A META-ANALYSIS OF REGIONAL VARIATION
IN FISHER MORPHOLOGY, DEMOGRAPHY,

AND HABITAT ECOLOGY IN CALIFORNIA

DRAFT REPORT SUBMITTED TO:

CALIFORNIA DEPARTMENT OF FISH AND GAME
WILDLIFE MANAGEMENT DIVISION
NONGAME BIRD AND MAMMAL SECTION

07 April 1998

REPORT PREPARED BY:

Richard L. Truex. Department of Environmental Science,
Policy, and Management, Ecosystem Sciences Division,
151 Hilgard Hall #3110, University of California,
Berkeley, CA 94720-3110.

William J. Zielinski. USDA Forest Service, Pacific
Southwest Station, Redwood Sciences Lab. 1700 Bayview
Dr., Arcata, CA 95521

Richard T. Golightly. Department of Wildlife, Humboldt
State University, Arcata, CA 95521.

Reginald H. Barrett. Department of Environmental Science,
Policy, and Management, Ecosystem Sciences Division,
151 Hilgard Hall #3110, University of California,
Berkeley, CA 94720-3110.

Samantha M. Wisely. Department of Wildlife, Humboldt State
University, Arcata, CA 95521.

DO NOT CITE WITHOUT PERMISSION OF AUTHORS



SUMMARY

The fisher (Martes pennanti) historically occurred
throughout forested habitats in northwestern California and
the Sierra Nevada. A paucity of information about fisher
ecology in California, in conjunction with the recent
isolation of fishers in the southern Sierra Nevada from those
in northwestern California by over 400 km, prompted several
studies during the 1990s. Three of these occurred in
different ecological regions of California and used similar
field methods, thus providing the opportunity to examine
fisher ecology across California. We compared aspects of
demography, habitat ecology, and home range for fishers in
the Klamath Mountains (Eastern Klamath study area, Shasta-
Trinity National Forest), North Coast Ranges (North Coast
study area, Six Rivers National Forest), and the southern
Sierra Nevada (Southern Sierra study area, Sequoia National
Forest). Study areas were approximately 500, 400, and 280
km in size, respectively. Our analysis revealed
similarities and differences among study areas as follows:

1. Fisher density appeared to be highest in the Southern
Sierra study area where 33 individuals (11 male, 22
female) were captured from 1994-1996 and lowest on the
Eastern Klamath study area where only 22 fishers (9M, 13F)
were captured from 1992-1996. The North Coast study area
appeared to have an intermediate density: 31 individuals
(13M, 18F) were captured from 1993-1996.

2. The trends in density suggested by trapping success were
supported by results of home range analysis. Minimum
Convex Polygon home range estimates for males and females
on the Eastern Klamath study were more than twice as large
as those on the southern Sierra and considerably larger
than those on the North Coast study areas.

3. Fishers tended to use cavities and broken-tops of large
trees and snags for daily resting purposes. Diameter at
breast height (DBH) of rest sites on the Southern Sierra
and North Coast studies averaged >105.0 cm for conifers
and >64.0 cm for hardwoods. Trees were typically smaller
for the Eastern Klamath study where conifers averaged 77.2
and hardwoods 49.3 cm DBH. This difference is partly due
to the prevalent use of platforms (nests and mistletoe
brooms) on the Eastern Klamath study, which accounted for
31°s of total rest site use and averaged only 49.7 cm DBH.



4. In the two northern California studies, Douglas-fir
(Pseudotsuga menziesii) was the dominant rest site tree
species, accounting for >60% of all rest site use. In the
absence of Douglas-fir, fishers in the Southern Sierra
used a more diverse array of tree species including
California black oak (Quercus kelloggii, 42% of rest site
use) and white fir (Abies concolor, 26% of rest site use).

5. Females were observed resting with kits on 15 occasions.
Although individual fishers were found resting in nests of
small diameter trees, females were never sighted with kits
in such structures. Five natal dens found on the Southern
Sierra study area were all located in cavities of large
diameter trees (3 white fir averaging 114.0 cm DBH, 2
black oak averaging 87.5 cm DBH).

6. Although samples of radiccollared individuals were
typically small for each study from year to year, survival
rates were lower for females than for males on all study
areas. Survival rates were lowest on the Southern Sierra
study area, where only 61% of females survived annually.
Predation appeared to be an important source of mortality
on the Southern Sierra study area, while a combination of
human-related factors and predation accounted for most
mortalities on the 2 northern California studies. Two
fishers died due to vehicle encounters on the Eastern
Klamath study area and two apparently died at the hands of
humans on the North Coast study.

Two important conclusions can be drawn from our
research: 1) habitat quality currently appears to be lower
for fishers on the Eastern Klamath study area as evidenced by
lower density, larger home range size, and use of small
diameter trees as rest sites; and 2) although fishers appear
to occupy relatively high quality habitat in the Southern
Sierra, high annual mortality rates raise concerns about the
long-term viability of this population. This is particularly
true in light of increased risk of catastrophic fire due to
nearly a century of fire suppression. Long-term management
of fisher habitat in California should aim to retain and
recruit large structural elements necessary for resting and
denning while maintaining stands with high canopy closure.
The restoration of historic disturbance regimes will
ultimately benefit fishers through the maintenance of mature
forest structure and decrease in stand-replacing fires.
Recolonization of the central and northern Sierra Nevada may
be the only way to prevent fisher extinction in the isolated
southern Sierra Nevada population.
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INTRODUCTION

The fisher (Martes pennanti) is a medium-sized carnivore
historically distributed in the western United States throughout
forests of the northern Rocky Mountain and Pacific states
(Gibilisco 1994). During the twentieth century a combination of
anthropogenic factors including timber harvest, road building,
trapping, and human recreation has resulted in a dramatic
decrease in fisher distribution in the western United States
(Powell and Zielinski 1994). This range contraction has spurred
concern for the long-term viability of fishers in the west and
resulted in 2 petitions to list the fisher as threatened under
the Endangered Species Act (Central Sierra Audubon Society 1991,
Carlton 1995). Both petitions were denied due to lack of
empirical data needed to demonstrate the threat of fisher
extinction throughout a portion of its range (US Department of
Interior Fish and Wildlife Service 1991, 1996). Despite the
denial of these petitions, the fisher remains an important
management species due to its apparent association with large
tracts of mature forest (Rosenberg and Raphael 1986). The
fisher is considered a 'Species of Special Concern' by the

California Department of Fish and Game (CDFG) and a 'Sensitive



Species' by Region 5 of the US Department of Agriculture Forest
Service (USFS) (MacFarlane 1994).

In California the Pacific fisher (M. p. Pacifica, the
subspecies native to the Pacific States) currently occurs in 2
populations isolated by over 400 km, one occupying the Klamath
and North Coast regions of northwestern California and one
occupying the Sierra Nevada south of and including Yosemite
National Park (Zielinski et al. 1995). These 2 populations
occupy less than half of the species' historical distribution in
California as described by Grinnell et al. (1937) and appear to
be the only extant fisher populations native to the western US.
Remaining populations appear to be the result of successful
reintroductions of fisher from the eastern US and Canada (Jones
1991, Roy 1991, Heinemeyer 1993, K.B. Aubry, USDA Forest
Service, personal communication).

During the 1990's several studies were undertaken to gather
data necessary to better understand fisher ecology in California
and promote the long-term conservation of fishers in California.
Among these, 3 studies conducted using similar methods provided
the opportunity to examine differences in fisher ecology across
3 regions of California. The location and duration of these

studies were as follows:



1) Eastern Klamath Mountains, Shasta-Trinity National Forest,
July 1992 to present.

2) Northern California Coast Ranges, Six Rivers National
Forest, May 1993 to September 1997.

3) Southern Sierra Nevada, Sequoia National Forest, April 1994

to present.

Throughout a species’ geographic range varying biotic and
abiotic conditions can be expected to influence population
growth and regulation. Such factors often lead to non-uniform
patterns of abundance within a species’ range (Rabinowitz et al.
1986, Wiens 1989, Smallwood and Schonewald 1996). In California
the fisher currently occupies a relatively small portion of its
geographic range. However, the species still occurs in the
western and southern fringe of its historic distribution in the
US, occupying areas where environmental and physical conditions
change rapidly over both latitudnal and elevational gradients.
These conditions are quite different from the core of its range
in the forests of Canada and the northern United States, where
topographic variation is often slight and forests are relatively
homogenous over large regions. Certain aspects of fisher
ecology in California can thus be expected to differ from
fishers elsewhere. Identifying how fisher ecology may differ in

California relative to the core of its range, as well as



identifying how the expression of such differences may vary
between populations in California, represents a crucial step
toward long-term conservation of the Pacific fisher.

Recent efforts to develop a consistent approach to classifying
ecosystems have resulted in an hierarchical approach to
identifying regions sharing similar conditions regulating
ecosystem structure and function. Ecological units described
under this framework range in size from millions of square
kilometers to <10 ha and, from largest to smallest, include: (1)
domain, (2) division, (3) province, (4) section, (5) subsection,
(6) landtype association, (7) landtype, and (8) landtype phase
(McNabb and Avers 1994). Classification and description of
ecological units has occurred in California to the subsection
scale (Miles and Goudey 1997). Other approaches to classifying
geographic regions of California into relatively homogenous
units, such as floristic provinces (e.g., Hickman 1993),
physiographic regions (e.g., Mason 1970), and bioregions (e.g.,
Welsh 1994), have largely recognized similar units, though exact
boundaries have varied.

The 3 studies examined here occurred in same ecological domain
(Humid Temperate), division (Mediterranean), and province
(Sierran-Steppe-Mixed Forest-Coniferous Forest). However, they

were all located in different ecological sections: the Klamath



mountains (Eastern Klamath study), the Northern California Coast
Ranges (North Coast study), and the Sierra Nevada section
(Southern Sierra study). The majority of the fisher's

historical distribution in California (Grinnell et al. 1937)
occurred in these 3 ecological sections, with smaller portions
found in the Northern California Coastal Section (the coast
redwood [Sequoia sempervirens] belt) and the Southern Cascades

sections (Figure 1).

STUDY AREAS

VEGETATION AND CLIMATE

When compared to the fisher's entire geographic range,
the 3 study areas examined here shared grossly similar
climate and vegetation characteristics. Weather patterns
across the 3 study areas are typical of California's
Mediterranean climate: summers are hot and dry while winters
are cool and moist, with precipitation often falling as snow
in the higher elevations (Table 1). Natural vegetation
communities found on all 3 study areas included montane
hardwood forests, mixed conifer forests, true fir forests,
and chaparral communities in the lower and drier portions of
each study area (Mayer and Laudenslayer 1988). Douglas-fir

(Pseudotsuga menziesii) forests made up an important
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component of both northern California studies, but were
absent from the southern Sierra study area.

Despite these gross similarities, proximity to the
Pacific Ocean and latitude (Figure 2) have resulted in
important differences among the areas. The North Coast study
area was located within 60 km of the Pacific Ocean and
generally received more precipitation than either the Eastern
Klamath or Southern Sierra study areas. Habitats tended to
become more xeric with increased distance from the Pacific
Ocean, resulting in a more diverse array of habitats
available to fishers in the eastern section of the North
Coast and throughout the Eastern Klamath study areas. The
combination of its southerly location and lower precipitation
resulted in a naturally heterogenous landscape on the

Southern Sierra study area.

EASTERN KLAMATH STUDY AREA

The Eastern Klamath study area included approximately
500 km® of the Shasta-Trinity National Forest in Shasta and
Trinity counties northeast of Weaverville. It included the
region surrounding Clair Engle (Trinity) Lake with the
exception of the area to the southeast. State Highway 3

bisected the study area, running northeast from Weaverville



along the western edge of Clair Engle Lake. Elevations ranged
from 600 m to 1500 m, with most research occurring at
elevations below 1300 m due to poor accessibility to the
higher terrain. The study occurred entirely within the
Trinity River watershed and included portions of the North
Fork, East Fork, and Stuart Fork. Terrain was typified by
deeply cut drainages and steep slopes.

Extensive resource extraction has occurred in this
portion of the Trinity River basin during the last 50 to 100
years (USDI 1990). Timber harvest has occurred throughout
the study area. Land ownership patterns resulted in a
patchwork of privately and publicly owned lands similar to
that found in the central and northern Sierra Nevada.
Although numerous timber harvest techniques have been used in
the area, the prevalent use of clear cutting has lead to a
landscape mosaic composed of numerous even-aged, regenerating
stands along with mature forest remnants which were often
concentrated along stream courses. In addition to timber
harvest, extensive mining occurred during the late nineteenth
and early twentieth centuries. This history of resource
extraction has lead to a high density of paved and unimproved

roads throughout the study area.



NORTH COAST STUDY AREA

The North Coast study was conducted in southeastern
Humboldt and southwestern Trinity Counties on approximately
400 km®?> of the Six Rivers National Forest (SRNF), and
included 2 spatially disjunct subareas near the town of Mad
River, separated by approximately 35 km (Figure 2).
California Highway 36 occurred between the 2 subareas, though
it did not fall within either. Elevations ranged from 600 m
in the Grouse Creek watershed to 1800 m at the summit of
Blake Mountain. The 2 subareas drained primarily into the
Mad River (Pilot Creek in the north, the headwaters of the
Mad River in the south), with smaller portions occurring in
the South Fork Trinity River (Grouse Creek in the north, and
the area around Cedar Gap in the south), and Eel River
watersheds (northern portion of the Yolla-Holly Middle Eel
Wilderness Area in the southernmost portion of the study
area). Similar to the Eastern Klamath study areas, terrain
throughout the region was generally steep with deeply
dissected drainages.

Land management practices have differed between the
Pilot Creek and Cedar Gap portions of the study area. Timber

management has occurred in both subareas, but has been more



extensive in the Cedar Gap area and the lower portions of the
Pilot Creek watershed. The upper third of the Pilot Creek
watershed included large blocks of unroaded, virgin Douglas-
fir forest. Since the conclusion of research, experimental
commercial thinning of portions of the headwaters has since
occurred as part of the Northwest Forest Plan. Clearcutting
has been the primary means of timber harvest in the Cedar Gap
subarea and, in conjunction with associated road building,
has resulted in a landscape with more fragmentation than the

Pilot Creek subarea.

SOUTHERN SIERRA STUDY AREA

The Southern Sierra study occurred on 280 km’ of the
Sequoia National Forest (SQNF) in Tulare County. Although
most of the study area fell within the jurisdiction of SQNF,
approximately 20V of the study area occurred on Mountain Home
Demonstration State Forest (California Department of Forestry
and Fire Protection [CDF]), the Tule River Indian Reservation
(US Bureau of Indian Affairs), and several private
inholdings. The area included most of the Middle Fork Tule
River drainage as well as some of the South Fork Tule River
and Kern River watersheds. Elevations ranged from

approximately 800 m in the west-slope foothills to over 3000



m at the crest of the Sierra Nevada. Research was
concentrated in the middle elevations, from approximately
1300 to 2300 m. Five small communities occurred within the
study area, all accessed from the Central Valley by
California Highway 190. The largest of these communities was
Camp Nelson, which included nearly 500 homes located at
approximately 1500 m in the Middle Fork Tule basin. Terrain
in the region was also typically steep, though less so than
in the younger mountain systems of northwestern California.
Land management practices on the Southern Sierra study
area have been quite different from the two northern
California studies. Whereas clearcutting has been an
important timber management practice on the Eastern Klamath
and North Coast study areas, individual-tree-selection
harvest has been the dominant silvicultural technique within
the Southern Sierra study area. Clearcutting has been common
on the Sierra Plateau to the east and north of the Middle
Fork Tule basin and in other portions of SQNF, but has been
minimal where most research occurred. The landscape is
therefore relatively unfragmented, though moisture and
temperature gradients have resulted in a high degree of

natural heterogeneity. Although several paved and unimproved

10



dirt roads traversed the study area, large blocks of roadless

habitat were common.

