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Abstract

Determining the gender of American martens (Martes americana) and fishers (M. pennanti) from track plate stations would
significantly augment the information currently gathered from this simple and inexpensive survey method. We used track-plate
impressions collected from captured individual martens and fishers of known gender to develop methods to distinguish the gender
from tracks. We collected marten tracks from two subspecies M. a. sierrae (tracks n = 54, individuals m = 12, f = 8) and M. a.
humboldtensis (tracks n = 109, individuals m = 10, f = 9). We developed a model for martens which performed extremely well
(91-100%) using only total track length. For fishers, we collected 64 tracks (from 7 males, 17 females) and developed a 3-variable
model, using interdigital pad height, interdigital pad width, and total track length, which correctly classified 98.6% of the tracks.
We evaluated track quality on 129 sheets of contact paper collected during summer (dry-season) and 137 sheets collected during
fall (wet-season); 100% of dry season compared to 51% of wet season sheets had suitable quality tracks. Gender discrimination
of Martes tracks can be used to investigate gender differences in distribution and habitat (associations), but the generality of these

findings to other populations is undetermined.

Introduction

The American marten (Martes americana) and
fisher (M. pennanti) are medium-sized carnivo-
rous mustelids that occur primarily in mature and
old-growth conifer-dominated forests in North
America. Their distributions are largely sympatric
across the boreal forests of Canada, the upper
midwestern and northeastern United States and
throughout the mountains of the western United
States (Powell et al. 2003). Populations or subspe-
cies of each species have state or federal status,
particularly in the western United States, primarily
due to the immediate and long-lasting effects of
historical fur-trapping and the effects of timber
harvest (Buskirk and Zielinski 2003). Fishers are
protected from legal fur-trapping in the Pacific
states (Washington, Oregon, and California) and
martens are protected in California. Despite these
conservation measures, both species remain vulner-
able to additional population declines due to the
effects of continuing timber harvest, vegetation
management and the threat of severe wildfire.
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Both species have proven relatively difficult and
expensive to study due to their secretive habits and
relatively large home ranges (adult males average
from 7 to 40 km? and adult females average 5 to
15 km? for martens and fishers, respectively [Bus-
kirk and MacDonald 1989, Powell and Zielinski
1994]). Fur trappers provided the first insights
on the distribution of these two species, relative
population trends, and observations of habits
and habitat use (e.g., Grinnell et al. 1937). In the
last few decades more formal investigations of
the ecology of Martes have used radio telemetry
and non-invasive survey methods including snow
tracking, track plates, camera trapping (Barrett
1983, Raphael 1994, Zielinski and Kucera 1995),
and most recently hair snaring (Lynch et al. 20006,
Zielinski et al 2006). Each method has strengths
and weaknesses and is typically suited to address
specific types of questions (e.g., radio telemetry
is best suited for determining home range size,
track plate surveys were designed for determining
occupancy). The sooted-track plate continues to be
a popular, reliable, cost-effective, and non-invasive
survey method. Track plates have been widely
used to establish species presence (Zielinski et
al. 2005), monitor population trends (Zielinski
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and Stauffer 1996, USDA 2006), and to better
understand habitat associations of both fisher and
marten at a variety of spatial scales (Carroll et
al. 1999, Slauson et al. 2007, Davis et al. 2007).
Heretofore, the method has been limited to spe-
cies-level identification.

The ability to accurately determine the gender
of marten or fisher, based on their tracks at track
plate stations, will greatly increase the utility of
the track plate method by providing new oppor-
tunities to investigate gender-specific distribution
and habitat association questions. The develop-
ment of such a method should be possible given
the sexual size dimorphism in the genus Martes
(Clark et al.1987, Powell 1993) and the fact that
formal techniques to measure and analyze tracks
collected from sooted aluminum track plates
have been in use for some time (e.g., Zielinski
and Truex 1995).

Our primary objective is to present quantitative
tools to accurately distinguish tracks of male and
female martens and fishers in California. Routledge
(2000) developed a discriminant model for distin-
guishing the gender of the largest subspecies of
martens, M. a. actuosa, using track measurements
obtained from track plates. Although Routledge’s
(2000) model worked well for M. a. actuosa in
Ontario, it has not been tested on other subspe-
cies of marten and may perform poorly for the
smaller subspecies found in California. We present
a test of Routledge’s (2000) model on California
martens and develop an alternative model. There
is no existing information on how to distinguish
the gender of fishers based on their tracks at track
plate stations. We present a new method and
quantitative model that will enable biologists to
distinguish the gender of fishers based on track
measurements obtained from track plates.

