think
we know it, to be. But sometimes posing a world other than we know it can lead to truly surprising conclusions,
causing us to let out the seams of our mindset and alter our most jealously held theories. This talk considers
several natural history paradigms overturned or at least unsettled by uncomfortable questions. First, the tra-
ditional, canonized model of North American monarch butterflies assumed a bipartite migration, with all the
monarchs arising east of the Rockies overwintering in Mexico, and all those from west of the Rockies migrating
to California. Close questioning of the evidence found this model wanting, and subsequent field investigation
supported a new picture, with strong implications for conservation. The 2nd example concerns surprising recent
findings of winter-active chorus frog larvae in southwest Washington. The 3rd goes beyond the known into the
often-ostracized realm of cryptozoology, asking whether we should close our biologists’ minds even to the
possibility of undiscovered apes in North America and elsewhere.

WALL LIZARDS AND WOLVERINES, SPECIAL CHALLENGES FOR NORTHERN
AND WESTERN NORTH AMERICA. DAVID F FRASER, British Columbia Ministry of
Environment, Species at Risk Branch, Box 9374 Stn. Prov. Gov. Victoria, British Columbia V8W
9M4; dave.fraser@gov.bc.ca.

Species collapse, the speed of habitat change, alien species introduction, and patterns of human settlement
are producing unprecedented pressures on species and ecosystems. Recent work on patterns of species range
collapse and increased awareness of biodiversity loss at a global scale creates a particularly complex chal-
lenge and milieu for managers working in northern and western North America. At the same time, an in-
creasingly urbanized local population is changing its values, understanding and connection to wildlife and
the environment. Prioritization systems for assigning conservation effort need to be fully informed of this
biological and social complexity.

COLLABORATIVE RESEARCH PROVIDES NEW PERSPECTIVES ON SALAMANDER
REPRODUCTIVE BEHAVIOR. LYNNE HOUCK, STEVAN J ARNOLD, RICHARD WATTS,
Department of Zoology, Oregon State University, Corvallis, Oregon 97331; KATHLEEN BOWEN,
PAMELA FELDHOFF, RICHARD FELDHOFF, Department of Biochemistry and Molecular Biology,
University of Louisville School of Medicine, Louisville, Kentucky 40292;
houckl@science.oregonstate.edu.

Pheromones are chemical signals that mediate reproductive behavior in many vertebrates. In salamanders,
certain male pheromones are delivered to the female only during courtship. A review of salamander court-
ship pheromones is focused on plethodontid salamanders. Behavioral tests in our main study species, Pleth-
odon shermani, revealed the function of courtship pheromones by showing that female receptivity could be
increased when the male delivered these multi-protein pheromones to the female. In fact, a single pheromone
protein, Plethodontid Receptivity Factor (PRF), alone was able to increase female receptivity. The protein
nature of courtship pheromones allowed us to examine genetic change in PRF across a lineage of Plethodon
species. This molecular analysis revealed that strong positive (directional) selection has significantly altered
this courtship pheromone, both among populations and across species. The evolutionary dynamics of this
change is discussed, as is the effect of the pheromone on female neural response. Ultimately, the interaction
of the courtship pheromone and the female response appears to represent a molecular tango in that the male
pheromone and female receptors coevolve within a limited molecular space.

PERSPECTIVES, FIELDWORK, AND THE ECOLOGY OF THE PACIFIC
NORTHWEST: A SYMPOSIUM HONORING R. BRUCE BURY

BULLFROG MANAGEMENT REVISITED. MICHAEL J ADAMS, CHRISTOPHER A PEARL,
USGS Forest and Rangeland Ecosystem Science Center, Corvallis, Oregon 97330;
mjadams@usgs.gov.

The American bullfrog (Rana catesbeiana) is invading temperate ecosystems around the world. It is wide-
spread and continuing to spread in the western US. Direct removal can result in local eradication under some
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circumstances but is difficult to implement broadly. Other management options are limited but involve man-
aging habitats and communities in a way that keeps bullfrogs in check or limits their impact on native species.
These options require more research but recent findings suggest that there is hope. For example, some native
species thought to be affected by bullfrogs have natural history and behavioral patterns that might be ex-
ploited to reduce bullfrog impacts. Moreover, an exploratory analysis suggests there are habitat features
associated with the coexistence of native amphibians with bullfrogs. Finally, recent research has revealed
community patterns that are related to bullfrog distribution and abundance. All of these findings point to
the possibility of using indirect methods to cope with the bullfrog problem in cases where eradication and
direct control are unlikely to be successful.

INFLUENCE OF ALTERED THERMAL REGIME ON BODY SIZE AND AGE OF
MATURATION ON WESTERN POND TURTLES (CLEMMYS MARMORATA) IN
TRINITY COUNTY, CALIFORNIA. DON T ASHTON, HARTWELL H WELSH, Redwood
Sciences Laboratory, US Forest Service, Arcata, California 99521; JAMES B BETTASO, US Fish
and Wildlife Service, Arcata, California 95521; dashton@fs.fed.us.

Body size and age at maturity are 2 important life history characteristics of vertebrate species. In poiki-
lothermic species, such as turtles, size and age of maturity are often related to reproductive output by influ-
encing the size and number of ova per clutch, frequency of clutches, and life-time reproductive output. Pre-
vious studies show that smaller turtles are more vulnerable to predation and produce smaller clutches so a
decrease in body size has potential to reduce survivorship, reproductive output, and viability of offspring.
We examined the influence of water temperature on body size and age at maturity on western pond turtles
(Clemmys marmorata) by analyzing data collected from 2 separate populations from 1991 to 1996 and in 2004
to 2005. We compared dammed and non-dammed forks of the Trinity River, Trinity County, California. The
dammed Mainstem Trinity River (MSTR) has a water temperature �10ºC colder than the non-dammed South
Fork Trinity River (SFTR). Body size (carapace length and weight) per given age was significantly greater on
the non-dammed SFTR compared to MSTR for both sexes. Gravid females were also significantly larger on
the non-dammed SFTR and appear to mature at a later age, while they were significantly smaller and appear
to mature at an earlier age on the dammed MSTR. The unnaturally depressed thermal regime of the dammed
MSTR may influence the expression of phenotypic traits regulating body size and age at maturity.

BASKING PATTERNS AND THERMAL REGULATORY BEHAVIORS OF WESTERN
POND TURTLES (CLEMMYS MARMORATA): COMPARING RESPONSES TO
THERMAL REGIMES IN DAMMED AND UNDAMMED TRIBUTARIES OF THE
TRINITY RIVER. JAMES B BETTASO, US Fish and Wildlife Service, Arcata, California 95521;
DON T ASHTON, HARTWELL H WELSH, Redwood Sciences Laboratory, US Forest Service,
Arcata, California 99521; ROBERT M SULLIVAN, Trinity River Restoration Program, Bureau of
Reclamations; Jamie�bettaso@fws.gov.

Basking activities of western pond turtles (Clemmys marmorata) were studied on 2 forks of the Trinity River
in northern California, the dammed Mainstem Trinity River (MSTR) and the undammed South Fork Trinity
River (SFTR). The thermal regimes of these 2 forks are extremely different due to the hypolimnetic release
from the Lewiston Dam on the Mainstem Trinity River. Turtles on the MSTR were exposed to summer water
temperatures that are 10�C lower than the control population on the SFTR. In 2005, we placed radio trans-
mitters (Holohil PD-2) and micro-temperature loggers on 10 turtles on the MSTR and 15 turtles on the SFTR.
We tested the null hypothesis of no difference in time devoted to thermal regulatory behavior between the
2 populations. Our results indicated that there were significant differences in thermal regulatory behavior,
with the MSTR population spending more time in aquatic thermal refugia and emergent basking than the
SFTR population (t � 3.2493, P � 0.002). Individual turtles from the undammed SFTR tended to emergent
bask for shorter periods of time per day and utilized main channel aquatic basking behaviors more compared
to turtles from the MSTR. The artificially colder thermal regime created by the hypolimnetic releases from
the Lewiston Dam appears to be influencing the turtles’ thermoregulatory behavior on the MSTR and forcing
these animals to compensate by seeking alternative aquatic thermal refugia.
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ASSESSING BIAS IN THE ESTIMATION OF ABUNDANCE USING DISTANCE
SAMPLING. PAUL STEPHEN CORN, US Geological Survey, Aldo Leopold Wilderness Research
Institute, 790 E Beckwith Ave, Missoula, Montana 59801; scorn@usgs.gov.

Distance sampling is widely used to estimate abundance of diverse animals. Among the reasons for its
popularity is that few assumptions are necessary to minimize bias. The main assumption of distance sam-
pling is g(0) � 1, or that the objects of interest are detected with certainty when they occur on or very near
the transect line (or center of a circular plot). Failure to meet this assumption results in underestimation of
true abundance, which also occurs if some members of the population are not available to be sampled. Desert
tortoises (Gopherus agassizii) are well suited for testing this assumption because they easily satisfy the other
requirements for successful sampling (for example, there is no flight response to hamper accurate measure-
ments). Data on live tortoises from line transects conducted throughout the Mojave Desert and from foam
tortoise models at a training facility confirm that g(0) � 1. Use of dual observers allows estimation of the
detectability of tortoises near the line, from which a correction factor can be calculated. However, the data
from the tortoise models, which have a known distribution, reveal that this correction is insufficient to ac-
count for the negative bias in the estimates of abundance. Some tortoise models are effectively invisible to
sampling, and efforts to estimate the proportion of the population available for sampling would be ineffective
in accounting for these individuals. The result is a persistent negative bias of 5 to 10%. This talk is dedicated
to R. Bruce Bury, to honor his accomplishments in the study and conservation of tortoises.

UNRAVELING THE ‘‘KLAMATH KNOT’’: REVIEW AND PROSPECTUS OF
CAUDATE RESEARCH IN THE KLAMATH-SISKIYOU REGION. DOUGLAS J DEGROSS,
USGS Forest & Rangeland Ecosystem Science Center, Corvallis, Oregon 97331; STEVAN J
ARNOLD, Oregon State University, Corvallis, Oregon 97331; ddegross@usgs.gov.

The Klamath-Siskiyou region is 1 of the most complex temperate-forest regions in the world. Garnering
the highest temperate-zone diversity of conifer species and home to �130 endemic plants, this region’s di-
verse biota has gained international attention for the region as 1 of the world’s biodiversity ‘‘hotspots’’. The
transition zones of the Cascade, Sierra, and Oregon Coastal Mountains with the Great Central Valley and
Coastal Province of California intersect into a ’knot’ of biodiversity and ecosystems known as the Klamath-
Siskiyou. This mosaic of habitats, in addition to the extreme environmental gradients produced by the rugged
topography, has cultivated the delineation of a diverse array of species. As our focus, salamander diversity
is high in this region due in no small part to an overlap of southern and northern biogeographical elements.
Recent molecular studies have increased the number of regional salamander species from 13 in 1999 to 15
currently and could be on the verge of adding 2 more. Advancements in molecular techniques and analyses
in combination with a decade of widespread surveys have helped reassign species ranges and boundaries,
find new species, and hypothetically aid in development of sound conservation strategies. However, there is
undeniably more ’unraveling’ to be done. We review past studies, including those of R. B. Bury, which have
been pivotal in development of our current understanding of regional species assemblages, as well as provide
insights to future research needs to help better understand salamander biogeography in the ‘‘Knot’’.

SIERRA NEVADA AMPHIBIAN DECLINES: THE ROLE OF FUNGUS AND
PESTICIDES. GARY M FELLERS, Western Ecological Research Center, USGS, Point Reyes
National Seashore, Point Reyes, California 94956; gary�fellers@usgs.gov.

Most, if not all, pond-breeding amphibians in the Sierra Nevada mountains of California are declining. A
fungal disease (chytridiomycosis), 1st described in 1999 and possibly introduced from Africa, has been close-
ly associated with amphibian die-offs in the Sierra Nevada and elsewhere, but it is not clear whether the
fungus is a primary cause of declines or whether it gets a foothold when amphibian populations are under
stress. Chytrid fungus in Yosemite was reported in Rana muscosa in 2001. In 2005, I began a detailed study
of 2 watersheds in Yosemite and 1 at Point Reyes National Seashore to determine the distribution of chytrid
fungus in native amphibian tadpoles. Data from contaminants studies suggest that pesticides are playing a
significant role in amphibian declines in the Sierra Nevada. Prevailing winds move pesticides from the Cen-
tral Valley into the Sierra Nevada. Pond-breeding amphibians in watersheds that face the highly agricultur-
alized Central Valley of California have experienced the most dramatic declines. A series of studies com-
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paring contaminants levels in frog and tadpole tissue, sediment, air, snow, and water in coastal and mountain
parts of California strongly support the view that contaminants are playing a role in amphibian declines.
The LC50 for several species of native amphibians is similar to environmental concentrations of �1 com-
monly used pesticide.

THE ACADEMIC AND HISTORICAL PEDIGREE OF R. BRUCE BURY. MARK R
JENNINGS, RanaResources, Davis, California 59616; MARC P HAYES, Washington Department
of Fish and Wildlife, Olympia, Washington 98501; RanaResources@aol.com.

R. Bruce Bury, the 1st fulltime herpetologist to be hired by the USFWS in 1972, had his academic devel-
opment at Humboldt State University (BS), Sacramento State University (MA), and the University of Cali-
fornia at Berkeley (PhD). His academic pedigree extends back from his dissertation advisor, Robert Cyril
Stebbins (the dean of modern herpetology in western North American) to Raymond Bridgman Cowles (the
largely self-taught desert naturalist and writer of the Zulu Papers) to Albert Hazen Wright (the consummate
herpetologist-historian) to Burt Green Wilder (the premier comparative anatomist and physiologist) to Louis
Agassiz (the 1st true American natural historian) and Alexander Von Humboldt (the German explorer-sci-
entist and philosopher remembered for his interdisciplinary facilitation and financing of natural sciences).
In his development at the University of California at Berkeley, Bruce drew and gave from his own cohort
(Lloyd Cahill, Blair Csuti, Victor de Vlaming, Jim Lynch, Ted Papenfuss, Ray Stendell, and Jim Stuart); the
postdocs and cohort that preceding him (Steve Arnold, Kristen Berry, George Gorman); and the undergrad-
uates and cohort that followed him (Gary Fellers, Roger Luckenbach, Ron Marlow, Dave Morafka, Steve Ruth,
and Steve West). Over a career that extends from the USFWS with a stint with the Smithsonian, the Biological
Survey and USGS, R. Bruce Bury both influenced and drew from students and colleagues in the many hun-
dreds in a manner that has left an indelible legacy addressing the ecology and herpetology of Pacific North-
west and other parts of the North American continent.

APPLICATIONS OF TRADITIONAL ABORIGINAL KNOWLEDGE IN COMMUNITY-
BASED ECOLOGICAL RESEARCH. EDUARDO M JOVEL, British Columbia ACADRE,
Institute for Aboriginal Health, College of Health Disciplines, University of British Columbia,
Vancouver, British Columbia V6T 1Z3; ejovel@interchange.ubc.ca.

Implementation of community-based research in partnership with Indigenous People has demonstrated
the need for culturally sensitive frameworks and research environments. The incorporation of research ca-
pacity building and the development of Indigenous research methodologies and Indigenous research ethics
protocols have been identified by the Indigenous Community as fundamental to successful partnerships.
Recognition of Indigenous researchers as equal partners, acknowledgement of the diversity of traditional
knowledge, and its integration with contemporary research approaches are vital to the success of community-
based research. An overview of the community-based research process in Aboriginal communities, from
building relationships to research implementation, will be presented.

BRUCE BURY: FIELD BIOLOGIST EXTRAORDINAIRE. ROGER LUCKENBACH, Fresno
City College, Fresno, California 93741; roger.luckenbach@fresnocitycollege.edu.

For almost a decade, when Bruce Bury was chief herpetologist for the then Bird and Mammals Laboratory
of the US Fish and Wildlife Service, I had the unequalled privilege of serving as a co-investigator during his
numerous research projects. During that time, he was easily among the hardest working of field biologists.
The short field season was packed with intensive bouts of ecological investigations across the Western Hemi-
sphere. A typical summer might start in the Four Corners region with vertebrate surveys, move to the Mojave
Desert to examine desert tortoises (Xerobates agasszii) and explore sand dunes, then to coastal beaches to
census legless lizards (Anniella), then north to check on western pond turtles (Clemmys marmorata), then on
to Washington State to conduct behavioral studies on western painted turtles (Chrysemys picta belli) and ranid
frogs (Rana). It was not uncommon for the field season to start in a blizzard or mountain thunderstorm, a
tornado on the high plains, or a blazing desert in Mexico and then move to military bases in southwest
deserts, wildlife refuges, projected coal strip-mining areas, Alabama lowland rivers, Florida cypress
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swamps, roadless islands in the Gulf of Mexico, sea turtle beaches in tropical Mexico, stretches of the Mojave
overrun by dirt bikes, and top-secret military installations. This often entailed weeks of dry camping in de-
serts, grasslands, or mountains alternating with low-budget motels to preserve specimens, visit museums,
crash on colleagues’ floors, meet with NGO and government officials, and attend professional meetings. Pa-
pers and reports were often written in the field or en route between sites on a small portable typewriter
propped on the dash. Through all this work and despite a seemingly gruff exterior, Bruce Bury revealed a
heart of gold and was a concerned citizen, passionate scientist and conservationist, and an abiding friend.
And for all to remember: the coyote shits where the views are best and others cannot help but notice the
excellent odor of his bowels.

HEADWATER STREAMS. DEANNA H OLSON, USDA Forest Service, Pacific Northwest
Research Station, Corvallis, Oregon 97331; dedeolson@fs.fed.us.

As ecosystem management approaches have been implemented in Pacific Northwest forests, headwater
streams have become a central management issue. Research conducted by R. Bruce Bury has been pivotal in
this development because he has provided the foundation of our knowledge base regarding the faunal ecol-
ogy of headwater streams and management effects on endemic species. First, his characterization of head-
water amphibians has advanced our understanding of several taxa unique to the region, particularly tailed
frogs, torrent salamanders, and giant salamanders. We now know �23 amphibian species occur in head-
waters, 44% of the native amphibian fauna for the region, with 16 of these species having more specific head-
water associations. Second, his work to establish and refine small-stream sampling methods has been key to
the development of regional inventory and monitoring designs. Third, he conducted landmark studies sup-
porting the negative effects of clearcut timber harvest practices on headwater amphibians. Current investi-
gations are pursuing alternative silvicultural practices as well as the efficacy of a variety of protections for
headwater streams and their endemic fauna. Through R. Bruce Bury’s tenure, headwater streams have gone
from a relatively unrecognized portion of the forest landscape to a potential biodiversity hotspot warranting
management consideration.

THE ROLE OF INTRODUCED TROUT AS AMPHIBIAN PREDATOR AND DISEASE
VECTOR IN THE NORTHWEST. DAVID S PILLIOD, California Polytechnic State University,
San Luis Obispo, California 93407; BLAKE HOSSACK, Aldo Leopold Wilderness Research
Institute, USGS Northern Rocky Mountain Science Center, Missoula, Montana 59807;
CHRISTOPHER A PEARL, USGS Forest and Rangeland Ecosystem Science Center, Corvallis,
Oregon 97331; dpilliod@calpoly.edu.

Introduced trout are implicated in amphibian declines both as non-native predators capable of eliminating
amphibians from water bodies and as vectors for diseases capable of causing mass mortality events. We ex-
amined each of these hypotheses using data on amphibian reproduction collected mostly in mountain lakes
across the greater Northwest. For the predation study, we modeled the probability of breeding in 2260 water
bodies and in 3 nested levels of catchments in relation to fish presence in the Rocky Mountains. After ac-
counting for habitat features, Ambystoma macrodactylum was 5.3� and Rana luteiventris was 1.3� more likely
to breed in fishless than fish-occupied water bodies. At about the 8th and 7th level HUCs, the probability of
A. macrodactylum breeding in a catchment decreased as the proportion of water bodies with fish increased.
These results imply that for some amphibians, a fish effect extends beyond the lakes actually stocked. For
the disease study, we used a molecular approach to determine the occurrence of various water molds (oom-
ycetes) and aquatic fungi on 210 egg samples representing 9 amphibian species. By comparing occurrence
of the suspected pathogen Saprolegnia ferax and other oomycetes in 21 lakes with and 26 lakes without fish,
our data did not support the conclusion that fish stocking is spreading oomycetes into mountain lakes. How-
ever, our phylogenetic analysis also revealed higher diversity of oomycetes than expected, and our knowl-
edge of the pathogenicity of these microorganisms remains limited.
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WINTER HABITAT USE BY JUVENILE FOOTHILL YELLOW-LEGGED FROGS (RANA
BOYLII): THE IMPORTANCE OF SEEPS. CHRIS ROMBOUGH, Oregon State University
Affiliate, Aurora, Oregon 97002; rambo2718@yahoo.com.