OBJECTIVES

This meta-analysis (sensu Burnham et al. 1996) was
conducted to explore the extent of regional variation in fisher
ecology. that may affect management of fisher populations and
their habitats across California. Using a combination of
quantitative and qualitative data we compared morphology,
demography, and habitat characteristics among study areas.

Morphological comparisons included body mass and length.
Examination of demographic profiles included comparisons of sex
and age ratios, survival rates and mortality sources, and an
index of reproductive success. Habitat comparisons included the
following: vegetation types occurring in each study area, rest
structures used, floristic and environmental features in the
vicinity of rest structures, and the home range sizes of males
and females in each study area. Not all of the studies had
completed collection and analysis of randomly sampled habitat
availability data (from either ground-based plots or from a
Geographic Information System [GIS]). Accordingly, our habitat

analysis was constrained by the absence of availability
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information to contrast with habitat characteristics that were
used; we were not able to directly assess habitat preference.
A complete review of habitat use would include a
description of habitat used while animals are resting and
while they are active, however the analysis of fisher habitat
reported here is limited to resting habitat only. Two
potential sources of information on the habitat choices of
active animals include the location of radio-collared animals
whose signals indicate they are active and the visits by
animals to track-plate stations. None of the studies has
more than a few occasions where active and undisturbed
animals were located with any degree spatial accuracy and
temporal independence. Additionally, comparisons of track
plate data among studies were not possible due to
fundamentally different sampling methods. Thus, we exclude
discussions of habitat associations of active or foraging

animals from this report.

METHODS

Although all 3 studies shared the overall goal of
expanding our knowledge of fisher ecology, the methods used

at each study area were not identical. The objectives and
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methods used in the North Coast and the Southern Sierra
studies were most similar because both studies were initiated
by the same investigator (W. Zielinski). Identical protocols
for data collection were used at the outset to compare fisher
ecology between the 2 regions. As a result, the methods and
site-specific analyses differ most between either of these
studies and the study in the Eastern Klamath region, which
was initiated earlier and by a different investigator (R.
Golightly) . Although the North Coast and Southern Sierra
studies have used identical methods, the North Coast study
has collected considerably less data during the winter than
has the Southern Sierra study due to difficult winter access
in the Pilot Creek portion of the study area. In the
following sections, field methods described have been used by

all 3 studies except where noted.

TRAPPING METHODS

Trapping occurred throughout the year except on the
North Coast study area where road closures limited winter
access. Trapping was conducted at the onset of each study to
radiocollar an initial cohort of animals; additional trapping
was conducted as necessary to replace nonfunctional collars.

Trapping was generally avoided during March and April to

13



minimize stress on females during the reproductive season.
However, trapping on the Southern Sierra and North Coast
studies was periodically undertaken to examine females for
evidence of lactation from late May through July.

Traps were typically set near roads in habitat
considered to maximize the probability of capture. All 3
studies used Tomahawk live traps (Tomahawk Live Trap Co.,
Tomahawk, WI, model #207), modified by attaching a plywood
nest box to the back of the trap (adapted from Wilbert 1992,
see Seglund 1995 for details). Traps were almost always
baited with chicken, and commercial trapping lure was usually
placed on a nearby tree. Traps were checked daily and closed
during inclement weather.

When an animal was captured, it was coaxed out of the
nest box, through a canvas handling bag, and into a metal
restraining cone. Animals were immobilized with a mixture of
Ketamine hydrochloride and Diazepam (10 mL Ketamine / 5 mL
Diazepam) and typically received between 0.15 and 0.20 mL /
kg body mass. Additional drug was administered as necessary
to radiocollar, ear tag, and weigh and measure each animal.

A variety of morphometric data were collected during
Bach processing, although the same group of measurements was

iot recorded at each study area (Appendix 1). In addition to
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standard measurements such as body mass and total length,
field technicians estimated each animal's age class
(juvenile, young adult, adult) based on its dentition,
sagittal crest development, and overall body condition. Upon
completion of processing, each animal was returned to the
nest box and given ample time to recover from immobilization,

at which point it was released.

TELSMETRY METHODS

Ground-based 'walk in' surveys were conducted to locate
radio-collared animals at rest and den sites. Rest sites
referred to sites used by fishers between foraging bouts and
other periods of activity; rest sites were typically occupied
for <24 hours. Numerous rest sites were used by individuals
throughout the year, though reuse of rest sites by individual
fishers was occasionally observed. We distinguished 2 types
of den sites: natal dens and maternal dens. Natal dens were
defined as the site were parturition was assumed to have
occurred and were identified by a distinct behavioral change
by breeding females during the early spring. This change was
signaled by a shift from occupying numerous rest sites per
week to occupying a single rest site repeatedly for at least

3 consecutive weeks (the natal den). Maternal dens were
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defined as any rest site where females were observed with one
or more kit (s) during the period following natal den
occupancy and prior to juvenile dispersal.

Field technicians used hand-held antennas to home on an
individual's signal. These direct approaches frequently
resulted in identifying the exact resting or denning
structure being used by the animal. Efforts were made to
visually confirm the presence of adults (and / or kits) and
exact resting location within each structure. Rest sites
often occurred in tree cavities or high in dense canopies,
thus limiting the observer's ability to visually confirm the
animal's presence and exact resting location. All 3 studies
conducted walk-in surveys only after an animal had been
inactive for a minimum time (generally at least 1 hour). The
majority of rest sites were thus assumed to have been
selected by the animal, not as a result of pursuit by field
technicians.

Triangulation was used to estimate the general location
of a target animal prior to a walk-in, but only on special
occasions was triangulation used to estimate the location of
inactive or active animals. No triangulation-derived data
were included in this analysis. Fixed-wing aircraft were

used to relocate animals (especially wide-ranging males)
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throughout the year by the North Coast and Southern Sierra
studies, and aircraft were used by all 3 studies to locate

animals that had moved outside the study area.

REST SITE HABITAT SAMPLING

Although the exact rest site habitat wvariables measured
and methods used to describe rest site structures and
surrounding habitat characteristics varied somewhat between
the Eastern Klamath and the North Coast and Southern Sierra
studies, several variables assumed to be important to fishers
were measured by all 3 studies (details presented in Appendix
1) . Rest sites were either categorized into structure
categories defined apriori or described by field technicians
and later categorized. Rest site size and species were also
recorded.

Variable radius sampling (20 factor American scale
prism) was used to estimate basal area (BA) of live trees and
snags (Grosenbaugh 1952). However, only the Southern Sierra
and North Coast studies recorded the tree species, diameter
at breast height (DBH, 1.37 m), height, and condition class
(Maser et al. 1979) of each tree 'in' the prism sweep. In
contrast, the Eastern Klamath study measured the DBH for the

4 largest diameter trees within a 0.04-ha circular plot
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centered on the rest site. In situations when rest sites were
located in trees, the rest site tree was included in
calculating this parameter if it was among the 4 largest.
Concave spherical densiometers were used by all 3 studies to
measure canopy closure at rest sites (Lemmon 1957).

Methods used to sample coarse woody debris (CWD)
differed slightly between studies as well. Each study used
0.04-ha plots to describe CWD, however the Klamath study used
direct counts to census logs on the plot whereas the Southern
Sierra and North Coast studies recorded only the CWD that
intercepted 2 perpendicular transects. Line intercept
methods were also used to sample additional ground cover
attributes (e.g., litter cover and rock cover) and percent
cover of small trees and shrubs (Canfield 1941); no
comparable data were collected by the Klamath study.

The habitat type in the immediate wvicinity of the rest
site was classified using the California Wildlife Habitat
Relations (CWHR) system (Mayer and Laudenslayer 1988). Field
technicians at all 3 study areas classified the area
surrounding the rest site into CHWR cover types. However,
CWHR tree size class and canopy closure class were estimated
only on the Southern Sierra and North Coast studies. A

summary of the variables considered appropriate for study
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area comparisons is presented in Appendix 2. Information
about additional data collected by each study can be obtained

from the appropriate principal investigator.

HABITAT AVAILABILITY

At the time data were summarized, plot-level (microsite)
habitat availability data had only been collected at two of
the 3 study areas (Klamath and Southern Sierra). Thus, we
were unable to compare the availability of microsite habitat
features across study areas. However, existing GIS data
layers were available to compare the distribution of
vegetation types across the 3 study areas by calculating the
proportion of CWHR habitat types, size classes, and canopy
classes found within each study area using ARC/INFO (version
7.1) GIS software.

Two different data sources were used to calculate the
availability of CWHR vegetation classes. The North Coast and
Klamath study areas both occur within the boundaries of the
Timberland Task Force (TTF) study, which created a seamless
vegetation coverage for much of northwestern California using
unsupervised classification of 30 m pixel resolution LANDSAT

Thematic Mapper satellite imagery (California Timberland Task
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Force 1993). Ground referencing of the TTF-classified data
resulted in 60-80% classification accuracy.

Existing GIS vegetation data for the Southern Sierra
study is also based on unsupervised classification of LANDSAT
TM data, though the data were classified into CALVEG cover
types and later crosswalked to the CWHR habitat
classification system. Unlike the TTF data for northwestern
California, the classified data for the Southern Sierra study
has never been ground referenced. During 1994 field
personnel on the Southern Sierra-study conducted a small
ground referencing exercise which highlighted potential
problems with the existing GIS vegetation coverage; less than
60°s of ground referenced plots were classified to the same
CWHR habitat type by both field personnel and the
unsupervised classification of LANDSAT data (R. Barrett,

unpublished data) .

DATA ANALYSIS

Before data could be compared among studies, it was
necessary to assess and inventory the type and quality of
data collected at each study area. This assessment allowed
determination of wvariables that could be compared

quantitatively and those that could only be compared
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qualitatively. Data from each study area were summarized and
compared for similarities in methodology and sample size
(Appendix 1) . Not all of the data that were compared for
methodological similarities were analyzed among study areas,
but were included to describe the methods used by each study.
Descriptive statistics and frequency distributions were
calculated for all relevant variables for each study area.
Generating frequency distributions required creating similar
categories for all 3 studies to allow comparison among study
areas. Direct, quantitative comparisons were conducted for
certain variables while others were compared only
qualitatively by either ranking means or visually comparing

frequency distributions.

CAPTURE RATES

Capture rates were divided into initial capture rate and
overall capture rate. The initial capture rate was
calculated using data from the first trapping phase of a
study or when the trapping expanded to a new area (e.g., the
Cedar Gap subarea of the North Coast study area). In these
cases, there was usually no prior knowledge of resident
fisher home ranges and specific individuals were not

targeted. The overall capture rates were calculated using
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all trap-nights for each study area, including trap-nights
when individual fishers were targeted for recapture (usually
to replace radiocollars). The initial capture rate was
calculated as the number of individual fishers captured
divided by the number of trap-nights, excluding recaptures.
The overall capture was calculated in the same fashion, but

rate recaptures were included.

MORPHOLOGY

Body mass (kg) and total length (cm) were compared among
the 3 study areas. One way analysis of variance (ANOVA) was
conducted for males and females for both variables (4
separate analyses). Analyses were limited to adult animals;
juveniles were excluded because they were captured
irregularly throughout the year and accordingly during
different stages of development. All measurements were
recorded during the first handling of each adult animal,
regardless of capture date. Although capture date may
influence body mass, captures occurred at irregular intervals
and animals were seldom recaptured frequently enough to

examine seasonal wvariation.
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DEMOGRAPHY

Survivorship and Mortality

Small samples of annually radiocollared individuals for
each study limited our ability to calculate survival with
high precision. We chose to use 2 methods of survival
estimation to examine trends among study areas. The first
involved developing an index to standardize survival by
comparing the fate of individuals to the total time all
individuals were monitored ('effort' method). The second
involved calculating the proportion of radiocollared
individuals living from one year to another ('annual'
method) . Although these annual periods were defined based on
the date each study began trapping, the data reflected
survival from one breeding season to the next. Additionally,
data were available and samples size were sufficient, though
minimally so, to calculate Kaplan-Meier survival estimates
based on the method described by Pollock et al. (1989) for
the Southern Sierra study.

Calculating effort-based survival estimates required
first determining the fate of each radiocollared individual
and the amount of time it was monitored. Three fates were

possible: 1) the animal lived throughout its monitoring
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period; 2) the animal died during the monitoring period,
determined by the recovery of part of all of a carcass or
strong evidence of mortality (e.g., a radiocollar found with
puncture holes); and 3) the fate of the animal was unknown.
Unknown fates occurred when an animal's radiocollar stopped
functioning prior to being recollared and the animal was not
recaptured, and when an animal slipped a collar and was not
recaptured.

Once fates and temporal extent of monitoring were
determined, the percent mortality and survival were compared
against total time monitored to create a relative survival
index to compare across study areas. Based on this method,
lower index values indicate greater mortality per fisher-year
monitored. Effort-based survival estimates have been pooled
across sexes. Despite small sample sizes from year to year,
annual survival was calculated for males and females.
Kaplan-Meier survival estimates were calculated with 95%
confidence intervals for males and females annually for the
Southern Sierra and North Coast studies.

Causes of mortality were described in detail for each
carcass recovered, as were the circumstances surrounding the
recovery of only a radio collar when mortality was suspected.

For the Southern Sierra and North Coast study areas, fresh
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carcasses were sent to the CDFG's Wildlife Investigation
Laboratory (WIL) for necropsy whenever possible. The WIL
conducted soft tissue necropsy and examined the animal's
external condition. A lower premolar was removed by the WIL
from each carcass and age was determined by Matson's
Laboratory (Milltown, MT) using cementum annuli techniques
(Strickland et al. 1981). Carcasses recovered by the Klamath
study were generally frozen until a necropsy was conducted by
faculty of Humboldt State University's Wildlife Department.
Teeth from these animals were not removed for cementum annuli

analysis.

Reproduction

Efforts to index female reproductive success varied
among the 3 study areas. The North Coast and Southern Sierra
studies generally conducted trapping to maximize the chance
of capturing lactating females from mid-May through July;
this typically coincided with trapping necessary to replace
radio collars, though efforts were occasionally made solely
to observe lactation status of radiocollared females. These
data were used to annually estimate the proportion of
lactating females in the population. Although the Klamath

study periodically trapped animals when females were
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lactating, this was not a focus of the research and no
similar index of reproductive success was calculated.

