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of Zoolo~" 6g:~74- ,~,,, iirst c’ntic~ ~sessment of ~ese prot~’ols. We eo~npared duM-sensor remote eamer~ and s~t-c~t~ o~n

,,,,I covered track plates in the same study are~ over an 8-month Wd~. ~ the 4 s~ies targeted by these
)96. Compadson of ,,,,,, .dures. we detected 3 (American maven, flshec wolve~ne). The remote e~era method ranked ~ighest
sponses to broadcast , ,t h respect to ease of use. effectiveness, and a~uracv of identifications. However. track plates peffom~ well
ation in cutover fi~r- ~,,~ 2 species and. under ce~mn circmnstanc.s, may be the meth~ of choir. We surest improvements for
d of Forest Research , .h method and encourage that such stand.died pr~edures ~ applied over ~de reNons.
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,:,,.thods. track plates.
9S1. Responses of a
lbrest herbicide ap-

,~h, and su~4val. Ca-
9:1~ ’a-1154. 5,veral species of midsized forest carnivores draw me~inff~ ~nclusions about species ~s-
t ~ am real pop-
,c Journal of r l,~,~@~t threatened bv ~sturb~ce of late-suc- tfibufio~ ~mughout the reNon.

~ ,,.ssional forests occur in ~e no~hwestem RecenCy, ~ a~empt w~ made to develop
~XAcCnTOX. L.E. l,ited States. The fisher, wolverine, l~x, and st~d~d prot~ls to detect midsized forest
oa~w..x~L 1996. The
,po~ to the President

,:~;u~en are all cl~sified ~ "sensitive" ~ecies c~ivores (~e~ns~ ~d Kucera 1995). Sug-

:ment of Agdcuhure. ~ltlm~ 1 or more re~ons of the U.S. Forest Ser- gested proto~ls ~ver 3 methods of det~tion:

amnic Assistance, Pa- ’, a’,, ~ Ruggiero et ~. 1994). Petitions have been remote came~, s~t~ track-plates, and snow-
ration, pofllaud, Ore- ,,~t,mitted to the U.S. Fish ~d Wildlife Se~ce tracing. Nthough o~ers have compared snow-

Mxsg~. 1976. Food r’ ’~ listing of the wolvedne, bmx, and fisher un- tracking, track-plate boxes, and line-trigger

.on shrews. No~hwest
,I,.~ th,’ endangered species act (L. Nor&trom, camer~ for detec~g Ame~can maven (Bu~ et
~ s. Fish and WilNife SenSce, personN corn- ~. 1992), our stu~ is the flint to compare re-

~x. 1994. (;l~l~hosate" ~mmication). Although pe~ons for listing of mote c~er~ ~d track plates ~Sa a st~dard-
:riteria 159. World ’~,’ fisher and ~volve~ne have been denied ~ ized pmt~l appli~ to the suite of forest car-
va, Sx~4tzerland. ~rmvarranted. the 1~ is cu~ently reco~ized ~ nivores (Ame~c~ maven, fisher, ~volvefine,

, ~andidate species for listing and is e~cted I~). Because st~dar~tion of sum’ey t~h-
~,, t,, proposed for lis~ng bv the U.S. Fish ~d niques ~ c~ti~ to ~eir broad-sc~e app~ca-
’,Xlldli~, Se~Sce in June 1998. fion, suwey me~ must be compared b~

Nmnerous effo~s over the past 20 years have on these fo~Niz~ prot~ols.
; ....~, made to identify populations of forest car- We ~mpared remote camera, track plates, "
,’,~r, ~ and determine ch~ges in their ~stfi- and snow, racing for the detection of Ameficm~
"",t~ms over time (Bawe~ 1983, Thompson et maven, fisher, wolverine, ~d l~x ~a the pro-
~i I~$9. Kucera and Ba~e~ 1993, Zielins~ ~d tocol outlined by ~elins~ ~d Kucera (1995).
I,~,.x 1995, Zielins~ et al. 1995, Zielins~ ~d We contr~ted peffo~ance of these meth~ts
’~.mffi,r 1996, and others). However, lack of b~ed on sp~ies detection, latency to first de-
; .....,I-scale coordination in these effo~s h~ tecfion (LTD), swcies identification, imple-
:’~’,~h~c’od fragmented data derived from a m~r- mentation effo~, ~d cost. In ma~ng this com-
"~ ,,f sampling methods, m~ng it ~fficultto parson, we a~empted to test the basic ~sump-

tions underlying the protocol: " . .effo~ is
-~ eq~valent among me~ods ~d is sufficient to~ ,,~:til: f)~resman@selwav.umt.edu

dete~ine the presence of target species in aI’~"~,’~t address: Rocka’Mountain Research Sta-
~ ~ Ft~rest Sem5ce. ~00 East Bec~Sth Avenue. suwey ~ea dunng ~e su~ey period" (Zielins~

: .... &. MT 59~07, USA. and Ku~ra 1~5:5).
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MONTANA

Fig. 1. Study area in the Bi~err~t ~ntains, w~tern Montana.

