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Abstract: Co~~irnercial trapping of fishers (Agar-tes permanti) and American 
martens (hl; nntc.~.icuizn) has beet1 prohibited in California since the mid-1900's, 
yet concern cotititn~es to exist about tlie status of their populations. Recently 
developed  neth hods for detecting the presence of forest carnivores have made it 
possible to estinmte their distributions and, potentially, to index their populations. 
We summarize tlte characteristics and results of track-plate and line-triggered 
camera surveys that were condticted in California to determine the presence of 
fishers or martens in areas scheduled for timber harvest or recreational develop- 
ment. Our objectives were to exallline the relationship of survey characteristics to 
survey success slid to compile infonilation that call be used to improve detection 
[netliods and refine pmposals for monitoring population abundance. Secondarily, we 
ulapped the survey locations and results to help describe the cursent distribution of 
AChrte8r in California. A total of 225 surveys averaged 18.3 stations and 12.6 days per 
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survey. About 40% of the surveys detectetl at lcast OIIF of 1110 SPCC~CS; 3 6"' dctcct- 
ed both. Fishers were detected after an average latettcy of 3 4 day?; ~ ~ ~ a t t c t ~ . ; ,  :\ftct 

3.3 days. Multivariate regression ir-idicatcd that suececs at cielcctitlg fisl~crc 111;14" he 
affected Inore by survey duration than by sut vey cx tent S u n  cys that wet e stlc- 
cessf~tl at detecting either fishers or nlarterls had sigt~iftcatltly greater cfftrr t (ttt1111 

ber of stations x duration) than surveys tliat were ~rt~st~cccssfi~l. h4artctrs appear 
well-distributed in the Siena NevadaiSouttrern C'nscadcs hut were t ~ c t t  tletcctctt i n  
the Coast Range or Klarnath Mountains. Fisl~erc were ctrt~rmotlly dctectctf in north- 
western California but it1 the Siena Nevada were tlctt dctectcc-l ttorth of Ycrscrnitc 
National Park, The high proportion of successft~l surveys, the low latensics to first 
detection, the fact that both methods produccd i~~ticper~ctctttly vet i fiahle r ec;rlltl;. 
and their low cost make track plates aid lit~c-triggered cnrzleras c R c c t i ~ c  Inc:\llr 
for detecting martens and fishers and describing their distrilnlltions. 

Commercial trapping of fishers (Mar-fcs pcrr~rnirti) ;~nd  Antel ican t i~ i~r te t~s  (/If .  
anzericana) in California was suspended it1 1946 and 1954, respectively, 10 

a perception that the combination of trappi~lg tnortality and llnhital loss by log- 
ging was leading to the decline of both species (I3ixoii 1925, (iri1111cll ct al. 
1937). Concern about the status of fisher and t~iartctl in California 11ns i~~crenqed 
despite the protection of these species fro111 trapping (Sctie~npf and Nll l i tc 1977. 
Buskirk and Ruggiero 1994, Powell and Zielinski 1994, (iihilisco 1993) T he 
cessation of trapping was coincident with a period wl~en t i~nhcr  iinrvrst ;III(! 

human population in California dramatically incrense(1 (Forest R I I ~  Ratlgclarld 
Resources Assessment Program 1988, NcKelvey arld Jolinstctt~ 1992). 

Suspicions that habitat loss would negative1 y affect fisher and n~er trti poltrlln- 
tions and a perceived decline in the number of sigl~tillgs in ('alilirrtlia p~-rr~ilptrd 
a variety of conservation actions in the 1980s arid 1990s. Rlost fisflci 3rd ltlar tcrr 
habitat in California occurs 011 land ~rtat~aged by the f JS Llcpatti~~er~t of 
Agriculture Forest Service, and under the prnvisintls of the Natiollnl Forcst 
Manage~nent  Act (NFMA) the fishers and ma1 tens in ( 'nl i  fornia 11n1 e \,re11 ilcs- 
ignated as species "sensitive" to forest tnntlngenlen t activi tie?. This dcsiptin t io t~  
entitles them to "special nlanagement enipllaqis tn encrne their viability nnd to 
preclude trends toward endangemerlt that would result in the need fot i4rrlcr;ll 
listing [under the Endangered Species Act (FSA)]" (Forest Service hln~lt~nl 
2670.32). The public have registered their concern dircctly by suh~~~ i t t i t i g  2 prti- 
tions (in 5 years) to list the fisher in the western IJtiiteil States rlnricr (Ire fc(lc~nl 
Endangered Species Act (Central Sierra Nevatf~ Artduhon Society ct 31. 1900, 
Biodiversity Legal Foundation 1994). 

