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Fishers (Martes pennanti) in the mountains of California's Sierra Nevada occur at the
southwestern margin of their distribution and inhabit different forest types with different
potential prey than elsewhere in their range. Two typical fisher prey, the snowshoe hare
(Lepus americanus) and the porcupine (Erethizon dorsatum), are absent from our Sierra
Nevada study area. We characterized the diet of fishers in the southern Sierra Nevada by
analyzing the content of 201 feces (44 males: 157 females) collected either from trapped
animals or from the rest sites of radio-collared animals. Mammals were the most frequent
food item; however, unlike previous reports, reptiles (20.4% of feces) and insects (55.7%)
were major components of the diet. We also sampled 24 feces for the presence of spores
of hypogeous fungi (false truffles) and found that 91.7% had spores representing at least
six fungal species. Diversity of the diet was indicated by the fact that remains of no single
family of animal or plant group were found in >22% of feces. The fisher is reputed to be
a habitat specialist in the late-seral mixed conifer-deciduous forests of the western United
States. Perhaps it is for this reason that our data depict the species as a dietary generalist,
for whom it may be necessary to forage on many of the animal, plant, and fungal species
that occur in and near mature coniferous habitat.
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ifornia

The fisher (Martes pennanti) is a rela-
tively uncommon carnivore in the conifer
and mixed conifer-deciduous forests of
North America. Historically, it occurred
from the northern Atlantic coast through the
Appalachian Mountains, across the upper
Midwest and southern Canada and south
into the western mountains (Gibilisco,
1994; Powell and Zielinski, 1994). The
ecology of the fisher is best understood in
the eastern United States where it occurs in
a variety of forest types and has rebounded
from overtrapping and loss of forest habitat
and has reoccupied much of its former
range (Baker and Longley, 1966; Brander
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and Books, 1973; Gibilisco, 1994). In west
ern forests where the conservation of fishers
currently is a concern (Powell and Zielin
ski, 1994), they occur primarily in late-suc
cessional conifer forests but also use youn
ger stands, especially as foraging habitat
(Buck et al., 1994; Buskirk and Powell,
1994; Jones, 1991; Powell and Zielinski,
1994; Rosenberg and Raphael, 1986; Weir,
1995).

Most of the information of the diet of
fishers comes from studies in eastern North
America (Martin, 1994). Only one study is
published from California (the contents of
eight stomachs-Grenfell and Fasenfest,
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1979) and several studies have reported the
food habits of reintroduced (Jones, 1991;
Roy, 1991) and native (Weir, 1995) popu-
lations of fishers in the Rocky Mountains.
Virtually no information is available on the
diet of fishers in the Pacific states. Our
study population in the Sierra Nevada
Mountains is unique in that in addition to
being one of the westernmost and southern-
most populations of fishers in North Amer-
ica, it also is a region where two prey spe-
cies most commonly eaten by fishers else-
where, the snowshoe hare (Lepus American-
us) and the porcupine (Erithezon dorsatum),
are absent. Furthermore, understanding the
diet of fishers in the southern Sierra Nevada
has acute conservation importance because
this population is isolated by >400 km
from the nearest population to the north
(Zielinski et al., 1995).

Like many other carnivores, fishers prob-
ably exploit foods that are temporally
ephemeral, spatially patchy, and difficult to
capture and subdue. Fishers switch prey in
response to availability (Kuehn, 1989; Pow-
ell and Brander, 1977), and across their
geographic range they have a relatively di-
verse diet (Martin, 1994). Given this labil-
ity, the greatest diversity in the diet of fish-
ers should be expected where snowshoe
hares and porcupines are absent. Our objec-
tive was to describe the diet of fishers in
the southern Sierra Nevada, where this con-
dition occurs. This information will help
define the range of dietary plasticity in fish-
ers and also will inform us of the prey spe-
cies and the habitat that may be necessary
to conserve populations of fishers in Cali-
fornia.

MATERIALS AND METHODS

Study area.-We collected feces as part of a
3-year study of the habitat ecology of fishers in
the southern Sierra Nevada Mountains of Cali-
fornia. The 250-km= study area was located in
Tulare Co. in the watershed of the Middle Fork
of the Tule River on land administered primarily
by the lule River Ranger District of the Sequoia
National Forest, Mountain Home Demonstration
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State Forest (California Department of Forestry
and Fire Protection), and the Tule River Indian
Reservation. Elevations range from 700 m to
>3.000 m above mean sea level at the crest of
the Sierra Nevada.

Plant communities range from mixed chapar-
ral (composed largely of Adenostema, Cerco-
carpus, Arctostaphylos, Ceanothus) in the lower
and drier elevations to true fir forests (Abies con-
color and A. magnifica) and wet meadow at
higher elevations. With increasing elevation and
moisture, the chaparral community was replaced
first by montane hardwood forest dominated by
canyon live oak (Quercus chrysolepis) and Cal-
ifornia black oak (Q. kelloggi) and then by pon-
derosa pine (Pinus ponderosa) and mixed conif-
erous forest. The latter was characterized by a
dense canopy of several conifer species (i.e.,
white fir, incense cedar, Calocedrus decurrens,
sugar pine, Pinus lambertiana, ponderosa pine,
and giant sequoia, Sequoiadendron giganteum),
and an often dense understory of black oak and
shade-tolerant conifers. Timber harvest primar-
ily has been by individual selection of the largest
diameter trees, particularly pines. Clearcutting
was not common in the southern part of the Si-
erra Nevada (McKelvey and Johnston, 1992).

