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ABSTRACT 

Informed forest managmneric ,mrl effective i;onservation planftlng require dll uf,l(it'l'.5t:U!d!ng of h.ow f,:rrest 
patterns lnfluenc!! wildlifu species. the fisher(Pekaniu petJmfr".ti; is a wide-ra;ig'mg. mesm:arnirore s{)C!ciet; 
fa.it atturs ;it !ow pcpulation densities and ures large tr;u;ts of forested. ii!ndr in the wHrern USA toss 
and ~grnema_tion of_f~ habitats are cor1sidert!d prim.uy threa~ to fisher pojlu!.rti!ID$. however, 
these factors influ.en"u:,twil different ::mnpmieots of landscape pattern: compo~ititm :.nd amfiguration. 
We used data from 18 F.sceJs fitt_ed wt::n Argtlt satellite trnnsmimtr ct,llars to ev.'I!uace habitat selection 
at the l.lndu:ape sea1e (I.e.., 50-100 krrr) ln ool'ti1veentri!.l ldalm, We &v1:loped .-. :iet ot a primf model~ 
abouthcwfim.effi might respond.to tores:! pattern and t-ested the hypothesis t:itat1iotb fure:st compo.~ltion 
.:tud .::ottfiguration intlUenre hilliior selection by fishers at btwd sJMrial.,~r.:tles. Model se!ei:.tion results 
lruUc.ited thrt a model lnOO!pQrating men•i\4 of !:mtll ft;rest configur.atoo ;md fumr" composition pcr­
form,;,rl sl;golflc,mtlybettectfw,µnfi'fltwirh e,ither .atone. Fishers sele~ted fand.~1 fur home ra.,geswith 
larger, morn rnntigl.ious patches of rnatl!J'e forest ar.d reduced 11moonts·of eprrn .treas. Landsc,1pes that 
~d ;..50% mature WW arragged ID connected, complex :IDawuvlth few isolate<! f)dtthes, a.mi open 
ttre1s mmpristog :;5% of the l11ndscape cllatacll:riri!d a forest selected by fis!lers in nur study. 
To eva u...te emertt histories in cur Study region rnl;:l!t pr,:wlde h.;blt,u.­
fut llshers-, 1.ve cum1t<1red: metrics offtnest com[)osit[cn .aru:I ronfiglJtation within fisher l'.or:ne ranges o.yjth 
metrics :'"rom forests lTl.'.\llaged !Jllder three distinct management k~tories l..Jndseapes m,;maged primarily 
for timber production and Wtds managed as roadle$$fwilderr.>?ss had Signilic,:mffi' more opan are.:s, less 
marore futt1t, and re!luced proximity of mamre- fo~st p.ttch~ th,.n 9('etlpitd fisher home" .:angt!.S, "fbere 
tesults ran be med to fadfitate effective ~rvatlmi of fishers ff!fllugh infumi!!d forest management 
planhing, 
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1. Introduction measure., of average patch shape, and;neasures -Of-patch aggrega-
_tion, Ecologists have debated the refatlve importance of compcsi­

,,,,,J%2£Q~.tljbi,!j~Afffi:£!£::00lsB!I..~i~illi:l~.mim~;;;;.Y;C~~;;;;mrponses;;.,-w;;;,.,.,_=~~~. 
plans requires an understanding of ,how forest patterns lniluence lands,apes ( e.g. Am1ren, 1:N4 l!'.?i<''.v;. 111ct 1H'!o1:et'g1'en. ";995; 
the ecology and behavior of species, Forest patterns can be split F.alm;;, 19:J/: Evvets and Lliu!:rnm ZOG6). Alt~ough h.abltat loss 
int:o two major compt,nents: forest·compPsition and forest ronfig- and fragmentation are often :ine:trkably ihrertwlnerl, habitat loss, 
uration (Ned ,,z ;i , :!G04). Metrics such as patch area or the pro- which-ls pr\ndpally a ch~ ir, coinl)'.Jsition, IS generally believed 
portion of " hmdsi:a-pe fa a specific habitat type describe the tO' haw: a greater influence on wildlife (Fl.1rn0, and i:levets, 2i"Xl'.l: 
composition of a forest. in rontrAst, foresc omfigurat:ion ls inher- hihr'.'y, 20!}3; s, -UuniJ:1 er 111., 2002} than habitat fragmenration, 
entiy spati;:;J arul e)(,lmines the arrangemem of patches .across a Which Is a change in configuration. However, other researchers 
landscape (Cu;;r;ifl.,.:,r,, l90&), Common metrics of configuration argue thar such ;a generalit.ed ro.ndusion might r,at l>e. possible 
include the average distl'!OCe among patches of the same typ;;-, beta use of species-siled fie, or guild-specific responses to cha~es 

