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ABSTRACT Assessing the effectiveness of monitoring techniques designed to determine presence of forest carnivores, such as American
marten (Martes americana), is crucial for validation of survey results. Although comparisons between techniques have been made, little attention
has been paid to the issue of detection probabilities (p). Thus, the underlying assumption has been that detection probabilities equal 1.0. We
used presence—absence data obtained from a track-plate survey in conjunction with results from a saturation-trapping study to derive detection
probabilities when marten occurred at high (>2 marten/10.2 km?) and low (<1 marten/10.2 km?) densities within 8 10.2-km? quadrats.
Estimated probability of detecting marten in high-density quadrats was p = 0.952 (SE = 0.047), whereas the detection probability for low-
density quadrats was considerably lower (p=0.333, SE = 0.136). Our results indicated that failure to account for imperfect detection could lead
to an underestimation of marten presence in 15-52% of low-density quadrats in the Black Hills, South Dakota, USA. We recommend that
repeated site-survey data be analyzed to assess detection probabilities when documenting carnivore survey results. (JOURNAL OF

WILDLIFE MANAGEMENT 71(7):2412-2416; 2007)
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Throughout their range, American marten (Martes ameri-
cana) are associated with late-successional spruce—fir forests
(Buskirk and Powell 1994). Due to their specialized nature
and vulnerability to extirpation from logging, habitat
fragmentation, and other alterations (Thompson and Hare-
stad 1994, Minta et al. 1999, Potvin et al. 1999), marten
presence has been used as an indicator of a healthy forest
ecosystem (Bull et al. 1992, Buskirk 1992). Monitoring
efforts designed to assess presence of marten have utilized a
variety of techniques (e.g., snow-track surveys, line-
triggered cameras, track-plate box surveys) with varying
degrees of success (Bull et al. 1992, Foresman and Pearson
1998).

Zielinski and Kucera (1995) advocated for a standardized
protocol when surveying for forest carnivores, such as
American marten. This protocol established guidelines for 3
methods of detection: line-triggered cameras, snow-track
surveys, and sooted-aluminum track plates. Although
comparisons among these 3 techniques have been made
(Bull et al. 1992, Forseman and Pearson 1998), to date little
attention has been paid to the issue of estimating detection
probabilities (however see Zielinski and Stauffer 1996).
Thus, the underlying assumption has been that detection
probabilities equal 1.0 (i.e., if the species is present it will be
detected). Recently, several studies have shown that failure
to account for imperfect detection can lead to biased
estimates when dealing with presence—absence surveys (Gu
and Swihart 2004, MacKenzie et al. 2005).

Due in large part to its ease of implementation and
relatively low cost, one of the most commonly used methods
to determine marten presence has been the sooted track-
plate survey. It is often assumed that track-plate boxes
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exhibit higher detection probabilities when marten occur at
higher densities (Ivan and Forseman 1999, Zielinski et al.
2001, Fecske et al. 2002). However, this assumption has
never been rigorously tested. Our objective was to use
recently developed analytical techniques for presence-
absence data to estimate detection probabilities (p) when
marten occurred at high and low densities.

STUDY AREA

Located in southwestern South Dakota and extreme north-
eastern Wyoming, USA, the Black Hills represent the
easternmost extension of the Rocky Mountains (Froiland
1990). The Black Hills extend approximately 201 km north
to south and 105 km east to west (Larson and Johnson
1999). Topography varied from steep ridges, rock outcrops,
canyonlands, and gulches to upland prairie, rolling hills, and
tablelands. Elevation ranged from 973 m to 2,202 m above
mean sea level (Froiland 1990).

The Black Hills were dominated by a semi-arid con-
tinental climate type. However, the climate was highly
variable, and it was influenced by a mountain climate type
due to the rise in elevation above the surrounding plains
(Froiland 1990). Precipitation ranged from <33 cm in the
southern region to >72 cm in the higher elevations of the
northwest (Larson and Johnson 1999). Mean daily temper-
atures were typically cooler in the northern Black Hills
(—0.8-13.8° C) than in the southern Black Hills (0.5-6.9°
C; Froiland 1990).