Methods

Track Collection

Tracks were collected from wild martens and
fishers as they were released from live traps
during autecological studies that required the
capture of animals. During immobilization of
captured animals the gender was determined and
relative age (adult or sub adult <2 years old) of
each individual was estimated using the combina-
tions of teat size, body weight and condition for
females and baculum development, tooth wear,

186  Slauson, Truex, and Zielinski

body condition and weight for males. One or
two track-plate enclosures (Zielinski and Kucera
1995) were attached to the live traps, and animals
released through these enclosures deposited acety-
lene soot track positives on the adhesive side of
one or more sheet of Con-tact (Pliant Solutions
Corp., South Deerfield, MA) paper. Each sheet
was labeled with the individual’s identity and
gender; sheets were later stored in acetate docu-
ment protectors to preserve the integrity of the
track impressions.

Marten tracks were collected from 1992 —2003
within the range of two California subspecies,
M. a. sierrae and M. a. humboldtensis (Grinnell
et al. 1937). Tracks were collected from 3 study
sites within the range of M. a. sierrae in Siskiyou,
Shasta, and Tulare counties (Figure 1). Tracks
were collected from a single study site within the
range of M. a. humboldtensis, in Del Norte and
Humboldt counties (Figure 1). Fisher tracks were
collected from 1992-1994 from the two disjunct
populations of M. pennanti pacifica in California
(Zielinski et al. 2005). The northwestern Califor-
nia population was represented by samples from
Shasta and Trinity counties and the southern Sierra
Nevada population was represented by samples
from Tulare county (Figure 1).

Assessing Track Quality

Because track quality can affect measurements
taken, we excluded all tracks that lacked clear
registration of two of the three main interdigital
pads (I3 and 14; Figure 2) and toe pads 2-5 (Fig-
ure 2). To facilitate assessing track quality, we
developed 3 quality categories (Figure 3): (1) all
details of interdigital pads 3-4 and toes 2-5 clearly
register; (2) all interdigital pads 3-4 and toes 2-5
register, but margins are not entirely clear; and
(3) size or detail of interdigital and toe pads is
absent, reduced, or mostly obscured, or the track
is distorted due to lateral foot rotation, smudging,
or excess moisture. We collected tracks only on
white Con-tact paper and only used tracks with
a quality of 1 or 2 in our analyses.

Track Measurement

To apply the general technique developed by
Zielinski and Truex (1995) it is necessary to de-
termine whether the track was made by the right
or left foot. We used the 4 rules described by
Zielinski and Truex (1995) to guide right and left
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Figure 1. Geographic locations of fisher (Martes pennanti) and American marten (Martes americana) populations from which
reference tracks were collected with respect to their historical ranges in California.

4.

TR1

foot determination. Next, the identified toes and
pads were used to create a single reference point
by drawing two lines: one connecting the medial
margins of 2 and I3, and another line connecting
the lateral margins of 5 and I3 and bisecting this
angle (Zielinski and Truex 1995; Figure 2). This
coordinate system maintained precision in Carte-
sian measurements and provide a reference point
from which other measurements were derived. We
collected data from both original and photocopied
tracks impressions and one observer recorded all
measurements for each species. Measurements
from photocopies do not alter track dimensions

Figure 2. Schematic diagram with 3 example measurements for a

right-footed Martes track collected from a sooted track
impression on white Con-tact paper. Toe pads are identi-
fied with numbers (1-5) whereas the interdigital and heel
pads are represented with letters (I1-14, H). The ordinate
of the Cartesian grid is formed by bisecting the angle of
intersection created by the dashed lines joining the medial
margins of 2 and I3, and the lateral margins of 5 and 13
(adapted from Zielinski and Truex 1995). TR1 = Total
Length, TR4 = 13-4 Width, Y122 = I3 Height.
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Figure 3. Tracks of the American marten illustrating typical examples of the varying quality of track impressions. Each track
illustrates characteristics of our 3-category quality ranking: Category (1) all details of interdigital pads 3-4 and toes
2-5 clearly register; Category (2) all interdigital pads 3-4 and toes 2-5 register, but margins are not entirely clear; and
Category (3) size or detail of interdigital and toe pads is absent, reduced, or mostly obscured, or the track is distorted
due to lateral foot rotation, smudging, or excess moisture.

(Zielinski and Truex 1995, Zielinski, unpublished
data) and in some cases provided easier media for
sharing, archiving, and measuring tracks. Tracks
were measured to the nearest 0.01 mm using
electronic digital calipers (Browne and Sharpe,
Kingston, USA) and following methods described
by Zielinski and Truex (1995).