With the cessation of trapping in the mid- 1900s a source o f  v e ~  i finhle on 
the status and distribution of jlfartes in ( kalifiirnia was lost. l J r i t i l  tcccntiy, tltc 
haphazard accumulation of sightings of each species and il~trrviews or rrsoulcr 
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managers has been the sum total of efEort to monitor their status since the sea- 
sons closed. This information has periodically been summarized for all or parts 
of the state (Schempf and White 1977; E. Burkett, California Fish and Game, 
pers. cosnmuti. 1992; Gibilisco 1994) but unknown qualifications of the 
observers, the similarity of appearance of fishers and martens, and the lack of a 
standardized approach affect tlie reliability uf these reviews. 

It has become clear that a randoin collection of sightings of dubious accuracy 
is not appropriate to fulfill the mandates of NFMA, to acquire the information 
necessary to justify listing under ESA, or to base responsible forest management. 
This data vacuum pro~npted the developtnent of standardized detection method- 
ology for fishers and martens in proposed management activity areas in 
California (Zielinski 1991). The present paper suinmarizes the results of 225 sur- 
veys that used the 2 prililary methods of detection during the period 1989- 1994: 
enclosed track plates and line-triggered 1 10 cameras (Barrett 1983, Jones and 
Raphael 1993, Fowler and Goliglltly 1994, Zielinski and Kucera 1995a). 

Our objectives were to (1) summarize the effort expended during the period 
1989- 1994, (2) describe the results in tenns of survey methodology and survey 
success, (3) help describe the current distribution of both species in California, 
and (4) compile infonnation that can be used to improve detection methods and 
refine proposals for ti~o~iitoring population abundance (e.g., Zielinski and 
StauKer 1996). It is important to know the inini~num amount of effort, in days 
and in number of stations, necessary to ensure a reasonable chance of detecting 
a target species if it is present. We investigated those variables which affect sur- 
vey success, and we also focused on how long it takes to detect a target species 
(latency to first detection). This infonnation can be used to improve the proto- 
cols used in Inore rigorous, planned, and comprehensive attempts to detect target 
individuals and to inonitor populations. Although the data were collected in 
California the rnethods used and conclusions drawn should be applicable to other 
areas where the conservation of Martes species is a concern. 

Methods 

Field 
In 199 1 a survey protocol was distributed to biologists in each district of each 

national forest in California and to other biologists interested in determining 
whether fishers or martens occur in areas proposed for timber harvest or recre- 
ational development (Zielinski 1991). This inethodology was adapted from a 
number of ongoing efforts to refine survey techniques for forest carnivores 
(Barrett 1983, Jones and Raphael 1993, Fowler and Golightly 1994). 

Each survey included multiple-detection stations that were distributed at 0.8 
ktn intervals along roads throughout the project area and a 0.8 km buffer around 

it. Most surveys were conducted in roadetl areas, but it1 roarllwq nr ens ( 2 
from a road) a similar array was used. Each station consisted o f  :I rcct:\l~guln~ 
wood box that enclosed an alurni~lntn plate sooted with eitl~er acclylcr 
kerosene. A piece of chicken was piaced at the rehr of the plat? and the 
third of the plate was covered with white ('on -Tact rh l  paper. Artiirinlr at t t  uc 
the bait enter the box, tread on the soot, :tttd leave focttpr ints on the nrllitt I 
Most stations were checked every 2 clays for a l ~ ~ i t i i t t i t t r r ~  of 12 d;lyi; At cite1 
the plate was checked for tracks, bait was refllacetl and, if necessary, a ltc\xl 
was installed. Most biologists planning a survey sr~hrr~ittcd a short s t ~ t ~ c y  p 
our laboratory prior to field work that itlcltrdect n brief tlcsci ipt io~l of t11e c; 

c 1 0 t l C .  area and a map identifying the proposed station loclt' 
The majority of surveys were conducted by Forest Service I,iologistc, all 

manner consistent with the intent of the pr~"tocol. Surveys were req~tircd io  11 

lenst 4 detection ctevices (track plates or li~~e-triggered cat~~ct,ns), spncctf 
0.8 km apart and checked for a rninir11111n of 6 days to be iltclrltled i ~ r  our srinl 
Surveys meeting these criteria and that were coiiducted betwee11 Ju ly  198 
December 1994 were eligible for inclusion. Surveys condnctetl a'; precuts 
research studies were usually more extensive than the typical project-at en !: 
and some sunreys, pwicularly a few condlictetj by cotlst~itants  ti private Iarld 
less rigorous than desired but the few surveys of this nnturc welp also illel 

