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ABSTRACT.—American martens (Martes americana) are typically found in late-successional 27 

forests with closed canopy cover and high structural diversity. Reintroduced populations of 28 

martens in the Northern Lower Peninsula of Michigan inhabit areas that are devoid of many 29 

of these features, which may impact their prey base. The goal of our study was to evaluate 30 

the small mammal prey base available to martens in the Northern Lower Peninsula. To assess 31 

prey availability, diversity, and composition, as well as effects of trap type and habitat 32 

features on trapping success, we sampled 24 study plots within the Manistee National Forest 33 

for small mammals in 2013 (n=24) and 2014 (n=20). Study plots were situated in four habitat 34 

types: conifer, deciduous, mixed conifer-deciduous, and mixed oak. Total capture rates were 35 

significantly and positively associated with relative deciduous tree cover. This result 36 

highlights how managing tracts of land for small mammal prey base may overlap with goals 37 

set forth by researchers for marten habitat needs (e.g., resting site preferences). We found 38 

large Sherman traps had significantly higher total capture rates than other trap types (medium 39 

Sherman and pitfall traps), and we recommend that researchers use a variety of trap types to 40 

maximize detectability of small mammal species diversity and richness.  41 

Keywords: American marten, Great Lakes Region, Martes americana, mustelid, predator-42 

prey, small mammal, trap type 43 

INTRODUCTION 44 

Prior to European settlement, American martens (Martes americana) ranged throughout 45 

the Upper and Lower Peninsulas of Michigan, U.S.A. The old-growth coniferous forests of the 46 

Northern Lower Peninsula were ideal for martens as they were expansive, contiguous, and 47 

unaltered by human influence (Earle et al., 2001). However, during the nineteenth century 48 

Michigan led the U.S.A. in lumber production, fueling rapid loss and degradation of these old-49 
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growth forests (Whitney, 1987). By the early 1900’s, martens were extirpated from Michigan 50 

due to habitat loss and overharvest of the species (Williams et al., 2007). 51 

The Michigan Department of Natural Resources and the United States Forest Service 52 

began re- introduction efforts for martens in 1955 (Williams et al., 2007). From 1955 to 1986, 53 

361 martens were released in the Upper and Lower peninsulas of Michigan (Williams et al., 54 

2007). These re- introduction attempts were regarded as successful and martens were therefore 55 

removed from Michigan’s threatened species list in 1999 (Cooley et al., 2002).  56 

Martens are generally associated with mature coniferous forests, preferring contiguous 57 

stands, closed canopy cover, and forests that are structurally diverse (Clark et al., 1987; Baker, 58 

1992; Gilbert et al., 2017). With these habitat requirements and vulnerability to anthropogenic 59 

disturbance, martens have been identified as an indicator for overall forest health (Buskirk and 60 

Powell, 1994; Harrison et al., 2004). The habitat available to martens in the Northern Lower 61 

Peninsula of Michigan differs from other areas of their range (e.g., use of large tracts of 62 

monoculture red pine stands with mixed secondary growth characteristics; Sanders et al., 2017). 63 

Marten populations in the Northern Lower Peninsula appear to be persisting in the original 64 

release sites but do not seem to be expanding to other suitable areas (Earle et al., 2001).  65 

American martens are a generalist predator feeding on a variety of foods such as small 66 

mammals, amphibians, reptiles, fruits, berries, birds, eggs, invertebrates, carrion, and vegetation 67 

(Clark et al.,1987; Ben-David et al., 1997; Whitaker and Hamilton, 1998). In Michigan, marten 68 

are known to consume small mammals such as the southern red-backed vole (Myodes gapperi), 69 

the northern short-tailed shrew (Blarina brevicauda), chipmunks (Tamias spp.), squirrels 70 

(Sciurus and Tamisciurus spp.), and mice (Peromyscus spp.; Hales et al., 2008). Hales et al. 71 