In addition to focusing on reproductive condition of
females during the late spring and summer, the Southern
Sierra study spent considerable effort locating females at
natal dens (the site where parturition is assumed to have
occurred) and subsequently occupied maternal dens (sites
occupied by a female and her offspring during the postnatal.
period) . Neither the North Coast nor the Klamath studies
emphasized locating natal dens due to difficult winter access
at the former and different research objectives at the
latter. Nevertheless, some maternal dens were located by

each study during the summer prior to juvenile dispersal.

HABITAT ECOLOGY AND HOME RANGE

Direct, quantitative comparisons of habitat wvariables
important to fishers at each study area were limited because
data describing the type and amount of habitat available to
fishers were not yet available for all 3 areas. The present
analysis is based on comparing only the habitat elements that
were used by fishers at each study area; we do not address

habitat preference explicitly in this paper.
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Rest Site Structure and Habitat

We categorized rest site structures into 5 functional
groups we assumed were perceived differently by fishers
selecting rest sites. These groups included live trees,
snags and stumps, logs (including individual logs and log
piles), platforms, and rock piles. Platforms included live
trees or snags that had mistletoe (Arceuthobium spp.,
Phoradendron spp.) brooms, large nests, or some other type of
platform where a fisher was found resting. The 'rock pile'
category included rest sites in rock piles or large boulders
as well a minority of rest sites located in other ground
cavities and subnivean sites. Structures were also
aggregated into standing trees (live trees, snags, stumps,
and platforms) and ground structures (logs, subnivean sites,
rock piles, and other ground cavities).

Tree and log species used as rest sites were categorized
into groups representing different floristic and physiognomic
characteristics. Tree species were grouped into true firs
(Abies spp.), pines (Pinus spp.), Douglas-fir, other conifers
(giant sequoia [Sequoiadendron giganteum] and incense cedar
[Calocedrus decurrens]), and hardwoods (Quercus spp., tan oak
[Lithocarpus densiflora], and madrone [Arbutus menziesiil]) .

Although no Douglas-fir occur on the Southern Sierra study

27



area, this was the predominant tree species used by fishers
on the Klamath and North Coast study areas and was included
as a separate category. Rest site tree species were also
categorized as conifer or hardwood, to represent a coarser
scale of functional form.

The measured. DBH of standing trees and the estimated
maximum diameter of logs used as rest sites by fishers were
examined and compared qualitatively. Several habitat
variables measured in the vicinity of the rest structure were
also compared among study areas. These included total basal
area (m?> / ha), DBH of the 4 largest trees (cm), percent

canopy closure, and CWHR cover types.

Home Range

Before calculating home range estimates, we examined the
relationship between home range size and time monitored to
determine a minimum threshold of monitoring effort necessary
to accurately estimate home range size using 100% Minimum
Convex Polygon (MCP [Mohr 1947]) and 95% Adaptive Kernel (AK
[Worton 1989]) methods. Individuals meeting minimum effort

criteria were included in home range analysis.
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RESULTS AND DISCUSSION

CAPTURE RATES

The Southern Sierra and North Coast studies each
captured more than 30 individuals (33 and 31, respectively)
and the Eastern Klamath study captured 22 individuals. In
addition to capturing the most individuals, the Southern
Sierra. study also had the highest initial and overall capture
rates (Figure 3). This was apparently due to the initially
high capture rate for females and the apparently 'trap-happy'
behavior demonstrated by females throughout the study;
several females were captured more than 6 times, one of whom
was captured a total of 13 times. Initial and overall
capture rates for the Klamath and North Coast studies were
quite similar, but the North Coast had a slightly higher
overall capture rate. Similar numbers of individuals were
radiocollared by each study: 23 at Southern Sierra (8M, 15F),

22 at Klamath (9M, 13F), and 22 at North Coast (8M, 14F).

MORPHOLOGY

Morphological comparisons among study areas demonstrated
significant differences in both body mass and total body
length, though trends were not the same for males and

females. Although ranking the means indicated that male and
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female fishers in the two northern California studies were
larger in both body mass and total length than those in the
southern Sierra Nevada (Figure 4), ANOVA results indicated
females on the Klamath study area were significantly larger
than those on either the North Coast or Southern Sierra study
areas for both body mass and total length (Table 2). A
somewhat different trend was evident for males: although
ranking of means was the same, body mass was significantly
less for males on the Southern Sierra study while no
difference among study areas was observed for total length
(Table 2). Although the results for body mass were somewhat
confounded by our inability to control for seasonal
variation, the magnitude of differences is relatively large
and likely represented real differences among the sampled

population segments.

DEMOGRAPHY

Sex and age ratios

The Southern Sierra and North Coast studies each
captured more than 30 individuals (11 males, 22 females and
13 M, 18 F, respectively), while the Eastern Klamath study
captured only 22 individuals (9 M, 13F). More females than

males were captured at each study area, though males
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comprised a larger proportion of the captured sample in the 2
northern California studies relative to the Southern Sierra
study (Figure 5).

Age ratios differed considerably among the 3 study
areas. The Eastern Klamath study captured the same number of
juveniles as the Southern Sierra study (4 M, 4 F) and
accordingly had a relatively higher overall proportion of
juveniles captured (Figure 5). The North Coast study
captured far fewer juveniles (2 M, 0 F). The smaller
proportion of juveniles trapped during the North Coast study
likely reflects limited trapping conducted during late fall
and winter when dispersing individuals may have a higher

probability of capture.

Survivorship and Mortality

Using the effort-based method, and including only
animals with known fates, the North Coast study had the
lowest relative survival index (SI) with only 50% of
individuals surviving over 8.3 animal-monitoring years (SI =
4.25) . The Southern Sierra study had an intermediate
survival index; 35% of individuals survived over 19.3 animal-
monitoring years (SI = 6.8) while the Klamath study shows the

highest relative survival rate (58% of individuals survived
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over 15.7 animal-monitoring years, SI = 9.2). When the index
was calculated including animals with unknown fates, slightly
different trends were evident. The SI was adjusted by
calculating the cummulative monitoring effort from the time
of initial capture to loss of radio contact and considering
the animal alive when calculating the SI (despite not knowing
the ultimate fate of the animal). Under these circumstances,
the survival index was highest for the North Coast study (SI
= 17.0), intermediate for the Eastern Klamath study (SI =
14.6), and lowest for the Southern Sierra study (SI = 13.4).
These differences were due to loss of radio contact with
several individuals on the North Coast Study, including one
male who was monitored for more than 2 years but whose
ultimate fate was unknown.

When annual survival estimates were pooled across years
for each study, somewhat different qualitative results were
evident. Using this method overall survival was lowest for
the Southern Sierra and highest for the North Coast study.
Annual survival rates for females on the Southern Sierra
study were quite low, (61.2%) while Eastern Klamath had an
intermediate (72.9%) and the North Coast study the highest
survival rate (83.8%). Male survival rates were consistently

higher than female survival rates across the study areas
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(73.3%, 85.5%, and 83.8% for the Southern Sierra, Eastern
Klamath, and North Coast studies, respectively).

Although Kaplan-Meier survival estimates were calculated
only for the Southern Sierra study area, the results were
similar to those derived using the annual survival method.
Survival estimates were lower for females than for males in
the Southern Sierra; annual survival rate was 0.57 for 1994-
1995 and 0.60 for 1995-1996 for females and 0.86 and 0.71 for
males during the same periods. Due to small sample sizes,

95% confidence intervals for these estimates are quite large
(females: 0.2504-0.8924 for 1994-1995, 0.2439-0.9560 for
1995-1996; males: 0.4494-1.0 and 0.3796-1.0). For both

years, survival estimates using our annual method fall within
the confidence limits for males and females.

The differences in annual survivorship between study
areas warranted closer examination of mortality sources.
Unfortunately mortality sources have generally been unclear
and many deaths were not attributable to a single cause.
Several factors influenced the ability to successfully
determine the exact source of an animal's death. First was
the efficiency of nature; during certain times of year
carcasses were scavenged quickly and minimal portions of the

carcass were recovered. Second, successful necropsy required
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prompt collection of the carcass to minimize scavenging and
to assure the integrity of soft tissues. Lastly, even if
complete carcasses were delivered to necropsy facilities
promptly, there was no guarantee a necropsy would be
diagnostic.

A total of 7, 11, and 6 mortalities occurred during the
period of study on the Eastern Klamath, Southern Sierra, and
North Coast study areas, respectively (Table 3).

Mortality sources on the Klamath study included 2 road-
kills (both males), 3 predations (1 male, 2 female), and 2
unknown causes (both female).

Several mortalities on the Southern Sierra study were
due to unknown causes (1 male, 4 female); these carcass
recoveries often included only small portions of the animal.
Predation was assumed to have caused the death of 2 females
and 2 males while severe head trauma (concluded to be
unrelated to vehicle encounters) appeared to have caused the
death of 1 male and 1 female. One 5-year-old female died due
to a combination of starvation and exposure after becoming
entrapped in an uncovered, empty water storage tank.

Mortality sources on the North Coast Study area were
generally inconclusive due to either advanced states of decay

or limited recovery of carcasses. Two females were suspected
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to have died at the hands of humans. Only their collars were
found and neither female was subsequently recaptured. Both
collars appeared to have been cut with knives, and one was
covered with blood. Two mortalities were suspected to be due
to predation, though necropsies were unable to determine the

source of predation.

Reproduction

The Southern Sierra and North Coast studies had
considerable success capturing females during the late spring
and summer. In the Southern Sierra study 50-60% of the
females captured have been lactating during each of the three
reproductive seasons (6 of 12 during 1994, 6 of 10 in 1995,
and 3 of 6 in 1996). Sample sizes were small for the North
Coast study from 1992 to 1994 (maximum of 2 females captured
during any year). More females were captured during 1995 and
1996, though the proportion of lactating females varied
considerably between years. During the 1995 breeding season,
8 of 11 (73%) of females were lactating, while only 1 of 7
(14%) was found lactating during 1996. A total of 3
lactating females were captured over the course of the

Klamath study.
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Based on our definitions of natal and maternal dens
(page 16), a total of 5 natal dens were located on the
Southern Sierra study from 1995 to 1996 and none on the 2
northern California studies (Table 4). Although 2 sites were
reused by females on the North Coast Study area during the
late spring of 1995 and may have been natal dens, reuse was
not observed with the temporal resolution necessary to be
considered natal dens as we have defined them. Female
fishers tend to use natal dens for extended periods during
the spring; however, females have been found occupying rest
sites away from natal dens during the spring and often reuse
one or more maternal dens for several days following moving
kits from the natal den (York 1996, Paragi et al. 1996,
Arthur and Krohn 1991, R. Truex, pers. obs.).

All natal dens on the Southern Sierra study have been
located in large trees, 3 in white firs (Abi es concol or) and
2 in black oaks (Table 4). All natal dens were established
during the last week of March or the first week in April and
were occupied for 4 to 7 weeks. In addition to these natal
dens, females with kits have been observed at several
maternal dens on each study area. Most maternal dens have
also occurred in large diameter trees, with kits usually

observed peering from within a cavity. Although habitat
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characteristics vary considerably from site to site, natal
and maternal dens occurred in forest habitats typically with

dense overhead cover (Table 4).

HABITAT ECOLOGY AND HOME RANGE

Vegetation cover type comparison

Despite the differences in GIS vegetation layer quality
between the 2 northern California studies and the Southern
Sierra study, comparing the availability of habitat types
between study areas highlights fundamental differences among
regions. Water was considered unsuitable fisher habitat and
eliminated from the analysis. Although riparian habitats may
provide an important resource for fisher, none of the
vegetation layers used in this analysis recognized riparian
habitat as a distinct type due to its typically linear
occurrence on the landscape and the coarse spatial resolution
of LANDSAT imagery.

All 3 study areas were dominated by forested habitats,
though the distribution of forest types varied considerably
(Table 5). The differences in relative proportions of
habitat types on each study area were due to two factors: (1)
fundamental differences in botanical composition among the

three regions and (2) the use of different classification
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methods during the development of GIS vegetation layers for
the Southern Sierra study and the 2 northern California
studies.

Important among these differences was the absence of
Douglas-fir and Montane Hardwood Conifer (MHC) habitats on
the Southern Sierra study area. While the former represents
an important regional difference (Douglas-fir is absent from
this portion of the Sierra Nevada), the latter is due to
different remote sensing classification methods. Although
MHC habitats were prevalent on the Southern Sierra study
area, they have been split into three forest types during the
classification of LANDSAT data: montane hardwood, mixed
conifer, and pine types.

The general proportion of habitat types in the 2
northern California study areas was similar. However, the
North Coast study area included a greater proportion of
Douglas-fir and montane hardwood habitats whereas mixed
conifer and montane hardwood Conifer habitats were more
common on the Klamath study. The prevalence of Douglas-fir
habitat on the North Coast study can be attributed to the
large tracts of mature Douglas-fir habitat in the upper

portion of the Pilot Creek watershed.
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Perhaps the biggest difference among study areas is on
the basis of tree size class. The largest size class
reported ('4') comprised only about 14% of the Eastern
Klamath study area, whereas 43% and 28% of the Southern
Sierra and North Coast study areas, respectively (Table 5).
Although the CWHR system recognizes size class '5' (average
diameter >24"DBH) and 6 (multi-layered forest), we chose to
lump size classes '5' and '6' with class '4' for comparison
purposes. None of the GIS layers classified habitats into
size class '6', and the Southern Sierra study did not
classify habitats into size class '5'. Despite these
methodological considerations, the data demonstrate the lack.
of mature size classes ('4' and larger) and the prevalence of

smaller size classes on the Eastern Klamath study area.

Home Range Estimation

Several caveats must be presented before results of home
range analysis are described. First, home range estimates
will be dependent on sampling effort, particularly for wide
ranging carnivores such as the fisher. This effort can be
measured in terms of the total time an animal was monitored
and the total number of locations. Second, home range

estimates will be influenced by the temporal distribution of
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locations; locations aggregated during certain times of year
may provide misleading annual home range estimates, though
such aggregated effort may be important in understanding, for
example, movement patterns of females with kits. Third,
comparable relocation methods should be used among study
areas to minimize the impacts of varying accuracy of mapped
animal locations. Although the Southern Sierra and North
Coast study areas have relied on aerial relocations during
winter months, these locations were not included in home
range estimation due to their relatively poor accuracy when
compared to ground relocations (W. Zielinski, unpublished
data) and because aerial locations were not used regularly by
the Eastern Klamath study.

Examining the relationship between home range estimates
and the duration of time monitored revealed some similarity,
but also some differences, among studies. Minimum Convex
Polygon (MCP) estimates for females on the Southern Sierra
study area increased quickly until approximately 10-14 months
of monitoring, at which point home range estimates appeared
to reach an asymptote (Figure 6a). Females from the 2
northern California study areas showed similar patterns to
the Southern Sierra study, though some differences were

observed. Estimates for two animals (one on the Klamath and

40



one on the North Coast study areas) showed another period of
home range growth after stabilizing for 6-10 months. This
may represent excursions into previously unsampled portions
of the home range, or may represent shifts in home range
location over time. Adaptive Kernel estimates (95% contour)
for females on the Southern Sierra study (Figure 6b) were
inconsistent until about 24 months of monitoring effort.