The survey location and timing were heyo~lcl ntir corltt ol becnt~re they 
dictated by 'local management activities, availability of ft~llds, and the scl~t 
of local biologists and of volunteers that so~~refitnrs ltrlpetf llle biolr 
Therefore, the dispersion of surveys across space, nrnotlg forci;t types, ; I I I ~  

elevations was uncontrolled. A survey was corrsidcred riistinct \vlietl it occu~ I 

unique time and place. When surveys were rrrn rllorc than once at {lie salsle lo 
only the first survey was included in ctur surlttnar-y. A<iacc-rlt S ~ I ~ S C V S  coill 

at least 4 weeks apart were considerect distinct, bill cert:~itrly 13ot it~tlcpl 
because tlie same animal (particularly fisl~crs wit11 tlrcit 1~7rgcr 1101lle I 
could be detected during each survey. Tlowevcr, srttveys that \;/lcrc adjnce 
sequential were Llncornmon. I f  2 survey areas were within 1 6 IWI arltl LVC 

simultaneously, they were pooled and co~lsidercd a siiiglc S ~ I I - Y ~ ~  R I 0 7 1  s 
were conducted it1 either early spring or late fitli. Wilttct s1rr.i cys wcrc ciic;co 
because snow interfered with the schetilile to check the stations r r ~ d  cotl 
affect the mobility of fishers and 111artens attf their abili ty to find tlre st:rti 

Habitat data were not always collectect at cacll statior~ locatioti a 1 ~ 1  t l  
tliat are available are visual assesstner~lts cn1lectec.l hy do7ens of ciiffcicltt ohs 
We have not analyzed these data, T4o\vevrr, we asstllne ttmf the hiolopicf pl 
the survey was familiar wit11 the geograpllic distrihufiorl and ge~lcrnl 
associations of the target species. '1 his asstttt~ptiot~ ;/$la~ validated Tot tlinnt 
surveys when the survey plans were revicwecl. During this re! ieiv, ixe I 
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that biologists more ofien conducted surveys at elevations and in forest types where 
fisher, rather than marten, were likely to occur. This result probably occurred 
because of the widespread understanditig tliat the status of fishers was inore 
uncertain than that of martens. 

Wlteri our work began, there was no quantitative method to distinguish the 
tracks of fishers .and ~nartens (Tslylor and Raphael 1988) so the protocol recom- 
~ i ~ e l ~ d e d  that when a possible fisller or tllarte~l track was discovered that a sec- 
ondary device, tllc l i ilc-triggered camera (Jones and Raphael 1993), immediately 
be establisl~ed at the site to verify the identity of the species. Shortly thereafter a 
discriminant frtnction was developed tliat could distinguish the tracks of both 
species (Zielinski anci Truex 1995). 111 1993, when the preliminary results of this 
work were known, the use of line-triggered cameras at the location of a 
track-platc detection was discontinued. 

Althougli track-plates were the primary detection device in the majority of 
surveys, solne srtrveys were conducted by biologists who favored the line-trig- 
gered calnera as tlre primary detecbiotl device, especially before the protocol was 
released. When line-triggered carrreras were the olily device used it1 the survey, 
they were deployed and cllecked in the same fashion as the track-plate boxes. 

Laboratory 
A database was establisl~ed using Oracle software (version 6.0, Oracle 

Corporation, Bel~nont, California) to manage the survey results. It~fonllation 
about the proposed srtrvey date, location, and survey characteristics (e.g. pro- 
posed d~~ration, check interval, number of stations, primary detection device) 
was entered when the survey plan was received, and corrected if necessary, and 
coutpletect when tlre survey results were submitted. Surveyors were instructed to 
remove the CC~I~-?;?C~ paper from plates that had tracks that resembled those of 
either fisher or ri~arten and to protect the111 in an acetate document folder. The 
identity of all tracks and photograpl~s was verified by the authors (WJZ or RLT); 
if surveyors did not submit either a track or pfiotograph the survey was consid- 
ered unsuccessf~il. Questionable tracks were measured and identified according 
to the nletlrods outlined in Zieli~~ski and Truex ( 1  995). 