(2008) found voles and mice constituted the highest proportion of small mammals consumed by 72 
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martens in the Upper Peninsula of Michigan. A more recent study on a recovering marten 73 

population in Wisconsin found the largest portion of their diet is comprised of deer (Odocoileus 74 

spp.) and shrews (Blarina and Sorex spp.; Carlson et al., 2014). These studies illustrate how 75 

martens’ dietary preference varies by region.  76 

Prey availability is known to affect characteristics essential to population stability in 77 

martens, including fecundity and overall survivorship (Flynn and Schumacher, 2009). Studies 78 

show correlations between prey population fluctuations and marten numbers (Weckwerth and 79 

Hawley, 1962; Thompson and Colgan 1987; Fryxell et al. 1999). Therefore, understanding 80 

associations between prey occurrence and abundance within specific habitat types may aid in 81 

decision-making strategies when managing marten populations. While the aforementioned 82 

studies did measure marten population characteristics in conjunction with small mammal 83 

monitoring, many of the studies only employed one trap method (e.g., snap-trap index, 84 

Weckwerth and Hawley, 1962; Thompson and Colgan 1987; Flynn and Schumacher, 2009) that 85 

may bias diversity and richness estimates of prey species. Current research suggests the use of 86 

multiple trapping methods increases detectability of species diversity and richness in small 87 

mammals (Stephens and Anderson, 2014).  88 

As part of a larger study on the overall ecology and population dynamics of martens in 89 

the Northern Lower Peninsula of Michigan, this research sought to determine if there was a 90 

difference in small mammal populations among different habitat types within the Manistee 91 

National Forest. We collected habitat data to elucidate associations between habitat features and 92 

small mammal prey abundance within our study area. Additionally, since different small 93 

mammal trapping techniques (e.g., trap size and trap type), may affect trapping success (Wiener 94 

and Smith, 1972; Bookhout, 1994; Lambert et al., 2005; Stephens and Anderson, 2014), we 95 
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wanted to determine if our trapping methods impacted the prey species captured. Therefore, our 96 

objectives were to: (1) quantify the small mammal prey base available for martens, (2) determine 97 

if differences existed in the small mammal prey base in areas occupied by martens, and (3) 98 

determine if significant differences existed in capture rates among the three trap types used in 99 

four habitats types.  100 

 101 

MATERIALS AND METHODS 102 

STUDY AREA 103 

 Our study area was located within the Manistee National Forest, Michigan, U.S.A. (Fig. 104 

1). The Manistee National Forest maintains a multiple-use policy (USDA Forest Service, 1996) 105 

and consists of approximately 2186 km2 of land. Since European settlement timber harvest and 106 

large wildfires have changed the composition of the Manistee National Forest. In the early 107 

1900s, the Civilian Conservation Corps (CCC) reforested degraded portions of the area with 108 

conifer species (Sanders et al., 2017). Because of these land use practices and private land 109 

inholdings, the Manistee National Forest is highly fragmented relative to areas typically 110 

associated with high-quality marten habitat.  111 

 The Manistee National Forest consists of a diverse selection of upland and deciduous 112 

forest types including: aspen (Populus spp.), red oak (Quercus rubra), white oak (Q. alba), black 113 

oak (Q. velutina), black cherry (Prunus serotina), red maple (Acer rubrum), sugar maple (Acer 114 

saccharum), American beech (Fagus grandifolia), American basswood (Tilia americana), white 115 

ash (Fraxinus americana), American hornbeam (Carpnius caroliniana), yellow birch (Betula 116 

alleghaniensis), and witch hazel (Hammamelis virginiana). Conifer species within the forest 117 
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include red pine (Pinus resinosa), jack pine (P. banksiana), white pine (P. strobus), and eastern 118 

hemlock (Tsuga canadensis).  119 

 Climate varied seasonally with an average fall/winter (October-March) temperature of 120 

1.0 ± 0.06 C and spring/summer (April-September) temperature of 16.0 ± 3.8 C (NCEI 2017). 121 

