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ABSTRACT 

Small mammals play a variety of important roles in Wisconsin ecosystems. Small 

mammals act as seed dispersers and seed predators, as well as a valuable food source for a 

variety of predators. An abundance and rich diversity of small mammals could indicate a healthy 

ecosystem, especially in restored sites.  

 We studied four sedge meadows in central Wisconsin: Moses Creek, Lost Creek, 

George Mead Wildlife Area (George Mead), and the Green Circle Trail (GCT). Two of these sites 

were recently restored and two of these sites are natural sedge meadows. The first objective for 

this study was to determine the habitat selection of meadow voles (Microtus pennsylvanicus) 

and shrews (Sorex spp). Our second objective was to determine if there was a difference in 

number of male and female meadow voles captured. The third objective was to determine if 

there was a significant difference in percent time exhibiting vigilant, feeding, and investigative 

behavior between meadow voles and meadow jumping mice (Zapus hudsonius).  

 During 2014, 40 Sherman live traps were placed on two grids at Moses Creek, Lost 

Creek, and George Mead. Ten traps were placed at the Green Circle Trail site because it was a 

smaller area. We had 960 trap nights at Moses Creek, 840 trap nights at Lost Creek, 840 trap 

nights at George Mead, and 192 trap nights at the Green Circle Trail. We had 68 captures of 

small mammals at Moses Creek, 19 captures at Lost Creek, 6 at George Mead, and 8 at the 

Green Circle Trail, producing 7%, <1%, 2%,  4% and success rates, respectively. We ran logistic 

regressions and used Akaike’s Information Criteria (AIC) to determine habitat selection by 

meadow voles and shrews. The best model was distance to cover for the habitat selection of 

meadow voles and had an AICc value of 98.65, whereas the shrew AIC did not yield a significant 

model. Habitat selection of meadow voles seems to be influenced by the distance to thick 
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woody cover.   Distance to woody cover would allow them the best cover to escape predators in 

an area where coarse woody debris is sparse. 

Remote cameras were placed one meter above the ground at each study site during the 

field season. The cameras faced downwards and were active concurrently with trapping. Seed 

piles mixed with sand were placed under the cameras. The cameras recorded 572 usable photos 

and 298 usable videos. Meadow voles  were identified in 364 photos, 87 photos had meadow 

jumping mice, 26 had an unknown individual, 1 photo had a short-tailed weasel (Mustela 

erminea), and 1 had a raccoon (Procyon lotor). Of the 298 videos, 218 showed meadow voles, 51 

showed meadow jumping mice, 13 showed unknown species, 3 showed raccoons, and 1 showed 

a short-tailed weasel . Three Mann-Whitney U tests were run to determine difference in percent 

time exhibiting vigilant, feeding, and investigative behavior between meadow voles and jumping 

mice. Each test was significant (p < 0.05). Meadow voles likely spent more time showing vigilant 

behavior because they cannot escape predation as easily as bipedal meadow jumping mice. 

Mann-Whitney U tests were conducted for meadow vole behaviors by the time of day. A 

significant difference in percent time showing feeding behavior and vigilant behavior was 

apparent for meadow voles, depending on the time of day. Meadow voles spent more time on 

the seed piles at night, which could be due to predation concerns. Percent time exhibiting 

investigative behavior did not have a significant difference between daylight and night time 

videos. 

Remote cameras can be an extremely useful for sampling small mammal populations. In 

areas where traps are considered invasive or if sensitive mammals are being studied, remote 

cameras are an alternative option.  
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PREFACE 

The two chapters of this thesis were written in partial fulfillment of the requirements for a 

master’s degree. Any duplication and stylistic variations between chapters are intentional.   
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INTRODUCTION 

A general objective of restoration is to recreate composition, structure, and function of 

an area (Zedler 2000). A  common goal of restoration is to return the ecosystem to its historic 

trajectory (Zedler 2000). Restoration typically includes reintroduction of species and treatments 

to recover ecosystem functions (Zedler 2000). Wetland restorations specifically aim to restore 

biodiversity and provide services, such as flood-peak reduction and water quality improvement 

(Zedler 2000). Thus, comparing restorations to natural counterparts can provide information on 

how to adjust the goals or treatments of restorations.  

Restored sites are seldom consistently monitored and compared to their reference 

counterparts (Benayas et al. 2009). In practice, the reference has often been an undegraded 

ecosystem, which may be the historic state or an extant natural or semi-natural ecosystem 

(Benayas et al. 2009). Moreno-Mateos et al. (2012) found that vertebrate density and 

vertebrate richness in restored wetlands took 10 years to equal a natural site. However, plant 

density and richness still had not reached equal numbers after 50 years (Moreno-Mateos et al 

2012). Moreno-Mateos et al. (2012) also found that ecosystem size and regional context 

affected recovery, and large wetlands (>100 ha) recovered structure and functions sooner than 

smaller wetlands. Additionally, restored sites typically have more human traffic and less 

biological diversity than natural sites (Benayas et al. 2009), which can negatively affect the 

recovery. 

Little is known about habitat selection by small mammals in sedge meadows because 

small mammals are not easy to observe. Sedge meadows are rare ecosystems in Wisconsin 

(Middleton 2002), making study sites difficult to identify, and few natural, intact sedge 
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meadows are located in Wisconsin. Since many sedge meadows have been recently restored, 

small mammal community dynamics are of interest. 

Meadow voles(Microtus pennsylvanicus)  are an important food source for the short-

tailed weasel (Mustela erminea) (Pusenilus and Ostfield 2000). Short-tailed weasel predation has 

been linked to the rise and fall of meadow vole population cycles (Eadie 1952; Sundell et al. 

2012). Predation on meadow voles from short-tailed weasels can affect the rate of tree seedling 

consumption by meadow voles (Pusenilus and Ostfield 2000). Meadow voles also play an 

important roles as seed predators and potential seed dispersers (Reich 1981). Seed predators 

and seed disperses can play important role in the development of restorations. 

Identifying what habitat variables are important to small mammals in sedge meadows is 

necessary to expand our knowledge on these rare ecosystems in central Wisconsin. Habitat 

variables, such as coarse woody debris, percent cover, species composition, and litter layer 

depth, could be important predictors of small mammal species presence in our study (Geier and 

Best 1980). However, these important habitat features have not been assessed for small 

mammals in sedge meadows. Live trapping small mammals and measuring the habitat variables 

in the area could fill in this gap in knowledge. 

Live traps are one of the most common techniques used to identify small mammals, but 

they often exclude species and individuals (Stephens and Andreson 2014). Using remote 

cameras could give a more accurate estimate of the species diversity present. Remote cameras 

used with trapping could provide valuable insight into the behaviors of small mammals in their 

natural environment. Thus, combining both methods of capture can provide more accuracy than 

one method. However, pitfall traps cannot always be used in wetlands because raising water 

levels will push traps out of the ground or allow mammals to escape.  
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Remote cameras are non-invasive and do not typically influence the behavior of the 

mammal. With minimal noise and no camera flashes; the remote cameras should not affect the 

small mammals (Desa et al. 2012).  

The first objective for this study was to determine the habitat selection of meadow voles 

and shrews. The second objective was to determine if there was a difference in number of male 

or female meadow voles captured. The third objective was to determine if there was a 

significant difference in the percent time exhibiting vigilant, feeding, and investigative behavior 

between meadow voles (Microtus pennsylvanicus) and meadow jumping mice (Zapus 

hudsonius).  
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ABSTRACT 

Small mammals play a variety of important roles in Wisconsin ecosystems. Small 

mammals act as seed dispersers and seed predators, as well as a valuable food source for a 

variety of predators. However, small mammal research is lacking in rare ecosystems, such as 

sedge meadows. The objectives of this study were to identify the differences in small mammal 

species richness and composition among sites, and determine important habitat variables for 

meadow voles (Microtus pennsylvancius) and shrews (Sorex spp). 

In the summer of 2014, four sedge meadows in Wisconsin were sampled using Sherman 

live traps. Two of these sites were restored and two were considered natural sedge meadows. 

Moses Creek had 67 captures and the other restored site, Lost Creek, had 24. The natural sites 

had a total of 17 captures with eight at the Green Circle Trail and nine at George Mead. We 

caught 48 male meadow voles,  14 female meadow voles and seven juvenile meadow voles at 

Moses Creek. Twenty reproductively active meadow voles were identified at Moses Creek and 

one reproducing meadow vole was identified at the Green Circle Trail. Thirty-six percent of 

meadow voles captured in Moses Creek and 20% in Green Circle Trail were reproductively 

active.  

 Habitat selection by meadow voles and shrews was assessed with logistic regression 

using Akaike’s Information Criteria (AIC). The best model for habitat selection by meadow voles 

was distance to cover, and had an AICc value of 98.65. One model was within 2 units of the best 

model, meaning it was substantial support.  There were 5 models within 7 units of the best 

model, meaning they have limited empirical support. Results from the shrew AIC were not 

significant.
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CHAPTER 1: MICROHABITAT SELECTION OF MEADOW VOLES (MICROTUS 

PENNSYLVANICUS) AND SHREWS (SOREX SPP.) IN SEDGE MEADOWS IN CENTRAL 

WISCONSIN 

 

INTRODUCTION 

Small mammals play important roles and are found in a variety of communities and ecosystems 

throughout Wisconsin; however, much remains unknown about their interactions within sedge 

meadows (Stephens and Anderson 2014). The small scale at which these mammals live makes it difficult 

to study them via observation. Sedge meadows are rare in Wisconsin, so finding suitable study sites is 

difficult. Since many sedge meadows have been recently restored, it is important to study the success of 

small mammal communities in them. New knowledge gathered from these studies can provide valuable 

insight into how small mammals behave in these ecosystems.  

 Many small mammals are insectivores, herbivores, or granivores. Granivores are seed predators 

and are common in most ecological systems (Bricker et al. 2010).  And therefore, granivores can 

consume enough seeds to affect the seedling distribution of plant species (Pusenilus and Ostifeld 2000). 

Because of their high metabolic rates, granivores need to consume large numbers of seeds relative to 

their mass (Reichman 1979; Brown and Munger 1985; Hulme 1998).  

Many insectivores have high metabolic rates and need to constantly search for new prey 

(Whitaker 2004). Masked shrews (Sorex cinereus) are nocturnal insectivores, weigh from 3.5 to 5.5 g, 

and range from 7 to 10 cm long (Whitaker 2004). In comparison, the arctic shrew (S. arcticus), also an 

insectivore, weighs around 5 to 13 g and is 10 to 12 cm in length. However, the arctic shrew is active 

both night and day (Kirkland and Schmidt 1996). Shrews are highly territorial and will compete for 

habitat (Whitaker 2004). Arctic shrews are significantly larger than masked shrews and thus could 

partition habitat and food resources differently than masked shrews (Hutchinson 1958). However, 
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Sundell et al. (2012) found that it was difficult to find clear patterns of habitat selection in shrews in 

wetlands.  