Observations from soot track positives on
Con-tact paper suggest that there are consistent
differences in the size and dimensions of fore
versus hind feet in Martes. It is most common
for fore feet to appear on track plates although
hind feet do appear occasionally. Because fore
feet are most common and to reduce variation
between measurements from fore and hind feet,
we based gender discrimination on measurements
from fore feet only for marten, and primarily on
fore feet for fisher. Taylor and Raphael (1988)
found little difference between Martes fore and
hind foot dimensions based on measurements
from soot track negatives on aluminum plates, a
lower quality surface for capturing track details
than Con-tact paper sheets. No method currently
exists to distinguish fore versus hind feet of Martes
on track plates. We developed such a method by
comparing several characteristics: measurement
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of Total Width (Table 1), measurements and shape
of interdigital pads (Table 1), and the spacing and
typical shape of the toe prints.

Distinguishing Gender

For marten tracks, we collected four measurements
including two variables from Routledge’s (2000)
discriminant function (I4-D5 Distance and 14-D3
Distance) and two standard measurements for dif-
ferentiating tracks (Total Length and Total Width;
Table 1). Eleven measurements were collected
from each fisher track and included 4 gross track
dimensions adopted from Taylor and Raphael
(1988), 4 interdigital pad measurements, and 3
variables measuring the closest distance between
various toe pads (Table 1).

Univariate analyses were conducted to inves-
tigate gender variation in track dimensions and
to aid in evaluation and selection of variables for
multivariate analysis. Confidence intervals and
ranges were calculated to determine the degree
of overlap between genders for all variables.
Track dimensions for M. a. sierrae and M. a.
humboldtensis were analyzed separately due to
differences in body size between these 2 subspe-
cies (Hagmeier 1961, Slauson and Zielinski 2002).



TABLE 1. Track measurement variables collected from sooted track plate impressions of Martes spp., as described by Zielinski

and Truex (1995).

Total Length—Overall track length, measured from the anterior most toe pad margin (usually toe 3 or 4 in Figure 1) to the pos-

terior interdigital pad margin (12 or 14).

Total Width—Widest spread of toes, measured from the medial margin of toe pad 1 (toe pad 2 when 1 is absent) to the lateral

margin of 5.

Total I Width*—Overall length of the interdigital pad, measured from the anterior margin of 13 to the posterior margin of 14 (12

when it is more posterior than 14).

13-4 Width*—Combined width of interdigital pads I3 and 14, measured from the medial margin of 13 to the lateral margin of

14.

13 Width*—Width of interdigital pad 13.

14 Width*—Width of interdigital pad I4.

13 Height*—Height of interdigital pad I3.

14 Height*—Height of interdigital pad 14.

D3-4 Distance*—Closest distance between toe pads 3 and 4.
D2-5 Distance*—Closest distance between toe pads 2 and 5.

D2-3 Distance*—Closest distance between toe pads 2 and 3.

14-D3 Distance**—Closest distance between interdigital pad 4 and toe pad 3.

14-D5 Distance**—Closest distance between interdigital pad 4 and toe pad 5.

*Measured for fisher only.
**Measured for marten only.

Track morphology may vary among subspecies and
geographic regions. Thus, because marten tracks
were collected from 2 subspecies and fisher tracks
were collected from a single subspecies but two
disjunct populations, two-way Analysis of Variance
(ANOVA) involving gender and subspecies (i.e.,
marten) or region (i.e., fisher) was conducted.

Discriminant function analysis (Klecka 1980)
was used to develop a model capable of classifying
unknown tracks as male or female. Our goal was
to develop the most parsimonious model for each
species that achieved at least 95% classification
success. We initially screened candidate track
variables by interpreting ANOVA results and
confidence intervals, as well as considering the
ease of measurement of each variable. If ANOVA
results identified significant differences in track
morphologies between subspecies or regions, we
developed separate models for each rather than
pooling data.

We assessed classification success of each
model using the training datasets (data used to
build each model) for marten and fisher. For the
fisher only, the track collection was re-examined
to determine the number of fisher tracks initially

considered illegible due to the absence or lack of
clarity of certain track features, but which contained
the requisite features necessary for calculating the
discriminant score. These tracks were then used as
a separate test dataset for assessing classification
success for the fisher model.