Male MCP home range estimates for the Southern Sierra
study appeared to stabilize in a similar fashion as females
(Figure 6¢). Males on the 2 northern California study areas
showed similar trends with one notable exception: an adult
male from the Eastern Klamath study was tracked for more than
two years but never seemed to establish an upper bound on the
MCP estimate. His home range appeared to grow linearly
throughout the time he was monitored.

Despite some of the potential problems discussed above,
we chose to compare MCP estimates among study areas for a
subset of animals from each study area. Adaptive Kernel
estimates were not compared due to the long monitoring times
and numerous data points apparently needed to derive accurate
estimates. Based on home range asymptote plots and the
number of locations per animal, we compared home ranges only

for animals monitored at least 9 months and located a minimum
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of 10 times. This limited the pool of individuals to 11 for
Southern Sierra (4 male, 7 female), 11 for Klamath (6 male, 5
female), and 7 for North Coast (2 male, 5 female).

Variance estimates were not equal among study areas and
home range data were not normally distributed. Accordingly,
we used Kruskal-Wallis tests to compare means (Zar 1984).
Comparison of means demonstrated a significant difference in
female home range size (x2 = 11.827, P = 0.0027, df = 2). The
rank of means indicated that female home ranges were
considerably larger on the Klamath Study area than on the
North Coast or Southern Sierra Study areas (Figure 7).
Although the Kruskal-Wallis test failed to detect a
difference in MCP estimates among study areas for males (x2 =
5.190, P = 0.0748, df = 2), the same trend demonstrated for
females was evident: home ranges on the Klamath study area
were considerably larger than those on the North Coast and
Southern Sierra study areas. The lower statistical power of
nonparametric tests in combination with the high wvariance
estimates for the Klamath and North Coast studies and the
small sample size for North Coast likely prevented detecting
significant differences among study areas, despite the

differences demonstrated by ranking means (Figure 7).
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Rest Site Structure

Comparisons of rest site structure types and sizes
highlighted important differences in habitat use among the 3
study areas. Recall, rest sites were categorized into one of
5 functional structure types: live trees, snags, platforms
(including growths and nests in live trees and snags), logs
and log piles, and rock piles (which included subnivean site
and other ground cavities). Examining frequency
distributions of rest site structure use, along with diameter
and species for tree and log rest sites, revealed 5 important
patterns:

1) Fishers were found resting more frequently in
platforms on both northern California study areas than on the
Southern Sierra study area (Figure 8). Between the 2
northern California studies, fishers on the Eastern Klamath
study area were found in nests approximately 12% more often
than on the North Coast study area. This 12% difference was
compensated by a comparable increase in snag use on the North
Coast study area.

2) Fishers on the Southern Sierra study used rock piles
(and other ground cavities) more often than at either
northern California study area. When structure types were

aggregated into 2 classes, standing trees and ground
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structures, the differences in structure use between the 2
northern studies disappeared (91.6% vs. 90.4% standing tree
use for the Eastern Klamath and North Coast studies,
respectively) while the Southern Sierra study still showed
less use of standing trees (82.3%).

3) Although each study observed fishers using several
tree species for resting, Douglas-fir was the most common
species used on both northern California studies while
several species were used extensively on the Southern Sierra
study (Figure 9a). Importantly, over 40% of fisher rest
sites located on the Southern Sierra study area were found in
hardwoods (particularly California black oak [Quercus
kelloggii]), nearly twice the use of hardwoods on either
northern California study (Figure 9b).

4) Considerable use of small diameter trees was
observed on the Eastern Klamath Study while the Southern
Sierra study showed a much more even distribution of rest
site diameters (Figure 10). The diameter distribution of
rest site trees for the North Coast study was positively
skewed due to the prevalent use of large diameter Douglas-
fir, particularly in the Pilot Creek watershed. However,
closer examination of frequency distributions and summary

statistics for rest site tree species groups revealed that
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the distributions are probably 2 compounded distributions,
one representing hardwoods and one representing conifers
(Table 6, Figure 10). For the Eastern Klamath study, rest
site diameter distribution was further decomposed into a
distribution of hardwoods encompassing broad range of
diameters, a distribution of small-diameter trees including
many of the platforms used (mean DBH = 49.7 cm, SD = 35.1, n
= 71), and a distribution of large-diameter conifers.

5) The use of logs by resting fishers was slightly more
prevalent at the Southern Sierra study area than at either
northern California study areas. Despite considerably
smaller sample sizes for logs than for trees, similar trends
in species and size were evident. Douglas fir logs were used
most commonly on the Eastern Klamath and North Coast studies
(73.3 and 58.3%, respectively) while a variety of species was
used at Southern Sierra, including nearly 20% hardwood logs.
Again, the logs used by fishers on the Eastern Klamath tended
to be considerably smaller than those used at North Coast and

Southern Sierra areas (Figure 10).

Habitat in the Vicinity of Rest Structures

Methodological differences limited our ability to make

comparisons of habitat and physical environment surrounding
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rest sites across study areas. However, the following
vegetation parameters were compared qualitatively: basal
area, canopy closure, average of the 4 largest trees
surrounding the rest site, and CWHR habitat type.

The trends in rest site structure characteristics
observed among study areas were evident for some of the
habitat variables recorded in the vicinity of the rest
structures as well. Although all 3 study areas reported
dense canopies surrounding rest sites, canopies were slightly
more dense at the North Coast and Southern Sierra study areas
(93.9% and 92.5%, respectively) than at the Eastern Klamath
study area (88.2%). While the same pattern of directionality
was observed for basal area and the diameter of the 4 largest
trees surrounding the rest site as for canopy closure, the
magnitude of the differences was somewhat greater (Table 7).
Average basal area for the North Coast sites was 75.6 m?’/ ha,
while sites on the Southern Sierra averaged 62.6 m?’/ ha and
59.8 m®* / ha on the Eastern Klamath.

The average DHH of the 4 largest trees surrounding the
rest site structure was dramatically different between
Klamath and the remaining studies, averaging only 46.2 cm.
The mean of the four largest trees closest to the rest site

was nearly twice as large for Southern Sierra (89.6 cm) and
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even larger for North Coast (118.3 cm). These differences

may be due in part to differences in field methods. The
Eastern Klamath study identified the four largest trees from
within a fixed radius whereas both Southern Sierra and North
Coast studies sampled vegetation using a variable radius
plot. It was possible for trees to be >12 m from the rest
site and be tallied and measured during the prism sweep, thus
resulting in a potential bias toward higher estimates for on
the Southern Sierra and North Coast study areas. Despite the
potential bias, we believe the magnitude of difference, in
conjunction with the prevalent use of small diameter trees on
the Eastern Klamath study, likely reflect real differences in
habitat characteristics surrounding rest sites among study
areas.

CWHR cover type was classified at each rest site and
these data were aggregated into 5 classes: true fir (RFR,
WFR) , Montane Hardwood Conifer (MHC), Montane Hardwood (MHW),
Mixed Conifer (SMC, KMC), Douglas-Fir (DFR), and pine (PPN,
JPN) . At the Southern Sierra study area, rest sites occurred
mainly in Mixed Conifer and Montane Hardwood Conifer habitats
(83.6% of all rest sites, Figure 11). At the North Coast
study area, the majority of rest sites were located in

Douglas-fir and Mixed Conifer habitat (76.2% total). Two
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habitat types accounted for nearly 90% of all rest sites
found on the Eastern Klamath study area: Montane Hardwood
Conifer was used most often (52.4%), followed by Douglas-fir
(37.8%) . As straightforward as assigning CWHR type appears,
the results may be prone to inter and intra-observer error

and results should accordingly be interpreted with caution.

CONCLUSIONS

INDICES OF RELATIVE HABITAT QUALITY ACROSS STUDY AREAS

A number of the comparisons above point to the same
conclusions: 1) the habitat in the Eastern Klamath study area
may be less suitable for fishers and 2) the population
density there is lower than at either the North Coast or the
Southern Sierra study areas. Of course, none of the studies
have collected sufficient demographic information to
associate population growth rates with habitat quality, but a
number of independent indices of forest structure, habitat
use, and demography suggest that the Eastern Klamath
population occurs in poorer habitat and may be more
characteristic of 'sink' habitat (Pulliam 1988) than either
of the other study areas.

Consider first the relative proportion of each study

area characterized by large-diameter stands. The GIS
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interpreted CWHR data suggested that the Eastern Klamath
study area had a much lower ratio of size class 4 to size
class 3 habitat than the other areas (Table 5). Furthermore,
ground data collected at rest sites indicated that the
average DBH of rest trees, the mean diameter of the 4 largest
trees, and the basal area were all the lowest on the Eastern
Klamath area. Large trees provide rest sites, increase the
structural complexity of a stand, and ultimately increase the
number of large snags and logs. Each of these features has
been associated with good fisher habitat (Buskirk and Powell
1994, Powell and Zielinski 1994).

Unfortunately, the potential misclassification of
habitat type, size, and canopy class in existing GIS data
layers and the differences in the method of collecting
diameter information at rest sites provide reason to be
cautious about the conclusion that large-diameter trees are
least abundant on the Eastern Klamath. When the randomly-
located vegetation plot data are available for each study
area we will be in a much better position to assess the
difference in the distribution of important habitat elements,
including the availability of large-diameter trees and logs.

Additional support for the conclusion that habitat is

poorer on the Eastern Klamath study area comes from

49



contrasting the use by fishers of rest structures. Fishers
in the Eastern Klamath rest more often in small-diameter
trees and small-diameter logs than in the other two study
areas (Figure 10). Moreover, they more frequently used
platforms (Figure 8); structures that may substitute for tree
cavities when the latter are uncommon but likely do not
provide the same benefits, especially in regards to natal and
maternal dens. If we assume that fisher rest choice involves
the rule 'select the largest diameter trees and logs in a
stand', then the rest site data suggest that the North Coast
and Southern Sierra study areas provide a greater abundance
of large structures than does the Eastern Klamath study area.

Habitat quality can also be inferred from home range
size and population density. Individuals are expected to use
larger areas in poorer quality habitat and therefore to exist
at lower densities. Both of these indices support the
relatively lower quality of habitat on the Eastern Klamath
study area than the North Coast or Southern Sierra studies.
Female home ranges were significantly larger on the Eastern
Klamath than the other study areas and male ranges were
larger, though only at the P=0.07 level.

Furthermore, the Eastern Klamath area had the lowest

overall capture rate (number of individuals/number of trap
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nights) and had captured the fewest total number of animals,
despite its longer duration and larger size. Although these
circumstantial data are suggestive of poorer quality habitat
on the Eastern Klamath area, it is also possible that the
larger home ranges and lower abundance may be related to the
larger body masses of males and females on the Klamath,
especially when compared with the Southern Sierra study area.
Empirical support for intraspecific allometry of body size
and home range size is far poorer than for the interspecific
relationship (Harestad and Bunnell 1979), but the possibility
of its confounding the habitat quality - home range si:ze
relationship cannot be dismissed.

Finally, the proportion of juveniles captured by the
Eastern Klamath study may be suggestive of a population
segment occurring in lower quality habitat. Although age
distribution skewed toward younger age classes may be
indicative of a healthy, growing population, it may also be
suggestive of sink habitat. These are largely speculations,
but they direct attention to the fact that demographic
profiles can interact with habitat characteristics to affect
population viability.

Unfortunately, some of the most compelling data

necessary to conclude that population growth rate is lower in
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the Eastern Klamath area are unavailable. Insufficient
number of natal dens have been located to compare
reproductive rates, and while the North Coast and Southern
Sierra studies trapped females in the spring to assess
reproductive condition, the Eastern Klamath study did not.
However, the estimates of adult survival are comparable among
the studies and these data do not suggest that mortality
rates are any higher in the Klamath than the other studies,
though small samples of radiocollared individuals make
confound survival analysis somewhat. Surprisingly, the
Southern Sierra study had the highest mortality of adult
females, a characteristic that has been shown to be the most

important single factor in PVA sensitivity analyses.

HIGH FEMALE MORTALITY RATES, ESPECIALLY IN THE MOST ISOLATED

POPULATION

The higher female than male mortality rates, across all
3 study areas, raises concern. Especially noteworthy was
the low annual survival rate (61.2%) of females in the
Southern Sierra population; one that is already handicapped
by being disjunct from the remainder of the California fisher

population (Zielinski et al. 1995).
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Although we have provided reasons earlier for our belief
that the fisher population in the Eastern Klamath is
occupying something less than optimal habitat, this
population appears less vulnerable than the isolated
population in the southern Sierra. The Eastern Klamath
population segment is probably buffered from extinction in
the near future by its close proximity the robust population
in the North Coast, centered largely on the lower Trinity
River area (Carroll 1997, Carroll and Zielinski, in prep.).
Based on observed fisher dispersal in other parts of North
America (York 1996, Arthur et al. 1993), it is highly
unlikely that fisher would successfully disperse over 400 km
from northwestern California to the southern Sierra; for all
intents and purposes the southern Sierra population is a
demographically closed population.

Unfortunately, the cause of most mortalities is unknown.
However, it is clear that road mortality and predation are
important causes of death. Vehicles killed more fishers in
the Eastern Klamath study area than in the other areas
combined, largely due to the presence of a number of state
highways that dissect the Eastern Klamath study area. Humans
were also directly involved in the mortality of 2 females

from the North Coast population, but in this case we suspect
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the animals became the targets of hunters. All sources of
fisher mortality in the Southern Sierra were considered
'natural' except an incident where a female entered an empty
water tank and died. Both the indirect (vehicular) and the
direct mortality by humans should be a consideration in the
management of fishers. The increase in number of paved
roads, and the increase in vehicle speeds, should be
discouraged in areas where habitat is being managed for
fishers. Wildlife underpasses should be considered an option
in the development of new roads where fishers and other
species could benefit. Finally, additional means should be
instituted to warn hunters and trappers about the
consequences of molesting or killing a fisher.

The relatively high mortality rates, especially of adult
females, should be examined further. We recommend a modeling
approach to simulate population growth in each study area
that incorporates estimates of vital rates that have either
come to light as a result of this meta-analysis (e.g. adult
survival) or for which we can make reasonable guesses.
Simplest among the options would be the creation of static
age, or stage-based projection matrices (Caswell 1989). Such
models require less data than spatailly explicit models and

can easily incorporate stochasticity (demographic,
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environmental, catastrophe) to simulate potential impacts on
small populations. Only with additional modeling will we be
able to predict the consequences to long-term viability of
what appear to be relatively high mortality rates, especially

in the most tenuous of the populations, the Southern Sierra.

REGION-SPECIFIC RECOMMMMATIONS

Our analyses have led to recommendations for the
management of fishers and fisher habitat in each region.
However, because each study is incomplete and final analyses
specific for each region have yet to be concluded our

recommendations should be viewed as preliminary.

Eastern Klamath study area

Fishers appear to exist in poorer quality habitat in
this region than in the others. This conclusion is drawn not
only from our analyses but by a comparison of the North Coast
and eastern Klamath regions in the recent landscape analysis
by Carroll and Zielinski (in prep.). Some of the difference
may be climatic; inland forests receive less moisture and
therefore have lower primary productivity than coastal
forests (Sawyer and Thornberg 1977). However, it is clear

from the history of timber harvest, and by aerial examination
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of the three study areas, that the eastern Klamath area has
been subjected to more timber harvest -- and more by
clearcutting -- than the other two areas. The recent
institution of the Northwest Forest Plan and its protection
of late-seral and riparian areas should help restore some of
the habitat that has been degraded. However, more of the
Late-Successional Reserves (LSRs) occur in the more humid
northwestern portion of California than in the drier, inland

forests.

