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{Tabie 7). A-total of three metrics were included in 95% confidence.
model set {Tabie 2}, one farest configuration metric and two forest

compasition metrics.

We ‘evaluateéd the performance of ocur best supported model
(Mudel #11) using a ROC curve: the area under the curve was
0.86, indicating that the model diseriminited well between land-
scapes’ used and unused by fishers and petformed substandally
better than what would be :expect at random {i.e, 0.5). From our
moddel, the adds ratie: for the efféct of apen area abundance on
the probably of use by fishers was 0.875 (95% CI=(.774-0.989,

Table 2), Increasing the amount of open area fram 5% to 10% within

a landscape reduces the relative probabthty of octurrence by 39%

(¥ig. 2)

Configuration of mature forest patches was.the most supported
habitat variable influencing habitat selection by fishers at the {and-
scape level.in our study. Among the univariate models (Modeis

#1-30, Tabie 1 ) the proximity index of mature forest was the best
supported variable. It had strahgér support thaii any of the.compo-
sition metrics ‘that. we examined: percentagé of open area,
AARIC.=74; percentage of mature forast; AAIC, = 8.0; and percent-

_age of high canopy cover forest, AAIC. =22.0. The proximity index
of mature forest was 40 times more plausible than the amount of
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Figs. 2. The effectof open arca (%) within a landscape 6n the Telative. probability of
octupancy by fiskiers in mixéd coniferous forests of north-central idaha.
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open ared. as. best expldining landscape-fevel habitat selection by
fishers, and 56 timés.more the than amount of mature forest.

Metrics of forest pattern selected by fishers differed markedty
among landscapes managed under different managemen{ hista-
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 (Taile 3). In both of these types of laridscapes,
the amount of open area was greafer, the amount of mature forest
less, and the proximity mature-forest patches was less tlian 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 fsher home ranges and did not differ
sigiificantly {Table 3). Baged on ouir 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 otcurrence of fishers. This result is corrobo-
rated by our live trapping data. Overall, capture rates of fishers in
industrial forest were Lialf those in. multiple use or roadless forests
(Table 4), and despite substantial trapping effort, fishers were not
caught on all trapping grids (Fig, 1),

4. Discussion

Gur results demonstrated that fishers exhibited strong habitar
selection at the landscape scale based on forest patterns. Fishers
selected landscapes for home ranges with larger, more contignous,
patchies of mature forest and reduced amounis of open areas:
Selection. for closer proximity’ of patches of mature forest and not

-strictly it§ abundance is a novel result for this species that Supports

the hypathesis that forést configuration as well as forest cornposi-
tion likely tofluences distribution of fishers across forests in. dur

study area.

The association of fishers with mature forest and high canopy

cover-has long been recognized {Jcmw and Carron 1984 Pawelf

and Zielinsis, 1294; Prouix e al, 2004; Lofrati of al, 2013 Raley
et al., 2012}, 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. Priximity among

magure forest patches, as measured by the proximity index of
Custafsos and Parker {1994) and modified by McGarigal or

A comparison between landscape pattern metrics {with median abd Interguartile rarges) from. 18 Gisher hoine ranges in north-¢enral Idahe andiandscapes mamged under three

general forest management histories (#t = 50 each),
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Tndustrial forest Muitiple use torest Roadless forest

B b1 L T Y
Proximity index among inatisre forest. patches® 28212 (547.7-4834,7}
Percentage of iandscape compesed of vpen area® 54 {45823

Percentage of fandscape cormposed of matire forest” 55.8 (39.5-64.8)

431.39{172.6-816:0}
17.4¢ (10.3-25.5)
313 (24.0-41.4)

1597.8 (817,3-3481,1)
57(389-7.4)
43,0 (34.8-52:4)

2605 (134.7-1062.3}
1127 174-15.5)
21.4° {14.0-38.4)

Clobal Krustal-Wallis chi-squarad = 311121, df =3, p-value =2,051e-07.
Global Kruskal-Wallis chi-squared = 69,1949, df = 3, p~value = 5752815,
Global Kruskal~Wallis chi-squared = 29,4443, df = 3, p-value =1.806e —06.

- R

Table 4

Differs sxgmﬁcamiy from ocgupied:fisher hame | ranges (multiple cormparison tests after global Kruskal-Wallis test, p < 0.013.