 Small mammals are an important prey source for many other animals. One of the main 

predators for meadow voles (Microtus pennsylvanicus) is the short-tailed weasel (Mustela erminea) 

(Pusenilus and Ostfield 2000). Meadow voles are primarily herbivores, but are also seed predators 

(Reich 1981). Meadow voles weigh 33 to 65 g and can range from 12 to 19 cm (Reich 1981). The 

predation on meadow voles from short-tailed weasels can be so great that it affects the rate of tree 

seedling consumption by meadow voles (Pusenilus and Ostfield 2000). Shrews (Sorex spp.) are also an 

important prey source for mustelids. Two studies have linked population cycles in shrews and voles to 

mustelid predation (Eadie 1952; Sundell et al. 2012). Studies like these could help determine if sedge 

meadows are sink or source habitats for meadow voles (Pulliam 1988). A sink is typically viewed as a 

locality with inappropriate environmental conditions, preventing the establishment of a species (Pulliam 

1988). A source is a high quality habitat that allows the establishment of a species and is typically a 

source of emigration (Pulliam 1988). If there are significantly more males than females in a habitat, it 

could be an indicator of sink habitat because the males are not dispersing from a source habitat. Our 

first objective for this study was to determine the habitat selection of meadow voles and shrews. Our 

second objective was to determine differences in the number of male and female meadow voles, the 

number of juveniles, and reproductive status.  

Restorations 

 Restoration has the general goals of recreating composition, structure, and function to an area 

(Zedler 2000). The restoration of ecological function is essential for ecosystems such as wetlands 

because wetlands provide important services. Wetlands store carbon, mitigate flood water, provide 

habitats for wetland biota, and purify water (Tiner 2003; Smith et al. 2012). 
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 Restoration has goals such as restoring predisturbance conditions and increasing regional 

biodiversity or function by converting degraded areas to wetland, as sometimes occurs in mitigation 

(Zelder 2000). Restorations are frequently used for mitigation to replace land that has been degraded 

elsewhere. For example, Lost Creek is a mitigation project completed by the Wisconsin Department of 

Transportation (WisDOT) to help compensate for the loss of watershed function caused by building 

roads (Gumtow 2010).  

  Effectiveness of restoration projects should be evaluated against a reference (Benayas et. al 

2009). In practice, the reference has often been an undegraded ecosystem, which may be the historic 

state or an extant natural or semi-natural ecosystem (Benayas et al. 2009). Restored sites seldom are 

consistently monitored and compared to their reference counterparts. Moreno-Mateos et al. (2012) 

found that in restored wetlands from a variety of studies it took 10 years for vertebrate density and 

vertebrate richness to equal those of a natural site. However, plant density and richness still had not 

reached equivalent numbers after 50 years (Moreno-Mateos et al 2012). Moreno-Mateos et al. (2012) 

also found that ecosystem size and regional context affected recovery, and large wetlands (>100 ha) 

recovered structure and functions sooner than smaller wetlands. Restored sites typically have more 

human traffic and less biological diversity than natural sites (Benayas et al. 2009).  

Habitat Selection 

Habitat use refers to a hierarchical process of behavior responses that may result in the 

disproportionate use of habitats to influence survival and fitness of individuals (Jones 2001). Habitat use  

is often confused for habitat selection, which is defined as the way an animal uses the physical and 

biological resources in a habitat. Habitat selection by small mammals can be studied at the patch scale, 

microhabitat scale, or community scale. To our knowledge, this study is the first on habitat selection of 

small mammals in sedge meadows. 
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Several studies have shown the importance of coarse woody debris (CWD) to small mammals 

and their use over other substrates in forested systems (Barnum et al. 1992; Olszewski 1968; Tallmon 

and Mills 1994). Coarse woody debris is any standing dead tree, downed bole, or downed branch > 10 

cm in diameter (Harmon et al. 1986). Tallmon and Mills (1994) found that red-backed voles (Myodes 

gapperi) were almost always associated with logs in wetland radio-telemetry locations, although logs 

composed only 7% of the home range of voles. Deer mice  (Peromyscus maniculatus) are also associated 

with CWD. Goodwin and Hungerford (1979) found that the abundance of deer mice was almost 

perfectly correlated with abundance of CWD in ponderosa pine (Pinus ponderosa) forests in Arizona. 

Kelt et al. (1995) found that when latitude and elevation were removed from a ponderosa pine forest 

model, habitat parameters, such as tree density and number of fallen logs, entered their models as 

significant predictors of species richness of small mammals. Masked shrews have been found to be 

positively associated with CWD, specifically stumps, in riparian areas (Geier and Best 1980). Shrew 

species also use areas that are the farthest from habitat change (Bias and Morrison 2006). Shrew species 

presence has been found to be positively correlated with loose litter layers in wet meadows (Terry 

1981).  

Litter layer depth can also be an important factor  in predicting small mammal presence 

(M’Closkey and Fieldwick 1975). Litter depth  was positively associated with the presence of mice and 

meadow voles (M’Closkey and Fieldwick 1975),  but was twice as important a predictor for meadow 

voles than it was for mice (M’Closkey and Fieldwick 1975).  

 Because sedge meadows typically have standing water for part of the year, some inferences can 

be drawn from studies in similar habitats. Geissel et al. (1988) found that salt marsh harvest mice 

(Reithrodontomys raviventris) were captured at areas with 100% pickleweed cover <50 cm tall, whereas 

most California  voles (Microtus californicus) were captured at areas with 100% pickleweed cover >50 
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cm tall. Bias and Morrison (2006) found that California vole habitat selection in salt tidal marshes was 

positively associated with shrub cover, pickleweed, mean litter depth, woody debris  < 1 cm, and 

vegetation height. Bias and Morrison (2006) also found that vole habitat selection was negatively 

associated with water cover and water depth.  

Geier and Best (1980) found that in riparian areas, meadow voles were more tolerant of habitat 

changes in areas with fewer deciduous trees. Meadow voles and masked shrews had a positive 

correlation with increasing grass cover and vegetation height (Geier and Best 1980), suggesting that 

sedge meadows would be good habitat for meadow voles because sedge meadows typically lack 

deciduous trees,  have tall vegetation and have high graminoid cover. However, sedge is the dominant 

family in sedge meadows and might not be suitable cover like grasses are in riparian areas. Increasing 

forb cover is positively correlated with both meadow voles and meadow deer mice (Geier and Best 

1980). Eastern chipmunks (Tamias striatus) have negative relationships with forb cover and removal of 

deciduous trees (Geier and Best 1980).  

  Competition between mammals could partially determine habitat selection. Several studies 

have suggested intraspecific and interspecific competition were more important in determining habitat 

selection than food resources (Dueser and Shugart 1978; Kincaid et al. 1983; Scott and Dueser 1992; 

Bias and Morrison 2006). Intraspecific competition occurs between individuals of the same species. 

Intraspecific competition is more common because animals of the same species typically fill the same 

niche. Intraspecific competition with small mammals often causes males to look for empty habitats to 

avoid competition (Scott and Dueser 1992). Interspecific competition is between individuals of different 

species. Competition between individuals can occur through direct conflict (fighting) or indirect 

competition for resources, such as habitat and food. 
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  Several studies have shown that wetlands can be suitable habitat and support populations of 

small mammals (Geier and Best 1980;  Bias and Morrison 2006; Geissel et. al 1988). Sedge meadows 

have many similar habitat components to other wetlands. Thus, sedge meadows in central Wisconsin 

could provide good habitat and food to support small mammals.  

 METHODS  

Study Sites 

The four study sites are located in central Wisconsin, and include Lost Creek, Moses Creek, 

George Mead Wildlife Area, and along the Green Circle Trail (Table 1).  

Table 1 - Summary of study site characteristics.  

Location Total area (ha) Size of wet meadow (ha) Status 

Lost Creek 141 83 Restored 

George Mead 13,354  Unknown Natural 

Moses Creek 113 7.2 Restored 

Green Circle Trail Unknown  <1 Natural 

 

Lost Creek is a mitigation project by the Wisconsin Department of Transportation (WisDOT) that 

is located northwest of the intersection of Highway 10 and County Road J (Table 1). The site has 

approximately 83 ha in wet meadow with five distinct wetland communities; these communities are 

Deep Marsh, Wet Meadow, Shallow Marsh, Scrub-shrub, and Riparian Emergent. For the first growing 

season (2010), the average vegetative cover of native species was 65% in the wetlands (Gumtow 2010). 

Lost Creek typically has very low human traffic. 

The second site is George W. Mead Wildlife Area located by Milladore, Wisconsin. The Mead 

Wildlife Area is over 13,354 ha of wetlands, forests, and grasslands (Table 1). The wildlife area was 
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established in 1959 and has a long history of human use by Native Americans, fur traders, and loggers. 

The Mead Wildlife Area is popular for recreation with many miles of bike and hiking trails. My specific 

study sites were located north of the visitor center in the interior of a sedge meadow. The dominant 

plants were primarily sedges (Carex spp, Scripus spp), and grass species. The site lacked rushes and 

mosses.  

The third site is the Moses Creek restoration area within Schmeeckle Reserve in Stevens Point, 

Wisconsin. The Moses Creek restoration area is approximately 7.2 ha and was completed in 2010. 

Historically, the area caused problems with flooding on the nearby University of Wisconsin-Stevens 

Point (UWSP) campus. The floodplain was restored by removing trees, excavating soil, restoring the 

channel, and then replacing 30 cm of topsoil from the area, and finally seeding the site to improve 

floodplain functions. A few remnant “islands” in the area contained large trees and woody debris that 

have been preserved. Native wetland vegetation were planted in the area. Included in the seed mix 

were wool grass (Scirpus cyperinus), big bluestem (Andropogon gerardi), rice cutgrass (Leersia 

oryzoides), softstem bulrush (Scirpus validus), sweet flag (Acorus calamus), boneset (Eupatorhum 

perfoliatum), New England aster (Symphyotrichum novae-angliae), switchgrass (Panicum virgatum), and 

green bulrush (Scirpus atrovirens) (Smith et al. 2012).  

The fourth site is located along the Green Circle Trail northwest of Stevens Point. It is 

surrounded by forested area and contains a few more pine (Pinus) trees than the Moses Creek site. The 

common plants found were primarily sedges with grasses similar to the larger Moses Creek area. The 

Green Circle Trail site is more natural than Moses Creek and is relatively undisturbed by the public.  

Experimental Design 

Four sedge meadows were identified by plant species composition in central Wisconsin. Three 

of these sites are located within Portage County and George Mead is located on the border of Portage 
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County and Marathon County. The Moses Creek and Green Circle Trail sites are much smaller than Lost 

Creek and George Mead. Two of the sites were recently restored (Moses Creek, Lost Creek) and two 

sites are considered natural (Green Circle Trail, George Mead). We chose pairs of sites that were similar 

in size and management status (natural vs. restored).  

We sampled from May 26th 2014 until early October 2014. Four transects were placed in each 

site and each transect  had 10 equally spaced Sherman traps. The only exception was the Green Circle 

Trail site, which only had 1 transect due to the small size of the site. Transects were spaced to fit in the 

interior of the sedge meadows and avoid edge effects. Transects were also placed apart to try and 

minimize captures of the same individuals in two transects. 