North Coast study area

The North Coast study area benefits from being situated
nearest to what appears to be the center of the highest-
quality fisher habitat in northern California (Carroll 1997).
Much of this is due to the fact that there has been less
timber harvest in the Six Rivers National Forest than the
Shasta-Trinity and the fact that the North Coast receives
more rainfall, which produces greater forest biomass, than in
the eastern Klamath.

Because a number of forest-dwelling vertebrates in
addition to fishers also appear to exist in very high numbers
in northwestern California (e.g., northern spotted owl [Strix

occidentalis caurina] , California red tree vole [Arborimus
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longicaudual]), even in the face of substantial disturbance by
timber harvest, it may be that some large-scale regional
phenomenon favors their abundance. It has been speculated
that the occurrence of schlerophyllus shrubs and trees (e.g.,
madrone, tan oak) which provide cover throughout the year, in
combination with the overstory cover of conifers, may produce
favorable conditions for species associated with closed-
canopy forests in the region.

The larger Klamath region was also spared the marine
inundation to which much of the surrounding mountains of the
Northern Coast Ranges were subjected, resulting in a
prolonged period for the development and diversification of
its biota (Sawyer and Thornburgh 1977). It may be that this
diversity of plants and animals, which now typifies most of
northwestern California, provides an abundance of potential
prey for fishers and other predators.

Regardless of whether the reasons are historical,
contemporary or a combination, the mature forest cover in the
North Coast study area appears to be in better condition than
in the eastern Klamath. Only about 18% of the Six Rivers
National Forest has been affected by timber harvest. The
Northwest Forest Plan, which includes new approaches to

forestry (including commercial thinnings in mid-mature
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stands), are certain to have less effect on fisher habitat
than the clearcuts that characterized past management.
Proponents even claim these prescriptions will accelerate
the development of late-seral forest structure (Pilot Creek EIS
1996) .

Most of the indicators of population and habitat quality
for the North Coast study area provide no reason to suspect
this population is declining. However, the suspected
poaching of 2 animals indicates that additional attention to
trapper and hunter education and law may be warranted.
Although the North Coast study provides no reason for concern
about fisher wviability, this does not apply to the larger
fisher population throughout its historic range in
northwestern California. Currently fishers appear to occur no
further south along the California coast than northern
Mendocino county (Zielinski et al. 1995) whereas they once

occurred as far south as Marin county (Grinnell et al. 1937).

Southern Sierra study area

Of greatest concern in this population is the high
female mortality rate in combination with its isolation from
fishers in northern California. Unfortunately, there are no

comparable data on fisher mortality rates from populations
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that have neither been subject to trapping nor derived from
recent reintroductions. However, the 39% annual mortality
rate of monitored females is substantially higher than that
reported for an untrapped marten population (Hodgman et al.
1997) . The southern Sierra Nevada has been spared much of
the habitat degradation by timber harvest that occurred in
the northern Sierra (Franklin and Fites-Kaufmann 1996,
McKelvey and Johnston 1992). However, many large-diameter
trees, especially ponderosa pines and white firs, have been
removed from west-side, mid-elevation Sierran forests. This
harvest has simplified many stands, removing the conifer
overstory and exposing the midstory of oaks and the rapidly
regenerating shade-tolerant conifers that have been favored
by fire suppression.

Fishers rest frequently in cavities in large and old
oaks, but the long-term prognosis for the ability of these
plant communities, which have been altered by high-grade
logging and fire suppression, remains to be seen. The
current use of hardwoods by fishers highlights the need to
protect these elements in stands where conifers are scheduled
to be harvested and to regulate their cutting for firewood.
However, this is not to overemphasize the importance of oaks.

While considerable use of oaks for both resting and denning
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was observed, fishers also extensively used large diameter
conifers; recall that three of five natal dens were located
in cavities of large white firs (two in snags and one in a
live tree, Table 4). Management toward the recruitment of
large, cavity-rich oaks should not be at the expense of
maintenance and enhancement of large diameter conifers.
Clearly large diameter conifers provide important resources
for fishers in the Southern Sierra, and the long time
required to recruit large-diameter conifers, particularly
snags, must be appreciated.

High natural mortality rates and altered forest
structure are risk factors that are compounded by the fact
that fishers in the southern Sierra Nevada are separated from
those in northern California by a distance of at least 400 km
(Zielinski et al. 1995, L. Campbell, pers. comm.). Thus, the
population will probably receive no immigrants to augment its
genetic diversity or to rescue it from random events that
could lead to its extirpation. Special consideration should
be given to the effects of all land management activities on
the short and long-term viability of this isolated
population. In addition, the viability of the population in

the southern Sierra should be examined in detail before it is
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considered a source of transplants for reintroduction in the
northern Sierra Nevada.

Of the 3 study areas included in this meta-analysis, the
southern Sierra study occurs where fire frequencies have
historically been highest (McKelvey et al. 1996). In this
region in particular, efforts should be made to return
natural fire regimes and to encourage the development and
retention of large-diameter conifers in the mid-elevation
mixed conifer zone.

Finally, the Southern Sierra._area is unique among the
studies in that the fisher population coexists over a
relatively broad elevation range with the American marten
(Martes americana). Because the intensity of competition is
predicted to be proportional to taxonomic relatedness, the
fishers in the Southern Sierra may be subjected to an
additional adverse factor to which the fishers in the

northern California populations are not.

GENERAL RECOMMENDATIONS

Considered together, the habitat relationships described
for fishers in this paper have important ecological and
management implications. First, in the absence of Douglas-

fir, fishers in the Southern Sierra Nevada appear to utilize
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a diverse array of tree species. Particularly noteworthy is
the extensive use of black oaks, a species that tends to
produce numerous cavities in Mixed Conifer forests. Whether
this represents a local adaptation by fishers to conditions
in the southern Sierra or simply reflects differences in
habitat availability among regions is impossible to determine
with currently available data. However, the small sample of
natal and maternal dens found by the Southern Sierra study
suggests the value of these oaks not only as suitable resting
cover, but also as important structural elements to
reproductive females.

Second, although extensive use of small diameter trees
was observed on the Eastern Klamath study area, caution must
be used when interpreting the importance of these results.
Although platforms in small diameter trees may provide
suitable resting habitat, such trees are likely of little or
no value to reproductive female fishers. Research in the
eastern US has stressed the importance of tree cavities as
fisher natal dens (Paragi and Krohn 1996); natal den use in
the southern Sierra supports this.

The prevalent use of platforms in small diameter trees
on the Eastern Klamath study in conjunction with the

relatively limited use of large diameter live trees and snags
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warrants further discussion. Extensive historic timber
harvest within the Eastern Klamath study area has likely
resulted not only in the conversion of mature forests to
early seral stages (through clearcutting), but also in a
decrease in the occurrence of large diameter living trees
and, consequently, in the recruitment of large diameter snags
and logs. At both Southern Sierra and North Coast study
areas, large trees and snags appear to provide an important
resource for fishers, and probably for their prey as well.

These data demonstrate the consistent use of large
diameter trees on the North Coast and Southern Sierra study
areas, and to a lesser extent on the Klamath study area.
Although the observed patterns of rest site use are
confounded by incomplete knowledge of structure availability,
it is clear that fishers regularly use large diameter trees
and logs. The availability of a diversity of structural
elements across the landscape may play a crucial role in
successful reproduction and recruitment of young.

Lastly, it is important to recognize the data presented
here, although they have been collected from 3 ecological
regions of California, reflect but a sample of the fisher's
range in California. The Eastern Klamath study was located

in the easternmost portion of the ecological region where the
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combination of climatic patterns and land management
practices have apparently influenced fisher ecology. Whether
this is true for the entire Klamath Mountains region is
impossible to know at this time. Important questions remain
about population dynamics within the spatially contiguous
population occupying northwestern California. Likewise, the
Southern Sierra study occurred in an area that may include
the best remaining fisher habitat in the Sierra Nevada.
Comparisons of our results with those that become available
from ongoing research in the coastal redwood region (Klug et
al., in prep) and a second study in North Coast Ranges
(Higley et al., in prep) will help corroborate the results

presented herein.
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Figure 1 . Ecological sections (ECOMAP 1993) occurring within
the historical distribution of the fisher in California as

described by Grinnell et al. (1937).
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Figure 2. Location of three radio telemetry studies conducted
in California From 1992 to 1996, plotted with the fisher's

historical distribution as described by Grinnell et al. 1937.

91



e

.050 -
.045 | BEastern Klamath

.040 & ONorth Coast

.035 ¢ @Southern Sierra
.030 +
.025 ¢t
.020 ¢
.015 +
.010 |
.005 |
.000

Capture Rate

O 0O O O OO0 O o o o o

to

.020
.018
.016
.014
.012
.010 -
.008
.006
.004
.002
.000

T el

Capture Rate
O O O O O O 0O O O O O
AAiA

B e

Female

Figure 3. Initial (A) and overall (B) capture rates for
fishers livetrapped in three regions of California, 1992-
1996. Capture rate = no. fishers captured / total trap

nights.
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Figure 4. Average body mass in kg (A) and total body length
in em (B) for adult fishers captured in the Eastern Klamath
(n = 5 male, 7 female), North Coast (n = 7 male, 11 female),
and Southern Sierra (n = 7 male, 18 female) regions of

California, 1992-1996. Error bars = 1 SD.
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Figure 5. Sex and age ratios for fisher captured on the
Eastern Klamath (n = 22), North Coast (n = 31), and Southern

Sierra (n = 33) study areas in California, 1992-1996.
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Figure 6. Bimonthly home range size estimates for (A) 100%
Minimum Convex Polygons (MCP) for three females, (B) 95%
Adaptive Kernels for the same three females, and (C) 100% MCP
for three male fishers on the Southern Sierra study area,
1994-1996. Note: scaling of y axis differs among figures.
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Figure 7. Average Minimum Convex Polygon home range
estimates in ha (error bars = 1 SD) for adult fishers
monitored a minimum of 9 months and located at rest sites at
least 10 times for the Eastern Klamath (n = 6 male, 5
female), North Coast (n = 2 male, 5 female), and southern

Sierra (n = 4 male, 7 female) study areas, 1992-1996.
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Figure 8. Rest site structures, aggregated into five
functional groups, used by fisher in Eastern Klamath (n =
451) , North Coast (n = 196), and Southern Sierra (n = 395)
study areas, 1992-1996. Rest site structure categories were
defined as follows: Live = in cavities, broken-tops, or on
the limbs of living trees; Snag = in cavities or broken-tops
of snags; Platform = in nests, mistletoe brooms, or other
platforms; Log = in individuals logs or in log piles; Other =

in rock piles, subnivean sites, or other ground cavities.
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Figure 9. Rest site tree species, aggregated into (A) 5
functional groups and (B) 2 functional groups, used by
fishers on the Klamath (n = 394), North Coast (n = 359), and
Southern Sierra (n = 187) study areas, 1992-1996. Tree
species were grouped as follows: Doug-fir = Pseudotsuga
menziesii; Oak = Quercus spp., Arbutus menziesii, and
Lithocarpus densiflora; True Fir = Abies spp.; other =

Sequoiadendron giganteum, Calocedrus decurrens.
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Figure 10. Distribution of (A) diameter at breast height
(DBH) classes for trees and (B) maximum diameter for logs
used as rest sites by fishers on the Klamath (n = 316 trees,
37 logs), North Coast (n = 171 trees, 12 logs), and Southern

Sierra (n = 242 trees, 35 logs) study areas, 1992-1996.
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Figure 11. California Wildlife Habitats Relationship cover
types visually assigned for habitat surrounding fisher rest
sites on the Eastern Klamath (n = 286), North Coast (n =
181) , and Southern Sierra (n = 387) study areas, 1992-1996.
Habitat types are as follows: MHW = Montane Hardwood, MHC =
Montane Hardwood-Conifer, Mixed Con. = Sierran and Klamath
Mixed Conifer, DFR = Douglas-fir, Pine = Ponderosa Pine and

Jeffrey Pine, and Fir = White Fir and Red Fir.

100



10t

umouy 3318 389X JO

(8)oex) mous yeaxy ‘'‘bH°9)
UOTIPWITIUOD JO3XTPUf

pue Axjwata3 (g ‘(Axo31pne
10 TENSTA) UOTRUWITIUOD
309a71p pue Axjswaral

untivoHn'j

—— i S

KA3TuroTA Sjerpsumt (€ umouy (z Atuo Axqjswatea
97718 389X Jo 2anjdnals (g (1 Aq aaynte® pawmrtjuod

“PIISTI5 UIIYINOg e Jueg IJTE JFST _JE U398 [rmtue (T uotjednooo 9318 183y uoIA1231d
I93swmrae sdo 1o sodol §oHsn woxj

"BI121§ U13yInog ge sweg pue dew diydeabodoy,

1] Ul PapIodax uotrleAl[d

uorjeaad 2 V1S .—n.mﬁu

‘posBn BUOTIEBDOT 7 pue
1 uorstoaag -dew odol gosn

“BeII2IS§ uUIayinos se awes 000FZ:1T Woxj UOTIEDOT WLN

549 1o sdew odol §9sn
aanuIw ¢ xaylra bursn
P2p10231 UOTIED0] KWLN

UOIJED0] 3115 192y

Y1¥d NOILYDO1

1 z S 1891 417 YIIM
1 9 0 glenpratput jo # |
93118
L L 12 183X 0Z-01 YyItm
1 0 .4 s{enprAfput jo §
89118
s S ¥ 1891 6-0 YITM
S (4 S s{enpyAtpur jo #
STt 06C LTE BUOTIED0]
L 062 16 9378 1831 jo §
satewag saTeway gaewal
S3TEN g9TeN g91eH ¥YIL¥d ALIS LSAY
POUION POY3IoR POqIsH

38w0D Y3IION yivww [y uiejsed

"9661-Z66T 'BTUIOJTTED UT S3TPNIs IaysTj Aq pasn spoyisw paii Jo s1relad

vIxofg uxeyjznhosg

ATAVINYA

‘1 x1puaddy



20T

gadi3 sanjoniys
aaoqe a3yl Aq peqraosep
jou 9318 ® UT :YAHIO -

A3taed
punoxb xsyjoue I0 8300X
ay3 ut Arrexeusb ‘sqniys
Aq paxsaon Arojza1dwod

9318 ® UT :(IYHS -
23718

ueaIATUQNS B UT  IMONS -
Ispinoq e yiesusq ‘JITIO

‘a1Td poOx e UT :YOOA -
I9331T pue saydueRI(
JO suoTjeTnuNOOE pue
‘gysau juapox ‘sjisau xojdex

purpnioutr ‘bBeus 10 8313 SATT
e JO 389U ® utr :LSAN -

a1Td bot

(3uoD)