METHODS cause of its ~der det~tion capabilities. We

We worked ~thin the Bi~e~oot Mount~ns
plac~ 2 M~]ey c~era systems (Tim Mm~lcv.

on the Bitte~oot Nafion~ Foist ofwestcentral
K~is~]l, Mont~a, USA) ~ppro~mately 0.8 km

Moutaua (Fig. 1). Our study site encompassed
apaA in each 10.36-km2 sampling unit (Fig. 2).

4 east-west drainages spread 24 km noah to
Camer~ were td~er~ by sensors ~at deter-

south. ~ established 2 10.~ km~ sample units ed moron ~d beat. We b~ted camera sets ~th

~Nthin each dr~nage; hen~, we tested each
deer (O~coile~ vi~inianus) qu~e~ in

method ~tbin each of 8 sample units. We fol-
"’nonrew~d’" m~ner by suspen~ng the b~t be-

lowed su~’ev protocols ~ det~led bv ZielinsN
~een trees, and ~ve scented sets ~th commcr-

and Kucera (1995), rising remote cameras and ci~ trapping lures (Kucera et al. 1995a).
We conduct~ camera su~’eys from 30 No-

track plates.
Because the sample unit in this study w~ the vember 1994 to ~ March 1995. To achieve the

10.36-kin2 su~’ey unit, sample size for many 28-day su~ey ~d~ (Kucera et al. 1995a). 

comparisons ~v~ limited to n = 8. To address became necess~ to extend camera su~’e)~ Iw-

the problems ~sociated ~ sm~l sample size yond the 28~ay ped~ to account for camera

encountered using tra~tion~ statistical tests m~func~ons ~d ba~eu" problems. After cam-

such as assump~ons of no~i~, homogenei~ eras ~vere set, we choked them at ~7-day in-

of variance, and loss of power (Zar 1984), te~’~s. We calculat~ LTDs based on sample

used multiresponse permutation procedures units, not by in~du~ cameras or track plates.
(MRFP) and pe~autation tests for matched ~Ve followed ad~fion~ procedures outlined by

p~rs (~MP) (BLOSSOM ~are; Slausen Zielins~ ~d Kucem (1995).
~. 1994). These ~stdbufion-free techniques
m~ntain high power ~ven sm~l sample sizes Track Plates
(Zimmerman et al. 1985, Mielke 1986, Ed~ng- We placed 3 open ~d 3 covered t~ck sta-
ton 1987, Po~Sn and Roff 1993). Pe~utation
techniques ~lo~v ~yses to be conducted in

tions ~temately in each 10.36-kme sample unit.

the data space or Eucli~ space rather than
for a tot~ of 12 stations/drainage (Fig. 3). 

~tb squared metncs: ~ey thereby satis~ the
spaced stations at appro~mately 0.54-kin inter-

congn~ence pdncip~ (Zimme~an et ~. 1985,
v~s from west to e~t and as far ap~

Mielke 1986). ,MI ~yses ~re conducted in
noah to south ~ c~yon ~dth would ~low, up

opposite side~
Euclidian space (i.e., v = 1). to 0.~ ~. Stations were set on

of each creek ~d roughly p~red on a noah-

Remote Cameras son~ line. ~Ve s~nted track-plate stations ~eth

Three camera systems are described by Ku-
commerci~ trapping lures and b~ted each ~dth

cera et ~d. (1995a) for use in suwey s~dies. a chicken x~ng or 1~. ~Ve checked sta~onS

chose a dual-sensor remote ~mera system be- eu o~er day for ~12 davs ~d rescent~ them
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{etection capabilities. ~Ve ~
era systems (Tim Manlev.

~ ~SA) appro~mately 0.8 km
’n~ sampling unit (Fig. 2). ~ ~
ed by sensors that detect- J
~ baited camera sets ~th
"~i_~ ~’) qua~ers in ~ 0 ~ 2 Kilometers

b~ ~ding the brat be- ~o~no I ~om~
cent~ sets ~th commer- I

~cera et M. 1995a). gi9 2 samole units (boxes) su~e6 in relation to 6raina~s in the Bi~err~t Mountains. ~estem Montana. An X indicates
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:h I0.36-km2 sample ,mt. / c8~eath°us-e~ns/drainage (Fig. 3). % o

Creek
ro~matelv 0.54-kin inter-

~ *

~t and as far apa~ from
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:. ~I :ked sta~ons ~" : ~ 3 Placement of open ~a ~ kack plates within 4 drainages in the B~e~t ~nt~, western Montana. Sample
da~;s ~nd rescented them

.~ r~ as oelineateo in Figure 2.
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on the second and fourth xisits (day’s 4 and 8; categories (species detection, LTD, species ___ 0.3 days

