
UNDERSTANDING A FISHER REINTRODUCTION 

IN NORTHERN CALIFORNIA FROM 2 PERSPECTIVES 

Annual Report for 2014 

For the period October 2009 to December 2014 

By 

Roger A Powell1, Deana Clifford2, Aaron N Facka1, Sean Matthews3, Kevin P. Smith3, Robert C Swiers1, 

1 Department of Biology, North Carolina State University, Raleigh, North Carolina 27695 

2 Wildlife Investigations Lab, California Department of Fish and Wildlife, Rancho Cordova, California 95670 

3 Wildlife Conservation Society 

 

Submitted to 

United States Fish and Wildlife Service, Yreka California 

California Department of Fish and Wildlife, Redding, California 

and 

Sierra Pacific Industries, Anderson, California 

  



ANNUAL  REPORT  2014,  FISHER  REINTRODUCTION 2 
 

 
 

Report Date: 7 April 2015 

We have written this report in fulfillment of our obligations to our collaborators and as part of our Memorandum of 
Understanding.  It is primarily intended to inform our cooperators and other interested parties about the data we have 
collected through 2014, and about the application of those data to our objectives and to research hypotheses on fishers 
generally.  The information contained herein should be considered preliminary and has not yet been reviewed by 
objective, third-party scientists.  This report cannot be considered of the same quality or rigor as a peer-reviewed, scientific 
publication.  Our intention is to present current and accurate information, but we cannot guarantee that information in 
this report is complete, free from error, or will not change in the future.  Before citing this report, contact Roger Powell to 
learn whether pertinent publications are now available and, if not, that the information in this report has not be 
superseded or updated. 

 



ANNUAL  REPORT  2014,  FISHER  REINTRODUCTION 3 
 

 
 

Summary 

 
From late 2009 through late 2011, we released fishers (Pekania pennanti) (24F, 16M) onto the Stirling Management Area 

owned by Sierra Pacific Industries in the Northern Sierra Nevada and Southern Cascade Mountains of northern 

California.  We have monitored all translocated fishers and their progeny as closely as possible to document their survival, 

reproduction, dispersal, and home range development through 2014 (year-5).  Released fishers experienced high survival 

during both the initial post-release period (4 months) and for up to 2 years after release.  We have documented 21 fisher 

mortalities since 2009, including 6 in 2014.  We have documented reproduction in all years of the study and from each of 

the 3 translocated cohorts.  Of the 40 fishers in the 3 release cohorts, we tracked 32 (80%) long enough to document the 

establishment of home ranges.  Males had larger home ranges and travelled further than females.  Fishers from some 

source populations were infected with eye worms (Thelazia californiensis ) and some fishers from Humboldt and western 

Trinity counties were infected with a previously undescribed trematode.  During our annual trapping effort in October-

-November 2014, we captured 32 individual fishers (23F, 9M) 53 times, including 15 new fishers (9F, 6M), 8 juveniles 

(7F:1M), 2 females and a male released in year-2, and 2 males released in year-3.   Juvenile fishers captured on the Stirling 

Management Area weighed more than similarly aged juveniles from other parts of California.  Our best estimates of 

survival and reproduction are consistent with a stable or growing population on Stirling.  Our population modelling, 

however, shows that short-term population stability can not be confirmed before year-10 of the project, or 2020.  
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Introduction 
The human-assisted movement of animals goes back 

thousands of years in Europe (Alcover, 1980; Masseti, 1995) 
and more than a century in North America (reviewed by 
Bolen and Robinson, 2003) but, until recently, feasibility 
planning and research design have not been incorporated 
into translocations (Biggins et al., 2011; Breitenmoser et al., 
2001; International Union for the Conservation of Nature, 
2013; Lewis et al., 2012; Miller et al., 1990a, 1990b; Powell et 
al., 2012).  Unfortunately, reintroductions of endangered 
species in recent decades have experienced frequent failures 
(Armstrong and Seddon 2008).  Efforts to counteract failures 
have led to better planning and to introducing experimental 
design into reintroductions (e.g., Miller et al. 1990a,b; Lewis 
and Hayes 2004; Callas and Figura 2008; Biggins et al.2011).   
In addition, a critical factor that has received little attention is 
the effect on a source population of removing prime, 
reproductive, adult animals, animals with high reproductive 
value (vx), for release elsewhere (Armstrong and Seddon, 
2008; Powell et al., 2012).  The effects on a source population 
of removing prime, reproductive animals are potentially 
greater than those of trapping similar numbers of animals for 
fur (Buskirk et al., 2012), which can include large numbers of 
non-reproductive juveniles. 

Because of concern for the status of fishers in California, 
to understand how fishers in particular, and mammalian 
predators in general, respond to intensive forest 
management, and to understand better why some fisher 
reintroductions have succeeded while others have failed, the 
California Department of Fish & Wildlife (DFW; formerly 
Fish & Game), the US Fish & Wildlife Service (FWS), Sierra 
Pacific Industries (SPI) and North Carolina State University 
(NCSU) started collaborating in 2007 to re-establish a fisher 
population in the northern Sierra Nevada and southern 
Cascade Mountains of California.   In 2009, the California 
Department of Fish & Wildlife gave final approval for 40 
fishers to be reintroduced over 3 years (autumn 2009 – 
autumn 2011) onto SPI’s 648 km2 Stirling Management Area 
(hereafter “Stirling”), which is managed intensively for timber 
production (Figure 1).  The Memorandum of Understanding 
initiating the research states that released fishers and their 
progeny are to be studied intensively for the 7 years following 
the year-1 reintroductions. 

In a related effort to understand the fisher population in 
the far northeastern extent of the fisher’s range in California, 
we began independently in 2006 to use non-invasive 

methods to estimate population parameters for the fishers 
living on the managed, forested landscape centered on the 
Klamath River in northern California and southern Oregon 
(Figure 1).  Combining the non-invasive, genetic surveys 
conducted in this study area with the research on 
reintroduced fishers on Stirling provided the opportunity to 
broaden conservation benefits for fishers (e.g., Seddon et al. 
2007, Sarrazin and Barbault 1996), to understand better the 
dynamics of fisher populations on managed landscapes, and 
to study a source population for a reintroduction.  We moved 
fishers from this study area to Stirling in the winters of 2009-
2010 and 2010-2011.  These removals were targeted to lands 
owned by Michigan-California Timber Company (formerly 
Timber Products Company), meaning that fishers were 
removed from managed, industrial timberlands and released 
on a different but also managed landscape.  The removed 
animals were targeted to be adult members of the population 
with high reproductive potential. 

The objectives of this research are:  
To estimate annual survival and reproduction of fishers on 

Stirling between 2010 and 2017. 
To evaluate habitat selection by reintroduced fishers and their 

offspring to test the predictions of available landscape-
scale models of habitat quality and suitability for fishers. 

To evaluate fisher diet composition and prey distributions 
and abundances as a metric of fisher habitat quality. 

To quantify energy expenditure, energy balance, and overall 
body condition of fishers and relate these metrics to 
habitat quality and fisher conservation. 

To genotype genetic samples collected from reintroduced 
fishers and their offspring 

To identify forest characteristics that characterize the natal 
dens, maternal dens and rest sites for fishers. 

To quantify disease prevalence and exposure in translocated 
fishers and their offspring to determine the influence of 
disease on short and long-term persistence on the 
landscape. 

To predict the placement, sizes, and shapes of home ranges 
of reintroduced fishers and their offspring using models 
of optimal home range choice and to test those 
predictions using data on actual use of space by those 
fishers. 

To predict patterns of breeding by Stirling males from home 
range placement and familiarity with landscapes and to 
test those predictions using data on paternity of fishers 
born in the study area. 



ANNUAL  REPORT  2014,  FISHER  REINTRODUCTION 6 
 

 
 

To evaluate the accuracy, precision and efficacy of a long-
term fisher monitoring protocol during fall survey efforts 
2013-2016. 

To estimate abundance, survival and recruitment, population 
growth rate and occupancy for the source population of 
fishers through 2016. 

To estimate the effects on abundance and population growth 
rate, if any, caused by removing 9 adult fishers (an 
estimated 17% of the population) in 2009-2010 for 
release on Stirling. 

To evaluate the original non-invasive study design, redesign 
the monitoring protocol as necessary, and test the 
redesigned protocol for use as a monitoring tool for the 
reintroduced fisher population on Stirling. 

To investigate the effects of intensive forest management for 
timber production and fire and associated salvage 
operations on fisher population dynamics. 
Here we report on research activities that address these 

goals directly for year-5, January– December 2014 of the 
project.  We review non-invasive research in the Klamath 
Region and the reintroduction activities to date.  

 
Terms and Definitions 

Historically, conservation translocations were considered 
successful or unsuccessful if animals were still present several 
years after initial releases (Sarrazin and Barbault 1996, Powell 
et al. 2012).  Success is largely predicated on whether a stable 
or growing population was established and usually not for 
many years after the initial release of animals.  Though this 
approach is common, it is unsatisfactory because it lacks 
precision with respect to what defines success for a project 
and it will often fail to identify the causes and specific times 
when a translocation may have failed.  For these reasons, we 
have included terms and definitions for this translocation as 
well as clarification of the collaborator’s perceptions of 
important time frames and milestones within the general 
approach and conception of the project.  We include this 
section to reduce errors and confusion within the context of 
our project and how we report specific results. 

 
Success 

Our collaborative group conceptualizes and defines the 
success of our translocation on two separate, but interrelated, 
standards: success of the Project, and success of the Population.  
Our primary objectives are aimed at understanding if and 
how fishers use and respond to landscapes managed for 
timber projection.  Thus, the success of our project is not 
predicated upon whether a population of fishers is 

established successfully and becomes persistent on, or near, 
Stirling in the long-term. Rather, we define Project Success as 
understanding and documenting the mechanisms that dictate 
fisher population dynamics on Stirling and, more generally, 
on industrial landscapes that are managed primarily for 
timber production.  If fishers go extinct on Stirling but our 
research elucidates why and is able to apply the research to 
general mechanisms, we would consider the project to have 
been successful.  Alternatively, if fishers persist and expand 
on and near Stirling, but our research fails to elucidate the 
reasons for their persistence, then the project could be 
considered a failure.  We view our translocation as having 
inherent scientific value and that that scientific value is a major 
component of the project’s success independent of a 
persistent fisher population on Stirling.  

Our second objective was to document a viable 
re-introduced population of fishers on Stirling, i.e. a 
population with a stable or growing long-term population 
size.  We call this Population Success.   Consequently, our second 
measure of success relates specifically to the dynamics of the 
fisher population on and near Stirling.  “Long-term” is a 
relative term that for populations of mammals implies several 
to many years and is not some time period that can be 
evaluated easily on a year-to-year basis.  The minimum time 
needed to estimate population parameters for long-lived 
mammals is 5-7 years (Anthony et al. 2006, Brongo et al. 
2005).  Therefore, we suggest that after the population has 
been established (definition below) that at least 2 metrics be 
evaluated annually to assess the general trend in population 
growth rate and to indicate trends regarding the viability and 
persistence of the population.  The first metric is the trend in 
population size and population growth rate estimated from 
our annual fall trapping, telemetry and non-invasive surveys.  
Since the annual variability of these parameters may be high, 
population growth rate should be estimated over a period of 
at least 5 years post-establishment.  The second metric is the 
projected long-term population growth rate taken from 
stochastic simulations (population viability analyses, or PVA, 
described below) that are parameterized with estimates of 
survival and reproduction rates, and their variances, for 
fishers on Stirling.  Estimates of survival and reproduction 
will be made from trapping, telemetry, non-invasive surveys 
and other pertinent data.  Our cooperative project has not 
agreed on a definition of Population Success but we suggest a 
working definition:  Population Success will exist when 1) after 
year-10 the 5-year estimate of population growth rate is 0 or 
above and the 95% confidence interval for growth rate does 
not include 0, and 2) when the population projections show 
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an 80% probability that the population will not go extinct as 
long as ecological conditions remain the same. 
 
Establishment and Viability 

Following Armstrong and Seddon (2008), the Stirling 
translocation has 2 distinct phases: The Establishment Phase 
during which we establish a fisher population, and the 
Viability Phase after the population has been established.  The 
Establishment Phase is the period of time during and 
immediately after the actual release of fishers. During this 
phase, the population is small and at greatest risk of 
disappearing due to random demographic and 
environmental events (Allee and Bowen 1932, Armstrong 
and Seddon 2008, Courchamp et al. 2008).  The primary 
rationale for identifying the Establishment Phase is that 
random events can cause extinction of very small populations 
despite adequate habitat (Armstrong and Seddon 2008).  We 
consider the Establishment Phase concluded when the 
population does not require augmentation to support normal 
population processes, such as mating, reproduction and 
recruitment.  Having established the population implies 
neither long-term population viability nor lack of risks for a 
population.  Our fisher population has been established. 

The Viable Phase (alternately persistent, Armstrong and 
Seddon 2008) begins after the population is established and 
continues indefinitely thereafter.  During this phase our 
reintroduced fisher population can demonstrate its own 
viability.  The population does not require augmentation or 
other intervention from humans to maintain normal 
population functions.  The population is controlled by the 
ecological conditions on the landscape, such as habitat, prey, 
predators and climate.  The population may go extinct, 
stabilize, or increase in size and geographic extent during the 
viability phase and, therefore, the viability phase does not 
imply that the population is viable, only that it will 
demonstrate its own ability to be viable or not.  Defining 
viable is always difficult because viable can only be defined for 
a given set of conditions, yet ecological conditions always 
change.   Defining viable is particularly difficult for Stirling, 
where the landscape of the reintroduction changes 
year-by-year.  The result is that a population can be defined as 
viable only in the present and in the past, with a likelihood of 
being viable in the future.  Since SPI is committed to 
monitoring fishers on Stirling until the end of its Candidate 
Conservation Agreement with Assurances (scheduled 15 
May 2028), we suggest that a final determination on viability 
be made at the conclusion of the CCAA.  Interim 

assessments will document viability when population metrics 
show Population Success. 

 
Years  

We define the years of the project as follows. 
Year-1:  November 2009 – early October 2010.  Year-1 

began when we began live-trapping fishers to be released on 
Stirling.  Live-trapping for moving fishers ceased for year-1 in 
January 2010, when the last fisher of the year-1 cohort was 
released.  From January through September 2010 we 
live-trapped occasionally on Stirling to try to catch particular 
fishers.  

Year-2:  October 2010 – early October 2011.  Year-2 
began when we began live-trapping fishers to be released on 
Stirling.  Live-trapping for moving fishers for year-2 ceased in 
February 2011, when the last fisher of the year-2 cohort was 
released.  From February through September 2011 we 
live-trapped occasionally on Stirling to try to catch particular 
fishers.  In October 2011 we made a small but concerted 
effort to try to catch as many fishers living on Stirling as 
possible. 

Year-3:  October 2011 – December 2012.  Year-3 began 
when we began live-trapping fishers to be released on Stirling.  
Live-trapping for moving fishers for the entire 
re-introduction ceased in December 2011, when the last 
fisher of the year-3 cohort was released.  From February 
through September 2012 we live-trapped occasionally on 
Stirling to try to catch particular fishers.  In late October and 
early November 2012, we made a large effort to trap as many 
fishers living on Stirling as possible. 