Field Methods 

We sampled small mammal communities using Sherman traps that were 22.86 cm long, 8.89 cm 

high, and 7.62 cm wide. Grid sites were placed 900 m apart at Lost Creek and George Mead. At Moses 

Creek the grids were 50 m apart because of the smaller usable space. Lost Creek, Moses Creek, and 

George Mead had two grids with two transects. Four transects were sufficient to cover most of the our 

designated study areas. Transects were approximately 100 m long and 20 m apart (Figure 1). There were 

10 traps per transect, which made a total of 40 traps per study site. The Green Circle Trail site only had 

room for one transect with 10 traps. We baited traps with peanut butter spread 4 mm thick between 

sheets of paper towels cut into 2.5 x 2.5 cm squares (Stephens and Anderson 2014).  
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Transects ran east-west or north-south whenever possible, but were oriented to fit the shape of 

the area (Stephens and Anderson 2014). Transects were used because this trap arrangement generally 

captures greater richness than a grid pattern (Read et al. 1988; Pearson and Ruggiero 2003; Stephens 

and Anderson 2014).  

 We measured herbaceous cover at 5% increments using a 1 x 1 m frame placed every 10 m 

along each transect. Plants were identified into the following groups: sedges, forbs, mosses, grasses, 

woody species, ferns, and rushes. We collected habitat data on alternating sides of transects to avoid 

sampling the same continuous vegetation. Coarse woody debris was inventoried (>3 cm diameter) 

within 10 m of each transect (Ringvall and Ståhl 1999). Leaf litter depth was estimated at every trap site 

by pushing a ruler into the litter until the A horizon of the soil was reached (Stephens and Anderson 

2014). Distance to cover <100 m was estimated with pacing for each trap, and then visually estimated 

for distances greater than 100 m. 

Figure 1 - Diagram of Sherman trap 
spacing on 100m transect.  This figure is 
an example of what one grid looked like. 
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Trapping occurred from late May to early October (Table 2) and for 3 consecutive nights to 

capture more rare species (Lowell et al. 2006). The trapping was done on a bi-weekly rotation. For 

example, traps were set up at the Moses Creek and Green Circle Trail sites on May 26th to May 29th and 

then the traps were closed. Traps were then set at Lost Creek and Dewey Marsh from June 3rd to June 

6th. The rotation then moved back to the Moses Creek site on June 11th to June 14th. Animals were 

trapped during this time of year to capture the greatest abundance of mammals.  

Table 2 – Rotation of trapping schedule and sites. 

Dates Locations 

May 26th – May 29th  Moses Creek and Green Circle Trail 

June 3rd – June 6th Lost Creek and George Mead 

June 11th – June 14th  Moses Creek and Green Circle Trail 

June 19th – June 22rd  Lost Creek and George Mead 

June 27th – June 30th   Moses Creek and Green Circle Trail 

 

We identified trapped mammals to species by their tail length and other physical features. 

Reproductive females were identified by evidence of being pregnant or nursing. Reproductive males 

were identified by evidence of enlarged testes. The mammals were weighed and their length measured. 

Shrews that weighed 6 g or more were identified as arctic shrews and shrews 4 g or less were identified 

as masked shrews. However, shrews that weighed 5 g were recorded as Sorex spp. due to overlapping 

weight between the two species. We also used unicuspids to distinguish masked shrews from pygmy 

shrews (Sorex hoyi).  Incidental deaths and voucher specimens were prepared as study skins, skeletons, 

and tissues and deposited in the UW- Stevens Point Museum of Natural History, Stevens Point, 
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Wisconsin. The trapping protocol was approved by the UWSP Animal Care and Use Committee and 

followed guidelines of the American Society of Mammalogists. 

Analyses 

Traps that caught an animal were considered "used" and traps that did not catch animals were 

considered "unused." We compared habitat variables (Table 3) at used traps to those at unused traps 

using logistic regression. We compared habitat variables at traps that captured meadow voles to traps 

that did not. We ran analyses for voles and shrews separately. Logistic regression is increasing in 

popularity for modeling wildlife habitat selection (Keating and Cherry 2004). We only had sufficient data 

for logistic regressions on habitat selection of meadow voles and shrew species. We used logistic 

regression to model meadow vole or shrew occurrence in relation to microhabitat variables (Burnham 

and Anderson 2002). We ran logistic regressions using SPSS (Statistical Package for the Social Sciences) 

(IBM 2009). The beta value can be interpreted as the amount of increase (or decrease, if the sign of the 

coefficient is negative) in the predicted log odds that would be predicted by a 1 unit increase in the 

predictor (Bruin 2006).  The 95% confidence interval can be interpreted as the estimate if the tests were 

ran 100 times, 95 of those times the true value would be within that interval.  We used Akaike’s 

information criteria (AIC) for information-theoretic model selection to determine the best model 

(Burnham and Anderson 2002; King 2008). Before model development, redundant variables are usually 

eliminated (Spearman’s r > 0.70), but no pair of habitat variables had an r > 0.70. We determined 18 

suitable models a priori for logistic regression and models were based on important habitat variables for 

small mammal presence (Table 3) (Smiley and Cooper 2013). Akaike weight can be explained as a 

probability that the model is the best-approximating model among those considered (Burnham and 

Anderson 2002). Shrews were put into one group together because the sample sizes were too small for 

individual species. The distance variable was a categorical variable and thus was split into three 

categories  and there is one parameter added when calculating the AICc values which gave it a total of 
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four parameters. There are two global models because one includes each individual cover type (fern 

cover, forb cover, etc.) and one includes all other models and the total estimated cover. One global 

model included total vegetation cover and not the individual cover types because it would have 

overlapping data.  

Because the number of captures (n=65 for meadow voles and n=37 for shrews) was small 

relative to the number of variables (K) in several models, (i.e., n/K < 40), we used AIC corrected for small 

sample size (AICc) for model selection (Burnham and Anderson 2002).. We used the formulas presented 

in Burnham and Anderson (2002) to calculate AIC values for each model. All models were ranked 

according to their AICc values and the best model was the model with the smallest ∆ AICc value 

(Burnham and Anderson 2002). Akaike weights (wi) were calculated to determine the weight of evidence 

in favor of each model (Burnham and Anderson 2002).   Any models within 2 AICc units of the best 

model will have substantial empirical support, which means they might provide valuable indications, 

whereas models within 4-7 units may have limited empirical support (Burnham and Anderson 2002). The 

models listed are those with biological interpretation or biological support from past literature. Some 

models were dropped from the table because they appeared to have no explanatory power based on 

their AICc and Wi values. 
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Table 3 – Habitat variables used for modeling habitat relationships of meadow voles (Microtus 
pennsylvanicus) and shrews (Sorex spp.). Percents were estimated by looking at 1x1m plot from a 
bird's eye view. 

Variable Unit Description 

Height m 

Maximum height of vegetation 
in sampling plot 

Litter cm 

Maximum litter layer depth 

Distance m 

Distance to woody cover (shrubs 
or trees) 

Grass cover 

% Percentage of plot covered by 
grasses  

Rush cover 

% Percentage of plot covered by 
rushes 

Fern cover 

% Percentage of plot covered by 
ferns 

Forb cover 

% Percentage of plot covered by 
forbs 

Sedge cover 

% Percentage of plot covered by 
sedges 

Moss cover 

% Percentage of plot covered by 
mosses 

Total Cover 

% Percentage of sampling plot that 
was appeared covered by 
vegetation from a bird’s eye 
view.  
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RESULTS 

We had 960 trap nights and 1,280 trap days at Moses Creek, 840 trap nights and 1,120 trap days 

at Lost Creek and George Mead, and 256 trap days and 192 trap nights at the Green Circle Trail. The 

natural sites had a total of 17 captures, with 8 at the Green Circle Trail and 9 at George Mead. There was 

a 7% trap success at Moses Creek, 3% trap success at Green Circle Trail, <1% trap success at George 

Mead, and 3% trap success at Lost Creek (Table 4). The restored sites had 91 individuals captured while 

the natural sites had 17 individuals. Moses Creek had a much greater number of mammals caught than 

the other sites. Moses Creek had 67 captures and the other restored site, Lost Creek, had 24 (Table 5). 

We caught 48 male meadow voles and 17 female meadow voles. 

Table 4 – Number of traps per site, trap nights and trap success. 

 Moses Creek Lost Creek George Mead Green Circle Trail 

# of Traps 40 40 40 10 

Trap Nights 960 960 960 240 

# of Captures 67 24 9 8 

Trap Success 0.07 or 7% 0.03 or 3% 0.009  or <1% 0.03 or 3% 

 

Twenty reproductively active meadow voles were identified at Moses Creek and 1 reproducing 

meadow vole was identified at the Green Circle Trail, so 36% of meadow voles captured in Moses Creek 

and 20% in Green Circle Trail were reproductively active.  However, only 5 meadow voles were caught at 

the Green Circle Trail. We captured 7 juvenile meadow voles, all at Moses Creek. 
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Table 5 - Number of each small mammal species caught in each study site. Reproducing and juvenile 
meadow voles are reported as well.  

Species Moses Creek Lost Creek George Mead Green Circle Trail Total 

Microtus pennsylvanicus 56 3 1 5 65 

Juvenile Microtus pennsylvanicus 7 0 0 0 7 

Zapus hudsonius 1 0 0 1 2 

Sorex arcticus 4 15 5 1 25 

Sorex cinereus 5 2 0 1 8 

Sorex spp. 1 1 2 0 4 

Blarina brevicauda 0 2 0 0 2 

Total mammals captured 67 24 9 8 108 

Species Richness 4 5 3 4  

 

Moses Creek had an average litter layer depth of 12.5 cm, and Lost Creek had an average depth 

of 6.9 cm (Table 6). The natural sites, George Mead and Green Circle Trail, had average litter layer 

depths of 28.3 and 16.0 cm, respectively (Table 6). Coarse woody debris was not found at any of the 

four sites. The distance to cover was greatest in Lost Creek and George Mead, which were on average 

500 m greater than the other two sites. The percentage of total cover was relatively similar between 

sites, but Moses Creek had the least on average at 62%. Sedge cover varied greatly in the Green Circle 

Trail site where it only comprised about 5.5% of the cover.  
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Table 6 - Average and standard deviation habitat values at each study site. The last column is the 
standard deviation of the averages of all the sites combined. 