The closest weather station for temperature
and precipitation was at Grant Grove in Se-
quoia-Kings Canyon National Park (elevation
ca. 2,000 m, 40 km to the north), where infor-
mation was available for 1965-1994 (National
Oceanic and Atmospheric Association, Wash-
ington, D.C.). Mean minimum and maximum
temperatures over this period for winter (1 No-
vember-30 April) were 2.7°C and 7.6°C, respec-
tively, and for summer (1 May-31 October)
were 7.4°C and 19.3°C, respectively. Mean an-
nual precipitation was 104.9 cm. Mean snow
depth on April 1 (1937-1983) at Mountain
Home Demonstration State Forest headquarters
(elevation ca. 2,000 m) was 57.7 cm (California
Department of Water Resources, 1997).

Fecal collection.-We collected feces from
three sources: chemically immobilized fishers,
feces on the floors of traps where fishers were
confined, and rest sites used by radio-collared
individuals. Chicken was used as bait in traps,
so remains of prey in feces were not confused
with the remains of trap bait. Most feces col-
lected at rest sites were found < 5 m of the rest
site, although a minority were collected < 50 m
away. In both cases, we assumed that feces were
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from the individual that had used the rest site.
Prior to analysis, feces were frozen or air-dried
and stored at room temperature.

Fecal analysis.-We measured the volume of
each feces by the water it displaced in a gradu-
ated cylinder. We collected and set aside a small
sample from each feces for subsequent analysis
for fungal material, due to previous documen-
tation of hypogeous fungi (false truffles) in
stomachs of fishers (Grenfell and Fasenfest,
1979). Those samples were stored in ethyl al-
cohol, and 24 of them (11.9%), 65% from fe-
male fishers, were examined, and fungal spores
were identified to genus. From each sample,
three subsamples were collected, and each was
stirred thoroughly, a drop of Melzers reagent
was added, and 0.08 ml was placed on a slide
for examination at 400X. Twenty-five randomly
selected fields of view were selected for analysis
from each slide resulting in an index of fungal
occurrence for each of 24 feces based on the
total of 75 fields of view.

Most dietary analyses required removal of
hair, bone, claws, feathers, and other hard parts
from the feces for identification. Gamberg and
Atkinson (1988) tested two methods for extract-
ing hair and bone from feces. They found that
feces that were enclosed in a tight weave nylon
mesh and agitated in an automatic washer and
dryer (Johnson and Aldred, 1982) lost 21.6% of
the hair sample. That was contrasted with only
a 2.8% loss when lipids were removed by sox-
helet extraction and washing occurred over a
sieve (Horwitz, 1980). We omitted the soxhelet
extraction but enclosed the feces in nylon mesh
and substituted an overnight soaking in soapy
tap water and 10 min of hand agitation for the
use of the automatic washer and dryer. Any re-
sidual fecal matrix was removed by placing the
feces on a 500-micron sieve under a stream of
tap water.

After a sample was washed, all distinguisha-
ble macroscopic components were identified to
the finest taxonomic level possible based on
available literature and comparison with a
voucher collection of hair, scales (for reptiles),
and skeletons. All vertebrate remains were as-
sumed to be from species reported to occur in
the study area (Ingles, 1965; Jameson and Pe-
ters, 1988; Stebbins, 1966). After preliminary
identification of skeletal remains using the keys
of Glass (1951), Ingles (1965), and Lawlor
(1979), we compared all skeletal material to ref-
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erence skeletons in the collection of the Hum-
boldt State University Vertebrate Museum. Be-
cause skeletal remains were quite fragmentary
and identifications made to genus or species
based only on hard parts usually were made
from teeth or claws, considerable effort was
made to identify individual guard hairs. We
washed and cleaned hair in xylene for 1-24 h
(based on thickness of hair) and identified guard
hairs using keys to cuticle scale and medulla pat-
terns (Adorjan and Kolenosky, 1969; Mayer,
1952; Moore et al., 1974). A voucher collection
of hair from various body locations of each spe-
cies of mammal found in the study area was cre-
ated by collecting hair from prepared mammal
skins and scales from reptiles preserved in al-
cohol. We made no attempt to identify birds
more specifically than to Class. Seeds or fruit of
plants was compared with a collection of seeds
gathered in the study area and several keys
(Schopmeyer, 1974). All other plant material
was grouped together. We did not distinguish life
stages (i.e., larvae, pupae, adult) of insect re-
mains.

We represented the contribution of a particu-
lar food item in the diet by reporting the per-
centage of feces in which the item was found.
This is identical to what others have referred to
as either percentage of feces, frequency of oc-
currence, or percent occurrence (Kelly, 1991;
Martin, 1994; Powell et al., 1997). Although it
is preferable to estimate the original biomass of
prey represented by fecal remains, this requires
the ability to estimate the volumetric proportion
of each food item in feces and data from feeding
trials to develop correction factors for relative
digestibility of items (Kelly, 1991; Reynolds and
Aebischer, 1991; Zielinski, 1986). We found it
difficult to estimate relative proportion by vol-
ume of each item in each fecal sample because:
1) remains varied in their detectability and iden-
tifiability, ranging from impossible-to-identify
underfur hairs of mammals to distinctive seeds
and mammal teeth and 2) the uncertainty that
the unidentifiable remains represented the same
categories of foods as the identifiable remains
(Reynolds and Aebischer, 1991).

Because of unknown digestibilities of differ-
ent foods that fishers eat, our use of percentage
of feces as our index of fisher diet precluded us
from quantitative comparisons of the relative
importance of food items. Our method overes-
timated importance of small prey and underes-
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TABLE 2. Distribution of feces (n = 201) by
season and location of collection.

