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ABSTRACT.-We analyzed macrohabitat and microhabitat associations of four s
five rodent species in five macrohabitats on the Coastal Plain of Virginia. Ther
significant differences in total small mammal abundance among macrohabitat t
on total captures/unit effort. However, abundances of four species, Cryptotis p

rodontomys humulis, Microtus pennsylvanicus and Zapus hudsonius, were significan

(P < 0.05) in old fields than in four forested habitats. Canonical corresponden
revealed that 27% of the variation in small mammal distributions was attributable to micro-

habitat characteristics. Three characteristics that had a particular influence on small mammal
presence in forested habitats were shrub frequency (Sorex longirostris), canopy openness (S.
hoyi) and diameter of downed woody debris (S. hoyi, Blarina brevicauda, Microtus pinetorum).
Correlations between small mammals and microhabitat characteristics are due to local mois-

ture gradients and structural heterogeneity. Lack of correlations between Peromyscus leucopus
and any microhabitat characteristic is due to the ability of this species to obtain requirements
from a variety of sources. Preservation of microhabitat characteristics like downed woody
debris and understory vegetation, and certain macrohabitats (e.g., old fields), would requir
minimal management effort and provide suitable habitat for a diverse small mammal faun

in fragmented landscapes.
INTRODUCTION

Forest managers and policy makers have focused their attention on threatened,
gered and game species. However, all species contribute to biological diversity an
therefore, meaningful components of functional ecological communities. As hu
ulations continue to expand and land use becomes increasingly more complicated
agement decisions that include provisions for nongame species considered comm
or generalists will be necessary if we are to maintain natural levels of diversity.
The fragmented landscape of the mid-Atlantic region of the United States is a p
of prehistoric, historic and modern forces. Pleistocene glaciation initiated long-ter
in climate and vegetation communities and the introduction of northern species in
ern regions (Graham, 1976; Delcourt and Delcourt, 1987; Kirkland, 1990; Handley
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Frequent natural and anthropogenic disturbances within the region continuously int

rupted forest succession (Sharitz et al., 1992). Fire, storms, floods, destruction of old-grow
forests during the 19th Century and early 20th Century and recent land-use practices

fragmented the landscape (Kirkland, 1985; Handley, 1992; Pagels et al., 1992; Sharitz et
1992). Particularly affected by habitat fragmentation and changing land-use patterns
species that require interior forest conditions or habitats such as wetlands that are freque
altered by anthropogenic activities (Sharitz et al., 1992). However, many species of tem
ate small mammals may become established in fragmented habitats because both shortlong-term disturbances were important in their evolution (Kirkland, 1988, 1990). Th
ephemeral nature, or rapid succession, typical of grasslands in eastern North America,
example, has promoted dispersal behavior in many small mammal species in respons
variation in spatial and temporal habitat heterogeneity (Johnson and Johnson, 1982; L
icker 1985; Kirkland 1988). In addition, habitat generalist species of small mammals th
in fragmented landscapes by being or becoming flexible with regard to macrohabitat
quirements, thereby enabling their existence in a wide range of macrohabitats. For th
"generalists," macrohabitat selection may be based on specific microhabitat compone
common in a wide variety of macrohabitats (Morris, 1984). Those species whose abundan
correlate with specific or uncommon microhabitat characteristics are limited in distribu
on a macrohabitat scale (Dueser and Shugart, 1978). A clear understanding of habitat
selection criteria of small mammal communities in fragmented landscapes would reveal
conservation and management strategies useful to land managers.

Small mammal species, whether habitat specialists (e.g., old field species) or generalists,
are likely to be correlated with environmental gradients that collectively define habitat type

(Jameson, 1949; Miller and Getz, 1977; Dueser and Shugart, 1979; Grant and Birney, 1979;
Morris, 1979, 1987; Doyle, 1987). On a macrohabitat scale, food availability, moisture, cover
and vegetation type (e.g., forests, grasslands) affect small mammal distributions (Getz, 1961;
Snyder and Best, 1988; Kirkland, 1990). On a microhabitat scale, nonrandom occurrences
of these characteristics collectively direct small mammal distributions and abundances within macrohabitats (Hamilton, 1941; Dueser and Shugart, 1978; Geier and Best, 1980; Kitch-

ings and Levy, 1981; Yahner, 1986; Adler, 1987; Snyder and Best, 1988; Morrison and Anthony, 1989).