The location of the center of each survey was visually estimated from a survey 
niap and the lJrI'M (U~~iversal Transverse Mercator ) coordinates for all surveys were 
usect to create a Inap in a Geograpl~ic Infot-tl~ation System (GIs) (ARC/INFO 6.1.2). 
The GIs  also included a domi~iarlt vegetation type layer, commonly referred to 
as CALVEG (Matyas and Parker 1980) that was derived by visual interpretation 
of color i~~fra-red satellite imagery. Polygorls rnapped at 1 :250,000 and classified 
as 1 of 300 vegetation series were aggregated into 42 unit types at a scale of 
1 : 1,000,000. CAL,VEG identifies only the existing vegetation type and does not include 
inforination about the developmental condition of the vegetation in the polygons. 

Data were output to SAS (SAS Institute Tnc, (':~ry, Not t i \  ('aroli~~a) f o ~  ai~nly 
sis. Using t-tests and regression nletllods, we explorcd the factors tlmt affect 
primary response variables: latency to first detectiat~ (in clays; I,[:I>) a11d propsn tin 

of surveys that were successfill. Independent varinhles incllided survey duratioi 
number of stations in the survey, arid effort ( n ~ ~ ~ n h e r  of statittrls r ctrtrntint~ ( 
survey). 

Results 

Survey Characteristics 
In total, 225 surveys were used it1 om analysis, rei?reseritit~g 484-7 srlr vey (lay 

and 3799 stations checked 1377 titnes. Recnuse data were tnissir~g fctr sonic var 
ables, not all data were used for each atralysis. For emtuple, not all s u l v e j  
reported the latency to first detection. Sr~rveys were conducted i l l  17 contitie? at1 
11 national forests in California. 'Track plates were the primary ctevice fot 18 
surveys that had sufficient data for analysis of survey success: li~~e-triggctr 
cameras were the gritnary device for 21 surveys. Surveys averaged (t SI 
18.3 h 13.2 stations and were r t~n an average of 12.6 + 3.9 clay? cacti. I n  ahtu 
80% of the surveys, the stations were ehecked for- visits by a fisl~cr crr a tnat tc 
every 2 days. Effort varied considerahly. fro~n 21 to o v a  4000 slatio11-da~ 

(station-day = 1 station checked 1 day - 1 r111it of effort) (Fig. 1 ) .  

Survey Effort (Station-days) 

Figure 1. Frequency distribution of snrvey effm t ( t i~~t~lher  of statio~~s x 111111117 

of survey days) for 22 1 surveys conducted in (hlifor~ria f i o ~ l l  I9Rq- I094. 
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Figure 2. Frecluency ctistributioll of CALVEG (Matyas and Parker 1980) vegeta- 
tion types where surveys occurred. 

Most surveys occurred in mixed conifer and ponderosa pine (Pinzls pon- 
deieusa) CALVEG types, with Douglas-fir (Pseudotsuga nzenziesii), redwood 
(Seqtioia seri~per.virens)lDouglas-fir, and red fir (Abies nlagn$ca) types also 
coxnnlon (Fig. 2). Three latitudinal zones, about 2" 15' each, were created to 
describe the elevational distribution of surveys. Surveys in the north occurred at 
a mean elevation pf I 13 7 583 111, at 1792 It 463 tn in the central region, and at 
2017 k 3 17 111 in the south (Fig. 3), which reflects the inverse relationship 
between latitude and elevation on the distribution of Martes habitat. 

Survey Results 
Eighty-nine (40.3%) of tlie 221 surveys had at least 1 station that detected 

either marten or fisher; 52 (23.5%) detected fisher, 37 (16.7%) detected marten, ' 

and 8 (3.6%) detected both. A total of 814 detections of either species was 
recorded, itscltidi~lg multiple detections per station as well as detections at mul- 
tiple stations per survey. Fishers were detected at 39 (21.7%) of the track-plate 
surveys and 11 (52.4%) of the line-triggered camera surveys; martens were 
detected at 3 1 (17.2%) and 5 (23.8 %), respectively, of these surveys. 

N C S  N C S  

Fisher Marten All Surveys 
Figure 3. Elevational distribution o f  21 8 srrrveys, surveys where fishets were 

detected ( r z  = 58), and surveys where martells were (Ictecteci ( n  -= 3 I). N, C ' ,  
arid S represent Northern, Central and Sntitllertt latitudiilal r;.ctntXs, scpnratcd IT 
about 2 degrees atid 10 minutes latitrlde each. Tlt~~irnt~tal bars :~i-r tnrnlls and 
vertical bars are 95% confidence ixitervals. '1 he nrtr~ihers above or hclt>w cacl~ 
bar are the sample sizes. 