Field data on overwintering juvenile ranid frogs is generally difficult to obtain. From 1999 to 2006, I gath-
ered data on habitat use of overwintering juvenile foothill yellow-legged frogs (Rana boylii) from a site on
Oregon’s South Santiam River. Surveys of the inhabited area for juvenile frogs (�40 mm SVL) were conducted
from November through March. During this interval, most frogs were found concealed under woody debris
deposited along the high-water line. Among available habitat types, juvenile frogs were most often encoun-
tered in seeps located along the channel margin. Seeps possessing a combination of bedrock substrate, con-
tinuous laminar flow, and abundant woody debris harbored the most frogs. Examination of available habitats
suggested that the presence of moisture, available prey, and maintenance of a thermally stable environment
were key factors influencing use of seeps by frogs. Field data, including recaptures of marked frogs, revealed
that juvenile R. boylii in seeps remain active and continue to grow through the winter months. Seeps thus
appear to provide important overwintering habitat for juvenile frogs in this population.

HERPS, HERPETOLOGISTS, AND HERPETOLOGY IN THE US FISH AND WILDLIFE
SERVICE. NORMAN J SCOTT JR, USGS (retired), PO Box 307, Creston, California 93432;
JEFFREY E LOVICH, USGS-Biological Resources Division, Southwest Biological Science Center,
Flagstaff, Arizona 86001; jeffrey�lovich@usgs.gov.

Between 1972 and 1983, the US Fish and Wildlife Service (FWS) amassed 1 of the most important and
productive teams of research herpetologists ever assembled. Initially, herpetological research was conducted
peripheral to other, more directed research on birds and mammals. Herpetology in the federal government
has its roots in the collections of the 19th and early 20th century Bureau of Biological Survey, with Henry
Fitch publishing the earliest herpetological contributions. In 1972, Bruce Bury was hired to be the 1st her-
petologist in the FWS. In the ensuing 2 decades, many other herpetologists were added until 1993 when all
research functions were removed from the Service and ultimately incorporated into the US Geological Survey
as the Biological Resources Division. The 1st goal of the members of this team was the production of scientific
papers. Bruce published �80 papers in those 20 y; the other stars, in terms of the number of papers published,
were Ken Dodd, Tom Fritts, and Roy McDiarmid. Bruce continues to be an inspiring and productive leader
in herpetology in the Pacific Northwest.

AQUATIC AND TERRESTRIAL MOVEMENTS OF COASTAL TAILED FROGS
(ASCAPHUS TRUEI) IN RELATION TO TIMBER HARVEST IN BRITISH COLUMBIA.
TANYA R WAHBE, Institute for Aboriginal Health, University of British Columbia, Vancouver,
British Columbia V6T 1Z3; FRED L BUNNELL, Centre for Applied Conservation Research,
University of British Columbia, Vancouver, British Columbia V6T 1Z4; R BRUCE BURY, USGS
Forest and Rangeland Ecosystem Science Center, Corvallis, Oregon 97331;
wahbe@interchange.ubc.ca.

In British Columbia, Oregon, and California, coastal tailed frogs (Ascaphus truei) are at risk. Local extir-
pation is a concern because recolonization may be slow. In coastal British Columbia streams, we investigated
movements of larvae and associations with stream parameters using area-constrained stream surveys. In old-
growth, larvae moved 7 times farther than in clearcuts. Embedded logs, abundant in clearcut streams, may
explain shorter larval movements. Using pitfall traps, we examined terrestrial movements in clearcuts and
old growth. More juveniles were trapped in clearcuts, but more mature adults were trapped in old growth,
suggesting fewer effective migrants in clearcuts. Many frogs moved �100 m from streams, and exhibited
weaker stream affinity compared to inland Ascaphus that moved �12 m. In fall, we trapped frogs farther
from streams in old-growth than in clearcuts, and more frogs were trapped �25 m from streams in clearcuts.
Long distance overland movements appear more likely where forests remain. Using randomly amplified

Sarah
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polymorphic DNAs (RAPDs), we examined population genetic structure of Ascaphus in an old-growth and
clearcut stream. In the clearcut, larvae were less diverse than in the old-growth and exhibited no relationship
between physical distance and genetic relatedness. Lower heterozygosity in the clearcut suggests that As-
caphus may be less able to adapt to environmental fluctuations and more susceptible to disease than larvae
in old-growth. Our results suggest reduced recolonization potential and lower genetic variation where forest
cover is absent. Connectivity between multiple streams will be a more meaningful unit of management than
individual streams with forested buffers.

SPATIAL ECOLOGY OF A POPULATION OF THE AQUATIC GARTER SNAKE,
THAMNOPHIS ATRATUS, ASSOCIATED WITH A MONTANE, COLD-STREAM
ENVIRONMENT IN NORTHWESTERN CALIFORNIA, USA. HARTWELL H WELSH JR,
US Forest Service, Redwood Sciences Laboratory, Arcata, California 95521; AMY J LIND, US
Forest Service, Sierra Nevada Research Center, Davis, California 95616; CLARA A WHEELER,
US Forest Service, Redwood Sciences Laboratory, Arcata, California 95521; hwelsh@fs.fed.us.

We studied the movements, spacing patterns, and stream habitat use of the aquatic garter snake, Tham-
nophis atratus, at Hurdygurdy Creek in the Smith River National Recreation Area, from 1986 to 2001, by using
mark-recapture techniques. We captured and marked 1730 snakes and recorded 519 recaptures. Here we
examine movements and hierarchical spatial patterns of this population of snakes by gender and age class
at the 1) macro-scale, the distribution of captures along the 4.7-km study reach, 2) meso-scale, reflected in
the relative use of stream meso-habitats (riffles, runs, pools), and 3) micro-scale, evidenced by the use of
differentiated sub-components of particular meso-habitat units (for example, the shallow stream margins or
small back water pools adjacent to a riffle). This population of snakes exhibited differences in movement
patterns, and in the use of stream meso- and microhabitats, relative to both gender and age class. Our results
are interpreted relative to age class differences in the foraging strategies employed by these snakes to capture
a wide range of aquatic and riparian prey species. We suggest several non-exclusive hypotheses to explain
these differences based on sexual selection, optimum foraging, and prey selection related to ontogenetic
shifts associated with snake growth and development.

CONTRIBUTED PAPERS

A STRATEGY FOR IMPLEMENTING PARTNERS IN FLIGHT BIRD CONSERVATION
PLANS WITHIN CURRENT LAND MANAGEMENT POLICIES. JOHN D ALEXANDER,
Klamath Bird Observatory, Ashland, Oregon, 97520; BOB ALTMAN, American Bird
Conservancy, Corvallis, Oregon, 97330; BARBARA BRESSON, US Forest Service and Bureau of
Land Management, Sandy, Oregon, 97055; C JOHN RALPH, US Forest Service, Arcata,
California 95520; JOHN R ROBINSON, On My Mountain, Inc., Fairfield, California 94534;
JAIME L STEPHENS, Klamath Bird Observatory, Ashland, Oregon 97520; GEOFFREY R GEUPEL,
PRBO Conservation Science, Stinson Beach, California 94970; MICHAEL T GREEN, US Fish
and Wildlife Service, Portland, Oregon 97232; AARON L HOLMES, PRBO Conservation
Science, Corvallis, Oregon, 97330; KIM KREITINGER, MELISSA J PITKIN, PRBO Conservation
Science, Stinson Beach, California 94970; jda@KlamathBird.org.

The Oregon/Washington and California Partners In Flight (PIF) chapters held a workshop in 2005 to es-
tablish a strategy for implementing regional bird conservation plans within current land management pol-
icies. Forest and district administrators, biologists, managers, and researchers participated focusing on the
integration of PIF products (for example broad-based conservation plans, issue-specific decision support
tools, and monitoring and research techniques) with agency policies and land management plans. The work-
shop resulted in a conservation planning strategy that includes 3 goals to advance the integration of con-
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servation objectives and land management planning: 1) develop products that present the link between spe-
cific management issues, science-based results, and conservation objectives; 2) produce a white paper in-
cluding examples of ’success stories’ outlining how science-based PIF products were used to assist and eval-
uate land management decisions; and 3) identify opportunities for linking PIF objectives with priority land
management issues and projects within revisions of Bureau of Land Management and Forest Service man-
agement plans and integration of PIF monitoring techniques within agency effectiveness monitoring pro-
grams. As a result of the workshop, the NGOs present agreed to develop a westwide coordinated monitoring
and evaluation strategy to assist state and federal agencies in developing conservation and management plans
using current biological information on focal bird species. The western states are in a unique position to
build tools that will apply to common management issues across state borders thanks to the numerous NGOs
with local expertise and strong partnerships with neighboring agencies and the plethora of bird data already
in existence.

THE EFFECTS OF INTERNAL EDGES AND NON-NATIVE SHRUBS ON STREAKED
HORNED LARK NEST PREDATION. HANNAH E ANDERSON, The Evergreen State College,
Olympia, Washington 98505; hannie1119@yahoo.com.

The streaked horned lark (Eremophila alpestris strigata), a rare subspecies of the horned lark, is of high con-
servation concern in both Oregon and Washington. The occurrence of deleterious edge effects on birds that
nest within 50 m of an external edge in both forest and grassland habitats has been well documented.
Streaked horned larks do not nest within this 50-m range, but do nest near and among light-use roads and
runways, which fragment the 3 inland Puget prairie-breeding sites examined in Washington State. Few stud-
ies have addressed internal fragmentation of this nature. Predation was the primary cause of nest failure
observed during the 2002 to 2004 breeding seasons. I examined both the effects of edge and the invasion of
non-native Scotch broom (Cytisus scoparius) on streaked horned lark nest predation. I quantified the distance
from nest site to nearest internal edge and recorded the corresponding edge type (pavement, gravel, or dirt)
for all nests (n � 166) discovered during the 2002 to 2004 breeding seasons. In 2004, I also measured the
distance from nest site to the nearest Scotch broom plant and the estimated percent cover of Scotch broom
within a 25-m radius around the nest site (n � 45). I used logistic regression to test for correlations between
nest outcome and the above listed factors. Predation of streaked horned lark nests was not correlated with
distance to internal edge, distance to Scotch broom, or percent cover of Scotch broom.

RESTORATION OF REMNANT PRAIRIE ON SITES CURRENTLY MANAGED FOR
TIMBER PRODUCTION. ERIC BEACH, Green Diamond Resource Company, 215N 3rd St,
Shelton, Washington 98371; ebeach@greendiamond.com.

The pre-settlement environment of Shelton, Washington, differed greatly from current conditions. The ma-
jority of the outlying area was a continuous coniferous forest. However, occasional patches of prairie existed
on dry relatively nutrient-rich sites with sunny aspects and shallow soils over recessional outwash plains.
With settlement and the onset of intensive forest management, the prairie habitats decreased in size and
occurrence. Currently only 5 known ‘‘fair to good’’ condition occurrences of oak prairie-savannah habitats
remain in Washington. Those that remain are threatened by non-native species, conifer encroachment, and
development. One such oak prairie habitat was found on part of the Green Diamond Resource Company
Olympic tree farm. The McKewan prairie site has been replanted with conifer following timber harvest in
the early 1990s. Growing conditions are such that establishment rates are poor and growth is slow. The
McKewan prairie site is 1 of the 2 documented locations with a viable population of the Shelton pocket gopher
subspecies of the Mazama (western) pocket gopher (Thomomys mazama). Restoration includes removal of in-
vasive species and plantation Douglas-fir. Native vegetation; overstory (Oregon oak), and understory (native
grasses and forbs) are retained and may be augmented with plantings of native species. The site will be
monitored for vegetation and wildlife response. Maintenance of the prairie habitat may require ongoing ac-
tive control (prescribed fire, cutting, herbicides). If the effort is a success, up to 50 acres in the historic
McKewan prairie area may be restored if an opportunity to lease the lands as mitigation sites exists.
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OVER-WINTERING LARVAE OF BULLFROGS (RANA CATESBEIANA) AS
BIOLOGICAL RESERVOIRS OF THE PATHOGEN CAUSING CHYTRIDIOMYCOSIS
(BATRACHOCHYTRIUM DENDROBATIDIS ) IN TRINITY COUNTY, CALIFORNIA.
JAMES B BETTASO, US Fish and Wildlife Service, Arcata, California 95521; LARA J
RACHOWICZ, Department of Integrative Biology, University of California, Berkeley, California
94720; Yosemite National Park, El Portal, California 95318; Jamie�bettaso@fws.gov;
lara�rachowicz@nps.gov.

Invasive species have been recognized as 1 of 4 future challenges in the next 20 y by the USFWS and USGS.
Threats posed by invasive species to native species include predation, competition, and spread of pathogens.
The term ‘‘pathogen pollution’’ has been put forth for the spread of new or novel pathogens from invasive
species to native species as a result of anthropogenic introduction of diseased animals into new geographical
locations. Bullfrogs were brought into California in the late 1800s for a potential food crop and have since
been established throughout the state. Adult bullfrogs have been recognized as potential carriers of the fun-
gal pathogen Batrachochytrium dendrobatidis, which has been associated with die-offs and population declines
of numerous amphibian species. From October 2004 to April 2005, we conducted monthly collections and
surveys of bullfrog larvae from a pond in Trinity County, California, a site where native amphibians (Bufo
boreas and Pseudacris regilla) are known to overlap with bullfrogs during the breeding season. We collected
and tested bullfrog larvae to determine if they were infected with B. dendrobatidis, using mouthpart exami-
nations and real-time PCR. Bullfrog larvae from the hatch year of 2003 were infected with B. dendrobatidis
through out the winter, although younger larvae from hatch year 2004 were not infected. Therefore, bullfrogs
may act as biological reservoirs of the fungal pathogen B. dendrobatidis to the native amphibians during the
spring to summer breeding season.

AT-SEA MOVEMENTS OF RADIO-TAGGED MARBLED MURRELETS IN
WASHINGTON. THOMAS D BLOXTON JR, MARTIN G RAPHAEL, USDA Forest Service,
Pacific Northwest Research Station, 3625 93rd Ave SW, Olympia, Washington 98512;
tbloxton@fs.fed.us, mraphael@fs.fed.us.

We radio-tagged 67 adult marbled murrelets (Brachyramphus marmoratus) in marine waters of Washington
state adjacent to the Olympic Peninsula during the 2004 and 2005 breeding seasons. We attempted to relocate
each bird by using fixed wing aircraft on a daily basis from the time a bird was tagged (generally in May)
until mid-July, then on a weekly basis until mid-September. On average, birds were located �90% of the time
until they left the area or their transmitters died. We made a total of 2112 at-sea relocation estimates and
considered birds adequately sampled for home range analyses (95% fixed kernel and 100% minimum convex
polygon methods) after 20 relocations. At-sea home range size during this time period ranged from 26 to
8254 km2 (median size approximately 700 km2), with ranges in 2005 being 5� larger than in 2004. Tracking
murrelets beyond the study area as they moved around more proved difficult, but we did manage to locate
6 birds to the north along Vancouver Island or near Desolation Sound, British Columbia. We did not locate
any of the birds to the south of the study area even after 4 flights to central Oregon. We also observed frequent
movements of some birds between the outer coast of Washington, the Strait of Juan de Fuca, and the San Juan
Islands suggesting that all of Washington may be considered a single zone for conservation planning pur-
poses. Successful management of murrelets in this region will require close cooperation between US and
Canadian entities throughout the Puget Sound and Georgia Basin

CONSENSUS CONSERVATION PLANS AS A TOOL FOR WILDLIFE RECOVERY. RUTH

E BOYLE, M.S. Environmental Systems/International Development Technology, Humboldt State
University, Arcata, California 95521; ruthellenboyle@yahoo.com.

Opposition from stakeholders who are averse to changing management practices on private land presents
a formidable obstacle to successful mitigation of environmental factors negatively impacting wildlife pop-
ulations. This conflict takes the form of protracted and expensive legal challenges, political interference with
agency funding, interference with proactive legislation, and circulation of misinformation through propa-
ganda. These challenges and their outcomes drain resources of all parties involved. These assets could be
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more productively applied toward ecosystem restoration activities (on the part of agencies and environ-
mentalist organizations) or development of newer, more profitable land management practices and markets
(on the part of private landowners.) My proposed pilot project examines the potential for reducing the above
impacts by increasing public participation in the creation of consensus wildlife conservation plans. Web-
based software allowing multiple users to collaborate on a single consensus document will be employed. An
accompanying multimedia database provides photographs, data sets, and audiovisual references to illustrate
key terminology, scientific methods, and significant concepts. The same database provides lesson plans for
local educators based upon the peer reviews resulting from the consensus process. Relative success or failure
of this project will be determined by comparison of a number of pre-project and post-project factors. These
factors include wildlife recovery, profitability of private land use, level of stakeholder environmental literacy,
the percentage of operating costs directed toward legal affairs, conflict resolution, public affairs, self-reported
stress reduction, job satisfaction, and overall contentment with life.

WILDLIFE AND WASHINGTON HIGHWAYS—IDENTIFYING ISSUES AND
SOLUTIONS. CRAIG D BROADHEAD, Washington State Department of Transportation,
Olympia, Washington 98504-7331; broadhc@wsdot.wa.gov.

Washington’s highways provide for the movement of people and goods across the state. Highways not only
connect urban areas, but often times may cross high quality wildlife habitats, resulting in wildlife–vehicle
collisions (WVC). In addition to causing injury and mortality to wildlife, WVCs associated with larger ani-
mals such as deer and elk are a significant safety threat to the traveling public. WSDOT has remained pro-
active and developed a number of methods to help address this issue. One method involves the identification
of high WVC locations through the development and management of a statewide database of deer and elk
removal locations. This ‘‘Deerkill Database’’ is updated twice per year, and currently contains �58,000 re-
cords. WSDOT is currently working with the Washington Department of Fish and Wildlife (WDFW) on a
research project to identify spatial relationships between deer and elk habitat use and highways. For other
species, WSDOT has developed guidance for highway designers on the placement of concrete barriers to
minimize the effect on wildlife populations. WSDOT is also in the process of developing guidance for high-
way designers on the use and placement of wildlife crossing structures. WSDOT is partnering with WDFW
and local sportsman’s and transportation groups on a project to install a fence in North Central Washington
to protect a diminishing herd of bighorn sheep as well as mule deer.

CHANGES IN THE ABUNDANCE OF MARBLED GODWITS IN COASTAL
WASHINGTON. JOSEPH B BUCHANAN, Washington Department of Fish and Wildlife, 600
Capitol Way North, Olympia, Washington 98501; buchajbb@dfw.wa.gov.

Marbled godwit (Limosa fedoa) abundance in Washington has increased dramatically in recent decades. I
summarized seasonal data obtained from published field notes or my own observations from winter (No-
vember through February; 26 of 30 y between 1975–76 and 2004–05), spring (April; 23 of 38 y between 1967
and 2004) and autumn (August through October; 29 of 42 y between 1963 and 2004). In all seasons Marbled
godwit numbers increased dramatically since the 1960s or 1970s, when most counts were �36 birds. Recent
high counts were 1500 (winter), 675 (spring), and 800 (autumn). There are at least 3 possible explanations
for the dramatic increases in marbled godwit abundance. First, the increases may reflect better coverage of
the site by bird watchers and ornithologists in recent years. This seems an unlikely explanation as these birds
are highly visible and have used the same foraging and roosting sites for �3 decades. Second, the increases
may reflect actual population changes. Third, the increase may represent a shift in godwit distribution from
farther south. There are currently no data to evaluate the 2nd and 3rd hypotheses, which may not be mutually
exclusive. The breeding distribution of godwits that occur as winter residents and migrants in Washington
is unknown. Efforts to resolve this uncertainty may facilitate a better understanding of the factor(s) resulting
in greater abundance of marbled godwits in coastal Washington.
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SLOW RECOVERY OF HEADWATER HABITATS AND STREAM AMPHIBIANS TO
LOGGING IN WESTERN OREGON. R BRUCE BURY, STEPHANIE WESSELL, WILLOW

WEGNER, USGS Forest and Rangeland Ecosystem Science Center, 3200 SW Jefferson Way,
Corvallis, Oregon 97331; Bruce�Bury@usgs.gov.

The Pacific Northwest harbors a rich amphibian fauna, including several endemic species that are the dom-
inant vertebrates in headwater streams. However, we lack knowledge on the long-term effects of timber har-
vest on amphibians in aquatic and riparian habitats. Past studies suggest that clearcut logging effects may
result in the local extirpation or reduced abundance of stream amphibians through decreased canopy cover
and increased sedimentation and water temperatures. Some riparian and aquatic amphibian species occupy
a narrow range of habitats and may thus be particularly susceptible to environmental perturbations. We
compared the occurrence and abundance of 4 aquatic amphibian species (Dicamptodon tenebrosus, Ascaphus
truei, Rhyacotriton variegatus, and Plethodon dunni) along streams flowing through unharvested (mature or old-
growth) forests to streams flowing through forests clearcut in 1945 to 1971. We conducted stream surveys in
1985, 1996, and 2005. Results indicate a general trend of decreasing amphibian occurrence in unharvested
forest streams, perhaps related to logging around these forest patches. Conversely, there were increases in
species richness and occurrence in logged streams over time. The species richness of streams in logged stands
was approximately half that of unharvested stands in 1985 but was not significantly different in 2005. Results
of 1985 surveys indicated that streams in logged stands had generally finer substrates than streams in un-
harvested stands while 2005 surveys showed no differences in stream substrate. Our results suggest a de-
layed recovery of 3 to �6 decades for stream amphibians and stream substrate following clearcut timber
harvest in western Oregon.

