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Abstract

I conducted a small mammal survey at Broad River Greenway and Gardner-Webb University property from
23 May through 20 June, 2016. Six trapping sites were established, consisting of two shrublands, two forested
areas, and two grasslands. I used a diamond-shaped grid system of trapping at each study site. The diamond was
composed of five transects, each sixty meters long and starting twenty meters after the previous transect ended
with a trap every twenty meters (for a total of 20 traps at each site). [ used Sherman live traps of alternating sizes,
each baited with a mix of commercial rodent food and rolled oats. Trapping sessions consisted of four consecutive
nights for a total of 80 trap nights in each site (160 in each habitat and 480 trap nights for all sites combined).
The following species were captured: Ochrotomys nuttalli (Golden Mouse), Peromyscus spp.; Sigmodon hispidus
(Hispid Cotton Rat); and Sciurus carolinensis (Eastern Gray Squirrel). Trap success rate was 4.58% with the
greatest capture recorded in the shrubland (5.88%) and lower rates of capture in the forest (3.97%) and grassland
(3.87%). Sigmodon hispidus were most abundant (42.86%), while the Peromyscus spp. represented 38.1%
of captured individuals; the O. nuttalli and Sciurus carolinensis represented 14.29% and 4.76% respectively.
Peromyscus spp. was the only species found in all habitat types, O. nuttalli was found in the forest and shrubland

sites, and Sigmodon hispidus was found in the shrubland and grassland sites.
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Introduction

Boiling Springs is a small rural town in western
North Carolina and is home to Gardner-Webb Univer-
sity (GWU) and the Broad River Greenway (BRG),
which consists of 607 ha of preserved land owned by
Cleveland County and maintained by the Broad River
Council. This work represents the first small mammal
survey conducted in Boiling Springs, which establish-
es a baseline for future studies. Although Broad River
Greenway is a preserved area, the surrounding private
property experienced widespread deforestation from
logging 100 m from the river bank, stretching approx-
imately 0.8 km. It is unknown what effect, if any, this
has had on the species residing within the protected
areas. It is crucial to have regular population surveys

of small mammals for future wildlife conservation as
rodents play a significant role in their ecosystems as a
source as both food for predators and as seed dispers-
ers (Hollander & Vander Wall, 2004). These surveys are
also important for studying disease prevention. Sigmo-
don hispidus and Peromyscus spp., both captured in the
present study, are known carriers of hantaviruses (Mills
et al., 1998). Although cases of infection are rare, the
proximity of the study sites to human populations fur-
ther emphasizes the importance of this survey and fu-
ture research. The goal of this project was to generate
a small mammal species inventory and calculate rela-
tive abundance of terrestrial small mammal species that
reside in habitats within Broad River Greenway and
the surrounding area. This research lays the ground-
work for future small mammal research in this area.
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Materials and Methods
Study Area

The survey was conducted in three habitat types:
forest, shrubland, and grassland. Two study plots were
established in each habitat. Four trapping sites were es-
tablished on University property and two trapping sites
on Broad River Greenway property. The shrubland hab-
itat on Gardner-Webb property, approximately 400 m
from buildings and residential areas, was defined as a
successional loblolly pine (Pinus taeda) plantation of 15
years, and was composed of dense undergrowth, includ-
ing blackberry bushes (Rubus spp.) (Figure 1A). The
shrubland study site on Broad River Greenway property
was located approximately 800 m from the river. It was
defined as a recovering old field successional forest fol-
lowing a fire and was composed of dense undergrowth,

Figure 1D. BRG Forest

Figure 1B. BRG Shrubland

Figure 1E. GWU Grassland
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including blackberry bushes (Rubus spp.) (Figure 1B).
The forest habitat on Gardner-Webb property, approxi-
mately 400 m from buildings and residential areas, was
composed of lowland pine mixed hardwood with pre-
dominantly short leaf pine (Pinus echinata) (Figure. 1C).
The forest study site on Broad River Greenway property
was adjacent to the river and was composed of lowland
mixed hardwood with predominantly sycamore trees
(Platanus occidentalis) (Figure 1D). Parallel grassland
habitat plots were sampled on Gardner-Webb University
property several kilometers from the main campus, ap-
proximately 100 m from athletic facilities. Both grass-
land habitats were defined as successional grasslands
leading to forest (Figures 1E & F). The only notable
difference between the grassland study sites was the
presence of a small pond in the second grassland plot
(Figure 1F).

