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Abstract

Ziclinski, William J.; Kucera, Thomas E.. technical editors, 1995, American marten, fisher,
Iynx, and wolverine: survey methods for their detection. Gen. Tech. Rep.
PSW-GTR-157. Albany, CA: Pacific Southwest Research Station, Forest Service, U.S.
Department of Agriculture: 163 p.

The status of the American marten (Martes americana), fisher (Martes pennamnti}, lynx
(Lynx canadensis), and wolverine (Gule gufo) is of increasing concern to managers and
conservationists in much of the western United States. Because these specics are protected
throughout much of their range in the west, infermation on population status and trends is
unavailable from trapping records. This repont describes methads to detect the four species
using cither remote photography, track plates, or snow tracking. A strategy for systematic
sampling and advice on the number of devices used, their deployment, and the minimum
sampling duration for cach sampling unit are provided. A method for the disposition of survey
data is recommended such that the collective results of multiple surveys can describe regional
distribution patterns over lime, The report describes survey methods for detection only but also
provides some considerations {or their use 10 monitor population change.

Rerrieval Terms. furbearers, foresi carnivores, survey methods, monitoring, inventory,
western United States

Technical Editors

William J. Zielinski is rescarch wildlife biologist with tive Station’s Timber/Wildlife Research
Unit, Redwood Sciences Laboratory, 1700 Bayview Drive, Arcata, CA 95521 and an
Associate Facolty, Wildlife Department, Humboldt State University, Arcata, CA 95521,
Thomas E. Kucera is lecturer and specialist, Department of Environmental Scientce, Policy,
and Management, Umiversity of California at Berkeley, CA 94720,

Cover: photos by Jeff Copeland (upper left, wolverine); Bill Zielinski (upper right,
technician with track plates; and bottom center, fisher with chicken and wire); Tom Kucera
(lower right, marten on tree), Sue Anderson (lower left, fisher on side of ree); and Christina
Hargis (middle center, snow tracks).

Final drafts of manuscripts in th1s publication were edited by Sandy Young, and the layout was
designed by Kathryn Stewart and Robert Robinson, of the Pacific Southwest Research Station,
USDA Forest Service, Albany, Calif.

Sponsors

Western Forest Camnivore Commitiee
USDA Foruest Service:
Pacific Southwest Research Station
Northern Region
Pacific Northwest Region
Pacific Southwest Region
{daho Office, USDI] Burean of Land Management
Washington State Department of Fish and Game
Montana Department of Fish, Wildlife and Parks
Colorado Division of Wildlife
Department of CEnvironmental Science, Policy, and Management, University of
California, Berkeley



USDA Forest Service
General Technical Report
PSW-GTR-157

August 1995

Contents
PIORREG  xs s s s do oo bR B TS S S R R P W e MR B T v
Chapier 1
Introduction 1o Detection and Survey Methods . .. ... . ..o ool 1
William 1. Zielinshi and Thomas E. Kucera
= 4
Differences Among Survey Methods .- .. ..o . ool 3
Survey Durations ... ... . e .-
Population Monitoring - .. ., -, .. Loiiiiiliiiiiiiiiaiiaai. 7
Almskaand Canada ... ... i i 9
Hahita Assessments - e e e e @
PAIEPACEt I OF ROMUME «ve prvmary e vrsaprsrmearsgeenss russsce o o
ALY OIS i b o o b e e bl ot B E b T e e T e i = 10
Erisposition of DMa: 0o i mim veiings S s maamanbi 2 w0 ssanss (0
Beo Fppo il e o S L S D R T L A D L A e I
Appendin: Addresses of State Nawral Heritage Programs. ... ... ... L5
Chapter 2
Defimtion and Distribution of Sample Units . ; ve 17
William . Zielnxke, Thomas £ Kucera, audJﬂm:J{" Ha{fpmny
£ T T N AR VR I T N R S 17
Background Lo
Thﬁlnmhl]nll T |
ledbﬂemmtlmnm CwnwudermkFlms 7 i £
Smw-Tm:tm;Meﬂmds — <3 ceisvevee s ane 20
Sample Linit Dlnrlhmm U L AP ) |
Regronal Swrveys .. .00 e e e 2
OIS SOV s o o g e o waipin e AT B o ke a R aE k ag 0 ]
References . .......... T LT TR LD akex Pr Eadeir e
Chapter 3
Photographic Bait Stations . 25
Thomas E. Kucera, Aer Tﬂuﬂm‘d r;md H"u'fm.f szfm.:h
Introduction | 8 A BN R e £ WA SR e
Description ol’ De.wlc:s TTLT ) ; 25
Single-Sensor Camera 5ysli:m 25



Americain Marten, Fisker, Lynx, and Wolverine: Survéy Methods... Table of Conlents Ziolinski and Kucera

Dual-Sensor Camera System .. ... o 27
Linc-Triggered Camera System. ... ... . 0 . . 30
Baitsand Lures ... .. . 32
Mustelids ... oo . B2
0 33
Survey SEasOns .. ... 33
Single and Dual Sensor ... ... o 34
Line Trigger . .. ............ ... ..... e M
Survey Duralion. . .. .. . L 35
Preparations for the Field ..o oo o 0 o oo o 35
Defining the Survey Atea ... . o 35
Station Number and Distribution. ... . ... ... .. . oL 36
Inthe Field . .. o e 36
Winter Safely ... . 37
Handling Bait .. ... ... . . . e 37
Ston SEP. .. 37
Checking the Stations. ... ... 44
Developing Film. oo 47
Data Management ... ... e a7
Comparisons of Camera SYSIEMS . ... oo 48
CO8S .« e 50
Single Sensor .. 50
Dual Sensor .. ... e 5l
Line Trger e 52
Equipment LISt .. oo e 53
Single Sensar . 53
Dual Sensor ... . 53
Line TRgger ... e 53
References . .. o e 54
Appendices
A—Data Forms . .. o 56
B—Trailmaster Commands. . . ... .o ol
C—Examples of Photographs ., .. .. ... ... . oo 02
Chapter 4
Track Plates .. o 67
William J. Ziclinski
Introduction .. ... e 67
Descripion of Devices .. 68
Track-Plate Box ... .. . o 68
Unenclosed Track Plate .. ..o oo oo o o 72
Baitsand Lures ... . 73
SUTVEY SEASONS L e 74
Survey Duration. .. ... 74
Preparations forthe Tield .. ... . 00 oo oo oo 74
Defining the Survey Area ... ... . o 74
Station Number and Distribution. ......... ... .o oo 75
Inthe Field. ... 75
Station Location . ... .. 75
Stalion Setup. ... e 75
Cheeking the Stations. . ... o o o e 76
Data Management .. ... .. e 77
Safety Concems . .o e 78
Sooting the Plates . ..o oo oo 78
Handling Bait .. ... o s T8

i USDA Farest Service Gen. Tech. Rep. PSW-GTR-157. 1995,



Amerjcan Marten, Fisher, Lynx, and Wolverine: Survey Methods... Table of Contents Zielinski and Kucera

Comparison of Track-Plate Methods ....................... ... .... 78
COSS o 79
Equipment .. ... ... . 80
Orientation Related . .......... .. ... . .. ... o i 80
Track-Plate Related .......... ... ... ... . .. .. ... . it 80
General .. ... 80
References ... ... . 80
Appendices
A—Examples of Fisher and Marten Tracks from Con-Tact Paper .. ... ... 81
B—Discriminant Function to Distinguish Marten and Fisher Tracks. . .. .. 84
C—DataForms . ... ..o e e e 86
Chapter 5
Snow Tracking . ..o o e e 91

James C. Halfpenny, Richard W. Thompson, Susan C. Morse,
Tim Holden, and Paul Rezendes

INtroduction . ... ..ot e e 91
Survey Season and Snow Conditions .. ... 92
Defining the Survey Area . ............ i e 92
Searching for Tracks . ... ... o i e 92
Route Selection, Mode of Travel, and Duration ., .. ............... 92
Topographic Considerations ..............v.viunannrneraenn.. 92
Survey Frequency. ... ... e 93
Tracking at Bait Stations. ... ...... ... ... i i 93
Baitsand LuresS. . .. .. ... 93
Station Number and Distribution. . ............ ... .. ... ... 93
Survey Duration and Check Frequency.......................... 93
Preparations forthe Field . ......... ... ... .. .. ... ... ... .. ..., 94
Background. . ... ... ... ... .. 94
Morphology of Carnivore Feet and Tracks ............. ...... 94
FootprintsinSnow ........ ... ... .. ... . ... ... ... 95
Understanding Gaits . .......... ... .. .0 i, 96
Measuring Tracks and Trails .............................. 99
Lynx, Wolverines, Fishers and Martens: Tracks and Trails. . . .. 100
Inthe Field. . ... ... ... . 108
Analyzing Tracks and Trails ........ ... ... ... ... . ... ..... 108
Measuring Tracks and Trails inthe Field .................... ... 109
Track Preservation .. ............ ... ... i 110
Scatand Hair ...... ... ... .. . . .. 113
Data Measurement . .. ...t 114
Inventory and Monitoring . ....... ... .o e 114
Safety Concerns. ... 116
Winter Hazards. . ..... ... ... . . 116
Scat CollectionHazards . . ....... ... ... ... ... ... ......... 117
COSS ot e e 117
Equipment and Training .. .......... ... . 118
Tracking Equipment. . ....... ... ... .. ., 118
Training in Tracking . ...... ... ... ... . . ... 119
References . ... .. e 119
Appendices
A—Minimum Outline Databases . ............................ 125
B—Data FOrms. ... ... 127
C—Photographic Interpretation. . ............................. 134
FogUIES o 137

USDA Forest Service Gen. Tech. Rep. PSW-GTR-157. 1995. iif



T he American marten (Martes americana), fisher (Martes pernanti), lynx (Lyny
canadensix), and wolverine (Gule gfo) are forest carnivores that are indicators of
healthy forest ccosystems. Like the wolf (Cans fupus) and the gnzzly bear (Ursu
arctos), they are mammals that are associated with wild places. In this century the
distributions of these species have contracted considerably and they no longer oceur
throughout much of their historic range in the western United States. Habitit loss
through nmber harvest and residential development, increased roading of forests, and
these species” susceplibility to trapping and general sensiivity to human disturbance
have been implicated in the decline of one or more of them. One of the most sensitive
measures of the integrity of natural ecosystems is whether populations of lertary
consumers, like the four species considered in this publication, occur in an area and can
be sustained there, Therefore, assessing the presence of these species is an essential part
of determining the health of forest ecosystems.

Recently, petitions have been submatted to st three of these four species as threatened
or endangered in the western United States, under the Federal Endangered Species Act
Various State and Federal agencics have designated them as “management indicator,”
“sensitive,” and “species of special concern,™ In addition, mcreased public awareness
of the ecological roles of lynx, wolverines, fishers, and marlens has highlighted the need
1o understand their ecology and biogeography. The presence of these animals has been
difficult to verify where they are not commercially harvested, Until recently most of the
information about their presence came from commercal trapping records and
compilations of sightings. However, since the mid-1980's & number of non-lethal
detection methods hive been developed (or refined ) that reliably detect the presence of
each of these uncommon species, Unlike data from sporadic, unvenfied sightings, these
methods produce evidence that can be independently corroborated by specialists. We
recommend and describe the vse of three methods: photographic bait stations, track-
plate stations. and snow tracking, We provide protocols for the use of each method,
These protocols enable local hiologists to choose among these methods, based on their
objectives, funding. personnel, previous experience, and the reliability of snowfall, A
minimum amount of effort 1s recommended foreach method, We assume this effort s
cquivalent among methods and is sufficient to determine the presence of target species
in a survey arca during the survey period. In addition, we suggest 3 method for
allocating survey effort across large geographic areas so that results can be aggregated
into general maps of cach species” distnibution in an area of interest, Although we do not
describe methods for monitoring the status or trend in population abundance. we
provide background for those who would attempi to do so using the detection methods
described here.

We thank the Western Forest Carnivore Committes, and especially Bill Ruediger, for
recognizing the need for and securing much of the funding for the writing of this
manual. Funds or staff were contributed by Regions 1, 3, and 6, and the Pacific
Southwest Research Station of the USDA Forest Service: the USDI Bureau of Land
Management - Idaho; Washington Department of Fish and Game; Montana Department
of Fish, Wildlife, and Parks; Colorado Division of Wildlife; and the Depaniment of
Environmental Science. Policy and Management of the University of Califorma,
Berkeley. These funds were made available with the assistance of Bill Ruediger. Bob
Maney, Gary Will, Brian Giddings, Diane Macfarlane, Linda Parker, Jim and Judy
Cverman, Judy Sheppard, Allen Thomas, Dave Ware, and Reginald Barrett. Many of the
photagraphic methods were refined during work funded by the California Department
f Fish and Game. and Region 5 of the USDA Forest Service. with the assistance of Ron
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Schlorft and Diane Macfarlane. Early stages in the development of the publication were
facilitated by discussions with Reginald Barrew, Esther Burkett, Jeff Copeland, Pat
Dolan, Pat Finnegan, Rick Golightly, Tim Holden, Steve Self, Art Soukkala, and Gary
Will,

Many reviewers contributed their thoughtful ¢valuations 10 various chapters, Diane
Macfarlane read the entire manuscript and we are grateful for her editorial assistance.
Howard Golden, Kerry Murphy. Lee Fitzhugh, Louise Forrest, Harley Shaw, and Jay
Tischendorf reviewed Chapters 1 and 2, and the snow tracking chapter (Chapter 5). Jeft
Copeland, Leslie Chow, and Lawrence fones reviewed Chapters | and 2, and the
camera chapter (Chapter 3). Kristin Schmidt, Diane Macfarlane, and Keith Aubry
reviewed Chapters | and 2, and the track plate chapter (Chapter 4), Kerry Foresman also
contributed conunents on various portions of the manual. Norin Bishop, Jeff Copeland.,
Greg Gordon, Nan Lederer, and Bruce Thompson contributed either slides or
unpublished data to the spow tracking chapter. Biologists from the Klamath National
Forest, in California, were helptul in their willingness to test the recommended survey
methods and use our draft data forms. Each chapter was significantly improved by
including what they learned. We especially thank Sue Anderson and Kathy Nickell for
their cooperation, We gratefully acknowledge the time and caretul thought that all these
individuals contributed.

We extend a special thanks 10 Annctte Albert for providing primary editorial
assistance during all phascs of the project. Annette, with the help of Garth Hodgson,
also created many of the illustrations. Finally, we wish 1o acknowledge the persistence
and creativity of the ficld biologists from Federal, State, and private organizations who
have contributed 1o the evolution and refinement of the micthods we chose to deseribe.
We expect that their efforts will tead to even better survey methods in the future.

HIC A Pk @ andian an Tarh Aan PQW.OATRAOIE7 1004



Chapter |

Introduction to Detection and Survey Methods

William ). Zielinski' and Thomas E. Kucera’

he integrity of an ecosysterm may be measured by the health of its vertebrate

carnivore populations. Camivores infloence the structure and reflect the vigor of
trophic levels on which they depend. and are sensitive (o the abundance and behavior of
the human populations with which they coexist (Eisenberg 1989), Concern for the
conservation of mammalian camivores in the western United States has centered on two
large species, the gray woll (Cams fupaes) and the gnzely bear (Ursus arctos). The
public is well acquainted with the plight of these species; a wealth of popular literature
on their natural history and a long tradition of folk knowledge have built o foundation of
awareness, [n contrast, the four species that we address in this maonual, the Amencan
marten (Martes americanal, Nsher (Martes peanantt), yax (Lyvee canadensts), und
wolverine (Gulo gulo) (hencelorth collectively refered 1o as MFLW), are no less
important constituents of therr biological communities than the wolf or grizely bear, but
much less familiar

Fortunately, MFLW have begun to emerge from the shadows of public and scientific
awareness (Kocera and Zielinski 1995). In the past 7 years in the Pacific Somhwest
Region of the USDA Forest Service, 58 ncuons such as nmber sale appeals, lawsuits,
and Freedom of Information Act requests were flled concerning the maren, 54
concemning the fisher, and 20 concerming the wolverine (lynx do not occur in Californin ).
Each species is receiving increased levels of administrative and legal protection. The
wolverine: 15 a “candidate” for Federal listing under the Endangered Species Act
{(Category 2 [C2]) in nine States, und listed as either “State Endangered™ (SE) or "State
Threatened™ (ST in three of them. A C2 designation indicates that more information is
necessary o suppert a listing decision by the Fish and Wildlife Service (USFWS) US,
Department of Intenor. The lvnx is a C2 species in nine states and either SE or 8T in
two states. The fisher isa C2 species in three siates and SE or 8T in two. The marten
has no Federal status, but is SE in New Mexico. Each species is also histed s either
“Sensitive” or as o “Management Indicator Species.” as provided for i the National
Forest Management Act. on most National Forests throughoul its range ( Macfarlane
1994, Sensilive species are those whose population viabilily s a concern because of
significant current or predicted downward trend in abundance or habital capabilily
{Forest Service Manual 2670.32), Management Indicator Species are used by National
Forests to reflect how particular habitals or habitat clements respond 1o management
activities (Forest Service Manual 2670,.5),

In the early 1990"s the Fish and Wildlife Service (USFWS) was petitioned 1o list the
fsher ax "Endangered” in Califormia, Oregon. and Washinglon under the Endangered
Species Act (Central Sierra Audubon Soctety and others 1990), and the lynx was
pelitioned to be histed in Washington (Greater Ecosystem Alhance and others 1991 ).
Both petinons were denied on the basis of madequate information (U.S Depariment of
Interior, Fish and Wildlife Service 1991, 1992). Recemly the USFWS was again
petitioned to list both species, this time throughout their ranges in the western United

USOA Forest Sorvon Gen. Tech. Rep. PSW.GTR-157. 1205
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Introduction to Detection and Survey Melhods Chapler 1 Zwolinski and Kucera

States (Biodiversity Legal Foundation 1994a, 1994b), The lynx petition was denied
again (U.S, Department of Interior, Fish and Wildlife Service 1994), and the fisher
decision is pending. A petition to list the wolverine as “Endangered” in the contiguous
48 United States (Biodiversity Legal Foundation [994¢) also was denied (U.S.
Department  of Interior, Fish and Wildlite Service 1995). The Nutural Resources
Detensc Council challenged the USDA Forest Service in California to suspend logging
of late-successional forests until a plan to ensure the viability of forest carnivore
populations is in place (Yassa and Edelson 1994). The First major conference on the
biology of martens and fishers occurred tn 1991 {Buskirk and others 1994), and in the
same year the Western lForest Carnivore Cominiilee, an interagency group of managers
and scientists, was created to address the conservation needs of MFLW, Recently, a
conservation assessment was conducted for the four species considered here to evaluate
the state of our knowledge on their ecology and to consider the management implications
of this information (Ruggiero and others 1994). The second conference on the biology
of martens and fishers occurred in 1995,

The list above indicates that managers, adminisirators, and citizens of many western
states are concerned about the status of MFLW. This concern stems [rom the possible
deleterious effect of trapping and from habitat loss, Several investigators suspect that
the accelerated harvest of old-growth forest has reduced, in particular, the populations
of fisher and marten (Buskirk and Ruggiero 1994, Powell and Zielinski 1994) and that
human encroachment on the range of the wolverine has reduced its nuinbers (Banci
1994). There is growing conscnsus that the southern portions of these species” historic
ranges in the western United States have recently contracted (Douglas and Strickland
1987, Gibilisco 1994, Maj and Garton 1994, Nead and Halfpenny 1985, Ruggiero and
others 1994, Weaver 1993).

The relative obscurity of MI'LW and the logistical and tinancial difficulty of
studying them may explain why so little is known about their biology and the effect of
land-use changes on their populations. Thesc species occur at low densitics, are primarily
nocturnal, have inconspicuous mating behavior, leave little sign, and shun human
activity. Unless they are commercially harvesied by trapping, their presence will often
go unnoticed. In addition, managcrs may have assumed that carctully regulated trapping
programs would monitor the distribution of each species and detect declining
populations. Whcther this was cver possible is now moot; colleclively, MFLW are no
longer a significant part of the fur harvest in the conterminous western Uniled Stales.
Changing public attitudes regarding (rapping, poorly regulated harvests, and suspicions
about excessive mortality from commercial harvest have contributed to the closure or
restriction of trapping seasons. MFLW are legally trapped in only a few (one, lynx: two,
wolverines; two, fisher; six, marten) of the seven western States, excluding Alaska, and
quotas have been as low as two per State (Ruggiero and others 1994), It is likely that
none of these species, with the possible cxception of marten, will continue to be
commercially harvested in the western conterminous United States for long.

Historically, MFLW occurred throughout northern North America including
mountainous regions of the western United States (Gibilisco 1994, Grinnell and others
1937, Hagmeier 1956, Kochler and Aubry 1994), but none occupics all of its recent
historical range (Banci 1994, Douglas and Strickland 1987, Gibilisco 1994, Kochler
and Aubry 1994, Kucera and others 1995, Nead and Halfpenny 1983, Ziclinski and
others 1995). In the western United States, most of the range of MFLW occurs within
the Rocky Mountains, the Cascade Range, the Coast Range, and the Sierra Nevada,
Within these regions all four species are associated with coniferous forest ecosystems.
Marten and fisher occur primarily in late-successional forests (Buskirk and Powell
19943, lynx are associated with a variety of scral stages (Koehler and Aubry 1994), and

2 USDA Forest Service Gen. Tech. Asp. PSW-GTA-157 1995



Introduction ta Detection and Survey Methods Chapter 1

the wolverine inhabits arcas with a mixture of forested and non-forested habitats (Banci
1994, Hash 1987, Hatler 1989). All are primarily carnivorous. Marten and fisher eat
predominantly small- 10 medium-sized mammals {(e.g., rodents and lagomorphs)
(Douglas and Strickland 1987, Martin 1994, Strickland and Douglas 1987). Lynx prey
largely on snowshoe hares (Leputs americanus) (Koehler and Aubry 1994}, and
wolverines depend mostly on carrion, especially that of ungulates (Hornocker and
[Hash 1981).

In sum, these species have similar hakitat associations, are sympatric over much of
their runge, often eccur al low densities, have relatively low reproductive potentials,
occupy somewhat similar niches in their respective communities, and may be affected
in similar ways by human land-use practices. Range-wide, the densities of martens,
tishers, lynx, and wolverines have been reported as low as one individual for every
2.5, 20.0, 200.0, and 700 km’, respectively (Arthur and others 1989, Banci 1987,
Nellis and others 1972, Thompson and Colgan 1987). In addition, each frequently
occurs in small, scattered subpopulations, making them especially vulnerable to
extirpation (Gilpin and Hanski 1991, Wcaver 1993). For these reasons, it is
appropriate to consider detection and survey methods collectively for these four
species, Morcover, we recognize the need to focus whenever possible on collective
components of ecosysiems rather than individual species,

Recent developments in the field of conservation biology suggest that we can no
longer assuine that the existing disinbution of National Parks, and the prevailing
management on National Forests, will guarantee the long-term persistence of large
vertebrate populations (Newmark 1985, 1987; Salwasser and others 1987}, Reserves
cannot be created that are large enough 1o permit the persistence of MELW populations;
the multiple-use lands between reserves must also be managed with the conservation of
these species in mind. Moreover, populations of lynx and wolverine in particular may
depend on source populations in Canada; thus, conservation efforts must consider
connectivity of habitat between the United States and southern Canada (Hatler 1989,
Ruggiero and others 1994, Weaver 1993). Eventually, a spatially explicit conservation
strategy should be developed for these species. This must include all land inanagement
agencics in western North America and moedel the viability of each species and
population throughout the region. An initial step taken by the USDA Forest Service was
aconservation assessment tor MELW that sumimarizes existing information and suggests
rescarch nceds (Ruggiero and others 1994y, In addition, general hierarchical guidelines
for the conservation of fisher have been proposed for the western United States
(Heinemeyer and Jones 1994). One of the key information needs identified in these
documents is knowledge of the present geographic distribution of cach species. Because
commercial trapping is no longer a source of data on the distribution of these species, a
new approach to the acquisition of distributional data must be developed.

Developing new methoeds to collect distributional data is a logistically and financially
challenging problem, but it must be addressed and it must begin now, It is essential for
several purposes: (1) to develop a contemporary benchmark for the geographic
dismribution of each species, (2) to generate data for habitat-relations models, (3) 1o
evaluate the effects of land-use changes {e g., timber harvest, mining, recreation) on
populations, (4} 1o ¢valuate the effects of human density and disturbance on distribution,
{5} to relate specics occurrence to landscape physiognomy and composition (Fahrig
1988, Pulliain and others 1992), (6) to collect information that will assist the
development of spatially explicit population viability inodels (e.g., Thomas and others
1990), (7) as an essential step in the development of a population-monitoring program,
and (8) 10 assist in determining the necessity of protecting any of the species under the
Endangered Species Act.

USDA Fores! Service Gen. Tech. Rep. PSW-GTR-157. 1995
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Introduction to Deteclion and Survey Methods Chapter t Ziglinski and Kucera

Others have addressed the issues of inventory and surveyig populations of the
carmivores considered here (Jones and Raphacl 1993, Raphacl 1994, Spowart and
Samson 1986). Howgever, they erther address o particular technique or specics or
describe the 1ssues in a general fashion. We hope that the present manual will facilitate
the collection of distribution data for all four species in a standardized fashion, using
methods that can be tailored to the local environment and particular target species. For
this reason we expect it to be an important step toward addressing all of the ohjectives
described above,

Species Detection

This publication 1s designed to help resource managers detect the presence of lynx,
waolverines, fishers, and martens by using standardized, non-lethal methods. It sheuld
allow a biologist to conduct a search for MFLW that will provide reasonable assurance
that the species are not present if they are not detected. However, until additional
research is conducted on the probabilities of detecting individuals known to oceur in an
arca, "failing to detect” should not be the same as concluding "absent™ (see section on
“Interpretation,” below).

[ the target species is detected, the location of the detection and the habitat features
associated with it should become part of a larger database that includes all sites where
cach species was detected. Thus, detection efforts, if conducted in a standardized
fashion, can describe the distribution of a species throughout a region of intcrest (see
Chapter 2, “Definition and Distribution of Sample Units™).

We describe three methods: cameras, sooted track plates, and snow tracking. Each
offers ease of use, effectiveness, and economy. For cach method we provide, in
“cookbook™ fashion, information about how to acquire or build the components und a
protocol for using the inethod and recording the data collected. We do not recommend a
particular method for a particular circumstance or geographic region. Instead, we
describe the contexts in which each method works best, estimate the costs, and allow the
biologist planning the survey to choosc among the three techniques.

We considered other lechniques such as habitat surveys, live trapping, and hair snares
but decided not 1o include them in this manual. Habitat surveys are based on the
assumption that habitat suitability is sufficiently well known that we can create a model
that relates habitat atiributes 1o species’ presence. Unfortunately, existing models have
had little testing, and factors other than habital quality frequently affect distribution
{(Raphael 1994). Live trapping 1s uneconomical, given the low capture rales per unit
effort for the species considered here. Snares that collect a sample of hair from
individuals that visit a bait (e.g., Barrett 1983, Scotts and Craig 1988) are relatively
inefficient, and specics are not always readily identifiable by individual hairs (Fowler
and Golightly 1993, Raphael 1994). However, DNA fingerprinting, which can determine
the identily of species and individuals from DNA in cells at the base of the hair (e.g.,
Mortn and others 1994), may soon resolve this issue. Individual marten have been
identified using DNA extracted from hair collected from wooden “cubbies” lined with a
sticky snaring medimn {(Minta and Heinemeyer 1993). Consequently, hair collected at
station locations or encountered while snow tracking should be saved for future analysis.

[t is important 1o cmphasize that we recommend the use of the three methods for
detection only. We assume here that the primary objective of a biologist responsible for
the management of these species is to determine whether they occur in a particular
locale and where they ocenr within the area. We refer 1o these as “Regional Surveys.”
Beyond this, biologists often are called upon to determine whether MFLW occur within
a proposed management activity area (“Project Surveys”). This manual provides
information on how 1o use standard methods to conduct both types of survey. Two of the

USDA Forest Service Gen. Tech. Rep. PSW-GTR-157. 1995.



Introduction to Delection and Survey Methods Chapter 1 Zielinski and Kucera

chapters introduce detection methods that depend on “devices™ (track plates and cameras);
the final chapter describes snow tracking, which does not require a detection device.

Differences Among Survey Methods

No study has compared all of the methods and types of devices described in this manual,
and therefore we cannot contrast their relative efficiencies. However, the methods differ
in the following respects: the seasons during which they can be used, difficulty of
identifying sign, amount of training necessary, labor and matenial costs, and whether
they have successfully detected each species (rable 1). No single method is better than
the others m all categories (Raphael 1994).

Snow tracking and cameras have successfully detecred all four species. Track plates
have detected only fisher and marten. This is probably because track-plate boxes have
not been enlarged to accommeodate the larger species, and neither enclosed or unenclosed
plates have received as widespread use in the western United States as the other
methods. Because bobeats (Lynx rufus) have been detected at track plates, we know that
felids can be attracted to the baits and will enter the boxes. Snow tracking, track plates,
and linc-triggered camera systems have the disadvantage of being limited to specific
seasons. In addition, the difficulty of identifying the sign of the tour species is greater
for track-based methods than camera methods because images of the entire amimal are
almost always easier 1o identify than tracks. The extent of training necessary to use
snow tracking and cameras successfully is greater than that required for track plates.
Morcover, any method used in winter requires more training (for satety and travel) than
methods used during other scasons.

Although cameras are techmcally challenging and snow tracking requires extensive
gxperience to conduct properly, track-plate surveys are simple by companson. A record
of the sign from enclosed track plates is easier to retrieve from the field and provide to
another individual for identification than is the information provided in a snow track.
The 35-mm cameras are the least labor intensive because, unlike the other methods,

Table \—Methods deseribed in this publicalion and characteristics of their use for the detection aof lynx, wolverines, fishers, und
martens.

| Target species Seazans of use Diificulty of Amaunt ot Labor Costof
detected using verifying lraining intensity malerials
the method' identity necessary lo
Methods use method
Cameras
Line triggered | F.M Summer primarily Low Moderate Moderate Low
Dl sensor WL F M Summer and winter Low Moderate Low High
Single sensor L.F. M Summer and winter Low Moderate Law Higii

Track Plates

Box-cnclosed | F, M? Summer primarily Moderale l.ow Moderate Low
Unenclosed [ Fap Summer exclusively Moderate Low Moderate Law
Snow Tracking W.LFE M Winter exclusively Moderale— Hizi High Very low
High
‘L=lynx Wa=waolverines Fshishers M=mariens.

*No lyns, but bobeats have been delected
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they can operate untended for weeks. However, the material costs for snow tracking are
much less than for the 35-mm camera systems.

The benefits and limitations of cach methed should be evaluated for each location,
budget, and the objectives of the survey. We will learn much more about the efticiency
of each method when it can directly be compared to other metheds. Therefore, we
encourage uscrs (o take every opportunity to sample survey areas using more than one
method, and to publish these results, The work of Jones and Raphael (1990}, Bull and
others (1992), Laymon and others (1993), Fowler and Golightly (1993), and Foresman
and Pearsoen (1995) arc a start toward this goal. In Washinglon State, unenclosed track
plates detected somewhat fewer martens than did hine-triggered cameras (Jones and
Raphael 1990). However, because martens may have removed bail at track plates
without detection and rain reduced the legibility of tracks, this difference is trivial. Bull
and others (1992) compared snow tracking, enclosed track plates, and linc-triggered
cameras and concluded that when conditions permitted, snow tracking was the most
etfective method for detecting martens. Track plates were better than line-triggered
cameras when snow was absent or of poor quality for tracking. However, only 16
sample locations along one 10-km transect were included in this study. Laymon and
others (1993) found that more vertebrale species were detected at unenclosed track
plates than at line-triggered cameras. In this study, unenclosed track plates and the
single-sensor camera had equivalent efficiencies of detecting species, including martens.
Fowler and Golightly (1993) compared enclosed track plates and line-triggered camcras
at 76 stations and found that (rack plates were the more effective method to detect
martens, This is consistent with the results of comparisons of marlen detections in
Yosemite National Park (L. Chow, pers. comm.). J. Copeland (pers. comm.) dctected
wolverines at photographic bait stations more frequently by tracks in the snow than by
photographs. In a recently completed study comparing the Manley dual sensor camera,
open and enclosed track plates, and snow-tracking methods, Foresman and Pcarson
(1995) tavored the use of 35-mm cameras to detect marten, fisher, and wolverine,
Cameras and track plates detected martens and fishers at the same survey units, but
snow (racking failed to detect marten at some units, and fishers at all the units, where
they were dctected by another method. A wolverine was photographed at one survey
unit but was undetected there by track plate or snow tracking methods. Snow tracking
was considered the least effective method given its dependence on ideal snow conditions
and well-trained technicians (Foresman and Pearson 1993), Additional experimentation
is necessary before the effectiveness of each method for each of the four species can be
properly cvaluated.

Survey Durations

It is important 1o emphasize that surveys conducted only to determine presence should
be terminated when the intended specics is detected, or if undetected, after some
reasonable amount of cffort {a combination of duration and spatial extent of survey).
Terminating surveys when the target species is detected is the most economical way to
survey large areas. The amount and schedule of maximum effort (if target species are
not detected) are necessarily different for the device-dependent methods and the snow-
tracking methods, and are outlined in detail in Chapters 3, 4, and 5. General
considerations of the distribution of survey sample units are provided in Chapter 2.

Fer the purposes of this publication we refer to the use of more than one device at a
time, and running more than a trivial distance of snow-track transects, as a Survey (see
Chapter 2: Definition and Distribution of Sample Units). We accept the definition that a
survey is “an exercise in which a set of qualitative or quantitative observations are
made, usually by means of a standardized procedure and within a restiricted period of
time and over a restricted area” (Hellawell 1991). A survey can be as superficial as
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using more than one device during a specificd time period in the same general arca, or

iraveling a significant distance scarching for tracks, However, we dedicate much of this
manual to recommending minimum survey durations and cffort over specified arcas. To
restate this important point, we use detection methods to determine presence at a point
location, either a camera or track-plate location or an intersection point on a snow
transcct. Our surveys are nor metheds for indexing population density, population size,
or change in population size.

Ziglinski and Kucera

Censuses involve counts of individuals, indices are counts of some object related to the
number of individuals (Caughley 1977), and monitoring, as we define iL, s an attempt to
detect change in population size over lime, i.¢., trend, Although we do not recommend
particular monitoring methods here, we envision this publication as an impertant step in
the development of menitoring schemes. The detection metheds described herein are
probably the same tools that will eventually be used to index changes in population size,
Hiby and Jeffrey (1987) discussed photographic technigues for population studies of
rare species, and Mace and others (1994) reported the first attempt that we are aware of
to use photographic methods to estimate population size. Karanth (1995) used
photographic methods to estimate the population size of tigers (Panthera tigris) in
India. Camera stations, track-plate stations, and snow transccts each could be the
detection technigue used as the basis for a monitoring program, in much the same way
that the scent-station visil was used in an alleinplt 10 assess coyote (Canis latrans)
population status (Roughton and Sweeny 1979, 1982) and scat transects were uscd to
moniter change in bear (Ursus americanus and U. arcros) populations (Kendall and
others 1992}, In fact, plans for monitoring fisher population change using track plates
(Ziclinski and Stauffer, in press) and cameras (York and others 1995) recently have
heen proposed.

We recognize the urgenl need to develop monitoring schemes for the species
considered here. The populations of MFLW in the conterminous United States appear to
have declined, and population safeguards could be instituted if we had solid evidence of
declines. However, we caution that population monitoring efforts require considerable
planning and statistical evaluation before implementation (de la Mare 1984, Dicfenbach
and others 1994, Gerrodette 1987, Kendall and others 1992, Peterman and Bradford
1987, Taylor and Gerrodette 1993, Verner and Kie 1988), The objective of such
monitoring is usually to detect a change in an index of population abundance over time,
Thus, the null hypothesis that there has been no change in the population size between
two points in time must be tested against the alternative that the population has changed
(either increased or decreased: two-tailed test), or has declined or has increased (one-
tailed tests).

The possible outcomes of testing the null hypothesis include 1wo familiar types of
errors. A Type I error eccurs, with probability o, when we mistakenly reject the null
hypothesis if it is true. A Type Il error occurs, with probability B, when we mistakenly
do not reject (i.e., ‘accept’) the null hypothesis when the alternative hypothesis is true.
[f we detect no change in a population and consider minimizing only the Type I error
rate, there are wo possible interpretations. Either there has been ne change in the
pepulation and we are correct in our decision, or there has been a change in the
population and we have insufficient information to detect this change. Small sample
size and large variance reduce the ability to detect change (Cohen [988). We must
therefore ask the important question: if a significant population decline has oceurred,
what is the probability that we will detect it with our survey? The answer is critical toa
monitoring program. However, the probability of detecting a change if it has occurred,
i.¢., rejecting the null hypothesis when the alternative hypethesis is true, called statistical
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power (1-[3). is rarely determined. In developing a sampling design to monitor population
change, it is essential to determine a priori the probability of detecting signilicant
changes for varying sample sizes; this allows the investigator to choose an adequate
sample size 1o detect population change with an acceptably high probability.

The literature is replete with examples of hastily implemented monitoring-schemes
that, after the expenditure of many of thousands of dollars, were determined to be
insulficient 1o detect even catastrophic declines in populations over short periods. To
embark on a monitoring scheme without complete famiharity with the detection method,
without consultation with a competent statistician, and without simulating possible
monitoring scenarios is a waste of time and money, For example, an established
monitoring scheme thought to be sufficient to deteet declines in whale stocks was found
to be inadequate 1o detect a 50 percent change over a 10-year period (de la Mare 19584).
Other examples of ill-fated monitoring schemes are documented in the fisheries
literature {e.g., Peterman and Routledge 1983), and we cannot overemphasize the
importance of conducting pre-monitoring evaluations of statistical power (Gerrodette
1987, Millard 1987, Peterman 1990, Taylor and Gerrodette 1993), Even the long-
standing coyote monitoring program instituted by the U.S. Fish and Wildlife Service
(Roughton and Sweency 1979) suffered from poor planning that resulted in major
changes years after the first data were collected (Roughton and Sweeney 1982).