FROM GLOBAL THOUGHT TO LOCAL ACTION: TRANSLATING REGIONAL
CONSERVATION PRIORITIES TO HELPFUL LOCAL GUIDELINES. KELLY M CASSIDY,
Conner Vertebrate Museum, Washington State University, Pullman, Washington 99164;
CHRISTIAN E GRUE, Washington Cooperative Fish and Wildlife Research Unit, University of
Washington, Seattle, Washington 98195; lostriver@completebbs.com.

The challenges of implementing conservation strategies on lands dominated by private ownership are more
formidable than on state and federal lands. Despite the difficulties, there is an urgent need to address the
issues of conservation on private land because many species have little of their ranges on state and federal
lands; the fate of these species will be heavily influenced by local (county, city, and private) land management.
Conservation at the local level might improve if conservation priorities were presented in a form more user-
friendly to local land management. We report here on our effort to translate the results of 1 regional con-
servation prioritization study, the Washington State Gap Analysis Project, into a form more useful for local
land managers in western Washington than the original report. We used a 3-part approach: 1) we identified
‘‘Local Priority’’ terrestrial vertebrate species for each county, based on a combination of each species’ sen-
sitivity to human activities and the proportion of its range on private lands; 2) we used the Local Priority
species habitat requirements to derive ‘‘Local Priority’’ habitats, (threatened habitats on which the Local
Priority species were most dependent); and 3) based on our assessment of each county’s most distinctive and
valuable ecological assets within a regional context, plus its human population characteristics, we identified
Suggested Conservation Emphases for each county.

SEXUAL SELECTION AND MATING PATTERN VARIABILITY IN THE WESTERN
TOAD (BUFO BOREAS). TARA CHESTNUT, The Evergreen State College, Olympia,
Washington 98505; CHARLES M CRISAFULLI, USDA Forest Service PNW Research Station,
Olympia, Washington 98512; tarachestnut@zhonka.net.

We investigated mate selection of western toads (Bufo boreas) in the southern Washington Cascade Moun-
tains. We sought to identify if positive size assortative, large male advantage, and long forearm advantage
were present in a population of B. boreas during the 2004 breeding season. Snout to urostyle length of am-
plected and unpaired animals were measured to the nearest millimeter. Forearm length of amplected and
unpaired males was also measured in millimeters. The breeding period lasted 6 d and 642 individuals were
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observed. Of the 3 mating patterns investigated, we observed a positive size assortative on the 1st day of
breeding and when all days were combined. A long arm advantage was also observed. However, we did not
observe any size related mating patterns on most days. Our results were consistent with studies of other B.
boreas populations in the Oregon Cascade Mountains. The variation in B. boreas mating patterns calls into
question whether there is a dominant mating system in this species and if selection variables may be more
subtle than body or forearm length alone. On the other hand, population characteristics (for example sex
ratio) or stochastic occurrences such as the arrival time of animals to the breeding site may be the primary
factors influencing mating.

IS RECREATION IMPACTING WESTERN TOAD POPULATIONS ON THE MT. HOOD
NATIONAL FOREST? CHARLOTTE CORKRAN, Northwest Ecological Research Institute, 130
NW 114th Avenue, Portland, Oregon 97229; TIERRA CURRY, Portland State University Biology
Department, Portland, Oregon 97207; CHUTI FIELDER, Columbia River Gorge National Scenic
Area, 902 Wasco Avenue, Suite 200, Hood River, Oregon 97031; dccorkran@runningblue.com.

Periodic episodes of predation on western toad (Bufo boreas) adults gathered at breeding sites have been
reported by Dede Olson, Steve Corn, and others. During partial monitoring since 1987 at 4 toad breeding
sites on the Mt. Hood National Forest in Oregon, observations of predation have been rare. But in 2005, �67
dead adult toads were found at Frog Lake and 7 at another site, an estimated 49% and 28% of these annual
breeding aggregations. Common raven (Corvus corax) and raccoon (Procyon lotor) appeared to be the pred-
ators responsible, and low water levels made the toads more accessible. Partial predation of larvae and me-
tamorphs has also been found at Frog Lake. In 1997, 1 or both back legs were missing on 70 of 173 late
metamorphs examined (40%). The predator appeared to be speckled dace (Rhinichthys osculus). In subsequent
years, 3% or fewer of the toad metamorphs showed damage. Frog Lake is a popular fishing lake with a camp-
ground. Both ravens and raccoon tracks are frequently observed, and garbage, fishing bait, fish guts, and
wildlife killed on nearby roads are readily available. Studies of ravens and of raccoons have shown significant
increases in density and reproductive success near campgrounds. Speckled dace probably were introduced
from live fishing bait. While numbers of western toads breeding at the 4 sites appear to be stable, increasing
recreational use on the Mt. Hood National Forest may be putting additional pressure on this population.

FOREST DISTURBANCE MAPPING IN WASHINGTON STATE. BRIAN L COSENTINO, D
JOHN PIERCE, JOSEPH B BUCHANAN, Washington Department of Fish and Wildlife, Olympia,
Washington 98501; SHELLY SNYDER, SEAN P HEALEY, USFS Forestry Sciences Lab, Ogden,
UT 84401; WARREN B COHEN, USDA Forest Service, Pacific Northwest Research Station,
Corvallis, Oregon 97331; cosenblc@dfw.wa.gov.

A recently completed digital map is providing valuable insight to Washington’s forest harvest and fire
history. The map, produced by the USFS Pacific Northwest Forestry Sciences Lab, depicts forest stand-re-
placement events originating from harvest and fire disturbances from 1972 to 2004. The 8,690,394-ha map
encompasses the area from the east slope of the Cascade Mountains to the Pacific Ocean. Over the 32-y anal-
ysis period, stand-replacement events were mapped into 8 time intervals using Landsat satellite data remote
sensing techniques. Landscape-level cross tabulation summary results are reported for landowner type, total
area harvested, proportion of area harvested, and mean patch size. The forest disturbance map data can be
readily converted to age class information, improving efficiencies in habitat inventory and analysis. Other
historical map data can augment the age class data as well and are demonstrated.

PHYLOGEOGRAPHY OF WOOD FROGS (RANA SYLVATICA): MTDNA
CYTOCHROME B SEQUENCES INDICATE A DEEP EAST-WEST DIVISION. STAN COX,
JOSEPH FRY, R STEVEN WAGNER, JASON IRWIN, Biological Sciences, Central Washington
University, 400 E University Way, Ellensburg, Washington 98926; irwinj@cwu.edu.

Historic morphological studies of the wood frog (Rana sylvatica) divided the species into several mor-
photypes. To examine the validity of the morphotypes, a phylogeographical analysis of the species was
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performed. Wood frogs were sampled across their very broad distribution from South Carolina to On-
tario and across to western Canada and Alaska, as well as relict populations in Arkansas and the Rocky
Mountains. The mitochondrial cytochrome b gene sequences were used to construct phylogenetic trees
to investigate population relationships. Results indicate a deep division between populations in eastern
North America and those in the West. A relict population in Arkansas contained both of the haplotypes.
There was little sequence variation within the 2 major clades, suggesting a rapid recolonization follow-
ing glaciation.

A MULTI-SCALE PLANNING PROCEDURE TO EVALUATE SPATIAL THRESHOLDS
OF RIPARIAN BUFFERS FOR SPECIES WITH LARGE HOME RANGES. STEVEN M
DESIMONE, BRIAN L COSENTINO, JOSEPH B BUCHANAN, D JOHN PIERCE, TIMOTHY QUINN,
Washington Department of Fish and Wildlife, 600 Capitol Way North, Olympia, Washington
98501-1091; desimsmd@dfw.wa.gov.

Conservation planning may be more successful when landowner costs of meeting specific ecological needs
for wildlife are minimized. One way to achieve a specific wildlife habitat objective while minimizing costs
is to identify landscapes where the objective could be accommodated given current conditions or where the
need for additional management is minimal. We developed a model to assess the amount and distribution
of riparian areas that have the potential to function as habitat, at 3 spatial scales, now or in the future, for
the northern goshawk (Accipiter gentilis). For demonstration purposes, we used the procedure to evaluate
whether newly implemented riparian buffers in western Washington could meet habitat requirements for the
goshawk. Our modeled buffers, which reflected conditions to be expected under new forest practice rules,
were mapped in 3 landscapes that represented the range of stream densities on industrial forestlands in
western Washington. We evaluated whether the spatial extent of riparian buffers met the habitat thresholds
of the goshawk. Landscape channel density and pattern clearly influenced whether goshawk habitat thresh-
olds were achieved. Goshawk area requirements at finer spatial scale were relatively more sensitive to chang-
es in buffer area than coarse scale habitat needs and had a greater influence on the theoretical ability of the
landscape to support goshawks. When spatial thresholds were not achieved, we identified areas on the land-
scape that most closely met the needs of goshawks. To provide management flexibility, the ‘‘solution’’ could
originate from any of 3 spatial scales used in the goshawk model. Our model can be adapted to a variety of
terrestrial wildlife species and provides flexible and parsimonious solutions to landowners wishing to meet
wildlife goals.

POPULATION STUDIES OF THE SHARP-TAILED SNAKE IN BRITISH COLUMBIA.
CHRISTIAN ENGELSTOFT, 1867 Nicholas Rd., Saanichton, British Columbia, V8M 1X8;
KRISTIINA OVASKA, 424 Viaduct Ave., Victoria, British Columbia V9E2B7; alula@telus.net.

Population ecology of the sharp-tailed snake (Contia tenuis) is very poorly known due to the small size,
cryptic habits, and apparent rarity of the snakes in the northern portion of its range. Here we present an
update of studies in British Columbia, focusing on the Gulf Islands (Pender and Saltspring sites) where the
species has been studied within residential areas since 1997 and on a newly discovered, relatively undis-
turbed site near Victoria, Vancouver Island (Cole Hill). Seasonal day-time activity of snakes sampled with
artificial cover objects (ACOs) was similar at both sites, peaking in March to April in most years. However,
at Cole Hill, we located the species at night on the surface (1 observation) and under ACOs on several oc-
casions throughout the summer, suggesting nocturnal activity at this time. Preliminary data suggest that the
snakes move relatively little at both sites. At Cole Hill, 1 snake tagged for the harmonic direction finder
moved within and among 3 small forest openings in June to July. The snake was always concealed, either
within a downed log or underground. The native slug Prophysaon foliolatum was relatively abundant in the
openings used by the snakes at this site and is a potential prey item. At the Pender Island site, surveyed over
8 y, probabilities of annual survival (0.73) and recapture (0.47) were relatively high, and several individual
snakes lived more than 8 to 10 y.
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EVALUATING TERRESTRIAL GASTROPODS AS INDICATORS FOR MONITORING
THE EFFECTS OF ALTERNATIVE BUFFER CONFIGURATIONS ALONG
HEADWATER STREAMS. ALEX D FOSTER, PNW Research Station, Olympia, Washington
98512; JOAN ZIEGLTRUM, Olympic National Forest, Olympia, Washington 98512;
alexfoster@fs.fed.us.

We are evaluating different buffer configurations and their effects on terrestrial gastropod populations
along small headwater streams in SW Washington State. Study streams are located in 2 geologically distinct
areas: Capitol Forest, located immediately west of the city of Olympia, and the Willapa Hills located along
the Washington Coast. A total of 2190 gastropods were collected in Capitol Forest and 1548 were collected
at the Willapa sites before timber harvest began. The ratio of snails to slugs was 22:1 at the Capitol sites and
15:1 at the Willapa sites. At both areas, snail abundance was lowest during the early fall and late spring, yet
slugs did not follow this general trend. Diversity was highest at Capitol Forest with 14 snail species present;
with the small snails Columella sp. and Vertigo sp. dominating the mollusk community at 44% and 20%, re-
spectively. Out of the 10 slug species detected at Capitol Forest, the warty jumping slug (Hemphillia glandulosa)
made up 43% of the slug community, with the Malone’s jumping slug (H. malonei) comprising 23% and the
Pacific banana slug (Ariolimax columbianus) comprising 12%. At the Willapa sites, tightcoil snails (Pristiloma
sp.) made up 64% of the community with the northwest heperian snail (Vespericola columbianus) comprising
23%, and the Pacific banana slug dominated the slug community at 56%. The Malone’s jumping slug was
absent from the Willapa sites, in contrast to Capitol Forest where it existed sympatrically with the warty
jumping slug. Microhabitats within riparian areas may have influenced abundance and diversity; however
continued data collection will be required to evaluate seasonal variability and possible treatment effects.

WHY IS GENETIC VARIATION REDUCED IN HIGH ELEVATION POPULATIONS OF
COLUMBIA SPOTTED FROGS?: A TEST OF COMPETING HYPOTHESES. W CHRIS

FUNK, USGS Forest and Rangeland Ecosystem Science Center, 3200 SW Jefferson Way,
Corvallis, Oregon 97331; cfunk@usgs.gov.

I examined genetic variation at 6 microsatellite loci in 790 Columbia spotted frogs (Rana luteiventris) from
28 breeding ponds in western Montana and central Idaho in order to investigate the effects of landscape
structure on patterns of gene flow and effective population sizes. Previous work demonstrated a strong neg-
ative correlation between within-population genetic variation and elevation in R. luteiventris. I tested whether
this negative correlation is due to smaller local effective population sizes at higher elevations or reduced gene
flow into high-elevation populations. Using a maximum-likelihood coalescent approach, I found that pop-
ulation sizes of high elevation populations were not consistently smaller than population sizes of low-ele-
vation populations. Moreover, gene flow between high-elevation populations and between low- and high-
elevation populations tended to be more restricted than gene flow between low-elevation populations. Taken
together, these results suggest that the negative correlation between within-population genetic variation and
elevation is primarily due to restricted gene flow into high-elevation populations. Expansion into higher el-
evations after the recession of Pleistocene glaciers may have also contributed to reduced genetic variation in
high-elevation populations due to founder effects. Management of high-elevation populations of Columbia
spotted frogs should take into consideration the high level of isolation of these populations, which may limit
the potential for rescue effects and recolonization.

AMPHIBIAN POPULATION DIFFERENCES IN BEHAVIOR AND COLOR RESPONSE
TO MULTIPLE STRESSORS ACROSS AN ELEVATION GRADIENT. TIFFANT SACRA

GARCIA, DAVID J PAOLETTI, ANDREW BLAUSTEIN, Oregon State University, Department of
Zoology, Corvallis, Oregon 97331; garciat@science.oregonstate.edu.

Larval amphibians inhabiting complex aquatic habitats often face multiple dangers simultaneously. When
multiple environmental stressors are present, individuals can mediate potential conflicts by relying on cou-
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pled responses from both behavioral and physiological traits. Ultraviolet-B (UV-B) radiation and predation
risk can affect both behavior and body coloration in amphibians. Interactions between behavioral and color
defenses may vary across an elevation gradient in response to changing UV-B conditions. We quantified ac-
tivity rates and color change in 2 species of amphibians from high and low elevation populations: the Pacific
treefrog (Pseudacris regilla) and the long-toed salamander (Ambystoma macrodactylum). We exposed larval in-
dividuals to predator chemical cues (Taricha granulosa) and naturally relevant levels of UV-B radiation for 6
d. Color and activity rates were quantified at multiple time points throughout the experiment. Significant
species and population differences were found, with larval P. regilla coupling a decrease in activity rates to
mediate predation risk and a darkening in body color to mediate UV-B damage. Both high- and low-elevation
Pseudacrisris populations demonstrated similar trait interactions. Ambystoma macrodactylum exhibited pop-
ulation differences, with low elevation individuals responding to UV-B with darker body coloration, while
individuals from high elevation populations showed no color response to UV-B. Low elevation individuals
also decreased activity in response to UV-B. Only individuals from high-elevation Ambystoma populations
responded to predation risk, significantly increasing activity rate. Species and population differences in me-
diating multiple stressors with color and behavioral trait interactions may be due to differences in the
strength of selection across habitats.

DISTRIBUTION AND POST-BREEDING ENVIRONMENTAL RELATIONSHIPS OF
NORTHERN LEOPARD FROGS (RANA PIPIENS) IN GRANT COUNTY,
WASHINGTON. STEVE GERMAINE, Washington Department of Fish and Wildlife, Olympia,
Washington 98501; germassg@dfw.wa.gov.

Northern leopard frogs (Rana pipiens) are now listed as sensitive, threatened, or endangered in all north-
western states and provinces. Historically present in Washington in the Columbia, Crab Creek, Pend O’reille,
Snake, Spokane, and Walla Walla River drainages, leopard frogs are now only known at Gloyd Seeps and
Potholes Reservoir in Grant County. During late summer 2002 to 2005, we intensively surveyed both areas
to 1) document leopard frog distribution; 2) examine potential relationships among leopard frogs, non-native
fish, and bullfrogs; and 3) describe habitat and vertebrate community characteristics associated with leopard
frog occurrence. Surveys over a 5-km reach of Crab Creek revealed only 2 juvenile leopard frogs at 1 of 3
sites occupied in the mid 1990s. In 302 surveys at Potholes Reservoir, we confirmed leopard frog presence
in only 4 of 7 distinct areas occupied during the 1980s. At Potholes Reservoir, leopard frogs were negatively
associated with bullfrogs and with non-native predatory fish, but were not associated with carp. The most
parsimonious of 5 competing models explaining leopard frog distributions classified 89% of occupied sites
correctly. Occupied sites were more isolated from fish-bearing water bodies, were deeper, had fewer tall
emergents, and had fewer neighboring ponds containing nonnative predatory fish than did sites where few
or no leopard frogs were observed. The Gloyd Seeps population appears extirpated, and Potholes Reservoir
leopard frogs appear to be declining. Aggressive management of non-native fish, bullfrogs, and wetland
vegetation need immediate initiation to avert the extirpation of leopard frogs from Washington State.

RESPONSES OF SMALL MAMMALS TO GREEN-TREE RETENTION HARVESTS IN
FORESTS OF WESTERN OREGON AND WASHINGTON. ROBERT A GITZEN, STEPHEN

D WEST, College of Forest Resources, University of Washington, Seattle, Washington 98195;
CHRIS C MAGUIRE, Geo-Environmental Section, Oregon Department of Transportation, Salem,
Oregon 97301; TOM MANNING, Department of Forest Science, Oregon State University,
Corvallis, Oregon 97331; MICHAEL R KROEGER, College of Forest Resources, University of
Washington, Seattle, Washington 98195; bgitzen@u.washington.edu.

Retaining some large live trees in harvest units (green-tree retention) may reduce the negative effects of
timber harvest on interior forest species. As part of the Demonstration of Ecosystem Management Options
(DEMO) experiment, we investigated responses of terrestrial small mammals to different retention amounts
(100, 75, 40, and 15% of original basal area) and patterns (aggregated and dispersed) in mature coniferous
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forests of western Oregon and Washington. DEMO has 6 replicates (blocks) with six 13-ha treatment units
in each. We examined responses of small insectivores and rodents during the first 2 y after treatments on all
blocks and of Peromyscus and Clethrionomys gapperi 5 y after harvest on the Washington blocks. Relative abun-
dance of Sorex sonomae and C. californicus decreased with decreasing retention amounts, but P. maniculatus
and Microtus increased. Clethrionomys californicus was nearly absent from all harvested areas, but it remained
present in 1-ha aggregates. Initially, C. gapperi was captured frequently in harvested patches, but by 5 y after
harvest, it was restricted to 1-ha aggregates and dispersed-retention treatments. Retention amount, rather
than pattern, had a stronger influence on those species responding to harvest. Neurotrichus gibbsii, S. trow-
bridgii, and P. keeni unexpectedly showed no consistent declines after harvest. For retaining C. californicus in
southern Oregon, managers should retain large aggregates (�1 ha), with high retention amounts (�40%). In
Washington, either dispersed- or aggregated-retention, even as low as 15%, benefits C. gapperi. Future sam-
pling of the DEMO sites is needed to compare short- with long-term responses to harvest.

LONG-BILLLED CURLEW MONITORING SURVEYS: METHODS FOR POPULATION
ESTIMATES AND HABITAT ASSOCIATIONS ON THE HANFORD REACH
NATIONAL MONUMENT. KEVIN GOLDIE, HEIDI NEWSOME, US Fish and Wildlife Service,
Hanford Reach National Monument, Richland, Washington 99354; Kevin�Goldie@fws.gov.

