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Sumimiy

Fromlate 2009 thiDu|^latE 2011, we released fisheis (PekamapmnanS) (24F, 16A/I) onto the StiiiingA/lanagsrnent Area o\wied by Sierra 

Pacific Industries in the Northern Sierra Nevada and Southern Cascade Mountains of northern California. We have monitored all 

trandocated fisheis and their progpny as closely as possible to document their survival, reproduction, dispersal, and home rangp 

development througji 2015 (year-6). Released fisheis experienced higji survival during both the initial post-release period (4 months) and 

for up to 2 yeais after release. We have documented 26 fisher mortalities since 2009, including 5 in 2015. We have documented 

reproduction in all yeais of the study and firm each of the 3 translocated cohorts. Of the 40 fishers in the 3 release cohorts, we tracked 32 

(80%) long enougji to document the establishment of home ran|^s. Males had laigpr home rang^ and travelled further than females. 

Fisheis from some souroe populations were infected Mth eye worms (Jieh^ coEfomimsis) and some fisheis firm Humboldt and western 

Trinity counties were infected with a previously undescribed ttematode. During our annual trapping effort in October-November 2015, 

we c^tured 46 individual fisheis (33F, 13M) 84 times, including25 new fisheis (16 F, 9 M), 22 juveniles (14 F, 8 M), 2 females and a male 

released in year-2, and 2 males released in year-3. Our best estimates of survival and reproduction are consistent Mth 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 desigp have not 
been incorporated into translocatiQns (Big^ et al., 2011; 
Breitenmoser et al, 2001; International Union for the Conservation of 
Nature, 2013; Lewis et al, 2012; Miller et al, 1990a, 199Cb; 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 desigi into reintroductions 
(e.g, Mfller et al. 1990a,b; Lewis and H^es 2004; Galas 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 hi|^ reproductive value (&), 
for release elsewhere (Armstrong and Seddon, 2008; Powel et al, 
2012). The effects on a source population of removingprime, 
reproductive animals are potentialy geater than those of temping 
simflar numbers of animals for fur (Buskirk et al, 2012), which can 
indude laigp numbers of non-reproductive juvenies.

Because of concern for the status of fishers in California, to 
rmderstand how fishers in particular, and mammalian predators in 
gpneral, respond to intensive forest managment, and to understand 
better why some fisher reintrcductions have succeeded wHe others 
have faled, the California Department of Fish & Wldlife (DFW; 
formerly Fish & Game), the US Fish & ''Aldlife Service (FWS), Sierra 
Pacific Industries (SPI) and North Carolina State University (NCSU) 
started colaborating in 2007 to re-establish a fisher population in the 
northern Sierra Nevada and southern Cascade Mountains of 
Cakfomia. In 2009, the Califomia Department of Fish Sc^Uldlife 
ggve final gtproval for 40 fishers to be reintrxxluced over 3 years 
(autumn 2009 — autumn 2011) onto SPI’s 648 km^ Stirling 
Alanagsment Airea (hereafiEr ‘ ‘Stirling’ ’), which is managed intensivdy 
for timber production (Figure 1). The Memorandum of 
Understanding initiating the research states that released fishers and 
their progny are to be studied intensivdy for the 7 years followmg the 
year-1 reintroductions.

In a related effort to understand the fisher popriation in the far 
northeastern extent of the fishef s rang in California, we beggn 
independently in 2006 to use non-invasive methods to estimate 
population parameters for the fishers living on the managpd, forested 
landscape centered on the Klamath River in northern Cakfomia and 
southern Ctegon (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, Sanazin 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 of2009-2010 and 2010-2011. These removals were

targted to lands owned by Mchiggn-Cakfomia Timber Conpany 
(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 
targted to be adult members of the population wth hi^ 
reproductive potential.

The objectives of this reseaixh 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 predctions of available landscape-scale 
models of habitat quakty and suitability for fishers.

To evaluate fisher diet conposition and prey distributions and 
abundances as a metric of fisher habitat quakty.

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

To gpnotype gpnetic samples collected fiom reintrcduced fishers and 
their offspring

To identify aspects ofhabitat associated with, and to test functional 
models for, 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 predrct the placement, srzes, and shpes of home rangs of 
reintroduced fishers and their offipringusingmodels of optimal 
home rang choice and to test those predictions using data on 
actual use of space by those fishers.

To predict patterns of breeding by Stirling males fiom home rang 
placement and familiarity with landscapes and to test those 
predictions rasing data on paternity of fishers bom in the study 
area

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

To estimate abrmdance, survival and recruitment, population growth 
rate and ocopancy for the source population of fishers throrj|^ 
2016.

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

To evalirate the origjnal non-invasive study desigi, redesigi the
monitoringprotDcol as necessary, and test the redesigied 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 salvag operations on fisher 
population dynamics.

Here we report on research actidties that address these gpals 
directly for year-5, J anuary- December 2015 of the project We 
review non-invasive research in the Klamath Region and the 
reintroduction activities to date.
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Terms and Definitions
See the Annual Report for 2014 for our definitions of suwessoithe 

re-introduction and success of the project, definitions of estahhhrmit 
and tidily, and definifions of the 6 years of the project

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

Stiding by conducting detailed physical examinations at the 
time of capture. We collected blood, mucosa and fecal 
sanples to determine disease exposure to pathogpns that 
could affect population health throu|^ either direct mortality 
of adults or kits, or thrDU|^ impaired reproduction. We sent 
samples to the Integral Ecology Research Center,
McKinleyville, California, where they tdl be tested for 
exposure to canine distemper virus and to Toyjplasmagmdii 
(the causative agent of toxoplasmosis), and to infection vdth 
canine parvovirus at a later date. Since the inception of this 
project, fisheis c^tured on Stiding have been assessed, 
generally, as being in good health. We have seen no systemic 
physical abnormalities in either adult or, more importantly, 
young fisheis bom on Stiding that would cause us to believe 
the population is currently suffering from inbreeding effects or 
other issues that cause us concern. Nevertheless, we collect 
gpnetic information on all animals translocated and bom on 
Stiding for later evaluation, specifically if problems 
hypothesized to be related to inbreeding should arise. During 
physical examunarions, at least 2 biologists (usually a field 
biologjst and atdldlife veterinarian) have gaded fisheis for 
general condition based on the condition of their teeth, skin 
and fur, musculature, obvious wounds or injuries, ectoparasite 
load, weigjit, and amounts of fat over the hips and dbs. We 
defined poor condition as having obvious, serious injuries or 
disease (indudinghi|^ ectoparasite load) and very low levels of 
body fat relative to other fisheis. We defined excellent 
condition as having no sigps of serious injury, having all 
camassial and canine teeth and little wear on incisois and 
premolais, and having higJi levels of fat over hips and ribs. We 
defined averagp condition as being not obviously in poor or 
excellent condition. Fisheis in average condition may have 
minor injuries and msf have missing or hi|^y 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 categpries, we graded them as 
below or above average at our discretion.

Of 197 cgttures of fisheis on Stirling throu|^ December 
2015 where we evaluated the fisheis, including recgatures of 
reintroduced fisheis and captures of fisheis bom-on-site, we 
have gyaded none as being in poor condition. We have graded 
23 (12%) as showing below average condition, 94 (48%) as 
averagp, and 80 (40%) as above average or excellent The

average body condition msf changp througji time on Stilling 
and, thou|^ the condition of animals to date gjves us no cause 
for concern, we advocate continued monitoring of overall 
health and condition for as long as feasible.