Ponderosa pine (Pinus ponderosa) was the most abundant
tree species that occurred in the Black Hills and it comprised
84% of the forested landscape (Rumble and Anderson
1996). White spruce (Picea glauca) was the second most
abundant conifer, occupying moist habitat at mid- to high
elevations of the central and northern Black Hills. Other
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Figure 1. Map of Black Hills National Forest (BHNF) South Dakota,
USA, with survey regions for American marten, 2005-2006.

important tree species included aspen (Populus tremuloides)
and paper birch (Betula papyrifera), giving way to burr oak
(Quercus macrocarpa) in the eastern and northern foothills
(Larson and Johnson 1999).

We conducted our study in the northeastern and central
regions of the Black Hills. The northeastern region covered
approximately 532 km? and encompassed portions of
Lawrence and Meade counties east of United States
Highway 385. The central region site included portions of
Pennington County west of United States Highway 385 and
covered approximately 1,370 km? (Fig. 1).

METHODS

Track-Plate Surveys

We used a track-plate box survey (Zielinski and Kucera
1995) to determine presence or absence of marten within
our study sites. Sample units were 10.2-km? quadrats as
recommended by Zielinski and Kucera (1995). We selected
quadrats based upon a previous model used to identify
potentially suitable marten habitat (Fecske et al. 2002) and
from field reconnaissance.

We placed 6 baited track-plate boxes within each 10.2-
km? quadrat. We located boxes approximately 0.8 km apart
in a loosely shaped grid (Zielinski and Kucera 1995), and we
checked and rebaited them every 4 days for a 12-day period.

We baited boxes with chicken and we placed a commercial
lure (e.g., marten magic or skunk [Mephitis mephitis] essence
[Otter Creek Lures, Stanley, WI]) on a nearby tree as a
long-distance attractant.

Density Estimation

To estimate density within quadrats, we conducted a
saturation-trapping survey in quadrats that successfully
revealed marten presence. Otis et al. (1978) recommended
that >4 traps be placed within an animal’s estimated home
range. Due to limited home range information for female
marten in the Black Hills (» = 2; Fecske et al. 2002), we
used a home range estimate for female marten in Wyoming
of 5.96 km? (95% min. convex polygon estimate; O'Doh-
erty et al. 1997), and placed 20 Tomahawk live-traps
(Tomahawk Livetrap Co., Tomahawk, WI) approximately
0.8 km apart in each quadrat to exceed the recommended
minimum trap density. We placed traps opportunistically
within these guidelines.

We opened traps for 10 nights (200 trap-nights/quadrat)
and baited and lured them similarly to the track-plate boxes.
We placed traps at the base of trees or rocks and covered
them with branches to provide security and thermal cover
for captured animals. We checked traps daily, and we
removed all captured animals from the trap, placed them in
a restraining device, and injected them with ketamine
hydrochloride (10 mg/454 g body wt; Fort Dodge Labs,
Inc., Fort Dodge, IA). We ear-tagged, sexed, weighed, and
aged all immobilized animals. We estimated age class based
upon the degree of tooth wear (Strickland et al. 1982). We
also fitted some animals with a 33.1-g radiocollar (Advanced
Telemetry Systems, Isanti, MN). We returned immobilized
animals to the trap until the effects of the drug were no
longer apparent; we then released individuals at the capture
site. The Institutional Animal Care and Use Committee at
South Dakota State University approved all handling
protocols (Approval No. 04-A030).

Analysis

We used results from the saturation-trapping study to group
track-plate boxes into 2 categories: high- and low-density
areas. We determined group membership based on the
number of unique marten captured within each quadrat.
The high-density group consisted of quadrats in which we
captured >2 marten while the low-density group consisted
of quadrats in which we captured <1 marten. We assumed a
closed population during both the track-plate box and
saturation-trapping surveys. We used the occupancy model
of MacKenzie et al. (2002) in Program MARK (White and
Burnham 1999) to estimate detection probabilities (p) when
marten occurred at high and low densities at both quadrat (6
track plates =1 unit) and track-plate box scale (track plate =
1 unit). We based model selection on Akaike’s Information
Criterion (Akaike 1973). In addition, we used the overall
probability detection formula for £ visits (i.e., 1 — [l—p]k;
MacKenzie et al. 2006) to calculate the probability of
detecting marten at least once during £ = 3 visits at both the
quadrat and box scales.

