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Distribution and Habitat Associations of Mammalian Carnivores

in the Central and Southern Sierra Nevada

Abstract

Carnivores exhibit a number of characteristics that may make them particularly
sensitive to alteration of the composition or configuration of habitat. In addition, habitat
modification can alter species interactions leading to changes in species distributions and
species diversity. I investigate competitive structuring and habitat associations in
mammalian carnivore assemblages in the central and southern Sierra Nevada with
particular reference to the fisher (Martes pennanti). My results identified moderate but
significant structuring of the carnivore community and distinct differences in the spatial
scale and habitat characteristics at which species were associated, although these patterns
were not related to body size. My results suggest the existence of differences in the
ecology and composition of areas where fishers persist and where they are absent.
Apparently fishers no longer persist in the northern portion of my study area, which
appears to be dominated by generalist species such as gray fox (Urocyon
cinereoargenteus) and striped skunk (Mephitis mephitis), two species with which fishers
are thought to have antagonistic interactions. Elevated densities of generalist species
may hinder the return of fishers to portions of its former range and should be a
consideration in fisher management and conservation. In an analysis of the three survey

methods used (two types of sooted track plates and remote cameras), [ found that the



detection methods used reliably detected most species, although some species (canids,
felids and raccoons [Procyon lotor]) likely were under-represented in my surveys.
Modification of the methods presented here or incorporation of additional methods would

be necessary to achieve a more complete picture of the carnivore community.



General Introduction to the Dissertation

The description and analysis of species distributions plays a vital role in
conservation by elucidating the status of a species or identifying areas for conservation
action (Wikramanayake et al. 1997). For many species in forested environments, basic
distribution information is lacking (Ehrlich 1996). There also is increasing concern over
the effects of anthropogenic habitat alteration on the distribution of species (Kurki et al.
1998, Harrison and Bruna 1999, Marzluff and Ewing 2001, Schmiegelow and
Monkkonen 2002). In addition to causing outright habitat loss, human activities can
modify habitat in ways that alter species interactions leading to changes in species
distributions and species diversity (Collinge 1996, 1998, Kurki et al. 1998, Kiesecker et
al. 2001). Carnivores exhibit a number of characteristics (eg. territorial behavior, large
home range size, and low population densities) that may make them particularly
vulnerable to activities that alter the composition or configuration of the landscape.
Recent recognition of the ecological importance of these animals, and the lack of
information available, has led to increased concern over the effects that habitat
modifications have on them (Kucera and Zielinski 1995).

The Sierra Nevada of California has been subjected to a variety of human uses
and, consequently, displays a landscape mosaic of anthropogenic modifications to the
natural habitat (McKelvey and Johnston 1992, Bouldin 1999). There has been a
tremendous increase in the number of people living in the Sierra Nevada. Between 1970-
1990, human populations in the Sierra Nevada doubled to 650,000; official projections

predict this number to triple by 2040 (SNEP 1996). Timber extraction is one of the most



economically important activities in the Sierra Nevada and has altered the structure,
abundance, and distribution of habitat. Reduction in stand complexity, a somewhat subtle
form of habitat loss, has nonetheless been responsible for a loss of species diversity in the
Sierra Nevada (SNEP 1996).

This research focuses on the detection, distribution, and habitat associations of the
species that constitute the carnivore community that co-occurs with the fisher (Martes
pennanti), a member of the weasel family (Mustelidae), for several reasons. First, fisher
may be quite sensitive to habitat modification due to its association with late-successional
forest and its limited ability to disperse across open areas (Buskirk and Powell 1994,
Jones and Garton 1994, Powell and Zielinski 1994, Zielinski et al. in press). Second,
fishers are extremely rare in the western United States. Although commercial trapping of
fisher was banned in California in the 1940s, their populations have failed to rebound in
the central and northern Sierra Nevada. Fishers now appear to persist in significant
numbers only in the southern portion of the Sierra Nevada (Zielinski et al. 1996). Third,
fisher may exhibit significant ecological overlap with other carnivores due to its
generalist predatory habits (Zielinski et al. 1999) and its unusually large home range size
(Powell 1994).

Two possible explanations for the failure of fishers to re-establish themselves in
the central and northern Sierra Nevada include insufficient suitable habitat and negative
interactions with resident species. Habitat modification (anthropogenic or stochastic)
may have altered the forests of the central and northern Sierra Nevada, making them
unsuitable for fisher. Potential colonizers from the southern population may have

encountered impediments to movement such a human development, roads or inhospitable



habitat. Alternatively or in conjunction with habitat alteration, competitive interactions
with other resident carnivores may have hindered the progress of recolonization.

Alteration of the ecological conditions upon which these carnivore assemblages
depend can affect species interactions and have unanticipated consequences for species
distributions (Bright 2000). Ecological niches may be influenced by competition and
predation. Predicting the effects of ecosystem change without considering species
interactions may lead to incorrect conclusions.

Species in different functional or taxonomic groups are more likely to coexist than
are more similar species (Rosenzweig 1966). Species that are similar in size are more
likely to utilize similar prey items and compete for resources (Rosenzweig 1966, Kelt and
Brown 1999). It follows that if a community is competitively structured, it should exhibit
non-random patterns of co-occurrence. Species that co-occur should be functionally,
taxonomically, or morphologically different.

In Chapter 1, I investigate patterns of co-occurrence within the suite of carnivore
species that were detected in my central and southern Sierra Nevada study area. Track
plates were used to describe the distribution of nine native species, one introduced
species, and several species groups (species that could not be reliably identified based on
track characteristics alone) at 177 sample units (1059 track plate stations). I evaluate
patterns of co-occurrence by comparing: 1) the observed richness and composition of
local carnivore communities to those expected by chance; 2) observed patterns of co-
occurrence to randomly generated communities using the program Eco-Sim; 3) observed
versus expected co-occurrence patterns based on body mass ratios; and 4) the results of

the above analyses for areas where fishers persist and where they are absent. Carnivore



assemblages were highly variable and exhibited lower levels of richness than expected.
My results indicate a moderate level of structuring in these communities and this
structure is most pronounced relative to the presence of fisher. Five species exhibited
different rates of detection where fishers persist as compared to the region of fisher
absence. Two species dissimilar in size to fishers (marten [Martes americana] and black
bear [Ursus americanus]) were more commonly detected in areas where fishers persist,
whereas three species (opossum [Didelphis virginiana], striped skunk [Mephitis mephitis]
and gray fox [Urocyon cinereoargenteus]), all similar in size to the fisher, occurred much
less frequently and utilized habitat differently in areas where fishers persist as compared
to the region of fisher absence.

The low level of structure in these communities suggested is consistent patterns
predicted in communities with reduced levels of interactions. This may be due to
historical competition (the ghost of competition past) leading to the partitioning of
resources to facilitate coexistence. Species may be sufficiently different morphologically,
taxonomically, and functionally to enable coexistence without evidence of competitive
structure. The habitat may be sufficiently heterogeneous to permit coexistence of multiple
species (McLaughlin and Roughgarden 1995). Alternatively, the low level of community
structure may reflect a system that is ecologically disturbed, or one that has experienced a
decline in species numbers or in the abundance of individuals, leading to a weakening of
competitive interactions. Given the number of species of carnivores present in the Sierra
Nevada and the diversity of sites and species combinations in which a single species may

occur, it is unlikely that a single factor can explain the patterns of co-occurrence of all the



species in a community (Kotler and Brown 1988). However, these results suggest the
importance of placing carnivore conservation in a community context.

Locally, species distribution reflects dispersal ability, habitat selection, and
species interactions (Thomson et al. 1996). Habitat selection links an animal to
environmental processes through a hierarchical process of decision-making at a variety of
spatial scales (Wiens 1989, Rosenzweig 1991, Weir and Harestad 2003). Coexisting
species may exhibit different habitat associations and may be most closely associated
with habitat elements at different spatial scales. Home range area likely reflects
individual energetic requirements, which in turn are influenced by body size (McNab
1963). Larger bodied species generally are predicted to be associated with habitat at
coarser spatial scales due to their greater spatial requirements. Home ranges for larger
bodied mammals tend to encompass significant finer scale habitat variation.
Consequently, these species typically are not associated with habitat elements at finer
spatial scales. Generalist species are predicted to exhibit weaker habitat associations than
habitat specialists and to be associated with coarser spatial scales.

In Chapter 2, I examine the habitat associations of fishers and five commonly
detected species. Using detection/non-detection data collected at track plate stations, I
determined habitat associations at multiple spatial scales for five mammalian carnivores
that co-occur with fishers in the central and southern Sierra Nevada. I also developed
models to classify sample units within the current fisher distribution to evaluate regional
differences in habitat characteristics across the study area. I developed models to describe
hierarchical habitat characteristics at the scale of the plot, and at four nested circular

quadrats using both remotely sensed information and field data.



Landscape variables and variables related to hardwoods were important for most
species. The spatial scale of variables that best predicted species occurrence varied by
species but appeared to be independent of body or home range size. Models containing
landscape variables at much coarser spatial scales (greater than 2 km?) best predicted the
presence of the two species with the smallest reported home range size (spotted skunk
[Spilogale gracilis] and ringtail [Bassariscus astutus]), whereas the presence of black
bear and fisher, species with much larger home ranges (>46 km® and 24.5 km?,
respectively) were best predicted by variables at the 10 km” and plot scales, respectively.
The model developed to describe the region where fishers persist had the highest
classification rate of any of the models developed. More and larger conifers and
hardwood, steeper slopes, lower road density and more continuous habitat corresponding
to general mature forest conditions characterized this region. A single plot variable,
slope, best predicted fisher occurrence. However, when slope was statistically controlled
across sites, fishers were associated with greater shrub cover, greater hardwood basal
area, and greater average canopy closure.

Results from Chapters 1 and 2 suggest that there are significant differences in the
ecology and composition of areas where fishers persist and where they are absent. One
possible explanation is the difference in human presence and the number of roads in the
northern and southern portions of the study area. The current distribution of fishers in the
southern portion of the Sierra Nevada is coincident with the presence of fewer primary
and secondary roads than elsewhere in the range. Activities that lead to simplification or
homogenization of habitat structure are likely to lead to a simplification of the structure

of carnivore communities. The northern portion of the study area does not appear to



contain fishers but is dominated by generalist species such as gray fox and striped skunk.
Elevated densities of generalist species may hinder the return of fishers to portions of its
former range and should be a consideration in fisher management and conservation.

Several species routinely observed at sample units were rarely detected by the
survey methods used in this study. Detection rate (the proportion of stations with a
detection divided by the total number of stations) is not sufficient to account for species
presence when detection probabilities are less than one. Failure to detect a species when
it is present (false negatives) can affect the determination of species distributions and the
interpretation of community interactions and habitat associations (Mackenzie et al. 2002,
Tyre et al. 2003). Explicitly estimating the probabilities of detection given presence can
help to account for false negatives. Because surveying for rare, cryptic species such as
carnivores can be challenging, it is important to identify methods that efficiently and
reliably detect the carnivore species of interest and, thereby, most accurately represent
their distributions. Collection of data at the community level likely requires a variety of
techniques because methods vary in efficiency for different species and in effectiveness
under different environmental conditions (Foresman and Pearson 1998, Thompson et al.
1998).

In Chapter 3, I compare three methods commonly used for carnivore surveys:
enclosed track plates, open track plates, and remote cameras. First, [ provide a summary
of the general characteristics of the detection data provided by each of the three survey
methods. To evaluate sample unit design, I used estimated detection probabilities derived
from my empirical data using Program Presence (Mackenzie et al. 2002). From these, |

calculated the overall probability of detection given presence for each species to evaluate



each method as well as hypothetical combinations of methods and protocols for single
species and multi-species surveys. In addition, I added cost as a constraint in the
evaluation of sampling unit design. The relative value of the methods varied by species
as did the optimal number of stations and visits. As suspected, based on probability of
detection given presence, several species (canids, felids and raccoon [Procyon lotor])
likely were under-represented in these surveys. For single species surveys, my results
indicate that most species will be detected by at least one device after 5-8 visits. In multi-
species surveys, the species that was most difficult to detect dictated the sample unit
design and generally necessitated longer, more costly surveys. When the one’s goal is to
characterize the carnivore community, a variety of techniques would be most
advantageous. The approach described in Chapter 3 can be applied to evaluate sample
unit design for a variety of survey objectives and constraints.

Overall, my results suggest that the carnivore community differs in areas where
fishers persist and where they are absent. Occurrence patterns and frequency of detection
in particular habitat types (Chapter 1) as well as habitat associations (Chapter 2) differ in
the two areas. While my results identified some structuring in the carnivore community
and distinct differences in the spatial scale and habitat characteristics with which species
were associated, additional detailed ecological information on these species will be
required to elucidate the mechanisms of carnivore community assembly. Generally, the
detection methods I used reliably detected most species, although some species were
under-represented based on detection probabilities (Chapter 3). Modification of the

methods presented here or incorporation of additional methods would be necessary to
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achieve a more complete picture of the carnivore community in the central and southern

Sierra Nevada.
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Distribution and co-occurrence of forest carnivores

in the central and southern Sierra Nevada

Abstract

Carnivore conservation in a rapidly changing environment is a topic receiving
increasing attention in ecology. Carnivore communities have received somewhat less
attention. To describe the patterns of variation in the number and identity of coexisting
mesocarnivores, [ analyzed detection/non-detection data at 177 sample units (1059 track
stations) in the central and southern Sierra Nevada with particular reference to the fisher
(Martes pennanti), a species that has experienced declines in the Sierra Nevada and
persists only in the southern portion of the study area. Each species occurred with a
variety of other species and in many different combinations. Most species (83%)
occurred at fewer than 30% of sample units and 15% of stations. The number of species
detected at a site was not significantly different from random, suggesting an
individualistic nature to species distributions. Local assemblages were highly variable
with a greater proportion of combinations of 1-3 species than expected and fewer
combinations comprised of 4-6 species. Comparisons to randomly-generated
communities suggest some structuring in the carnivore community. Several species
(opossum [Didelphis virginiana], striped skunk [Mephitis mephitis], and gray fox
[Urocyon cinereoargenteus]) occurred less frequently in areas where fishers persist.
Community structuring based on body size was not observed. Although additional data
are needed to identify the mechanisms responsible for the observed patterns of

occurrence in the mesocarnivore community, the data suggest some level of structure in
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the observed assemblages and highlight the importance of viewing carnivore

conservation in a community context.

Introduction

The distribution of species is determined in the broadest sense by evolutionary
processes, historical factors, and the physical tolerances of the species. These factors
combine to structure the regional pool of species and set an upper limit of species for
local communities. Dispersal ability and habitat selection sort species from the regional
pool into candidates for local assemblages (Keddy 1992). Finally, interspecific
interactions influence the success of immigration and establishment in the local
community. Alteration of the ecological conditions supporting these communities
threatens to alter the structure and composition of local communities.

The effects of anthropogenic habitat alteration on the distribution of species is a
topic of increasing concern (Kurki et al. 1998, Harrison and Bruna 1999, Marzluff and
Ewing 2001, Schmiegelow and Monkkonen 2002). In addition to causing outright
habitat loss, human activities can modify habitat in ways that alter species interactions
leading to changes in species distributions and species diversity (Collinge 1996, 1998,
Kurki et al. 1998, Kiesecker et al. 2001). In the western United States, mesocarnivores
have become an important management concern due to their rarity, specialization, and
wilderness dependence, factors which predispose them to impacts from humans (Finch
1992). In addition, some species have undergone declines in distribution and abundance
(Ruggiero et al. 1994). Elucidating the structure of carnivore assemblages may be a key

step in long-term management of ecological communities.
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Understanding how ecological communities are structured is a central issue in
ecology, and has been a source of debate among ecologists since Clements (1916) and
Gleason (1926) offered their competing views of how plant communities are organized.
Although Gleason’s individualistic perspective has been largely vindicated (Brown and
Kurzius 1987, Frey 1992, Morton et al. 1994, but see also Brown 1995), species may
display independence in their distributions while simultaneously exhibiting nonrandom
patterns of association (Brown and Kurzius 1987, Brown 1995).

Species coexist under a variety of conditions and therefore are likely to be
subjected to different ecological processes at different localities. Each species in a local
assemblage will have a distinct history of immigration and establishment (Holt 1993) and
may utilize resources at different spatial scales (Wiens 1989). Locally, the classic
mechanisms of competition, predation, mutualism, parasitism and disease play important
roles. At coarser scales, habitat heterogeneity may be the primary contributor to diversity.
To some degree these are supplanted at broader biogeographic scales by the influence of
climate, history, and evolutionary processes (Bowers and Brown 1982, Kelt 1996, Kelt et
al. 1996). Community-level diversity, then, likely is the result of combinations of
different types of effects operating at different spatial and temporal scales. Effective
preservation of biodiversity and, when desired, its restoration will be the ultimate test of
our understanding of the forces shaping and maintaining natural communities (Brussard
1991).

Examination of variation in composition of biotas should contribute to our
understanding of the underlying processes and variables that influence community

structure (Brown and Kurzius 1987). Most research in this field has focused on groups of
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taxonomically or functionally similar groups (e.g., guilds; Brown and Bowers 1984,
Grant and Schluter 1984, Dayan and Simberloff 1994, 1996). Such species are more
likely to experience overlap for resources, potentially leading to competition, than species
that are dissimilar. Among carnivores, competitive interactions are common and tend to
be most intense between closely related species, though they also occur between species
from different families such as between felids and canids (Litvaitis and Harrison 1989,
Stephenson et al. 1991) and between canids and mustelids (Minta et al. 1992). The first
step in revealing whether competition may be influencing community composition is to
evaluate whether species occur together more or less frequently than expected by chance.

Patterns of species coexistence in mammal communities have been explored by
evaluating character displacement in body size or trophic apparatus (Dayan and
Simberloff 1994, 1996, Kelt and Brown 1999), relative abundance (Price and Waser
1984), species density, and both pair-wise and multi-species combinations (Brown and
Kurzius 1987). Investigators have compared patterns of species occurrence to what
might be expected by chance and have interpreted the evidence of nonrandom patterns to
suggest underlying processes such as competition that may shape mammalian
communities.

There are a number of methods for testing the association between two or more
species. Analysis by pair-wise comparison of species using contingency tables is useful
for detection/non-detection data but rapidly becomes unwieldy when the community is
composed of greater than a handful of species. Constructing 2* contingency tables is
possible (Pielou 1974) but becomes impractical when the number of species is large

(Schluter 1984). To avoid these limitations, one may simultaneously assess whether
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species in a group are associated (Gotelli and Graves1996). The distribution of observed
species occurrences may be compared against statistical models such as the binomial or
Poisson distributions or against null models based on the randomization of the collected
data matrix (Connor and Simberloff 1979, Sanderson et al. 1998, Gotelli 2000).
Although debate continues over what particular null models are appropriate for such
analyses, the value of these approaches is generally accepted (discussions in Strong et al.
1984 and Weiher and Keddy 1999, but see also Bell 2001). An examination of patterns
of occurrence to elucidate the presence of interspecific interactions can be viewed as a
means to identify hypotheses to focus more process-oriented research.

Discovery of a lack of apparent structure may be informative as well. Populations
at low densities or communities that are not saturated may not exhibit much pattern in
species co-occurrences (Cornell 1993) due to reduced levels of species interactions.
Unsaturated communities suggest that processes affecting the regional pool of species
determine local assemblages. The structure of local assemblages may be driven by
extrinsic factors such as evolutionary and recent history, and biogeography rather than
local processes (Cornell 1993, Brown 1995). Alternatively, a heterogeneous environment
can promote species coexistence, regardless of the nature of species interactions locally,
as long as species utilize resources non-uniformly (McLaughlin and Roughgarden 1993).
Lastly, characteristics of species other than those examined may be the mechanism by
which species partition resources and reduce competition (e.g., habitat selection, prey
specialization, or hunting modality; Powell and Zielinski 1983).

A recent theory, the neutral theory, has been presented as an alternative to species

interactions and niche partitioning to explain observed species assemblages (Bell 2001).
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This theory treats individuals of ecologically similar species as competitively and
demographically equivalent and suggests that random processes operating as ecological
drift account for observed species diversity and abundance (Bell 2001, Norris 2003). The
equivalency assumption has been vigorously questioned (Enquist et al. 2002). The neutral
theory was developed for a system (tropical forests) where communities are generally
saturated with individuals (Norris 2003). In addition, the neutral theory has been
criticized as being unable to account for the types of rapid ecological changes that
communities may exhibit (Norris 2003). While intriguing, it is unclear how well the
neutral theory applies to the species and system considered here where communities may
or may not be saturated, and may change rapidly as a result of natural or anthropogenic
disturbance.

I report on the structure and composition of the mesocarnivore (sensu Buskirk
1999) communities in the California Sierra Nevada. Forest ecosystems in the Sierra
Nevada have been shaped by natural disturbances such as fire (Sampson and Adams
1994, SNEP 1996) and, more recently, by anthropogenic disturbance and habitat
modification. Since the gold rush era, the Sierra Nevada has provided increasing
resources, recreation, and residences to a growing human population. Between 1970-
1990, human populations in the Sierra Nevada doubled to 650,000; officials predict this
number to triple by 2040 (SNEP 1996). Consequently, the Sierra Nevada has been
subjected to a variety of human uses and, accordingly, displays a landscape mosaic of
anthropogenic modifications to the natural habitat (McKelvey and Johnston 1992).
Habitat modifications can have disproportionate effects on wildlife species that are

habitat specialist as generalist species can more easily exploit the anthropogenic matrix
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(Bright 1993). Insight into the processes affecting carnivore community structure,
particularly in highly modified habitats, will be critical to the maintenance of carnivore
diversity in this region.