in landscape pattern (:l.~mler i:t 0l., t?1J8: M-Ja:1;101!:: An-C v:n,m:. 

"' Corrc,;pcnth,g authot. Addre~:;ru-· !J~ of Fish and Wi1dlik $d.:11tes. 
U11iv,u:sity ()ffilaOO, N!o5COw, ID $)1>44-l13$, USA; Idaho Dep;i,rt__,.o; '1f Rsh aotl 
G.;.Ti.,,-ntr. 16th S}l't~t. Lewist_a:n, ID ll:JS(H, USA WL: ->-"! WI! 1SS SOJ!J. 

•J!)S; i'Rt(;; s;, 2i J()fli,; W!. ;c,1 ~'\ ~;., 1:::-ort >!➔,p",Kh <rt :.L, 

JG i 1}. £v.,,.,.rs ,,nr1 S,ri1;,1m .).(-Cf;,'. c<mcluded that animal responses 
to hablt.1t fragmentation, and thus habitat conffguration, ,a.re gov­
eined by spetie:.•specific traits and that species Wit'l large body 
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(Ti!b!e ?.). A total of three metrics were included in 95% confidefice 
model set (Tabi<' ?), one forest configuration metric and two forest 
composition metrics. 

We evaluated the performance of our best supported model 
(Model #11) using a ROC curve: the area under the curve was 
0.86. indicating that the model discriminated well between land­
scapes used and unused by fishers and perfqnned substantially 
better than what would be expect at random (i.e .. 0.5). From our 
mode!, the odds ratio for the effect of open area abufidance on 
the probably of use by fishers was 0.875 (95% Cl"' O. 774--0.989, 
T2ble 2 ). Increasing the amount of open area from 5% to 10% within 
a landscape reduces the relative probability of occurrence by 39% 
(flg. 2). 

Configuration of mature forest patches was the most supported 
habitat variable influencing habitat selection by fishers at the land­
scape !eve! in our study. Among the univariate models (Models 
#1-10, T,,bie 1 ), the proximity index of mature forest was the best 
supported variable. It had stronger support than any of the compo­
sition metrics that we examined: percentage of open area. 
dAJCc'" 7 .4; percentage of mature forest, dAI.C,, = 8.0; and percent­
age·of high canopy cover forest. &MC.,= 22.0. The proximity index 
of mature forest was 40 times more plausible than the amount of 
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Fig. 2. The effect of open area(%) within a landscape on theTelative probability of 
occupancy by fishers in mixed coniferous forests of north-central !daho. 

Table 3 

open area as best explaining landscape-level habitat selection by 
fishers, and 56 times more the than amount of mature forest. 

Metrics of forest pattern selected by .fishers differed markedly 
among landscapes managed under different management histo~ 
ries. Forest patterns in two of the three general types of forest 
management histories that we examined (industrial and roadless 
forests) differed significantly from landscapes occupied by fishers 
in our study area ('L1ble 3). In both of these types of landscapes, 
the amount- of open area was greater, the amount of mature forest 
less. and the proximity mature forest patches was less than within 
occupied fisher home ranges (Table 3, multiple comparisons, all 
p-values ,.;;0.01). Metrics from multiple use forests were similar 
to those from occupied fisher home ranges and did not differ 
significantly (Table 3). Based on our modeling results, the differ­
ence in open area abundance between multiple use forests (5.7%) 
and industrial use forests (17.4%) equals a 72% decrease in the 
relative probability of occurrence of fishers. This result is corrobo­
rated by our live trapping data. Overall, capture rates of fishers in 
industrial forest were half those in multiple use or roadless forests 
(Table 4). and despite substantial trapping effort. fishers were not 
caught on aU trapping grids (FJg. l ). 

