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JoserH E. DRENNAN, PAUL BEIER, AND NORRIS L. DobD

Department of Forestry, Northern Arizona University, P.O. Box 15018,
Flagstaff, AZ 86011-5018 (JED, FPB)
Arizona Game and Fish Department, 2221 West Greenway Road, Phoenix, Arizona 85023 (NLD)

We developed rainproof track stations to index sciurid abundance. Track stations were
effective at detecting presence of a species and provided a useful index of abundance in
two validation efforts. In the more rigorous validation, we documented the correlation of
two indices of abundance (our track index and catch-per-umit-effort, CPUE) with population
size of Abert’s squirrels (Sciurus aberti) as estimated by mark-recapture methods on eight
60-ha plots in April and August 1996. The track index (number of stations visited) was
correlated highly with estimated population size in both April (r = 0.983) and August (r
= (0.924). CPUE, as measured by the cumulative number of squirrels captured in the first
day and first 2 days of the trapping effort, performed as well {r = 0.905 in April and r =
0.945 in August) as the track index. We also examined the correlation between these two
indices for chipmunks (Tamias), golden-mantled ground squirrels (Spermophilus lateralis),
rock squirrels (8. variegatus), and Abert’s squirrels by double-sampling 30 plots (2.25 ha
each) for diurnal sciurids in 1994 and 19935. The track index and CPUE were. correlated
highly for chipmunks (» = 0.815), golden-mantled ground squirrels {r = 0.881), rock
squirtels (r = 0.868), and Abert’s squirrels (r = 0.926). Similarity of regression slopes
suggested that the track index was valid across seasons. Both the trap index and CPUE
were less powerful statistically than mark-recapture estimates in detecting differences
among plots and between seasons but did detect large differences without unacceptable
Type I errors. Compared to live-trapping, track stations provided results in less time, were
less expensive and easier to deploy in the field, caused no mortality to animals, and elim-
inated exposure of technicians to diseases transmitted by rodents.
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Track stations have been used in studies fected with Hantavirus (Mills et al., 1995),

of small mammals to measure home ranges.

(Justice, 1961), record occurrence (Raphael
et al., 1986), locate mammals at low density
(Boonstra et al., 1992), measure gross
changes in population size (Quy et al.,
1993), and provide a relative index of pop-
ulation size (Lord et al.,, 1970; Thompson
et al., 1988). Indices of population size are
appropriate for addressing most questions
regarding differences in density and are
usually less expensive than direct methods
of censusing (Caughley, 1977; Dice, 1941).
An index that does not require handling an-
imals also can reduce risk to the investi-
gator associated with handling rodents in-
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man;ge, and other diseases. However, visiis
to track stations may be an unreliable index
if number of visits per animal varies greatly
among individuals (Smith et al., 1994), or
if visitation rate varies greatly among sea-
sons, habitats, or other factors that might
differ between plots. Although some factors
can be controlled (e.g., by using the index
only for comparisons within a season or
habitat), the index will be unreliable if there
is large variation among individual animals
in visitation rate within a season or habitat.

Our objectives were to describe the de-
sign, construction, and use of inexpensive,
rainproof track stations to index abundance
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FI1G. 1.—A rainproof track station (25 cm Iong, 12 cm high, 11 ¢m wide) to index abundance of

sciurids.

of sciurids and compare the track-station in-
dex to both precise population estimates
and an index based on catch-per-unit effort
(CPUE), namely number of individuals
caught in a 1-3-day trapping effort. Vali-
dations occurred during two different stud-
ies. One study indexed sciurid prey of
northern goshawks (Accipiter gentilis) on
2.25-ha foraging sites (Beier and Drennan,
1997) and the other monitored seasonal
changes in abundance of Abert’s squirrels
(Sciurus aberti) on 60-ha plots (N. L. Dodd,
in litt.).