The long-billed curlew (Numenius americanus) is a large shorebird species that breeds in the short-grass and
mixed-grass habitats of the Great Plains, Great Basin, Columbia Basin, and intermontane valleys of the west-
ern United States and Canada. Due to historic and on-going population declines, the long-billed curlew is
categorized as ‘‘highly imperiled’’ in the US Shorebird Conservation Plan. The long-billed curlew is identified
as the highest priority breeding shorebird for the Hanford Reach National Monument. Beginning in 2005,
monitoring survey protocols were developed and implemented to establish local base-line data for this spe-
cies. The objectives of these surveys are 1) to develop local population estimates of long-billed curlews, 2) to
determine habitat relationships of breeding longbilled curlews, and 3) to develop maps of curlew breeding
areas and habitats to facilitate future management decisions. Surveys use a double-observer technique and
are completed between 21 March and 15 April. Routes are assigned based on geographic information system
(GIS) data of existing drivable roads, vegetation cover types, and local and landscape slope calculations. Data
collected during these surveys is analyzed using Microsoft� Access and ESRI� ArcGIS�. Using topography,
habitat, and observation and behavior data collected at each survey point, population estimates corrected for
visibility, sightability, and detectability are calculated. Using bearing and distance data and habitat data col-
lected at each curlew location, curlew physical position is determined and compared to GIS vegetation cover
maps, slope maps, and other habitat-related data sets. This comparison is used to both verify the GIS data
sets and to analyze the habitat associations of the long-billed curlew.

USING AQUATIC ORGANISMS AS INDICATORS OF PERENNIAL STREAM FLOW.
MARK A GOLLIET, Green Diamond Resource Company, Shelton, Washington 98584;
mgolliet@greendiamond.com.

Perennial and seasonal headwater streams receive considerably different levels of protection under Green
Diamond Resource Company’s (GDRCo) Habitat Conservation Plan (HCP) for its Olympic Tree Farm. De-
termining the flow regime of these channels except during low-flow (for example late summer) conditions
is problematic. Three species of stream breeding amphibians are present in the higher elevation areas of our
tree farm and are used as indicators of perennial flow: Cope’s giant salamander (Dicamptodon copei), tailed
frog (Ascaphus truei), and Olympic torrent salamander (Rhyocotriton olympicus). Invertebrates (insect larvae,
crayfish, snails etc.) are often found while searching streambed material for amphibians. We hypothesize
that a suite of invertebrates, including large bodied stonefly larvae from the families Pteronarcyidae and
Perlidae, Megaloptera larvae, crayfish (Pacifastacus leniusculus) and certain aquatic snails, are only found in
perennial streams and that they may be suitable indicators of perennial stream flow. Study plans are being
developed and sampling will be conducted in 2006 to test the validity of using the aforementioned aquatic
organisms to identify perennial flow in headwater streams.
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ASSESSING PREVALENCE OF CHYTRID FUNGUS (BATRACHOCHYTRIUM
DENDROBATIDIS) IN NATIVE AMPHIBIANS AND BULLFROGS (RANA
CATESBEIANA) ON VANCOUVER ISLAND, BRITISH COLUMBIA. PURNIMA P
GOVINDARAJULU, Department of Biology, University of Victoria, PO Box 3020 STN CSC,
Victoria, British Columbia V8W 3N5; TRENTON W J GARNER, Institute of Zoology, Zoological
Society of London, Regent’s Park, London, England NW1 4RY; BRADLEY R ANHOLT,
Department of Biology, University of Victoria, PO Box 3020 STN CSC, Victoria, British
Columbia V8W 3N5; purnimap@uvic.ca.

First described in 1998, chytridiomycosis caused by the fungus Batrachochytrium dendrobatidis is an emerg-
ing infectious disease in amphibians. In recent years, reports of its catastrophic effects have been increasing
exponentially and it has been implicated in population declines and species extinctions in many parts of the
world. Our pilot project in 2005 detected this disease on Vancouver Island, British Columbia. However, the
distribution and level of prevalence of the chytrid fungus is poorly known. Important vectors of introduction
and dispersal are thought to be commercially traded amphibians, such as the African clawed frog (Xenopus
laevius) and the American bullfrog (Rana catesbeiana). American bullfrogs have been widely introduced in the
southwestern part of British Columbia and are expanding their range. We sampled native amphibians and
bullfrogs in 4 bullfrog sites and native amphibians alone from 4 control bullfrog-free sites on southeastern
Vancouver Island. We used quantitative real time PCR methods to detect presence of the fungus from tissue
samples of both the aquatic and terrestrial life-stages. Early results show that bullfrogs from Vancouver Is-
land exhibit 1 of the highest prevalence rates and chytrid loads compared to bullfrog populations around the
world. We will present up to date results from this ongoing study and compare levels of prevalence of chytrid
fungus in bullfrog vs. bullfrog-free sites to assess whether introduced bullfrogs were acting as vectors of
spread of the disease.

EXTERNAL ATTACHMENT OF RADIO-TRANSMITTERS ON WESTERN
RATTLESNAKES (CROTALUS VIRIDIS) TO LOCATE COMMUNAL HIBERNACULA.
LISA A HALLOCK, Washington Natural Heritage Program, Washington Department of Natural
Resources, Olympia Washington 98504; Lisa.Hallock@wadnr.gov.

Locating and protecting communal snake hibernacula on public lands is important for conservation of local
snake populations. The purpose of this study was to determine if western rattlesnakes (Crotalus viridis) could
be radio-tracked to hibernacula by attaching radio transmitters to the dorsal surface of the tail. Traditionally,
transmitters are implanted into the body cavity of snakes. This method requires surgical expertise and ex-
poses the snakes to risks from anesthesia and infection. Such invasive procedures may also result in behav-
ioral changes that could potentially alter study results. Holohil Systems Ltd LB-2N transmitters, the smallest
and lightest transmitters currently commercially available, were glued on the tails of ten adult rattlesnakes
in the fall of 2004. Snakes were radio-tracked for the duration of the transmitter lifespan (26 to 28 d). Infor-
mation was collected on movements, habitat use, and behavior. Five snakes were successfully tracked to hi-
bernacula. This method will make it easier for biologists to locate hibernacula and conduct short-term studies
on rattlesnake dispersal. Suggestions for improving the technique and its use on other snake species will also
be discussed.

WASHINGTON HERP ATLAS. LISA A HALLOCK, Washington Natural Heritage Program,
Washington Department of Natural Resources, Olympia, Washington 98504-7014;
Lisa.Hallock@wadnr.gov.

The on-line Washington Herp Atlas provides a summary of current information available on Washington’s
herpetofauna (amphibians and reptiles). It is designed to be accessible to a wide audience with little training
in herpetology. Information is presented to help field personnel identify species and also to provide planners
and managers with information on status and possible management concerns. Species accounts feature de-
scriptions, identification tips, phenology information, habitat types, and photographs. Photographs include
a variety of life stages, typical habitat, and a set of annotated photographs with key identification features
indicated. Dot distribution maps, updated annually from the Washington Department of Fish and Wildlife
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amphibian and reptile database, are included for each species. In addition, information is included on current
research projects in Washington and on additional inventory and research needs. The Washington Herp Atlas
Project is a cooperative project of the Washington Department of Natural Resources (DNR), Bureau of Land
Management (BLM), Washington Department of Fish and Wildlife (WDFW), and US Forest Service (USFS).
Web address: http://www.dnr.wa.gov/nhp/refdesk/herp/index.html

PACIFIC LAMPREY: WHAT ABOUT THEM? MOLLY HALLOCK, Washington Department
of Fish and Wildlife, Olympia, Washington 98501; hallomh@dfw.wa.gov.

Lampetra tridentata (Pacific lamprey) is an eel-like fish found in rivers along the Pacific Coast from California
to Alaska. They are anadromous, spending their first 4 to 6 y as blind, toothless filter-feeders buried in the
substrate of freshwater streams. Upon metamorphosis, they gain eyes and teeth and migrate to the ocean,
where they are parasitic upon various fishes for 12 to 36 mo. They return to freshwater streams to spawn
and die. It is well documented that some Pacific lamprey populations appear to be declining, particularly in
the Columbia River drainage. Causes of decline appear similar to those that affect salmon. These include
habitat loss or degradation, poor water quality, poor ocean conditions, and barriers to migratory passage.
We know little about this species, and other causes undoubtedly exist of which we are unaware. The decline
of this species has ecological and cultural significance. As juveniles, their filter feeding may contribute sub-
stantially to ecosystem dynamics. Like salmon, decaying carcasses of adult lampreys contribute nutrients to
the freshwater system. In all life stages, they serve as prey for many fishes, birds, and mammals. Culturally,
lampreys have always been important to coastal and Columbia River tribal communities. Not only are they
subsistence food, but they also have ceremonial and medicinal importance. It is crucial that we learn more
about the ecology of this unique species in order to guide management actions that can maintain or rebuild
healthy Pacific lamprey populations.

TRENDS IN THE BREEDING POPULATION OF OREGON SPOTTED FROG (RANA
PRETIOSA) AT CONBOY LAKE NATIONAL WILDLIFE REFUGE. MARC P HAYES,
Washington Department of Fish and Wildlife, Olympia, Washington 98501; JOSEPH D ENGLER,
Ridgefield National Wildlife Refuge Complex, Ridgefield, Washington 98642; CHRISTOPHER J
ROMBOUGH, Oregon State University Affliate, Aurora, Oregon 97002; hayesmph@dfw.wa.gov.

Since 1998, we have conducted systematic egg mass surveys for the Oregon spotted frog (Rana pretiosa), a
species endangered in Washington State, at Conboy Lake National Wildlife Refuge. The purpose of these
surveys was to establish trends in this population, thought to be the largest among the 40 or so populations
remaining across its geographic range. Surveys, intended to estimate total egg mass numbers, have been
conducted with a suite of �175 volunteers. Besides egg mass numbers, embryonic mortality was also esti-
mated. Each year, Oregon spotted frogs begin laying eggs in late February or early March synchronously
with the filling of Conboy Lake, which in its current state, is almost exclusively seasonal. Over 99% of all
oviposition occurs in the extreme shallows (5 to 15 cm) of the lake margin. During the first 4 y of these
surveys, we saw a 5-fold decline in egg mass numbers, from �7500 in 1998 to �1500 in 2001. During each
year over this period, roughly 60 to 90% of all egg masses desiccated due to a drop in water levels during
oviposition period that resulted from a combination of an archaic water control system that was incapable
of maintaining water levels and the peculiar disappearance of beaver dams. Hence, in the fall of 2001 and
with subsequent refinements, a water control system was created that would not make the lake-filling hy-
drology labile to water level drops during oviposition. As a result, egg survivorship has exceeded 90% since
2000, and except for a minor drop in 2005, egg mass numbers have increased.

DISPERSION OF COASTAL TAILED FROG (ASCAPHUS TRUEI): A HYPOTHESIS
RELATING OCCURRENCE OF FROGS IN NON-FISHBEARING HEADWATER BASINS
TO THEIR SEASONAL MOVEMENTS. MARC P HAYES, TIMOTHY QUINN, DANIEL J
DUGGER, TIFFANY HICKS, Washington Department of Fish and Wildlife, Olympia, Washington
98501; hayesmph@dfw.wa.gov.

During low-flow surveys of headwater streams in the Stillman Creek watershed (southwestern Washing-
ton), we found a positive association between coastal tailed frog (Ascaphus truei) locations along the stream
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axis and frog life stage: older life stages were located higher in the basin than younger life stages. Resampling
(early and late summer 2002) 8 streams revealed that adult A. truei appear to move upstream several hundred
meters during this period. Further, apparent lack of reproduction in smaller non-fishbearing basins sug-
gested that habitat might be inadequate in those basins. To test this hypothesis, we examined tailed frog
occupancy in 65 non-fishbearing basins across the full range of the basin complexity (1st- to 4th-order) in
this watershed. This evaluation revealed that the proportion of basins occupied by coastal tailed frog in-
creased with basin complexity. Examination of the streams in these basins further revealed that nearly all
1st-order basins we examined had a wetted dominant thread several hundred meters in length far shorter
than the several-hundred-meter seasonal change in the position we observed in coastal tailed frog adults.
We offer the testable hypothesis that non-fishbearing basins must retain a watered stream thread several
hundred meters in length during the dry season to meet tailed frog life history needs. Specifically, non-
fishbearing streams in 1st-order basins were too shot and, hence, lack sufficient surface water to provide
suitable oviposition and rearing habitat.

ABUNDANCE OF OLYMPIC MUDMINNOW (NOVUMBRA HUBBSI) AND OTHER
NATIVE NONGAME FISH IN WETLANDS OF THE CHEHALIS RIVER VALLEY. JULIE

A HENNING, Washington Department of Fish and Wildlife, 1182 Spencer Road, Toledo,
Washington 98591; hennijah@dfw.wa.gov.

Many wetland projects are created to increase waterfowl and shorebird production; however, native non-
game fishes and amphibians can also benefit. The Chehalis River of western Washington is an excellent ex-
ample of a large river system with seasonal wetlands. Winter rains cause seasonal floodplain wetlands to fill
and the river to overflow, reconnecting the mainstem to the associated floodplain. This hydrologic connection
provides opportunity for fish and other aquatic species to access wetland habitats. Seasonally flooded wet-
lands in the floodplain of the lower Chehalis River, Washington, were examined to determine the degree and
extent of fish utilization. Fish and amphibian utilization was compared between restored and non-restored
wetlands. Eighteen fish species were present with the most abundant being the Olympic mudminnow (No-
vumbra hubbsi) and 3-spine stickleback (Gasterosteus aculeatus). Olympic mudminnow, a State Sensitive spe-
cies, is only found in Washington State where its southern distribution range extends to the Chehalis River
Basin. Over 11,000 mudminnows were captured in fyke nets from March to May, and spawning occurred at
many of the sites. In addition, wetlands that contained the highest abundance of nongame fishes also con-
tained the highest abundance of amphibians. Emergent wetland characteristics are important for many native
nongame fishes, and connecting aquatic floodplain habitats for salmon may have negative affects on those
species. This paper will emphasize the importance of emergent wetland habitat and restoration for the con-
servation of native nongame fish species in an agricultural landscape.

PARTNERS IN AMPHIBIAN AND REPTILE CONSERVATION (PARC): TECHNICAL
WORKING GROUP ADAPTIVE MANAGEMENT MODEL. JEFFREY N HOLMES,
Conservation Southeast, Inc., Nashville, Tennessee 37206; ERNESTO R GARCIA, Office of the
PARC Federal Agencies Coordinator, US Fish and Wildlife Service, Trinity River Restoration
Program, Weaverville, California 96093; PRIYA N MITCHELL, Office of the PARC State Agencies
Coordinator, Gurnee, Illinois 60031; priya@parcplace.org.

Partners in Amphibian and Reptile Conservation (PARC) has developed a successful, multi-entity adaptive
management model and organizational structure. PARC is deploying this model throughout its regional
working groups. The model emphasizes communication and complementarity between technical working
groups. This model is designed to optimize applied conservation biology and minimize resource expendi-
tures that do not meaningfully impact wild populations and their habitats. In this model, partners affiliate
themselves with 1 or more technical working groups based on their individual skills and interests. The model
then provides a vehicle for the coordinated flow of knowledge, funding, and other resources between ‘‘In-
formation Gathering’’ working groups (Research, Inventory–Monitoring) and ‘‘Implementation’’ working
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groups (Management, Education–Outreach, Policy–Trade) in order to maximize the net conservation impact
of every penny and every drop of sweat.

EFFECTS OF CHEMILUMINESCENT TAGGING ON HAREM DYNAMICS OF THE
GREATER SPEARNOSED BAT, PHYLLOSTOMUS HASTATUS. CHAD M HOXENG, PETER

RITSON, CHRISTINE PORTFORS, Washington State University, Vancouver, Washington 98686;
choxeng@wsu.edu.

Common field techniques, such as adhering light tags to bats, are often utilized in bat foraging studies.
However, effects of light tags on bat behavior are not known. We studied the effects of light tags on Phyllos-
tomus hastatus because of their known harem social organization during roosting. We captured 11 P. hastatus
from a roost site in an abandoned World War II building in Trinidad, West Indies. Using a hand net, we
captured 3 males and 8 females from separate harems. The objective of this study was to determine the effects
of light tags on the roosting behaviors and harem-member interactions of P. hastatus. We hypothesized that
adhering chemiluminescent tags would adversely alter the roosting behaviors of bats. To record roosting
behaviors of bats with light tags and compare these behaviors to non-tagged bats, we recorded 4 different
roosting behaviors using infrared videography. We found that female bats with light tags were involved in
significantly more aggressive behavioral interactions than un-tagged bats (P � 0.001). These results suggest
that the roosting behaviors of P. hastatus are altered when light tags are attached to the body. Not only did
the behavior of the bats change, their inclusion in a harem was affected. This suggests that the causes of the
behavioral changes are the adverse reactions of other bats to the light tags. This may be an important finding
to species other than P. hastatus. Any bat that normally roosts in a group may have negative interactions with
other colony members if a light tag is present. While our findings are specific to P. hastatus, they suggest that
the effects of light tags on other bat species should be questioned.

ESTIMATING ‘‘ODDS’’ OF MARBLED MURRELET NESTING HABITAT. MARK H
HUFF, RICHARD YOUNG, USDI Fish and Wildlife Service, 911 NE 11th Ave., Portland, Oregon
97232; MARTIN G RAPHAEL, USDA Forest Service, Pacific Northwest Research Station, 3625
93rd Ave. SW, Olympia Washington 98512; SHERRI L MILLER, USDA Forest Service, Pacific
Southwest Research Station, Redwood Sciences Laboratory, 1700 Bayview Dr., Arcata, California
95521; S KIM NELSON, Oregon State University, Oregon Cooperative Fish and Wildlife
Research Unit, 104 Nash Hall, Department of Fisheries and Wildlife, Corvallis, Oregon 97331;
JIM BALDWIN, USDA Forest Service, Pacific Southwest Research Station 800 Buchanan Street,
West Annex Building, Albany, California 94710; MARTIN BROWN, Synthesis Research and
Analysis, 5826 SE Hawthorne Blvd., Portland, Oregon 97125; mark�huff@fws.gov.

Our approach to modeling marbled murrelet (Brachyramphus marmoratus) nesting habitat in Washington,
Oregon, and northern California tiered from 2 questions: 1) What attributes best predict murrelet nesting
habitat? and 2) What is the amount of potential nesting habitat on US Forest Service and Bureau of Land
Management land? We used existing marbled murrelet survey data to randomly select and locate occupied
and absent sites from which we collected habitat information. The habitat information was used to make
predictions about nesting habitat by developing logistic regression equations and to estimate odds ratios of
2765 vegetation inventory grid locations as potential nesting habitat based on vegetation and spatial data
characteristics of individual grid locations. Odds ratios of the grid locations, transformed to a �1 to �1 scale,
served as a habitat suitability index. Combining the inventory grid’s predictive capabilities with the odds
ratios, we estimated the amount of federal land in 4 habitat suitability classes at varying analysis scales (for
example, physiographic province and land allocation). Only 13% of the US Forest Service and Bureau of Land
Management land had odds ratios that were equal to or exceeded that of known occupied nesting habitat
(our high suitability class), totaling about 240,000 ha. By physiographic province, the largest amount of high-
suitability nesting habitat was in the Oregon Coast Range and Olympic Peninsula. Washington had the high-
est proportion of high-suitability nesting habitat in federal reserves, 16.9%. Our experimental approach offers
some new options for monitoring long-term habitat status and trends on federal lands.
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STEELHEAD MOVEMENTS AND WETLAND MANAGEMENT AT TOPPENISH
NATIONAL WILDLIFE REFUGE. IAN G JEZOREK, US Geological Survey, Cook, Washington
98605; HOWARD W BROWERS, MOLLY F LINVILLE, US Fish and Wildlife Service, 3250 Port
of Benton Boulevard, Richland, Washington 99352; JAMES H PETERSEN, PATRICK J
CONNOLLY, US Geological Survey, Cook, Washington 98605; ian�jezorek@usgs.gov.

Toppenish National Wildlife Refuge was established in 1964 in Yakima County, Washington, to provide
wetland habitat for waterfowl and other birds. Wetlands are flooded in late fall by diverting water from
Toppenish Creek. Wetlands are managed for aquatic food production with spring drawdowns and if needed,
mechanical soil-manipulation. Toppenish Creek supports Mid-Columbia River steelhead (Oncorhynchus my-
kiss), which are listed as threatened under the Federal Endangered Species Act. Concerned about wetland
management impacts to steelhead, Refuge staff and US Geological Survey researchers began investigating
juvenile steelhead use of Refuge wetland units. During spring 2002 to 2004, we tagged steelhead with Passive
Integrated Transponder (PIT) tags (n � 1304) to investigate passage through 1 or both of 2 wetland units
(Unit 3A and Unit 3B). Steelhead were trapped, PIT tagged, and released at the unit entrances. We also
trapped, tagged, and released juvenile steelhead at the Unit 3B exit, which feeds into Toppenish Creek. De-
tections at facilities on the Yakima and Columbia Rivers gauged performance from each release site. Each
year, frequency of downstream detection for steelhead that traversed Unit 3B only (x̄ � 40.0%) and steelhead
from the Unit 3B exit (x̄ � 36.9%) was about twice that of steelhead that traversed both Unit 3A and Unit 3B
(x̄ � 15.4%). Travel times to the 1st downstream detection site (72 km downstream) were equivalent for
steelhead from the one-wetland and 2-wetland routes (x̄ � 5.5 and 5.1 d). Strategies to reduce or eliminate
impacts to steelhead are being implemented by Refuge staff.