 Moses 
Creek 

Lost Creek George 
Mead 

Green Circle 
Trail 

Standard 
Deviation 

Distance to Cover 
(m) 

17.6 520.8 523.1 13.6 446.35 
 

Standard Deviation 6.9 473.3 465.2 11.6  

% Total Cover 62.0 80.0 75.3 71.3 16.54 
 

Standard Deviation 14.7 16.5 13.8 11.4  

 Grass cover (%) 9.2 19.0 36.5 31.3 20.41 
 

Standard Deviation 8.4 16.0 24.1 12.7  

Sedge cover (%) 25.0 35.9 28.5 5.6 26.01 
 

Standard Deviation 21.5 29.4 25.4 10.4  

Forb cover (%) 9.4 17.4 7.1 21.9 11.96 
 

Standard Deviation 6.8 16.3 6.5 10.0  

Rush cover (%) 23.8 7.5 0.0 0.0 16.07 
 

Standard Deviation 15.2 16.5 0.0 0.0  

Moss cover (%) 0.0 0.0 0.0 6.9 3.64 
 

Standard Deviation 0.0 0.0 0.0 9.7  

Woody cover (%) 0.0 0.4 0.0 1.9 4.29 
 

Standard Deviation 0.0 4.1 0.0 5.0  

Fern cover (%) 0.0 0.0 3.3 3.8 5.68 
 

Standard Deviation 0.0 0.0 9.6 3.3  

Height (m) 1.2 1.4 1.4 1.2 0.28 
 

Standard Deviation 0.3 0.3 0.2 0.3  

Litter (cm) 12.5 6.9 28.3 16.0 9.97 
 

Standard Deviation 4.2 4.9 5.3 4.6  

CWD 0 0 0 0  

Meadow voles were captured in traps that were closer to woody cover. The percent cover in grasses 

also varied between used and unused traps.   However, the standard deviations are fairly high for most 

habitat variables (Table 7).  The standard deviations for the habitat variables across all sites are also 

high, showing that there was large amounts of variation between all sites. 
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Table 7 - Average and standard deviation habitat values for traps that captured meadow voles and 

traps that did not capture any meadow voles. Distance to cover excluded three traps that captured 

meadow voles because they greatly increased the average and standard deviation.  These values are 

included in the parentheses . 

 

 Used Traps Unused Traps 

Description Average Standard 

Deviation 

Average Standard 

Deviation 

Distance to cover 

(m) 

15.8 (97.9) 7.5(276.0) 409.9 466.2 

% Total Cover 61.9 22.3 74.4 17.8 

Grasses 8.1 7.2 25.1 22.7 

Sedges 26.1 23.7 28.2 25.8 

Forb 8.4 7.6 11.6 12.4 

Rush 18.5 16.3 6.7 14.9 

Moss 0.9 3.0 1.3 5.7 

Ferns 0.0 0.0 1.5 6.8 

Vegetation Height 

(max) 

1.2 0.3 1.4 0.3 

The Akaike weight (wi) for the best approximating model, distance to cover, was 0.32  and had 

an AICc of 98.99 (Table 8). The second best model contained distance + vegetation height and had an 

Akaike weight of 0.24. The AICc of this model was 99.59, which was 0.6 units greater than the best 

model. This means it has substantial empirical support (Table 8) (Burnham and Anderson 2002).   The 

other models have limited empirical support and could contain some interpretative value (Burnham and 
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Anderson 2002). The coefficients of the variables in the top model were 2.82, -18.36, and -18.36 (Table 

9).   

 

Table 8 – AIC results for meadow voles. K is the number of parameters in the model. AICc is the AIC 
calculation corrected for small sample size. ∆ AIC is the difference in AIC scores from the top model. 
Wi is the Akaike weight for each model. There are three numbers for Beta's because the "Distance" 
category was categorical and had 3 categories: <50m, >50m, > 100m. CI is the 95% confidence interval 
for the model.  

Model Log Likelihood K AICc   ∆ AICc Wi 

Distance 92.65 4 98.99 0.00 0.32 

Height + Distance 91.07 5 99.59 0.60 0.24 

Distance + Total Cover 92.58 5 101.11 2.12 0.11 

Global - Individual Cover 76.94 12 101.85 2.86 0.08 

Distance + Litter + Height 90.42 6 101.17 2.17 0.11 

Distance + Litter + Total Cover 90.62 6 101.36 2.37 0.10 

Global - Total Cover 90.10 7 103.10 4.10 0.04 

Litter 135.39 2 137.49 38.49 1.4E-09 

Total Cover 136.98 2 139.09 40.09 6.4E-10 

Height 138.82 2 140.92 41.92 2.5E-10 
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Table 9.  Parameter estimates (β), standard error (SE), and 95% confidence intervals (lower CI and 

upper CI) for the best-approximating models in meadow vole habitat selection AIC.  

Parameter β SE Lower CI Upper CI 

Constant -2.37 0.604   

Distance < 50m 2.82 0.67 4.56 61.74 

Distance > 50m -18.836 8380.81 0 0 

Distance > 100m -18.836 14210.36 0 0 

Parameter β SE Lower CI Upper CI 

Constant -0.82 1.33   

Distance < 50m 2.74 0.67 4.17 57.82 

Distance > 50m -18.743 8329.99 0 0 

Distance > 100m -18.726 14187.74 0 0 

Vegetation Height -1.19 0.95 0.05 1.96 

 

The AICc of the best model for shrews was 125.44 and this model included  distance to cover + 

litter layer depth + vegetation height (Table 10). The Akaike weight (wi) of this model was 0.19. The next 

closest was vegetation height + distance to cover with an AICc of 125.89.  None of the models had any 

interpretation because of the closeness of AICc values. 
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Table 10 – AIC results for shrews. K is the number of parameters in the model. ∆ AIC is the difference 
in AIC scores from the top model. AICc is the AIC calculation corrected for small sample size. Wi is the 
Akaike weight for each model. There are three numbers for Beta's because the "Distance" category 
was categorical and had 3 categories: <50m, >50m, > 100m. CI is the 95% confidence interval for the 
model. 

Model Log 

likelihood 

K AICc ∆ AIC Wi 

Distance + Litter + Height 114.70 6 125.44 0.00 0.19 

Height + Distance 117.33 5 125.86 0.42 0.15 

Height 124.30 2 126.40 0.96 0.11 

Distance 120.41 4 126.75 1.31 0.10 

Distance + Total Cover 118.74 5 127.26 1.82 0.07 

Grasses 125.44 2 127.54 2.10 0.06 

Global - Total Cover 114.61 7 127.61 2.17 0.06 

Litter 125.88 2 127.98 2.54 0.05 

Total Cover 126.47 2 128.57 3.13 0.04 

Ferns 126.50 2 128.61 3.16 0.04 

Litter + Total Cover 124.60 3 128.81 3.36 0.03 

Forb 126.99 2 129.09 3.65 0.03 

Height + Litter 126.81 3 131.02 5.58 0.01 

Global - Individual Cover 111.17 12 136.08 10.64 0.00 
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DISCUSSION  

Meadow voles’ presence has been positively correlated with coarse woody debris (Barnum et al. 

1992; Olszewski 1968; Tallmon and Mills 1994). Distance to cover could be a good predictor of presence 

because it closely relates to coarse woody debris;  that is, the woody cover could be a source of woody 

debris.  Thick woody cover would provide meadow voles with protection from predators. Thus, the 

closer the cover is to a trap the more likely meadow voles would select that habitat.  The Akaike weight 

of the best model, distance to cover, was 0.32, indicating that there is a 32% chance that this is the best 

model we have. The betas for the top model were 2.82, -18.36, and -18.36.  The beta numbers are the 

amount of increase or decrease in the predicted log odds that would be predicted by a one unit increase 

in the predictor variable (Bruin 2006). The betas also mean that once the distance to cover was greater 

than 50m we were 18 times less likely to capture a meadow vole, as indicated by the negative sign.  This 

also means that in distances to cover less than 50m we were 2.82 times more likely to catch a meadow 

vole in our traps.  The 95% confidence interval was between 4.55 and 61.75.  This means we are 95% 

confident that the "true" population multinomial odds ratio lies between 4.55 and 61.75 for distances 

<50 m.  

Meadow voles’ presence has been positively correlated with vegetation height (Geier and Best 

1980). Vegetation height was present in the second best model. Vegetation height could provide cover 

from predators in an ecosystem where there is little woody cover. Litter layer depth was another 

important variable that showed up in our meadow vole AIC. Litter depth could be a significant variable 

in sedge meadows because it provides cover in a habitat with limited woody cover (Vanderwal et al. 

2010). However, it has been found that compact litter layers restrict movement and were negatively 

correlated with small mammal presence (Terry 1981). The deeper and more compact litter layers at the 

natural sites might restrict movement of small mammals, and this restriction could cause mammals to 
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avoid those areas (Terry 1981).  Vegetation height and litter layer depth could also be ranked so highly 

because distance to cover is carrying them towards the top.  One reason this is possible is because 

distance to cover shows up in all 6 of the top models.  Another reason is because litter layer depth and 

vegetation height are ranked fairly low as univariate variables. 

Moses Creek and the Green Circle Trail contained the most meadow voles out of all the sites 

(61). These two sites also had a much smaller distance to cover (< 20m) than the other two sites.  The 

distances to cover and the number of meadow voles captured is consistent with our AIC results.  The 

other sites had an average distance to cover greater than 500m. Thus, the sites with less distance to 

cover had more meadow voles captured than the sites with greater distance to cover. No other habitat 

variables measured showed promise in predicting habitat selection or yielded any limited support from 

our AIC selection.   

 We found differences in the vegetation between sites (Table 6). Sedges were present at every 

site; however, they were much more abundant in Moses Creek. In riparian areas, increasing forb cover 

has been positively correlated with meadow vole presence (Geier and Best 1980). Our analysis did not 

reveal any vegetation cover as important. Thus, forb cover did not have a significant impact on the 

presence of meadow voles in these sedge meadows. The forb cover could be too low in sedge meadows 

to provide any suitable cover.  

 A source habitat typically has a growing or stable population for the targeted species (Pulliam 

1988). Moses Creek could be a source habitat because of the juvenile and actively reproductive meadow 

voles we found there. We caught 21 meadow voles that showed signs of being reproductively active 

(36% of meadow voles caught) and 7 juvenile meadow voles. In contrast, sink habitats are sometimes 

net importers of individuals because local reproduction is not sufficient to balance local mortality 

(Pulliam 1988). Lost Creek, George Mead, and the Green Circle Trail site could all be examples of sink 
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habitats for meadow voles because of their low number of individuals, lack of reproductive individuals, 

and no juveniles. We caught almost 3.5 times as many males as female meadow voles at Moses Creek.  

We likely caught more males because they are more mobile than female meadow voles (Sheridan and 

Tamarian 1988). Moses Creek could be a source habitat for meadow voles because of the large 

percentage of actively reproducing meadow voles and the number of juveniles present. However, the 

large amount of male meadow voles suggests it could  also be a sink habitat.  The likely scenario is that 

Moses Creek is a sink habitat with the majority of voles immigrating from other habitats.  

 A factor that was not measured but could have influenced the meadow vole numbers was 

predation. Small mammals are a food source for many predators (Prevedello et al. 2013). Nocturnal 

predators, such as owls, are one of the main aerial predators (Norrdahl and Korpimäki 1995). Raccoons 

were detected through the remote cameras and left bite marks on Sherman traps. They are potential 

predators, but also feed on carcasses and plants (Lotze and Anderson 1979). Short-tailed weasels could 

have possibly driven off or reduced the small mammal density and thus affected capture rates. Short-

tailed weasels were found at Lost Creek and George Mead, and two studies linked population cycles in 

voles to mustelid predation (Eadie 1952; Sundell et al. 2012). Predator-prey interactions can also cause 

sinks in nature (Holt 1984, Holt et al. 1993; Danielson and Stenseth 1992). Therefore, short-tailed weasel 

predation on meadow voles in Lost Creek and George Mead could make these sites potential sink 

habitats. 