Figure 1F. GWU Grassland

Figures 1 A-F. Study sites established in Boiling Springs, NC.
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Field Methods

A diamond-shaped grid system of trapping was im-
plemented for this study. The grid used in this study was
designed to fit the size of the smallest sampled habitat
(approximately 100 m x 120 m) and was used at each
trapping location. The diamond was composed of five
transects, each 60 m long and starting 20 m after the pre-
vious transect ended, with a trap every 20 m (Figure 2).

Trapping sessions consisted of one, four-night ses-
sion, with traps set at dusk and checked at dawn. Twenty
traps were set within each grid, totaling 80 trap nights
at each location. Traps were placed within 2 m of the
transect line in the closest sheltered area, such as un-
derneath shrubbery or fallen trees. Sherman live traps,
alternating sizes of 4” x 4-1/2” x 15” and 3” x 3-1/2” x
9 to accommodate the range of size in small mammals,
were used at each trapping site. The traps were baited
at dusk with a mix of rolled oats and commercial pet
rodent feed, including sunflower seeds and millet. An
aromatic bait of peanut butter and rolled oats mix was
initially used because trapping effectiveness is higher
with aromatic bait (Oswald & Flake, 1994). However,
fire ants were attracted to each trap, so to prevent harm
to the captured individuals, peanut butter was not used
after the first trapping night in plot 1 (GWU shrubland).
Fire ants were not found in traps when bait consisted
of rolled oats and rodent feed. If heavy rains were fore-
casted during a trap night, traps were closed, and the
night was not included as a trap night to prevent poten-
tial flooding of traps in low laying areas.
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Captured animals were weighed, identified to spe-
cies level, and examined to obtain information such as
gender, body length, tail length, and reproductive status.
The captured individuals were transferred from their trap
into cloth bags to be weighed with a Pesola spring scale.
No animals were kept as voucher specimens. Each ani-
mal was released after being photographed and marked
on its foot or tail with non-toxic nail polish. Behavioral
observations were recorded throughout the study.

These raw capture data were used for several cal-
culations. Trap success for each habitat was found by
dividing the number of captures by the number of trap
nights in that habitat. The overall trap success was
found by dividing the total number of captures by the
total number of trap nights in the study. Effort was ad-
justed accordingly when individuals were recaptured or
when larger mammals compromised data by triggering
or damaging traps. Chi square was performed on these
trap success data to compare small mammal captures
between habitats. Species relative abundance was cal-
culated for each species by dividing the total number of
captured individuals by the number captured for each
species. Habitat relative abundance was calculated by
dividing the total number of captured individuals in
each habitat type by the number of captured individuals
of a particular species. Fisher’s exact test was performed
to compare differences in habitat relative abundance be-
tween the captured species. And finally, the Shannon In-
dex of diversity was calculated for each habitat.

Figure 2. Diamond transect pattern. This pattern was
composed of five transects (T = transect). Traps were
placed 20 meters apart with four traps in each transect.
The black dots represent trap 1 of the transects and the
gray dots represent traps 2, 3 and 4.

. Beginning of each transect (trap 1)

@ Traps2.3.ands
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Results
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The following species were captured during the survey: Ochrotomys nuttalli (Golden Mouse)
(Figure 3A); Peromyscus spp. (Figure 3B); Sigmodon hispidus (Hispid Cotton Rat) (Figure 3C)

and Sciurus carolinensis (Eastern Gray Squirrel).

Figure 3B

Figure 3A

Figure 3C

Figures 3 A-C: Species captured in this survey. O. nuttalli (Figure 34), Peromyscus spp. (Figure 3B),
Sigmodon hispidus (Figure 3C), and Sciurus carolinensis (not pictured).

Trap Success Rate

Trap success rates represent the percentage of
captures from the traps in each habitat (Figure 4). From
a total of 80 trap nights at each site (160 for each habitat
and 480 trap nights for all sites combined), nine indi-
viduals were captured in the shrubland habitats, and six
individuals were captured in both the forest and grass-
land habitats. Effort was adjusted in each habitat for
recaptured individuals and compromised traps. Traps
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were closed for only three nights during this study due
to heavy rains. Overall trap success was 4.58%, with
the highest success in the shrubland (5.88%) and lower
trap success in the forest (3.97%) and grassland habitats
(3.87%). However, analyses revealed no significant dif-
ferences among the small mammal captures between the
shrubland, forest, and grassland habitats (¥*>=0.86, df=2,
p>0.05).

