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Abstract

An opportunity to study the response of a small mammal community to restoration of a riparian wetland was
provided by the Pen branch project  at  the Savannah river si te  (SRS).  Live trapping of small  mammals was conducted
on six transects at Pen branch in 1996 and 1998 and at three transects at Meyers branch, an unimpacted stream at
SRS, in 1997 and 1998. Distributions of rates of capture of the four most common species were both spatially and
temporally uneven. Kruskal-Wallis  one-way analysis of variance revealed no significant differences in the relationship
of capture rates between species and between treatment and both the within-stream control and Meyers branch.
Habitat  use and movement within stream corridors appears to be dependent primarily on species,  with age and sex
perhaps contributing to habitat preference and distance moved. The lack of differences in capture rates related to
transect  or  t reatment may be due to the close proximity of  sample transects  relat ive to the movement potential  of  the
species sampled. 0 2000 Elsevier Science B.V. All  r ights reserved.
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1. Introduction

In the southeastern US, small mammal popula-
tions associated with riparian wetlands have not
been widely studied (Mitchell et al., 1993, 1995;
Thurmond and Miller, 1994) and information on
the response of these populations to restoration of
impacted wetland areas has not been widely pub-
lished. Small mammal communities  in the South-

east are somewhat depauperate in numbers of
species (Kolka et al., 1998 and Table 1). In the
region where this study was conducted, e.g. there
are only ten commonly occurring species of murid
rodents .

The opportunity to study the response of a
small mammal community to restoration of a
riparian wetland was provided by the Pen branch
project at the Savannah river site (SRS) (Fig. 1).
As a receiving stream for reactor effluent, Pen
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branch underwent dramatic changes between 1954
and 1988. Greatly increased flows and high tem-
peratures severely altered all aspects of the stream
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Fig.  1 . Map  of the SRS and the Pen branch restoration area (from Kolka  et al., 1998)
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corridor. When reactor operation ceased in 1988,
natural processes began to influence the area and
establish communities within the corridor. Reme-
diation efforts began in 1992 and many programs
were initiated to evaluate response of the various
biotic communities.

As an important part of the food chain, small
mammals serve as the main link between primary

production and higher level consumers in the
local ecosystem. In a riparian system, higher level
consumers are represented by a wide variety of
predators including large snakes, various aquatic
and semi-aquatic carnivores, and raptors. Rapid
turnover in small mammal populations influences
the transfer of nutrients and energy from localized
vegetative production into more mobile organisms

Table I
Comparisons of numbers of native species of murid  rodents in various geographic units”
~-____ I___
Species SRS site Carolinas’ Southeastern USd Texas”

Baiomys  ta.ylori
Clethrionomys  gupperi
Microtus  chrotorhinus
M.  mexi~unus
M. ochrogaster
M.  pennsyitjan  &us
M. pinetorum
Neofiber alleni
Neotoma albigula
N. floridanu
N. micropus
Orhrotomys  nutalli
Ondatra  zibethicus
Onychomys  leucogaster
0 .  torridus
O r y z o m y s  palwtris
Peromyscus boyeli
P. difficilis
P. ereniicus
P .  fioridanus
P. gossypinus
P. leucopus
P. maniculatus
P .  p e c t o r a l i s
P. polionotus
P. truei
Reithrodotomys  fulwscens
R .  h u m u l i s
R. megalotis
R. montanus
S i g m o d o n  hispidus
S. orhrognuthu.~
Synaptomys  cooperi

Number of species

x

x

x
x

x

x

x

10

x
x x
x x

x
x

x
x

x

x
x
x

x

x
x

x

x
x x
x x
x x

x x

x x

x x

x x

15 1 7

x

X

x

x

X

x

x

x

X

x

X

x

26

“For  the purpose of this comparison the southeastern US is defined to extend from Virginia and Tennessee south to include
Florida. Texas was chosen for a comparison with the southeastern US because it is at about the same latitude, shares much of the
same flora and fauna, and has a comparable area.