 Many of the shrew species found in central Wisconsin are hard to identify due to similar 

coloration, size, and tail length. Therefore, the analysis of shrew habitat selection was done for the 

genus because the sample sizes for species were too small. Due to the models all being within 12 units 

of each,  and score of the weights, the models are not considered significant, and thus it is hard to draw 

any firm conclusions from this analysis (Burnham and Anderson 2002). The results could be inconclusive 
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because of the high water levels in the field sites. It is possible that standing water throughout the sites 

affected the behavior by directing the shrews’ movements to dry ground, and thus the measured 

habitat variables were not associated with their presence. Another possibility is that the shrews are 

more driven by hunting for insects (Whitaker 2004). Insects and their density were not measured and 

thus their potential influence is unknown. Shrews are also typically highly territorial (Whitaker 2004). 

This could cause them to be spaced out so that they do not interfere with each other, and that their 

presence is independent of the habitat variables measured. 

 There were a few problems in this experiment that could have changed the outcome. Pitfall 

traps were originally intended to be used because Stephens and Anderson (2014) found that shrews are 

much more likely to be caught in pitfall than Sherman traps. However, because of the high water levels, 

pitfall traps were pushed out of the ground and would frequently fill up with water causing increased 

mortality of mammals or allowing them to escape.  Since we were unable to successfully place pitfall 

traps for more than a few days, we likely did not capture an accurate representation of the true number 

of shrews in each area. Personal observations indicate that the natural sites had much more standing 

water than the restored sites. This could mean lower numbers of mammals in natural sites than restored 

sites because of higher water levels. The traps were placed on high ground to try and avoid these 

problems, but the water levels were still too high. The rain also caused trapping to cease on a few 

occasions. Traps could not be moved because it could have affected the trapping success by altering too 

many habitat variables.  

 Mammals were planned to be uniquely identified with an ear tag. However, the small ears of 

meadow voles made tagging difficult. More personnel might have made it an easier process; however, 

there was concern for capture myopathy. With only one person handling the mammals it took a much 

longer time to put the ID tag on them and would have been considered inhumane due to the increased 
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stress the mammals would have been under. Therefore, use of ID tags for voles and shrews was 

abandoned to avoid increased mortality. Because of the inability to tag individuals, we were unable to 

estimate population numbers for meadow voles. Other less invasive methods to ID them were 

attempted but were not successful.  

One other limitation is that this study was done over one field season. Wisconsin had significant 

snowfall and snowpack the previous winter, which could have attributed to high meadow vole captures 

(Zonov 1982). High snowpack allows the meadow voles to survive colder temperatures, which could lead 

to a larger population. More field seasons and increased trapping effort could yield clearer results for 

habitat selection. One field season leaves the study vulnerable to environmental stochasticity. This 

random variation could occur in the forms of emigration, unfavorable weather conditions, and more 

intense predation. Another field season would have helped reduce the chance of this variation affecting 

the results. An increase in trapping effort and trapping over a larger area could also record more species 

that might have been outcompeted and forced out of the trapping grids.  
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ABSTRACT 

Small mammals play a variety of important roles in Wisconsin ecosystems. Small mammals act 

as seed dispersers and seed predators, as well as valuable food sources for a variety of predators. There 

is a lack of small mammal research in rare ecosystems, such as sedge meadows. 

Identifying and capturing small mammals can sometimes prove challenging. In wetland 

ecosystems, rising water levels can sometimes push the small mammals to higher ground and out of 

the study area (Bias and Morrison 2006). Small mammal species also have different trap biases 

(Stephens 2012). Remote cameras could help identify small mammals that might be missed with live 

traps. Cameras also allow much more insight into their behavior in a natural setting.  

The primary objective was to determine if remote cameras are a suitable technique for 

measuring and recording small mammal presence and behavior. The second objective of this study was 

to determine if meadow voles and jumping mice spend a different amount of time exhibiting vigilant 

behavior, feeding behavior, and investigative behavior. Another objective was to determine if small 

mammals spend a longer time on the seed piles during day and night.  

We used a seed and sand mixture placed under 4 horizontal facing cameras, and 572 usable 

photos and 284 usable videos were captured. We ran three Mann-Whitney U tests to determine the 

difference between meadow voles and meadow jumping mice in percent time spent in vigilant behavior, 

feeding behavior, and investigative behavior. Each test found a statistical significance between the two 

species (p < 0.05). We also ran Mann-Whitney U tests on meadow voles for the same behaviors to 

determine if behavior differed between daylight hours and night time hours. Vigilant and feeding 

behavior were statistically significant (p < 0.05), while investigative behavior was not significant (p = 

0.67). Percent time exhibiting vigilant behavior was greater at night for meadow voles and percent time 

exhibiting feeding behavior was greater during the sunlight hours.  
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Using remote cameras to capture footage of small mammals provided important insights into 

small mammal behavior. Meadow voles in our study could be more vigilant at night because they are 

more concerned with predators at night than during sunlight hours. This would also explain why 

meadow voles spent more time feeding during the day than at night.  
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CHAPTER II: USING REMOTE CAMERAS TO IDENTIFY SMALL MAMMALS AND STUDY VIGILANT 

BEHAVIOR OF MEADOW VOLE (MICROTUS PENNYSLVANICUS) AND MEADOW JUMPING MICE 

(ZAPUS HUDSONIUS) 

INTRODUCTION 

Remote cameras in small mammal ecology 

Using remote cameras to identify and detect presence of small mammals is a fairly new 

technique. Historically, small mammals have been detected and counted using live traps. There have 

been no studies using remote cameras in Wisconsin and no reports of using cameras in sedge meadows. 

One similar study used remote cameras in a tidal salt marsh (Desa et al. 2012). They were able to obtain 

436 photographs of small mammals, but only 26 were positively identified to species. However, Desa et 

al. (2012) mentioned that adjusting the distance the cameras are from the ground would have improved 

their results. Remote camera videos can provide many new observations that are not typically possible 

with small mammals in the wild, such as behavior and competition. Remote cameras can be a cost-

effective approach to increase the level of replication and spatial coverage of small-mammal surveys 

(DeBondi et al. 2010).   

Remote cameras can help identify mammals that might not be caught in live traps. Small 

mammal species have different trap biases. Stephens (2012) found that pygmy shrews (Sorex hoyi) were 

40 times more likely to be captured in pitfall traps than Sherman live traps in Wisconsin. Stephens and 

Anderson (2014) found differences in trap success for different weights of certain species, and there 

were unique species captured in each type of trap over a 2 year period. Thus, the best approach to 

capturing an accurate representation of small mammals is to use pitfall and Sherman traps (Stephens 

2012). However, such an approach is not always feasible. Pitfall traps can sometimes deface the 
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landscape and landowners may not want them present. Pitfall traps also cannot always be installed in 

rocky or wet environments. With the use of remote cameras, small mammals can be observed in the 

wild with minimal interference to their behavior. Seed piles under remote cameras might provide 

enough incentive to attract more mammals. If individuals can be identified then this is a useful 

technique for estimating population abundance.  

Trapping also does not allow for behavioral observations for individuals. Remote camera videos 

and photos can detect these behaviors. Glen et al. (2013) also stated that video cameras will provide the 

actual temporal sequence of actions leading to a particular habitat distribution or giving up density. 

Thus, the use of video cameras will help determine behaviors such as vigilant, feeding, and investigative 

that lead up to the giving up density. 

Many small mammals are territorial, especially shrews and other insectivores. Rémy et al. (2013) 

theorized that small mammals are less influenced by available space and more influenced by available 

food because of the scale in which they live. However, Dickman (1991) found that competition between 

small mammals is not always direct physical competition. Dickman (1991) found that smaller species 

were more alert in the presence of the dominant species and moved away quickly if the dominant 

species approached. Camera data help provide insight into vigilant behavior of small mammals in their 

natural environment. For example, meadow jumping mice (Zapus hudsonius) are bipedal and bipedal 

small mammals have been shown to forage more in open areas (Thompson 1982). Bipedal small 

mammals such as jumping mice are faster and can more easily escape predation than quadrapedal small 

mammals, and thus might engage in more risky foraging behavior (Thompson 1982). Thus, if bipedal 

small mammals can escape predators more easily, they will show less vigilant behavior. 

Our first hypothesis was that meadow voles would spend more time exhibiting vigilant behavior 

because they do not have the ability to escape predators as easily as meadow jumping mice. Our second 
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hypothesis was that meadow jumping mice would exhibit more feeding behavior than meadow voles. 

Our third hypothesis was that there would be significant differences in time meadow voles spent 

exhibiting investigative, feeding, and vigilant behaviors between day and night.  

Small mammal habitat associations 

  Meadow voles (Microtus pennsylvanicus) are common herbivores found in a variety of 

ecosystems including grasslands, wetlands, and forests (Reich 1981). Meadow voles range from 130-185 

mm long and have a tail length of 35-66 mm. Meadow voles have several predators including snakes, 

weasels, owls, and hawks (Reich 1981). Litter layer depth is positively associated with meadow vole 

presence (M’Closkey and Fieldwick 1975). Litter layer depth was found to be twice as important a 

predictor for Microtus than Peromyscus (M’Closkey and Fieldwick 1975).  

 Because sedge meadows typically have standing water for part of the year, some inferences can 

be drawn from studies in similar habitats. Geissel et al. (1988) found that most voles in wetlands were 

captured at areas with 100% pickleweed cover > 50 cm tall. Bias and Morrison (2006) found that vole 

habitat selection was positively associated with shrub cover, pickleweed, mean litter depth, woody 

debris <1 cm, and vegetation height. Bias and Morrison (2006) also found that vole habitat selection was 

negatively associated with water cover and water depth.  

However, even wooded areas that hold little water might not be ideal habitat.  Meadow vole 

presence has been positively correlated with a reduction in deciduous trees (Geier and Best 1980). This 

suggests that sedge meadows would provide adequate habitat for meadow voles because sedge 

meadows typically lack deciduous trees. Increasing forb cover is positively correlated with both meadow 

voles and deer mice (Peromyscus maniculatus) (Geier and Best 1980). Thus, areas where there is heavy 

forb cover in sedge meadows could have a higher density of meadow voles 
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Meadow jumping mice are a common granivore in sedge meadows (Whitaker 1972). Adults 

range between 185 to 225 mm and the tail length takes up the majority of the total length, ranging from 

110 to 150 mm (Whitaker 1972). Meadow jumping mice are nocturnal and generally solitary, but when 

in contact they rarely act antagonistic towards each other (Whitaker 1972). They have several predators 

including snakes, owls, foxes, mink, weasels, and hawks (Whitaker 1972). 

METHODS 

Study Sites 

The four study sites are located in central Wisconsin, and include Lost Creek, Moses Creek, 

George Mead Wildlife Area, and along the Green Circle Trail (Table 11).  

Table 14 - Summary of study site characteristics.  