Througji year-5 of our research, we have collected 
ectoparasites of 4 taxa from fisheis. Heas and ticks have been 
relatively common (Figure 2). The data showvariation, likely 
due to environmental conditions, but no distinct patterns. We 
do not know why the occurrence of eye worms (T&^iia) 
varies so much. The percent of fisheis that are infected tdth 
these 3 parasites on Stiding are similar to infestations elsewhere 
in California. In each year at least 50% of fisheis tr^ed on 
Stiding had at least one ectoparasite (Figure 2b). Yet, fewer 
than 20% of the temped fisheis carried 2 different taxa of 
ectoparasites and fewer than 10% of the fishers carried all 3 
taxa. Generally, when parasites do occur on fisheis, the 
infestation is li|^t to moderate in severity. If occurrence of 
parasites on fisheis increases througji time, it could indicate 
decrease in habitat quality, decrease in prey availability, or some 
other change in the abilities of specific fisheis on Stiding to deal 
■with ectoparasites. At present, our best evidence suggests that 
the processes driving ectoparasite occurrence on fisheis are 
similar on Stiding and elsewhere in Cakfomia. We shad 
continue to examine all fisheis cgitured on Stirling for 
infection and other health-related issues that msf affect the 
population.

til previous yeais we reported the occurrence of a new 
trematode species living in the perianal tissue of fisheis. This 
parasite is still known only from a restricted gpogr^hic range 
in the coastal areas of Cakfomia (Clifford et al. 2012). To date 
we have captured no fisheis infected tdth these trematodes on 
Stiding, but we remain vigilant in examining all fisheis 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 fisheis to being released onto Stiding specifically 

their site fidekty after release, is an inportant measure of how those 
fishers perceived their environment and its habitat quakty upon release 
(Beiger-Tal and Saltz 2014). We have noted in previous reports that 
some rdeased fisheis did wander, or explore, and at times did setde 
into areas off the district (Powel et al. 2012). As of 2015, the majority 
of locations of fishers have occurred within the boundaries of Stiding 
or very near to it (Figure Locs). Simlady, most den locations have 
occurred on Stiding. Because the majority ofour research effort 
occuis on Stirling (Figure 3), these data are not representative of al 
fisheis in the reintroduced population. We know that some fisheis 
live on adjacent lands. Nonetheless, a minimum of 40 fishers remain 
on Stiding annualy, representing a core population. Consequently, 
our data show that some fisheis have found enou|^ habitat of 
sufficient quakty for them to stay on the study area
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In year-1, we inplanted female fisheis with IMP-310 very higji 
frequency (VHP) transmitteis made by Telonics (Mesa, ArEona) and
4 (of 9,44%) failed prematurely (< 8 months). In year-2, we used 
Telonics MOD-125 coUais for females. None failed prematurely. In 
year-3 we outfitted females with MI-2i collars made by Holohl 
Systems Ltd (Carp, Ontario, Canada) because they weij^ed less than 
the Telonics MOD-125 coUais and their external desigp was less 
bulky. Two of the 14 (14%) Holohl transmitteis faled prior to their 
estimated battery expectancy of24-30 months. In year-4, we outfitted 
females (12) onlywith Telonics MOD-125 colais. In year-5, we 
outfitted 12 females with refurbished Telonics MOD-125 coUais and
5 females with refurbished Holohl MI-2i colais. In year-6 we 
outfitted 19 females with Tdonics MOD-125, and 5 with Holohl 
MI-2. In yeais-2 - 6, we outfitted young fisheis bom on Stidingwith 
radio colais only if the fisheis had necks that were unlikdy to grow 
substantialy (>2 cm) it the future.

We adio-tracked 29 females duiing the calendar year 
2015,9 for only a few weeks after beiig trqtped it October or 
November, 12 al year, and 8 for part of the year. The females 
wealing transmitter colais maiitaiied home rangps spread 
widely across Stiditg and onto adjacent land. Consequently, 
we taigpted females who Ived centraly to locate daly and 
attempted to locate penpheral females less often. Given 
iicidents of bad weather, the mountaiious tenaii, Imited 
peisonnd, and myriad other conditions that affect ATIF 
tdemetry, we rardy achieved this goal For al females, we 
averagjed 2.5 + 1.0 (+SD) estimated locations per female per 
week for weeks each female was tracked. We averagjed 96 
triangulations per female per year. For each estimated location, 
however, almost as many attempted locations did not meet 
the sdective criteria we used when triangulating locations.
Sometimes we did not locate females frequently because they 
moved beyond the perimeter of the area we searched regulady 
and sometimes females used parts of the study area that 
blocked thek transmitteis’ sigpals, leadiig to an unknowm bias 
it our estimates of their movements. Female fisheis do not 
tcavd as widdy as do males, however, limiting the effects of 
bias, if it existed (Powdl 1994). At the end of 2015, we were 
activdy trackmg23 female fishers.

We outfitted adult male fisheis wath Platform Terminal 
Transmitter (PTT) collais that work wih the Argps satellite 
system and were made by SirTrack (HwaSat 303; Havdock 
North, New Zealand). The satellites tracked these coUais even 
when conditions did not permit ggound trackitg and, thereby, 
obtaiied more location estimates per male fisher than we 
obtaiied per female usiig VHF tdemetry. Young males are 
not good candidates for wearing collars because thdr necks 
mayggowrgidly. During the couise of 2015 we followed a 
total of 7 males, starting the year wih 4, some of whom died 
and lost colars, and endiig the year with 4, which itduded 
new males cgotured it autumn. We outfitted two fishers with 
Global Positiorung System (GPS) coUais ii 2015.

Althouj^ the batteries it the Aigps colais should last over 
a year, some colais have faled before thdr projected Ifetime.
Many falures whose causes we documented were caused by 
fisheis chewing and, thereby, shorteniigthe transmitter 
antennas. In other cases, the mail tiansmitter body was 
damaged or lost and therefore did not function. A few colais 
dropped firm fisheis eady ii the research due to faled 
attachment bolts, a problem that we have resolved. Despite 
premature falures, the Aigos colais have provided location 
data that we sirrply would not have obtained using traditional 
VHF technology. Several males have made sojourns to places 
(e.g. Central Valey or north of Cakfomia LGgJiway 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 for^ usiig traditional 
technology. On the whole, the Aigps colais on male fisheis 
have functioned for long periods and have provided more 
location data with less bias than possible with VHF 
transmitteis.

We aveiagpd 262 ± 456 locations/male/year across al 
study yeais and 310 ± 4021ocations/niale ii 2015 (Table 1).
Al Aigps location estimates are classified iito 1 of 6 error 
classes, some of which wll be suitable for some analyses but 
not otheis. Individual males averagpd 48 ± 21 
locations/male/year from the 2 categpries wih smalest error 
and 24 + 61 locations ii 2015 (Table 1).

Triangulations constitute the majority of estimated 
locations of females and youngmales. For fishers tracked with 
VHF telemetry, approximately 85% of al estimated locations 
were triangulations. Another 5% of VHF locations were 
estimated finm fixed-wiig aicraft or a hekcopter and 10% 
were “walk-its”. Walc-its itduded visual observations of 
fisheis and locations of identifiable den or rest trees. Walc-its 
also itduded trgpiig locations, mortality locations, and 
locations where fisheis dropped colais. Additionaly, we have 
located >200 itdividual rest locations; >90% of these were it 
trees, thougjt some fishers rested under rocks, it sturrps or it 
debris pies. Locating rest sites is biased towards finditg sites it 
trees because fisheis it trees broadcast strongtdemetry sigtals. 
Location itformation from cameras at dens and baited 
stations wil also be itcorporated itto final analyses, but those 
data have yet to be itcorporated itto our locations database.