Shrubland

Forest

Grassland All Habitats

Habitat Type

Figure 4. Trap Success in each habitat type. This represents the percentage of captures

from the traps in each habitat.
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Species Relative Abundance and Diversity
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Species-relative abundance represents the percent- Wwhile Peromyscus spp. represented 38.1% of captured

ages of each species captured across all habitats (Fig-
ure 5). Sigmodon hispidus was most abundant (42.86%),
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Ralative abundance

5. carolinensis 0, nuttalh

individuals, and the O. nuttalli and Sciurus carolinesis
represented 14.29% and 4.76% respectively.

5. hispidus

Peromyscus spp.

Species Name

Figure 5. Species relative abundance across habitats. Each species is shown as a percent-
age of individuals captured across all habitat types.

Habitat Relative Abundance

Habitat relative abundance represents the percent-
age of each species captured within each habitat type
(Fig. 6). Sigmodon carolinensis represented 16.67% of
individuals captured in the forest habitats. Ochrotomys
nuttalli represented 11.11% of individuals captured in
the shrubland habitat and 33.33% in the forest habi-
tat. Peromyscus spp. was the only species captured in
each habitat type, representing 33.33% of all captured
individuals in the shrubland habitat, 50% in the forest
habitat, and 33.33% in the grassland habitat. Sigmodon
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Peromyscus spp.

hispidus represented 55.56% of individuals captured
in the shrubland habitat and 66.67% in the grassland
habitat. In habitats where they were caught, Sigmodon
hispidus represented the highest percentages of cap-
tured individuals, and Peromyscus spp. represented the
highest percentage of individuals captured in the forest
habitat. However, these differences in habitat relative
abundance among the species were not statistically sig-
nificant (P=0.131, Fisher’s exact test).

m Shrubland
W Forest

w Grassland

5. hispidus

Species Name

Figure 6. Habitat relative abundance. This represents the distribution of species within each habitat.
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Shannon Index of Diversity

The Shannon Index of Diversity for all habitats was
calculated at 1.153. For the shrubland habitat, the value
was calculated at 0.937; the forest habitat was calculated
at 1.011, and the grassland habitat at 0.693.

Discussion

It is known that there are many more small mammal
species in Boiling Springs, NC than detected through
this study (T. Jones, personal communication, May
2016). The present survey detected four of the mammal
species residing in this area. This is a lower number than
expected but comprises the first small mammal survey
of Broad River Greenway and the surrounding areas.
None of the species captured in this survey are threat-
ened or endangered.

Although the habitats did not yield equal trap suc-
cess, analyses revealed no significant differences among
small mammal captures between habitats (¥>=0.86, df=2,
p>0.05). Overall trap success was low (4.58%), similar
to other small mammal surveys yielding success low-
er than 5% (Ordonez-Garza et al., 2014; Engilis et al.,
2012; Ragai & Tuen, 2006). No preference was detected
between trap size and body size of captured individuals.
The shrubland yielded the greatest number of captures.
This can be attributed to three species being captured
in this habitat, with a particularly high number of Sig-
modon hispidus. This species was captured in similar
numbers in the grasslands, but only one other species
was detected in this habitat. Sigmodon hispidus are most
frequently captured in dense, grass dominated habitats,
explaining the high rates of capture in the shrubland and
grassland study sites (Cameron & Spencer, 1981).