CHYTRIDIOMYCOSIS: A SILENT SPRING FOR PACIFIC NORTHWEST
AMPHIBIANS? JIM JOHNSON, ERIC DEAN, SUSAN BELMONT, DAVE DARDA, Biological
Sciences, Central Washington University, 400 E University Way, Ellensburg, Washington
98926; STEVE GERMAINE, Washington Department of Fish and Wildlife, 600 Capitol Way
North, Olympia Washington 98501; R STEVEN WAGNER, Central Washington University, 400
E University Way, Ellensburg, Washington 98926; wagners@cwu.edu.

Chytrid fungus, Batrachochytrium dendrobatidis, has been implicated in mass mortalities and declines of am-
phibian species worldwide, but had not previously been reported from Washington State. During March 2005,
routine amphibian monitoring revealed a mass mortality event in the Central Cascades. Evidence suggests
B. dendrobatidis is the most probable cause of death of 85 individuals representing 4 species (Pseudacris regilla,
Rana cascadae, Ambystoma gracile, and Ambystoma marcrodactylum) recovered at Swamp Lake (Kittitas County,
Washington). This evidence includes the presence of zoosporangia in skin sections, appearance and symp-
toms, and PCR products amplified using primers specific for B. dendrobatidis. Further monitoring of Swamp
Lake through November 2005 yielded no adult amphibians and suggests they may have been extirpated from
the site. In addition, this pathogen already appears to be more widespread in Washington. We have found
evidence of B. dendrobatidis associated with the morbidity and mortality of 4 Rana pipiens from Crab Creek
(Grant County, Washington). As a consequence of this initial report of chytrid in Washington and considering
the conservation status of both R. pipiens (Endangered in Washington) and R. cascadae as Federal Species of
Concern, we suggest state and federal management agencies act expeditiously to implement a monitoring
program and develop strategies to mitigate the spread of this potentially devastating threat to northwest
amphibian diversity.

FACTORS INFLUENCING ROCKY MOUNTAIN TAILED FROG (ASCAPHUS
MONTANUS) DISTRIBUTION AND ABUNDANCE. JASON L JONES, CHARLES R
PETERSON, COLDEN V BAXTER, Idaho State University, Pocatello, ID 83209-8007;
jonejaso@isu.edu.

The goal of this study is to examine the factors influencing the distribution and abundance of Rocky Moun-
tain tailed frog (Ascaphus montanus) tadpoles. Few studies have evaluated the spatial context of limiting fac-
tors for tadpole occurrence and age-class distribution. To determine what factors influenced tadpole occur-
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rence and abundance, we addressed 4 questions relating to tadpole distribution in a stream network. Between
28 June and 10 August 2005, we conducted this study in 2 different watersheds: the South Fork of the Flathead
River watershed in northwestern Montana and Mica Creek watershed in northern Idaho. With a stratified
sampling design, we sampled tailed frog tadpoles in 5 randomly selected, 1-m transect belts across 24 stream
reaches, starting in the headwaters and continuing to the largest stream order in the watershed. We measured
physical habitat variables at each transect belt. In a minimum of 14 transect belts in each stream, we sampled
5 rocks for periphyton biomass. We also noted fish presence in each transect. To date, our statistical analyses
have included linear regressions of tadpole biomass and density and ANOVA of tadpole occurrence. Tadpole
occurrence decreased among transect belts in Mica Creek with increasing levels of chlorophyll-a, whereas
in Youngs Creeks, tadpole occurrence increased with increasing chlorophyll-a. Fish presence did not appear
to decrease tadpole occurrence in either system. Based on our results, we hypothesize that tadpoles exhibit
niche shifts at different developmental stages and spatial scales.

IDENTIFYING WESTERN WASHINGTON PEROMYSCUS MANICULATUS AND P.
KEENI USING AN EFFICIENT CYTOCHROME B RESTRICTION FRAGMENT
LENGTH POLYMORPHISM (RFLP) PROCEDURE WITH IMPROVED
MORPHOMETRIC ANALYSIS. MICHAEL R KROEGER, College of Forest Resources,
University of Washington, Seattle, Washington 98195; LORENZ HAUSER, School of Aquatic and
Fisheries Sciences, University of Washington, Seattle, Washington 98195; ERIC M VIGOREN,
Department of Environmental and Occupational Health Sciences, University of Washington,
Seattle, Washington 98195; ROBERT A GITZEN, STEPHEN D WEST, College of Forest Resources,
University of Washington, Seattle, Washington 98195; mrk5@u.washington.edu.

In western Washington, 2 common rodents (Peromyscus maniculatus and P. keeni) segregate partially by hab-
itat, but co-occur in many sites. A tail-length criterion (� or �96 mm) commonly used to separate these
species has an estimated 5% error rate in adults. However, under this criterion, juveniles and adults with
damaged tails or tail lengths at 96 mm cannot be identified reliably. Imprecise identification has limited our
ability to determine ecological factors affecting the occurrence and behavioral interactions of these 2 species.
We used differences in the mitochondrial cytochrome-b gene to develop an RFLP assay that is easy to im-
plement, has high through-put (approximately 384 mice can be assayed in 5 d), and costs $0.30/sample for
materials. We identified 704 adult and juvenile deer mice to species. From these identifications, we created
logistic regression models to distinguish between these species based on tail length, mass, and other external
measurements. These models could be used in future studies to discriminate individual deer mice based on
morphology and to quantify the degree of uncertainty of species identification. The morphological method
we present has 3 major advantages over the previous 96-mm-tail-length rule: mice of all ages can be identified
to species, a greater proportion of deer mice can be correctly identified, and mice that have a high probability
of misidentification using morphological characters can be selected for the RFLP assay.

WILDLIFE RESEARCH NEEDS IN COMMERCIAL FORESTS. ANDREW J KROLL,
Weyerhaeuser Company, WTC 1A5, Federal Way, Washington 98063-9777;
aj.kroll@weyerhaeuser.com.

Past wildlife research efforts in commercial forests have been dominated by studies of single species, stand-
level examinations of management effects, and quasi-experiments with low statistical power. Landscape
studies that quantify how stand-level treatments collectively influence wildlife populations are rare. In ad-
dition, many studies have relied on estimates of density, abundance, and occupancy that lack statistical rigor
and cannot provide strong inference about questions of interest. Three changes to research programs ex-
amining relationships between commercial forest management and wildlife habitat and populations would
provide more reliable information to managers and policy-makers. First, recent advances in applied quan-
titative methods (for example, model selection, occupancy estimation, adaptive optimization) provide re-
searchers with powerful tools for application in research and management programs. Model selection and
validation holds particular promise, as it allows for evaluation of multiple hypotheses about system dynamics
and may represent an improvement over traditional tests of univariate significance. Second, research should
advance beyond the density-occupancy paradigm to investigations of habitat selection and fitness conse-



176 NORTHWESTERN NATURALIST 87(2)

quences. We know that many organisms use commercial forests; patterns of habitat selection across habitat
types and variation in reproductive success and survival are relatively unexplored. Finally, a more robust
understanding of how set-asides (for example, riparian management zones, geologic reserve areas, retained
structures, and non-forested features) function within commercial forests is critical. Riparian management
zones and geologic reserve areas were established for non-wildlife purposes. As a result, an understanding
of costs and benefits of these resources for wildlife populations would improve management practices to
conserve biological diversity in commercial forests.

DEMOGRAPHY AND NON-INVASIVE INDIVIDUAL IDENTIFICATION USING SPOT
PATTERNS IN CHINESE SALAMANDERS (PACHYTRITON BREVIPES ). DEBORAH

LACKEY, Department of Biological Sciences, Central Washington University, Ellensburg,
Washington 98926; MEGAN MATHESON, Department of Psychology, Central Washington
University, Ellensburg, Washington 98926; LORI SHEERAN, Department of Anthropology,
Central Washington University, Ellensburg, Washington 98926; LI JINHUA, Ecology, Anhui
University, Hefei, People’s Republic of China; R Steven Wagner, Department of Biological
Sciences, Central Washington University, Ellensburg, Washington 98926; Lackeyd@cwu.edu.

Amphibian demographic studies often involve invasive and potentially deleterious techniques for indi-
vidual identification (for example, toeclipping, PIT tags, elastomers). During August 2006, digital images of
ventral spot pattern variations were used to individually identify Chinese Paddle Tail Salamanders (Pachy-
triton brevipes) in the Valley of the Wild Monkeys (Huangshan, China). Abundance and movement of sala-
manders was compared among 3 different (100 m) elevational stream plots. During 18 survey days, a total
of 46 salamanders were captured, including 5 recaptures, yielding an 11.0% recapture rate. On average per
day, 0.33 	 0.03 (sx̄) salamanders were caught in the lower plot with 1.61 	 0.03 (sx̄) salamanders for the
middle, and 0.39 	 0.03 (sx̄) salamanders in the upper headwater plot. For recaptures, movement of individ-
uals was �1 m, suggesting they may have small home ranges. In addition, spot patterning varied with snout-
vent length to provide an easy mechanism to assign age class. Variation and substrate location among the
captures of juveniles (n � 8), sub-adults (n � 17), and adults (n � 16) suggests that juveniles may occupy
drier more terrestrial habitats whereas adults are aquatic. Pachytriton brevipes is an understudied and threat-
ened mountain stream salamander; therefore, the identification technique is of vital importance for demo-
graphic and population viability studies.

DEFINITION AND PROTECTION OF COEUR D’ALENE SALAMANDER HABITAT IN
BRITISH COLUMBIA. LISA I LARSON, JOHN S RICHARDSON, University of British
Columbia, Vancouver, British Columbia V6T 1Z4; larsonl@interchange.ubc.ca.

The Coeur d’Alene salamander (Plethodon idahoensis) occurs in northern Idaho, northwestern Montana, and
southeastern British Columbia (Special Concern in Canada and the US). The species is riparian-dependent
along small, high-gradient streams, with an apparently specialized habitat. Surveys for the species in recent
years have expanded its known range to 95 km north of Revelstoke, British Columbia. Given the limited range
and numbers of occurrences in British Columbia (n � 53), there is a requirement to better define the habitat
associations of the species at the landscape scale, at the stream scale, and the microhabitat scale to identify
important habitat features for different life stages and activities. The small streams with which it is associated
are vulnerable to habitat disturbance; in particular, forest harvest and road building that can yield sediment
and toxic inputs. In the absence of more specific descriptions of the habitat use and population structure of
this species in British Columbia, it remains vulnerable to changes in its habitat with unknown consequences,
although in general, changes to riparian habitat have large impacts on riparian-dependent species. Surveys
for Coeur d’Alene salamanders have been concentrated on presence or not-detected data from easily acces-
sible roadside locations. The distribution and relative abundance of salamanders along watercourses has not
been explored. The goal of this study is to determine associations between relative abundance of Coeur
d’Alene salamanders and habitat types near Mount Revelstoke National Park. Methods to determine abun-
dance-habitat associations will be based on geomorphology, hydrology, vegetation, and climate between
streams, along streams, and at encounter locations.
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THE SCIENCE OF FISHER TRANSLOCATION: PLANNING, IMPLEMENTATION,
AND MONITORING. JEFFREY C LEWIS, Washington Department of Fish and Wildlife, 600
Capitol Way North, Olympia, Washington 98501-1091; lewisjcl@dfw.wa.gov.

Following an extensive decline via over trapping and habitat loss, translocation efforts have successfully
reestablished fishers (Martes pennanti) throughout much of their range. Among 34 known fisher transloca-
tions, 23 (72%) were considered successful. These efforts were undertaken for 3 reasons: to reestablish the
fisher, to reestablish a valuable furbearer, or to control porcupines. A fisher translocation should be preceded
by a feasibility assessment to determine 1) if the causes of decline or extirpation have been reduced or elim-
inated, 2) if there is an adequate amount and configuration of suitable habitat for a translocated population,
3) if there is an adequate prey base, and 4) if there is a suitable and available source population. While the
characteristics of fisher translocations varied greatly, successful translocations frequently involved the most
closely related (or nearest) source population, the release of 60 fishers, a female-biased (54%) founder pop-
ulation, the release of fishers in 2 consecutive years, fall or winter releases, hard releases, and protection from
commercial harvest but not from incidental capture. Implementation involves authorization to obtain a
source population; capture, housing and transport of individuals; a release strategy; and can include active
monitoring and contingency planning. Reintroduction success was frequently based on the documentation
of survival, reproduction, incidental capture, or continued population persistence or expansion. Success has
been actively monitored via telemetry, mark-recapture, genetic sampling, track-plate and camera detections,
or track surveys. Reintroductions are important opportunities to conduct research on population demog-
raphy, multi-scale habitat use and selection, behavior, and food habits.

TRANSLOCATION METHODS DEVELOPMENT FOR TAYLOR’S CHECKERSPOT
BUTTERFLY IN SOUTH PUGET SOUND, WASHINGTON. MARY J LINDERS, Washington
Department of Fish and Wildlife, Olympia, Washington 98501-1091; lindemjl@dfw.wa.gov.

The prairie-dependent Taylor’s checkerspot butterfly (Euphydryas editha taylori) once ranged from southern
Vancouver Island in British Columbia to the Willamette Valley in Oregon. It has declined significantly in
recent decades, with notable local extirpations in Washington’s South Puget Sound over the past 10 y. Less
than 3% of native grasslands remain intact in the Puget Trough and habitat quality is often lacking. Check-
erspots require open grassland or woodland edges with rich sources of floral nectar for adults and an abun-
dance of appropriate larval food plants. Existing grasslands are small and isolated relative to historic con-
ditions. Isolation decreases the likelihood of recolonization, particularly for low-vagility invertebrates, and
increases the likelihood of extinction without human intervention. Active management is necessary to stem
declines and prevent further loss of Taylor’s checkerspot populations. An experimental translocation plan
identifies methods for captive rearing, translocation, and release of Taylor’s checkerspots using both wild
and captive-reared individuals. Three release experiments using eggs, pre- and post-diapause larvae are
destined for field trials in 2006; these seek to identify limiting factors and measure the survival of released
animals. Field trials will be coupled with lab rearing to isolate rates and causes of mortality in the field.
These are small-scale experiments designed to balance successful population establishment with avoiding
costly mistakes that may result from untested methods applied over large scales. The long-range goal of the
project is to increase the number of secure sites and overall population size of Taylor’s checkerspot in South
Puget Sound.

AMPHIBIAN INVASION OF NEWLY CREATED PONDS AFTER THE 1980 ERUPTION
OF MOUNT ST. HELENS. ERIC M LUND, CHARLES M CRISAFULLI, USDA Forest Service,
Pacific Northwest Research Station, Olympia, Washington 98512; emlund@fs.fed.us.

The eruption of Mount St. Helens on 18 May 1980 triggered the largest recorded landslide in human his-
tory. The majority of the 2.5 km3 debris avalanche traveled down the North Fork Toutle River, burying 60
km2 of the valley at an average depth of 45 m. The resulting hummocky terrain created complex topography,
and groundwater and runoff quickly filled many of the depressions. Since that time 120 newly created ponds
and marshes have been identified and mapped in the upper North Fork Toutle drainage. Earlier work doc-
umented that by 1983, 2 amphibian species (Bufo boreas, Pseudacris regilla) had colonized the ponds, and by
1990, 6 species (4 anurans, 2 salamanders) had arrived. Here we present results from annual surveys con-
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ducted at 120 ponds from 1995 to 2005 using a combination of visual surveys, dip netting, snorkeling, and
aquatic funnel trapping techniques to determine species presence, breeding status, and relative abundance.
Pseudacris regilla was the most frequently observed (�90% of sites in all years) amphibian species during this
period. The remaining 5 species, listed in decreasing frequency of occurrence, were Ambystoma gracile, Rana
aurora, Taricha granulosa, B. boreas, and Rana cascadae. The number of species at these ponds ranged from 0 (7
ponds) to 6 species (6 ponds), and the remaining 113 ponds had 2 to 5 species. In 2002 to 2003, biophysical
measurements were recorded for vegetation (life form and cover), basin gradient, substrate, depth, perimeter,
area, and hydro period. Future analyses will aim at linking these biophysical measures to species abundance
and distribution patterns.

EFFECTS OF FOREST PRACTICES ON CASCADE TORRENT SALAMANDERS IN
WASHINGTON. JAMES G MACCRACKEN, Timber Department, Longview Fibre Company,
Longview, Washington 98632; CRAIG A STEELE, KATHLEEN M POLLETT, Department of
Biology, Utah State University, Logan, UT 84322; jmac@longfibre.com.

We 1st examined the effects of regeneration silviculture on Cascade torrent salamanders (Rhyacotriton cas-
cadae) by sampling streams along a chronosequence of stand ages ranging from 0 to �90 y. A regression tree
on forest age produced 4 terminal nodes where captures were lowest in 0- to 24-y-old stands, intermediate
in stands �61 y old, greatest in 41- to 60-y-old stands, and 2nd greatest in 25- to 40-y-old stands. In addition,
captures were greatest in streams with temperatures �9ºC but stand age was not related to water temper-
ature. Following these findings, we examined the effects of stream buffers by sampling streams in clearcuts
�10 y old with and without buffers, streams in 2nd-growth harvest age stands, and streams in unmanaged
stands. Captures were greatest (P � 0.04) in streams in unmanaged stands, similar between buffered streams
and those in harvest age stands, and lowest in streams in clearcuts without buffers. A regression tree pro-
duced 2 terminal nodes based on consecutive hours of water temperature �14ºC. Torrent salamanders were
present in 90% of streams with �35 consecutive hours at 14ºC and 13% of streams with �35 consecutive
hours at 14ºC. These studies indicate that Cascade torrent salamanders are negatively impacted by regen-
eration harvest when streams are not buffered, recover within 25 y, and stream buffers ameliorate harvest
impacts. However, water temperature plays a stronger role in Cascade torrent salamander abundance and
distribution and water temperature is independent of forest practices.

THE AMERICAN ENDANGERED SPECIES ACT AND THE CANADIAN SPECIES AT
RISK ACT: LESSONS FROM ACROSS THE BORDER? BRENT M MATSUDA, Hyla
Environmental Consulting Associates 1352 Drake Drive, Unit D, Davis, California 95616; 984
West Broadway, Box 53510, Vancouver, British Columbia V5Z 1K0; brent�matsuda@yahoo.ca.

In March 2003, Canada’s Species at Risk Act (SARA) came into effect, with the last phases implemented
on June 1, 2004. While the United States (US) has had the Endangered Species Act (ESA) in effect since 1973,
it has taken Canada several years to develop and approve a modest equivalent. Industry and other parties
have been recalcitrant towards SARA due to perceived and real economic hardships as a result of ESA en-
forcement. A lengthy and costly process occurs in the US for approving projects potentially impacting threat-
ened or endangered species and habitats, with stringent regulations applicable nationwide. While aspects
are modeled on the ESA (for example, critical habitat designation), SARA only applies to federal lands. Other
differences include habitat stewardship initiatives for private landowners, and priority enforcement through
the provinces and territories to protect listed species, with an override for the federal government to act if a
species or habitat is considered inadequately protected. To minimize lawsuits and political influence, the
Canadian government relies on COSEWIC, a non-governmental, expert advisory group to SARA, to advise
on issues pertaining to species at risk, including classification criteria, species status reports, and reports on
the administration of SARA. The pros and cons of both Acts will be compared and contrasted to highlight
practical and-or potential pitfalls and how the 2 Acts can stand to benefit from one another in application.
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TYPE N EXPERIMENTAL (PRESCRIPTION-LEVEL) BUFFER TREATMENT STUDY.
AIMEE P MCINTYRE, MARC P HAYES, Washington Department of Fish and Wildlife, Olympia,
Washington 98502; WILLIAM J EHINGER, Washington Department of Ecology, Lacey,
Washington 98503; ROBERT E BILBY, Weyerhaeuser, Federal Way, Washington 98063; TIFFANY

L HICKS, Washington Department of Fish and Wildlife, Olympia, Washington 98502; JAMES G
MACCRACKEN, Longview Fibre Company, Longview, Washington 98632; TIMOTHY QUINN,
CASEY H RICHART, Washington Department of Fish and Wildlife, Olympia, Washington 98502;
DAVE SCHUETT-HAMES, Northwest Indian Fisheries Commission, Olympia Washington 98516;
ANDREW STORFER, Washington State University, Pullman Washington 99164;
mcintam@dfw.wa.gov.