Our objectives were to describe macrohabitat and microhabitat associations of small mammal species that occur within the fragmented landscape of the mid-Atlantic region of the
United States and to determine if the generalist nature of many of these species is scaledependent. We tested the hypotheses that small mammal species diversity, eveness, richness
and relative abundance differ among an array of terrestrial macrohabitats. We also tested
the hypothesis that small mammal community structure varies among macrohabitats due to
variation in the distributions of small mammal habitat specialists. We also wanted to know
which specific microhabitat characteristics are important to small mammal habitat generalists. To achieve this goal, we tested the hypothesis that small mammal macrohabitat generalists display habitat preferences at the microhabitat scale.
MATERIALS AND METHODS

Study area.-Our study was conducted at Fort A. P. Hill (U.S. Army), Caroline County,
located within the Coastal Plain Physiographic Province in Virginia. Fort A. P. Hill is a
30,329-ha field-training military installation that is largely a patchwork of managed forests.

Thirty-three sites were sampled that included seral stages ranging from old fields to mature
hardwoods. Potential sites were chosen from maps generated by Geological Information
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System (GIS) databases and when feasible were associated with established Land Condition
Trend Analysis (LCTA) plots.
Sampling and collection methods.-We established a trapping site 30 m in diameter withi
each of the 33 sampling areas. The perimeter of each trapping site was located a minimu

of 45 m from a different macrohabitat and a minimum of 675 m from other trapping sites;
most were substantially farther. We used pitfall/drift fences and snap traps to capture an

mals, methods that are complementary when assessing small mammal communities (Bury

and Corn, 1987; Kalko and Handley, 1993; Mitchell et al., 1993). Our incorporation

pitfall traps (multiple capture traps) gave us reliable representation of species less frequently

encountered, most notably long-tailed shrews of the genus Sorex (Pagels, 1987; Kalko and
Handley, 1993).
We constructed three pitfall arrays approximately 120? apart and 15 ? 2 m from the
center post of each trapping site (Fig. 1). Our pitfall arrays (modified after Handley an
Varn, 1994) used drift fences constructed of silt fencing 61 cm high, 1 m long and supporte
on each end by wooden stakes. Drift fences were partially buried in the ground and ar
ranged in a Y-configuration. We installed plastic 3.8-liter buckets (18 cm diam X 19 cm i
depth) as the center pitfall and plastic 2-liter soft drink bottles with the tops cut off (11 cm
in diameter X 20 cm deep) for the peripheral pitfalls. One 2-liter soft drink bottle wa
placed on each side of the distal end of each drift fence. Seven pitfalls were installed in
each array, totaling 21 for each trapping site. We set 9 Museum Special snap traps, 3 per
120? sector, in each trapping site at the beginning of a trapping session (Fig. 1).
We sampled mammals at all 33 trapping sites every 12-16 d from 1 March 1997 through

20 October 1997, plus a winter session 24-26 January 1998. Each of the 16 trapping sessions
was 4 d (3 nights). There were a total of 28,616 trap nights, 18,936 associated with pitfalls
and 9680 with snap traps. For this study, one trap night equals one functional trap open
for one 24-h period. We considered pitfall traps to be functional when uncovered. Each
functional pitfall array contributed 4 trap nights per 24-h period-one for the central pitfall
and one for each of the three pairs of distal pitfalls. Snap traps found sprung and empty
were subtracted from effort in subsequent analyses (after Nelson and Clark, 1973).
On the first day of each trapping session we uncovered the pitfall traps and filled them
with water to a depth between 6 cm and 9 cm. We baited snap traps with a mixture of
peanut butter and oatmeal. We collected captured animals and reset traps as necessary on
days 2-4 of each trapping session. All mammals collected were deposited in the Virginia
Commonwealth University Mammal Collection.

