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Introduction

Despite the numerous ecosystem services wetlands pro-
vide (Millennium Ecosystem Assessment 2005), wetland 
loss occurred throughout much of U.S. history and still 
occurs today, albeit at a slower rate (Dahl and Allord 1996). 
Many government programs exist to counter the problem 
of wetland loss (Benson et al. 2018; Lewis et al. 2019; 
EPA 2022; USDA 2022). Non-governmental organizations 
such as Ducks Unlimited, The Nature Conservancy, and 
local watershed groups also perform wetland restoration 
to enhance habitat for waterfowl and other wildlife (Tori et 
al. 2002). Apart from voluntary wetland restoration efforts, 
legislation to compensate for wetland losses, such as the 
“no net loss policy” of 1989 and the Clean Water Act of 
1977, has prompted the widespread use of wetland mitiga-
tion to replace lost wetland function (Balcombe et al. 2005a; 
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Abstract
Small mammals are important, albeit often overlooked, fauna in wetland restoration projects. However, it is essential to 
evaluate factors that influence small mammal community metrics in restored wetlands to maximize wetland restoration 
effectiveness. Previous studies found that vegetation differed as restored wetlands aged and that wetland age may play 
a role in the presence of amphibians and birds. Therefore, we assessed whether wetland age influenced small mammals. 
We also evaluated 17 environmental factors in restored wetlands that could influence small mammal communities in 
these wetlands. To assess and evaluate the effects of age and environmental factors on the small mammal community, we 
appraised 14 restored wetlands in West Virginia, USA, in the summers of 2020 and 2021 for small mammal community 
metrics, specifically relative abundance, diversity, richness, and evenness. We captured six species of small mammals: 
deer mice (Peromyscus maniculatus), white-footed mice (Peromyscus leucopus), meadow voles (Microtus pennsylvani-
cus), meadow jumping mice (Zapus hudsonius), northern short-tailed shrews (Blarina brevicauda), and eastern chipmunks 
(Tamias striatus). We found that the relative abundance of deer mice, white-footed mice, and meadow voles decreased 
with wetland age. However, both species diversity and evenness increased with wetland age. Wetland size influenced the 
relative abundance of white-footed mice, meadow jumping mice, and all small mammals combined. Although the relative 
abundance of white-footed mice and total small mammals decreased with wetland size, the relative abundance of meadow 
jumping mice increased with wetland size. Wetland managers should consider wetland age and size when designing wet-
lands to facilitate small mammal communities.

Keywords Appalachia · Deer mice · Meadow voles · Microtus pennsylvanicus · Peromyscus leucopus · Peromyscus 
maniculatus
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Wetlands

Gingerich and Anderson 2011; Strager et al. 2011; Strain et 
al. 2014).

Small mammals are essential to assess in wetlands 
because they are key seed dispersers (Brehm et al. 2019), 
valuable indicators (Leis et al. 2008), and vegetation influ-
encers (Root-Bernstein and Ebensperger 2013). They also 
impact the presence of other species due to their role as prey 
for higher-trophic level wildlife species (Korpimaki and 
Norrdahl 1991; Haas 2009). Because of their critical role in 
ecosystems, it is vital to know the variables affecting small 
mammal communities in restored wetlands. These variables 
include environmental factors within the wetland and exter-
nal landscape variables.

Wetland age may influence small mammal communi-
ties in restored wetlands. Small mammals are also closely 
associated with vegetation complexity and protective cover 
(Osbourne and Anderson 2002; Edalgo et al. 2009), which 
also changes with wetland age (Bryzek et al. 2023). Can-
opy openness can positively affect the capture probability 
of deer mice (Peromyscus maniculatus) (Weldy et al. 2019) 
and the occupancy of shrew species and meadow voles 
(Microtus pennsylvanicus) (Cassel et al. 2020). Canopy 
cover positively influences the occupancy of eastern chip-
munks (Tamias striatus), gray squirrels (Sciurus carolinen-
sis), and white-footed mice (Peromyscus leucopus) (Cassel 
et al. 2020). The effect of vegetation may be species-spe-
cific, as habitat generalists like deer mice can thrive in less 
diverse vegetation (Wywialowski 1987). In contrast, habitat 
specialists like southern red-backed voles (Myodes gapperi) 
prefer higher vertical and horizontal cover (Wywialowski 
1987). Younger wetlands have higher native vegetation spe-
cies richness than older wetlands (Bryzek et al. 2023). How-
ever, as wetlands age, they become similar in vegetation 
community composition and structure to natural wetlands 
(Balcombe et al. 2005b).