Location Total area (ha) Size of wet meadow (ha) Status 

Lost Creek 141 83 Restored 

George Mead 13,354  Unknown Natural 

Moses Creek 113 7.2 Restored 

Green Circle Trail Unknown  <1 Natural 

 

Lost Creek is a mitigation project by the Wisconsin Department of Transportation (WisDOT) that 

is located northwest of the intersection of Highway 10 and County Road J (Table 11). The site has 

approximately 83 ha in wet meadow with five distinct wetland communities; these communities are 

Deep Marsh, Wet Meadow, Shallow Marsh, Scrub-shrub, and Riparian Emergent. For the first growing 

season (2010), the average vegetative cover of native species was 65% in the wetlands (Gumtow 2010). 

Lost Creek typically has very low human traffic. 



 

38 
 

The second site is George W. Mead Wildlife Area located by Milladore, Wisconsin. The Mead 

Wildlife Area is over 13,354 ha of wetlands, forests, and grasslands (Table 11). The wildlife area was 

established in 1959 and has a long history of human use by Native Americans, fur traders, and loggers. 

The Mead Wildlife Area is popular for recreation with many miles of bike and hiking trails. My specific 

study sites were located north of the visitor center in the interior of a sedge meadow. The dominant 

plants were primarily sedges (Carex spp, Scripus spp), and grass species. The site lacked rushes and 

mosses.  

The third site is the Moses Creek restoration area within Schmeeckle Reserve in Stevens Point, 

Wisconsin. The Moses Creek restoration area is approximately 7.2 ha and was completed in 2010. 

Historically, the area caused problems with flooding on the nearby University of Wisconsin-Stevens 

Point (UWSP) campus. The floodplain was restored by removing trees, excavating soil, restoring the 

channel, and then replacing 30 cm of topsoil from the area, and finally seeding the site to improve 

floodplain functions. A few remnant “islands” in the area contained large trees and woody debris that 

have been preserved. Native wetland vegetation was planted in the area. Included in the seed mix were 

wool grass (Scirpus cyperinus), big bluestem (Andropogon gerardi), rice cutgrass (Leersia oryzoides), 

softstem bulrush (Scirpus validus), sweet flag (Acorus calamus), boneset (Eupatorhum perfoliatum), New 

England aster (Symphyotrichum novae-angliae), switchgrass (Panicum virgatum), and green bulrush 

(Scirpus atrovirens) (Smith et al. 2012).  

The fourth site is located along the Green Circle Trail northwest of Stevens Point. It is 

surrounded by forested area and contains a few more pine (Pinus) trees than the Moses Creek site. The 

common plants found were primarily sedges with grasses similar to the larger Moses Creek area. The 

Green Circle Trail site is more natural than Moses Creek and is relatively undisturbed by the public.  
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Figure 2 – Example of camera set 
up. Cameras were 1 m high. Seed 
trays were 30 cm in diameter. 
Cameras were set to take 30 
second videos and a photo upon 
detecting movement. 

Experimental Design 

Four sedge meadows in central Wisconsin were studied. 

Three of these sites are located within Portage County, and one, 

George Mead, is located on the border of Portage County and 

Marathon County. We chose these sites because two (Lost 

Creek and Moses Creek) had restoration practices done in the 

last 10 years. The other two sites (George Mead and Green 

Circle Trail) have been intact sedge meadows for much longer 

and have had much less human influence.  

Sampling was done from mid-June 2014 until early 

October 2014. Each site had 2 cameras present at the same 

time traps were placed. Each camera had 50 g of seed in 1,200 g 

of sand placed underneath it. The cameras were placed between 

transects to avoid the seed piles from interfering with trapping. 

Field Methods 

Remote cameras were placed at each location on the same days that live traps were active 

(Table 12). Two cameras were placed at each site between transects. Each camera was active for at least 

four days and data were uploaded every week. The cameras were rotated bi-weekly between sites. For 

example, cameras were set up at the Moses Creek sites on June 27th- June 30th and then the cameras 

were removed (Table 12). Cameras were then set at Lost Creek and George Mead from July 5th – July 8th. 

The rotation then moved back to the Moses Creek site on July 13th-July 16th and this process continued 

until early October. Animals were recorded during this time of year to capture the greatest abundance 

of mammals. We used Cuddeback Attack IR and Cuddeback Blackflash cameras. We placed one type at 
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each site and each camera was placed in the same location each time. Each camera was programmed to 

take pictures and a 30 second video when there was movement. Cameras were mounted on a 38 x 89 

mm piece of wood that hung horizontally between two pieces of PVC pipe over the seed pile (Figure 2). 

This set up addresses problems of identification in the DeSa et al. (2012) study. Seed piles were placed in 

a clear tray approximately 20 cm in diameter. Sesame seeds were used for bait in the seed piles. The 

seed piles were checked every day to determine the amount of seed left. A sieve was used to sort out 

the sand and the amount of seed left. Seed was weighed and then replenished after it was depleted or 

after 2 days.  

Table 15 – Rotation of camera schedule and sites. 

Dates Locations 

May 26th – May 29th  Moses Creek and Green Circle Trail 

June 3rd – June 6th Lost Creek and George Mead 

June 11th – June 14th  Moses Creek and Green Circle Trail 

June 19th – June 22rd  Lost Creek and George Mead 

June 27th – June 30th   Moses Creek and Green Circle Trail 

 

Analyses 

Photos were examined and each date, time of day (hours between sunrise and sunset will be 

referred to as “day” and hours after sunset and before sunrise will be referred to as “night”), species, 

and number of individuals were recorded. Species were identified by color, size, and tail length. If there 

was more than one mammal in the photo both were counted, even if the animal was not on the seed 

pile. Photos were analyzed to determine differences in meadow vole and jumping mice presence 

between day and night.  
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We examined videos and recorded each date, time of day, species, behavior, number of 

individuals, and time spent on seed pile. Vigilant behavior was recorded when the animal exhibited 

behavior such as actively looking around and was not focused on feeding while on the seed pile. Feeding 

behavior was recorded when the animal was focused on eating the seeds in the seed pile. Investigative 

behavior was recorded when animals were not on the seed pile but in the camera frame investigating 

the surroundings or displaying non-feeding behavior. Each of these behaviors was recorded with a stop 

watch by a single individual to avoid variation in perception of these behaviors. Due to technical errors, 

some videos were 20 seconds long and some videos were 30 seconds long, so each behavior was 

converted to a percentage of the total time. For example, if a mammal spent 10 seconds investigating in 

a 20 second video, that entry would be recorded as 0.50.   

The differences in percentage of vigilant behavior, feeding behavior, and investigative behavior 

between meadow voles and jumping mice were determined with three Mann-Whitney U tests, which 

also served to analyze the difference in the same behaviors for meadow voles between night and day. 

Mann-Whitney U tests were used because the data did not fit a normal distribution and provides a more 

definitive assessment of differences that exist. Only videos with one individual were used in analysis to 

ensure that the sample was independent.   The averages and medians were determined for each of the 

samples used in the Mann-Whitney U tests.  The interquartile range (IQR) was calculated for a measure 

of statistical dispersion.  The upper quartile (top 75%) and the lower quartile (25%) were reported. 
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RESULTS 

 The cameras recorded 572 usable photos and 298 usable videos. Meadow voles were identified 

in 364 of those photos, 26 had an unknown individual, 1 photo had a short-tailed weasel (Mustela 

erminea), 87 photos had meadow jumping mice, and 1 raccoon (Procyon lotor). Of the 298 videos, 218 

of them had meadow voles, 51 videos showed meadow jumping mice, 13 unknown, 3 raccoons, and 1 

short-tailed weasel (Table 13).  

 

Table 13 – Summary of mammals captured by remote cameras throughout summer of 2014 field 
season.  

Species Number of 
Photos 

Species Number of 
Videos 

Species Total 
videos and 
photos 

Microtus 
pennsylvanicus 

364 Microtus 
pennsylvanicus 

218 Microtus 
pennsylvanicus 

582 

Mustela ermineaa 1 Mustela ermineaa 1 Mustela ermineaa 2 

Zapus hudsonius 87 Zapus hudsonius 51 Z.apus hudsonius 138 

Procyon lotor 1 Procyon lotor 3 Procyon lotor 4 

Unknown 26 Unknown 13 Unknown 39 

Sum 479 Sum 286 Sum 765 

 

 The photo analysis showed that meadow voles appeared to be most active during the hours of 

18:00 to 04:00 (Figure 3). Jumping mice were also most active during those hours; however, meadow 

voles were also active during daylight hours.  
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Figure 3 – Number of photos and the time of day the photos were captured for meadow voles and 
meadow jumping mice. 

  

 

 

 

 Meadow voles spent more time exhibiting vigilant behavior than jumping mice (p = 0.002) 

(Table 14).  
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Table 14 – Mann-Whitney U test for percent time meadow vole and meadow jumping mice exhibited 
vigilant behavior. IQR stands for the interquartile range. 

 Vigilant behavior percent time – Meadow 
voles/jumping mice 

  

 Meadow 
voles 

Meadow 
jumping 
mice 

Observations (N) 209 51 

Average Percent time 0.06 0.02 

Median 0.01 0.00 

IQR (25%, 75%) (0.00, 0.06) (0.00, 0.02) 

Asymp. Sig. (2-tailed) 0.002 

 

The second Mann-Whitney U test showed that jumping mice spent significantly more time 

exhibiting feeding behavior than meadow voles (p < 0.001) (Table 15).  

Table 15 – Mann-Whitney U test for percent time meadow vole and meadow jumping mice exhibited 
feeding behavior. IQR stands for the interquartile range. 

Feeding behavior percent time – Meadow 
voles/jumping Mice 

  

  Meadow 
voles 

Meadow 
jumping 
mice 

Observations (N) 209 51 

Average Percent time 0.40 0.66 

Median 0.20 0.89 

IQR (25%, 75%) (0.07, 0.83) (0.26, 1) 

Asymp. Sig. (2-tailed) 0.000 

 

 

The third Mann-Whitney U test on meadow voles and jumping mice and the percent time they 

showed investigative behavior was statistically significant (p = 0.005) (Table 16).  
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Table 16 – Mann-Whitney U test for percent time meadow vole and meadow jumping mice exhibited 
investigative behavior. IQR stands for the interquartile range. 

 Investigative behavior percent time – Meadow 
voles/jumping mice 

  

  Meadow 
vole 

Meadow 
jumping 
mice 

Observations (N) 209 51 

Average Percent time 0.19 0.06 

Median 0.03 0.00 

IQR (25%, 75%) (0.00, 0.26) (0.00, 0.09) 

Asymp. Sig. (2-tailed)  0.005 

 

 The fourth Mann-Whitney U test showed that meadow voles spent more time exhibiting vigilant 

behavior at night than during the day (p = 0.03) (Table 17).  

Table 17 - Mann-Whitney U test for percent time meadow voles exhibited vigilant behavior during 
daylight videos and night time hour videos. IQR stands for the interquartile range.  AM is during the 
hours between sunrise and sunset.  PM is the hours after sunset and before sunrise. 

Vigilant behavior percent time – Meadow voles 
and time of day 

  

  AM PM 

Observations (N) 46 163 

Average Percent time 0.01 0.07 

Median 0.00 0.02 

IQR (25%, 75%) (0.00, 0.02) (0.00, 0.07) 

Asymp. Sig. (2-tailed) 0.003 
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The fifth Mann-Whitney U test showed that meadow voles spent significantly more time 

exhibiting feeding behavior during the night than during the day (p = 0.001) (Table 18).  