TABLE 1.-Number of feces collected from 26
fishers (16 females, 10 males), analyzed by in
dividual and sex. Number of feces examined,

timated importance of large prey (Floyd et al.,
1978; Lockie, 1959; Zielinski, 1986). However,
percentage of feces is a basic measure of how
common a food item is in the diet (Kelly, 1991)
and is comparable with most other studies of the
diet of fishers.

RESULTS

Fisher diet.-We analyzed 201 feces (44
from males and 157 from females), repre-
senting 26 different individual fishers (10
males and 16 females; Table 1). Most feces
(48%) were collected during summer, and
the majority (72.1%) were collected either
directly from the animal while it was im-
mobilized or <5 m from one of its rest sites
(Table 2).

Most food remains were mammalian but
a substantial quantity carne from the other
terrestrial vertebrate classes, with the ex-
ception of the Amphibia (Fig. 1). No fish
scales or bones were discovered in our sam-
ple. Especially noteworthy among verte-
brates was the preponderance of reptiles
(especially the alligator lizard, Elgaria) in
the diet. Their remains were found in 20.4%

201 (157 females, 44 males). Feces (%)
Female Male Season
. Spring (20 March-20 June) 53(26.4)
Iréldwll- No. OOf feces dividual No. gf feces Summer (21 June-21 September) 98 (48.8)
ua (%) Individua (%) Autumn (22 September-20 December)26 (12.9)
02 9(5.7) 01 10 22.7) Winter (21 December-19 March) 24 (11.9)
03 53.2) 05 6 (13.6) :
04 13(32) 13 1 (23) Location type
06 26 (16.6) 16 9 (20.5) Trap Box 16 (7.9
07 45 (28.7) 17 2 (43) Progessin 61 (3(0.3%
09 3(1.9) 23 6(13.6) Rest Site 84 (41.8)
10 17 (10.8) 25 1 (2.3) Rest Site 2° 16 (7.9)
12 1 (0.6) 26 1 (2.3) Rest Site 3¢ 24 (11.9)
15 1(0.6) 29 5(11.4)
18 3(1.9) 32 3 (6.8) ?Found <5 m from a resting structure verified by telemetry.
20 7(4.5) ® Found >5 m but <25 m from a resting structure verified
21 11 (7.0) by telemetry.
%f; 1% (8(6)) “ Found >25 m but <50 m from a resting structure verified
(0.6) by telemetry.
31 2(1.3)
33 2(1.3) of feces annually and 37.7% of feces col-

lected in spring (20 March-20 June; Table
3). The fact that no single family of animal
or plant group was identified in more than
ca. 22% of feces attested to the diversity of
the annual diet.

Seasonal variation among food groups
was not profound. Mammals were con-
sumed during all seasons but as expected,
reached their peak in winter when many
other groups were unavailable. Although
the sample of feces in winter was low (n =
24), results were predictable. Hibernators
(Tamias, Sperntophilus beecheyi, and rep-
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FIG. 1.-Percentage of major taxonomic
groups in the diet of fishers in the southern Si-
erra Nevada from 201 feces that contained a spe-
cies within the group.
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tiles) were absent, presumably because they
were inaccessible in their refuges. Frequ-
ency of deer (Odocoileus hemionus, presum-
ably eaten as carrion) increased from <5%
during any other season to 25% in winter
and may have compensated partially for the
absence of hibernating reptiles and mam-
mals. Although hairs of carnivores were rel-
atively common in feces, most were iden-
tified to the genus Martes and were as-
sumed to be fisher hair consumed during
grooming. Despite their perceived seasonal
variation in abundance, remains of insects
were found in feces evenly across seasons.
Surprisingly, beetles and social wasps were
found in ca. 20% of feces collected from 21
December to 19 March. Seasonal variation
in remains of fruits was predictable in its
occurrence in autumn and winter (Table 3).
Sexual variation in diet was difficult to
discern due to the disparity in sample size
of feces from each sex. Interpretation was
confounded further by differences in pro-
portion of feces collected in different sea-
sons from each sex. For example, 88.9% of
feces from summer were collected from fe-
males. Despite those problems, a few ob-
servations were noteworthy. Although
mammals were found in about the same
proportion of feces annually (78.3 for fe-
males and 84.1 for males), seasonal distri-
bution was quite different (Table 4). For
males, 48.6% of feces that contained mam-
mal remains were collected in autumn and
winter, but only 19.5% of feces from fe-
males with mammal remains were collected
during that period. Most mammal remains
in feces from females occurred in summer
(56.1%), but mammal remains in summer
comprised only 24.3% of all feces with
mammals for males. Much of this apparent
difference was due to more frequent occur-
rence of rodents (particularly Peromyscus,
Tamiasciurus, and Thomomys) from sum-
mer feces of females compared with males.
There was a substantially higher incidence
of deer remains in feces from males
(11.4%) compared with females (1.9%).
Fungal material was ubiquitous in the
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sample of 24 feces selected for analysis.
Twenty-two samples (91.7%) contained
spores of hypogeous fungi, representing at
least six genera. In decreasing rank order of
frequency (number of feces in which they
occurred in parentheses) they were: Mela-
nogaster (19), Rhizopogon (8), a Genea-
like genera (2), Balsamia (1), Gautieria (1),
and Hysterangium (1). Spores of unidenti-
fied hypogeous fungi were identified in four
feces. Spores usually were quite abundant
in each sample. In two feces, Melonogaster
spores comprised 25-50% of the volume of
the sample, and in 15 other fecal samples,
spores comprised 5-24%. In two samples,
spores were attached to their support struc-
tures, the basidia.