’ Cothran et al., 1991.
‘Webster et al., 1985.
’ Burt and Grossenheider. 1976.
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Fig. 2. Locations of the small mammal trapping transects in the Pen branch restoration area (modified from Kolka et al., 1998).

that range widely throughout the regional
landscape.

We compared the response of small mammal
populations between manipulated experimental
areas, control areas allowed to follow the course
of localized succession, and an undisturbed por-
tion of Meyers branch, which served as a baseline.
Because our trapping efforts primarily captured
murid  rodents, our analyses are focused on these
taxa.

2. Materials and methods

Small mammal trapping was conducted at Pen
branch in 1996 and 1998. Trapping at Meyers
branch took place during 1997 and 1998. Re-

sources were not available to trap both areas in
1996 and 1997. Trapping was conducted for 18
consecutive days and began on 11  June in 1996,
22 July in 1997, and 16 June in 1998. At Pen
branch six transects were established correspond-
ing to the reptile and amphibian sample lines
(Kolka et al., 1997) at locations indicated in Fig.
2. Lines were numbered from 1-6 and lines 1, 3,
and 6 were in control areas while lines 2, 4, and 5
were in treatment zones (Fig. 2). Eight sample
points, labeled A-H were established on each
transect. In 1996 each of the sample points
roughly coincided with coverboard arrays estab-
lished by the reptile and amphibian sampling pro-
gram. In 1998 the coverboard arrays no longer
existed, but sample points were placed in the same
general locations. During both years, wooden live
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trap ‘rabbit boxes’ were placed at the ends and
center of each transect to determine the presence
or absence of mammals such as rabbits, raccoons,
and opossums. At Meyers branch, three trap lines
were established with six sample points on each
line. At Pen branch, each transect began and
ended in the adjacent riparian forest, the lines at
Meyers branch began in the adjacent woodland
but did not cross the entire flood plain. In all
years and at both streams, four Sherman@ live
traps were placed at each sample point. Traps
were baited with a mixture of birdseed, sunflower
seed, oats, and peanut butter. Traps were checked
each day for 18 consecutive days. Captured ani-
mals were identified to species, weighed on appro-
priate capacity spring scales, sexed, and marked
before release. In 1996 and 1997 animals were
marked by being fitted with numbered ear tags for
individual identification. In 1998 animals were
toe-clipped for capture location but not individual
identification. During the study, 2592 trap nights
were accumulated at Meyers branch and 6840 at
Pen branch. The Kruskal-Wallis one-way analy-
sis of variance of the data was performed using
SYSTAT 7.00.

3. Results

The only species which were captured in num-
bers sufficient for statistical analysis were the four
murid rodents, the eastern woodrat (Neotoma

Table 2
Species of small mammals captured or observed during this study”

Jioridana),  the marsh rice rat (Oryzomys palus-
tris),  the cotton mouse (Peromyscus gossypinus)
and the hispid cotton rat (Sigmodon hispidus).  All
other species either were represented by fewer
than ten individuals or were only observed and
not actually captured. Table 2 contains a list of
the small mammal species that we encountered
during this study.

Rates of capture of animals were both spatially
and temporally uneven. For the four most com-
mon species at Meyers branch capture rates were
lower in 1997 than in 1998. At Pen branch, cap-
ture rates for rice rats and cotton rats were higher
in 1996 as compared to 1998, whereas the reverse
was true for woodrats  and cotton mice (Table 3).
For woodrats, capture rates were much higher for
Meyers branch than for Pen branch while for
cotton rats the opposite was the case. There is no
apparent pattern in captures for rice rats and
cotton mice. Kruskal-Wallis one-way analysis of
variance revealed no significant differences in cap-
ture rates of any species either between creeks or
among transects within a creek.