Habitat classification and analysis.-Analyses characterizing macrohabitat type and mi-

crohabitat characteristics were based on data collected from a 50 m diam area in lieu of

the 30 m diam area that defined our trapping sites. This larger area put our pitfall traps
within the sample area and not on the periphery, and also enabled us to better classify
macrohabitat type for each trapping site. We identified to species all trees >4.5 m tall within
25 m of the center post of each sampling area (50 m dia) and placed each into one of
three size classes based on diameter at breast height (dbh): <2.5 cm (saplings), 2.5-9.9 cm
(understory trees), -10 cm (overstory trees). We used overstory trees to classify macrohabitat type for forested sampling areas (after Ware, 1998) based on live-tree percentages of
hardwoods and pines (Thompson, 1991). Ware and Thompson classification schemes were
used to group sampling areas into macrohabitat types based on two parameters-(1) dbh
(general indicator of age) and (2) species composition. Two pine forest macrohabitats were
defined based on dbh allowing us to examine small mammal communities of each sepa-

rately. We defined five macrohabitats: (OF) old field (no trees ?10 cm; n = 3), (PA) pine
(mean dbh 10.0-14.9 cm; n = 5), (PB) pine (mean dbh 15.0-19.9 cm; n = 6), (OP) oak-
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o I) = pitfall array
?-i = museum special snap trap
FIG. 1.-Schematic of a trapping site showing the orientation of
generic placement of snap traps (taken from Bellows et al., 1999)
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pine (mean dbh 20.0-24.9 cm; n = 3) and (OH) oak-hickory (mean dbh >25 cm; n

10). Understory hardwood species (e.g., Cornus florida, Ilex opaca, Sassafras albidum) we
not used in macrohabitat classification. Six of the 33 sampling areas did not fall into on
of the five macrohabitat types based on Thompson (1991) and were excluded from analy
that used macrohabitat classifications; therefore, macrohabitat analyses were based on c
ture data for only 27 sampling areas.
We assessed biotic and abiotic characteristics of trapping sites by a line intercept meth
(after Canfield, 1941) using eight equally spaced 25 m transects that radiated from a cen
point to the edge of the habitat sampling area. We recorded the presence or absence,
contact, of downed woody debris (DWD), ferns, herbs, graminoids, vines, shrubs and su
canopy at 1-m intervals (total = 200 points). We also recorded litter type (e.g., evergree
deciduous, both and bare round), diameter of all DWD >3 cm (Yahner, 1986) and specie
of all herbs and shrubs present at each point. One of us (ASB) visually estimated cano
closure for each point by viewing the canopy over each point through a cardboard tu
(4.5 cm diam by 11.5 cm long).
Statistical analyses.-Our analyses were based on captures/unit effort to account for
sprung traps and variation in effort among sites. A significance level of o < 0.05 was
for all appropriate tests. We calculated species diversity and evenness indices using th

Brillouin diversity index. The Brillouin index is appropriate when used to estimate species

diversity from a finite collection that can be regarded as a population (Pielou, 1966). We
used single-factor analysis of variance (ANOVA), followed by Duncan's multiple range tests
(Ott, 1992) to test the null hypotheses that there were no differences in mean diversity,
mean evenness and mean species richness among macrohabitats. Due to questionable degrees of normality or equality of variances among most capture data sets, we used KruskalWallis nonparametric analyses of variance by ranks followed by Dunn's nonparametric multiple comparison tests (Zar, 1996), when appropriate, to test the null hypotheses that there
are no differences in total captures/unit effort among macrohabitats and that there are no
differences in captures of each species among macrohabitats.
We used Bray-Curtis polar ordination (PCORD for Windows) based on Euclidean distance
to describe differences among trapping sites based on species composition of small mammal
communities. Bray-Curtis ordination was selected because it has low sensitivity to nonlinear

relationships present in most ecological data sets (Gauch and Whittaker, 1972), and, because it bases end point selection on the two most dissimilar sites, important here because
of the abundance of habitat generalists in all macrohabitats (Ludwig and Reynolds, 1988).
We used Euclidean distance measure because it emphasized major differences in species
distributions among habitats (Ludwig and Reynolds, 1988); this characteristic was important
because some of the species in our analyses are habitat specialists. We used Pearson's correlation to determine if there were relationships between each small mammal species and
the position of study sites along the first two polar ordination axes (Zar, 1996).
We used canonical correspondence analysis (CCA) (PCORD for Windows) to assess the
influence of individual habitat characteristics on microhabitat distributions of the habitat

generalists Sorex longirostris, S. hoyi, Blarina brevicauda, Peromyscus leucopus and M
pinetorum (Jameson, 1949; Getz, 1961; M'Closkey, 1975; Miller and Getz, 1977; Dueser
Shugart, 1979; Wrigley et al., 1979; Kirkland, 1981; Adler, 1985; Adler and Wilson, 1
Pagels, 1987; Jones et al., 1991; Pagels et al., 1992) among all 33 trapping sites and not just
the 27 sites used in our comparisons of small mammal communities among macrohabitats