The carnivore surveys undertaken here focus on the fisher (Martes pennanti) for
several reasons. Fishers may be quite sensitive to habitat modification due to their
association with late-successional forest and their limited ability to disperse across open
areas (Rosenberg and Rafael 1986, Powell and Zielinski 1994). Second, native fishers are
extremely rare in the western United States, persisting in two disjunct populations in
California, one located in the southern Sierra Nevada, the other in northwestern
California (Zielinski et al. 1996), and separated by a distance of more than 400 km. The
fisher is the only species that is readily detected by surveys that likely will be absent from
the northern half of the study area (Zielinski et al. 1996). Third, the fisher may exhibit
significant ecological overlap with other carnivores due to generalist predatory habits
(Zielinski et al. 1999) and its unusually large home range size (Powell 1994).

These surveys provide information on carnivore communities in areas where
fishers persist and in areas where they do not. There is growing evidence that carnivore
communities may be influenced by intraguild predation, particularly in modified habitats
(Kurki et al. 1998, Bright 2000). If the fisher is to be restored to its former range,
knowledge regarding habitat availability and potential conflicts with resident species is
essential. Finally, censuses aimed at fishers are also highly effective at documenting the
presence of most other Sierra Nevada carnivores.

The focus of this study was to assess the patterns of variation in the number and

identity of coexisting mammalian mesocarnivore species among sites in the central and
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southern Sierra Nevada. I addressed four main questions: 1) Are there consistent patterns
of species co-occurrence? 2) Are there patterns in the number and identity of species that
co-occur? 3) Do similar size species occur together less often than expected by chance?
and 4) Are species detection rates the same in the geographic areas where fishers occur

and where they do not?

Methods
Study Area

A total of 177 sample units were established in the central and southern Sierra
Nevada (Fig. 1), from the Middle Fork of the American River in the north to the southern
extent of the mountain range in the south, and between the elevations of approximately
500 — 2500 m. (1640 — 8200 ft.). The Sierra Nevada is a north-northwest aligned granitic
range that has been shaped to varying degrees by uplift, erosion, volcanism and glaciation
(SNEP 1996). The slopes of the eastern side are much steeper than west of the crest as are
the slopes in the southern portion of the range relative to those in the north. The Sierra
Nevada exhibits a Mediterranean climate with cool, wet winters followed by dry
summers (SNEP1996). Precipitation in the Sierra Nevada ranges from 25 — 229 cm (10 —
90 in.) annually (Miles and Goudey 1997), occurring mostly as snow above 2000 m
(6000 ft). The vegetation in the study area is primarily conifer-dominated. Dominant tree
species in these communities include ponderosa pine (Pinus ponderosa), Jeffrey pine (P.
jeffreyi), white fir (Abies concolor), red fir (A. magnifica) and lodgepole pine (P.
contorta). Other locally common conifer species include incense cedar (Calocedrus

decurrens), Douglas fir (Pseudotsuga menziesii), sugar pine (P. lamberitana) and giant
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sequoia (Sequoiadendron giganteum). Commonly encountered hardwoods include
California black oak (Quercus kelloggii), live oak (Q. chrysolepis), and big leaf maple
(Acer macrophyllum). The majority of sample units fell in conifer-dominated habitats of
pine, mixed conifer, and fir types, although some sample units were in hardwood or
shrub-dominated stands. The majority of land surveyed was under management of the
United States Department of Agriculture Forest Service (USFS). Twenty-one sample
units (12%) were located on lands managed by the National Park Service (NPS). Five
sample units (3%) were on small in-holdings within National Forests and were under
state or private ownership. For analysis, these sites were grouped with USFS sample

units.

Data Collection
I assessed the distribution of mammalian mesocarnivores at locations in the

central and southern Sierra Nevada using track plates (Zielinski and Kucera 1995) from
May through November, in 1996-1999 (Fig. 1). The data reported here were collected
during a systematic survey of forested lands with the purpose of documenting the
distribution of the fisher in the Sierra Nevada. Sample units were established in a
systematic grid associated with the National Forest Inventory (NFI) sampling locations.
NFT grid locations provide the basis for the USFS program of vegetation inventory and
monitoring. NFI grid locations were separated by approximately 5 km (3.4 mi.) and |
established survey sample units at every other grid point yielding a spacing of 10.9 km.
(6.8 mi.) between survey locations. This spacing was chosen to fulfill the assumption of
spatial independence for fishers, the mesocarnivore species with the largest home range

of those I expected to detect. Although the NFI grid is established only for National
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Forest lands, I projected the grid design onto Yosemite and Sequoia-Kings Canyon
National Parks and onto a small number of private sites where I was given permission to
survey.

At each selected grid point I established a sample unit (SU) consisting of six
enclosed sooted track plate stations (Barrett 1983, Fowler 1995, Zielinski and Kucera
1995). An enclosed sooted track plate station consists of an aluminum sheet covered in
acetylene soot and a piece of contact paper underneath a domed plastic canopy. The
canopy protects the plate from inclement weather and creates a “cubby hole” for the
animal to investigate. At the end of the plate distal to the entrance is the bait. Between
the entrance and the bait is a section of soot and the contact paper. As the animal moves
across the soot, its paws are blackened. The soot is then removed by the sticky surface of
the contact paper as the animal proceeds to the bait. In this way, a positive image of the
animal’s track is recorded and can be identified to species in most cases (Taylor and
Raphael 1988).

At each sample unit, one track plate station was placed as close as possible to the
NFI grid point location and the remaining stations were arrayed at 72 degree intervals
approximately 500 m. from the center point. Track plate stations were baited with
chicken and a commercial scent lure (Gusto, Minnesota Trapline Products, Pennock,
MN) was applied to a tree near the station. Scent lure was applied on the first and fourth
visits in all areas except Sequoia National Forest and Sequoia-Kings Canyon National
Parks where the scent lure was only applied on the fifth visit if no fisher detection had
been recorded. The habitat surrounding each station was classified using the California

Wildlife Habitat Relationships (CWHR) system following the guidelines provided in
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Mayer and Laudenslayer (1988). Stations were revisited at two-day intervals during the
sixteen-day sampling period. A detection was recorded any time the tracks of a species
were found on the track plates. The maximum number of detections for a species at a
single station was eight (if the species was recorded at every visit). A positive detection
of a species at a station required at least one detection over the eight visits. The
maximum number of detections of a species at a single sample unit was six (if the species
was detected at every station, regardless of the number of visits to any particular station).
To register a positive detection of a species at a sample unit required at least one

detection recorded at any station during any visit.

Data Analysis

Coincidence of species was compared at two spatial scales: the sample unit and
the station. Although independence of detections with regard to individual animals could
only be assumed between sample units, my goal was not an estimation of the number of
unique individuals at a sample unit or station. Rather the emphasis here was on whether
the species were non-randomly distributed among stations. To compare the coincidence
of species at a sample unit, [ used the detection or non-detection of the species at any of
the six stations within the sample unit to generate a detection/non-detection matrix for
sample units. To compare the coincidence of species at a station, I used the detection or
non-detection of the species at that station during any of the eight visits within the
sampling period, generating a detection/non-detection matrix for stations.

I employed three approaches to examine patterns of species co-occurrence. First,

I examined assemblage richness (S = number of species) and the number of combinations
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in which species occurred relative to null models assuming random species assortment.
The number of species occurring at a sample unit or station was compared to a Poisson
distribution. Under a null model, the occurrence of a species at a site should be
independent of the detection or non-detection of other species, and deviations should
reflect positive or negative associations among the species. The independence of species
occurrence at sites was tested using an adjusted G-test (Sokal and Rolhf 1995). To
evaluate the observed combinations of species, I developed a null model based on 177
sample units and 9 species, assuming that all species combinations were equiprobable at
all sites. If there are positive or negative associations among species, certain species
combinations should be more or less likely than others. The expected number of species

was calculated using the binomial coefficient (Abramowitz and Stegun 1972) as:

S=n!/[k!(n-k)!]
where
n = number of species in the species pool (n =9)

ki = the number of species in the combination (k;=1 - 9).

The size and number of combinations in which a species occurred at sample units and
stations was contrasted with the theoretically possible distributions of combinations of
nine species. Because the total number of theoretically possible combinations (N=511)
was vastly larger than the observed number of combinations, the numbers were rescaled
to the same total number of combinations as in the observed data, providing a more

conservative test of association. I tested for deviations from the null model using an
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adjusted G-test (Sokal and Rohlf 1995).

Second, I compared the pattern of species coincidence with a variety of null
models of community assembly and association indices using EcoSim (Gotelli and
Entsminger 2001). EcoSim derives a set of random matrices based on the marginal totals
(i.e., row and column totals) of the data matrix supplied by the user. Pseudo-assemblages
are developed from random matrices partially structured by controlling either the row
totals (thereby constraining the number of sites at which a species occurs) or the column
totals (thereby constraining the number of species for each site), or both. Control of
marginal totals can be implemented by fixing the value (“fixed”), letting it be
proportional to observed values (“proportional”), or unconstrained (“equiprobable”). I
examined the observed patterns of occurrence using four row-column randomization
algorithms: fixed row-fixed column, fixed-equiprobable, fixed-proportional, and
proportional-proportional. The observed data were compared to the simulated matrices
using two indices: the number of different species combinations (Combo; Pielou and
Pielou 1968), and the variance ratio (V-ratio; Schluter 1984). Combo evaluates the
number of unique species combinations. The V-ratio was presented by Robson (1972)
and popularized by Schluter (1984); it measures the variability in the number of species
per site using the marginal totals of the matrix and calculating the ratio of the variance in
species richness (column sums) to the variance in species occurrence (row sums).

Five thousand randomized matrices were produced for each analysis. Row totals
were constrained in all but one case because Gotelli (2000) argued that algorithms with
equiprobable or proportional row totals are prone to Type I error in EcoSim for several

indices. There has been considerable debate regarding the appropriateness of null models
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in which the number of sites at which a species occurs is always constrained (see Strong
et al. 1984 and Weiher and Keddy 1999 for discussion) with the criticism that this
“smuggles in” competitive interactions and renders the comparisons meaningless.

My third analysis was based on the premise that species that are more similar
taxonomically or morphologically are more likely to compete (Rosenzweig 1966,
MacArthur 1972, Fuentes and Jaksic 1979). Consequently, focusing on similar or related
species provides a fruitful means to investigate the role of competitive forces in
structuring communities (Hutchison 1959, Rosenzweig 1966, MacArthur 1972, Bowers
and Brown 1982, Dayan and Simberloff 1996, Kelt and Brown 1999). These analyses
tend to be most successful when confined to a single Family (e.g., Rosenzweig 1966,
Dayan and Simberloff 1994, 1996, 1998). The carnivore community in the Sierra Nevada
is taxonomically diverse with the exception of the Mustelidae, which is represented by
five species in these data (Table 1). Since most of the shared taxonomy of these species
occurs at or above the family level, it is unlikely that this would have been a useful
analysis. Consequently, analysis here focused on community structuring based on body
size. Species that are similar in size are more likely to utilize similar prey items
(Rosenzweig 1966, Kelt and Brown 1999). It follows that if a community is
competitively structured, species of similar size should be detected together less
frequently than species that are dissimilar in size. Using the mid-range value of reported
body mass for each species (Table 1), I generated a ratio of the body masses of each
species pair. In other taxa, a ratio of less than 1.5 has been associated with lower than
expected coincidence of species (Bowers and Brown 1982, Kelt and Brown 1999). Pairs

with a body mass ratio of 1.5 or greater were considered dissimilar in size and
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consequently predicted to co-occur more frequently than pairs that were similar in size.
To prevent erroneous co-occurrences, I adjusted the predicted values for species’
elevational distributions, including only those locations occurring within the species’
elevational range (Grinnell et al. 1937). T used a G-test to evaluate whether observed
patterns of occurrence differed from expected if species coincidence is independent of
body size., Similarities among species detections by habitat type suggested that it is
reasonable to assume that species were generally available to co-occur with one another

(Table 3).

Results

Of the sixteen species of mesocarnivore predicted to occur within the study area,
my surveys documented fourteen taxa (Tables 4, 5). These included nine native species,
one introduced species (the Virginia opossum, Didelphis virginiana), and several species
that proved difficult to distinguish and were therefore placed in three “species groups”;
these were coyote (Canis latrans) and domestic dog (C. familiaris), bobcat (Lynx rufus)
and domestic cat (Felis domesticus), and shorttail and longtail weasel (Mustela erminea
and M. frenata, respectively) which were grouped as unknown canids, unknown felids,
and Mustela species respectively. Two rare native species, the Sierra Nevada red fox
(Vulpes vulpes necator) and the wolverine (Gulo gulo), were not detected.

Across 177 sample units and 1,059 stations a number of different species and
assemblages of mesocarnivores were detected; most species (83%), however, were
represented at < 30% of sample units (SU) and <15% of stations (Stn). The most

commonly detected species were black bear (Ursus americanus, N = 78 SU, 179 Stn),
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gray fox (Urocyon cinereoargenteus, N = 55 SU, 163 Stn), and spotted skunk (Spilogale
gracilis, N =48 SU, 141 Stn). Badger (Taxidea taxus) and mountain lion (Felis
concolor) were detected only once, and detections of badger, mountain lion, unknown
canids, unknown felids, and raccoon (Procyon lotor) were not analyzed further due to
small sample size. Although black bear is not a mesocarnivore, it was retained in these
analyses due to its prevalence. In addition, larger predators may impact the distribution
and interactions of smaller predators through both positive and negative interactions
(Major and Sherburne 1987, Litvaitis and Harrison 1989, Minta et al. 1992).

Although my surveys documented the presence of at least fourteen species, the
maximum number of species detected at any single sample unit was six (mean = 2) and at
any single station was five species (mean = 1). Approximately 13% of sample units and
nearly half (47%) of stations failed to register any mesocarnivore detections. The
observed number of species detected at sample units and stations was not significantly
different from a Poisson distribution (p > 0.3, p > 0.4 respectively; Fig. 4, 5), suggesting
that the number of species detected at track plate stations is essentially random.

Across sample units, species occurred in 64 different combinations of one to six
species (Fig. 6). The most common number of species in a combination at a sample unit
was two (N=61, 37% of observations). Across all stations, species occurred in 54
different combinations (Fig. 7). The most common observation at a station consisted of a
single species (N=377, 67% of observations). There were far more one-, two-, and three-
species combinations detected at sample units and stations than expected by chance and
far fewer combinations of four to six species (sample units: Guqi = 95.2, P<0.001, Fig. 6;

stations: G,gj = 100.9, P<0.001, Fig. 7) suggesting some limitation on carnivore
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community size.

Black bear and gray fox occurred in the greatest number of combinations (36 and
32 combinations, respectively), and marten (Martes americana) in the least (N=7
combinations). At sample units where the same combination of species was observed,
there was marked variation in the number of detections of each species (Fig. 8). In this
example, the number of striped skunk detections does not vary greatly whereas both
ringtail and gray fox fluctuate considerably depending on the sample unit examined (Fig.
8). To the degree that detections can be viewed as an index of activity level or abundance,
there appears to be underlying local variation in the patterns of species occurrence even
for sites with similar species combinations. Although these were not abundance data per
se, they underscore the fluidity and individualistic nature of local assemblages.

The results of the analyses using EcoSim differed according to the null model
and metric used (Tables 6, 7). Across sample units (Table 6), the observed number of
species combinations (Combo) was significantly lower than the mean index from the
randomized matrices for all null models used. This is consistent with the observed
excess number of combinations containing few species reported above. The number of
species combinations observed was significantly different from that expected by
chance. Results with the V-ratio are less clear. Because the V-ratio uses the marginal
totals exclusively, it cannot be used with fixed row and column totals. The two null
models with proportional column totals yielded significantly nonrandom patterns using
the V-ratio, whereas the case of fixed row totals and equiprobable column totals did not
detect a pattern using the V-ratio.

The results were similar at the scale of individual stations (Table 7). The number
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of observed species combinations was far lower than any pseudo-assemblage, and the
V-ratio found non-random patterns for algorithms with proportional columns. When
species distributions were fixed (rows) and site richness (columns) was set to
equiprobable at all sites, both Combo and V-ratio failed to detect a pattern in species co-
occurrences.

Because of poor representation of raccoons, canids, and felids, the distribution of
body sizes of detected species exhibited a significant gap from animals the size of fishers
and striped skunks (< 5 kg) to black bear (>100 kg). Multiple trials using random
numbers to simulate improved representation of these species suggested that samples of
these taxa were indeed biased and that increased representation of these species would
affect the results. Black bear was removed because of its overwhelming size and
prevalence, which tended to over-emphasize the co-occurrence of species of dissimilar
sizes. Thus, results presented are for the subset of mesocarnivores for which I had
sufficient data. Although Sierra Nevada mesocarnivores appear to be assorted by body
size at the level of sample units, similar sized species co-occurred more frequently than
expected (Table 8). At the station level there was no suggestion of structuring based on
body size. Because my sampling design may favor fisher and because absence of fishers
from a significant portion of my study area may have skewed the regional pool, I
reanalyzed these data, treating separately those areas where fishers persist and where they
are absent (Zielinski et al. 1996). Fishers are absent from the Eldorado and Stanislaus
National Forests, but they have been documented by this and other surveys in the area
from Yosemite National Park southward (Fig. 2; this includes Yosemite and Sequoia-

Kings Canyon National Parks, and Sierra and Sequoia National Forests). Analyses at the
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sample unit and station scales demonstrated no sign of segregation by body size,
regardless of whether fishers were in the regional pool of species or were absent (Table
9).

When individual species occurrences were compared where fishers occur and
where fishers were absent, significant differences appeared at both scales of observation.
At the sample unit level, black bears were detected nearly twice as frequently where
fishers persist than in the portions of the Sierra Nevada from which fishers appear to be
absent (Table 10). At the station level, five species have significantly different
frequencies of occurrence in the two areas (Table 10). Of these, all three with a body
mass ratio < 1.5 relative to fisher (opossum, striped skunk, and gray fox) showed a
decline in frequency of detection where fishers persist. Two positive results are of
interest as well: both black bears and martens occurred more frequently in the southern

portion of the study area.

Discussion

Overall patterns in community structure of Sierra Nevada carnivores are similar in
some respects to those observed in small mammal communities of the American
southwest (Brown and Kurzius 1987, Kelt and Brown 1999) and carnivores in Africa
(Van Valkenburgh and Wayne 1994). The distribution of species richness varies
according to a Poisson distribution but I observed an excess of 1-3 species combinations
and a relative lack of 4-6 species combinations. Given the typically low densities and
territorial behavior of a number of these species, the low number of relatively high

richness combinations may not be surprising. Species composition varies widely among
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sites even when richness is held constant. Patterns of cooccurrence generally indicate
non-random structuring but I found no evidence of structuring along a body mass axis as
is well documented in desert rodents (Kelt and Brown 1999) and other vertebrates
(Fuentes and Jaksic 1979, Marti et al. 1993)

It is evident from the difference between the number of species detected at a site
(xbar = 2, range 1 - 5) and the number of species in the regional pool (N=14) that some
process has affected the pattern of occurrence of species among sites. Failure of this
study to detect a broad scale pattern in the carnivore community may be explained in part
by limitations in the methods used to determine the occurrence of some species. Several
track survey techniques have been employed to describe carnivore presence (see
discussions in Zielinski and Kucera 1994). The technique described above, in which the
track-recording medium is covered by a domed sheet of plastic, has certain benefits and
limitations. As noted above, the plastic canopy protects the sooted surface of the plate
from rain and snow. The canopy also serves to channel the animal across the contact
paper, yielding a superior track to that recorded by soot alone or by gypsum. The
canopy, however, may also act as a filter in ways that other track survey techniques do
not. Animals that are wary of novelty such as coyotes or bobcats may be more hesitant to
enter an enclosure than to tread across an open surface. Consequently, there may have
been a reduced probability of detecting these species when present leading to under-
representation of these taxa in my data. The enclosures I used were designed to survey
fishers and martens, and have an opening height of 27.5 cm (11 in.). Consequently, the
results from my surveys best represent the species that are readily detectible by track

plates and that are small enough and/or bold enough to enter the enclosures. This may

37



under-represent species such as larger canids (e.g., coyote and domestic dogs) and the
larger felids (bobcat and mountain lion). Although one might assume black bear would
also be under-represented, black bears seemed undeterred by canopy height, readily
leaving tracks on both soot and paper, typically either by reaching into the box, pulling
the plate out of the box, or removing the canopy.

Patterns of species co-occurrence may be underestimated by the use of
detection/non-detection data alone, making this a conservative examination of patterns of
co-occurrence. Without correlated abundance information, detection/non-detection data
tend to emphasize rare species and underestimate spatial variation in community
organization (Brown and Kurzius 1987). In addition, it is likely that some results would
be different if all species had been equally detectable. While the number of species
combinations would have been different, the size of combinations might have been
similar. In similar surveys in the Lake Tahoe Basin in the Sierra Nevada where canids,
felids and raccoons were more readily detected, species richness was similarly low
(Campbell unpublished data). It is difficult to predict the influence of additional data on
canid and felid species, and raccoons on the analysis of distribution and body size. Since
it is possible to view the presented data as a subset of the data representing the full size
distribution of available species, the results might be strengthened by the additional of
information on the larger species. The results from this study should reinforce the need to
evaluate the detectability of all species surveyed and the representativeness of the sample
(see Campbell in prep).

The lack of a detectable pattern in the distribution of species among stations and

sample units (Fig. 4, 5) seems to support Gleason’s (1926) view that species are
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distributed independently of one another, based on each species’ individual tolerances
and requirements. While this is consistent with other published work on mammal
communities (Brown and Kurzius 1987, Morton et al. 1994, Kelt 1996) these works have
addressed co-occurrence patterns of small mammals; the present study is the first to
extend these analyses to larger mammals, thereby supporting the generality of these
patterns.