Bata on catch per-unit effort and distribution of collased fishers.in north-central idaho in favests managed ukder three general management histories,

TIndustrfal | M_ultip]'e use RﬂadIgss(wildemess
Trap nights. 2983 4553 785
Capture-events of fisher (per 100 trap mghts} D40 0.88 082
N of fishers witit »1 0% of home range in 2 fovest type. T 15, 7

Mean & of home range in forest type (=18}

22,1 (50 = 325)

50.7 {80 = 33.7) 7B (503641
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al {2000 1, was moreeffactive at identifying landscapes used verses
-unused by fishers in our stidy area. The proximity index simulta-
deeusly evahiates aspects of both configuration and eamposition
by using the size.of and distance among ali patchies of a habitat
type within a landscape to distinguish between landscapes with
sparse: distributions’ of simall ‘habitat patchies and landsciapes
comprised. of complex clusters of larger patches {(McGagizal 21 &,
200Z). Thus. the proximity index incorporates aspects of both
isolation {ie.. distance between patchés) and fragmentation [ie.,
patch size). Qur resuits demionstrated that fisher home ranges
typically had high values for the proximity index {Table 1), and
this, fishers in aur stoudy area sélected 1andscapes that had large
patches ‘of mature forest that were arranged in complex, highly
connécted patterns, Becanse the proximity of mature forest mare.
strongly predicted habitat sefection than abundance of mature for-
est, our results imply that simply-increasing the amount of mature-
forest would not necessarily enhance habitat suitabiity for fishers,
Although fisher home ranges are consistently characterized by
moderate to high proportions of mid- and late seral forests, there
are few overarching patterns of selection for particutar seral condi-
tions or species compositions. Ralay et al, {2012 hypothesized that
when fishess select home ranges, they benefit from including, a di-
verse array of available forest conditions by increasing access to a

gréater diversity and abundance of prey spetcies while still attain-

ing habitat features important for repraduction and thermoregula-
tion, Ouf resuits dre consisteént with this: contention, A high

proximity index implies that mature foreést patches are wefl dis--

tributed throughout an individual's home range, suggesting: that

forest structures-nsed for resting, denning, and predator avoidance.

would be available throughout the héme range. In addition, other

habitats are likely intermixed with mature forest, which might

be conducive to finding prey at higher densities, The diets of fishers
in the Northern Rockies are paorly studiéd, but snowshoe hares
[(Lepus americanus) are beiieved to make up a large portion of their
diet (jones, 199 1) However, snowshoe hare densities are typlcally
reduced: in matire and old growth forests (Sullivan et al, 2072)
whereas areas. with high understory cover and high densiti'es of
saplmg and medium- sized trees have the highest densities (Lawis
et al, 2071} joiss 3nd Gaston {1994 reported that fishers infdaho
used young forasts in winter mare thah expecied at random, and
jomes 119911 documented evidence of microtines, yellow-bellied
marmots (Marmota flaviventris} and ground sqmrrels {Urocitellus
spp.) in the diets of Idgho fishers, suggesting that fishers might
travel and hunt at least occasionally in young, nonforested, or
sparsaly forest habitats where those speriés typicatly oceur. Cur
results confirmed that having a variety of habitat patches within
a matrix of well-connected mature forest was a forest pattem
favared by fishers in our study area.

of open area in a landscapé can have largé effects.on the probability
of sccupation by Ashers. Our results predict an increase in the
ampunt ¢f'open area from 5% to 10% reduces the relative probabil~
ity of drcupation by fishers by 39%. Based on the resilts of Weir
ant Covbpuld {2000} such a change reduces the relative probabil-
ity of occupation by fishers by 60%.