The Type N Experimental Buffer Treatment Study will assess the effectiveness of the Forest and Fish Report
(FFR) patch buffer prescriptions along non-fishbearing (Type N) streams in western Washington. The pur-
pose of this study is to evaluate the relative effectiveness of alternative prescriptions in meeting FFR resource
goals, which include the response of stream-associated amphibians (SAAs) to differing buffer strategies. We
will compare 1 application of the FFR buffer to 2 alternative treatments (0% and 100% stream length buffered)
and an unharvested reference. Blocks of 4 treatments will be replicated 5 times for a total of 20 sites. Differ-
ences in treatments will be measured in changes of amphibian occupancy and density (target SAAs are As-
caphus, Rhyacotriton, and Dicamptodon species), water quality, primary productivity, and elements exported to
fishbearing streams (for example, invertebrates). The proposed study timeline includes 2 y of pre- and 2 y
of post-treatment data collection. The study design will enable �1 post-treatment sampling to occur 10 y
after the application of treatments. This project involves interactive cooperation among 2 state and 2 federal
agencies, 8 private landowners, and 2 Indian Nations. Site selection involves a 4-part process and includes
GIS screening of available non-fishbearing basins meeting size, elevation, gradient, and geology criteria; ac-
quisition of landowner information including stand age and projected harvest; field verification of GIS in-
formation and target amphibian presence; andverification of non-fishbearing basin size based on electro-
shocking data. Analyses will distinguish potential differences among treatments and assess the ability of
each alternative buffer prescription to maintain headwater habitat and system functions.

DEVELOPMENT AND APPLICATION OF A HABITAT SELECTION MODEL FOR
PYGMY RABBITS. JENNIFER K MEISEL, RICHARD SCHMITZ, Oregon State University,
Department of Fisheries and Wildlife, Corvallis, Oregon 97331; KELLY HOGAN, US Fish and
Wildlife Service, Hart Mountain National Antelope Refuge, Plush, Oregon 97637; HEIDI

NEWSOME, US Fish and Wildlife Service, Hanford Reach National Monument, Richland,
Washington 99354; jennifer.meisel@oregonstate.edu.

Pygmy rabbits (Brachylagus idahoensis) in Oregon and Washington are a sagebrush-obligate species of con-
cern because of declining populations and extirpation from much of their range within the western United
States. The Columbia Basin population of pygmy rabbits is currently listed as a federal and Washington State
endangered species. Efforts are underway by the Washington Department of Fish and Wildlife to establish
a captive bred population of the Columbia Basin pygmy rabbit for reintroduction into the wild. The purpose
of this study was to develop a habitat selection model based on soil and vegetation characteristics of occupied
pygmy rabbit habitat. Data were collected at Hart Mountain National Antelope Refuge in Oregon and used
to quantify local and landscape scale relationships of pygmy rabbits with their habitat. Using logistic re-
gression and Akaike’s Information Criterion to identify the best model, we determined that sagebrush height
(x̄ � 0.67m 	 0.11m [95% CI]) and soil percent sand (x̄ � 51.5% 	 2.4% [95% CI]) were the 2 habitat char-
acteristics most predictive of where active pygmy rabbit burrows are located. We then developed a GIS model
based on sagebrush height and soil percent sand. This model was applied to lands at Hanford Reach National
Monument (Monument) in Washington to determine potential areas for pygmy rabbit reintroduction. Results
from the GIS model indicate that there are approximately 25,000 acres of potential pygmy rabbit habitat on
the Monument. Data were collected on the ground within the 25,000 acres and will be used to refine results
from the GIS model.



180 NORTHWESTERN NATURALIST 87(2)

RESPIRATION CONSTRAINTS OF PACIFIC NORTHWEST FOREST-ASSOCIATED
SALAMANDERS: IMPLICATIONS FOR STREAM MANAGEMENT. LINDY MULLEN,
JASON IRWIN, R STEVEN WAGNER, Central Washington University, 400 E University Way,
Ellensburg, Washington 98926; mullenl@cwu.edu.

Rhyacotriton cascadae are primarily associated with cold, high-gradient streams in mature forests. We ex-
amined the hypothesis that reduced lungs of adults and rudimentary gills of larvae limit R. cascadae to cu-
taneous respiration in aquatic systems. Therefore, the interaction of temperature (10�C, 15�C) and oxygen
concentration (2.0 ppm, 10.0 ppm, 17.0 ppm) on aquatic respiration rates of R. cascadae was compared to
sympatrically occurring Dicamptodon tenebrosus. In addition, the respiration of R. cascadae, D. tenebrosus, Pleth-
odon dunni, and P. larselli in an open system was measured with respect to temperature (10�C, 15�C) to assess
similarities among stream and terrestrial lungless salamanders. Results indicated R. cascadae and D. tenebrosus
respond differently to dissolved oxygen content and water temperature when mass is accounted for (AN-
COVA; P � 0.01). In addition, R. cascadae demonstrated a significant interaction between temperature and
oxygen concentration (ANCOVA; P � 0.01) while D. tenebrosus did not (ANCOVA; P � 0.8). Hence, respiratory
surface area may limit the metabolic rate of R. cascadae. Open system respiration indicated no significant
differences at 10�C and 15�C (ANCOVA; P � 0.78). However, there were significant differences for respiration
rates among species (ANCOVA; P � 0.02). Specifically, R. cascadae respiration was different from plethodon-
tids based upon Tukey-Kramer comparisons, suggesting plethodontids are more dependent on buccopha-
ryngeal respiration. In sum, the delivery of oxygen to tissues in R. cascadae may be limited at higher tem-
peratures. Therefore, forest management practices that alter stream temperatures and oxygen concentration
may affect their persistence.

THE INTERNATIONAL CANOPY NETWORK: A PATHWAY OF GLOBAL
COMMUNICATION TO FOSTER FOREST CANOPY RESEARCH, EDUCATION, AND
CONSERVATION. NALINI M NADKARNI, ANNE CS FIALA, HANNAH E ANDERSON, The
Evergreen State College, Olympia, Washington 98505; canopy@evergreen.edu.

The International Canopy Network (ICAN) was created in 1994 to facilitate communication among indi-
viduals and institutions concerned with research, education, and conservation of organisms in tree crowns
and forest canopies. Prior to ICAN’s establishment, the field of canopy studies suffered from a lack of com-
munication pathways among diverse disciplines, institutions, and individual researchers. ICAN is devoted
to facilitating the continuing interaction of people concerned with forest canopies and forest ecosystems
around the world. ICAN is a non-profit organization supported by a global community of scientists, con-
servation advocates, canopy educators, and environmental professionals. Core activities of ICAN include
maintenance of an electronic mail bulletin board, circulation of a quarterly newsletter and member directory,
organization of canopy symposia, maintenance of a citations bibliographic database, and creation of instruc-
tional and outreach materials about forest canopies for children and adults.

WSDOT HIGHWAY MAINTENANCE: ENVIRONMENTAL COMPLIANCE FOR
PROTECTED TERRESTRIAL SPECIES. TRACIE O’BRIEN, MARION CAREY, Washington
State Department of Transportation, Olympia, Washington 98504-7331; BRET FORESTER,
Tacoma Power, Tacoma Public Utilities, Tacoma, Washington 98411; careym@wsdot.wa.gov.

Protected plant and wildlife species that grow, forage, nest, or roost within the Washington State Depart-
ment of Transportation (WSDOT) highway system may be susceptible to impacts from routine maintenance.
In response to maintenance personnel concerns related to the conservation of protected species and due to
the lack of existing guidance, WSDOT biologists and maintenance personnel worked together to develop this
new program. The purpose of the program is to provide maintenance personnel with resources that identify
where sensitive plant and wildlife areas are and identify best management practices that can be implemented
to minimize impacts of maintenance activities on protected terrestrial species in Washington State. The guid-
ance is in the form of a field handbook presented in a step-by-step format to facilitate use by WSDOT main-
tenance personnel. The guidance provides maps and descriptions of sensitive areas, identified by state route
and milepost. Specific species information, such as species name, nest sites, wintering sites, or locations of



AUTUMN 2006 181ABSTRACTS FROM THE 2006 ANNUAL MEETINGS

sensitive habitats, are not identified in the guidance. This project is currently being piloted with the Olympic
Region Maintenance Program. Training courses with individual maintenance sheds have provided oppor-
tunity for discussion and question and answer sessions. Biologists and maintenance personnel have had the
opportunity to work together to learn each other’s programs, perspectives, and observations and to establish
good working relationships. The Highway Maintenance Environmental Compliance Guidance for Protected
Terrestrial Species Program has helped the Maintenance Program conduct their projects in a timely fashion,
without unnecessary delays, and remain good stewards of the environment.

DIET OF THE COLUMBIA TORRENT SALAMANDER, RHYACOTRITON KEZERI :
PRELIMINARY FINDINGS. RYAN P O’DONNELL, CASEY H RICHART, MARC P HAYES,
Habitat Program, Washington Department of Fish and Wildlife, Olympia, Washington, 98501;
odonnrpo@dfw.wa.gov.

We are conducting the 1st study of the diet of the Columbia torrent salamander, Rhyacotriton kezeri. Few
studies have addressed the diet of any species in this genus and none have addressed larval diet. During
destructive sampling of 10 seeps and 10 non-seep riparian areas as part of a comparative study of sampling
methods fom 1 to 18 November 2004, we systematically collected and preserved 177 Columbia torrent sal-
amanders (including 137 larvae) from the Willapa Hills of southwest Washington. We are currently analyzing
the gastrointestinal tract contents from these animals. To date, we have quantified the contents of 41 speci-
mens, including 24 larvae, and preliminarily identified 233 prey items to the level of Order for insects and
at least Phylum but usually Class for other taxa. Larvae and post-metamorphs each contained a median of
5 prey items. For larvae, copepods (Arthropoda: Malacostraca: Maxillopoda) were the most commonly found
prey item, occurring in 46% of salamanders examined and accounting for 55% of prey items. Collembola and
larval Plecoptera, Coleoptera, and Diptera each occurred in 21 to 29% of larval salamanders and accounted
for 4 to 17% of prey items. For post-metamorphic salamanders, larval Diptera were the most common prey
item, accounting for 49% of prey and occurring in 47% of salamanders. Larval Coleoptera, adult Coleoptera,
Collembola, and Mollusca each occurred in 35 to 41% of salamanders and accounted for 4 to 8% of prey.
Analysis is ongoing, but our objective is to analyze the gastrointestinal contents of �100 salamanders from
the 177 available.

DESIGNS FOR PROTECTING AMPHIBIANS IN MANAGED HEADWATER FORESTS
IN THE US PACIFIC NORTHWEST. DEANNA H OLSON, CYNTHIA RUGGER, US
Department of Agriculture, Forest Service, Pacific Northwest Research Station, 3200 SW
Jefferson Way, Corvallis, Oregon 97331; DAVID RUNDIO, Southwest Fisheries Science Center,
National Marine Fisheries Service, 110 Shaffer Rd, Santa Cruz, California 95060; STEPHANIE J
WESSELL, US Geological Survey, 3200 SW Jefferson Way, Corvallis, Oregon 97331;
dedeolson@fs.fed.us.

Headwaters comprise the majority of US Pacific Northwest forest landscapes, and harbor a diversity of
endemic species. Thinning of young managed stands is being used on federal lands for wood production,
fuels reduction to reduce risk of severe fire, and accelerated development of late-successional forest condi-
tions. Thinning with headwater-stream riparian buffers and upslope-leave islands holds promise for species
retention. Specifically, our research examines the effects on instream, bank-dwelling, and upslope amphib-
ians of 4 riparian buffer widths (6, 15, 70, and 145 m on each side of streams) and 3 sizes of upslope leave
islands (0.1, 0.2, and 0.4 ha circular patches) within a thinned forest matrix (50 to 80 y), which reduced Doug-
las-fir stands from about 600 trees/ha (tph) to 200 tph. Instream amphibians were not affected by joint buffers
and upslope thinning in years 1 and 2 post-treatment, while some effects were seen on bank and thinned
upslope salamander species abundances. Larger leave islands retained habitats and fauna. We are tracking
stream species’ responses through year 5 post-thinning and propose to follow the study through a 2nd entry
of thinning, reducing stands to about 80 tph.
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EFFECTS OF VARIABLE-RETENTION LOGGING ON TERRESTRIAL GASTROPODS
IN SOUTHWEST BRITISH COLUMBIA. KRISTIINA OVASKA, 424 Viaduct Ave., Victoria,
British Columbia V9E2B7; LENNART SOPUCK, 1759 Colburne Place, North Saanich, British
Columbia V8L5A2; kovaska@shaw.ca.

Forest-dwelling terrestrial gastropods (slugs and snails) are potentially sensitive to disturbances to the
forest floor and changes in microclimate associated with logging. As part of Cascadia Forest Products’ (for-
merly Weyerhaeuser Company) Adaptive Management Program, we collected pre-disturbance data on the
relative abundance and species diversity of gastropods at 6 experimental sites in coniferous forests on Van-
couver Island and the mainland coast of British Columbia in 2001 to 2003. The treatments at each site con-
sisted of a clearcut, 3 variable retention treatments, and an unlogged control. Post-logging surveys were
conducted at 2 of the sites in 2005, 4 y after treatment application. At 1 site, sampling with artificial cover-
objects revealed depressed abundance for 1 species group of snails attributable to logging effects. At the other
more productive site, abundance of 10 species or groups differed among treatments and several showed de-
pressed numbers in the clearcut and lower-level retention treatments when sampled with artificial cover-
objects. However, extraction of small snails from litter samples failed to reveal differences attributable to
logging. At the 1st site, there was an overall increase and at the 2nd site a substantial decrease in the abun-
dance of small litter snails between the pre- and post-logging surveys. These preliminary results illustrate
importance of baseline data when analyzing effects of disturbances and potentially complex relationships
between relative abundance and survivorship.

ESTIMATING THE AMOUNT OF SUITABLE SPOTTED OWL HABITAT ON NON-
FEDERAL LANDS IN WASHINGTON. D JOHN PIERCE, JOSEPH B BUCHANAN, BRIAN L
COSENTINO, SHELLY SNYDER, Washington Department of Fish and Wildlife, Olympia
Washington 98501; piercdjp@dfw.wa.gov.

Forest Practices Rules for the Northern Spotted Owl (Strix occidentalis caurina) were adopted in May 1996. These
rules, which apply to nonfederal lands, established 10 landscapes, known as Spotted Owl Special Emphasis Areas
(SOSEAs), wherein proposed harvest of suitable owl habitat would receive environmental review designed to
provide a high level of protection. Under the rules, the level of habitat protection varied depending on whether
habitat was located inside an owl management circle located inside or outside of SOSEAs or whether or not habitat
lands were part of a Habitat Conservation Plan (HCP) approved by the US Fish and Wildlife Service. In the summer
of 2004, the Department of Natural Resources and WDFW entered into a cooperative agreement to gather infor-
mation, as part of the Forest Practices Board’s rule review, to assess the status and recent changes in spotted owl
habitat on state and private lands affected by the Forest Practices Rules. The results presented on this poster ad-
dress 1 of the primary objectives of this study: to estimate the amount of suitable spotted owl habitat in 2004 on
lands affected by state and private forest practices.

AN ASSESSMENT OF SPOTTED OWL HABITAT ON NON-FEDERAL LANDS IN
WASHINGTON BETWEEN 1996 AND 2004. D JOHN PIERCE, JOSEPH B BUCHANAN,
BRIAN L COSENTINO, SHELLY SNYDER, Washington Department of Fish and Wildlife, Olympia
Washington 98501; piercdjp@dfw.wa.gov.

Forest Practices Rules for the northern spotted owl (Strix occidentalis caurina) were adopted for non-federal lands
in Washington State in May 1996. These rules established 10 landscapes, known as spotted owl Special Emphasis
Areas (SOSEAs), where proposed harvest of suitable owl habitat would receive environmental review designed
to provide a high level of protection. In 2004 we undertook this study to gather information that could be used
by the Forest Practices Board as part of a review of the spotted owl rules. We estimated that 330,346 ha of suitable
spotted owl habitat existed on all lands within our study area (1,208,735 ha) in 2004. Most of the habitat (56%)
occurred on federal lands and lesser amounts on state-local lands (21%), private lands (22%), and tribal lands
(1%). An estimated 22,824 ha of habitat were harvested from 1996 to 2004. Most of the harvested spotted owl
habitat was on private (77%) and state-local (15%) lands. We estimated that 6% (95% CI � 5% to 8%) of the max-
imum potential amount of habitat in 2004 was harvested during the 9 y following rule adoption in 1996; values
on the study area ranged from 4% in the Olympics to 32% in southwestern Washington. We recommend that long-
term landscape plans be encouraged and that a spatially explicit spotted owl habitat map be developed for the
areas affected by the state Forest Practices Rules.
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A PROPOSAL FOR MONITORING WASHINGTON’S BIODIVERSITY USING CITIZEN
SCIENCE. D JOHN PIERCE, Washington Department of Fish and Wildlife, Olympia,
Washington 98501; KAREN M DVORNICH, University of Washington School of Aquatic
Sciences, Seattle, Washington 98195; MARGARET TUDOR, Washington Department of Fish and
Wildlife, Olympia, Washington 98501; piercdjp@dfw.wa.gov.

In 2004, Governor Locke established the Washington Biodiversity Council to develop and promote more
effective ways of conserving the biodiversity in Washington. At the same time the Governor’s performance
agreement with the Washington Department of Fish and Wildlife included the establishment of a Biodiversity
Index for the state. In order to meet the expectations of the Governor and needs of the Biodiversity Council,
we need help. We believe that citizen science is not just a nice idea that should be considered as an optional
strategy for conservation. It must be a requirement. The design, development, and integration of an organized
Citizen Science Network into the monitoring strategy of all Comprehensive Wildlife Conservation Strategies
is the only way we are going to achieve the long-term goals for conservation and biodiversity. We propose
establishment of a Citizen Science network, organized according to Ecoregions in the state. The foundation
of the network will be K-20 Schools, and non-governmental organizations. Volunteer adults, teachers, parents,
and students will be charged with collecting biodiversity data using NatureMapping techniques according
to scientifically designed protocols and plot locations. These data will be coupled with agency and other
professionally collected data to create a simple biodiversity index.

CHEMOSENSORY RESPONSE TO PREY ODORS IN THE MASKED SHREW. FRED

PUNZO, University of Tampa, Tampa, Florida 33606; fpunzo@ut.edu.

Laboratory choice tests were conducted in an arena to test the responses of naive shrews (Sorex cinereus)
to prey odors (cricket: Acheta domesticus). One end of the arena floor was divided into 3 equal sections and
covered with paper that contained odor cues from crickets, a neutral (non-prey) odor (cologne), or tap water
(control). Position of papers was randomly assigned for each trial. Shrews spent a significantly greater mean
proportion of their time on cricket-conditioned paper (15.8 sec) compared to that spent on paper treated with
cologne (5.7 sec) or water (6.1 sec). This represents the 1st demonstration for the innate ability of a shrew to
detect chemosensory cues associated with a naturally occurring prey species. The potential impact of this
capability on patch residence time and shrew foraging patterns is discussed.

FORAGING ECOLOGY OF PILEATED WOODPECKERS IN COASTAL FORESTS OF
WASHINGTON. CATHERINE M RALEY, KEITH B AUBRY, USDA Forest Service, Pacific
Northwest Research Station, Olympia, Washington 98512; craley@fs.fed.us.

In the Pacific Northwest, providing adequate habitat for pileated woodpeckers (Dryocopus pileatus) has been
a key component of federal forest management strategies for �20 y. Although their nesting and roosting
ecology has been well studied, information on their foraging ecology is limited. From 1990 to 1995, we stud-
ied food habitats of pileated woodpeckers in coastal forests (with scat analysis), investigated selection of
forest structures used by pileated woodpeckers for foraging, and estimated the relative abundance of car-
penter ants (Camponotus spp.; their primary prey) associated with logs and cut stumps. Pileated woodpeckers
primarily consumed carpenter ants, but round-headed beetle larvae (Coleoptera, Cerambycidae) and damp-
wood termites (Isoptera, Hodotermitidae) were important food items during the breeding season (March to
June). Selection of foraging structures was related to wood characteristics and microsite conditions that in-
fluence the presence and abundance of arthropod prey. Pileated woodpeckers foraged almost exclusively
(95%) on standing structures and selected tall, large-diameter snags in early to moderate stages of decay.
Contrary to previous studies, pileated woodpeckers rarely (2%) foraged on logs. Carpenter ants were scarce
at logs in closed-canopy habitats, suggesting that in coastal forests, logs are too cool and wet to support
abundant populations of carpenter ants.
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POST TIMBER HARVEST SMALL MAMMAL RESPONSE TO RETAINED COARSE
WOODY DEBRIS. CLAUDINE R REYNOLDS, Green Diamond Resource Company, Shelton,
Washington, 98584; creynolds@greendiamond.com.

For the purpose of providing wildlife habitat, the Green Diamond Resource Company Habitat Conservation
Plan (HCP) requires retention of 2 pieces of coarse woody debris (CWD) (volume �100 bf) on each harvested acre
of managed timberland. To examine the use of CWD by small mammals, we designed a study to track small
mammal occurrence at 4 levels of retention. The study will track small mammal populations from the time of
harvest (2005) to canopy closure (about 15 y). Treatments consist of 1) HCP prescription–removal of all wood
except two 100-bf logs/acre, 2) piled wood–3 m radius � 1 m high equaling 200 bf, 3) residual legacy wood–all
material was removed except unsalvageable or decayed residual material, and 4) control–amount of wood left
following normal harvest operations (including HCP and residual levels). Each treatment block was about 0.4 ha.
Three replications of each treatment were installed within the harvest unit. Within each plot, 10 baited Sherman
traps were used to capture animals (120 total traps). Trapping was conducted for 15 nights during the month of
August. We examined the abundance and species diversity of small mammals found on each treatment. Prelim-
inary results indicate no significant difference (P � 0.385, Kruskal-Wallis) in abundance of small mammals be-
tween woody debris retention levels. The unit was planted with 1000 stems of Douglas-fir/ha in 2006. Vegetation
reestablishment will be measured and used as a dependant variable in future analysis. The long-term results of
this study may help to guide woody debris retention management.