The climate of Michigan’s Northern Lower Peninsula is characterized by cold winters (lasting up 122 

to 6 mo) and mild summers.  123 

 124 

SELECTION OF STUDY PLOTS 125 

Small mammal trapping was conducted in portions of Lake and Wexford counties (Fig. 126 

1). Our three study locations, Pine River, Caberfae, and Olga Lake were determined using known 127 

marten home ranges (Sanders 2014).  Trapping plots were classified into one of four habitat 128 

categories: conifer, deciduous, mixed conifer-deciduous, and mixed oak in ArcGIS (ERSI, 129 

Redlands, California, U.S.A.). Trapping plots were situated in one of the four habitats in areas 130 

known to be occupied by martens and were selected using known marten home ranges (Sanders 131 

2014) and a random numbers generator in Microsoft Excel. 132 

 133 

SMALL MAMMAL TRAPPING 134 

We live trapped small mammals from June 6 to August 1 in 2013 and 2014. We 135 

established 24 plots evenly distributed throughout the study area, each consisting of 5 X 5 136 

trapping grids spaced in 10 m intervals. One Sherman live trap (H.B. Sherman Traps, Inc, 137 

Tallahassee, Florida) was placed at each grid point. We baited traps with sunflower seeds and 138 

provided cotton for bedding. Traps were covered with debris (e.g., leaves, pine straw, and woody 139 

debris) to reduce the chance of thermal stress. Traps were locked open for 4 to 7 d prior to 140 
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trapping to allow animals to acclimate to their presence. We set traps in the evening (1800-2000) 141 

and checked traps in the morning (0700-1000) for 5 d.  Traps were closed during the day to 142 

decrease the possibility of imposing heat stress.  In 2014 we checked traps in the morning (0700-143 

1000) and evening (1800-2000) to attempt to trap diurnal species. 144 

In 2013 we only used medium Sherman live traps (7.5x9.5x9.5cm). In 2014 we also 145 

deployed two additional trap types – pitfall traps (19 cm deep, 10.5 cm diameter) with a large 146 

waterproof covering (25 cm diameter) and large Sherman live traps (37x13x13 cm). Traps were 147 

set in the same fashion (one trap per grid point) and study plots as in 2013. For 2014 traps were 148 

locked open for 2-3 d prior to trapping to allow the animals to acclimate.  149 

We identified individuals to species, weighed individuals to the nearest gram (Pesola AG, 150 

Schindellegi, Switzerland), and marked them with uniquely numbered ear tags (National Band 151 

and Tag Company, Newport, Kentucky 41072). Because there is likely overlap between 152 

Peromyscus species in our study area (e.g., Peromyscus leucopus and Peromyscus maniculatus; 153 

Myers et al., 2009), we report all Peromyscus captures to genus only. We did not ear tag shrews 154 

as these species lack pinnae. After processing we immediately released animals at their point of 155 

capture.  156 

All research procedures conformed to the American Society of Mammalogists guidelines 157 

for the use of wild mammals (Sikes et al., 2016) and were approved by Grand Valley State 158 

University’s (#10-02-A) and Maryville College’s (#2014-05) Institutional Animal Care and Use 159 

Committees. 160 

 161 

HABITAT MEASUREMENTS 162 
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 The evaluation of local habitat features is vital in determining habitat structure and 163 

overall site quality. As such, the use of only broad-scale vegetation data may lead to improper 164 

conclusions regarding importance of specific areas (McCann et al., 2014). To avoid these biases, 165 

we analyzed mid/upper story vegetation characteristics using the point-centered quarter method 166 

(Mitchell, 2007) and recorded the ground-cover characteristics at each study plot (in 2013; n = 167 