Survey Success, Number of Stntions, and Effort: Stirveys wit11 4-8 statitt~ls 
had less than half the success rate at detectir~g either species cort\pw'c(i tvit11 tl~ose 
surveys with at least 20 stations (Fig. 4), but tllcse c l i f i r e ~ ~ ~ e s  were r t o t  strztisti- 
cally significant. Surveys that succeeded in detcctir~g eitl~er species itivc~ltccl 
expending significantly Inore effort tliat~ sutveys that did not ( f  test, T' O.QS), a 

phenomenon that occtirred even when tlie tit~tiif~cr of stntirrnc; wnc as fcw ns 6- I0 
(Fig. 5) .  

Latency to First and Second Detection: Fislicrs were first detcctcct attcr ;1 
mean of 3.4 days; martens, after a mean of 3.3 days ('Xhhle 1 ). Far11 spccics nlcts 
detected before about 30% of the total survey cturatiotl Itact elapsed, rtgatcllcs? o f  
the number of stations in the srlrvey ('I'ahle 2). 'Twel~ty-otle surveys detected 

I either fisher or marten more than once, and at a differetst station than where tlte 
first detection occurred. This secotsd cletecticx~ occtirrcd a n  nvernge o f  6.7 dnyc 
after the survey began for fishers, and 13.9 days for rr~artcvrs (lkhle 1 ). R4ar tcns 
were detected at a second station in a survey significa~itly soor~er t f ~ a t l  \verc fisli- 
ers (t = 2.66, df = 20, P = 0.01). 



Table 1. Mean (i- SD) latencies to first and second detection (days) for surveys that detected fishers or 
martens using either track plates or line-triggered cameras. All surveys had at least 4 stations and were 
checked every 2-3 days. 

Latency (in days) 

No. Surveys No. Surveys With Detections First Detection Second Detection 

Fishers: 

All surveys 169 39 3.41 r 2.06 6.72 1.4.23 

Track plate only 151 32 3.37 i 1.93 

Line-triggered camera only 18 7 3.56 i 2.67 

Martens: 

All Surveys 169 

Track plate only 151 

Line-triggered camera only 18 

~ioportion Successful 
- r h % W . f r  

0 0 0 0 0  
4 ' " ' " "  
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.I Successful 

Unsuccessful 

Station Groupings 

Figure 5. Amount of effort (number of stations x the number of days) expended 
for surveys that were successfiil (solid bars) or unsuccessfkl (open bars) for 3 
station-number groupings. The 6-10 grouping was chosen because it is the 
number of stations per sampling unit in tlie monitoring program proposed by 
Zielinski and Stauffer (1996). Asterisks indicate significant differences in t- 
tests (P < 0.05) and numbers at the base of the bars are sample sizes. 

LFID, Number of Stations, Sr~rvey Duration, and Effort: There was no rela- 
tionship between the nuxnber of stations in the survey and the LFD (r2 = 0.083, 
P > 0.05), tl~ougli there was a suggestion that as number of stations increased the 
latency decreased (Fig. 6). Tltere was also no linear relationship between LFD 
and survey duration (1.2 lr-: 0.489, clf = 79, P > 0.05) nor a relationship between 
LFD and effort (r2= 0.008, df -. 79, P 0.05). However, when the nuntber of sta- 
tions in the survey, the d~lration of the survey, the survey area, and survey effort 
were included in a ntultiple regression, the fbll model was significant, but only 
for fisher, and "the duration of the survey and effort were the 2 variables iltost 
responsible for the relationship (Table 3). 

Geograpl~ie Distributions: Fishers were pri~narily detected in 2 areas of the 
state: tlie northern ('oast RangeslKlamath Mountains and the southern Sierra 
Nevada (Fig. 7 ~ ,  H). Fishers were not detected in the southern Cascades or 
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Number of Stations 
11 >3 

Fisher Marten 

Figure 6. Mean (3. SE) latency to first detection (in days) as a Eunction of the 
nux-rrber of statintis in the survey. The 6- 10 grouping was chosen because it is 
the number of stations per san~pling unit in the tnonitoring program proposed 
by Zielinski and Stauffer ( 1  996). Sample sizes are presented at the base of 
each bar. 

northern arid central Sierra Nevada, an area where they historically occurred 
(Grintiell et al. 1937). Martens were ~ i o t  detected in the northern Coast Ranges 
and Klarnatlt Mountains, which includes the entire range of M. a. hzi~?zbrrEdterzsis 
(Fig. 8A). FIowever, tilartens are well distributed in the southern Cascades and 
Sierra Nevada (Fig. 8B). Bath species were detected together only in the soutll- 
cnl Sierra Nevada, where in a few instances an individual of each species visit- 
ed the same track plate or camera station. Significant areas of the ranges of each 
species received little survey effort it1 this retrospective analysis, including sev- 
eral counties in the northern Sierra Nevada, the southern part of the northern 
Coast Ranges, and the upper elevations of the Klalnath Mountains. 

