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potential errors in track identi�cation, as top models remained 
the same for all scales and data sets. Consequently, only results 
from the full data set at the �ner, marten home-range scale are 
presented.

Detection probability.—The top detection model for mar-
tens was the presence of �shers (Table 4); however, contrary to 

our prediction, the relationship was positive (� = 0.74 – 0.38). 
Marten detection probability was nearly 2× greater in the pres-
ence of �shers (p = 0.44 – 0.10) compared to the absence of 
�shers (p  =  0.27  –  0.06; Fig.  2a). Similarly, the top model 
for �sher detections included a positive relationship with 
presence of martens (�  =  0.78  –  0.33; Fig.  2a) as well as a 
negative association with precipitation preceding each survey 
(�  =  �0.35  –  0.15). As precipitation increased, estimates of 
�sher detection decreased from 0.36 to 0.08 in the presence of 
martens and from 0.21 to 0.04 in the absence of martens (Figs. 
2a and 3a).

Contemporary (2012�2014) detection models for martens 
yielded a top model with constant detection probability, sup-
porting our hypothesis that martens would be unaffected by 
snow, but no model in the suite garnered clear support over the 
others (Table 5). Contemporary detection models did not, how-
ever, indicate a response of �shers to snow depth (Table 5), but 
supported the hypothesis that �shers would respond negatively 
to snow density (i.e., penetrometer depth; �  = �0.15 – 0.07; 
Fig. 3b).

Occupancy probability.—The top occupancy model for both 
species included percent cover by lowland conifers, but both 
models were considered uninformative due to regression coef-
�cients with 95% con�dence intervals that overlapped zero 
(Table  6). For both species, the 2nd-ranked model was used 

Table  4.�Top models of detection probability (p) for martens 
(Martes americana) and �shers (Pekania pennanti) in Wisconsin, 
United States (2008�2014). The highest-ranking model for each 
species was incorporated into subsequent occupancy models. 
�AICc = difference between model AICc and lowest AICc in the model 
set; wi = Akaike model weight; k = number of estimable parameters.

Species and models �AICc wi k

American marten
p(Fisher presence) 0 0.293 5
p(.) 1.28 0.1545 4
p(Low temperature + Fisher presence) 1.57 0.1337 6
p(Precipitation + Fisher presence) 2.3 0.0928 6
p(Transect length) 2.84 0.0708 5

Fisher
p(Precipitation + Marten presence) 0 0.66 6
p(Precipitation) 2.89 0.16 5
p(Marten presence) 3.93 0.09 5
p(Precipitation + Low temperature) 5.48 0.04 6
p(Low temperature + Marten presence) 7.28 0.02 6

Fig. 2.�Results from top occupancy model for martens (Martes americana, gray) and �shers (Pekania pennanti, black). (a) Estimated detection 
probabilities, with SEs, of martens in the presence or absence (MF or Mf) of �shers and �shers in the presence or absence (FM or Fm) of mar-
tens. Both species exhibited higher probability of detection in the presence of the competing species, and detection probabilities for �shers also 
decreased as precipitation increased. (b) Colonization (�) and extinction (�) probabilities showed an inverse relationship for martens and �shers, 
though SEs for �shers overlap zero suggesting no extinction or colonization. (c) Seasonal occupancy probabilities from 2008 to 2014 with 95% 
CIs exhibited stable occupancy for both species over time.
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to estimate parameters and indicated constant �, �, and �. All 
subsequent models included covariates with regression coef-
�cients whose con�dence intervals overlapped zero and thus 
did not support either habitat partitioning or spatial segrega-
tion between the species (Table  6). Estimates of marten and 
�sher occupancy were relatively constant over the 7  years 
despite augmentation of martens, and ranged from 0.35 to 
0.38 and 0.83 to 0.88, respectively (Fig.  2c). Marten extinc-
tion probability (0.31 – 0.15) exceeded colonization probabil-
ity (0.19 – 0.06), whereas �shers were 10 times more likely to 
colonize a site (0.13 – 0.21) than to go extinct (0.01 – 0.04; 
Fig.  2b). Nevertheless, con�dence intervals overlapped zero 
for both parameters for �shers, suggesting minimal extinction 

and colonization occurred (Fig. 2b). Because extinction prob-
ability of �shers approached zero in most models, convergence 
was not always reached. In particular, � as a function of marten 