Species responses to habitat may be expressed on several scales (Gutzwiller and
Anderson 1987, Kotliar and Wiens 1990, Orians and Wittenberger 1991, Ward and Saltz
1994, Kelt et. al. 1999). At the sample unit level, it is possible to interpret the species
distribution on a landscape scale, in terms of where on the landscape the animal would
choose to establish a home range. At this scale, habitat selection would reflect broad
conditions with which the species is associated such as mature coniferous forests, oak
woodlands, or wilderness areas. Community structure exhibited at this scale may
represent historical competition, ‘the ghost of competition past’. For example, the
elevational separation between species such as ringtail and marten, or fisher and marten
may represent historical competition leading to the separation of the species across much
of their geographic distribution. In contrast, data at the station level likely reflects a
species’ microhabitat preferences or, in the case of track plate stations, locations that are
acceptable as foraging areas. If contemporary competition in the form of behavioral
interactions or exploitative competition is operating to structure the community, it should
be most apparent at the station level; however, this is not what was observed. A possible
exception is when the analysis is conditioned on the region occupied by fishers where

detection of gray foxes, opossums and striped skunks were reduced..
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At the landscape (SU) scale of analysis, species of similar body mass occurred
together more frequently than expected by chance (Table 8). At the local (station) scale,
and at both scales when separated by fisher presence, assessment of species distributions
revealed no relationship to body size (Table 9). In contrast to these results, five species
exhibited different detection rates in areas where fishers are absent and where fishers
persist. In each case, in areas where fishers persist, species with different mass (body
mass ratio > 1.5) either were neutral or were positively associated, whereas species with
similar mass were negatively associated, consistent with patterns observed among desert
rodents (Bowers and Brown 1982, Brown and Bowers 1984, Kelt and Brown 1999).
Studies on carnivore communities have tended to focus on character displacement as
exemplified by variation in trophic apparati (Dayan and Simberloff 1996, 1998) with
similar results. However, when Dayan and Simberloff (1996) extended their analysis to
include species from different families, evidence of competitive structuring was
weakened, probably because species in different functional or taxonomic groups are more
likely to coexist than are more similar species (Rosenzweig 1966). Given the taxonomic
diversity in the present study, a similar effect may partially explain the lack of a
detectable pattern.

Although one must employ caution when inferring process from pattern, if we
assume the pattern in body size reflects species interactions, this result is consistent with
the results of other studies of competitive release (Soulé et al. 1988, Henke and Bryant
1999) in which the absence of one predator leads to the increase in the abundance of the
remaining species. Species such as the opossum, gray fox, and striped skunk (Mephitis

mephitis) all occurred at stations significantly more frequently in areas outside the current
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distribution of the fisher (Table 10). In addition, the WHR habitat type surrounding
detections of these species differed between the two areas (opossum, p < 0.013); gray
fox, p < 0.0004; striped skunk, p < 0.002) with reductions in occurrence in the Sierra
Mixed Conifer type where 46% of fisher detections were recorded. Although limited data
exist on the interactions between these species and fishers, antagonistic interactions
between fishers and gray foxes have been observed (Zielinski pers. comm.).

There are alternative explanations for the observed variation in species
occurrences where fishers occur and are absent. These patterns may be related to
correlated variation in habitat characteristics or road density. The mixed conifer zone in
the Sierra Nevada has experienced substantial changes in the last century, shifting from a
forest system characterized by large, old, widely-spaced trees to dense, mostly even-aged
stands of younger, smaller trees (McKelvey and Johnson 1992, Bouldin 1999). Much of
the remaining late seral forest within the study area occurs in the portion in which fishers
persist (SNEP 1996). Plot-level data from the survey stations suggest that sites in the
southern portion of the study area have more basal area in large trees and snags (greater
than 75 cm in diameter) and greater basal area in hardwoods than the northern portion of
the study area (Wilcoxon test, p < 0.0001 for all tests). Areas where mature forest is less
abundant would tend to favor more generalist species such as striped skunk, opossum,
and gray fox, all of which occur more frequently at sites in the northern portion of the
study area where fishers are absent (Table 10).

Another potential explanation for the observed occurrence patterns is the
difference in human presence and the number of roads in the northern and southern

portions of the study area. The current distribution of fishers in the southern portion of
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the Sierra Nevada is coincident with the presence of fewer primary and secondary roads
than elsewhere in the range, in part due to two national parks, Yosemite and Sequoia-
Kings Canyon. Whereas the area outside the current range of the fisher is crossed by five
major east-west transportation corridors (Fig. 1, 2), the area currently occupied by fishers
is crossed only at its northern end by Highway 120, although Highway 190 loops through
known fisher habitat on the Sequoia National Forest. Roads differentially impact species
that occur at low density and have large area requirements, such as carnivores. Roads
can have significant negative impacts on carnivores through displacement and avoidance,
direct mortality, increased human access to habitat, and loss and fragmentation of habitat
(Andrews 1990, Ruediger 1998, Clevenger and Waltho 2000). Fisher (R. Golightly pers.
comm.), black bears (Brody and Pelton 1989, Vander Heyden and Meslow 1999), and
other carnivores (Beier 1995, Ruediger 1998) may establish home ranges that allow them
to minimize road crossings. Presence of roads may affect marten movement patterns
(Robitaille and Aubry 2000). Road-related mortality of fishers has been documented in
Canada (Ruediger 1998), Maine (Krohn et al. 1994), in Yosemite National Park (L.
Chow, pers. comm.) and elsewhere in California (R. Golightly, W. Zielinski pers.
comm.). In general, fisher and black bear occurrences were positively associated
(p<0.001). The black bear is the only species to show a positive association with fisher
across sampling scales, which may be related to the reduced number of roads and the
presence of two national parks where bear densities appear to be relatively high. Grinnell
et al. (1937) noted the positive association between black bears and the parks and
commented on their unusually high densities there. The positive association of bears and

fishers and the increased presence of black bears in areas with fewer high use roads are
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consistent with the results from other studies (Carroll 1997, Dark 1997). Areas with more
roads would tend to favor species that are more tolerant of habitat fragmentation and
human activities.

The perceived low level of structure in the carnivore community of the Sierra
Nevada is consistent with a community with reduced levels of interactions. This may
occur because the species present have partitioned resources to reduce competition. The
differences between species in the number of detections per sample unit suggest that
species may be utilizing resources at different scales and at different times (Carroll 1997).
The habitat may be sufficiently heterogeneous at the scale of the sample unit to permit
coexistence of multiple species (McLaughlin and Roughgarden 1995). Species in
different functional or taxonomic groups are more likely to coexist than are more similar
species (Rosenzweig 1966). The species detected vary by hunting modality (e.g., canids
and gray fox, cursorial; felids, ambush; fisher and marten, arboreal pursuit; skunks,
raccoon and black bear, scavenge), which would tend to favor coexistence of multiple
species without evidence of competitive structure (Powell and Zielinski 1983, but see
Fox 1989).

Alternatively, the low level of community structure may reflect a system that is
ecologically disturbed, or one that has experienced a decline in species numbers or in the
abundance of individuals. If disturbance occurs frequently enough, it can lead to an
unsaturated community in spite of strong local interactions (Mouquet et al. 2003). If
species are missing from a community that was structured by competition, there might be
a reduction in the strength and pervasiveness of competition. This would be especially

true for species that occur at low densities where the probability of interspecific
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interactions decreases. Such a community would be expected to exhibit a pattern
approaching independent assortment of species among sites. An overall reduction in the
density of mesocarnivores in the Sierra Nevada would also fit this pattern. This could
lead (by rarefaction) to a system in which particular species remain a part of the overall
fauna, but might not occur locally. Aside from grizzly bear, wolves, and possibly
wolverines, the carnivore fauna in the Sierra Nevada bioregion remains intact, but some
species are depressed numerically, or are locally absent. If the community is unsaturated,
if the species present do not fill the niche-space or the carrying capacity of the
environment, the species assemblage may appear random. While the occurrence patterns
of species that were reliably detected by these methods may be consistent with an
unsaturated community, unfortunately, variation in species detection probabilities in this
study (see Campbell in prep) complicates any evaluation of community saturation.

The data presented here are insufficient to select among these alternative
explanations. To do so would require detailed ecological information on the species to
elucidate the mechanisms of community assembly. Given the number of species of
carnivores present in the Sierra Nevada and the diversity of sites and species
combinations in which a single species may occur, it is unlikely that a single factor can
explain the patterns of co-occurrence of all the species in a community (Kotler and
Brown 1988). However, these results suggest the importance of placing carnivore
conservation in a community context. Ecological niches are influenced by competition
and predation. If current behavior is the result of past rather than present competition,
ecosystem change may alter species interactions in unpredictable ways (Bright 2000).

Predicting the effects of ecosystem change without considering species interactions may
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lead to incorrect conclusions.

For example, there are significant differences in the ecology and composition of
areas where fishers persist and where they are absent. If these data can be viewed as
describing an anthropogenically disturbed and fragmented forest system, the implications
for fisher conservation are cautionary. Activities that lead to simplification or
homogenization of habitat structure are likely to lead to a simplification of the structure
of carnivore communities. The northern portion of the study area does not appear to
contain fishers but is dominated by generalist species such as gray fox and striped skunk.
This suggests that conditions in this area may be more suited to generalist species such as
these, rather than a dense canopy, mature forest associate like the fisher. Continuation of
habitat modifying activities that favor generalist species likely will create habitats
unfavorable or hostile to habitat specialists such as fishers. The higher detection
frequencies of generalist species such as gray fox and striped skunk in the region where
fishers are absent suggest that these species may be more abundant in this area. Although
rare, these and other carnivore species have been documented in fisher diets, suggesting
at least occasional interspecific interactions and intraguild predation (Zielinski et al.
1999). Habitat modification can facilitate access to habitat for generalist species that can
then compete with or displace resident species (May and Norton 1996, Kurki et al. 1998,
Dark et al. 1998, Lewis et. al. 1999, Bright 2000, Kelly et al. 2003). Elevated densities of
generalist species may hinder the return of fishers to portions of its former range and

should be a consideration in fisher management and conservation.
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Table 1. Body mass values used for body mass ratio analysis. Body mass is the midpoint

of masses reported in Burt and Grossenheider (1980). Level of shared taxonomy is the

lowest common level of organization that the species shares with at least one other

species in the study.

Species Body Mass (kg) Level of Shared Taxonomy
Bassariscus astutus 1.0 Family Procyonidae
Canid species 14.5 Family Canidae
Didephis virginiana 23 Subclass Theria
Felid species 10 Order Carnivora
Martes americana 0.9 Genus Martes
Martes pennanti 3.4 Genus Martes
Mephitis mephitis 4.5 Family Mustelidae
Mustela species 0.2 Family Mustelidae
Procyon lotor 5.7 Family Procyonidae
Spilogale gracilis 0.7 Family Mustelidae
Urocyon cinereoargenteus 4.5 Family Canidae
Ursus americanus 145 Order Carnivora
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Table 2. Body mass ratios and predicted levels of co-occurrence of species pairs. Below
the line are the body mass ratios for each pair of species. Above the line are the expected
levels of co-occurrence of the two species (high = H; low= L) based on the body mass

ratio threshold of 1.5.

= [ =

n o — @M a9 o —

S 2 2 8 3 %2 2 %5 %8 3 9

m &) A = = = = = 7 - )
BAAS' - H H H L H H H L H H
CASP 145 - H L H H H H H H H
DIVI 23 63 -- H H L H H H H H
FESP 100 1.5 43 - H H H H H H H
MAAM 1.1 153 24 105  -- H H H L H H
MAPE 34 43 15 29 36 - L H H H L
MEME 45 32 20 22 47 13 - H H H L
MUSP 53 763 121 526 50 179 237 - H H H
SPGR 15 213 34 147 14 50 66 3.6 - H H
URAM 1450 10.0 63.0 145 152.6 42.6 322 7632 2132 - H

URCI 45 32 20 22 47 1.3 1.0 237 6.6 322

! Species abbreviations: BAAS: Bassariscus astutus, CASP: unknown canid, DIVI:
Didelphis virginiana, FESP: unknown felid, MAAM: Martes americana, MAPE: Martes
pennant, MEME: Mephitis mephitis, MUSP: unknown Mustela species, SPGR: Spilogale
gracilis, URAM: Ursus americanus, URCI: Urocyon cinereoargenteus
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Table 3. Index of similarity of habitats in which species were detected. The index used is

the Jaccard index of similarity (Jongman et al. 1995).

= [

N A, m [a W o —

< »u 3z 5 & = v § O

:2 2 8B :z:8¢¢g £ g
BAAS! 0.50 0.60 027 031 0.58 055 031 064 0.64 0.77
CASP 0.57 029 0.50 0.56 0.33 033 038 0.38 038
DIVI 043 0.30 030 0.63 030 046 0.36 0.46
FESP 022 038 038 022 031 031 031
MAAM 045 0.17 0.56 0.54 0.54 0.33
MAPE 033 045 057 0.69 0.57
MEME 027 0.54 033 0.54
MUSP 0.54 0.43 0.43
SPGR 0.73 0.73
URAM 0.63

URCI

! Species abbreviations: BAAS: Bassariscus astutus, CASP: unknown canid, DIVI:
Didelphis virginiana, FESP: unknown felid, MAAM: Martes americana, MAPE: Martes
pennant, MEME: Mephitis mephitis, MUSP: unknown Mustela species, SPGR: Spilogale
gracilis, URAM: Ursus americanus, URCI: Urocyon cinereoargenteus
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Table 4. Detections of species at sample units. Species abbreviations are as in Table 2 except for FECO: Felis concolor, PRLO:
Procyon lotor, and TATA: Taxidea taxus.

LANDUNIT N BAAS CASP DIVI FECO FESPMAAM MAPE MEME MUSP PRLO SPGR TATA URCI URAM
National Forests

Eldorado NF 34 3 2 5 1 0 2 0 7 1 0 9 1 9 7
Percent of sample units 8.8 5.9 14.7 0.0 0.0 59 0.0 20.6 2.9 0.0 265 29 265 206
Stanislaus NF 41 5 0 6 0 3 2 0 11 4 3 12 0 21 11
Percent of sample units 12.2 0 14.63 0.0 7.317 4.9 0 26.83 9.8 7.3 29.27 0 5122 26.83
Sierra NF 39 7 1 2 0 0 3 6 6 4 0 7 0 13 14
Percent of sample units 17.9 2.6 5.1 0.0 0.0 7.7 15.4 15.4 10.3 0.0 17.9 0.0 333 359
Sequoia NF 42 7 1 1 0 1 7 20 5 8 0 11 0 9 35
Percent of sample units 16.7 2.4 2.4 0.0 24 167 476 119 19.0 0.0 262 00 214 833

National Parks

Yosemite 13 2 0 1 0 0 3 1 0 1 0 6 0 2 5
Percent of sample units 15.4 0.0 7.7 0.0 0.0 23.1 7.7 0.0 7.7 0.0 462 0.0 154 385
Sequoia-Kings Canyon 8 2 0 0 0 0 3 1 0 1 0 3 0 1 6
Percent of sample units 25.0 0.0 0.0 0.0 0.0 375 12.5 0.0 12.5 0.0 375 0.0 125 750
National Forest Total 156 22 4 14 1 4 14 26 29 17 3 39 1 52 67
Percent of sample units 14.1 2.6 9.0 0.0 2.6 9.0 167 186 109 1.9 250 0.6 333 429
National Parks Total 21 4 0 1 0 0 6 2 0 2 0 9 0 3 11
Percent of sample units 19.0 0.0 4.8 0.0 0.0 28.6 9.5 0.0 9.5 0.0 429 0.0 14.3 52.4
TOTAL 177 26 4 15 1 4 20 28 29 19 3 48 1 55 78
Percent of sample units 14.7 2.3 8.5 0.0 2.3 11.3 158 164 10.7 1.7 27.1 0.6 31.1 44.1
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Table 5. Detections of species at track plate stations. Species abbreviations are as in Table 2 except for FECO: Felis concolor, PRLO:
Procyon lotor, and TATA: Taxidea taxus.

LANDUNIT N BAAS CASP DIVI FECO FESP MAAM MAPE MEME MUSP PRLO SPGR TATA URCI URAM
National Forests

Eldorado NF 204 10 4 11 1 0 4 0 13 1 0 21 1 26 7
Percent of stations 49 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.0
Stanislaus NF 246 8 0 8 0 3 4 0 26 5 4 39 0 69 18
Percent of stations 33 0.0 33 0.0 1.2 1.6 0.0 10.6 2.0 1.6 15.9 0.0 28.0 7.3
Sierra NF 234 21 5 2 0 0 16 10 11 4 0 19 0 42 28
Percent of stations 9.0 2.1 09 0.0 0.0 6.8 43 4.7 1.7 0.0 8.1 00 179 12.0
Sequoia NF 249 13 3 2 0 3 18 53 10 14 0 22 0 21 98
Percent of stations 5.2 1.2 0.8 0.0 1.2 72 213 4.0 5.6 0.0 8.8 0.0 8.4 39.4
National Parks

Yosemite 78 3 0 1 0 0 7 2 0 1 0 23 0 4 10
Percent of stations 38 0.0 1.3 0.0 0.0 9.0 2.6 0.0 1.3 0.0 295 0.0 5.1 12.8
Sequoia-Kings Canyon 48 6 0 0 0 0 10 4 0 1 0 17 0 1 18
Percent of stations 12.5 0.0 0.0 0.0 0.0 20.8 8.3 0.0 2.1 00 354 0.0 2.1 37.5
National Forests Total 933 52 12 23 1 6 42 63 60 24 4 101 1 158 151
Percent of stations 5.6 1.3 2.5 0.0 0.6 4.5 6.8 6.4 2.6 04 10.8 0.1 169 16.2
National Parks Total 126 9 0 1 0 0 17 6 0 2 0 40 0 5 28
Percent of stations 7.1 0.0 0.8 0.0 0.0 13.5 4.8 0.0 1.6 0.0 317 0.0 4.0 22.2
TOTAL 1059 61 12 24 1 6 59 69 60 26 4 141 1 163 179
Percent of stations 5.8 1.1 2.3 0.0 0.6 5.6 6.5 5.7 2.5 0.4 13.3 0.1 154 16.9
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Table 6. Results of EcoSim analysis using four randomization algorithms and two
indices of association. Values presented are the probabilities that observed structure at
the sample unit level (N=177) is due to random chance. “n.s” signifies a test was non-

significant (P > 0.004).

Randomization Algorithm

Rows Columns Combo V-ratio
Fixed Fixed 0.0014 --f
Fixed Proportional 0.0001 0.0001
Fixed Equiprobable 0.0004 n.s.
Proportional Proportional 0.0001 0.0001

*V-ratio cannot be used with this randomization algorithm.

Table 7. Results of EcoSim analysis using four randomization algorithms and two indices
of association. Values presented are the probabilities that observed structure at the
station level (N=1059) is due to random chance. “n.s” signifies a test was non-significant

(P > 0.004).

Randomization Algorithm

Rows Columns Combo V-ratio
Fixed Fixed 0.0001 --f
Fixed Proportional 0.0001 0.0001
Fixed Equiprobable n.s n.s.
Proportional Proportional 0.0001 0.0001

*V-ratio cannot be used with this randomization algorithm.
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Table 8. Test of the hypothesis that local co-occurrence at the sample unit or station is
independent of body size. Experiment-wise error rate for G-test with Williams correction
controlled using Dunn-Sidak approach (Sokal and Rohlf 1995). “n.s” indicates a test was
non-significant (P > 0.008).

Frequency of pair-wise co-occurrence of species of:
Similar Size Different Size

(Body mass ratio < 1.5) (Body mass ratio > 1.5)

Sample Unit Observed 70 141
(8 species, Expected 54 157
177 SU) (Potential) (848) (2466)
Gadj =5.924; p < 0.001
Stations Observed 33 115
(8 species, Expected 34 114
1059 Stn) (Potential) (4,110) (13,946)

Gadj =0.018; p< 0.9, n.s.
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Table 9. Test of the hypothesis that local co-occurrence at the sample unit or station a)

outside the current distribution of fishers and b) within the current distribution of fishers

is independent of body size. Experiment-wise error rate for G-test with Williams

correction controlled using Dunn-Sidak approach (Sokal and Rohlf 1995). “n.s” indicates

a test was non-significant (P > 0.008).

a)

Frequency of pair-wise co-occurrence of species of:

Similar Size Different Size

(Body mass ratio < 1.5)  (Body mass ratio > 1.5)
Sample Unit Observed 11 25
(7 species, Expected 8 28
75 SU) (Potential) (260) (971)

Gagj = 2.744; p > 0.065, n.s.
Stations Observed 13 41
(7 species, Expected 12 42
450 Stn) (Potential) (1,481) (5,404)
Gagj = 0.857; p<0.39,n.s

b)

Frequency of pair-wise co-occurrence of species of:

Similar Size Different Size

(Body mass ratio < 1.5)  (Body mass ratio > 1.5)
Sample Unit Observed 15 44
(8 species, Expected 15 44
102 SU) (Potential) (412) (1,227)

Gagj = 0.001; p> 0.9, n.s.

Stations Observed 20 72
(8 species, Expected 24 68
609 Stn) (Potential) (2,225) (6,360)

Gagj = 0.866; p < 0.38, n.s

70



Table 10. Comparison of the occurrence of selected species at a) sample units in areas
where fishers occur and where fishers are absent and b) stations in areas where fishers
occur and where fishers are absent. Statistical test: G-test with Williams correction;
experiment-wise error rate adjusted using Dunn-Sidak correction (Sokal and Rohlf 1995).