MATERIALS AND METHODS

We constructed track stations out of plastic
rain gutters to form a covered tube (Fig. 1). In-
side each track station, we placed an aluminum
track plate. *Velecro fasteners allowed the track
plate to be removed for identification of tracks,
simplified cleaning and preparaticn, and elevat-
ed the tracking surface off the base of the station
so that rainwater could run off without disturb-
ing the tracking surface. We installed a bait sheifl

made from a halved 2-cm diameter PVC pipe
inside the station midway between each end.

We prepared track plates in the field by re-
moving them from the housing, cleaning them
with a dry cloth, and applying a mixture of blue
carpenter’s chalk and alcohel with a garden-type
mist sprayer (Orloff et al., 1993). A ratio of one-
part chalk to two-parts alcohol worked best un-
der most-ambient conditions and dried within 15
min. Thin mixtures did not cover track plates
uniformly, and thick mixtures sometimes failed
to record tracks of light-weight small mammals
(e.g., Peromyscus maniculatus). Mass of diurnal
sciurids that we studied caused their tracks to
register adequately on track plates that were pre-
pared with thin or thick mixtures. We inserted
track plates and bait (a mixture of peanut butter
and catmeal) into the stations prior to deploying
them in the field.

We made a reference collection of tracks by
live trapping all target species and releasing
them through a runway of six track stations
placed end to end. In the first and third track
station, we inserted chalked aluminum track
plates; the remaining four stations contained
clear contact paper with the sticky side facing
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up. As each animal passed through the runway,
its footprints transferred chalk impressions onto
the contact paper. We removed the contact paper
and placed these onto unlined white sheets of
notebook paper with the sticky side face down.
Preserved tracks on contact paper were retained
as a permanent reference.

Track index and CPUE for Abert’s squir-
rels.—To test the validity of the track station
index of abundance, we conducted two sampling
efforts in pine (Pinus) forests surrounding Flag-
staff, Arizona. We used capture-recapture tech-
niques to estirnate the number of Abert’s squir-
rels on eight 60-ha plots on two occasions in
1996: 9-20 April and 30 July—12 August. These
plots were trapped with 49-cm Tomahawk traps
(m = 144), spaced 70 m apart in a 12- by 12-
trap grid. Each plot was pre-baited with raw un-
shelled peanuts for a minimum of 1 day preced-
ing trapping. Trapped Abert’s squirrels were im-
mobilized for handling using Metofane® (Pit-
man-Moore, Mundelein, IL) following Patton et
al. (1976) and Pederson et al. (1987). Individuals
of all other species were released immediately.
Most smaller sciurids could escape from traps,
precluding estimates of population size. Plots
were trapped for = 6 days; trapping continued
for 12 days or until the standard ermror was =<
10% of the population estimate, whichever came
first. Estimates of population size were derived
using the program CAPTURE (Rexstad and
Burnham, 1991; White et al.,, 1978). This pro-
gram adjusted for effect of edge, tested for pop-
ulation closure and for behavicral responses of
squirrels to capture, and selected the most ap-
propriate model for each data set.

Immediately following the live trapping ef-

fort, we distributed track stations on the interior -

100 stations of the trap grid. Track stations were
placed on the plot by 0800 h and retrieved at ca.
1800 h on the following day. After retrieving
track stations, we recorded the number of sta-
tions with Abert’s squirrel tracks. We did not
attempt to determine if more than one animal
visited a single station. We computed the cor-
relation coefficient between population estimates
and the track-station index and with the cumu-
lative number of squirrels captured on the first
1 or 2 days of trapping. We used analysis of
covariance (ANCOVA, with the population es-
timate as covariate) by season to test for differ-
ences in slopes of regression lines.

We used multiple pairwise comparisons to test
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for differences in abundance of squirrels among
the eight plots in April and August 1996, We
compared patterns of abundance based on mark-
recapture estimates with the patterns revealed by
track index and CPUE for the first day’s trapping
effort. We similarly evaluated the power of both
indices to statistically detect temporal changes
(April-August} in estimated population size on
each plot. In these analyses, differences between
estimated population sizes were judged signifi-
cant if there was no overlap between the 95%
C7T provided by the program CAPTURE. Differ-
ences in the track index and CPUE were eval-
uated relative to the null hypothesis that both
samples were drawn frem a binomial distribu-
tion with the expected value equal to the mean
of the two observations and n = 100 (track sta-
tions) or 144 (CPUE).