Fig. 3.�Response of detection probability (p) of �shers (Pekania pen-
nanti) to snow conditions. (a) Predicted p as a function of precipitation 
(cm) in the 24 h preceding a survey from 2008 to 2014. Probability 
of detection of �shers was higher in the presence (gray) than in the 
absence (black) of martens, but decreased with precipitation regard-
less. (b) Predicted p as a function of snow density during 2013�2014, 
as measured by penetrometer depth (cm), indicating p decreased by 
approximately 0.10 for every 2.5  cm of deep, uncompressed snow. 
Dashed lines indicate 95% CIs.

Table 5.�Top models of detection probability (p) for contempo-
rary martens (Martes americana) and �shers (Pekania pennanti) in 
Wisconsin, United States (2013�2014), incorporating snow variables 
such as snow depth, density, and amount of snow on the roadway. 
�AICc = difference between model AICc and lowest AICc in the model 
set; wi = Akaike model weight; k = number of estimable parameters.

Species and models �AICc wi k

American marten
p(.) 0 0.1244 4
p(Snow depth on road) 0.58 0.0931 5
p(Transect length) 0.65 0.0899 5
p(Fisher presence) 0.71 0.0872 5
p(Low temperature) 0.82 0.0825 5

Fisher
p(Snow density) 0 0.2743 5
p(Marten presence + Snow density) 0.95 0.1706 6
p(Snow depth + Snow density) 2.58 0.0755 6
p(.) 2.73 0.0701 4
p(Marten presence) 3.04 0.06 5

Table 6.�Multi-season occupancy (�) models developed to assess 
niche partitioning in martens (Martes americana) and �shers (Pekania 
pennanti) in Wisconsin, United States. The best detection (p) model 
for each species was included in all occupancy models, and coloniza-
tion (�) and extinction (�) were assumed constant for all models when 
not listed as parameters. �AICc = difference between model AICc and 
lowest AICc in the model set; wi = Akaike model weight; k = number 
of estimable parameters. The top-ranked model for both species con-
tained covariate regression coef�cients with 95% CIs that overlapped 
zero; therefore, only the 2nd-ranked models (in bold) were used for 
further inference.

Species and models �AICc wi k

American marten
�(Lowland conifer), p(Fisher) 0.00 0.52 6
ψ(.), p(Fisher) 2.50 0.15 5
�(Deciduous forest), p(Fisher) 3.83 0.08 6
�(Mixed forest), p(Fisher) 4.46 0.06 6
�(Matrix diversity), p(Fisher) 4.57 0.05 6
�(Shrub forest), p(Fisher) 4.86 0.05 6
�(Area), p(Fisher) 5.01 0.04 6
�(Evergreen forest), p(Fisher) 5.08 0.04 6
�(Fisher), �(Fisher), �(Fisher), p(Fisher) 7.83 0.01 8
�(Disturbed Area), �(DA), �(DA), p(Fisher) 8.28 0.01 8

Fisher
�(Lowland conifer), p(Marten + Precip) 0.00 0.37 7
ψ(.), p(Marten + Precip) 1.52 0.17 6
�(Deciduous forest), p(Marten + Precip) 2.01 0.14 7
�(Shrub forest), p(Marten + Precip) 3.18 0.08 7
�(Evergreen forest), p(Marten + Precip) 3.48 0.06 7
�(Disturbed Area), �(DA), �(DA),  
p(Marten + Precip)

3.64 0.06 9

�(Marten), �(Marten), �(.),  
p(Marten + Precip)

4.08 0.05 8

�(Matrix diversity), p(Marten + Precip) 4.22 0.04 7
�(Area), p(Marten + Precip) 5.40 0.02 7
�(Marten), �(Marten), �(�xed at zero), 
p(Marten + Precip)

8.83 0.00 9

�(Mixed forest), p(Marten + Precip) Did not converge
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occurrence did not converge; therefore, we modeled � as a 
constant parameter and � �xed at zero and reported all models 
(Table 6).