“n.s” signifies a test was non-significant (P > 0.003).

a)
Percent of Sample Units with a Detection
Species Body Historical Current P-value Direction
mass ratio (fisher absent) (fisher present)
BAAS 3.4 10.7 17.6 n.s. --
DIVI 1.5 14.7 3.9 n.s. --
MAAM 3.6 53 8.4 n.s. --
MEME 1.3 8.7 15.7 n.s. --
MUSP 17.9 6.7 13.7 n.s. --
SPGR 5.0 28.0 26.5 n.s. --
URAM 42.6 24.0 44.1 <0.0001 positive
URCI 1.3 40.0 31.1 n.s. --
b)
Percent of Stations with a Detection
Species Body Historical Current P-value  Direction
mass ratio (fisher absent) (fisher present)
BAAS 3.4 4.0 7.1 n.s. --
DIVI 1.5 4.2 0.8 <0.0002 negative
MAAM 3.6 1.8 8.4 <0.0001 positive
MEME 1.3 8.7 34 <0.0003 negative
MUSP 17.9 1.3 33 n.s. --
SPGR 5.0 13.3 13.3 n.s. --
URAM 42.6 5.6 25.3 <0.0001 positive
URCI 1.3 21.1 11.2 <0.0001 negative
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Figure 1. Study area for carnivare surveys in the central and southern Sierra Hevada.
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Figure 2. Areas within the study area where fishers are likely to be present.
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Figure 5. Comparison of the number of species detected at a station with values expected

from a Poisson distribution with a mean of 0.74.
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Urocyon cinereoargenteus.
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Habitat associations of carnivores

in the central and southern Sierra Nevada

Abstract

I determined habitat associations at multiple spatial scales for five mammalian
carnivores that co-occur with fishers in the central and southern Sierra Nevada using
detection/non-detection data collected at track plate stations. I also developed models to
classify sample units within the current fisher distribution to evaluate regional differences
in habitat characteristics across the study area. I used both remotely sensed information
and field data to describe hierarchical habitat characteristics at the scale of the plot, and at
four nested circular quadrats equivalent to 2km?, 5km?, 10km?, and 30km? in area. Data
from each spatial scale were used to develop a classification tree to describe the
environmental correlates of species presence. In addition, a combined model with
candidate variables from all spatial scales was developed. The scale at which species
presence was best predicted varied by species and was independent of body mass or
home range size. Occurrence of striped skunk (Mephitis mephitis), one of the smaller
species considered, was best predicted by the model incorporating variables at the 10km?
scale. In contrast, presence of the largest species (black bear, Ursus americanus) was
classified equally well by the plot, 2km?, 10km?, and combined models. All but one
species was associated with hardwood related variables from at least one spatial scale,
highlighting the importance of this element in the mid-elevation forests of the west slope

of the Sierra Nevada.
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Introduction

Multiple factors operating at different spatial and temporal scales influence the
distribution of species. Locally, species distribution reflects dispersal ability, habitat
selection and species interactions (Thomson et al. 1996). How an animal perceives its
environment (its “grain of perception”; With 1994), influences dispersal ability by
affecting an organism’s ability to locate proximal habitat. Habitat selection expresses the
relationship between a species and its environment (Mackey and Lindenmayer 2001).
Subsequent establishment in the selected habitat may be affected by species interactions.

Habitat selection links an animal to environmental processes through a
hierarchical process of decision-making at a variety of spatial scales (Wiens 1989,
Rosenzweig 1991, Holling 1992). Consequently, examination of habitat selection or
habitat associations should be most profitable if it transcends multiple scales as well.
Studies at a single scale risk spurious conclusions when the scale at which a process
operates, or the scale at which an organism perceives the environment (the functional
grain of the environment; Dunning et al. 1992, With 1994, Mackey and Lindenmayer
2001), is unknown (Johnson 1980, Wiens 1989). The distribution of a species that
perceives the environment at a fine resolution is not likely to be well-represented using
landscape attributes alone. Conversely, fine scale habitat associations will not be fully
understood without considering the context provided by the surrounding landscape
(Morris 1984, Mazerolle and Villard 1999). Integration of information across several
scales will be more likely to accurately reflect species distributions and habitat

associations (Mazerolle and Villard 1999, Saveraid et al. 2001).
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Identification of appropriate scales of investigation is important because
organisms may respond to habitat characteristics differently at different scales (Wiens
1989, Martin and McComb 2002, Weir and Harestad 2003). Use of scaling relationships
such as those between body mass and home range size (Holling 1992, Kelt and Van
Vuren 1999), or body mass and movement patterns (Wiens 1989, With 1994, Bowman et
al. 2002) has been suggested as an approximation of an organism-centered view of the
environment (Danielson 1992, With 1994). Home range area likely reflects individual
energetic requirements, which in turn are influenced by body size (McNab 1963, but see
also Kelt and Van Vuren 1999, 2001). Recent work has also suggested an allometric
relationship between home range area and both median and maximum dispersal distances
independent of body size (Bowman et al. 2002). Consequently, species movement and,
perhaps, its grain of perception should be better represented by home range area than by
body size alone. If home range area scales to both body size and vagility, it should be a
suitable proxy for species-centric perception of the environment.

Management of faunal communities requires an awareness of the scales at which
species presence can best be predicted (Orrock et al. 2000), particularly for rare or cryptic
species. This is exemplified by mammalian mesocarnivores in the Sierra Nevada. These
species typically have large spatial requirements for their size (Table 1) and may utilize
multiple habitat types to satisfy life history requirements. This makes mesocarnivores
particularly vulnerable to activities that alter the composition or configuration of the
landscape. Some carnivore species in the Sierra Nevada (eg. fisher, Martes pennanti),
appear to have experienced dramatic range contractions (Zielinski et al. 1996). Recent

work has suggested that patterns of species occurrence may differ in the regions where
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fishers persist and where they are absent for reasons other than competitive structuring
(Campbell in prep.). The fisher is considered a habitat specialist, and is associated with
habitat elements most commonly found in mature, late seral forest conditions such as
dense canopy, large trees and snags, and large logs (Buskirk and Powell 1994b, Jones and
Garton 1994, Powell and Zielinski 1994, Zielinski et al. in press). Fisher may exhibit
significant ecological overlap with other carnivores due to its generalist predatory habits
(Zielinski et al. 1999) and its unusually large home range (Powell 1994a). Elevated
densities of generalist species that potentially compete with fishers could hamper the
expansion of fishers into portions of its former range. Greater presence of generalist
species in the region where fishers are absent may reflect differences in habitat
characteristics between the two areas. Information on species’ habitat associations and
potential habitat overlap will facilitate better management of mammalian carnivores in
general and fishers in particular.

In this study, I investigated the habitat associations of mesocarnivores at multiple
spatial scales and developed models to classify species presence using environmental
covariates. The intent of this study was to predict relatively coarse ecological phenomena
(Mitchell et al. 2001) using detection data and habitat associations. My null hypotheses
were: 1) habitat is selected equally at all scales so any scale is equally good at predicting
presence; and 2) the best scale for prediction does not differ among species. The goals of
the study were to: 1) determine the scale most appropriate for evaluating species’ habitat
associations; 2) identify the ecological factors associated with species distribution
patterns; and 3) evaluate the influence of home range size on the best scale for identifying

presence.
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Methods

Study Area
Data were collected in the central and southern Sierra Nevada from the Middle

Fork of the American River (Placer County) south to the southern tip of the Sierra
Nevada north of Lake Isabella (Kern county) including portions of Amador, Calaveras,
Tuolumne, Mariposa, Madera, Fresno, Tulare, and Kern counties from 760m to 2750 m
(2500-9000 ft) elevation (Fig. 1). Dominant tree species in these communities include
ponderosa pine (Pinus ponderosa), Jeffrey pine (P. jeffreyi), white fir (Abies concolor),
red fir (A. magnifica) and lodgepole pine (P. contorta murrayana). Other locally common
conifer species include incense cedar (Calocedrus decurrens), Douglas fir (Pseudotsuga
menziesii), sugar pine (P. lambertiana), and giant sequoia (Sequoiadendron giganteum).
Commonly encountered hardwoods include California black oak (Quercus kelloggii), live
oak (Q. chrysolepis), and big leaf maple (Acer macrophyllum). Vegetation types within
the study area as identified in the California Wildlife Habitat Relationships (CWHR)
system include: Sierran mixed conifer, Douglas’ fir, Jeffrey pine, lodgepole pine, white
fir, red fir, sub-alpine conifer, mixed hardwood-conifer, montane hardwood, montane
chaparral, mixed chaparral, blue oak woodland, montane riparian, and valley riparian.
Forested stand condition ranges from mature, old growth forest to 10-20 year old
plantations. Precipitation in this area ranges from 25 — 229 ¢m annually (Miles and
Goudey 1997), the majority of which falls as snow above 2000 m during the winter

period.
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Data Collection
Distribution of carnivore species was determined using an array of track plate

stations at 177 sample units (Fig. 1). Each sample unit consisted of an array of six
stations, each containing an aluminum track plate in a box enclosure that protected the
plate surface from inclement weather. Plates were baited with chicken and scent lure and
checked every other day for 16 days (see Campbell in prep for details). A global
positioning satellite (GPS) unit was used to record the UTM coordinates of each track
plate station for entry into a geographic information system (GIS) database. For the
purposes of identifying habitat associations, the presence of tracks of a species at any one
of the six track plates resulted in a record of presence for the sample unit.

Data on vegetation composition and structure were collected at each track plate
station using a combination of variable radius plot and transect methods. Topographic
variables included slope, aspect, and the presence of water within 100m. Basal area, tree
species composition, condition class, and size were estimated using a 20-factor prism.
Line intercept methods were used to tally the number and size of logs along two 25m
transects centered at the survey device. Canopy closure was measured at the ends of each
transect and at the track plate station using a spherical densiometer. Shrub cover was
visually estimated from the plot center and each site was classified to a habitat type, size,
and canopy closure according to the California Wildlife Habitat Relationships (CWHR)
system following the guidelines provided in Mayer and Laudenslayer (1988).

Continuous plot level variables from track plate stations were averaged to produce
the finest scale model (plot). Circular buffer areas of 2, 5, 10, and 30 km” were generated
around the center of each sample unit to provide areas of analysis for coarser scale

models. These sizes were selected to correspond to likely response scales for the species
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considered based on reported body mass and home range size (Table 1). Based on this
information, ringtails and the skunks would be expected to respond most strongly to
variables at or below 2 km?, gray fox to intermediate scales, and black bear habitat
associations should be best modeled at the coarsest (30 km?) scale. Variables related to
precipitation, road density, and habitat composition were derived for each scale of
analysis. The scales selected reflect two different resolutions (plot and 2 km?) and four
spatial extents (2 kmz, 5 kmz, 10 kmz, and 30 kmz). The coarser scales of information
used here are generally available to forest managers from remote sensing imagery, but I
also incorporated finer scale information that is not readily available without field data
collection. Once the scales of importance have been identified, managers can balance
economy and predictive power to achieve desired goals (Orrock et al. 2000).

Digital data layers were assembled in a GIS environment for intersection with
sample unit locations. Survey station elevation was derived using the differentially
corrected UTM coordinates for each station and intersecting them with a 30 m digital
elevation model. Mean annual precipitation was derived from the California Mean
Annual Precipitation Zones, 1900-1960 (CDF 1990). Total road density (km / km?) was
calculated from a statewide county roads layer (Teale 1997) including both paved and
dirt roads. Mean and standard deviation of precipitation and road density were calculated
using a “moving window” averaging technique (ARC/INFO v.8.1.2, ESRI 2001) with a
window size corresponding to the sizes of the buffer area (e.g. a 2 km* window for the 2
km? area). This technique calculates the value of the variable for each grid cell as the
mean of values within the specified neighborhood around the cell. The number of

hectares of riparian buffer in each area was recorded as a measure of riparian influence
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on habitat conditions. Riparian buffers 100 m in width were derived from hydrologic
data compiled as part of the Sierra Nevada Ecosystem Project (SNEP 1996). Buffers
were intended to incorporate areas of riparian influence (Erman et al. 2000) and 100 m is
a common width considered in forest management of riparian areas (e.g. FEMAT 1993).

Vegetation data were extracted from the California Department of Forestry’s Fire
and Resources Assessment Program Multi-Source Land Cover Data (FRAP 2002). This
coverage is one of the few vegetation layers that is continuous across land ownerships in
the Sierra Nevada and is comprised of the best data available (FRAP 2002). Data were
compiled from a number of sources with differing scales and resolution but the result is a
vegetation layer with finer resolution (1-2 ha minimum mapping unit) than the state’s
GAP vegetation layer (100 ha minimum mapping unit) and better representation of
discrete habitat inclusions such as hardwoods, wetlands, and meadows. CWHR
classifications for each sample unit were derived from this data. Remotely sensed
vegetation classification may differ from habitat assignments determined on the ground.
Vegetation composition was summarized using the ARC/INFO function
FOCALVARIETY (ESRI 2001), which returns the number of different habitat types
within an area. In addition, the proportion of each buffer in one of six vegetation forms
(Table 2), and the proportion of the area in CWHR size-density classes were calculated.
The vegetation data used for the National Parks lacked values for size class;
consequently, sample units that fell within National Parks (n = 21) were missing data for
this variable.

To evaluate species habitat selectivity at the station level, I used bootstrap

methods to generate a distribution of expected values to which I could compare the
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observed distribution of species detections by CWHR habitat type. Bootstrap samples
corresponding in size to the total number of detections of a species were selected from
the CWHR habitat data for all track plate stations. The expected distribution of CWHR
habitat types for that sample size consisted of the median values from the 2000 bootstrap
samples. I compare the observed distribution of species detections by CWHR type to
these expected values. I considered the difference between observed and expected values
to be significant when observed values fell within the extreme 2.5 % tails of the expected
distribution (p < 0.05, two-tailed).

A large number of habitat variables were used at the five spatial scales analyzed
(Table 3). Although variables measured across scales were expected to be spatially
autocorrelated, controlling for this correlation would have required a priori decisions
about appropriate scales for each variable. Because examination of spatial scale was one
of the goals of this study, I did not control for this correlation within the variables in the
models.

The relationship of species presence to each variable was evaluated at sample
units with and without detections and tested for significance (Wilcoxon test, SAS 1999).
Classification trees were used to model habitat associations. Tree-based models are an
alternative to linear and additive logistic models for classification problems. Tree
methods, also known as recursive partitioning, fit a model by successively splitting the
data to form subsets that are as homogeneous as possible (Bell 1996). The result is a

hierarchical tree of decision rules useful for prediction or classification (S-Plus 2001).
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Species-habitat models
Classification trees were created for each scale of analysis (plot, 2 km?, 5 km?, 10

km?, 30 km?) using detection/non-detection information for each species as the response
variable. A combined model with candidate variables from all spatial scales also was
generated for each species. Ten-fold cross-validation was used to estimate classification
error (CART 4.0, Steinberg and Colla 1997). In CART, for each node in a tree, every
variable is examined for its value as a splitter or as a surrogate to the splitter. These
values are accumulated for each variable over the tree-building process and are reflected
in the variable’s relative importance value. The importance value reflects the relative
influence of the variable during the model building process but should not be confused
with significance values. In this study, importance values were used to reduce the
number of variables included as candidates in the combined (multi-spatial scale) model
by removing variables that were not included in previous models and that had an
importance value less than 30 (suggesting a low level of influence). The importance value
selected incorporated some variables not included in previous models while excluding
those with relatively little influence. This approach is more conservative than including
only those variables selected in previous models, but still served to limit the number of

candidate variables included in combined models.

North versus South Regional Habitat Models
Tree models also were developed to compare habitat characteristics in the region

where fishers currently occur and where fishers occurred historically but are absent
today. The fisher has experienced a range contraction in the Sierra Nevada (Zielinski et

al. 1996), and currently is geographically restricted to the southern portion of the study
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area. Fishers are absent from the Eldorado and Stanislaus National Forests, but they have
been documented by this and other surveys in the area from Yosemite National Park
southward (Fig. 2; this includes Yosemite and Sequoia-Kings Canyon National Parks,
and Sierra and Sequoia National Forests). Univariate and tree model development for
this analysis was the same as described above for classifying species presence. This
analysis differs from the species-habitat model for fishers, however, as the class variable
is whether the sample unit is present within the geographic region where fishers currently

occur, independent of detections of fishers at that sample unit.

Model evaluation
Model performance was compared using several techniques. The most direct

method simply examined the number of correct classifications of presence. This
approach utilizes only a portion of the error matrix (eg. presences only), however, and
consequently may not reflect the true accuracy of the model. An alternative method for
assessing accuracy is Cohen’s kappa coefficient (Cohen 1960), a method which utilizes
the entire error matrix and has been used extensively in the assessment of remote-sensing
classification accuracy (Rosenfield and Fitzpatrick-Lins 1986, Congalton 1991). The
kappa coefficient calculates a measure of agreement between two methods (or between
observed and modeled classifications) once chance agreement has been removed, and
ranges from 0 (no agreement) to 1 (complete agreement) (Cohen 1960, Fleiss et al. 1969,
Rosenfield and Fitzpatrick-Lins 1986). The original coefficient proposed by Cohen
(1960) did not account for difference in costs of errors of commission (false positives)
and omission (false negatives). Weighted kappa (Cohen 1968, Fleiss et al. 1969,

Rosenfield and Fitzpatrick-Lins 1986) allows the user to modify the costs of
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classification error. In this study, weighted kappa (Ky,) was used to account for the fact
that a species may occur at a sample unit although I failed to detect it. Because errors of
commission are less serious than errors of omission in this study, the former were given a
weight of 0.5 whereas a weight of 1.0 was assigned to other model outcomes (Karl et al.
2000). Formulas for calculating K, and tests of significance were provided in Cohen
(1968, but see Hudson and Ramm 1987). Model improvement over chance agreement
and the improvement of the model with the highest value of K,, relative to the remaining
models were tested using a Z test (Cohen 1968, Hudson and Ramm 1987). Significance
values were adjusted (Dunn-Sidak approach, Sokal and Rohlf 1995) to account for the

number of comparisons to p < 0.001.

Results

All species were detected in a variety of different habitat types (Table 4) although
some (eg. ringtail and gray fox) showed strong associations with particular CWHR
vegetation types (Fig. 3). Species associations with particular CWHR types varied by
spatial scale, possibly reflecting the different derivation of CWHR habitat type
(classification on the ground for track plate stations; remotely-sensed information for all
coarser scales). The association of species presence with habitat characteristics varied

greatly, both by variable and spatial scale in univariate analysis (Table 5).

Model efficacy
Classification trees were generated at all spatial scales for each species, as were

combined models using a subset of the variables at each scale. Model accuracy varied

across scales, species, class, and accuracy assessment methodology (Table 6). Total
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classification error rates varied from 17.0 to 44.6% (Table 6). Misclassification of
presence (omission error) ranged from 3.5 to 56.3%. Models with relatively low rates of
omission error did not necessarily correspond to those with lower total misclassification
rates; the 2 km” model for striped skunk had a total misclassification rate of 29.4% but
55.2% misclassification rate for presence. Values of K, ranged from poor agreement
between observed and model values (e.g. the 10 km* model for spotted skunk, K, =
0.108) to relatively good agreement (e.g. the 5 km* model for gray fox Ky, = 0.516).

Most models were a significant improvement over chance agreement (Table 6). Different
methods of assessing accuracy (e.g., misclassification, omission error) did not necessarily
agree on the most accurate model. For striped skunk, the model with the lowest total
misclassification rate (20.9%) and the greatest improvement over chance agreement (K,
= 0.313) was the plot model, whereas the lowest rate of omission error occurred in the
combined model (3.5%). For only three species (spotted skunk, fisher and gray fox) could
a single model be identified as the best for classification of detection/non-detection. For
the remaining species, the classification accuracy of several models was indistinguishable

(Table 6).

Species-habitat models
Spotted skunk detections were recorded at 141 track plate stations in 48 sample

units. Spotted skunks were detected most frequently at track plates within Sierran mixed
conifer (46.8%), montane hardwood-conifer (14.2%), and montane hardwood (11.3%)
types. Spotted skunks also were detected in true fir (red fir and white fir types),
subalpine conifer, Jeffrey pine, and lodgepole pine habitat types, reflecting its distribution

at somewhat higher elevations than the striped skunk (Table 4). The occurrence of the
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spotted skunk was not well described by the variables used in this study and few
variables were significantly different at sample units where the species did and did not
occur (Table 5). Although spotted skunks were detected more frequently in conifer-
dominated habitats, the occurrence of spotted skunks was associated with hardwood-
related variables at all spatial scales in univariate analysis. Classification trees generated
for spotted skunks generally had high misclassification rates ranging from 34.5 — 44.6%
with omission rates from 14.6 — 56.3%. No statistically significant model was generated
at the 5km? scale (K, = 0.045, Z =2.13, p > 0.017). The 30 km? model was the best for
classifying presence but had a total misclassification rate of 44.1%. The best model
overall for classifying spotted skunk occurrence was the combined model, composed of
variables from all scales (K, = 0.198; Fig. 4). The combined model indicated that
spotted skunks generally were associated with sample units surrounded by greater
amounts of hardwood habitat types (30 km?), moderate levels of fine scale heterogeneity
of habitat types (2 km?), greater mean annual precipitation (5 km?®), more riparian
influenced area (10 km?), less shrub cover (plot), and lower mean road density (10 km?).
The weighted kappa value for this model was significantly higher than all other models
produced for spotted skunk (Table 6).

Ringtail presence was confirmed at 61 track plates and 26 sample units.
Detections of ringtails corresponded strongly to the presence of hardwoods, with more
than half (52%) of all ringtail detections occurring at stations in montane hardwood-
conifer, and montane hardwood types, and detections in Sierran mixed conifer accounting
for only 23% of detections (Table 4). Correspondingly, in univariate analyses at the

finest scale, ringtails occurred at sample units with significantly more stations with
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hardwoods present, larger hardwoods, greater canopy closure, and steeper slopes, and at
sample units in areas that had a greater proportion of hardwood habitat types (all p <
0.05, Wilcoxon rank test; Table 5). The best tree model for classifying ringtail presence
was at the 10 km? scale (K, = 0.385), followed by the plot model (K, = 0.369, Table 6).
In the 10 km? model, ringtail presence was associated with areas of greater proportions of
hardwoods, less area in shrubs, and with south and west facing aspects (Fig. 5). In the
plot model, presence was positively associated with hardwood basal area, slope, and
basal area in conifers less than 75 cm diameter at breast height (dbh). The classification
error rates for these two models are very similar and the values for K, were not
significantly different (Z = 1.11, p <0.05).