To evaluate the classification success of each
model, we evaluated: (1) the correct classification
rates; (2) significance of Wilk’s Lambda, a statistic
that tests whether there are differences between the
means of male and female tracks on a combination
of dependent variables; and (3) the comparison
of the chance-corrected classification rates using
Cohen’s kappa statistic (Manel et al. 2001).

Field Efficacy of Collecting Measurement
Quality Tracks

To evaluate the efficacy of collecting measurable
tracks under normal field conditions (i.e., animals
are not live-captured and tracks are not collected
under controlled conditions), we analyzed marten
and fisher tracks from California that were obtained
using standard baited track plate sets (Slauson and
Zielinski 2007, Zielinski et al. in press). For each
sheet of Con-tact paper the number and quality
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of measurable tracks were recorded. We also
compared track quality for marten tracks collected
during a dry (summer) and wet (fall) season by
reporting the number of sheets of Con-tact paper
with high quality measurable tracks.

Results

Track Measurement: Marten

A total of 163 marten tracks were measured,
representing 54 M. a. sierrae tracks from 20 in-
dividuals (8 adult, 4 sub-adult males: 4 Adult, 4
sub-adult females) and 109 M. a. humboldtensis
tracks from 19 individuals (6 adult, 4 sub-adult
males: 4 Adult, 5 sub-adult females). The maxi-
mum number of tracks from a single marten was
12 and the minimum was 1.

Track Measurement: Fisher

A total of 64 tracks (19 male, 45 female) collected
from 15 individuals (4 males, 11 females) from the
southern Sierra Nevada and 9 individuals (3 males,
6 females) from northwestern California were
measured. The maximum number of tracks from
a single fisher was 5 and the minimum was 1.

Fore Versus Hind Feet

Hind and fore feet can typically be distinguished
using several characteristics collectively (Figure
4). First, if heel pads are present they are fore

feet, however these pads rarely register on track
plates. Second, while hind feet are usually only
slightly smaller in total length, the fore feet are
typically noticeably wider (marten: F = 50.63,
df =1, P = <0.0001; fisher: F =25.30,df =1, P
= 0.0002) due to greater spacing between fore
foot toes, especially D3-4 (Figure 4). Third, the
sizes of the interdigital pads are larger in fore
feet, especially 14 (marten: F = 76.88, df = 1, P
=<0.0001; fisher: F=17.41,df =1, P=0.0011)
than hind feet. Other features include a greater
distance between I3 and the middle toes and a more
rounded appearance to the interdigital pads of the
hind feet (Figure 4). Using these characteristics
collectively should enable the reliable distinction
of fore and hind feet.

Distinguishing Gender: Marten

Tracks from M. a. sierrae were significantly larger
than those from M. a. humboldtensis for all mea-
surements (F=7.5-63.5,df = 1, P <0.006) except
Total Width (F = 1.44, df = 1, P = 0.23). Using
pooled data for marten subspecies, total length and
total width track measurements from adults were
larger than those from sub-adults (Total Length: F
=19.97,df =1, P <0.0001; Total Width: F = 3.43,
df =1, P =0.067) and differences between adult
and sub-adult males (0-10%) were greater than
differences between adult and sub-adult females
(0 — 4%; Figure 5a-b).
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Figure 4. American marten (left pair) and fisher (right pair) tracks from sooted track plates showing fore and hind feet.
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S5a. M. a. sierrae track measurements.
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5b. M. a. humboldtensis track measurements.
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Figure 5. Box (95% confidence intervals) and whisker (minimum-maximum) plots for track measurements from 2 subspecies
of American martens.

After accounting for the effect of subspecies, = 81.8, df = 1, P <0.0001), 14-D3 Distance (F
all measurements were significantly larger for =223.3,df = 1, P = <0.0001), Total Width (F
males compared to females: 14-D1 Distance (F =67.8,df = 1, P = <0.0001), Total Length (F =
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370.0, df = 1, P = <0.0001). However, with the
exception of Total Length, inspection of the 95%
confidence intervals for all other measurements
revealed overlap between males and females for
one or both subspecies (Figure 5a-b). Inspection
of the ranges revealed extensive overlap for Total
Width and 14-D1 Distance, moderate overlap
for 14-D3 Distance, and no or slight overlap for
Total Length. Total Length had the largest mean
difference (>3 mm) between males and females,
0.33 to 3.0 times larger than the differences of all
other measurements.

Based on the univariate and ANOVA results,
Total Length showed the most potential for dis-
tinguishing gender for California martens. Conse-
quently, for M. a. sierrae, we developed a single
variable discriminant function model using the
value equidistant between the minimum male
value and maximum female value for Total Length
based on individual tracks:

gender = (Total Length) — 30.75

where >0 is a male and <0 is a female.