The recent examples of moenitoring schemes to track changes in bear (Kendall and
others 1992) and bobeat {Diefenbach and others 1994) populations demeonstrate the
level of planning necessary before one considers population-level monitoring using
sign surveys. Detection of even relatively large changes in population size {(e.g., 25
percent) may require prohibitively large sample sizes to achieve sufficient power
{Diefenbach and others 1994). Finally, one must realize that the conclusion from
evaluating proposed monitoring schemes may be that it is not statistically valid or
economically feasible to conduct population monitering via inventory; demographic
stucdies to estimate population growth rate may be preferable (Taylor and Gerrodette
1993).

Although much of the planning that gees into developing a monitoring scheme
involves simulation modeling, the process also requires empirical data. For example,
the probabilitics of detecting (POD) animals that are known to occur in the survey area,
after varying survey durations, nced to be estimated. These can be estimated by
determining how many radio-marked animals in the vicinity of the detection effort are
actually detected (provided that previous capture docs not alfect subsequent detection),
an approach taken by Fowler and Golightly (1993) for marten, or by using the data from
multiple surveys where POD is a lunction of the distribution of “number-of-days-to-
first-detection” (Azuma and others 1990, Ziclinski and Stauffer in press), Regardless of
method, POD should be estimated in a variety of habitats and physiographic provinces
to determine whether regional differences exist.

A simple form of population monitoring may be possible using the system
rccommended in this publication. If detection surveys are conducted over a relatively
short period of time, the collective information in a region can provide a “snapshot” of
the local distribution of each species. A good example of this approach 1s represented by
North American Breeding Bird Atlases {(Smith 1990) and the Atlas of Mammals of the
British Isles (Arnold 1978). Zielinskr and others (in press) and Kucera and others (in
press) describe the current distributions of (ishers and American martens in California,
based on techniques described in this document. Insofar as these distribution maps can
be compared over time, the method can be interpreted as a way to monitor changes in
specics distribution,
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This publication represents a signiticant first step toward the development of regional
monitoring programs. They are urgently needed, If we are successful, and the methods
described in this manual reccive widespread use, biologists from private organizations
and public land-management agencies will beecome familiar with the standard nse of
detection methods, They will be prepared to implement cooperative population
monitoring schemes when the necessary rescarch and planning have been done and
when the results suggest that the effort is statistically and cconomically feasible.

Zigimski and Kucera

We expect that the methods deseribed herein will be valuable 1o biologists throughout

the range of each species. However, we recognize that in Alaska and Canada, where
MFELW uare most common, the emphasis will be less on their detection and more on the
management of commercial harvest. Trapping still provides information on distribution
and abundance of populations in the nocth, and the more open forests make aerial
surveys for some species feasihle (e.g., Becker 1991, Golden and others 1992). Thus,
some of the methods described here may currently be less useful in Alaska and Canada,
However, if the abundance of MFLW decreases and commercial trapping is reduced or
prohibited. the methods described here for the conterminous western United States may
have equal utility farther north,

Alaska and Canada

Ideally, a standardized survey protocol should be integrated with a standardized method
for describing the habitat of both the area surveyed and the locations of detections,
However, for a number of reasons, we do not propose standardized vegetation sampling
methods in this publication. First, to develop a habitat sampling protocol sufficient to
encompass the myriad habitat types included within the ranges of the four specics
considered here would be an enormous task. Second, a variety of methods already are
used by different agencies or states to describe habitat (Anderson and Gutzwiller 1994},
some with the goal of achieving statewide standards (e.g., California Wildlife Habitat
Relationships System; Mayer and Laudenslayer 1988). We are not prepared to propose
methods that would have universal appeal nor do we wish 1o distract from ongoing
ctforts. Finally, although it may be possible to standardize the type of information
collected at point locations (e.g., detection stations), the scales that are most appropriate
for the species treated herein are the watershed and the landscape. Field and computer
methods for characterizing the biological and physical attributes at these scales are just
developing and will require the coordinated effort of wildlife biologists, landscape
ecologists, geomorphelogists, and plant ecologists, among others. Geographic
Information Systems will be an essential element of this process. The approach o
charactenizing habitat at this scale is far beyond the scope of our objectives here.

Even though we do not recommend a particular scheme to characterize habitat, we
believe habilat information is important. We strongly recommend that some h:ibitat
assessment be included in every survey. Track plates, in particular, have been used to
assess habitat use by fishers (e.g., Raphael 1988, R. Golightly, pers. comm.; M. Higley,
pers. comm.; R. Klug, pers. comm.}. However, the number of stations visited and the
frequency of detection at individual stations can be influenced by factors other than
habitat quality (¢.g., hunger, lcarning, age, sex, population density, weather, season), so
this measure should be interpreted with caution. Habitat sampling should be standardized
across the largest scale posstble and designed to be compatible with protocols created
for other purposes. Statewide standards are best, bul standardization within agency
houndaries (c.g., National Forest) is preferable 1o none at all. The recent assessment of
the conservation status of MFLW (Ruggiero and others 1994} discusses stand and
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landscape features associated with the occurrence of cach of the four species and
combinations of species (Lyon and others 1994). Consult this and other published
information when deciding how o characterize landscapes surveyed and vegetation at
sampling points,

Interpretation
of Results

Failure to detect a species has several implications. For the species considered here,
additional research on probability of detection must be conducted before we will know
whether failurc to detect i1s equivalent to "absent.” And, even when the failure lo delect
indicates a high prohability of absence, the dynamic nature of populations suggests that
areas of suilable habitat that are currently uninhabited could be occupied in the fulure.
Because most management activities occur in small arcas relative to the home ranges of
the largest species considered here, communication with the managers of adjacent lands
15 essential. The existence of a nearby population (e.g., tn an adjacent Ranger District)
indicates the potential for recolonization of currently unoccupied but suitable habitat.
Thus, management activities planned for the arca being evaluated could indirectly or
cumulatively affect the species even if it is not detected in the project area.

Cautions

The central concern in the management of MFLW is to determine if any occur in a
region of interest. This publication is intended to provide the technical background to
begin a scarch for each of the [our species. However, the detection of these species
requires specialized skills that are acquired only aflter specific training. The publication
is designed for biologists inexperienced with the technigues and is a necessary clement
in preparation for detection work. However, we emphasize that reading this manual is
no substitute for practice using the methods in the field. We recommend that those
interested in conducting a survey assist in work being conducted by more experienced
technictans before beginning their own studies.

We cncourage readers, regardless of experience level, to submit their guestions and
comments about the information provided herein. The publication will be improved
with the addition of cxperience from other practitioners and by cvaluating data collected
using the procedures described here. This feedback, and the development of new
methodologics, may necessitate an improved sccond edition,

Disposition of Data

10

The Western Forest Carnivore Committee has recommended that a data clearinghouse
be estabhished (or the storage and analysis of information on the distribution of lynx,
wolverines, fishers, and martens (B. Ruediger pers. comm.). Although a structure for
data input has been drafted (E. Burkett pers, comm.), a process [or the transmittal of
information to a central repository (or repositories) has not been established, We
realize, however, that this publication may stimulate the implemcntation of numerous
detection surveys. This will provide us the tools to standardize the process by which the
data are collected and managed thereafter.

We recommend that whenever a target species is detected, a copy of the Species
Detection form (sample form included in the appendix of each method chapter and in
the pocket on the tnside back cover) be submitted to the Natural Heritage program in the
state where the species are detected. A list of the addresses of the Natural Heritage
program oflices for each state is provided in appendix A. A duplicate of the Species
Detection (orm should also be archived in a local administrative office of the agency
sponsoring the survey (¢.g., Forest Supervisor’s Office, USDA Forest Service), This
assumes that the Natural Heritage program in the stale maintains a database for the
target spectes detected. Currently this will be a problem for marten because many slates
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do not maintain records for this species. Until they do, copics of the form should at lcasl
be lorwarded to a designated administrative office. perhaps at the regional level,

Because most state Natural Heritage databases record information only on positive
results from surveys, we also recommend that a Survey Record form {sample form also
included in the appendix of each chapter and in the pocket on the inside back cover) be
completed and filed al the appropriate administrative office. These forms hecome an
officiat record of where surveys have been conducted, regardless ol results, and are just
as important as the record of detections.

Finally, we encourage coordination, communication, and sharing of data among the
individuals, agencics, and organizations conducting detection surveys to maximize our
understanding of this peorly known group of species.

Zialinski and Kucera
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Definition and Distribution of Sample Units
William ). Zielinski,' Thomas E. Kucera,’ James C. Halfpenny’

Objectives

e assume that a land manager may wish to conduct delection surveys for one of
Wlwo reasoms. The first 15 to determine the disiribution of each species within a
management or administrative area {Regronal Surveys). For example, a biologist may
want to know whethér wolverines occupy any of the walersheds in the northern half of
a ranger district or whether marten occur throughout the true fir (Abies spp.) forest
types on the district. The second reason 10 conduct delection surveys is 1o delerming
whether any of the targel species occur in an ares where some management activity i
proposed {Project Surveys). We will present general sampling schemes that address
both needs.

Background

The theoretically “ideal” survey is to place only one detection device (a camera or track
plate) or a short snow-transect in a frequently used portion of each potential home range
for only as long as it takes o detect the resident. However, this manner of sampling is
unrealistic for several reasons, First, we will never have a priori knowledge of the home
ranges of targen individuals. Second, even if we knew the locations of home ranges, we
do not understand enough about home range use to know exactly where 1o place our
station or snow transect so that we could detect the resident in o reasonable period of
time. Although a single detection device or transect would not maximize the possibility
of detecting a resident, dozens of stations (or many kilomelers of snow transects) per
home range would probably be more than necessary; the optimum of this trade-off lies
somewhere between.

Detection surveys should be designed 10 maximize the probability of delecting
targel species while simultaneously minimizing muliple delections of the same
individuals. A single detection is all that 15 necessary to document the presence of a
species in a survey anea. Muliiple detections. especially when individuals cannol be
distinguished. provide no new information i this regard However, with animals as
rare as those considered here we believe that survey effort must be somewhat
redundunt; the density of detection devices and snow transects within the sample umt
should exceed some minimum effort. Likewise, the distance between sample units
should minimize the possibility of overlooking an occupied urea within the region
This approach will probably result in some situations where the same individual 15
dietected at more than one device or on more than one sample umi (especially with
wolverines and lynx). We prefer this potential redundancy because it reduces the
chanee that occuped areas will be overlopked,

We explain the characteristics of survey protocols (e.g,, duration of survey, lrequency
of visily o sample units) for cameras, \rack pltes, and snow racking in Chapters 3, 4,
and 5, respectively. This chapier provides suggestions for allocating effort to the sample
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Chaptar 2 Zielinski, Kucera, and Hallpeniny

wnit and for distributing sample units. We have modeled our approach on the American
Breeding Bird Atlas (Smith 1990) and the Atlas of Mammals of the British Isles (Arnold
1978). These surveys provide a “snapshot” of the distrihution of targel taxa by
recommending minimum survey effort within cells created by a grid overlaid on the
geographic arca of interest. The resulting distribution of cells with and without cvidence
of occurrence is a database of distribution. Here, we suggest a sample unit size
(analogous to the grid cells in atlas methods) and recommend minimum effort to detect
MFLW. This is an unprecedented survey approach for these species: we solicit
aliernative ideas if they can be demonsirated 1o be more useful or effictent.

The Sample Unit

The sample unit is the simallest division of a detection survey. It is the samc size
regardiess of the target species, and is scaled to be large enough to include the entire
home-range size of the smallest species, American marten. The sample unit we propose
is o 4-nn” area that is aligned with sectiom boundarics (figs. /-3) and is the basis for all
detection methods (camera, track plate, and snow tracking). This standard unit is
reccommended for simplicity, comparahility, and case of application using available
maps. In those locations in the western United States where township and range
designations are not used (¢.g., Nattonal Parks}, sampling units will need to be identificd
using the Universal Transverse Mercator (UTM) projection. In these locations, create
sample units that are 3.2 km (32001n} on a side.

Sample Unit 2
17 16

scclion boundary

e roud U S
KX 35-mm camera T road &  cnclosed track-plate
SRS suTple unit — . .
boundary 13 section number ] ﬁﬁﬂ;ﬁ;}:n 13 seetion number

section boundary

Figure 1—Schematic representalion of two adjacent sample units
surveyed using 35-mm cameras. The cameras are located one mile
apan. The location of the cameras within each samgple unitis assumed
to coincide with either the mast appropriate habitat or a site of an
unconfirmed observaticn (Sections 4 and 5 of Sample Unit 1 and
Sections 16 and 21 of Sample Uni 2).

18

Figure 2—Schematic representation of two adjacent sample units
surveyed using a gnd of lrack-plate stations or ling-triggered cameras
with the objective of detecting marten or fisher. The stalions are Jocated
0.5 mile apart. The location of the grid within each sample unit is
assumed to coircide with either the most appropriate habiat or a site of
an uncenfirmed observation (central portion of Samele Unit 1 and
southern porlion of Samgle Unit 2).
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The fact that the sample-umt size 15 not scaled to the density of particular target
species, but is relatively small and invariant, assures that the rarer species with the
largest home ranges (i.e., wolverine and lynx) will have the least chance of being
overlooked in a survey arca, However, if wolverine 1s the sole species of interest, larger
sample units could be considered given that a detection in one 4-mi” arei would
guarantee that large adjacent areas are probably used as well. In this case, sampling
immediately adjacent 4-mi” units for wolverines may not be the most cost effective, We
encourage the use of 4-mi’ sample units so that as data accamulate throughout the west
they can be mapped using the same scale. Should one wish to create a distribution map
with lareer scale units ai some later date, the information from the 4-mu® units can

readily be aggregated,

Use of Detection Devices: Cameras and Track Plates

We describe camera and track-plate procedures in detail in Chapters 3 and 4; here we
describe the number and disinbution of the devices in general, The minimum number
of devices per sample unit ditfers with tite type of device. If 35-mm cameras are used,
there should be at feast two per 4-mi sample unit, spaced 1.0 mile apart (fiz. ).
However, if track plates (cither enclosed or open) or line-triggered cameras are used,
we recommend a mininum of six devices per sample unit (fig. 2). Because 35-mim
cameras may be checked less frequently and larger, more attractive baits can be used

Sample Unit |

1 mile
P srow-wacking oanseet {road or rrail)
I——— sample unit boundary

seelion boundary

! 13 seciion numbper
L

Figure 3—Schematic representation of twa adiacent sample units
surveyed using snaw-tracking transects. Transects follow every road
and 1rail. The route shou'd tegin at the access ooint to the sample
unit ihat is nearest the most approgriate habitat for the target species.
ar nearest the site of an unconlirmed cbservation.
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with them, fewer cameras are needed per sample unit. Fewer 35-mm cameras per
sample unit may also be a financial necessity as they are considerably more expensive
than the other devices.

Using more than one device is essential (or several reasons. First, the distances from
which target species are attracted to baits or lures at the devices are unknown, and a
single station has a lower probabilily of being within the detection.distance of a target
species than two devices. Second, devices can be rendered ineffective from vandalism
{by humans and bears) and mechanical failurc. Therefore, it is better to have more than
one detection devicee when their failure is influenced by unpredictable events.

Placement of Detection Stations

Place the amray of devices (at least two 35-mim cameras or at least six track-plate boxes
or line-triggered cameras) in the sample unit at a site where detections are most likely.
This will be either where the habitat suitability appears highest (see Ruggiero and others
1994 for habatat descriptions) or where unconfirmed sightings are concentrated. ‘This
method approximates the “expert sampling”™ approach (Kish 1963) where professional
jndgment is used to select sample strata from a heterogencous population. If habitat
appears ¢qually suitable throughout the sample unit, choose an area closest to the center
of the sample umit with acceptable access,

Snow-Tracking Methods

We describe snow-tracking protocols in detail in Chapter 5; here we describe the
essence of the procedures. We assume that snow tracking is conducted on foot using
skis or snowshoes, or trom a snowimobile; we expect that aerial surveys (e.g., Golden
and others 1992, Stephenson 1986) will be difficult in the forested areas that comprise
most of the habitat of MFLW in the conterminous western United States,

We discuss two methods for detecting the presence of the target species: “Scarching
for Tracks™ and “Tracking at Bait Stations.” The former and historically more common
method involves traversing trails and roads in an area in search for tracks. The latter
method involves the detection of tracks in the snow at bait stations.

When conducting a survey by searching for tracks, all roads and trails within the 4-
mi’ sample unit comprise the population of routes to be surveyed (fig. 3). An attempl
should be made to travel all routes in the sample unit duning the course of one day, If
that is not possible, at least 10 km of trail should be traversed. If there are no roads,
cover the area on skis as thoroughly as possible, Start the survey at the portion of the
sample unit with the most likely babitat for the target species or where there have been
unconfirmed sightings. If on skis, cover the sample unit proceeding from the most
suitable to least suitable habital and conclude the search after one day, regardless of
distance traveled provided it exceeds 10 km. Traveling all roads in the sample unit in
one day should not be difficult if snowmobile(s) are used. When tracking at bait stations
15 the chosen method, a protocol similar to that for 35-mm cameras should be used. A
minimum of two bait sites, at least 1.0 mile apart, should be chosen per 4-mi? square
sample unit.

Survey Duration

20

Searching tor rare carnivores is expensive. While some duplication of effort is necessary
to minimize the possibilily of overlooking an occupied area, detection surveys should
be designed to reduce the costs of collecting more information than is necessary. To
minimize these costs we advocate that surveys be conducted in each sample unit until
either the target species is detected or a reasonable amount of effort is expended (see
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Chapters 3, 4, and 5 for minimum survey durations). The survey of a sample unit is
terminated when the intended target species is (are} detected. Although multiple
detections can be of value in some circumstances (e.g., when detection sites are used to
assess habitat use), they are of [ittle use when individuals cannot be reliably identitied
and when the objective is to determine the distribution of a species within an
administrative area.

Ziehnski, Kucera, and Hallpenny

Regional Surveys

Regional Surveys are designed to determine the distribution of MILW within an
administrative area and are not motivated by the need to verify the presence of a
species on a project area. For this reason, the objectives of the survey are determined
by the information needs of the land managcer. The region within which information
on the distribution of target species is desired should be delineated and divided into 4-
mi? sample units. All sample units should eventually be surveyed, and the number
that can be surveyed each year will depend on funding and the detection method
chosen. Many different schedules can be envisioned; we suggest one of the threc
following options (fig. 4a-¢).

(1) Stratify by expectation of success. Use the same logic for determining where to
allocate survey effort within the region that is applied to the sample unit: choose the
areas to survey first where the expectation of success is greatest (northeast and southwest
regions in fig. 4a).

(2) Proceed in a single direction. Proceed across the administrative area in a consistent
pattern or direction, surveying as many sample units as possible each year,

(3) Systematic surveyy. Each year, distribute the number of sample units for which
you have funding or personnel to survey evenly across the administrative arca, Survey
the same number of necw sample units cach successive year until all the sample units
have been surveyed.

Hypothetical results of surveys conducted in any one of these ways is presented infig, 5.

Project Surveys

A Project Survey is conducted prior to a proposed management activity (c¢.g., timber
harvest, recreational development). Projects vary in size, but are typically smali relative
to the size of the home ranges of the species considered here (with the possible
exception of marten). With small prejects, surveys conducted only within the boundaries
of the project have a poorer chance of detecting a member of a resident population than
surveys in larger arcas, If a target species is not detected during a survey, that should not
be interpreted to mean that the species does not use the area at some other time or that it
does not occur immediately adjacent to the project. As good as our detection methods
appear, their cfficiencies have not been adequately tested. This uncertainty demands a
conservative approach. It is important to determine use on adjacent areas because this
should be considered in evaluating a project’s indirect and cumulative effects on habitat
suitability, For these reasons we recommend that every project be centered on a
minimum survey area equivalent to the size of a township (36 mi?) (e.p., fig. 6).

The 36-mi” area should be delineated and divided into nine, 4-mi? sample units, Each
4-mi? sample unit should be surveyed as described above for Regional Surveys until
either the maximum effort recommended tor the method has been expended or the
target species has been detected. It is important 1o emphasize, however, that a detection
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in one ot the nine sample units should not trigger the termination of survey efforts on all
nine sample units. Each of the nine sample units should be surveyed until cither a

species 18 detected or the maximum cfforl is expended.

Several options for survey schedules exist, but we suggest that the sample units that
include the project area be surveyed first and, based on resources available, the sampling
sequence thereafter proceed from sample units nearest the project to those turthest ffom

the project boundary,
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Chapter 3

Photographic Bait Stations

Thomas E. Kucera,' Art M. Soukkala,? and William j.‘ZieIinskiJ

here are a varicty of systems in usc that employ a camera at a bait station to detect

wildlife. We will describe three that are widely used and wilth which we are most
familiar. They can be divided into two major categorics according 1o the type of camera
used, The first employs automatic, 35-nun cameras and can be further divided into two
types that differ by the mechanism that triggers them. We will refer to these types as
“single sensor” (Kucera and Barrett 1993, 1995) and “dual sensor™ (Mace and others
1994). The second major category is a line-triggercd system that uses a manual, 110-
size camera (e.g., Jones and Raphael 1993). We provide data on equipment costs and
discuss the relative merits of the various systems in a later section of this chapter.

Remote-camera systems are currently available from several manufacturers (e.g.,
Cam-Trakker, 1050 Industrial Drive, Watkinsville, GA 30677; Compu-Tech Systems,
P.O. Box 6615, Bend, OR 97708-6615; Deerfinder, 1706 Western Ave., Green Bay, W]
54303, also see Bull and others 1992, Laurance and Grant 1994, Major and Gowing
1994, Danielson and others 1995).* All employ somewhal different configurations and
have different advaniages and disadvantages. The cameras used in these systems also
change as camera models are discontinued by manufacturers and new ones are
introduced. Thus, the systems we describe in this document may differ from what is
availahle in the future, and the reader who wishes to use remote photography to detect
wildlife may need to modity specific procedures as appropriate for the cquipment in
hand, As remote-camera technology advances, it is likely that additional designs will
continue to be developed.

Introduction

Single-Sensor Camera System

The single-sensor system that we will describe here is the Trailmaster TM1500
(Goodson and Associates, Inc,, 10614 Widmer, Lenexa, KS, 66215, 1-800-544-5415),
which consists of an infrared transmilter and receiver, used with the TM35-1, an
automatic, 35-mm camera (fig. /). The camera is triggered when an infrared beam is
broken; such an occurrence is termed an “cvent.” The transmitter emits a cone of
infrared pulses. Because the receiver has an arca of sensitivity of about 1 ¢m in
diameter, the effective beam diameter is about 1 cm, thus requiring precise placement to
intercept the target animal. The transmitter and receiver may be placed as far as 30 m
aparl. Their alignment is facilitated by a sighting groove on the receiver and a red light
that flashes during the setup procedure to indicate that the beam is being received; this
light stops flashing when the system is in data-collection mode.

The receiver also is an event recorder that stores the date, time, event number, and
whether a picture is taken cach time the beam is broken. A maximum of 1000 events can
be stored. The sensitivity of the trigger—that is, the length of time the becam must be
broken or, more accurately, the number of infrared pulses that must be blocked 1o
register as an event—can be adjusted by the user from (.05 to 1.5 seconds, The time
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afler a photograph is taken unti! the next can be taken (the “camera delay™) also is set by
the user, from 0.1 to 9% minutes. It the beam is broken during the camera delay, events
are still recorded and stored. The transmitter and receiver arc cach powered by four
alkaline C-cells, which last approximately 30 days of continuous ficld operation, Both
units come with nylon straps about 70 cm long for attachineni to trees,

The most recent (November 1995) Trailmaster configuration employs an Olympus
Infinity Mini DLX camera; earlier models used a Yashica AW Mini or an Olympus
Infinity Twin, These camera changes were dictated by the availability of the models
from the manufacturer; users of the equipment must become familiar with the operations
of the particular camera they have. The components of the different systems, such as
receivers and cables, are not interchangeable and should not be mixed up. The camera is
modilied to be triggered by an electrical pulse from the Trailmaster receiver. A quartz
clock in the camcra atlows display of date and time on the photograph, The camera
connects to the receiver with an 8-m wire, providing flexibility in the placement of the
camera. Several cameras can be friggered simultancously with the use of an optional
multi-camera trigger. The flash can be operated automatically as required by available
light, in fill-in flash mode so that the flash operates with every Itame, or the flash can be
turned off. With F00-ASA (ilm, the flash illuminates to about 3.5—6 m, depending on
the camera model; with 400-ASA film, this distance is doubled. Infrared film also may
be used with an infrared filter over the flash. Slave flashes, triggered by the flash of the
camera, can be used to cxtend the area illuminated.

LB
T

THANA wTER |
[

Figure 1—Single-sensar equipment. From left to right: transmitter, recaiver, and camera. Above the camera is the metal shield
that protects it. Immediately below the camara is a ball-and-secket head balted to a metal L-bracket far attachment to a tree;
balow that is lhe "tree-pod™ that comes with the system The camera is attached to the recaiver with an 8-m wire.
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The Olympus Infinity Mini DLX in the newest Trailmaster configuration can use
either one 3-v lithium or two AA alkaline batteries. In normal use, the lithium battery
will operate through about [4 rolls of 36-exposure film, and the alkaline batteries about
10, assuming f{lash on half the exposures. At a bait station, because the camera is
constantly on and the flash is charged, the battery may last only 30 days. The quartz
clock is operated by the camera battery. The capacitor that charges the flash in the
Olympus Infinity Twin camera used in eatlier models drains after 2-4 days if no
photograph is taken. Thus, if the camera is not triggered. or is not reset by closing and
opening the lens hood during this time, the flash may fail to operate the first time the
camera is triggered. This does not happen with the Yashica, which keeps the flash
charged at all times. However, the batteries in the Yashica must be changed more
frequently, The Olympus Infinity Twin uses two 3-v lithium batteries, which will last
through approximately 20 rolls of 36-exposure film, assuming the flash operates on half
the frames, The Yashica camera uses 2 AA batteries, which last approximately 2 weeks.
The quarts clock is operated by a separate 3-v [ithium battery that will last 3 years.

The system comes with a 10-cm, collapsible, plastic tripod with a threaded ball-and-
socket head that screws into the bottom of the camera. A metal bracket shields the top
and back of the camera and prevents birds from pecking the controls while allowing
access to the viewfinder; the metal bracket also provides some protection for the lens
from rain or snow if the camera is operated in landscape format. The tripod is designed
to be placed on a flat surface, or when collapsed, attached to a small tree or branch by a
Velcro strap. The attachment of the camera to a tree or other support can be greatly
improved by using a more substantial ball-and-socket head purchased at a photographic
supply store (the Bogen model 3009 works well), attaching this to a metal “L”-bracket
with a bolt, and fixing the bracket to a tree with lag bolts (fig. /). This is a much more
sceure and convenient alternative.

The entire system weighs about 2 kg with batteries, and can be transported in a
25-%20- % 10-cm box. It is weatherproof and operates in rain and snow. We tested low-
temperature operation of an early model using the Olympus Infinity Twin in a freezer,
and it performed consistently at —17 °C for 2 weeks and at —7 °C for 2 more weeks.

Also available from the manufacturer (Goodson and Associates) 15 a device that
allows electronic collection of data (date and time of all events, and which events
triggered the camera) in the field for later transfer to a personal computer; the data can
also be transferred directly from the receiver to a personal computer, The collector is
particularly useful when you check several stations in a day by reducing the time you
spend recording data at each station, The software package required for downloading
from either the receiver or collector provides output in the form of text (event number,
date, time, and frame number) and a graph showing events by day and time in a 3-
dimensional bar chart. Trailmaster also makes a battery-operated printer that produces a
hard copy of the event data in the field,

Dual-Sensor Camera System

The dual-sensor remote camera system consists of an automatic 35-mm camera modified
to be triggered by a microwave motion and a passive infrared heat sensor (Mace and
others 1994; figs. 24, 2B). Dual-sensor systems are made by Compu-Tech, Trailmaster,
and Tim Manley (524 Eckleberry, Columbia Falls, MT, 59912, 406-892-0802). Although
the Trailmaster TM500 dual sensor (fig. 3) has recently been field-tested and proved
reliable and lightweight (K. Foresman, pers. comm.), we will describe the use of the
equipment from the last source, sometimes referred to as the “Manley” camera. These
three systems share many similarities. If you are using a dual-sensor system from another
manufacturer, the procedures described below will need to be altered as required by the

USDA Farast Service Gen. Tech, Rep. PSW-GTR-157, 1995,
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Figure 2A—Manley dual-sensor equipment (from above). Battery on left and camera on right.
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Figure 2B—Man'ey dual-sensor equipment (from the front).
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Figure 3—The Trailmaster TM500 dual-sensor camera system. From left to right: dual-sensor unit, camera ana metal camera
shield. Immediately below the camera is a ball-and-socket head boited to a metal L-bracket for altachment to a free; below that

is the “free-ped” that comes with the system. The camera is attached to the receiver with an 8-m wire.

particular system employed. Again, because of the availability of particular camera
models from the manufacturers, specific designs of the system are likely to change,

In normal operations, both the microwave sensor that detects motion and the passive
infrared (PIR) sensor that detects changes in ambient temperature are triggered
simultaneously and operate the camera. If either sensor malfunctions {e.g., the
microwave sensor loses ils signal, or if ambient temperature approaches the body
temperature of a target animal), the other sensor will take priority and will work like a
single-sensor system. Both sensors send out a field to approximately L1 m. The camera
15 triggered when an animal enters the field, which can be restricted to several meters
wide by obstructing the PIR sensor window. The sensors draw 35 mA from the 12-v gel
cell (golf-cart type), deep-cycle battery used lo power the system. This rechargeable
battery should last for 20 days between charges,

Early versions of this system wsed an Olympus Infimity Jr. camera, modified to be
triggered by an electrical pulse from the sensor. The camera focuses from 0.7 m to
infinity: the flash illuminates to 4.5 m with 100-ASA film and 9 m with 400-ASA film.
The flash can be operated automatically as required by available light, continuously on
every picture in fill-in mode, or the flash can be turned off. The capacitor that charges
the flash drains after 3-4 days if no picture is taken, Thus, if the camera is not triggered
or is not reset by closing and opening the lens hood, the {lash may fail to operate the firs
time the camera is triggered. The camera 1s powered by a 3-v lithium battery that will

USDA Fores! Service Gen. Tech. Rep. PSW-GTR-157. 1995,

29



Photographic Bait Stallans

30

Chapter 3 Kucera. Soukkala, and Zelinsks

last through 20 rolls of 36-exposure filn1, assuming the flash operatcs on approximately
half the pictures. However, because the light ineter is on continuously while the remote
camera is operating, the camera battery may last only [-2 weeks depending on how
many rolls of film are exposed, how many flash pictures were taken, and the ambient
temperature. The camera is equipped with a quartz clock thar allows displays of date
and time on each photograph: the clock is powered by a 3-v lithium battery that will last
several years.

The entire system is housed in a weatherproof 15- x 30- x 19-cm metal ammunition
box that will withstand moderate abuse (e.g., from a bear) without being damaged. An
external switch allows the system to be tumed on and oft without opening the box. The
box can be modified to allow it to be locked shut and cabled to a tree to discourage theft
and vandalism. The system comes with a mounting bracket and lag bolts for attachment
to a tree. Total weight is approximately 13.6 kg including the 12-v battery.

Line-Triggered Camera System

This Is an inexpensive, remotely triggered system, assembled by the user, that employs
a 110-size camera (fig. 4). We have the most experience with the Concord 110 EF and
CEF with internal, electronic flash (a distributor can be contacted by calling 908-499-
8280), but similar models may be satisfactory. It is essential that the camera have an
internal flash, “flash bars" and “flash cubes' have a high failure rate in the ficld. Each
camera should be identified with a unique number engraved or written on the body with
permanent marker.

The system is composed of the camera, a wooden mounting stake, a cover from a
plastic gallon milk jug, an external battery pack, and the trigger mechanism. The
mounting stake is a |- x 3- x 36-inch post topped with a 0.05- x 2.75- x 5.0-inch
wooden plaiform {figs. 5, 6). The platform should be firmly screwed to the top of the
post because this is the surface on which the camera is attached. Avoid using plywood
for the platform.,

The camera can be adequately weather-sealed for most conditions by putting a strip of
electrical tape over the trigger release and a second strip over the flash switch area (be
sure the swirch is ON). However, in rainy conditions, the camera should be covered with

Flgure 4—110 camera, raised from platform o view Velcro attachment.
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half of a l-gallon milk jug (fig. 5). Staple Velcro to the milk jug and to the vertical
surface of the platform board 1o hold the jug in place. Position the Velcro pads to avoid
obstructing the nylon leader thal comprises the trigger mechanism (see below) as it exits
the camera. Camouflage the jug with dark green or brown spray paint to reduce the
chance of its discovery by passers-by.

Unlike previous versions in which a coat-hanger-wire mechanism lriggéred the
shutter (Fowler and Golightly 1993, Jones and Raphael 1993), the design presented here
employs a line from the bait that connects directly with the shutter mechanism inside the
camera (L. Chow, pers. comm.). Familiarize yourself with how the 110 camera works
by opening the rear of the camera and waltching inside while tripping the shutter and
operating the film-advance mechanism several times. Look for a flat, triangular lever
that snaps backwards when you trip the shutter. This is the internal shutter release. Trip
the shutter to disengage the internal shutter release from the toothed gear. Drill a small
hole (using a #68 or #70 gauge drill bit) in the underside of the camera, approximately 2
mm from the rear edge of the camera. Position and angle the hole so it s just behind the
internal shutter release. Make a loop in a 12- to 15-inch length of a 2-lb test nylon
fishing leader. Fold and pass the loop through the hole and, using forceps, hook it over
the internal shutter release. Secure the loop by knotting it outside the camera an inch or
two from the hole; a knot inside the camera may prevent the shutter release from
operating properly.

Becausc the factory-suggested batteries for the camera are insufficient to provide
energy for more than a few days, additional power must be provided. Build an auxiliary
battery unit that will house two size D batteries (fig. 6). House the ballenes in a
standard, open, plastic battery pack, available at electronics stores. The D-cell unit
should be connected to the battery terminals in the camera by stereo wire that is soldered
from the baltery pack to the contacts in the camera ballery compartment; if wires are
provided with the battery pack, use them. The Concord 110 requires very little
modification 10 solder the wires to the ballery terminals in the camera’s battery
compartment. After soldering the wires, cut a small hole in the camera’s battery
compartment door to allow entry of the wire from the auxiliary battery unit. Seal this
hole with silicone. The battery compariments of other camera brands (e.g., Vivitar and
Focal) require that some of the plastic body be cut away to access the internal battery
terminals. Attach the battery pack to the bottom of the platform board with short screws
or rubber bands; Velcro is inadequate to support the weight of the batteries,

Baits and Lures

a2

Recommendations:

With the 35-mm systems, we recommend using road-killed deer, fish, or a
combination of the two. The amount used should be as large as possible, upto a
whole deer carcass, but at least 5 kg. With the line-triggered system, chicken
wings are the recommended bait, Also use a commercial lure and, especially for
surveys for lynx, a visual attractant (e.g., hanging bird wing, large feather, or
piece of aluminum).

Mustelids

Wolverines, fishers, and martens are opportunistic hunters, and the great diversity in
their diets reflects this (Banci 1989, Hash 1987, Martin 1994). In addition to taking live
prey, they frequently scavenge in winter and can be attracted to carcasses of ungulates
(Hornocker and Hash 1981; Pittaway 1978, 1983). Thus, road-killed deer (Qdocoileus
sp.) are probably one of the most readily available baits to atiract these species 10 35-
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mm camera stations. However, because it is illegal to handle or transport road-killed
deer without appropriate permission, coordination with the stale game agency is
necessary before handling and transporting them.

In many areas, road-killed decr are available seasonally; this may require planning in
order to have bait for the ficld scason. Storing deer can be a challenge; a large freczer
such as at fish hatcheries or cold box at some National Forest System ranger districts
often ts necessary. The bigger the bait the better, but handling wbole deer carcasses can
be difficult. An important requirement 1s that the bait be large enough o remain
attractive until it ts scheduled to be replaced. We recommend a piece of road-killed deer
weighing at least 5 kg. One approach to increase the convenicnce of storage and
transport of bait is to quarter deer when fresh and freezc the pieces in individual plastic
bags. The frozen packages can be transported when needed, ¢liminating the need to cut
up frozen carcasses. Another attractant being experimented with is cow blood, frozen in
gallon milk jugs, from a slaughterhouse. Putting an anticoagulant in the blood will keep
it in a liquid statc. At the camera station, perforate the jug to allow the scent 1o escape
and suspend the jug from a cable, approximately 3.5 m above the ground.

Commercially available trapper lures such as skunk scent may be valuable to attract
the mustelids, and we recommend that they be tried and evaluated in conjunction with
the bait. Two sources of such lures are the M & M Fur Company, P.O. Box 153,
Bridgewater, SD 57319 (605-729-2535) and Minnesota Trapline Products, 6699 156th
Ave. NW, Pennock, MN 56279 (612-599-4176). Standard predator-survey disks
conlaining fatty acids can be obtained from the Pocatello Supply Depot, 238 East
Dillen St., Pocatello, ID 83201, In several areas of California. fish emulsion sold as
fertilizer in garden-supply stores and used in conjunclion with deer carrion has been
used to attract fishers and martens. Brands vary in the strength of their edor. Mixing
vegetable oil or glycerin with the fish cmulsion may retard evaporation and thus extend
the attractiveness of the scent.