Undeistanditg and estimating error for our triangulations is a 
critical corrponent of future analyses. We wtil evaluate triangulation 
error it two w/^: 1) calculating triangulation error for test colais it 
known locations (both movitg and stationary, n .50) and 2) 
comparing ttiangulations to “walc-it” locations for fishers that were 
located on the same dsf (usualy wiltit the same hour) it den and rest 
trees. A prelmitary analysis of tciangulations a-walk-it locations 
yielded amean error (+SD) of 102 ± 132 m These are prekmitary 
results sitce we are finalizitg protocols and software for estimating 
locations usitg triangulation. As part of our final analyses, we shal test
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for rdationships between toangdation enor and other variables, such 
as azimuth an^e, weather, etc. As wth trianguktions, we estimate 
error of aerial locations by having peisonnel who do not know the 
known locations of transmitteis locate those transmitteis. All walk-ins 
provide fine-scale (<20 m) information about fisheis’ locations.

We are able to assess true error rates for Aigos locations of each 
error class by coirparing satellitB locations to known locations of 
males held in captivity, of colais that have been dropped (the day they 
are dropped is known from activity data), or of dead fisheis. The 
mean error for Aigas locations estimated across al error dasses is 767 
+ 1241 m Our calculated mean error for locations in each enor class 
are consistent with expected error predicted by the Aigas 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 of2400 m but 91% of locations w«e within 350 m 
of the true location. Future analyses wil attempt to undeistand better 
how environmental factois influence error and how we can 
irrplement other metrics provided by Aigos (e.g., error radius and 
gpographic dlution of precision [GDOP]) to eliminate locations that 
are higjly inaccurate.

We have attempted to monitor fisheis during al times of d^ and 
nigjit to ensure that our information is not biased to one time period 
VHF transmitteis are more difficult to locate at ni|^t, particulaily in 
the wmter when terrperature, weather and road conditions hinder 
access to the study area Thus, the vast majority of VHF telemetry 
locations have been colected during d^ii|^t houis (8 am to 4 pm; 
Figure 4). We have programmed Aigos colais to be located during 
different times of d^, leading the distribution of locations of fishers 
wearing those colais to be relatively even across al times. We 
programmed GPS colais to locate themselves across al times of Asf, 
leading to a very even distributions of locations.

We are colecting enouj^ location data to estimate annual home 
rangps for most fisheis. Thirty locations represent a reasonable 
minimum sarrple size for estimating annual home ranges with fixed- 
kernel methods, thouj^ having more locations is preferable (Fiebeig 
and B6i|pr 2012, Seaman et al. 1999, Nod 1993, Seaman and Powel 
1996). We have more thanlOO estimated locations per year for many 
fisheis.

We define an animal’s home rangp to be that part of the landscgte 
in which it Ives that it maintains updated within its cogpitive map of 
the landsc^e (Powdl and Mtohdl 2012). For this report, for logistic 
reasons, we assume that 95% utilization distributions for fisheis’ use of 
space provide reasonable estimates ofhome ranges. We have 
estimated utilzation distributions using a fixed kemd smoothing 
program. Such programs smooth data using a kemd and a 
smoothing parameter, ‘h”, whose values are, idealy, related to aspects 
of the biology or managment gpals for the animals being studied 
Slverman’s (1990) kemd “k2’ is abdl-shaped kemd with finite 
bounds, is leptokurtotic and, therefore, resembles the distribution of 
tdemetry error for experienced researoheis; 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 Powdl 1996,Powel 2000). Such choice of‘h”, 
however, igiores the biology of the animals studied, chooses different 
values for ‘ h’ ’ for different animals, and even for different random 
sanples from a singje data set, making conparisons between studies 
neady iirpossible. For fisheis, different values of‘h” provide insi|^t 
into different aspects of thdr biology. For our fisheis, h=750 m 
ppeais to estimate reasonably well the probability of where a 
researcher wil be able to find a gven fisher using tdemetry. Averagp 
daly movements of fisheis suggest that 1500 m should estimate 
where a fisher can travd over the coming dp. Average distances 
across distributions of location estimates suggpst that 1000 m wi 
estimate the overafl range of space a fisher uses but not its smafl scale 
preferences. Values of‘h” taiored to match the estimated error for 
each location estimate should provide the best estimates of fisheis’ 
habitat preferences. Table 3 shows mean estimates for 95% utilization 
distributions for 2010-2014 usingh = 750,1000 and 1500.

Table 3 shows that males have largpr areas of use than do females 
and that laiger values for ‘h” lead to laiggr utilizafion distributions. 
Daly tracking of fisheis suggests that females established home rangs 
primarily within Stilling. Some females have traveled to adjacent 
Forest Service or private lands and one travded north .22 km onto the 
Lassen Managisment Area of Sierra Pacific Industries; she died, 
however, within 3 months of rdease. Additionaly, female fishers have 
denned in trees on both the Lassen and Plumas National Forests, but 
usualy within 2 km ofthe Stiding border. Che female bom on site 
and initialy cptured in eady 2012 establshed a home mng primarily 
off Stiding in the Rock Creek area which borders both the Lassen and 
Plumas National Forests.

Male fisheis have also established home langs over most of 
Stilling. Since males have larger home rangs than females and 
disperse more Mddy, they have been located on adjacent lands more 
ofien than females. Several males have established home rangs off 
Stiding and up to 40 km from where they were rdeased and we no 
longpr track these fisheis because their home rangs 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 lands, private 
timber lands and SPI holding adjacent to or near Stiding We have 
not tracked most juvenile males bom on Stiding that have, or wi, 
disperse long distances and, consequently, we do not knowhow far 
awp males that originated on Stiding may establish home rangs.

The utilization distributions we have presented above weigJit all 
location estimates equally and, therefore, give insigjits into where 
fisheis spend time. One can calculate utilization distributions based on 
currencies other than time. In last yeads Annual Report, we presented 
examples ofhome rangs built using eneigy as the cunency.

Population monitoring on Stirling
From 12 October throu|^ 9 November 2015 we 

conducted a laig-scale trgping effort on Stirling to capture as
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many fisheis as possible and to outfit or re-outfit these fisheis 
■with functional transmitteis. We spread our trying effort 
across Stirling and adjacent lands focusingon areas wheie 
fisheis were kno^m to live, had been previously detected, or 
areas we considered libdy to have fisheis (Figure 3). To 
maximi2e efficiency, we split the study area into east and west 
of Butte Creek We trapped the east side for 14 trap d^ (12 
October - 25 October), then moved to the west side (26 
October - 09 November) for 14 c^s. Logistical constraints 
precluded or curtailed temping in some areas we thougjit may 
have resident fishers.

We deployed approximately 100 tr^s each ni^t, totaling 
2865 trap c^s (1439 east, 1426west). We totaled 84 c^tures 
of 46 individual fisheis (33F, 13M), yielding 2.9% tr^ success 
(% c^tures per 100 trap d^). This c^ture rate was 
considerably higjier than in all other yeais of trying (Table 
4). As we experienced in prevbus yeais, capture success was 
gpeater on the East side (3.8 c^tures/100 tr^ days, or 3.8%) 
than on the West (2.0%). Whether this difference is related to 
our leleasingmore fisheis on the East side (30 vs 10), we do 
not know. Fisheis have certainly moved across the study area 
since the initial releases. We captured 25 new fisheis (16F, 
9M), 3 ofwhich were adults (2F, IM). We saw an increase in 
the number of juveniles captured in 2015 (14F, 8M), 10 of 
which were captured more than once.