External landscape features, including roads, recreational 
trails, railways, and powerlines, also influence small mam-
mal communities in restored wetlands. While roads may 
function as barriers in dispersal (Clark et al. 2001), they may 
also have positive effects on small mammals, potentially 
because they have negative impacts on several predators 
of small mammals (Rytwinski and Fahrig 2007). Meadow 
voles, northern short-tailed shrews (Blarina brevicauda), 
and masked shrews (Sorex cinereus) were associated with 
higher road density (Francl et al. 2004), although the effect 
of roads may depend on the season (Rytwinski and Fahrig 
2007). Roads may be a crucial factor to consider, as many 
mitigated wetlands in West Virginia have been built adja-
cent to major roads and highways (Gingerich and Ander-
son 2011; Strain et al. 2014; Clipp et al. 2017), potentially 
influencing small mammal communities at these wetlands 
(Vance et al. 2012; Becker et al. 2022). Railways also deter 

predators due to the noise from trains, thus affecting small 
mammal communities (Cerboncini et al. 2016).

Knowing the variables that most affect small mammal 
communities at wetland sites before and after wetland res-
toration is essential. Many mitigated wetlands are restored 
wetlands, although not all wetland restoration projects are 
for mitigation. Since the goal of mitigation is to replace 
the functionality of naturally occurring wetlands, including 
their important role in habitat provisioning, restored wet-
lands must be evaluated. This research aimed to determine 
features of restored wetlands that may affect small mammal 
communities. Our objectives were to analyze the effects of 
restored wetland age and environmental variables (vegeta-
tion [canopy cover, community composition, floristic qual-
ity, vertical structure, woody vegetation density], landscape 
[integrity, presence of roads and railroads], and wetland 
characteristics [age, classification, condition]) on small 
mammal abundance and the impact of age on small mam-
mal diversity, richness, and evenness across a range of wet-
land ages (1–29 years). We hypothesized that small mammal 
communities would decrease in all metrics as wetlands age 
because of changes in vegetative species composition and 
structure (Wywialowski 1987; Balcombe et al. 2005b), and 
native vegetation richness at younger wetlands is higher 
(Bryzek et al. 2023). Likewise, due to the reliance of small 
mammals on vegetation (Wywialowski 1987), we hypothe-
sized that vegetative variables would have the greatest effect 
on small mammal metrics in restored wetlands.