Zielinsld 1995). identification, cost) produced a quantitative, oh- mean LTID

\Ve modified track-plate construction and use jective result for assignment. To assess imple- 1.8 days: an

from the protocol. The roof of covered track mentation effort, which ~vas more subjee~e, recorded at

plates ~vas constructed of 3.30-mm PVC fiat we broke this category, into 3 subcategories (no. was determi

stock instead of 1.52 mm and ~vas screwed to field days required, effort to deploy, necessmy ing rainy pc:

the base plate. The heax~ier gauge PVC in- training), assigned a rank to each, and summed Mean LTD

creased rigidib’ of the roof. We used a portable the ranks by method to determine the overall (open and c,

aceD, lene ~velding torch to soot track-plate sur- rank for the implementation category. These 5 cr than that

faces on-site, rather than precoat them. categories were then used to assess the relative compared

\Ve made measurements from original tracks merits of each method both overall and by cat- maits ~vher~

~vhile in pol~qgropylene covers rather than from egory. /PTMP = 0

photocopies, as recommended bv Zielinstd and Although

Truex i1995). Mthough others have determined
FIE9ULT9 nities for op

that photocop~ng does not significantly distort Remote Cameras period (trac

track images 0,V. J. Zielinski, U.S. Forest Ser- Camera surveys recorded 3 of 4 target spe- days but ch.

vice. personal communication), xve found it dif- cies: American marten, fisher, and wolverine, casions (65(

ficult to decipher edges of prints from other American martens were photographed in all 8 less. Of the

marks due to the "’fiat" 2-dimensional images sampling units. Mean LTD was 13.5 --- 4.9 days~ plates, Am,

generated from photocopies. Measurements (n = 8). Fishers were photographed in 2 of times (49%

were made to the nearest 0.01 mm xvith digital sample units, in separate drainages; mean LTD rect Americ’

electronic calipers under a stereomicroscope. ~vas 9.0 +-- 7.0 days (n = 2). A wolverine vwax 5 by prese~

We used 3 measurements (~vidth of interdi- " photographed by both cameras in the upper ence of fre~

gital pad 3 [\VI3], length of interdigital pad sample unit of 1 drainage; the LTD was 13 days ba" ~he

[LI3], length of interdigital pad 4 [LI4]) to dis- (n = i). 2

tingnish fisher and American marten ~Sa the dis- The LTD for American marten differed by la,,,,t ~lid

criminant function classification algorithm de- survey period. In the first period, mean LTD ered track "

ycleped bv Zielinski and Truex (1995): was 24.0 - 6.3 days. In the second survey pc- ties for cow

riod (in the remaining 2 drainages), mean LTD marten 28
(4.595 x WI3) + (3.146 x LI3) + (0.906

was 3.0 -+ 1.1 days (MRPP = 4.04, P = 0.006). (9%). One
x LI4) - 80.285.

Significant down time at the camera stations based on t~

When the result is >0, the track is assigned to occurred due to camera malfunctions (electron- bait.

a fisher, and where <0, it is assigned to an ic problems in the camera advance function, In both

American marten. We applied the same algo- broken contacts between camera and sensor, not record,

rithm to negatives of tracks taken from open frozen shutters), battery problems (associated photograpl~

track plates, under the assumption that inside with either the 3-V lithium battery opera~g sions. \Ve

measurements taken from negatives ~vere the camera or the 12-V battery operating the stations on

equivalent to outside measurements taken from sensors), and exposure of all film prior to sub- uo detecti~

positive contact prints. We used all prints that sequent checks. Most important was batteu SLxteen

shelved sufficient detail to apply the classifica- failure, ~vhich accounted for 147 days (49%) fishers in

tion algnritbm, the doxvn time. On average, 18 additional days cient detai
Track-plate surveys occurred from 24 April were required to achieve the minimum 30-day necessary t

1995 to 5 June 1995. We recorded LTD for survey. Overall, cameras effectively monitored Zielinsld a~

each target species for each track station and bait stations 62% of the time (497/797 days,, dex~iations

calculated means (___ SE). sampling period per camera = 49.8 +- 2.8 days, the larger

active period per camera = 31.1 +- 1.9 days), identified
Comparison of Methods pads) wer~

Track-Plate Surveys 44.5 +__ 8.(~We ranked methods by 5 performance cate-
gories: (1) species detected, (2) LTD, (3) Track plates detected 2 of the 4 species tar- smaller

of species identification, (4)implementation ef- geted: American marten and fisher. American thought

fort, and (5) cost. Cost estimates reflect ex- martens xvere detected in 6 of the 8 units (75%) r~ tsi>

penses incurred for equipment, expendable ma- surveyed, and fishers were detected in 3 of 8 I, ~c~
terials, and labor to establish and maintain sta- (38%). Mean LTD for American martens was 14., _~ 7.9_

tions for the required survey period. Four of the 3.3 +-- 0.4 days for covered track plates and 2.3 ~ = 6) fo~
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detection, LTD, species
- 0.3 davs for open track plates. For fishers,,roduced a quantitative, oh-
mean LTD for covered track plates was 5.3 _ "ignment. To assess imple-
I.b days; an LTD was not determined for fishers~ich was more subjective,
,-~,c.orded at open track plates, became presencer-v into 3 subcategories (no.
was determined from print stains on plates dur-

effort to deploy, necessaD,
ing rainy periods when plates were not checked.~ank to each, and summed Mean LTD for American marten at tmek plates

l to determine the overall
/open and covered; 2.3 _ 0.3 da,vs) was not low-~ntation categow. These 5 cr than that for cameras (8.2 ± 3.5 days) when

used to assess the relative compared via a matched pairs t-test (or the 
.d both overall and by cat- ,mits xvhere both detected American marten