Table 18 – Mann-Whitney U test for percent time meadow voles exhibited feeding behavior during 
daylight and night time hour in videos. IQR stands for the interquartile range.  AM is during the hours 
between sunrise and sunset.  PM is the hours after sunset and before sunrise. 

Feeding behavior percent time – Meadow voles 
and time of day 

  

  AM PM 

Observations (N) 46 163 

Average Percent time 0.19 0.45 

Median 0.13 0.37 

IQR (25%, 75%) (0.07, 0.17) (0.06, 0.90) 

Asymp. Sig. (2-tailed) 0.001 

 

The sixth Mann-Whitney U test showed that there was no significant difference between the 

amount of time exhibiting vigilant behavior between daylight and night time hours (p = 0.067) (Table 

19).  

Table 19 – Mann-Whitney U test for percent time meadow voles exhibited investigative behavior 
during daylight and night time hour in videos. IQR stands for the interquartile range.  AM is during the 
hours between sunrise and sunset.  PM is the hours after sunset and before sunrise. 

Feeding behavior percent time – Meadow voles 
and time of day 

  

  AM PM 

Observations (N) 46 163 

Average Percent time 0.15 0.20 

Median 0.06 0.02 

IQR (25%, 75%) (0.02, 0.22) (0.00, 0.27) 

Asymp. Sig. (2-tailed) 0.067 
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DISCUSSION 

The technique of using remote cameras to observe small mammals has shown to be 

advantageous. Cameras require less time to set up than trapping each week and thus can save money. 

Cameras also are non-invasive and pose little risk to wildlife or plant communities. They can capture 

behaviors that would otherwise go unseen, such as competition. There were few instances of 

competition between individuals in the videos. Competition is typically motivated by food resources for 

small mammals (Rémy et al. 2013). It might be possible to record accurate competition videos with a 

greater sample size. 

One possible explanation for the significant difference in vigilant behavior is that jumping mice 

can escape predators more easily and thus spend less time being vigilant (Longford and Price 1991). It is 

theorized that bipedal mammals are preyed on more frequently in the open. It is also theorized that 

they encounter less predation overall (Longford and Price 1991). Longford and Price(1991)  studied in a 

desert area, which is much more open than a sedge meadow. The area surrounding the seed piles was 

primarily dense vegetation, which could allow bipedal mammals such as jumping mice to escape 

predators more easily.  

The ability to escape predation could also explain the difference between the percentages of 

times in feeding behavior between the small mammals. If jumping mice can escape predation more 

easily they would spend more time feeding than meadow voles. Meadow voles would be more 

concerned with predation and thus spend more time exhibiting vigilant behavior. Another possible 

explanation is that because jumping mice have cheek pouches, they spend more time storing food. The 

difference in ability to escape predators could also explain why meadow voles spent more time 

investigating the surroundings than jumping mice. Meadow voles might spend more time investigating 

to assure there are no predators around. 
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Meadow voles were more vigilant at night than during the sunlight hours. Meadow voles could 

be more concerned with nocturnal predators than diurnal predators. Owls are one of the main 

predators of meadow voles (Norrdahl and Korpimäki 1995), so this could increase their vigilant behavior. 

Another main predator, the short-tailed weasel, is active at night as well.  

Meadow voles also spent a greater percent time exhibiting feeding behavior at night. However, 

there was no significant result from the difference in meadow vole investigative behavior. Meadow 

voles could have spent more time feeding at night because they spent less time investigating the 

surroundings. It is difficult to determine why there was a difference in the percent time meadow voles 

and jumping mice exhibited feeding behavior.  

 Meadow jumping mice and meadow voles are active during different times of the day, which is 

not surprising as they are strictly nocturnal. The photographic data showed that meadow voles were 

more active during daytime hours than jumping mice. Meadow voles can be active during the night or 

daylight hours, but were more active at night, possibly to avoid potential predators. The maximum 

number of photos captured of meadow voles was 11 (day) and 42 (night); these provide an index of how 

much more active the species is as night. And thus, meadow voles were more active at night than during 

the day. Meadow jumping mice are strictly nocturnal, and they were not captured during the day.  

 Several factors could have affected the outcome of the results. The first factor is a short time 

frame. This research was done over one field season and therefore lacks replication across years. For 

example, this year could have been an exceptionally good meadow vole year. The large amounts of 

snow over the winter have helped the voles survive colder weather (Hansson 1987; Zonov 1982). There 

is also the possibility that the bait used might have favored meadow voles over other small mammals. 

Another factor is the differences between sample sizes. With largely unequal sample sizes there is a 

greater risk of a type II error, which occurs when the null hypothesis is false, but not rejected. 
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One of the potential problems with the experiment that was not accounted for was individuals 

becoming trap happy. With the cameras it is possible the mammals became accustomed to the food pile 

and the same individuals kept coming back. Being able to identify individuals would address this issue if 

future studies try to estimate abundance. It is also possible that cameras were placed in the home 

ranges of meadow voles and not mice or other small mammals that were not captured on video, which 

introduces unintentional bias. 

The high water levels this field season interfered with the seed piles as well as possibly pushed 

mammals to higher ground (Sundell et al. 2012). The sites flooded at times and the containers holding 

the sand and seed were underwater. The seeds in the containers would then float and be displaced, or 

would be unreachable to small mammals. While the sites were underwater few photos and videos 

captured mammals. Thus, the high water levels could have reduced the number of captures on our 

remote cameras. 

There are several ways to improve this type of research. One way would be to try and keep the 

seed piles dry. Remote cameras can be used efficiently to detect behavior and species richness for sites 

in the right environment. They can be particularly effective in drier environments where there is not 

much precipitation to interfere with the experiment. Another way to make remote camera sampling 

more effective is to have more cameras placed around the areas. More cameras could cover more home 

ranges and more vegetation types to increase the chance of encountering more individuals. The only 

ways you can tell individuals apart in videos is by seeing more than one individual in a shot, using unique 

identifiers of individuals, or from different cameras. The cameras would also help capture animals that 

do not go into traps. For example, jumping mice do not typically go into Sherman traps, and shrews are 

much more likely to be caught in pitfall traps than Sherman traps (Stephens and Anderson 2014). If 

cameras were able to capture details and identify individuals, it would allow for calculation of 
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abundance and home range. Using cameras in coordination with live trapping might improve estimated 

small mammal richness. 

The last improvement that could be made to this type of research would be more consistent 

amounts of sand and seed. Because this was the first time this type of experiment had been done in this 

type of environment, it was difficult to figure out how much sand and seed to use. Previous studies 

provided some input, but the different environment and different mammals made the amount of 

overlap limited. Being able to keep it consistent from the beginning of the field season could yield better 

results.  
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SUMMARY 

 The results from the small mammal trapping have some limited interpretation. We caught 96 

individuals at the restored sites, and only caught 13 individuals at the natural sites. The most apparent 
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reason is distance to cover.  Moses Creek and the Green Circle Trail sites had the shortest distance to 

cover on average.  Both of these sites had a much larger success rate for meadow vole captures.  No 

other habitat variables seem to have any significance. The best logistic regression model selected in the 

AIC for meadow voles was distance to cover. Shrews compete more for habitat and resources, which 

would explain why there were no significant AIC results. There was a greater number of male meadow 

voles captured than female meadow voles. This could be because males disperse more often and are 

more likely to be caught in the traps. Young males typically disperse from their families in search of a 

home range and females of their own and that would explain the significant difference in males caught 

than females (Reich 1981). 

There were 364 photos of meadow voles identified (Microtus pennsylvanicus), 26 photos had an 

unknown individual, 1 photo had a  short-tailed weasel (Mustela erminea), 87 photos had meadow 

jumping mice (Zapus hudsonius), and 1  raccoon (Procyon lotor). Of the 298 videos, 218 of them had 

meadow voles, 13 unknown, 1 short-tailed weasel, 51 meadow jumping mice, and 3 raccoon. The Mann-

Whitney U test for the difference in percent time exhibiting feeding, vigilant, and investigative behaviors 

between meadow voles and jumping mice were significant (p < 0.05). Meadow voles spent more time 

showing vigilant behavior because they likely cannot escape predation as easily as bipedal meadow 

jumping mice (Longford and price 1991). The Mann-Whitney U tests were significant for percent time 

showing feeding behavior and vigilant behavior depending on the time of day for meadow voles. 

Meadow voles spent more time on the seed piles at night, likely due to predation concerns. There was 

no significant difference for percent time showing investigative behavior between daytime and night 

time videos. 

Remote cameras can be an extremely useful tool for sampling small mammal populations. In 

areas where traps are considered invasive or if sensitive mammals are being studied, remote cameras 
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would be effective. Remote cameras can be a useful tool for presence or absence studies. It could also 

prove to be a worthwhile technique to substitute for trapping grids. Using cameras to try and count 

mammals in an area would save time in the field and potentially funds, depending on labor costs.  
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APPENDIX A  

Tim
e 

Date Locatio
n 

Trap # Grid 
# 

First time 
capture? 

ID # Species Se
x 

Reproducin
g 

Weight(g
) 

Length(cm
) 

Note
s 

A
M 

30-Jul GM 12 2 Y N/a Sorex arcticus F Y 9 11 DIT 

A
M 

31-Jul GM 15 2 Y N/a Sorex arcticus M N 7.9 9 DIT 

A
M 

31-Jul GM 33 2 Y N/a Sorex arcticus M N 7.9 9 DIT 

A
M 

29-Jul LC 2 1 Y N/a Sorex arcticus M N 7 9 DIT 

A
M 

29-Jul LC 11 1 Y N/a Sorex arcticus F N 3 8 DIT 

A
M 

31-Jul LC 12 1 Y N/a Sorex arcticus F N 7.1 8.5 DIT 

A
M 

8-Jul LC 12 2 Y N/a Sorex arcticus M N 7.4 8  

A
M 

31-Jul LC 22 1 Y N/a Sorex arcticus M N 6.9 9 DIT 

A
M 

30-Jul LC 28 1 Y N/a Sorex arcticus F N 7.6 9 DIT 

A
M 

25-Jun LC 28 2 Y N/a Sorex arcticus M N 7.5 7 DIT 

A
M 

31-Jul LC 30 2 Y N/a Sorex arcticus F N 6.8 8.5 DIT 

A
M 

29-Jul LC 33 1 Y N/a Sorex arcticus M N 7 11 DIT 

A
M 

9-Jul LC 33 2 Y N/a Sorex arcticus M N 6.8 9.5  

A
M 

25-Jun LC 34 2 Y N/a Sorex arcticus M N 7.2 6 DIT 

A
M 

9-Jul LC ? ? Y N/a Sorex arcticus M N 6.8   
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A
M 