4. Discussion 

Our results demonstrated that fishers exhibited strong habitat 
selection at the landscape scale based on forest patterns. Fishers 
selected landscapes for home ranges with larger. more contiguous, 
patches of mature forest and reduced amounts of open areas . 
Selection for doser proximity of patches of mature forest and not 
strictly its abundance is a novel result for this species that supports 
the hypothesis that forest configuration as well as foreSt composi­
tion likely influences distribution of fishers across forests in our 
study area. 

The association of fishers with mature forest and high cafiopy 
cover has Jong been recognized Gones and Garron. 1994, Powe!i 
J.nd ZieilnskL 1994; Proulx et a!,, 2004; lofrnlb et aL, 201 i: Raley 
et al.. 20'!2), However. in our analysis. the percentage of mature 
forest within a landscape was not the best supported forest vari­
able for predicting occupied versus unoccupied forests, nor was 
the abundance of forest with high canopy cover. Proximity among 
mature forest patches. as measured by the proximity index of 
Cust;ifsor. an<l ?MI.Wr (1994) and modified by !vlcGarigal er 

A comparisoQ betweEn landscape pattern menics ( with median and lnterquarrile ranges) from 18 fisher home ranges in north-central Idaho and landscapes man;iged under three 
general forest m~nagement histories (n ~ 50 each). 

~=h::: 

Proximity index among niature forest patches·' 
Percentage of landscape composed of open .irea" 
Percentage of landscape composed of mature forest 

...(lc<;ujliii<Ffislier~liome,r11n~ 7:ai'iils(ape-ty~ 

2821.2 {547.7--4834.1) 
5.4 (4.5-8.2) 

SS.8 (39.5-64,8) 

lndustria! forest 

431.2" (172.6-816,0) 
17.4" (10.3-25.5) 
31.3'' (24.0--41.4] 

Multiple use forest 

1597.8 (817,3-3481,J) 
5.7 (3.89-7.4) 

43.0 (34.8-52.4) 

" Global Krusknl-Wallis cl1i-<:q11e~d ~ 31,1121, (lfm3,p-v~lue ~ 1l.051e-07. 
b Global Kruska!-Wallis chi-squared• 69.3949, df,. 3.p-value • 5.752e-15. 
' Global Kruskal-Wallis chi-squared~ 29.4443, df • 3. p-value ~ 1.806e-06. 
" Differs significam!y from accupied fisber home ranges (multiple comparison tests after global Kruskal-Wallis test, p,:; 0.01). 

Tuble4 

Roadless forest 

260.S" (134.7-1062.3) 
11.2~ (7.4-15.5) 
21.4'' (14.0-38.4) 

Data on catch per unit effort and disnibution of collared fish~rs ln north-central ldaho in forests managed \lnder three general management histories. 

Industrial Multiple use Roadless/wi!demess 

Trap nights 2983 4553 76S 
Clpture events of fiiher (f!er 100 trap night:s} 0.40 0.86 0.92 
N offishers wlth ;,-1 0% of home r.inge ill ~ forest cype 7 15 7 
Me.in% of home range in foreot type (11_~ 18) 22.l (SD~ 32.S) 50.7 (SD~ 33.7) 27_5 (SD~ 36.4) 