Year-4:  January – December 2013.  We did no 
live-trapping of fishers outside the Stirling study area and 
released no new fishers on Stirling.  In late October and early 
November 2013, we made a large effort to trap as many 
fishers living on Stirling as possible.  

Year-5:  January – December 2014.  We did no 
live-trapping of fishers outside the Stirling study area and 
released no new fishers on Stirling.  In late October and early 
November 2014, we made a large effort to trap as many 
fishers living on Stirling as possible. 

General condition, disease, and ectoparasites 
We assessed the health of all fishers that we captured on 

Stirling by conducting detailed physical examinations at the 
time of capture.  We collected blood, mucosa and fecal 
samples to determine disease exposure to pathogens that 
could affect population health through either direct mortality 
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of adults or kits, or through impaired reproduction.  We sent 
samples to the Integral Ecology Research Center, 
McKinleyville, California, where they will be tested for canine 
distemper virus, canine parvovirus and Toxoplasma gondii 
(toxoplasmosis) at a later date.  Since the inception of this 
project, fishers captured on Stirling have been assessed, 
generally, as being in good health.  We have seen no systemic 
physical abnormalities in either adult or, more importantly, 
young fishers born on Stirling that would cause us to believe 
the population is currently suffering from inbreeding effects 
or other issues that cause us concern.  Nevertheless, we 
collect genetic information on all animals translocated and 
born on Stirling for later evaluation, specifically if problems 
hypothesized to be related to inbreeding should arise.  During 
physical examinations, at least 2 biologists (usually a field 
biologist and a wildlife veterinarian) have graded fishers for 
general condition based on the condition of their teeth, skin 
and fur, musculature, obvious wounds or injuries, 
ectoparasite load, weight, and amounts of fat over the hips 
and ribs.  We defined poor condition as having obvious, 
serious injuries or disease, very low levels of body fat (relative 
to other fishers), and high ectoparasite load.  We defined 
excellent condition as having no signs of serious injury, 
having all carnassial and canine teeth and little wear on 
incisors and premolars, and having high levels of fat over hips 
and ribs.  We defined average condition as being not 
obviously in poor or excellent condition.  Fishers in average 
condition may have minor injuries and may have missing or 
highly worn teeth, but have no conditions that are obviously 
negatively affecting the fisher.  When we have encountered 
animals that for some reason did not fit into our 3 categories, 
we graded them as below or above average at our discretion.  

Of 105 captures of fishers on Stirling through December 
2014 where we evaluated the fishers, including recaptures of 
reintroduced fishers and captures of fishers born-on-site, we 
have graded none as being in poor condition.  We have 
graded 17 (16%) as showing below average condition, 42 
(40%) as average, and 47 (44%) as above average or excellent.  
The average body condition may change through time on 
Stirling and, though the condition of animals to date gives us 
no cause for concern, we advocate continued monitoring of 
overall health and condition for as long as feasible.  

Through year-5 of our research, we have collected 
ectoparasites of 4 taxa from fishers.  Fleas and ticks have 
been relatively common (Figure 2).  The data show variation, 
likely due to environmental conditions, but no distinct 
patterns.  We do not know why the occurrence of eye 
worms (Thezalea) varies so much.   The percent of fishers that 

are infected with these 3 parasites on Stirling are similar to 
infestations elsewhere in California.   In each year at least 50% 
of fishers trapped on Stirling had at least one ectoparasite 
(Figure 2b). Yet, fewer than 20% of the trapped fishers 
carried 2 different taxa of ectoparasites and fewer than 10% 
of the fishers carried all 3 taxa.  Generally, when parasites do 
occur on fishers, the number is light to moderate.  In 2014, 1 
translocated male fisher carried 15 engorged ticks on his back 
but was otherwise in good condition.  We have very few 
instances of such heavy parasite loads and this instance was 
novel.  If occurrence of parasites on fishers increases through 
time, it could indicate decrease in habitat quality, decrease in 
prey availability, or some other change in the abilities of 
specific fishers on Stirling to deal with ectoparasites.  At 
present, our best evidence suggests that the processes driving 
ectoparasite occurrence on fishers are similar on Stirling and 
elsewhere in California.  We shall continue to examine all 
fishers captured on Stirling for infection and other 
health-related issues that may affect the population. 

In previous years we reported the occurrence of a new 
trematode species living in the perianal tissue of fishers. This 
parasite is still known only from a restricted geographic range 
in the coastal areas of California (Clifford et al. 2012).  To date 
we have captured no fishers infected with these trematodes 
on Stirling, but we remain vigilant in examining all fishers for 
indications they may be infected and we remain optimistic 
that we did not transfer the parasite to Stirling. 

Locations, movements and home ranges 
The responses of fishers to being released onto the Stirling tract, 

specifically their site fidelity after release, is an important measure of 
how those fishers perceived their environment and its habitat quality 
upon release (Berger-Tal and Saltz 2014).  We have noted in 
previous reports that some released fishers did wander, or explore, 
and at times did settle into areas off the district (Powell et al. 2012).  
As of 2014, the majority of locations of fishers have occurred within 
the boundaries of Stirling or very near to it (Figure 3).  Of all 
estimated locations of both translocated and Stirling-born fishers, 
roughly 80% of those for females and roughly 70% of those for 
adult male locations have been on Stirling.  Similarly, most den 
locations (70%) have occurred on Stirling.  When we consider 
locations on or within 2km of Stirling, the percentage increases to ≥ 
90%.  Because the majority of our research effort occurs on Stirling 
(Figure 4), these data are not representative of all fishers in the 
reintroduced population.  We know that some fishers live on 
adjacent lands.  Nonetheless, a minimum of approximately 30 
fishers remain on Stirling annually, representing a core population.  
Consequently, our data show that some fishers have found enough 
habitat of sufficient quality for them to stay on the study area.   



ANNUAL  REPORT  2014,  FISHER  REINTRODUCTION 9 
 

 
 

In year-1, we implanted female fishers with IMP-310 very 
high frequency (VHF) transmitters made by Telonics (Mesa, 
Arizona) and 4 (of 9, 44%) failed prematurely (< 8 months).  
In year-2, we used Telonics MOD-125 collars for females.  
None failed prematurely.  In year-3 we outfitted females with 
MI-2i collars made by Holohil Systems Ltd (Carp, Ontario, 
Canada) because they weighed less than the Telonics MOD-
125 collars and their external design was less bulky.  Two of 
the 14 (14%) Holohil transmitters failed prior to their 
estimated battery expectancy of 24-30 months.  In year-4, we 
outfitted females (12) only with Telonics MOD-125 collars.  
In year-5, we outfitted 12 females with refurbished Telonics 
MOD-125 collars and 5 females with refurbished Holohil 
MI-2i collars.  In years-2 – 5, we outfitted young fishers born 
on Stirling with radio collars only if the fishers had necks that 
were unlikely to grow substantially (>2 cm) in the future.  

We radio-tracked 23 females during the calendar year 
2014, 8 for only a few weeks after being trapped in October 
or November, 12 all year, and averaging about 7½ months.  
The females wearing transmitter collars maintained home 
ranges spread widely across Stirling and onto adjacent land.  
Consequently, we targeted females who lived centrally to 
locate daily and attempted to locate peripheral females less 
often.  Given incidents of bad weather, the mountainous 
terrain, limited personnel, and myriad other conditions that 
affect VHF telemetry, we rarely achieved this goal.  For all 
females, we averaged 2.0 + 0.8 (±SD) estimated locations per 
female per week for weeks each female was tracked.  We 
averaged 56 locations per female per year.  For each 
estimated location, however, almost as many attempted 
locations did not meet the selective criteria we used when 
triangulating locations.  Sometimes we did not locate females 
frequently because they moved beyond the perimeter of the 
area we searched regularly and sometimes females used parts 
of the study area that blocked their transmitters’ signals, 
leading to an unknown bias in our estimates of their 
movements.  Female fishers do not travel as widely as do 
males, however, limiting the effects of bias, if it existed 
(Powell 1994).  At the end of 2014, we were actively tracking 
20 female fishers.    

We outfitted adult male fishers with Platform Terminal 
Transmitter (PTT) collars that work with the Argos satellite 
system and were made by SirTrack (KiwiSat 303; Havelock 
North, New Zealand).  The satellites tracked these collars 
even when conditions did not permit ground tracking and, 
thereby, obtained more location estimates per male fisher 
than we obtained per female using VHF telemetry.  Young 
males are not good candidates for wearing collars because 

their necks may grow rapidly.   During the course of 2014 we 
followed a total of 7 males, starting the year with 4, some of 
whom died and lost collars, and ending the year with 4, 
which included new males captured in autumn.  We outfitted 
no fishers with Global Positioning System (GPS) collars in 
2014.  

Although the batteries in the Argos collars should last 
over a year, some collars have failed before their projected 
lifetime.  Many failures whose cause we documented were 
caused by fishers chewing and, thereby, shortening the 
transmitter antennas.  In other cases, the main transmitter 
body was damaged or lost and therefore didn’t function.  A 
few collars dropped from fishers early in the research due to 
failed attachment bolts, a problem that we have resolved.  
Despite premature failures, the Argos collars have provided 
location data that we simply would not have obtained using 
traditional VHF technology.  Several males have made 
sojourns to places (e.g., Central Valley or north of California 
Highway 44) that we did not expect or have searched but 
they ultimately returned to the general area of the releases.  
We would never have tracked those long-distance temporary 
forays using traditional technology.  On the whole, the Argos 
collars on male fishers have functioned for long periods and 
have provided more location data with less bias than possible 
with VHF transmitters. 

We averaged 188 ± 210 locations/male/year across all 
study years and 207 + 230 locations/male in 2014 (Table 1).  
All Argos location estimates are classified into 1 of 6 error 
classes, some of which will be suitable for some analyses but 
not others.  Individual males averaged 43 + 53 
locations/male/year from the 2 categories with smallest error 
and 42 + 47male in 2013 (Table 1).   

Triangulations constitute the majority of estimated 
locations of females and young males.  For fishers tracked 
with VHF telemetry, approximately 80% of all estimated 
locations were triangulations.  Another 10% of VHF 
locations were estimated from fixed-wing aircraft or a 
helicopter and 10% were “walk-ins”.  Walk-ins included 
visual observations of fishers and locations of identifiable den 
or rest trees.  Walk-ins also included trapping locations, 
mortality locations, and locations where fishers dropped 
collars.  We have identified 116 den sites through the 5 
denning seasons; we re-located fishers at some dens trees 
often. Additionally, we have located >150 individual rest 
locations; >90% of these were in trees, though some fishers 
rested under rocks, in stumps or in debris piles.  Locating rest 
sites is biased towards finding sites in trees because fishers in 
trees broadcast strong telemetry signals.  Location 
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information from cameras at dens and baited stations will 
also be incorporated into final analyses, but those data have 
yet to be incorporated into our locations database.  

Understanding and estimating error for our triangulations 
is a critical component of future analyses.  We will evaluate 
triangulation error in two ways: 1) calculating triangulation 
error for test collars in known locations (both moving and 
stationary; n 50) and 2) comparing triangulations to “walk-
in” locations for fishers that were located on the same day 
(usually within the same hour) in den and rest trees.  A 
preliminary analysis of triangulations vs walk-in locations 
yielded a mean error of 102 ± 132 m.  These are preliminary 
results since we are finalizing protocols and software for 
estimating locations using triangulation.  As part of our final 
analyses, we shall test for relationships between triangulation 
error and other variables, such as azimuth angle, weather, etc.  
As with triangulations, we estimate error of aerial locations by 
having personnel who do not know the known locations of 
transmitters locate those transmitters.  All walk-ins provide 
fine-scale (<20 m) information about fishers locations. 

We are able to assess true error rates for Argos locations 
of each error class by comparing satellite locations to known 
locations of males held in captivity, of collars that have been 
dropped (the day they are dropped is known from activity 
data), or of dead fishers.  The mean error for Argos locations 
estimated across all error classes is 767 ± 1241 m.  Our 
calculated mean error for locations in each error class are 
consistent with expected error predicted by the Argos service 
(Sauder et al. 2012; Table 2).  Locations in error classes 3 and 
2, predicted to have the least error, have mean error of 195 ± 
247 m and 458 ± 460 m (± SD).  Location estimates from 
the error class 3 had a maximum error of 2400 m but 91% of 
locations were within 350 m of the true location.  Future 
analyses will attempt to understand better how 
environmental factors influence error and how we can 
implement other metrics provided by Argos (e.g., error radius 
and geographic dilution of precision [GDOP]) to eliminate 
locations that are highly inaccurate. 

We have attempted to monitor fishers during all times of 
day and night to ensure that our information is not biased to 
one time period.  VHF transmitters are more difficult to 
locate at night, particularly in the winter when temperature, 
weather and road conditions hinder access to the study area.  
Thus, the majority of VHF telemetry locations have been 
collected during daylight hours (8 am to 4 pm; Figure 5).  We 
have programmed Argos collars to be located during 
different times of day, leading the distribution of locations of 
fishers wearing those collars to be relatively even across all 

times.   We programmed GPS collars to locate themselves 
across all times of day, leading to a very even distributions of 
locations. 

We are collecting enough location data to estimate annual 
home ranges for most fishers.  Thirty locations represent a 
reasonable minimum sample size for estimating home ranges 
with fixed-kernel methods, though more locations is 
preferable (Fieberg and Börger 2012, Seaman et al. 1999, 
Noel 1993, Seaman and Powell 1996).  We have more 
than100 estimated locations per year for many fishers.   

We believe that an animal’s home range is that part of the 
landscape in which it lives that it maintains updated within its 
cognitive map of the landscape (Powell and Mitchell 2012).  
For this report, for logistic reasons, we assume that 95% 
utilization distributions for fishers’ use of space provide 
reasonable estimates of home ranges.  We have estimated 
utilization distributions using a fixed kernel smoothing 
program.  Such programs smooth data using a kernel and a 
smoothing parameter, “h”, whose values are, ideally, related 
to aspects of the biology or management goals for the 
animals being studied.  Silverman’s (1990) kernel “k2” is a 
bell-shaped kernel with finite bounds, is leptokurtotic and, 
therefore, resembles the distribution of telemetry error for 
experienced researchers; we use “k2”.  Many researchers 
choose “h” to minimize internal error within a distribution of 
location estimates, and we have advocated this approach in 
the past (Seaman and Powell 1996, Powell 2000).  Such 
choice of “h”, however, ignores the biology of the animals 
studied, chooses different values for “h” for different animals, 
and even for different random samples from a single data set, 
making comparisons between studies nearly impossible.  For 
fishers, different values of “h” provide insight into different 
aspects of their biology.  For our fishers, h=750 m appears to 
estimate reasonably well the probability of where a researcher 
will be able to find a given fisher using telemetry.  Average 
daily movements of fishers suggest that 1500 m should 
estimate where a fisher can travel over the coming day.  
Average distances across distributions of location estimates 
suggest that 1000 m will estimate the overall range of space a 
fisher uses but not its small scale preferences.  Values of “h” 
tailored to match the estimated error for each location 
estimate should provide the best estimates of fishers’ habitat 
preferences.  Table 3 shows mean estimates for 95% 
utilization distributions for 2010-2014 using h = 750, 1000 
and 1500.  Figures 6 and 7 show the home ranges of female 
and male fishers on Stirling in 2014 calculated with h=750 m. 