Track index and CPUE for diurnal sciur-
ids.—We sampled 30 plots (2.25-ha) for diurnal
sciurids with both track stations and live traps.
Fifteen of these plots were sampled during 24
May—10 June 1994, and 15 plots were sampled
during 31 July-9 August 1995. These plots were
laid out in grids of 10 by 10 with 15 m between
stations. Track stations were placed on the plot
by 0800 h and retrieved at ca. 1800 h on the
same day. For each species, total number of sta-
tions with tracks was recorded as the track index
for that species. Occasionally, stations recorded
tracks of more than one species,

When retrieving track stations, we placed 100
live traps on the same grid. In 1994, we trapped
for 3 days and used three different models of
traps: 30-cm long Sherman live traps (n = 20
per plot), 38-cm Sherman live traps (n = 50},
and 49 by 18 by 18-cm Tomahawks (rz = 30).
In 1995, we used only the large Sherman live
traps (n = 80) and Tomahawks (n = 20) and
trapped for 1 day following the track stations.
To minimize time spent on the plot on the first
day of trapping, we placed live traps (closed) out
the previous evening. We opened live traps at
ca. 0700 h and closed them at ca. 1700 h. We
checked traps at 1200 h and after closing at 1700
h and marked, tallied, and released new captures
and released recaptured animals.

For each species, we determined the correla-
tion coefficient between number of stations with
tracks and number of individuals trapped on the
following day (1995), or the cumulative number
of individuals captured on 1, 2, or 3 days (1994).
We used analysis of covariance (ANCOVA, with
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TaBLE I.—Population estimates for Abert’s squirrels (Sciurus aberti) on eight plots (60-ha) sam-
pled in April and August 1996 near Flagsiaff, Arizona. Population estimates were correlated with
number of track stations visited in the 2 days following the trapping effort (April—t = 0.983, P <
0.00005; August—r = 0.924, P < 0.00005) and to the number of Abert’s squirrels captured on the
first day (April—r = 0.915, P = 0.0014; August—r = 0.931, P = 0.0008) asid first 2 days (Aprii—x
= 0.905, P < 0.002; August—r = 0.945, P = 0.0004) of live trapping.

Number of Abert’s squirrels

Number of caught in first

Population Standard error track stations

Date and plot name estimate (% of estimate) visited 1 day 2 days

April 1996
Pumphouse 45 0.80 (2%) 62 16 30
Marshall Mesa 33 0.80 (29%) 40 10 16
Clints Well 22 4.92 (22%) 26 2 2
Fort Tuthill 18 1.44 (8%) 28 4 6
Parks 18 0.54 (3%) 20 7 11
Long Valley 15 (.85 (6%) 15 [ 9
Mormon Lake 11 1.05 (9%) 7 1 4
Gash Flat 8 0.83 (10%) 8 0 1

August 1996
Pumphouse 38 1.58 (3%) 76 34 38
Marshall Mesa 40 202 (5%) 51 13 23
Clints Well 22 2.76 (13%) 23 6 10
Fort Tuthill 41 3.34 (3%) 35 25 33
Parks 29 0.59 (2%) 51 15 22
Long Valley 13 0.84 (6%) 10 2 3
Mormon Lake 16 0.73 (5%) [} 10 13
Gash Flat 15 1.24 (8%) 10 1 2

CPUE as covariate) by season-species combi-
nation to test for differences in slopes of regres-
sion lines among species or seasons. All P-val-
ues are for two-tailed tests.