-=============~-··-·--·--~-.... ~•---------
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,ii. i2002 :, was more effective at identifying landscapes used verses of open area in a landscape can have !arge effects on the probabHity 
unused by fishers in our study area. The proximity index simulta- of occupation by fishers. Our results predict an increase in the 
neously evaluates aspects of both configuration and composition amount of open area from 5% to 10% reduces the relative probabil-
by using the size of and distance among all patches of a habitat ity of occupation by fishers by 39%. Based on the results of Weir 
type within a landscape to distinguish between landscapes with ,-md Cor1rntJld (20 '. 0), such a change reduces the relative probabil-
sparse distributions of small habitat patches and landscapes ity of occupation by fishers by 60%. 
comprised of complex dusters of larger patches {M,::Gadga) Ri' dl., We evaluated many of the landscape metrics that have been 
20U2J. Thus, the proximity index incorporates aspects of both reported in the literature to be associated with the presence of 
isolation {i.e., distance beMeen patches) and fragmentation {i.e., fishers. One metric of particular interest was the abundance of 
patch size). Our results demonstrated that fisher home ranges forest with high canopy cover, which has been one of the strongest 
typically had high values for the proximity index {T,1ble 3), and and most consistent predictors of fisher distribution and habitat 
thus fishers in our study area selected landscapes that had large use across studies {Ral,;y Hal,, 201'2). Although purported critical 
patcties of mature forest that were arranged in complex, highly thresholds of canopy cover vary widely, canopy cover has been 
connected patterns. Because the proximity of mature forest more reported as an important metric for predicting the presence of 
strongly predicted habitat selection than abundance of mature For- fishers in California (Carro!\ et Ji., 1999; Zil'linski et al .. W 1 O) 
est, our results imply that simply increasing the amount of mature and evaluating habitat suitability range wide (Af!en, 1983 ). How-
forest would not necessarily enhance habitat suitability for fishers. ever, in our analysis, abundance of high canopy cover habitat 

Although fisher home ranges are consistently characterized by was not the most effective metric for identifying landscapes used 
moderate to high proportions of mid- and late seral forests, there by fishers (Model #7, w1 < 0.0001 ). The proximity index of mature 
are few overarching patterns of selection for particular seral condi- forest, the abundance of open areas, and the abundance of mature 
tions orspedes compositions. Raley \?t .1], (2012) hypothesized that forest were each significantly more plausible at explaining habitat 
when fishers select home ranges_, they benefit from including a di- selection by fishers in our study -area than abundance of high 
verse array of available forest conditions by increasing access to a canopy cover. R,1!ey et ;ii_ :2012·1 pointed out that inconsistency 
greater diversity and abundance of prey species while still attain- in terminology and differences in methods of measuring canopy 
ing habitat features important for reproduction and thermoregula- cover confuse comparisons of the effects of this variable across 
tion. Our results are consistent with this contention, A high studies, rn our analysis, we believe that the poor performance of 
proximity index implies that mature forest patches are well dis- high canopy cover in predicting habitat selection was due, in part, 
tributed throughout an individual's home range, suggesting that to the fact that high canopy cover can be achieved in multiple ways 
forest structures used for resting, denning, and predator avoidance in a forest. Typically, patches of mature forest have high levels of 
would be available throughout the home range. In addition, other canopy cover. But regenerating young forests with high stem 
habitats are likely intennixed with mature forest, which might densities, which frequently occur in industrial forests, also can 
be conducive to finding prey at higher densities. The diets □ffishers have high levels of canopy cover. Yet, it is likely that fishers do 
in the Northern Rockies are poorly studied, but snowshoe hares not perceive such forest types as equivalent, even though estimates 
(Lepus americanus) are believed to malce up a large portion of their of canopy cover might be Similar. Areas of regenerating young 
diet Uones, 1991 J. However, snowshoe hare densities are typically forest with high canopy cover might provide vertical escape 
reduced in mature and old growth forests (Su!ban et aL 2012) cover from terrestrial predators and microclimates favorable for 
whereas areas with high understory cover and high densities of traveling and foraging (Rale11 et aL, 2012), but these habitat types 
sapling and medium sized trees have the highest densities (Lewi$ typically have fewer cavities and structural features (e.g., large 
et ,1L 2011 ). Jene,; .md GafiDl1 '. 199-4; reported that fishers in Idaho trees, broken top snags, mistletoe shelves, etc.) that are critical 
used young forests in winter more than expected at random, and resting and denning sites for fishers (.Zielinski ':'t ,al,, 21J04: Pured! 
Jrm~s (1S91) documented evidence of microtines. yellow-bellied ,;r ,iL, 2009: Aubry et ,1L 2013). We suggest that !n areas such as 
marmots (Mannota flaviventris) and ground squirrels (Urocitelfus ours, where industrial forest composes a significant portion of 
spp.) in the diets of Idaho fishers, suggesting that fishers might the landscape (56% in study area}, high canopy cover is not the best 
travel and hunt at least occasionally in young, nonforested, or metric to use in evaluating fisher habitat; the proximity index of 
sparsely forest habitats where those species typically occur. Our mature forest, or even the abundance of mature forest would be 
results confirmed that having a variety of habitat patches within more appropriate. If canopy cover must be used, we encourage 
a matrix of well-connected mature forest was a forest pattern forest managers to be aware of and explore potentially confound-
favored by fishers in our study area. ing issues associated with the metric. 