Table 3 shows that males have larger areas of use than do 
females and that larger values for “h” lead to larger utilization 
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distributions.  Last year we reported home range area for 
fishers from 2011 through 2013, and commented that home 
range sizes decreased during that time period.  This year we 
have added home ranges for 2010 and 2014, which show 
that home range sizes do not show a uniform decrease over 
the entire period of the study so far.  Instead, home ranges in 
2011 were anomalous in being larger than home ranges in 
the other years, which have fairly uniform average areas.  We 
do not understand why home ranges in 2011 were large. 

Daily tracking of fishers suggests that females established 
home ranges primarily within Stirling. Some females have 
travelled to adjacent Forest Service or private lands and one 
traveled north 22 km onto the Lassen Management Area 
of Sierra Pacific Industries; she died, however, within 3 
months of release.  Additionally, female fishers have denned 
in trees on both the Lassen and Plumas National Forests, but 
usually within 2 km of the Stirling border.  One female born 
on site and initially captured in early 2012 established a home 
range primarily off Stirling in the Rock Creek area which 
borders both the Lassen and Plumas National Forests.  

Male fishers have also established home ranges over most 
of Stirling.  Since males have larger home ranges than females 
and disperse more widely, they have been located on adjacent 
lands more often than females.  Several males have 
established home ranges off Stirling and up to 40 km from 
where they were released and are no longer tracked because 
their home ranges are outside the area we trap each year.  If 
those males that we no longer track have movements and 
survival similar to those we do track, untracked males may 
have a substantial presence on forest service, private timber 
lands and SPI holdings adjacent to or near Stirling.  We have 
not tracked most juvenile males born on Stirling that have, or 
will, disperse long distances and, consequently, we do not 
know how far away males that originated on Stirling may 
establish home ranges.  

One can calculate utilization distributions using subsets of 
location data sets that biological relevance.  For many location 
estimates, we are able to determine that the fisher is inactive, 
or resting, because beeping rate is slow, indicating that the 
collar has not moved for > 10 minutes.  Characteristics of the 
telemetry signal can be used to determine whether a bear is 
resting, foraging or travelling (Horner and Powell 1990).  
Assuming that the same is true for fishers, then we can 
determine that the fisher is foraging, or moving slowly 
through its home range, because the beeping rate is fast, 
indicating that the fisher is moving, and the beeps are steady 
in volume, indicating that the relative position of the 
transmitting and receiving antennas is constant and the fisher 

is not passing features of the terrain quickly, interrupting the 
signal.  And we can determine that the fisher is probably 
travelling, because the beeping rate is fast and the beeps vary 
widely in volume, indicating that the fisher is moving past 
features of the terrain or changing direction quickly.  Figure 8 
shows the utilization distributions for a representative adult 
female fisher, 93B5A in 2013, using all locations and also 
locations for the female when she was resting, foraging and 
travelling.  The foraging utilization distribution is similar in 
outline to the utilization distribution calculated using all 
locations but shows that this female foraged relatively close to 
the periphery of her home range compared to where she 
rested. 

The utilization distributions we have presented above 
weight all location estimates equally and, therefore, give 
insights into where fishers spend time in different activities.  
One can calculate utilization distributions based on currencies 
other than time.  Figure 9 compares the time-based utilization 
distribution for female 93B5A in 2013 (using all locations) to 
a utilization distribution based on this female’s estimated rate 
of energy expenditure at each location.  Note that female 
93B5A expends more of her energy near the activity center 
of her home range. 

Population monitoring on Stirling 
From 13 October through 11 November 2014 we 

conducted a large-scale trapping effort on Stirling to capture 
as many fishers as possible and to outfit or re-outfit these 
fishers with functional transmitters.  We spread our trapping 
effort across Stirling and adjacent lands focusing on areas 
where fishers were known to live, had been previously 
detected, or areas we considered likely to have fishers (Figure 
4).  To maximize efficiency, we split the study area into east 
and west of Butte Creek.  We trapped the east side for 14 trap 
days (13 -26 October), then moved to the west side (28 
October - 11 November) for 15 days.  Logistical constraints 
precluded or curtailed trapping in some areas we thought 
may have resident fishers.  

Across the east side or west side of study area, depending 
on dates, we deployed nearly 100 traps each night, totaling 
2792 trap days (1357 east, 1435 west).  We totaled 53 captures 
of 32 individual fishers (23F, 9M), yielding 1.9% trap success. 
This capture rate was considerably higher than our 1.1% 
capture rate in 2013 but was equal to our capture rate in 2012.  
As we experienced in both 2012 and 2013, capture success 
was greater on the East side (2.7%) than on the West (1.2%).  
We totaled 15 new fishers (9F, 6M), capturing 6 of these 
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individuals more than once.  We captured considerably more 
juveniles in 2014 than in 2013 (7F:1M).  We were surprised to 
capture so few adult males (N=3), since male mustelids are 
notoriously easier to catch than females (King & Powell 
2007).  Of previously captured fishers, we captured 2 females 
and a male released in year-2, 2 males released in year-3, 1 
female born on Stirling in 2010, 4 females born on Stirling in 
2011, 5 females born on Stirling in 2012, and 6 females born 
on Stirling in 2013. The capture of so few adult males may be 
a product of high male mortality or of many males living 
outside our trapping area. To date, females appear to be 
finding sufficient mates to breed annually.  If we see marked 
decreases in the percent of females that den in the future, 
such a pattern could indicate poor recruitment of adult males.  

We had 102 captures non-target carnivores, for a capture 
rate of 3.6% (Table 4), somewhat higher than capture rate for 
non-target carnivores in 2013 (2.6%) and 2012 (1.2%).  The 
capture rate for non-target carnivores was nearly equal on the 
east side (3.7%) and west side (3.6%).  

Of the 23 female fishers captured, 17 were given new 
collars (Telonics MOD-125 or Holohil MI-2).  All adult 
males received new collars (Sirtrack Kiwisat 303).  Fishers 
have dispersed widely across Stirling now and limited 
personnel and other resources prevent us from tracking them 
all consistently.  Therefore, although all 6 females that we did 
not collar could have carried collars, we were restricted by the 
number of collars we had and by our ability to track them all 
consistently.  We failed to capture 3 females and 1 male 
whose transmitters were still functioning, demonstrating that 
even when we placed traps within the known home ranges 
of fishers we do not always capture them.  Clearly, we did not 
capture all the fishers that were within the trapping area.  In 
January and February of 2015, additional, focused capture 
efforts yielded 2 adult new males on the East side of the study 
area.  

At the conclusion of trapping in 2014, the age structure of 
the known fishers on Stirling emphasized young fishers 
(Figure 10).  Fishers < 2 years old comprised 52% of all 
fishers known to be alive at the end of 2014.  Many fishers 
older than 2 years of age are still in the population, but the 
young age structure suggests healthy reproduction and 
recruitment.  The age distribution in Figure 10 is our best 
estimate of the true age distribution of the Stirling fisher 
population but is accurate only to the extent that our trapping 
results were representative for the population.  At the end of 
our trapping effort in autumn, 2014, the minimum known 
population size for the fishers on Stirling was 36 (total fishers 
captured + non-captured fishers still wearing functional 

transmitter collars; 38 counting the 2 males captured in early 
2015).  We have retrospectively adjusted the minimum 
population sizes for previous years, accounting for animals 
that have were alive on the study area but not captured or 
wearing collars for each year (Figure 11).  These values 
suggest a slight decline in the population size in 2013, though 
less severe than estimated in last year’s report, with a possible 
rebound in 2014.  Calculations of the minimum known 
population size for females only indicate that the female 
population size has been effectively stable since the final 
releases of fishers in 2011 (Figure 11).  Thus, the observed 
declines in minimum known population size during 2013 are 
likely related to changes in the number of adult males. 
Consistent with these numbers, we observed a relatively high 
numbers of male mortalities during 2013 and early 2014 (n= 
5).  

Accurate and precise estimates of population size are 
difficult for fishers generally, but specifically for those on 
Stirling.  In each year since 2011 we have estimated 
population size in the autumn following our annual trapping, 
but the confidence intervals around those estimates are large 
because the probability of capture for each individual fisher is 
low.  Our highest estimates of capture and recapture 
occurred in 2011 (c = 0.17 ± 0.10 – 0.27, + the 95% 
confidence interval for the mean) and 2012 (c = 0.16 ± 0.12 
– 0.25) and estimates of capture have been below 0.10 in 
both 2013 and 2014.  Generally, robust estimates of 
population size occur when the probability of capture is 
greater than 0.20 (Pollock 1991, Seber 1982).  In 2011-2013, 
we used a closed-capture model that uses only capture data 
from the specific year of interest.   

Following trapping in 2014, we estimated the population 
size for the area we trapped using closed-capture models in 
the same manner we have done in previous years (Powell et 
al. 2012).  Additionally, we used data from trapping each 
autumn since 2011 Robust Design (Pollock 1982, Kendall 
1997). The Robust Design is advantageous because it uses 
data within short-term trapping intervals (when the 
population is assumed to be closed to additions and losses) as 
well as across those intervals (when the population is 
assumed to be open to additions and losses).  Thus, the 
Robust Design uses information from across periods on the 
probabilities of capture and recapture to estimate population 
size after each trapping session and to estimate additions and 
losses to the population between yearly trapping sessions.  
We estimated population size for the area that we trapped 
each year using both closed-capture and Robust designs in 
program MARK (White and Burnham 1999).  We tested the 
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8 closed-capture models described by Otis (1979) within 
both types of models to learn which models are best 
supported by our data.  In addition to closed-capture and 
Robust Design models, we estimated population size using 
Chapman’s correction of the Lincoln-Peterson estimator 
(Chapman 1951).  The Chapman estimator provides an 
estimate of population size based on the likelihood of 
drawing a random marked animal (for our purposes, a 
previously identified individual) from a pool of marked and 
unmarked animals.  In our experience this estimator is robust 
and often performs similarly to other estimators that are 
considered more advanced (see Facka et al. 2008).  We 
compared estimates of population size using all three 
approaches to evaluate patterns and to identify major 
discrepancies in population estimates for all years since 2011.  

Estimates of population size, from all approaches, are 
consistent with the minimum known values for both the 
total population and for females only (Figure 11).  As with all 
estimators, our estimates have uncertainties associated with 
each specific approach.  To minimize the effects of extreme 
values in any of the procedures we used, we took a mean 
value for each year from the closed-capture, the Robust 
Design, and the Lincoln-Peterson estimates that we 
calculated to generate normally distributed 95% confidence 
interval for that mean (Figure 11). Currently, we cannot 
evaluate which method is most appropriate, because we do 
not know the true population size, but all methods suggest 
that the population on Stirling has been relatively stable 
during the relatively short time frame since that final releases 
in 2011.  We suggest that the highly conservative minimum 
number known alive probably provides the most reliable 
approach to document trends in population change.  The 
population in the area we have trapped cannot be lower than 
the minimum number known to have been alive and is 
almost certainly somewhat greater.    

Weights and Weight Changes   
We have continued to monitor the weights and weight 

changes of fishers we released onto Stirling and those born 
on Stirling.  In previous reports, we demonstrated that fishers 
released onto Stirling had maintained, and usually increased, 
their weights after release.  Since the majority of the animals 
we are now tracking and trapping were born on Stirling, 
continuing to measure change in weight since the release of 
fishers has limited utility.  Rather, we currently place more 
importance in monitoring the change in mean body mass by 
sex and age class through time as an indication of prey 

availability of resident fishers.  We expect that fishers captured 
in the year of birth weigh less than fishers that are older.  
Adult fishers (>24 months old) should weigh the most.  
Indeed, we observe this pattern for both female and male 
fishers (Table 5).  The differences in weight between females 
are less than males, since males grow larger than females.  

Since the last fishers were released, the patterns in mean 
annual body weights have differed slightly between sexes. 
Females in all age classes have maintained a relatively 
consistent pattern in mean body mass across years.  For all 
age classes, we observed a slight increasing trend in mean 
body mass with the highest mean body masses occurring in 
2014 (Table 5).  The variation among years is relatively large, 
however, and the pattern may simply be a result of random 
variation.  Presently, changes in female body weights indicate 
adequate resources that do not give us cause for concern.  
Changes in male weight across years demonstrate a more 
complex pattern that is dynamic with respect to age class.  
Juvenile male fishers show high variation among years and 
the highest mean body mass for this age class occurred in 
2011 (Table 5).  In 2013 we have a weight for only a single 
juvenile male.  Similarly, we have had difficulty capturing 
yearling males and any trend in weights is likely coincidental.  
The highest mean weights for adult male fishers occurred in 
the 2010 and 2011, which may be the result of small sample 
sizes, and thereafter mean weight seems stable.  

Generally, the weights of both female and male fishers on 
Stirling compare favorably to those of fishers we captured at 
other locations in northern California.  Juvenile fishers born 
on Stirling and captured in the autumns of each year since 
2011 have weighed more than similarly aged fishers captured 
at our source locations in 2009-2011.  Young female fishers 
(<12 months old) born on Stirling weighed 2.1 (± 0.07 SD) 
kg compared to 1.9 ± 0.2 kg for juveniles captured at source 
locations.  Young male fishers (<12 months old) born on 
Stirling also weighed more (3.4 ± 0.2 kg) than young males 
captured at source locations (3.2 ± 0.3 kg).  Generally, body 
mass and body mass change remain consistent with, if not 
better, that at others sites throughout California. Continued 
monitoring of weight, and weight changes, is important as it 
documents normal inter-annual variation that can be 
compared to weights in future years.  

Survival 
Through December 2014, we confirmed the deaths of 22 

fishers (13 F, 7 M, 2 sex unknown).  One female slated for 
release died in captivity in late 2009.  During 2010, premature 
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transmitter failure limited our ability to document survival yet 
we still documented the deaths of 3 females.  Since 2011, 
however, we have tracked almost all females continuously for 
the year or until death: 2011 - 2 F, 1 M; 2012 - 4 F, 1 M; 2013 
– 1 F, 3 M; 2014 - 2 F, 2 M, 2 unknown.  With each female 
found dead in 2014, we also found a fisher kit that we have 
not sexed.  Trapping in autumn 2014 allowed us to capture 
fishers whose collars had failed in previous years as well as 
fishers that captured in previous years but had not collared.  
We used data from telemetry, trapping and remote cameras 
to examine patterns and rates of survival for reintroduced 
and Stirling-born fishers for December 2009 through 
December 2014. 

We analyzed monthly survival using “known fates” 
analyses within program MARK (White and Burnham 
1999).  Known fates analyses account for each time period 
when fishers were known to be alive or were found dead.  
Fishers that we could not document as either alive or dead 
within any month were censored and, therefore, these fishers 
were not used to estimate survival for that time period.  We 
used Akaike’s Information Criterion corrected for small 
sample size (AICc) to rank 15 hypotheses that could explain 
the pattern of mortalities and survival that we documented 
(Table 6).   