Methods

Study Area

We sampled 14 restored wetlands of differing ages in West 
Virginia, USA, across three ecoregions: Ridge and Valley 
(n = 5), Central Appalachians (n = 4), and Western Allegh-
any Plateau (n = 5) (Noe et al. 2022; Fig. 1). The landscape 
throughout the state includes agricultural valleys, hills, 
forested ridges, and high-elevation areas (Woods et al. 
1999). Mean annual precipitation ranges from its highest 
at 1,180 mm in the Central Appalachians to its lowest at 
1,063 mm in the Western Alleghany Plateau (Wilken et al. 
2011). Sampled wetlands were palustrine emergent (n = 7), 
scrub-shrub (n = 6), and forested (n = 1) but typically exhib-
ited traits of all three dominant vegetation types (Cowar-
din et al. 1979; Noe et al. 2022). Many palustrine emergent 
wetlands were younger, although this wetland class was 
not exclusive to young wetlands. However, four of five 
wetlands ≤ 5 years old were palustrine emergent. Wetlands 
were primarily restored, although some small patches were 
potentially created, and 12 of the 14 were mitigated wetlands 
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specifically designed to offset natural wetland losses (Gin-
gerich and Anderson 2011; Gingerich et al. 2014; Strain 
et al. 2017a, b). Sampled wetlands are owned by the West 
Virginia Division of Natural Resources (WVDNR) (n = 4), 
West Virginia Division of Highways (WVDOH) (n = 6), the 
U.S. Forest Service (n = 1), the Potomac Valley Audubon 
Society (PVAS) (n = 1), and private entities (n = 2) (Gin-
gerich and Anderson 2011; Gingerich et al. 2014; Strain 
et al. 2017a, b). Wetlands ranged between 2 and 28.7 ha 
(mean ± SE ha = 8.1 ± 1.9 ha). The mean elevation at wet-
lands was 426.5 m (± SE = 48.2) and ranged from 146 to 
660 m. At sampling time, wetland age ranged from 1 to 29 
years old (mean ± SE = 14.2 ± 2.8 years). The oldest sites 
were established in 1992, and the youngest were established 
in 2020 (Noe et al. 2022).

Small Mammal Trapping

We conducted small mammal trapping along 240 m-long 
transects using 5.08 cm ×  6.35 cm ×  16.51 cm folding 
Sherman Live Traps (H.B. Sherman Traps, Inc, Tallahas-
see, FL, USA) placed 10 m apart on each transect (Noe et 
al. 2022). We established transects ≥ 50 m apart from each 
other. Each wetland had a minimum of 2 transects, although 
to sample larger wetlands, we included up to six transects 
(mean = 3.57; SE = 0.34) depending on size. We checked 

traps each morning (≤ 24 h) during trapping sessions con-
sisting of 5 consecutive nights.

We baited traps with peanut butter and oats wrapped in 
wax paper and replaced them throughout the trapping ses-
sion (Edalgo and Anderson 2007). We added cotton to traps 
to enhance survival (Szebor and Strubel 2013). Upon cap-
ture, we first checked for pre-existing tags or marks from 
previous trap nights. If there were none, we marked all 
(except for shrews) with #1005-1 Monel ear tag (National 
Band and Tag Company, Newport, Kentucky, USA) on 
the left ear and recorded species, mass, length of body and 
tail, sex, and reproductive condition (Edalgo and Anderson 
2007; Becker et al. 2022). Shrews received a unique pattern 
of dots made with hair dye to identify individuals due to 
the tendency of an ear tag to damage their ears and quickly 
get lost (Craig 1995). We identified deer mice and white-
footed mice in the field. We evaluated proportions of the tail 
to body length (deer mice have a longer tail in proportion 
to their bodies), tail hair density (white-footed mice have 
a sparsely haired tail in comparison to deer mice), and tail 
color (deer mice have a bicolored tail) (Kays and Wilson 
2009). Between sites, we cleaned equipment to avoid the 
potential spread of invasive species and diseases among 
wetlands (Bryzek et al. 2022).

Fig. 1 Restored wetlands (n = 14) 
were sampled in 3 ecoregions of 
West Virginia, USA, from June 
to August of 2020 (n = 6) and 
2021 (n = 8). The age of wetlands 
ranged from 1 to 29 years 
(mean ± SE years = 14.2 ± 2.8 
years); the size of the data point 
on the map represents age, with 
circle size increasing with wet-
land age
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Statistical Analysis

Wetland Age

We estimated the relative abundance of small mammal spe-
cies at each site for all captured species (n = 6) and total 
small mammals using count data from unique individuals. 
We calculated relative abundance with a generalized linear 
model specifying count data as our response variable and 
wetland age as our predictor variable. We assumed a Pois-
son random variable and included trapping effort as an offset 
in our model to account for different trapping efforts across 
sites. To implement species relative abundance models, we 
used the glm function in R statistical software (R Core Team 
2022). We used a type 1 error rate of 0.05 for all tests.