Track plates and line-triggered cameras are efficient means far detecting the 
presence of fishers and martens. Twenty-three percent of the surveys detected 
fishers arid 16% detected martens, even wlien the location of surveys was not 



controlled and sorne surveys were urldoribtedly in ir~;~pproptiate Itahitat. Artotl~c 
measure of their utility is the short ciuratictti, 3-14 days, before I or t i le o t l ~ c  
species was verified in a survey area. In addit io~~ to rf etcnr~iilir~l; occurrctlcc 
these methods were also useful for dcscrihing tlie crlrretlt distriht~tiot~s z 
state and regional scales. Collectively, tlicse surveys providect :t ulole lelir\bl 
understandir~g of a species' range tllar~ dctes n surnrr~ar y of ir~citlctitnt sig!rtittps ( 

unknown accuracy because each record can he indey.rcrrderitly verified, Alt11o11,c 
sighting data car1 be screened for reliability (e.g,, Artbry ancl F Iousto~l 1 0C)2), ;II 
perhaps can be gatliered niore ecoxiomicall y tlratl corldrlcting fielcl clctcc tiotl srr 
veys, we believe tltat siglltirlg data should be vscd to artgment, not srthctitrrte Sr 
surveys using track platcs or cameras. 

Although the inferences we cat1 draw frorn the present sttnrrlrat ips are litnitt 
by the number of uncontrolled variables, n rritr~tbcr of interpret-atiotls cnri be 111nc 
that will benefit future monitoring and detcctiot~ effo~ ts. I'ltat fislrcrc allti ~l~itr tc 
were detected after a meail of otily 3 or 4 days reitl(i,r-ccs the ~~oriclrlsion tl1:it 

~naximutn survey period of about 2 weeks is probably (;~rf'flcietif, ptovictetl a re 
sonable number of stations are tised atict clistributed as rccotr~rlrcr~cled. Even t '  

upper confidence lirnits on LFD, 7.5 days fix fisltcrs arid 8.4 d a y  fot tn:rl fer 
occurred before the end of the recomtiletidctt ~St~tatiotl. A scries o f  crllveys ( r r  
48) of 22 days each were recently corrlplctect 011 cc~t~lrncrcial forest laird i t1 not t  

western California (R. Ktug, Sirnpsotl 'I'iinber t'o., pels conilnrlrl, lOct5) artd t 
mean LFD for fishers (martens do trot occtrr iri tlie sttidy area) war; abo11t 13 (la 
(n  =. 3 I), or 3 titnes tlie I,FD reported here. f lowe\ier, encft st11 vcy llact orlly 6 s 
tions, which may !lave influericed 1,FTJ. 'fllic restilt lriny nlsc, Ila\ic beell .;pcci 
to the relatively stnall area salrlpled (and eouseqrrct~tly firwet- ir~divitlrt;tls inclr 
ed) coinpared to the sutnmaty of statewide silrveys rcportcd ficte. RcgnrrSlcss 
the length of survey or tlie ntttilber of statio~ls it1 tile srltvcy, the f i r  st cictertic> 

i11 our data set allnost always occrrrred befi-trc 30°k  o f  tire irttc~ldect ctrt .L cy cllr 

tion had elapsed and tlte seco~id detectiotl (;it: n dif'Fer erlt stat ion) ossli~r red: sl~c 
ly thereafter. 