(Ludwig and Reynolds, 1988). Captures of old-field specialists Cryptotis parva, Reithrodontomys humulis, M. pennsylvanicus and Zapus hudsonius (Hamilton, 1935; Dunaway, 1968;
Kirkland, 1981; Adler et al., 1984; Adler, 1985; Cawthorn and Rose, 1989; Pagels et al., 1992)
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were omitted from small mammal species-microhabitat characteristic CCA because
were lacking for many microhabitat characteristics (e.g., canopy closure, subcanop
ence, DWD, ferns) in old fields where these species were most often encountered.
ical correspondence analysis, a direct gradient analysis, was used because of its abi
examine several environmental gradients simultaneously (Palmer, 1993). It also giv
able results even with interrelationships among microhabitat characteristics (i.e., m
linearity) and skewed distributions of species (e.g., the distribution of specialist
among the macrohabitats sampled) (Palmer, 1993).
RESULTS

We captured 15 species (1164 individuals) of small mammals. Six species (Scalopus aqu
ticus, n = 1; Condylura cristata, n = 3; Sylvilagus floridanus, n = 1 juvenile; Tamias striat
n = 9; Glaucomys volans, n = 6; Mustela nivalis, n = 1), representing <2% of captures,
were collected incidentally and were excluded from analyses. Additionally, individuals c
tured in pitfall traps accidentally left open, or partially open, between trapping session
were also excluded from our analyses because they would confound analyses based on
captures/unit effort. As a result, our analyses were based on 1100 individuals. Insectivo
(Sorex longirostris, S. hoyi, Blarina brevicauda and Cryptotis parva) totaled 274 individu
and rodents (Reithrodontomys humulis, Peromyscus leucopus, Microtus pennsylvanicus,
pinetorum and Zapus hudsonius) totaled 826 individuals.
Mean small mammal diversity for all macrohabitats (Table 1) ranged from 0.60 (?0.22)
in pines 15.0-19.9 cm to 1.31 (?0.10) in old fields. There were significant differences (P
= 0.0002, F = 8.744) in mean species diversity among macrohabitat types. Mean species
diversity was higher in old fields than in all other macrohabitats, and mean species diversity
for pines 10.0-14.9 cm was higher than for pines 15.0-19.9 cm and oak-hickory habitats.
Results of all other comparisons for species diversity were insignificant. Mean small mammal
species evenness for all macrohabitats (Table 1) ranged from 0.53 (?0.150) in oak hickory

to 0.83 (?0.127) in pines 10.0-14.9 cm. There were significant differences (P = 0.0047, F
= 5.073) in mean species evenness among macrohabitat types. Mean species evenness was
higher in old fields than in all other macrohabitats except pines 10.0-14.9 cm, and it was
higher in pines 10.0-14.9 cm than in oak-hickory sites. Results of all other comparisons for
species evenness were insignificant. Mean species richness (Table 1) ranged from 4.0 (?+ 1.3)
in pines 15.0-19.9 cm to 7.7 (?1.2) in old fields. There were significant differences (P =
0.0017, F = 6.224) in mean species richness among macrohabitat types. Mean species richness was higher in old fields than in all other macrohabitats. Results of all other comparisons
for species richness were insignificant.
There were no significant differences (P = 0.1724, H = 6.38) in total captures/unit effort
among macrohabitats (Table 1). However, there were significant differences (P < 0.0001,
H = 144.70) in mean captures/unit effort among small mammal species for the five macrohabitat types. Captures/unit effort for Peromyscus leucopus were higher than for all other
species, those for Blarina brevicauda were higher than for all species except P leucopus and
those for Sorex longirostris were higher than for Cryptotis parva, Reithrodontomys humulis,
Microtus pennsylvanicus and Zapus hudsonius (Table 1). Results of all other comparisons
for captures/unit effort among species were insignificant. One insectivore, C. parva (P =
0.0101, H = 13.30), and three rodents, R. humulis (P = 0.0023, H = 16.60), M. pennsylvanicus (P = 0.0021, H = 16.90) and Z. hudsonius (P = 0.0006, H = 19.50), were captured
in significantly higher numbers/unit effort in old fields than in all other macrohabitats.
There were no other significant differences in captures/unit effort of any species for any
other macrohabitat type.
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TABLE 1.-Summary of median captures/100 trap nights (tn) (25%, 75% quartiles) for four inse
tivores and five rodents among five terrestrial macrohabitat types: (OF) old field, (PA) pine (me

dbh 10.0-14.9 cm), (PB) pine (15.0-19.9 cm), (OP) oak-pine (20.0-24.9 cm), (OH) oak-hickory (<
cm). Mean (+1 SD) species diversity and evenness (Brillouin) and richness for each habitat are
vided