DISCUSSION

Martin (1994) reviewed 13 studies of the
diets of fishers published through 1991 and
found that five foods were reported repeat-
edly as important components of the diets
of fishers in almost all studies: snowshoe
hares, porcupines, deer, passerine birds, and
vegetation. Powell (1993) summarized a
similar set of studies and concluded that
snowshoe hare was the most commonly
found item in the gastrointestinal tracts and
feces. The most recent study of the diet of
fishers in the west (Weir, 1995) also report-
ed that snowshoe hare was the most com-
mon species of prey, followed by red squir-
rels (Tamiasciurus hudsonicus). Our results
are unique in two respects when compared
with previous studies. First, the population
of fishers we studied occurred outside the
geographic range of snowshoe hares, and
porcupines have not been reported in the
vicinity of the study area for many years
(S. Anderson, pers. comm.). Furthermore,
other leporids did not compensate for snow-
shoe hares in the diet of fishers because re-
mains of Lepus and Sylvilagus were found
in < 1 % of feces, yet occurred throughout
the study area. Second, reptiles occurred in
20.4% of feces but have been reported in-
frequently (< 1 % of feces) in the diet of
fishers elsewhere (Brown and Will, 1979;
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TABLE 3. Number (percentage of 201 feces or of seasonal total) of feces in which each taxa was
found by season. Each taxon listed includes some items identified only to that level of taxonomy as
well as all items identified to each subsequent level of taxonomy within that taxon. Spring includes
feces collected from 20 March to 20 June, summer from 21 June to 21 September, autumn from 22
September to 20 December, winter from 21 December to 19 March.

Taxa Total Spring Summer Autumn Winter
Mammalia 158 (78.6) 39 (73.6) 77 (78.6) 20 (76.9) 22 (91.7)
Insectivora 9(4.5) 3(5.7) 5(5.1) 1(3.8) 0
Talpidae
Scapanus latimanus 4(2.0) 2(3.8) 2(2.0) 0 0
Soricida e
Sorex 5(2.5) 1(1.9) 3(3.1) 1(3.8) 0
Lagomorpha
Leporidae 1(0.5) 1(1.9) 0 0 0
(Lepus/Sylvilagus)
Rodentia 96 (47.8) 21 (39.6) 53 (54.1) 8(30.8) 14 (58.3)
Scuiridae 41 (20.4) 13 (24.5) 19 (19.4) 4(15.4) 5(20.8)
Spermophilus beecheyi 8 (4.0) 3(5.7) 44.1) 1(3.8) 0
Sciurus griseus 8 (4.0) 1(1.9) 44.1) 1(3.8) 2 (8.3)
Tamiasciurus douglasii 15 (7.5) 6 (11.3) 6 (6.1) 1(3.8) 2 (3.8)
Tamias 3(1.5) 0 1(1.0) 2(7.7) 0
Glaucomys sabrinus 1(0.5) 0 1(1.0) 0 0
Geomyidae
Thomomys bottae 10 (5.0) 3(5.7) 6(6.1) 1(3.8) 0
Cricetidae 45 (22.4) 8 (15.1) 26 (26.5) 2(7.7) 10 (41.7)
Neotoma cinerea 1(0.5) 0 0 1(3.8) 0
Peromyscus 21 (10.4) 3(5.7) 16 (16.3) 0 2(8.3)
Microtus 11(5.5) 3(5.7) 5(5.1) 0 3(12.5)
Carnivora
Mustelidae 43 (21.4) 16 (30.2) 15 (15.3) 10 (38.5) 2 (8.3)
Martes 41 (20.4) 15 (28.3) 15 (15.3) 9 (34.6) 2 (8.3)
Mustela 1(0.5) 1(1.9) 0 0 0
Spilogale putorius 1(0.5) 0 0 1(3.8) 0
Artiodactyla
Cervidae
Odocoileus hemionus 8 (4.0) 2 (3.8) 0 0 6 (25.0)
Aves 80 (39.8) 17 (32.1) 50 (51.0) 7 (26.9) 6 (25.0)
Reptilia 41 (20.4) 20 (37.7) 20 (20.4) 1(3.8) 0
Squamata 31(15.4) 16 (30.2) 15 (15.3) 0 0
Scincidae
Eumeces 1(0.5) 0 1(1.0) 0 0
Iguanidae-
Sceloperus 4(2.0) 1(1.9) 3@3.1) 0 0
Anguidae
Elgaria 24 (11.9) 11 (20.8) 12 (12.2) 1(3.8) 0
Colubridae/Viperidae 4(2.0) 4(7.5) 0 0 0
Insecta 112 (55.7) 28 (52.8) 61 (62.2) 13 (50.0) 10 (41.7)
Orthoptera 5(2.5) 1(1.9) 33.1) 1(3.8) 0

Acrididae 5(2.5) 1(1.9) 3(3.1) 1(3.8) 0
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TABLE 3.-Continued.