Lynx

Lynx rely heavily on a single prey species, the snowshoe hare (Lepus americanus),
although they do take other small mammals, birds, and carrion, particularly when hares
are rare (Hatler 1989). This requires somewhat different strategies in attempts to detect
them. The typical set used to trap lynx employs a scented lure (e.g., commercially
available skunk scent and some catnip) in addition te a visual attractant or “flasher”
such as a grouse wing, a turkey primary feather, or an aluminum pie plate on a string
above the trap (Baker and Dwyer 1987, Geary 1984, Young 1958), Once attracted to the
general area by the scent, the animal secs the object moving in the wind and ¢comes 1o
investigate il. A similar arrangement could be used to attract lynx into the beam of the
single-sensor, or within the range of the dual-sensor camera, Scents are probably best
purchased from a commercial supplier, A set employing carrion, a scent, and a bird
wing conceivably could attract any of the four targel species,

Kucera, Scukkala, and Ziehnski

Recommendations:

35-mm systems: Conduct surveys in winter. Bears are least active during winter,
and the dual-sensor camcras operate best in cool temperatures.

Line-triggered system: Conduct one survey in the spring, shortly after snowmelt,
and if the target species is not detected, conduct another in the fall, The line-
triggered camera system works best in snow-free conditions.

1USDA Farast Service Gen. Tech. Rep. PSW-GTR-157. 1395
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Single and Dual Sensor

There is cvidence that wolverines are more attracted by carrion in the winter than at other
seasons (Hornocker and Hash 1981), and this is likely true of the other mustclids. They
also may be less likely to come to an attractant when natural foods are more ecommon. In
addition, bears are usually much more numerous than wolverines, fishers, and possibly
martens, and are readily attracted to bait. Bears can exhaust the film, remove bait, and
damage equipment. For these reasons, the best seison 10 try to deteet mustelids 1s winter.
However, data on wolverines in [daho suggest that temales restrict their movements
from near the time of parturition through weaning of offspring and thus may be
cffectively removed from the population in late February and March (J. Copeland, pers.
comm.). Similar seasonal considerations may apply to fishers (Arthur and Krohn 1991,
York and others 1993) and American martens (Strickland and others 1982),

Both 35-mm systems operate well in the snow; the dual-sensor system operates best
in winter because warm temperatures during the summer can send crroneous signals to
the sensor. If working in winter is not possible, or if bears are active year-round in a
particular ares, you may need to check and move the equipment more frequently. If a
bear finds a station, it is likely to return, so the station may need to bec moved or
recon{igured to prevent the bear from taking the bait (see below, Checking the Stations).

Seasonal differcnces in vulnerability of lynx to trapping are unknown, so
recommendations for seasonal guidelines will have to awalt additional data. Again,
however, if bears are a problem in a study area, or it there is an ongoing program of
snow tracking (sec Chapter 3) to detect iynx that can incorporate the photographic bait
stations, winter would be the most appropriute season.

Line Trigger

The line-triggered camera system reeommended here is difficult to use in snow, especially
it snow falls during the survey period (C. Fowler, pers. comm.). Snow can interfere with
the trigger wire that runs along the ground, and cold temperatures can affcet the
mechanical trigger. Therefore, surveys using line-triggered cameras should be conducted
when most snow 1s melted and the risk of new accumulation is low, However, the linc-
triggered camera has successfully been used during winter by attaching the camera and
bait to the top of a downed log that is above the snow (T. Holden, pers. comm.).

Martens and fishers have been detected on numerous occasions at line-tripgered
camera and track-plate stations baited with chicken during the spring, summer, and fall
(Fowler and Golightly 1993, Seglund and Golightly 1993, Zielinski and others, 1995),
when alternative foods are assumed to be more abundant than in winter, Bull and others
(1992) detected marten at more stations in winter than summer, but only 16 stations
were used. There is no compelling evidence that spring and fall surveys that target
marten and fisher are less effective than winter surveys, and surveys certainly are easier
1o conduet i spring and tall. Neither wolverines nor lynx have been delected at Jine-
riggered cameras, so conclusions about seasonal cffects on their detectability must
await additional dawa. There is little cvidence that bears will return as frequently to a
line-triggered camera station as they do to 35-mm camera stations. There is no reason to
believe that moving the station will result in less damage than replacing the unit at the
same location. Because of its low cost, a line-trigpered camera set damaged by bears
does not result in significant expense.
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Recommendations:

35-mm systems: Operate each station until either the target species is detected or
a minimum of 28 days have elapsed.

Line-triggered system: Stations should be set for a minimwmn of 12 nights and
checked cvery other day for at least six visits (excluding setup) or until the target
species is detected. if the target species is not detecled during the first 12-day
session, run a second session during the alternate season (either spring or fall) for
at least 12 days or until the targel species is detected.

Allow extradays toachicve the recommended duration if the camera becomes inoperative,

Because the objective of the survey is to determine whether the targel species is
present in a sample unit, effort need not be expended beyond the detection of the target
species. The minimum duration that a 35-mm camera station should operate without
detecting a targel species is 28 days. We based this minimum cffort on data on
“latency to first detection™ of wolverines and American martens. Using dual-sensor
systems, J. Copeland (pers. comm.) detecled wolverines at six stations with a mean
latency of 38 days; the median latency was 17 days. Mean lalency to first detection at
dual sensor cameras in Montana was 13.5, 9.0, and 13,0 days for marlens, fishers, and
wolverines, respectively (Foresman and Pearson 1995). Kucera® detected American
martens al 25 single-sensor stations after 2 mean of 7.9 days and a median of 5 days.

We set the minimum effort when using line-iriggered cameras at 12 nights in responsc
to several sources of information on the latency to first detection for manten and fishers.
In reviewing the results of 207 surveys that used either track plates or line-triggered
cameras, Zielinski and others (1995) found that the mean (SD) latency to first detection
for surveys that had from 6 to 12 stations was 4.2 (2.4) and 3.7 (2.6) days for fisher and
marien, respectively. This estimate is biased downward, however, because it included
only those surveys that delecled a target species before the survey was concluded.
Raphael and Barrett (1984) suggested that 8 days were sufficient to achieve high
detection probabilitics when measuring carnivore diversity at a site. Jones and Raphael
(1991}, however, discovered that 60 percent (3 of 5) of first detections during marten
surveys occurred after day 8 but before day | [. They concluded that surveys should run
more than 11 days. Fowler and Golightly (1993) suggested a 22-day survey duration,
but this was with the intention of using track-plate visits to monitor population change.
Because the objectives of detection surveys are different, and because the statistical
merits of their approach have not becn adequately addressed, 22 days is probably
excessive for detection,

Because visits by lynx and wolverines o line-triggered camera stations have not yet
been recorded, there are no data on which to base recommendations for survey duration.
Until appropriate dala arc collected to suggest otherwise, we belicve that the 12-day
duration, twice per year if necessary, is sufficient effort.

Survey Duration

5 Unpublished data on file at the
Depariment of Environmental Science,
Policy, and Management, University
of California, Berkeley, CA.

Defining the Survey Area
Recommendations:
Conduct surveys in 4-mi sample units, as described in Chapler 2.

Chapter 2 discusses the two types of survey, Regional Distribution and Project Level,
The investigator should decide which 1ype is appropriate for the planned work and
outline the survey area on a map. In both types of survey, we recommend the use of
separate, 4-mi* sample units as the basis of the survey. For 4 Regional Distribution
survey, the region of interest should be defined on a map, and the 4-mi? sample units
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located as suggested in Chapter 2. A Project Level survey will include a 36-mi* area,
with nine sample units, centered on the project,

Station Number and Distribution
Recompiendations:

35-mm systems: Use a minimum of two cameras in cach sample unit. no closer than
| mile apart, at the sites of the most appropriate habital or where unconfirmed
sightings have occurred.

Line-triggered systen: Use aminimum of six camera stations in cach sample unit.
Arrange stations in a grid, distributed at intervals of about 0.3 nile, at the site in
the sample unit with the most appropriate habitat or where unconfirmed sightings
have occurred (sce Chapter 2, fig, 2).

Within each sample unit, place the detection devices (minimum of two 33-mm or six
line-trigger cameras) where a detection is most likely. This could be in an area thought
1o have the most suitable habitat or ncar an area of previous reports of occurrence or
likely travel routes. as discussed in Chapter 2. However, in doing so, try 1o maintain the
inter-station spacings recommended above.

Two 353-mm cameras are an adequate minirmum density per sample unit because
they can operate longer for the same personnel costs than the line-triggered cameras,
and the larger baits used should attract target individuals from a greater distance. The
number of line-triggered cameras in a survey can influence its success (Zielinski and
others, 1993). Although the data are too few 1o estimate the optimum station number,
it secms reasonable 1o have detection stations that sample at least 10 percent of the
area in the sample unit for the survey duration. Six stations provide al least 12.5
percent coverage of the sample unit if they are arrayed as a rectangle and one assumes
that a target individual will be detected if it travels within the area created by joining
the perimeter stations. Of course more stations will provide a greater assurance in
detecting occupants, but more than 12 stations (covering 1.5-mi%; 37.5 pereent of the
area) would probably be excessive,

If there is no reason lo place the line-triggerced camera stations either at the most
suitable habital or where previous sightings occurred. array the stations as a grid in the
center of the sample unit. Wherever the grid is placed. adjust its shape to accommodate
road access in the vicinity. It the sample unit 1s roadless, pack the materials into the area.

In the Field

36

Before you go oul, become familiar with the operation of the device you arc using.
Practice with it so that you are comiortable with its operation. When using the single-
sensor system we describe, understand its commands, know how to program it, read out
the cvent data, clear it, change batteries, and know where in the manual to look for
instructions tor a particular topic you need help on. This is much more casily done in the
warmth of home or office than in the field.

In the ficld, do not go alone, especially during winter. Tell someone where you are
going and when you will retum, and whal to do if you do not retum by a certain time. Be
awarc of the weather forecast, have appropriate gear, and expect the worst, Remember
that easc of access can change drastically as snow conditions change. Be sure you have
all the necessary equipment; a list is provided below (Equipment List).

The major considerations for establishing stations in the ficld are maximizing the
probability that they will be found by the targel animal specics and minimizing the
likelihood that the station will be found by peaple. Mark the station permanently with a
metal tag or stake, and precisely describe its location. If possible, use a Global
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Positioning System to determine the lecation. This will allow future study cfforts to
replicate your work.

Winter Safely

Surveys using 35-mm cameras will be conducted primarily during winter when
potentially hazardous conditions frequently cxist. It is the responsibility of the
supervisor to evaluate potential hazards in the survey arca and to obtain proper training
for all personnel before they go into the ficld. Ficld biologists eften assume they know
how to get along in the outdoors. Surveying for rare species during winter may tesl
those assumplions; being a ficld biologist does not guarantee competence to conduct
fieldwork in winler.

Job descriptions and training for field technicians should stress winter ficld skills
including skiing, snowshocing, snowmobiling, camping, and avalanche training. ’roper
winter equipment must be provided to each field person. Employces should be trained
by in-house experts or at one of several established winter training schools. Lists of
winter camping and avalanche training schools are provided in Chapler 5 under Safety
Concerns, Two excellent references on avalanches are by Armstrong and Williams
{1986) and Daffern (1992). Selected references on winter outdoor skills include Forgey
(1991), Gorman (1991), Hallfpenny and Ozannc (1989), Pozos and Born (1982),
Schimelpfenig and Lindsey (1991), Weiss (1988), Wilkerson and others (1986),
Wilkerson (1992), and Wilkinson (1992),

Handling Bait

Uncooked micat baits are a potential source of Salmonella bacteria, so meat should be
wrapped in plastic and [rozen until the day it is used. Conlact with either fresbh or old
bait should be minimized. Plastic bags can be used as gloves lo reduce conlact, and for
smaller pieces of bail, kitchen tongs can be used. Carry soap, walter, and disposable
wipes s0 that you can wash your bands thoroughly after handling bait. Careful attention
to cleanliness will make the risk of contamination from rotting meat, including chicken,
negligible (J. Sheneman, pers. comm.). The risk ol poisoning the target specics with
rotting meat baits 1s very low, as most target species regularly consume carrion,

Station Setup

Single Sensor

A solt-sided cooler bag 1s convenient for carrying the Trailmaster and provides sone
protection. Be sure that the receiver 1s programmed for the correct date and time, for
pulses = 10 (-P 10), and for camera delay = 2.6} (ed 2.0). These are initial
recommendations, change them if you have reason. For example, make the trigger more
sensilive (fewer pulses) if bait is being taken but no events recorded, or increase the
camera delay if a non-target animal such as a squirrel is shooting up a lot of film. Make
sure that the receiver is programmed to activate the camera (see the Trailmaster manual,
p. 12). A short summary of Trailmasler commands is presented in appendiv B,

Load film into the camera. Print film of 100 ASA works well, is relatively inexpensive,
and can produce enlargements of acceptable quality. Using a small, blunt tool,
synchronize the date and time on the camera display with the receiver, and set the
display to show the date (day number) and time, not month or year or other configuration,
With the Olympus Infinity Twin, be sure that the horizontal bar over the minutes digits
is showing, which indicates that the information will appear on the film,

For mustelids, an ideal site has three trees, 15-30 ¢cm in diameter and 3-10 m apart,
lined up in a north-south direction with the middle tree slightly {15 ¢cm) offsct, and a
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Figure 7-—Schematic conliguration of a single-sensor camera station.

fourth trec or a branch 2-3 m iront the middle tree with a good view of it {figs. 7, 8). The
transmitter will be in the middle of the trunk of the northernmost tree facing south, and
the receiver will be on the cast side of the trunk of the southemmost tree with the
receiving window pointing north. This orientation is important to prevent solar infrared
radiation from reaching the receiver and causing false events to be recorded, The bait
will be on the middle tree, and the camera will be on the fourth tree. As an altemative, the
camera can be above the recciver on the same tree. The beam should pass within 5 cm of
the middle tree about 1.5-2 m above the ground. With some practice, you can easily
identify the appropriate configuration of trees. Do not use trees that will move in the
wind, and trim any hranches that could blow into the beam or block the camera,

It is best to have one person handle the bait and another the equipment, so that no
odors from the bait ge1 on the equipment. Hang the bait along the trunk of the middle
tree so that it is at least 2 m ahove the ground (o prevent canids from reaching it. In areas
of heavy snowfall, you may need to adjust the height of the bail to accommodate
changing levels of snow, Attaching the bait to the tree with wire will prevent loss of the
bait il the string or rope is chewed. Trim lower branches to guide animals 10 the bail
through the beam and to eliminate perches for birds and squirrels in the beam, Add any
scent as appropriate to attract animals to break the beam,

Position the transmitter on the northern tree and receiver on the southern tree so that
the infrared beam passes 10-13 cm below the bait on the middle tree and about 5 cm from
the tree, so that any animal climhing the tree to get the bait must pass through the beam.
Look down the sighting groove on the recciver, and alm it precisely at the (ransmitter
window; this is important for geuing the best performance. When the approximate
positions of the transmitter and receiver are established (using the receiver in setup mode
with its flashing red light), tighten the receiver strap and check the alignment again,
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Figure 8—Single-sensor station. Camara and receiver on tree on left, bait (deer leg) on central tree, and transmitter on Iree on right.

Loosen the transmitter strap and tilt the transmitter up and down and side to side,
watching when the red light on the receiver stops flashing, This is to determine where
the central portion of the infrared beam is; fasten the transmitter so that this central
portion of the beamn hits the recciver. Check the position of the beam relative to the tree
and batt by passing your hand through the beam to simulate an animal coming to the bait
and watching when the red light on the receiver goes out, showing that the beam is
broken. Remember, after 4 minutes the receiver automatically leaves the setup mode
and the red light stops flashing. Again, sight down the groove in the receiver; adjust it so
that it points directly at the transmitting window and tighten the strap, pushing the
peints on the back of the receiver into the tree so that the unit is firmly positioned.
Visually check the transmitter to determine that the central portion of the beam is
directed at the receciver, and adjust it if necessary.

If you are using the collapsible tripod supplied with the Trailmaster, attach the camera
to it with the metal bracket shielding the top of the camera, Sct the {lash mode for FILL-
IN, so that the flash operates on every exposure, and make sure that the self timer and
continuous mode are off. Attach the camera and tree-pod to a tree or large branch about
2-3 m from the bait, with an unobstructed view centered on where you expect the animal
to be. Position the camera so that the automatic focus frame in the viewfinder is on the
target and not a distant background. The tree-pod should be collapsed; use duct tape to
altach it to the tree. Tighten the attachment of the tree-pod (o the camera, make a final
alignment of the camera to the target, and tighten the ball and socket; this should be
done with pliers to achieve a secure connection, but be careful not to strip the threads. A
length of duct tape from the camera shield up to the tree helps prevent the cainera from
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lipping down when weighted with snow. As a more sccure alternative, attach an L-shaped
metal bracket to the tree with lag bolts to provide an attachment for a more substantial ball-
and-socket head such as Lthe Bogen 3009 {(figs. [, 7).

Run the camera cable from the receiver to the camera, winding it several imes around
the trees on which the camera and receiver are placed, so that any tugging on the cable
(from snow, animals, you falling down) pulls on the tree and not the equipment. Be aware
that the cables are specific for the model camera used and are nol interchungeable. Be surc
you are using the correct one, Run the cable at least 2 m off the ground so that animals and
most people pass below it Do not plug the cable into the camera yet. Trim any branches
that could be in the field of view or interrupt the beam when welghted with snow or that
could lift into the field of view as snow melts. Attach a blue, 2 5 5 card with the station’s
identification number written in large letiers with a waterprool, wide-tipped marking pen
to the tree 1n the ficld of view. The card provides a scale for measurement of animals in
photos and a record of lecation. Avoid while cards, which often are overexposed and
difficult to read on the photo. Autach a laminated card with the following message to a
ncarby tree, positioning it out of view except when close to the set:

This is part of an important wildlife study being
conducted by . . Please do
not touch. It is an automatic camera that will take a
picture of an animal as it comes to the bait, and will not
harm the animal. If you have any questions, please
contact _ . _

Thank you.

Finally, when you think all is rcady, plug the cable into the camera and receiver,
being sure the cable is plugged in correctly. Resel the event recorder o zero, run your
hund through the beam where you expect the animal 1o be, and be sure a picture is
taken and an event recorded. If they are not, check the programming of the receiver (p.
12 in the Trailmaster manual), the camera cable, or the alignment of the beam. Make
sure everything is right, and remember the 2-minute camera delay: a picture will not
be taken for 2 minutes after the last picture is taken, It necessary, reset the receiver to
zero and (ry again,

Record in your field notebook the number of photographs taken during set-up, the final
event number on the receiver, and the date and time of your test photo departure, This will
be important information when you return to check the camera. A sketch of the set on the
Survey Record form (appendix A and in pocket inside back cover) will help identifly what
configuration works and what does not, Be generous in taking field notes; these will be
used in the future to reconstruct what happened, and to analyze what went wrong and
right. Use flagging tape to mark the way to the site if necessary, but do not flag the site
itself, to lessen the chance of its being found by people.

Dual Sensor

We will describe a station configuration that we have used with the Manley system. If
you are using the Trailmaster TM300 or another dual-sensor system, modify the station
as the equipment and reason dictate. Before going out. familiarize yourselt with the
camera and the other components of the system and how they work. The camera will
operate without film so the system can be assembled in the office to make sure all
components ar¢ working properly. Set the camera so that the day, number, and time are
displayed and will be printed on each picture, Make sure you have all the equipment on
the list provided at the end of the chapter,
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An ideal site for the dual-sensor station is the intersection of several game trails.
However, if deer densities are high, selting over game trails may produce too many
pictures of non-target animals, Choose a site in a sheltered area, if possible, that will be
shaded for most of the day. The camera unil produces the best pictures if it faces north.
An area along the trail with three trees in a triangle will work best (figy. 9, /0, 1 1). The
tree at a southern point serves to 'support the camera and should be 3.5-5.5 m from the
target point. The two other trees support the cable holding the bait and should allow the
bait to be at least 3 m from any tree trunk and hang over the trail or target point. Because
the Manley dual-sensor camera operates as long as 2 warm, moving object is in ils
sensor field, the bait must be inaccessible. An animal should be attracted to the station
but leave shortly because it cannot reach and feed on the bait. The Trailmaster TM500
requires setting a camera delay, which avoids exposing all the film in a short time.

Suspend the bait on 1/8-inch cable betwecn the bait trees al lcast 3.5 m oft the ground.
Use 10-m cable pieces with looped ends that will allow the cables to be hooked together
to reach the appropriate length. Using a climbing belt and either removable tree steps or
climbing spurs, attach one end of the cable to one tree. Then climb the other tree, wrap
the cable around it as many times as needed, and anchor the cable with a nail through the
looped cnd. Remember to place the cable high enough so the bottom of the bait will be
at least 3.5 m off the ground. The bait can be suspended by attaching a ngid wire hook
to the bait, roping it up to the cable, and using a pole to push it out along the cable until
it hangs over the appropriate target point. It you are using heavy baits, they can be
suspended using a pulley system, Attach a pulley to the cable so that when it is strung,
the pulley will hang over the target point. Before suspending the cable, tie a rope to the
bait (using burlap sacks Lo contain the bait will help) and put the rope through the
pulley, Suspend the cable, keeping in mind that the pulley plus a short length of rope
will cause the bait to hang lower. The bait can then be pulled up and the rope tied off to
a tree, Attach a laminated card with the following message to a nearby tree, positioning
it out of view except when close to the set:

. This is part of an important wildlife study being

il conducted by .. Please do
| not touch. It is an automalic camera that will take a

i picture of an animal as it comes to the bait, and will

| not harm the animal. If you have any questions,
| please contact

| Thank you.

Climb the camera tree and mount the camera at a location where it is no more than 3-4 m
from the target point and sufficicntly high in the tree to reduce its accessibility to people
and animals (between 3-4 m). By pointing the camera slightly down to the target point,
the sensor field will be shortened so that an animal will not trigger the camera before it
1s close enough to be illuminated by the flash. Secure the camera to the tree using the
mounting bracket and lag bolts. Mount the bracket at the approximate angle and
direction needed to have the camera point directly to the target point, The camera angle
can be adjusted slightly after it is mounted in the tree.

To test that the sensor field is appropriate for the site, position the unit and tum it on
without film in the camera, With one person in the camera tree, the other person should
walk into the target arca from different directions o determine where the sensors first
trigger the camera. Adjust the sensor field by blocking part of the sensor with the
magnetic strips provided so that the camera is triggered only when the person is near the
target point and toward the center of the picture,
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Figure 9—-Schematic configuration ot a dual-sensor camera
station. Meat is used as an attractant, but blood baits can also be

used.
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Figure 10—Dual-sensor camera in positian,

When the test is complete, load film in the camera and climb down the tree. With a
black marker, write the station number on the back of a data sheet. Walk into the sensor
field and trigger a single picture so that the station number will be identified in the
photograph. Record in your field notebook the number of pictures taken during set-up,
and the date and time of your departure from the site. A sketch of the site on the Survey
Record form {Appendix A and in pocket inside back cover) including directions and
approximate distances will help in evaluating the effectiveness of different
configurations. Leave the site without walking through the sensor field. Write a short
description of how to get to the site {2 dot on an orthophoto-quad, topographic map, or
aerial photo is extremely helpful), and flag the way to the site if necessary, but do not
flag the site itself to lessen the chance of its being found by people.

Line Trigger

These stations are most easily established with two people, one setting up the mounting
stake and camera and the other preparing the bait, If only one person is available, the
camera portion should be assembled and in place before bait is handled to avoid
transferring scent to the camera unit (Jones and Raphael 1993), Avoid putting stations
in direct sunlight; light can penetrate these cameras. Remove vegetation so that the
camera has an unobstructed view of the bait and the monofilament line is not obstructed
{figs. 5, 6). Dig a hole about 6 inches deep for the mounting stake, put the bottom of the
stake in it, and tap the soil around its base firmly to secure it. Rocks can be used for
additional support or to help adjust the angle of the stake,
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[.oad the camera with 12-cxposure, L00-ASA, 110 print film, and advance it to exposure 1.
Twenty- or 24-exposure film is also satisfactory but will leave more unexposed (iim. The

date and station number should be identified on each film cartridge before it is loaded into the

camera to avoid confusing the rolls when they are removed. This is important because there
will probably be al least six cameras per sample unit. Altach the unit to the camera platform
with Velero, and if necessary, place the cut milk jug over it to protect it from rain,

Tie the monofilament line (> 20 1b test) to the 2-1b test trigger line, feed the former through
the eye screws and ground wire o the washer on the “bait side” of the ground wire (figs. 3,
12). After auaching the line 10 the washer, move the ground wire away from the camera until
the line is taut. The washer should be between 4 and 8 feet from the mounting stake, The
second person should tie a strand of thread around the chicken and then tie the thread to the
washer, leaving no more than 1 inch between the bait and the washer. Time can be saved by
tying thread to all the chicken pieces you will use during the day betore going into the field.

Do not rely only on the viewfinder to aim the camera. The aim will differ with the position
of the observer's eye. Like all other aspects of setting up a camera, aiming should be
pracliced before the cameras are sct up in the field. Some technicians find that the camera is
properly aimed when, viewing from the bait, the operator can see neither the top of the
camera nor the bottom of the platform. Others sight the bait so that it 1s in the lower third of
the viewfinder, Still others use a length of line siretched tfrom stake to bait to determine
horizontal alignment, and straight up from the bait for vertical alignment. Placing the bait
slightly uphill from the camera or angling the mounting stake slightly toward the bait will
usually help center the bait in the photograph. Attach a laminated information slip with the
following information to each camera stake:

Kucera, Soukkala, and Zielinski

Flgure 11—Dual-sensor station. Camera (in bax) on left and blood Bait in jug suspended from line.
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Figure 12—Bait attachment lo ground wire, line-triggered camera system.

This ts part of an impertant wildlife study being
conducted by . Please do
not touch. tt is an automatic camera that will take a
picture of an animal as it comas te tha bait, and will not
harm the animal. f you have any questions, please
contact

Thank you.

When you consider the camera “set” in the field, take one or two test shots, holding
a label card (a piece of 8 x 8-inch paper with the camera number, date, and station
number indicated in large print) in view of the camera. Record in your field notes the
number of test shots and the exposure number on which the camera is set when you
leave, and then transfer this and other general information onto the Line-Triggered
Camera Results form {appendix A and in pocket inside back cover).

Checking the Stations

Recommendations:

35-mm systems: Check the station four times at 7-day intervals so that it is
operating 28 days or until the target species is delected. Allow exira days to
achieve the minimum survey period if the station becomes inoperative. Pay
particular attention to tracks in the snow near the station every time you check it,

Line-trigoered system: Stations should be set for a minimum of 12 nights and
checked every other day for at least six visils {(excluding setup) or until the target
species is detected. If the target species is not detected during the first 12-day
session, run a second session during the alternate season (either spring or fall) for
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12 days or until the target specics is detected. Allow extra days to achieve the
minimum survey period if the station becomes inoperative,

Single Sensor

The station should be checked at weckly intervals to ensure that it is working and that a
non-target animal such as a squirrel has not immediately found it and used all the film.
Weckly checks are also necessary to check the camera batteries which can discharge
rapidly during cnld winter conditions (Foresman and Pearson 1993). The station should
be checked at least four times at weekly intervals, so that it is operating for 28 days.

Before you leave to check a station, be sure you have new bait and replacecment film
and batteries, Camera Results form (see appendix A, and in pocket inside back cover),
contact cleaner and brush, and equipment for recording tracks in snow (see Chapter 5).
Be familiar with the tracking material in Chapter 5. This is important. J. Copeland
{pers. comm.) detected wolverine visits 1o photographic bait stations more frequently
by tracks in snow than by photographs. Do not go alone, do check the weather, and
bring appropriate gear. A list of cquipment is provided below.

When you approach the set, [ook for and identify, describe, measure, photograph,
and collect, as appropriale, tracks, scat, or any other sign of what may have been
there. Note whether the bait is still present, whether it has been consumed, etc. Has
the tree been scratched up, or have any string or wires been chewed or broken?
Record these observations on the 35-mm Camera Results form (appendix A, and in
pocket inside back cover).

Press R/O ADV to cycle through the “events” (i.e.. interruptions of the beam). Record
on the Camera Results form the date, event number, and time of only those events that
caused a photograph to be taken (i.e., those thal show a period between the first and
second digit locations on the receiver’s display; see “Displays™ section of the Trailmaster
manual). If you miss somelhing, cycle through the data again.

After recording the cvent dala you will know how many frames were exposed.
Replace the film if half or more of the frames were shot, or if you suspect from tracks or
other sign that a target specics has been at the set, To rewind a roll of film beforc its end,
press the rewind button on the bottom of the camera genily with a ball-point pen.
Immediatcly upon rcmoving the film, wrile the station code and dale on it with a
marking pen, and pul it into a film canister to keep it dry. Check the three electrodes on
the camera cable for corrosion, and clean them if necessary.

With the Yashica camera, replace the lwo AA batteries after 1-2 wecks in the field,
Avoid getting moislure or any other contamination in the battery or {ilm compariments,
or on the rubber seals; remove any moisture with a cotton-lipped swab. The Olympus
cameras have a battery display on the LCD panel when the lens cover is opened. A solid
baltery figure indicates that the batteries arc good; an outline of & battery, either flashing
or on continuously, means that the batterics must be changed. Replace them with one
(Infinity Mim DLX) or two (Infinity Twin) “DL123A" or “CR123A" lithium batteries,
With the Infinity Mimi DLX, check the day and time display to be sure it is still correct
after changing the battery.

The batteries in the Trailmaster transmitter and recciver will last for 30 days in the
field. When the baticries in the transmitter are low, the red indicator light on its base
will immediately come on and quickly turn of{ when the unit is turned off; the light will
stay on, or will not flash, when the unit is turned on. The receiver has a L o b (“low on
hattcrics™) display and will not record events if the batleries arc low, If the baiteries
have been in use more than 20 days, or if cither the transmitter or recciver indicates low

USDA Forest Service Gen. Tech. Rep, PSW-GTR-157. 1995,

Kucera, Soukkala, and Zielinski

45



Photographic Bait Statlons

46

Chapler 3 Kucers, Soukkala, and Zielinski

batteries, replace the batteries in both units with four new alkaline C-cells. Do this over
a jacket or cloth to avoid losing the tiny hex screws or wrénch when you drop them into
the snow or forest litter. Always replace batteries in both units at the same time. Before
replacing the backs of the transmitter and receiver, make sure the rubber-gasket scals
are seated in the groove, and thalt there is no moisture or other contamination on them.

If you are going to keep the station in place, replace and align the transmitter, receiver,
and camera as necessary, Clean the camera lens with lens tissue and tluid if 1t is dirty.
Clear the events from the receiver. Take a test photo to determine that all is operating
correctly, and record the frame and cvent numbers left on the units when you leave.,

If you find that a bear, coyote, or gray fox (Urocyon cinereoargenteus) has found the
station and has been frequently returning, move the station at least 0.5 miles from the first
location. If smaller animals such as birds or squirrels are triggering the camera, move the
beamn farther below the bait or out from the tree so that smaller-bodied animals do not
break it, Check to see that no branches that may serve as perches remain near the beam,

Dual Sensor

Stations should be checked 4 times at weekly intervals. When checking a station, have
all the gear neccssary to cstablish one, including cxtra film and batteries. A spare
camera unit or two will allow you to replace faulty ones if necessary. Bring equipment
for recording tracks (see Chapter 5), Be familiar with the tracking material in Chapter 5.
‘This is important. J. Copeland (pers, comm.) detected wolverine visits to photographic
bait stations more frequently by tracks in snow than by photographs,

When you approach the set, look for and identify, describe, measure, photograph and
collect, as appropriate, any tracks, scat, or other sign of which animals may have been to
the station. Has the bait or scent been disturbed? Has the bait tree or camera tree been
climbed? Record these observations on the Camera Results form {(appendix A and in
pocket inside back cover).

Enter the sensor field with the station sign, and trigger a single picture. Climb the
camera tree, turn the unit off, and open the box. Record the frame that the camera is on.
If the roll is more than half exposed, or if you suspect that a target species has visited the
station, remove the film. Using a digital pocket battery tester, test both the 12-v battery
and camera battery, and change them if they are low (this will depend on how long the
unit has been out and when you plan to visit the site again). Remember, new, fully
charged batteries will probably need recharging after 20 days, so you will probably need
to replace the batteries after 1-2 weeks. Put new film in the camera if needed, check the
batteries, hook the unit up, and turn it on just before you climb down the tree. Enter the
sensor field with a sign indicating the station number and date, and expose a single
picture. Leave the site without again entering the sensor field.

Line Trigger

When checking the camera, first determine whether the filim can be advanced. If so, a
photograph has been taken since the last visit, Record this and other information on a
copy of the Line-Triggered Camera Results form (appendix A and in pocket inside back
cover), Examine the camera unit, and note whether the camera is functional. Reasons
for non-functional cameras include the thread being chewed through, the monofilament
line obstructed or broken, and misattachment of the trigger line. To verify that the unit is
functional, take a test photograph at every visit. To save processing costs, take this tesl
shot with your hand blocking the lens so that no print will be developed from this
exposure. Replace the bait at every visit. Initially, replace the film afler one or two
exposures (excluding test shots), Once the crew is familiar with the operation of the
camera and the area appears safe from vandalism and persistent bear damage, the film
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can be left in the camera [onger. If the film is to be removed, make certain to advance it
to the end of the roll before removing the cartridge. Failure to do so will result in the
overexposure of the last few photographs and loss of data. Before leaving the station,
make sure to advance film to (he next exposure. If necessary, take additional test shots
with the lens blocked to test the camera operation. Other general suggestions for
checking line-trniggered cameras are outlined in Jones and Raphael {1993).

Developing Film

When you remove exposed film from a camera, label it with the station number and date
so that it will not be eonfused with other rolts, Fine-tipped, indelible markers work best,
Often the lcast expensive developing is provided by large discount or drug stores, which
typically make two prints of each exposure. Record the camera number, station number,
and time period over which the film was cxposed on the processing envelope and on the
receipt. When using 110 film, if a custom-processing laboratory is available, have a
contact shect printed first. Review each frame on the sheet, and if possible, request that
only those photographs that contain animal subjects be printed at full size. If custom
processing is not avaitable, and the budget is especially tight, have the negatives
developed first and then select for printing only those frames that, when examined
under a lens, contain an animal subject. However, there is a danger of missing something
important if just the negatives are examined.

Label the back of each photograph with the species, date, and station. This samc
information should be entered on the Camcra Results form. Archive all photographs in
protective plastic covers, Examples of prints from 35-mm and ! 10 camera systems are
presented in appendix C.

Data Management

We recommend three forms for data: Survey Record, Camera Results (different for 33-
mm and line-triggered systems), and Species Detection form {(appendix A and in pocket
inside back cover). In wel areas or during snowy seasons, we strongly recommend using
indeliblc ink and photocopies of the data sheets made on waterproof paper. All forms
shoutd be stored with photographs in a 3-ring binder as a permanent, complete record of
what was done, where, when, by whom, and what the results were. Record all specics
detected. Your survey efforts can contribute to understanding the distributions of a
variety of species in addition to MFLW.

Survey Record Form

This form contains information on each survey’s location and details on its configuration.
It is important to identify the legal description and the Universal Transverse Mercator
{UTM) coordinates at cach station. Collectively, these forms become a record of all the
surveys conducted in the administrative area, regardless of their outcome.

Camera Results Form
Single and Dual Sensor

When checking stations using either the single-sensor system or the Tratlmaster dual
sensor, fill in the Date, Event, Number, and Time columns in the field as you cycle
through the Readout/Advance mode. Record data onty for those events associated with
a picture, which is indicated by the decimal point between the first and second digits on
the receiver's display. Fill in the Contents section afler the film is developed, noting any
species present. '

When checking the stations using the dual-scnsor system made by Manley, record in
thc comments section the number of frames exposed. When the film is developed,
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record the Datc, Time, and Contents of each cxposure by examining the prints. [gnore
the Event column,

In a 3-ring binder, storc the data sheets, negatives, and prints by sample unit and
station. Pul the negatives and prints in plastic slecves made for storing film.

Line Trigger

Use this form when establishing and checking the line-triggered camera stations. Use a
scparate sheet for each day, and record information for cach camera visit whether an
exposure was taken or not. Record the station number, the camera number, and the
exposure number {at both your arrival and your departure from the station) at each visit.
Record the visit number (0 for setup, and 1-6 for station visits) and the number of nights
since the [ast visit (should be two in most cases). Note also whether a photo was taken
since the last visit and the number of test shots taken at cach check. The species
recorded will be determined after the film is processed, so that space will remain blank
until later. Remember, do not terminate effort on the sample unit untl the film is
developed and you are certain the target species was photographed.

Species Detection Form

When a survey is successful at detecting marten, fisher, lynx, or wolverine, complete
the Species Detection form, which characterizes successful surveys and is used for all
methods (camera, track-plate, snow-track). Complete one form for each species detected.
Submit onc copy to the state Nalural Heritage office (addresses provided in Chapter 1),
and archive a copy at the office of the agency that manages the land where the survey
was conducted. Most Natural Heritage databases record only positive results from
detection surveys,

Comparisons of
Camera Systems

48

The perfect remote camera system is yet to be developed. In this section we discuss
some of the strengths and weaknesses of each of the camera systems described to allow
investigators to decide which may be most appropriate for their circumstances.

The first major difference hetween 35-mm and line-triggered systems is in the cost
of the equipment. The 35-mm systems cost $500-8600, and the line-triggered systems
less than $25. This substantial difference in initial price, however, may be mitigated by
differences in labor involved in the construction of the equipment and the frequency of
checking the stations. The 35-mm systems require virtually no assembly upon receipt
from the manufacturer. The line-triggered system must be built by the user. Because
the 35-mm systems can shoot an entire 36-exposure roll of film, they may be left in the
field longer without being checked than the line-triggered systems, which can take only
one picture and then must be rebaited and reset. However, damage or loss from
vandalism, theft, or bears is more serious with the 35-mm systems than with the line-
triggered system. Both of the 35-mm systems can be more readily used in severe
weather, especially winter, than the line-triggered cameras.