======Atdmugli:;,.IlSfleFfi"elecreif4or;;,1h"e""9froxftfu'"cy-0Fm"affire'"'.;;fOrest- 0urevaluariun'"O""F"l"a"n'd,c.c=,=,=e=,,=tt=e,=n=-,=cr=os=rto=0r=•si:n,,==·=tll"-r=,,=,=-~==== 
stands, they simultaneously selected against open areas. Previous differing management histories revealed practical implications 
work has consistently demonstrated a negative relationship be- for conservation of fishers in the forests of the Northern Rockies. 
tween open areas and habitat use by fishers (Buskirk ;;nd Powel!, Forest configuration and composition within occupied .fisher home 
JLJ94: Junes iwd CartV!\ El94). Weir ami Cnrboui<l (,W:Di, who ranges differed from both industrial and roadless forests, but not 
studied a population of fishers in British Columbia, reported that from multiple use forests in our study area (Ti'lble J). Across indus-
among a suite of univariate models of landscape selection, abun- trial forest landscapes, the median abundance of open area was 
dance of open areas best predicted occupancy by fishers. Our odds 17.4%, which was substantially more than the median ofS.4% with-
ratio for the effect of open area (0.875, 95% CI= 0.774-0.989) was in occupied fisher home ranges. Based on our modeling results, the 
similar to the odds ratio they reported (0.803, 95% Cl= 0.663- difference in open area between multiple use forest (5.7%) and 
0.973), suggesting that abundance of open areas might be a useful industrial (17.4%) equates to fishers being 3.6 times more lil<ely 
metric for evaluating habitat suitability for fishers across large to occur in multiple use forest verses industrial forest. Although 
landscapes, even those composed of differing forest habitat types. our study did not explicitly evaluate the link between relative 
The median amount of open area in a home range in our study probability of occurrence and absolute probability of occurrence, 
was 5.4%, which. is consistent with results from California where qualitatively it is corroborated by extensive surveys using both 
fisher home ranges, on average, contained ,s;;S.0% open area (J,-;k:1 hair snares (N. Albrect, unpublished data) and our live trapping 

, ,1!,_ ,(n;:;J. Both our results and those of v'.;,,,,. •J<it .,-,.::llouid data. Capture rates of fishers in industrial landscapes were less 
-·,,:; .; ; suggested that even relativel)J~ies in the amount than half of t!:)..9~~~':!filLll?J.£,ll.,.W2i;,~Jh1=:_,Pfp1Ailljt:t,,__ 
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index. (which is. best used as a comparative index because it is 
dimensionless; McGadg.-li et aL 2002) was significantly lower in 
industrial landscapes than within fisher home ranges suggesting 
that mature forest patches were more fragmented and isolated. 
Thus, while we documented fishers maintaining entire or signifi~ 
cant portions of their annual home ranges in industrial forest 
(Table 4), it does not appear that industrial forests as a whole 
within our study area are in a configuration or composition pattern 
preferred by fishers. Additional research is warranted to better 
understand implications of this result. Understanding whether 
industrial forests are sub~optimal but adequate or are population 
sinks Will be important to future conservation efforts (l3dg'Jette 
et al,, 2012). Fine-scale infonnation focused on how fishers move 
through landscapes avoiding or selecting individual patches and 
how residual structures left after harvest might facilitate use by 
fishers will be important for achieving both timber harvest and 
fisher conservation objectives. FinaJly. forest management strate­
gies are not static and landscape patterns seen now are the product 
of multiple management actions spanning many decades. Studies 
that combine telemetry work with concurrent timber harvest or 
thinning would provide important data to evaluate the effects of 
specific management actions of fisher habitat selection. 