Smith et al. ® American Marten Detection Probabilities
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Table 1. Probability of detecting American marten in the Black Hills of South Dakota, USA, 2005-2006, at the track-plate* and quadratb scale, ranked

according to AIC® value.
Models
p‘l Psi®
Scale Dcnsityf Constant5 Density Constant AIC, AAICH w] K Deviance
Track-plate
X 198.728 0.000 0.731 3 192.341
X X 200.802 2.075 0.259 4 192.146
X X 207.234 8.506 0.010 3 200.846
X 222933 24.933 0.000 2 218.742
Quadrat
X X 32.746 0.000 0.997 3 23.317
X X 44173 11.427 0.003 2 38.673

* Track-plate = track-plate box as sample unit.
® Quadrat = 6 track-plate boxes as sample unit.

¢ AIC, = Akaike’s Information Criterion, adjusted for small sample sizes.

¢ p = probability of detection.
¢ Psi = probability of a site being occupied.

£ Density = models varied by high (>2 marten) and low (<1 marten) marten abundance within 10.2-km? quadrats.
& Constant = models were not varied by marten abundance within 10.2-km? quadrats.
" AAIC, = difference in Akaike’s Information Criterion value, adjusted for small sample sizes, relative to the top-ranked model’s value.

! a; = Akaike wt, corrected for small sample sizes.
J K =no. of estimated parameters in a model.

RESULTS

We surveyed 6 quadrats (NE = 3, Central = 3) from 20
January to 25 August 2005. We surveyed 2 additional
quadrats in 2006, one from 3 to 14 January 2006 and a
second from 27 June to 9 July 2006 (NE = 2). Number of
detections registered at the quadrat scale ranged from 1 to 3,
whereas the number of detections registered at the box scale
ranged from 1 to 13. We conducted 6 saturation-trapping
surveys from 31 May 2005 to 17 November 2005. We
conducted 2 additional saturation-trapping surveys in 2006,
one from 18 to 27 January 2006 and a second from 20 to 29
July 2006. We conducted saturation-trapping surveys 4 days
to 7 months from track-plate box surveys. Number of
unique animals captured within each quadrat ranged from 0
to 7.

Greatest support at both the quadrat and box scale was for
models that allowed p to vary as a function of density (Table
1). At the quadrat scale (i.e., allowing 6 boxes to represent
one unit) the parameter estimates from our top model
revealed a 95% probability of detection over a 4-day period
(p = 0952, SE = 0.047) at high density, and a 33%
probability of detection over a 4-day period (p=0.333, SE =
0.136) when marten occurred at low density. At the box
scale, parameter estimates from our top model revealed a
62% probability of detection over a 4-day period (p =0.618,
SE = 0.060) at high density, and a 7.5% probability of
detection (p = 0.075, SE = 0.038) at low density (Table 2).

Our results revealed that over a 12-day sampling period,
detection probabilities were approximately 1.0 in high-
density quadrats (Table 2). We only observed one 4-day
period in which the quadrat failed to detect marten in high-
density areas. However, when marten occurred at low
density, detection probabilities over the same 12-day period
ranged from 0.48 to 0.85 (Table 2). Thus, failing to account

for the issue of imperfect detection would have led to an
underestimation of marten presence in 15-52% of low-
density quadrats. We obtained similar results at the box
scale. Over a 12-day period, each box had a 94% probability
of detection in high-density areas, whereas boxes in low-

density areas had a 21% probability of detection (Table 2).
DISCUSSION

Assessing the effectiveness of monitoring techniques
designed to determine presence of forest carnivores is crucial
for validation of survey results. Models that we applied to
the data indicated that track-plate boxes were more effective
at detecting marten when they occur at relatively high
density (>2 marten/10.2 km?) than at a low density (<1
marten/10.2 km?). Results from the high-density quadrats
could potentially be biased high due to the relatively large
number of marten captured in 3 of the 5 quadrats, and the
fact that we surveyed these 3 quadrats twice. However, we
conducted the repeated surveys 4-16 months apart, and
thus, any habituation to the track plate would have been
minimized. When we excluded repeated surveys from the
analysis the probability of detection at the quadrat scale
increased to 1.0 and the probability of detection at the box
scale increased to 0.725 (SE = 0.066).