Detections of striped skunks were documented at 60 stations and 29 sample units.
Like spotted skunks, striped skunks were recorded predominantly in Sierran mixed
conifer (42%), montane hardwood-conifer (22%), and montane hardwood (15%) (Table
4). Sample units at which striped skunks occurred were significantly different from
sample units where they did not occur for nearly every plot variable (Table 5). Based on
plot variables, striped skunks were associated with sample units that had fewer conifers
and more hardwoods. Sample units situated in areas with a greater amount of hardwood,
greater human impacts, and a greater variety of habitat types were associated with skunk
presence at other spatial scales. The best model for classifying striped skunk occurrence
was at the plot scale (K, = 0.313). Based on this model, striped skunks were associated
with sample units below 1635 m in elevation and were positively associated with basal
area in large hardwoods (Fig. 6). The 10 km? model had a similar K,, value (K, = 0.264),

and indicated that striped skunk occurrence was associated with road density and a lower
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proportion of area in conifer habitat types. The weighted kappa values for the two
models were not significantly different (Z = 2.968, p < 0.05).

Fishers were detected at 69 stations corresponding to 28 sample units. Fisher
detections were geographically restricted to the southern portion of the study area.
Detections were most frequent in Sierran mixed conifer, montane hardwood-conifer and
montane hardwood types (Table 4). In univariate analysis, detections of fishers were
associated with drier areas, hardwoods, dense stands of medium-sized trees, shrub cover,
and steep slopes (Table 5). For fishers, only three models represented a significant
improvement over chance agreement (Table 6). Of these models, the model at the plot
scale had the lowest omission error (14.3%) and the combined model had the lowest
overall misclassification rate (30.5%). The best model for classifying fisher presence was
at the plot scale and consisted of a single variable, slope (Ky, = 0.502; Fig. 7).

The gray fox was the second most commonly detected species, confirmed at 163
stations and 55 sample units. Gray fox detections were most frequent in Sierran mixed
conifer, montane hardwood-conifer, and ponderosa pine types (Table 4). The presence of
gray fox was negatively associated with elevation, total basal area, basal area in conifers,
basal area in large snags, and quadratic mean diameter of conifers, and was positively
associated with basal area in hardwoods, basal area in large and small hardwoods,
quadratic mean diameter of hardwoods, average canopy closure, and the number of track
stations in proximity to a road at the plot scale (Table 5). At other spatial scales, gray fox
presence was associated with lower mean annual precipitation, less area in conifer or
other types, greater number of habitat types, greater proportion of area in hardwood or

shrub types, greater area in stands with small to medium-sized trees with moderate to
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dense canopy closure, greater road density and greater area weighted population density.
All models for gray fox were statistically significant, but the 5 km” model had the lowest
overall misclassification error and the combined model had the lowest omission error.
The model with the highest value for Ky, was the 5 km?® model (K, = 0.516), which
represented a significant improvement over all other models (Table 6). This model
indicates that the proportion of surrounding area in hardwood habitat types, and the
number of habitat types within the 5 km? area best predict gray fox presence (Fig. 8).
Black bears were the most common and widely distributed species detected, with
records at 179 stations and 79 sample units, 61.5% of these in Sierran mixed conifer and
montane hardwood-conifer types. Black bears were associated primarily with conifer-
related variables at the microhabitat scale (Table 5). At coarser scales, bear presence was
negatively associated with areas with riparian influence, mean annual precipitation,
percent of area in open stands of medium sized trees, and mean road density. All models
for black bear were improvements over chance agreement. Although the 10 km® model
nominally had the highest K, value, three other models had values that were not
significantly different — the plot, 2 km* and combined models (Table 6). Using the
principle of parsimony, the combined (2 variables) and 10 km?” (3 variables) models were
considered the best; because its error rates were lower than the combined model, the
10km? model is presented here (Fig. 9). Based on this model, black bears were
associated with sample units surrounded by drier areas with lower area-weighted
population density, or if they occurred at sample units with greater precipitation, they

tended to occur in areas with a lower proportion of open stands with medium to large
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trees. In the combined model, black bear presence was associated with less riparian

influenced area and more shrub cover.

North versus South Regional Habitat Models

Of 177 sample units, 102 (57.6%) were present within the fisher region. These
sample units tended to have more and larger trees, both conifers and hardwoods, steeper
slopes, more shrub cover, and fewer roads (Table 5). At coarser spatial scales, sample
units within the fisher region were negatively associated with precipitation, road density
and habitat variability. The combined model had both the lowest rate of omission error
(11.8%) and the lowest overall classification error (15.3%). The regional tree models
showed the highest levels of K, for all tree models generated. The model based on
variables at the 10 km” scale best classified sample units within the fisher region (K, =
0.715; Fig. 10). This model was not significantly different from the model based on
variables at the 30 km? spatial scale.

Given the differences in habitat characteristics within the two areas, separate
regional models were developed for striped skunk, fisher and gray fox. Striped skunk
and gray fox were detected with much lower frequency within the region where fishers
persist (Campbell in prep). Variables selected for the models did not differ significantly
for either striped skunk or gray fox as both continued to be associated with hardwood
related variables. Interestingly, the best model for gray fox outside the fisher region was
at a smaller spatial scale (2km?) than either the general or the fisher region models
(5km?). As in the general model, the regional model indicated that fisher detections were

best classified by a single plot variable, slope.
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Discussion

The accuracy of the tree models for each species varied by model scale and
assessment method. The variables associated with species distribution patterns varied
among species. The scale at which the pattern of species presence was best predicted by
environmental variables also differed by species. Variables associated with the presence
of hardwoods or hardwood types occurred in the final models for the four smaller
species. Models including landscape composition variables were important for all but
one species (striped skunk). However, the combined model, composed of variables from
different spatial scales, was the best model for predicting presence of only one species,
the spotted skunk. The importance of landscape features is reinforced by the relatively
poor performance of plot models for most species.

Few studies of habitat use in conifer-dominated environments exist for the species
considered here, with the exception of the fisher and the black bear. Habitat use studies
for the remaining species have focused on grasslands, arid canyon and valley habitats
(Trapp 1979, Belluomini and Trapp 1984, Hallberg and Trapp 1984), or hardwood forests
of the central and eastern United States (Bixler and Gittleman 2000). In addition, these
studies have often focused on identifying denning habitat (eg. Carroll 2000) and
consequently may reflect different and more specialized habitat associations than those
derived from detection data.

The presence of spotted skunks, a species associated with a variety of habitats,
was more probable at locations with more and larger hardwoods. Hardwood related

variables were also associated with spotted skunk occurrence in northwestern California
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(Carroll 1997). The only study of the species in the Sierra Nevada reported that habitat
around the dens of female spotted skunks had a greater presence of hardwoods,
particularly black oaks (Carroll 2000). Although shrub cover was an important variable
in the final model for spotted skunks, their presence in this study was not associated with
high shrub cover or the presence of snags and logs as reported in previous studies (Carey
and Kershner 1996, Carroll 2000). Although an association with high levels of shrub
cover was not found in this study, locations where spotted skunks were detected may
exhibit a threshold level of shrub cover (ie., less than 48%; Fig. 4) that is still suitable for
spotted skunks. Detections of spotted skunks were also associated with riparian
influenced areas, consistent with the habitat associations reported from Washington and
Oregon (Verts et al. 2001), although Carey and Kershner (1996) noted that riparian areas
were most important at higher elevations, perhaps as a mitigating effect against winter
conditions.

Habitat associations identified for ringtails in this study corresponded well to
those described in the literature. Ringtails occurred on steep, south and west-facing
slopes characterized by the presence of hardwoods and a greater proportion of area in
hardwood habitat types, consistent with previous accounts (Grinnell et al. 1937,
Poglayen-Neuwall and Toweill 1988, Carroll 1997). The present study did not find a
relationship between ringtail presence and riparian associated areas as has been
documented elsewhere (Trapp 1979, Belluomini and Trapp 1984, Orloff 1988). This
may be partially explained by the location of earlier ringtail studies in arid environments
such as the central valley of California (Belluomini and Trapp 1984) and in the canyon

lands of Utah (Trapp 1979), where proximity to riparian habitats may be more important.
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Detections of striped skunks were associated with presence of hardwoods and
landscapes with a greater number of patch types, greater density of roads, and higher
area-weighted human population density, consistent with previous accounts that
recognized the importance of edge habitat for the species (Bixler and Gittleman 2000),
and its tolerance of human modified environments (Chapman and Feldhamer 1982,
Wade-Smith and Verts 1982). Although differences in habitat associations between the
two regions were not found in CART models for striped skunk, finer scale differences in
habitat types associated with striped skunk detections between the two regions have been
documented (Campbell in prep).

The region of the study area in which fishers were likely to occur differed from
the unoccupied portion and was characterized by the presence of more and larger conifers
and hardwood, steeper slopes, with lower road density and more continuous habitat
corresponding to general mature forest conditions. The fisher has been described as a
late-seral forest species, associated with large diameter trees and dense canopy
(Rosenberg and Raphael 1986, Buskirk and Powell 1994b, Jones and Garton 1994,
Zielinski et al. in press). Although the best model for fisher presence in this study was
based on slope alone, it is likely that the variable slope is accounting for the influence of
a number of other habitat components. If one examines locations that satisfy the slope
condition of the original tree model (Fig. 7), one finds that fisher presence within the
southern portion of the study area was associated with greater shrub cover, greater
hardwood basal area, and greater average canopy closure, which is more similar to
associations described for fishers elsewhere (Carroll 1997, Zielinski et al. in prep). That

fisher presence was best characterized by variables at the plot scale is contrary to the
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habitat associations described using similar detection/non-detection data in northwestern
California (Carroll et al. 1999); there, fisher presence was best predicted by landscape-
scale variables. Interestingly, sample units within the fisher region were best
characterized by landscape scale variables and at a similar spatial scale (10 km?) to that
found in northwestern California (Carroll et al. 1999).

The presence of gray fox, a species associated with shrub lands, brushy
woodlands, and broken habitats (Grinnell et al. 1937, Fritzell and Haroldson 1982, Trapp
and Hallberg 1975), was best classified by the proportion of hardwood types and the
number of habitat types within the 5 km? landscape. The association of gray fox presence
with variables related to hardwoods is consistent with findings from Douglas-fir forests in
northwestern California (Rosenberg and Raphael 1986). However, the association of gray
foxes with a higher number of habitat types is in contrast to Rosenberg and Raphael’s
(1986) study, which suggested that gray fox was among the species showing the greatest
sensitivity to forest fragmentation. In spite of finer scale information suggesting
differences in habitat types associated with gray fox detections in the region where
fishers persist (Campbell in prep), those differences were not apparent in the regional
models generated here.

The fine scale habitat associations of black bears with conifer size and density,
presence of large logs, and less proximity to roads were consistent with previous studies
(Unsworth et al. 1989, Powell et al. 1996, VanderHeyden and Meslow 1999). However,
black bear in northwestern California (Carroll 1997) were associated with sites with more
and larger hardwoods, an association not found in this study. At coarser scales, the

negative association of black bear presence with road density and area-weighted
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population density were consistent with published studies (Powell et al. 1996,
VanderHeyden and Meslow 1999), whereas the negative association with riparian
influenced areas was not (Unsworth et al. 1989, Powell and Mitchell 1998,
VanderHeyden and Meslow 1999). However, research has suggested that bears shift
habitat use relative to temporal availability of food (Unsworth et al. 1989, Lariviere
2001). Their high mobility, and the use of bait and scent lures in this study may have
influenced the habitat associations of black bears described here.

Across all species, there was little apparent correspondence between body mass or
home range size and the best scale for predicting species occurrence. Models containing
landscape variables at much coarser spatial scales (greater than 2 km?) best predicted the
presence of the two species with the smallest reported home range size (spotted skunk
and ringtail), whereas the presence of black bear and fisher, species with much larger
home ranges (>46 km® and 24.5 km?, respectively) were best predicted by variables at the
10 km? and plot scales, respectively. However, larger, wide-ranging species likely can
exploit the environment at a range of spatial scales, whereas smaller species, if they
exhibit habitat selection, are more limited to finer scales of resolution and smaller spatial
extents. Presence of gray foxes was best predicted at the Skm? scale, whereas the
presence of the much smaller ringtail was best modeled at 10km”. In a comparative study
of ringtails and gray foxes in Utah, Trapp (1978) suggested that ringtails exist at a higher
trophic level than gray foxes, and therefore may require larger areas to satisfy their
energetic requirements. Interestingly, the ringtail model at 10 km® was not significantly
different from the model based on plot variables, suggesting similar correspondence

between fine-scale variables and ringtail presence. This result would correspond more
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closely to the reported size of ringtail home ranges (2.9 km?®). Similarly, the black bear
model at 10 km” was not significantly better than the 2 km?, 5 km” or combined models
suggesting that all four models classified sites equally well for black bear.

One interesting aspect of the observed species habitat associations was the
apparent regional shift in the best spatial scale for characterizing gray fox presence;
where fishers were more likely to be present, the best scale for predicting fox presence
was at 5 km?, whereas in the area where fishers are absent, the best model was based on
variables at the 2 km” scale. Thus, the greatest separation in habitat associations between
gray foxes (5 km? scale) and fishers (plot scale) occurs in the area of potential overlap
and may facilitate coexistence of these species. This suggests the potential for greater
conflict if fishers expand northward. This may be particularly important given the
relatively high overlap in diet between these two species. Although their foraging may
strategies differ, gray foxes and fishers utilize a similar size range of prey items and
exhibit strong seasonal shifts in dietary composition, consuming primarily mammalian
prey (rodents, lagomorphs and ungulate carrion) in winter and shifting to a broader array
of foods (including birds, reptiles, insects and fruits) in the summer (Chapman and
Feldhammer 1982, Zielinski et al. 1999, Neale and Sacks 2001).

There are several factors that may have affected these results. First, the species
presented here are habitat generalists and, consequently, may not be expected to display
strong response to microhabitat variables. Environmental correlates of generalist species
are more likely to be apparent at coarser scales (Kolasa 1990). In addition, the black bear
may be so wide ranging and mobile that the functional grain (Kotliar and Wiens 1990) of

the landscape for this species may be beyond the range of spatial scales tested. Second,
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because of the use of scent lures and bait, the detection data presented here may best
represent foraging habitat, which may not be as strongly selected as habitat that meets
more restrictive life history requirements (Powell 1994b). This is supported by the low to
modest values for Kappa (0.198 — 0.564) for the selected models. In addition, scent lures
and bait may have drawn species from some distance to the track plate location. This
may partially explain the relatively low influence of plot-based variables in predicted
species occurrence. Third, the habitat variables recorded here may not have been the
most appropriate for predicting the presence of these six species. Given the high number
of detections of spotted skunks, there should have been sufficient power to detect
associations in the variables measured; yet, no strong model could be developed. Carey
and Kershner (1996) suggested that, given the importance of insects in its diet, the
presence of spotted skunk might best be predicted by variables related to coarse woody
debris and litter depth. In this study, spotted skunk occurrence was not associated with
logs; litter depth measurements were not collected. Finally, models based on vegetation,
topographic and anthropogenic variables may be hampered by the failure to include other
potentially limiting factors such as prey availability and competition (see Campbell in
prep).

Although species exhibited different habitat associations there are several patterns
of association that warrant consideration: associations with the presence of hardwoods,
degree of habitat contiguity (as characterized by habitat variability, roads and area-
weighted human population density), and elements associated with mature forest
conditions (eg. large trees, large snags, and large logs). The strongest most consistent

association is that between the five smaller species and variables related to hardwoods
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across a range of spatial extents. In addition, ringtail, striped skunk, and black bear were
positively associated with both Montane Hardwood and Montane Hardwood-Conifer
habitat types at track plate stations (Fig. 3). This highlights the importance of the low to
mid-elevation hardwood and hardwood conifer habitat types that occur on the west slope
of the Sierra Nevada. The range of spatial scales over which these species were
associated with hardwoods reinforces the need to adopt a multi-scale approach to
hardwood management, particularly within conifer-dominated landscapes. Although
conifers are routinely considered in vegetation management given their economic value,
hardwoods within conifer-dominated landscapes have not been given the same level of
consideration. Given their slow rate of recruitment and their relative intolerance of
shading, management of hardwood species will require consideration over a range of
temporal as well as spatial scales.

Three species (ringtail, striped skunk, and gray fox) were associated with areas of
greater variability of habitat type, more roads and greater human population densities.
These associations were exhibited across a range of scales for each species. This seems
consistent with the generalist habits of these species and their tolerance of human
presence. In contrast, black bear, fisher and spotted skunk exhibited negative
associations with the presence of roads and road density. Black bear exhibited the
greatest sensitivity, being negatively associated with roads at 4 of the 5 spatial scales
examined (plot, 5, 10, and 30 km?). Black bears were also negatively associated with
human population density. The sensitivity of black bear to roads and human population
density coupled with its strong association with conifer-dominated habitats may make it a

good representative of intact forest conditions.
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Associations of species with mature forest elements such as large trees, snags and
logs were not strong. Spotted skunk, ringtail and striped skunk were all negatively
associated with mature forest elements. Black bear was positively associated with large
conifers and large logs, and fisher was positively associated with large logs. That both
black bear and fisher were detected more frequently in the southern portion of the study
area (see Campbell in prep) may partially explain why observed associations with these
elements were not stronger: the region within which the black bear and fisher were most
commonly detected could be generally characterized by many elements associated with
mature forest conditions as well as more continuous habitat and lower road density. This
reinforces the apparent differences between the regions of current and former fisher
distribution and suggests the need for cautious management of the southern Sierra
Nevada region to retain these characteristics.

The results presented here are consistent with those reported for other forest
vertebrates. Model fit was moderate to low for generalist species (Mitchell et al. 2001,
Saveraid et al. 2001) and no single scale or set of variables was appropriate for all species
(Mitchell et al. 2001, Martin and McComb 2002). Although it might be expected that
microhabitat condition would better predict species presence by encapsulating some of
the environmental characteristics to which species likely respond (Lindenmayer et al.
1999), this relationship breaks down for less restrictive habitat requirements, such as
foraging habitat, and for generalist species (Mazerolle and Villard 1999).

My finding that landscape attributes may be significant predictors of species
presence or may complement microhabitat information seems consistent with the

conclusions of Mazerolle and Villard (1999). Consequently, efficient management of
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carnivore species will require both fine-scale microhabitat information and coarse-scale
landscape context at a variety of spatial scales (Mazerolle and Villard 1999, Martin and
McComb 2002). Incorporating a nested set of spatial scales of variables, as done in this
study, should allow the identification of spatial scales at which species respond to habitat
characteristics. Variation in habitat at coarser scales likely will be beyond the perceptive
resolution of the organism. The variety of habitat associations of species in this study
and the different spatial scales of those associations highlight the importance of species-
specific, empirically derived information from multiple scales to inform forest
management (Martin and McComb 2002). These results confirm the need for an
organism-centered view of habitat and the importance of selection of appropriate scales
of information. Results from this study suggest that the functional grain of habitat is
related to more than body size or home range area and likely is a function of life history
attributes (Mitchell et al. 2001) coupled with intra- and interspecific interactions. As
noted in other work, it is unlikely that any single scale of analysis would be appropriate
for multiple species, even ecologically similar species such as the mesocarnivores
presented here (Stapp 1997, Lindenmayer et al. 1999, Mitchell et al. 2001). Landscape
composition data may provide an attractive alternative to labor-intensive microhabitat
data collection for species such as ringtail, gray fox and black bear. For species such as
spotted skunks, it may be possible to use landscape information as an initial broad filter
to be supplemented strategically with field data collection.

Reconciling the relative roles of interspecific competition and habitat associations
in structuring carnivore communities and influencing species distributions likely will

require more intensive surveillance of species than detection/non-detection data can
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provide. Profitable next steps would include: 1) examining the influence of habitat
characteristics on species movement and interspecific interactions; and 2) linking species
habitat associations to fecundity and population dynamics. This work would provide
further insight into how species perceive their environment and on the probability that

fishers will be able expand into currently unoccupied portions of their historic range.

106



Literature Cited

Bell, J.F. 1996. Application of classification trees to the habitat preference of upland

birds. Journal of Applied Statistics 23:349-359.

Belluomini, L, and G.R. Trapp. 1984. Ringtail distribution and abundance in the central
valley of California. Pages 906-914 in Warner, Richard E.; Hendrix, Kathleen M., eds.
California riparian systems: Ecology, conservation, and productive management.

Berkeley, CA: University of California Press.

Bixler, A., and J.L. Gittleman. 2000. Variation in home range and use of habitat in the

striped skunk (Mephitis mephitis). Journal of Zoology, London 251:525-533.

Bowman, J., J.A.G. Jaeger, and L. Fahrig. 2002. Dispersal distance of mammals is

proportional to home range size. Ecology 83:2049-2055.

Buskirk, S.W. and R.A.Powell. 1994. Habitat ecology of fishers and American martens.
Pages 283-296 in S.W. Buskirk, A.S. Harestad, M.G. Raphael, and R.A. Powell,
editors. Martens, sables, and fisher: biology and conservation. Cornell University press,

Ithaca, New York. 484pp.

Campbell in prep. Distribution and co-occurrence of forest carnivores in the central and

southern Sierra Nevada.

107



Carey, A.B., and J.E. Kershner. 1996. Spilogale gracilis in upland forests of western

Washington and Oregon. Northwestern Naturalist 77:29-34.

Carroll, C. 1997. Predicting the distribution of the fisher (Martes pennanti) in
northwestern California, U.S.A., using survey data and GIS modeling. Master’s Thesis.

Oregon State University. 159pp.

Carroll, C., W.J. Zielinski, R.F. Noss. 1999. Using presence-absence to build and test
spatial habitat models for the fisher in Klamath Region, U.S.A. Conservation Biology

13:1344-1359.

Carroll, K.N. 2000. Macro- and microhabitat characteristics of the western spotted
skunk, Spilogale gracilis, in the Sierra Nevada of northern California. Master’s thesis.

California State University, Sacramento. Sacramento, CA. 157pp.