Another difference between the two types of camera system is the triggers. The 35-
mm systems use infrared (single sensor) or infrared and microwave (dual sensor)
triggers, which require only that an animal be near the bait to be photographed. In
contrast, animals must physically pull the bait to be photographed by the line-triggered
system. In addition, the sensitivity of the triggers on several of the 35-mm systems is
adjustable, and the film displays the date and time, The line-triggered camera lacks
these features. Jones and Raphael (1991) found that half of all photos taken by line-
triggered cameras did not record a subject and that 65 percent of these problems were
due 1o lailure of the disposable (“flip™) flash. However, the 110 camera recommended
here has an internal flash that rarely fails.
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Of the 35-mm systems we discussed, the Trailmaster TM1500 allows the user to
specify the minimum length of time between photographs to lessen the probability that
onc animal will expose most of the film. Although this 15 not possible with the Manley
dual-sensor model, the dual sensor made by Trailmaster (TM300) does have this feature.
With the single-sensor camera system the animal must break a narrow infrared beam.
The dual-sensor system requires only that an animal come into the field, up to 11 m from
the camera. However, dual-sensor systems may be triggered when the sun heats up the
background, so it is best to use them in cold conditions. The TM 1500 uses eight alkaline
“C" cells; the Manley dual sensor uses a heavier 12-voll battery, which is more difficult
to transpert. Some 12-volt batteries may leak; gel-cell batteries that do not Jeak can be
used but at greater expense. The difference in batteries accounts for the approximately
10-kp difference in the weight of the two systems. Both Trailmaster models store the
date and time of all “events.” The Manley dual-sensor system is housed in a metal box,
which affords some protection from weather and bear damage and can be modified to be
locked shut and cabled to a tree to help prevent theft and vandalism.

Other commercially available products may resolve some of the problems with dual-
sensor systems. The Trailmaster TM500 uses four alkaline C-cells, and the Deerfinder
uses six D-cell and two AAA batteries, which results in much more portable systems.
The TM300's batteries last several months in the field, These dual-sensor systems also
allow the programming of a camera delay and store the date and time of up to 1000
{Trailmaster) or 495 (Deerfinder) events, We do not yet have extensive field experience
with these systems, but preliminary results from simultaneous use of the Manley and
TM500 dual-sensor systems indicate great advantages of the lighter weight, ability to
program a camera delay, and slorage of ¢vent data provided by the TM500 (K. R.
Forseman, pers. comm.). The TM300 also allows adjusting of the sensitivity of its dual-
sensor trigger, which may prevent sinall, non-target species from triggering the camera.

Remote video technology also is advancing, and video has several obvious advantages
over still photography. Video tape does not require developing, and it may be used
repeatedly. Video systems allow continuous photographic monitoring rather than a
*snapshot,” and can record several hundred “events,” rather than the 36 events possible
on a standard rotl of film. Trailmaster offers a modificd Sony Handycam camcorder to
be used with the Trailmaster TM700v. A dual-sensor monitor turns the video camera on
when it detects motion and heat, and turns the camera off when the animal moves out of
range of the sensors. The tape lasts 2 hours, and the system stores the date and time of up
to 1000 events. Other remote video systems are available from Compu-Tech Systems,
Remote videography has been used to detect fishers in Oregon (S. Armentrout, pers,
comm.; F. Wahl, pers. comm.). We have had no experience with these systems,
however, and their cost (several thousand dollars) will probably prevent their common
use in detection surveys.

In summary, the line-triggered system is inexpensive but requires more labor and is
less versatile and rugged than the 35-mm systems, Once the bait is 1aken, the camnera
must be reset for another picture; date and time are not displayed on the film. The 35-
mm systems are initially expensive, but require no assembly and because they can shoot
an entire roll of film, they require less labor. The single-sensor’s trigger requires precise
placement of the system and can be adjusted for sensitivity. The Trailmaster allows the
minimwn interval between pictures 10 be set by the user and electronically stores the
date and time of cach event. Dual-sensor systems can detect animals over a broader
field, the size of which is somewhat adjustable. The Manley dual sensor uses a heavy,
12-v battery, does not allow a minimum interval between pholographs to be set, does
not store the date and time of events, and is housed in a meizal box that provides
mechanical protection and may he locked, All Trailmasters operate with alkaline C-
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cells. The TM300 dual sensor allows specification of a miinimum interval between
photographs of 1 to 98 minutes, stores the date and time for up to 1000 events, and
allows adjustment of the sensitivity of the trigger.

Costs Assumptions for 35-mm systems:

s Five adjoining sample units, 4 mi* each, are surveyed.
s Five camera systems are available, Dual-sensor stations use Manley systems.

» There are two stations per sample unit for a total of 10 stations; stations will
be established in two sessions of five stations each.

» There is one survey per year, in winter; each station operates for 30 days; the
station is visited after 2 and 14 days and is removed after 30 days. No target
species is detected.

» The work is conducted by a team of two federal employees paid at $75.00/
person/day. No contractors are used.

¢ All sample units have adequate road access.

Single Sensor

Session 1

1. Labor
Planning ............ ... .. ..... 2 person-days (pd)
2pdx$75=........... 5150
Training. ... .............. .. .... 2pd=x$75=..... ... ... 150
Establish stations, | station/pd .. .. .. Spdx875=............ 373
Station visits, 4 visits/station . ... ... 0.5 pd/visil 5 stations
10pdx$75=.......... 750
Dataanalysis. . .................. 4pd=x$75=............ 300
Subtotal for Session 1 Labor ..., ... .. . .. . . .. . 1725
2.Vehicles and Gas .. .. e e 300
3. Materials and Supplies
Trailmaster TMI500. ................ 5@ $5350=..... ... 2750
Film and processing . ................ 10rolls@ $15 = ..., 150
Batteries, miscellaneous . .. .. .. ... . 200
Subtotal for Session | Materials. .. ... . . i 3100
Session I Total ... . $5123
Session 2
l.Labor-SameasforSession 1 .. ... ... ... ... ... . . . ... ... ... 1725
2. Vehicles and Gas - Same as for Session 1 ... ... ... ... ... ... 300
3, Materials and Supplies
Film and processing .. ............... Wrolls@ $15=..... 150
Batteries, miscellaneous ... oo 200
Subtotal for Session 2 Materials. ... .. ... ... .. ... . 350
Session 2 Total .. . . . §2375
Grand Total - Single Sensor ... ... ... . .. .. . ... . ... ... .. .. $7500
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Dual Sensor

Session 1

1. Labor - will be same as for single sensor .. ... ... ... ... . ... 51725
2. Vehicles and Gas - same as for single sensor . ... .............. 300

3. Materials and Supplies
Dual-sensor remote cameras . ......... 5@%475=....... 2373
12-volt batteries . ................... 10@S$40= .. ,..... 400
Film/dcveloping - same as single sensor .. ... .. . L 150
Canmera batteries . ... ........... ... .. 8@S8=....... ..., 64
12-volt batlery charger ... ... ... . ... . i 35
Pocketvollmeter ... . e e 30
Tree sleps ..o @s3=.......... 30
Climbing safety belt . ... .. ... .. . . . . 15
Ratchet/sockels . .. ... . e 15
Brush clipper or pruning saw .. ........ . ... ... . .. ... .. 15
Equipment forbaitset-up......... ... .. ... e 5
Subtotal for Session I Materials. . ..., ... .. . o 3134
Session I Total ... .. . . 85159

Session 2

1. Labor -sameasfor Session 1 ... ... ...................... 1725
2. Vehicles and Gas -samecas for Session [..................... 300

3. Materiats and Supplies
Film and processing .. ... ... . L e 150
Camera balteries .. .................. 8@S$8=........... 64
Misc. replacement equipment .. ... .. o e 50
Subtotal for Session 2 Materials. ....... ... ... ... e 264
Session 2 Total ... e 32289
Grand Total - Dual Sensor .. ..... .. .. ... .. ... ....... ...... 37448

Line Trigger
Assumptions:

» Five adjotning sample units, 4 mi‘ each, are surveyed simultaneously for a
total survey area of 20 mi?,

« There are six stations per sample unit (a total of 30 stations) that are checked
during the entire survey period, 12 nights.

+ All sample units have adequate road access.

« It is assumed that no target species are detected during the survey. Because
a survey is terminated when the targel species is (are) detected, costs can be
significantly less if the target species is detected early in the survey period.

* There are lwo surveys per year, during fall and spring,

* The work is conducted by a crew of federal employees paid about
$75,00/person/day. No contractors are used.
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Season !

1. Labor

Planning ... ... ... ... .. ... ... .. ... 2 person days (pd)
2pdx§75/=...... 3150

Training . ... ... ... o 2pdx875=........ 150

Matenals acquisition and construction .. 3 stations/day .
6pd=x$75=........ 450

Establish stations 10 stations/pd . ... ... Ipdsx375=....... 225

Stalons visits ... ... 6 at 2-day frequency

6 x 30 =180 visits 20 stations/pd
=9 pds (including 2 | Sunday @ time + 1/2)

................... BxSTSH+(1x112)=712
Station removal, plate
cleaning, data analysis ........ ... ... dpdsxS75=....... 300
Subtolal, Season 1 Labor. . ...... ... ... ..o o 1987
2. Vehiclesand Gas . ... ... . 700
3. Materials and Supplies
Camerastations. .................... SIS/station x 30 ., .., 450
Extra cameras and miscellaneous supplies ............. ... .. 230
Subtotal, Season I Materials . ... ... .. . . 700
Season I Total . ... .. . . 33387
Season 2
l. Labor
Plan, survey, establish, visit, and remove stations . ........... 1387
2.Vehiclesand Gas ... ... 700
3. Materials and Supplies
Cameras...... replace 15 percent of first
season’s stations 3 stattons X 153 = ... . ... 75
Miscellaneous supplies. . ... ... . 250
Subtotal, Season 2 Materials . ... .. 325
Season 2 Total ... .. oot 32412
Grand Total - Line Trigger ... .. . ... . .. . . ... ... ... .. ...... $5799
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Equipment List
Single Sensor
D]Tratlmastcr transmitter and recciver D]Cameras [ Film
D]Trec pod, or ball-and socket head l:]]Spare alien screw [ L-bracket and lag bolrs
I:]]Bui[ and scent E[]Duct tape D]Allcn wrench and spares

EI[Dam forms

[IMaps and aerial photos
(dlParachute cord/string
[_] 3xS5 cards
UIFlugging tape
UISparc batteries
(eight alkuline C-cells,
two 123A lithium camera)

Dual Sensor

[] Cameras

(] Camera batteries
U]Flagging tape
Cdrocket volt meter
[ Nails

El]Pruning saw

El]Copies of camera and
sensor tanuals

Line Trigger

[] Cameras

[(IBait and scent

D]Soap and water

Ccoa hanger for ground wire
EﬂSlcreo wire

Cveicro

CDsiticone scalant

CD2-1b and 2 20-1b monofilament line

USDA Forest Service Gen. Tech. Rep. PSW-GTR-157 1985,

(Dpush pins

[Owire

(] Pliers

EﬂPruning saw

[ Do-not-disturb signs

D]Sensors
Eﬂ12-volt batteries
(wire

[Trree sleps
(IBait and scent
(sttion 1D s1gns
(] Waterproof pen

ClFiim

D]Dam forms

(13 x5 cards
E]]T_hread

D]Soldering equipment
Cshovel

CIbuet lape

El]Auxiliary battery pack

(Tcentact cleaner and brush
D]Copies of Trailmaster manuals
l:]]Waterproof pen
UIConon-lipped swabs

D]Sparc camera cable(s)

Clcamera boxes

D]Film

UIMﬂps and aerial photos

[ Rope and climbing belt
[Cl1/8-inch cable for suspending bait
Clpata forms

EﬂMounling stake

(I Milk jug

(] washers

CID-cell batteries

EﬂHeavy rubber bands

] Fence staples or eye screws
ClEtectrical lape
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SURVEY RECORD FORM

SURVEY TYPE:

CAMERA TRACK PLATE SNOW TRACKING
Line Trigger Enclosed Searching for tracks
Single Sensor Unenclosed Tracking at bait

Dual Sensor

Other

SAMPLE UNIT NUMBER

Numberof stations ____ or  Distance scarching for tracks

State County Landowner

Location USGS Quad _

Legal: T R S . , ,

STATION LOCATIONS: UTM Zone

Station ID UTM N/S UTM E/W Elevation (ft. orm?)

{usc anotlher sheet if necessary)

Vegelation type (s)

Date installed (or run)

Date terminated

Type of bait or scent

Name, address, and phone of investigator

USDA Forest Servce Gen. Tech. Rep. PSW-GTR-157 1995
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35-mm Camera Results

Date: Station 1D:

Comments (condition of site and bait, new batteries and bait, ctc.):

Settings for TM 1500: Pulses Camera Delay
TM™M 500: Pulses P Camera Delay

Date Event® Frame Time Contents

Left on Frame # and Event # at hours

a Only for cumeras (¢.g. Trailmaster) that store events,

USDA Farest Service Gen. Tech, Hep. PSW-GTR-157. 1985 57
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Line-Triggered Camera Results
a

Observer Weather Date Page — of —.
Location
General Comments
Station Camera | Exposure Number? Visit Nights sincefAnimal € [Number d Outcome © Comments
Number Number arriving | leaving  [Number [lastvisit  phato?  jof west shats

Use the following codes: 1= No precipitation since last visit; 2= rain, snow or heavy fog since last visit.

b Note the exposure number {en camera back)} when amiving AND when leaving the station.

Indicate, Y or N, whether a photogragh was taken since the last visit,

4 [ndicate the number of test shats taken during the visit.

¢ If no new exposure, eoter a dash. If a photograph has been taken enter either the four-letter species code

(ep. MAAM, for maren;, NOSB, no subject; UNKN, unknown; or NULL,, improper exposure) after the film
has been processed.

USDA Forest Service Gen. Tech. Rep. PSW-GTR-157. 1985,
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SPECIES DETECTION FORM

Please complete each field after a survey has detected either lynx, wolverine, fisher, or marten,
and send a copy to your state's Natural Heritage Division (addresses in Chapter 1) and other
appropriate entities. The meaning of each code is explained on the following page. Itis
important to coordinate with the State Wildlife Agency/Natural Heritage Program within your

State to assure uniform codes are used for federal lands, parks, private lands, counties, etc.

1.  SPEC

2. DATE

3. STATE

4. CO_
5. LOC

6. QUAD

7. QUADNO
8. OWN

8a. FOR/PARK
8b. DISTRICT
9. RNG __
10, TWN __
1. SEC____
12, QSEC _ |
13, SIXTHSEC
4. M____

15. Z____

16. UTM_N

17. UTM_E

18. OBS

19. SVTP __
20. STA_NO
21. TR_NO .
22. ELEV _
23, COMMENTS

USDA Forest Service Gen. Tech. Rep. PSW-GTR-1567, 1995, 59
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7.

*8,
3a.
8h.

9.

10.
1.
12.
13,
14.
{5.
16.
17.
18,
19,

20.
21
22,
23.

€0

CODES FOR THE SPECIES DETECTION FORM

SPEC - Species; | letter: L = lynx, W = wolverine, F = fisher, M = marten.

DATE - Date; year, month, day; e.g., Jan. 12, 1994 = 19940112,

STATE - State; use 2-letter postal abbreviation, e.g., MT, OR.

CO - County; use 2-letter code, e.g., AP=Alpine, HU=Humboldt

LOC - Locale; the most specific names possible using names tound on USGS maps, e.g.,
Grizzly Creek. 20 characters.

QUAD - Name of USGS topographic quad showing survey area; if >1, use additional
sheets, e.g., Ship Mountain. 20 characters.

QUADNO - USGS quad number utilizing latitude and longitude identification system.
OWN - Landowner. 4-letter code, e.g., USFS, NPS, BLM, CA, PVT.

FOR/PARK - National or State Forest or Park name. 3 characters.

DISTRICT - Subdivision of Forest or Park (e.g., Ranger District if "OWN" = USFS. 3
characters.

RNG - Range. 3-characters.

TWN - Township. 3-characters.

SEC - Section, 2-characters.

QSEC - Quarter section. 2 characters.

SIXTHSEC - Sixteenth section. 2 characters.

M - Meridian. !-characler.

Z - UTM zone. 2-characlers.

UTM_N - UTM-north coordinate: 7-characters.

UTM_E - UTM-east coordinate; 6-characters.

OBS - Observer; last name, first name, middie initial of survey crew leader. 20 characters,
SVTP - Survey type: SNSS = snow-tracking survey (searching); SNSB = snow-racking
survey (at bait); TRPL = track plate; CAMR = camera (35-mm or 110).

STA_NO - Station number of detection (if camera or track plate). 2 characters.
TR_NO_ - Number of snow transect where detection occurred. 2 characters.

ELEV - Elevation at detection site. 5 characters.

COMMENTS - 30 Characters.

Each state will need to develop 2-3 character codes for specific forests, parks, privatc

landowners and districts therein.

USDA Fares! Service Gen. Tech. Ren. PSW-GTR-157 1005
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Appendix B—

I. When first programming the unit, or after changing batterics, when all memory is

erased: Press TIME SET then R/O ADV to advance 10 correct hour. Repeat this Trailmaster
command to correct the following: minute, year (lens), yvear {ones), month, day of TM1500

month, pulses, and camera delay. commands

To enable photographs at all times:

% Press and hold TIME SET and press SET UDP; 0:1n should be displayed.

) Press IO ADV so that the display shows 1:1n. (In fact, any non-zero digit
15 fine.)

& Press TIME SET 1o cyele through the nexe 7 displays (e.g., 1n:00, 0:1F.
ctc.). All these should contain zeros; if they do not, press RO ADV until
they do contain zeros,

) Press TIME SET, and the system will return to Time-Date-Time-Event (T-D-
T-E) mode.

2. To read out event data:

@ Press R/O ADV once to sce date of first evenr; press it again to see the
event number and the time; press ic again to sce the next evenr number and
the time.

3. Toclear event data (note: this docs not change pulses or camera delay):

# Press SET UP once or twice so that the display reads S. uP.,
then press RO ADV (che display will show clr),
then press TIME SET. The systern shows zere events and automatically
gocs into event-gathening maede. If you do not wanr 1o clear the data when
the display reads clr, press R/O ADV and it returns to setup mode, or
press SET UP and it recurns to T-D-T-E mode.

4. To put receiver into Event Gathering Mode:

# With S, uP or clr displayed, press TIME SET.

USDA Fores| Service Gen. Tech, Rep. PSW-GTR-157. 1995, 61
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Appendix C

) o B. Fisher: Six Rivers National Forest, California.
A. Fisher; Klamath National Forest, Calitornia. Single-sensor camera.
Single-sensor camera,

i

L
[
3

C. Marten; Sterra Nevada, California, Single-
SENSOr carnera.

o

. Marten; Sierra Nevada, California.
Single-sensor camera.

62 USDA Forest Service Gen Tach. Rep. PSW-GTR-157 1995
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E. Lynx; Montana. Dual-sensor (Manley) camera.

F. Wolverine. Sawlooth National
Forest, Idaho. Dual-sensor (Manlcy)
camera.

G. Wolverme, Suwtooth National Forest, 1daho.
Dual-sensor (Manley) camera.

USDA Forest Servica Gen. Tech, Rep. PSW-GTR-157. 1885,
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H. Marten, Sequoia Nalional Forest,
California. Line-trigger camera.

[. Marten, Sequoia National
Forest, California. Line-triggered
camera (note enclosed track plate
box in background).

64 USDA Forest Service Gen. Tech. Rep. PSW-GTR-157. 1936,
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J. Fisher: Six Rivers National Forest,
California. Line-tnggered camera.

K. Fisher; Sequoia National Forest,
Califorma. Line-triggered camera.

I.. Juvenile fisher, Six Rivers National
Forest, Califormia. Line-triggered
camera.
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Track Plates

William J. Zielinski'

carbon-sooted aluminum track surface has been used in a vanety of ways 1o detect

mammalian campvores, The method was developed first 10 monitor rodent
abundance (Mayer 1957) and was adapled for use with carmivores by Barrett (1983) 10
survey for American martens, This application enclosed an aluminum plate in a plywood
box (“cubby™) thal was attached to the side of a tree. Bait was placed near the back of
the box. Track impressions were “negatives,” in that they were created when an
animal’s fool removed soot and revealed the underlying plate surface A record of the
track was created by transferming the track image to transparent tape by pressing the tape
onto the rack and lifting the vape. The method was also adapied Tor more general use by
placing a larger (1628 x BEL4 x 0.06-cm) unenclosed plate on the ground with bail
attached 10 the center ( Barretr 1983, Raphael and Barren 1984, Raphael 19588), Marien
and [sher were detected using this method, bup neither wolverine or lynx has been
detected at these stations (M. Raphael. pers. comm. ).

In 1991 the technique was significantly improved with the addition ol u surface
capable of collecting a positive track impression { Fowler and Golghtly 1991) A slightly
tacky, white paper icommercially available Con-Tact® paper used to line ¢cabinets and
drawers) was placed across the distal end of a rectangular sheet of sooted aluminum. The
plate was inserted inlo g plywood box to protect il from moisture and debris, and the box
was scaled 1o a size that would permiut the entrance of marten and fisher (3000 = 26,7 =
B1.3 ¢m). The soot that adhered 1o an animal’s foot as 11 entered the box was transferred
tiy the white paper when the animal walked 1o the rear of the box. The positive track
impression, often transferred in greal detal. was cut out from the paper and stored in a
clear acetae envelope. The clarity of tracks is sufficient 1o distinguish the previously
confusing male marten and female fisher tracks using discriminant function analyses
§Zielinski and Truex 1995)

I will deseribe the use of two lypes of sooted aluminum plates. The first s the
enclosed plate system that reconlds tracks on white paper. This device has been elfective
al detecting marten and fisher (Fowler and Golightly 1991; Zielumski and others 1995}
and was the detection device recommended wn the ongmal USDA Forest Service
protocol for detecting these two species in Region 5, Califorma (Ziclinsks 1992) The
second device is the larger, unenclosed plate without the irack-receptive paper (Barren
1983, Raphael and Barren 1984). Despite this shortcommg, this s the only adequately
field-tested wack-plaie method that 15 capable of detecimg all four species. although
negther lynx nor wolvenne has been detected. However, 1t is more likely that they would
be detected on the uncovered track plate than on a plate in a relatively small box,

A logical combnation of the 1wo approaches i 1o enclose the large plate, partially
covered with Con-Tact paper, in a large box, However, boxes lurger than that
recommended in the Forest Service. Region § protocal have nit recetved much testing,
Large plywood hoxes (35.6 x 38 1 = 78,7 em) and even lurger cardboard boxes (6] .0 =
61.0 % 86.4 ¢m) were used mn a modest prlot test In northern Idaho, where all Tour
species were thought to occur, but each hox detected only marten (A, Dohmen, pers.
comm.), A 406 % 305 & 81 3.cm version was used in o study of the mammalian

LISDA Forest Service Gen Tech. Rep PSWGTR-1G7 1008
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carnivores asscciated with the Sacramento River in California (I, Souza, pers. comm.},
but none of our four species of interest occurs at that location.

Description Track-Plate Box
of Devices This device is composed of a carbon-blackened aluminum plate (20 X 76.2 x &.1 cm)
partially covered with white contact paper that 1s enclosed in 4 plywood box with the
inside dimensions 25.4 x 23.4 % 81.3 cm (figs. /, 2). Bait is placed at the back of the
box, beyond the Con-Tact paper. The box described here is designed to be placed on the
ground. Somewhat smaller boxes have been attached to the boles of trees (Barrett 1983,
Martin 1987), presumably 1o dissuade visits by non-larget species. However, this
assumption has not been tested, and because arboreal plates require more time (o install
and are more expensive than terresirial boxes, they will not be described in detail here,
Those interested in attaching boxes to trees should consult the references cited above.
The aluminum plate should be about 1 mm thick (0.663 gauge). Thicker material has
no advantage and is heavier. Aluminum can usually be acquired as flat stock from a
* / Suep
32,
—Sirsp TRACK PLATE BOX PARTS LIST
S / — 12" Pywood 2@ 112 in. x 12 in, x 32 in. Plywood
(== 4 sidea 2@ 1/2in, x 10 %,2in. % 32 in.
Plywood
2@ 60 In. Sirap
1@ 1116 In. X B 1n. % 30 in Aluminum]
[0 172 Flat Stock
1@ 9 in, ¥ 12 in, Con-Tact Paper
2 Duct Tape
i 1
o 1 47| —=ha
— S
B Bat a'-—-1
f
L
Feld conlaci Prad
paper around
sooted plate and
lapu 4 cmnurs/
Peel oft wax
paper cxposing 20"
slicky-sido of
Con-Tac!t pnperr’—
ax
-

68

Figure 1—Schematic drawings of a frack-plate box station and its compenenls: A) wooden. plywood track box, B) sooted aluminum
plate with Con-Tact paper, C) eslablished station in field. {Based on original ligure in Fowler and Golightly 1393).

USDA Forest Service Gen. Tech, Aep, PSW-GTR-1A7 1995
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sheet metal shop, but some bielogists have received donated aluminum from newspaper
publishers (e.g., J. Souza, pers. comin.). The preferred method for applying soot is with
acetylene gas from a welding torch. Carbon production is maximized by covering the
oxygen intake on the nozzle with duct tape. Alternatively, the soot can be applied from
a burning kerosene-dipped wand. Suspend the plates horizontally above the ground
between sawhorses (or some similar support). and soot them from below as the yoot
rises. Soot the plates outdoors in a well-ventilated arca. A water source should be
available at all times to prevent spread of fire. A balf-mask respiralor and safcety glasses
are recommended to minimize inhalation of the soot (see Safety Concerns). If the
respirator is not available, wear a dust mask to block large particulates. Soot should
cover the plate evenly and lightly; do not oversoot, as excessive soot may produce a
poor quality track on the paper, The area of the plate that will be covered with the paper
nced not be sooted. When learning the process, test that the soot is sufficient by
transferring some from the plate to a picce of Con-Tact paper with your finger,

Carpenter’s chalk, dissolved and applied 1n tsopropyl alcohol, has also been used as a
tracking medium (G. Fellers, pers. comm.; Orloft and others 1993). In the best
circumstances, under completely dry conditions, the results can approach the quality of
those from a carbon-sooted plate (Orloff and others 1993; W, Zielinski, pers. observ.).
However, track quality can be quite poor under even moderately damp conditions, so
the use of chalk 1s not rccommended to detect the forest carniveres considered here.

After the plate 1s sooted, wrap a 31- x 23-cm piece of Con-Tact paper, with sticky side
up and backing intact, around the plate, and tape it to the back of the plate using picces
of duct tape. Align the paper so it is slightly rear of the center of the plate but with about
Y cm of exposed plate beyond it where the bait is placed (fig. /8). To save time, prepare
the pieces of Con-Tact paper and duct tape in advance, Keep the protective backing on
the paper until the plate is placed in the ficld for use, and then pecl it off.

The box is constructed of four pieces of [/2-inch, medium-grade plywood (fig. fA).
The back of the box is open to facilitate construction and transpartation and to minimize
cost. The top and bottom picces should have two. approximately '/ -inch grooves
running the length of their inside surfaces into which the two side pieces can be slid or
gently hammered. Use no hardware to assemble the box. Rope, strips of tire tubes (often

USDA Forast Service Gen. Tech. Rep. PSW-GTR-157. 1885,

Ziehnski

Figure 2—Track-plate bex station
in the fisld. N¢te how the back of the
box is agains! the base of a trea and
row the box 13 covered with debrs
to staoilize and camoutfiage it.
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available at no cost from local tire dealers), or plastic banding (applied with a
commercial banding teol) can be used to held the sides together. Cotton clothesline
works well and biodegrades if left in the field, Heavy woody debris, placed over the
box 1n the field, will strengthen it further.

A lighter-weight alternative for protecting the track plate uses thin plastic sheets
(L. Chow, pers. comm.). The plastic 1s bent into a hatf cylinder and the cdges are placed
insicke a raised lip on each of the outer cdges of a galvanized steel base (28.0<76.0x 0.1
cm with a 1.0-cm raised lip along the stdes) and are kept in place by a combination of
the force acting to straighten the plastic and liberal use of duct tape (figs. 3, 4).
Alternatively, holes can be drilled through the rmsed lip of the steel base and through
the plastic at corresponding locations so that shect-metal screws can be used 1o sccure
the canopy (Foresman and Pearson 1995). Although one large piece of plastic is
sufficient, two smaller pieces {each 40.5 x 70.5 x (1.2-cm) can fit in a backpack more
casily. Al the station Jocation, cach piece is bent, positioned in the base, and then taped

=k

A 2@ 16" x 28" Duct lape
1

TRACK PLATE CANCPY
PARTS LIST

1@ 1/32 1. x 312 in, x 30 in. Galvanized
Steel Flat Stock

2@ 1/16 Jn. x 16 in, x 2B in. PVC Plastic
Flat Stock

y (1@ 14164, x B in. x 30 in. Aluminum
Flat Siock

1@ 9in. x 12 in. Con-Tact Paper

Duct Tape

——e ] —

Figure 3—Schematic drawing of a plastic canopy-covered track plate and its componenis: A) dimensions and
conslruction of the unit, B) established siation in the field.

USDA Faorest Service Gen. Tech. Agp. PSW-GTR-157 1995
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together where they overlap. The sooted aluminum plate with Con-Tact paper is placed
on the galvanized base. Track-plate stations with this type of protection have
successfully detected marten and fisher. The materials for this design weigh somewhat
less than the plywood box, but the structure is much less sturdy. The roof is very flexible
and cannot support woody debris that might be used to strengthen and cumouflage it.
The entire enclosure appears to move more readily when an animal enters it than does
the plywoad boex. In addition, the plate may be less protected from moisture than when
the absorbent plywood box is used.

There are several means by which the sooted plates can be transported in the field. [For
storage in a vehicle, a travel case should be constructed that can accommodate tield-
ready track plates (sooted, with Con-Tact paper and backing attached) (fig. 5). This can

Figure 4—Plaslic canopy-covered track plate in the field. Note how the back is against the base
of a tree and how the unit is stabilized with park and logs.

B = ¥

Figure 5—Example of lrack-plate carrying case designed to be transperted in a vehicle.

USDA Forest Service Gen. Tech. Rep. PSW-GTR-157. 1995,

Zielinski
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be u sturdy wood or plastic box with parallel grooves cut on the inside surface of 1wo
sides o which the plates can slide. Grooves separated by at least 172 inch will keep
plates apart during travel, and u box lid will prevent dust from settlimg on the plates. To
protect individual plates from being marred while you walk from the vehicle 1o the
station location, cover the sooted platets) with an unsooted one and bind them together
tightly with duct tape or welding chips. Aliernanvely, holes can be dnlled i diagonal
carmiers of each plate; & bolt and wing-nut can secure & number of plates firmly together.
Mothing need be placed between the plates, provided each Con-Tact paper has s
protective cover in place and plotes are stacked front to back Thes procedure s
particalarly useful when muluple plates must be back-packed into a roadless area.

Unenclosed Track Plate

This device is an uncovered, carbon-blackened aluminum plate made of the same
material described above und sooted in the same fashion, The plate 1s sctually composed
of twa plaes (40.0 = 80.0 = 0.1 em each), placed side-by-side, 1o create an 80.0 = 800
em surface (figs. 6, 7). Because this method does not involve the use of a white track-
receptive surface, it 18 important that the soot be apphed lightly enough so that the Tect
of visitmg ammals remove it all and expose the underlymg plate, Bast is placed in the
venter of the two plates,

To prevent the sooted surfaces from rubbing together, carry the plates in wooden
boxes bolted to pack boards. Flat, army surplus pack boards made of parnicle board are
the best, The lightest boxes are made of 0.25anch plywood on the front, back, and the
bottom: sides and hinged top are made of (1.5-inch plywood. One box, 41.5 cm long and
135 cm deep, will hold six scts of plates. Cut six slots, § mm wide and 5 mm deep,
spaced about 12 mim apart. into the imterior surfaces of the box. Fir the sheets into the
siots back o back. A larger and sturdier box of the same generu] design thut can be
camed m 2 velucle will be helpful in transporting many plates al once.

UNEMCLOSED FLATE PARTS LIST

248176 in. X 16 In. X 28 i, Aluminum
Fiat Saock

Figure 8—Schemalic drawmg ol an unenclosed frack plate and 18 componerts
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Baits and Lures

Recommendation: Chicken s the recommended bait. Also use acommercial lure and
a visual attractant (e.g. hanging bird wing, large [eather, or piece of aluminum foil).

In tests with captive fishers, chicken and tuna were equally attractive, but in the field,
chicken elicited significantly more detections of a variety of carnivores, including
martens (Fowler and Golightly 1993). Chicken is used exclusively for bait in the
original USDA Forest Service, Region 5 protocol {Zielinski 1992) because it is readily
available, relatively inexpensive, of a convenient size for use in the boxes, and poses no
greater risk of microbial discasc than other meats if hands are washed after use (sce
Safcty Concerns). However, other baits have successfully attracted fisher (e.g., fresh
fish, deer carnon) and marten (e.g.. fresh fish, deer, beel bones, jam). Laymon and
others (1993) found that jam did not increase visits to detection stations, and Jones and
Raphael (1991) suggested that martens prefer chicken bait without the addition of jam.
There is no consensus as to the relative effectiveness of different bait combinations. The
unencloscd plates have typically been used with a perforated can of tuna cat foed in the
center and the excess juices distributed on surrounding vegetation. However, alternative
baits were not tested. In the box or canopy-enclosed plate, place the bait behind the
paper; with the unenclosed plate, place bait at the union of the two plates (figs. /, 3, 6).

Commercially available trapper lures such as skunk scent may be useful attractants,
and we recommend that they be used in addition to chicken bait. Sources for these lures
include M & M Fur Company, PO, Box 15, Bridgewater, SD, 57319-0015, (605-729-
2535), and Minnesota Trapline Products, 6699 156th Ave, NW, Pennock, MN 56279,
{612-599-4176). Fish emulsion, sold as fertilizer in garden-supply stores, can also be an
effective lure, especially when mixed with vegetable oil 1o retard evaporation.

Visual altractants (e.g., suspended bird wings, aluminum pie tins) are frequently used
by commercial trappers, but their effectiveness at increasing detections has received
only one modcst test, in which they did not increase detections of “'carnivores” (a group
of species that mcluded marten but excluded lynx, wolverines, and fishers; Laymon and
others 1993). This is insufficient evidence to discourage their use, especially in light of
their reputed value by trappers (Young 1958, Geary 1984, R. Aiton, pers. comm.).
Whenever possible, use a visual attractant, and use it consistently. Suspend either a dricd
wing, feather, or aluminum foil about 2 m above the ground within 5 m of the siation.

Figure 7—Unenclosed targe, sooted track plate in field, with perforaled tura can as bait.
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Survey Seasons

Recommendation: Conduct iwo surveys per year per sample unit, one in spring and
one in fall. However, do not conduct the second survey if the target species 1s
detected during the first.

Because both the enclosed and unenclosed plates are placed on the ground where they
could quickly be covered with snow, and because of the increased costs of eperation,
avoid conducting surveys during winter. However, because the target species may be
more casily detected during the winter when tood may be less available, conduct surveys
as soon after spowmell in the spring and (if necessary) as late as possible in the lall.

Survey Duration

Recommendation: Stations should be set for a minimum of 12 nights and checked
every other day for a total of at least six visits (excluding setup), Discontinue the
survey when the target species is detected even if this occurs before 12 nights have
elapsed. If the target species s not detected during the first 12-day session, run a
second session at the same station locations during the allernate season (either
spring or {all} for a minimum of 12 days.

Because the objective of the survey is to determine whether a sample unit 1s occupied,
effort need not be expended beyond the detection of the target species. However, the
minimum elfort without detection is set at 12 nights in response to a number of sources
of information on the “latency to first detection” for marten and fishers. In reviewing
the results of 207 track-platie and line-trigger camera surveys, Ziclinski and others
(1995) found that the mean (SD) latency to tirst detection for surveys that had from 6 10
12 stations (n =50) was 4,2 (2,4) and 3.7 (2.6) days for fisher and marten, respectively.
This estimate is biased downward, however, because it included only those surveys that
detected a target species before the surveys were concluded. Raphael and Barren (1984)
reccommended that 8 days were sufficient to achieve high detection probabilities when
measuring mammalian carnivore diversity al a site. Jones and Raphacl (1991), however,
discovered that 60 percent (3 of §) of first detections during marten surveys in
Washington occurred after day 8 but before day 11, They concluded that surveys should
run more than 11 days. Foresman and Pearson (1995) detected marten after a mean of
3.3 days and 2.3 days at enclosed and open plates, respectively; fishers were detected
after a meun of 5.3 days at enclosed track platcs. Fowler and Golightly (1993) suggest a
22-day survey duration, but this is with the goal of increasing the number of detections
to the point where a statistical decline in detections will be discernible at a subsequent
sample. Because the objective of detection surveys is to detect presence only, and
because the statisiical merit of using number of detections as an index has not been
adequately addressed, the 22-day survey duration is probably excessive.

Because lynx and wolverine have not yet been detected on track plates, there are no
data on which to base recommendations on survey duration. Until data are collected to
suggest otherwise, the 12-day duration, twice per year if necessary, 1s considered
sufficient effort.

Preparations for
the Field

74

Defining the Survey Area

Recommendarion: Conduct surveys in 4-mi sample units, as described in Chapter

2, “Definition and Distribution of Sample Units.”

The survey approach will be different depending on whether the survey is a “Regional
Survey” or 4 “Project Survey” (sce Chapter 2). In cach case, however, we recommend
Lthe use of separate 4-mi‘ sample units as the basis of the survey. Conduct surveys on as
many sample unjts concurrently as time, personncl and funds pernut. If 1t is a Regional
Survey, choosc one of the scheduling options suggested in Chapter 2; if 1t is a Project
Survey, focus your attention first on the sample units within the project area.