Taxa Total Spring Summer Autumn Winter
Coleoptera 37 (18.4) 12 (22.6) 22 (22.4) 1(3.8) 2 (8.3)
Cicindellidae 1(0.5) 1(1.9) 0 0 0
Silphidae 1 (0.5) 0 1(1.0) 0 0

Neuroptera 1(0.5) 1(1.9) 0 0 0
Rhalphidae 1(0.5) 1(1.9) 0 0 0
Lepidoptera 2 (1.0) 1(1.9) 0 0 1(4.2)
Hymenoptera 45 (22.4) 8 (15.1) 23 (23.5) 10 (38.5) 4(1.7)
Vesidae/Eumenidae 33 (16.4) 2 (3.8) 19 (19.4) 9 (34.6) 3(12.5)
Formicidae 5(2.5) 1(1.9) 4 (4.1 0 0
Arachnida
Acarina 1(0.5) 1(1.9) 0 0 0
Planta 41 (20.4) 6 (11.3) 16 (16.3) 14 (53.8) 5(20.8)
Ericaceae
Arctostaphy(os 14 (7.0) 5(5.1) 5(19.2) 4 (16.7)
Grossulariaceae
Ribes roedii 1(0.5) 1(1.0) 0 0
Ribes nevadense 3(1.5) 2(2.0) 1(3.8) 0
Other
Egg shell 10 (5.0) 6(6.1) 1(3.8) 0
Woody debris 33 (16.4) 7(13.2) 12 (12.2) 6 (23.1) 8(33.3)
Rock 13 (6.5) 5(5.D 2(7.7) 3 (12.5)

Clem, 1975; Giuliano et al., 1989; Kuehn,
1989; Powell et al., 1997). Due to their rel-
atively small size, and therefore relatively
high percentage of indigestible matter, liz-
ard remains in feces may overrepresent
their importance in the diet. This bias, how-
ever, also would occur for most other stud-
ies, given that most use the same measure-
ment to represent the importance of a food
item in the diet. Reptiles appear to be an
important component of the diet of fishers
in the Sierra Nevada of California.

The frequent occurrence of hypogeous
fungal material in feces of fishers (spores in
91.7% of feces analyzed) is unique to stud-
ies of fishers in California. Interestingly, the
contents of four of eight stomachs from
fishers in northern California contained por-
tions of sporocarps of hypogeous fungi
(Grenfell and Fasenfest, 1979). Although
these same samples also included remains
of western harvest mouse (Reithrodontomys
megalotis) and deer mouse (Peromyscus),
one stomach contained 90% false truffle by
volume compared to only 10% harvest

mouse. Thus, the authors concluded that di-
rect consumption of fungi by fishers was a
possibility. The density of fungal spores in
the samples we analyzed were considered
similar to the density discovered in feces of
the northern flying squirrel (Glaucomys sa-
brinus-J. Ditto, pers. comet.), a mycopha-
gus rodent (Waters and Zabel, 1995). This,
combined with the occasional observation
of the fragile basidial structure, which
would be unlikely to survive two gastroin-
testinal tracts (that of the rodents and fish-
ers), make it difficult to conclude that all
fungal remains in feces of fishers originated
from gastrointestinal tracts of rodent prey.
Because no other researchers have exam-
ined feces of fishers for these items, we
could not estimate how common this food
group may be in diets of fishers elsewhere.
Fungi are common food items for a number
of vertebrates, especially rodents (Fogel
and Trappe, 1978; Hall, 1991; Maser et al.,
1978; Tevis, 1953), and given that truffles
provide olfactory cues that attract verte-
brate consumers that assist in their dispers-
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TABLE 4. Number (percentage of total) of feces containing

Male 44) and .reason.
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identified taxa, by sex (Female 157:

Female Male
Sum- Au- Sum- Au-
Category Total Spring® mer’ tumn® Winter® Total Spring® mer® tumn® Winter®
Mammalia 123 (78.3) 30 69 10 14 37 (84.1) 10 9 10 8
Insectivora 53.2) 1 3 1 0 4(9.1) 2 1 | 0
Lagomorpha 1 (0.6) 1 0 0 0 0 0 0 0
Rodentia 78 (49.7) 18 48 6 6 18 (40.9) 4 3 4 7
Carnivora 26 (16.6) 9 11 4 2 17 (38.6) 6 4 6 1
Artiodactyla 3(1.9) 0 0 0 3 5(11.4) 2 0 1 2
Aves 67 (42.7) 10 47 5 5 13 (29.5) 7 3 2 1
Reptilia 33 (21.0) 14 18 0 1 9 (20.5) 5 3 1 0
Squamata 33 (21.0) 14 18 0 1 7 (15.9) 5 1 1 0
Insecta 86 (54.8) 21 53 5 7 26 (59.1) 7 8 8 3
Arachnida 1 (0.6) 1 0 0 0 0 0 0 0 0
Planta 30 (19.1) 5 15 6 4 11 (25.0) 1 2 7 1

# 20 March-20 June; female, n = 40; male, n = 13.
®21 June-21 September; female, N = 87; male, n = 11.
¢ 22 September-20 December; female, n = 15; male, n = 11.
4 21 December-19 March; female, n = 15; male, n = 9.

al, it is not surprising that fishers may detect
and consume these fungi. This hypothesis
should be tested using laboratory feeding
trials.

The preliminary results of another study
of the food habits of fishers in northern Cal-
ifornia (R. Golightly, pers. comm.) suggest
a number of similarities to the diet of fishers
in our study. Reptiles also comprised a rel-
atively large proportion of the diet and nei-
ther snowshoe hares nor porcupines (whose
ranges overlapped parts of the study area in
northern California but which are not abun-
dant members of the fauna) were more than
trace components of the diet. Moles (Sca-
panus), gray squirrels (Sciurus griseus), and
striped skunks (Mephitis mephitis) were im-
portant items.