Although there were 152 detection opportu- o~vss,~c~srst-r
.ities for open plates during the entire sampling vi~. 4. o~n versus coverefl track-lzlalo visitalion by Ameri-
lwriod (track plates were set for a total of 304 can maaen over ~2-6ay sam~lincj ~ in t&e fi~illerroot

c’orded 3 of 4 target spe- days but checked at 2-day inten, als), on 99 oc- Mountains of western Montana. 1994 ~11995.
’n, fisher, and wolverine, casions (65%) heavy rains rendered them use-
.re photographed in all 8 h,ss. Of the remaining 53 opportunities for open single individual in the second drainage wereLTD xvas 13.5 ___ 4.9 davs plates, American martens xvere detected 26 7.1 __+ 8.4 (n = 2) for right feet and 10.9 _ 0.0’ photographed in 2 o(8 times (49%). Additionally, we obtained 6 indi- (n = 2) for left feet.ate drainages; mean LTD a,ct American marten detections at track plates: We obtained 22 of 26 American marten~ = 2). A xvolverine was 5 by presence of scat on plates and 1 by pres- prints of sufficient quality for discriminant func-

!~
-as in the upper ,’nee of fresh tracks in the snow and absence of tion analyses. We did not average data, becauset LTD was 13 days bait on the plate. Open plates detected fishers individuals could not be reliably separated.

’2 times (4%). Scores ranged from -10.05 to -43.58 for right-ican marten differed by Rain did not appear to adversely affect coy- forefeet and -16.21 to -30.24 for left forefeet.first period, mean LTD ,’red track plates. Of 152 detection opportuni- American martens visited open track stationsn the second survey pc- t,,s for covered stations, we detected American more rapidly, and thus open stations attained a2 drainages), mean LTD marten 28 times (18%) and fisher 14 times higher percentage of success during the 12-dayRPP = 4.04, P = 0.006). ~}/. One additional fisher observation was sampling period (Fig. 4). After 2 day,s, 67% ~e at the camera stations I~ased on tracks near the plate and removal of open stations had been visited versus 11% oft malfunctions (electron- t~ait, covered stations. At termination, 92% of openmera advance function, In both units where American martens were stations had been visited compared to 75% of¯ en camera and sensor, ,~t recorded at track plates, remote cameras covered stations. Of initial visits to coveredU problems (associated photographed American martens on 7 occa- plates by American marten, 36% resulted in nohium batte ,ry operating ~mns. \Ve also photographed fishers at eanaera image on the contact paper. These AmericanV battew operating the ~tations on 3 occasions in 1 sample unit where marten left scat at the entrauce or stepped onlyof all film prior to sub- m~ detection was made by track plate, on the sooted plate. Other initial ~sits to coy-important was batter),’ Sixteen of 18 sets of prints left by at least 3 ered plates by American marten likely went un-d for 147 day’s (49%) tid~,rs in 2 different drainages provided sut"fi- detected. Furthermore, xve observed no Amer-ra~e._ 18 additional days ~’~nt ucta~ ~ " and sample size for measurementsican martens at covered track stations where
es effectivelythe minimUmmonitored30-day *,,’c~’ssarv,, , to apply the classification ’algorithm of fishers were detected (n = 5), despite photo-

Zi~,linsk-i and Tnlex (1995). Means and standard
graphing American martens in these units with,e time (497/797 days, ~l~.t~ations of discriminant function scores for remote cameras both before and after the track-:tara = 49.8 --+ 2.8 day’s, tl,. larger of 2 fishers in 1 drainage (dearly
plate survey. One of 3 (33%) fisher visits alsoa = 31.1 ___ 1.9 days). "!,’ntified as a unique individual bv scars on 2 resulted in the individual only, partially enteringpads) were 58.1 -~ 4.7 (n = 4) for r~ght feet and
the set on the first recorded visit.

~.1.5 __* 8.0 (n = 6) for left feet. Values for the
2 of the 4 species tar- ~,dler fisher in this same drainage (also Implementation Effort

~ v %her. American
n ¢~ : 8 units (75%)

~}",~ht to be from a single individual due to Based on our recommendations, cameras re-
~"ta~,ive size and the spatial and temporal over- quire 5 field days/survey, and track-plates re-’re ~ ~,ected in 3 of 8 "’q~ ~f occurrence with the large male) were

quire 7 (Table 1). Although we checked camerakmerican martens was i~, -- 7.2 (n = 6) for right feet and 15.8 9.3
sets on day2, as per the protocol, we have omit.ed track plates and 2.3 -