Because the four species we most frequently
captured have quite different habitat require-
ments, we examined the distribution of captures
relative to distance from the streams (Table 4).
There was no easily discernable pattern for
woodrats. Rice rats were captured most fre-
quently one or two stations away from the stream
channel while cotton rats were captured most
frequently two stations away from the stream

Species Common name Observed or captured Number of captures

B l a r i n a  carolinensis
Condylura  cristata
Didelphis  v i r g i n i a n a
N e o t o m a  floridana
Ochrotomy.~  nultali
O r y z o m y s  palustris
Peromyscus gossypinus
Procyon  lotor
S i g m o d o n  hispidus
Sylvilugus  fioridanus

Southern short-tailed shrew
Star-nosed mole
Virginia opossum
Eastern woodrat
Golden mouse
Marsh rice rat
Cotton mouse
Raccoon
Hispid  cotton rat
Eastern cottontail

C 8
C 1
c 3
c 3 2
C I
c 225
C 406
0 0
C 1 7 4
0 and C 1

a Number of captures is for all years and includes recaptures
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Table 4
Distribution of captures along the transects ’

Trapping stations

-

A B C D E F G H

Meyers brunch (1997)

N. floridmu I
0. pufusrris 0
P . g0ssypinu.s 2

S. I1ispidu.s 0

Mqws  brunch (1998)
N. _Poriduna I
0. pcrluslris 0
P . gmsypinus 2 4
S. hispidus 0

Pm brunch (1996)
N. floridanu 0

0. palustris 3
P . gossypinus 49
S. hlspidus 2

Pen branch (1998)
N. Joridunu 1
0. polustris 2
P . gossypinus 49
S. hispidw 0

1 4 0 3 0
CJ 0 0 2 2
6 3 14 4 12

0 0 0 0 0

3 6 3 2 4

5 2 12 12 9

22 15 20 7 30
0 1 0 1 2

1 0 0 0 0 0 0
19 28 17 17 20 Y 1
22 4 3 3 10 2 19
4 41 16 22 33 1 1 19

0 0 0 0 1 0 1
7 8 9 16 11 Y 5
7 4 7 6 II 12 39
4 IO 2 5 10 0

a Because sampling effort was the same for all stations
within any given combination of creek and year, raw numbers
of captures are reported. At Pen branch station A was the
station closest to the access road and the last station was
placed in the woods across the creek from the access road.
There were even numbers of station on each side of the creek.
At Meyers branch, the transect did not go completely across
the floodplain. In 1997 station F was the only station across
the stream while in 1998 both station E and F were across the
stream.

4. Discussion

The four species considered in our study vary
greatly in their habitat preferences. The rice rat
primarily is a marsh or swamp species that occa-
sionally goes into nearby grasslands to feed. The
cotton rat is a grassland or oldheld species and
the woodrat  and cotton mouse primarily are
woodland species which readily utilize bottom-
lands and swamps (Webster et al., 1985).

Suitable habitat for cotton rats was fragmented
in the Pen branch corridor. This may have had an
effect on the frequency of movements and dis-
tances moved. Diffendorfer et al. (1995) reported
that when patches of suitable habitat for cotton
rats are large, movement distances are moderate.
In that study smaller patches resulted in larger
movement distances, but very small patches (32
m2 patch size) were mostly not utilized.

Subadult male cotton rats appear more likely to
use wetlands than adults of either sex or subadult
females (Lidicker et al., 1992). For our data and
for those individuals with gender identified, the
sex ratios for cotton rats were 2.8 male: 1 female in
1996 and 1.8 male:1 female in 1998. While this
may be indicative of the higher probability of
subadult males to occur in wetlands, there were
large number of animals for which gender was not
determined.