Species

OF

PA

PB

OP

OH

All

habitats

Insectivores

Sorex longirostris

0.2

(0.1, 0.4)
<0.1

Sorex hoyi

0.1

(0.1, 0.4)
0.1

(0.0, 0.1) (0.0, 0.3)
Blarina brevicauda

0.3

0.5

(0.2, 0.4) (0.3, 0.8)
Cryptotis parva

0.3

<0.1

0.1

0.2

(0.1, 0.3)

0.1

(0.1, 0.4)

(0.1, 0.3)

0.4

0.1

(0.0, 0.1)

0.1

(0.3, 0.4)

0.4

(0.0, 0.2)
0.7

0.2

(0.2, 0.7)

(0.1, 0.5)

(0.4, 0.9)

<0.1

<0.1

(0.2, 0.7) (0.0, 0.1) (0.0, <0.1)

(0.0, <0.1)

0.1

(0.1, 0.3)
0.1

(0.0, 0.2)
0.4

(0.2, 0.8)
<0.1

(0.0, 0.1)

Rodents

Reithrodontomys humulis

0.4

(0.2, 0.6)
Peromyscus leucopus

2.1

(0.6, 3.1)
Microtus pennsylvanicus

<0.1

~-

--

~<0.1

(0.0, <0.1)
0.9

(0.3, 1.8)

0.6

(0.0, <0.1)
1.7

2.4

~-

--

~<0.1

(0.6, 1.0)
Microtus pinetorum

0.1

(0.0, 0.1)

Zapus hudsonius

<0.1

(0.0, 0.1)

0.3
6.9

(4.2, 7.1)
Diversity

1.31

(?0.10)
Evenness

0.74

(+0.06)
Richness

7.7

(+1.2)

2.1

(1.1, 3.5)
<0.1

(0.0,(0.0,
0.1)
<0.1)
<0.1

<0.1

<0.1

(0.0, 0.1) (0.0, 0.1) (0.0, 0.1)
~-

--

~<0.1

(0.0, <0.1)

(0.2, 1.1)

Total captures/100tn

2.7

(1.1, 4.4) (2.2, 2.8) (2.1, 5.0)

<0.1

(0.0, <0.1)

2.1

(0.9, 3.4)
0.93

(?0.13)
0.83

(+0.13)
4.4

(?1.1)

2.3

3.3

4.2

(1.7, 5.1) (3.1, 4.1) (3.0, 6.0)
0.60 0.77 0.68

(?0.22) (?0.18) (?0.21)
0.53

0.60

0.53

(?0.15) (?0.11) (?0.16)
4.0

4.3

4.5

(?1.3) (?0.6) (+1.1)

<0.1

(0.0, 0.1)
<0.1

(0.0, <0.1)
3.3

(2.1, 5.7)
0.78

(+0.28)
0.62

(+0.18)
4.7

(?1.5)

(-) denotes no captures

Variation in small mammal communities among the
plained nearly completely (95%) by the first two pola
axis 1 and 4% explained by axis 2 (Fig. 2). Endpoints

(OH1) and an old-field site (OF3). Endpoints for ax
(OHIO) and an old-field site (OF2). Variation in small mammal communities for axis 1,

the vast majority of explained variance among the 27 classified trapping sites, was driven
by the distribution of a single generalist species, Peromyscus leucopus (r2 = -1.00) (Fig. 2,
3). Trapping site OH1 had the highest number of P leucopus captured/100TN (9.4) and
site OH3 had the lowest (0.1). A much smaller portion of the variation in small mammal
communities was explained along axis 2 (Fig. 2). However, along this axis the three oldfield trapping sites were isolated from all forested trapping sites except OH1 due to the
presence of the four habitat specialists in all three old-field sites and the low captures or
absence of these species in forested sites. The relatively low variance explained by the dis-
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FIG. 2.-Polar ordination (Bray-Curtis) of the 27 classified trapping sites based on small mammal
samples. Distances between trapping sites reflect differences in small mammal community composition
among trapping sites