" -- 6) for left feet. Discriminant scores for the ted this check from the effort anal,vsis because
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Table 1. Ranks assigned to 3 categories used to determine Table 2. Summary of success for 2 suncey me, hods t~¢l to
implementation effort necessary to execute remote camera (:letect midsized forest carnivores in the Bitterro(~ Mountains
and track-plate surveys for midsized forest carrn,,~res in the of western Montana, 1994 and 1995. Numbers indicatesample
Bitlerroot Mountains of western Montana, 1994 and 1995. units in which the species was detected over the number of

units sampled. Percentages are given in parentheses.
lmpk~mentat~on effort

Effort Detex~mn rate

to Train- Overall
by metl~od

Survex methc~l Field dax~ deploy ing Tor-,d rank Ttacktn~
Species detected Camera l~aleCamera 1 (5 days) 1 2 4 1

Track plate 2 17 da~,’s) 2 1 5 2 American marten 8/8 (1.00) 6/8 (0.75)
Fisher "2/8 (0.’9.5) 3/8 (0.3S)
Wolverine 118 (0.13) 0/8 (0.00)

we feel it is unnecessary. Track-plate surveys re-
quire the greatest effort because of equipment
mass and time spent in each survey unit to son, and the suggested protocol recommenda-
check stations. Given that Manley cameras are tions reflect this difference (Zielinski and Ku-

extremely heaxT, our comparison is based on cera 1995). We chose to follow the suggested

our subsequent recommendation that the Trail- implementation of both methods (cameras dur-
master TM500 (Goodson & Associates, Lenexa, ing winter and track-plates in spring) rather
Kansas, USA) or a similar, lighter unit be used. than test both procedures simultaneously, be-

Cameras ranked better in detection success, cause our objective xvas to test the methods as
species identification, and implementation ef- set forth in the protocol. Since evidence exists
fort (Table 2, 3). Track plates scored better that American marten-fisher behax4or mav
LTD and cost. change betxveen these time periods (Marshall

1942, Zielinski et al. 1983, Arthur and Krohn
DISCUSSION 1991), it should not be inferred from these data

Ca~neras detected more target species, pro- that outcomes would be the same given simul-
~ded a simpler means of identification, and re- taneous comparison of remote cameras and
quired less implementation effort than tracldng tracldng plates.
plates for determining presence of forest car-
nivores on our study area when considering spe- Detection
cies detection, LTD, species identification, im- Cameras photographed 3 of 4 targeted spe-
plementation effort, and cost. If categories xvere cies (American marten, fisher, wolverine), xvhile
weighted to reflect the greater importance of track plates detected American marten and fish-
detection and positive identification, cameras er. Zielinski (1995) reported that neither lynx
would have ranked even higher relative to nor wolverines have been detected with track
tracking plates, based on these data. However, plates, but it ~vas unclear whether these species
in making our determination, we did not weight were present on surveyed study areas. However,
rankings by categor),; because we acknowledge wolverines have since been shoxvn to readily use
that weighting may change depending upon track plates (W. J. Zielinski, U.S. Forest Ser~ice,
project-specific goals (Zielinski and Kucera personal communication). Given the methods
1995). Our breakdoxvn of performance by cat- tested did not detect lynx, we conld not deter-
egory alloxvs researchers to choose the best mine xvhether lynx xvere present on our study
method based on goals specific to their project, area.

Effectiveness of each method differs by sea- Cameras also provided valuable information

Table 3. Ranks assigned to 5 performance categories to cornoare relative effectiveness of remote camera and track-plate
surveys for detection of midsized forest carnivores in the Bitterroot Mountains of western Montana, 1994 and 1995.

R~qkln~s by category

SI~’CteS Implementation Overall
Method Detectaon LTD" identification effort Cost Total rank

Camera 1 2 1 1 2 7 1
Track plate :2 1 2 2 1 8 2
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succeSScarntvoresfOr~n2 theSUrveyBitterrootmeth°dSMountainsused to ,~ l~rcsence and acti~’itn,, patterns of important it may increase LTI)s: if LTDs exceed the sur-
)94 and 1995. Numbers indicate sample i,l~.v species such as snoxvshoe hares (Lepus vey period of 12 days, detections ~vill be missed.cies was detected over the number of ~mticanus) and red squirrels (Tamiasciurus Although American marteu xvere observed at:ages are g~ven ~n parentheses.

,’~t~/,sortiCttS; K. R. Foresman and D. E. Pearson, all camera stations ~vhcre fishers were observed
1~..,,,, .........,. ,~q,d~lished data). Ho~vever, ’although some and photographed befure and after the track-I ......,~,,,,~ :’"3 Sl~wies can be identified based on tracks plate surveys in 2 s,,rvcy milts. ~ve recorded nor~,~.~,,,~ W ]. Zielinski. U.S. Forest Service. personal American martens at covered tracking plates

,,,.mumication; K. R. Foresman and M. T. Ma- where fishers were recorded. Such apparents/s/1.00~ 6/s (0.75)
~ it).23~ 3/~ (0.38) ;,I,.~ unpublished data), many cannot be iden- avoidance behavior may be di~ to interspecific
1/s ~0.13~ t)/8 (0.00) ~,ti,.~l to species, interactions (de Vos 1952. Rainc 1981) and may

Latency to Detection lead to reduced detection of Americ-,m marten~s
where sympatry oecnrs.