WASHINGTON TERRESTRIAL SLUGS AND SNAILS. CASEY H RICHART, MARC P
HAYES, Washington Department of Fish and Wildlife, Olympia Washington 98501; WILLIAM P
LEONARD, Washington State Department of Transportation, Olympia Washington 98501;
richachr@dfw.wa.gov.

Terrestrial gastropods are an important but often unrecognized component of ecosystems in Washington
State. Washington State currently harbors 106 recognized species of terrestrial gastropods that represent 3
orders, 25 families, and 50 genera. Of this assemblage, 76 species (21 families, 40 genera) possess clearly
visible shells (termed snails); the remaining 30 species (5 families, 11 genera) lack significant shell devel-
opment (termed slugs). Eighty-two species (66 snails, 16 slugs) representing 3 orders, 20 families, and 36
genera are native; the remaining 24 species (10 snails, 14 slugs) representing 1 order, 8 families, and 11 genera
are exotic. Microsnails (�5 mm in diameter) have been recorded in western forests at densities up to
38,690,000 individuals/ha. Up to 27 terrestrial species have been located within 1 km2. Terrestrial gastropods
are nearly ubiquitous, occurring in nearly every terrestrial habitat in Washington. They represent critical
elements of terrestrial food webs and are well represented in the detritivore-based webs of Pacific Northwest
forests. Of the 82 native species in Washington State, �52 include detritus as part of their diet, 43 graze living
vegetation, 19 are known to eat fungi, and 7 eat or occasionally eat other slugs and snails. Moreover, terres-
trial gastropods are known prey for snakes, salamanders, frogs, many birds and mammals, and beetles. Some
species, like the northwestern garter snake (Thamophis ordinoides), the sharp-tailed snake (Contia tenuis), and
snail-eating beetles (Scaphinotus), are near-obligate molluscivores. Terrestrial gastropods also contribute to
the dispersal of fungal spores and mycelia and the seeds of selected plants; and may provide other ecosystem
services. This presentation will summarize terrestrial gastropod biology and highlight the diverse oppor-
tunities existing for their study in the Pacific Northwest.

DENSITY AND POPULATION SIZE ESTIMATES FOR NORTH CASCADE GRIZZLY
BEARS USING DNA HAIR-SAMPLING TECHNIQUES. KIMBERLY ROMAIN, Washington
Department of Fish and Wildlife, Winthrop, Washington 98862; ROBERT WIELGUS, Department
of Natural Resource Sciences, Washington State University, Pullman, Washington 99164-6410;
WAYNE KASWORM, US Fish and Wildlife Service, Libby, Montana 59923; LISETTE WAITS,
University of Idaho, Conservation of Natural Resources, Moscow, ID 83844-1136; MATT

AUSTIN, British Columbia Ministry of Parks and Environment, Victoria, British Columbia
V8W9M4; WAYNE WAKKINNEN, Idaho Department of Fish and Game, Bonners Ferry, ID
83805; romaikar@dfw.wa.gov.

We used non-invasive DNA hair-sampling methods to detect bears and obtain density and population
estimates for a threatened grizzly bear (Ursus arctos) population in the North Cascade Ecosystem of
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Washington and British Columbia. One grizzly bear was detected during 5304 trap nights �3 y in the
North Cascades. We used the same hair-sampling techniques in 2 other threatened grizzly bear popu-
lations in the Cabinet-Yaak Ecosystem of Montana and British Columbia and the Selkirk Mountain Eco-
system of northern Idaho. We calculated catch-per-unit-effort (grizzly bears detected/1000 trap nights)
for these threatened and 5 other grizzly bear populations. We used linear, logistic, and linear-through-
the-origin regression analyses to determine the relationship between catch-per-unit-effort and grizzly
bear density to predict the relative density and absolute number of bears in our North Cascade study
area. Natural recovery seems unlikely for the North Cascade grizzly bear population, and the population
has a high likelihood of extinction if subjected to demographic and environmental stochastic effects.
While it is extremely difficult to detect a very small population of animals in an expansive ecosystem,
DNA hair-sampling and catch-per-unit-effort models can be a useful method to evaluate relative den-
sities and numbers of animals in threatened grizzly bear populations.

DATABASE STEWARDSHIP: MANAGING WASHINGTON’S WILDLIFE DATA. LORI

SALZER, Washington Department of Fish and Wildlife, Olympia, Washington 98506; TOM

OWENS, Washington Department of Fish and Wildlife, Spokane, Washington 99216; JANE

JENKERSON, GRETCHEN BLATZ, Washington Department of Fish and Wildlife, Olympia,
Washington 98506; salzeljs@dfw.wa.gov.

Washington Department of Fish and Wildlife (WDFW) has been managing wildlife data in Washington for
�25 y. WDFW serves as a central repository for wildlife data and maintains several spatial datasets that
include information on species location, abundance, distribution, and breeding chronology. WDFW solicits,
collects and interprets information on species and their habitats and uses and distributes information to help
preserve the diverse wildlife and ecosystems found in Washington State. WDFW maintains datasets on breed-
ing and non-breeding locations and information on survey effort, site occupancy, and site productivity are
also recorded for selected species. These data, collected by WDFW, other state and federal agencies, non-
governmental organizations, and private citizens provide a broad range of information on �250 threatened,
endangered, and priority species comprised of 140,000 unique georeferenced locations, 23,000 non-detection
surveys, and �40,000 site visits. Species status reports, recovery plans, briefing reports, annual survey re-
ports, Priority Habitats and Species (PHS) digital data and maps, and numerous other products generated
from these data are available to researchers, landowners, land managers, and others interested in the con-
servation and management of wildlife.

WASHINGTON’S COMPREHENSIVE WILDLIFE CONSERVATION STRATEGY. CHRIS

L SATO, Washington Department of Fish & Wildlife, Olympia, Washington 98504; JOE E LA

TOURRETTE, La Tourrette & Associates, Olympia, Washington 98501; ROCKY J BEACH,
Washington Department of Fish & Wildlife, Olympia, Washington 98504; beachrjb@dfw.wa.gov.

In 2000, Congress established a new Wildlife Conservation and Restoration Program to help state and
tribal wildlife agencies address the unmet needs of wildlife and associated habitats for conservation,
education, and wildlife-associated recreation. To be eligible for these federal grants, each state was re-
quired to develop a Comprehensive Wildlife Conservation Strategy to be submitted to the US Fish and
Wildlife Service by October 2005. The Washington Department of Fish and Wildlife is currently begin-
ning implementation of its Comprehensive Wildlife Conservation Strategy in partnership with other
governmental and nongovernmental organizations to create a dynamic vision that will ensure the pro-
tection of Washington’s wildlife species and habitats in greatest need of conservation. The statewide
strategy is a landscape-based document that addresses the full array of the state’s fish and wildlife, with
a focus on species and habitats in greatest need of conservation. In developing the plan, the Department
incorporated information from past and ongoing inventory and planning efforts and based its structure
on ecoregional conservation assessments.
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CHARACTERISTICS OF NORTHERN SPOTTED OWL AND BARRED OWL
TERRITORIES IN MOUNT RAINIER NATIONAL PARK. JIM SCHABERL, Mount Rainier
National Park, Ashford, Washington 98304; DALE HERTER, Raedeke Associates, Inc., Seattle,
Washington 98115; ELLEN MYERS, DARIN SWINNEY, Mount Rainier National Park, Ashford,
Washington 98304; Jim�Schaberl@nps.gov.

The expanding barred owl (Strix varia) population has been implicated as 1 of the key factors influencing
recent declines in northern spotted owl (Strix occidentalis caurina) populations. An increasing number of stud-
ies are underway to evaluate the effects of competition, niche partitioning, and habitat use between the 2
species. Much of the habitat in Mount Rainier National Park is old-growth Douglas-fir, hemlock, and true fir
forests where barred owls were 1st documented in the early 1980s. We examined territories of northern spot-
ted owls and barred owls for vegetation and physical attributes by using data primarily gained from spotted
owl demographic and compliance surveys conducted since 1997. Although we did not specifically survey for
barred owls, we developed similar territory criteria for both species. Some data were collected as far back as
the mid-1980s. We completed GIS analyses of vegetation at owl sites to compare forest community type,
canopy cover, DBH, and forest age. We also compared site elevation, slope, aspect, distance to water, and
other physical attributes for each site. We compared 29 spotted owl with �33 barred owl territories and
discuss differences between published literature and our findings.

LANDSCAPE PLANNING FOR WASHINGTON STATE’S WILDLIFE: MANAGING
FOR BIODIVERSITY IN DEVELOPING AREAS. JOANNE P SCHUETT-HAMES, ERIK A
NEATHERLIN, Washington Department of Fish and Wildlife, Olympia, Washington 98501; JEFF

M AZERRAD, Washington Department of Fish and Wildlife, Vancouver, Washington 98661;
TIFFANY L HICKS, JOHN E JACOBSON, Washington Department of Fish and Wildlife, Olympia,
Washington 98501; MICHELLE J TIRHI, Washington Department of Fish and Wildlife, Kent,
Washington 98032; GEORGE F WILHERE, Washington Department of Fish and Wildlife,
Olympia, Washington 98501; schuejps@dfw.wa.gov.

As Washington State absorbs 1.6 million people in the coming decades, where and how residential devel-
opment occurs will determine the fate of many wildlife species. Most local governments address habitat pro-
tection through critical area ordinances (CAOs) which effect site-level projects and are invoked only when
issuing project permits. Although CAOs require some protective measures, such as stream buffers and up-
land habitat retention, which species will actually persist is poorly understood. To get beyond site-scale,
short-term thinking, the Washington Department of Fish and Wildlife is developing a guidance document
to help land-use planners evaluate which species may be lost or retained in response to different types and
intensities of development. This document is based on an extensive literature review coupled with input from
teams of scientists and land-use planning experts. Residential development is considered at 3 spatial scales.
First, county-wide recommendations help planners determine important areas for retaining habitat and
maintaining connectivity. Second, at a mid-scale, areas are evaluated for landscape metrics (for example,
patch size) that indicate how well an area may support various species. The 3rd scale addresses individual
developments and describes actions (for example, retention of amphibian upland active season habitat) to
minimize impacts to wildlife. We anticipate this approach will promote ‘‘smart growth’’ by facilitating land-
scape-level planning and providing a better understanding of how residential development may impact wild-
life.

MISTLETOES AND WILDLIFE IN THE PACIFIC NORTHWEST: A REVIEW. DAVID C
SHAW, Department of Forest Science, Oregon State University, Corvallis, Oregon 97331;
dave.shaw@oregonstate.edu.

There are 2 groups of perennial hemiparasitic mistletoes (Family Viscaceae) in the Pacific Northwest, the
leafy mistletoes (Phoradendron spp.) associated with oaks, junipers and incense cedar, and the dwarf mistle-
toes (Arceuthobium spp.) associated with trees in the Pinaceae. The relationship between mistletoes and wild-
life is complex and differs between these 2 groups. The leafy mistletoes are shrubs that can attain large size
(1 m or more tall) and depend on birds to disperse the seed, which is in a berry on the female plant. Leafy
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mistletoes do not cause deformation of the tree stem, although swellings can form, and may be associated
with heartrot in later stages of development. Leafy mistletoe berries may be an important fall food source
for some birds, but much is to be learned in the PNW. Dwarf mistletoes have leaves that are reduced to scale-
like appendages, and the plants are usually small (�10 cm tall). The plant does not depend on the aerial
shoot for survival and is considered ‘‘more’’ parasitic on the tree. Many dwarf mistletoes cause serious de-
formation of the tree and create complex structures such as witches brooms (dense clusters of branches). Birds
and mammals use witches brooms for nesting, roosting, and shelter. The berries are not thought to be im-
portant wildlife food, although the shoots are eaten by some mammals. Dwarf mistletoes have explosively
discharged seeds, which is the primary mechanism for local dispersal. However there is evidence that animals
provide long distance dispersal of seed.

MODELING AND MAPPING GREATER SAGE-GROUSE REPRODUCTIVE HABITAT
AT THE LANDSCAPE LEVEL. JAY F SHEPHERD, KERRY P REESE, Department of Fish and
Wildlife, College of Natural Resources, University of Idaho, Moscow, ID 83844; JOHN W
CONNELLY, Idaho Department of Fish and Game, 1345 Barton Road, Pocatello, ID, 83204;
shep9737@uidaho.edu.

Probable causes of greater sage-grouse (Centrocercus urophasianus) declines include various forms of habitat
degradation, reduction, and fragmentation. Prescribed and natural fire, exotic plant invasions, mechanical or
chemical treatments, and conversion to agricultural use has fragmented shrub steppe habitat. Many studies
have attempted to understand microhabitat-level habitat use by sage-grouse, yet at larger scales the use of
habitat has been studied much less and with limited methods. Our objectives were to quantify greater sage-
grouse reproductive habitat use at the landscape level. We used remotely sensed vegetation data to obtain
landscape variables that measure habitat composition and heterogeneity. Landscape-level variables were ob-
tained at several extents, including 150 and 450 m buffered sage-grouse locations, and 70% fixed-kernel home
ranges. Using non-correlated landscape metrics, we explain nest and brood rearing success at various extents.
The models were used in conjunction with discriminant analysis and other methods to map potential re-
productive habitat at the 150- and 450-m extents within a variety of study areas and jurisdictional boundaries.
There is an increased need for the development of empirical methods using remotely sensed data to under-
stand habitat issues at the landscape level.

NUTRITIONAL REQUIREMENTS AND DIET CHOICES OF THE PYGMY RABBIT: A
SAGEBRUSH SPECIALIST. LISA A SHIPLEY, TARA B DAVILA, NICOLE J THINES, BECKY A
ELIAS, Washington State University, Pullman, Washington 99164-6410; Shipley@wsu.edu.

Big sagebrush (Artemisia tridentata) comprises up to 99% of the winter and 50% of the summer diets of
pygmy rabbits (Brachylagus idahoensis), despite its high concentrations of monoterpenes. Few animals spe-
cialize on plants like sagebrush that contain high levels of toxic plant chemicals. We investigated the nutri-
tional requirements of pygmy rabbits and their consumption of sagebrush alone and as part of a mixed diet.
We compared diet choices of pygmy rabbits with that of a generalist forager, the eastern cottontail (Sylvilagus
floridanus). Pygmy rabbits had a moderately low nitrogen requirement (338.5 mg N/kg 75/d) , but a relatively
high energy requirement, needing 471.7 KJ digestible energy/d to maintain their body mass. They digested
fiber similarly to other small hindgut fermenters, but both rabbit species digested the fiber in sagebrush
better than expected based on its indigestible lignin component. Pygmy rabbits consumed more sagebrush
than cottontails, regardless of the amount and nutritional quality of supplemental pellets provided. When
consuming sagebrush alone, pygmy rabbits ate barely enough to meet their energy requirements, whereas
cottontails ate only enough to meet 67% of theirs. Both rabbit species ate more sagebrush as the quality and
quantity of supplemental pellets declined, and they selected sagebrush grown in the greenhouse over that
grown outside. Urine became more acidic as the amount of sagebrush in the diet increased, indicating de-
toxification by the liver. Pygmy rabbits do not require sagebrush to survive, but seem to have a greater ca-
pacity to avoid or detoxify monoterpenes in the sagebrush they eat than do cottontails.
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BARRED OWL MOVEMENTS IN EASTERN WASHINGTON. PETER SINGLETON, SCOTT

GRAHAM, USDA Forest Service, PNW Research Station, 1133 N Western Ave., Wenatchee,
Washington 98801; WILLIAM GAINES, USDA Forest Service, Okanogan and Wenatchee
National Forests, 215 Melody Lane, Wenatchee Washington, 98801; JOHN LEHMKUHL, USDA
Forest Service, PNW Research Station, 1133 N. Western Ave., Wenatchee, Washington 98801;
psingleton@fs.fed.us.

Movements of radio-tagged barred owls (Strix varia) have been monitored from April 2004 to March 2006
to study barred owl ecology in fire-prone forests. Our study area encompasses 30,900 ha of dry to mesic
mixed conifer forest in the Wenatchee River Ranger District, Wenatchee National Forest. Call surveys for
barred owls in our study area identified 18 barred owl pair sites. Seasonal (summer–1 March to 30 September
or winter–1 October to 28 February) home ranges have been documented through radiotelemetry at 11 of the
18 pair sites. Mean minimum convex polygon home range size was 223 ha for summer 2004 (n � 4), 282 ha
for winter 2004 to 2005 (n � 5), 197 ha for summer 2005 (n � 11), and approximately 445 ha for winter 2005
to 2006 (n � 7, data to January 27, 2006). We will include a brief discussion of preliminary findings from
habitat analysis in this presentation.

FUNCTIONAL SALAMANDER PHEROMONE CAN BE ARTIFICIALLY PRODUCED.
STACEY SMITH, Department of Zoology, Oregon State University, Corvallis, Oregon 97331;
LYNNE HOUCK, Department of Zoology, Oregon State University, Corvallis, Oregon 97331;
RICHARD WATTS, Department of Zoology, Oregon State University, Corvallis, Oregon 97331;
STEVAN J. ARNOLD, Department of Zoology, Oregon State University, Corvallis, Oregon
97331; KATHLEEN BOWEN, Department of Biochemistry and Molecular Biology, University of
Louisville School of Medicine, Louisville, KY 402922; PAMELA FELDHOFF, Department of
Biochemistry and Molecular Biology, University of Louisville School of Medicine, Louisville, KY
402922; RICHARD FELDHOFF, Department of Biochemistry and Molecular Biology, University
of Louisville School of Medicine, Louisville, KY 402922 ; houckl@science.oregonstate.edu

Survival and reproduction in nature depend on communication, whether it be visual, vocal, or chemical.
One chemical signal used by plethodontid salamanders is a protein pheromone produced by males that in-
creases female sexual receptivity. This pheromone is termed Plethodontid Receptivity Factor (PRF). Recently,
the development of a bacterial expression system has allowed the artificial production of PRF. This recom-
binant version of PRF has been designated rPRF. Although both the natural and the recombinant pheromone
have identical amino acid sequences, this does not guarantee the protein folding into a native conformation
that is biologically active. To test the functionality of rPRF, courtship opportunities were staged between
multiple male-female pairs during the month of September (the usual mating season). Each pair was ran-
domly assigned either the rPRF or saline (control) treatment. Female receptivity was determined according
to courtship duration, defined as the time between the start of tail-straddling walk and spermatophore de-
position. We found that rPRF significantly reduced the duration of courtship. Data indicate that rPRF pro-
duced in a bacterial expression system is folded into a functional protein that maintains biological activity.
This result allows us to use rPRF in subsequent experiments in which pheromone purity and the precise
protein concentration are important variables.

RESTORING FIRE IN LAVA BEDS NATIONAL MONUMENT, CALIFORNIA: SHORT-
TERM EFFECTS OF PRESCRIBED FIRE ON BIRD DIVERSITY AND ABUNDANCE.
JAIME L STEPHENS, JOHN D ALEXAMDER, Klamath Bird Observatory, Ashland, Oregon,
97520; MARY C RASMUSSEN, Grand Canyon National Park, Grand Canyon, AZ, 86023;
NATHANIEL E SEAVY, Department of Zoology, University of Florida, Gainesville, FL 32611-
8525; jlh@klamathbird.org.

In an effort to restore natural disturbance regimes to Lava Beds National Monument in northern California,
the National Park Service has implemented a prescribed fire program. In 2003, the ‘‘South Boundary’’ pre-
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scribed fire burned 570 ha of the monument. To evaluate the effects of this prescribed fire on shrub-steppe
bird communities, we collected data on bird abundance in the fall (1 y pre-fire and 2 y post-fire) and spring
(2 y post-fire). There was no evidence that prescribed fire influenced the average number of bird species
detected per station in both the spring and fall. Nor was there an effect on the total number of species detected
in burned and unburned areas during spring. During fall, more species were observed on the burned area
in both years following the fire than the year before the fire. There was no evidence that any species were
more or less common at burned stations than at unburned stations during the 1st spring after the fire. How-
ever, in the 2nd year after the fire, rock wrens (Salpinctes obsoletus) and Brewer’s blackbirds (Euphagus cyan-
ocephalus) were more common at the burned stations. In the fall, dark-eyed juncos (Junco hyemalis) were more
abundant at burned stations during both years after the fire. These results suggest that prescribed fire in Lava
Beds National Monument has created conditions favored by bird species that are characteristic of early suc-
cessional conditions created by natural disturbances.