24). We measured diameter at breast height (DBH), recorded tree species, ground cover, and 168 

coarse woody debris (e.g., logs or fallen branches >10 cm in diameter). Microhabitat data 169 

consisted of the estimation of ground cover type and distance measured from the trap to the 170 

nearest tree (DBH > 5 cm) in all four cardinal directions. For ground cover, we measured nine 171 

evenly spaced quadrats within each study plot using a four-sided PVC square (0.5m x 0.5m). We 172 

categorized the vegetation type (percentage) into one of the following groups: dead leaves, 173 

woody debris, living vegetation, and bare ground.  174 

We calculated total basal area of all trees and relative percent cover of specific tree 175 

groups (i.e., oak spp., pine spp., maple spp., aspen spp., and all deciduous spp.) using the 176 

methods described by Mitchell (2007). 177 

 178 

STATISTICAL ANALYSIS 179 

We performed all analyses in program R (R Core Team, 2018) and accepted significance 180 

at alpha < 0.05. We used quasi-Poisson generalized linear models (GLMs) to evaluate the effects 181 

of habitat variables on total trap capture rate (counting new and recaptured animals) and unique 182 

trap capture rate (excluding recaptured animals). We used quasi-Poisson models because the data 183 

were count type (counting the number of captures, offset by the number of trap nights) and the 184 

model showed signs of over-dispersion. We summed captures and trap nights over the trapping 185 
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season to create a single response variable (number of captures) and offset (trap nights) per study 186 

plot (n = 24). We conducted Pearson’s correlations among habitat variables. When two predictor 187 

variables were highly correlated (r=|0.6|), we selected the variable we hypothesized had the 188 

greatest direct effect on small mammal abundance and diversity to avoid collinearity. We used 189 

quasi-Akaike information criterion (qAIC) to select best-supported models from a candidate set 190 

(Burnham and Anderson, 1998). 191 

We generated predictions of total capture rate and unique capture rate with our best-192 

supported model and the categorical habitat model using the ‘predict’ function in R. To plot 193 

predictions using the best-supported models, we held total tree cover by basal area to the raw 194 

data mean and set trap nights to 100. We varied relative percent deciduous tree cover from 0-195 

100% and created 101 predictions of capture rate (total and unique) at 1% intervals.  196 

We used linear models to evaluate the effects of habitat characteristics on Shannon 197 

Diversity of small mammal communities. Different transformations (log plus one and square-198 

root) were needed to reach the model assumption of normal residuals for the different candidate 199 

models of Shannon Diversity, so we were not able to use AIC for the Shannon Diversity because 200 

AIC requires response variables of the same scale (Burnham and Anderson, 1998). Instead, we 201 

simply drew inference from models with the same explanatory variables of the best-supported 202 

model for unique capture rate and total capture rate, and additionally considered the categorical 203 

habitat model. 204 

With the 2014 data, we plotted raw data (scaled to captures per 100 trap nights) as box-205 

plots, grouped by trap type and habitat type, for visual interpretation. We then used a poisson-206 

distributed (appropriate for count data) mixed-effects GLM to evaluate the effects of trap type 207 

and habitat category on total capture rate and unique capture rate. We modeled a random effect 208 
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of trapping site nested within habitat type to specify observations of different trap types at the 209 

same site were not independent.  210 

 211 

RESULTS 212 

Trapping summary.—We captured a total of 773 individuals encompassing 12 different 213 

species during a total of 6878 trap nights over both years (Tables 1 and 2). Peromyscus spp. were 214 

the most abundant small mammals captured across all sites in both years (n = 522) accounting 215 

for 67.5% of all captures. Eastern chipmunk (Tamias striatis) was the second most captured 216 

mammal at 18.8% (n = 146), followed by short-tailed shrew (Blarina brevicauda) at 10.3% (n = 217 

80). The remaining species captured (all < 1.2%) were, in order of frequency, woodland jumping 218 

mouse (Napaeozapus insignis), meadow jumping mouse (Zapus hudsonius), southern flying 219 

squirrel (Glaucomys volans), American red squirrel (Tamiascurus hudsonicus), masked shrew 220 