/,i~.linski et al. (1995) summarized LTDs for Mthough differenc~.s be~,ve~.n LTDs for open;ested protocol rccommenda- _~7 track plate and line-trigger camera surveys, and covered plates (enos)repressing "all detec-
difference ~Zielinski and Ku- Il,. l~mger LTDs they reported for camera sur- tions) were marginally significant based on 
hose to follow the suggested ,x ~ su,eg, est track plates may consistently pro- paired test for 6 of the 8 sample units (PTMP
fboth methods ~cameras dur- ,t,,.~. shorter LTDs. However, no study has = 1.73, P = 0.062). this diffi’renee could berack-plates m spring) rather . ,.,q,ared both methods for the same location, biologically important if the result sometimesocedures simultaueously, be- ,~,1 fi,w studies have reported LTDs for the leads to nondeteetion with covered plates.
e xvas to test the methods as ~,,.,’ ~dvanced dual-sensor cameras.
rotoeol. Since ex’idence exists I~ tl~is study, track-plate LTDs were lower Species Identification
~arten-fishcr behavior may ’":.~ t;~mera LTDs for both American marten Camera observations allowed confident spe-:hese time periods (Marshal ~,t tisher. Much of this difference for Ameri-

eies identification nearly 100% of the time. In-;" ~3, Arthur ~md Krohn ,~ ,~m-ten xvas due to the high LTDs (24 days) dividual American martens and fishers some-~j ~2rred from these data :.,~ ~h~, first camera survey period, which we at- times could be identified by size and markings.
~I~ ..~ the same Wen simul- r,rl,~t~, to unusually deep, soft snow restricting One felid photographed at uight could not be
on of remote cameras and ...... ’.,’nts of American marten (Raine 1981, distinguished from a juvenile cougar (Puma

!’~; Kr,.)hn et al. 1995). We conclude that
concolor) or an adult bobcat (Lynx rufus).III), t~r these 2 methods may, not differ as

Track plates allow~.d confident identification
!¢,,,;tti,~allv as these results suggest, but the of most high-quality tracks, but many lesser-

.;raphed 3 of 4 targeted spe- I I I), "x~. ~bserved are consistent with results
quality tracks could uot be me~rsured properly.

rten, fisher, xw~lverine), while .;,,,tt,,~l elsewhere for track plates, line-trigger
Zielinski and Truex (1.~95) reported 100% sue-

~d American marten and fish- ’,.I ’~m~l¢-sensorcameras (Kuceraetal. 1995b, eess in distinguishing American marten and
,) reported that ueither 1,vnx /:, i~ ~ki ~’t al. 1995).

fisher tracks xvith a discriminant function a]go-
ve been detected with track ~’\, ¢-,Id only compare between open and rithm developed from images collected under
:nclear xvbether these species ’,~,d track-pl,~te LTDs for American marten

controlled conditions, llowev~rr, the accnracv
.rveyed study areas. However, :"~"Z t}~. second survey period due to heavy they reported was bas~d on a seh~cted subset o’f
~ce been shoxwa to readilyuse ,,~,, ,hwing the first period. Open plates pro-

high-quality tracks obtained from adult individ-ZJelinski, U.S. Forest Service, ,, ,,t I~,xv~ r LTDs than covered plates during
uals. Twenty-five percent of tracks collected un-

ication). Given the methods i,,ri.d and received higher visitation over-
der their controlled c~mditions were omitted

,ct l~x, xve could not deter- Il,i; x~sitation rate occurred even though
because they were too poor fi~r identifi~.ation.

¢ were present on our study . r, .,~,] c’~vered plates were alternated so that
Under field conditions, we fi)und that 87% of

" ’ ~’ ’"~ martens encountering a plate of 1 tracks collected were not of sufficient quality for
o~4ded valuable information ’ ~,.tld likely encounter a plate of the other

confident identifications. Becanse juvenile "fish-’ ,t,~ri,g th~ same 2-day period. Further-
ers do not attain adult body size until nearly 6:’ ~,,ts f~)und at covered plates and prints
months old (Powell 1~.~82), and thus are not5s of remote camera and track-plat# ,;

Montana. 1994 and 1995. " "~trauce of these plates indicated Amer-
thought to attain this size by early fall in Mon-~ ’ ~,,.,rt,,us were x~siting them but not enter-
tana, size overlap due to age will further con-

~ ’ ~’ ’,~ the first visit. We conclude the dif-
found discrimination of American marten and" o~Al .... , i, I.TDs and percentage of plates de-
fisher tracks. Therefore. the tn~.’ error for dis-T~ta[ rank~ : \¢¢"’riean marten were due to American
tinguishing these 2 spa.tics via track plates is-]~ 7 1 " "’ ’"’~tancv to enter covered track plates, unknown, but some discnrninatirm error will~; 2__.~, "’-’!~ tl is t~ehavior does not preclude
likelvexist, when applying this algorithm to field’’~’ ~"arten from entering eoveredplates,
data. ~Ve feel this algorithm can be applied
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equally well to open track-plate negatives,-but Recommendations
obtaining good prints ~md identi~ng foreprints