Due to logistical constraints, we conducted saturation
trapping in 4 quadrats (high density =1, low density = 3) 6~
7 months post-track-plate box surveys. Results from
quadrats with a substantial time lag mirrored those from
the other 4 quadrats in which we conducted trapping <30
days from track-plate box surveys (i.e., one detection = 0
marten captured, multiple detections = >2 marten cap-
tured). It is possible the occupancy status within these
quadrats changed given the time lapse between surveys,
especially low-density quadrats, due to dispersing individ-
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Table 2. Four and 12-day detection probabilities (p) and standard errors derived from track-plate box surveys of American marten in the Black Hills of South

Dakota, USA, 2005-2006.

Scale Density* p@4d SE p(124d) (+) 1SE (-)1SE
Track-plate® High* 0.618 0.060 0.944 0.967 0.914
Low? 0.075 0.038 0.209 0.302 0.107
Quadrat® High 0.952 0.047 1.000 1.000 0.999
Low 0.333 0.136 0.699 0.850 0.482

* Density = marten/10.2-km? quadrat (results from saturation-trapping surveys).

® Track-plate = track-plate box as sample unit.
¢ High = quadrats with >2 marten.
4 Low= quadrats with <1 marten.
¢ Quadrat = 6 track-plate boxes as sample unit.

uals. Nevertheless, marten were not harvested during our
study and the parallel results obtained would suggest the
temporal variation under which we conducted surveys did
not affect our assessment of high- versus low-density
quadrats.

In each low-density quadrat there was only a single
detection registered at one track-plate box. We also failed to
capture marten in any quadrat that exhibited this detection
history with the saturation-trapping portion of the study.
This low capture rate occurred despite the fact that in one
quadrat, a radiocollared marten resided in the quadrat
during both the track-plate survey and the saturation-
trapping survey. It is unclear whether other quadrats that
exhibited single detections were the result of transient
marten passing through the quadrat, or whether the traps
were less likely to capture marten than track-plate boxes.
However, we experienced no difficulty in capturing marten
in quadrats with multiple detections.

As the number of marten within a quadrat increased,
detection probabilities and the number of detections over a
12-day sampling period also increased. This relationship
between abundance and detection probability is fairly
intuitive; however, failing to account for false absences in
these low-abundance areas has the potential to bias
inferences made from monitoring programs designed to
assess species occurrence. Populations occurring at high
densities would likely be readily identified; however, there
exists a greater probability of overlooking potentially
valuable corridor habitat, dispersed individuals, or popula-
tions that occur along the fringes or are disjunct from source
populations. Failing to account for these low-density
occupied areas has been shown to influence assumptions
about extinction probabilities (Doherty et al. 2003, Alpizar-
Jara et al. 2004).

Although it is unlikely that the number of animals
available for detection will be known for many surveys,
there are a variety of other factors that can contribute to
discrepancies in detection probabilities. A study of swift fox
(Vulpes wvelox) in eastern Colorado (Finley et al. 2005)
demonstrated how detection probabilities were influenced
by the time of year surveys are conducted. MacKenzie
(2006) reanalyzed pronghorn (Antilocapra americana) data
and illustrated how misleading results related to occupied
patches were obtained when detection probabilities were

These analyses further highlight the need to model
occupancy in a way that accounts for detection probabilities
that are <1.0.

MANAGEMENT IMPLICATIONS

Our results highlight the fact that inference on species
distribution and abundance can be biased if analyses fail to
account for false absences induced by low detectability.
Although management of species must take into account
overall goals and cost, we recommend that track-plate survey
data be analyzed to assess detection probabilities to obtain
more robust estimates of occupancy.

ACKNOWLEDGMENTS

Financial support for this project was provided by the
Federal Aid to Wildlife Restoration Act under project W-
75-R (Study No. 7525) administered by the South Dakota
Department of Game, Fish and Parks. We thank personnel
from the South Dakota Department of Game, Fish and
Parks, C. S. Primak, B. Gaby, and B. Burkholder for
assistance with trapping and track-plate surveys. We thank
C. N. Jacques, T. J. Zimmerman, J. C. Hankins, and 2
anonymous reviewers for helpful comments made on
previous drafts of our manuscript. Any use of trade, product,
or firm names is for descriptive purposes only and does not
imply endorsement by the United States Government.