STUDYING PRESCRIBED FIRE IN RIPARIAN AREAS OF SOUTHWEST OREGON:
PROJECT HURDLES AND LESSONS LEARNED. JEFFREY T STEPHENS, Bureau of Land
Management, Medford, Oregon 97504; jeff�stephens@or.blm.gov.

In 2005 the Medford District BLM treated �20,000 target acres for fuels reduction. These fuels-reduction
projects avoided riparian areas due to the threat of litigation and the perception that these areas are sensitive
to any type of treatment. This has resulted in stringers of vegetated corridors along stream channels that are
susceptible to fire and may carry fire into untreated upland areas. Data is not available to justify either in-
clusion or exclusion of riparian areas in fuels-treatment projects within southwest Oregon. The Applegate
Valley has a high frequency, low intensity fire regime, and historically these riparian areas have burned. The
Medford BLM, in collaboration with USGS and Klamath Bird Observatory, submitted a successful Joint Fire
Science Program proposal to study the effects of treatments in these riparian areas. With such a prominent
fuels program, the group felt there would be ample areas to implement the study. Little did we know the
hurdles and roadblocks to come. The study team has been in the process of site selection since early Septem-
ber and faced a number of obstacles, including unsold timber sales, changing legislation, and protected sites
to name a few.

EFFECTS OF FOOD AVAILABILITY ON THE DISPLAY OF DOMINANT BEHAVIOR
AND ENFORCEMENT OF GROUP HIERARCHY IN CANIS LUPUS. DAVID P STILES,
The Evergreen State College, PO Box 60334, Olympia, Washington 98505;
stidav22@evergreen.edu.

During the spring and winter of 2005 and winter of 2006, I observed captive wolves (Canis lupus) at North-
west Trek (NWT) and free-ranging wolves at Yellowstone National Park (YNP) to determine whether food
availability had any effect on group dynamics. I focused on 2 elements: the display of dominant or aggressive
behavior and the enforcement of pack hierarchy. Food in the form of dry kibble was available continuously
at NWT, whereas wild wolves in YNP were required to hunt for food. I observed dominant or aggressive
behavior only in the captive wolves. Free-ranging wolves were not seen to display dominant or aggressive
behavior towards pack mates, although submissive behavior was documented.

THE GLOBAL DECLINE OF AMPHIBIANS: CURRENT TRENDS AND FUTURE
PROSPECTS. SIMON N STUART, JANICE C CHANSON, NEILA A COX, IUCN/SSC–CI/CABS
Biodiversity Assessment Initiative, Center for Applied Biodiversity Science, Conservation
International, 1919 M Street NW, Suite 600, Washington, DC 20036; BRUCE E YOUNG,
Natureserve, apartado 75-5655, Monteverde, Puntarenas, Costa Rica; ROBIN D MOORE,
Conservation International, 1919 M Street NW, Suite 600, Washington, DC 20036;
rdmoore@ci.conservation.org.

Over 520 herpetologists contributed to a study concluded in 2004, which showed that amphibians are much
more threatened and are declining much more seriously than either birds or mammals. Almost ⅓ of am-
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phibian species are at elevated risk of extinction, and the number of species of the edge of extinction has
almost doubled since 1980. Between 9 and 129 species have become extinct since 1980. There are 3 major
causes of recent amphibian declines: a) extensive habitat loss, especially in tropical rainforests; b) over har-
vesting by humans; and c) poorly explained declines (probably mostly due to disease, perhaps exacerbated
by climate change). The 3rd of these types of decline has become the most serious in terms of driving species
rapidly towards extinction. At present, these poorly explained declines have been confined mainly to the
Americas and Australia, but there are recent signs that they are spreading, for example in Africa, Europe,
and New Zealand. New techniques are necessary to contain these declines, otherwise hundreds amphibian
species could become extinct in the next few decades.

THE EVERGREEN ECOLOGICAL OBSERVATION NETWORK (EEON). ALISON R
STYRING, DYLAN FISCHER, CARRIE LEROY, PAUL PRYZBYLOWICZ, The Evergreen State
College, 2700 Evergreen Parkway NW, Olympia, Washington 98505; styringa@evergreen.edu.

In January 2006, ecological monitoring efforts began on about 850 acres of forest on The Evergreen State
College Campus in Olympia, Washington. The goal of this project were to establish a framework for long-
term ecological monitoring and to collect baseline information on forest structure and animal communities
found on The Evergreen State College campus. This framework will provide the opportunity for Evergreen
faculty to engage students in field research through long-term monitoring and short-term research projects.
Students have been involved in this project since winter 2006. They have worked in the field to establish plots
and collect data and have integrated field data into GIS. This winter, 17 students conducted research projects
in the forests on The Evergreen State College campus, 10 of which focused on EEON plots. This poster high-
lights results from several student and faculty projects and outlines the uses, methodologies, future plans of
EEON.

VARIATIONS IN FISH SPAWNING-FLOW TIMING IN WASHINGTON DESERT
STREAMS OF THE MID-COLUMBIA. ROBERT L VADAS JR, Washington Department of
Fish and Wildlife, Habitat Program, 600 Capitol Way N, Olympia, Washington 98501-1091;
vadasrlv@dfw.wa.gov.

During 2003 to 2005, collaborative spawning surveys via redd, adult, and-or carcass counts were carried
out on several Douglas County, Washington, desert streams to assess spawning periodicity relative to flow
and temperature conditions for steelhead-rainbow trout (Oncorhynchus mykiss) and Catostomus suckers. Rain-
bow trout spawning timing differed among these various streams; warmer streams and stream sections re-
sulting from groundwater quantity or quality differences showed earlier spawning. These differences in
spawning periodicity among streams (late winter to mid-summer) correspond with differences in timing of
appearance of emergent trout fry. Although literature indicates that rainbow trout have a wide periodicity
for spawn timing, much of this variation is associated with large-scale geographic variation rather than the
smaller-scale variation seen here. This study revealed spawning temperatures of 1) 10 to 16ºC (midpoint
13ºC) for rainbow trout, based on spatiotemporally averaged temperatures (SATs) when possible-incipient
and probable-definite (PD) redds were found; 2) 8 to 15ºC (midpoint 11.5ºC) for steelhead, based on SATs
when PD redds, adults, and carcasses were found; and 3) 12.5 to 15ºC (midpoint 13.75ºC) for Catostomus
suckers, based on SATs when adults were found. These results suggest that spawning occurs at somewhat
colder temperatures for steelhead than resident fishes or for Foster Creek than more-southern streams. This
information will be used to develop habitat-suitability models to estimate optimal-spawning temperatures
for these 3 fish taxa, which should be useful for estimating spawning periodicity for flow-setting elsewhere
on the arid, east side of the mid-Columbia and in upper Columbia River tributaries above Grand Coulee
Dam.

MANAGING WILDLIFE ON BRIDGES. SHARON A VECHT, MARION CAREY, Washington
State Department of Transportation, Olympia, Washington 98504-7331; careym@wsdot.wa.gov.

The Washington State Department of Transportation’s (WSDOT) bridges are inhabited by wildlife species
that are protected by state and federal wildlife regulations. Notably peregrine falcons have taken-up resi-
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dence on several WSDOT bridges in the past decade, and the largest pelagic cormorant nesting colony in the
state occurs on a WSDOT bridge. WSDOT is charged with maintaining safety on �3000 bridges and deliv-
ering bridge maintenance and repair projects in a cost effective and environmentally responsible manner.
Potential conflicts between wildlife and bridge inspection, maintenance, and construction activities occur
due to overlap of wildlife breeding seasons with these activities. WSDOT manages wildlife that inhabits state
bridges to avoid or minimize impacts on wildlife while necessary maintenance and repairs are conducted.
Wildlife impacts are avoided by tracking species that inhabit state bridges, providing training to bridge work-
ers, and implementing conservation measures. For weather sensitive activities that must occur during nesting
periods and-or multi-year projects where impacts may not be entirely avoidable, a management plan is cre-
ated with state and federal agency input to address management of individual species and compliance with
wildlife regulations. Management activities can come at a high cost for projects requiring delays, long term
monitoring, nest manipulations, and rearing of birds at private facilities. WSDOT’s challenge is to effectively
protect wildlife resources while ensuring public safety and providing stewardship of public tax dollars.

POPULATION DIFFERENCES IN SURVIVAL AND PREDATION OF THE SIERRAN
GARTER SNAKE (THAMNOPHIS ELEGANS) IN NORTHEASTERN CALIFORNIA.
DONALD VON BORSTEL, Department of Zoology, Oregon State University, Corvallis, Oregon
97331; ANNE M BRONIKOWSKI, Department of Ecology, Evolution, And Organismal Biology,
Iowa State University, Ames, Iowa 50011; PAUL HOHENLOHE, Department of Zoology, Oregon
State University, Corvallis, Oregon 97331; STEVAN J ARNOLD, Department of Zoology, Oregon
State University, Corvallis, Oregon 97331; vonborsd@onid.orst.edu.

A study of demography and population structure in Thamnophis elegans has been underway for �25 y in
the vicinity of Eagle Lake, Lassen County, California. That work has identified 2 ecotypes that differ in sca-
lation, coloration, and life history. One ecotype inhabits rocky lakeshores, and the other inhabits meadows.
In the project reported here we focused on the causes of lower survivorship in lakeshore populations. To test
the hypothesis that bird predation was responsible for the ecotype difference in survival, we summarized
records of bird sightings over a 25-y period and analyzed wounds that were visible on live snakes. Several
types of wounds represented impressions of bird bills that resulted from unsuccessful predation events. We
were able to identify the species of bird predators from these bill marks. We found that the prevalence of bill
marks and wounds on the meadow population was higher than that of the lakeshore population, contrary to
our initial hypothesis. This apparent contradiction could be due to several unresolved factors, including spe-
cialized predators at the lakeshore that have a higher success rate preying on garter snakes or an increased
rate of skin shedding by lakeshore snakes that erases bill marks.

HABITAT ANALYSIS OF MOUNTAIN GOATS IN THE WASHINGTON CASCADES.
DAVID O WALLIN, ADAM G WELLS, Western Washington University, Huxley College, 516
High St., Bellingham, Washington 98225-9181; David.Wallin@wwu.edu.

Seasonal variation in habitat selection for the mountain goat (Oreamnos americanus) is not well understood
due to the difficulties of monitoring animal movement in all months of the year. The use of GPS wildlife
telemetry collars offers an opportunity to overcome this obstacle. We analyzed 2 full years of data from �40
GPS-collared mountain goats in the Washington Cascades. Our data set included �85,000 locations. Each
location was weighted to correct for known bias in GPS position acquisition rate associated with vegetation
and topography. We used a weighted logistic regression procedure with Akaike’s Information Criteria (AIC)
to choose the most parsimonious model out of an a priori selected set of models. Predictor variables were
derived from vegetation layers developed by the Interagency Vegetation Mapping Project (IVMP) and a 10-
m digital elevation model (DEM). Candidate models were developed on the basis of ecological relevance and
available GIS data. Based on previous studies, distance to escape terrain is known to be a particularly im-
portant predictor of habitat. Habitat maps were generated within a GIS to assist with future management
activities and ecological studies of Washington’s endemic mountain goat populations.
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GPS BIAS CORRECTION IN THE WASHINGTON CASCADES. ADAM G WELLS, DAVID

O WALLIN, Western Washington University, Huxley College, 516 High St., Bellingham,
Washington 98225-9181; David.Wallin@wwu.edu.

Satellite acquisition problems associated with global positioning system (GPS) wildlife telemetry collars
create an observational bias of animal locations towards areas of favorable signal reception. In order to correct
for this bias, we used logistic regression with Akaike’s Information Criteria (AIC) and a generalized esti-
mating equation (GEE) to develop a statistical model to predict GPS position acquisition rate (PAR) across
the entire Cascade Mountain Range in Washington State. Predictor variables were derived from vegetation
layers developed by the Interagency Vegetation Mapping Project (IVMP) and a 10 m digital elevation models
(DEM). GPS success in the field was sampled at 543 locations using Vectronic-Aerospace GPS collars. At each
site a collar was left in place for 24 h and programmed to log a position every 30 min. Sample sites were
selected to represent the full range of vegetation and topography that exist in our study area. Our final model
had an area under the receiver-operating curve (ROC) of 0.70. This final data layer was used with an inverse
weighting scheme to reduce the GPS observational bias in a seasonal habitat analysis of GPS collared moun-
tain goats (Oreamnos americanus) in the western Cascades of Washington.

USING CHIN SPOT PATTERNS TO IDENTIFY INDIVIDUAL MOUNTAIN YELLOW-
LEGGED FROGS. GRETA M WENGERT, MOURAD W GABRIAL, MGW Biological, Arcata,
California 95521; JAMES B BETTASO, EartHerp, Arcata, California 95521; greta@mgwbio.com.

The study of animals in the field often requires the ability to identify individuals. Numerous techniques
at marking individual animals have been developed that require extensive handling and invasive measures,
like ear tags, elastomer injections, and PIT tags. An alternative to physical alteration of study animals is the
use of natural markings for identification. Mammals that have unique pelage and skin patterns, such as some
felids, pinnipeds, juvenile cervids, and whales, are readily identified using these markings. Some of these
identification techniques have been extended to amphibians when individual identification is necessary. In
our study of mountain yellow-legged frog (Rana muscosa) movements, we photographed the chin spot pat-
terns of all captured frogs at the time of radio attachment and 3 mo later at recapture in order to test the
effectiveness of identifying individual frogs using these natural markings. Throughout the first 3 mo, ob-
servers were able to identify individual frogs based on chin spot patterns all but 1 time. Further field tests
and photo comparison trials were conducted with similar results, though definite changes in certain aspects
of spot patterns were apparent. Although this method of individual identification requires animal handling,
it is a reliable alternative to other animal-marking techniques.

BRIGHT COLORATION IN THE SILVER SURFPERCH, HYPERPROSOPON
ELLIPTICUM (TELEOSTEI: EMBIOTOCIDAE). MICHAEL F WESTPHAL, Department of
Zoology, Oregon State University, 3029 Cordley Hall, Corvallis, Oregon 97331; STEVEN R
MOREY, US Fish and Wildlife Service, Science Support Program, 911 NE 11th Ave, Portland,
Oregon 97232; westphm@science.oregonstate.edu.

Descriptions of the silver surfperch typically mention the occurrence of orange pigmentation on the anal
fin, but no worker has yet proposed a hypothesis for the function of these markings. Several aspects of the
reproductive physiology of this species suggest a role for anal fin pigmentation in courtship and mating:
surfperch have internal fertilization, and this is achieved by the seasonal thickening of the male anal fin into
a gonopodium. We assessed variation for this trait in a sample of breeding silver surfperch. We found vari-
ation in orange pigmentation to be high, but this variation was not correlated with gender, suggesting that
this trait is not sexually dimorphic. Observing that silver surfperch are sympatric with a superficially similar
congener, the walleye surfperch Hyperprosopon argenteum, we speculate that the marks may serve as species
recognition signals rather than sexual badges or ornaments.
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INCREASING CANOPY HETEROGENEITY TO CREATE STRUCTURAL AND
BIOLOGICAL COMPLEXITY IN YOUNG, MANAGED FORESTS. TODD M WILSON,
USDA Forest Service, PNW Research Station, Olympia, Washington 98512; twilson@fs.fed.us.

Young, simplified forests currently dominate much of the managed landscape in the Pacific Northwest.
Increasing canopy heterogeneity through variable-density thinning (VDT) has been suggested as 1 way to
help stimulate key ecological processes in these forests that, over time, can lead to structurally and biolog-
ically complex forests that provide habitat for a wide range of organisms, including old growth associated
species like northern spotted owls (Strix occidentalis caurina). Two large-scale experimental studies, The Forest
Ecosystem Study in the Puget Trough and the Olympic Habitat Development Study on the Olympic Penin-
sula, were initiated in the early 1990s to test this hypothesis. Treatment effects were measured by monitoring
key biotic communities in 51 stands, including arboreal rodents (squirrels and chipmunks), forest-floor small
mammals (mice, voles, and shrews), resident and neotropical birds, terrestrial amphibians, mycorrhizal fun-
gi, litter invertebrates, and under-, mid-, and over-story vegetation. Overall results to date suggest that 1)
VDT had positive or neutral effects for most (but not all) organisms 2 to 11 y post-thinning, 2) prior man-
agement history had a major influence on treatment effects and stand trajectories, 3) future success in ac-
celerating complexity may depend on managing for site-specific issues such as laminated root rot and com-
petitive exclusion by clonal natives, and 4) VDT appears promising as part of a suite of new eco-silviculture
tools to create healthy forests that provide sustainable habitats for a wide range of plant and wildlife com-
munities, including threatened and endangered species.

IMPACTS OF FOREST HARVEST ON SMALL PONDS AND AMPHIBIANS. ELKE

WIND, E. Wind Consulting, Nanaimo, British Columbia V9R 2G9; ewind@telus.net.

Studies have shown that forest harvesting can reduce the abundance of amphibians in terrestrial environ-
ments, but few studies have investigated impacts on lentic aquatic habitats. Most amphibian species in the
Pacific Northwest live in forests and breed in standing water, often laying their eggs in small, seasonal ponds
that offer protection from predation. However, in British Columbia small ponds are not afforded protection
under the Forest and Range Practices Act and the effects of forest harvesting on these habitats and the im-
portance of riparian buffers are unknown. In 2002, I began a study with Weyerhaeuser’s British Columbia
Coastal Group to investigate whether amphibians and small ponds were useful indicators to evaluate the
effectiveness of variable retention (VR) harvesting methods at maintaining biodiversity. Weyerhaeuser’s VR
harvesting methods often result in the retention of tree patches around small ponds, so I initiated a pre- and
post-harvest buffer experiment at 3 forested sites slated for harvest in 2004 to 2005. Results to date suggest
that immediately after harvesting, small ponds on southeastern Vancouver Island have longer hydroperiods
compared to pre-harvest conditions and that amphibians continue to breed in these habitats, with some spe-
cies appearing to be attracted to the reduced canopy cover conditions. However, the survival rate of larvae
in cutover areas may be reduced based on the detection rate of larvae and metamorphs in harvested versus
unharvested areas. As a result, creative retention solutions may be necessary to maintain adequate cover and
microclimate conditions for amphibians within harvested landscapes.

CANNIBALISM IN THE FOOTHILL YELLOW-LEGGED FROG (RANA BOYLII). KEVIN

D WISEMAN, KARLA R MARLOW, JOSEPH E DRENNAN, RONALD E JACKMAN, Garcia and
Associates (GANDA), San Francisco, California 94110; JAMES B BETTASO, US Fish and
Wildlife Service, Arcata, California 95521; kwiseman@garciaandassociates.com.

Cannibalism has been reported in 12 of 21 families of frogs including ranids. Dietary studies of Rana boylii
indicate that these frogs consume a wide variety of invertebrate prey including insects, spiders, centipedes,
and snails. Cannibalism, however, has not been documented in this species. Herein, we report 2 field obser-
vations of cannibalism in R. boylii from El Dorado and Humboldt Counties, California. In both cases, adult
frogs (one adult female and an adult of undetermined sex) preyed upon post-metamorphic juvenile conspe-
cifics during the month of September. Post-metamorphic frogs may constitute a significant amount of the
available prey base during the late summer and early fall for adult frogs. In other western ranid species,
adult predation upon juvenile conspecifics is the most commonly reported form of cannibalism and may
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occur more frequently in nature than previously believed. It is unlikely that adult frogs prefer juvenile con-
specifics over other prey, but rather that juveniles are of appropriate size and elicit a feeding response.

ECOLOGICAL IMPACTS OF THE BLACK BEAR SUPPLEMENTAL FEEDING
PROGRAM IN WESTERN WASHINGTON. GEORG J ZIEGLTRUM, Washington Forest
Protection Association, Olympia, Washington 98501; gziegltrum@wfpa.org.

The Washington Forest Protection Association (WFPA) developed the black bear (Ursus americanus) spring
supplemental feeding program to protect conifers from the bears’ tree girdling and feeding on the newly
forming phloem. I concluded previously that the supplemental feeding program in western Washington, was
a viable and cost-effective, non-lethal damage-control tool for the forest products industry. Consequently, I
summarized cooperative research efforts in Washington over the last 6 y and described the ecological impacts
of the supplemental feeding program on 1) behavioral characteristics of bears, 2) the population density of
bears and reproductive success, 3) the nutritional status of bears, 4) the home range size of bears, 5) the
benefits of bear conifer damage to cavity nesters, and 6) bear-human conflicts. Videos of motion sensor ac-
tivated cameras at feeding stations showed little antagonistic behavior of bears. Supplemental feed did not
influence the bear’s reproductive success. Numbers of bears at feeding stations increased annually because
sows brought their cubs to feeding stations and the cubs returned alone 2 y later. Few bears with home ranges
outside feeding areas were drawn into feeding stations. Bears using feeding stations gained weight faster
than bears without access to pellets, but lost this advantage before winter denning. The bears’ home range
sizes were not changed by the feeding program. The bears’ tree girdling created snags, which benefited cavity
nesters. No conflicts of bears with humans around feeding stations were ever reported. I concluded that the
black bear spring supplemental feeding program, as currently used on private lands, had no ecological im-
pact of concern.