The difference in forest pattern between occupied fisher home 
ranges and roadless forests was contrary to our expectations and 
has implications for the assumed value of roadless areas for con­
servation of fishers. In the Northern Rockies, road less areas often 
are considered key landscapes for biodiversity conservation in gen­
eral and carnivore conservation in particular (Noss et al.. 1096: 
Carrol! et uL 2001. Crist et aL. 2005 ). In the past, road less and wil­
derness areas' have functioned as refugia from trapping pressure 
for fisher populations ('vink<"Y ,~t .tL 2006}. However, in our study 
area, composition and configuration of road less areas differed sig­
nificantly from occupied fisher home ranges (Table 3 ), suggesting 
that roadless areas might not be preferred fisher habitat this 
region. The abundance of open areas was significantly higher and 
proximity of mature forest patches was significantly reduced in 
roadless landscapes relative to occupied fisher home ranges. we. 
suspect that these differences arise for multiple reasons. First, 
roadless areas Within our study area tended to occur at higher ele-

habitat would result ln lower capture rates. Overall. based on our 
results, the assumption that roadless and wilderness areas are de 
facto good fisher habitat deserves further evaluation and perhaps 
site-specific consideration. 

5. Conclusions 

Understanding relationships between wildlife populations and 
their habitats is fundamental to sound, science-based Wildlife con­
servation Informed forest management and effective conservation 
planning must evaluate how forest pattern will influence a species. 
Our research demonstrated that models incorporating metrics 
quantilying both forest composition and forest configuration per­
fanned well in evaluating habitat selection by fishers at the land~ 
scape scale. Fishers in our study area located their home ranges 
in landscapes with abundant mature forest in large patches that 
were highly connected and in areas with relatively low amounts 
of open area. Landscapes that have ;:,,50% mature forest arranged 
in contiguous, complex shapes with few isolated patches, and open 
areas comprising ,,;;5% of the area appear to constitute a forest pat­
tern occupied by fishers. Such a pattern can serve as a target for 
land managers seeking to maximize the probability of occupation 
by fishers in our region and similar habitats (Le., low to mid eleva­
tion. mesic, and mixed conifer forest). Although we tracked fishers 
living and maintaining home ranges in landscapes managed under 
three distinctly different forest management histories. in general, 
the landscape patterns of industrial and roadless forests in our 
study area did not appear to closely match those occupied by 
fishers. The conservation implications of this result need to be 
explored further. Future research should examine how survival 
and reproductive success of fishers varies among forests with 
differing landscape patterns. Such information has implications 
for long-tenn population persistence and could improve our 
understanding of the respective roles that these forests potentially 
serve in conservation of fishers in the Northern Rockies population. 
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i'm~Ai. \<:),., ;.V~!f 'U .. , Y•:,;,,,. :.,;., n;J, ,\l!'\.1,,i:,"!:;:;1; v(>Hmt<H ,~k(:;(".f. 

trapping success in road less areas was high (Tal)ie 4). we believe e,,~,,wk ,,.,, ai.,,·,,+, ;, ·;., :.,'p11:,_; •~· ''"~"''"-'· v ;v, .. '.'.n•u-,, ' ''"'· . :;sdtv,tl,,,ai 
that this result was influenced by particularly good fisher habitat C:i$;,,)r:;Ji 1~,,c:or:1;;,c ··c,o""'-'''':y ,,,,cf :"0,0,:io: cu·.~-"'·· ·n. Fe,. ~;; '.'.:1. 

;:,<-J,c:: 
in one Jow~elevation roadless area where we trapped. We believe •Jc,;o~, P.; .. ,.:,·,,i,;-s;;,,s, '-''-. F .. 1,,.,._,. ' .. i:'Y·'. ,·.w•r.;~ ,,,:, ,.,.:! ~c, .. , .. · .. '.~< , .... 1 
that additional tra i in more -~y_cqnfi~l.]!~9-£2.~~J.8.-S.lJ..:G~~;;:.~.~;;;;w~--