Other carnivores were not an important
component of the diet of fishers in the
southern Sierra Nevada. There was only
one incident each of weasels (Mustela) and
spotted skunks (Spilogale gracilis), al-
though elsewhere other carnivores are not
infrequently reported (R. Golightly, pers.
comm.; Martin, 1994; Powell, 1993; Powell
et al., 1997). Although we could not distin-
guish hair of martens (Martes caurina)

from fishers in feces, the incidence of hair
of Martes was relatively high (ca. 20% of
all feces). Martens occurred in our study
area and were the subject of a collateral
study, but after 3 years of study, we could
not confirm any incidence of predation by
a fisher on a marten, although circumstan-
tial evidence has been used to suggest that
it occurs (de Vos, 1952; Krohn et al., 1997;
Raine, 1991). We suspect that most, if not
all, of the hair of Martes in our samples
originated from grooming because the in-
cidence was highest in each of the seasons
of molt (28.3% and 34.6% in spring and
autumn versus 15.3 and 8.3 in summer and
winter). Moreover, hairs of Martes were al-
ways found individually, never in clumps
as is typical of remains of mammalian prey.
It is tempting to conclude that the
uniqueness of the diet in California is due
to differences in the availability of classic
fisher prey-snowshoe hares and porcu-
pines-or geographic differences between
eastern and western North America. A re-
cent study of food habitats of fishers in
New England (Powell et al., 1997), how-
ever, provided one example of the weakness
of this conclusion. Gray squirrels (Sciurus
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carolinensis) and raccoons (Procyon lotor)
were found in 19% and 12% of feces, but
the total incidence in feces of snowshoe
hares, porcupines, deer, and passerine birds
(taxa that comprised the majority of diets
of fishers as concluded by Martin (1994))
was only 18%. These results are consistent
with the observation by Powell (1993) of a
correlation between low incidence of snow-
shoe hares and high incidence of the re-
mains of birds, deer, mice and squirrels, and
together with our data further distinguish
the fisher as an opportunistic predator.

Only limited inference can be made
about the habitat of fishers from the habitat
of their prey because fishers spend much of
their time in habitat other than that where
they forage (i.e., resting sites). Despite this
shortcoming, much of what is known about
habitats of the fisher's prey confirms the
limited information available on habitat use
by fishers in the western United States
(Powell and Zielinski, 1994). Some sciurid
prey (T. douglasii, G. sabrinus, S. griseus,
S. beechyi) are found most commonly in the
Sierra Nevada in conifer or oak habitats
dominated by medium to large-size trees
(Verner and Boss, 1980), a habitat type fa-
vored also by fishers in northern California
(Buck et al., 1994; Dark, 1997). Further-
more, most of the reptiles and fossorial
mammals that are prey of fishers find op-
timal habitat in deciduous riparian habitats
(Verner and Boss, 1980), where fishers also
have been reported to spend considerable
time (Jones, 1991; Seglund, 1995). Other
prey species (e.g., Peromyscits, Scapanus,
Thomomys) occur frequently in early-seral
stages of some of the conifer types, and
chaparral provides optimal habitat for some
reptiles, lagomorphs, deer mice, and deer
(Verner and Boss, 1980) and shrub species
that produce fruits that were consumed by
fishers. Clearly, fishers include in their diet
prey that occur in a variety of habitats, al-
though we have no information on the spe-
cific habitat requirements of each prey spe-
cies in the southern Sierra Nevada, nor their
relative abundances.

The diet of fishers in the southern Sierra
Nevada of California is substantially differ-
ent than reported elsewhere. The fisher is
an adaptable predator whose diet is a func-
tion of the availability, detectability and
vulnerability of the prey with which it co-
occurs (Grinnell et al., 1937; Powell and
Zielinski, 1994). As a reputed habitat spe-
cialist, it may be adaptive for fishers to con-
sider many of the other species with which
they occur as potential foods. Perhaps this
is the reason that fishers are capable of find-
ing, capturing, and eating so many of the
species that occur in, or near, late-seral co-
nifer forests in the Sierra Nevada. Fishers
in the southern Sierra Nevada also occur in
and near habitats that generally are viewed
as drier and more heterogenous than else-
where in their range, which may influence
the relative abundances of potential prey
and perhaps the diversity of the diet of the
fishers. Throughout their range fishers con-
sume a diversity of prey species. This is
especially evident in the southern Sierra
Nevada, where the community of potential
prey are merely one component of the
unique ecological circumstances that con-
front fishers at the southern margin of their
geographic range.

ACKNOWLEDGMENTS

We thank C. Ogan, R. Schlexer, A. B. Cole-
grove, and A. Pole for assistance in fecal anal-
ysis and S. Schoenig and J. Ditto for insect and
fungi identifications, respectively. We are es-
pecially indebted to the assistance provided by
P. Guthrie and T. Lawlor of the Humboldt State
University (HSU) Vertebrate Museum and G.
Leppig of the HSU Vascular Plant Herbarium.
R. Galloway of the Tule River Ranger District
of the Sequoia National Forest provided tech-
nical assistance during the field study. The field
work was financially supported by the Pacific
Southwest Region and the Pacific Southwest Re-
search Station of the United States Department
of Agriculture Forest Service, Sequoia National
Forest, University of California Agricultural Ex-
periment Station-Berkeley, Mountain Home
State Demonstration Forest, California Depart-
ment of Fish and Game, Sequoia Crest, Inc., Si-



970 JOURNAL OF MAMMALOGY

erra Forest Products, United States Department

of the Interior Fish and Wildlife Service, Tule
River Conservancy, and Tule River Indian Res-
ervation. We thank R. Powell and an anonymous
reviewer for comments that substantially im-
proved the manuscript.