When compared with Manlev dual-sensoron plates from which to make measurements
can be quite difficult, cameras in paired field tests, the TM500 was

Identification of indix~idual animals was pos- more effective at obtaining photographs of sub-
jects that entered the viewiug field and hadsible via covered track plates ~vhen unique fea-

tures existed (e.g., scars on feet), and the quality louver rate of system malfimctions (K. R. Fores-

of some prints ~vas such that forensic finger- man mad D. E. Pearson, unpublished data).

printing techniques might allo~videntification of recommend Trailmaster cameras over the

individual animals. However, it should be noted heavier, less efficient Manlev cameras.
As pre~ously suggested tK. R. Foresman amlthat the size dimorphism bet~veen left and right

D.E. Pe,trson, unpublished data) and incorp..feet of a given fisher can be so dramatic as to
conclude the measurements come from a dif- rated into the survey methods (Zieliuski

ferent animal. Althon~h foot size may provide a Kucera 1995), ~ve recommend camera sum,w
" " be run tbr 28 davs, and cameras be check~]dclue as to the number of fishers or martens vis-

iting a station, obser~ers should be cautious eveo" - days. Three-volt lithium batteries lasted

about using foot size alone to discriminate be- about - days and so should be changed ou ~,v~,rv

tween individuals ~t!m~ a species. Such corn- visit. Fi>m should be replaced whenever halfo’r

parisons should be based on measnrements more of a roll has been ex-posed in auv 7-day

taken from the same :hot. period..Llthough Manley camera systems are no
longer av.Ulable, they are still commonl~ ..... I.

Implementation Effort If Manlev cameras are used. the 12-V b"

Cameras demanded the least implementation should be replaced with a fully charged ~

effort. More surveys t\mld be run per unit time every, 14 days.

with cameras due to :e~ver units required and Kucera et al. (1995a) suK~ested camera.~ 
lower monitoring demands. Measuring tracks placed a: 3-4 m abovegronnd. However, .1 m
from track-plates and applying the discriminant exceeds :he effective flash distance of the
function algorithm requires more skill than pho- shika AW-tnini camera using 100 ASA lilm. lh,.

to interpretation, especially ~vhen using open cause most observations of target swcics in th,s
track plates, study occurred at night (72% overall: 7:lr;~

For surveys in remo~e locations ~vhere equip- Americ.c~. marten, 100% for fisher, 0 t’ur
ment must be packed :n, pack mass for camera verine~, we recommend camera sets be conli-

and track-plate surveys rapidly become limiting, gured b~ed on the limitations incurred Iw
Trailmaster TM500 re:uote cameras prox’ide an turnal x:sztation. Exceptions to this w, mhl }w
excellent alternative to the Manlev camera for when be:~ or humans pose a si~fificant thr~’.d
such situations. The Tr.uhnaster weighs only 0.8 to came.-.cs.

kg compared to the Manlev camera-setup, In mos: cases, detection with tracking
which weighs 13.6 k¢ The Trailmaster there- occurred ~Sthin the recommended 12-day
fore overcomes muci: of the mass constraints vey pen~\t, but animals ~vere not detect,-d .a
associated with camer.~ implementation. 6% (3/45 of the tracldng stations tmtil day. 14

Camera surveys recuire training to address In these cases, follo~ving the protocol would
the dangers of ~vinter ~eldwork. This training is have resu)ed in o fisher and "
not neeessa ,ry for track~.ag plates, xvhich are de- obsen’at:ons being missed. We observed a ~m-
ployed during spring .u~d fall (Zielinski 1995), sistent increase in the detection raw up to
but track-plate interpretation for species iden- terminat:0n of the track-plate sum’v. ~ln, h
tification requires some training, ’albeit less ex- supports ?re~5ous observations that 12 d.w~ ,~
pensive, sufficient Raphael and Barrett 19S1). 

Cost
open pla:es neared saturation (92%1 by t,.r,
nation o( :he sun’e); whereas only 75% ~

Costs have been est::::ated at $7,448 forcam- ered pla~es had received ~sits..~lthout~h
era surveys and $5,956 tbr track-plate sun’eys indi~Sdua2 :rack-plates did not dettwt an aim
(Kucera et al. 1995a. Z:elinski 1995). We tbund until after the 12-day samplint~ lwn~"1.
estimates for camera surveys and track-plate tion witt::n the sample units ~.,com’d
surveys to be approxfi:.~tely correct, this pericd.
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llI~en tracing plates are ineffective under

ton for u~ of eqnipment. ~ Thomson devel-I ~th Manlev dual-s~nsor .,,.t conditions. However, under g@ con~-
op~ the maps. The helpfi~l re~se~ of ~$~ j.field tests, th~ TM500 was ’r,,~. these plat~ generate higher detec~on