(Sorex cinereus), meadow vole (Microtus pennsylvanicus), long-tailed weasel (Mustela freneta), 221 

and thirteen-lined ground squirrel (Ictidomys tridecemlineatus). 222 

 223 

2013 Analysis: Capture Rate.—The best-supported model for total capture rate was the 224 

model with total cover by tree basal area and relative percent cover by deciduous tree basal area 225 

as predictors (qAICc =  47.0, weight = 0.51; Table 3). Deciduous tree cover was a significant 226 

positive predictor ( = 0.004, SE = 0.002, P = 0.033; Fig. 2) of total capture rate. Total cover was 227 

not a significant predictor ( = -0.92, SE = 0.46, P = 0.0501). Varying percent deciduous cover 228 

from 0–100% resulted in predictions from 26.6 (20.1–35.1, 95% CI) to 41.6 (34.0–50.8) total 229 

captures per 100 trap nights. The best-supported model for unique capture rate was also the 230 

model with total cover by tree basal area and relative percent cover by deciduous tree basal area 231 
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as predictors (qAICc = 34.4, w = 0.41; Table 3). For unique capture rate, neither deciduous tree 232 

cover ( = 0.003, SE = 0.002 P = 0.076) nor total cover ( = -0.59, SE = 0.41, P = 0.16) were 233 

significant predictors.   234 

 235 

2013 Analysis: Shannon-Diversity.—Neither relative percent basal area cover of 236 

deciduous trees ( = 0.004, SE = 0.002, P = 0.056) nor total basal area ( = -0.41, SE = 0.49, P = 237 

0.41) was a significant predictor of Shannon diversity in the small mammals trapped.  Model fit 238 

means of Shannon diversity index from the categorical habitat model were 0.28 (95% CI, 0.04–239 

0.59) for confer, 0.15 (-0.07–0.41) for conifer-deciduous, 0.58 (0.28–0.95) for deciduous, and 240 

0.09 (-0.12–0.34) for mixed oak. We detected no significant differences in Shannon Diversity 241 

among the habitat types (P > 0.05 in each case). 242 

 243 

2014 Analysis: Trap types.—We found significant differences in total capture rate among 244 

trap types across each habitat type (Fig. 3). Large Sherman traps yielded more captures than 245 

pitfall traps (t = 12.63, P < 0.001) or medium Sherman traps (t = 3.59, P< 0.001), and medium 246 

Sherman traps yielded more captures than pitfall traps (t = 11.09, P < 0.001). We found no 247 

statistical differences among the habitat types in total capture rate (P > 0.10 for each contrast). 248 

Similarly, we found significant differences among trap types across each habitat type with 249 

deciduous habitats yielding the greatest unique capture rate (this relationship among habitat types 250 

was especially apparent when comparing large and medium Sherman trap captures by habitat 251 

type; Fig. 4). Large and medium Sherman traps did not significantly differ in the amount of 252 

unique captures (t = 2.26, P = 0.057), but both Sherman trap types significantly differed in 253 

unique captures when compared to pitfall traps (Large Sherman, t = 9.23, P < 0.001; Medium 254 
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Sherman, t = 7.88, P < 0.001). We found deciduous habitats yielded more unique captures than 255 

mixed-oak habitats (t = 3.29, P = 0.006), but we detected no other significant differences among 256 

habitat types (P > 0.10). 257 

 258 

DISCUSSION 259 

 260 

SMALL MAMMALS: HABITAT AND CAPTURE SUCCESS 261 

 Habitat use by small mammals is affected by available resources such as food, habitat 262 

structure, and microhabitat features (Wywialowski, 1987; Manson and Stiles, 1998; Jones and 263 

Lindquist, 2012). Our best-supported models for total and unique capture rates in 2013 included 264 

total cover by tree basal area and percent cover by deciduous tree basal area. In the total capture 265 

model, tree cover (basal area by all tree species) was seemingly a negative predictor of small 266 

mammal captures, although the effect was not statistically significant. Further, in 2014, unique 267 

captures were significantly increased in deciduous habitat relative to mixed oak habitat. Our 268 

findings are similar to past studies of small mammal communities, where abundance and 269 

richness were significantly higher in deciduous habitat types (Degraaf et al. 1981; McShea et al., 270 