We developed 15 hypotheses from 9 variables 
hypothesized to affect survival of reintroduced fishers and 
included a null hypothesis of constant mortality over time 
(Table 6).  The variables were 1) “Sex” (due to differences in 
size, movements, etc. between the sexes) 2)  “Reproduction” 
(females have high activity levels, which leads to high 
mortality, in April - August [the time of lactation and highest 
energy output by females, Powell & Leonard 1983], males 
have high activity levels, and greatest risk of mortality, in 
March – May to find females and compete with other males), 
3) “Cohort” (year of release for released fishers, and the year 
Stirling-born fishers were captured), 4) “Reintroduction” 
(reintroduced fishers and fishers born on Stirling differ in 
survival), 5) “Maturity” (adults and juveniles [<1 yr old] differ 
in survival), and 6) Time (survival changes through time).  
Note that time was generically tested where all months and 
years were hypothesized to have different rates of survival, 
but we also considered monthly (7] Month) and yearly (8] 
Year) changes to survival in addition to interactive and 
additive combinations of those characterizations of time.   
We also tested 7 hypotheses with combined variables: 1) 
“Reproduction + Maturity” (because juveniles do not 
reproduce, avoiding the costs of the reproductive season), 2) 
“Cohort + Maturity” (because all fishers released were 

adults), 3) “Sex × Cohort” (sex-specific mortalities could 
differ between cohorts), 4) “Sex × Month × Year” (because 
sex-specific mortalities could differ among months), 5) “Sex 
+ Year” (sex-specific mortality that is similar in pattern, but 
different in magnitude, through years, 6) “Month + Year” 
(patterns of monthly survival are similar in pattern, but 
different in magnitude, across all study years, and 7) “Sex + 
Month” (sex-specific patterns in monthly survival across 
years). 

The highest ranked hypothesis included the Reproductive 
season and Maturity (Table 6).  The second highest ranked 
hypothesis included only the Reproductive season.  Monthly 
survival estimates are low for females and males during 
reproduction (0.97; 95% CI = 0.95-0.99).  During all other 
periods, estimated monthly survival rates were high for both 
sexes (0.99; 0.97-1.0).  We estimate that the annual survival 
rate for adult fishers, including breeding and non-breeding 
times of years, is 0.80 (0.55-0.84).  These estimates are 
marginally higher than in previous years.  Generally, the 
pattern of survival has been consistent since we first released 
fishers and indicates that the time of year, and potentially the 
reproductive status of females, explains fisher survival better 
than other models we have explored.  Changes in the 
estimates of survival are likely a result of increased sample size 
and simple variation rather than an indication of a true 
change in survival.  To date, we have investigated general, 
explanatory descriptors of survival like sex and time but have 
not been able to investigate factors such as food abundance, 
predation risk and individual covariates.  Our future analysis 
will be geared towards elucidating these types of mechanistic 
relationships relating hypothesis of habitat quality to adult and 
juvenile survival.  

We estimated survival of Stirling-born fishers less than 1 
year of age that we monitored during the periods after our 
live-trapping seasons in autumn to be 1.0 (1.0-1.0). This 
corresponds to our observation that we have never 
documented a juvenile death.  We have no good estimates of 
survival for juveniles before the autumn of their first year, 
however, when we first live-trap them and mark them 
individually.  Thus, our estimates of juvenile survival are 
undoubtedly biased high for their whole first year.  In 
following sections (population viability analysis), we draw 
particular attention to the importance of juvenile survival and 
we stress that, to our knowledge, no study is acquiring these 
data.  Yet, these data are crucial for future research.  Our best 
information for juvenile mortality comes when females die 
while denning and we assume all dependent kits are lost.  In 
summer 2014 during the period when kits still depended on 



ANNUAL  REPORT  2014,  FISHER  REINTRODUCTION 15 
 

 
 

their mothers, we found 2 females dead, each with a dead kit 
that we assumed was her dependent kit.  

In general, survival is high for fishers throughout the year 
but reaches its nadir during the reproductive period. Nine (of 
12, 75%) females died in April - August.  One of those 
females was found dead in October but had not been located 
since August and, therefore, we dated her death to August.  
Additionally, 89% (8 of 9) females that died during the period 
of kit dependency (April-August) were clearly lactating or 
were known to have had kits in the months prior to their 
deaths. Four of 7 males (58%) died in March - May, 
coinciding with the peak of their breeding behavior.  In 2013 
and 2014, however, we documented male deaths in January 
and September.  One male was very old (9 years old) but the 
other young (3 years old). We have no data that clarifies why 
fishers are most likely to die during the reproductive season 
and we doubt that reproductive behavior, per se, contributes 
significantly to mortality.  Nonetheless, the energy and time 
requirements of reproduction make fishers susceptible to 
mortality.  During travel, fishers may be exposed to predators 
and if fishers have not met their energy requirements they 
may be prone to predation.  This pattern of reduced survival 
during reproductive periods has been documented in other 
studies of fishers in California.  

We characterized the sites where we found fisher 
carcasses or partial remains and took photographs.  Fisher 
carcasses with sufficient remains and little to moderate 
autolysis were necropsied by Leslie Woods, an experienced 
wildlife pathologist at the California Animal Health and Food 
Safety Lab at the University of California Davis, with the 
assistance of Deana Clifford or Mourad Gabriel (Integral 
Ecology Research Center).  She examined all major tissues to 
identify lesions, and performed immunohistochemical, 
toxicological, bacteriological, parasite, and virological 
diagnostics as needed.  Carcasses that were moderately to 
severely decomposed or did not contain adequate viscera 
(partial remains) were necropsied by Deana Clifford and 
Jaime Rudd at Wildlife Investigations Lab or the California 
Department of Fish and Wildlife, with select tissues (when 
present) examined microscopically by Dr. Woods.  For any 
fisher carcass with evidence of predation, Greta Wengert 
(Integral Ecology Research Center) conducted molecular 
forensics to determine the species of predators that contacted 
the carcass and could have been responsible for killing the 
fisher (Wengert et al. 2014).  Samples collected for predation 
analyses included hairs observed on the carcass that were 
thought to be from a predator (not fisher), matted fur 
(presumably matted with predator saliva) around apparent 

punctures caused by possible predator canines, and polyester 
swabs within all apparent puncture wounds caused by 
possible predators.  When only partial remains were found, 
bones and the remaining transmitter (implant or collar) were 
sampled for genetic material from predators or scavengers.  
DNA was extracted from samples using DNeasy Blood and 
Tissue extraction kits (Qiagen, Valencia, California).  
Polymerase Chain Reaction (PCR) was run on each sample 
using primers specific to the families Felidae and Canidae; 
resultant PCR products were sequenced, and sequences were 
cross-referenced on GenBank to determine species identity.  
These methods have been used successfully on carcasses of 
57 fishers (from multiple studies) killed by other predators to 
determine predator species (Wengert 2014; G.M. Wengert, 
unpublished data).  In cases where only scant remains were 
recovered, DNA from other species could have been 
associated with predation or scavenging.  

To date, a total of 22 carcasses (15 Translocates, 6 Stirling-
born, and 1 translocate candidate that died while in captivity 
prior to release in year-1) have been submitted for 
examination.  Eighteen of these carcasses have been 
necropsied. Gross necropsy of the 4 most recent carcasses 
recovered in 2014 (1 Translocate, 3 Stirling-born) will be 
completed in April 2015. A complete set of formalin-fixed 
tissues from 6 fishers (4 Translocates, 1 Stirling-born, 1 
translocate-candidate) were submitted for histologic analysis, 
while a partial set of tissues was submitted for 2 Stirling-born 
fishers that had partial remains.  The remaining 10 carcasses 
examined were either too decomposed or lacked tissues for 
histologic examination.  In addition, liver samples from 4 and 
a muscle sample from 1 of the 18 necropsied carcasses were 
tested for the presence of 7 different anticoagulant 
rodenticide compounds (ARs). The remaining 13 carcasses 
were not tested for ARs due to lack of suitable tissue for 
testing.  Predation forensic analysis has been attempted on 6 
carcasses; 5 partial carcasses are awaiting forensic testing 
pending fund availability.  

Necropsy, predation forensics and toxicology findings for 
all fisher carcasses collected on the project to date are 
summarized in Appendix 1. Cause of death was definitively 
determined for 4 fishers: 1) a female fisher found in a water 
tank in July 2010, 8 months post-release, was confirmed to 
have drowned but also had severe fascial and cellular 
inflammation with necrosis of the hind leg muscle that could 
have affected her ability to ambulate normally; 2) a female 
fisher found dead in December 2011, a few days post-release, 
had systemic disease (vasculitis, hepatitis, hypertension and 
pneumonia) of unknown origin; 3) a female fisher found 
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dead in May 2012, 5 months post-release, was killed by a 
bobcat, and 4) a male fisher found dead on Highway 32 in 
March 2011, 3 months post-release, was confirmed to have 
died from vehicular trauma (Woods and Wengert, 
unpublished).  Gross and histologic findings suggestive of 
hypoxia, hyperthermia and suffocation were documented for 
the translocate-candidate fisher that died while in captivity 
prior to be release in 2009, but the cause of death could not 
be definitively confirmed (Munson, unpublished).  Bobcat 
DNA was amplified from the carcasses of 2 female fishers 
found dead in June 2010, 4 and 6 months post-release, but 
carcass condition for these fishers was not adequate to 
determine if the fishers had been killed or scavenged by 
bobcats.  Predation forensics conducted on a female fisher 
found in July 2012, 18 months post-release resulted in weak 
amplification of felid DNA, but repeat testing was 
inconclusive.  Samples tested from 2 additional carcasses 
found post release in 2012 suspected to be predation cases 
did not amplify any predator DNA (Wengert, unpublished).  
In general, the causes of mortality observed are consistent 
those found by other studies in California (M. Gabriel and 
G.M. Wengert, unpublished data) but our inferences from 
the data are limited by the lack of carcasses recovered in 
suitable condition for us to determine the cause of death. 

Anticoagulant rodenticide compounds were present in 
the liver tissue of 3 of 4 the fishers tested.  Two of the 3 
fishers (the year-1 female that died in captivity prior to release 
and the year-3 female that died shortly after release due to 
systemic disease) were exposed to brodifacoum while the 
third fisher (the year-2 male that died due to vehicular trauma) 
was exposed to both brodifacoum and bromadialone.  For 
these 3 reintroduced fishers, anticoagulant exposure could 
have occurred prior to or post-release, as the half-life of these 
2 second generation anticoagulants in liver tissues is >150 
days (Vandenbroucke et al, 2008).  Anticoagulant 
rodenticides were not detected in the single Stirling-born 
fisher that died in April 2013 and had only muscle available 
for testing.  Since ARs are primarily stored long-term in the 
liver, exposure to ARs cannot be definitively ruled out for this 
fisher.   

The finding of multiple compounds in a single animal 
may indicate exposure from multiple source points or uses.  
The overall significance or potential impacts of sublethal 
exposure to anticoagulants in fishers and other wildlife are 
largely unknown, but widespread exposure and cases of 
direct mortality due to anticoagulant toxicity in fishers and 
other wildlife species has raised significant conservation 
concerns (Gabriel et. al 2012).  In June, 2014, the California 

Department of Pesticide Regulation restricted the use of 
second-generation AR products containing brodifacoum, 
bromadiolone, difenacoum, and difethialone to certified 
pesticide applicators, thus these compounds are no longer 
available over the counter (California Department of 
Pesticide Regulation 2014).  It is anticipated that this 
regulation change will reduce non-target wildlife exposure risk 
from household use, especially in urban/suburban areas, but 
it is unclear if it will have any impact at reducing AR use at 
illegal marijuana cultivation sites, thought to be the most likely 
source of exposure for fishers (Gabriel 2012, Thompson 
2013).  To determine definitively if anticoagulant exposure is 
occurring for fishers on Stirling, we shall test liver samples 
from any recovered fishers that were born on Stirling. 

We continue to radio-track and retrieve dead fishers as 
quickly as possible, since understanding survival rate is critical 
for understanding population dynamics, which is major 
objective of our research.  To meet all of our goals, we are 
committed to locating all fishers on Stirling as often as 
possible to determine causes of mortality in the reintroduced 
population.  Limitations on manpower, relatively few aerial 
surveys (<2 per month), and widely spaced individual fishers 
often preclude detecting and recovering dead fishers quickly.  
Future survival analyses will incorporate biologically relevant 
covariates (e.g., body mass, age, home range components), if 
possible, to yield a mechanistic understanding of the factors 
that affect survival of fishers on Stirling. 

Reproduction 
Fishers on Stirling have produced kits in all 5 springs since 

the first releases.   Our daily searches for female fishers 
provide a good knowledge base of their daily movements.  
When we locate a female in a given area, especially in the 
same tree, on successive tracking occasions in late March and 
early April, we suspect that she has denned and given birth to 
kits.  Monitoring via telemetry and remote cameras verifies 
denning.  The mean value for initial denning rate for the 
entire study is 0.80 with a low of 0.63 and high of 0.90 (Table 
7).  In other studies, females have sometimes aborted or lost 
litters after they started denning (Matthews et al. 2013a).  To 
date, we have not documented the loss of entire litters except 
when females have died while denning; we assume that all 
offspring die.  Since the inception of the reintroduction, we 
have documented 8 females that died while they were 
denning (or a mean of 1.6/yr).  At a minimum, we estimate 
that these deaths of mothers represent the deaths of 12 kits 
(2.4 per year; Table 7).  We know that kits that are old enough 
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can survive without their mothers but we do not know what 
age might be considered the threshold.  If we assume that kit 
mortality comes only when their mothers die, then we can 
estimate that kit survival is 78% (44 of 56; Table 7).  
Nonetheless, we know that some kits must die in dens even 
when their mothers live.  We know that our estimate of litter 
size is an under-estimate because mothers can move kits 
without our photographing the move.  Our estimate of litter 
size is also an underestimate because kits that have died in 
dens are not documented.  Thus, our estimate of litter size 
already incorporates some kit mortality.  If we combine our 
estimate of kit survival through denning (78%) with autumn 
survival following capture (80%), we get an estimate of kit 
survival (from time of litter size counts to age 1 yr) of 62%.  
We urge caution in using this estimate of kit survival but, thus 
far, it provides our only information for this aspect of 
reproductive success and survival. 

Fishers on Stirling have denned and given birth at times 
similar to denning by fishers elsewhere (Powell 1993). Natal 
dens (dens in which females give birth) are most often found 
during the final week in March or first week in April (mean = 
week 13.5; Figure 12A), with the earliest den found on 17 
March and the last found 19 April.  Because a female must 
localize movements before we even look for a den tree, our 
identification of den trees comes several days, maybe even 
weeks, after a female has given birth and thus our denning 
dates are biased late.  We note in Figure 12B that we have 
found dens earlier and earlier each year.  This trend may 
reflect our inexperience in finding den trees under difficult 
conditions during those early years (e.g., high snow fall, 
downed trees).  Alternately, all females in 2010 and most in 
2011 had recently been released to our study site, potentially 
causing the females that had been moved to give birth late. 
One of our early findings from this project is that the time 
when we released females influences their probabilities of 
giving birth (Facka et al. In Review).  Translocation may have 
also caused females to delay births.  Females move their kits 
to maternal dens throughout the spring and summer with 
highly variable timing and without a pattern (Figure 12B).  
Some females never move their kits, which is not shown in 
Figure 12B.  Though we attempt to locate females and their 
kits throughout the summer we consider the denning season 
to be effectively concluded by the end of June (week 27) and 
most females move kits often to rest trees that they use while 
foraging.  