Of fisheis translocated to Stiding, we rec^tured 1 female 
released in year-1,1 female released in year-2, and 1 male 
released in year-3. Of fisheis bom on Stiding we rec^tured 3 
bom in 2011 (3F, OM), 6 bom in 2012 (5F, IM), 7 bom in 
2013 (6F, IM), and 4bom in 2014 (3F,

Of the 33 female fishers c^tured, 20 were gven new 
colais (Telonics MOD-125 or Holohl MI-2), and 4 kept their 
old colars (Holohl MI-2). Al 5 adult males received new 
colais (Sirtrack Klwisat 303 or LotekMinitrack). Fisheis have 
dispeised widely across Stidingnow and fimited personnel and 
other resources prevent us finm tradfing them al consistently. 
Therefore, althou|^ the majority of the 9 females that we did 
not colar could have carried them, we were restricted by the 
number of colais we had and by our ablity to track them al 
consistently We filed to c^ture 1 female and 2 males whose 
transmitteis were stH functioning demonstrating that even 
when we placed traps Mthin the knovm home ran|^s of 
fisheis we do not ahvgs capture them

We had 142 c^tures of non-taigpt carnivores for a 
c^ture rate of 5.0% (Table 5), higJier than capture rates for 
non-taiget carnivores in 2014 (3.6%), 2013 (2.6%) and 2012 
(1.2%). The capture rate for non-taiget carnivores was sligjitly 
lower on the east side (4.3%) than the west side (5.6%). 
Spotted skunks {SpikgakgudB) and grey foxes (Utvgm 
dnemctt^mtaij were the most commonly captured non-taigpt 
carnivores, accounting for 73.2% of the total.

At the conclusion of trapping in 2015, the age structure of 
the known fisheis on Stiding eirphasized young fisheis 
(Figure 5). Fisheis < 2 yeais old corrprised 50% of al fisheis 
knovm to be alve at the end of 2015. Many fisheis older than
2 yeais of agp are stil in the population but the young agp 
structure suggests healthy reproduction and recruitment The 
age distribution in Figure 5 is our best estimate of the true agp 
distribution ofthe Stiding fisher population but is accurate only 
to the extent that our trapping results were representative for 
the population. We do not know why so few 1-year old 
fisheis -appeal: in Figure 5. Survival for that agp group could 
have been low in 2015 but our survival analyses do not show 
low survival for that age class (Figure 6). Alternately, and more 
Ikely, we sirrply captured few 1-year old fisheis during 
trapping in 2015.

At the end of our trgjping effort in autumn, 2015, the 
minimum known population si2e for the fisheis on Stiding 
was 50 (total fisheis cgttured + non-captured fishers still 
wearing functional transrnitter collars). We have 
retrospectively adjusted the minimum population sizes for 
previous yeais, accounting for fishers that were not know to 
be alive in those yeais but that since been captured, showing 
that they must have been alive in those past yeais (Figure 7). 
The minimum number alive values sug^st a slij^t decrease in 
the population size in 2013, thougji less severe than estimated 
during that year, with a probable rebound in 2014 and into 
2015. Calculations of the minimum number of females alive 
indicate that the female population size has been relatively 
stable or gowing sH^^tly since the final releases of fisheis in 
2011 (Figure 7). Thus, the observed decrease in minimum 
number alive size during 2013 appears to be related to changes 
in the number of adult males. Consistent with these numbeis, 
we observed a relatively Ig^ number of male mortalities 
during2013 and eady 2014 (n= 5).

Survival
Throu|^ December 2015, we confirmed the deaths of 26 

fisheis (16 F, 8 M, 2 sex unknown). One female slated for 
release died in emotivity in late 2009. Dumg 2010, prematuie 
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 (£they died): 2011 - 2 F, 1M; 2012 - 4 
F, 1M; 2013 -1F, 3 M; 2014 - 2 F, 2 M, 2 unknown; 2015-
3 F, 1M Trapping in autumn 2015 allowed us to egoture 
fisheis whose collais had failed in previous yeais as well as 
fisheis that were captured in previous years but had not 
collared. We used data from telemetry and trooping to 
examine patterns and rates of survival for reintroduced and 
Stiriing-bom fisheis for December 2009 througji December 
2015.
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We analy2ed monthly survival using ‘ ‘kno^wl fates’ ’ 
analyses 'within program MARK (White and Burnham 1999). 
Known fates analyses account for each time period when 
fisheis 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 fisheis were not 
used to estimate survival for that time period. We used 
Akaike’s Information Chtenon corrected for small sarrple si2e 
(AICc) to rank 14 hypotheses that could explain the pattern of 
mortalities and survival that we documented (Table 6).

We developed 14 hypotheses from 9 variables 
hypothesized to affect survival of reintroduced fisheis and 
included a null hypothesis of constant mortality over time 
(Table 6). The -variables were 1) “Sex” (due to differences in 
size,mo'vements, etc. between the sexes) 2) “Reproductive 
Season’ ’ (females ha-ve hi|^ activity levels, which leads to higji 
mortality, in April - August [the time of lactation and higjiest 
eneigy output by females, Powell & Leonard 1983], males 
have hi|^ activity levels, and greatest risk of mortality, in March 
—May to find females and corrpete with other males), 3) Agg 
of animals estimated at the time of their c^ture for animals 
less than 1 year old, fishers between 1 and 2 yeais old (1-year) 
and fisheis older than 2-yeais old (adults), 4) Time (survival 
changgsthiDugJitime). Note that time was generically tested 
where all months and yeais were hypothesized to have 
diffeient rates of survival, but we also considered monthly (5| 
Month) and yeady (6| Year) changgs to survival in addition to 
interactive and additive combinations of those 
chaacterizationsoftime. We also tested 8 hypotheses-with 
combined-variables: 1) “Agg -I- Reproduction-where there 
sexes were modeled differently during the reproductive 
season’ ’ where we assumed differences in survival among the 
agg ggoups and during the reproductive and non-reproductive 
times of year (because juveniles do not reproduce, avoiding the 
costs of the reproductive season), 2) Agg -I- Reproduction 
where there sexes were modeled the same durbg the 
reproductive season”, 3) “Agg with annual-variation” where 
we modded juvenile and 1-year old survival differently in each 
year, 4) ‘ ‘Sex -I- Agg’ ’ where we modded differences in agg 
that were different between the sexes, 5) ‘ ‘Sex x Month x 
YeaT ’ (because sex-specific mortalities could differ among 
months), 6) ‘ ‘Sex x YeaT ’ (sex-specific mortality that is similar 
in pattern, but different in magtitude, througji yeais, 7) 
‘Month X YeaT’ ^ttems of monthly survival are similar in 
pattern, but different in magiitude, across all study yeais, and 
8) “Sex + Month” (sex-specific patterns in monthly survival 
across yeais). We ha-ve not modded survival based on if an 
animal was reintroduced -vs bom on Stiding or based on 
rdease or capture cohort Such models were tested in past 
reports but no new animal have been reintroduced and 
differences in agg and time are larggly redundant to cohort