15-Jul MC 16 1 Y N/a Sorex arcticus M N 5 7 DIT 

A
M 

2-Jul MC 23 2 Y N/a Sorex arcticus M N 4.6 6.5 DIT 

A
M 

2-Jul MC 26 2 Y N/a Sorex arcticus F N 5 8 DIT 

A
M 

1-Jul MC 32 2 Y N/a Sorex arcticus M N 6.2 7.5 DIT 

A
M 

9-Jul LC 10 2 Y N/a Blarina brevicauda M Y 16 9.5  

A
M 

29-Jul LC 38 2 Y N/a Blarina brevicauda F Y 14 11  

A
M 

31-Jul LC 26 1 Y N/a Sorex cinereus M N 3.3 8.5 DIT 

A
M 

25-Jun LC 36 2 Y N/a Sorex cinereus M N 4.9 6 DIT 

A
M 

15-Jul MC 26 2 Y N/a Sorex cinereus M N 5.4 6.5 DIT 

PM 2-Jul MC 28 2 Y N/a Sorex cinereus M N 3.8 7 DIT 

PM 2-Jul MC 30 2 Y N/a Sorex cinereus M N 4 6.5 DIT 

A
M 

15-Jul GCT 5 1 Y N/a Microtus 
pennsylvanicus 

M N 26 11.5 DIT 

A
M 

3-Jul GCT 6 1 Y N/a Microtus 
pennsylvanicus 

? ? 32 12 DIT 

A
M 

3-Jul GCT 8 1 Y N/a Microtus 
pennsylvanicus 

M N 28 11.5  

A
M 

3-Jul GCT 10 1 Y N/a Microtus 
pennsylvanicus 

? N 23 11 DIT 

A
M 

15-Jul GCT 10 1 Y Blue tail Microtus 
pennsylvanicus 

M Y 35 12.5  

A
M 

8-Jul GM 30 2 Y N/a Microtus 
pennsylvanicus 

M N 31 11.5  

A 31-Jul LC 11 1 Y N/a Microtus M N 19 11.5  
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M pennsylvanicus 

A
M 

13-Aug LC 22 1 Y N/a Microtus 
pennsylvanicus 

M N 25 10.5  

A
M 

29-Jul LC 10 - 
pit 

1 Y N/a Microtus 
pennsylvanicus 

M N 26 13 DIT 

PM 18-Jun MC 1 1 Y N/a Microtus 
pennsylvanicus 

M N 21  

A
M 

21-Aug MC 1 1 Y N/a Microtus 
pennsylvanicus 

M N 20 10  

A
M 

19-Jun MC 2 1 Y N/a Microtus 
pennsylvanicus 

M Y 22 12  

A
M 

19-Jun MC 3 1 N N/a Microtus 
pennsylvanicus 

F Y 45 14 

PM 6/3/201
4 

MC 4 1 Y N/a Microtus 
pennsylvanicus 

M Y 55   

PM 17-Jun MC 4 1 Y N/a Microtus 
pennsylvanicus 

F N 48 13  

A
M 

19-Jun MC 5 1 Y N/a Microtus 
pennsylvanicus 

M N 11 7.5 Juv 

A
M 

5-Jun MC 6 1 Y 464 Microtus 
pennsylvanicus 

F Y 37 10  

A
M 

17-Jun MC 6 1 Y N/a Microtus 
pennsylvanicus 

M Y 47 12.5  

A
M 

19-Jun MC 6 1 Y N/a Microtus 
pennsylvanicus 

F N 21.5 9 Juv 

A
M 

1-Jul MC 6 1 Y Blue tail Microtus 
pennsylvanicus 

M Y 46 13  

A
M 

7-Aug MC 6 1 Y N/a Microtus 
pennsylvanicus 

F N 25 10  

PM 2-Jul MC 7 1 Y Blue 
tail/underside 

Microtus 
pennsylvanicus 

M Y 30 12  

PM 5-Jun MC 8 1 Y N/a Microtus 
pennsylvanicus 

F Y 53 14  
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PM 18-Jun MC 8 1 Y N/a Microtus 
pennsylvanicus 

F Y 47 14  

A
M 

19-Jun MC 8 1 Y N/a Microtus 
pennsylvanicus 

M Y 23 10  

PM 1-Jul MC 8 1 Y Purple tail Microtus 
pennsylvanicus 

M N 37 13  

A
M 

2-Jul MC 8 1 Y Red butt/tail Microtus 
pennsylvanicus 

F N 29 11.5  

A
M 

15-Jul MC 8 1 Y N/a Microtus 
pennsylvanicus 

M N 27 12 DIT 

A
M 

6-Aug MC 8 1 N Bald spot Microtus 
pennsylvanicus 

F Y 62 13 

PM 17-Jun MC 10 1 Y N/a Microtus 
pennsylvanicus 

M N 43 10  

A
M 

19-Jun MC 11 1 Y N/a Microtus 
pennsylvanicus 

M N 10 7.6 Juv 

A
M 

2-Jul MC 11 1 Y N/a Microtus 
pennsylvanicus 

F N 30.5 25  

A
M 

16-Jul MC 11 1 Y Red tail/back Microtus 
pennsylvanicus 

M Y 43 12  

A
M 

3-Jul MC 12 1 Y N/a Microtus 
pennsylvanicus 

? ? 33 12 DIT 

PM 18-Jun MC 13 1 Y N/a Microtus 
pennsylvanicus 

M N 21 9 Juv 

A
M 

2-Jul MC 14 1 Y N/a Microtus 
pennsylvanicus 

M N 16 9 DIT 

A
M 

15-Jul MC 14 1 Y N/a Microtus 
pennsylvanicus 

M N 22 11 DIT 

PM 2-Jul MC 15 1 Y Blue tail Microtus 
pennsylvanicus 

M N 14.5 9 Juv 

A
M 

1-Jul MC 16 1 Y N/a Microtus 
pennsylvanicus 

M N 19 9 DIT 

A
M 

15-Jul MC 17 1 Y Blue tail Microtus 
pennsylvanicus 

F Y 44 13  
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PM 15-Jul MC 17 1 Y Red tail Microtus 
pennsylvanicus 

M Y 36 13.5  

PM 16-Jul MC 17 1 Y N/a Microtus 
pennsylvanicus 

M N 40 13 DIT 

A
M 

19-Jun MC 17  Y N/a Microtus 
pennsylvanicus 

M N 31 10.5 Juv 

PM 18-Jun MC 18 1 Y N/a Microtus 
pennsylvanicus 

F Y 41 13  

PM 18-Jun MC 19 1 Y N/a Microtus 
pennsylvanicus 

M N 31 10  

A
M 

19-Jun MC 19 1 Y N/a Microtus 
pennsylvanicus 

M N 30 12  

PM 15-Jul MC 19 1 Y Red tip Microtus 
pennsylvanicus 

M N 27 11.5  

PM 15-Jul MC 20 1 Y Red tail Microtus 
pennsylvanicus 

M N 26 11.5  

A
M 

16-Jul MC 20 1 Y N/a Microtus 
pennsylvanicus 

M Y 47 13 DIT 

A
M 

7-Aug MC 20 1 Y N/a Microtus 
pennsylvanicus 

M N 20 9 Juv 

PM 3-Jul MC 23 2 Y Blue tail tip Microtus 
pennsylvanicus 

F N 35 13  

A
M 

21-Aug MC 23 2 Y N/a Microtus 
pennsylvanicus 

M N 25 11  

A
M 

21-Aug MC 28 2 Y N/a Microtus 
pennsylvanicus 

F Y 40 12  

A
M 

2-Jul MC 29 2 Y Red tail Microtus 
pennsylvanicus 

M N 42 13  

PM 3-Jul MC 32 2 Y Blue tail tip Microtus 
pennsylvanicus 

M N 25 12  

A
M 

7-Aug MC 33 2 Y N/a Microtus 
pennsylvanicus 

M Y 34 12.5  

PM 15-Jul MC 34 2 Y Red tip Microtus 
pennsylvanicus 

M N 24 10.5  
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A
M 

17-Jul MC 35 2 Y N/a Microtus 
pennsylvanicus 

M N 22 12 DIT 

A
M 

15-Jul MC 36 2 Y N/a Microtus 
pennsylvanicus 

M N 37 12.5 DIT 

A
M 

6-Aug MC 36 2 Y N/a Microtus 
pennsylvanicus 

M Y 37 13  

A
M 

7-Aug MC 36 2 Y N/a Microtus 
pennsylvanicus 

M N 26 12.5  

A
M 

21-Aug MC 37 2 Y N/a Microtus 
pennsylvanicus 

M N 23 11  

A
M 

19-Jun MC 38 2 Y N/a Microtus 
pennsylvanicus 

M Y 53 14.5  

A
M 

1-Jul MC 38 2 Y N/a Microtus 
pennsylvanicus 

M N 43 13  

A
M 

16-Jul MC 38 2 Y Red tail Microtus 
pennsylvanicus 

M N 22 10  

A
M 

15-Jul GCT 4 1 Y N/a Sorex spp. F N 4 7  

A
M 

6-Aug GCT M1 1 Y N/a Sorex spp. F Y 6 7  

A
M 

8-Jul GM 2 1 Y N/a Sorex spp. ? ? 5 8  

A
M 

14-Aug GM 7 2 Y N/a Sorex spp. ? ? 6 8  

A
M 

8-Jul GM 12 1 Y N/a Sorex spp. ? ? 5 8  

A
M 

12-Aug GM 33? 2 Y N/a Sorex spp. ? ? 6 8  

A
M 

31-Jul LC 2 1 Y N/a Sorex spp. ? ? 7 9  

A
M 

29-Jul LC 12 1 Y N/a Sorex spp. M ? 5 8.5  

A
M 

12-Aug LC 26 1 Y N/a Sorex spp. ? ? 6 8.5  
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A
M 

12-Aug LC 28 1 Y N/a Sorex spp. ? ? 7 9  

A
M 

17-Jul MC 12 1 Y N/a Sorex spp. ? ? 4 7  

A
M 

21-Aug MC 22 2 Y N/a Sorex spp. ? ? 4 6  

PM 15-Jul MC 26 2 Y N/a Sorex spp. ? ? 4 8.5  

A
M 

3-Jul MC 38 2 Y N/a Sorex spp. M ? 5 7  

A
M 

30-Jul GM 31 1 Y N/a Mustela erminea F ? ? ?  

A
M 

8-Jul LC 33 2 Y N/a Mustela erminea M ? >100 >15  

A
M 

7-Aug GCT 5 1 Y N/a Zapus hudsonius F N 14 7  

A
M 

7-Aug MC 32 2 Y N/a Zapus hudsonius M N 16 > 15  
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APPENDIX B – FEEDING AND VIGILANT BEHAVIOR PHOTOGRAPHS 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Figure 1A – Example of when vigilant behavior would be recorded. If mammal 
had their head up and was looking elsewhere and not focusing on food. 

Figure 2A - Example of when feeding behavior would be recorded. If the 
mammal had their head down and was actively eating or storing food. 
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Figure 3A – Example of when investigative behavior would be recorded. 
If mammal was actively looking at their surroundings and not focused on 
the seed pile. 
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Appendix C – Trapping results and camera results for meadow voles (Microtus pennyslvanicus) and meadow jumping mice (Zapus hudsonius) 

Species Sherman trap captures Photo captures Video captures Total camera captures 

Microtus pennyslvanicus 65 364 218 582 

Zapus hudsonius 2 87 51 138 

Sum 67 451 269 720 

 