Some of the most ixnportat~t ~nethodological qtrestior'rq, tlarr~cly lroitl rrtnrly s 
tions are req~nired and trow lovlg they stic>irld bc rut1 to ncllieitc a pnr ticrrlar pi( 
ability af detection, are difficult to atrswet 11si11g t l~e  type of (lnt:~ sultttilnti, 
here. Sampling rigor was ~u~lregulnted, nrrd sarrrpling locntior~s ar~d t i~ni~lg  iv 
determined by management needs, motivatioti o f  locnl 1.1iologists, arrtl tlie nv: 
ability of funds and personnel. It was perllaps this lack of st1 ict conft 01 0 1 1  rl?ctltc 
and sampling design that tilade it difficult tct elucidate fi-tctc.trs that affect curl 

success. For example, it i s  logical to assrrtne titat af; tlie tlutnhcr of statint~s in 
survey increases, the time until 1 of titerit is visiteci bty a tatpet .;peeice qlro 
decrease. Although our analysis did riot cc~~tf ' i~  111 this p~ ccfictiorr, t i le ttcr~tl nr:l: 
the correct direction. Tfic failure to fi~lct R stafisticrllly sigtlificnllt t c l a t i o ~ ~ s  



between these variables lnay have heen due, in part, to a lack of control of habi- 
tat and landscape suitability. The CAL.VEF.data suggest that a number of surveys 
were conducted in general vegetatio~i types that were not considered suitable by 
our standards, and it is possible that surveys were not conducted in the most suit- 
able seral stages of otl~erwise suitable vegetation types. Furthernlore, we did not 
assess landscape effects on habitat suitability (e.g., Rosenberg and Raphael 
1986). 

The data for fisl~er detectiot~s sr~ggest that thk number of stations in a survey 
may be less important than tlie duration of the survey. Although station number 
and survey duration certainly cotnbine to affect survey success, determining the 
mini~nu~u number of stations to use given a specific survey duration is difficult. I 

I 

Surveys that had as few as 6-10 stations were still successful if they expended 
about 120 units of effort or inore (Fig. 5). Using 8 stations this is accornplished 1 

I 
with a survey lasting at least 15 days. Although a greater number of stations 
should probably be usecl, sirnply because the detection of rare carnivores dictates 
that effort bc as liberal as can be afforded, it seems that surveys with as few as 
6-1 0 stations can be as successful as those with more stations provided the sta- * 4 

tioils are in place for at least 2 weeks. However, we caution that our retrospec- 
tive arlalyscs are not well suited to drawing strong inferences. 

The ideal way to evaluate methods would be to control for the presence and 
abundance of the target species. In no case was the presence of fishers or martens 
verified before the surveys summarized here were conducted. However, our sum- 
inary coinpensates for lack of experi~nental rigor with sample size. It would be 
very difficult to conduct a single research study that included 225 surveys (and 
almost 4000 stations) across the state of California, especially if it was necessary 
to precede each survey with a mark-recapture or radio-telemetry effort so that the 
occurrence of the target species at each location was known. A practical coni- 
promise liligllt be to at least stratiljl the salnpling area by habitat type and seral 
stage (using a mQre comprehensive dataset than CALVEG) prior to conducting 
the surveys. This approach is proposed by Zielinski and Stauffer (1996) in a pop- 
ulation inonitorilig scheme that determines the sampling effort to detect declines 
in an index of abundance of fishers or martens it1 California. 

The distrih~itiotl of successf~il and unsuccessful surveys is an important assess- 
ment of the current status of both species in California. This paper is not intend- 
ecl to be a description of the cul-rent distributions because it reviews only 2 
~netllods used to verify presence. Flowever, our data comprise the bulk of the data 
used recently to create range maps (Kucera et al. 1995; Zielinski et al. 1995). 
Fishers appear to be very uncommon in the southern Cascades and throughout 
much of the Sicsrn Nevada. Although some very recent photographs of a fisher 
at a ca~nera station (L. Chow, National Biological Service, pers. cornmun. 1995) 
and several roadkills suggest the presence of the species just north of the sub- 

population depicted in the extre~ne southelti Sieila Ncvacln i l l  f ipule 711, tlir 
detections occurred after considernble previous sulvey cni~rt. A FCW I rclcr~t sigltt- 
ings of fishers have been reported in the ~ I ( > I ~ ~ I C I I I  Sietra Ncv;lcla (1' Btki-kctl. 
California Fish and Game, pers. conllnu~~. 1 0 0 5 )  hut ir~istalcing other .;(lccics for 

, < I ,  pers. fishers, especially the more abundant inartcti, is COII I I~IOII  (%'. Zicli11~1 ' 

obs.; R. Golightly, Humboldt State Il~liverqity, pcrs. C O I I I ~ I I ~ I ~ ~ .  100-1). 