No significant differences were found in capture
rates of any species that related to either trapping
transect or treatment. The control areas for Pen
branch are only lOO- 150 m wide and the entire
Pen branch study area was approximately 2.5 km
in length. The degree of movement among tran-
sects together with the variances in trapping rates

Table 5
Combined numbers of captures of ear-tagged individuals for both creeks and the percentage of these captures that represented first
time captures”

Species Year Number of individuals tagged
_ _  ~--_-~. ___.~-._.-___

N. floridano lY96--1997  8
0. pulusrriv 1996 50

1907 3
P . gossypiml.~ 1996 48

1907 19
S. hispidus 1996 69

-
Number of captures Percent first time captures

.--- ---~- - - - -

12 66.7

98 51.0
5 60.0

105 45.7
39 48.7

133 51.9

: ’  Because of low numbers of captures, woodrats  are combined for 2 years while the others are reported for specific years
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Table 6
Numbers of captures of ear-tagged individuals comparing the locations of subsequent recaptures with the location of the
immediately previous capture

.-.-~-__----

Species Number of Next capture occurring at same trap Percent captures at same trap station as
subsequent captures station previous
~. - - - - - - - -~.-

0. paluslris 49 2 5 5 1 . 0
P.  gossypinus 71 50 64.9
S.  hispidus 5 9 44 7 4 . 6

-~-.

Table 7
Comparisons of animals from both Pen branch and Mayers branch captured more than once with the numbers wandering as far
as another transect
--~-

Species

- -~---

Animals captured more than once Number of wanderers Percent wanderers

0. palustris
P .  g o s s y p i n u s
S.  hispidus

3 6 2 5 . 6
2 8 1 3 . 6
24 2 8 . 3

.--  .-- ----~---

may be enough to obscure any predicted differ-
ences. This is consistent with the literature. Pour-
nelle (1950) in Wolfe and Linzey (1977) reported
movements by individual cotton mice of up to
853 m with average movements 145 and 115 m by
males and females, respectively. Cotton rats in
other studies showed much less movement.
Cameron et al. (1979) in Cameron and Spencer
(1981) reported average daily movements of only
13 m. Debusk and Kennerly (1975) in Cameron
and Spencer (1981) reported that cotton rats dis-
placed up to 300 m still were on familiar territory
and thus still able to home easily. While most of
the cotton rats in our study moved little if at all,
certain individuals moved large distances with one
being captured at both transects 1 and 2.

Stafford and Stout (1983) showed that dispersal
in cotton rats, as opposed to ordinary movement,
was not influenced by gender or by size class. We
cannot say for sure whether our larger movements
were ordinary movements or dispersal, but no sex
or body size dominated.

A factor that might have influenced the species
composition of our samples was delayed response
to traps by individuals of a particular species. Our
traps only took a few short-tailed shrews and
golden mice. Both of these species have been
shown to be trap neophobic (Smith et al., 1980)
and, had we extended the sampling period a few
more days each year, might have been better
represented in our samples.

While habitat fragmentation influences amount
of movement and distances moved, habitat type
has little effect on movement distances for cotton
rats. Slade and Swihart  (1983) reported compari-
sons between pasture and old field habitat which
revealed significant effects on movements in adult
males and juvenile females but not for adult fe-
males, juvenile males or subadults of either sex.
However, they did report that a dirt road running
between the two habitat types was a very effective
barrier to movements. The differences in habitat
within the Pen branch corridor probably were
smaller than between pastures and old fields.

5. Conclusion

Small mammal movement capacities have
proved to be too large for our analysis to show
differences among the treatments analyzed here.
Further studies at larger scales, possibly aug-
mented by radiotelemetric methods might prove
valuable in ascertaining the effects of different
treatments upon the dynamics of small mammal
populations in restored wetlands. However, the
small mammal community may be a poor choice
for monitoring recovery of wetlands where the
habitat areas are very small.



L.D. Wike et al.  / Erologicul Engineering 15 (2000) SlZl-375‘129 S 1 2 9

Acknowledgements

This research was funded by DOE contract
number DE-AC09-96SR 18500. W.M. Fulmer
and R.J. Roseberry provided exceptional assis-
tance with fieldwork and took responsibility for
its safe conduct. Numerous students and educa-
tors assisted with the field work; thanks to A.
Corely, M. Fleirmans, J. Gass, C. Hesse, T.
Parker, E. Stieve, N. Ta, L. Virgo, and H.M.
Westbury. Special thanks to B. Bryant and M.
Nix of WSRC Education Programs for helping
to make this possible.