POUISW BIIDTIS UIaY3nos

saan3ontd
e Aq petuedwodoe u3313j0

e ‘Stagep Apoom 8s8IE0D JO
UoTJOSTTOL ® UT HTId -

(wo Qg < ASJSBWETP

wnwrxew yitm &TIGSP

Apoom ssaeoo ofbuis se
pautzep) bor ® ut :DOT -

(- "wooxq

8,yo3TM ‘o039T3sTW) Yimoxb
9913 pesp © UT :YDNS -

2013 peep ®B JO

doj uayoaq ® ut :JILENS -
9913 pesp
e 30 A3TAED B UT :YONS -

beug ® jo uoT3eD0]
umouxun ue ut :HYNS -

H- . . _‘EO“ﬁM

8,4yo3TM ‘oo03sTasTuw) yimoab

29X3 9ATT B UT :¥dDIT -
9913 9ATIT ®© 3O
do3 usyoaq ® ur :LELT -

9913 9ATT
B jJo AjtaED B UT ‘¥DIT -
9913 9ATIT B JO UOT3EdOoT
umouwyun ue ut HAIT -

‘punoy sem Tewlue Y3 Yd2TyYMm :gadAy aanjoniis (- 3uod)
ut =2anjoniis jo adi3 syl ButmoTiog Syl jo suo ojut aanjonais
*RIIDTS UIIYINOS Se sueg anoqe ydexbeaed satidraoseg | peozTiobsjen axe s93T5 183 9318 3Is9Y

¥iIVd H40LDA¥LS

soussqe 10 @oussaxd 2Ty
pue A31aT3oe yo uoridriossp

usp Teurajeul
‘usp Teleu ‘L3318 388X

osn 931s 183y

*BIIOTS UISYINOS Se suesg

AX-WWW-3a

ajep uetnL
03 pe3ILAUOD ISR pue
AKX - WWW - 04 UT PSpIoday

punoj a3ed

POYISH
380D YIION

POYISH
yaewe[y ulelseH

POYISH
VIIV}E uTWILYINOS

STEVINVA

-quod ‘1 xTpuaddy




*motiroy 'usj3jox
‘punos :uofjeofIIesero Aeoap
YHM 03 buipxoooe paztaobaijeo

eot

‘{6L61
*1e 39 19gel wox3l) dwnis ‘Teixajew

gbeug -psumoad jrey ‘98aeds umop ‘pasoduwodsp ‘usioaq ‘ueatd sde )
‘ex1191s ‘pedp 'uadjyoxaq ’'[ewiou ge ‘jxeq 98001 ‘peap ‘bBururiosp O Ipro)
u13yinog BY dueg pa2ziiobajeo sumoid 9917 BATT 'anT] ge paubiese s8e1D uorltpuo) 3115 189y
"uMouy 3Jjou
uotriedol burisax 30exs 31 papilodai
JoN Ax3owal9) woaj paraajut
‘eaxs1s €6-6 20UT8 PIJOSTI[OO eIED X0 uMmouy Tewiue jJo UOTILIO( 2118 1891
u1ayiInog se sues 'punoxb woxj fewgue jo y61sH Joex9 usym (w) 3sjewflss [ensip jo ybiay
ad1]
“PIXIIS {w) (w) ybtay ajrae jent
uIsyINog se Bsueg ybray @913 [e3ol pajewiise 9913 fe3jo3 JOo SjewilEd [eusia 30 wybiai
‘wo
S 1§9Ieau 3yl 03 pIjewriss a1l
1891 jo 9pis TTiydn uo 1333weidg
‘wo
‘adotedn  ggaxesu ayl 03 (sdunis pue ‘sbeus
*eXX3Tg 9yl uwo wo T'Q I8dxVIU ‘89313 SATT) 9911 93T 1831 JO
uI3ayjnos se sweg 03 adel HAd YITA paangesy °pte 11tudn uo paingsesw iajsweid | HEd 2115 1934
arqrgsod jou uoctILOTITIUIPT
gatoads uaym paptaoad
‘exxals UOTILROTITIUSPT OTWOUOXE] 1981B0D gatoadsg
UIIYINOS B8e swes ‘pa1jtauapt satoadsg !a1qyesod uaym pa13jTiuapt saioadg 2315 189y
:8OYNS
puv SHANL
s HAIT ¥Od
poqlIeR POUIeON POoYISK
38v0D {Y31O0N yjewe(y uxejsvyg v110Tg uwreyjnog STEVINVA

‘quod 't x1puaddy




- (MOToq oo8) eaxe

, - gjo9suell
ay3 jo juswederd syj3 surwisiap 03
pesn sem Yjnwize uopuex y ~93Is
189X 9Y3 e paIajuad sjdIsuRI]
jdeoxejut osury aernorpusdrad g

‘exxars [eseq jdeoxe seTqeTIRA TR butsn pa1dwes jo1d ey $0°0 ‘S°913 vivda
uIsyinog se I103 j307d IRINDITIO ©Y ¥$¥0°0 103 poyjsuw buiydues ss91101d NOILVIIEDIA
:SEdAL
*BeIIAOTS papraoxd 93Ts 131891 poptaocad 3318 TIALOAYLS
uzeyinos se auweg Jo Burmeap pue uorldiaosap 389X Jo Burmeap pue uolidrIdsap YHHLO 0oL
‘us330a
O3 pUNOS wWOoxJ S98SeTd 9ATd (6L6T)
‘exIaTs *MOTTIOY ‘u9330x ‘punos ‘Te 318 Iosel UT ssurT[apInb oyl o3 sSeTD
uIsyinog se sueg :uorTjeoTFIssers Aeosp ygM Burpioooe poubisse sserd Aedsp bog Keonsq bo7
*eIISTS (mo) (wD) pejewrise Ia392uetd

uIsylnog se swes

pojeWTlSe I9joWRTP WNWIXeW

ATTensTa Io3swelp BoT unwixen

wnwtxen bog

-I9yljo ‘a13 seibnoq ’‘s3eo
‘goutd ojutr pojebsiabbe

aTqIssod 30U UOTIEDTITIUIPT
soTnads usym pspraoxd

‘BeIIOTS aq ued sarpadg -orqrssod UOTJEeDTIFIUSPT OTWOUOXel I38IBOD
uxayjnog se sueg usymM potTJTiuspr sordads !a1qtesod usym poTITIUSPT soToedg satoadg bog
:8H07T ¥od
QIANILNOD
Y1IYQ
TANIDOAYLS
. - KAa3t1ARD
® UT 9 O3 MOUy JOU seMm 9JT8 81X
oyl uaym soussaaxd AjTaed Jnoqe
uoTjewrojur [euorlippe spraoxd
Kew saanjoniys jo uotradraonsag
" eIAdTs *(WONS ‘DI ‘'-B-9) sedij souasaad
uIaylnosg se sues copuosqe / 9ouessid 2INJONIJS UTEJIASD JI0J papIodady A3tae)
POYISR POYISH POYISR
318R0) YIJION qavwe Ty uIejseqy VIXSES uILaYlINosg FTEAVIIVA

* quoD

‘1 xtTpuaddy




‘eIXDIS
uxaynog se aueg

*Kx10981900
'Axo0qsaspun ’'satoads
jueutwop jo Axojuaaug

*ordwes wetad sy

ut 3T popiooax §3toads (euorITppy
‘poapirooax gafoads Axojsrapun

pue Ax03819A0 9313 § jueulwog

quasgatd
gajoads 991y

‘e1191s§
u1ay3inog se aues

‘9318 31891 woxj wm g e
yoea ’‘SUOT]IOLATP [BUIpAERD
p Je 3anso[do aTusesaw 0]
pasn 193swotsuap [eotaoydg

‘gpua 3o3s8urI]
v 94yl 2 pue ’‘ainlidoniigs 3ire g3l
a1{3 e sango1d Adoued sangeau 01
posn I1932woTsudp [eoraayds aavduo)

190 Adouey

*ex191s
uIdY3IN0g ge swes

INAOTANWA
'gEssiadddns LNYNIWOUI0D
' LNYNIWOd SV ddlJdISSYI)

YAA0D ASNAdA

'4AAOD FALYYIAOW ‘¥IAOD NIJO ‘¥3A0D
ASUYAS :SNOILYDIJISSYIO d¥HM  (1o01d
8yl 03 pPaITWwI] jou) 2318 IE31

aya Burpunoaans Arsjerpsunut eaae
ay3 xoj pojewilsa sse(d Adoueo YHM

gse o Adoued
121 1qPH AIM

Teaaats
u1sayjinog se aueg

AFVYL AAYAAY'I-TLIOW "AIAL
O1/dIW ‘FIAL TIVWS 'HIAVL
4704 'I9¥L ONI'IIVS ‘JIUL
ONITAIIAS :SSYID dZ1IS UHM

(8861) x9Aeisuapne] pue Jakeyw urt

gauroptnb ayl o3 bBurpioooe (10(d
2y3 03 pa3TWIT Jou) 3118 19al

ay3 Burpunoaans A1ajerpawwut eaxe

943 I103J po3iewilsd s8ged 3Z18 YHM

see[n 0718
JediqeH dHM

MHW 'SOSY ‘¥4
‘UM 'OHR (O "dda
‘dANTIONI S3dAL __¥HM

Ndd 'MHW 'DHW

'OWM ‘¥dd ‘¥vyd tEANIONT
sAdAL dHM -301d 103
uoT3IeOIJISseO Jeitqey YHM

Ndd ‘dOoW ‘49 ‘TdW “UIM

"MHW 'OHW ‘OWS  :9pnioutl SIAJAL UHM
* (8861) aaAersuspner] pue a13hken ut
gauriopinb syl o3 Butpioooe (3o1d
91171 03 P2ITWI{ ou) 3318 I8

ay1 Burpunoaans Arajetpsuwwmt eaae
ay3y aoj peojewrisa adha ae3jiqey YHM

adAy,
e rqen Anm

‘e119ts
u19yINOg Se dwes

qotd aya1 uo s331)
389b1e] § 9yl 10J paproody

-doams wsrtad

8yl ,UT, 9911 [I° 103 pPapioray

BRI ERARE

“e1191S
ux9yInog ee duwes

-wetad

a1eos ueorIdWY Jyd 0C ®©
Bbugsn sbeus pue 89517 3AT]
' 103 popiooal esie (esed

‘wetad syeos
ueotraawy ayd 0¢ e Bursn sbeus pue
59913 SA[] 03] pPOpi0oO3a1_eaie [eseg

B3Iy [EFEE

POqIeR
3890) Y3IION

poyiey
yiewe ¥ uxejsgeyd

Poq3IeK
v1ie1g uxeyginog

ATAYIHYA

*quoo ‘1 xtpuaddy




uzayanog se auweg adoys xolew uo sgedwuo) Teoo] uo paseq peplodax joadsy joadsy
*eIADTS I239WOUTID ®© -gbutpesa I93sWOUTTY TTTYUMOpP
ursyjnog se sueg bursn popaoodax 2dors § pue T1iydn ssoioe psbeisae adois g sdots
YiIVd DILOILW
‘doems
" BIISTS *301d uo sbeus TTe 103 wstxd ur sbeus TTe 103 (6L6T
uisayjnog se sueg pepiooax sseld Aeosg “Te 19 xosel) poubisse ssero Leodaq Kepsg beusg
"BeIIASIS -qo01d uo sbeus TTe -doems wstad ur sbeus
uIsyinog se sueg 103 popaoodaa Jybisy (w) pojewrlss Arprensta JybToH JH beus
"BIIASIS -301d uo sbeus ~dosms wstad
uIsayinog se sueg TIe JX0J pojewTtlss HAQ uT sbeus [fe 10J painseaw (wd) HAA Ia3swetqg beug
‘exIars ‘3o1d uo
uIsdyjnog se sWeg wp zT < sbeus Jo Juno)d ‘poyzsw wstad Bursn pordues sbeug sbeus 3o #
‘uaj3jox
jotd syl uo wo QT < 07 punoOs WOIXJ SoSSeTd 9ATI (6L6T)
‘BIISTS sboT TTe 103 peopiIodax “Ie 39 a9sely uTr s2UTTIpPINnb ayj o3
uIayjnog se sueg (dHM) sse1o Aeoeg burpaoooe paubisse sgelo Aeosp bBotg Keoop bog
*gj09sueI]
‘qo017d 9y3z uUo wo QI < S986010 YOTUM JI9JBWeTp wnuixew
-ex1xars sboT TTe 103 pojewTiss wo §T < sfIgap Apoom 28IEO0D
uIsy3iInog se Juweg I9JSWETP WnNWIXeR TI® I0J PapIod9l I9SWEeTp WNWEXEW 2z18 boTq
‘CI9]SWETP WnUTXew wo §°f < STIgap
Apoom 9sxe0D TTE I0JF S3D9sURI]
*papIoD9I 0N jdepxsjut surl Bursn pospioosy xaa0) boT §
‘BIIDTS
uIsylnog se awesg “woQT < s8bor Jo junoc) "pepxodax A13091Tp 10N sboT 3o §#
- K103usAuUT UT .
"eII9TS pepiooax s9Toads yoes * (83UsSWAIDUT IBN0D
uUIDYINos se [weg I03 pejewriss ArrensIp $5) pojewtiss ATrensta | Adouep A1o3saapun
-Az0jusaut ut
*eIIDTS pepxooax sordade yoea - (83jUSWaIDUT Iano)
UISYINOS S aues I0J Pajewriss ATTEensIA $5) pojewtise Arrensia | Adouep Axo03lsIxaaQ
(* LNOD)
VIVd NOILVISDIAA
PoY3ISH POYISH POq3IeR

38R0D) [YlIOoN

qjvue [y uielsed

wIIeTg uxeyanog

JTIVIUYA

*quoo ‘1 xtpusddy



LoT

*18e0)
Y3IION 2I® pPal1Inddo
19& sey Butiduwes

3JO I93uS8D Byl 'pPIIedoT
319M H3]BUTPIOOD

a4y aoug -dew

odoy 000%Z:1 ® Bursn
Pa3EDOT SBM UOTIEDOT
9yl -E93PUTPIAOOD

WL Butijexsusab
Atwopuex Aq vaae

Apnas ayal o3 paubrsse

p2A198q0O uO paseq siuswaxinbax
9zZT18 wnututw bBurysawm bol 10 9917
® U0 pa1d31usd SUO pue wWopuela e
peijeoot auo ‘sjutod jo ated e jo
s16eq Syl Se paAlss 98341 JO yoed
-obuex swoy g,7ewTUR YOES UTYITM

BUOTIEO0T WIN wopuex gz Butierausb

Aq (91eway g ’'atew ) siewmtue

12203 1 Jo ssbuel swoy a9yl UTHITM

AatT1IqETtRAR 2a9m gyo1d wopuey patdwes ejep AJTTTIQETTRAL Je]Tqel | YI¥A ALITIGYTIVAY
3e3rqey oN 001=u 9ET=U 91ewdq '(G=U ITEW o ___LY¥LIGYH
paezzilq (9 mous d3je19pow (G mous
ybr1 (v utex Aaeay (g urex Apesals
‘gjexspow (z urel JUIIITUIIIUT
*exIxd’s 10 3ybtt (Tt uworieaztdioaad
uxsaYINog se dwes ‘aatadiaosaq ou (0 tee pazirobasjey uorjeirdroaig
‘Be1191s ‘301 3O

u13yINOg e swes

*23BWIYED IBTNDQ

gjusawaIdur ut psjewrise %ﬁﬁﬂﬂmm>

I2A0) PRUOLD %

‘e11atTs
u1a3yInog se suweg

* 1978woayolsd
burieg e yatm
papiooaa aanjexadwol

‘punoj sem 9118 UIYM IDJDWOWII]
v y3IM papiooaa aanjexadway

aaneaaduayg,

*P1197TS
u13y3Nnog se swes

‘9oue]8Ip
pue uoiajdiaosag

"SI wo1j paureiqo
aq [[IM peOX 1821E3U 03 IoUEIsI(]
‘p1213 9yl UT pPapIod31 JON

peoy 1sateau
01 adueldlg

“e1x91s
U192YyINnos 8e dwes

‘aouelstp
pue uotidrioseqg

*g19 Woxj pautelqo aq
TItM a93em 071 2DURIETIP IBTMISYIO
‘w gOT UIYITMA JT poajewiisyg

IaeM 18a1Pap
031 ?¥ouelsiyg.