For M. a. humboldtensis, there was overlap
between the minimum male and maximum female
values for Total Length based on all tracks (Figure
5b), but not between the values of total length based
on the mean of all tracks for each individual. Thus,

we used the value equidistant from the minimum
male’s and maximum female’s individual mean
total lengths to develop the model:

gender = (Total Length) —29.70

where >0 is a male and <0 is a female.

When we applied Routledge’s (2000) model
to our marten data it performed poorly, yielding a
25.9% successful classification for M. a. sierrae
and 29.3% for M. a. humboldtensis. The single
variable model for M. a. sierrae correctly classi-
fied 100% of individual tracks (Wilk’s Lambda
=0.250, P <0.001; Cohen’s Kappa = 1.0, SE, =
0.00, P <0.001; Table 2). The M. a. humboldtensis
model correctly classified 91.7% of individual
tracks (Wilk’s Lambda =0.301, P <0.001; Cohen’s
Kappa = 0.83, SE, = 0.048, P <0.001; Table 2).
Furthermore, when the M. a. sierrae and M. a.
humboldtensis models were applied to each indi-
vidual marten’s mean total length for all measured
tracks, they both correctly classified 100% of all
individuals (Table 2).

Distinguishing Gender: Fisher

There was considerable overlap between gender
for all track measurement variables and almost
half of the confidence intervals included the other
gender’s mean for the respective variable (Table 3).

TABLE 2. Correct classification success for gender discrimination using three models for American marten tracks from two
subspecies, M. a. sierra and M. a. humboldtensis, in California. Individual tracks refer to single tracks on a contact
paper sheet and individual mean refers to the mean of the measurement for all tracks from an individual marten.

Model
Total Length Total Length Routledge’s
Individual Tracks Individual Mean 2-Variable Model*
M. a. sierrae (n=54) (n=20) (n=54)
Male
Adult (n=28) 100% 100% 82%
Sub-adult (n = 4) 100% 100% 80%
Female
Adult (n=4) 100% 100% 63%
Sub-adult (n = 4) 100% 100% 60%
M. a. humboldtensis (n=109) n=21) (n=109)
Male
Adult (n = 6) 100% 100% 81%
Sub-adult (n = 4) 80% 100% 70%
Unknown (n = 2) 100% 100% 14%
Female
Adult (n=4) 85% 100% 53%
Sub-adult (n =5) 91% 100% 79%

*This represents a recalibrated version of Routledge’s (2000) model for the marten subspecies presented in this table.
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TABLE 3. Summary statistics for 11 track measurement variables collected from sooted track plate impressions for 19 male
(7 individuals) and 45 female (17 individuals) fishers in California from 1992-1994; all measurements reported in

mm.
Variable Gender Minimum Maximum Mean 95% CI
Total Length M 43.70 53.88 48.12 42.87,53.37
F 37.49 47.23 41.75 37.43,46.07
Total Width M 36.01 46.42 42.02 35.74, 48.30
F 29.25 43.32 35.88 28.38, 43.66
Total I Width M 17.81 22.84 20.12 16.54, 23.70
F 12.75 18.78 16.10 13.21, 18.99
13-4 Width M 18.11 26.09 22.56 17.88, 27.23
F 13.85 21.64 18.34 15.17,21.51
13 Width M 14.50 24.57 17.52 13.10, 21.94
F 8.89 15.64 13.25 10.55, 15.95
14 Width M 7.12 11.14 9.03 6.26, 11.81
F 4.92 9.01 6.72 475, 8.69
13 Height M 10.22 17.19 12.59 8.96, 16.22
F 6.86 11.71 9.61 7.34, 11.87
14 Height M 9.06 13.25 11.07 8.47, 13.68
F 5.44 10.76 8.19 5.83,10.55
D3-4 Distance M 3.56 10.78 8.04 4.74,11.34
F 4.45 8.72 6.37 3.98, 8.76
D2-5 Distance M 24.57 39.04 29.12 19.74, 38.49
F 18.83 31.18 24.05 18.00, 30.11
D2-3 Distance M 5.17 11.71 8.17 4.32,12.03
F 4.68 16.68 9.22 3.09, 15.35

All male track measurements except D2-3 (P =
0.02) were significantly larger than female track
measurements at P <0.01. Only 14 Height and
D2-3 Distance showed significant differences
between regions (F=10.9,df =1, P=0.002; F =
43.15,df =1, P =<0.001; respectively). However,
for D2-3 Distance, there was also a significant
interaction between gender and region (F = 8.18,
df =1, P =0.0006).