tribution of habitat specialists, axis 2, we attribute to the overwhelming number of generalists, especially P leucopus, captured at most sites.
Based on CCA of the habitat characteristics we measured (Table 2), 27% of the variation
in captures of the five generalist species among all 33 trapping sites is explained by the first

three axes: 17%, 7% and 3%, respectively. Mean diameter of DWD (r2 = 0.52), percent
canopy closure (r2 = 0.34) and percent shrub cover (r2 = 0.31) strongly influenced the
distributions of habitat generalists (Fig. 4). For all remaining microhabitat characteristics,
r2 values were <0.20. Abundances of Blarina brevicauda and Microtus pinetorum were positively correlated with mean diameter of DWD. Abundance of Sorex hoyi was positively correlated with mean DWD and canopy closure, and abundance of S. longirostris was positively
correlated with shrub frequency. Measured microhabitat characteristics had little influence
on macrohabitat selection by Peromyscus leucopus.

OHIO

PA OH9 B2 PAI

PB4 OH8
OPAAOH7
H5A2 PA4
\\i
R | O4 B4OH4
i P5
/aOH3j
A PB0
] PB3
PA2
O **'" .H.. A A I OHA2 A 0 OP2 PA3 PB6
OH1

?

\

*

OH6

/\

I&I< A A OF3

OF1

A\~~~~~~~~~ / \ ~~OF2
A

Axis 1 I
Peromyscus leucopus
Axis I r =-1.000
Axis 2 r=-.456

FIG. 3.-Graphic overlays of Peromyscus leucopus to Bray-Curtis polar ordin
Fig. 2). The size of the trapping sites points indicate relative captures/100 tr
for that site among the 27 classified trapping sites. Scatterplots depict the
leucopus and the explained variance for each axis. Pearson's correlation coef
lationships are provided

This content downloaded from 41.89.4.30 on Wed, 17 May 2017 11:16:39 UTC
All use subject to http://about.jstor.org/terms

BELLOWS ET AL.: SMALL MAMMALS

2001

353

DISCUSSION

Macrohabitat.-Because of military training activities and forestry practices, the stud
is comprised of a patchwork of macrohabitats representing a landscape typical of th
Plain of the mid-Atlantic region. Most small mammal species we captured occur re
in a variety of macrohabitat types. Five species, Sorex longirostris, S. hoyi, Blarina bre
Peromyscus leucopus and Microtus pinetorum, were encountered in all macrohabitat
supporting their well-documented generalist nature. Low captures/unit effort of
torum on our site is likely an artifact of its semi-fossorial habits (Jameson, 1949; Mill
Getz, 1977; Webster et al., 1985), which should reduce capture success with fores
traps such as snap traps and pitfall traps. However, relative abundance of M. pin
among the macrohabitats we sampled should not be biased because of this.
Early successional affinities of four species, Cryptotis parva, Reithrodontomys humu
crotus pennsylvanicus and Zapus hudsonius were expected. The few captures of o
species in forested sites were likely the result of individual dispersal events. Disper
from natal sites is particularly critical for many species that inhabit ephemeral
(Kirkland, 1988). For example, M. pennsylvanicus, the species we encountered mo
quently in old-field habitats, emigrates before deterioration of conditions within hom
es or before the resident population nears carrying capacity (Grant, 1978; Lidicker
Grant (1978) concluded that this presaturation dispersal was a function of the environmental plasticity indicative of old fields, occurs during population growth, and is carried
out by a random group of individuals-independent of age, sex or reproductive condition.

Captures of C. parva, R. humulis, M. pennsylvanicus, although low, were distributed in

forested habitats throughout the study area. The presence of these species in forested hab-

itats is consistent with Pagels et al.'s (1992) observation that these species travel through

"atypical environments" in the absence of old-field corridors, and that the ephemeral nature of grassy environments drives dispersal behavior in small mammals (Lidicker, 1985;
Kirkland, 1988).

High diversity and species richness in old fields relative to forested habitats resulted fro
the presence of both old-field forms and habitat generalists. Relatively low small mammal
diversity and evenness values in forested habitats can be attributed to high numbers of
Peromyscus leucopus and Blarina brevicauda, which together represented over 80% of all
individuals collected.