We defined species richness as the number of species 
observed at each site. Species richness was then used to 
estimate Shannon-Weiner diversity (Shannon 1948). We 
calculated diversity using ‘vegan’ and specifying the Shan-
non diversity index (Oksanen et al. 2020). Additionally, we 
calculated Pielou’s evenness index (J) for each site using 
our previously estimated diversity from each site (H’) and 
total species richness (S) (Pielou 1966).

We used a generalized linear model assuming a Poisson 
random variable to determine if wetland age, our predictor, 
affected species richness. We included an offset within the 
model to consider different site trapping efforts. To deter-
mine the potential effect of age on diversity and evenness, 
we created general linear models (Analysis of Variance) 
with wetland age as the predictor variable and diversity and 
evenness as response variables.

Model Selection of Environmental Variables

We first created generalized linear models for the relative 
abundance of each species to test for the effects of environ-
mental variables. For each species, we made 18 models with 
relative abundance as our response variable; each of the 18 
models had a different environmental predictor variable. 
We summarized these environmental predictor variables at 
the wetland scale. These environmental variables include 
wetland age, size, wetland type, assessment of vegetation 
community, average canopy cover, landscape integrity, 
ecoregion, and WVWRAM scores: road and rail, condition, 
habitat function, habitat function without biodiversity rank, 
habitat condition, habitat potential, floristic quality, vertical 
vegetation structure, woody vegetation, and wetland breed-
ing bird occupancy (Table 1). To estimate the similarity of 
vegetation communities among sites, we used a principal 
component analysis (PCA). We used the first score provided 
by the PCA analysis, which explains most of the variation in 
the data. We used the “prcomp” function in R to obtain this 

Gathering Environmental Variables

To collect vegetation data at each site, we used 1 ×  1 m 
quadrats along our transects and positioned them so each 
trap was in the center of the quadrat (25 quadrats per tran-
sect). In each quadrat, we identified herbaceous vegetation 
to species. We estimated vegetative cover using Daubenmire 
(1959) cover classes (1–5%, 6–25%, 26–50%, 51–75%, 
76–95%, and 96–100%). We determined the average tree 
and shrub canopy cover in the quadrat to the nearest percent 
using a spherical densiometer at each of the four corners. 
We measured water and leaf litter depth to the nearest cm at 
the deepest point within the quadrat. Using the percent cov-
erage of each plant species at each wetland, we calculated 
Shannon diversity using the package vegan in R (Oksanen 
et al. 2020).

Additionally, we used a combination of public shape-
files from state datasets and West Virginia Wetland Rapid 
Assessment [WVWRAM] scores to determine other envi-
ronmental variables that may affect small mammal com-
munities in restored wetlands. Scores obtained for the 
WVWRAM were created using both remote sensing data 
and data from site visits (West Virginia Department of Envi-
ronmental Protection 2020; Table 1). WVWRAM scores 
included metrics of road and rail, wetland condition, habitat 
function, habitat function without biodiversity rank, habitat 
condition, habitat potential, floristic quality, vertical vegeta-
tion structure, woody vegetation, and wetland breeding bird 
occupancy (Table 1). On average, WVWRAM site visits to 
inform scores occurred 1.36 years (± 0.36 years) before our 
site visits (Noe 2022). On four occasions, WVWRAM field 
assessments came after our field sampling, although these 
were always ≤ 2 months later. We also used the National 
Wetlands Inventory (NWI) GIS layer created by the U.S. 
Fish and Wildlife Service to assess wetland size and type 
of wetlands (Cowardin et al. 1979; U. S. Fish and Wild-
life Service 2014). Because the NWI layer is not always 
reflective of actual wetland presence or type (Matthews 
et al. 2016), GIS data were corroborated by site visits. We 
obtained the landscape integrity metric using GIS data cre-
ated using distances weighted by different anthropogenic 
landscape features (Dougherty and Byers 2008). We used 
WVWRAM scores collected, calculated, and provided by 
the West Virginia Department of Environmental Protection 
for our restored wetlands; scores included assessments of 
wetland condition, function, and vegetation (West Virginia 
Department of Environmental Protection 2020; Table 1).
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variable per model because of the 1:10 rule (1 predictor 
variable: 10 samples) (Steyerberg et al. 2000). We defined 
top models as models with confidence intervals that did not 
overlap zero and had model selection certainty (Δi < 2). We 
selected models using ‘AICcmodavg’ (Mazerolle 2020) 
with R statistical software (R Core Team 2022).