We found fewer dens in 2014 than in previous years 
because of limited resources.  Of 12 females tracked in 2014, 
we collected data on 7 to document whether they had or had 

not denned.  Six of these 7 females did den and produce kits.  
We identified the natal and maternal dens of 2 females (3 
total dens; Table 7).   Walk-ins on 2 females in the summer 
by K P Smith found them with kits.  Finally, we documented 
that 2 females had kits when we found them and 1 kit each 
died in mid-summer.  Because we could not document 
denning conclusively for 5  females, the minimum number of 
kits, mean litter size, and other reproduction metrics are 
biased low for 2014 and do not reflect a decrease in 
reproduction output. 

Through 2014 and for Table 7, all reproduction metrics 
have been based only on females we tracked through 
telemetry.  We have collected additional data on birth rate 
each fall by examining the teats of females for signs of 
lactation (Matthews et al. 2013b).  For all adult females 
captured in autumn 2014, 91% had nipple sizes indicative of 
having lactated earlier in the year, and nipple sizes of 100% of 
adult females not tracked with telemetry indicated lactation (5 
of 5).  Based on these metrics, we estimate that a minimum 
of 10 project females gave birth in spring 2014 and 
subsequently survived until autumn.  We cannot know how 
many total kits these females had or how many of them 
survived but, nonetheless, all metrics indicate that the majority 
of adult females give birth on Stirling in 2014.  

We have documented females denning across Stirling, on 
other private lands and on national forest lands (Figure 13).  
Of 105 natal and maternal den trees that we found in 2010-
2014 (Table 8), black oaks (Quercus kellogii) were most 
common for both natal and maternal dens (44%; Table 8).  
Female fishers used Douglas-firs (Psuedotsuga menziesii), 
incense-cedars (Calocedrus decurrens) and white firs (Abies 
concolor) in similar numbers (13%, 11% and 9%), and used 
other trees less commonly.  Female fishers used live trees (23 
of 32 dens) most often as natal dens but, later in the denning 
season, as kits began to travel with their mothers, females 
used snags slightly more often than live trees for maternal 
dens and even used hollow logs and piles of debris as dens or 
rest sites (39 snags and 43 live trees, logs, and debris).   In 
2010-2012, SPI committed resources to collect data on 
vegetative and topographic characteristics within 90 m of den 
sites.  Future analyses will examine patterns of female 
denning and movements (locations and timing) relative to 
topography (temperature related movements), time of year, 
predators and other factors that might influence female 
decisions to establish and move dens.   



ANNUAL  REPORT  2014,  FISHER  REINTRODUCTION 18 
 

 
 

Population Viability Analysis 
We evaluated medium-term (50 years) population size, 

population growth rate, and likelihood of extinction for our 
reintroduced fisher population using stochastic simulation in 
MATLAB (The Mathwords Inc, Natick MA) with  a 3-stage 
Lefkovitch matrix (Lefkovitch 1965) that described the life 
history pattern of female fishers (Figure 14).  We simulated 
the release of female fishers for 3 years, with 9 released in 
year-1, 7 in year-2, and 8 in year-3 (equal to our actual 
releases).  The population structure of released females was 
biased towards adult females (19 of 24) with fewer yearlings 
(4 of 24) and only 1 juvenile female released among all years.   

We generated model parameter values as random 
deviates from distributions for each age-specific vital rate we 
estimated for the fishers we released, using the observed 
annual variation.  For each age class, we generated survival 
and denning rates randomly using the beta distribution 
(betarnd function).  For the beta distribution, the parameters 
alpha and beta define the shape of the distribution and we 
calculated the values for these parameters from the mean and 
standard deviation for our data (Morris and Doak 2002).  We 
generated litter size randomly using the normal distribution 
(normrnd function) parameterized, again, by the mean and 
standard deviation for our data.  For each run, each vital rate 
was generated randomly and independently for each year of 
the simulation without correlation among years or vital rates.  
Because our data on litter size includes both sexes but our 
simulations are only for the female sector of our population, 
we simulated the number of females born by setting the sex 
ratio at birth to 0.50 with a standard deviation of 0.05.  
Juvenile survival from birth through independence 
(approximately 7 months old) is the population parameter for 
which we have the least information.  Therefore, to gain 
insights into the effects of different potential values for 
juvenile survival, we simulated 3 estimates of juvenile survival 
for this period: a low mean value (0.40), a medium value 
(0.55), and a high mean value (0.60).  We chose these values 
because they led to decreasing, stable and increasing 
populations in deterministic models.  Juvenile survival was 
the only parameter we varied in this manner.  We arbitrarily 
set the maximum number of females to be 200 and, after a 
simulation reached this number of yearling plus adult females, 
reproduction of the adult cohorts survival fell to 0, but 
survival of adults was unaffected.  This model assumes that 
habitat remains constant, such that mean and variance of the 
vital rates remain constant.  Finally, we assumed that 
numbers of males did not limit reproduction.  

We replicated a 50-year reintroduction 1000 times, for 
each mean value of juvenile survival, to evaluate the 
likelihood of extinction and population trajectory.  For all 
value of juvenile survival, we calculated the percent of 1000 
replicates that went extinct (population size <2 females), the 
year of extinction, and the geometric mean of the population 
size.  

Our stochastic simulations suggest that juvenile survival 
has the potential to have large effects on the population status 
of fishers, which is consistent with the results of the very 
different simulation model developed by Lewis et al. (2012).  
When we set mean juvenile survival to 0.60, the mean female 
population size grew, approaching 160 females at 50 years, 
and no simulated populations went extinct (Figure 15).  
Conversely, when we set mean juvenile survival to 0.40, the 
mean female population was effectively 0 at the 50-year 
benchmark and almost all simulated populations had gone 
extinct (Figure 15).  A mean juvenile survival of 0.55 
maintained a nearly stable, or slowly growing, simulated 
population that was slightly larger than the total number of 
females released in the first 3 years.   

In our simulations of reintroductions, populations were 
highly likely to go extinct when juvenile survival was low.  In 
the 1000 simulations where juvenile survival was 0.40, 964 
(>96%) of the populations went extinct by the year-50 
(Figure 16) and the mean year of extinction was year-23.  In 
contrast, when juvenile survival was set at 0.60, no simulated 
reintroductions went extinct.  When juvenile survival was 
0.55, 38% of the simulation reintroductions went extinct and 
the mean year of extinction was year-30.   

Regardless of the true juvenile survival rate for Stirling, the 
simulated populations grew rapidly during the first 3 years 
while releases where ongoing.  In the 2 years after releases 
concluded (year-4 and year-5), the simulated populations 
were prone to slight dips that did not represent the long-term 
population trajectory.  This result is important because our 
real fisher population on Stirling has just finished year-5, 
suggesting that we are now entering into a phase of 
population growth, or change, that could begin to show us 
true, long-term trends.  We must be cautious, however, as 
shown by Figures 15B and 16, which show the variation 
around the means of our simulated runs.   Until 
approximately year-10 of the simulated reintroductions, 
populations that are strongly decreasing or increasing can not 
be differentiated clearly and no populations went extinct 
before year-7, because of the influence of the releases during 
the first 3 years (Figure 16).  Additionally, extinction was 
possible from then on for all stable or declining populations.  
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In addition, in our simulations, the means for vital rates 
remained constant throughout each run, representing no 
habitat change.  As habitat changes for our real population, 
population growth could deviate from the simulation means.   

Three major points emerge from these population 
viability analyses.  1) Juvenile survival under present 
conditions may have important consequences for the 
population and we should prioritize understanding and 
estimating this parameter.  2) At year-5 (our current reporting 
year) the long-term population trend is not obvious.  3) The 
population is at greatest risk of extinction in the later years of 
the reintroduction (>year-10) rather than the early years 
(Figure 16). 

Habitat Relationships 
A major objective of our project is to evaluate models of 

habitat for fishers, those already existing and ones we 
develop.  No less than 6 models of habitat have been 
developed, including those of Allen (1983), the California 
Wildlife Habitat Relationship model (2002), Carroll (1999, 
2005), Davis et al. (2007), Zielinski et al. (2010), and a model 
developed by Sierra Pacific Industries for its Candidate 
Conservation Agreement with Assurance with the FWS. 
Additionally, we (NCSU) are developing a habitat model that 
we will test using data from Stirling.  We view the 
applicability, or generality, of models to predict use of space 
by fishers in multiple and novel areas as most important. 
Unfortunately, none but the Allen model have been tested 
with independent data or at locations aside from those where 
the models were developed and, thus, their abilities to predict 
fisher use of habitat generally is unknown.  Since the Allen 
model has been validated at 2 independent locations 
(Thomasma et al.1991, 1994, Powell 2004), it represents an 
important model to test and refine first, as a baseline.  
Therefore, we present here a very preliminary examination of 
the Allen model using vegetation data from Stirling and 
location data for fishers for 2009-2012.  

The Allen model is relatively simple and is based on 4 
vegetative metrics: 1) percent tree canopy closure, 2) mean 
diameter at breast height (DBH) of overstory trees, 3) tree 
canopy diversity (i.e., number of canopy layers), and 4) 
percent of overstory trees that are deciduous (Figure 17; Allen 
1983).  Using forest inventory data from SPI, we were able to 
approximate the 4 components of Allen’s model and created 
an overall habitat suitability index (HSI) for Stirling for 2010, 
2011, and 2012 (Figure 18).  We used all locations for 
females, including estimated triangulations, walkins, flights, 

and captures, and for males, primarily deriving from Argos 
locations of classes 1, 2, and 3, to evaluate the selection of 
habitats by fishers based on the Allen model.  We included 
2485 locations on Stirling and excluded all locations occurring 
on lands outside of Stirling.  The HSI value for the 
appropriate year was assigned to each of these locations.  
Subsequently, we quantified the percentage of total actual 
(used) locations that fell within specific HSI value ranges.  To 
evaluate the distribution of available habitat at the beginning 
of each year, we generated randomly 2500 locations across 
the Stirling district and assigned the appropriate HSI value to 
each of these locations (Figure 18).  Following the 
methodology of Thomasma (1991) we created a selection 
index by dividing the percentage of fisher used locations 
within specific HSI classes by the percentage of random 
locations within specific HSI classes.  If the Allen model 
captures important aspects of what fishers are selecting then 
we expect a positive relationship between the predicted HSI 
values and the selection index of used vs available habitat.  

Fishers appear to have selected areas with HSI values that 
are predicted to be high by Allen’s model (Figures 18, 19).  
Areas with the lowest predicted HSI values (0) were used less 
frequently than would be predicted if fishers were using the 
landscape randomly with respect to habitats and fishers used 
areas with high predicted values more often. There was a 
statistically significant, positive, linear relationship between 
predicted HSI values and suitability index for fishers (Figure 
19B).  Based on the suitability values assigned by Allen’s 
model, fishers on Stirling are using areas characterized by high 
overhead canopy, large trees (dbh), and moderate amounts of 
deciduous trees.  Overall, our approximation of Allen’s 
model appears to capture some important aspects of habitat 
components that fishers select.  Nonetheless, some 
important caveats must be made clear concerning this 
preliminary test of this model.  

We have used the best location data we had for 2009-
2012 but we have not included location errors for 
triangulations, for flight locations, and for Argos data.  
Incorporating errors into our calculations may alter the 
pattern observed.  To generate the HSI values for Stirling, we 
considered all hardwood trees as deciduous trees though 
some, such as tanoaks (Notholithocarpus densiflorus) and canyon 
live oaks (Quercus chyosolepis), are evergreens.  Based on our 
field experience, we know that these trees can comprise a 
substantial portion of individual stands and are sometimes 
the dominant species.  Allen’s model used the term 
“deciduous” characterization in the HSI yet his logic was 
based on growth forms of trees and potential to provide den 
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sites.  Consequently, we believe that including evergreen 
hardwoods in the “deciduous” category is appropriate.  SPI’s 
inventory data does not quantify the number of tree canopy 
layers and thus we have assumed that all stands greater than 
40 years old have the highest suitability, though we know that 
that may not be true.  We will evaluate this assumption in 
future analyses and incorporate appropriate changes as 
necessary.  Allen properly identified his model as one 
hypothesis that related fishers to habitat, but noted that it did 
not convey, or attempt to elucidate, cause and effect.  We 
advocate development of habitat models based on the needs 
of fishers and the causal relationships between places and 
fisher use.   Nevertheless, given our preliminary results and 
other more rigorous tests of Allen’s model, we are confident 
in using Allen’s model, properly calculated, as a baseline 
habitat model that can be compared to other models.  

Food Habits and Small Mammal Sampling 
We view prey, and locations of prey, as key components 

of fisher habitat.  Thus, we are invested in understanding 
better the relationships between prey and fishers.  In 
particular, we want to learn where on the managed landscape 
fishers can find the prey they need most.  To date, we have 
documented the prey that fishers eat through various 
methods in both the field and in laboratory studies.  
Capturing fishers and tracking them to rest and den sites 
allows us to collect scats and identify prey.  Cameras placed at 
den trees provide photographs of females returning with 
prey.  Field identification of prey indicates that the fishers on 
Stirling eat diverse prey, including gray squirrels (Sciurus griseus), 
California ground squirrels (Otospermophilus beecheyi), woodrats 
(Neotoma sp.), Douglas squirrels (Tamiasciurus douglasii), small 
mammals, and even alligator lizards (Elgaria coerulea).  We have 
photographed fishers returning to den trees with birds’ eggs 
and chicks.   In one instance, we photographed a female 
fisher returning to her den tree with an unknown food item 
while a red-tailed hawk (Buteo jamaicensis) approached the 
fisher through the air.  This fisher may have taken a nestling 
hawk.  Fishers prey on nestling hawks elsewhere (Erdman et 
al. 1998).  During our annual trapping in autumn 2014, we 
handled a female fisher with 3 porcupine quills imbedded in 
her right shoulder.  As expected (Powell 1993, Roze 2009), 
this fisher showed no swelling or inflammation of the skin 
around the quills.  These quills are the first evidence for 
interactions with porcupines by fishers on Stirling.  No 
porcupines have been reported in our study area for several 

decades but this observation suggests that, at least 
occasionally, fishers still encounter porcupines. 

Juvenile fishers captured in autumn often have the 
remains of berries in their feces, but we have yet to quantify 
this.  Juvenile fishers do eat nuts and berries when learning to 
hunt on their own (Powell 1993, Golightly et al. 2006).  We 
know that fishers prey on many species (Powell 1993).  Thus 
far, we are unable to quantify the percent diet that any prey 
species, or guild of prey, comprises for fishers on Stirling.  
Analysis on the fecal remains is progressing and we shall 
quantify fisher diet in upcoming reports and publications.  
Through 2015, we shall continue to collect information on 
fisher prey in the field and analyze feces.  We shall use this 
information in conjunction with information on the 
occurrence of prey types, by land cover and habitat type, to 
test predictions of prey preference made by Powell (1993), to 
understand better where fishers are most likely to forage, and 
to understand the values to fishers of different parts of their 
home ranges.  