RESULTS

Track stations were lightweight, inexpen-
sive, rainproof, and caused no mortality for
study animals. One bundred track stations
weighed 35 kg compared to 45 kg for 100
38-cm Sherman live traps and 116 kg for
100 49-cm Tomahawks. Cost of materials
was $1.41 per station, excluding the cost of
carpenter’s chalk, isopropyl alcohol, and
bait materials. Track plates were protected
adequately from rain by the gutter tubes.
Six days of mild rain during the sampling
period did not disturb the tracking surface
in any of the track stations to the point that
tracks could not be identified. Mortality in
the track stations (6,200 track-station days)
was zero. Mortality in live traps (25,872
traps days) was 35 out of 1,410 captures,

or ca. 2.5% of total captures, despite mid-
day trap checks.

Track index and CPUE index for Abert’s
squirrels.—In April 1996, we recorded 428
captures of Abert’s squirrels, including 161
different squirrels (74 females, 83 males, 4
unknown) during 10,368 trap days on eight
plots. Five plots were trapped for 8 days,
and one each for 2, 11, and 12 days. In
August 1996, we recorded 587 captures, in-
cluding 232 different squirrels (103 fe-
males, 126 males, and 3 unknown) during
9,504 wap days on the same eight plots.
Two plots were trapped for 6 days, two for
7 days, and one each for 8, 9, 11, and 12
days.

Program CAPTURE estimated that pop-
ulation size of Abert’s squirrels on the eight
plots ranged from 8 to 45 squirrels per plot
in April (Table 1). Seven plots met the tar-
get level of precision (SE averaging 6% of
the estimate); the eighth plot had a SE of
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22% of the estimate after 12 days of trap-
ping. The irack index {(number of stations
visited by Abert’s squirrels in 2 days) was
correlated highly with the population esti-
mate (Table 1}. CPUE, as measured by the
number of animals caught in the first 1 or
2 days of trapping, also was correlated
highly with the population estimate (Table
1).

In August, population estimates ranged
from 13 to 58 squirrels per plot (Table 1).
Once again, seven plots had acceptable lev-
els of SE (averaging 5%), and the eighth
plot had a SE of 12.5% after 12 days. Both
the track index and CPUE were correlated
highly with population estimates (Table 1).

As expected given their high correlations
with numbers of animals, the two indices
also were correlated highly with each other
in both Aprl {(r = 0.896, P < 0.001) and
August (r = 0.821, P = 0.012). Regression
lines did not differ in slope between April
and August for both the track index (Fig.
2; ANCOVA, F=1454f =113, P =
0.25) and CPUE (Fig. 2; F = 2.08, df =
1, 13, P = Q.17).

Mark-recapture estimates revealed that
numbers of squirrels differed significantly
among the eight plots and six of the eight
plots showed significant increases between
April and August (Table 2). The track index
and CPUE were about as powerful as mark-
recapture estimates in detecting differences
among plots but considerably less powerful
than mark-recapture estimates in detecting
differences between seasons (Table 2). The
two indices were about equally powerful
when compared to each other.

Type I errors are more serious than loss
of power. There were two discrepancies be-
tween mark-recapture estimates and indices
over rank order of the eight plots (both in
August, one for each index), and additional
cases (four for each index) in which indices
suggested differences between plots not ev-
ident in mark-recapture estimates (Table 2).
If mark-recapture estimates were accurate,
these were Type I errors. Thus for each in-
dex, there were five discrepancies out of the
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Fic. 2.—a) Relationship between number of
track stations visited by Abert's squirrels (Sciu-
rus aberti) in 2 days and estimated population
size of Abert’s squirrels (based on a 6- to 12-
day mark-recapture effort) on 60-ha plots (n =
eight per line) in northem Arizona during April
1996 (dashed line, circles) and August 1996
(solid line, squares). There were no differences
between slopes. b} Relationship between number
of Abert’s squirrels caught in the first day of the
trapping effort and estimated population size on
the same plots; slopes did not differ.

64 contrasts between pairs of plots which
suggested that inferences based on indices
may have had Type I error rates approach-
ing 8%.