score. We also included an intercept-only model for later 
model comparison. We assumed a Poisson random variable 
for relative abundance models and standardized different 
site trapping efforts by including an offset within the model.

We then used the Akaike information criterion (AIC) to 
compare models and perform a model selection for the top 
environmental variable (Akaike 1973), specifically AICc, 
a version of AIC that is corrected for small sample sizes 
(Brewer et al. 2016). We were limited to one predictor 

Variable Description
Size Wetland size based on national wetlands inventory (NWI) GIS layer (U. S. Fish and 

Wildlife Service 2014) in corroboration with site visits.
Wetland Type Palustrine emergent, scrub-shrub, and forested according to Cowardin et al. (1979).
Vegetation 
Community

Vegetation community was estimated using a principle component analysis (PCA). We 
used the first score provided by the PCA in model selection, as this score explains most 
of the variation in the data.

Average Canopy Average canopy was estimated using methodology described in methods section.
Landscape 
Integrity

This metric was calculated using the WVDNR layer for landscape integrity (Dougherty 
and Byers 2008); the layer was made using distance from weighted landscape features.

Ecoregion Level 3 ecoregions comprising West Virginia: Western Alleghany Plateau, Central 
Appalachians, and Ridge and Valley ecoregions.

Rail/Road Wetlands receive a score of 0–2 points, depending on proximity to railway: 2 points 
wetland if within 5 m (16 ft) of a road or railroad track, 1 point if wetland is 5–50 m 
(16–164 ft) from a road or railroad track, 0 points if wetland is > 50 m (164 ft) from a 
road or railroad track (West Virginia Department of Environmental Protection 2020).

Habitat & Eco-
logical Integrity 
Intrinsic 
Potential

This score was calculated as a combination of all previously calculated WVWRAM 
vegetation, soil, and hydrology scores (West Virginia Department of Environmental 
Protection 2020).

Habitat & Eco-
logical Integrity 
Function With-
out Biodiversity 
rank

Calculated using previously determined WVWRAM scores: habitat & ecological 
integrity intrinsic potential, habitat & ecological integrity landscape opportunity, and 
habitat & ecological integrity value to society (West Virginia Department of Environ-
mental Protection 2020).

Habitat & Eco-
logical Integrity 
Function

Calculated using same variables as habitat & ecological integrity function without 
biodiversity rank, plus a biodiversity rank; additional points added to final score based 
on the biodiversity rank of the site (1–6) (West Virginia Department of Environmental 
Protection 2020).

Habitat & Eco-
logical Integrity 
Condition

Calculated using scores of habitat & ecological integrity intrinsic potential, habitat 
& ecological integrity landscape opportunity, and site biodiversity rank (1–6) (West 
Virginia Department of Environmental Protection 2020).

Condition The WVWRAM condition score was developed using previously calculated 
WVWRAM scores: intrinsic potential of wetland water quality and flood attenuation, 
and habitat/ecological integrity condition (West Virginia Department of Environmental 
Protection 2020).

Floristic Quality 
Assessment

Floristic quality assessment was calculated using abundance-weighted mean coefficient 
of conservatism (wmC) and field collected vegetation data (West Virginia Department 
of Environmental Protection 2020).

Vegetation Ver-
tical Structure

This score is representative of the number of vertical vegetative strata (overstory, 
understory, herbaceous vegetation) present for each site. Score calculated using both a 
GIS score using NWI layer and a field-assessed score evaluating present strata (West 
Virginia Department of Environmental Protection 2020).