The higjiest ranked hypothesis induded the Agg and 
Reproductive season with the sexes modelled as not equal 
(Table 6). The second higjiest ranked hypothesis induded 
differences among aggs and between sexes. Monthly survival 
estimates for females and males during reproduction 0.96 
(95% Q = 0.93-0.98). These differences in monthly survival 
translate to rdativdy laigg declines in annual survival (Figure 8). 
During all other periods, estimated monthly survival rates were 
hi|^er for both sexes (0.99; 0.97-0.99). We estimate that the 
annual survival rate for adult fisheis, inducting breeding and 
non-breeding times ofyeais,is 0.78 (0.53-0.81). This estimate 
of annual survival is maiginally smaller than last yeais’ higji 
estimate of 0.80. The pattern of survival has been consistent 
since we fiist rdeased fisheis and indicates that the time of 
year, and potentially the reproductive status of females and 
males, explains fisher survival better than other models we 
ha-ve explored. Additionally, in previous yeais we did not 
modd agg explicitly but agg was an inportant -variable in this 
year’s analysis. Sttikini^y, survival of adults is lower than that of 
both juveniles and 1-year old fisheis (Figure 6). Perhps, this 
OCCUIS because juvenile survival for this analysis can be 
estimated only from the time of capture in the fall througji to 
their fiist birthdp and 1-year olds only remain in that agg class 
for a singje year. Old adults eventually die and this likdy 
accounts for the idativdy lower rate of estimated survival. 
Changgs in the estimates of survival are not largg throu^ time 
but do diangg because of sanple size and sinple -variation 
rather than an indication of a true changg in survival. Annual 
survival does not show strong changgs througji time (year to 
year; Figure 8). Additional survival analyses with -varied data 
sets where we used individual covariates such as weigjit were 
not strongjy spported (Fackaet al. fii prp). Further, agg and 
reproductive status were relatively well supported and indicate 
these -variables are consistent across different analyses. Future 
analyses of survival will include covariates based on home 
rangg conposition and estimates ofhabitat quality.

fii ^pieral, survival is higji for fishers thrDu|^out the year 
but reaches its nadir during the rproductive period. Nine of 
the 13 (81%) females documented as ha-vingdied did so in 
April - August One of those females was found dead in 
October but had obvbusly not died recently. That female had 
not been located since August and, therefore, we dated her 
death to August Additionally, 90% (9 of 10) females that died 
during the period of kit dependency (April-August) were 
deady lactaring or -were known to have had kits in the months 
prior to their deaths. Five of 7 males (71%) died in 
March - Mp, coindding with the peak of their breeding 
behavior, fii 2015, we documented only 1 male dying. That 
male w* a year-2 translocated fisher that was 9 yeais old at the 
time of death in late April. We also documented the death of 
anotheryear-2 translocated female in October of 2015. Thus,
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at the end of2015 3 originally reintcoduced fishers (1F; 2 M) 
were known aHve and on Stiding.

We characterized the sites where we found fisher carcasses 
orpartialremains and took photographs. Fisher caioasses 
wth sufficient remains and little to moderate autolysis were 
neciopsied by Leslie Woods, an experienced wildlife 
pathologjst at the Cakfomia Animal Health and Food Safety 
Lab at the Univeisity of California Davis, vtith the assistance of 
Deana difford. She examined all m^or tissues to identify 
lesions, and performed immunohistochemical, toxicologjcal, 
bacteriologjcal, parasite, and virologjcal diagnostics as needed 
Cairasses that were moderately to severely deconposed or dd 
not contain adequate viscera partial remains) were neciopsied 
by Deana Clifford and Jaime Rudd at the CDFW WEfowth 
select tissues (when present) examined microscopically by Dr. 
Woods. For any fisher caioasswthevdence of predation, 
Greta Wengprt (Integral Ecology Reseaixdi Center) conducted 
molecular forensics to determine the species of predators that 
contacted the carcass and could have been responsible for 
kiUingthe fisher (Wengprtetal. 2014). Sanples colected for 
predation analyses included haiis observed on the caieass that 
were thougjit to be from a predator (not fisher), matted fur 
presumably matted -with predator saliva) and tissues around 
pparent punctures caused by possible predator canines, and 
polyester swabs -within al apparent puncture -wounds caused 
by possible piedatois. When only partial lemains were found, 
bones and the remaining transmitter (inplant or colar) -were 
sanpled for ggnetic material from predatois or scavenggis. 
DNA-was extracted fiom sanples using DNeasy Blood and 
Tissue extraction kits (Qiaggn, Valencia, CA, USA). 
Polymerase Chain Reaction (PCR) -was run on each sanple 
using primeis specific to the famflies Feldae and Canidae; 
resultant PCR products were sequenced, and sequences -were 
cross-referenced on GenBank to determine species identity. 
These methods have been used successfuly on carcasses of 57 
fisheis (from multiple studies) Idled by other predatois to 
determine predator pecies (Wengprt 2014; G M. Wengprt, 
unpublished data). In cases where oily scant remains -were 
recovered, DNA from other species could have been 
associated -with predation or scavengjng.

To date, a totel of 26 carcasses (16 Translocates, 9 Stiriing- 
bom, and 1 translocate candidate that died -wMe in cptivity 
prior to release in year-1) have been submitted for 
examination. Four ofthese carcasses-were submitted in 2015 
(2 translocated fisheis and 2 Stiriing-bom fisheis). All but 2 
carcasses partial remains oily submitted in 2015) have been 
examined A complete set of formalin-fixed tissues from 4 
fisheis (2 translocated fisheis, 1 Stiriing-bom fisher, 1 candidate 
for translocation) that had partial remains. The remaining 14 
carcasses examined -were either too decayed or lacked tissues 
for histologic examination. In addition, fiver sanples from 5 
and a muscle sample fiom 1 of the 24 neciopsied carcasses

-were tested for the presence of 7 different anticoagulant 
rodenticide conpounds (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 avaiability.

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 fisheis: 1) a female fisher found in a-water 
tank in July 2010,8 months post-rdease, was confirmed to 
have drowned but also had severe fascial and cellular 
inflammation with necrosis ofthe 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-rdease, 
had systemic disease (-vasculitis, hepatitis, hypertension and 
pneumonia) of unknown origin; 3) a female fisher found dead 
in Mp 2012,5 months post-rdease, -was killed by a bobcat, 
and 4) amale fisher found dead on LGgJiwp 32 in March 
2011,3 months post-rdease, -was confirmed to have died 
from vehicular trauma (Woods and Wengprt; unpublished). 
Two additional dead, Stiriing-bom fisheis, a lactating female 
and a kit recovered at the same time in Sptember 2014, 
ppear to have died from drowningina-water tank Autolysis 
preduded histologcal examination to rule out other diseases in 
one carcass and histological results are pending on the second 
carcass. Gross and histologjc findings suggestive of hypoxia, 
hyperthermia and suffocation were documented for the 
translocate-candidate fisher that died -whle in cptivity prior to 
be release in 2009, but the cause of death could not be 
definitively confirmed (Munson, unpublished). Bobcat DNA 
-was anplified from the carcasses of 2 female fisheis found 
dead in June 2010,4 and 6 months post-rdease, but carcass 
condition for these fisheis was not adequate to determine if 
the fishers had been Med or scavengpd by bobcats. Predation 
forensics conducted on a female fisher found injuly 2012,18 
months post-rdease resulted in weak anpfification of fetid 
DNA, but repeat testing-was incondusive. Samples tested 
from 2 additional carcasses found post rdease in 2012 
supected to be predation cases did not anplify any predator 
DNA (Wengert, unpublished). In gpneral, the causes of 
mortality observed are consistent those found by other studies 
in California (M Gabrid and GM Wengert, unpublished 
data) but our inferences fiom the data are limited by the lack 
of carcasses reco-vered in suitable condition for us to 
determine the cause of death.