Track index and CPUE for diurnal sciur-
ids—In 1994 and 1995, six species of
small mammals were recorded in track sta-
tions and caught in live traps: golden-man-
tled ground squirrels (Spermophilus later-
alis), rock squirrels (S. variegatus), grey-
neck chipmunk (Tamias cinereicollis), cliff
chipmunks (7. dorsalis), Abert’s squirrel,
and red squirrels (Famiascinrus hudsoni-
cus). Golden-mantled ground squirrels were
the most frequently recorded species in
both track stations (59% of stations with
tracks) and live traps (60% of trapped in-
dividuals), followed by chipmunks (30% of
tracks, 33% of live captures). Abert's and
rock squirrels accounted for < 10% of sta-
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TABLE 2.—Differences in numbers of Abert’s squirrels (Sciurus aberti) on eight plots in northern
Arizona during April and August 1996 and differences between months within plots. Statistical sig-
nificance of differences was assessed by mark—recapture estimares (M—R), the track index (Tracks),
and catch-per-unit-effort (CPUE) on the first day of trapping.

Differences among plots in Differences among plots in  Significance of change from April

April nombers? August numbers? to August

Plot name M-R?  Trackss CPUE: M-R" Trackss CPUE* M-R™ Tracks® CPUE-
Pumphonse A A A A A A * 0.02 0.002
Fort Tuthill C C B B C AB * 0.20 0.00001
Marshall B B AB B B D * 0.07 0.41
Parks C CD B C B BC * 0.0005 0.04
Clints Well BCD C BC D D DE >0.05 0.53 0.10
Mormon Lake D E - DE E cD * 071 0.002
Gash Flat D E C DE E F * 0.52 0.23
Long Valley CDh DE B E E EF >0.05 0.20 0.10

= Estimates with the same [etter do not differ at # <X 0.05. For each method, the eight plots are rank-ordered by letter, with A
indicating highest abundance.

® Differences between estimated population sizes were judged significant if there was no overlap between the 95% Cf providad
by program CAPTURE.

¢ Two-tailed -test of the null hypothesis that both samples were drawn from the same binomial distribution with expected value
equal to the mean of the two samples.

1 No exact test possible; * indicates P < 0.05.

tions with tracks and live captures. Red
squirrels were tracked and trapped on only
one plot in 1994 and none in 1995,

For each species, namber of stations with
tracks was correlated highly with the num-
ber of animals caught (r = 0.662-0.955, Ta-

ble 3). Slopes did not differ among six re-
gressions involving four species and two
time periods (ANCOVA, F = 0.87, df =
5, 83, P = (.51). Track stations recorded
presence of a species on seven plots where
live trapping on the following day did not.

TaBLE 3.—Correlation coefficients (1) between number of track stations visited and cumulative

number of individuals live trapped on the following days (1-3 days in June 1994; I day in August
1995) near Flagstaff, Arizona. Fifteen plots (2.25-ha each) were doubled-sampled each year. Except
as noted, all r-values were significant at P < 0.0007, and slopes did not differ among the six single-

year regression lines.

r between track stations and

Number of plots

With tracks
but no
captures on

“With captures
" but no

1 day of 2 days of 3 days of  the following tracks on the

Species Year trapping trapping trapping day previous day
Tamias 1994 0.889 0.938 0.955 3 1!
1995 0.776 1 (o}
both 0.815 4 1
Spermophilus lateralis 1994 0.839 0.7542 0.6620 1 i
1995 0.840 [\ 0
both 0.881 1 1
Spermophilus variegatus 1994 (.868 0.868 0.856 1 0
Sciurus aberti 1995 0.926 I 0

P = 0,001,
® P = 0.007.
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Conversely, on two plots, a species was de-
tected by live trapping but not detected by
track stations.