LITERATURE CITED

Akaike, H. 1973. Information theory as an extension of the maximum
likelihood principle. Pages 267-281 in B. N. Petrov and F. Csaki, editors.
Second international symposium on information theory. Akademiai
Kiado, Budapest, Hungary.

Alpizar-Jara, R, J. D. Nichols, J. E. Hines, J. R. Sauer, K. H. Pollock, and
C. S. Rosenberry. 2004. The relationship between species detection
probability and local extinction probability. Oecologia 141:652—660.

=+ Bull, E. L, R. S. Holthausen, and L. R. Bright. 1992. Comparison of 3

techniques to monitor marten. Wildlife Society Bulletin 20:406—410.

=+ Buskirk, S. W. 1992. Conserving circumboreal boreal forests for martens

and fishers. Conservation Biology 6:318-320.

Buskirk, S. W., and R. A. Powell. 1994. Habitat ecology of fishers and
American martens. Pages 283-296 in S. W. Buskirk, A. S. Harestead, M.
G. Raphael, and R. A. Powell, editors. Martens, sables, and fishers:
biology and conservation. Comstock, Ithaca, New York, USA.

Dobherty, P. G., Jr., T. Boulinier, and J. D. Nichols. 2003. Extinction rates
at the center and edge of species’ range. Annals of Zoology 40:145-153.

positively associated with a specific habitat characteristic. =+ Fecske, D. M., J. A. Jenks, and V. J. Smith. 2002. Field evaluation of a

Smith et al. ® American Marten Detection Probabilities

2415

This content downloaded from 129.186.1.55 on Thu, 25 Jul 2013 15:32:26 PM
All use subject to JISTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

habitat-relation model for the American marten. Wildlife Society
Bulletin 30:775-782.

—+ Finley, D. J., G. C. White, and J. P. Fitzgerald. 2005. Estimation of swift
fox population size and occupancy rates in eastern Colorado. Journal of
Wildlife Management 69:861-873.

=+ Foresman, K. R., and D. E. Pearson. 1998. Comparison of proposed survey
procedures for detection of forest carnivores. Journal of Wildlife
Management 62:1217-1226.

Froiland, S. G. 1990. Natural history of the Black Hills and Badlands. The
Center for Western Studies, Sioux Falls, South Dakota, USA.

Gu, W., and R. K. Swihart. 2004. Absent or undetected? Effects of non-
detection of species occurrence on wildlife-habitat models. Biological
Conservation 116:195-203.

Ivan, J. S., and K. R. Foresman. 1999. Effectiveness of carbon-sooted track
plates for detecting American marten. Abstract. American Society of
Mammologists 79th Annual Meeting, 20-24 June 1999, University of
Washington, College of Forest Resources, Seattle, USA.

Larson, G. E,, and J. R. Johnson. 1999. Plants of the Black Hills and Bear
Lodge Mountains: a field guide with color photographs. Fenske Media
Corporation, Rapid City, South Dakota, USA.

=+ MacKenzie, D. 1. 2006. Modeling the probability of use: the effect of, and
dealing with, detecting a species imperfectly. Journal of Wildlife
Management 70:367-374.

=+ MacKenzie, D. I, J. D. Nichols, G. B. Lachman, S. Droege, J. R. Royle,
and C. A. Langtimm. 2002. Estimating site occupancy rates when
detection probabilities are less than one. Ecology 83:2248-2255.

MacKenzie, D. L, J. D. Nichols, J. A. Royle, K. H. Pollock, L. L. Bailey,
and J. E. Hines. 2006. Occupancy estimation and modeling: inferring
patterns and dynamics of species occurrence. Elsevier Academic Press,
Burlington, Massachusetts, USA.

=+ MacKenzie, D. L, J. D. Nichols, N. Sutton, K. Kawanishi, and L. L. Bailey.
2005. Improving inferences in population studies of rare species that are
detected imperfectly. Ecology 86:1101-1113.