Woody 
Vegetation

This metric is based upon a combination of different GIS layers to assess the amount 
of woody vegetation present at the site (West Virginia Department of Environmental 
Protection 2020).

Wetland 
Breeding Bird 
Occupancy

This score was developed from a West Virginia wetland breeding bird database from 
breeding bird atlas data. A score of 0–3 points was given to each site depending on the 
ranking of atlas blocks. This metric was strictly landscape-assessed and not evaluated 
at site visits (West Virginia Department of Environmental Protection 2020).

Table 1 Description of environ-
mental variables used in models 
to determine which environment 
variables most influence aspects 
of small mammal communities 
(species relative abundance, 
occupancy, and site diversity, 
richness, and evenness) in West 
Virginia, USA. Many variables 
were obtained from West Virginia 
Wetland Rapid Assessment 
Method (WVWRAM) scores at 
each site and are briefly described 
according to the WVWRAM 
reference manual (West Virginia 
Department of Environmental 
Protection 2020). WVWRAM 
was obtained using both remote 
sensing data and data from field 
visits. Both age and intercept-
only models were assessed along 
with the other models in the AIC 
model comparison. Supplemen-
tary Table 1A. Model selection of 
17 environmental variables, plus 
an intercept-only model, using 
AICc to predict variables that 
influence the relative abundance 
of white-footed mice (Peromys-
cus leucopus) captured in 14 
restored wetlands in 2020 and 
2021 in West Virginia, USA
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Diversity (Fig. 3A) and evenness (Fig. 3B) increased 
with wetland age (F1, 12 = 1259, P < 0.01). The mean 
expected richness of wetlands per 100 trap nights was 0.67 
(± SE = 1.22) and was not influenced by wetland age (Z = 
-0.299, P = 0.765).

Environmental Variables and Models Selected

The top model for white-footed mice (Supplementary 
Table 1A) and total small mammals (Supplementary 
Table 1B) suggested greater relative abundance in smaller 
wetlands, with no competing models. The top model for 
meadow jumping mice indicated greater relative abundance 
in larger wetlands, with no competing models (Supplemen-
tary Table 1 C). Decreasing canopy cover best-explained 
meadow vole relative abundance, with no competing models 
(Supplementary Table 1D). The relative abundance of deer 
mice declined as the vegetation community composition 
within a wetland became more like the wetland vegetation 

Results

During 5,780 trap nights at 14 restored wetlands from June 
to August 2020 (n = 6) and 2021 (n = 8), we captured 210 
unique individuals. We caught six species of small mam-
mals: deer mice, white-footed mice, meadow voles, meadow 
jumping mice (Zapus hudsonius), northern short-tailed 
shrews, and eastern chipmunks; deer mice were the most 
commonly captured species (35% of all unique captures).

Wetland Age

Relative abundance decreased with wetland age for deer 
mice (Z = -2.543, P = 0.01), white-footed mice (Z = -4.415, 
P < 0.01), meadow voles (Z = -4.108, P < 0.01), and total 
small mammals (Z = -6.01, P < 0.01) (Fig. 2). The relative 
abundance of meadow jumping mice, northern short-tailed 
shrews, and eastern chipmunks was unaffected by wetland 
age (P > 0.05).