Based on ANOVA results, all variables except
D2-3 Height and 14 Height, which showed a
significant regional effect, were candidates for
discriminant analysis. Of the remaining 9 vari-
ables, only those that had an F statistic > 70 were
considered for inclusion. Of the 6 variables that
met this criterion, three were selected due to ease
of measurement considerations: Total Length, 13-4
Width, and I3 Height. We developed the follow-
ing discriminant model for fisher tracks collected
from sooted track plates:

gender = (1.046*I3 Height) + (1.011*Total Length)
+ (0.361*13-4 Width) - 62.17

where >0 is a male and <0 is a female. The model
for fishers correctly classified 98.4% of the training
dataset (Wilk’s Lambda =0.295, P <0.001; Cohen’s
Kappa = 0.963, SE, = 0.1457, P <0.001).

Re-examination of the track library resulted
in a test dataset of 40 tracks (15 male from 7
individuals, 25 female from 13 individuals) that
had not been previously sampled. The model cor-
rectly classified 95.0% of tracks (K =0.8933, SE.
=0.1683, P <0.001) from this test dataset.

Field Efficacy of Collecting Measurable
Tracks: Marten

We measured 344 individual tracks from 129
different sheets of Con-tact paper collected from
sooted track plate stations operated during the
dry summer season of 2003 in the northern Sierra
Nevada mountains (Zielinski et al. in press). One-
hundred percent of the 129 sheets of Con-tact paper
had at least 1 high quality (quality category 1 or
2) track for measurement. Ninety-six percent of
the sheets had >2 tracks present for measurement.
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During the fall of 2003 we re-sampled all the same
locations using the same track plate protocol, but
during periods of rain and snowfall. Due to poor
track quality caused by moisture on the animals’
feet and Con-tact paper, increased smearing, and
degradation of Con-tact paper glue, only 45 indi-
vidual tracks were measurable from 137 different
sheets of Con-tact paper. Only 70 (51%) of the
sheets had at least 1 high quality track (quality
category 1 or 2).

Field Efficacy of Collecting Measurable
Tracks: Fisher

We measured 35 individual tracks from 33 different
sheets of Con-tact paper collected from track plate
stations operated during the dry summer season
of 2006 in the interior northern California coast
range (Slauson and Zielinski 2007). Non-toxic
photo-copier toner was used on the track plates
instead of acetylene soot (Belant 2003). Ninety-
seven percent of the 33 sheets of Con-tact paper
had at least 1 high quality track (Category lor
2) for measurement. Seventy-six percent of the
sheets had >2 tracks suitable for measurement.
The use of toner versus acetylene soot did not
appear to produce any significant differences in
track quality or measurability.

Discussion

Of all the track measurements we investigated,
Total Length best represented the overall sexual
dimorphism found in Martes. Sexual dimorphism,
represented by ratios of body mass, were similar
for our study populations (males were 49% and
80% larger than females for martens [Slauson
and Zielinski 2002] and fishers [Truex et al.
1998], respectively) compared to their average
ratios throughout their ranges (65% and 85% for
martens [Clark et al. 1987] and fishers [Powell
1993], respectively). Thus, if Total Length of tracks
varies similarly to body mass across the range of
Martes, it may be a useful track metric elsewhere
in the ranges of Martes in North America.

The inclusion of two additional variables in
the fisher model suggests that there is less dimor-
phism in track measurements between the genders
of fishers than between the genders of martens.
This contradicts our expected predictions based
on body mass ratios. While this may simply be
due to the set of variables measured for fishers
compared to those measured for martens, it may
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also be due to more complex allometric relation-
ships between body mass and foot morphology
in fishers than martens.

Differences in track measurements between
marten subspecies paralleled body size differ-
ences between the larger M. a. sierrae and the
smaller M. a. humboldtensis. In California, fishers
generally occur sympatrically in the regions oc-
cupied by these two marten subspecies (Zielinski
et al. 2005), but populations of fishers from these
regions did not show any significant differences
in track morphology. Perhaps marten subspecies
may have had stronger alternative selective pres-
sures for foot morphology in these two regions
than fishers.