Anticoagulant rodenticide conpounds -were present in the 
liver tissue of 4 of 5 the fisheis tested. Two fisheis (the year-1 
female that died in cptivity prior to rdease and the year-3 
female that died shortly after rdease due to systemic disease) 
-were exposed to brodifacoum. A third fisher (the year-2 male 
that died due to -vehicular trauma) was exposed to both
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boxiilacoum and brnmadialone. Results for the fourth fisher 
(a year-2 female found in a river with undear cause of death in 
2015) showed a trace amount of brodifacoum For the 3 
reintroduced fisheis, anticoagulant exposure could have 
occuned pre-capture or post-rdease, as the half-life of these 2 
second generation anticoagulants in liver tissues is >150 days 
(Vandenhroucke et al, 2008). In contrast, for the fisher that 
died in 2015, positive result for exposure to anticoagulant 
rodenticides indicates exposure on the Stiding study area 
because she lived her entire life on the study area 
Anticoagulant rodenticides were not detected in the a 
Stiding-bom fisher that died in April 2013 and had only 
muscle available for testing. Since anticoagulant rodenticides 
are stored long-term primarily in the liver, exposure cannot be 
definitively ruled out for this fisher.

The finding of multiple conpounds in a sin^^e animal mp 
indicate exposure from multiple source points or uses. The 
overall sigaificance or potential inpacts of sublethal exposure 
to anticoagulants in fishers and other wildlife are laigdy 
unknowai, but widepread exposure and cases of direct 
mortality due to anticoagulant toxicity in fisheis and other 
wildlife species has raised sigaificant conservation concerns 
(Gabriel et al 2012,2015). fiajune, 2014, the California 
Department of Pesticide Rgplation restricted the use of 
second-ggaeration AR products containing brodifacoum, 
bromadiolone, difenacoum, and difethialone to certified 
pesticide applicatois, thus these conpounds are no longer 
available over the counter (California Departnaent of Pesticide 
Regulation 2014). It is anticipated that this regulation change 
will reduce non-taigpt wildlife exposure risk from household 
use, epecially in urban/suburban areas, but it is undear if it will 
have any inpact at reducing AR use at illegal marijuana 
cultivation sites, thougjat to be the most likely source of 
exposure for fishers (Gabriel 2012, Thompson 2013).
Analyses of fisher mortalities since 2012 indicate that exposure 
to and toxidtyofanticoagulant rodenticides continues. We 
shall continue to test liver sanples from any recovered fishers 
that were bom on Stiding.

We continue to radio-track and retrieve dead fisheis as 
quickly as possible, since undeistanding survival rate is critical 
for undeistandingpopulafion dynamics, which is major 
objective of our research. To meet all of our gpals, we are 
committed to locating all fisheis on Stiding as often as possible 
to determine causes of mortality in the reintroduced 
population. limitations on manpower, rdativdy few aerial 
surveys (<2 per month), and widdy spaced individual fisheis 
often predude detecting and recovering dead fisheis quickly. 
Future survival analyses will incorporate biologjcally rdevant 
covariates (e.g, body mass, agp, home range conponents), if 
possible, to yidd a mechanistic undeistanding of the factois 
that affect survival of fisheis on Stirling.

Reproduction
Fisheis on Stidinghave produced kits in all 6 pring^ since 

the fiist rdeases. Our daily searches for female fisheis provide 
a good knowled^ base of their daily movements. We suspect 
that a female has denned and gjven birth to kits when we 
locate her in a very localized area, especially in the same tree, on 
successive tracking occasions in late March and eady April. We 
then verify denning by monitoring via telemetry and remote 
cameras. The mean value for initial denning rate for the entire 
study is 0.79 wtith a low of 0.63 and hi|^ of 0.90 (Table 7). In 
other studies, females have sometimes aborted or lost litteis 
after they started denning (Matthews et al. 2013a). To date, we 
have not documented the loss of entire litteis excpt when 
females have died whle denning we assume that all offspring 
die when their mother has died. Since 2010, we have 
documented 9 females that died whle they were denning (or a 
mean of 1.5/yr). At a minimum, we estimate that these deaths 
of mothers rpresent the deaths of 13 kits (2.2 per year, Table 
7). We know that kits that are old enou|^ can survive without 
their mothers but we do not know what agp migjit be 
considered the threshold. If we assume that kit mortality 
comes only when their mothers die, then we can estimate that 
kit survival is 88% (68 of 77;Table 7). Nonetheless, we know 
that some kits die in dens even when their mothers live. We 
know that our estimate of litter size is an under-estimate 
because mothers move kits without being photogphed. 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 throu|^ denning (78%) 
wtith autumn survival folowting cpture (80%), we get an 
estimate of kit survival (from time of litter size counts to agp 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 repixxluctive success and survival.

Fisheis on Stirling have denned and gjven birth at times 
similar to denning by fisheis elsewhere (Powell 1993). Natal 
dens (dens in winch females give birth) are most often found 
during the final two weeks in March or first week in April 
(mean = week 13.3; Figure 9A), 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, m^e even 
weeks, after a female has gjven birth and thus our denning 
dates are biased late. We note in Figure 9B that we have 
generally found dens earlier and earlier each year. This trend 
may reflect our inexperience in finding den trees under difficult 
conditions during those eady years (e.g, hi|^ 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 gjve birth late. 
C)ne of our eady findings from this project is that the time
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when we released females influences their probabililies of 
gjving birth (Fackaet al. 2016). Translocation may have also 
caused females to delay births. Females move their kits to 
maternal dens througjiout the spring and summer with hi^^y 
variable timing and vwthout a pattern (Figure 9B). Some 
females never move their kits, which is not shown in Figure 
9B. ThougJi we atterrpt to locate females and their kits 
thiDU|^out the summer we consider the denning season to be 
effectively concluded by the end of June (week 27) and most 
females move kits ofien to test trees that they use while 
fbragng.

Of 18 adult females tracked in 2015,14 exhibited behavior 
consistent vtith denning. One of these females appeared to 
have eady denning failure. She left a what appeared to have 
been den 7 days after we found it, sug^sting litter failure 
Another female dropped her collar ^ptoximately 10 (%s 
afterwe confirmed a natal den, and one female died in eady 
M^. We documented 21 kits from 11 females (1.9 kits per 
female). Al 4 females whom we suspected not to have 
denned (finm tracking via radio telemetry) were c^tured in 
the fal and examinations of their teat si2e corroborated the 
telemetry evidence that they had not den successfuly.

ThmuiJi 2015 and for Table 7, al reproduction metrics 
have been based only on females we tracked thmuiJi 
telemetry. We colected additional data on birth rate each fal 
by examining the teats of females for sigrs of lactation 
(Matthews et al. 2013b). In addition to females confirmed to 
den and have kits, we cgttured 3 not-colared females that 
speared to have raised kits in 2015. Based on these metrics, 
we estimate that a minimum of 14 project females ggve birth 
in spring 2015 and subsequently survived until autumn. We 
cannot know how many total kits these females had or how 
many of them survived but, nonetheless, al metrics indicate 
that the majority of adult females birth on Stirling in 2015.