Fig. 3 Small mammal com-
munity metrics at sites ranging 
from 1 to 29 years old, includ-
ing: (A) Shannon diversity and 
(B) Pielou’s evenness. Data 
were obtained from 14 restored 
wetland sites in 2020 and 2021 in 
West Virginia, USA

 

Fig. 2 Relative abundance of 
deer mice, white-footed mice, 
meadow voles, northern short-
tailed shrews, meadow jumping 
mice, eastern chipmunks, and 
total small mammals per 100 trap 
nights at each wetland, based on 
a generalized linear model using 
age as a predictor variable and 
count data collected from 14 
restored wetlands in 2020 and 
2021 in West Virginia, USA
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(Noe 2022). Although wetland age influences the relative 
abundance of white-footed mice, we found that wetland size 
was a better predictor of white-footed mouse relative abun-
dance. Specifically, we found that as wetland size increased, 
white-footed mice relative abundance decreased. This 
finding complements other research that has determined 
that white-footed mice have higher density in fragmented 
patches (Nupp and Swihart 1998; Anderson et al. 2003) and 
rights-of-ways (Adams and Geis 1983). Potential explana-
tions include higher structural complexity in smaller patches 
(Anderson et al. 2003) or increased mast availability, espe-
cially native species (Rose et al. 2014) in smaller fragments 
(Nupp and Swihart 1998). In our study, smaller wetlands 
tended to be adjacent to roads and major highways.

Meadow Voles, Northern Short-Tailed Shrews, and 
Meadow Jumping Mice

Meadow voles had a significantly higher relative abundance 
in younger wetlands than in older wetlands. This may be 
due to their preference for grasses over woody vegetation 
(Yahner 1982), as many younger sites were palustrine emer-
gent, while older sites were usually palustrine scrub-shrub 
or forested. We observed a preference for younger restored 
sites because woody vegetation takes longer to develop 
(Bryzek et al. 2023). We found the most important environ-
mental variable in predicting meadow vole relative abun-
dance was average canopy cover, with meadow vole relative 
abundance decreasing as average canopy cover increases. 
This is consistent with findings by Cassel et al. (2020) that 
canopy openness was positively associated with the occu-
pancy of meadow voles. Both canopy cover and woody veg-
etation are related and may be correlated with wetland age.

Although we expected to find an effect of age on the rela-
tive abundance of northern short-tailed shrews because they 
are insectivores and invertebrates may differ by wetland 
age (Swartz et al. 2019), we did not detect an effect. How-
ever, our detection probability of the species was low (0.36; 
Noe 2022), as insectivores like Blarina are challenging to 
capture in live traps (Rose et al. 1990). Meadow jumping 
mice also had a low detection probability (0.24; Noe 2022). 
Potentially our trapping technique was not conducive to 
capturing these species.

Model selection showed that vegetation community 
and wetland type were competing models in the relative 
abundance of northern short-tailed shrews. Wetland type 
(Cowardin et al. 1979) affected northern short-tailed shrew 
relative abundance; northern short-tailed shrews had higher 
relative abundance at palustrine emergent wetlands than 
at scrub-shrub wetlands, but abundance was not different 
between palustrine emergent wetlands and forested wet-
lands. Shrews prefer grass-sedge marsh and willow-alder 

composition across all wetlands, with no competing models 
(Supplementary Table 1E). The relative abundance of north-
ern short-tailed shrews increased with vegetation commu-
nity similarity, and this model competed with the wetland 
type (Supplementary Table 1F). The top model for the rela-
tive abundance of eastern chipmunks was wetland size but 
had confidence intervals that overlapped 0, suggesting no 
substantial effect of the variable (Supplementary Table 1G). 
For eastern chipmunks, models within 2ΔAICc also had con-
fidence intervals that overlapped 0. The only model within 
2ΔAICc without confidence intervals that overlapped 0 was 
the intercept-only model, indicating that the tested environ-
mental variables do not predict eastern chipmunk relative 
abundance in restored wetlands.

Discussion

Many of our tested small mammal community metrics var-
ied with wetland age. Therefore, it is likely that small mam-
mal communities respond to the wetland succession stage 
post-restoration, which influences the vegetation commu-
nity and other physical wetland characteristics. We found 
that wetland size is an important variable influencing the 
small mammal community. Wetland size ultimately affects 
which species may be present in a restored wetland.