The survey was dominated by Sigmodon hispidus
and Peromyscus spp., representing 42.86% and 38.1%
of the captured individuals, respectively. However,
Peromyscus spp. was found evenly across all habitats,
while Sigmodon hispidus was found only in the shru-
bland and grassland habitats. Peromyscus spp. can sur-
vive in a wide range of habitats and are highly adapt-
able (Lackey et al., 1985). Ochrotomys nuttalli was only
found within the study sites on Broad River Greenway,
which were thicker and contained taller, more densely
populated trees than the study sites on university prop-
erty. This species has been noticed to prefer areas with
moist thickets and forests, and generally uses early and
mid-successional habitats (Morzillo et al., 2003).
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Although these distinctions were recorded among
habitats, mammal relative abundance did not differ
among habitats (P=0.131, Fisher’s exact test). This re-
sult could be attributed to low trap success rate in each
habitat. The Shannon Index of Diversity showed the
highest diversity in the forest habitats and the lowest
diversity in the grassland habitats. Although the forests
and shrublands both yielded three species in each hab-
itat, there was more evenness among the captured spe-
cies in the forest, resulting in a higher value of diversity
(Smith & Smith, 2015). The grassland habitat was the
least diverse with only two species, possibly because of
the close proximity to residential buildings and sports
facility.

There were several limitations to this study. The
trapping grid was limited to twenty traps in each plot
due to small habitats that ended abruptly or transitioned
into different habitat- types. Limited resources restrict-
ed the study to Sherman Live Traps, potentially limiting
the number of captured species in this research. For ex-
ample, shrews were likely present in the study sites, but
these species often require pitfall traps for successful
capture. In addition, aromatic bait, such as peanut butter
and bananas, could not be used because fire ant popula-
tions compromised the safety of captured mammals.

This research generated the first species list and
data on species composition between habitats of small
terrestrial mammals at Broad River Greenway and the
surrounding area. The necessity of regular population
surveys for conservation purposes signifies the impor-
tance of this research.
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Appendix
Species Accounts

ORDER RODENTIA
Family Cricetidae
Ochrotomys nuttalli (Harlan, 1832)
Golden Mouse

Three individuals (one male and two females) were cap-
tured. This species was only found within the shrubland
and forest habitats of Broad River Greenway. The male
was captured in the Broad River Greenway shrubland
on trapping night three. The females were captured in
the Broad River Greenway forest. One female, a repro-
ductive adult, was captured on trapping night two and
recaptured in a trap 60 meters from the original on trap-
ping night four. This was the only individual recaptured
farther than twenty meters from the original trap. The
other female, a juvenile, was captured on trapping nights
three and four in the same trap. These mice are known to
share nests with up to eight individuals (Linzey & Pack-
ard, 1977), suggesting that a significant population of O.
nuttalli may reside in the areas surrounding the trapped
individuals. This species is semi arboreal (Linzey &
Packard, 1977) and both females were observed climb-
ing trees after being released, though no arboreal nests
were spotted.

Peromyscus spp. (Gloger, 1841)

Eight individuals (four females and four males) were
captured. Most individuals of this species were recap-
tured at least once. Three individuals were found in
shrublands, three in forests, and two in grasslands. This
species was found in each study site, with the exception
of plot three, a grassland. Three individuals were noted
as reproductive adults; two females were lactating, and
one male had scrotal testes. Several individuals were
noticed drumming their paws, a fear response common
to species in the genus Peromyscus when experiencing
threatening situations (Crossland et al., 2014). Half of
the captured individuals possessed a bi-colored tail, a
trait of Peromyscus maniculatus (North American Deer
Mice). However, based on the elevation and lack of fur
on the tips of their tails, these individuals could also
be considered Perommyscus leucopus (White Footed
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Mice). But because of the plastic characteristics of the
Peromyscus genus, the captured individuals in this study
were referred to as Peromyscus spp.

Sigmodon hispidus (Say & Ord, 1825)
Hispid Cotton Rat

Nine individuals (seven females and two males) were
captured, with only two recaptures. Sigmodon hispidus
was the most abundant species in the survey. Five in-
dividuals were captured in the GWU shrubland, while
the other four individuals were captured in the grassland
study sites. Three individuals, the two males and one of
the females, were juvenile. Two adult females gave birth
to litters while in the trap: one litter of five, and one litter
of seven. The litters were placed in shaded, sheltered ar-
eas near the trap in the hopes that the dams would return
for them. One dam was recaptured in the same trap the
day after giving birth.

Family Sciuridae
Sciurus carolinensis (Gmelin, 1788)
Eastern Gray Squirrel

One individual was captured in the forest plot located
on Gardner-Webb University property. This species was
not intended to fit in the traps set within this study site
and was, therefore, difficult to remove. After removal,
the individual was released as we did not have suitable
equipment for the measurement and weighing of larger
mammals.