We evalutated many of the landsecape metrics that have been
veported in the literature to be dssociated with thee .presénce of
fishers. One metric of particular interest was the abundance of
forest with high canopy cover, which has béen one of the strongest
and most consistent predictors of fisher distribution dnd habitat
use across studies {Ralay ot ab, 3972). Although. purparted critical
thresholds- of canopy cover vary widely, ‘canopy cover has been
ceported as an ifmportant metsic for prediclmg the presénce of
fishers in. California (Carroil ot al., 1959; Zeilnski et al. 2008)
and evaluating habitat suitabilify range wide {Aflen, 1983). How-
ever, in our analysis, abundance. of high canopy cover habitat
was not the most effective metric for identifying landscapes used
by fishers (Model #7, w; < 0.0001). The proximity index of mature
forest, the abundance of open areas; and the abundance of matura
forest were each 51gn1ﬁcant!y rore plausible at gxplaining habitat
selection by fishers in our study area than abundance of high
canopy cover. Raley. et ab {20127 pointed out that inconsistency.
in terminology and differences in methods of measuring. canopy
cover confuse comparisons of -the effects of this variable across
studies. In our analysis, we believe that the poor perfcrmance of
high canopy cover in predicting habitat selection was due; in patt
ta the fact that high canopy cover can be achieved in multiple ways
in a forest. Typically, patches of mature forest have highi levels of-
canopy cover. But' regenerating young forests with high stem
densities, which frequentiy occur in industrial forésts, also can
have high levels of canopy cover. Yet, it is likely that fishers do
not perceive such farest typesas equivalent, even though estimates
of canopy cover rmght be similat. Areas of regenerating young
forest with high canopy tover might provide vertical -escape
cover from terrestrial predators. and mrcmc_ll_ma_tes favorahie for
traveling and foraging (Raley et al, 2012}, but these habitat types
typically have fewer cavities and structural féatures {e.g., large
trees, broken top snags, mistletoe shelves, etc.) that are -critical
resting and denning sités for-fishers (Zielnshi ot af, 2004: Puresi)
sl 2008 Aubry et al, 2013), We suggest that in aréas such as
ours, where industrial forest compuoses a 51gn1ﬁcant portien of
the landseape {56% in study area), hlgh canopy cover is not the bast
metric to nse'in evaluating fisher habitat; the proximity index of
mature forest, or even the abundance of mature forest would be
more appropiiate. Iff cariopy cover must be used, we encourage
forest managers. to be aware of and explore _pu_te_ntla_lly confound-
ing issues associated with the metric,
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stands, they simultaneously selected against open areas. Previous
waorlk has consistently demonstrated a negative relatwnshlp he-
tween open areas and habitat use by fishers (Busidrk and Powsll,
1494 jones and Carfon, 1994) Weir and Corbonid (20705 .who
studied a pogulation. of fishers in British Columbia, reported that
among a suite of univariate models of Tandscape selection, abui-
dance of apen areas hest predicted pccupancy by fishers. Our odds
ratio for the effect of open area (0.875, 95% Cl= 0.774-0.989) was
similar to the odds ratio they reportad. {0,803, 95% Cl= 0,663~
0.973), suggesting that abundance of open areas might be:a useful
metric for evaluatmg habitat suitability foc fishers across large
landscapes, even those composed of differing forést habitat types.
The fmedian amount of open area in a home range in our study

was 5.4%, which is consistent with. results from California where’

fisher home ranges, on average, contained €5.0% open area {%aley
#r . #013), Both our results-and those of » i s
! sugeested that.even relatively smail changes in the amount

differing management histories revealed practical implications.
for conservation of fishers in the forests of the Nerthern Rockies.
Forest configuration and composition within occupied fisher home
rafiges diffeéred from both industrial and voadless forests; but fot
from multiple use forests in our study area { Tabje 1), Across indus-
trial- forest Iandscapes the median abundance of open area was
17.4%, which was substantially miore than the median of 5.4% with-
in occupied fisher home ranges. Based on our madeling results, the
difference in open area between multiple use forest (5.7%) and
mdustna} {17. 4%) equates to fishers being 3.6 times. more likely
to occur in muttiple use- forest verses industrial forest, Although
our study did not explicitly evaluate the link between relative
probability of occurrence and absolute probability of otcurtence,
qualitativily it is corroborated by extensive sueveys using bnﬂz
hair snares (N. Albrect, unpublished datd) and our live apping
data. Capture rates of fshers in industrial lands_cape_s were less
than half of those in multiple use Forest (Yanis 1) The proximiry,

hla .
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index {which is best used a$ a ‘comparative index because it is
dimensjonless: Mclarigal of ak, 2002) was significantly lower in
industrial landscapes than within fisher heme ranges suggesting
that mature forest patches ‘were more fragmented: and isofared,
Thus, while we documented fishers maintaining entire or signifi-
cant portions of their annual Home. ranges in indostiial forest

