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ABSTRACT

Aim Mammalian carnivores are considered particularly sensitive indicators of
environmental change. Information on the distribution of carnivores from the
early 1900s provides a unique opportunity to evaluate changes in their
distributions over a 75-year period during which the influence of human uses
of forest resources in California greatly increased. We present information on the
distributions of forest carnivores in the context of two of the most significant
changes in the Sierra Nevada during this period: the expansion of human
settlement and the reduction in mature forests by timber harvest.

Methods We compare the historical and contemporary distributions of 10 taxa
of mesocarnivores in the conifer forests of the Sierra Nevada and southern
Cascade Range by contrasting the distribution of museum and fur harvest records
from the early 1900s with the distribution of detections from baited track-plate
and camera surveys conducted from 1996 to 2002. A total of 344 sample units
(6 track plates and 1 camera each) were distributed systematically across
c. 3,000,000 ha area over a 7-year period.

Results Two species, the wolverine (Gulo gulo) and the red fox (Vulpes vulpes),
present in the historical record for our survey area, were not detected during the
contemporary surveys. The distributions of 3 species (fisher [Martes pennanti],
American marten [M. americanal, and Virginia opossum [Didelphis virginiana))
have substantially changed since the early 1900s. The distributions of fishers and
martens, mature-forest specialists, appeared to have decreased in the northern
Sierra Nevada and southern Cascade region. A reputed gap in the current
distribution of fishers was confirmed. We report for the first time evidence that
the distribution of martens has become fragmented in the southern Cascades and
northern Sierra Nevada. The opossum, an introduced marsupial, expanded its
distribution in the Sierra Nevada significantly since it was introduced to the
south-central coast region of California in the 1930s. There did not appear to be
any changes in the distributions of the species that were considered habitat
generalists: gray fox (Urocyon cinereoargenteus), striped skunk (Mephitis
mephitis), western spotted skunk (Spilogale gracilis), or black bear (Ursus
americanus). Detections of raccoons (Procyon lotor) and badgers (Taxidea taxus)
were too rare to evaluate. Contemporary surveys indicated that weasels (M.
frenata and M. erminea) were distributed throughout the study area, but
historical data were not available for comparison.

Main conclusions Two species, the wolverine and Sierra Nevada red fox, were
not detected in contemporary surveys and may be extirpated or in extremely low
densities in the regions sampled. The distributions of the mature forest specialists
(marten and fisher) appear to have changed more than the distributions of the
forest generalists. This is most likely due to a combination of loss of mature forest
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habitat, residential development and the latent effects of commercial trapping.

Biological characteristics of individual species, in combination with the effect

of human activities, appear to have combined to affect the current distributions

of carnivores in the Sierra Nevada. Periodic resampling of the distributions of

carnivores in California, via remote detection methods, is an efficient means for

monitoring the status of their populations.
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INTRODUCTION

Mammalian carnivores are important members of ecological
communities and potential indicators of ecosystem conditions
(Weaver et al., 1996; Lambeck, 1997). Carnivores contribute
key functions to ecosystems, including energy transfer,
scavenging, fruit dispersal, and the regulation of populations
of prey species, and are selective agents on the evolution of
prey (Buskirk, 1999; Minta et al, 1999; Terborgh et al., 2001;
Buskirk & Zielinski, 2003). Carnivores can have important
direct and indirect effects on vertebrate community structure
(Crooks & Soulé, 1999; Crooks, 2002) and the absence of
predators can cause major changes to communities and
ecosystems (Terborgh et al., 2001). Because of their important
ecological roles, and their vulnerability to extinction
(Newmark, 1995; Wennergren et al, 1995 Woodruffe &
Ginsberg, 1998), it is important to understand changes in
populations of mammalian carnivores.

An important way to assess the status of wildlife populations
is to compare contemporary and historical distributions of
populations and habitats. If the points of comparison span a
period over which humans have had significant influences on
habitat or populations, then such a comparison can contribute
to understanding the effects of anthropogenic change on
populations (Laliberte & Ripple, 2004). Unfortunately, we
usually have little information about the distribution, much
less the abundance, of wildlife species prior to significant
human impacts on their habitats. Often, a few opportunisti-
cally collected specimens make it into museum collections
and their locations are then mapped. Even this cursory
information, however, is usually unavailable for a period of
more than a few decades prior to its need. Thus, we usually
have little understanding of historical baselines of population
distributions and suffer ‘shifting baseline syndrome’: the
phenomenon whereby each new generation redefines what is
natural in terms of personal experience and is unaware of
earlier declines in populations or conditions (Pauly, 1995).