USDA Foresi Service Gen. Tech. Rep. PSW-GTR-157 1995
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Station Number and Distribution

Recommendation: Use a minimum of six track-plate stations in each sample unit.
Distribute them as a grid, with 0.5-mile intervals, in the area of the sample unit with
the mosl appropriate habitat or where uncontirmed sightings have occurred (see
Chapter 2, fig. 2).

Detection success increases with an increase in number of stations in the survey
(Ziclinski and others 1995). Although the data are too few to determine the point of
diminishing returns on station number, 1t seems reasonable to have stations that
collectively sample at least 0.5 mi* (12,5 percent) of the unit, especially if they are
placed in the most appropriate habitat. Six stations provide at least this much coverage
if one assumes that a target individual will be detected if 11 travels within the rectangle
created by joining the perimeter stations. Additional stations will provide a greater
assurance of detecting occupants, but more than 12 stations {(covering 1,5 mi? 37.5
percent of the area) would probably be excessive.

If habitat 1s homogeneous throughout the 4-mi? sample unil and there are no previous
sightings, center the grid in the middle of the sample unit. If roads are available. the
shape of the grid can be adjusted to accommodate road access, but maintain the
recommended inter-station distances. It the sample unit is roadless, the track-plate
materials will need to be backpacked into the survey arca.

Before conducting on-site reconnaissance, study aerial photographs and topographic
maps of the sample unit(s) to be surveyed. Station locations should be assigned on maps
or photos before conducting any field work.

Zielingki

Station Location

First conduct reconnaissance to verify the existence and location of roads and trails that
will be used to access the stations. Locate each station at least 50 m perpendicular to the
road: placement of stations closer to roads may reduce their attractiveness o larget
species and increase visibility to people. When possible, mark the station locations with
flagging and metal tape or rebar, and identify them using Global Positioning Satellite
(GPS) technology. These locations may need to be revisited during a second survey, In
roadless areas, record the compass bearings, elevation (using an altimeter), and distances
between landmarks used for orientation so others can tind the statjons with ease,

Station Setup

Sct out all the detection stations you plan to check during the survey betore baiting
them. Bccause the original location and establishment of the stations will require more
time than checking them, it is best to bait them after all have been established, For
reterence, if there are six stations per sample unil, an experienced 2-person crew can sel
up about 18 track-plate stations per day; 24 if there are {2 stations per sample unit,
Additional time is required for roadless sample units. No more stations should be
established than can be checked every other day by available personnel. However,
because stations are checked once every 2 days, only half the stations need to be
checked on any one day. If this is difficult, then additional crews should be hired, or the
number of sample units surveyed during that particular period should be reduced (see
Chapter 2 for recommendations on how to survey multiple sample units).

Track-Plate Box

Assemble the box, and place it on level ground so it will not move when entered. Place
the baited end of the box against the base of a tree, rock, or log to discourage ¢ntry from
the rear (figy. /C. 2). Cover the box with heavy debris (e.g., [imbs, bark) to secure it in

USDA Forest Service Gan. Tech. Rep. PSW-GTR-157. 1895,
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place and to hide it from passcrs-by. Remove the protective cover from the Con-Tact
paper, and insert the sooted plate in the box. Mark a flag near the box with the station
number. Place the bait on the plate behind the Con-Tact paper, using kitchen tongs to
minimize contact with meat. Wash hands thoroughly after handling chicken, or wear
gloves to prevent contact.

Unenclosed Track Plate

At each station, clear and level an area of about one square meter, A small, folding
shovel is a useful digging tool. Place the sooted plates side-by-side onto the cleared spol
in a manner that will provide a stable surface for animals to step on. Attach the bait with
wire to the center of the sheets. At a conspicuous location, attach the tollowing
laminated message to a tree:

This is part of an important wildlite study being
conducted by _ _ . Please do
not touch. The sooted aluminum plate will record the
tracks of animals. It will not harm or entrap them. If
you have any guestions, please contacl

Thank you.

Checking the Stations

Recommendarion: Check the stations every 2 days, including weekends, for a
mimmum of six checks (12 days). Replace the plates as necessary, cither when the
soot becomes ineffective (test with finger) or when the tracks of non-target species
occupy more than 20 percent of the plate. Rebait at every visit (at least six times),
and remove old bait from the station area, Apply lure at least twice during the
survey period. '

The day a station is baited is Day (), and the subsequent visits should occur on Days 2,
4,6,8, 10, and 2. If there are too many sample units for all stations to be checked on one
day, then half of the stations should be run on alternate days. If using the alternate day
method, the minimum survey period will be 13 rather than 12 days. [f rain or snow
renders the stations ineffective (especially common for the unenclosed plates), add
additional days 10 the survey period to compensate for the days during which visits could
not be detecled,

Survey crews should be familiar with the tracks of potential target species. The track
guide of Taylor and Raphacl (1988) describes the tracks of species that commenly occur
on track plates in the Pacific Northwest, but their key is only for tracks directly on the
aluminum plate. Examples of marten and fisher tracks on Con-Tact paper are provided
in appendix A. Although the tracks of male marten and female fisher can overlap in size
{Taylor and Raphac| 1988), they can be casily distinguished by using the discriminant
tunction developed by Zielinski and Truex (1995) (appendix B), Unfortunately, the
tracks of wolverine and Iynx on plates or paper have not becn described. It is extremely
helpful to build a library of life-sized examples of tracks of the common carnivores in
the area. These can be used to identify most species guickly.

As the stations are checked, complete the Track Plate Results form (appendix C).
Muke an entry on this form cvery time a station is checked, regardless of the results. If
tracks of the target species arc on the paper, cover it with one of the original protective
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sheets, and return the plate to the field sration, Record the station number and date on
the paper and the plate as they are removed frem the box (a fingernail can etch these
numbers in uniracked soot on the plate). Remove the paper from the plate, and cut away
the untracked portion of the paper. Record the date, sample unit nunber, and station
number on the paper, and place it in a clear 8 1/2- by 11-iuch document protector with
perforations for a 3-ring binder. To collect aud preserve tracks from the sooted portion
of plates, place a wide strip of clear tapc over each print. Press the tape on the print with
a burnishing tool (the tip of a capped pen will usually do). Carefully peel away the 1ape,
and transfer it onto a sheet of heavy white paper. Practice this procedure on tracks of
non-larget species before lifting those of potential target species.

Data Management

We recommend three forms for data: Survey Record, Track-Plate Results, and Species
Detection form (appendix € and in the pocket inside the back cover). We sirongly
recommend using indelible ink and photocopies of the data sheets (especially the Track-
Plate Resulis form) made on waterproof paper. All forms should be stored i a 3-ring
binder as a permanent record of the survey.

Survey Record Form

The Survey Record form contains information on the survey location and its
configuration. 1t is important to identify the legal description and the Universal
Transverse Mercator (UTM) coordinates at cach unit, Collectively, these forms become
a record of all the surveys conducted in the administrative area, regardless of their
outcome.

Track-Plate Results Form

Use onc copy of the Track-Plate Results form for each day in the field, Record
tnformation from each track plate statiou, whether there were tracks on the plate or not.
Note the station number, the visit number (1-6), the nights since last visit (should
usually be two), whether there were tracks of tarpet species and which ones, the identity
of tracks of other specics of interest, and general comments. Remember that Visit |
occurs after the second night the station has been set up; the set-up visit can be referred
to as Visit 0. If you are uncertain about the identity of tracks, use track reference
malerials (especially Taylor and Raphacl, 1988), the examples provided in appendix A,
and the discriminant tunction in appendix B 10 assist in the identification, and ask a
biologist who is cxperienced with tracks to confirm your identification. Tracks from
Con-Tact paper can be easily phetocopied and sent by FAX 10 qualified biologists.
Make certain to record the season, dalte, a code for weather since the last visit, and the
location of the survey on each copy of the data form. Completed forms aud survey maps
should be archived at the local administrative office (e.g., Forest Service Ranger
District), and a duplicate set should be filed at a second location of vour choice.

Species Detection Form

When a survey is successful at detecting lynx, wolverine, fisher, or marten, complete
the Species Detection form, submil one copy to the state Natural Heritage office, aud
archive a copy at the administrative office of the agency that manages the land where
the survey was conducted. Most Natural Heritage databases record only positive results
from detection surveys. Compiete one form for each species detected. This standardized
form characterizes successful surveys for marten, fisher, lynx, and wolverine and is
usced for all methods (camera, track plate, snow track).

USDA Forest Service Gen Teeh. Rep, PSW-GTR-157. 1995,
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Safety Concerns

Sooting the Plates

The use of acetylene to soot plates can expose the operator to carbon menoxide and
acetone. Soot the plales outdoors where there is adequate ventilation and where the risk
of fire 15 low, A “Half-Mask Respirator” with organic vapor filter and goggles is
recommended. Ata minimum, a dust mask should be worn to exciude large particulates.
Always receive training in the use of the welding equipment (1ank and torchj from an
experienced technician. A “Job Iazard Analysis” for sooting plates is available upon
request from Bill Zielinski (Redwood Sciences Laboratory, USDA Forest Service, 1700
Bayview Dr., Arcata, CA 95521),

Handling Bait

Uncooked chicken and many other meat baits are a potential source of Salmoanella
bacteria. Contact with both fresh and old bait should be minimized. Chicken pieces
should either be individually wrapped in sandwich bags and frozen until the day they
arc used or be handled using kitchen tongs. Carry soap and water or disposable wipes so
that you can wash your hands thoroughly before meals, Careful attention to cleanliness
will make the risk of contamination from chicken negligible (Dr. J. Sheneman, pers,
comm.}. The risk of poisoning the 1arget species with roiting meat baits is also negligible,
as most targel species regularly consume carrion,

Comparison of
Track-Plate Methods

78

The methods recommended here have not been compared in the same study. However,
it is generally agreed that the enclosed-plate method is superior to the open plate
because it 1s protected from moisture and debris, the white surface collects positive
track impressions with fine detail, and the track can be easily collected and stored with
minimum loss of information. Furthermore, the unenclosed plates require larger and
more unwieldy aluminum piates than the enclosed box because an animal is not directed
over the plate from a single direction. However, in a recent study where plastic-canopy
enclosed plates were alternated with unenclosed plates the latter reccived first detections
by marien earlier than the former (Foresman and Pearson 1995), These authors suggest
that some animals man be more reluctant to enter an enclosed area than to walk across
an open plate. This conclusion is premature, however, until the unenclosed plate is
compared with the wooden box-enclosed plate, which is sturdier and can be reinforced
with logs and sticks in the field more easily than the plastic canopy version (K. Schmidt,
pers. comm.).

Wolverine and lynx will probably step on the unenclosed plate more readily than the
plate enclosed in the relatively small box described here. Thus, unenclosed plates
should be used when sooted track plales are the chosen device for the detection of
wolvering or lynx. Continued experimentation with the use of large (greater than 30.0 %
26.7 x 81.3 cm} boxes is encouraged for the detection of these species. When either
wolverine or lynx are the targel species, stajions with plates enclosed in large hoxes
should be interspersed with unenclosed-plate stations, or both types of stations should
be placed at the same location. This is the only way we will discover whether the larger
targel species will be successfully detected on box-enclosed plates. A potential
advantage of the plastic canopy design is that the enclosure size could be increased 1o
accommodate lyns and wolverine without the additional weight that would be incurred
by enlarging the plywood box.

USDA Forest Service Gen, Tech. Rep. PSW-GTR-157. 1995,
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. Costs

Assumptions:

««Five adjoining sample units, 4 mi? cach, are surveyed simultancously for a
total survey area of 20 mi?,

««There are six stations per sample unit (a total of 30 stations).

= All sample units have adequate road access.

«No targel species are detected during the survey and therefore a second
survey period is necessary. Because a survey is terminated when the target
species is (are) detected, costs can be significantly less if the target species is
detected early 1n the first survey period.

= The work is conducted by a crew of two federal employees paid about
$75.00/person/day. No contractors are used.

«Costs for some elements of labor will be less for the unenclosed than for the
enclosed plate, but these costs are trivial compared to the balance of the costs
s0 they have not been lisled separately.

Season 1

l. Labor
Planning .. ........ ... oo oo 2 person days (pd)
2x375/pd=....... 85150
Training ... 2pdx$75=........ 150
Maiterials acquisition and construction . . . .. 5 stations/day
6pdx$75=........ 450
Establish stations . ............. ... ..., 10 stations/pd
3pdsx375=....... 225
Station visits (crew members split ...... .. 6 at 2-day frequency
station checking duties) ..... .. 6x 30 =180 visits
20 stations/pd
= 9 pds (including 2 | Sunday @ time + 1/2)
(8 x $73)+{1x112)=712
Station removal, plate cleaning, data analysis 4 pds x $75=.,..... 300
Total Labor . . 81,987
2. Vehiclesand Gas. .. .. ... 700
3. Materials
Track plate stations . ................... S15/station x 30 .. ... 450
Extraplates. .. ..o ooven i I5@ $2.50ca.= ..... 37
Acetylene, bait, and miscellaneous supplies. . .......... ... ... ... 350
Total Materials .. o 5837
Total, Season b ... 0 53524

Season 2 (if necessary)

L. Labor

Plan, survey, establish, visit, and remove stations . ... ..., ., 1,387
2.Vehiclesand Gas. .. ... .. e 700

3. Materials

" Track-plates . ... replacc 15 percent of first

season’s stations; Sstations x 15=............. 75
Acetylene, bait and miscellaneous supplies ............ .. ... .. .. 250
Total, Season 2 . .. 52412
Grand Total (Two seasons, if both are necessary) .............. $5,936
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Equipment

Orientation

[dMaps/aerial photos
{ 1GPS equipment (if available)
[J Indelible marker

Track-Plate

[ ] Aluminum plates
D]Con-TaCl paper (while)

[ Plate-carrying case(s)
Crtashers

[ 1 Transparent tape (wide)
[CJSandwich bag

[ Surgical gloves/kitchen tongs

General

CTool or tackle box
[ 1Scissors

Cjriagging 1ape
[CCompass
CAltimeter

JAcetylene and torch
[ Plywood box
[Bait (chicken)

L Data forms

O 7Track ID references
[Disposable wipes

[CJHatchet or hammer
T Pliers

L] Metal stakes or tape
[ I Backpack

CIDuct tape

[JRope, tubing or
banding malerial

L Commercial lure

[IDocument protectors

C 1Rags and steel wool to

clean plates

[JSmall, folding shove!
(] Plastic garbage bags
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Ziehnski

Fisher Tracks. All are Martes pennanti pacifica except G, which is from M. p. pennanii.

. Sequoia National Forest, Calilornia (Adult female. left foot).

. Seqguota National Forest, California (Adult female, right foot).

. Mountain Home State Forest, Cailifornia (Adult male, right foot).

. Seguota National Forest, California (Adult female, right foot).

. Six Rivers National Forest, California (Adult female, right foot).
Six Rivers National Forest, California (Adult ferale, right foot).

. Caplive individual; Massachuselts origin {(Adult mate, right foot).

. Shasla-Trinity National Forest, California (Adult female, right foot),

m >

TOTMMOO

Marten Tracks. All are Martes americana sierrae except those of Yukon origin which
are M. a. actuosa.

. Lassen Nalional Forest, California {Juvenile male, left foot)
. Captive individual; Yukon origin (Adult female, right foot).
. Mountain Home State Forest, California (Sex unknown, left foot).
. Mountain Home Stale Forest, California (Sex unknown, lett foot).
. Sequoia National Forest, California (Sex unknown, right fcot).
. Captive individual; Yukon origin {Adult male, right foot).
. Captive individual; Yukon origin (Adult female, left foot).
. Captive individual; Yukon origin (Adult female, ieft foot).
Captive individual; Yukon origin (Aduit femate, right foot).
Caphve individual; Yukon origin {Adult female, left foot).
. Sequoia National Forest, California (Sex unknown, left foot).
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Fisher Tracks. Al are Martes pennanti pacifica except G, which is M. p. pennart.

A. Sequoia National Forest, California ' B'.'Sqqli:pja-ﬂational Forest, California " C. Mounlain Home State Forest,
(Aduit femate, left foot). (Adult temale, right foat). Caiifornia (Adult male, night foot).

D. Sequoia National Forest, Calitornia E. Six Rivars National Forest, California F. Six Rivers National Forest, Calfornia
(Adult female, right foot). (Adult female, right foot). (Adult fermale, right toot).
N Sk g o
. -2 -1
AR AV o
' I

G. Captive individual, Massachuseits

_ H. Shasta-Trninily Nationat Forest.
B - S origin {Aduit male, right faat).

California (Adult female right fcot).

8z USDA Fores! Servies Gan. Tech. Rep PSW-GTH-157. 1995,
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Marten Tracks. All are Martes americana Sierrae except those ot Yukon origin which are M. a. actuosa.

~ e
. _ Ay

A. Lassen National Forest, -
California (Juvenile ma'e, left
foot).

D. Mountain Home State
Farest, Calitornia (Sex
unknown, left foot).

R

B. Caplive individual; Yukon C. Mountain Home State
origin (Adult female, right Forest, California {Sex
foat}. unknawn, lelt foct).

E. Sequoia Nationa! Forest, L
Calitornia {Sex unknown, F. Captive individual; Yukon
right foot). origin {Adult male, right foat).

£ 3

RS TIT N

T
! il
’ .. ' -
- = " \‘4’ o
G. Captive individual; Yukeon H. Caplive individual; Yukon I. Captive individual, Yukon
origin (Adult female, lelt toot). origin (Adutt female, left foot). arigin (Aduit female, right oot).
3 . SR
o ia
s ¥ LN
,, .‘?’ , . "i-._'I . K. Sequoia Nalicnal
o < ) Captive individual; Yukon oy tes Forest, California (Sex
origin (Adult female, left fcot). " R unknown, teft foot).

"
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Appendix B—
Discriminant
function to
distinguish marten
and fisher tracks

Adapted from “Zielinski, W. J. and R. L, ‘I'ruex (1995). Distinguishing
tracks of marten and fisher at track-plale siations. J. Wildl. Manage.” The
complete manuscript is available by comacting the authors (Redwood
Sciences Laboratory, USDA Torest Service, 1700 Bayview Dr,, Arcata, CA
95521, 737-822-3691). '

Several problems arise in attempting to distinguish marten and fisher tracks. First, there
are no widely accepted qualitative means of distinguishing the tracks. Some biologists
have suggested that the shape and connectedness of palm pad segments, hairiness of the
track. and absence of particular toe pad impressions may ditter between species, bul
exceptions are not uncommon (Zielinski, pers. observ.). Second, there is overlap in
guantitative traits (length and width) of adult animals, much of which is likely
attribulable 1o overlap between male marten and female fisher (Taylor and Raphael
1988) due to intraspecific sexual size dimorphism.

A discriminant function was developed using tracks collected from wild and captive
individuals of two subspecies of marten (M. americana sierrae and M. a. actuosa) and
two of fisher (M. pennanti pacifica and M. p. pennanti). The method assumes the track
wus made by an adult marten or fisher.

Distinguishing Right from Left Feet and Pad Definitions

Before toe and interdigital pads are identified, it is necessary to determine whether the
track was made by the right or left foot. This can be assessed by using four rules,
presented in order of reliability. First, the medial-most digit (the “thumb™; | in fig. 1) s
generally smaller and posterior to the remaining toe pads and is ofien even with the
largest interdigital pad. Second, a small metacarpal pad (I1) is posterior and lateral to
the “thumb,” quite close to the main interdigital pads (12, 13, and [4). The “thumb™ (1}
and the metacarpal pad (11) are on the medial side of the track. Thus, if they are on the
left side of the track, the track is from a right foot. When both pads are lacking, the
location of a heel pad (H), present on forefoot only, is used to determine left or nght
foot. This pad is posterior to the interdigital pad and is angled such that its anterior
margin is directed toward the lateral (outside) portion of the track. If none of the above
indicate left or right foot, the relative location of the outermost toe pad (5 in fig. I) and
the pad lateral to the “'thumb” (2} was assessed, In general, pad 5 is smaller thun pad 2,
and its anterior margin is posterior to that of pad 2. Once left or right foot is established,
identify toe pads as 1, 2, 3, 4, and 5 (medial to lateral), and divide the interdigital pad
into three primary pads, 12, I3, and 14 {medial to lateral}, and a metacarpal pad, I1. The
heel pad, if present, is identified as H (fig. 1). These basic track features and fool criteria
should be applicable to other mustelids as well.

Reference Point (Origin) Formation

Afteridentifying the pads, create a single reference point that becomes the origin of a
Cartesian grid superimposed on the track. The origin 1s formed by following several
simple steps. First, iwo lines are drawn, one connecting the medial margins of 2 and [3
and one connecting the lateral margins of 5 and [3. Bisccting this angle creates the
ordinate. A line drawn perpendicular to the ordinale at the anterior margin of 13 creates
the abscissa (fig. /). This coordinate system serves to maintain precision in Cartesian
measurements while providing a reference point from which numerous measurements
can be derived. Because sonmie measurements bascd on a Cartesian coordinate system
were different for right and left feet, variables collecied along the X axis should be
standardized to the right-foot condition by recording their absolute value. Measure
viriables to the nearest .01 mm, using digiial calipers if possible,

USDA Forest Service Gen. Tech, Ren. PSW-GTR-157. 1995,
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Classification Guidelines

We recommend a three-variable function involving the width of the center palm pad
{13), the length of center paim pad (13), and the length of lateral palm pad (14) (fig. ).
Use the following classification protocol for unknown tracks suspected to be either
marten or fisher collected from contact paper and measured as described above:

If (4.595=widih [3) + (3. 146*length 13) + (0.906%(ength 14) - B0.285 > 0, classify the
track as fisher; if < 0, classify the track as marten,

Figure 1—Schematic diagram of right marten or lisher forefoot track
collected from sooted track impressions an while Can-Tact paper. Toe
pads are identilied with numbers (7-5) while interdigital pads and the heel
pad are reprasented with lefters (/7-I14, H}. The ordinate of tha Cartesian
grid is formed by bisecting the angle of intersection created by iines
joining the medial margins of 2 and 13 and the lateral margins of § and 13.
A is the width of 13, B is the length of 13, and C is the length of 4.

USDA Fores! Service Gen. Tech. Rep. PSW-GTR-157 1995, 85
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Appendix C—Data forms
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SURVEY RECORD FORM

SURVEY TYPE:

CAMERA TRACK PLATE SNOW TRACKING ______
Line Trigger Enclosed Searching for tracks
Single Scnsor Unenclosed Tracking at bait

Dual Sensor

Other

SAMPLE UNIT NUMBER

Number of stations ___ of  Distance searching for tracks

State County Landowner

Location USGS Quad __

Legal: T R S ,

STATION LOCATIONS: UTM Zone

Station ID UTM N/S UTM EfwW Elevation (ft. or m?)

{use another sheet 1l necessary)

Vegetation type (s)

Date installed {or run)

Date terminated

Type of bait or scent

Name, address, and phone of investigator

USDA Forest Service Gen, Tech. Aep. FSW-GTA-157. 1995.
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Track Plate Results

Observer

Location

General Comments

a
Weather

Chapter 4

Date

Page

Ziglinski

—of —

Station
Number

Visil
Number

Nights since
last visit

h
Target Species

Other tracks of
inlerest

C
Comments

a

Use the following codes: 1= No precipitation since last visit, 2= rain, snow or heavy fog since last visit,

b Record the four-letter species code in peneil (eg. MAAM, for marten) watil dentity 15 confirmed.

<
E.g. box rolled, feces collected, bait removed, bail dessicated.

USDA Forest Service Gen. Tech. Rep. PSW-GTR-157 1985
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SPECIES DETECTION FORM

Please complete each field after a survey has detected either lynx, wolverine, fisher, or marten,

and send a copy lo your state's Natural Heritage Division (addresses in Chapter 1) and other

appropriate entilies. The meaning of each code is explained on the following page. It is

important to coordinate with the State Wildlife Agency/Natural Heritage Program within your

State to assure uniform codes are used for federal lands, parks, private lands, counties, elc.

o=

® N o W

8b.

10.
1.
12.
13.
14,

15.
16.
17.
18.
19.
20.
21
22.
23.

SPEC

DATE

STATE __

CO

LOC

QUAD

QUADNO

OWN
FOR/PARK
DISTRICT

RNG

TWN

SEC

QSEC
SIXTHSEC
hil

Z

UTM_N

UTM_E

OBS

SVITP __
STA_NO
TR_NO

ELEV __

COMMENTS

USDA Forest Service Gen. Tech, Rep. PSW-GTR-157, 1335
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6.

#8,
8a.
8b.

10.
11.
12.
13.
14.
15.

17.
18.
19.

20.
21.
22,
23,

Chapter 4 Zialinski

CODES FOR THE SPECIES DETECTION FORM

SPEC - Species; | letter: L = lynx, W = wolvering, F = fisher, M = marten.

DATE - Date; year, month, day: c.g., Jan. 12, 1994 = 19940112,

STATE - State; usc 2-Ietter postal abbreviation, e.g., MT, OR.

CO - County; usc 2-lclter code, e.g., AP=Alpine, HU=Humboldt

LOC - Locale; the most specific names possible using names found on USGS maps, c.g.,
Grizzly Creek. 20 characters.

QUAD - Name of USGS topographic quad showing survey area; if >1, use additional
sheets, e.g., Ship Mountain. 20 characters.

QUADNQO - USGS quad number wtilizing latitude and longitude identification system.
OWN - Landowncr. 4-lctier code, e.g., USFS, NPS, BLM, CA, PVT.

FOR/PARK - National or State Forest or Park name. 3 characters.

DISTRICT - Subdivision of Forcst or Park (e.g., Ranger District it "OWN" = USFS. 3
characters.

RNG - Range. 3-characters.

TWN - Township. 3-characters,

SEC - Section. 2-characters.

QSEC - Quartcr scction. 2 characters.

SIXTHSEC - Sixteenth section. 2 characters.

M - Mcridian. 1-character.

Z - UTM zonc. 2-characters.

UTM_N - UTM-north coordinate; 7-characters.

UTVL_E - UTM-cast coordinate; 6-characters.

OBS - Observer; last name, first name, middle initial of survey crew leader. 20 characters.

SVTP - Survey type: SNSS = snow-tracking survey (searching); SNSB = snow-tracking
survey (at bait); TRPL = track plate; CAMR = camera (35-mm or 110).

STA_NO - Station number of detection {if camera or track plate). 2 characters,
TR_NQO - Number of snow transccl where detection occurred. 2 characters.

ELEV - Elevation at detection site. 5 characters.

COMMENTS - 30 Characters.

Each state will need to develop 2-3 character codes for specific forests, parks, private

landowners and districts therein,

USDA Forest Service Gen Tech. Hep. PSW-GTH-157. 1995,
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Snow Tracking

James C. Halfppenny,' Richard W. Thompson,® Susan C. Morse,’
Tim Holden,' and Paul Rezendes'

now tracking is used 1o conduct reliable ficld surveys 1o detect American marten,

fisher, lynx, and wolverine (MFLW). Because detection is the goal, such surveys
do not require the statistical considerations of those designed to monitor changes in
population size (see Chapter 2} or to deternune habitat preference. Because efforts to
determine the presence of rare species often are linked to activities such as proposed
timber harvests or recreational or residential developments, the hield biologist must be
able 10 provide records that will withstand the scruuny of the professional communiry.
Resuls of surveys may be challenged, even in cournt, so methods must be rigorous and
data should be collected in a standardized fashion.

Tracking has advanced considerubly since the days of Ernest Thompson Seton and
laus Murie. It is not possible simply (o rewd their books and be a tracker, This mumusl
will provide the necessary background for tracking, but it cannot substitute for training
and pracuice, After studying the muterial in this chapter, the tracker should be familiar
with the fundamentals of desigming 4 snow-tracking survey and identifying and
documenting the footprnis and trails of MFLW, However. becoming a good tracker
takes time. Spend that time by gaining expetience in the field and by leaming rom
olhers. Where MFLW are legally harvested, seck the advice of local trappers. Special
semimnars and workshops on tracking are also uvmlable. Altend these, and compire notes
with other trackers,

Two methods for detecung the presence of the targel species are discussed: “Searching
for Tracks™ and “Tracking at Bait Stations.” The former, and historically more common,
method involves traversing trails and roads in search for tracks. The latter method,
suggested by recent observations by Copeland and Hamis (1994), involves the detection
of tracks in the snow at bail stations. This chapter does not cover snow Lracking from the
air. Snow tracking from airplanes is used in Alaska and Canada pot only 10 detect
individuals, but also 1o inventory and monitor populations in relatively open habitats,
{c.g.. Golden 1987, 1988, 1993; Golden and others 1992; Stephenson 1986). However,
if the target species prefers closed habitals or s of low density, it 1s possible to miss the
tracks from the air The probability of missing tracks must be weighed againat the
advantage of covering large numbers of miles per day from the air.

Although airplanes and helicopters have seldom been used for the detection of rare
species in the contiguous Linited States. this technique should be considered, especially
if large arcas with good surface visibility are to be surveyed. When possible, use flight
time o supplement ground nme. Acnal trackers require special traming (o search
clearings and edges. spot tracks within the forest. and identily tracks seen [rom the air,
Special features, such as wolverine dens, are more visible from the air (Magoun in
Golden 1993) but require traming to recognize. Additional references on the use of
gerial snow tracking are provided in the section on Inventory and Monitoring, below.

LIS Fomat Serves Gon Taoh Fep PSW-GTR-167 1595

Introduction

l-armivore Ecolpgist, A Matoralist's
Wiorkd, PO, Bax 989, Gantiner, MT
SRS

Wildlile Buologid, Western Eco-
syulem, fre | B0 West Coach Hoad,
Ronlder, (00 80302

YWildlife Habitas Specialiss. Morse
and Morse Forestry and Wildlide
Conaultanis, RFD | Bas 263, kenicho,
VT 05465

“wilalife Binlogist, LUSDA Farest
Service, Malheur National Forest,
Prairie City Ranger Dustrict, PO, Box
337, Prairie City, OR 97868

"Photcgraphier, Bearaden Rd, Star
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Survey Season and
Snow Conditions

Snow-tracking surveys depend on conditions that may vary across regions and over
time, and in some areas snow lrucking may seldom be possible. The minimum
requirement is snow deep and soft euough for identifiable footprints to register. If
possible, wait until the second morning after a snowfall to aflow tracks to accumulate.
This allows the animals time to lay down trails, but is not so long that tracks. of other
animals make it difficult to find those of the larget species. On some days it is not
possible to track. For example, tracking during snowfall or during strong winds is not
advised because tracks are quickly obscured.

In early spring, the sun melts snow on south-facing slopes. and this can rapidly
destroy tracks each morning. Although a wet afternoon snow makes excellent tracks,
the target species tend not to travel then, Later, when the snow [reezes, animals may
move on top of it without leaving detectable tracks. During periods of mclting and
freczing, tracking must be done early in the morning. When recurring melting and
freezing prevent tracking on south-facing slopes, good tracking may be possible on the
north-fucing slopes.

Defining the
Survey Area

Recommendation; Conductl surveys in 4-mi? sample units (see Chapler 2,

“Definition and Distribution of Sample Units™),
The approach may differ depending on whether the survey is a “Regional Survey™ ora
“Project Survey” (see Chapter 2). In cach casc, however, we recommend that 4-mi?
sanple units be the basis of the survey. For regional-distribution surveys, choose one of
the scheduling options suggested in Chapter 2. In project-fevel surveys, focus first on
the sample units within the project area. Conduct surveys on as many sample units each
winter as time, personnel, and funds will permit, and survey as many sample units in a
day as possible,

Searching
for Tracks

92

Route Selection, Mode of Travel, and Duration

Recommendation: Drive by truck or snowmobile 1o 1he area(s) of the sample unit
with the most likely habitat for the target species (or the area where unconfirmed
sightings have been reported), and start your search there. Conduct the scarch on
foot, using cither skis or snowshoes. Conclude the search after either a minimum
of 10 km have been traversed or the target species is (are) detected.

Routes should be chosen to favor preferred habitats, and to usc fool travel. Use
motorized vehicles for speedy transport between habitats not preferred by MFLW, The
most thorough job of tracking 1s done on foot, cither on skis or snowshoes. The best
approach is to use skis or snowshoes to travel routes in preferred habitats and a
snowmobile or other vehicle 1o reduce travel time between focal arcas,

If snowmobiles must be used, avoid routes used by other snowmobiles, and travel
between 5 and 15 mph. Two snowmobiles or two observers per snowmobile will
decrease the likelihood that tracks are wissed. When the track of a polential target
species 1s sighted, stop the snowmobile and examine the trail on foot. Fatigue while
driving a snowmobile contnibutes 1o poor performance, so be certain that, as the day
wears on, all potential tracks and trails are checked carefully. The tracks of target specics
traveling on packed trails made by ungulates or snowshoe hares can casily be missed!

Topographic Considerations

Topographic features may provide important travel routes for target species. Within
appropriate habitat, select survey routes on ridges, saddles, and valley bottoms or

USDA Forest Service Gen. Tech. Rep. PSW-GTR-157. 1995,
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drainages. Avoid locations with avalanche potential, including avalanche chutes and
steep, open slopes (sec Safety Concerns, below),

Survey Frequency

Recommendations: Wolverine Fisher and Marten: Survey each 4-mi* sample unit
(see Chapter 2) at least three times during one winter or until the target species is
(are) detected. Distribute survey outings throughout the snow season.

Lynx: Survey cach sample unit three times per winter and for three consecutive
winters (or at lcast three oul of five winters) or until lynx arc verified on the
samplc unit.

As snow conditions permit, traverse the survey routes in a sample unit at least three
times during the winter. If suitable snow s available for only a short tune, sample all the
routcs in a sample unit at [cast twice, one survey per winter is inadequate. Lynx
populations ¢xhibit cycles in abundance, especially in northern latitudes. Although the
magnitude of these cycles is unknown in the southern part of their range, we recommend
that surveys acknowledge the possibility of extremely variable population stzes. Where
lynx are of interest, cach sample unit should be surveyed three times per winter for al
Icast 3 years, consceutively if possible. This will minimize the probability that sampling
will eccur during the low point in the lynx population cycle and misrepresent the status
of Iynx in the area.

Baits and Lures

Recommendations: Use road-killed deer, fish, or a combination of the two. Use as
large an amount as possible, up to a whole deer carcass, but at Ieast 5 kg, A
commecreial [ure such as skunk scent may help attract mustelids. For lynx, a treely
hanging bird feather or wing, or picce ot aluminum toil and acommercial [ynx [ure
and catnip should be used in addition to the bait. (Se¢ Chapter 3, “Photographic
Bait Stations” for additional information on baits and lures.)

Station Number and Distribution

Recommendations: Establish a minimum of two bait stations in each sample unit,
no closer than [ mile apart, at the sites of the most appropriate habitat or where
unconfirmed sightings have occurred.

Attach the bait o a tree or stump with wire or heavy rope so that it cannot be dragged
away. Fish and smaller rneat baits may need to be enclosed in wire mesh (welded wire or
chicken wirc) and nailed to the trunk of a tree. Be prepared to move the bait up the trunk
as snow accumulates during the winter. Seek a location that lacks complete canopy
closure so that snow can fall directly on the ground in the vicinity of the bait. However,
avoid open, south-tfacing slopes where the sun may quickly ruin the tracking surface.

Survey Duration and Check Frequency

Recommendations: Check cach station tor tracks every few days if possible, especially
after new snow, for a minimum of 30 days or until the target specices is detected.

Because the objective of the survey is to determine whether a sample unit 1s occupied,
effort need not be expended beyond the detection of the target species. The minimum
duration is sct primartly on the basis of data tor woelverine provided by J. Copeland
(pers. comm.) who found that wolverine tracks in snow were first detected ar bait
stations after a mean of 26.7 days. Five of six first detections occurred within the first 31
days. Becausc the densities of fishers, martens, and possibly lynx are probably higher
than that of wolverines and because fishers and martens are detected at track-plate

USDA Ferest Service Gen. Tech. Aep. PSW-GTR-157. 1995,
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stations considerably sooner than 30 diays (see Chapter 4 “Track Plates™), we assume
that 30 days arc sufficient to establish presence within the sample unit.

Preparations
for the Field

94

Dala collected must be compatible with those of other rackers. Preparation for the field
should include an understanding of tracking terminology and methods, as well as the
ecology of MIFLW. Herce we provide a background on tracking technigues, including the
interpretation of the effects of changing snow conditions on tracks.

Background

Modern tracking goes beyond sketching a track and recording a few measurements.
Today’s biologist must know how to measure prints, identify gait patterns, recognize
patlern changes with speed, interpret behavior, and document field evidence. Decisions
about the presence of rare species will often rest solely on track evidence. Tracking
books such as those by Forrest (1988), Halfpenny (1987), Murie (1954). and Rezendes
(1992) have good overviews of the target species. Here we focus specifically on the
tracks of MFLW and sumrnarize available information on characteristics useful for
identification. We start with an overview of the basics of tracking,.

Footprints form the basis for mammal identification from tracks. However, it is often
not possible, especially in snow, to find a clear print. When identifiable prints are not
available, an understanding of the trail left by an animal, its preference for habitats, and
its behaviors provide valuable clues und may sometimes be used to identify the species.
Always examine the entire scene, following suspect trails forward and backward as far
as time will allow. During the trailing procedure, study the gait patlerns and look for
clear prints in sheltered areas. The strongest evidence from snow tracking comes from
footprints cast in plaster or photographed. However, because obtaining clear footprints
in snow may be difficult, wail patterns and gaits provide supporting evidence. Be
careful of identifications made only from patterns and measurements of trails. The
combination of footprint and trail information is best, but one may be lacking, so the
tracker must be familiar with both.