{Table 4), it does not appear that indistrial forests as a whole

within cur study areaareina conﬁguration or composition paitern

préeferred 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 importarit to- future ‘conservation efforts (Baguette
ar al, 20412). Fine-scafe information focused oix low fishers move
throiigh landscapes avoiding or selecting individual patches. and
how residual structures laft after harvest. might facilitate use by
fishers will be important for achieving both tiriber harvest and
fisher conservation objectives. Finally, forest management strare-
-gies are nobstatic 2nd landscape patterns seen now are the product
of. multiple management actions spanning many decades. Studies
that.combine telemetry work with concurrent fimber harvest or
thitning would provide inportant’ datd 6 avaluare 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 ovr expectations and
thas implications Tor the assumed value of roadless areas for con-
servation of fishers. In the Northern Rockies, roadless areas. often
are considered key landscapes for biodiversity copservation in gen-
eral and carnivore conservation in particular (Mess et ab., 1996:
arrell et al. 2001 Crist or al, L 2005). in the past, roadless and wil-
dersiess areas have functioned as. refiigia from. trapping pressure
for fisher populations {Vipkey 2f al., 2066} However, i our study
area, cermposition and conﬁgurauon of roadless areas dlﬂ‘ered sig~
nificantly from occupied fisher:-home ranges (Table 3), suggesting
that roadtess areas might not be preferred fisher habitat this
region, The abundance of open areas was significantly higher and
proximity of -mature forest patches was signiﬁ[:ant!y reduced in

roadless landscapes relative to occupied fisher hame ranges, We.
suspect. that these dlf'ferences arise’ for .multipie reasons. First,

roadiess areas within our study area tended to oceur at h:gher ele-
vations than multiple use or industrial focests, 4 pattern that has
been noted across the coterminous United States (Stofr et al,

'JOG ). At hlgher elevations, mountain meadows, shrub fields, and.

rock ouicrops becpme more comumon, increasing the amaunt of
the. landscape classified as.apen area, which fishers avoid, Second,
i bur study area, lower to mid-elevations sites-were dommated by
Douglas-fir, western larch, grand fir, and westernredcedar, all spe-
cies that regularly grow tall enough to fall in the 25-50 m height
category that we used to define mature forest patches {from a fish-

habitat would result in lower captufe rates; Qvérall, based on our
resulis, the assumption that roadless and wilderness areas are de
Jacto good fisher habitar deserves further evajuation and perhaps
site-specific consideration.

3. Conclusions

Understanding relationships between wildlife populations-and
their habitats is fundamental to seund, séience-based witdlife con-
servation, Informed forest managerment and effective conservation
plannirig must evaluate how forest pattecn will influence a species,
Our reseafch demonstrated that models incorporating metrics
quantifying hoth forest cormposition and forest configuration per-
formed welt in evaluating habitat sefection 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 witlt fewrisolated parches, and open
areas comprising <5% of the area appear to constitute.a forest pat-
tetn:-becupied by fishers. Such a pattern can serve as a target for
land maragers seeking to maximize the probability of occupation
by fishers in our region and similar habitats (L.¢.; 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 generat,
the landscape patterns of industrial and readless forasts in air
study area dié not appear to closely imatch those occupied by
fishers. The conservation Implications of. this result need to be
explored further. Future fesearch should examine how survival
and reproductive success of fishers varies ainong forests with
différing landscape patterns. Such mformatlon has. implications
for long-termn populatien- persistence and could improve our
understanding of the: respactive roles that these forests potentially
‘serve in conservation of fishers in the Northern Rockies population,
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mumty trans;tlons to mclude increasing abundances of Ioclgepaie
pine, meuntain hemlqck, Engelmann spruce, and subalpine fir.

These species are genérally shorter in height and thus are less’

likely to reach the 25-50 m height category, Consequently, esti-
mates of proximity amoeng mature forest. patches are lll(eiy-
reduced, Daviz et ai {2007} asserted that lodgepole pine and
subalplne fir habitats are poarly suited for. fishers. These smaller,
higher elevation trees are probably léss Ekely to furm cavities,
which are important features influencing habitat selection by rthis
species {Aubry et al. 2013). Readless and wilderness areas
comprised a significant portion of our study area (>27%), so the

importance of this forest.type for fisher conservation and manage-
ment could be-substantial, We point out that although ovur live.

trapping success in raadless areas was high {Vabie 4), wé believe
that this result was influenced by pardcularly good fisher habitat

in one fow-elevation roadless. area where we trapped. We believe .

that additional wapping in more typically confizured roadless

for this study M Schwartz and ]. Lewis prov:ded many he]pful dis-
cugsions on fishers, fisher habitat, and fisher conservation in. the
Northern Rockies.
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