Fortunately there is a comprehensive summary of the
distribution of ‘fur-bearing mammals’ in California represent-
ing an ¢ 20-year period from c. 1910-1930 (Grinnell ef al.,
1937). This information is complemented by the results of
historical survey transects conducted along elevational gradi-
ents in the Sierra Nevada and Cascade Range in California

during the same period (Grinnell & Storer, 1924; Grinnell
et al, 1930). Joseph Grinnell and his colleagues travelled
throughout California collecting specimens, interviewing
commercial and recreational trappers and inspecting their
catches. This work resulted in coarse-scale distribution maps
for 21 species and subspecies within the Carnivora. These
historical data, compared with the results of contemporary
surveys throughout the forests of much the same region,
provide an opportunity to evaluate changes in the status of
these species over a 75-year period.

Many of the data collected by Grinnell and his colleagues
were provided by trappers. Trapping, however, is no longer a
significant recreational or commercial enterprise in Califor-
nia. Furthermore, many of the species that were legally
trapped in the early twentieth century have been protected
from trapping for many decades [e.g. fisher (Martes penn-
anti), American marten (M. americana), ringtail (Bassariscus
astutus), wolverine (Gulo gulo)]. Other species have been
protected either by state law or by controls on the types of
traps that are now legal to use [e.g. bobcats (Lynx rufus)].
Thus, trappers are no longer a source of reliable information
on the distribution of many carnivores of interest to
conservationists in California. Fortunately, several methods
of detection have been developed that do not require the
physical capture of animals. These include track plates
(Barrett, 1983; Zielinski, 1995), remotely triggered cameras
(Kucera et al, 1995a; Moruzzi et al, 2002), snowtracking
(Halfpenny et al., 1995; Beauvais & Buskirk, 1999) and non-
invasive genetic sampling (Foran et al, 1997; Mills et al.,
2000; Riddle et al., 2003). We used sooted track-plates and
remotely triggered cameras to estimate the distributions of
small and mid-sized mammalian carnivores in the forests of
the southern Cascade Range and Sierra Nevada of California
during the period 1996-2002. Here we consider all species of
mammalian carnivores that weigh < 20 kg (mesocarnivores
sensu Buskirk & Zielinski, 2003) and occur in the forested
regions of the Sierra Nevada and Cascade Range. They
include the ermine (Mustela erminea), long-tailed weasel
(M. frenata), western spotted skunk (Spilogale gracilis),
striped skunk (Mephitis mephitis), ringtail, American marten,
fisher, raccoon (Procyon lotor), badger (Taxidea taxus), gray
fox (Urocyon cinereoargenteus), Sierra Nevada red fox (Vulpes
vulpes necator), bobcat (Lynx rufus), coyote (Canis latrans),
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Table 1 Species of mammalian Carnivorans (and one marsupial)
that are considered to be detectable at the primary detection
device, track plates, in the Cascades and Sierra Nevada mountains
of California

Mustelids
Marten Martes americana
Fisher Martes pennanti
Wolverine Gulo gulo
Striped skunk Mephitis mephitis
Western Spotted skunk Spilogale gracilis
Ermine Mustela erminea
Long-tailed weasel Mustela frenata
Badger Taxidea taxus
Procyonids
Raccoon Procyon lotor
Ringtail Bassariscus astutus
Felids
Bobcat Lynx rufus
House cat Felis catus
Canids
Gray fox Urocyon cinereoargenteus
Sierra Nevada red fox Vulpes vulpes necator
Domestic dog Canis familiaris
Others
Black bear Ursus americanus
Virginia opossum Didelphis virginiana

carnivore species distributions in the conifer forests of the
Sierra Nevada over a 75-year period, to relate these changes
to several major anthropogenic changes that occurred during
the same period, and to compare the ecological traits of

species whose distributions have changed with those that have
remained the same.