The methods and models we developed to
identify gender of martens and fishers from track-
plate positives greatly enhances the information
that can be collected from track-plate surveys. Our
results enable resource managers and researchers
to collect information heretofore only available
through more costly techniques such as radio
telemetry and genetic sampling. The ability to
identify gender complements recent techniques
developed to identify individual fishers by analyz-
ing footprint patterns obtained from track plate
impressions (Herzog et al. 2007). Combining
our methods with those of Herzog’s et al. (2007)
would provide data similar in resolution to non-
invasive genetic sampling techniques. However,
genetic sampling would still be required to de-
termine relatedness among individual animals or
to investigate hormonal variation.

The ability to identify gender of fishers and
martens from track plate impressions provides
many analytical opportunities previously unavail-
able. For example, gender-specific regional habitat
models can be developed to complement existing
models (e.g., Carroll et al. 1999). The ability to
develop gender-specific regional habitat models
may provide insights into the spatial organiza-
tion of Martes and source-sink habitat dynamics,
particularly when sampling occurs systematically
over space and time (e.g., USDA 2006). For ex-
ample, areas where males are routinely detected
and females are never or only sporadically de-
tected may indicate sink habitat; whereas areas
where females are routinely detected may suggest
source habitat.

A central hypothesis regarding the spatial
organization of Martes is that males compete for



access to females, and females compete for access
to resources (Powell 1994). Further, in areas with
deep persistent snow, it has been hypothesized that
snow depth limits fisher distribution, and fisher
occurrence may limit marten distribution (Krohn
et al 2004). Applying the methods presented in this
paper, it would be possible to design field studies
using track plates to test these hypotheses. The
raw data collected from such efforts could be used
to estimate gender-specific detection probabilities
and occupancy rates, providing more quantitative
results than simple detection/non-detection of
Martes gender. Furthermore monitoring changes
in occupancy rates by females and males over
space and time (MacKenzie et al 2005) provides
more sensitive approaches for monitoring Martes
populations. This application is currently being
used by an ongoing regional monitoring program in
California (USDA 2006) to track not only overall
trend in fisher population status, but also potential
changes in the distribution and the total number of
sample units detecting females and males.

Although the techniques described herein can
greatly increase the value of Martes surveys in
California, their use must be undertaken with some
caution. It is possible that a male and a female of
either species could be detected on a single track
sheet and, in areas where the species co-exist,
any combination of species and gender could be
detected. We assume, however, that the likeli-
hood of detecting more than one gender/species
combination is generally low, particularly when
surveys rely on short check intervals (e.g., 2-3
days between checks). To guide the practitioner
in the successful application of these techniques,
we have developed a simple classification key for
identifying putative fisher and marten tracks to
gender (Appendix 1).

Our models were developed using a range of
ages for martens, but primarily adult fishers. It is
possible that sub-adult male martens and sub-adult
male fishers could be misclassified as females
during their growth period. Several <1-year old
male martens, caught during the dispersal period
of the year, were included in the marten track
library and all were correctly classified by the
models we developed. Though data are limited
for fishers and martens, juvenile dispersal in
California is assumed to begin during the fall
(Sean Matthews, Wildlife Conservation Society,

personal communication; K. Slauson, unpublished
data) and at an age when body size (though not
necessarily mass) has reached adult size. Thus, it
is reasonable to assume that dispersing individu-
als have achieved adult foot size and our models
will correctly classify the gender of sub-adults
for both martens and fishers.

The greatest chance of misclassification oc-
curs when pre-dispersal martens or fishers (i.e.,
young-of-the-year that are ambulatory but have not
yet dispersed from their natal areas) are detected
at track plate stations. Although juvenile males
may be misclassified in this situation, it is not a
functional misclassification. The presence of a
juvenile male in a given area during the summer
indicates the presence of an adult female. However,
it is also possible that a juvenile fisher could be
misclassified as a male marten, an issue recognized
but not resolved by Zielinski and Truex (1995).
In situations where it appears that both an adult
female fisher and a male marten were detected
in close proximity (in either space or time), the
practitioner should carefully consider the time of
year and other factors (e.g., known occurrence of
sympatric Martes populations) before making a
final determination that the tracks were not those
of an adult female fisher and a juvenile fisher.
To better address these issues, we encourage
the collection and analysis of additional tracks
from known yearling males during the months
prior to and after they are likely to leave their
mother’s care.