The distribution of martens also apprars to 1 1 2 1 ~  clinrrgett sil1c.c i t  tvns first 
described (Grinnell et al. 1937). Surveys illciicate th;lt rlra~ tens arc n e l l  disti ih- 
uted throughout the Sierra Nevada and ('nscacirs it, ('alili,t-r~ia, hut tlic al?cctlcr 
of marten detections in the range of M .  tr. Iltrniholritr~~rir is of ct,tjcct 11. Altl~otigIr 
surveys were not cornmon at the lliglicr elevations it1 the Klnt11at11 hloo~~tni~ls. 
which appear to include some typical nlartcn ilnhitat. tlre ahsenre of atty nla~ tell 

detections in the redwood and Douglas-fir types in this regintt incticntes that if t l ie  

Huinboldt marten still exists it does so at very low derrsiticc. S l ~ t ' \ ~ y c  nJert 
recently conducted in the redwood type along t l~c  coastlilir i n  i l o~ t l i~vrs ie~~  
California (R. Klug, Sirnpson 'I'itnbcr C'o., per s. cortrtrIurt. 1 991; R .  (ioliglit ly 
Humboldt State University, pers, cornl~~un. 1994). No r~inrtct~s were tietcotcd, atic 
with the exception of several fisher detections nrnr tlie coast the ro~ttlts d o  IN, 

substantially alter the distributions preser~ted Iiere. 
Both track-plate and litle-triggered calnPla st:tticjrts were eKectire :it detccti~ii 

martens and fishers, but both species were dctectecl in a ltiglrcr pcrccnt:~gc of st11 vey: 
that used only line-trigger cameras than surveys tllnt risect only Irt~ck plati-s (fi.;l~ci c 
52.4% versus 21.7%; martens: 23.8% \.c.r:czrv 17.2'56). hlt~clr of'tllis differ c~ice is ob 
ably accounted far by the hct  that catnern only stir veys (~ccurred rrlost ficcll~ciit l y  i~ 
the extreme southern Sierra Nevada where 13otli species ni c r clat i V C I Y  co t i i~l~o~ 
and frequently sytnpatric. Previous work sriggests illat cnincras arc solrienlia 
less effective at detecting inartens than track plates (D111l et 81. 1002,  I ~ ; o ~ I c . I -  ant 
Golightly 1994). Had surveys usitlg the 2 device? been cntldttc.tetf with corlt~-r 
for geographic location, it is likely that the results i\-otild llavc hce~l si111il;l 
However, line-triggered carneras have the itisntlvaritage o f  beittg 1r1ote ftngil 
and prone to malfutlctiolr than track-pl~te stntictns anti heillg inc;~p;tble of detect 
ing a second visit to the station between rebaitirig (Zieli~~sl<i and Ktlccrn 100511 

Surveys that use single-sensor 35-lnm catrlcras (Kucer a alttl R;lr r eft 199: 
Rucera et al. 1995) were nncornntotl during fhc pcf inii snr~i~nnti;.ecl Iiclc, lnigcl 
because their significant cost liniits the nunrber tliat cat1 he dcplctycct. Tllc recull 
from 35-mm canieras were excluded from tiis stltrilttary beca~~sc of the ittlic 
quent use of these cameras and absence of a stniidard protocol dr~ring the nsscq: 
inent period. However, rnore detailed maps of tlrr distrihr~tio~~s of iirnlle~l.; ;III 
fishers have recently been published tllnt were ctcatrd [i-on1 the cnnibitleti r c s ~ ~ l  
of 3 5 - ~ n ~ n  carneras, line-triggered cameras, tr ztck plates nnd otlict- ~i~icccll;t~~cot 
verifiable records (Kucera et at. 1995; Zieliflski et 31. 199%;). 



The knowledge that 111ost surveys that include 6-10 stations and are run for at 
least 12 days will detect either a marten or fisher, if present, in less than 4 days 
provides a strong foundation for new detection protocols and for sampling 
designs that monitor chai~ges in abunciance and distribution. These results have 
already been influential in proposals for a new detection protocol that will be 
applied throughout the western U.S. (Zielinski and Kucera 1995a) and a scheme 
for monitoring changes in an index of fisher and marten abundance in California 
(Zielinski and Stauffer 1996). Current survey methods are quite good at docu- 
menting that eithei fishers or ~nartesls are present in an area. However, we are 
rlitrch less confident in declaring a species absent when it is not detected. Careful 
q~~antification of future detection and monitoring efforts, combined with more 
experimental work in areas where presence and abundance of target species has 
been confirmed, will improve our confidence in establishing presence and 
absence. 
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