Morphology of Carnivore Feet and Tracks

The fcet of carnivores can have either four or five digits (fig. /), but often only four toes
register in a track. Toes are numbered from medial to lateral (fig. 2). In some species toc
| is reduced to a “dew claw' high on the medial side of the foot, or is absent. Each foot
has an interdigital pad, also called a plantar pad, which, it clear in the front print, may
diagnose family. In species where all five toes of the front foot contact the ground, a
metacarpal pad is present and may register (e.z2., wolverines). In species where the fifth
toe of the hind foot touches the ground, the metatarsal pads join the interdigital pad to
forin the heel (e.g., bears Ursus sp.). In some mustelid species the heel is naked (e.g.,
striped skunk Mephitis mephitis), and in others it is haired (e.g., marten) and thus more
difficult to sec in a print. The complete heel is visible In most bear tracks.

Important characteristics distinguish the tracks of the Canidae, Felidae, Procyonidae,
Mustelidae, and Ursidae (rabie ). We include procyonids and ursids because of possible
confusion with tracks of MI'LW. The track forinula indicates whether front or hind prints
are larger, how many toes show in a print, and the presence of claws. For example, the
formula for the bear family, £5(4) H3(4) co, indicates that the hind print is larger {(capital
H), and in a clear print all five toes will show with claws often (co) showing. In a poor
quality print, only four toes may show in cither the front or hind print.

The larger prints are from the front feet of canids and felids and the hind feet of ursids;
in mustelids it varies by species. Canids and felids show four 1oe prints. In the mustelids
and ursids, toe | does not always show, which causes the appearance of a four-toed
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animal, The tront tracks of cats tend to be wide or round, and the hind tracks are more
rectangular. Canid toes arc nearly symmetrical in size and position on the foot; those of
the other families show more asymmetry n size and position, Sizes of individual toes of
felids, mustelids, and ursids vary from large to small, with the largest toe imost lateral in
mustelids and ursids. The long axcs of the tocs of canids are nearly parallel, a pattern
rarely seen in felids and mustelids. Felid toes ferm a shallow, asymmetric arc; a paired
or stepped pattern is found in canids. The toes of mustelids tend to be grouped in a 1-3-
I spacing; when the small, medial toe does not show, a 1-3 pattern is typical.

Features of the interdigital pad can be extremely helpful in identifying a track to
family. A bilobatc anterior edge on the interdigital pad positively identifies a print as
that of a cat. Poor prints or prints from heavy cats may show a blunt anterior ¢dge, bul
this still will usually differ {from the more pointed single lobe in the Canidae. An
asymmetric, chevron-shaped interdipital pad is characteristic of the Mustelidac; red fox
also have a chevron, but it is symmetrical, Metatarsal pads may be visible in prints of
mustelids and ursids. The fcet of all carniveres become hairier during the cold season,
which obscures detail left in tracks. Lynx {ect remain relatively hairy in the summer,

Foolprints in Snow

Tracking in snow presents two types of tnterpretive problems: tracks often lack definitive
shapes because of the fragile nature of the snowpack, and snow metamorphisim may alter
tracks. Understanding how tracks change in the snow is critical to proper identification,

‘Table 1—Comparative eharacteristics of tracks of carnivore fantilics

Family
Charactefistic Canidac Felidae Procvonidae Mustelidae Ursidlae
Track forrmula’ | F4nd C F4 hd 5 H5 co [3(d) h5(4ico 5{4) H3{d)co
Fool shapc" Rectangular Round, wide, Smradl rectangular Wide Wide, long
Rectangular Large rectangular
Lacger feet | lFront Front Hind Varics Hind
Tox-position asymmetry” Little Somu Some Significant Significant
Toe shape | Rounded Teardrop Finger-like, Rounded Rounded
bulbous tips

Toc arc! | Swepped I-iat Rounded Rounded Elat to rounded
Relative toe sizes Nearly equal Graduated Graduated Graduated Graduated
Pasition of largest toe* | Medial Medial Medial Lateral Lateral
Toe splayuig® | Commeon Uncommon Common Uncommon Rare

| 1-3-1
Claw presence l Lsually Seldom Variable Variable Variable
Interdigital pad | lebe, or pointed 2 lobes, or Chevron, full Asymmelric Wedpe

| anterior edge Nat anterior Heel Cheveon Full heel

edpe
Interdigital pad Small Larpe Large Narrow, large Large
relalive size |

Metatarzal pad No N Yes Yes Yes

"In track formuta, F = front track, H = hnd rack, the capital letter F or H indicates which foot is bigger, numbers

indicate how many toes usually show in a clear print, and nembers in parenthesis indicate the number of toes that
often show imindistinet prints, € = claws almost always show, co = claws often show.
* Qutline of the foolprint including all pads.
? Position of the toes relative to an anterioc-posterior center lne
* A line drawn around the anterior edge of the toe pads. In felids, toe 3 (toe | is absent), and in mustelids, toe 4
may appear slightly anterior to the line.
* Relative location of the b toe.
" Separation between toes, often « furrction of subsirate and speed.
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Failure to interpret metamorphic processes may resuli in incorrect prinl and gait
measurements. For example, the metamorphosed tracks of a bobeat or coyote can easily
be misidentificd as those of a lynx by the inexperienced or unprepared tracker.

Melung and evaporation, sublimation, crosion, and settling of the snowpack can alter
tracks to varying degrees, One process may predominate, almost to the exclusion of the
others. Warm lemperatures will cause melting, but melting also may occur because of
solar radiation when the ambient temperature is below freezing. Snow loss from
sublimation can be dramatic, especially where chinook winds blow from high mountains.
Both melting and sublimation can occur al night or on a cloudy day. To the trained c¢ye,
sublimated snow appears different than melted snow. Sublimated snow contains small
crystals, whereas non-sublimated snow is characterized by crystals melted and frozen
together. In sublimated snow, track edges appear well rounded but dry.

Tracks undergoing metamorphism may enlarge and be distorted in one dimension or
both. Enlargement can be dramalic, with prints increasing up to four times in area.
Because the variables that cause melting (solar radiation and temperature) and
sublimation (wind, relative humidity, and temperature) can differ, the amount and type
of directional distortion differ. During melting, maximum distortion occurs in portions
of the track opposite the sun, usually the northeast part of the track. Distortion from
sublimation occurs mostly on the downwind edge of the track, with the amount of
distortion proportional to the wind speed. Wind-deposited snow on the lee side of the
track combined with snow loss on the windward side can cause the track indentation 1o
move downwind. Sublimation may increase track size without directional distortion.
Howcver, sublimation without dircctional distortion causes all pad impressions 1o
enlarge to the same extent. Therefore, toe imprints will join and eventually merge with
the interdigital and heel pads. If the track is distorted, the print size is altered and
accurate ineasurements of trails may be possible only using center measurements (sce
Understanding Gaits),

Settling occurs within the snowpack because of gravity. Becausc snow sticks 1o
vegelation, inverted cones around tree trunks indicate settling. The eftect of settling is
to shrink, and, in extreme cases, to destroy a track, often in a matter of hours.

I[dentify dircctional distortion by studying the track shape. Be suspicious of tracks
that lack symmetry. Fortunately, most melt-enlarged and settled prints are apparent
with careful examination, Therefore, when following a trail, avoid the temptation to
make judgiments based on only a few prints. Follow trails of interest in both directions
as far as time and effort will allow, If inverted cones around tree trunks are visible,
suspect reduced track sizes, and seek sheltered places, such as under the canopy of trees
or shrubs, to measure prints.

Understanding Gails

It is necessary to identify track patterns left by different gaits and to understand how the
patterns change with speed; otherwise, measurements taken from track patterns may
result in erroneous identification. For example, gait measurements are used to
distinguish among bobcat, lynx, and mountain lion; mistaking a gallop for a walk could
result in misclassifying a lynx as a mountain lion.

Four mutually exclusive gaits can be identified in carnivore trails: walks, trots,
gallops, and bounds (synonymous with hops or jumps) {Halfpenny 1986, 1987), Gaits
are defined by mechanical differences in modes of locomotion, not by differences in
speed (Bullock 1971: Hildebrand 1959, 1963; Muybridge 1899). Below is an overview
of gait track patterns and a brief discussion of some of the pitfalls in their interpretation.

USDA Forest Service Gen. Tech. Rep. PSW-GTR-157. 1995.
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Four terms are necessary 1o understanding gait patterns: stride, straddle, group, and
intergroup. A siride is one cycle of locomotion and 15 measured as the distance from
where & point on a {oot touches the surface 10 the next spot where the same point on the
same fool touches the surface (figs. 3, /7). The stride of a walking animal approximates
the distance from the hip o the shoulder and provides an estimate of the length of the
animal. Straddle is the distance from the left edge of the lefi footprint to the right edge
of the right footprint of the same pair (front or hind). A group includes all footprints
within one stride, i.c., a right front, a left front, a right hind, and a lefl hind, and is
measured from the posterior edge of the posterior-most pad to the anterior edge of the
anterior-most pad. fntergroup is the distance between two groups. It is measured (rom
the anterior edge of the anterior-most pad of a group to the posterior edge of the
posterior-most pad of the next group. No footprints occur within the intergroup space. A
stride is composed of a group plus intergroup. Stride, group, and intcrgroup are
measured parallel to the line of travel, and straddle 1s measured perpendicular to the line
of travel.

Gait Patterns

Walking is the most commeon gait of many mammals (ffg. 3). Tracks generally appear in
a line, and hind prints tend to register directly on top of front prints. The more the
animal relies on stealth, the more often the prints register with the hind print direetly on
top of the front print (compare figs, 34 and 3C). Lynx, for example, usually show direct
registry. At slow speeds, the hind print registers behind the front print; as speed
increases, the hind print registers more anteriorly relative Lo the front print (fig. 38).

Trotting is characterized by paired movements of diagonal limbs. For example, the right
front foot moves at the same time as the left hind foot. The trail pattern appears the same
as that of the walk, but the stride is longer and the straddle lends to be narrower in the
trot {fig. 4A). Again, the placement of the hind feel varies with speed, and the hind print
registers more anteriorly relative to the front print as speed increascs (fig. 48). A
common variant occurs when an anirmal tuens its bady slightly sideways to the direction
of travel. All front prints register on one side of the line of travel, and all hind prints
register on the opposite side (fig, 4C). This side trot is commonly shown by canids; you
have probably observed a dog trotling at an angle to its direction of travel.

Gialloping is characterized by two periods during each stride when the animal has all
teet off the ground. This produces the group and intergroup portions of each complete
stride pattern (fig. SA). The gallop creates variable track patterns because of changes in
the lead foot {either front or hind) and changes in speed. The C-shaped pattern in fig. 5A
is produced by a common canid gallep. The effect of a hind-toot lead-change results in
the dilference between the pattern in fig. 5A (a rotatory gallop) and fig. 58 (a lransverse
gallop). The rotatory gallop pattern resembles the letter “C™ or its mirror image,
whereas the transverse pattern resembles the letter 72" or its mirror image, Figures 58,
5C, and 5D illustrate the elfect of decreased speed on the relative positions of the hind
and front prints. As speed decreases, the hind prints register farther back in reference to
front prints. The gait pattern produced when the hind print registers at or posterjor to the
anterior edge of the front prints (the “lope line™) is referred to as a lope. The lope, which
is a slow gallop, is commonly used by mustelids (figs. 5C, 5D).

Bounding, like galloping, includes two periods during each stride when the animal has
all feet off the ground (fig. 6). Howevcr, the bound differs from the gallop in that during
the bound, the hind feet are placed side by side and not in front of each other, As
bounding speed decreases, the hind print registers more posteriorly relative 1o the (ront
print (fig. 68),
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Gaits are often described by their patiern on the ground, and their names arc derived
from repeated track sequences. Similar patterns can result from different gaits. The
right-left, dircct registry patterns created by walking or trotting are called aliernating or
simply right-left patterns (figs. 34, 44, 7, §). When patterns of two prints repeat, they
are called “2>" (pronounced “two-by™) (figs. 3D, 9). Pattemns designated 2x can be
created by trots or gallops and would be called 2x trot, 2x lope, or 2x gallop.. Gallops
may also show 1x 2x 1 (fig. 5C), 3x (figs. 10, [{yordx (figs. 5A, 5B, 2, [3) patlerns. A
3x hound or jump is illustrated by the last sequence at the top of figure 7.

Errors in Identifying Gait Patterns

Three types of error can occur when identifying trail patterns in the field: (1) mistaking a
walk tor a trot, (2) mistaking a slow gallop for a walk, and (3) confusing a side trot, lope,
and gallop. The first is the hardest 1o detect. Compare fignres 34 and 3B with 44 and 48.
The track patterns arc the same, differing only by the grester stnde in trot patterns.
Misreading a trot for a walk results in overestimating the size of an animal; a bobcat trail
becomes that of a lynx, or a coyote becomes a wolf. To avoid this mistake, follow the
trail and look for an arca where the animal does not appear to he hurrying. Find a place
where the animal is mancuvering around closely spaced ohjects and has slowed 10 a
walk. Measure the gait pattern where the stride 1s shortest and the trail relatively straight.
The measurement should he done on level ground where the pattern is a consistent,
alternating right-left set of imprints. Take your time irying to find a walk, because
walking panerny arc critical to identification when foorprins are not clear.

The other types of crror usually happen in soft or metamorphosed snow where
identifying front and hind prints is difficult, An alternating right-left pattern may appear
to result from walking or trotting (fig. /4A). However, the pattern can also result from a
slow trunsverse gallop (fig. /48). While the pattern may appear similar if front and hind
fect are not identified, the error in measuring, siride is substantial (compare figs. /48 and
{4C). The error is compounded hecause a typical slow transverse gallop will have
spacings between track inprints that are longer than would be found on a walk. Lynx
often use a transverse gallop for a short distance. Because measurements taken from
walking patterns are necessary for ticld identification of lynx, mistaking a gallop for a
walk could result in the misidentification of a lynx track as that of a mountain lion,

To avoid misidentifying gaits, follow the trail. Because carnivores seldom gallop leng
distances with consisient track spacing, the gallop patiern will usuvally show spacing
variation within a few strides. The intergroup distance will increase and provide the
distinct group and intergroup patterns shown in figure 4B In contrast, a walk or trot will
comntinue with the same, even track spacing for long distances.

The third type of error results from confusing a side trot, a lope, and a fast gallop. All
three gaits can leave a similar 2x pattern depending on speed (fig. /3). Because the three
patlerns cannol be mistaken for a walk, this mistake occurs when characterizing the
behavior of the study animal. Red fox (Vulpes vulpes) often vse the 2x side trot (fig.
135B) and leave prints that arc about the same size as marten tracks, Mustelids commonly
use the lope and gallop. When a mustelid is moving slowly, the hind feet register on top
of the front feet (fig. /5C). However, when the mustelid is loping fast, the hind feet
overstep the front feet and may register well anterior 1o the front feet (fig. 15D
Problems occur when trying to distinguish similar-sized mustelids, for example, martens
and rishers. A marten using a fast gallop (fig. /50) might be mistaken for & fisher using
alope (fig. 15C).

To avoid confusion, study prints carefully to identify front and hind prints, If the
tracks are nolt clear, other characteristics may help identify the pattern correctly. Often
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mustelids drag their front feet in the fast gallop, leaving a “dumbbell-shaped™ track
patterr. I the dumbhell pattern is not evident, look for alternating short and long spaces
between track impressions (fig. 150). The short-long pattern indicates a fast gallop.
Another way 1o separate the lope from the fast gallep is (o follow the trail for a distance
to see if it changes into a short-long pattern.

All three errors can be avoided hy taking the time to account for all feet in each group
paltern: two fronts, two hinds, two rights, two lefts. Toadentify walking and trolling
patterns, care must be taken to verify direct registry of hind over front prints. When
print detail is lacking, follow the trail until you spot a change in gait. Walking and
trotting gaits continue with the alternating, right-left-right, placement of prints, whereas
gallops of any type will seon tend to deviate from this pattern,

Measuring Tracks and Tralls

Footprints

Track size 15 influenced by the depth that the toot sinks into the surface; feet lcave larger
footprints 1 soft substrates than in bard oncs. Measurements of tracks from the same
animal in different substrates may be considerably difterent. A cross section of a
footprint shows the effect of sinking into the substrate (fig. /6). A track that sinks into
the surface may be several millimeters bigger than one on a hard surface, Because area
increases with the square of the linear measurcment, the frack appears to increase
dramatically in size when it is only shghtly longer and wider. Therefore, visual
impressions of track size can be misleading, especially to the untrained observer,

Two methods have been used to account for depth-induced variation. The Interagency
Grizzly Bear Team records the depth that the footprint sinks into the ground (R, Knight,
pers. comm.). This provides an indication of how much a track may enlarge in a sof
surface, but the increase in size resulting from sinking tnto the subsirate is not measured,
Ficelline and Mansfield (1989) controlled tor depth-induced variation by measuring just
the portion of the foot that would touch a hard surface, measured from the break of the
track on one side to the break on the other side (fig. /6). The sides are not included tn the
measurement. This is the Minimum Qutline (MQO). The measurement that includes the
sides is referred to as the Variable Outline {VQ) because the same fool may yield
different track sizes, MO measurements are more consistent across all surfaces, and
their nse reduces variation when measuring multiple tracks of oue amimal and when
different ebservers measure the same track, For example, when one person measured
five prints from one woll, the coefficient of variation was 7 percent. Three different
measurers, trained to use the MO method, had a coefficient of variation less than 1
percent for the same footprint (J. Halfpenny).® Tracks of few species have been
measured using MO methods. Data contained in the current literature were not developed
using this method and therefore are not directly comparable. Whenever possible, data
should be collected and archived using both MO and VO measurements. Although
measurements are often difficult to obtain in the field, they should be the standard for
measurements from track impressions that are brought into the laboratory (see Track
Preservation). However, when working with photographs or data from others not using
the MO methods, you must usually use VO methods.

Prints may be measured at two levels: simple and complete, Simpfe measurements
include width, length, and claw, metacarpal, and total lengths (fig. 2). Mcasure lengths
parallel to the long axis of the foot: measure widths perpendicular to the long axis.
Length includes toe and mterdigital pads but excludes the metacarpal pad on front feet,
Metacarpal length includes toe, interdigital. and metacarpal pads. Total length is trom
the anterior tip of the claws to the posterior edge of the metacarpal pad. Width is
measurcd as the widest part of the track, Note whether the widest part of the track occnrs
al the interdigital pad or the toe pads. Complete measurements include the lengith and

USDA Forest Service Gen. Tech. Rep. PSW-GTR-157 1995

Halfpenny, Thompson, Morsse, Holden. and Rezendes

SUnpublished datz on file A
Naturalists' World, P.O. Box 989,

Gardiner, MT 59030

29



Snow Tracking

100

Chapter 5 Halfpenny, Thompson, Morse, Holden, and Rezendes

width of all pads. Collect complete measurements whenever time permits in the field or
from photographs or casts in the laboratory. For rare specics, it is desirable to make
complete measurements in the field if casts or photographs are not taken.

Trails

Trail measurements add to our ability to discriminate among species when individual
print measurements are difficult to obtain, and are essential when using discriminant
analysis to distinguish the tracks of felids (see below). Four measurements should be
made of the walking trail: stride, straddle, center straddle, and trough (fig. /7).

Trail measurements are made parallel or perpendicular to the line of travel. Data
should be collected using the following three reference locations: (1) the center of
prints, (2) the outer margin of prints, and (3) the trough created by foot drag (fig. 17).
Straddle measurements are affected by curves in the trail and should be recorded only
where the trail is straight. Center measurements are important because they are easily
recorded and change little with metamorphosed snow. To obtain center measurements,
mark the center of each footprint with a small dot; a pencil may be pressed into the
surface. Lay a ruler between print centers on one side of the trail to measure the stride.
Center stride is the same as the regular stride. Center straddle is the distance
perpendicular from the center stride line to the center of the footprint on the other side
and is always smaller than the regular (outer margin) straddle. The trough is a common
feature of lynx trails where the hair on the feet drags along the snow surface. The trough
is measured from the left-most outside drag mark to the right-most outside drag mark. It
differs from the straddle measurement, which spans only the edges of the foot pad. If no
hair drag is discernible, the straddle and the trough are the same.

Lynx, Wolverines, Fishers, and Martens: Tracks and Trails

The following guide to the tracks and trails of rare carnivores assumes that the reader
knows the techniques described above. If not, previous sections should be reviewed.
The purpose of this section is to provide a concise guide to the identification of tracks
and trails. We emphasize field identification, but provide detailed measurements to aid
in the examination of photographs and casts in the laboratory. We provide VO
measurements for initial species identification in the field. MO measurements are
provided for detailed analysis in the laboratory, but we encourage trackers to collect and
use MO measurements in the field. Print measurements are listed as length followed by
width (L X W). Where necessary, we lumped 2x , 3% | and 4x gait measurements
because authors have not always clearly distinguished among them. Sec Rezendes
(1992) for additional photographs and Forrest (1988) for drawings of tracks in snow. In
addition to information about tracks and trails, we provide for each species some
common signs and behaviors that can assist in identification of the tracks.

The data were collected primarily in the Rocky Mountains and Alaska; some lynx and
fisher data were collected in Michigan, Massachusetts, and Maine. The data were either
collected by one of the authors or gleaned from original literature that was supported by
photographs, casts, or field notes. An effort was made to eliminate “guesstimates” or
values from earlier authors. Murie’s (1954) data are particularly valuable because all
drawings come from plaster casts that are preserved at the Murie Museum, Teton
Science School, Grand Teton National Park, Wyoming. Original data are also found in
Brunner (1909), Forrest (1988), Haglund (1966), Mason (1943), Murie (1951-52,
1954), Nelson (1918a, 1918b), Rezendes (1992), Seton (1937, 1958), and Sorensen and
others (1984). Carefully collected measurements of tracks and trails known to be from
lynx, wolverines, fishers, and martens are uncommon, which makes such data extremely
important. This information should be submitted to tracking authorities so that it can be
incorporated into track databases that will refine future work.
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Trackers need to develop an intuitive feel for the size of tracks and gait patterns of
MFLW. It simply is not possible 1o measure every set of carnivore tracks, so those
outside the possible range of sizes must be passed over quickly 1o maximize search
efforts. The size of front prints of adull MFLW ranges from about 5 x 4 em (marten) to
16 x 11 cm (wolverine) (fig. /8). Life-size schematic drawings of typical prints for cach
specics arc shown in figs. /9, 20,27, 22,

Lynx

The tracks of members of the car tamily share certamn characteristics (table 7). Front feet
arc larger than hind feel and tend to be round, or wider than long. Four toes usually
show, and claws usually do not. The teardrop-shaped toes register in an asyminetrical
position and are graduated in size; the largest toe is inedial, the smallest lateral, and the
leading toc is number 3. The anterior edge of the toes forms a shallow arc. The
interdigital pad is large, and no metatarsal pad is present. The most diagnostic feature of
felid tracks, when visible, is the presence of two lobes on the anterior edge of the
interdigital pad.

The feet of the lynx are densely covered with hair (fig. 23), and even in summer very
little of their toe pads shows in tracks (Rezendes 1992). Few meusurements of lynx
tracks exist in the literature. Although little attention has been paid Lo ineasuring lynx
tracks, much has been learned by following their trails (Brand and others 1976, Butts
1992a, Halfpenny and Thompson 1991, Nellis and Keith 1968, Nellis and others 1972,
Parker 1981, Saunders [963). Reviews by Kochler and Aubry (1994), Kochler and
Briuell (1990), McCord and Cardoza (1982), Quinn and Parker (1987), and Tumlison
(1987) describe lynx ecology, including information obtained by snow tracking.

Prints: Lynx have large feel for their size, an adaptation for support on snow. Although
lynx weigh about 10 kg, and mountain lions up to 75 kg, their prints are about the same
size. Lynx prints are usually poorly defined because of the densely haired foot. Typical
variable and minimum outline measurements are presented in tabl/e 2. The length of the
front print 1s generally less than or equal to the width; the length of the hind print
generally exceeds the width. On hard snow after freezing and imelting in the spring, toes
Inay appear more distinct even though pads do not register (figs. 24, 25). The amount of
variation by sex and age in track mcasurements is unknown.

Lynx tracks typically show a relatively large interdigital pad, the impression possibly
resulting because the pad covered by hair creates a relatively large visual impression.
Somenimes a naked interdigital pad may be obscrved (fig. 26). In some tracks, the
naked pad leaves a relatively small imprint, and the posterior edge of the print appears
concave because the [ateral lobes extend considerably posterior to the medial lobe (fig. 27)

Table 2—Variable Outline (VO) and Minimum Outline (MQ) measurements for the length and width and the interdigital pad

Ieng!h (md width of lynx front and hind prints (cm).'?

Pnn'i = Lewllh ------------- Wldlh AAAAAAA a - Inerdigital length SR —— In[er-.gltal wtdlh
h.an (SD) n Mean (SD) n Mean (SD) n Mean (SD) n

Front | 8.7 (1.4) s 9.0 (0.8) 4 - -

Front MO ‘ 250D 2 58 (0.8) 2 4.5(0.5 2 5.300.%) 2

Iiind VO | 77010 2 9.4 (0L.2) 7T — -

Hind MO ‘ 6.7(0.7) 2 7.2(0.4) 2 3.6(0.4) 2 4.2(0.5) 2

" "Data from Brunner {1909), Forrest { 19883, Hallpenny (1987}, Halipeany and Thompson (19910, Jacgee (1948), Mason (1943),

NMurie (1951-52), Rezendes (19923, and Seton (1937, 1958).

* Track specimens are from Alaska, Colorado, and Maossachusetis. When a lynx track impression reveals 2 naked interdigital pad,

the values may be smaller than presented here. n = the number of different individuals whose tracks were measured.

USDA Forest Service Gen. Tech. Rep. PSW-GTR-157, 1985

Hatipenny. Tharmpsan, Morse, Heiden, and Rezendes

101



Snow Tracking

102

Chapter 5 Halfpenny. Thompson, idorse, Holden, and Rezendes

(S, Morse, pers. observ,). The relative amount of posterior extension of lateral lobes
has also becn suggested as a means o separate dogs from lions, but 1s ighly variable
(Smallwood and Fitzhugh 1989). Tracks with a clearly defined interdigital pad that is
relatively small and concave in shape may be from lynx. However, because the
application ot this clue to lynx track identification is relatively new, more information
is needed (o assess its importance.

Gaits: Lynx trails are characterized by conspicuous troughs even in soft snow (figs. 7, 28).
They typically use two gaits, the walk and the bound, although the walk is by far the more
common. When lynx are in open arcas, they will frequently stretch the walk into a trot.
The bound is used to quickly close the distance to the prey during a chase. Ofien only
three footprints show because one hind print typically lands on a front print. The walking
stride averages 71.9 cm (SD =8.9, n= 11), and the group averages 49.2 cm (SD=0.2,n
=4). Straddle averages 21.2 em (SD = 3.6, n = 1), with center straddle averaging 8.9 em
(5D = 1.7, n = 8). The trough averages 26.9 em (SD = 1.4, n = 3). The stride of a captive
2.5-year-old female lynx ranged from 75 10 90 cm for a walk, 107 to 120 ¢m for a trot, and
140 cm for a lope, with a group [ength of 80 cm (J. Weaver, pers. comm.).

Trail Characteristics and Signs: Lynx tend to be solitary, crepuscular animals. Trails of
more than one lynx usually reflect female with young (Parker 1981}, but cooperative
hunting has been observed (MeCord and Cardoza 1982, Quinn and Parker 1987). Trails
through open, mature forest are typically straight, suggesting that these habitats may be
used for travel, Trails through earlier-successional habirat typically meander, possibly
indicating searching for prey (Parker 1981), Infrequently used forest roads and trails are
commonly traveled by lynx during winter. Trails of walking lynx often show bounding
gaits tor several meters (Parker 1981), possibly indicating attempts to take avian prey
(Nellis and Keith 1968).

Scent marking includes frequent urination on stumps and bushes (Saunders 1963).
Scats are seldom buried by adults and are often found in the center of trails and at trail
intersections (Berrie 1973). Lynx cache remains of Kills, which typically appear as
mounds of snow or debris such as pine needles and grass (Berrie 1973, Nellis and Keith
1968, Parker 1981), Lynx typically rest in open, sunny sites in either long- or short-
duration beds (Parker 1981). Long beds, also called resting beds, were clearly defined,
spherical, ice-encrusted depressions that had been used for several hours for resting,
Short beds, also called hunting beds, are poorly-defined depressions without icy crusts,
becausc of their short period of use,

Lynx can be curious about human activitics. Tracks have been obscrved at garbage
dumps at ski arcas and construction camps, and trackers have reported lynx tracks on top
of their own (Berric 1973). Lynx are capable swimmers, and trails may lead into watcr,

Similar species:

Canids and Mustelids, Lynx tracks are similar in size to thosc of wolverines, mountain
lions, wolves, and large dogs (fig. /8). They difter from those of wolverines in having
only four tocs and in lacking clearly defined toe pads, claws, a chevron-shaped
interdigital pad, 2 metatarsal pad, and 1-3 toe spacing typical of mustelids (table /).
Lynx tracks may be distinguished frem wolf{ (fig. 29) and dog tracks by their more round
shape, their lack of definition because of their denscly-hatred foot, the usually large
hairy interdigital pad, asymmetrically placed and sized toe pads, lack of claws, and the
bi-lobed anterior edge of the interdigital pad. Lynx seldom lope or gallop as wolves do.

Other felids, Lynx tracks are distinguished from those of bobeat {figs. 30, 31, 32) by
their larger size, hairy foot, wide trough, wider straddlc. and longer walking stride. Toe
pads in bobcat tracks are clear, while those in lynx prints are often indistinet. Separating
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lynx tracks from mountain lion tracks (figs, 33, 34, 75) may be difficult. [n general, lynx
tracks are less distinct because of the hair on the fect, the walking siride is shorter, and
although their tracks are about the same size, lynx tend not 1o sink into the snow as far as
mountain lons. Clear prints of lynx may show a relatively small interdigital pad with
concave posterior lobes (S. Morse, pers. observ.). When following a trail, try to judge
whether the depth of the track is that of a 10-kg or 50-kg animal. The denscly hairy foot
of the lynx produces a trough of hair drag marks outside the load-bearing surface of the
foot, a characteristic lacking in mountain lion trails,

To aid in the identification of felid wacks we have developed several discriminani
functions to distinguish lynx tracks from those of bohcat and mountain lions. These
discriminant techniques were derived from a relatively small sample (n =3, 6, 7 bobcat,
mounltxin lion, and lynx prints, respectively) collected from animals in Colorado, and
thus the results should be interpreted with caution. We encourage those with additional
data from these species to submit it to the senior author to be included in future revisions
of the discriminant Lest.

The first step is 1o exclude bobcat. [f possible, collect incasurements of at least three
stride and print widths, and insert the mean valucs into the following equation:

Species Score = =5.842 - 0.075(stride) + 1.47 1 (print width).

[f the score is less than 0.5, the track 1s most likely from a bobeat; if the score is 0+ 0.3,
the result is ambiguous and further tests should be conducted for verification, If the score
is » 0.5, the track is too large to be that of a bobeal and 15 probably that of lynx or mountain
lion.

The next siep is 1o distinguish lynx and mountain lion tracks. If possible, collect at
least three measurements of stride, straddle, and track print width {from the unknown
track, and insert the means into the following equation:

Species Score =301 + 0.103(stride) + 0.225(straddle) — 0.947(print width).

If the score is less than -1.0, the track was probably made by a lynx, If the score is
ereater than 1.0, the track was probably made by a mountain lion, If the score is 0 £ 1.0,
further tests should be conducted for verification. Additional insight can be gained by
comparing track measurements to the complete data set used to develop these functions
in apperdix A, 1t additional testing is neceded, send measurements {and casts and
photographs if available) to the senior author or another gualificd biologist,

Mustelids

The mustelids sharc many track characleristics. Wolvcerine, fisher, and marten tracks
appear relatively large because of the presence of five toes. The 2x lope or gallop gait is
very common, Toes typically show a |-3-1 grouping (fig. 7). When only four toes show,

the 1-3 grouping is diagnostic. The pesition of toes is asymmetric to the center line of

the foot. Toe shape is rounded, and the toes vary in size from the small medizl to the
large lateral toe. The medial toe is the most posterior on the print and often does not
register, Claws may or may not be present in the track. The interdigital pad is an
asymmetric, narrow chevron (upside-down “V") that is relatively large (fig. 7). The
front print may show a metacarpal pad. The metatarsal pad of the hind foot is densely
haired and does not show as clearly in wolverine, fisher, or marten prints as it does in
some other mustelids (e.g., skunks). The metatarsal and metacarpal pads show only
when the animal is moving at a slow speed or going downhill.

There are few published measurements of tracks and gait patterns tor mustelids.,
Measurements given here summarize those in the literature and those of the authors. It is
often difficult to determine whether measurements in the literature include claws and
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metacarpal pads; those given here do not. It is important that new information on
mustelid tracks be collected, especially from animals of known age, sex, and weight.
With the acquisition of additional measurements, guidelines suggested here may change.

Wolverines

Wolverines are the largest terrestrial mustelid and their prints can be confused only with
those of the largest carnivores: mountain lions, lynx, wolves, domestic dogs, and bears
(fig. 18). Snow tracking has revealed more about their natural history than about that of
any of the other species covered in this manual (J. Copeland, pers. comm., Hagiund
1966, Murie 1951-52, 1954, Sorenson and others 1984). Reviews of the habitats used by
wolverines are included in Hornocker and Hash (1981) and Banci (1987, 1994).

Prints: Large prints that often show hair drag marks characterize wolverine prints
(figs. 20, 36). Good prints show all five tocs, although poorer prints may show only four
toes (fig. 37) with a 1-3 spacing. The front foot often shows a distinct metacarpal pad
(figs. 1, 38, 39). Typical wolverine track measurements are presented in table 3.
Considerable size variation occurs in the field, especially when it is not possible to
distinguish the claws, toes, and other pads of the front foot (fig. /8).

The only data addressing differences by age and sex of tracks are from Sweden
(Haglund 1966) where the hind prints of adult wolverines are usually greater than 13 X
10 cm VO. Hind prints greater than 14.5 x 11 cm are probably from males. Wolverines
have nearly adult-sized feet by three months of age.

Gaits: Wolverines typically use two types of gait: the 2 patterns and the 3x lopes. The
3x lope is the most common, and it is used for covering long distances (figs. 10,40, 41).
[t is a bouncing gait in which all four feet may be off the ground at once. Observers have
described it as “humping along.” It is often done at an angle 1o the direction of travel,
and angled lines of large prints, even when observed ai great distances, suggest
wolverines. When the snow is soft and deep, wolverines tend to use 2x gaits. On
harder snow, 3x lopes are more common. In very soft, deep snow, the group of prints
falls into a single hole, and a series of relatively closely spaced holes (45-115 cm)
results (see Murie 1951-52, 1954 for illustrations). In deep snow the wolverine may
create a trough as it plows along, and hair drag-marks on each print are also evident. A
wide straddle (20 to 40 c¢cm), produced by the tendency to use sideways 3x-lopes,
strongly suggests wolverine.

Trail Characteristics and Signs: Wolverine trails typically cross large openings and are
often found above treeline. They may intersperse long-distance travel (50 km or more)
with sevcral days of more localized activity (J. Copeland pers. comm., Krott 1959).
Wolverines will use the same paths repeatedly, creating packed “wolverine trails”
(Haglund 1966), especially in the vicinity of food. Although wolverines seldom cross
highways (J. Copeland pers. comm.), they will travel on snow-covered roads and
snowmobile trails (H. Hash, pers. comm.).

Many kinds of sign have been reported on wolverine trails including scent marks,
rubs, bites, caches, digs, dens, and scat. Scent marking is done with only a few drops of
urine, or by rubbing an object with the body. Wolverines walk over small saplings,
bending them over as they mark with their belly. To find rubs, look closely for sites
where these rubs knock snow or bark from shrubs and trees. Wolverines often’roll in the
snow and may depress an area up to 4 m across.

When food is plentiful, wolverines cache remnants of carcasses (Haglund 1966,
Krott 1959). They may drag food long distances to cache sites, their tracks showing
beside deep drag marks. When mounds of snow, dirt, or brush are encountered along a
trail, check the interior for food caches. Food is also cached in crevices and rockpiles.
Caches are often marked with urine or feces, but wolverines often bury the feces.
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Similer Species: Wolverine tracks can be separated from those of wolves (fig. 29).
mounlain lions (figs. 33, 34). and lynx (figs. 25, 20} by the presence of a fifth 10e. Bear
tracks also have five loes (fig. 42); however, wolverine prints show 1-3-1 erouping of
toes and chevron-shaped inmerdigital pad. The 3% side lope with a large straddle can
distinguish a wolverine trail from that of dogs, wolves, mountain lions, and lynx.
Wolverine tracks are larger than river otter (Lutra canadensis) iracks (fig. 43) and lack
webbing belween the toes. River otter tracks are most {requent in riparian habilals,
although river otter may travel considerable distances overland. especially during the
winter. River otter trails in the snow will often show slide marks of 1 1o 5 min length. A
summary of track data for wolverine and similar specics is provided in appendix A,

There is some overlap between gaits of wolverine and fisher (fig. 44, table 4). It
appears that only the stride length at a full gallop may distinguish them. The average

Table 3—Vanable Ontlive (VO) and Minimum Ouiline (MQ) measurements for the length and width and the interdigital pad
tength and width of wolverine front and hind prinis {co)'™?

Print ‘ ------- Lcn-lu;h ------ oo W coeme e lulcrdlgiml.!cTy.th ------ --_Inl_urdi(:iml widtl -----
Mean (SD) " Mean (SDi n Mean (SDi n Mean (8D n

% — s L i, s s i, L W e

Fromt VO | 9.1 (1} 5 9.4 (0.9 4 4.2(0.4) 5 6.4(0.7) 5

From MO 8.3 (0.9 3 B30 2 3.6 (0L6) 3 5.6(0.5) 3

Hind YO ! 3.8(0.6) 2 991(1.5 2 4.1(0.4) 2 73(2.6) 2

Hind MO | 7.0 I - 2.5 | -

1J. Halfpemy, unpublished data on file at A Natoralist's World, Gardiner, MT; Mune (1951323, Murie Museum; Nelson (19184, b),
and Seton (1958).