Pine plantations commonly offer fewer resources and provide less habitat heterogeneity
than more vegetatively diverse forested habitats with ground level herbs (Kirkland, 1977).
Therefore, total numbers of small mammal individuals were expected to be lowest in pinedominated habitats, especially younger pine stands (dbh 10.0-14.9 cm). However, consis-

tently high numbers of Peromyscus leucopus and Blarina brevicauda in all macrohabitats w
directly responsible for a lack of significant differences in total captures/unit effort amon

macrohabitat types. The presence of quantifiable understory structural heterogeneity (e

shrubs, herbs, DWD) in the plantations we sampled is not typical of pine plantations in the

region and may have increased habitat quality for small mammals (A. S. Bellows, pers. obs.).
Also, mean distance between trapping sites in pine plantations and adjacent macrohabitat

types was <100 m, and the proximity of these different macrohabitats may have allowed
temporary access to more favorable conditions in adjacent, more vegetative and structurally
diverse, forested habitats.

Differences in small mammal communities among classified trapping sites are reflected
in the relative distances between sites along polar ordination axes (Fig. 2). The large portion
of the variance explained by axis 1 (91%), as well as the scattered distribution of trapping
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TABIE 2.-Characteristics and values for all sites used to describe microhabitat distributions of generalist
Macrohabitat designators are the same as in Table 1

Sapling" Percent** Percent** Percent** Percent** Percen
Site* density/m2 herbs shrubs fern can closed subcan
OF1
OF2

79.5
36.5

56.5

OF3

0.1

67.5

86.5

PAl

0.4

6.0

7.5

70.5-2
1.0

4

73

PA2

0.7

1.5

9.0

79

PA3

0.7

1.5

51.0

54

unclassb

0.3

11.5

66.0

PA4

0.3

5.0

3.5

5.5

80

46

78

PA5

0.1

7.5

11.5

74

PB1

0.1

0.5

21.0

75

PB2

0.1

3.0

5.0

75

28

PB3

0.1

2.0

17.0

74

38

unclassb

0.2

4.5

38.5

73

47

PB4

0.1

1.5

10.0

70

11

unclassb

0.4

0.5

6.0

65

18

31

0.5

31

PB5

4.5

75.5

76

OP1

3.0

26.5

73

35

6.0

8.0

75

36

PB6

0.1

OP2

0.1

3.5

50.0

75

20

unclassb

0.2

20.0

16.5

19.5

81

51

OP3

0.1

14.5

15.0

0.5

71

17

7

72

32.5

OH1
0.1

14.0

3.5

20.0

80

33

8.0

4.5

27.0

86

56

unclass'b

0.1

9.5

5.0

80

51

OH4

0.1

3.0

1.5

84

44

OH5

0.1

3.5

17.5

OH6

0.1

10.5

27.5

unclass'1

0.1

11.5

OH7

0.1

2.0

OH2
OH3

6.5

4.0

80

46

21.0

79

51

18.0

84

49

0.5

85

60

This content downloaded from 41.89.4.30 on Wed, 17 May 2017 11:16:39 UTC
All use subject to http://about.jstor.org/terms

TABLE 2.-Continued

Sapling" Percent** Percent** Percent** Percent* Per Per

Site* density/m2 herbs shrubs fern can closed subcan
OH8
OH9

0.1
0.2

OH10

6.0
9.5

0.1

2.0
9.0

-4.5

2.5
2.5

-85

86
82

47

59

62

1

Means 0.2 + 0.2 5.8 + 18.1 18.4 ? 24.6 4.1 + 9.9 70 + 23 39 ?

* Data from all sites were used in microhabitat analy
** Estimated by line interception method (= perce

aSaplings (dbh < 2.5 cm), values < 0.1/m2 not sh

b Unclassified with regard to macrohabitat, but incl
c Downed woody debris
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FIG. 4.-Ordination diagram from CCA of the five generalist species, three insectivores and tw
rodents. Species locations, shown as dots, indicate approximate centers of distribution along habita
characteristic gradients. Habitat characteristic gradients are illustrated by dotted lines, the longer th
line the higher the strength of the correlation with small mammal distributions. Distances between
species points reflect differences in microhabitat selection