DiscussioN

In both April and August 1996, the track
index and CPUE were correlated highly
with mark-recapture estimates of abun-
dance of Abert’s squirrels. Patterns of abun-
dance across the eight plots in Apnl and
August 1996 were generally similar regard-
less of whether inferences were made with
mark-recapture estimates, track index, or
CPUE (Table 2). Differences among the
three methods generally reflected lower
power of the indices compared to mark-re-
capture estimates. The track index and
CPUE also were less sensitive than mark-
recapture estimates in assessing differences
in abundance of squirrels between seasons
(Table 2). Given budget constraints and
lower costs of the track index, a researcher
might find this acceptable, especially if loss
of power can be offset by increasing num-
bers of plots or track stations per plot. If
budget constraints force a choice between
CPUE and the track index, the track index
would be favored on the basis of lower cost
and similar power.

In addition to lower power, the track in-
dex and CPUE may have actual rates of
Type I errors larger than the “‘acceptable”
5%. This conclusion, however, depends on
the absolute “‘correctness’ of inferences
based on mark-recapture estimates. Given
biases in estimates produced by program
CAPTURE (Pollock et al., 1990), some of
the observed discrepancies between meth-
ods in our experiment were probably due to
false inferences from mark-recapture esti-
mators. The true rate of Type I errors prob-
ably lies between 5% and 8% for our data.
Overall, we believe that the track index and
CPUE provide reliable indices of abun-
dance, although they are substantially less
powerful than mark-recapture estimators.

The most probable reason that track
counts and CPUE were correlated with each
other was because both were correlated
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highly with numbers of Abert’s squirrels in
1996. This is supported by correlations be-
tween index values and population esti-
mates, which were higher (» = 0.905-
0.983) than correlations between the two in-
dices (r = 0.821-0.896). The two indices
of abundance also were correlated highly
for all sciurid species sampled in 1994 and
1995. We therefore believe that both the
track index and CPUE are valid for within-
species comparisons for chipmunks, gold-
en-mantled ground squirrels, rock squirrels,
and Abert’s squirrels, despite the lack of
conclusive data for species other than
Abert’s squirrels.

We sampled in different months and
years because we expected that the relation-
ship between track counts and live captures
might vary seasonally and perhaps also
with year. Because slopes of the regressions
were similar across all time periods and in-
dices detected changes over time in Abert’s
squirrels (albeit with less power than mark-
recapture estimators), we concluded that
track counts were a reliable index of sea-
sonal change within a species. Although the
similarity among slopes of the regression
lines across species suggested that these in-
dices also might allow inference about dif-
ferences in abundance between species, we
do not feel this is justified by our limited
study.

Compared to mark-recapture efforts,
track stations were less expensive, less la-
bor-intensive, easier to deploy in the field,
and safer for the animals studied. For ex-
ample, in April 1996, an average of 15 per-
son-days were needed to estimate popula-
tion size of one species on each plot using
capture-recapture trapping. In contrast,
track stations yielded indices for four spe-
cies in one person-day. Track stations
caused no mortality for study animals and
therefore may be appropriate for studies of
sensitive populations or for the prey base of
a sensitive species.

On seven plots, we detected species that
were not detected on the following day by
live traps. On only two plots, we captured
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a species that we had not recorded in track
stations on the previous day (Table 3).
Thus, track stations were more effective at
detecting presence of species than live
traps. We believe that animals may be less
wary of track stations because the tubular
design allows them to see through stations.

One of the primary reasons that we de-
veloped track stations was to reduce risk of
exposure to diseases transmitted by rodents.
Known Hantaviruses have been found in
the urine, droppings, and saliva of some ro-
dents. Because the virus may be rendered
harmless after a few minutes of contact
with sunlight, track stations posed little
risk, whereas live traps require direct han-
dling of individual rodents. Current guide-
lines for working in potentially infected ar-
gas include wearing protective clothing and
a respirator (Center for Disease Control and
Prevention, 1993; Mills et al., 1995). Cost
of this equipment and discomfort and in-
convenience of wearing it in the field fur-
ther favor use of track stations when appro-
priate. :
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