CDF 1990. California mean annual precipitation zones, 1900-1960. California

Department of Forestry and Fire Protection. http://frap.cdf.ca.gov/data.html

CDF. 2002. Census 2000 block data. California Department of Forestry and Fire

Protection. http://gis.ca.gov/data_index.epl

Chapman, J.A., and G.A. Feldhamer. 1982. Striped and hooded skunks: Mephitis

mephitis and allies. Pages 674-687 in Wild mammals of North America: biology,

108


http://gis.ca.gov/data_index.epl

management, and economics. The Johns Hopkins University Press. Baltimore,

Maryland.

Cohen, J. 1960. A coefficient of agreement for nominal scales. Educational and

Psychological Measurement 20: 37-46.

Cohen, J. 1968. Weighted Kappa: nominal scale agreement with provision for scaled

disagreement or partial credit. Psychological Bulletin 70:213-220.

Congalton, R.G. 1991. A review of assessing the accuracy of classifications of remotely

sensed data. Remote Sensing and the Environment 37:35-46.

Danielson, B.J. 1992. Habitat selection, interspecific interactions and landscape

composition. Evolutionary Ecology 6:399-411.

Dunning, J.B, B.J. Danielson, and H. R. Pulliam. 1992. Ecological processes that affect

populations in complex landscapes. Oikos 65:169-175.

Erman, D.C., N.A. Erman, 1. Drury, E.A. Greathouse, and B.O. Ransom. 2000. Testing

the variability of riparian temperatures in Sierra Nevada stream basins. Tahoe National

Forest Challenge Agreement CCS-05-97-17-019. Final Report. 66pp.

109



ESRI. 2000. ArcView Version 3.2a . Environmental Systems Research Institute, Inc. 380

New York Street Redlands, CA 92373-8100

ESRI. 1999. ArcINFO Version 8 . Environmental Systems Research Institute, Inc. 380

New York Street Redlands, CA 92373-8100

FEMAT 1993. Forest ecosystem management: an ecological, economic, and social
assessment. Forest Ecosystem Management Assessment Team. Washington, D.C.: US
Department of Agriculture, Forest Service; US Department of Commerce, National
Oceanic and Atmospheric Administration, US Department of Interior, Bureau of Land
Management, U.S. Fish and Wildlife Service, and National Park Service; and

Environmental Protection Agency.

Fleiss, J.L., J. Cohen, and B.S. Everitt. 1969. Large sample standard errors of Kappa and

weighted Kappa. Psychological Bulletin 72:323-327.

FRAP 2002. Multi-source Land Cover Data (2002, v1). California Department of

Forestry and Fire Protection. http://frap.cdf.ca.gov/data.html

Fritzell, E.K., and K.J. Haroldson. 1982. Urocyon cinereoargenteus. Mammalian

Species 189:1-8.

110


http://frap.cdf.ca.gov/data/frapgisdata/select.asp

Grinnell, J., J.S. Dixon, and J.M. Linsdale. 1937. Fur-bearing mammals of California:
their natural history, systematic status, and relations to man. University of California

Press. 777pp.

Hallberg, D.L., and G.R. Trapp. 1984. Gray fox temporal and spatial activity in a
riparian/agricultural zone in California’s central valley. Pages 920-928 in Warner,
Richard E.; Hendrix, Kathleen M., eds. California riparian systems: Ecology,
conservation, and productive management. Berkeley, CA: University of California

Press.

Holling, C.S. 1992. Cross-scale morphology, geometry, and dynamics of ecosystems.

Ecological Monographs 62: 447-188.

Hudson, W.D., and C.W. Ramm. 1987. Correct formulation of the kappa coefficient of

agreement. Photogrammetric Engineering and Remote Sensing 53:421-422.

Johnson, D.H. 1980. The comparison of usage and availability measurements for

evaluating resource preference. Ecology 6:65-71.

Karl, J.W., P.J. Heglund, E.O. Garton, J.M. Scott, N.M. Wright, and R.L. Hutto. 2000.

Sensitivity of species to habitat-relationship model performance to factors of scale.

Ecological Applications 10: 1690-1705.

111



Kelt, D.A. and D.Van Vuren 1999. Energetic constraints and the relationship between

body size and home range area in mammals. Ecology 80:337-340.

Kelt, D.A. and D.Van Vuren. 2001. The ecology and macroecology of mammalian

home range area. The American Naturalist 157:637-645.

Kolasa, J. 1990. Ecological systems in hierarchical perspective: breaks in community

structure and other consequences. Ecology 70:36-47.

Kotliar, N.B., and J.A. Wiens. 1990. Multiple scales of patchiness and patch structure: a

hierarchical framework for the study of heterogeneity. Oikos 59:253-260.

Lariviere, S. 2001. Ursus americanus. Mammalian Species 647:1-11.

Lindenmayer, D.B., R.B. Cunningham, and M.A. McCarthy. 1999. The conservation of

arboreal marsupials in the montane ash forests of the central highlands of Victoria,

south-eastern Australia. VIII. Landscape analysis of the occurrence of arboreal

marsupials. Biological Conservation 89:83-92.

Mackey, B.G., and D.B. Lindenmayer. 2001. Towards a hierarchical framework for

modeling the spatial distribution of animals. Journal of Biogeography 28:1147-1166.

112



Martin, K.J., and W. C. McComb. 2002. Small mammal habitat associations at patch

and landscape scales in Oregon. Forest Science 48:255-264.

Mayer, K.E., and W.F. Laudenslayer 1988. A guide to wildlife habitats of California.

California Department of Forestry and Fire Protection, Sacramento, CA. 166pp.

Mazerolle, M.J., and M-A. Villard. 1999. Patch characteristics and landscape context as

predictors of species presence and abundance: a review. Ecoscience 6: 117-124.

McNab, B.K. 1963. Bioenergetics and the determination of home range size. American

Naturalist 47:133-140.

Miles, S.R. and C.B. Goudey. 1997. Ecological subregions of California: section and
subsection descriptions. USDA Forest Service, Pacific Southwest Region, San

Francisco, CA. R5-EM-TP-005.

Mitchell, M.S., R.A. Lancia, and J.A. Gerwin. 2001. Using landscape-level data to

predict the distribution of birds on a managed forest: effects of scale. Ecological

Applications 11: 1692-1708.

Morris, D.W. 1984. Patterns and scale of habitat use in two temperate-zone, small

mammal faunas. Canadian Journal of Zoology 62:1540-1547.

113



Neale, J.C.C., and B.N. Sacks. 2001. Food habits and space use of gray foxes in relation

to sympatric coyotes and bobcats. Canadian Journal of Zoology 79:1794-1800.

Orloff, S. 1988. Present distribution of ringtails in California. California Fish and Game

74:196-202.

Orrock, J.L., J.F. Pagels, W.J. McShea, and E.K. Harper. 2000. Predicting presence and
abundance of a small mammal species: the effect of scale and resolution. Ecological

Applications 10:1356-1366.

Poglayen-Neuwall, 1., and D.E. Toweill. 1988. Bassariscus astutus. Mammalian Species

327:1-8.

Powell, R.A. 1994a. Structure and spacing of Martes populations. Pages 101-121 in S.W.

Buskirk, A.S. Harestad, M.G. Raphael, and R.A. Powell (editors) Martesn, sables and

fishers: biology and conservation. Cornell University Press, Ithaca, New York. 484pp.

Powell, R. A. 1994b. Effects of scale on habitat selection and foraging behavior of

fishers in winter. Journal of Mammalogy 75:349-356.

Powell, R.A., and M.S. Mitchell. 1998. Topographical constraints and home range

quality. Ecography 21:337-341.

114



Powell, R.A. and W.J. Zielinski. 1994. Fisher. Pages 38-73 In: L.F. Ruggiero, K.B.
Aubry, S.W. Buskirk, L.J. Lyon, and W.J. Zielinski (editors), The scientific basis for
conserving forest carnivores: American marten, fisher, lynx and wolverine in the
western United States. USDA Forest Service General Technical Report RM-254.

184pp.

Powell, R.A., J.W. Zimmerman, D.E. Seaman, and J.F. Gilliam. 1996. Demographic
analysis of a hunted black bear population with access to a refuge. Conservation

Biology 10:224-234.

Rosenberg, K.V., and M.G. Raphael. 1986. Effects of forest fragmentation on vertebrates
in Douglas-fir forests. Pages 263-272 in J. Verner, M.L. Morrison and C.J. Ralph,
editors. Wildlife 2000: Modeling habitat relationships of terrestrial vertebrates. The

University of Wisconsin Press, Madison, WI. 470pp.

Rosenfield, G.H., and K. Fitzpatrick-Lins. 1986. A coefficient of agreement as a measure

of thematic classification accuracy. Photogrammetric Engineering and Remote Sensing

52:223-227.

Rosenzweig, M.L. 1991. Habitat selection and population interactions: the search for

mechanism. The American Naturalist 137:S5-S28.

115



SAS 1999. SAS, Version 8.0. SAS Institute Inc., 100 SAS Campus Drive, Cary, NC,

27513-2414.

Saveraid, E.H., D.M. Debinski, K. Kindscher, and M.E. Jakubauskas. 2001. Comparison
of satellite data and landscape variables in predicting bird species occurrences in the

Greater Yellowstone Ecosystem, USA. Landscape Ecology 16: 71-83.

SNEP 1996. The Sierra Nevada Ecosystem Project Final Report to Congress. Centers for

Water and Wildland Resources, University of California, Davis.

S-PLUS 2001. S-PLUS version 6.0. Insightful Corporation. 1700 Westlake Ave. N.,

Seattle, WA 98109.

Sokal, R.R. and F.J. Rohlf. 1995. Biometry. W.H. Freeman and Company, New York.

887pp.

Stapp, P. 1997. Habitat selection by an insectivorous rodent: patterns and mechanisms

across multiple scales. Journal of Mammalogy 78:1128-1143.

Steinberg, D., and P. Colla. 1997. CART: Classification and regression trees. Salford

Systems, San Diego, CA.

116



Teale. 1997. County roads. Teale GIS Solutions Group. Data currently available from

California Spatial Information Library. http://www.gis.ca.gov/data_index.epl

Thomson, J. D., G. Weiblen, B. A. Thomson, S. Alfaro, and P. Legendre. 1996.
Untangling multiple factors in spatial distributions: lilies, gophers, and rocks. Ecology

77:1698-1715.

Trapp, G.R. 1979. Comparative behavioral ecology of the ringtail and gray fox in

southwestern Utah. Carnivore 1:3-32.

Trapp, G.R., and D.L. Hallberg. 1975. Ecology of the gray fox (Urocyon
cinereoargenteus): a review. Pages 164-178 in M. W. Fox, ed. The wild canids. Van

Nostrand, Reinhold Co., New York. 508pp.

Truex, R.L., W.J.Zielinski, R.T. Golightly, R.H. Barrett, and S.M. Wisely. 1998. 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.

Sacramento, CA. 118 pp.

Unsworth, J.W., J.J. Beecham, and L.R. Irby. 1989. Female black bear habitat use in

west-central Idaho. Journal of Wildlife Management 53:668-673.

117


http://www.gis.ca.gov/data_index.epl

Vander Heyden, M., and E.C. Meslow. 1999. Habitat selection by female black bears in

the central Cascades of Oregon. Northwest Science 73:283-294.

Verts, B.J., and L.N. Carroway. 1998. Land mammals of Oregon. University of

California Press, Berkeley, CA

Verts, B.J., L.N. Carroway, and A. Kinlaw. 2001. Spilogale gracilis. Mammalian

Species 674:1-10.

Wade-Smith, J., and B.J. Verts. 1982. Mephitis mephitis. Mammalian Species 173:1-7.

Wiens, J.A. 1989. Spatial scaling in ecology. Functional Ecology 3:385-397.

Weir, R.D. and A.S. Harestad. 2003. Scale-dependent habitat selectivity by fishers in

south-central British Columbia. Journal of Wildlife Management 67:73-82.

With, K.A. 1994. Using fractal analysis to assess how species perceive landscape

structure. Landscape Ecology 9:25-36.

Zielinski, W.J., T.E. Kucera, and R.H. Barrett. 1996. The current distribution of fisher

(Martes pennanti) in California. California Fish and Game 81:104-112.

118



Zielinski, W.J., N.P. Duncan, E.C. Farmer, R.L. Truex, A.P. Clevenger, and R.H. Barrett.
1999. Diet of fishers (Martes pennanti) at the southernmost extent of their range.

Journal of Mammalogy 80:961-971.

Zielinski, W.J., R.L. Truex, G.A. Schmidt, F.V. Schlexer, K.N. Schmidt, and R.H.
Barrett. In prep. Habitat of fisher in California as determined by visits to track plate

detection stations.

Zielinski, W.J., R.L. Truex, G.A. Schmidt, F.V. Schlexer, K.N. Schmidt, and R.H.

Barrett. In press. Resting habitat selection by fishers in California. Journal of Wildlife

Management.

119



Table 1. Body mass and home range size of mammalian carnivores in this study. Estimates of body mass and home range size are

highly variable. Values presented are medians and ranges (in parentheses) of values reported in the literature.

Species Body Mass (kg) Home range (km”) Reference
Spotted skunk 0.5(0.3-0.6) 1.1(0.5-1.6) Grinnell et al. 1937, Verts and Carroway 1998,
(Spilogale gracilis, SPGR) Carroll 2000
Ringtail 0.9 (0.8-1.1) 2.9 (0.2-5.5) Grinnell et al. 1937, Poglayen-Neuwall and

Toweill 1988, Verts and Carroway 1998
(Bassariscus astutus, BAAS)

Striped skunk 3.1(1.8—-4.5) 3.1(1.1-5.1) Grinnell et al. 1937, Bixler and Gittleman 2000
(Mephitis mephitis, MEME)

Fisher 3.8(2.0-5.5) 245(9.8—-39.3) Truex etal. 1998

(Martes americana, MAPE)

Gray fox 423.0-54) 3.6 (0.7-6.5) Grinnell et al. 1937, Fritzell and Haroldson
(Urocyon cinereoargenteus, URCI) 1982

Black bear 92.5(45.0—-140.0) 46.5(2.0-90.1) Grinnell et al. 1937, Vander Heyden and
(Ursus americanus, URAM) Meslow 1999, Lariviere 2001

Table 2. Assignment of CWHR habitat types to six life forms.

CWHR Life Form Variable CWHR Habitat Type

Conifer pctcon Douglas-Fir, Jeffrey Pine, Lodgepole Pine, Montane Hardwood-Conifer, Pinyon Juniper,
Ponderosa Pine, Red Fir, Sierran Mixed Conifer, Subalpine Conifer, White Fir, Unknown
Conifer

Hardwood pcthwd Aspen, Blue Oak Woodland, Blue Oak-Foothill Pine, Montane Hardwood, Montane
Riparian

Herbaceous pcthrb Annual Grassland, Wet Meadow

Shrub pctshr Alpine-Dwarf Shrub, Chamise-Redshank Chaparral, Mixed Chaparral, Montane Chaparral,
Sagebrush, Unknown Shrub

Barren/Other pctoth Barren
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Table 3. Definitions of microhabitat and landscape variables used to develop tree models.

Variable Definition Scale
elev average elevation of stations within a sample unit plot

totalba average total basal area plot

conba average basal area in conifers plot

hwdba average basal area in hardwoods plot

hwdlg average basal area in hardwoods > 25 cm dbh plot

hwdsm average basal area in hardwoods < 25 cm dbh plot

smcon average basal area in conifers < 75 cm dbh plot

lgcon average basal area in conifers > 75 cm dbh plot

lgsnag average basal area in snags < 75 cm dbh plot

smsnag average basal area in snags > 75 cm dbh plot

gmdhwd  average quadratic mean diameter of hardwoods plot

gmdcon  average quadratic mean diameter of conifers plot

cesu average overstory canopy cover plot

smlog average count of logs < 60 cm in diameter plot

Iglog average count of logs > 60 cm in diameter plot

shrubcc average cover in shrubs plot

slope average slope of stations within a sample unit plot

water count of stations with available water within 100 m plot

road50 count of stations with roads within 50 m plot

mapepa detection/non-detection of fisher at the sample unit plot

rbuf hectares of analysis area within riparian buffer area 2,5,10, 30 km?
aspmean  mean aspect of analysis area 2,5, 10, 30 km?
pptmean  mean annual precipitation within analysis area 2, 5,10, 30 km?
pptstd standard deviation of mean annual precipitation 2,5, 10, 30 km?
whrvar number of different habitat types (type + size-density) 2, 5,10, 30 km’
rdmean mean road density of analysis area 2,5,10, 30 km?
pctcon percent of analysis area in confer habitat types 2, 5,10, 30 km’
pcthwd percent of analysis area in hardwood habitat types 2,5, 10, 30 km?
pctshr percent of analysis area in shrub habitat types 2, 5,10, 30 km?
pcthrb percent of analysis area in herbaceous habitat types 2,5, 10, 30 km?
pctother  percent of analysis area in other habitat types 2, 5,10, 30 km’
pct56md  percent area in trees > 60 cm with canopy closure > 40% 2, 5, 10, 30 km?
pctS6sp percent area in trees > 60 cm with canopy closure <40% 2, 5, 10, 30 km?
pct34md  percent area in trees 15-60 cm, canopy closure > 40% 2,5, 10, 30 km’
pct34sp percent area in trees 15-60 cm, canopy closure < 40% 2,5, 10, 30 km?
pctl2md  percent area in trees < 15 cm with canopy closure > 40% 2, 5, 10, 30 km?
pctl2sp  percent area in trees <15 cm with canopy closure <40% 2, 5, 10, 30 km®
awpd area weighted population density 2,5, 10, 30 km?
fishdist categorical variable indicating site location inside (1) or 2, 5, 10, 30 km?

outside (0) current fisher distribution
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Table 4. Frequency of species detections by CWHR habitat types at track plate stations.

Determinations of CWHR types on the ground may differ from habitat assignments based

on remote-sensing imagery. Values reported are percents.

CWHR Habitat Type Total SPGR BAAS MEME MAPE URCI URAM
Barren 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Blue Oak Woodland 0.1 0.0 0.0 0.0 0.0 0.6 0.0
Douglas Fir 0.7 2.1 33 33 0.0 1.2 0.0
Jeffrey Pine 6.0 4.3 1.6 0.0 7.2 3.7 4.5
Lodgepole Pine 4.8 0.7 0.0 0.0 0.0 0.0 2.2
Mixed Chaparral 23 3.5 1.6 8.3 0.0 6.7 1.1
Montane Chaparral 0.9 0.0 33 0.0 0.0 2.5 0.6
Montane Hardwood- 10.9 14.2 26.2 21.7 18.8 14.7 17.9
Conifer

Montane Hardwood 7.4 11.3 26.2 15.0 11.6 9.2 13.4
Montane Riparian 1.2 1.4 4.9 0.0 1.4 1.2 1.7
Ponderosa Pine 6.0 5.7 4.9 8.3 1.4 14.7 1.1
Red Fir 10.8 2.1 0.0 0.0 7.2 0.6 6.7
Subalpine Conifer 0.9 0.7 0.0 0.0 0.0 0.0 0.6
Sierran Mixed Conifer  40.3 46.8 22.9 41.7 464 423 43.6
Valley Riparian 0.3 2.1 0.0 1.7 0.0 0.6 0.0
White Fir 7.1 5.0 4.9 0.0 4.3 1.8 6.1
Unknown 0.3 0.0 0.0 0.0 0.0 0.0 0.0
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Table 5. Variables used in tree development that were also statistically significant in

univariate analyses (Wilcoxon test, SAS 1999) and direction of association. All variables

presented were significant at p < 0.05.

Microhabitat Landscape
Species n Assoc. Variable Assoc.  Variable  Scale (kmz)

SPGR 48 - elev + pcthwd 10, 30
+ hwdlg
- lgsnag
+ qmdhwd
+ slope

BAAS 28 - elev + pptstd 2,5,10, 30
- conba - pctcon 2,5, 10,30
+ hwdba + pcthwd 2,5,10, 30
+ hwdlg + awpd 2,5,10, 30
+ hwdsm - pcthrb 2
- lgcon - pptmean 5, 10, 30
- smcon + whrvar 5,10, 30
+ qmdhwd - pct34sp 5, 10, 30
+ ccsu + pct34md 10, 30
+ slope + pct12md 30

MEME 29 - elev + whrvar 2,5,10
- totalba + rdmean 2,5,10, 30
- conba - pctcon 2,5,10, 30
+ hwdba + pcthwd 2,5,10, 30
+ hwdlg - pctoth 5,10, 30
+ hwdsm + awpd 2,5,10, 30
- lgcon + pct34md 5, 10, 30
- lgsnag - pct34sp 5
- gmdcon + rbuf 10, 30
+ gqmdhwd + pct12md 30
- Iglog
+ ccsu
+ road50

MAPE 28 + totalba - pptmean 2,5,10, 30
+ hwdba + pct34md 2,5,10, 30
+ hwdsm - pct34sp 2,5,10, 30
+ Iglog + pct12md 2,5,10,30
+ shrubcc - rbuf 5, 10, 30
+ slopeav + pcthwd 30
- road50 + pctshr 30
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Table 5. Continued.