METHODS

Study area

The study was conducted in northern and eastern California,
centred in a region that includes the Sierra Nevada and the
southernmost extension of the Cascade Range (Fig. 1). This is
the same area that was identified for study by the congres-
sionally mandated SNEP (1996). Most (60%) of the area is
public land, including 11 national forests and three national
parks. The area is contained within the Sierran Forest — Alpine
Meadows Province and includes the Sierra Nevada, Sierra
Nevada Foothills, Southern Cascades, and Modoc Plateau
Ecological Sections (Bailey, 1994).

Historical survey information

Historical information is represented largely by museum and
trapper’s records that were included in the distribution maps
constructed by Grinnell ef al. (1937). Other surveys from the
same era (Grinnell et al., 1930) were included if they provided
significant additional data. We have redrawn the original maps
to facilitate comparing them with our contemporary survey infor-
mation. The duration over which data were collected varied
among species but usually centred on the period from 1919 to
1925. For most species, individual records in Grinnell et al. (1937)
were represented by a single map symbol, but for the American

Table 2 Frequencies of detection of selected species at 344 sample units (SUs) in the southern Cascades and Sierra Nevada of California,

1996-2002
Track plates Cameras*
Number (%) of Number (%) of Total number Number (%) of SUs Number (%) of SUs
SUs wi/detections SUs w/detections of detections w/detections w/detections by camera only
Didelphis virginiana 22 (6.4) 19 (5.5) 92 4 (1.2) 3 (0.9)
Canis sp.t 5 (1.5) 5 (1.5) 24 1(0.3) 0 (0.0)
Urocyon cinereoargenteus 91 (26.5) 88 (25.6) 748 24 (7.0) 3 (0.9)
Vulpes vulpes 0 (0.0) 0 (0.0) 0 0 (0.0) 0 (0.0)
Ursus americanus 192 (55.8) 153 (44.5) 549 126 (36.6) 39 (11.3)
Bassariscus astutus 37 (10.8) 36 (10.5) 208 7 (2.0) 1(0.3)
Procyon lotor 4(1.2) 4 (1.2) 5 1(0.3) 0 (0.0)
Martes americana 36 (10.5) 34 (9.9) 252 18 (5.2) 2 (0.6)
M. pennanti 30 (8.7) 29 (8.4) 159 10 (2.9) 1(0.3)
Mustela sp.] 28 (8.1) 28 (8.1) 60 0 (0.0) 0 (0.0)
Gulo gulo 0 (0.0) 0 (0.0) 0 0 (0.0) 0 (0.0)
Taxidea taxus 2 (0.6) 2 (0.6) 2 0 (0.0) 0 (0.0)
Spilogale gracilis 101 (29.4) 96 (27.9) 730 30 (8.7) 5 (1.5)
Mephitis mephitis 57 (16.6) 57 (16.6) 218 0 (0.0) 0 (0.0)
Felis sp.§ 15 (4.4) 14 (4.1) 2 2 (0.6) 1(0.3)

*Only one camera per sample unit is represented.

tIndistinguishable to species: includes C. familiaris and unknown canids.

iIndistinguishable to species: includes M. erminea, M. frenata, M. vision, and unknown mustelids.

§Indistinguishable to species: includes F. catus, F. rufus, F. concolor, and unknown felids.
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Table 3 Total and percent of area occupied by each vegetation
type for assessments in 1945 (Weislander) and 1996 [Sierra
Nevada Ecosystem Project (SNEP)]

North South Total

Ha % Ha % Ha %

Weislander & Jensen (1946)

Rank
1 (Old-growth) 755432 43 476228 67 1231660 50
2 (Young/old-growth) 568202 32 85501 12 653703 26
3 (Young) 42197 2 18328 3 60525 2
4 (Poorly Stocked) 285916 16 127662 18 413578 17
Non-commercial 124738 7 3997 1 128735 5
Total 1776485 711716 2488201

Sierra Nevada Ecosystem Project (1996)

LS/OG Rank
5 17292 1 53824 8 71116 3
4 133344 8 89724 13 223068 9
3 426542 24 214231 30 640773 26
2 714471 40 199589 28 914060 36
1 270158 15 101177 14 371335 15
0 214678 12 53171 7 267849 11
Total 1776485 711716 2488201