“Track specimens are from Alaska, Mentana, and Wyorning. n = the nunber of differentindividuvals whose tracks were measured.
Rufer to figure 2 for definitions of pad compenents

Table A—Comparative measurements of mustelid giits (cm)

ﬂpccmi 1 Gait Typical gtri-dc Styaddle Group lntergroup
siride {range) {range) (rarge) (range)

Marten' | Walk 29 28-40 7-11 - 2060
Marten 2x gail 55 20-120 7-11 14-24 25-35
Marten 3x lope - 5575 5-8 30-40 25-30
Marien 4x gallop 83 50-155 4 2045 -
Fisher” Walk 51 30-65 7-14 . -
Fisher | 2xgain 72 40145 914 L0-55 3565
Fisher 3x lope - 45140 717 -

Fisher 4x gallop 87 30-(80 - 31— 15-76

|

Wolverine' ‘ Walk 65 65 18-20 23-40 8-10
Walverine | 2x gait - 25-118 - 43-04 11-R9
Wolverine 3x lope - 75-170 2038 74119 18-48%
Wolverine 4x gallop - 160-260 238 - >89

'Sonrces include Forres (1988); Gordon pers. comm., J, Halfpenny unpublizhed data on file at A Naturulist's
World, Gardiner, MT; Jaeger (1948): Murie Museun; Muric (1954); Raine (1983); and Scton (1958). Geographic
locations include Colorade, 1dahe. Montana, Minesola, Wyoining, Massachusents, and Manmitoba.

!Sources include Forrest (1988): ). Halfpenny unpublished data on file 21 A Naturalist's World, Gardiner, MT,
Murie Museum; Murie (1954); Raine {1983) and Rezendes (1992). Geographic locations include Alaska,
Massachuseits, Minnesota, Michigan and Manitoha

‘Sources include N. Bishop pers. comm., 1994; 1. Copeland pers. comme., 1994; Forrest ([9881; Hallpenny
unpublished data on file at A Naturalist's World, Gardiner, MT; Lederer pers. comunt., 1994; Murte Muszuny, Murie
(t931-32, 1934); Raine (1983 Rezendes (1992); and Scton (1928 in Nelson 1918a.b). Geographic [ocations inciude
Alaska, 1daho, Massachuseis, Montana, Wyoming, Britsh Celumbia, and Manitoha,
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stride for walles and 3x lopes appears to be larger for wolverines than tishers. Wolverine
prints are distinguished (rom those of marten and fisher by their larger size (fig. 18).

Fishers

Of the three mustelid species covered here, the least 1s known about fisher tracks and
trails. Fishers occur primarily in late-successional forests with dense canopy closure.
often in association with riparian areas. Reviews of the habitats used by fishers are
inctuded in Banci (1989), Lleinemeyer and Jones (1994), Powell (1993), and Powell and
Zielinski (1994). A snow-tracking database needs to be developed for tishers, especially
for western subspecies, similar in quality 1o that of the wolverine, When tracking
fishers, keep good notes, much of the information may he new,

Printy: Fisher tracks are medium in size, have sparse hair, and the pads show well in a
clear print {figs. 2/, 45, 46). Footprints vary considerably in size, probably because of
sexual dimorphism. Typical variable and minimum outline measurements are presented
in table 5. Rezendes (1992), working in the northeastern United States, has suggested
that tracks less than 6.5 ¢ wide (VO) are probably those from females and that those
wider than 7 cim are likely males. However, these values should be interpreted with
caution by biologists in the western United Stalces.

Gairs: Fishers typically walk or use 2x gaits and 3x lopes (fig. &). Gail patterns are
influenced by snow hardness, which is indicaled by the depth an animal sinks. For
example. in Manitoba, when the mean depth of {isher tracks decreased to 5 cm, they
changed gait from a bound to a lope (Raine 1983). On soft snow, fishers walk and usc
2x yaits; on harder surfaces fishers gallop. On snowshoe hare trails, strides of 2x gaits
are longer than those made off rails, When they sink into snow maore than a few inches,
fishers tend to walk and their body oflen produces a trough up to 25 cm wide and 10 cm
deep depending on snow depth (Raine 1983).

Trail Characteristics and Sigis: Although fishers are often described as arhoreal, snow
tracking demonsitrates that they may cover considerable distances on the ground,
scldom going 10 trees (Powell 1980). Snow conditions may restrict travel by fishers,
especially during mid-winter when snow is deep and soft. When the snow is crusted,
fishers used habitat in proportion to its availability {(southeast Manitoba, Raine 1983).
Fisher rails seldom venture far into openings. Routes tend to be along drainage bottoms
rather than sides of valleys (Jones 1991), Fishers often travel the same routes repeatedly
and will use the packed truails produced by snowshoe hares. Trails made while hunting
for snowshoe hare wander with frequent changes of direction (Powel] [978). Tracks of
fishers traveling together have been reported, both before and during the spring mating

Table 3—Variable Quiline (VO and Minimum Outline (MO) measurements for the length and width and the interdigital pad
length and width of fisher front and hind prints (em)'?

e Length - —— Width —— - Interdigital lengih - ~ceeo- Interdigital widih ——

I Mean (SD) n Mean (5D) n Mean (SD) n Meun (SD) n
Front VO ! 6.2(1.0) 5 0.9 (1.1; 6 3.0(0.3% 5 4.4(0.5) 6
Front MO 6.2{0.8) 2 6.6 (0.7) 2 2.7(0.2 2 36105 2
llind VO 6.4 (0.4) 4 5.9 (0.3 1 3.2(0.6) 4 g 4
llind MO | - - -

') Halfpeany, unpublished datz on Dle al A Naturalist's World, Gardiner, MT: Murie Musenm; Rezendes (1992); and W. Zaelinski,
unpublished data on file al Redwood Sciences Luboralory, Arcata, CA.

“Tracks specimens were collecred in Califorma. Michigan, Massachusclls, and Wisconsin, n=the number of ditterentindividuals
whose tracks were measured. Refer 1o figure 2 for definitions of pad components.
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scason (de Vos 1951, Raine (1983) reported drag marks left by the tail. Scats composed
entirely of porcupine quills suggest that the trail was produced by a fisher,

Similar species: Fishers are between wolveries and martens in size. While their prints
are closer in size to those of the marten, their gaits show considerable overlap with both
species (fig. 44, table 4). The size of fisher tracks also overlaps with that of other
carnivores such as coyotes. The tracks and gaits of fishers can be separated from those
of wolverines and river otters by their smaller size (fig. 44); webbed-foot impressions
also distinguish river otter tracks (fig. 45). Separating fisher tracks and trails from those
of marten is difficult because overlap in size exisis between the tracks and gaits of these
sexually dimorphic mustelids (fig. 44) (de Vos 1951, Murie 1954, Raine 1983, Taylor
and Raphael 1988). Comparcd to martens, fishers tend to walk more, use the top of logs
more, leave straighter trails, ereate troughs when walking in soft snow, drag their feet,
and leave tail drag-marks in the snow (de Vos 1951, Murie 1951-52, Raine 1983).
Fisher footprints tend to show clearer pad prints, having less hair than marten (Rezendes
1992). Fishers seldom tunncl under the snow (for an exception, sec Muric 1954);
martens often dig subnivean tunnels and dens. Marten and {isher tracks from sooted
track plates can be discriminated (Zielinski and Truex 1995, Chapter 4), but additional
work is needed before tracks in the snow can be distinguished with confidence.

Fisher tracks lack the long claw impressions that distinguish badger tracks (fig. 47).
Badger prints, especially front ones, are distinetly “pigeon-toed.” Badgers have a very
wide straddle and tend to use a walking gait more than other mustehds, Fisher tracks are
distinguished from those of canids and felids by the presence of five toes. Fishers arc
plantigrade but lack the naked heel characteristic of bears and raccoons (Procyon lotor)
(figs. 42, 48). Fishers commonly show a 2x lope pattern; only the side trot of canids may
be confused with the 2% patiern, A summary of data for fisher and similar species is
provided in appendix A.

Martens

Marten feet (fig. 49) are intermediate in size between fishers and the smaller weasels
and mink {(Mustela sp.). Marten trails are probably found more consistently in mature
coniferous forests, and less in openings, than the other three species considered in this
manual. Reviews of the habitat ecology of American marten are included in Buskirk and
Powell (1994) and Buskirk and Ruggiero (1994). Readers interested in learning more
about tracking martens should review the detailed snow-tracking studies of the Europeuan
pine marten (Martes martes) by Puiliainen (198 14, b, ¢).

Prinis: Perhaps it is because they arce the most common of the four species considered
here that few marten tracks and trails have been measured (table 6), Marten fect and
tracks are medium in size (figs. 22, 49} and may show a metacarpal pad (fig, 503, On

Tahle 6—Variablc Cutline (YO) and Minimum Outline (M) measurements for the length and width and the interdigital pad

tength and width of male marten front and hind prints (cm)!?

Print | meeee- Lenpih --oeee eeeeeen Width ----——-  —eee- Interdigital lu;ngth e amemen Inlcrdi-giml m e
| Mean (SDY n Mean (SD) n Mean (SD) n Mean (SD)
|

Frons VO | 5.3 - | 4.9 - l 33 - 1 3.8

Front MO | 5.1 - 1 4.6 - ! 3. - 1 17

Hind VO 5.8 0.2 2 5.2 2.5 3 31 - 1 39

Hind MO 5.4 - | 4.9 1 30 - 1 38

). Halfpermy (unpublished data from A Nawralist's World. Gardiner, MT). Variable Qutling measurements from twe animals,
apparently females from California and Wyoming, respectively, are length (4.4, 3.2), width (3.6, 3.2), interdigital length (Calif. 2.3),

and intexdigital wadth (Calif, 2.5).

“Tracks specimens were collected in Colorado and Wyoming. n=the number of differentindividuals whose tracks were measured.

Refer to figure 2 for definitions of pad components,
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hard surfaces only four toes may show, and the heel of the hind oot 1s usually absent
(figs. 51, 52). However, in a good print five toes and the heel will usually be evident
(fig. 33). During the winter the pads tend to be covered with hair. We strongly
encourage biologists to collect stundard measurements on marten tracks to improve our
poor database on this species,

Gairs: Martens typically use 2x gaits (fig. 9). Their gaits are intluenced little by snow
hardness, and they rarely produce body-drag troughs. Typical measurements of marten
strides are presented n fig. 44,

Trail characteristics and signs: Martens, like fishers, are often described as arboreal,
but snow tracking reveals that they can cover considerable distances on the ground,
seldom going to trees (Soutiere 1979, Zielinsk: 1981). They frequently burrow beneath
the snow; their tunnels are near tree stumps and fallen logs. Snow conditions seldom
restrict travel. Marten trails are erratic and frequently cross themselves as the animal
investigates cavities in the snow and emergent trees or rocks. Martens will nse packed
trails, especially those produced by snowshoe hares, During the course of their travels,
martens scenl mark by dragging their abdominal gland over objects that protrude above
the snow surface,

Similar species: Distinguishing marten tracks and trails from those of fishers has proven
difficult (fig. 44, table 4); see the description for tishers, above. Marten tracks can be
separated from those of badger because martens lack long digging claws (fig. 47) and
have a much narrower straddle. Mink tracks (fig. 34) tend to be smaller than marten
tracks, though the difference can be slight, and mink tend to be restricted to
streamcourses. A summary of print data for marten and similar species is provided in
appendix A.

In the Field

108

Analyzing Tracks and Trails

The worst problem in interpreting tracks can be the careless actions of the tracker and
helpers. When a set of tracks is spotted, STOP and THINK! Keep other personnel at a
distance. Take the time to do a mental cxercise we call “Big Picture - Little Picture.™
Step back and look at the whole scene. Where does the trail originate and lead to?
Where can you wafk without destroying clues? Once you get your nose down 1o a track,
it is casy to forget the big picture of what is happening.

Big Picture

During the “Big Picture” exercise, set the stage for ficld analysis. The leading letters
STS serve as a reminder of questions to ask yourself,

S = Setung: geography and habitat?
T = Time: ycar and day?
S = Surface?

The sctting is critical to initial identification of tracks. Medium-sized mustelid tracky
in central New Mexico are probably weasel, not marten, and the same tracks along a
stream may be mink. Second, knowing the time when tracks were made provides
important information for track interpretation. Cat tracks made during the night are more
likely to be bobcat, while those made dunng the day may be domestic cat. The last S
stands for the surface. Ias it changed since the tracks were made? Undcerstanding how it
has changed, and over what time period, provides information on track metamorphism.

Approach the tracks carefully, and avoid stepping on any clues. Because a slip in
the snow on a hull can destroy tracks, it is best to approach from the downhill side,
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Snow Tracking Chapler 5§ Hallpenny, Thoinpson, Morse. Holden, and Rezendes

Ideally, sclect a level picce of ground or a section of trall where the animal is
contouring the slope so that movement up- or downhill will not intertere with your
tnierpretation, Take pictures of the trail as you approach and before your foot prints
interfere with the trail pattern.

Establish the ammals’ line of travel or linc of dircetion to help with later analysis.
This may he done by laying a string or long ruler through the center of the trail. You
may also do this mentally by just imagining where the center of the trail runs. However,
a real marker will help visualize right and left footprints and interpret gait patterns.

Little Picture

Light

Natural lighting should be used to the best advantage. Two factors control lighting: sun
position and shade. At any point the track may be in direct sunlight or in shade. It often
helps to cast a shadow over a sunlit track that is difficult to see. During the day, changes
in angle and aspect of the sun can change visibility dramatically, Experiment over the
course of a day, if possible, by viewing tracks from ditfercnt directions and angles
above the ground. Tracks that are not visible on the way out in the morning may be
prominent when vou return in the afternoon, When possible, track by going out and
back on the same route.

Polarized sunglasses may greatly improve the ability to see tracks. Lift them off your
nose to view the surtace without the polarized effect, and compare visibility., Winter
light is often “flat,” that is, with little three-dimensional definition. Yellow glasses or
goggles may help, as may light from a flashlight directed at a low angle across the
tracks. Lightly spraying individual prints with Snow Print Wax (see section on Casting,
below)} may make them more visible.

Touch

While vision is the primary sense used to track, the sensc of touch may reveal things that
cannot be scen, This 1s particularly true when new snow covers tracks. The original
force of the step creates relatively hard footprints in compacted snow. Subseqguent
falling or drifting snow creates a depression with little track definition. The depression
may be larger or smaller than the original track, depending on the type of snow and
amount of metamorphism. The depression must be checked by feeling with bare fingers,
using the “pedestal test” to reveal the true size of lracks (fig. 55). To form the pedestal,
excavate snow from a circle around the track. Blow loose snow off the pedestal. Then,
with your bare fingers, carefully excavate the remaining snow o reveal the original
footprint. The compacted footprint on the pedestal will be the best possible rendition of
the original track. It may not provide conclusive identification to specics, bul can
provide important size information.

Measuring Tracks and Trails in the Field

Select the best footprints available along a trail, and mark them with a nearby scratch
in the snow, Locate both front and hind prints, if possible, Try to locate at least three
front and three hind prints so mcasurements may be averaged. Take some photographs
before disturbing tracks, and then take additional photographs with a scale (see below).
Make a drawing on the back of the Track Observation form {gppendix B and in pockel
inside back cover) to supplement measurements. If a measureraent, c.g,, toe length,
cannot be made because of track quality, indicate in field notes.

Carry two rulers to facilitate measuring. Rulers marked in both English and metric
units are best; measure in metric whenever possible, A folding ruler provides a rigid
straight line for marking between two tracks to measure the straddle. The folding ruler
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may also be used along a trail to provide continuous perspective in spite of paralfax
problems. A plumber’s rule is best because it is made out of fiberglass and will not warp
when it gets wel. Rigid Plumbing manufactures such a ruler.” A retractable, power
return ruler (e.g. Stanley Powerlock 33-328) can be used to complete measurements.
The 3m /10 ft combination is light for travel. but rigid enough 10 span tracks in the snow
without collapsing and destroying the track. Calipers or drafting dividers improve the
ability to measure prints in the snow.

Minimum Outline (MO) measureiments are most important. Measure MO on a
footprint or cast by estimating where the edge of the foot would start to turn away tfrom
a hard surface (fig. 16). If ime remains, then take Variable Outline (VO) measurements,
Measure length parallel to the long axis of the track (fig. 2) and widths perpendicular to
this axis. Prints may be measured at two levels of resolution: simple and complete (sce
Measuring Tracks and Trails, above). If casts or photographs ace taken, or if ime is
short, simple measurements in the field are satisfactory. If tracks arc from a rare species,
always take some measurements before attempting to make casts,

The best measurements of gait patterns arc made on level ground where the animal is
moving in a relatively straight path. Select the most uniform section of strides to provide
the position of gail measurements. Avoid sections where gaits change. The walking gait
is the most important for identification. Avoid sections where the animal is trotling. To
do this you will need to know the approximate length of a walking stride for the target
species (see individual species accounts above). Follow the trail in both dircctions to find
the walking gait with the smallest strides, The section of trail with direct registry, neither
understep or overstep, will represent the true walking gait of the animal,

To obiain center measurcments from the trail of a walking animal, mark the center of
cach footprint with a small dot; a pencil may be pressed into the surtace (fig. /7). Lay a
ruler between print centers on one side of the trail to measure the stride. To obtain center
straddle, draw a line along your ruler, and measure perpendicularly from the line to the
center of the footprint on the other side. Take the trough measurement from the left-
most cutside drag mark to the right-most outside drag mark.

Straddle and trough vary with curves in the trail; try to measure straight sections of
trail. Three to five sets of measurements should be taken and later averaged. The more
measurements the better, within time and safety limitations,

Track Preservation

When track identification is critical to a search, preserve a record for later analysis.
Three methods of preservation are commonly used: drawing, casting, and photographing.

Drawing

Although you may not be an artist, any sort of drawing will aid in the subscquent
identification of an unknown print. Drawings often include details that the tracker may
not realize are important at the time. Make drawings on a one-to-one scale using a form
or graph paper if possible, or draw on the back of the Track Observalion Form
{appendix B and pocket inside back cover). If you hold your notebook near the print, the
picture may be drawn lo size without transferring mecasurements o the paper.
Alternatively, hold a clear shect of thick acetate over the print and trace the VO using a
permanent marker (Smallwood and Fitzhugh 1993), If the print is too big for your paper
or acetate, draw at a 2.1 scale (2 inches on the ground cquals | inch on the paper).
Measure the track, divide by 2, and then mark key points on your paper. Mark length
and width of the footprint, toes, and metacarpal pads. Draw a simple outline of all pads.
Add details with shading and make notes as to the meaning of the details.
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When drawing gaits, find a section of trail that is consistent for at least three strides,
neither turning nor changing stride length. [f possible, locate the gait on level ground.
First identify and record the type of gait, then draw a line of travel (direction). Draw to
scale, but use ratios of 10:1 or 20:1 to facilitate transfer of measurement to the drawing.
Mark key points on your drawing (e.g., stride, group, and straddle), and indicate foot
positions with letters (¥ = front, H = hind, D = direct registry of hind on front print). It is
not necessary to sketch each footprint. Draw or indicate all clues: drag marks, hair and
tail drags, scat, etc.

Should you find yourself in the field without drawing equipment or measuring
devices, you can still record size data. Take a string, pack cord, or even shoe lace. Tie
knots in the cord to represent different measurements, that is length, width, pad length,
pad width, etc. If you have no cord, break sticks to the representative length, or notch
your skis with a knife. If feasible, find a way to protect the track from disturbance or
melting, mark your exact location, and plan to return with the equipment for appropriate
documentation. If the tracks may be imporiant, take the time to figure out a way to
measurc them!

Casting

Materials.—The most common material used for casting is plaster; the most readily
available is plaster of Paris. Avoid any plaster that is labeled patching compound or
indicates that it is to be used on wallboard. Wallboard plaster tends not to harden well,
and poorly hardened plaster casts can shatter. Plaster is available at hardware and
building supply stores. Sometimes it can be obtained from drug stores, but quantities are
usually small and expensive.

Dental stone, which is dried and sieved more than regular plaster, records detail better
but it is more expensive. Passing plaster through a flour sieve will make it finer. Dental
silicon does not work well in cold temperatures, is expensive, and may shrink if not kept
moist. Law-enforcement agencies have replaced silicon compounds with Mikrosil
(Kinderprint Co., Inc., P.O. Box 16, Martinez, CA 94553, 800-227-6020), but it is
expensive and comes only in small quantities. Mikrosil provides excellent detail, but we
have not tested it under cold field conditions. While sulfur casting has been used in the
past, it is not recommended for snow casting.

As plaster of Paris sets, it gives off heat that melts the snow. This dilutes the plaster,
causing a rough surface on the cast that makes it useless for identification. Snow Print
Wax (Kinderprint Co., see above) is used to seal the snow before the plaster is poured into
the track. Although the heat will still melt the snow, water cannot reach the plaster to
dilute it. One can of wax will do at least four lynx-sized tracks. Snow Print Wax also
works well in mud and even dry soil, where it stabilizes the track and shields the plaster
from the substrate, enhancing details in the final cast. We have tested other compounds to
seal the snow, including spray rubber insulation for electrical tools, spray paint, Krylon
clear plastic spray, and hairspray, but all produced unacceptable track enlargement.

Method —Making plaster casts is relatively easy, but should be practiced before
attempting to cast important tracks. Assemble all materials and have them ready next to
the track. In addition to the items already mentioned, you will need two large (2 x 2-ft)
plastic sacks, a mixing cup (32-o0z. plastic cup), a mixing stick (I-inch wide rubber
spatula works well), and insulation in the form of your hat, coat, mittens, etc,

If it is sunny, shade the track by working on the south side so that your shadow falls
on the track. Pick or blow out any debris from the print. Build a wall about 1 inch high
around the track with sticks, long-flat snowballs, or plastic from a milk container.
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Spray the red-colored Snow Print Wax on the track from each of three directions, 120
degrees apart. Follow directions on the can. Allow the wax to harden at least one minute
between sprayings. This is a good time to take photographs because the wax will
accentuate details of the track. After the third spraying, examine the wax surface for
complete coverage and spray more wax where the snow is visible. When snow is wet,
first spray propane from a hand-held cartridge onto the track. The expanding propane
cools rapidly and freezes the water. Then apply Snow Print Wax.

Mix approximately two parts of plaster to one part water by volume. Fill the cup less
than half full with water; any more will cause the final volume to exceed the container
size. While stirring firmly, add plaster rapidly because you will have only about 2
minutes to work. Scrape plaster from the sides of the container, and make sure all lumps
are broken and mixed. As the mixture starts to thicken, add additional plaster slowly and
carefully. The final mixture should be about the consistency of a thin milkshake, but not
runny. Work quickly; the chemical reaction will start the plaster hardening, and the
correct amount of plaster must be in the mixture before pouring. Without the correct
amount of plaster, the mixture will harden but later break.

Hold the mixing stick so the tip is a half inch above the fragile, detailed parts of the
track. Pour plaster on the stick about 3 inches up, and let it run down the stick.
Because the first plaster out of the container will be the thinnest, it should be poured
into the small detail of the print. Once fragile parts are covered, quickly pour in the
rest of the plaster. The plaster should be about 1/4 inch above the level of the snow for
a lynx-size print. For a larger print, or two prints together, the plaster should be 1/2
inch above the level of the snow. The proper thickness above the snow is necessary to
prevent breakage. Insert the mixing stick about 1/16 inch into the plaster. Move the
stick rapidly back and forth to vibrate the plaster. This motion causes the plaster to
liquefy and flow to a smooth, level surface.

Cover the plaster with a plastic garbage bag, and place insulation on top. Be sure the
weight of the insulation does not crush the plaster and destroy the track. Clean the
plaster container with water. After 40 minutes, carefully pick up the cast by digging
below it. Insert your fingers underneath and lift it straight up; if you try to pick the cast
up by the edge, it may break. Scratch the date, time, and location into the back of the
cast. The plaster has completed its initial setting but will continue to cure for at least 24
hours. Wrap the cast in a brown paper sack or cloth to carry it out of the field. Never
wrap casts in plastic bags because the water lost during curing can cause the plaster to
crumble. Place the cast in a warm dry place. The Snow Print Wax should be washed off
with hot water, but avoid washing it down the sink. Do not worry about getting the
plaster spotless; a bit of remaining wax provides contrast and better viewing of the cast.

Photography

Photographs provide records of prints and the trail for little time and effort compared
to casts. However, field work often dictates that photographs be taken under poor
lighting conditions. Making casts and taking photographs ensure a good record of the
tracks of rare carnivores.

The equipment needed includes a good 35-mm camera, zoom-macro lens (F-stops
less than 2.0 are ideal), flashlight, medium-fast color film (ASA 100 or 200), and a
ruler. Although snow is highly reflective and may be very bright, photographs often
must be taken at twilight or in dark forests, necessitating a fast film and lens. Prints offer
an advantage in that they can be marked upon for measuring and analysis, and print
films may be developed at most 1-hour services for quick results. However, color xerox
prints may be made from slides at many copy centers. Slides can then be used to
illustrate presentations, and prints can be archived for documentation.
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To make a phatographic record of the print, place a ruler next to it, but do not cover
important features such as claws or hair drag-marks. Get as close 1o the print as
possible, and photograph from directly above the track. Any devialion from vertical will
cause distortion due to parallax and reduce the discriminating power of the photograph.
If the lighting 1s bad, shine a flashlight from a low angle a1 the side to increase
definition. A flash may also provide definition, but practice this technique before using
it in the field. Carry a sheet of aluminum foil to reflect light onto the print if necessary.
Try to fill the frame of the camera completely with the print and the ruler. Take several
shots of each track, bracketing the exposures to account for the possibility that the light
meler in automatic cameras will misinterpret light from snow, producing a dark image.
Some photographs should include the track and the partially-completed Track
Observation form (appendix B and in pecket inside back cover), Complete the upper
portion of the form using a broad-tipped black pen, and place it next to the track. These
photographs will help cross-reference racks and the data collected from them.

Te make a photographic record of a trail, use a carpenter’s or plumber’s ruler,
which consists of 6-inch segments that fold out 1o 6 teer. Fold the ruler so that one
scgment at each end is bent 90, with both bent scgments on the same side (fig. 29).
Lay the ruler along the trail with the bent segments crossing it. The ruler will heip
compensale for parallax during analysis. If only a straight ruler is available, lay other
hard objects across the trail for scale. It is best to photograph the ruler from a position
perpendicular to it at its center. Make sure that the photograph includes more than one
complete stride, that is, at least five footprints, Some photographs should also be
taken to include two or more complete strides,

Take many photographs, Film is cheap evidence once rare tracks are found. A good
procedure is to photograph a stride series (five prints) along a ruler. Then, beforc
moving the ruler, move closer and photograph cach print in position, making certain
that the ruler is in view. As you move down the trail, take pholographs so they overlap
with previous fields to provide a continuous record. If good prints are far apart, it may
not be possible to show overlap in the photographs. Take good notes of the position of
photographs that do not overlap, If a ruler is not available, put some recognizable hard
object (e.g., knife) into the picture, Seft objects, such as a stocking cap or mitten, can
vary in shape and size and make poor scales.

Video cameras work in much less ligbt than film cameras, but often the images lack
three-dimensional perspective and clarity. Thus, if video 1s used, it is best 1o 1ake
pictures with a 35-mm camera also. When video taping, shoot minute-long scquences to
allow sufficient time in the laboratory 1o analyze the tape. Usc a tripod if possible. Carry
exira batterics and keep them warm inside your coat; cold greatly reduces the operating
time of video batteries. Hi8 and super VHS-C videos take better pictures than regular
VHS, 8 mm, or regular VHS-C, and they are smaller. Information on interpreting track
data from pbotographs is provided in gppendix C.

Scat and Hair

Identification of scat and hair is not within the scope of this mannal. Bile acids have been
used to distinguish carnivore scat (e.g., Quinn and Jackman 1994), and ncw nolecujar
genetics techniques permit the identification of species from DNA in hair, scat, and
small fragments of tissue (e.g. Hoss and others 1992, Woodruff 1993). Currently, genetic
analysis is costly, and there arc few laboratories conducting the work. However, as
technology improves and price decreases, molecular techniques may be more common.
Therefore, all hair and scat suspected 10 be from a rare species should be collected. Try o
learn of mdividuals, laboratories, or universitics in your region that specialize in these
technigues and can help with identification. The USDI Fish and Wildlife Service
Forensics Laboratory (1490 E. Main, Ashland, OR 97520) may he of assistance.
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Identification of scats in the field can reduce the amount brought home. Halfpenny
(1987) and Rezendes (1992) provide color photographs and simple scat keys. Collect
scat in a plastic bag. Invert the bag over your hand, pick up the scat, re-invert the sack
and seal. Write on the sack with a permanent ink marker, or on a 3x3-inch card, and
insert the card in the sack. Immediately upon returning from the ficld, freezc or dry the
scal. The simplest technigue is to place the scat in the center of a ncwspapcr"and fold
the paper in half. Fold a [-inch wide strip over twice, on each edge, and staple it shut,
Write identification information on the paper with a wide-tip permanent ink marker,
and place it in a safe spot to dry.

It takes & keen eye to find samples of hair. When following a trail, look for hair on the
underside of branches the animal has walked under, on tree bark where it has rubbed or
chimbed, and in beds. Refreezing snow may also trap hairs. If snow is lacking in a bed
site, ook closely among the vegetation debris, using a tlashlight if available. Collect as
many hairs as possible, and place them in a small plastic bag. Hair identification is best
done in the laboratory by someone with considerable experience, The best guides to
identifying hair by morphology arc by Adorjan and Kolensosky (L1980), Brown (1942),
Mayer (1952), Moore, and others (1974), and Stains ([958).

Data Management

Four forms are recommended for data: Snow Tracking, Track Observation, Survey
Record, and Species Detection forms (appendix B and in pocket inside back cover).
Complete the Snow Tracking and Survey Record forms for cach sample unit. The Snow
Tracking forin contains information on travel, sign detected, habitat, and snow tracking
quality, We have modified the tracking quality classes of Van Dyke and others (1986)
and created the Snow Tracking Quality (STQ) index. Copy guidelines for STQ ratings
on the back of the Snow Tracking form so the information is available in the field. On
long routes, it is possible that data recording will require more than one sheet per route,
Indicate additional sheets by filling out the “Sheet 1 of 3" designation with the same
date. Use a Track Observation torm each time sign from a potential target specics is
discovered. This Track Observation form contains information on track location,
measurcments for identification, and an account of photographs taken. It is important to
record as much intormation as possible, and it is helpful to draw tracks on the back of
this sheet, so copy the torm on only one side of the page. It questions remain about a
track identification, contact experienced biologists for help. Copies of report forms,
photographs, and even casts may be sent to the senior auther for help with identification.

Collectively, these forms become a record of all the surveys conducted in the
administrative area, regardless of their outcome. Completed forms and survey maps
should be archived at a local administrative office (c.g., Forest Service Ranger District),
and « duplicate set should be filed at a second location of your choice.

When a survey is successtul at detecting MFLW, complete the Species Detection
torm and submit to the state’s Natural Heritage program office (addresses in appendix A
of Chapter 1). Most Natural Heritage databases do not record the etfort to detect rare
species if the exercise is unsuccessful. Archive a copy at the administrative office of the
agency that manages the land where the survey was conducted. Complete one Species
Detection form for each species detected. This standardized form charactenizes surveys
for MIFLW and is used for all methods (camera, track-plate, snow-tracking).

Inventory and
Monitoring
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Growing concern over rarc species and their management emphasizes the importance of
developing methods to menitor changes in abundance over time (Weaver [993), yet
developing monitoring programs requires considerable statistical and logistic planning
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(Chapter 2). Snow tracking, more than the other detection methods, has been used to
attempt to inventory and monitor changes in populations of MFLW. Anderson and
others (1979), Davis and Winstead (1980), Fitzhugh and Gorenzel (1985), Hatler (1988,
1991), Kutilek and others (1983), Miller (1984), Smallwood and Fitzhugh (1995), and
Van Dyke and others (1986) have discussed various aspects of using line transects to
survey mammal species. Becker (1991), Bull and others (1992), Copeland (1993),
Formozov (1967), Golden and others (1992), Halfpenny (1992), Paragi (1992),
Priklonski (1970), Pulliainen (1981 a, b, ¢), and Thompson and others (1981) discuss
the use of winter tracking to index population abundance. Recent research has centered
on the statistical power of line transects to detect differences in population index values
(e.g., Kendall and others 1992, Taylor and Gerrodette 1993, Verner and Kie 1988).

A review of more than 40 published and unpublished papers that deal with inventory
and monitoring methods (noted with an asterisk in the References section) revealed a
lack of consistency in snow tracking techniques. Most snow tracking methods have
never been tested for their power to detect differences in densities, habitat use, or
changes in abundance over time. The most comprehensive methods include those of
Becker and Gardner (1992), Golden (1987, 1988), Golden and others (1992, 1993),
Paragi (1992), Stephenson (1986), and Thompson and others (1981). It is not our
objective to address inventory and monitoring considerations. However, in table 7 we
have drawn from the literature some key considerations for designing snow surveys
for this purpose.

Monitoring techniques should provide early detection of significant population
changes or differences in habitat use so that management actions can forestall extirpation
or extinction. Verner and Kie (1988) recommend that biologists be able to detect these
changes at 5 percent significance levels and statistical power of at lcast 80 percent.”

Table 7—Considerations for designing snow surveys to monitor MFLW populations.

Recommendation

Parameter
Transect More transects of shorter length
Snow depth Requires at least 2 to 5 cin of snow depending on surface below

Mode of travel
Frequency
Snowfall
Track age

Presence

Tracks/distance
Intersections

Multiple tracks

Habitat

Effort

SNOW
Skis or snow shoes are best

One per month to include seasonal changes

Record time since last snowfall

Estimale time since track was made in 24-hour increments

Presence/absence of sign per short trail segments favored over
number of tracks

Record number of tracks encountered per unit of linear distance
Record only tracks that intersect the trail’

If observer can tell that an animal has crossed the trail more than
once, record only one trail

Record linear distance of each habitat traversed

For habitat surveys try to allocate distance traveled evenly among
habitats
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Using these values, a pre-survey model can be develeped to determine the sample size
(number of trails and their length) needed. Onee a statistically appropriate sample size
has been estimated, costs for the survey should be calculaled. For low-density species,
costs of monitorning may be higher than can be aflorded. Indeed. 1t may nol be possible
to monitor rare species {or change over time using survey methods. The only financially
feasible and practical solution inay be to detect presence, and then protect the species
trom harvest while maintaining habitat and prey.

Please be certain to review the cautions in Chapter 2 before attempting 1o monitor
change in population size. It you attempt 1o monitor, sirive for consistency over space
and lime. No standards presently exist, and yon must exercise caution before embarking
on @ Moniloring program.

Safety Concerns

116

Winter Hazards

Techniques described in this manual will be used during winter when potentially
hazardous conditions exist. Obtain training about winter hazards and camping, Carry
adequate equipment to spend the night comfortably in case of an emergency. Avoid
working alene in the ficld during winter. It s the responsibility of the supervisor to
evaluate potential hazards in the survey area and to obtain proper training tor all
personnel before they go to the field. Being « ficld biologist does not necessarily mean
that one is competent to conduct winter work.

Job descriptions for field technicians should stress winter field skills icluding skiing,
snowshocing, snowmobiling, snow camping, and avalanche traimng. Employces can be
trained using in-house experts, or by any of the schools and individuals that provide
raining seminars (a number are listed below). References on avalanche awareness include
Armstrong and Williams (1986), Daffern (1992), and Perla and Martinelli (1978). Selected
relerences on winter competence include Forgey (1991), Gorman (1991}, Halfpenny and
Ozanne (1989), Pozos and Born (1982), Schimelpfenig and Lindsey (1991), Waiss (1988),
Wilkerson and others (1986), Wilkerson (1992), and Wilkinson (1992).

Training for Avalanche Awareness and Rescue

American Avalanche Tustitute
Box 308

Wilson, WY 83014

307 733-3315

Kim Fadiman

P.O. Box 2603
Jackson, WY 83001
307 733-6842

National Avalanche School
U.S. Forest Service

Doug Abromeil

801 943-1798

Avalanche Education Directory
Box 176

Garderville, NV 89410

702 782-3047
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Training for Winter Camping
Colorado Outward Bound Scheol
945 Pennsylvania
Denver, CO 80203
303 837-0880

National Outdoor f.cadership School (NOLS)
288 Main Street

Lander, WY 82520-0579

307 332-6973

Local and State Mountaineering or Hiking Clubs
Nanenal Ski Patrol
Local Ski Parrols

Scat Collection Hazards

It is possible to pick up some diseases (rom scats. Therefore, do not smell scats too
closely. Use latex gloves or an inverted plastic sack for handling. Wash your hands after
handling scats, even with snow.

Assumptions:

= Five adjoining units, cach 4 mi?, are surveyed simultaneously for a total
survey of 20 mi’.

» Each sample unit is surveyed threc times during one winter. Effert to survey
each sample unit is limited 1o one day per survey.

» All access is relatively simple, but survey routes are covered on skis.

= No targel species are detected during the survey. Because surveys in a sample
unit are terminated when the larget species is (are) detected, costs could be
significantly less if the target species is detected early in the session,

#The work 1s conducted by a crew of federal employees at FY 1994 rates. No
contractors are used,

#The minimurn crew size is two persons traveling together, each carrving a
personal radio, While crew members may be separated over short distance
(within earshot), twe crew members should work together in all dangerous
situations including snowmobiling and traveling on backcountry routes,
especially if avalanche danger exists,

» Costs of winter training are not included.