References

Burt, W.H., Grossenheider, R.P., 1976. A field guide to the
mammals North America north of Mexico. In: Peterson
Field Guide Series, third ed. Houghton Mifflin, New York,
p. 289.

Cameron, G.N., Spencer, S.R., 1981. Sigmodon hispidus. Mam-
mal. Spec. 158, l-9.

Cameron, G.N., Kincaid, W.B., Cairns, B.A., 1979. Daily
movement patterns of Sigmodon  hispidus. Southwest Nat.
24, 63-70.

Cothran, E.G., Smith, M.H., Wolff, J.O., Gentry, J.B., 1991.
Mammals of the Savannah River Site. SRO-NERP-21,
Savannah River Site National Environmental Research
Park, Aiken, SC, 191 pp.

Debusk, J., Kennerly, T.E. Jr., 1975. Homing in the cotton rat,
Sigrnodon  hispidus Say and Ord. Am. Midl. Nat. 93, 149-
157.

Diffendorfer, J.E., Gains, M.S., Holt, R.D., 1995. Habitat
fragmentation and movements of three small mammals

(Sigmorion, Microrus  and Perornyscus).  Ecology 76, 827-
8 3 9 .

Kolka, R.K., Trettin, CC.,  Nelson, E.A., 1997. Wetlands
research related to the Pen branch restoration effort on the
Savannah river site. 1996 Annual Report. WSRC-TR-97-
00273. Westinghouse Savannah River Company, Savannah
River Technology Center, Aiken, SC, 24 pp.

Kolka, R.K., Nelson, E.A., Bonar, R.E., Dulohery, N.C.,
Gartner,  D., 1998. The Pen branch project. Restor.  Manage.
Notes 16, 149- 157.

Lidicker, W.Z. Jr, Wolff, J.O., Lidicker, L.N., Smith, M.H.,
1992. Utilization of a habitat mosaic by cotton rats during
a population decline. Landscape Ecol. 6, 259-268.

Mitchell, J.C., Erdle,  S.Y., Pagels,  J.F., 1993. Evaluation of
capture techniques for amphibian, reptile, and small mam-
mal communities in saturated forested wetlands. Wetlands
13, 130~-136.

Mitchell, M.S., Karriker, K.S., Jones, E.J., Lancia, R.A., 1995.
Small mammal communities associated with pine plantation
management of pocosins. J. Wild].  Manage. 59, 875-881.

Pournelle. G.H., 1950. Mammals of a North Florida swamp. J.
Mammal. 31, 310-319.

Slade, N.A., Swihart, R.K., 1983. Home range indices for the
hispid cotton rat (Sigmodon hispidus) in northeastern Kan-
sas. J. Mammal. 64, 580-590.

Smith, G.C., Gentry, J.B., Kaufman, D.W., Smith, M.H., 1980.
Factors affecting distribution and removal rates of small
mammals in a lowland swamp forest. Acta  Theriol. 25,
51-59.

Stafford, S.R., Stout, I.J., 1983. Dispersal of the cotton rat,
Sigmodon  hispidus. J. Mammal. 64, 210-217.

Thurmond, D.P., Miller, K.V., 1994. Small mammal communi-
ties in streamside management zones. Brimleyana 21, 125-
130.

Webster, W.D., Parnell,  J.F., Biggs, W.C. Jr., 1985. Mammals
of the Carolinas, Virginia, and Maryland. University of
North Carolina Press, Chapel Hill, p. 255.

Wolfe, J.L., Linzey, A.V., 1977. Peromyscus  gossypinus.  Mam-
mal. Species 70, l-5.