Minta, S. C., P. M. Kareiva, and A. P. Curlee. 1999. Carnivore research
and conservation: learning from history and theory. Pages 323-404 in T.
W. Clark, A. Peyton Curlee, S. C. Minta, and P. M. Kareiva, editors.
Carnivores in ecosystems: the Yellowstone experience. Yale University
Press, New Haven, Connecticut, USA.

O’Doherty, E. C., L. F. Ruggeiro, and S. E. Henry. 1997. Home-range size
fidelity of American martens in the Rocky Mountains of southern
Wyoming. Pages 123-134 in G. Proulx, H. N. Bryant, and P. M.
Woodard, editors. Martes: taxonomy, ecology, techniques, and manage-
ment. Provincial Museum of Alberta, Edmonton, Canada.

=+ Otis, D. L., D. P. Burnham, G. C. White, and D. R. Anderson. 1978.
Statistical inference for capture data on closed animal populations.
Wildlife Monographs 62.

Potvin, F., L. Belanger, and K. Lowell. 1999. Marten habitat selection in a

clear-cut boreal landscape. Conservation Biology 14:844-857.

=+ Rumble, M. A,, and S. H. Anderson. 1996. Microhabitats of Merriam’s
turkeys in the Black Hills, South Dakota. Ecological Applications 6:326—
334.

Strickland, M. A., G. W. Douglas, M. Novak, and N. P. Hunziger. 1982.
Marten. Pages 599-612 in ]. A. Chapman and G. A. Feldhamer, editors.
Wild mammals of North America: biology, management, economics.
John Hopkins University Press, Baltimore, Maryland, USA.

Thompson, I. D., and A. S. Harestad. 1994. Effects of logging on
American martens, and models for habitat management. Pages 355-367
in S. W. Buskirk, A. S. Harestead, M. G. Raphael, and R. A. Powell,
editors. Martens, sables, and fishers: biology and conservation. Comstock,
Ithaca, New York, USA.

White, G. C., and K. P. Burnham. 1999. Program MARK: survival
estimation from populations of marked animals. Bird Study Supplement
46:120-138.

Zielinski, W. J., and T. E. Kucera. 1995. American Marten, fisher, lynx,
and wolverine: survey methods for their detection. U.S. Department of
Agriculture Forest Service, General Technical Report PSW-GTR-157,
Albany, California, USA.

=+ Zielinski, W. J., K. M. Slauson, C. R. Carroll, C. J. Kent, and D. G.
Kudrna. 2001. Status of American martens in coastal forests of the Pacific
states. Journal of Mammalogy 82:478-490.

=+ Zielinski, W. J., and H. B. Stauffer. 1996. Monitoring martes populations
in California: survey design and power analysis. Ecological Applications
6:1254-1267.

Associate Editor: McCleery.

2416

The Journal of Wildlife Management ® 71(7)

This content downloaded from 129.186.1.55 on Thu, 25 Jul 2013 15:32:26 PM
All use subject to JISTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 2412
	p. 2413
	p. 2414
	p. 2415
	p. 2416

	Issue Table of Contents
	The Journal of Wildlife Management, Vol. 71, No. 7 (Sep., 2007), pp. 2119-2446
	Front Matter
	Editorial: Is This Truly An International Journal? [p. 2119]
	Commentary
	Statistical Versus Biological Hypothesis Testing: Response to Steidl [pp. 2120-2121]

	Letter to the Editor
	Limits of Data Analysis in Scientific Inference: Reply to Sleep et al. [pp. 2122-2124]

	Commentary
	Exposure of California Condors to Lead From Spent Ammunition [pp. 2125-2133]

	Invited Paper
	Transferring Research to Endangered Species Management [pp. 2134-2141]

	Student Voices
	Persistent Controversy in Statistical Approaches in Wildlife Sciences: A Perspective of Students [pp. 2142-2144]