)raining photographs of sub. ,.~t,’~ and lower LTDs than ~vvered plates, Zie/insh, ~ E. Kucera, G. A. Bald~sa~e, ~d
~ ~on3mous re,Sewer improved the manu-he xSex~ng field and had a , hich Auae~c~ marten may initi~ly avoid,
sc~pt. ~ j. Lyon initiated and pro~d~ contin-~ nmlfunctions (K. R. Fores. ~ ,,~,,r~,d plates, ~ on th£ cu~ent design,
ued suppo~ for this research. The Rock~.rson, unpublished data). ~i, ,~,,, probably preclude l)mx and wolvenne, d-
Mount~n Rese~ch Station, U.S. Forest Se~-naster cameras over the ~.,,~<h captive adult wolveNnes in 1 instance
~qce, Mis~ula, Montana. ~d The Universi~. of.t Manlev camera. ’,,.~,’ b~,~,n documented to enter revered plates
Mont~a f~ded this project ~ pa~ of a co-gested (K. R. Foresman and ~ /,~,wis. ~hin~on Depa~ment of Fish ~d

opera6ve inter~sciplinaD, effo~ identified,~blished data)and iuco~o. ~,.,~,,’. persona/ mmmunication). We recom-
the Bitte~oot Ecosystem’,,,~.t ~p(~n plates ~ used when weather allows,
search Pmjm. Management Re-

ev methods (Zielinski and
’,x l,,., weather is not favorable, we recommend(?corn ~leHd camera

and camer~ be chcck,~d .... ’ ’’(b°th )pes oftmck plates simult~eousl):
LITE~A~NE CITEDvolt lithium batte~es lasted It ,,~lv covered plates are used, it may be nec-

. ,,.~ to incre~e sun’ev duration tff produce
ARTHUR, S. M., AND ~l( B. KROHN. 1~1. Acti~5~.,honld be changed on evew

replaced whenever half ~ ’ ~’ t,.clion resnlts comparable to those achieved pa~e~, movements, and reproductive ecolo~.
~een e~osed in any 7-davy , ~h ~i ~’n plates. ~er-covered tracing plates of fishe~ in southcentral Maine. Journal of

’,,.~t mMoD. 72:37~3&5." " ,’ffi’ctivelv det~t wolve~ne and lynx ~
Bauaz~. R. H. 1983. Smoked almninum tntck plots

nley camera systems are no
,,~Z,’~t~’(1 by ~ielim~ (1995) and may over-

for detemining furhearer dist~bution and re/a-
.’ are still commonly used.

,,,,,,, the, av°idance ~ha~ordesc~bed t;ere for tire ab~m~ee. Cdifon~ia Fish and Game 69:re used, the 12-V b~ttenes
~,~,,’~icau u~a~en, i~1~.Ath a fully charged battem

BULL, E. L., R. S. ~/OLTHAUSEN. AN’D L. R. BR~GItT.XX ~"’~ possible, we sn~est me~urements to
i~2. Compa~son of three techniques to monitor:" ,~m~ate fisher ~d Ame~can maven be
maven. Wildlife Socie~- Bulletin 20:40~10.

5a~ -"ggested camer~ bc
.~,h. ~rou~ o~gind t~ks rather than from pho-

De VOS, A. 1~2. Eco/oD- ~nd management of fisher’~ ~d. However, 4 m
’ ’, ,q~i~’s (Zielins~ ~d Tmex 1995). Application and maven in Onta~o. Onta~o Depa~ment of, ~stance of the ~.
"~ t~,,’ Zi~’lins~ and Tmex (1995) dgo~thm 

Se~ce 1. "
~nds and Forestn. Technical Bulletin Wildlifb.t using i00 ASA fibn. Be-

,,k~ L~k~,n under naturM con~tions at track
EDGIX’GTON. E. S. 1987. Randomiaaion tests. Marcel

ns of target species in thix
: ,~.,,s ~nonitored by remote camer~ would

Decker, New York, New ~rk. USA.;ht (72% overM1; 73% fi~r
",,,*,h, a~ assessment of the algo~thm under

K~o~x’, ~V B.. K. D. ELOWE..~ND R. B. BOON. 1995.0% for fisher, 0 for wol.
’ ~’J ’"mditions and a means of estimating the

velopment and evduation of ~vo h)~theses.
Relations among fishers, sno~; and mavens: de-tad camera sets be confi-

’"" .t~ociated x~th ~si~ment b~ed on use
Forestn- Chronicle 71:97-10,5.

r~itations incurred by m~’-
’ ~’~ t’mction in the field.~ptions to this would I~.

Kccza.a.T.’E.. aXD R. H. B.~RRE~. 1993. The Trail-
~ pose a significant threa~t "~ANAGEMENT IMPLICATIONS master C~era system for detecting x~ldlitb.

’ ’~,,,’vats generdlv performed Wildlife S~ie~, B;dletm 21:50.5~508.
tion x~th tracing plate~

’~ ;;~"’ pl,t~,s for d~t~Ong forest better than
~, a. M. Sdb’KKaL~. aXD Xt,: j.

199,~. Ph~o~aphic bait stations Pa~es o~5 i~commended 12-day sur- ~ ,tr~,tx. area. Howeveg choice of sunev
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