*ex191s

-adois 'obeuteap

* (wol30q Mmeap
pue ‘sdoie saeouos ‘youaq 'sdots
xaAuod ‘dojasbpty) se paztaobajeo

uot 1t80d

uIayinog se sues ‘abpta  :qeotaobaje) 2318 3891 jo uorjisod otydeibodoy, otydeabodoy,
{ado1soaxoreuw)
Aydeaxbodoy sdeospuey (ea3U3b pue
‘eI131S ‘gxe (sdoisoaojw) saxnjeaz ojydeabodoj
POYIeR poylIen POYIOK

ABROD) YIION

qivwety uxeilseg

VIXOTE uxeyinog

q19Y1dvA

‘3juod ‘1 xtpuaddy



‘UOTIED0T
STY3l JO yjxou w 9°gzg
peoeld sem jo01d oy

o 06 < ‘uwo

06-09 ‘wd 09-0¢€ ‘wd 0g-0 :898SETD
JojsueTp wnurxew y JO IJUO O3
poubisse pue pajunoo oasm sbot (g
‘adej v HBuoTe paansesu

Jou ‘pajeRWIT]ISS SISM SIDUBISTP
3oesuex] jdeoxsjur =ury (I
:8uoTidenxs BuTMOTTOF 9Y3l YITM
893T8 3831 Je se spoyjam awes aYjl
butsn sjurod peisjuss-saIn3oniis
pue sjurod wopuel je Pa3Od[TOD sem
ejep -jutod psadjusd-aaANIONIIS
ay3 xsjusd joTd se paaIss pue
Po3edoT sem BOT x0 9313 Isyjoue
‘qurod sjerpesuwI9ojUT STUJ WO

* (qutod wopuex ay3l wWoxF w §°ZT
18eeT je) pojedoT sem sjuswsatnbsx
9zT8 unwtuTw Burjesw 9913 IO

BoT sjerpsursjutr ue ‘9378 wopuex
9Y3 woxg 9318 wopuel sYyj e
PO30STTOD uUayl oI9M BlEP Je3TqeH
‘w 0§ pue (T uU2SMlaq SOURISTP

pue yjnuwize wopuexr e burjeasusb
Aq pejeooT aasm sjurod wopuex
uayy ‘ssedwoo pue dem Buisn pPTaTJ
SY3 UT PS3EDOT SI9M S9JBRUTPI0COD
KWLA Teor3sxoayl syi ‘Arzstag

‘966T 2unp o3 xotxd 9sn 9318 3sai

POYIeoR
38w0D g3IoN

qjvueTy uie3sex

poyasH
VIISTS UILYINOS

HITHVIYVA

‘quod ‘1 xTpuaddy




*83u6 TN
Aeaang £¥19 ’‘saybyu LXeaing
96 ’'suotjeils 16T ’‘sAeaxng g

(mo110Y
‘usjjox ‘punos) gasselo Aeoap
YHM ©1 burpaoooe pazixobajeo
ogle 3ai1am gbeug -
{,0€< pue ’,of
~-G1 ',G1>) S8egse[d 19jsweIp
£ o3juf paztaobajeo aaam
3o1d ay3 uo sbeus jo Junoy -
j01d ay3 xo3 soroads
Aq pajeinoled (yqp wo Q< pue
‘wo QF-£1T ' wo g1>) §988eId
9z18 ¢ 103 KAjisusp o991y -
Zt. 103 paptaoxd
Jearqeyy jo suotiiydraosap
‘suoTlels 611 103 paptaoad sem
UOTIeDTITIE6R1o Jeltqey ¥yHM -
:guoTidaoxa
BbutMoTTO3F 243 YITM '833T8 3891
103J paqiiogsp uotysej swes 33
Ut sUOTie]ls T6T B PIIDITTOD
seM pal09(10O eiep IeITqRH

*gpeox wox3j w

001-0G peoerd suotriels -3feq
ge pasn gbutm uayoryd -Aaaang
/ 8Aep zz -shaaans p ur
po3oarss seoae uetaedry -Aep
a9yj3o Aasna pPadTAIDB suoTIR]s
'Juswasbuexae Teijeds aeaut]
'¥661 A13ubriop pue asymod

guoT3vls €g

*g31DasueI]
a2yl buoie partiiel
jou axsm sbol anq

‘Aitriqerreae jelrqey
103 poqlraogap se uoryse]
suies 9yl ul suotjels
aje1d jyoeal e PdIDATT0O
gem elep Jjelrqel

iteq

ge pasn uaoIyo 'g)xaam

£ 10J unx sem uotilel”
yoea ‘yo99m iaad aduo
pajoayo gem ajeid yoein
yoeg °"S661 I3qU3AON

- Kinp wox3 3yl bButanp
pPo31onpuocd gem vole
Apnas ay3 anoybnoaya
sieAI93uUT Wy gz 3e sajerd
yoeaxy Buroeyd Asaing 3ug

YI¥d SIV1d A0l

poyIen
38v0D YIION

poyiesr
yijewe(y uiojgey

POuIeK
vIIOTY axeyginog

HIGYIYYA

‘Juod ‘1 xtpuaddy




TeIaASTS
uIayinog se Suwesg
c=U aTellaq .Hﬂﬁ STeN

BIIDTS UIIYINOZ Se Sweg
p=U 27ewS,d ‘Z=U ISTeW

"paiaa0Dsx sem ‘IBTTOD
oTpex a2yl se [Iam

ge ‘sgenIed B JO TTe

I0 jxed sIsyMm SITIDA0DDI
JO Jsqunu TelO0L

g=u aTewsad 'z=U aTeN

S9TIaA0DSI
gseaxed Jo #

g=U oTeuad {T=U =STEeNl

pI=U STeWOd 8=U DTeW

SI=u aTewsad ‘g=U OTeN

pexerTOoD0TPRI
STENPTATPUT 3O #

BIIDTS uUIsyinog se ueg

-Apnis satjuse 3yl 103
gaanjdeo jo xaqunu Teljol
§G=Uu aTewdJ 'gZ=u IS[el

saanjded
Jo Iaqunu Te3l03

*eIIaTS
uIsy3lnog se smes

Iz=u ajewsayg ‘zZ=U STeW

LOBTI=U

Apnas ayjy Butanp
pa3onpuon butddexj
1Ie I0J popIodal TelolL
¥rLI=U

saybru dex)
JOo Iaqunu Te3l03

0T=Uu STewsd ‘L=U STENW

TI=oTewsd ‘g=Uu 2TeW

Butddexy TeraTuT
futanp paanided

STenpTATPUT

JO Iaqunu Te3j03

-eaae den xepa) =y3l

Ut pue eaie -1D) J01Td
ay3 ut burddexj ter3tut
I0J popIodal TejoL

"IWT] 3IS8ATFI =Yl I0F ©aIE M3U

e Burddexl usaym 1o pojebie;
Jjou sem TENPIATPUT UB USUYM
putddexy x03J popaodax Telo],
T1S8=N

‘eaIe 389103 93835 SWOH
urejunol pue uosTsN due)
ay3 ut Butrddexj Ter3TUT
I03J psSpiIodax Telol
STE=U

eaxe otydeaboab
30UTISTP

e utr bBurddexj
Tetatut Butanp
s3jybTu dexy jo #

g8T=Uu oTewsJ '£I=U STEW

EI=U oTeWod ’‘6=U STEW

gz=u ayewsj ‘TI=u STEeH

paanided
STenpIATPUT JO

YIVd TENLdVD
puw XH0TOHJUON

POY3IeH
38W0YD YIION

POYISH
yavweTy uIelsul

POYIeH
WIIOEFS uxIeylnog

TTIVIUVA

*quod ‘T xTpusddy




paxnseau yjbuay ped

|S0)

3H0ULIOTI23UR 03 3003
jJo uotixod 1otxajsod
woxj paangesu

3003 pury jo y3jbuat

yjbuat 3003 puth

gaea ayl puiysq
'3}o9uU punoxe paxngeswu

g1ed ayl puiyaq
‘}osu punoxe paangeau

22U8ITJWND 1ID H2IdU

2RI IADA
Isel ayy Jo pus syl o]

[1e3 ayl jo aseq syl woxj

SRR G ERE CY =10 ¢
3yl jo pua 3yl o1 [rel
9yl 3O 98eq ayj woxj

yibuag ey

auoq [tel 94yl jJO

pu? ayjl oj jnoug a3 jo di3

2383(Q93I9A
asef 3yl jo pud Iyl

03 asou 3yl 3o dil oyl
WoxJ wo Uf pdangesm

:um:&WlﬁmuOH

‘ex1ats
uxdaYyinog Be dwesg

b} 1°'Q 389a®BU 3yl 03

gateuw
I103 91eo8 eiosad by
01 e pue gajewaj 103
aTeos8 viosad by € e
Buisn By g0°0 31891ESU
9yl 073 paansesdu

- Juswdoaaap
38210 [e3atbes pue aeom

yjo03 Aq psurturajsp ggero
sby -syjuow gz ueyl sgay
‘a1tuaanl se poziaobajeo

uotatpuoo Apoq
ieasuab pue ’ (8a1eW)
jquawdo[aAap 18910
Teaarbes ‘xesm Y3001
uo paseq jinpe pue
‘q1npe Bbunok ‘artusan(
ge paztaobajeo

‘ex1x9ls
ux3ayYINOg se sweg
p=U D1EWd] 'T=Uu OSTeR

etonboag se sueg
T=u afewsd ‘Q=u d[e}

*pa19A0D21
gem gseoaed e jo jaed
Ut 9I9Ym €3TI9A003X
ae{{oo jJo aaqunu Telo]
o=91ewog ‘t=u 91eW

b1
abw pagrmraga
83 T113A0031

Ajuo aefioo jo §

(QEANIINOD) YIvd
g3014YD PUv ADOTOHANOH

POqIeR
3s°0D YIION

pPoyIeR
gicvwery ulejsuy

POqIlION
vixetg uxeyqinog

ATAVIHVA

*quoo ‘1 xtpuaddy




Z11

s1qrssod uaym Asdoxosu
anssT] 1308 ‘poder-X feuwruy

gsaoxnos Ajrjeljzou

butTpuey butanp sIjnuTw
Z KAisas~ a93swowisayl
Te3o91 B YiIm papiodsl

Butpuey

Butanp sejnutw

Z Axsao~ I938wouasyl
Te309X B YITM P3pIoIax

aanjeaadwsy Apoq

oo urt
pepaonax sownToa uoTioefur
juonbasqns pue TeT3Tul

DO UT pPopIodAI
ssumypoa uoTjoalut
juonbesqns pue [RTITUTL

os0p

aybtoy !yjbusat

usye] sjuswsInsesu
ou ‘psprtacad
3saxo Te3ljtbes

Jo uotr3draosap

18810 Teaaibes

PoUIeH
38w0D Y3ION

POUISH
qaeweTy ure3seqy

POYISK
VIISTS UISYINOEG

JI19VINVA

‘quon ‘1 xTpusaddy




YAHIO -
sbeus pue 89913 SATT UT SHIMO¥D / SISIN -
§901 -
SOUNS -

SAJUL FAIT -
:0jur pozirobojeo aq ueo seaxe Apnis € 11V

-p9Bn aIe SUOFESS IePUITED JT pUNOJ I]ep UO paseq paufIap g ued suoseas
(s1treasp
103 JuUBWNOOpP ,TSUOTITUTISI I[qeliep :E3TPNIS IdYSTd BPIUIOITTRD. 998 'umouy
2318 18391 JO AJTUIDTA @3erpaumt) £ uolgioaxd jo suoriledo] puels SAIAY

XIS pue YyI4IS NJYFAHLNOS = 82318 1881 ¢ uoTeTo3xd HIVWYIN NYILSYd
(powxtjuod
jou aouasaxd s,fewTuUR Ing ‘UMouy San)oNTys) 82318 1831 LSYOD HIYON pue

VHEHIS NYIHLNOS ISYy3o [fe = 89318 3801 g uoTeT1oaxd HIVWYIN NJILSYA
punog 10 9718 AQq pawIIjuod §9318 1891 LSY0D

HIJYON PuUR YI¥IAIS NAIHLNOS = 83318 16931 T uo s toaad HLYWY'IA NUALSYd
:geaxe Apnis ussmiaq bBuryremsgoxd Jybr1s yiTm srqeaedwo)
‘gi9jawtl(e 1o /° pue
UOT3EO0] 93T8 31831 JO Adeanooe uo Juabutiuocd aq T{TM UOTIBASTS 9318 1831
jo Aoeanooe 'I9ASMOH (W) OTI]dW UOCWWOD © OF PIIAIAUCD uaym arqexedwod
‘pagsnoglp 9 pIhoyg SuoTlIed0T 23T 1831 3O
Aoeanooe DATIE[S1 IO / pue 3jnjosqe syl burssssse 103 satbajexas - eabuex
amoy Burjaadiajur ur paispisuon aq Isnw Jngq ‘sgrisAreue sbuex swoy apnioaad
Jjou 11tM Aouedaxosip SIYL ‘BUOCTIIRDO{ 21T 1821 JO 2U0uU P,5dD #ey yaewe(y
uialseyg pue ‘sSuUOTILDO[ 9116 1891 JO § 0Z~ P,SdH Sey eIxars urdyinog
‘punoj 8371718 31891 TP 3O %08 < P,SdD €eyY 318e0) YIION :UOTIedo[ 9318 189
jo Aoeanooe a3infogqe uUS9IDIIIP B sey eare Apnig {yows I10J SUOLIEIOT 2318
1891 yoea 'I9ASMOH -uotlewilss sbuex swoy jo sasodand syl aoj atqexedwo)

»uﬁﬁqnducmaov x0/pue sojavueog sisAivuy o1qyssoa

21Nn30N13s 93115 183y
¥iva fSd9n1ONY¥lS

punod a1eqd

UO IS TODL] HO v

UOT1BAD (T 231§ 197y

HOTIIeD0 ] D11S 1A
Y¥1¥d NOILYDO1
YIVYd LIS L6884

ATEVIANA

1 xtpuaddy ur paqriossp salqelieA 103 suostiedwod Teorbropoyiaw jo Arewuns

-z xtpuaddy



vitT

T8SuUOTINqTIASTIP adX3 sanjonxis pie .ﬂom._”,H.mQEOU

‘G 88e[D=MOTIOY ¥ pue ¢ ssey(d Bol=us3jjoi "z pue T sseld boT=punos

-zoxa® Jeaxssqo o3 3walgns ybnoyl ‘srqeaedwo)