LITERATURE CITED

ADORIJAN, A. S., AND G. B. KOLENOSKY. 1969. A man-
ual for the identification of hairs of selected Ontario
Mammals. Ontario Lands and Forests Department,
Ontario, Canada. Research Report, 90:1-64.

BALSER, D. S., AND W. H. LONGLEY. 1966. Increase of
fishers in Minnesota. Journal of Mammalogy, 47:
342-347.

BRANDER, B. R., AND D. J. BookKs. 1973. Return of the
fisher. Natural History, 82(1 ):52-57.

BROWN, M. K., AND G. WILL. 1979. Food habits of the
fisher in northern New York. New York Fish and
Game Journal, 26:87-92.

Buck, S., C. MuLLIS, AND A. MOSSMAN. 1994. Habitat
use by fishers in adjoining heavily and lightly har-
vested forest. Pp. 368-376, in Martens, sables, and
fishers: biology and conservation (S. W. Buskirk, A.
Harestad, M. Raphael, and R. A. Powell, eds.). Cor-
nell University Press, Ithaca, New York.

BUSKIRK, S. W., AND R. A. POWELL. 1994. Habitat ecol-
ogy of fishers and American martens. Pp. 283-296,
in Martens, sables, and fishers: biology and conser-
vation (S. W. Buskirk, A. Harestad, M. Raphael, and
R. A. Powell, eds.). Cornell University Press, Ithaca,
New York.

CALIFORNIA DEPARTMENT OF WATER RESOURCES. 1997.
CDWR Bulletin 120, California Department of Wa-
ter Resources, Sacramento.

CLEM, M. K. 1975. Food habits, weight changes and
habitat selection of fisher during winter. M.S. thesis,
University of Guelph, Guelph, Ontario, Canada.

DARK, S. 1997. A landscape-scale analysis of mam-
malian carnivore distribution and habitat use by fish-
er. M.S. thesis, Humboldt State University, Arcata,
California.

DE VoS, A. 1952. Ecology and management of fisher
and marten in Ontario. Ontario Department of Lands
and Forests, Technical Bulletin, Wildlife Service I:
1-90.

FLoyp, T J., L. D. MECH, AND P. A. JORDAN. 1978.
Relating wolf scat content to prey consumed. The
Journal of Wildlife Management, 42:528-532.

FOGEL, R., AND J. M. TRAPPE. 1978. Fungus consump-
tion (mycophagy) by small animals. Northwest Sci-
ence, 52:1-31.

GAMBERG, M., AND J. L. ATKINSON. 1988. Prey hair
and bone recovery in ermine feces. The Journal of
Wildlife Management, 52:657-660.

GiBlLisco, C. J. 1994. Distributional dynamics of
American martens and fishers in North America. Pp.
59-71, in Martens, sables, and fishers: biology and
conservation (S. W. Buskirk, A. Harestad, M. Ra-
phael, and R. A. Powell, eds.). Cornell University
Press, Ithaca, New York.

GluLlaNO, W. M., J. A. LITVAITIS, AND C. L. STEVENS.
1989. Prey selection in relation to sexual dimor-

Vol. 80. No. 3

phism of fishers (Martes pennanti) in New Hamp-
shire. Journal of Mammalogy, 70:639-641.

GLASS, B. P. 1951. A key to the skulls of North Amer-
ican mammals. Burgess Publishing Co., Minneapo-
lis, Minnesota.

GRENFELL, W. E., AND M. FASENFEST. 1979. Winter
food habits of fishers, Martes pennanti, in north-
western California. California Fish and Game, 65:
186-189.

GRINNELL, J., J. S. DIXON, AND L. M. LINSDALE. 1937.
Furbearing mammals of California: their natural his-
tory, systematic status and relations to man. Univer-
sity of California, Berkeley, 1:1-777.

HALL, D. 1991. Diet of the northern flying squirrel at
Sagehen Creek, California. Journal of Mammalogy,
72:6 1 5-617.

HorwiTZ, W. 1980. Official method of analysis of the
Association of Official Analytical Chemists. Asso-
ciation of Official Analytical Chemists, Washington,
D.C.

INGLES, L. G. 1965. Mammals of the Pacific States:
California, Oregon, Washington. Stanford University
Press, Stanford, California.

JAMESON, E. W., JR., AND H. J. PETERS. 1988. California
Mammals. University of California Press, Berkeley.

JOHNSON, M. K., AND D. R. ALDRED. 1982. Mammalian
prey digestibility by bobcats. The Journal of Wildlife
Management, 46:530.

JONES, J. L. 1991. Habitat use of fisher in northcentral
Idaho. M.S. thesis. University of Idaho. Moscow.

KELLY, B. T 1991. Carnivore scat analysis: an evalu-
ation of existing techniques and the development of
predictive models of prey consumed. M.S. thesis.
University of Idaho. Moscow.

KROHN, W. B., W. J. ZIELINSKI, AND R. B. BOONE. 1997.
Relations among fishers. snow, and martens in
California:  results from  small-scale  spatial
comparisons. Pp. 372-392, in Martes: taxonomy,
ecology, techniques, and management (G. Proulx. H.
N. Bryant, and P M. Woodard, eds.). Provincial
Museum of Alberta, Edmonton, Alberta, Canada.

KUEHN, D. W. 1989. Winter foods of fishers during a
snowshoe hare decline. The Journal of Wildlife
Management, 53:688-692.

LAWLOR, T E. 1979. Handbook to the orders and fam-
ilies of living mammals. Mad River Press, Eureka,
California.

LockKIE, J. D. 1959. The estimation of the food of fox-
es. The Journal of Wildlife Management, 23:224-
2217.