Microhabitat Landscape
Species n Assoc. Variable Assoc. Variable  Scale (kmz)
URCI 55 elev - pptmean 2,5,10, 30
- totalba + whrvar 2,5,10, 30
- conba + rdmean 2,5,10, 30
+ hwdba + pcthwd 2,5,10, 30
+ hwdlg - pctoth 2,5,30
+ hwdsm + pct34md 2,5,10, 30
- lgsnag + awpd 2,5,10,30
- qmdcon + pct12md 5,10, 30
+ qmdhwd - pctcon 5,10, 30
- Iglog + pctshr 10
+ cesu + pct56sp 30
+ road50
URAM 78 + totalba - rbuf 2,5,10, 30
+ lgcon - pptmean 2,5,10,30
+ qmdcon - pctwat 2,10, 30
+ Iglog - pct34sp 2,5,10
+ shrubcc - rdmean 5, 10, 30
+ slope
- road50
FISHDIST 102 + totalba - rbuf 2,5,10, 30
+ conba - aspm 2,5,10, 30
+ hwdba - pptmean 2,5,10, 30
+ hwdsm - rdmean 2,5,10, 30
+ lgcon + pcthwd 2,5,10, 30
+ gmdcon + awpd 2,5,10, 30
+ Iglog + pptstd 5,30
+ shrubcc - whrvar 5,10
+ slopeav
+ water
- road50
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Table 6. Misclassification and omission rates, and values for weighted kappa (Ky)

for tree models. All models represented a significant improvement over chance (Z>

3.08, p< 0.001) unless noted. Values for Z presented for comparisons of the model

with the highest Ky, to all other models for each response variable (Fleiss et al. 1969).

Models were significantly different from the selected model (bold-type; Z > 3.08, p <

0.001) unless noted.
Species® Model Total Percent Percent Ky Z-value
no. detections Misclassified Omission

(
SPGR plot 36.7 54.2 0.123 3.81
(n = 48) 2 km’ 37.9 47.9 0.125 3.69
5 km? 44.6 50.0 s -
10 km? 37.3 56.3 0.108 4.55
30 km? 441 14.6 0.130 3.39
combined 34.5 33.3 0.198 -
BAAS plot 17.0 15.3 0.369 1.11m

n= m . . . .

(n=28) 2 km? 32.8 222 0.182 13.37
5 km? 21.5 14.8 0.296 5.92
10 km? 16.4 14.8 0.385 -
30 km? 26.6 18.5 0.226 10.55
combined 237 25.9 0.249 9.04
MEME plot 20.9 20.7 0.313 -
(n=29) 2 km’ 29.4 55.2 0.108  12.269
5 km? 31.6 51.7 0.126  11.233
10 km? 23.2 31.0 0.264  2.968"™
30 km? 29.9 27.6 0.185 7.693
combined 43.5 3.5 0.203 6.572
MAPE plot 37.3 14.3 0.502 -
(n=28) 2 km? 53.1 7.1 ns -
5 km? 52.5 14.3 - s
10 km? 50.3 17.9 s s
30 km?> 31.1 29.5 0.143  12.817
combined 30.5 25.0 0.179 11.527
URCI plot 30.5 32.7 0.285 17.31
(n=55) 2 km? 26.0 38.2 0.385 9.86
5 km? 20.3 30.9 0.516 -
10 km? 27.7 30.9 0.337 13.44
30 km? 32.8 30.9 0.247 20.05
combined 29.9 27.3 0.293 16.64
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Table 6. Continued.

Species” Model Total Percent Percent Ky Z-value
(no. detections) Misclassified ~ Omission

URAM plot 33.3 38.5 0.327 0.37™

(n="78) 2 km? 31.6 29.5 0.330 0.19™

5 km® 40.7 47.4 0.177 9.84

10 km? 33.3 39.7 0.333 --

30 km’ 37.3 32.1 0.220 7.06

combined 34.5 42.3 0.314 1.16™

FISHDIST plot 19.2 20.6 0.674 3.99

(n=102) 2 km® 23.2 21.6 0.547 16.19

5 km? 23.7 20.6 0.514 19.34

10 km? 18.6 21.6 0.715 -

30 km® 16.4 15.7 0.690 2.39™

combined 15.3 11.8 0.663 5.02

* Abbreviations as in Tables 1 and 3. ™ no significant model generated, or no

significant difference between models.
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Figure 1. Study area for carnivore surveys in the central and southern Sierra Nevada.
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Figure 2. Areas within the study area where fishers are likely to be present.
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Figure 3. Observed habitat selectivity at track plate stations represented as proportional
deviations from median values. Bootstrap samples corresponding in size to the total
number of detections of a species were selected from the data for all stations over 2000
iterations to generate median values for the expected distribution of CWHR habitat types.

An asterix indicates a significant difference (p < 0.05).
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Figure 4. Classification tree model for habitat associations of spotted skunk based on variables from multiple spatial scales. If the
observed value is less than or equal to the model value, the observation moves to the left. The number of positive detections is
indicated at the root node. The numbers at other nodes indicate the proportion of positive detections moving through that node.
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PCTHWD <=5.4

N =27
Absent PCTSHR <= 15.3
24/27
ASPM <=133.4 Absent
24/27
Absent Present

Figure 5. Classification tree model for habitat associations of ringtail based on variables
at the 10 km” scale. If the observed value for a variable is less than or equal to the model
value, the observation moves to the left. The number of positive detections is indicated at
the root node. The numbers at other nodes indicate the proportion of positive detections

moving through that node.

4 N\
HWDLG <= 1.7
N=29
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29/29
HWDBA <=90.3 Absent
28/29
Present Absent

Figure 6. Classification tree model for habitat associations of striped skunk based on
variables at the plot scale. If the observed value for a variable is less than or equal to the
model value, the observation moves to the left. The number of positive detections is
indicated at the root node. The numbers at other nodes indicate the proportion of positive

detections moving through that node.
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SLOPEAV <=26.3
N=28

Absent Present

Figure 7. Classification tree model for habitat associations of fisher based on variables at
the plot scale. If the observed value for a variable is less than or equal to the model
value, the observation moves to the left. The number of positive detections is indicated at
the root node. The numbers at other nodes indicate the proportion of positive detections

moving through that node.

PCTHWD <=3.6
N=55

Absent WHRVAR <=12.5
39/55

Absent Present

Figure 8. Classification tree model for habitat associations of gray fox based on variables
at the 5 km” spatial scale. If the observed value for a variable is less than or equal to the
model value, the observation moves to the left. The number of positive detections is
indicated at the root node. The numbers at other nodes indicate the proportion of positive

detections moving through that node.
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AWPD <=14 PCT34SP <=10.9
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Figure 9. Classification tree model for habitat associations of black bear based on
variables at the 10 km? spatial scale. If the observed value for a variable is less than or
equal to the model value, the observation moves to the left. The number of positive
detections is indicated at the root node. The numbers at other nodes indicate the

proportion of positive detections moving through that node.
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Figure 10. Classification tree model for classifying sample units within the current distribution of fishers based on variables at the 10
km? spatial scale. If the observed value for a variable is less than or equal to the model value, the observation moves to the left. The
number of locations present within the fisher region is indicated at the root node. The numbers at other nodes indicate the proportion

of those locations moving through that node
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Comparison of survey methods to detect carnivores

in the Sierra Nevada

Abstract

I compared the effectiveness of two track plate devices and remote cameras to
survey for terrestrial carnivores using the characteristics of the detection data produced.
Using Program Presence, I estimated the probabilities of detection given presence for
each species and compared them across detection devices. I evaluated study designs
consisting of a single device type and combinations of device types by tracking the
change in probabilities of detection with varying combinations, number of stations, and
visits for a sample unit. Most species had > 80% probability of being detected by at least
one device type within 5-8 station-visits. The relative value of each device type varied by
species as did the optimal number of stations and visits. Using estimated probabilities of
detection, I illustrate a simple, flexible approach to identify suitable combinations of
devices for community level surveys given survey objectives, overall detection
probabilities, and cost constraints. In general, species that were more difficult to detect

had a greater influence on sample unit design and tended to require more costly surveys.

Introduction

Understanding the processes that determine the distribution and abundance of
organisms is a fundamental component of ecological study (Krebs 1994). The description
and analysis of species distributions plays a vital role in conservation by elucidating the

status of a species or identifying areas for conservation action (Wikramanayake et al.
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1997). For many species in forested environments, basic distribution information is
lacking (Ehrlich 1996). This is particularly true for mammalian carnivores, a taxonomic
group that often is hard to survey due to their typically low population densities, wide
ranging habits, and cryptic nature (Zielinski and Kucera 1995). In addition, carnivore
species frequently are evaluated as potential focal species for regional conservation
efforts and ecosystem management (Noss 1990, Linnell et al. 2000, Carroll et al. 2001).
The popular shift in focus from single species management toward ecosystems (Estes
1996) is likely to continue to rely on monitoring a few carnivore species as these species
often are sensitive to human impacts and may serve as good indicators of ecosystem
change (Noss 1990, Bunnell et al. 1999, Carroll et al. 2001).

Because surveying for rare cryptic species such as carnivores can be challenging,
it is important to identify methods that efficiently and reliably detect the carnivore
species of interest. For the purposes of this paper, the term “method” refers to the type of
survey device employed (eg. enclosed track plate, remote camera) and is distinct from
“protocol” which is how the methods are employed (eg. 5 enclosed track plates visited
every other day for 10 days). “Sample unit design” is used to refer to the combination of
methods used within a sample unit. When the survey objective is to document the
distribution of a single species, a single survey method may be appropriate. However, it
is unlikely that detection probability will be constant across individuals or across methods
suggesting that using several methods could be advantageous. The collection of
presence/non-detection data at the community level requires a variety of methods as these
likely vary both in efficiency for different species and in effectiveness under different

environmental conditions (Foresman and Pearson 1998, Thompson et al. 1998).
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In this paper, I provide a summary of the general characteristics of the detection
data provided by each of three survey methods commonly used for carnivore surveys:
enclosed track plates, open track plates, and remote cameras. Important characteristics of
a successful survey methodology are: 1) it readily and repeatably detects the target
species when present; 2) it is reliable; and 3) it is not prohibitively expensive. When
conducting multi-species surveys to characterize a vertebrate community, it is important
that the methods used have a known threshold probability of detecting all species of
interest when they are, in fact, present at a sampling location.

A species may go undetected at a sample unit because it is not present or because
the methods used failed to detect it. The false negatives described by the latter case need
to be considered when evaluating method efficiency as these can lead to underestimation
of species distributions (Mackenzie et al. 2002) and result in biased assessment of habitat
models (Tyre et al. 2003). Using estimated detection probabilities, I evaluate the optimal
number of repeated visits and the optimal combination of methods for the detection of
carnivore species in single species surveys, and illustrate a method to evaluate alternative
sample unit designs and protocols for multiple species surveys. Finally, I incorporate the
relative cost of each method to identify protocol options to achieve survey objectives

given cost constraints.

Methods

Study Area
Data were drawn from carnivore surveys conducted in the central and southern

Sierra Nevada from the Middle Fork of the American River (Placer County) south to the
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southern extent of the mountain range in the south, and between the elevations of
approximately 500 — 2500 m (1640 — 8200 ft). The Sierra Nevada is a north-northwest
aligned granitic range that has been shaped to varying degrees by uplift, erosion,
volcanism and glaciation (SNEP 1996). Precipitation in the Sierra Nevada falls primarily
during cool wet winters, and ranges from 25 — 229 cm (10 — 90 in) annually (Miles and
Goudey 1997), occurring mostly as snow above 2000 m (6000 ft). The vegetation in the
study area is primarily conifer-dominated. Dominant tree species in these communities
include ponderosa pine (Pinus ponderosa), Jeffrey pine (P. jeffreyi), white fir (Abies
concolor), red fir (A. magnifica) and lodgepole pine (P. contorta var. murrayana). Other
locally common conifer species include incense cedar (Calocedrus decurrens), Douglas
fir (Pseudotsuga menziesii), sugar pine (P. lambertiana) and giant sequoia
(Sequoiadendron giganteum). Commonly encountered hardwoods include California
black oak (Quercus kelloggii), live oak (Q. chysolepis), and big leaf maple (Acer
macrophyllum). Forested stand condition ranges from mature, old growth forest to 10-20

year old plantations.

Field Data Collection

Carnivore occurrence was described at locations in the central and southern Sierra
Nevada using track plates and remote cameras from May through November 1996-1999.
These data were collected during a systematic survey of forested lands with the purpose
of documenting the distribution of the fisher (Martes pennanti) in the Sierra Nevada. A
total of 20 species of carnivores were predicted to occur within the study area (Table 1),

including 17 native wildlife species, 1 introduced species (opossum, Didelphis
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virginiana) and two domesticated species (domestic dog and cat, Canis familiaris and
Felis cattus, respectively).

Sample units were established in a systematic grid with a spacing of 10.9 km. (6.8
mi) between survey locations. This spacing was chosen to fulfill the assumption of
spatial independence for fishers, the mesocarnivore species with the largest home range
of those I expected to detect. At each sample location, I established a sample unit (SU)
consisting of six enclosed sooted track plate stations (Barrett 1983, Fowler 1995,
Zielinski and Kucera 1995). At each sample unit, one track plate station was placed as
close as possible to the desired coordinate location and the remaining stations were
arrayed at 72 degree intervals approximately 500 m from the center point (Fig. 1). At 82
sample units on the Eldorado, Stanislaus, and Sierra National Forests, and in Yosemite
National Park, I supplemented this design with two open track plates and two remotely
triggered camera stations (Fig. 1). Ideally, to compare survey methods, one would
employ equal numbers of devices of each type. Due to logistic and other constraints that
was not possible for this study. Open track plates consisted of a metal sheet one square
meter in size covered with soot with the bait placed in the center (Zielinski and Kucera
1995). Some species that are reluctant to enter enclosed track plates (eg. bobcats and
coyotes) may not demonstrate the same hesitation at open plates. Open plates were placed
within 20m of the enclosed track plate in a level location. Additionally, an active, single
sensor, remote camera station (Trailmaster 1500, Goodson and Associates, Lenexa, KS)
was randomly assigned to each of two enclosed track plate stations, and was established
within 100m on a random azimuth. Camera sets and bait were placed on trees at a height

of approximately 1.5 m above the ground. As an animal approached the bait, it broke an
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infrared beam triggering the camera to take a picture. In addition to taking the
photograph, the remote camera system recorded the date and time of the species
detection. Cameras may provide greater resolution of taxonomic identification for species
that are not easily distinguished based on track characteristics (eg. members of the
Mustelidae, Felidae and Canidae). All three devices were baited with chicken, and a
commercial scent lure (Gusto, Minnesota Trapline Products, Pennock, MN) was applied
to a tree near the station. Stations were visited at two-day intervals over the 16-day
sampling period (n = 8 visits); scent lure was applied during station establishment and
again on the fourth visit. Visit number is used here in lieu of days, as it was not possible
to determine when during the two-day interval, a detection was recorded at a track plate.
A detection was recorded any time the tracks of a species were found on either
track plate or a photograph was recorded during the interval between visits. The
maximum number of detections for a species at a single station was eight (if the species
was recorded at every visit). Only a single detection of a species during any visit was
required to generate a positive detection record for a station. The maximum number of
detections of a species at a single sample unit was ten (if the species was detected at
every station, regardless of the number of visits to any particular station). Only a single
detection of a species during any visit by any device was required to generate a positive

detection record for the sample unit.

Data Analysis
General characteristics of survey methods were evaluated using three metrics: 1)

the number of species detected; 2) the latency to first detection; and 3) the proportion of
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functioning “detection nights”. The number of species detected by each method was
evaluated by examining 1) the total number of species detected by each method; 2) the
mean number of species detected at a sample unit by each method; 3) the proportion of
species detections accounted for by each device type; and 4) the number of times a
species detection by a device represented the only detection of that species at a sample
unit. Since the detection of species at sample units drives the description of its
distribution, examining the number of unique detections by method provides an
indication of the relative contribution of each method to the depiction of that distribution.
Differences among the number of species detected by a method at a sample unit were
evaluated using Chi-square test with a Yates continuity correction (SAS 1999).

An important attribute of a survey method is how rapidly it detects a species, or
the latency to the first detection (LFD). For most purposes, only a single detection of a
species in required to document presence. In fact, it may be advantageous to cease
sampling at a location once a detection has been recorded, allowing the investigator to
move to a new sampling location. Consequently, a more efficient method will be one
that detects a species earlier. To this end, mean LFD at a sample unit for each species
were compared by survey method (Kruskal-Wallis test, SAS 1999). Lastly, the reliability
of the method is important, as the device must be operational to record detections. Each
of the methods used here have different susceptibilities to failure. The number of
electronic components in the remote cameras provides numerous opportunities for
equipment failure and/or operator error; track plate methods are less technically

demanding but may be more sensitive to environmental conditions or other impacts. I
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evaluated the failure-proneness of these methods by comparing the proportion of nights a
device was inoperative.

The above measures provide a general summary of method success but
comparison of the rates of detection (the proportion of sites with an observed detection)
by method assumes that detection probabilities for each species are approximately equal
to one, an assumption rarely satisfied in field studies (Yoccoz et al. 2001, MacKenzie et
al. 2002, 2003), especially those involving cryptic species that occur at low densities such
as carnivores. An evaluation of survey methods that takes into consideration the actual
detection probabilities for each species will provide a more realistic picture of the
efficiency of each method. In addition, since it is likely that different species may
respond differently to different methods, detection probabilities may be used to identify
the optimum protocol for each species as well as the best mix of methods and protocols
for surveys designed to characterize the carnivore community.

The program Presence (Mackenzie et al. 2002) was used to calculate the
probability of detecting a species given that the species was present. Program Presence
uses repeated visits to a survey location to provide a detection history. This method
assumes that the occupancy status of the sample location does not change during the
survey period and that species detections are independent. Maximum likelihood
estimation is used to estimate the probability that a species is detected at least once when
it is present (Mackenzie et al 2002).

Probabilities of detection by each method were estimated for each species. The
estimated probabilities provided by Presence represent the probability of detecting a

species by that method at a station during a visit. The unequal representation of methods
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in my experimental sample units was not expected to affect the analyses for two reasons:
1) data analysis focused on the probability of detection at a station; and 2) Program
Presence assumes detections are independent and does not incorporate information on
detections at other stations within a sample unit into its calculations. Sample size was
smaller for remote cameras and open plates (n= 164 each) than enclosed track plates
(n=492) but I believe all sample sizes to have been adequate to render reliable estimates.
Program Presence was not used to estimate detection probabilities at the sample unit
level. My focus was on using the station-level data from my experimental sample units to
evaluate survey methods and to examine hypothetical sample units and survey protocols
to evaluate the cumulative probability of detecting a species given presence. Assuming
that species detections are independent within and among species, these probabilities can
be accumulated to estimate the probability of detecting a species given more than one
station, more than one visit, or with a particular mix of methods. For example, one may
be interested in d detection methods with detection rates pi, P, ..., Pg. Within a sample
unit, there are k; stations of one method, k, of a second method,...,, and K4 stations of
method d. If n; is the number of visits (eg. two-day intervals in this study) for each
method, the overall probability of detecting a species by at least one of the methods

during one of the visits may be calculated as follows:
d
P=1-TJa-p)""
i=1

Program Presence cannot provide this calculation but it can be implemented in a
spreadsheet program (all software implementation conducted by Jim Baldwin, Pacific
Southwest Research Station, USDA Forest Service) to allow easy computation for a
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variety of combinations. In our examination of sample unit design, I assumed that some
minimum probability of detection of a species would be desirable; I arbitrarily set this
probability at 80%. To simplify the illustration of this approach, I also assumed the

maximum number of visits or stations desired to be eight.

Estimation of cost

To provide a more realistic evaluation of the survey methods, I estimated the cost
associated with each method and each combination of methods. This allowed me to
simultaneously estimate the cost of the sample unit design and its overall probability of
detecting each species. For simplicity, the initial calculations presented here represent the
cost of establishment and return visits to a station for each method, assuming the basic
equipment is already available. The same approach could be used to incorporate the
initial purchase of equipment, if desired. The relative costs used for estimation purposes
are based on my field experiences and are presented in Table 2. Station establishment is
separated from the cost of return visits since in general, it is more time-consuming and
costly to establish a new station than to return to an existing one. In addition to being
less expensive than adding additional stations per sample unit, increasing the number of
visits can improve the precision of the estimated probabilities of detection (Mackenzie et

al. 2002).

Results
No single method detected all 13 species documented in these surveys although

all methods detected most species or species groups predicted to occur within the study
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area (Tables 3 and 4). No detections of wolverine (Gulo gulo) or Sierra Nevada red fox
(Vulpes vulpes necator) were recorded by any method. Open plates recorded detections
of 12 species or species groups but failed to detect badger; enclosed track plates failed to
detect raccoons, as did cameras, which also failed to detect striped skunk, badger, or
weasels (Tables 3 and 4). The mean number of species detected at a sample unit by each
method was significantly different (p < 0.007) with enclosed track plates recording the
most species and cameras the least. Detections at open plates accounted for the greatest
number of unique detections at a sample unit (occurrences documented by only one
method; Table 4). For black bear (Ursus americanus), canid species, and felid species,
detections at open plates represented 50% of unique detections. Open plates also recorded
the only detection of raccoon (Procyon lotor) whereas enclosed track plates recorded the
only detection of badger (Taxidea taxus). Remote cameras provided additional
information for the canid and felid species groups by allowing assignment of detections
to individual species.

The mean LFD at a sample unit for species ranged from 2 visits for ringtail
(Bassariscus astutus) at a camera station to a high of 6 visits for badger at an enclosed
track plate (Table 5). No species exhibited significant differences among methods in
mean LFD, although there was a trend toward differences for gray fox (Urocyon
cinereoargenteus, p <0.08). Across species, mean LFD was 3.3 visits for enclosed track
plates, 3.2 visits for open track plates, and 3.7 visits for cameras.

Open plates were more likely to fail to operate properly than either enclosed track

plates or cameras, primarily due to their sensitivity to precipitation (Table 6). Cameras
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were the most reliable method followed closely by enclosed track plates, operating
properly during 95% and 92% of trap nights respectively (Table 6).

Probability of detection of a species when present varied by species and method,
ranging from less than 0.01 for species rarely detected (eg. felids, raccoon, badger) to
0.68 for opossum on an open track plate (Table 7). As the number of visits or stations
increased (with the other variable held constant), the probabilities of detection for most
species reached >80% for all methods with either 5-8 visits to a single station or a single
visit to 5-8 stations (Fig. 2). Open plates appear to provide the greatest per unit increase
in detection probability for a number of species (Fig. 2). For several species-method
combinations, this threshold was not reached within 8 visits to a single station or 1 visit
to 8 stations. These generally involved species (eg. canids, felids, badger, raccoon) that
were detected only rarely by one or more of the methods used, suggesting that these
methods or our implementation of them was not sufficient to reliably detect these species.