» Extra costs may be incurred for snowmobile use and safety equipment. Please
see the safely section for approximale cost estimates,

LL.Labor . ... o e pd = person day
Day-planning ............. ... ... .... 2pd@ $75/pd .. ... S150
Training .. ...oo dpd@ $75/pd ... .. 30
Track suveys (3 surveys/winler) .. ........ 2 people @ 5 field days

10 pd @ 375 = $750
3 surveys @ $750. .. 2250
Lost ficld days due to bad tracking conditions . 2 people @ 2d/survey

2pd@ 875..... ... 450
Dataanalysis . ........ ... ....... ... 2pd@$75 ..., 150
Subtotal, Labor ... ... ... e $3300
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2.Vehiclesand Gas. ..o oo 700
3. Materials-miscellaneous supplies .. ... ..., .. e 5250
Total oo e e e s ceeee. 34250

Safcty and Winter Travel Costs:
The cost of safety training and winter cquipment should be considered as well. These
are itemized separately below.
Assumptions:
=Existing cquipment, such as trucks or snowmobiles, will be used when available.
= Costs for traimng can be as high as several hundred dollars per employee.
Hiring instructors to provide customized seminars may run several hundred

dollars per day, but by conducting joint training seminars the costs can be
shared by several administrative districts or even forests.

Cost approximations for items that must be rented or purchased.

Snowmobile rental ... ..., S100 10 $150 /person/day
Snowmobile purchase ... ... .. $5000
Snowshoes . ... .. 510010 $150/ person
Skis, boots, poles. ......... .. $15010 §300 / person
Avalanche rescue beacons ., .. $100 to $150 / person
Avalanche probes ... ... ... $100 / person
Avalanche shovels. . ... ... .. S50/ person
Equipment Tracking Equipment
and Training Maps and aerial photos

Ficld notebook

Data forms {copy on to waterproof paper)

Pencils

Pens

Permanent felt marking pen

Watch

Plumber’s or carpenter’s rule {metric and English scales)
Retractable tape ruler (metric and English scales)
Camera (with combination macro and wide-angle lens)
Flashlight (Buck Light is a strong and lightweight recommendation)
Film (ASA 100 or 200 ASA); 25 ASA for bright days

Casting malerials Enmergency and Winter Lquipment
Propane torch Skiing and/or snowshocing

{warm weather only) supplies
Plaster Biveuac and camping equipment
Snow print wax Avalanche beacons
Mixing cups Avalanche probes
Plaster garbage bags Avilanche shovels

Paper sacks or newspaper
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Training in Tracking

You can enhance the probability of success of a survey by receiving training from a
biologist experienced in tracking lynx, wolverines, fishers, and martens. Try to identify
local expertise, such as trappers, to train field personnel before the survey starts.
General tracking seminars are taught through the Glacier, Grand Teton, Rocky
Mountain, Yellowstone, and Yosemite National Park Associations, and by private
individuals around the United States. Professional seminars titled “Field Verification of
Rare Species” and a training slide show for tracking (Halfpenny 1986) are available
from Dr. James C. Halfpenny, A Naturalist’s World, P.O. Box 989, Gardiner, MT
59030, (406) 848-9458.

For additional reading on tracking see Forrest (1988), Ifalfpenny (1987), Murie
(1954), and Rezendes (1992). The Murie Museum at Teton Science School (307-733-
4765), Grand Teton National Park, Wyoming, maintains the scientific track and scat
collection developed by the Muries. ’

#Papers and reports that deal specifically with inventory and monitoring are indicated by an asterisk.

Adorjan, A. S.; Kolensosky, G. B. 1980. A manual for the identification of hairs of selected Ontario
mammals. Ottawa, ON: Ontario Ministry of Natural Resources. Research Report (Wildlile) No. 90.

*Anderson, C. [n.d.] Lynx capture and marking study in the Vail area. Phase | - Progress Report. Ft
Collins, CO: Colorado Division of Wildlife. Unpublished draft supplied by author.

Anderson, D. R.; Lake, J. F.; Crain, B. R.; Burnham, K. P. 1979. Guidelines for line transect sampling of
biological populations. Journal of Wildlife Managemeni 43(1): 70-78.

“Andrews, T. 1991. A survey of Rocky Mountain National Park and surrounding areas of Arapaho
and Roosevelt National Forests for wolverine and lynx, Winter 1990-1991. Unpublished draft
supplied by author,

Armstrong, B.; Williams, K. 1986. The avalanche book. Golden, CO: Fulcrum, Inc.; 231 p.

*Arnett, E. [n.d.| Methods of monitoring pine marten and other small mammals (snow tracking surveys).
Chemult, OR: Winema National Forest.

Banci, V. 1987. Ecology and behavior of wolverine in Yukon. Vancouver: University of British Columbia;
178 p. Thesis.

Banci, V. 1989. A fisher management strategy. Wildlife Bulletin No. B-63, Victoria, BC:
Ministry of Environment.

*Banci, V., Research Wildlife Biologist, B. C. Ministry of Environment, Wildlife Branch, Vicloria, BC.
[Personal communication]. 1992

Banci, V. 1994. Wolverine. In: Ruggiero, L. F.; Aubry, K. B.; Buskirk, S. W.; Lyon, L. J.; Zielinski, W. J.;
tech. eds. The scientific basis for conserving forest carnivores: American marten, fisher, lynx, and
wolverine in the western United States. Gen. Tech. Rep. RM-254. Fort Collins, CO: Rocky Mountain
Forest and Range Experiment Station, Forest Service, U.S. Department of Agriculture; 74-98.

*Becker, E. F. 1991. A terrestrial furbearer estimator based on probability sampling. Journal of Wildlife
Management 55(4): 730-737.

*Becker, E. F.; Gardner. C. 1992. Wolf and wolverine density estimation techniques. Federal aid in wildlife
restoration, Research Progress Report, | July 1991 - 30 June 1992, Project W-23-5, Study 7.15. Juneau,
AK: Alaska Department of Fish and Game; 31 p.

Berrie, P. M. 1973, Ecology and status of the lynx in interior Alaska. In: Elton. R. L., ed. The world cats.
Vol. 1. Proceedings of the International Symposium of the World’s Cats; March 1971. Winston, OR:
World Wildlife Safaris; 4-41.

Bishop, N., Resource Interpreter, Yellowstone National Park. WY, [Personal communication|. 1993.

Brand, C. J.; Keith, L. B.; Fisher. C. A. 1976. Lynx responses to changing snowshoe hare densities in
central Alberta. Journal of Wildlife Management 40: 416-428,

Brown, F. M. 1942, The microscopy of mammalian hair for anthropologists. Procecdings of the American
Philosophical Society 85(3): 250-274.

Brunner, J. 1909. Tracks and tracking. New York: Outing Publishing Co.; 219 p.

#Bull, E. L.; Holthauscn, R. S.; Bright, L. R. 1992, Comparison of three techniques to monitor marten.
Wildlife Society Bulletin 20: 406-410.

Bullock, R. E. 1971. Functional analysis of locomotion in pronghorn antelope. In: Geist, V.; Walther, F.,
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Appendix Table 1 —Comparative Minimum Outline measurements (mm) for the tracks of Iynx and mountain lion from Colorado and Montana (J. Halfpenny, unpublished data at A Naturalist’s World,
Gardiner, MT; R. Thompson, unpublished data at Western Ecosystems, Inc., 905 Coach Road, Boulder, CO 80302).

. ---- Interdigital ----  cceeeee Toe 2 —-vemee memmeeeen Toe 3-emma-s e Toe 4 ---—----  ——-em- Toe § --------
Species  Foot Statistics Length Width Length  Width Length Width Length Width Length Width Length Widxhi
Lion Front Mean 81.6 91.7 357 50.0 27.6 17.6 26.7 16.9 27.3 17.4 222 15.8
SD 0.7 0.7 0.8 0.2 1.3 0.8 1.5 1.3 1.0 1.6 0.1 0.6
n 4 2 4 2 4 4 4 4 4 3 2 2
Lion Hind Mean 84.3 91.4 374 48.1 28.2 19.8 25.4 17.9 26.1 18.4 25.0 16.1
SDh 3.6 53 1.1 2.1 2.6 0.2 1.6 1.4 1.9 0.1 0.8 0.9
n 2 2 2 2 2 2 2 2 2 2 2 2
Lynx' Front Mean 85.3 884 449 52.5 28.5 19.2 30.6 20.9 327 19.8 28.1 17.6
SD 2.1 8.3 2.6 3.0 2.5 34 0.8 2.8 0.3 1.8 0.4 0.5
n 2 2 2 2 2 2 2 2 2 2
Lynx Hind Mcan 606.7 715 36.2 424 2351 16.7 26.5 17.7 26.3 16.2 24.2 14.9
SD 7.3 3.7 37 53 2.2 1.0 2.5 1.9 25 0.5 1.1 0.4
n 2 2 2 2 2 2 2 2 2 2 2 2

" A tynx track with naked interdigital pads will be smaller than indicated here.
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Appendix Table 2—Comparative measurcments for musiclids (mm}),

Species Methed
Wolverine VO
Wolverine V()
Wolverine VO
Wolverine v
Wolverine VO
Wolverine V0
Wolverine MO
Wolverine MO
Wolverine MO
Woalverine MO
{ter MO
(Hter MO
Outer MO
Otler MO
Oner VO
Onter VO
Ortey YO
Onter V0O
Otter V0O
Otter VO
Fisher V()
Fisher VO
Fisher V(O
Fisher VO
Fisher YO
Fisher VO
Fisher MO
[1sher MO
Iisher MO
Marten VO
Marten MO
Marlen MO
Marten MO
Marten MO
Baodger VO
Badper VO
Badger MO

Foot

t
F
I

H
H
il

H
H
H

F
H
H
H

Mo m T

hra s B

Statislic

Muan
SD

n
Muean
SD

n

Mean
SD

n
n-1
Mean
SD

n
n=1
Mean
SD

n
Muan
SD

n

Mean
5D
n

Mean
SD

n
Mean
SD

n

n=]

Length

Gl1.0
10.4
5

85.0
5.8

71.0

62.0
10.0

L0
4.0

620

Widih

94.0
8.3
4

90,0
14.9
7

-

3.0

24
a

7.0
0.9
2

37.0

69.0
0.7

81.0
0.7

62.0
11.0

59.0
30

06,0
6.8

49.1

46.0
2.6

49.0
55.0
44.0
61.0

--- Inlerdigital ---

Lengih Widih

42.0
4.1
5

41.0
4.1
2

35.0
6.0
3

25.0

2.0
6.0

210

313
23.0

0.0
20,0

6.0
6.9
5

73.0

25.4
2

56.0

4.6
a

46.0

320
0.2

B

34.0

40.0
1.6

29.0

13.0

e

e Toe | e e Toe 2 —-- - Toe 3 e
Length Widih Length Width Length Width Lengih
17.0 12.0 22.0 15.0 23.0 17.0 26.0

4.2 26 45 26 4.9 1.0 44

4 4 4 4 5 5 5
15.0 12.0 26.0 17.0 0.0 19.0 23.0

1.6 1.2 0.6 0.2 19 0.8 32

2 2 2 2 2 2 2
13.0 9.0 15.0 10.0 15.0 12.0 20.0

0.2 0.5 09 0.3 il 0.2 2.1

2 2 2 2 3 k! 3

- - 18.0 16.0 - - -
12.0 14.0 15.0 13.0 9.0 12.0

1.3 - 0.6 30 i3 1.9 23

2 1 2 2 2 2 2
15.0 11.0 19.0 12.0 18.0 13.0 17.0
17.0 14.0 230 15.0 23.0 13.0 200

0.0 0.0 0.0 1.4 1.0 0.2 1.0

1 1 1 2 2 2 2

- - - 130 - 12.0 22.0

- - - 25 - 1L 1.2

- - - 2 - 2 2
19.0 15.0 21.0 15.0 22.0 15.0 21.0

1.0 23 5.5 4.8 4.1 2.0 5.4

2 2 2 2 2 2 2
13.0 10.0 14.0 9.0 16.0 6.0 10.0

- - 4.0 1.0 2.0 09 0.3

1 1 2 2 2 2 2
130 11.0 160.0 12.0 17.0 11.0 13.0

2.6 32 2.3 2.7 12 24 -

2 2 2 2 2 2 1
14.6 R.3 18.0 12.6 17.3 9.1 17.3
1.3 74 14.4 9.6 13.1 7.4 -

0.6 0. 0.1 1.2 1.2 0.3 -

2 2 2 2 2 2 0
17.5 a6 15.9 9.9 15.5 5.4 -
16.0 9.0 230 9.0 25.0 14.0 25.0
15.0 8.0 16.0 [o.n 21.0 10.0 20.0

7.0 16.0 1.0 18.0 13.2 19.0

18.0
1.B
5

16.0
24
2

-
[= =g

9.0
1.0

12.0
14.0
0.9

12.0
0.6

16.0
54

%0

12.0
2.1
2

87

6.5
0.0
!

9.0
13.0
9.0

----- Toe 5 -------
Widih Length  Widih
240 17.0
2.6 34
4 4
240 15.0
0.6 2.0
2 2
19.0 16.0
31 2.0
2 2
12.0 8.0
1.7 1.6
2 2
15.0 11.0
16.0 11.0
0.9 -
2 2
15.0 15.0
1.2 1.0
2 2
19.0 15.0
1.6 1.8
2 2
120 9.0
1 |
120 100
1.8 1.6
2 2
209 122
15.1 10.5
0.7 1.1
2 2
17.1 12.2
14.0 12.0
180 10.0
19.0 1.0

1.0
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Snow Tracking Chapler 5 Halfpenny, Thompson, Morse, Halden, and Rezendes

Appendix B—Data forms

SURVEY RECORD FORM
SURVEY TYPE:
CAMERA___- TRACK PLATE SNOW TRACKING

Line Trigger Enclosed Scarching for tracks

Single Sensor Unenclosed Tracking at bait
Dual Sensor

Other

SAMPLE UNIT NUMBER

Number of stations or  Distance searching for tracks

State County Landowner

Location USGS Quad

Legal: T R S

STATION LOCATIONS: UTM Zone

Station IDD UTM N/S UTM E/W Elevation (1t, or m?)

(usc another sheet if necessary)

Vegetation type (s)

Date installed (or run) Date terminated

Type of bait or scent

Name, address, and phone of investigator

USDA Forest Service Gen. Tech. Rep. PSW-GTR-157 1995, 127



Snow Tracking Chapter 5 Halfpenny, Thompson, Morse, Holden, and Rezendes

Snow Tracking Form

Observer Date

Sample Unit Number Days Since Last Snow

Survey Area

Comments

Time | Distance | Canids | Felids| Mustelids| Prey Habitat | STQ* | Notes
from Species
Start :

——

* Describe the Snow Tracking Quality (STQ) using the chart on the following page,

128 USDA Forest Service Gen. Tech. Rep. PSW-GTR-157. 1995,



Snow Tracking Chapter 5 Hattpenny, Thompson, Morse, Holden, and Rezerdes

Snow Tracking Quality

Snow tracking quality (STQ) refers to the ability of the snow to preserve an
identifiable (oot print and trail. Records of STQ are kept to verily adequacy of a track
survey. It, at the end of the day, snow quality over much of the route has becn
inadequate (mostly Is and 0Os) to record and identify prints, the route may have Lo be

resurveyed another day.

STQ should be rated every time a change in quality occurs. The rating refers to the
section of the route just travelled and refers to conditions at the time of observation, not
conditions at the time the print was made. STQ integrates two factors: conditions at the
time the track was made and weather condilions since tracks originated. Clear tracks
which rated high originally may be disintegrating by the time the observer finds them.
During the course of a day, STQ usually deteriorates, especially as the sun melts the

STIOW,

When STQ is between two categorics, give a decimal rating to indicate intermediate
conditions, 1.e, 3.7. Averaged ratings may be given when conditions vary over short
distances; use a "V" for variable, i.c. 3.2V. When conditions vary continually, i.c. when
descending a mountain slope or on a fast warming day, record the STQ {requently.

Conditions often vary dramatically from one compass aspect to another.
Description of STQ Ratings

Rating 4: Best; cvery footprint registers, and detail within prints is very clear. Species

identification is essentially absolute based on track details.

Rating 3: Good; every print registers, but details are weak, perhaps obscured by snow
falling into print. Print details usually visible in microtopographic sites, e.g., tree wells
and shadows. ldentification is based on track details, but gait pattemns offer needed

support.

Rating 2: Acceplable; some prints fail to register, and footprint details, if present, are

visible only in inicrotopographic sites, Identification based primarily on gail patterns.

Rating_L: Poor; many prints do not register. Track details lacking. ldentification is

‘essentially by gait patterns, and may be possible only in microtopographic sites.

Rating 0: - Unacceptable; larget species does not [cave cnough prints to identify gait

patterns left in trails.

USDA Forest Service Gen. Tech. Rep. PSW-GTH-157. 1985, 129



Snow Tracking

130

Chapler 5

Hallpenny, Thampsan, forse, Holden, and Rezendes

Snow Surface Quality Ratings Summary

Rating | Prints Detail Detail Location Gait Patterns Identification

4 every print clear within all locations distinctive by tracks, essentially
registers print absolute

3 every print weak, snow details in gain imporiance by prints and gaits
registers obscured microtopographic

sites

2 some do nol no details in only In important by gaits, clues from
repister open microhabilaly details

I many do nol no details no details sole clue by gairs
register

0 maost prints do no detail no detail not complete not possible

not register

USDA Forest Service Gen. Tech. Rep. PSW-CTR-157. 1965,




Snow Tracking Chapler 5 Halfpenny, Thempsan, Marse, Halden, and Aezendes

TRACK OBSERVATION FORM

Species Observed Number Observed.

Date Time Observers

L.ocation Road Number

Sec. T R UTM's

»

Elev. Aspect Photos Taken? Yes _ No

Habitai

Topography Tracking Surface

Notes

Measurement units are ¢m  or in  (mark out the units NOT used)
M1, M2, M3 refer to sequential measurements on one trail, i.e. 3 strides or 3 right prints.

Gait M1 M2 M3 Mean | STD Photograph Record
Siride Ellllcrin ?J(l)llxl"lbcr Frames
Group ASA

Straddle

Center

Trough

= Length . Width

Prints MlI| M2 | M3 | Mean| STD| Ml | M2 | M3 | Mean | STD
Front

Hind S

Meiatarsal

Comments and Drawings (make drawings on the back of this form)

1ISDA Forest Service Gen. Tech. Ren. PSW-GTRA-157. 1895, 131
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Chapter 5 Halfpenny. Thempson, Marse, Halden, and Aezendes

SPECIES DETECTION FORM

Please complete each field after a survey has detected either lynx, wolverine, fisher, or marten,

and send a copy to your state's Natural Heritage Division (addresses in Chapter 1) and other

appropriate entities. The meaning of each code is explained on the following page. Itis

important to coordinate with the Staie Wildlife Agency/Natural Heritage Program within your

State to assure uniform codes are used for federal lands, parks, private lands, counties, ete.

e A i

R e e e = I > s T > s}
SESR=-39FE

16.
17.
18.
19.
20.
21.
22
23.

SPEC

DATE

STATE

CO
LOC

QUAD

QUADNO

OWN

IFOR/PARK

DISTRICT

RNG __
TWN __
SEC__
QSEC ___
SIXTHSEC
M

Z

UTM_N

UTM_E

OBS

SVTP _
STA_NO
TR_NO

ELEV _

COMMENTS

USDA Forest Serv.ce Gen. Tech. Rep. PSWW-GTR-157. 1995.



Snow Tracking Chapler 5 Haltpenny, Thompson, Morse, Holden, and Aezerdes

CODES FOR THE SPECIES DETECTION FORM

1. SPEC - Species; | letter: L = lynx, W = wolverine, F = fisher, M = marten.

2. DATE - Date; year, month, day; e.g., Jan. 12, 1994 = 19940112,

3. STATE - State; use 2-letter postal abbreviation, ¢.g., MT, OR,

4. €O - County; use 2-letter code, c.g., AP=Alpine, HU=Humboldt

5. LOC - Locale; the most specific names possible using names found on USGS maps, e.g.,

Grizzly Creek. 20 characters,

6. QUAD - Name of USGS topographic quad showing survey area; it >1, use additional
sheets, c.g., Ship Mountain, 20 characters,

7.  QUADNO - USGS quad number utilizing latitude and longitude identification system.

8. OWN - Landowner. 4-letter code, e.g.. USFS, NPS, BLM, CA, PVT.

8a. FOR/PARK - National or State Forest or Park name. 3 characters,

8b. DISTRICT - Subdivision of Forest or Park (e.g., Ranger District if "OWN" = USFS, 3
characters.

9. RNG - Range. 3-characters.

10, TWN - Township. 3-characters.

11. SEC - Section. 2-characters.

12, QSEC - Quarter scction, 2 characters.

13, SIXTHSEC - Sixteenth section, 2 characters.

14, M - Meridian. l-character,

15. Z - UTM zonc. 2-characlers.

16. UTM_N - UTM-north coordinate; 7-characters.

17. UTML_E - UTM-east coordinate; 6-characlers.

18.  OBS - Observer: last name, first name, middle initial of survey crew leader. 20 characters,

19.  SVTP - Survey type: SNSS = snow-tracking survey (scarching); SNSB = snow-tracking
survey (at bait); TRPL = rack plate; CAMR = camera (35-mm or 110).

20. STA_NO - Station number of detection (if camera or track plate). 2 characters.

21. TR_NO_ - Number of snow transect where detection occurred. 2 characters.

22. ELEV - Elcvation at detection site. 5 characters.

23, COMMENTS - 30 Characters.

Eacb state will need o develop 2-3 character codcs for specilic forests, parks, private

landowners and districts therein.

1ISNA Frresl Sarves Gen Tach Pen PSW.GTR.157 1995 133
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Appendix C—
Photographic
interpretation

134

The best means to verify the identity of a irack is to augment data collected from the
field with laboratory analysis of photographs or casts. Measuring tracks and trails
from photographs presents Lwo types of problems: those dealing with scale conversion
and those dealing with parallax. Pholographs that include a rigid, marked scale,
preferably a ruler, are easiesl to measure. A sct of calipers or dividers can be used to
span the object being measured and then moved to the ruler where the distance can be
measured. However, when direct measurements are nol visible on the scale, the
procedure 1s more compliex.

A Photo Interpretation Sheet is provided to help with the procedure. First, list each item
to be measured, for example, length, width, interdigital pad length. Then, rate the item as
to the quality of measurement. [f quality is poor, do not use that measurenient for critical
decisions on species identity. Record the true size of the scale object that was placed next
to the frack in the photograph in the "Scale Size” (§5) column. The scale object is then
measured in the photograph and listed under the Scale Image (S1) column. Next calculate
the scaling ratio (R) by dividing the Scale Size by the Scale Image (S5/S1), and record this
in the Ratio column. Measure the Item [mage (1) in the photograph, and record it. To get
the Real Size (RS) of the item, multiple the Ratio (R) by the Item Image (1I). A computer
spreadsheet will facilitate calculations. Also note that the final units of the measurement
will be the same as the original units used to measure the scale object.

Always use the scale object closest to the item to be measured to reduce parallax
problems. Any errors in measurement will he increased because the Item Image is
multiplied by a ratio greater than 1, thercby multiplying the error. For long items, such
as a trail, there should be a scale at both ends, and it is best to have a continuous scale
alongside the item. If a scale 1s present only at the ends, linear interpolation may have to
be used for items between the scales. Note, however, that the parallax problem is not
linear, and some error may be introduced.

USDA Forest Service Gen. Tech. Rep. PSW-GTR- 157 1935,



Snow Tracking Chapter 5 Halfpenny, Thompson, Morse, Holden, and Rezendes

Photo Interpretation Sheet Quality ratings:
Excellent
Very Good
Good
Poor

Species Suspected: Photo Identification:

Date photos taken: Identified by:

Date measured: Measurement units: cm in.

Scale | Scale | Ratio | ltem Real

Size | Image [(§5/S1)]| Image Size
Item SS SI R I1 | RS=R*II{Quality Comments

Additional details and comments:

USDA Forest Service Gen Tech, Aeo. PSW-GTR-157. 1835. 135



Snow Tracking Chapter 5 Haifpenny, Thompson, Morse, Holden, and Rezendes

Example

Photo Interpretation Sheet Quality ratings:
Exccllent
Very Good
Good
Poor

Species Suspected: Fisher Photo Identilication: Fisher

Date photos taken: Feb. 4, 87 Identified by: Rezendes

Date measurcd: Apr, 20, 1994 [Mcasurement units: in.

Scale | Scale } Ratio | ltem Real I
Size | Image | (S§/S1){ Image Size
Item SS SI R I1 |RS=R*II| Quality Comments
Length 31 15.31] 0.196 10.3 2.0 G
'Width 10.9 2.1 G
Interdigital 6.5 1.3 G
lILength
Interdigital 8.3 1.6 G
Width {
|
L__ _| |
Additional details and comments; TRACK IN FLUFFY SNOW, TOES NOT CLEAR

136 USDA Forast Service Gen. Tech. Rep. PSW-GTR-157, 1985.
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Figures

Figure 1—Right front foal of a wolverine. Note the 1-3-1 spacing of toes, chevron-shaped interdigital pad, and metacarpal
pad. {Utah) Photograph by D. Halt.

4 3
Claw —» l Claw Length \
A Toe Pad —» ‘2 A
-1
Inside Claw Langth +—.
interdigital Langin
Melacarpai Langth Pad
T Total Length
Interdigital Pad Length
[ intardigital Pad Width
Metacarpal
Pad
A
- — Width r g Anterior

Lateral «—  —» Medal

Postarior

Figure 2—Mearphology of the left fronl footprint of a wolverine and measurements commonly recorded
from camivore tracks

USDA Forest Service Gen Tech. Ren. PSW-GTR-157. 1995, 137
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Figure T—Lynx il showing walking and bounding gaits. Direction
of traved i trom the botiom to ihe 1op of the photograph, Tha trough
tormad by hilr dragging b ovidert The lynx was walking in tha
lower portion of ihe photograph and changed 1o-a 3= bound (or
pamp), (Colorano) Pratogragh by L Hallpanny

Figure B—Friner walking wail, MNow hing prms registenng on oo of
front pnnts. (Massachusetis) Photograph by P Rerendes
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Snow Tracking

Fligura 12—Fishes rail snowing 4=
fope The lront printe can be
differenbated by the presence of a
metacarpal pad. (Massachusetis)
Pholograph by P. Rezendes.

Figure 13—Fisher traill showing
rranzition betwesn gaits The lower
group of tracks is a 3= lops, and a1
the lop the fisher is using a 2x gail.
{Massachusens) Photograph by P.
Rezendes.
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Figure 14—Potential error in gait
identification and stride distance
when a transverse gallop is
mistaken for a walk. (A) Indistinct
prints in trail. {B) Transverse gallop
producing same pattern as in A.
(C) Walk producing the same
pattern as in A. O = print hole in
snow, F = front print, H = hind print,
D = direct registry of front and hind
prints. Direction of travel is from
bottom to top of figure.

Figure 15—Potential error in gait
identification and stride
measurement when a side trot, a
lope, and a gallop are confused.
(A) Indistinct prints in trail. (B), (C),
and (D) are a side trot, lope, and
fast gallop, respectively, that
produce the same pattern as in A.
Drag marks indicate a fast gallop, if
present. O = print hole, F = front
print, H = hind print, D = direct
registry of front and hind feet.
Direction of travel is from bottom to
top of figure.
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Snow Tracking

Figure 16—Profile of a track
indentation showing increase in
sizg due to sinking into a soft
substrate (after Fjelline and
Mansfiald 1989}, and the difference
belween minimum and variable
oulline track measuremants.

Figure 17—Features used lo
characterize and measure
carnivore trails. The center aof the
footprint {round circlej is indicated
by a square. Wavy lines are hair
drag-marks.

Figure 18—Typical size of prinls
for selected carnivares. The lina
indicates 1he range of values lar
wolverine atiributed to variation in
sgx, age, and measurement, These
sources af variation have not been
reporied for the ather species.
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Figure 19—Typical life-size right
front and hind footprints of a lynx.
Prints will vary in size by sex, age,
geographic area, and snow
conditions. Ses text for discussion
of interdigital pad size.

USDA Foresl Service Gen. Tech. Rep. PSW-GTR-157. 1995, 145
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Figure 20—Typical lite-size leh
front and hind tootprints of a
wolvering. Prints will vary in size
by sex, age, geographic area, and
snow conditions, so use these only
as a general refarance.
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USDA Faraest Servico Gan. Tech. Rap, PSW-GTR-157. 1995.

Hafipenny. Thompson, Morse, Holder), and Aezendes

Figure 21—Typical life-size left
front and hind {cotprints of a fisher.
Prints will vary in size by sex, age,
geographic area, and snow
conditions, so use these only as a
general reference.

Figure 22—Typical life-size left
front and hind footprints of a marten.
Prints will vary in size by sex, age,
geographic area, and Snow
conditions, so use these only as
a general reference.
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Figure 23-—Lynx illustrating
hainness of underside frant of foot.
Toe and interdigital pads are
ohscured by hair. (Colorado)
Photograph by J. Halfpenny.

Figure 24—Lynx trail on wet, semi-firm spring snow. The lynx has
sunk enly a bit into the snow, and drag marks are evident. A lolding
ruler provides scale. {Colorado) Photograph by J. Hallpenny.

Halfpenny, Thompson, Morse, Holden, and Rezendas

Figure 25— Lynx trail on spring snow. In late spring, when melting
and freezing produce a hard surface and when the winter coat of hair
is starting lo wear off the teet, iynx tracks may show individual toes.
Nole the larger front feet. (Wyomirg) Photograph by B. Thompson.

USDA Ferest Service Gen. Tech. Rep. PSW-GTR-157. 1995
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Figure 26—Fron! ool of an adult ynx. Notethat halr covers most, but not all, of the tee and intardigital pads. The interdipital pad
may registor chiarty, but will represent a relatively small proportion of the foatprint, Mole also the conoave outling ol tha roar of the
interdiightal pad, created by the posterior extension of the lateral lobes of the interdigial pad. Photograph by 5. Morse.

Figure 27—Fron! el prinl of an sdull male lyns. Note (he posterior extension of the lateral lobes of the inferdigial pad and the
ralatively small size of the pad. Photograph by 5. Morse

USDA Forest Service Gen Teoh. Rep PSW.GTR-157, 1068
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Figure 26—Trail of & lynx. Note how hair obscures details of track and produces a trough in the snow. {Colorado) Photograph by
J. Haifpenny

Figure 289—Wolf track. Note claw marks, symmetrical toe size and position, rectangular shape, and single lobe on the anterior
edge of the interdigital pad. (Minnesota) Photograph by J. Halfpenny.

USDA Forest Service Gen Tech Rep. PSW-GTR-157. 1995,
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Figure 30—Bobcat Irack. Mote small size, distinel pads, and the double lobe on the anterior edge of the Interdigital pad.
(Wyoming) Photograph by J. Halfpanny

Figure 31—Let front ool of an sdull male bobeat. Mote the bilobale anteriar adge of the imerdigital pad, asymmetrical position of
the toes, slightly larger toe 2 {foe 1 does not show in the print of & felig), and toe 3 Is the most anterior toe, Photograph by 5, Morse,

USDA Fores| Service Gen Tech Reg. PSW.GTR.157, 1095, 151
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Figure 32—Baobcat tracks (on lelt) and lynx track {on right). Note the extreme size difference and the {act that the
bobcat track has a relatively large interdigital pad. The bilobate anterior edge of the interdigital pad i1s evident in
the top bobeat track. Pholograph by S. Morse.

Figure 33 Mourtaln lion track.
Neote large size, teardrop-shaped
toe pads, and the distinct edges to
pads. The bilebate antericr edge of
the interdigital pad appears blum
in this photegraph. (Colorado)
Photograph by J. Halfpenny.

152 USDA Forest Service Gen. Tech. Rep. PSW-GTR-157. 1995.
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Flgure 34—Frcnt foolprint of an
aduit female mountain lion. Note
the bi-lobed anterior edge of the
interdigital pad, asymmaetrical
positioning of toes, and third toe
slightly advanced beyond Ihe edge
of the other toes. Posterior edge
on the interdigital pad appears
straight to slightly concave.
Photograph by 5. Morse.

Figure 35—Hind (left} and front
(right} feet of an aduit male
mountain lion. Note tear-drop
shaped !oes. Tre big lce and lead
toe {number 3) are on lhe medial
side of the foot, The interdigital pad
of each loot is relatively large, and
the space between toes and
interdigital pads relatively small. The
posterior edge of the interdigital pad
of the hind foot appears straight
witle that ot the front foot appears
slightly concave with the lateral
lobes of the interdigital cad
extending slightly postenor of the
center lobe. In scme mountain lion
orints, the center pad extends
oosterior to the lateral oads
(Smallwood and Fitizhugh 1989).
Photograph by S. Morse.

USDA Forest Service Gan. Tech. Rep. PSW-GTR-157. 1995, 153
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Figure 36—Wokverlne print. Nole
the medial loe |5 very faint, Tha o
prints show some elomgatien brom
melting (Maortana) Photograph by
M. Blshop.

Figure 37—Walvaring prnl Brom
ledl bt showing only fGur ioes The
mechial 108 15 absant, bl the aire,
1-3 spacing of loes, and chavion
identity this as a wolvaring frack
[British Columbia) Photagraph by
J. Hatlpenny

Chaprer 5 Halfpenny, Thompsan, Morse, Haolden, and Aesonded

USDA Foraat Service Gen. Tech Rep, PEW-GTR-157 1985,
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Hatfpenay, Thompsan, Morse, Hodden, and Aezendes

Figure 38—Waolverine prinl with
metacarpal pad. Mote that the from pemt
appears longer bacause of the matacarpal
pad. (Montana} Phaotograph by N, Bishop,

Figure 39—Walverine left hind print. This
print appears long because the haired
heel registered, (Alaska) Photograph by
N. Lederar




Haltponny. Thompson, Morss, Holden, and Rerendes

Figure 40—Wolverine showing a 3« lope extending Into a full galiop Figure 41—Wuolverine trall in deep snow showing n 3= lope, Nofe the
The tracks beside the wolvenne are probably those ol a coyote driag marks and the dapth the anlmal hag sunk. (Mentana) Photograph
{kdahe} Photograph by J. Copeland, by A Thompson,

156 USDA Fores! Service Gen: Tech Rep PSW.GTR-157 1995



Snow Tracking Chapter § Haifpenny, Thompson, Morse, Holden, and Rezendes

Figure 42—Hind print of a black bear.
(Montana) Phatagraph by J. Halfpenny,

Figure 43—Frant (left) and hind grints at
ariver otter, in mud. Note the presence of
webbing (Colarade) Photograph by J.
Halfpenny.

USDA Farest Service Gen Tech. Rep. PSW-GTR-157. 1995, 157
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Figure 44—Mustelid sinde lengths
for walk, 2= gan. 3 lope, and 4
galiop, Bars roprosent ranges;
mumber abovi bars represant Mos!
typical stride lungihs where
aulficiont data were avallable. [NA
= @ typical value for the gall s nol
avaitatale |

Figure 45—Fisher tracks. Nole Ihe asymmetrical placement of toes and the chevron-shapged mterdigital paa.
[(Massachusetts) Photograph by P, Rezendes.

Haitpanrny, Thomgsor, Morss, Hoisen, and Resendes
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Figure 46—Froni lod! of 3 fisher. (Massachuseis} Pholograph by W. Zielinski

Figure 47— Laf Iront print of a badge+, in mud. Claws do nat always show this clearly. (Wyoming) Photograph by
J Hallpanmy



Snow Tracking

CGhapter 5 Halfpenny, Thompsan, Mo, Holde, and Sogendes

Figure 48—Raccoon prims The hind fool (lefl ) showsa tha well-developed, neked heel Note that loes are long.
slender, and slightly bulbous at the tips. {Texas) Pholograph by J. Halipanny

Figure 48—Front foot of n marten. (Yukon) Photograph by W. Zialinsk.
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Figure 50—Left front print of a marten.
Nota the medial or littte toe,
chevron-shaped interdigital pad, and
metacarpal pad. {Celcrade) Photograph
by J. Haifcenny.

Flgure 51—Marten track showing four
toes. Pnnts ara an hard snow in the early
spring. {Colorada) Photograph by J.
Haltpenny.
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Figure 52—Right hind print of a manan. The halted heo! of the marten has not registered. {Colorado) Photograph by
J. Haifpenny.

Figure 53—Marten tracks (California). Photograph by W Zalnskd

162 USDA Fovest Service Gan. Tech Rep PSW-GTR-157. 1005
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Snow Surface

Pedestal

USDA Fores] Service Gan Tech. Rep PSW-GTR-157. 1995

Hallgenny. Thampson, Morse, Holden. and Rezendes

Figure 54—Mink tracks in mud. The
top print is an imgerfec! register of
a hing orint en a from print. Note
small size of prinls and muslelid
characteristics. including 1-3-1
spacing and chevron-shaped
interdigital  pad.  (Montana)
Photograph by J. Halfpenny.

Figure 55—Pedestal methad for
determiring size ard shape of a
footprint covered wath light snow.
Snow is carefully excavated arourd
the track. Then with bare fingers
the remaining snow uo 1o the hard
edge of the onnt 1s carefully
excavated so as not ta damage the
track. See text lor complele
descrigtion.



The Forest Service, U.S. Department of Agriculture, is responsible for Federal leadership in forestry.
Bt carries out tns role through four main activities:
¢ Protection and management of resources on 191 million acres of National Forest System lands
¢ Cooperation with State and local governments, lorest indusirics, and private landowners (o help
protect and manage non-Federal forest and associated range and watershed lands
¢ Participation with other agencies in human resource and community assistance programs Lo
improve living conditions in rural areas
o Research on all aspects of forestry, rangeland management, and forest resources utilization,

The Pacific Southwest Research Station

o Represents the research brancl of the Forest Service in California, Hawail, American Samoa
and the western Pacific,
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all facilities, programs, and services of the U.S, Depariment of
Agriculture, Discrimination in any form is strictly apgainst agency
policy, and should be reported to the Secretary of Agriculture,
Washingion, DC 20250,