2003). We found that Peromyscus spp., T. striatis, and B. brevicauda comprised the largest 271 

proportion of our captures, and all species are known to be closely associated with deciduous 272 

forest stands (Kitchings and Levy, 1981; Snyder, 1982; Lackey et al., 1985).  273 

 274 

VARIATION IN CAPTURE RATE VIA TRAP TYPE 275 

In 2014, large Sherman traps and pitfall traps were used alongside medium Sherman traps 276 

to potentially increase our probability of catching species such as shrews and voles known to be 277 
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important prey in marten populations (Hayes and Cross, 1987; Nordyke and Buskirk, 1991; 278 

Carlson et al., 2014). Studies comparing single and multiple trapping techniques have concluded 279 

multiple trap types generally provide a more thorough survey of species in a site (Sedivic and 280 

Whidden, 2007; Dizney et al., 2008; Stephens and Anderson, 2014). Trap type comparisons in 281 

our study corroborate findings reported in the U.S.A. and Spain (Dowler et al., 1985; Torre et 282 

al., 2010). We found Sherman traps significantly outperformed pitfall traps overall, with large 283 

Sherman traps capturing more mammals throughout the study area. However, pitfall traps did 284 

capture one species not represented by either Sherman trap type – S. cinereus. Other researchers 285 

have also found pitfall traps are quite successful at capturing soricids relative to baited traps 286 

(McComb et al., 1991; Dizney et al., 2008). However, some past studies have reported much 287 

higher trapping success with pitfalls relative to Sherman traps (Umetsu et al., 2006; Dizney et 288 

al., 2008). More recent work in Wisconsin found using a combination of both Sherman and 289 

pitfall traps produce higher species richness and diversity than either trap type independently 290 

(Stephens and Anderson, 2014). While we found Sherman traps outperformed pitfall traps 291 

overall, we propose future research should employ a variety of trap types when conducting small 292 

mammal surveys to maximize detection of species richness and diversity.  293 

 294 

SMALL MAMMALS AND MARTEN IN THE NORTHERN LOWER PENINSULA 295 

Forest stands with high basal area and large deciduous trees are essential habitat features 296 

associated with marten resting sites in the Northern Lower Peninsula of Michigan (Sanders et al., 297 

2017). Deciduous basal area cover was an important positive predictor of total small mammal 298 

captures. Further, deciduous forest stands also produced significantly higher unique small 299 

mammal captures relative to other habitat types in 2014. Taken together, this suggests that 300 
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management goals for marten resting sites put forth by Sanders et al., 2017 (e.g., preservation of 301 

large deciduous trees and coarse woody debris, promotion of high basal areas in forest stands) 302 

may overlap with important habitat features for small mammal communities in the Northern 303 

Lower Peninsula.  304 

An essential component of determining the martens’ status in the Northern Lower 305 

Peninsula is comparing prey availability to diet. Dietary preferences of martens in Northern 306 

Lower Peninsula are unknown. In the Upper Peninsula of Michigan, Hales et al. (2008) reported 307 

that 57% of marten GI tracts sampled in winter months contained deer mice (Peromyscus 308 

maniculatus). Other important small mammal occurrences in their study included: B. brevicauda 309 

(47%), Tamiasciurus and Sciurus spp. (33%), and T. striatis (12%). To our knowledge, only one 310 

small-scale diet study has been performed in the Northern Lower Peninsula on marten. 311 

Preliminary diet analysis (% occurrence in scat) from kit-rearing martens in our study area found 312 

that similar small mammals are important to marten including: Peromyscus spp. (60%), Microtus 313 

spp. (30%), Scalopus aquaticus (30%), B. brevicauda (20%), and T. striatus (10%; P.W. 314 