The Weislander classes were defined as follows: old-growth (> 50% of
canopy comprised of mature trees), young-growth/old-growth (20—
50% of conifer canopy comprised of mature trees), young-growth
(< 20% of conifer canopy consists of mature trees), poorly stocked
(open conditions with very low density of trees), and non-commercial.
The SNEP LS/OG ranks range from 5 (very high contribution to late-
successional forest function) to 0 (no contribution to late-successional
forest function) (Franklin & Fites-Kaufmann, 1996). The dividing line
between ‘north’ and ‘south’ is approximately the centre of Tuolumne
county (see Fig. 1).

marten. Interestingly, the gap in the fisher historical distribution
aligns well with the area of greatest increase in human influence
(Fig. 17). In these areas, homes are built in fisher habitat, roads
are more common, the forests around the built environment
developments are managed to reduce forest density, and there is
long history of private land management for timber (compared
with public land managed for multiple uses). These factors
probably conspire to render home range areas less suitable,
leading to the contraction of range in this area. Thus, the fisher
may be especially vulnerable to extinction because it is handi-
capped by ‘unfavourable biology’ and by the unfortunate
circumstance of occurring in a region of rapid human influence;
two factors that combine to increase the risk of carnivore
extinction (Cardillo et al., 2004). Furthermore, the fisher
populations in the Sierra
less diverse than fishers elsewhere in western North America
(Drew et al, 2003), probably because of a combination of the
‘one dimensional’ shape of the geographic range in the Pacific

Nevada are genetically

States and the legacy of habitat fragmentation (Wisely et al.,
2004).

It is of interest to note how few historical records of
fishers exist in the northern Sierra Nevada and the southern
Cascades (Fig. 8). That this is the same region where we did

Historical and contemporary distributions of carnivores

Table 4 Probability matrices for transitions of vegetation type
classifications between 1945 (Weislander rank) and 1996 [Sierra
Nevada Ecosystem Project (SNEP), late seral/old-growth rank
(LS/I0G)]

SNEP LS/OG rank

5 4 3 2 1 0
Northern Sierra
Weislander Rank
1 (Old-growth) 0.01 0.09 029 042 0.10 0.09
2 (Young/old-growth) 0.003 0.06 021 044 0.17 0.12
3 (Young-growth) 0.007 0.07 022 034 020 0.16
4 (Poorly stocked) 0.01 006 015 031 029 0.18
0 (Non-commercial) 0 0.11 026 037 0.07 0.20
Southern Sierra
Weislander Rank
1 (Old-growth) 0.11 0.16 034 0.23 0.11 0.05
2 (Young/old-growth) 0.02  0.07 031 029 022 0.09
3 (Young-growth) 0.02 0.002 0.13 0.50 0.11 0.14
4 (Poorly stocked) 0.006 0.06 017 042 024 0.10
0 (Non-commercial) 0.02 001 004 08 0 0.05

The Weislander classes were defined as follows: old-growth (> 50% of
canopy comprised of mature trees), young-growth/old-growth (20—
50% of conifer canopy comprised of mature trees), young-growth
(< 20% of conifer canopy consists of mature trees), poorly stocked
(open conditions with very low density of trees), and non-commercial.
The SNEP LS/OG ranks range from 5 (very high contribution to late-
successional forest function) to 0 (no contribution to late-successional
forest function) (Franklin & Fites-Kaufmann, 1996). The dividing line
between ‘north’ and ‘south’ is approximately the centre of Tuolumne
county (see Fig. 1).

not detect fishers during contemporary surveys suggests that
the dearth of historical records may not simply be an
artefact of sampling bias. The paucity of fisher records in
the southern Cascades and northern Sierra Nevada may be
because fishers, coveted by trappers, had already been
trapped out by the time their status was first assessed. This
region includes the primary gold-bearing region exploited
during the ‘gold rush’ of the mid-1800s. This rapid human
population expansion was accompanied by the advent of
railroad logging and it is likely that considerable habitat for
fishers was eliminated, and the high price for their pelts
made fisher the target species for many trappers (Grinnell
et al., 1937). This possibility illustrates that our ‘historical’
distributions may not be synonymous with distributions that
predate European settlement. The fisher population was
likely already reduced by the time that Grinnell and
colleagues assessed the distribution (Grinnell et al, 1937).
Despite the lack of historical records from this region,
Grinnell et al. (1937, p. 215) described the original range of
the fisher as including the region: ‘...south from Mount
Shasta and Lassen Peak throughout the main Sierra
Nevada...”. We find no reason to suspect that fishers did
not once occupy forests in suitable elevations throughout
the Sierra Nevada.
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