‘eIIDTS uISY3Nog e Arj-serbnog Jo soussqe 9yl 03 anp

o1qrssod °q jou ITTM SIS0 °"Sa ITF-seibnoq -sa ssurgd Fo uostxedwod jng
‘s1qrssod aq Aew sI9Y3o SA S8UIJ UT S93Ts 3891 Jo uorjaodoad jo uostxeduod
‘o1dwexs I04 CUOTINTOSII DTWOUOXET] JO [DAD[ 98IROD © 03 PIITWIT

oq TITA seaxe Apnis usemiaq suosTreduwod ‘odAl uorjelsboa UT SOOUSI3IFTP
oTeos obael 03 =ng -pasn axe sosiyeue oxenbg TYD JT esae Apnias

utylTm paatnbax aq Aew soroeds jo sejebaabbe ybnoyy ‘orqexedwoo AT309ITq

- atqexedwo)

‘6 obejs-9 abejs=moTTOY

pue us330y - obejls-g¢ obejs=punos:sbeus 10J sosselo Aeodosg -~seaxe

Apnas usomisq argeaedwod woSS J0U SOOP SUMOID 99I3 SATT JO UOTITPUOD
(1ybroy o913 Te303 / 3Y 189I) 98I13 SYJ UTYITM S3Ts8 18921 °9Y]

JO 3ybToy SAT3IRTSI 9Y3 BUTIIOSSP STeTIIRA UED 9M ‘S3T8 B JB JUL]1STSUOD
seM JIOII® JIDAISE(QO SDuNsse 9m JT “I0IIS aoarssdo o3 3oalqgns ang srqexedwod
*X0AID ISAIDSO

o3 3oslqns aq ITTM 3T pajewrlss uasq sey ybray osneosq anq ‘stqeredwo)
sjuswysnlpe ou yjtm srqexedwo)

-uostredwoo aaTjelTTenb Burjssxsjur aq TIIM eoxe Apnis xod osn -dds

@913 Jo Aousnbeig -exizers ursyjznog je ITJ-serbnog Jo sOussqe IY3l 03 SNp
aTqrssod aq jou TITM SJI9Y30 “8A ITJ-se[bnog "saA sould jo uosiaedwod 3ng
‘arqresod aq Aew 815430 sA S9UTg UT S93TS 1891 jo uorizodoxd jo uostaedwod
‘erdwexe I104 -UOTINTOSDX DTWOUOXE] JO [9A3] 9SIROD B 03 POjTWI]

9 TITm seoxe Apnis ussmisq suosTiedwod ‘9dA] uorjelsboa UT S9OUSIDIFTIP
aTeos obieT 03 ang -pesn aae sasATeue axenbg TYD IT eaxe Apnis

uTyltm pexrnbax aq Aeu sarpads jo sejebeoabbe ybnoyj ‘eTqexedwod A13oexrd

L3r1Iqeavdwo) x1o0/puv sojawvuedg sysirvuy oTqresod

SHJAL HINLOAYILS ¥IAHILO

sseT) Aeoaqg boT
IejouweTg wnuixew bor

sotoadg bog
eouasaxd L3taE)

sse1d
UoTITPUOD S3IS ISNA
3H 931S 1S3y

IH 3931L
HAa °81L

sotoads 981l
$SOUNS
aNV SHENL SAIT ¥OJd

ATIVIYVA

‘quod 'z xtpusddy




‘uogtaeduod 9ATIeITIEND 03 PajTWIT 3 [1fM sedle Apnig uasmlaq

suostiedwo) ‘38L0D YIION PUE BIIDTE uaayiInog 1oy wetad Buysn pardues

ang yjewe(y uxajgey 103 jord uo pajunodo sbeus !srqeredwod A73092Tp 0N
-uoriydraosep ainjonils 935 -atqexeduo)d

-x932weTp wnwixew wo§T < €Bo7 03 FTwIT uaym srqexedwod

* guos faedwoo

aataesfrenb o3 pajtwry aq AT9T[ T[IIM 19A00 Bol pue sboy Jo xaqunN
-spoyiam adsoxsijur autry bursn jotd syl patdwes 18e0) YIION pue eIIITS
uzayanog aTTym Joid 211jus 9yl pITIOIUdAUT eigeys -orqeaeduwon A{302aTp 0N
* gpoyjau

adaoaajut suty Butsn joid ayj poatdwes 3seo) YIION pue BIXBIS UA3YINCG
a1Tym joid sx1ju® oYl parIojUAAUT eIgeyS -arqexedwod A73iDaatp ION
-Aar1iqeaedwod sutwaslsp disy [TTM SPOUIBW JO UOTESNDEIP I3YIINg

-geaae Apnis u2amiaq Axea Aew Axoisispun Jo suoriITurysp ybunoyy ‘siqexedwo)d
-Adouedo Axoisisnc 1107

103 93ewrass o(bure B papIooax IFEOD YIAON pue BAASTIS uidyinog ‘yiewepy
uiajseg 10J PoTIOIUSAUI 89T103ds v SsoIdER paielol uaym arqexedwo)d

- 10119 xaAx3sqo 03 10afqns - Axoasispun

pue Axo3sisao 8yl ut 8at1oads Jueutwop £ Oyl o1 pairuiy ybuoyy ‘g rqexeduo)
(e1131S UIBYINOS pue 38e0) {[I.ION 10J W G ZI °"SA Yjewely uraslisey 10J

w g) 23T8 1891 01 2Arie(ax sburpesa xsjsworsusp jo AjTurxoxd ut 20uUl219FITP
sy3 03 9np uoriIned Yitm poaisxdiajul 3q Istm s83Tnsax ybnoyy atqeaeduwo)

*10119

19A128q0 031 193lqns ybnoyl ‘ (Araarieatrenb jsest je) arqeaedwod A13d311d
* 10119

19Ax98q0 03 103afqnse ybnoyl ’(Araatrjejrtenb jsesy je) arqexedwod K1309x1d
*10313

13Az98qo 03 193fqns ybnoyy ' (Atsatiearienb asesay je) apqexedwod At3osxtd
‘(eq zo 0o < siord a03) x9jawexed sTYl UO

159339 jueoT3TubIe B 9Ary jou ssop 2z1e Joid eyl issbbns -5 uo ga1pnas
30114 -3 easeys Ioj ©99131 HAd 389biel p 01 paiedwod 3q ued 81yl ‘eIAITS
w1ayINog pue 180D YIION 10J pasn aae §2917 Had Ieabaer v IT orqeaeduod
gjuauwjsnfpe ou yitm arqexedwo)

A3113qeredmopy xo/puv sojivuedg syslieuy e[qiesod

gbeug j0 #
Apvoap borp
az1s bop

aaaon bBog g

s

jotd uo sbot ju #
12A0,)
Adouepy A1ois 1apng

1aa0) Adour)y Aioagtann

Quauo g sovendn ooy

a0 Aoy
gae ) Adouvr) dHM
g8e1) 2215 UMM

adAy, aeargei dHM

Heda =221
paiy [eeeq

¥YI¥d NOILVIADHA

' 1GVIEVA

*3uoo

'z x1tpuaddy



*SIH woay pautelqo aq
3snuw pue 38eo) YIAON / BIADTS UISYINOS J0J PISTI SYJ UT PIpIOod3I jou eieq
‘poyjsw I1233aq B aq Aewm SID
utebe ‘guorjewrise paTi Buren sesxe Apnis usamiaq A3rrTqeredwos pajlTWIT
"UoTIeTIBA I9AX98dO 03 Joalqns 2 TTTM uorjlezTIObRjED TTER !{PpeossnosIp
aq 03 speeu suorjrsod orydexbodoj ayj Jo yoes JO SUOTITUTISOP SYL
"swojjog meag bag / xTg = swoljog mMeId HIVWYTY NIILSVA
sadoTs saepuo) pue ‘youag ‘xaauo0) bsg / xT18 = sodoTs HIVWYTI NIFILSYH
sdol, 96pTy BIISTS uUIdYINOs / XT§ = sdol S6pTA HIVWUTI NIALSVH
:¢ ojul sesseTo uorlrsod
otydexbodol q 23ebaabbe 380D YIION pue BIIDTS uiayinosg 3IT orqeaedwo)d
-Apeanooe 93TS 3891 UT S90UaI9IITP olqrssod
Butasprsuod o3jeradoadde aaow swees Jjuswainsesw pTarJ Jo uostaedwo)
‘geaxe Apnis u99miaq UOTIEDOT 23T 3831 jo Apeanooe arqeredwod saitnbax
sTy3l ybnoyy ‘spEQ woxJ sajewriss adoTs UIERIqO O] S PINOM JIO0IID ISAIIS]O
103 Toajuod o3 anbrtuynel ¥ - I0axe Iaaxssqo o3 joolqns ybnoyy ‘erqexedwuo)
-Aoeanooe 93TS 3891 UT S90ULILFITP oTqrssod
Butaspisuon ajeradoadde siow sweas Juswaansesw pratI FJo uosTIedWo)
‘seaze Apnis ussmlaq UOTIEDOT 33T 3sax Jo Aoeanooe arqeiedwoo saatnbsx
sTy3l ybnoyly ‘swag woxy sojewriss adors urejlqe 03 9q PTNOM JOIID ADAISS]O
I03 Toajuod o3 enbruyoel ¥ -Ioxxd xaaxesqo o3 jwalqns ybnoys ‘erqexedwo)

-uostIxedwon aatjejrTenb o3 pejTwil S [ITM seaxe Apnis usamiaq
guostIiedwo) -38e0) YIAON PUEB BIIITS uiaayinog xoj wstid Bursn perdues

Jnq yjeweTy uxsjseg xo3 3oT7d uo pajunoo sbeus !orqeredwon AT3I09ITP ION
-geaxe Apnjs e I0J UOTJBWIISS IaAaIasqo o3 joalqns

830 -uostaedwod aarjejTTenb 03 pejTwIT o [[iMm seaae Apnis usomiaq
suostiedwo) -uostiedwon aaTjejTrrenb 03 pelTWIT @9 [[IM seaxe Apnis ua9Mlaq
suosTredwo) -~38€0) YIAON pue BIISTS urayjnos zojy wstxd Bursn paydues

anq yjeweTy ursjseqg 1o joTd uo pajunoo sbeus orqexedwod AT302ITP ION
‘yjeweT) uUisjsey IOJ poIeBWTISd STTUYAM

BIISTS UISYINOS pue 3Igeo) YJION I0J painsesuw sisjswelp bBeus 'ATTeuUoTITPPY
‘uostredwoos satjejrrenb o3 peoaTwil °q TITA seaxae Apnis usamisq
suostredwo) -38e0D YIION PUER BIISTS ursyjnog xoj wetad Suren perdues

Ing yjeweTy¥ uiajseg IoJ jord uo pajunod sbeus !orqereduod AT309ITP 1ION

A3r17qeIedmop zo/puv sojavuedg Ssiivuy S[qfEsod

peox
3seIesu 03 20uUelsId

Ia3em
3gaxesu 03 9oUelsSId

uot3tsod orydexbodoyg,

joadsy

adots

YIVd DILOIHY

Keoeqg bBeus

*3H beus

dTEVIEVA

‘quod ‘gz xtpuaddy



*Kzeggaoou aq T1TM sayorvoadde Huprdues Jo uoyssno8Tp
xaylixang ybnoyare ’ (padkaains evaxe ‘paanided aaqunu Te303 ‘ajex aanideo
'*B-3) orqeredwoon aq Aew Burddexn o3 peajersax siajswexed syl jo suog

(aanieaadwal

juarque) sxo3dej payrorjuooun jo Ajotaea v o3 oalqne bnoya ‘aiqeaedwo)
‘a1qeaedwo)

*BATDTS UIDYINOG puer 38e0)D

YIION I03J P3QIIDEdP ‘Yewel) uidjlgey 1o paangeauw 9z18 !arqexedwod 0N
-bag

/ XIS pue yjewely uxalgeg usaamlaq pasn spoylsw Juaa1aIITp !orqeaedwod 10N
‘arqeaedwoo At3osxid

‘a1qeaedwos AT309x1d

' ‘atqeaeduwon Afaosatd

‘atqexedwoo A{303x1d

*3Inpe abe aarjonpoadsa pue artuaan{ 'exaats

uIaYINOS pue 15e0) YIION 103 OM] O #Iggeln abe aonpax 31 atqeaxedwo)d

‘posn spoylsw JUIADIITIP
O3 9np SN{eA pPa3TWIT JO 3q [ITM Seaxe Apnis ussmiaq suogireduwoo 30a11d

*38'0D |YIION X0J ejep JO Aoe[ pue pasnh ¢gpoyism JusI1a3IJIp
03 2np 3n{eA PIJTWIT 3JO 3 [[IM seaxe Apnis usamisq suosiaedwod 30911d

‘padoianap o Aew uosess 291j mous

*BA MOUS JO UOIJTUIISP Y °"98n 9318 1831 Jo suostaedwod 13ylinj 10J suogeas

«3913 mous, pue ,mous, dulijsp o3 arqrgsod aq Aem 31 -89T106931RD BIAIDTIS
uIdyINOS O3 pPIY[emesoad 3xe guoTlxdiiossp yjeweiy uilailsey uaym arqeaedwod
A ‘a1qeaedwo)

‘pasn spoyilsuw juaa8i3jrIp ybnoyi ‘srqeaxedwo)d

A311§qeavdmoy 10/puv sofavueog sysAieuy e{qfssog

gyybyu deay §
paddexy §

¥1¥d ONIddV¥L

aanjeaadway Apog
asop

18310 (eiitheg

yibuar 1003 pry
2OUBIFIJUNDITID YU
yirbuat e

yabuay (rion
aybram

abe poyewiinn

YiLvda
FANLAYD PuUv XDOTOHJYOH

Yiva SIVId NOWHL

vLva
ALITIVIIVAY LVLIUVYH

uotjeltdioa.ad
I3A0) PNOLD %
aaxnjeaadun],

e1qeiIea

* quoD

'z xtpuaddy



Touxsy satidepe ‘uobAod XSAUOCD UNWTUTRH 2z18 obuex swoy

usp Teuasjew ‘usp [ejeu ‘2318 3831 28N 9318 1891
drysxoaTaIins
oTqexedwon AT309XTP ga0xnos AjyTejIow

¥YiIVa ‘TYNOILIAAW
A33179qeavdmop xo/pue sojavuedg sjsdyevuy eIqyssod JIqBLIBA

‘quod ‘'z xtpuaddy




	Table of contents
	Summary
	List of Tables
	List of Figures
	Introduction
	Study Areas
	Objectives
	Methods
	Data analysis
	Rest Site Structure and Habitat

	Results and discussion
	Conclusion
	Acknowledgements
	Literature Cited
	table1
	table2
	table3
	table4
	table5
	table6
	table7
	fig1
	fig2
	fig3
	fig4
	fig5
	fig6
	fig7
	fig8
	fig9
	fig10
	fig11
	Appendices