MARTIN, S. K. 1994. Feeding ecology of American
martens and fishers. Pp. 297-315, in Martens, sa-
bles, and fishers: biology and conservation (S. W.
Buskirk, A. Harestad, M. Raphael, and R. A. Powell,
eds.). Cornell University Press, Ithaca, New York.

MASER, C., J. M. TRAPPE, AND R. A. NUSsBAUM. 1978.
Fungal-small mammal interrelationships with em-
phasis on Oregon coniferous forests. Ecology, 59:
799-809.

MAYER, W. V. 1952. The hair of California mammals
with keys to the dorsal guard hairs of California
Mammals. The American Midland Naturalist, 48:
480-512.

MCKELVEY, K. S., AND J. D. JOHNSTON. 1992. Histor-
ical perspectives on forests of the Sierra Nevada and



August 1999

the transverse ranges of southern California: forest
conditions at the turn of the century. Pp. 225-246,
in The California Spotted Owl: a technical assess-
ment of its current status (J. Verner, K. S. McKelvey,
B. R. Noon, R. Gutierrez, G. Gould, and T. Beck,
eds.).  Pacific Southwest Research Station, United
States Department of Agriculture Forest Service,
General Technical Report PSW-133:1-285.

Moors, T D., L. E. SPENCE, AND C. E. DUGNOLLE.
1974. Identification of the dorsal guard hairs of some
mammals of Wyoming. Wyoming Game and Fish
Department, Laramie.

POWELL, R. A. 1993. The Fisher: life history, ecology
and behavior. Second ed. University of Minnesota
Press, Minneapolis.

POWELL, R. A., AND R. B. BRANDER. 1977. Adaptations
of fishers and porcupines to their predator prey sys-
tem. Pp. 45-54, in Proceedings of the 1975 pred-
ator symposium (R. L. Phillips and C. Jonkel, eds.).
Montana Forest and Conservation Experiment Sta-
tion, University of Montana, Missoula.

POWELL, R. A., AND W. J. ZIELINSKI. 1994. Fisher. Pp.
38-73, in The scientific basis for conserving forest
carnivores: American marten, fisher, lynx, and wol-
verine (L. F Ruggiero, K. B. Aubry, S. W. Buskirk,
L. J. Lyon, and W. J. Zielinski, eds.). Rocky Moun-
tain Forest and Range Experiment Station, United
States Department of Agriculture Forest Service,
General Technical Report RM-254:1-184

POwELL, S. M., E. C. YORK, AND T: K. FULLER. 1997.
Seasonal food habits of fishers in central New York.
Pp. 279-305, in Martes: taxonomy, ecology, tech-
niques, and management (G. Proulx, H. N. Bryant,
and P M. Woodard, eds.). Provincial Museum of Al-
berta, Edmonton, Alberta, Canada.

RAINS, R. M. 1991. Winter habitat use and responses to
snow cover of fisher (Martes pennanti) and marten
(Martes americana) in southeastern Manitoba. Canadian
Journal of Zoology 61:25-34.

REYNOLDS, J. C., AND N. J. AEBISCHER. 1991. Compar-
ison and quantification of carnivore diet by faecal
analysis: a critique, with recommendations, based on
a study of the fox, Vulpes vulpes. Mammal Review,
21:97-122.

ROSENBERG, K. V, AND R. G. RAPHAEL. 1986. Effects

ZIELINSKI ET AL.--DIET OF FISHERS 971

of forest fragmentation on vertebrates in Douglas-fir
forests. Pp. 263-272, in Wildlife 2000: modeling
habitat relationships of terrestrial vertebrates (J. Ver-
ner, M. L. Morrison, and C. 1. Ralph, eds.). Univer-
sity of Wisconsin Press, Madison.

ROy, K. D. 1991. Ecology of reintroduced fishers in
the Cabinet Mountains of northwest Montana. M.S.
thesis, University of Montana, Missoula.

SCHOPMEYER, C. S. 1974. Seeds of woody plants in the
United States. United States Department of Agricul-
ture Forest Service, Agriculture Handbook 450:1-
843.

SEGLUND, A. 1995. The use of rest sites by the Pacific
fisher. M.S. thesis, Humboldt State University, Ar-
cata, California.

STEBBINS, R. C. 1966. A field guide to western reptiles
and amphibians. Houghton Mifflin, Boston, Massa-
chusetts.

TEVIS, L. JR. 1953. Stomach contents of chipmunks
and mantled squirrels in northeastern California.
Journal of Mammalogy, 34:316-324.

VERNER, J., AND A. S. B0osS. 1980. California wildlife
and their habitats: Western Sierra Nevada. Pacific
Southwest Research Station, United States Depart-
ment of Agriculture Forest Service, General Tech-
nical Report, PSW-37:1-439

WATERS, J. R., AND C. J. ZABEL. 1995. Northern flying
squirrel densities in fir forests of northeastern Cali-
fornia. The Journal of Wildlife Management, 59:
858-866.

WEIR, R. D. 1995. Diet, spatial organization, and hab-
itat relationships of fishers in south-central British
Columbia. Masters thesis, Simon Fraser University,
Burnaby, British Columbia, Canada.

ZIELINSKI, W. J. 1986. Relating marten scat contents to
prey consumed. California Fish and Game, 72:110-
116.

ZIELINSKI, W. J., T. E. KUCERA, AND R. H. BARRETT.
1995. The current distribution of the fisher (Martes
pennanti) in California. California Fish and Game,
81:104-112.

Submitted 5 March 1998. Accepted 24 September
1998.

Associate Editor was Renn Tumlison.