	Special Section: Wolverine
	Wolverine Conservation and Management [pp. 2145-2146]
	Distribution and Broadscale Habitat Relations of the Wolverine in the Contiguous United States [pp. 2147-2158]
	The Abundance and Distribution of Wolverines in British Columbia, Canada [pp. 2159-2169]
	Inferring Geographic Isolation of Wolverines in California Using Historical DNA [pp. 2170-2179]
	Multiscale Habitat Use by Wolverines in British Columbia, Canada [pp. 2180-2192]
	Assessment of the Sustainability of Wolverine Harvest in British Columbia, Canada [pp. 2193-2200]
	Seasonal Habitat Associations of the Wolverine in Central Idaho [pp. 2201-2212]
	Sources and Patterns of Wolverine Mortality in Western Montana [pp. 2213-2220]
	Modeling Wolverine Occurrence Using Aerial Surveys of Tracks in Snow [pp. 2221-2229]

	Research Articles
	Distribution and Habitat Use of Ross's and Lesser Snow Geese During Late Brood Rearing [pp. 2230-2237]
	Pintail and Mallard Survival in California Relative to Habitat, Abundance, and Hunting [pp. 2238-2248]
	Does Management for Duck Productivity Affect Songbird Nesting Success? [pp. 2249-2257]
	Representation of Landcover Along Breeding Bird Survey Routes in the Northern Plains [pp. 2258-2265]
	Uneven Rates of Landscape Change as a Source of Bias in Roadside Wildlife Surveys [pp. 2266-2273]
	Reproductive Responses of Northern Goshawks to Variable Prey Populations [pp. 2274-2283]
	Possible Generational Effects of Habitat Degradation on Alligator Reproduction [pp. 2284-2289]
	Success of Delayed Translocation of Loggerhead Turtle Nests [pp. 2290-2296]
	Evaluation of Accuracy and Precision of Downing Population Reconstruction [pp. 2297-2303]
	Management of Roadside Salt Pools to Reduce Moose-Vehicle Collisions [pp. 2304-2310]
	Response of Brown Treesnakes to Reduction of Their Rodent Prey [pp. 2311-2317]
	Traffic Volume Alters Elk Distribution and Highway Crossings in Arizona [pp. 2318-2323]
	Effects of Traffic on Elk Use of Wildlife Underpasses in Arizona [pp. 2324-2328]
	Bighorn Sheep Response to Road-Related Disturbances in Rocky Mountain National Park, Colorado [pp. 2329-2337]
	Moose Movement Rates Along Highways and Crossing Probability Models [pp. 2338-2345]
	Fertility Control in Free-Ranging Elk Using Gonadotropin-Releasing Hormone Agonist Leuprolide: Effects on Reproduction, Behavior, and Body Condition [pp. 2346-2356]
	Fine-Scale Analysis of Mount Graham Red Squirrel Habitat Following Disturbance [pp. 2357-2364]
	Reproduction and Survival of Yellowstone Bison [pp. 2365-2372]
	Raccoon Density and Movements After Population Reduction to Control Rabies [pp. 2373-2378]
	Evaluation of Potential Factors Predisposing Livestock to Predation by Jaguars [pp. 2379-2386]
	Diets of Introduced Predators Using Stable Isotopes and Stomach Contents [pp. 2387-2392]
	Space Use, Survival, Movements, and Reproduction of Reintroduced Louisiana Black Bears [pp. 2393-2403]
	Coyote Abundance, Sheep Predation, and Wild Prey Correlates Illuminate Mediterranean Trophic Dynamics [pp. 2404-2411]

	Research Notes
	Evaluating Detection Probabilities for American Marten in the Black Hills, South Dakota [pp. 2412-2416]
	Invertebrate Abundance at Rio Grande Wild Turkey Brood Locations [pp. 2417-2420]

	Techniques and Technology Articles
	Effects of Telemetry Location Error on Space-Use Estimates Using a Fixed-Kernel Density Estimator [pp. 2421-2426]
	Data-Mining Discovery of Pattern and Process in Ecological Systems [pp. 2427-2437]

	Techniques and Technology Note
	Nomograms Aid Interpretation of Complex Regression Models [pp. 2438-2443]

	Book Review
	Review: untitled [pp. 2444-2445]

	Erratum: Estimating Body Mass and Condition of Leopard Seals by Allometrics [p. 2446]
	Erratum: Unveiling the Limitations of Scat Surveys to Monitor Social Species: A Case Study on River Otters [p. 2446]
	Back Matter