Fisher prey type, abundance, and availability are important 
to understand and measure.  In summer 2012, we established 
48 plots across Stirling to sample for small mammals and, in 
2014, we resampled many of those plots in addition to new 
plots for a total of 98 (Figure 20).  We placed small mammal 
plots in areas where fishers had home ranges, across a 
diversity of elevations (610 – 1530 m) and stands types with 
different canopy tree compositions and stand ages, from 
young, regenerating stands to mature riparian stands.  Our 
primary goals were 1) to identify potential fisher prey and 2) 
to collect data that could corroborate existing models and 
information on 2a) prey diversity (e.g., California Habitat 
Wildlife Relationships), 2b) abundance and 2c) their 
relationships to specific environmental and management 
features.  Our prey-trapping plots spanned 3 spatial scales: 
plot-level (small spatial scale of roughly 30 m), neighborhood 
(across all plots in a specific trapping area up to 2 km), and 
landscape (all plots and neighborhoods across Stirling).  Using 
these 3 scales, we can evaluate the scale at which variability in 
occupancy and relative abundance of prey species is most 
responsive.  While our sampling method is designed to focus 
on the capture of small mammals such as mice (Peromyscus), 
woodrats (Neotoma), ground squirrels (Otospermophilus, Tamias), 
flying squirrels (Glaucomys sabrinus) and tree squirrels (Sciurus, 
Tamiasciurus), we use remote cameras to detect other species 
that can not or do not readily enter traps.  Plots were 30×30 
m with 4 wire-mesh traps in each cardinal direction, 4 
Sherman traps at each corner, and 1 of each trap type at the 
center of the grid (David Johnson, US Fish & Wildlife 
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Service, Yreka, California, unpublished data).  Each wire-
mesh trap was tied to a tree roughly 1-2 m above ground to 
capture flying squirrels.  We placed a motion-sensitive camera 
2-6 m away from the center traps to record other animals on 
plots.     

In both 2012 and 2014, we detected (live trapping + 
remote-cameras) animals of 17 relatively common species of 
mammals, birds and reptiles (Table 9).  We detected animals 
of other species in both years at such low frequencies that we 
have not included them in this report (provided upon 
request).  Since we had roughly twice as much effort in 2014 
as in 2012, we had commensurately more captures (502) than 
in 2012 (260).  We had modestly higher capture success in 
2014 (0.12 ± 0.10 catch per unit effort for all species) than in 
2012 (0.10 ± 0.07).  Mice of the genus Peromyscus (P. 
maniculatus and P. boylii) were most common, with a mean 
capture rate across all plots of 0.07 ± 0.06 and 0.08 ± 0.08 in 
2012 and 2014.  Woodrats (Neotoma spp.) were captured at 
the second highest rate in both 2014 (0.02 ± 0.02) and 2012 
(0.03 ± 0.05).  Other genera were captured far less often.  
Capture rates varied among species across plots, which is 
reflected in the high standard deviations.  A central tenet of 
our work with prey species, and small mammal specifically, is 
that much of the variation in capture rate and occupancy will 
be explained by environmental variables related to vegetation 
and habitat.  

Estimates of the rate of occupancy correlate with capture 
rates but do differ because animals too large to be captured in 
traps (for example, deer [Odocoileus hemionus], gray foxes 
[Urocyon cineroargenteus] and bears [Ursus americanus]) are detected 
only on cameras.  As with capture rates, the most commonly 
detected genera were Peromyscus followed by Neotoma (Table 
9).  The naïve rates of occupancy (uncorrected for detection 
bias) are consistent between 2012 and 2014 (Table 9; Figure 
21).  On average, the naïve occupancy rate was roughly equal 
in 2012 and 2014 for individual species.  Nevertheless, 
documenting changes in relative abundance and occupancy 
are important components of our study and a chief reason to 
continue our sampling in 2015.  Our research goals are to 
relate attributes of management and the landscape to the prey 
(and predator and competitor) community at the appropriate 
scales.  For example, if prey species respond to land 
management practices at small scales (e.g., a clear cut or 
riparian area), then we expect to see consistent patterns in 
occupancy based on those attributes.  Conversely, if prey 
species are less affected by local changes, like clear cuts, and 
more influenced by large-scale practices, then we expect 
variation in occupancy to depend on conditions that are 

found on the scale of several kilometers or the entire study 
area.  We expect that processes at multiple scales influence 
occupancy rates.  Yet, when we evaluate the naïve occupancy 
estimates for 2012 and 2014 at the scales of an area versus a 
plot, we note similar patterns.  Most species are found within 
all areas but in specific locations that we hypothesize will be 
described by specific habitat elements.  

In previous reports we noted a negative relationship 
between the percent of a stand in coniferous trees and the 
probability that a location was occupied by Peromyscus (β = -
5.27 ± -9.46- 1.07) and Neotoma (β = -3.81 ± -677- 0.87). This 
result indicates that stands with few hardwood trees are less 
likely to have either deer mice or woodrats present than 
stands with many hardwood trees.  Currently, we are 
constructing and testing these types of habitat-specific 
relationships for these and other genera across all three spatial 
scales.  We are collecting data to meet this goal wherever 
possible, even beyond our summer sampling efforts.  For 
example, during our autumn captures of fishers, we also 
capture prey animals.  During autumn 2014, we captured 34 
Douglas squirrels (1.2% capture success) and 12 Neotoma 
(0.4% capture success).  Though these data are few, we can 
include them with other data to understand better the 
distributions of these species across Stirling and to quantify 
their relationships with habitat metrics.  

We are developing methods to aid future researchers in 
monitoring prey species with low effort.  Many projects, 
agencies, and private entities use remote cameras to monitor 
species but generally have not used these data to assess prey.  
By combining both traps and cameras on plots, we can 
evaluate which species we can estimate efficiently for 
occupancy with only cameras and make corrections for 
species that are underrepresented.  Thus far, our data are 
consistent with other research (Rowcliffe et al. 2011) showing 
that some of the smallest though most prevalent species (e.g., 
deer mice and woodrats) are often missed by cameras (Figure 
22).  When all methods are used to estimate occupancy for 
deer mice, the occupancy rate is over 80% but, if only 
cameras are used, the estimated occupancy falls to less than 
10%.  We get a similar result for woodrats. Conversely, most 
species of squirrels appear reluctant to enter traps, at least in 
the summer, but are readily detected by cameras (Figure 22).  
Since we hypothesize that fishers prefer large prey, such as 
squirrels, to mice, we may be able to estimate important prey 
resources using only cameras.  This preliminary finding needs 
more data and analyses to understand how to estimate prey 
distributions and abundances.  
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Estimating Population Parameters for Klamath Fishers 
The Klamath study area has 50 sampling units of 10.5 

km2 (4 mi2), each containing 2 survey stations (Zielinski and 
Kucera, 1995; Figure 1).  The Mt. Ashland section of our 
study area contained 42 survey stations, the Klamath River 
section 22, and the Collins-Baldy section 36.  All survey 
stations have been used each year since 2007 but only the Mt 
Ashland and Collins-Baldy stations were surveyed in 2006.  

We established survey stations near streams (seasonal or 
perennial) and on ridge tops with moderate to dense canopy 
and good airflow to increase the probability of fisher 
detection but not so far from forest and logging roads as to 
make access too difficult.  Each survey station contained a 
25x25x75 cm (10x10x30 in) tunnel made of Coroplast 
(corrugated plastic; Figure 23; Zielinski et al., 2006).  The 
tunnel had a hardware cloth back to prevent entry or exit 
through the rear and 3 2x4 cm (1x2”) boards in the front, 
starting 10 cm from the bottom of the front of the tunnel 
(Figure 23).  The bottom board had a strip of non-poisonous 
gluestrip attached underneath. Each tunnel was baited with a 
can of moist cat food and a raw chicken leg.  An animal 
wishing to enter the tunnel to reach the bait was forced to 
crawl under the bottom board and the glue strip captured 
hair.  We installed track plates in half of the stations in 2007-
2008 and in all stations since 2009 and used the track plates to 
help identify station visitors. 

The survey period started in mid-September each year 
and continued through mid-December in 2006-2012.  Each 
station was checked once a week for 4 weeks.  A survey week 
could be lost due to a tunnel being damaged by an animal 
(usually a black bear) such that a fisher could visit the station 
but not leave hair on the glue strip (removal of the glue strip, 
or the back screen opened, or the entrance blocked).  Loss of 
a survey week resulted in the addition of a survey week, not 
to exceed a total effort of 42 days (6 weeks) for any station.   
Limited personnel (4 - 6 surveyors each year) and weather 
required us to stagger the running of survey stations. We 
started surveys at high elevation stations and finished at low 
elevation stations, making 2 sessions of data collection:  mid-
September to end of October and end of October to mid-
December.  We started surveys at all stations early enough, 
however, to allow 6 full weeks (if required) before the 
anticipated onset of snow deep enough to prevent access.  
Some mid-elevation stations were not consistently assigned 
to one session or the other due to logistical and personnel 
constraints in given years.  In 2013, we checked all stations 
concurrently for a 6-week period from mid-September 
through October. 

We considered any hair attached to a glue strip to be a 
sample.  We placed each sample in a desiccant-filled vial in 
the field to preserve sample integrity.  If a gluestrip was 
destroyed or lost, we collected any loose hairs and fragments 
of gluestrip found inside and around the sampling tunnel.  
Surveyors handled samples in the field according to 
guidelines provided by Rocky Mountain Research Station of 
the USDA Forest Service in Missoula, Montana (hereafter 
“Research Station”). Once a week, we batch-shipped 
samples overnight to the Research Station.  

The Research Station performed all DNA analyses.  To 
optimize amplification, 10 hairs with roots (follicles) were 
used in the DNA extraction.  In cases of fewer than 10 hairs 
in the sample, personnel at the Research Station used what 
was available (with or without follicles).  Genotyping was 
performed using the multi-tube approach recommended for 
non-invasive samples (Taberlet et al., 1996).  Specifically, they 
amplified each sample 2 times at each locus.  If they failed to 
obtain consensus scores, they amplified the sample an 
additional 3x (Schwartz and Monfort, 2008).  If these 3 scores 
did not prove to be consistent, they discarded the samples.  
They subsequently used several tests in program 
DROPOUT (McKelvey and Schwartz, 2004) to screen for 
potential errors.  Samples identified as putative errors were re-
amplified an additional 3x. In addition, after the multi-tube 
test and the DROPOUT screens they used field information 
in GIS to evaluate the likelihood of observing a recaptured 
genotype in a given location (Marucco et al., 2011). 

We received data each spring from the Research Station 
that included the individual identification for each fisher 
sample that could be assigned to an individual, its sex, and its 
haplotype.  Data for 2014 sampling have not been received.  
We estimated all demographic variables using Program 
MARK (version 6.2; Cooch and White, 2010; White and 
Burnham, 1999).  We ranked biological hypotheses (usually 
referred to as “models” in mark-recapture literature) using 
AICc.  The model with the lowest AICc was considered the 
best fit.  The abilities of models to estimate our data was 
evaluated using the difference in AICc between the model in 
question and the most supported (ΔAICc).  Models with 
ΔAICc ≥ 4 were considered to have minimal support in the 
data (Cooch and White, 2010; White and Burnham, 1999).  

Violations of the assumption of a closed population are 
unfortunate consequences of sampling during the dispersal 
season for fishers (Powell, 1993), of fishers’ home ranges 
being large and overlapping the boundary of the study area 
(Davis et al. 2007, Fuller et al. 2001, Powell, 1994, Powell and 
Zielinski 1994), and of the lack of consistency for the times 
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across years that each station was run.  We, therefore, 
modeled abundance using POPAN models to investigate 
transient animals.   We used 2 Pradel variants of Jolly-Seber 
models to model recruitment and population change.  We 
expected the population growth rate, λ, to be roughly 1, 
indicating a stable population throughout the duration of the 
current study.  We used program TRENDS (Gerrodette 
1987, 1993) to investigate what power we would need to 
detect a 10% per year decline in the population size and what 
was the minimum rate of annual population decrease we 
could detect with 90% probability. 

We identified 22-32 individual fishers in the study area 
each year, totaling 125 over the entire period from 2006 
through 2013.  We detected between 14 and 21 new 
individuals each year, and 22 individuals were detected in the 
size-restricted study area in 2006.  Apparent survival rate for 
fishers did not vary across years and was 0.60 (95% CI 0.50-0 
- 0.69).   Apparent per capita recruitment rate was 0.45 (0.34 - 
0.57) and constant across years.  Population estimates ranged 
from 45 to 52 and population growth rate was constant 
across years.  Population growth rate was estimated to be 
1.06 (0.97 - 1.15).  The estimated growth rate and that the 
recruitment rate (0.45) was slightly higher than the mortality 
rate (1 – 0.60 = 0.40) suggests a stable or possibly slightly 
growing population. 

The surveys through 2012 were designed to estimate 
occupancy and allowed survey stations to be sampled in a 
temporally disjunct fashion.  We were able to estimate 
abundance from the data but only with large confidence 
intervals.  Robust Design mark-recapture estimates of 
abundance require stations to be sampled concurrently.  
Occupancy, abundance, survival and other demographic 
parameters can then be estimated with greater precision.  In 
2013 we initiated concurrent sampling of all survey stations.  
A test of this new protocol requires data through 2016. 

Evaluating the Removal of Fishers from a Source 
Population 

After we completed surveys in 2009 and in 2010, we 
removed 5 and 4 fishers for the reintroduction.  Because we 
live-trapped fishers after our surveys in 2009 and 2010, the 
potential existed to see effects on the population in our 2010 
and 2011 surveys.  The removal of 4 or 5 breeding adults in 
each of 2 years was not detected in our abundance estimates.  
The number of new fishers detected each year compared to 
the number of surviving residents, and the estimated 
mortality and recruitment rates, suggested high turnover 

within our population.  While confidence intervals were large 
for our abundance estimates, all estimates of demographic 
variables suggest that the population of fishers in our 
Klamath study area was stable despite the removal of 
approximately 10% of the population each year.  Removing 
breeding age adults, however, has the potential to affect 
recruitment in subsequent years, meaning a complete picture 
will require data through 2014, which are not yet available.  
We calculate that we had a 67% chance of detecting a 
population decrease of 10% per year at α = 0.10 and the 
minimum rate of population decrease we could detect with 
90% probability was 29% per year. 

Designing a Non-Invasive Protocol for Stirling 
In 2013, we initiated a pilot project of non-invasive 

sampling of fishers on Stirling with the goal of estimating 
population parameters without having to live-trap fishers and 
follow them using telemetry.  We established 16 sampling 
units.  The protocol for this pilot project on Stirling included 
2 important differences from the protocol initiated on the 
Klamath study area in 2013.  First, to ensure completeness of 
data collected, all sites were sampled for the maximum 
allowed 6 weeks, regardless of whether a station was rendered 
inoperable or not.  Second, the Klamath data analyzed by 
Swiers (2013) showed that more effort would be required to 
enhance the power of the survey design.  A third survey 
station was added to each10.4-km2 sampling unit.  Sites were 
deployed on 18-21 September and retrieved on 29-31 
October 2013.  Seventeen units were planned for the survey, 
but lack of personnel required the number to be reduced to 
fifteen.  All survey units were on the “West Side” of Stirling 
(Figure 24). 

Each survey station had a track plate and hair snare box, 
and one station in each unit had two cameras.  One camera 
was a Reconyx PC800 and the other was a Moultrie d55 
Flash.  The purpose for the cameras was to test a detection 
method other than those used on the Klamath study area 
and to truth genetic and track plate data.  