The discriminant models we developed were
specific to martens and fishers in California. Apply-
ing our results to other subspecies or populations
would require additional testing and calibration
of the models. Our test of Routledge’s (2000)
model on M. a. sierrae and M. a. humboldtensis
demonstrates the risks (i.e., low correct classi-
fication rate) associated with using models that
were developed for other subspecies. Although
the two variables (I4-D5 and 14-D3 distances)
in Routledge’s (2000) model worked well for
the larger M. a. actuosa, they were not effective
in distinguishing the gender of the smaller sub-
species considered here. This suggests that foot
morphology may not change isometrically with
body size among marten subspecies. Use of the
models presented here for other M. americana
subspecies should proceed cautiously. We suggest
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that our models only be used in these situations if
key track measurements from known individuals
within the subspecies or regions of interest have
identical characteristics to those summarized in
this paper (e.g., means, ranges, and 95% confi-
dence intervals).
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APPENDIX 1. Decision tree for application of Martes gender discrimination methods to tracks collected on track plates.

1. Martes tracks present (Taylor and Raphael 1988) .......c.cciviiiiiiiiiiiiiiieeceee ettt 2
1. Martes tracks absent

2. Tracks of quality 1-2!

2. Tracks quality 3'
3. MATTEN tTACKS PIESEIEZ .. ...uiuitcteiietetet ettt ettt ettt ettt et e ae et et e s et s esea e eseb e st s e s e st e b e s en e s et entesesesea s et esene et eses et eteneeeseseneees 4
3. FISNET tTACKS PIESEIIEY ..ottt ettt ettt ettt ettt ettt 5
4. 1 quality category 1 OF 2 traCK PIESEINL. .....c.evuiiiuirtirieiietieteiet ettt ettt sttt ettt ettt se et b et ebetenneae 6
4.>1 quality cateZory 1 OF 2 traCK PIESEIL.....c.ccuvueuiuirieueiiirieteieteteiert ettt ettt ettt s et be e seeaeaenens 10
5.1 QUALILY TFACK PIESEIE. ... cuuieiriiieieiet ettt ettt ettt ettt s s et a et es ettt eaesa e be b nnennen 7
5.1 QUALIEY tTACK PIESEIIL. ...ttt ettt ettt ettt ettt st et e bt b et e st es et e s s e st s s e s es e b e s e st es et et eneesenseneesessenneneetenne 10
6. If within range of M. @. RUMBDOIAIENSIS ...........c.c.ccovueuiiiiiniiiiieieieiee ettt 8

6. If within range of M. a. sierra

7. apply fisher MOdel’, if TESUILS S0 .....coveuiiiiriiiieiei ettt Male fisher
7. apply fisher MOdel’, if TESUILS <O .....viiiiiiiiiieieieieieee ettt Female fisher
8. apply M. a. humboldtensis model?, if TeSUILS >0 .......ceerivieiiiririeiiieee e Male marten

8. apply M. a. humboldtensis model®, if resultsS<O........ooviviriririeiririeeee e Female marten

9. apply M. a. sierra model®, if T€SULLS S0 .....c.coiriiiiiiiriieieieieieee e Male marten

9. apply M. a. sierrae model?, if TeSUILS <O ....c.ooveviuiirieiiirieiee s Female marten

10. Measure all quality tracks, apply model (step 7, 8, or 9), if all results <O

OF AL TESUIES S0 ...ttt One gender present
10. Measure all quality tracks, apply model (step 7, 8, or 9), if all results are
N0t <O 01 all TESUILS ATE MOt S0ttt b ettt 11

11. Two distinct size clusters of tracks present, one producing model results

>0 and one <0, each cluster represents a logical sequence of tracks

(e.g., right and left print sequences match measurement clustering)

0N the COoN-tact SHEET ......c.evviuiiiriiiciiic e Both genders present
11. Tracks measurements producing model results of <0 and >0 do not

logically cluster, variation appears to be within a single track sequence

or indistinguishable, take mean measurements and apply model

(SEEP 7,5 8, OF )ittt sttt One gender present

!'Category (1) all details of interdigital pads 3-4 and toes 2-5 clearly register; Category (2) all interdigital pads 3-4 and toes 2-5
register, but margins are not entirely clear; and Category (3) size or detail of interdigital and toe pads is absent, reduced, or mostly
obscured, or the track is distorted due to lateral foot rotation, smudging, or excess moisture.

2Use Taylor and Raphael 1988 and Zielinski and Truex 1995 to assist identification.

3 Fisher Tracks: gender = (1.046*13 Height) + (1.011*Total Length) + (0.361*I3-4 Width) -62.17 where >0 is a male and <0 is
a female.

* Marten Tracks:
M. a. humboldtensis: gender = (Total Length) — 29.70, where >0 is a male and <0 is a female.
M. a. sierrae: gender = (Total Length) — 30.75, where >0 is a male and <0 is a female.
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