The best combination of methods for a single species survey will always be that
method with the highest probability of detecting that species, assuming cost is not a
concern. Consequently the minimum survey effort required to have > 80% probability of
detecting a species, assuming it is actually present, varied by species (Table 8). Enclosed
and open track plates were the best method for detecting five species each, whereas
cameras were the best method for detecting three species (Table 8). Three taxa (felids,
raccoon, badger) were not well represented by any method in our survey data and failed
to achieve the 80% detection threshold for the maximum survey effort considered (8

stations with 8 visits).
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When considering multiple species, survey design becomes much more
challenging. The task of identifying the best approach becomes substantially more
complicated as the number of combinations to consider is large and the “best” approach
can be defined by a number of metrics such as the probability of detection, cost per
sample unit, or the number of visits or amount of equipment needed. When input values
of visits, number of stations of each type and total number of stations were all set to a
maximum value of 8, more than 1,300 records were generated (Table 9). Initially, I
evaluated the combination of methods and visit number based only on maximizing the
overall probability of detection across species. Because I chose overall detection
probability as my metric, the method that best detected the species with the lowest rate of
detection for all methods drove the sample unit design, in this case, badger, raccoon and
felids. Because the remaining species have a higher probability of being detected by any
of the methods, these species are still well represented by a sample unit design that favors
rarely detected species. The sample unit that provided the best probability of detection
across all 13 species was composed of 4 enclosed track plates and 4 open track plates run
for 8 visits. This provided an overall probability of detection > 95% for 10 of 13 species.
The resulting detection probabilities for the remaining three taxa, badger, raccoon, and
felids, were 3%, 3% and 6%, respectively. The estimated cost for this sample unit was
$2440.

When rarely detected species are withheld from the analysis, the cost declines and
more design options are available. The least expensive combination of methods to
produce a probability of detection greater than or equal to 80% for all ten species is a

sample unit composed of 2 enclosed track plates run for 6 visits, a design for which all
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but two species (black bear and fisher) had an overall probability of detection greater than
90% (Table 9). Adding a third enclosed track plate station for 6 visits increased the
overall probability of detection for all species to greater than 90% with all species except
black bear having an overall probability of detection greater than 95%. The least
expensive design cost $460 per sample unit; the three station alternative cost $690. If cost
is the driving factor and $600 has been budgeted per sample unit, the highest minimum
overall probability of detection, 89%, will be from a design with 4 enclosed track plates

visited 3 times at a total per sample unit cost of $580.

Discussion

No single method recorded detections of all 13 species documented in these
surveys. Each method provided a set of unique detections with open track plates
providing the greatest contribution of single method detections at a sample unit. For
certain species such as bears, canids, and felids, the detections recorded by open track
plates provided important distribution information that would have otherwise been
unavailable. In addition, the ratio of stations to species occurrences is higher for open
track plates and cameras than for enclosed track plates (Table 5). However, open plates
were very sensitive to precipitation and became completely inoperative in heavy rain or
snow showers as was found by Foresman and Pearson (1998). The rates of detection at
cameras likely would have been higher and more species represented had the camera set
been lower. Surveys conducted in the Lake Tahoe Basin using similar methods but with
the camera sets at a height of 0.5m instead of 1.5m have recorded species that were

present in my study area but went undetected by my camera sets (Campbell unpublished

148



data). Although there were no significant differences in mean LFD by method, each
sample unit had three times the number of enclosed track plates as cameras or open track
plates suggesting that for the relative number of stations, one open track plate or camera
detected species as quickly as three enclosed track plates. It is important to note that
LFD and probability of detection are not the same nor are they necessarily correlated.
Species may be detected early by a particular method when present, but still may not
have a high overall probability of detection. Therefore in situations where LFD varies by
method for some species, it may be useful to consider this factor along with detection
probabilities, particularly if survey duration must be limited.

The value of all three survey methods for detecting carnivore species in the
central and southern Sierra Nevada can be seen in the sample unit designs for individual
species surveys (Table 8) to achieve a minimum probability of detection given presence.
Each method is superior for a given set of species, underscoring the need to consider
variation in detectability among species and by method (Bull et al. 1992, Foresman and
Pearson 1998, Mackenzie et al. 2002). However, most of the species studied here also
have a reasonable probability of being detected by one of the other methods as well
reflecting the overall success of these methods for the suite of carnivores in our study
area. Most species exhibited a relatively high probability of detection between 5-8 visits;
this number is somewhat higher than the minimum of 3 visits suggested by Tyre et al.
(2003) but should ensure relatively unbiased estimates of detection probability while
simultaneously reducing uncertainty around any zeroes in the sample (Field et al. in litt).

When the objective is to characterize a local or regional carnivore community, it

is no surprise that the species with the lowest probability of detection dictates the survey
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methods used (Field et al. in litt). If these species are detected only by a subset of the
methods, these methods will be favored in the design. This may lead to an overemphasis
of methods that are more sensitive to failure such as the emphasis on open plates in the
design driven by the inclusion of raccoons and felids. Unless one of the species has been
identified as a target species in survey objectives, one may be able to justify their removal
from consideration because the species either is not sufficiently susceptible to the
proposed methods or it occurs at such a low density within the study area that effective
sampling with this design is not possible; in the former case one should consider other
survey methods if inclusion of this species is an important goal. Although one should
carefully consider the decision to exclude species (Queheillalt et al. 2002), once a set of
candidate designs has been selected, the detection probabilities for these rare species can
be compared among designs. Once these species are no longer driving the design of
surveys, it is possible to examine additional options. It is at this point that considerations
of cost may be most informative.

Identifying the optimal protocol for a single species (eg. with the appropriate
methods, number of stations and length of survey) is far from straightforward; the
exercise becomes significantly more complex when multiple species are considered
(Thompson et al. 1998, Mackenzie et al. 2002, Field et al. in litt). Determination of the
preferred design can be based on a number of different criteria, including minimum
threshold probability of detection across species, geometric or harmonic mean
probabilities of detection, cost, time or equipment required. As a first step in simplifying
some of this complexity, I have evaluated two different rankings of survey designs (Table

10). The evaluation system used was quite flexible in this regard and may be used to
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evaluate survey designs from any number of perspectives. An investigator may prioritize
or “weight” species by the level of concern over its conservation status. For example, one
might want a very high probability of detection for fisher and marten and be satisfied
with a somewhat lower probability of detection for co-occurring species. However, |
encourage the use of methods that will represent the suite of co-occurring carnivore
species when this information can be collected at little additional cost. Single species
conservation will only benefit from an understanding of focal species interactions with
other species. In addition, successful ecosystem management likely will require
information on the assemblage of species present. Along these lines, I currently am
assessing an approach that would evaluate the various method combinations based on the
proportion of the assemblage it is likely to represent. This could simplify the evaluation
of survey design efficiency to a single value for multi-species surveys. The approach
described in this paper likely would still be useful as a way to evaluate the probability of
detecting certain individual species of interest within the assemblage.

In addition to the development of single metric that could be used for community
surveys, there are a number of potential advances that would enhance the utility and
applicability of our approach, several of which I currently are pursuing. First, it is
important to recognize that the values provided by Program Presence are estimates of the
detection probabilities and have associated standard errors. Explicit incorporation of this
uncertainty into the assessment of sampling design would be a valuable addition.
Second, the approach presented in this paper focuses on the allocation of effort within a
sample unit. While this is an important decision in sampling design, an equally important

consideration is the spatial allocation of sample units across the study area (Zielinski and
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Stauffer 1996, Thompson et al. 1998, Tyre et al. 2003, Field et al. in litt). In most
situations it is desirable to simultaneously evaluate the allocation of sample effort within
a sample unit and the allocation of sample units. Third, the approach presented assumes
that station detections are independent, an assumption which may not always be valid
(Zielinski and Stauffer 1996, Sargent et al. 2003). The degree of correlation or
redundancy among detections could be estimated and incorporated into the evaluation
using variance inflation factors (Sargent et al 2003). There are also a host of behavioral
issues that could affect the assumption of independence of station detections and the
analysis of sample unit design. This study did not address whether a hypothetical design
of 4 stations visited 3 times provides sufficient opportunities for species to be detected.
There is little information to suggest what influence a detection by a co-occurring
individual may have on subsequent detections at that device (but see Foresman and
Pearson 1998). It is possible that, similar to a trap, once a detection has been recorded
the device may not be as “available” (or attractive) to another individual. If such a
concern is valid, it suggests that one conducting a carnivore biodiversity survey (versus a
single species survey) likely should increase the number of visits and stations above the
recommended threshold to provide sufficient opportunities for detection of all species.
Fourth, for the purpose of the analyses, I have assumed that station and visit are
interchangeable. The validity of this assumption should be investigated further. It may be
that increasing stations improves the probability of detection given presence faster than
adding visits. Analysis of variation in species accumulation rates as one increases the
number of stations or visits would be informative. Lastly, the assumption that the

probability of detection is constant across sample units should be addressed. Because few
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if any habitats are truly homogeneous, this assumption is not likely to hold across sample
units and may be addressed by incorporating covariates (eg. Mackenzie et al. 2002) or by
explicitly addressing the variation in detection probability (eg. Royle and Nichols 2003,
Tyre et al. 2003).

The three survey methods described are valuable for the detection of carnivores,
and each method is superior for different species or under different conditions. Using
species-specific probabilities of detection to compare methods and evaluate hypothetical
sample unit designs and protocols is straightforward, flexible and easily can incorporate a
variety of metrics pertaining to probabilities of detection, survey cost, time or equipment
available, or other parameters of interest. When empirically based detection probabilities
are not available for a study area, one may use an exploratory approach with several
candidate detection probabilities to identify a suite of potential sample unit designs to
achieve survey objectives. Using an adaptive approach, the sample unit design could be
validated and refined as field data are collected. The evaluation of sample unit design
becomes substantially more complex when more than one species is considered. Given
the current trend toward community and ecosystem monitoring, additional work is
needed to facilitate the evaluation for community level surveys and to address

assumptions in the current approach and sampling uncertainty.
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Table 1. Species codes and group membership for carnivore species predicted to occur

within the study area.

Species Code Scientific name Common name
BAAS Bassariscus astutus Ringtail
CASP Canis familiaris Domestic dog
C. latrans Coyote
DIVI Didelphus virginiana Opossum
FESP Felis cattus Domestic cat
F. concolor Mountain lion
Lynx rufus Bobcat
GUGU Gulo gulo Wolverine
MAAM Martes americana American marten
MAPE M. pennanti Fisher
MEME Mephitis mephitis Striped skunk
MUSP Mustela erminea Short-tailed weasel
M. frenata Long-tailed weasel
M. vison Mink
PRLO Procyon lotor Raccoon
SPGR Spilogale gracilis Western spotted skunk
TATA Taxidea taxus Badger
URAM Ursus americanus Black bear
URCI Urocyon cinereoargenteus Gray fox
VUvU Vulpes vulpes necator Sierra Nevada red fox
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Table 2. The estimated relative costs for establishment and visitation for the three
methods considered. Costs include preparation of equipment and handling of data.

Estimates do not include initial purchase of equipment. Costs are in US dollars.

Method Establishment Visit
Enclosed track plates 50 30
Open track plates 40 35
Remote cameras 100 25

Table 3. Summary statistics for three methods used in carnivore surveys in the central
and southern Sierra Nevada 1996 - 1999. Each of 82 sample units was composed of six
enclosed track plates, two open plates and two remote cameras. The mean number of
species detected at a sample unit was significantly different among methods (Chi-square

with Yates continuity correction; df = 10, p <0.01).

Method No. No. species No. Mean No. No.
stations  occurrences  species’ species Uniques”

Enclosed Track Plate 492 306 12 1.58 19

Open track plate 164 155 12 1.44 46

Camera 164 167 10 0.94 25

Total 820 628 13 - 90

! Includes species and species groups. Camera detections include the improved
taxonomic resolution of the method.

* Number of instances in which detections of a species by this method represent the only
occurrences of that species at a sample unit.
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Table 4. Summary of species detections by method at sample units consisting of six enclosed track plates, two open plates, and two
cameras. A species may be detected by more than method at a sample unit. Proportion representing unique detections reflects the

relative contribution of each method to novel detections of a species at a sample unit.

Number of Sample Units with at Least One Detection =~ Number (Proportion) Representing Unique Detections

Total Enclosed Open Camera Enclosed Open Camera
Track Plate ~ Track Plate Track Plate Track Plate

BAAS 14 8 8 4 1 (0.07) 2(0.14) 1(0.07)
CASP 5 2 4 3 0 (0.00) 3 (0.50) 0 (0.00)
DIVI 4 4 3 1 1(0.25) 0 (0.00) 0 (0.00)
FESP 4 1 2 1 1 (0.25) 2 (0.50) 1(0.25)
MAAM 10 8 8 7 0 (0.00) 1(0.10) 2 (0.20)
MAPE 7 6 5 3 1(0.14) 0 (0.00) 1(0.14)
MEME 10 9 9 -- 6(0.43) 1 (0.07) --
MUSP 4 4 2 -- 2 (0.50) 0 (0.00) -
PRLO 1 -- 1 - -- 1 (1.00) --
SPGR 24 17 21 9 2 (0.08) 6 (0.25) 1(0.04)
TATA 1 1 -- -- 1 (1.00) -- --
URAM 50 13 36 31 2 (0.04) 25 (0.50) 12 (0.24)
URCI 20 15 17 17 3(0.15) 5(0.16) 7 (0.35)
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Table 5. Mean latency to first detection (LFD) of a species at a sample unit by method.
Missing values indicate that the species was never detected by that method. Differences
in mean LFD among methods were not significant for any species at alpha = 0.05

(Kruskal-Wallis test, SAS 1999).

Mean latency to First Detection (standard error)

Enclosed track plate ~ Open track plate Camera
BAAS 2.6 (0.38) 3.0 (0.78) 2.0 (0.71)
CASP 1.7 (0.33) 3.2 (0.86) 4.7 (1.85)
DIVI 5.3 (1.04) 3.0(1.53) 1.0 (na)
FESP 1.0 (na) 3.5(1.50) 6.0 (na)
MAAM 3.6 (0.71) 3.5(0.57) 3.4 (0.58)
MAPE 2.8 (0.70) 2.8 (0.58) 5.3(0.88)
MEME 2.2(0.34) 3.0 (0.75) -
MUSP 4.0 (1.2) 2.5(0.50) -
PRLO -- 5.0 (na) --
SPGR 3.7 (0.61) 3.6 (0.44) 3.8(0.63)
TATA 6.0 (na) -- -
URAM 3.2(0.44) 3.1(0.32) 3.1(0.36)
URCI 3.5(0.51) 2.5(0.36) 4.1 (0.48)

na: standard error is not appropriate as it would be based on a single value

Table 6. The total number of detection nights during which each method failed to operate

properly due to equipment failure, operator error, or other disturbance.

Method Total detection Detection nights Proportion of nights
nights inoperative inoperative
Enclosed track plates 7972 620 0.08
Open plates 2304 394 0.17
Cameras 2304 112 0.05
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Table 7. Probabilities of detection of a species (standard error) at a station given presence
for enclosed and open track plates, and remote cameras. Probabilities are the probability
of detecting the species at a station during a visit given that the species is present at the
station location. Values were calculated using Program Presence; standard errors were
calculated using bootstrap methods with 1000 iterations. Missing values indicate that the

species was never detected by that method.

Species Enclosed Track plates Open Track plates Cameras
BAAS 0.358 (0.048) 0.271 (0.085) 0.270 (0.121)
CASP 0.176 (0.055) 0.087 (0.056) 0.003 (0.005)
DIVI 0.361 (0.081) 0.678 (0.150) 0.001 (na)
FESP 0.000 (na) 0.002 (0.007) 0.001 (na)
MAAM 0.309 (0.045) 0.350 (0.106) 0.369 (0.074)
MAPE 0.154 (0.062) 0.005 (0.002) 0.096 (0.078)
MEME 0.211 (0.062) 0.227 (0.130) -
MUSP 0.191 (0.063) 0.335(0.115) -
PRLO -- 0.001 (na) --
SPGR 0.268 (0.040) 0.240 (0.065) 0.330 (0.100)
TATA 0.001 (na) - -
URAM 0.131 (0.033) 0.193 (0.037) 0.200 (0.037)
URCI 0.371 (0.036) 0.440 (0.060) 0.139 (0.039)

na: standard error is not appropriate as it would be based on a single value
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Table 8. Minimum protocol needed for a single species survey to achieve an estimated

80% or greater probability of detection given species presence. For species that did not
g p y g p p p

reach the 80% threshold within 8 visits to 8 stations, the highest probability of detection

is reported for that level of effort. It is assumed that it is preferable to revisit an existing

site rather than to add an additional station. Relative costs of each method were not

considered.

Species Method Stations Visits Probability of detection
BAAS Enclosed track plate 1 4 0.830
CASP Enclosed track plate 2 5 0.856
DIVI Open track plate 1 2 0.896
FESP Open track plate 8 8 0.120
MAAM Camera 1 4 0.841
MAPE Enclosed track plate 2 5 0.812
MEME Open track plate 1 7 0.835
MUSP Open track plate 1 4 0.804
PRLO Open track plate 8 8 0.062
SPGR Camera 1 5 0.865
TATA Enclosed track plate 8 8 0.062
URAM Camera 1 8 0.832
URCI Enclosed track plate 1 4 0.843
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Table 9. Excerpt of the output from the spreadsheet program showing the top 14 designs ranked by the minimum overall probability of
detection among the 13 species considered, then by the cost of the design. Alternatively, results could be ranked by other metrics such
as desired visit number, the mix of equipment available, or the mean overall probability of detection. Input values for the maximum
number of stations for each method, the overall number of stations per sample unit, and the maximum number of visits were set to 8.

The full output contained more than 1300 records.

w O s . %) —
Closed Open ::: > % 9 E J% E C% & 3 < % %
Track  Track Min. @ = - o E s E & o ~ > z l
Plates Plates Cameras Visits Cost Prob.
4 4 0 8 2440 0.03 >0.99 =>0.99 >099 0.06 >099 >099 =>099 =>0.99 0.03 =>099 0.03 =>099 >0.99

2180 0.03 >099 >099 =>0.99 0.05 >099 099 =099 =099 0.03 >0.99 0.03 >0.99 >0.99
1830 0.02 >099 >099 =>0.99 0.05 >099 098 >099 =099 0.02 >0.99 0.02 >0.99 >0.99
1920 0.02 >099 >099 =>0.99 0.05 >099 098 >099 =099 0.02 >0.99 0.02 >0.99 >0.99
2120 0.02 >0.99 >0.99 >099 0.05 >099 099 >099 >0.99 0.02 >0.99 0.03 >099 >0.99
2130  0.02 >0.99 >0.99 >099 0.05 >099 099 >099 >0.99 0.02 >099 0.02 >099 >0.99
2150  0.02 >099 >0.99 =>0.99 0.06 >099 098 >099 =099 0.03 =>0.99 0.02 >0.99 >0.99
2410  0.02 >0.99 >0.99 =>0.99 0.05 >099 099 >099 =099 0.02 >0.99 0.04 >099 >0.99
2420 0.02 >0.99 >0.99 =>0.99 0.06 >099 099 >099 =099 0.02 =>0.99 0.03 >0.99 >0.99
2430 0.02 >099 =099 =>0.99 0.06 >099 >099 =>099 =>099 0.02 >0.99 0.02 >0.99 >0.99
2450 0.02 =099 =099 =>0.99 0.07 >099 099 >099 =>099 0.03 =>0.99 0.02 >0.99 >0.99
2470 0.02 >099 >099 =>0.99 0.08 >099 099 >099 =099 0.04 >0.99 0.02 >0.99 >0.99
1635 0.02 >099 >099 >0.99 0.04 >099 097 =>099 =>099 0.02 >0.99 0.02 >0.99 >0.99
1895 0.02 >0.99 >0.99 >099 0.04 >099 099 >099 >0.99 0.02 >0.99 0.03 >099 >0.99

AW W W W R W WK D WK
W W W A W W W B W W B W B
S O O = N = O O = O O O O
~N ] 0 00 0 00 00 0 00 00 N 0
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Table 10. The top five sample unit designs given a threshold minimum probability of detection given presence greater than 80%
(rarely detected species excluded) ranked by a) minimizing total cost and b) maximizing the minimum probability of detection.

a)
C”i"lrzsc? %ﬁ Cameras  Visits (g[(}sst) llg/r[ :]; g % % § % é é % % (%
Plates  Plates 2 "U - < t & o ~ < —
2 0 0 6 460 081 099 090 099 099 087 094 092 098 081 >0.99
3 0 0 4 510 081 099 090 099 099 087 094 092 098 081 >0.99
2 0 0 8 520 086 >099 093 >099 099 090 096 095 099 086 >0.99
4 0 0 3 580 089 >099 095 >0.99 >099 093 098 097 099 089 >0.99
3 0 1 3 595 083 099 083 098 099 084 088 08 098 085 099
b)
(’i"lr(;scekd ’(l")rla)lilli Cameras Visits (glc}sst) ;/r[ (1)111) g % % § E E é ? % %
Plates Plates 2] “U - Z o5 & o ~ Z =
6 0 2 8 2340  >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99
6 1 1 8 2360  >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99
6 0 1 8 2040  >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99
5 1 2 8 2370 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99
6 0 2 7 2060  >0.99 >0.99 >0.99 >0.99 >099 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99
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Figure 1. Schematic of the sample unit design for carnivore surveys in the central and
southern Sierra Nevada. Each sample unit was composed of 6 enclosed track plates, 2
open plates, and two remote cameras. The location of open plates was fixed but cameras

were randomly paired with enclosed track plate stations.
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Figure 2. Change in probability of detection given presence at a station with an increasing

number of visits or stations by method.
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