For al adult females c^tured in autumn 2015,70% had 
nipple sizes indicative of having lactated eadier in the year, and 
nipple sizes of 100% of adult females not tracked with 
telemetry indicated lactation (3 of 3).

We have documented females denning across Stifling, on 
other private lands and on national forest lands (Figure 10). Of 
148 natal and maternal den trees that we found in 2010-2015 
(Table 8), black oaks (Qmms kelh^ were most common for 
both natal and maternal dens (49%;Table 8). Female fisheis 
used Doug)as-firs (Psmhtsugimen;^^, incense-cedais 
(Qilocedm decrnmi) and white fiis {Aim coiwloi) in similar 
numbeis (10%, 11% and 9%), and used other trees less 
commonly. Female fisheis used live trees (35 of 46 dens) most 
often as natal dens but, later in the denning season, as kits 
beggn to travd with their motheis, females used snagp sligjitly 
more often than live trees for maternal dens and even used 
holow log^ and piles of debris as dens or rest sites (48 live trees 
and 54 snagp,logp, and debris). In 2010-2012, SPI committed

resouroes to collect data on vegetative and topogrqihic 
characteristics within 90 m of den sites. Future analyses vdll 
examine patterns of female denning and movements 
locations and timin|^ relative to topography (tenperature 
related movements), time of year, predatois and other factois 
that mi|Jit influence female decisions to establish and move 
dens.

Population Viability Ana^is
We reported viability analyses in the Annual Report for 2014 and 

those analyses are stfll ppiopriate to the population of fisheis on 
Stifling We refer readers to last yeaf s report

Habitat Relationsbips
Duiing 2015 we distributed to aU cooperatois a report 

entitled ‘Fisher Habitat Selection on StidingManagiement 
District2010-2014: A Critical Test of Our Undeistanding of 
Fisher Habitat Needs”. That report is appended to this 
Annual Report for 2015 as Appendix HABITAT and we 
refer readers to that report

Food Habits and Prey Population Dynamicss
During 2015 we distributed to all cooperatois on this 

project a report entitled ‘ Fisher (^ekamapmnanS) prey 
availability and habitat use on managpd timbedands in 
Northern Sierra Nevada’ ’. That report is ppended to this 
Annual Report for 2015 as Appendix PREY and we refer 
readers to that report

Non-invasive Sampling of Klamatfa Fisbers
We monitored fisheis in a 587 ImF portion of the 

Klamath-Siskiyou ecoregjon in northern Califomia and 
southern Oregon (henceforth, “the Klamath”; Figure 11). The 
Klamath was predominantly comprised of conifer and mixed 
conifer/broadleaf forest Elevation ranggd from 472 to 2269 
m. Non-invasive surveys of meso-camivores have taken place 
in the Klamath annually since 2006 between mid-September 
and eady December. In the summer of 2014, two wildfires 
burned areas on and adjacent to the Klamath (Figure 11): the 
Idgapy Camp Conplex and the Beaver Fires. We have 8 yeais 
of data before the fires occurred, and at this point, 2 yeais of 
data following the fires. One objective of the current analysis is 
to determine the status of the population before these fires 
occurred. In the winteis of2009 and 2010, the fisher 
population in the Klamath also served as a souroe for a 
reintroduction of fisheis to the northern Sierra Nevada and 
northern Cascade Mountains (Callas & Figura 2008). A total 
of 9 fisheis (4F, IM in 2009 and 3F, IM in 2010) were 
removed, and of these, 8 were translocated to an area in the
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Stiding Management Area east of Chico, CA One female in 
2009 died in cptivity. Relatively litde research is conducted on 
source population dynamics following translocation efforts 
(AimstDong & Seddon 2007; Lewis et al. 2012). Thus, an 
additional objective was to undeistand the effects of these 
translocations on souiee population dynamics.

Non-invaswesa
We attempted to deploy 100 survey stations in the 

Klamath at the same locations near streams and on ridgp tops 
each year (Figjre 11). At each survey station we placed anon- 
invasive sarrplingbox made of corrugated plastic (25x25x75 
cm). Each box was baited with a raw chicken drumstick and a 
can ofwet cat food. The back ofthe sampling box was closed 
with hardware doth, and the front w* partially obstructed 
with 3 wooden slats. We fixed agjue strip to the undeiside of 
the bottom wooden slat so thatamammal cominginto the 
box to obtain the bait was likely to leave a hair sanple attached 
to the gjue strip.

Survey stations remained open for a maximum of 6 
consecutive weeks each year, but were occasionally deemed to 
be ‘ ‘nonfunctional’ ’ if damagp to the unit would have 
prevented an animal from leaving a viable gpnetic sanple (e.g, 
if the box was flattened by a black bear, LTwr amaicamij. 
Stations were checked weekly, and each hair sanple attached 
to a gJue strip was immediatdy put in a desiccant-fiUed vial and 
sent to the USDA Forest Service Rocky Mountain Research 
Station for genetic analyses.

At the USDA Forest Service Roclp Mountain Research 
Station, DNA w/as extracted from haiis vnth fblHdes attached 
to each |^ue strip to optimize amplification, and then 
gpnotyped using the multi-tube pproach recommended for 
non-invasive sanples (Tabedet et al. 1996). All samples were 
amplified twice at each locus, and some were amplified a third 
time if the initial amplification resulted in a lack of consensus 
scores (Schwartz & Monfort 2008). If these three scores did 
not prove to be consistent, then sanples were discarded as 
being of insufficient quality for ggietic analyses. For the 
sanples with sufficient DNA, the program DROPOUT was 
used to screen for any potential errois in gpiotyping 
(McKdvey & Schwartz 2004). Any sanples identified to 
contain putative enois were re-anplified an additional three 
times. Folowingthe multi-tube test and the DROPOUT 
screens, fidd information in GIS was used to evaluate the 
likelihood of observinga recptured genotype in a gven 
location (Marucco et al. 2010).

Spabd aftun-Kcaptun model
We devdped a patial cpture-recpture modd to 

investigate the population demogyphy of fisheis in the 
Klamath. In spatial cpture-recpture models, the spatially- 
eplidt locations of each individual i are assumed to be a

function of the distance to their latent activity center Si (Efford 
2004; Royle & Young2008). Locations of ate then calculated 
by estimating individual encounter probabilities and the 
distribution of activity centeis in the defined state-space (5).

It is important forT to be delineated as an area largg 
enou|^ to identify Si for all individuals, even those where Si is 
located outside of the vicinity of the study area Home ranges 
of fisheis in the Klamath have been documented to be (mean 
± SE) 9.6 ± 2.8 and 30.6 ± 8.6 km^for females and males, 
respectively (summarized fiomLofioth et al. 2010). fii the 
current research, S was defined as a 10-km buffer 
encompassing our sanplingunits (1836 km^in total) to 
accurately identify the locations of all activity centeis of fisheis. 
The locations of activity centeis in the current research were 
modeled as an inhomoggneous Poisson point process in S 
(Royle et al. 2014). We divided T into a 1-km x 1-km gyid and 
the location of each sampling unit was then assigned to the 
gyid cell where it was located, and the probability of ijin year t 
isj) being at the center of grid cellj ^irobj w^ modeled as an 
intensity function.