Keenlance and J.J. Jacquot, pers. comm., 2015). Generalist small mammal species appear to be 315 

common in the four surveyed habitat types in the MNF, and according to the limited amount of 316 

available literature, they also form the bulk of small mammals consumed by martens in 317 

Michigan. 318 

 319 

RECOMMENDATIONS FOR MANAGEMENT 320 

Management of marten populations may benefit from monitoring the available small 321 

mammal prey base in habitat occupied by martens (Thompson and Colgan, 1987; Fryxell, 1999; 322 

Carlson et al., 2014). We recommend managers maintain forests with higher basal areas, with a 323 
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focus on deciduous forest tracts containing larger trees. Deciduous cover was positively 324 

associated with small mammal capture rates in our study, and both high basal area and deciduous 325 

cover were important for marten resting site use in the Northern Lower Peninsula (Sanders et al., 326 

2017). Researchers surveying for small mammals should consider employing multiple trap types, 327 

as we found that the type of trap significantly impacts capture rates. There is a paucity of 328 

information available regarding marten dietary habits in the state of Michigan. We recommend 329 

future investigations of dietary preferences in martens from the Manistee National Forest, as 330 

dietary preferences vary widely across regions and likely impact recovery and stability of 331 

populations.  332 

 333 
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Table 1:  Number of small mammal captures by habitat type from both trapping seasons. Data was 461 
collected over the summers of 2013 and 2014 in the Manistee National Forest of the Lower 462 
Peninsula of Michigan, USA (CD = mixed conifer-deciduous, DEC = deciduous, CON = conifer, 463 
MO = mixed oak). 464 
 465 

Species CON DEC CD MO Total 
Peromyscus spp.  85 128 172 137 522 
Tamias striatis  37 70 26 13 146 
Blarina brevicauda  26 51 - 3 80 
Napeozapus insignis  5 4 - - 9 
Zapus hudsonius  1 3 - - 4 
Mustela frenata - - 1 - 1 
Glaucomys volans  2 - 1 - 3 
Microtus pennsylvanicus  - - - 1 1 
Tamiasciurus hudsonicus  2 1 - - 3 
Sorex cinereus - 1 - 1 2 
Ictidomys tridecemlineatus  - - - 1 1 
Microtus pinetorum - - - 1 1 
Total  158 258 200 157 773 

 466 
 467 
 468 
Table 2:  Number of small mammal captures in 2014 by trap type for Pitfall, Medium Sherman 469 
(7.5 x 9 x 9.5cm), and Large Sherman traps (37 x 13 x 13cm) in the Manistee National Forest of 470 
the Lower Peninsula of Michigan. Small mammals were trapped in deciduous, conifer, mixed 471 
conifer-deciduous, and mixed oak habitats.  472 
 473 

Species Pitfall Medium Large Total 
Peromyscus spp.  - 57 93 150 
Tamias striatis  - 27 60 87 
Blarina brevicauda  16 20 31 67 
Tamiasciurus hudsonicus  - 1 2 3 
Glaucomys volans  - - 2 2 
Sorex cinereus 2 - - 2 
Microtus pennsylvanicus  - - 1 1 
Microtus pinetorum - - 1 1 
Mustela frenata - - 1 1 
Napeozapus insignis  - 1 - 1 
Total  18 106 191 315 

 474 

  475 
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Table 3: Results of model selection for 2013 analysis of trap rate (response variable) using quasi-476 
Akaike information criterion (qAIC). Total trap rate is the total number of animals captured, 477 
offset by the number of trap nights. Unique trap rate is the number of animals captured, 478 
excluding recpatures, offset by the number of trap nights. For each model, we have reported the 479 
corrected qAIC score (qAICc), corrected delta qAIC (△AICc), number of parameters (K), and 480 
the model weight. Better supported models have lower qAICc, lower △AICc, and higher model 481 
weight. The best supported models for each response variable is shown in bold (Note: Dec = 482 
deciduous, WD = woody debris, LV = living vegetation, Con-Dec = mixed conifer-deciduous, 483 
MO =  mixed oak, Con = conifer, Map = maple, Asp = aspen). Total cover is the cover by tree 484 
basal area and % tree type (e.g., % Dec) is the relative % cover of tree basal area of each tree 485 
type. 486 
 487 