Of 140 samples sent to the Rocky Mountain Research 
Lab for genetic identification, 28 were identified as fisher, and 
25 of those were of a high enough quality to provide 
individual identification (89%).  Those 25 detections were of 
12 individual fishers, 3 males and 9 females.  All 3 males were 
known and wearing functional Argos telemetry collars.  Of 
the females, 4 were wearing VHF telemetry collars and the 
remaining 5 were unknown.   Of note, 12 of the 28 genetic 
detections of fishers lacked corresponding fisher track IDs 
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(42%).  For the 19 detections of fisher from tracks, 3 lacked 
corresponding genetic species IDs (16%).  Cameras detected 
fishers 3 times without either corresponding fisher track or 
genetic IDs.  In 2 of the 10 detections of a fisher with a 
Reconyx camera the Moultrie did not, though in 1 of those 
instances the Moultrie failed completely, and in 1 detection 
each via genetic species and track ID, we failed to get a photo 
of the fisher. 

In all, we had 34 total detections of fishers that could be 
used to calculate occupancy.  Aggregating the data from these 
detection methods translated into 2 functional positive 
detections at the unit level (our level of analysis).  Genetic 
species ID provided the best information, though cameras 
were not placed on all sites.  Each method shows some 
evidence of imperfect detection when we have positive data 
of fishers visiting sites. 

We estimated abundance of fishers using Program 
MARK (White and Burnham 1999).   Our highest-ranking 
model estimated a combined capture-recapture rate of 23% 
with a total of 15 fishers (SE 2.91, 95% CI: 12.5-27).  This 
abundance estimate suggests that we may have encountered 
almost all of the fishers using the surveyed area. 

In 2014, we expanded non-invasive sampling to 27 
sampling units and 78 survey stations.  Sampling began 26 
September and ran for 6 weeks. 
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Appendix 1. For fishers (Pekania [Martes] pennanti) released onto the Stirling Management Area of Sierra Pacific Industries in the Northern Sierra Nevada, 
California, December 2009 - January 2014 identification (ID), sex, year of birth, age at the time of initial capture, month and year released onto the study site, 
weight at initial capture, whether the individual has been recaptured (and number of times if >1), weight at recapture (value is the mean if individual was 
recaptured more than once), number of months from time of release until January 2014, number of months the individual was tracked, the month and year of 
dead (if dead), and the cause of mortality if known. 

 
ID Pit5 Sex 

Year 
of 

Birth 
Age at 

Capture Cohort 

Release 
Date 

(Mon-Yr) 

Initial 
Wt 
(kg) Recap 

Re-cap 
Wt  
(kg) 

Death 
Date 

(Mon-Yr) Mortality Cause 
FEMALES          

20081 199B9 F 2007 2 Year-1 Dec-09 2.2     

20080 F6280 F 2008 1 Year-1 Dec-09 2.1   Jun-10 Possible bobcat predation  

10087 17ECC F 2007 2 Year-1 Dec-09 2.4 Yes 2.3   

10086 D00B0 F 2004 5 Year-1 Dec-09 2.4   Jul-10 Drowning (water tank) 

20093 17582 F 2008 2 Year-1 Jan-10 2.1     

10094 19316 F 2006 4 Year-1 Jan-10 2.2     

10089 F8B8D F 2008 2 Year-1 Jan-10 2.0 Yes 2.2   

10097 168F2 F 2007 3 Year-1 Feb-10 2.0     

10102 F65B6 F 2007 3 Year-1 Feb-10 1.5   Jun-10 Possible bobcat predation 

10117 93B5A F 2005 5 Year-2 Nov-10 2.2 Yes(2) 2.2 Jul-14 Possible raptor predation 

10123 18FFF F 2007 3 Year-2 Nov-10 2.1   Aug-11 Unknown 

20115 18871 F 2008 2 Year-2 Dec-10 2.1 Yes(3) 2.4   

20130 17FD8 F 2009 1 Year-2 Jan-11 2.2 Yes(4) 2.6   

20133 182F4 F 2009 1 Year-2 Jan-11 2.1 Yes 2.3 Jul-12 Possible felid predation 

20139 1E003 F 2007 3 Year-2 Jan-11 2.2 Yes(6) 2.4   

20138 21FB6 F 2009 2 Year-2 Jan-11 2.2 Yes(2) 2.6 Jun-13 Suspect head trauma/predation? 

10176 20058 F 2010 1 Year-3 Nov-11 2.1 Yes(1) 2.3   

10219 23775 F 2008 3 Year-3 Nov-11 2.1     

10182 1F111 F 2009 2 Year-3 Dec-11 2.0   May-12 Bobcat predation 

10166 2189C F 2009 2 Year-3 Nov-11 1.8   Oct-12 Pending 

10172 21DFE F 2011 0 Year-3 Nov-11 2.2     

10188 252FD F 2008 3 Year-3 Dec-11 2.1   Dec-12 Systemic disease (unknown pathogen) 

10185 714C2 F 2008 3 Year-3 Dec-11 2.0     

10174 IE03E F unkc unk Year-3 Nov-11 2.1   Feb-12 Unknown (no predator DNA amplified) 
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ID Pit5 Sex 

Year 
of 

Birth 
Age at 

Capture Cohort 

Release 
Date 

(Mon-Yr) 

Initial 
Wt 
(kg) Recap 

Re-cap 
Wt  
(kg) 

Death 
Date 
(Mon-Yr) Mortality Cause 

10155 21392 F 2011 0 C2011 Oct-11 2.1 Yes(7) 2.4   

10162 23955 F 2011 0 C2011 Oct-11 2.2 Yes(5) 2.6 Sep-14 Drowned 

10154 1F955 F 2011 0 C2011 Oct-11 2.0 Yes(3) 2.5   

10196 209DD F unk unk C2011 Jan-12 2.3     

10197 20950 F 2010 1 C2011 Jan-12 1.8 Yes(12) 2..2   

10209 35978 F 2012 0 C2012 Nov-12 1.8     

10199 1EA8D F 2012 0 C2012 Oct-12 2.1 Yes(8) 2.4   

10204 242DB F 2012 0 C2012 Oct-12 1.8 Yes(2) 2.2   

10203 36A8Bb F 2012 0 C2012 Oct-12 2.1 Yes 2.4   

10208 3828E F 2012 0 C2012 Nov-12 2.2 Yes(4) 2.4   

10211 397A3 F 2012 0 C2012 Nov-12 2.0     

10206 614DF F 2011 1 C2012 Oct-12 2.2 Yes(3) 2.4   

10200 6178F F 2012 0 C2012 Oct-12 2.2     

10217 15852 F 2012 1 C2013 Oct-13 2.2 Yes(2) 2.3   

10216 16026 F 2013 0 C2013 Oct-13 2.2 Yes(1)    

10219 23737 F 2013 0 C2013 Oct-13 2.0 Yes(1) 2.2   

10215 34786 F 2013 0 C2013 Oct-13 2.4     

20212 35232 F 2013 0 C2013 Nov-13 2.2 Yes(1)    

10214 69940 F 2013 0 C2013 Oct-13 2.0 Yes(1) 2.2   

10213 76482 F 2013 0 C2013 Oct-13 2.1 Yes(4) 2.6   

10220 DNA F unk unk C2013 Sep-13  Yes(2)    

10221 DNA F unk unk C2013 Oct-13      

20222 DNA F unk unk C2013 Oct-13      

10223 DNA F unk unk C2013 Oct-13      

10224 DNA F unk unk C2013 Oct-13      

10230 31237 F 2013 1 C2014 Oct-14 2.2 Yes(2)    

10227 33860 F 2014 0 C2014 Oct-14 2.1     
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ID Pit5 Sex 

Year 
of 

Birth 
Age at 

Capture Cohort 

Release 
Date 

(Mon-Yr) 

Initial 
Wt 
(kg) Recap 

Re-cap 
Wt  
(kg) 

Death 
Date 

(Mon-Yr) Mortality Cause 
10228 35006 F 2014 0 C2014 Oct-14 2.2 Yes(2)    

10238 36069 F 2014 0 C2014 Oct-14 2.2 Yes(3)    

10236 36651 F 2014 0 C2014 Oct-14 2.3     

10240 36752 F 2013 1 C2014 Nov-14 2.1     

10233 36775 F 2014 0 C2014 Oct-14 2.4     

10237 43476 F unk unk C2014 Oct-14 2.2     

10241 51812 F 2013 1 C2014 Nov-14 2.3 Yes(2)    

MALES           

10095 596E2 M 2004 5 Year-1 Jan-10 4.1 Yes(3) 4.0 Sept-13 Suspect raptor predation 

10100 16848 M 2007 3 Year-1 Jan-10 4.5     

10088 181F9 M 2009 1 Year-1 Jan-10 3.4 Yes (4) 4.4   

20061 18308 M 2008 2 Year-1 Jan-10 4.2 Yes (3) 5.8 May-12 Unknown (no predator DNA amplified) 

10099 F0858 M 2006 4 Year-1 Jan-10 4.1 Yes(1) 4.4 Jun–13 Unknown 

10090 FB7DA M 2007 3 Year-1 Jan-10 4.2 Yes(1) 4.4   

10113 F605B M 2008 2 Year-2 Nov-10 3.3 Yes(1) 4.1   

10120 58985 M 2007 3 Year-2 Nov-10 4.5 Yes(4) 4.7   

10122 18CC8 M 2006 4 Year-2 Nov-10 3.6 Yes(2) 4.4   

20020 18C3Ea M 2006 4 Year-2 Dec-10 4.5  5.3a Mar-11 Road kill 

10129 18AA5 M 2004 6 Year-2 Jan-11 4.2 Yes(3) 4.1   

10135 22526 M 2006 4 Year-2 Jan-11 5.3     

10179 24315 M 2010 1 Year-3 Nov-11 3.5    Dropped collar Fall 2012 

10190 1E10F M 2011 0 Year-3 Dec-11 3.7 Yes(9) 4.6   

10173 IE14C M 2009 2 Year-3 Nov-11 3.9     

10195 IEC04 M 2010 1 Year-3 Dec-11 4.1 Yes(1) 4.8   

10153 24033 M 2011 0 C2011 Oct-11 3.6     

10157 24101 M 2011 0 C2011 Oct-11 4.1 Yes(3) 4.4 April-13 Unknown 

10163 1FE60 M 2011 0 C2011 Oct-11 3.5 Yes(3) 4.3   
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ID Pit5 Sex 

Year 
of 

Birth 
Age at 

Capture Cohort 

Release 
Date 

(Mon-Yr) 

Initial 
Wt 
(kg) Recap 

Re-cap 
Wt  
(kg) 

Death 
Date 

(Mon-Yr) Mortality Cause 
10156 2305B M 2010 1 C2011 Oct-11 4.0     

10210 38908 M 2012 0 C2012 Nov-12 3.4     

10201 64311 M 2012 0 C2012 Oct-12 3.2 Yes(2)    

10207 1E613 M 2011 1 C2012 Nov-12 3.8 Yes(6) 4.0 Mar-14 Predation forensics pending;   no significant f  

10198 24B09 M 2012 0 C2012 Oct-12 3.4 Yes(1) 4.2 Jan-14 Predation forensics pending 

10202 39A7Eb M 2012 0 C2012 Oct-12 3.2 Yes(1)    

10205 3AD54 M 2012 0 C2012 Oct-12 3.0     

10218 70926 M 2013 0 Stirling Oct-13 3.5     

10235 12834 M 2014 0 Stirling Oct-14 3.1 Yes(2)    

10232 32976 M 2014 0 Stirling Oct-14 3.2 Yes(2)    

10234 3389-0 M 2014 0 Stirling Oct-14 3.5     

10231 34589 M 2014 0 Stirling Oct-14 3.2 Yes(1)    

10239 36056 M 2014 0 Stirling Nov-14 3.3 Yes(1)    

10242 36103 M pend pend Stirling Jan-15 4.8     

10229 36623 M 2014 0 Stirling Oct-14 3.4     

10243 33276 M pend pend Stirling Jan-15      

10226 XXXX2 M pend pend Stirling     Sep-14 Drowned 

UNKNOWN           

10225 XXXX1 un 2014 0 Stirling     Jul-14 Possible raptor predation 

a Weight when recovered dead 
For animals with multiple recaptures the weight is the highest from multiple recaptures  
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Table 1. Mean numbers (+SD, N) of estimated locations per individual fisher per year across all years of study and 
2014 organized by location method.  Means are for individual fishers who were followed using each particular 
method.  The research was conducted on or near the Stirling Management area owned by Sierra Pacific Industries 
and located in the Northern Sierra and Southern Cascade Mountains of Northern California. 
Sex Year All Locations Triangulations Walk-ins Flights GPS All Argos Argoes LC 2+3 
Female All years 56 +   26, 292 38 + 33, 99 5 + 5, 111 5 + 3, 82    
 2014 59 +   36,   63 54 + 33, 23 3 + 3,   24 2 + 1, 16    
Male All years 93 + 283, 146 14 + 15, 15 2 + 1,   64 2 + 2, 11 635 + 1140, 6 188 + 210, 50 45 + 53, 50 
 2014 78 + 168,   16  2 + 1,   10   207 + 230,   6 42 + 47,   6 

 
 
 
Table 2. Classes for Argos locations of male fishers, error predicted by Argos 
services for locations in those classes, our mean observed error, standard deviation 
(St Dev), minimum error observed, the maximum error observed and the total 
number of location estimates for each location class across all years (2009-2012) on 
the Stirling Management Area of Sierra Pacific Industries in the Northern Sierra 
Nevada and Southern Cascade Mountains of northern California. Data are from 
17 tags at 26 locations. 
Location 
Class 

Predicted 
error 

Mean 
(m) 

Standard 
Deviation 

Minimum 
(m) 

Maximum 
(m) n 

3 <250 m 196 248 10 2482 431 
2 250 – 500 m 458 461 10 3630 242 

1 
500 – 1500 
m 1387 1227 34 6439 123 

0 >1500m 2566 1730 58 7055 30 
A none 811 1128 10 6061 192 
B none 1289 1788 17 8744 349 
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Table 3.  Mean areas (+ SD) for 95% fixed kernel utilization distributions (UD) of fishers followed with 
telemetry for > 6 months on Stirling in 2011-2014 using different smoothing parameters and Silverman’s 
K2.  All females followed were adults but 3 males in 2012 were juveniles and 1 in 2014. 
  Mean UD + SD (km2), N 
Smoothing parameter (m) Year Females Males 

750 2010 17 + 7,  6   67 +   6, 3 
 2011 28 + 6,  7 114 + 20, 3 

 2012 17 + 5, 12   56 + 45, 9 
 2013 15 + 5, 13   46 + 27, 3 
 2014 16 + 4, 13   63 + 33, 3 

1000 2010 22 + 8,  6 97 + 7, 3 
 2011 37 + 8,  7 143 + 24, 3 
 2012 22 + 8, 12   75 + 59, 9 
 2013 18 + 6, 13   63 + 33, 3 
 2014 19 + 5, 13   77 + 41, 3 

1500 2010 32 + 12,   6 153 + 34, 3 
 2011 56 + 11,   7 189 + 30, 3 
 2012 30 + 14, 12 108 + 84, 9 
 2013 24 +   8, 13    94 + 45, 3 
 2014 25 +   7, 13 100 + 53, 3 

 
 
 
 

Table 4. Number and percentage of total non-target carnivores captured during fall trapping 
of 2014 on the Stirling district of Sierra Pacific Industries in the Northern Sierra Nevada and 
Southern Cascade Mountains of northern California. 