We used a Bpesian pproach and fit our models using 
data augynentation (Royle et al. 2007). We introduced a 
sufficiently laige number of all-zero encounter histories («^ to 
our population of observed indivduals («) to prevent any 
truncation of the number of indivdual fishers wath activity 
centers located in S. We also introduced the partially latent 
variable ^ i) indicatingppulafion membership for observed 
or unobserved individual fin year /equal to M (M = «^ + «). 
We set ^t) = l with certainty for individuals sanpled in a 
gjven year, and estimated this parameter for al remaining 
years. For all yeais ^4 i) ~ Bemoulli(T), and the number of 
indivduals N alive in year /was thus:

M

A, = ^z(Lt)
1=1

We defined the number of detectionsj of indivdual i in 
ggid cell/'in year /as the Poisson-distributed random variable:j// 
~ Poisson^j§<^/^. In this equation,/y was the probability of 
detecting an indivdual in a grid cell if their activity center was 
the centrod of the gtd cell,  ̂was a detection function 
describing how the encounter rate of an individual decreases 
as a function of the distance between their activity center and 
the center of a gpd cel, and ^was the number ofweeks a 
sanpling unit was functioning in grid celyduringyear/ 
Previous research has dentified sex-specific detection 
probabiities of fisheis (Popescu et al. 2014), and an increased 
likelihood of visitation folowing an initial detection (Sweitzer 
et al. 2016); we modeled the log-linear mean encounter rate for 
indivdual fin grid cell/'in year / ^^ as:

log^y) = (i) + (ii'sext + l^pmvmusdetecboni 
where the mean encounter rate is a function of a 

population level intercpt (J3o), a sex-specific effect (]3i), and the
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effect of a binary variable (0 or 1) indicating whether or not the 
individual had visited a sanplingunit in previous yeais (P2)- We 
modeled the detection function with a Gaussian encounter 
probability such that

where ^ is the Euclidean distance between the sanpling 
units where an individual was located and the center of the 
gpd cell of its activity center, and a is the standard deviation of 
a bivariate normal distribution reflecting space-use also called 
the “movement parameter.” To restnct the cpture probability 
to 0 for yeais when no sanplingunits in agpd cell were 
functional, we introduced the variable mf indicating the 
number of weeks that a unit in gid cell/'was open in year t. 
Thus, the expected number of detections for individual / in a 
gpd cell wthout a functioning sanpling unit for the entire 
season was set to 0.

Modelfi&ng and assessmat
We fit our model using the Markov chain Monte Cado 

(MCMQ methods of JAGS (Plummer 2003) in Rv. 3.2.3 (R 
Core Team 2016) with the jagpUI package (Kellner 2014). We 
used vague prior distributions for all estimated parameters, 
specifically. Uniform (-10,10) for [3o, Normal (0, .01) for [3i and 
[32, Unifbrm(0,30) for a, and Uniform(0,1) forU. Parameter 
estimates were calculated from 4330 MCMC sanples, taken 
from 3 chains run for 5,000 iterations, thinned by 3, and 
follovring a bum-in of500. We assessed model conveiggnce 
by examining trace plots and R values for all parameter 
estimates (Gelman & Hil 2007; Gdman et al. 2013). Al 
descriptive statistics are presented as yeady mean ± standard 
deviation and al parameter estimates are presented as a 
median and 95% credible intervals.

Besults
From 2006 to 2013, our sanplingunits were open and 

functioningfor 2708.1 ± 439.4 samplngdays/peryear. 
During this time, we colected 225.9 ± 28.4 samples that were 
submitted forgpnetic analyses. Of these sanples submitted for 
analyses, 212.1 ± 19.5 (90.9 ± 6.1) % were of higji enougJi 
quakty to identify the pecies of the visitor from 2007 to 2013 
(Jpietic analyses were more limited in 2006). For sanples 
identified as fisher, 84.4 + 8.2 % were of sufficient quakty to 
determine sex and gpnotype. The number of unique 
individuals sampled each year showed kttle variation. We 
identified a total of 139 unique individuals from 2006 to 2013, 
with 27.0 + 3.4 individual fisheis detected each year. Fisheis 
were detected at multiple sanplingunits each year (1.7 ± 1.2). 
filter-annual re-cpture rates were also fairly stable over time; 
16.6 ±2.8 individuals sampled each year had been identified to 
be present in previous yeais.

The patial cpture-recpture model indicated the 
population of fisheis in the Klamath was relatively stable

before the fires occurred and for the three yeais immediately 
folowingthe removal of fisheis for translocations (Figure 12; 
Table 9). Estimated locations of fisher activity centers varied 
each year on the landscape (Figure 13).

The current modekngefforts indicate the population of 
fisheis in the Klamath was relatively stable from 2006 to 2013. 
The abundance estimates are unchanged among years, with 
no statisticafly sigpificant differences (95% credible intervals 
oveilp; Figure 12, Table 9).The removals of5fisheis in 2009 
and 4 fishers in 2010 appear to gp undetected; our results 
show that removing this c|uantity of fisheis for translocation 
did not alter the abundance or density of fisheis in the 
Klamath in the short-term

Our estimates of fisher abundance in the Klamath are 
skgjitly smaller than, but do not differ sigiificantly finm, 
prevbus estimates (Swtiers 2013). Both our current results and 
prevbus work mdicate a stable population of fisheis b the 
Klamath before the waldfires occurred m 2014, and for up to 3 
years followingthe translocation efforts. Two major benefits 
to the current modeling approach over prevbus analytical 
techniques include more precise estimates of population sbes 
and spariaky expkcit densities.

Non-invasive Sampling on Stirling
fii the current report we present preliminary results from 

the non-bvasive dataset accumulated b the fall 2013 field 
season. We monitored fisheis b a 229 hM portion of the 
Stiribg Management Area b this initial year of non-bvasive 
sanpling (Figure 14). The non-bvasive sanpkng protocol 
desigped for Stiilbg consisted of 16 sanpkngunits (10.4 larf) 
wtith up to 3 station repkcates placed wtithb each samplbg 
unit Our sanplbgprotocol was later expanded to a total of 
27 sanpkngunits and 78 survey stations b 2014 and 2015 (see 
previous annual report for further information).

Our sanpkngunits were open and functionbgfor 1085 
total sanplbgni|Jits from 24 September to 31 October 2013. 
TTuringthis time, we collected 140 samples that were 
submitted for gpnetic analyses at the Rocl^ Mountab 
Research Station of the USDA Forest Service. Of these 
sanples submitted for analyses, 28 were identified as fisher, of 
which, 25 were of sufficient quakty to determbe sex and 
gpnotype. Our genetic results identified a total of 12 unique 
bdividuals to have visited our stations b 2013 (9F, 3M). We 
modeled this non-bvasive dataset usbg the same methods as 
the Klamath dataset as outkned above. All results presented 
hereb are displ^ed as medians and [95% credible bterval].

Preliminary analyses estimated 32 [19,43] fishers wtith 
home rangps b the vicinity of the sampkngdevbes b 2013. 
The modeled activity centeis for these bdividuals varied across
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the landscape, but their density was higjiest in the 
southwestern portion of the study area (Figure 14). The 
probability of detection non-sigiificantly differed between the 
sexes;males and females had a 0.40 [0.12,0.90] and 0.34 [0.17,
0.78] probability of being detected at a sarrplingunit at the 
center of their home rangp, respectively.

We look forward to incorporating future yeais of data into 
this non-invasive modeling framework to estimate the efficacy 
of non-invasive sanpling corrpared to traditional mark- 
recpture techniques.
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