Total Trap Rate 

Model Description qAICc △AICc K weight 

Total Cover + % Dec cover 47 0.0 2 0.51 

Total Cover + % Dec cover + % WD 49.9 2.9 3 0.12 

Total Cover + % Dec cover + % LV 50.1 3.1 3 0.11 

Total Cover + % Dec cover + %Dec^2 50.2 3.1 3 0.11 

Habitat category (Dec, Con-Dec, MO, Con) 50.3 3.2 3 0.10 

Total Cover + %Map + %Oak 52.1 5.1 3 0.04 

Total Cover + %Map + %Oak + %Asp 55.6 8.6 4 0.01 

Total Cover +%Map + %Oak + %Asp + %WD + %LV 63.2 16.1 6 <0.001 

 

Unique Trap Rate 

Model Description qAICc △AICc K weight 

Total Cover + % Dec cover 34.4 0 2 0.411 

Habitat category (Dec, Con-Dec, MO, Con) 36.4 2 3 0.151 

Total Cover + % Dec cover + % LV 36.4 1.9 3 0.156 

Total Cover + %Maple + %Oak 37.3 2.8 3 0.099 

Total Cover + % Dec cover + %Dec^2 37.6 3.2 3 0.082 

Total Cover + % Dec cover + % WD 37.6 3.2 3 0.084 

Total Cover + %Map + %Oak + %Asp 40.9 6.4 4 0.016 

Total Cover +%Map + %Oak + %Asp + %WD + %LV 63.2 28.7 6 <0.001 
 488 
 489 
 490 

 491 

 492 
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 493 

Figure 1: Map of our study area in the Manistee National Forest of the Lower Peninsula of 494 
Michigan, USA. Trap sites (n=24) are marked by hollowed circles. Trap sites were evenly 495 
dispersed among four habitat types: conifer, conifer-deciduous, deciduous, and mixed oak plots. 496 
Small mammals were trapped from June-August in 2013-2014.  497 
 498 

 499 
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 500 

 501 

Figure 2: Observed number (open circles) and predicted number (solid line) of small mammals 502 

trapped per 100 trap nights (total captures, including recaptures) over relative percent cover by 503 

deciduous trees (stem basal area cover) in 2013. Dashed lines are upper and lower limits of 95% 504 

confidence intervals. These data were collected as part of a prey-base study for the American 505 

Marten in the Manistee National Forest, in Michigan, USA.  506 
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 507 

Figure 3: Total small mammal captures by trap type (large Sherman trap: ‘Large’, medium 508 

Sherman trap: ‘Medium’, and ‘Pitfall’) and habitat type in 2014. We scaled raw data to captures 509 

per 100 trap nights prior to plotting. Dark lines indicate medians, boxes bind interquartile ranges 510 

(0.25–0.75 quartiles), ‘whiskers’ show ranges up to 150% of the interquartile range, and open 511 

circles represent extreme values beyond 150% of the interquartile range. These data were 512 

collected as part of a prey-base study for the American Marten in the Manistee National Forest, 513 

in Michigan, USA. 514 
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 515 

Figure 4: Unique small mammal captures by trap type (large Sherman trap: ‘Large’, medium 516 

Sherman trap: ‘Medium’, and ‘Pitfall’) and habitat type in 2014. We scaled raw data to captures 517 

per 100 trap nights prior to plotting. Dark lines indicate medians, boxes bind interquartile ranges 518 

(0.25–0.75 quartiles), ‘whiskers’ show ranges up to 150% of the interquartile range, and open 519 

circles represent extreme values beyond 150% of the interquartile range. These data were 520 

collected as part of a prey-base study for the American Marten in the Manistee National Forest, 521 

in Michigan, USA. 522 
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