Peromyscus

We found that deer mice had higher relative abundances in 
younger wetlands than in older wetlands. Similarly, previ-
ous research has shown that deer mice are more abundant 
in post-disturbance years, regardless of habitat type. For 
instance, Hansen and Warnock (1978) found that deer mice 
are generally more abundant in earlier stages of succession 
following ridgetop strip-mining. In an old-field habitat, Sch-
weiger et al. (2000) found deer mouse density to be highest 
in the earlier stage of old-field succession, then decreased 
in later successional stages. However, the severity of this 
decline was dependent on patch size.

The top model for deer mice’s relative abundance was 
vegetation community, with no competing models. Spe-
cifically, relative abundance decreases as vegetation com-
munity similarity increases. This may be because they are 
considered habitat generalists (Wywialowski 1987) and can 
thrive in various plant communities. Thus, dissimilar vege-
tation communities among restored wetlands may be attrac-
tive to them than to specialist species which need specific 
vegetative types or structure.

White-footed mouse relative abundance decreased with 
wetland age. However, the occupancy probability of white-
footed mice did not differ by wetland age in a similar study 
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general small mammal community trends will facilitate bet-
ter wetland management due to a greater understanding of 
their wetland system through time. Managers should con-
sider that wetland size will influence species differently and 
should therefore strive for a diversity of wetland sizes when 
designing restoration projects to accommodate species that 
require larger wetlands (such as meadow jumping mice) and 
species that thrive in smaller wetlands (such as white-footed 
mice). Environmental variables could not predict diversity, 
richness, or evenness in restored wetlands, suggesting other 
factors such as interspecific competition, predation, or other 
untested environmental variables are impactful. From this 
study, we learn that wetland restoration success, in terms 
of the small mammal community, depends on wetland age 
and size.

Supplementary Information The online version contains 
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(Salix spp.-Alnus spp.) fen (Wrigley et al. 1979). Spe-
cifically, northern short-tailed shrews are associated with 
herbaceous cover and coarse woody debris in Appalachia 
(Laerm et al. 2007), which supports our findings. Vegetation 
community similarity positively affected the northern short-
tailed shrew’s relative abundance, potentially because of a 
specific insect community that a particular vegetation com-
munity may harbor. Because macroinvertebrate abundance 
and community composition are associated with vegetation 
(Swartz et al. 2019), and northern short-tailed shrews are 
insectivores, they may be drawn to areas with higher prey 
abundance.

Like white-footed mice, the relative abundance of 
meadow jumping mice was best predicted by wetland 
size; unlike white-footed mice, the relative abundance of 
meadow jumping mice increased with wetland size. Accord-
ing to Bowers and Dooley (1993), small mammal species 
found in larger patch sizes (1 ha) had larger home ranges 
and were seemingly more territorial than species found in 
smaller patches (0.062 ha). Although home range estima-
tions for meadow jumping mice are variable, estimates have 
been as large as 1.7 ha (Quimby 1951). In contrast, the aver-
age home range of white-footed mice is smaller, averaging 
0.1 ha (Lackey et al. 1985). Therefore, this result may have 
stemmed from meadow jumping mice having a larger and 
more variable home range size.

Richness, Diversity, and Evenness

Although we determined that diversity and evenness 
increased with wetland age when looking at the variable 
isolated, model selection showed a high AICc score and 
low AICc model weight for age for both diversity and even-
ness. Therefore, wetland age affects small mammal diver-
sity and evenness but was a weak predictor. Wetland age did 
not influence apparent species richness. Similarly, birds did 
not exhibit a difference in richness in younger versus older 
wetlands (VanRees-Siewert and Dinsmore 1996), However, 
Thiere et al. (2009) found that the local richness of aquatic 
macroinvertebrates increases with wetland age. Overall, our 
data matches most of the research for other wildlife taxa and 
macroinvertebrates in that species richness do not differ by 
wetland age.

Conclusion

In summary, we found that wetland age affected some 
aspects of small mammal communities. While age may 
negatively affect individual species’ relative abundance, it 
positively affects small mammal diversity and evenness. 
While managers cannot change wetland age, knowing 
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