Species Common Name Number Percent of non-targets 

Bassariscus astutus Ringtail 32 31.4% 
Didelphis virginianus Opossum 3 2.9% 
Mephitis mephitis Striped skunk 4 3.9% 
Procyon lotor Raccoon 2 2.0% 
Spilogale gracilis Spotted skunk 45 44.1% 
Urocyon cinereoargenteus Grey fox 15 14.7% 
Ursus amercana Black bear 1 1.0% 
TOTAL   102   
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Table 5.  Mean body weight (± SD) by year for female (F) and male (M) fishers captured as juveniles (<12 
months old), yearlings (13-24 months old) and adults (>24 months old) in the autumns of 2011-2014 on the 
Stirling Management Area of Sierra Pacific Industries in the northern Sierra Nevada and south Cascade 
Mountains in California.   “ indicates no data for that category in the given year. 

Table 6. Model selection comparison for 15 models of survival from a known fates analysis 
in program MARK based on monthly fates of reintroduced fishers and their offspring in the 
Northern Sierra Nevada of California, December 2009 – December 2014. 
Model 

AICC ∆AICC w 
Likelihoo

d K 
Devianc

e 
Reproduction + Maturity1 181.64 0.00 0.26 1.00 3 106.48 
Reproduction 182.55 0.91 0.17 0.63 2 109.40 
Maturity 182.56 0.92 0.17 0.63 2 1009.41 
Control (Null) 182.63 0.99 0.16 0.61 1 111.48 
Release 184.52 2.88 0.06 0.24 2 111.37 
Reproduction2 184.56 2.91 0.06 0.23 3 109.39 
Sex 184.61 2.97 0.02 0.23 2 111.46 
Reproduction + Maturity3 186.51 4.86 0.02 0.09 4 109.33 
Sex + Maturity 186.57 4.93 0.01 0.09 4 109.39 
Cohort 189.16 7.52 0.00 0.02 7 105.91 
Year 190.15 8.51 0.00 0.01 5 110.95 
Sex + Year 191.04 9.40 0.00 0.01 10 101.68 
Monthly Variation 193.51 11.87 0.00 0.00 12 100.06 
Month×Year 259.81 78.17 0.00 0.00 61 60.68 
Sex×Month×Year 556.24 374.60 0.00 0.00 196 0.00 
1  Females and males same probability but juveniles are different before they reproduce. 
2  Females and males have different probabilities during both reproductive and 

non-reproductive years. 
3  Females and males have different probabilities during both reproductive and 

non-reproductive years and juveniles are different from both when too young to breed. 
 
 
  

Sex Age 2010 2011 2012 2013 2014 
Female Juvenile .. 2.1 (0.1) 2.0 (0.2) 2.1 (0.2) 2.2 (0.1) 
 Yearling .. .. 2.2 (0.2) 2.2 (0.1) 2.3 (0.2) 
 Adult .. 2.3 (0.2) 2.3 (0.1) 2.3 (0.2) 2.4 (0.2) 
 Female Mean .. 2.2 (0.2) 2.2 (0.2) 2.3 (0.2) 2.3 (0.2) 
Male Juvenile .. 3.7 (0.3) 3.2 (0.2) 3.5 (0) 3.3 (0.2) 
 Yearling .. 4.0 (0.0) 4.1 (0.2) 4.2 (0) .. 
 Adult 4.6 (0.0) 4.6 (0.6) 4.2  (0.3) 4.4 (0.3) 4.4 (0.5) 
 Male Mean .. 4.4 (0.6) 3.9 (0.5) 4.2 (0.4) 3.6 (0.6) 
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Table 7. The number of females that were radio-tracked, the number that denned, the percent 
of females that denned, the minimum number of kits known to have been produced (Min # 
kits), the mean minimum litter size (Litter Size ± 95% CI), the ratio of kits known to have been 
produced to females (Kits/Female), the number of natal dens found, and the number of 
maternal dens found for females tracked in 2010-2014 on the Stirling Management Area of 
Sierra Pacific Industries in the northern Sierra Nevada and southern Cascade Mountains of 
northern California. 
Metric 2010 2011 2012 2013 2014 Total 
Females 8 9 10 11 7 45 
Females denned 5 7  9 9 6 36 
%Denned 63% 78% 90% 82% 85% 80% 
Min # kits 4 13 14 17 8 56 
Kits in fall 1 9 12 8 15 45 
Died in Den 2 1 2 1 2 8 
Kits Died Den 2 3 3 2 2 12 
Litter Size 1c 2.2 1.8e 1.9 1.6 1.7 
Juvenile Spring:Fall 0.25 0.69 0.86 0.47 1.88 0.57 
Kits/Female 0.5 1.4 1.4 1.55 0.33 1.1 
Natal Dens  5 7 9 9 2 32 
Maternal Dens  23 13 20 17 2 75 

 
 
 
Table 8. Numbers of den trees by species for natal and maternal dens from 2010 to 2014, and by condition of the den tree 
(live tree, standing snag, or other [e.g., downed log or debris pile]) on the Stirling Management Area of Sierra Pacific 
Industries in the Northern Sierra Nevada and Southern Cascade Mountains of northern California. 
  Natal Maternal  
Tree Species  Live tree Snag Other Live tree Snag Other Total 
White fir (Abies concolor)   3 0 0  1 6 1 11 
Red fir (Abies magnifica)   0 1? 0  0 0 0 1? 
Incense-cedar (Calocedrus decurrens)   1 1 0  4 5 2 13 
Unidentified conifer   0 0 0  0 5 0  5 
Tan oak (Lithocarpus densiflorus)   2 0 0  1 2 1  6 
Sugar pine (Pinus lambertiana)   0 2 0  0 1 0  3 
Ponderosa pine (Pinus ponderosa)   2 2 1  0 2 1  8 
Douglas-fir (Pseudotsuga menziesii)   1 1 0  2 8 1 13 
Canyon live oak (Quescus chrysolepis)   0 0 0  1 0 0  1 
Black oak (Quescus kelloggii)  14 1 0 21 8 0 44 
Unknown         
Total  23 8 1 30 37 6 105 
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Table 9. Genera detected in traps, cameras, or both at small mammal grids in 2012 (Det12) 
and 2014 (Det14) with the percentage of the total plots that were occupied in 2012 and 
2014 (Plot12 and Plot 14) and the percentage of areas that were occupied in 2012 and 2014. 
Genera Detect 

2012 
Plot 
2012 

Area 
2012 

Detect 
2014 

Plot 
2014 

Area 
2014 

Bassariscus   4 0.08 0.3   0 0.00 0.00 
Elgaria   .. .. 1.00  .. .. 1.00 
Glaucomys   0 0.00 0.00   2 0.02 0.20 
Lepus   2 0.04 0.33   2 0.02 0.20 
Lynx   0 0.00 0.00   1 0.01 0.20 
Neotoma 17 0.35 0.83 48 0.49 0.90 
Odocoileus 12 0.25 1.00 26 0.27 1.00 
Peromyscus 37 0.77 1.00 82 0.84 1.00 
Piplo   3 0.06 0.33   1 0.01 0.10 
Procyon   1 0.02 0.17   1 0.01 0.10 
Sciurus   5 0.10 0.67   4 0.04 0.33 
Sorex   3 0.06 0.50   6 0.06 0.44 
Spermophilus   4 0.08 0.50 11 0.11 0.60 
Tamias   2 0.04 0.17   1 0.01 0.10 
Tamiasciurus   5 0.10 0.67 25 0.26 0.80 
Urocyon   7 0.15 0.67 19 0.19 0.60 
Ursus   4 0.08 0.50 24 0.24 0.90 
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Figure 1.  Locations in northern California of the Stirling Management Area of Sierra Pacific Industries and the Eastern Klamath 
Study Area on the California-Oregon border. 
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Figure 2.  Occurrence of 3 taxa of ectoparasites found on fishers.  Data for 2010 and 2011 include fishers 
captured elsewhere and released onto the Stirling Management Area of Sierra Pacific Industries in the 
Northern Sierra Nevada and Southern Cascade Mountains of northern California; data for 2012-2014 
include only fishers captured on Stirling.  (a) Occurrence of parasites on fishers on Stirling by year and 
taxon.  Occurrence of ectoparasites in 2010 is based on a single male fisher carrying no ectoparasites that 
was released onto Stirling in January and recaptured in December.  (b) Percentage of fishers on Stirling by 
year infected with any, 1, 2, or 3 of the most common ectoparasites by year.  
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Figure 3. The percentage of all validated locations that have occurred within the boundary for the Stirling 
Management Area of Sierra Pacific Industries (In Stirling) or within a 2-km buffer of the boundary (2 km 
Buffer) for fishers’ dens, for female and juvenile locations, and for adult male locations, 2009-2014, for all 
translocated and Stirling-born fishers.  
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Figure 4. Map of the Stirling Management Area of Sierra Pacific Industries in the northern Sierra Nevada 
and southern Cascade mountains of California (green shading) and the locations of all traps set during 
October – November, 2014. Yellow dots represent traps that did not capture a fishers and red stars 
represent traps that captured at least 1 fisher.  
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Figure 5. Percent of estimated locations of fishers obtained via Argos, GPS and VHF telemetry at different 
times of day across all years of study (2009-2013) on the Stirling Management Area of Sierra Pacific 
Industries in the Northern Sierra Nevada and Southern Cascade Mountains of northern California. 
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Figure 6. Home ranges (95% fixed kernel) of adult female fishers in 2014 calculated with h = 750 m. 
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Figure 7. Home ranges (95% fixed kernel) of male fishers in 2014 calculated with h = 750 m. 
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Figure 8.  Utilization distributions for female 93B5A in 2013 calculated using A. all location estimates, B. 
resting locations only, C. Foraging locations only and D. Travelling locations only. 
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Figure 9.  Comparison of the utilization distributions for adult female 93B5A in 2013 based on the amount 
of time the she spend in different parts of her home range (grey contours) and based on the amount of 
energy that she expended in different parts of her home range (red contours). 
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Figure 10. Percent of fishers by age distribution based off cementum annuli estimates (animals captured in 
2014 are estimates based on body size, and development) on the Stirling Management Area of Sierra Pacific 
Industries in northern Sierra Nevada and southern Cascade Mountains of California. 
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Figure 11. The minimum number of females known to be alive (solid diamonds and gray solid line), the 
minimum number of males plus females known to be alive (solid circles with solid black line), and the mean 
total estimated population size ± 95% confidence intervals, from 3 distinct population estimation methods 
(open circles with dashed black line) for fishers living on or near the Stirling Management Area of Sierra 
Pacific Industries in the northern Sierra Nevada and southern Cascade Mountains of California during the 
autumns of 2009-2014. 
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Figure 12. (A) The percent of all natal (black bars) and maternal (open bars) fisher dens found by week in 
2010-2014 and (B) The mean week number ± 1 SD (mean date above bar), by year, that natal dens were 
found on and near the Stirling Management Area of Sierra Pacific Industries in the northern Sierra Nevada 
and southern Cascade Mountains of California.  The sample size for 2014 = 2 natal dens.  
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Figure 13.  Locations of female fishers’ dens located during the springs and summers of 2010-2013 on, or 
near, the Stirling Management Area of Sierra Pacific Industries in the Northern Sierra Nevada and Southern 
Cascade Mountains of northern California. 
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Figure 14. Life-stage model of the fisher life cycle used to construct projection matrices to simulate 
reintroductions. Each circle represents the discrete life-stage of a female fisher with the kit life-stage 
consisting of all females ages 0 to <1 year old, the yearling life-stage is females 1 to <2, 2-yr olds ages 2 to 
<3, and the adult life-stage is all females ages 3 and older. The arrows connecting the circles represents the 
transition values between the life-stages: S0 = probability of surviving from birth until 1st birthday,  S1 = 
probability of surviving between 1st and 2nd birthday, S2 = probability of surviving from 2nd to 3rd birthday 
and annually after 3rd birthday, F0 = probability of a newborn giving birth (always 0),  F1 = the probability of 
a yearling female denning (also always 0), F2 = the probability of a 2-yr old female denning (giving birth) × 
the number of her female offspring, and F3 = the probability of an adult female denning (giving birth) × the 
number of her female offspring. 
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Figure 15. (A) Projections for mean female population sizes from 1000 simulated reintroductions in which 
mean rates of survival, denning rate and litter size were held constant but juvenile survival was set at 0.60 
(solid line), 0.55 (dashed line) and 0.40 (dotted line).  (B) Projections for mean female population sizes ± 1 
standard deviation for juvenile survival rates set at 0.60 (filled circles) and 0.40 (open circles). 
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Figure 16. The percent of total extinctions from 1000 simulated reintroductions where mean juvenile 
survival was set at 0.55 (gray bars) and 0.40 (black bars) and where all other mean model parameters were 
equal.  The total number of extinctions was 380 for juvenile survival set to 0.55 and 964 for juvenile survival 
set to 0.40.  
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Figure 17.  The relationships between habitat suitability for fishers and percent canopy closure, mean dbh of 
overstory trees, tree canopy diversity, and percent canopy closure. 
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Figure 18. Predicted habitat suitability index (blue = highest suitability, yellow = lowest)) for a portion of 
Stirling during 2010 with red dots representing a subset of fisher locations on the landscape.  
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Figure 19. (A) The percentage of fisher locations found across predicated habitat suitability index values 
(black bars) compared to the percentage of habitat suitability values found on Stirling (gray bars)  (B) 
Regression of selection index on the predicted HSI values for locations used to test habitat relationships of 
Allen model for fishers located on the Stirling district in northern California from 2009-2012.  
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Figure 20.  Locations of small mammal sampling plots in 2012 (red squares) and 2014 (yellow circles) 
showing their proximity to managed areas at both the district-wide scale left panel) and at a smaller scale 
(insert).  
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Figure 21. Relationship between the naïve occupancy rate of 17 genera of animals detected in 2012 and 
2014 on the Stirling district in northern California.  

 
 
Figure 22. Differences between estimates of naïve occupancy using multiple detection methods including 
live-trapping and remote-cameras (blue bars) compared to estimates with only cameras (gray bars) for 98 
small mammal plots run in 2014 on Stirling district in northern California.  
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Figure 23.  Coroplast tunnel used to collect samples of fisher hairs with follicles attached.  Fishers that enter 
a tunnel and leave a hair sample can be identified by their individual DNA.  Each tunnel was 25x25x75 cm 
(10x10x30 in) with a hardware cloth back to prevent entry or exit through the rear and with 3 2x4 cm (1x2”) 
boards in the front, starting 10 cm from the bottom of the front of the tunnel.  The bottom board had a 
strip of non-poisonous glueboard attached underneath. Each tunnel was baited with a can of moist cat food 
and a piece of raw chicken.  An animal wishing to enter the tunnel to reach the bait was forced to crawl 
under the bottom board and the glue strip captured hair.  We installed track plates in half of the stations in 
2007-2008 and in all stations in 2009-2011 and used the track plates to help identify station visitors.  This 
tunnel has a track plate. 

  
  



ANNUAL REPORT 2014, FISHER REINTRODUCTION 
 

Figure 24.  Map of the Stirling management area showing the units of the 2013 non-invasive monitoring 
pilot, the suggested expansion for 2014, and relation to major roads. 
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