Point pattern analysis.—Ripley�s L-function and asso-
ciated goodness-of-�t tests detected signi�cant clustering 
among martens (P  <  0.05; Fig.  4a), but not among �shers  
(P > 0.05; Fig. 4b). Bivariate L-functions also did not detect 
any dependence of marten locations on �sher locations (P > 
0.05; Fig. 4c), but �sher locations depended on martens, par-
ticularly at distances exceeding 4 km (P < 0.05; Fig. 4d).

Stable isotope analysis.—The isotopic niche of �shers was 
over 1.5× greater than that of martens, with SEAc estimates 
of 3.76 and 2.27, respectively. In addition, signi�cant dietary 
niche overlap was observed, with the isotopic niche of martens 
falling entirely within the isotopic niche of �shers (Fig. 5).

DISCUSSION

Our results did not support the spatial niche partitioning, 
temporal niche partitioning, differential habitat selection, or 
dietary segregation hypotheses. Indeed, the only difference we 
detected between martens and �shers was based on snow con-
ditions, and this relationship was not particularly strong. This 
suggests that martens and �shers in Wisconsin are experienc-
ing signi�cant niche overlap, and that competition is ultimately 
limiting the recovery of martens. Below, we explore each of 
these hypotheses individually.

Spatial segregation, temporal avoidance, and differential 
habitat selection can all facilitate carnivore coexistence, and 
these mechanisms have been observed in several populations 
of sympatric mustelids (Table 1). Surprisingly, neither martens 
nor �shers exhibited strong habitat selection at the scales of 
our analyses, and our models did not detect either spatial or 
temporal segregation among these competitors. Instead, both 
species were more likely to be detected when the other was 
also present, suggesting spatiotemporal aggregation within the 
24  h following snowfall. Moreover, the bivariate L-function 
indicated signi�cant dependence of �sher locations on marten 
locations, again supporting aggregation between these species. 
Partitioning, though, could have occurred within more discrete 
land-cover classes or at spatiotemporal scales �ner than we 
were able to model (McCann et al. 2014, 2016). Indeed, mar-
tens and �shers select habitat at various spatial scales (Powell 
1994; Shirk et  al. 2012), and martens did exhibit signi�cant 
levels of clustering. Nevertheless, we did not �nd evidence of 
scale dependency in our models, and L-functions did not indi-
cate avoidance at any scale. Given that we also found no spatial 
autocorrelation and parameter estimates within the predicted 
distributions (Supplementary Data SD2 and SD3), these results 
appear robust.

Competitive coexistence of martens and �shers in Wisconsin 
could be facilitated by partitioning snow features, as reported 
for sympatric populations in Maine and California (Krohn et al. 
1997). Unlike martens, �shers possess high footloads and are 

Fig.  4.�Centered L-functions for marten (Martes americana, a) and �sher (Pekania pennanti, b) track locations, and centered, bivariate 
L-functions for marten��sher (c) and �sher�marten (d) interactions in Wisconsin, United States (2008�2014). Solid lines indicate observed spa-
tial relationships, grayed regions indicate 95% con�dence envelopes, and dashed red lines represent the theoretical L-function. Signi�cance was 
derived using goodness-of-�t tests under the null hypothesis of complete spatial randomness. Solid lines above the theoretical L-function indicate 
spatial clustering, lines below indicate spatial avoidance, and lines outside of the con�dence envelope indicate spatial relationships signi�cantly 
different from random.