sites along this axis, attest to the generalist nature of many of the small mammal specie
represented in our captures. Peromyscus leucopus and Blarina brevicauda, both well documented as habitat generalists, represented 82% of all captures analyzed, and overall, th
five generalists represented 93% of all captures. Therefore, based on the positions of trap
ping sites relative to this axis and the lack of significant differences in macrohabitat pref
erence for any of the five habitat generalist species, we suggest that the primary factor
defining the subtle differences in small mammal community composition among the fou
forested habitat types was the distribution of habitat generalist species (Table 1), especiall
Peromyscus leucopus (Fig. 3).
The explanation for the placement of old fields in relation to forested habitats along axi
1 reflects the distribution of Peromyscus leucopus among the three old fields (Fig. 2, 3). I
contrast to axis 1, the small proportion of the variance explained by polar ordination axi
2 (4%) is due to distributions of old-field species among trapping sites and not the distri
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bution of generalist species. Here, distances between tightly clustered forested sites and
field trapping sites along this axis are primarily due to the additions of habitat special
species (i.e., Cryptotis parva, Microtus pennsylvanicus, Reithodontomys humulis and Za
hudsonius) to small mammal communities in old fields.
Peromyscus inhabits grasslands (Huntly and Inouye, 1987), but often in reduced numb
due to the presence of sympatric old-field species such as Microtus (Baker, 1968; Foster
Gaines, 1991). In our trapping sites, well-adapted grassland species displaced generalists l
P. leucopus. This is most easily seen at site OF3, where captures of P leucopus were low
than all other sites [0.1 captures/100TN, median for all classified trapping sites = 2.1 (2

= 1.1, 75% = 3.5)]. Foster and Gaines (1991) suggested that as succession in old fie

progressed, relative abundance of Peromyscus declines as the numbers of Microtus incre
and they concluded this shift was a result of habitats becoming less favorable to Peromy
and more so to Microtus. The three old fields we sampled were in mid- to late-old-fi
succession and therefore at stages where the abundances of generalists like P leucopus
specialists species M. pennsylvanicus are in flux. As these habitats continue to mature a
change to forests, small mammal species turnover should become evident as habitat c
ditions for old-field species deteriorate.
Microhabitat.-Although our analyses showed no differences in captures of generalists
a macrohabitat scale, CCA suggested that on a microhabitat scale habitat characteristics
influence the distributions of these small mammal species. Our explanation of over 25%
of the variance in distributions of small mammal habitat generalists based on the characteristics we measured is encouragingly high, especially given the multitude of characteristics
that often define niche breadth and the generalistic nature of these species. Mean DWD
diameter (Blarina brevicauda, Sorex hoyi and Microtus pinetorum), shrub frequency (S. longirostris) and canopy closure (S. hoyi) particularly influenced microhabitat distributions of
small mammal generalists (Fig. 4). Downed woody debris provides a refuge for invertebrates
(Harmon et al., 1986), which are important components of the diets of shrews (Hamilton,
1941), travel and escape routes for many small mammal species (Barry and Francq, 1980)
and pockets of moisture that harbor islands of herbaceous plant matter. Shrews are particularly sensitive to evaporative water loss due to their high metabolic requirements (Getz,

1961; Miller and Getz, 1977), and DWD, canopy and shrubs all trap moisture, thereby
increasing local humidity (Harmon et al., 1986; Yahner, 1986; Tallmon and Mills, 1994).
The lack of any appreciable correlation between microhabitat characteristics and Peromyscus leucopus abundance is consistent with other studies (Dueser and Shugart, 1978;
Yahner, 1986; Adler, 1987) and demonstrates the plasticity of microhabitat selection by this
species. Presumably, P leucopus is able to obtain requirements such as moist microclimates
and structure from a variety of available sources not utilized by sympatric species, thereby
diluting the apparent importance of individual characteristics that we measured.
Management implications.-Evaluation of small mammal distributions on a macrohabitat
scale tells only part of a complex story. Lack of significant differences in captures/unit
effort and encounters of generalist species among the macrohabitats we sampled demonstrates the overall adaptability of Peromyscus leucopus and the ability of soricids to find similar
required conditions, such as moist microclimates and adequate structure, in a variety of
microhabitats. It is this partitioning that enables the coexistence of small mammals with
similar physiological requirements on the macrohabitat level (Schoener, 1974; Rosenzweig,
1981).

Specific, maintainable-and most importantly, common-microhabitat characteristics
drive local distributions of forest floor small mammals in Coastal Plain landscapes. For
example, DWD is a common characteristic in most forested habitats; it acts as cover and
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provides areas of elevated moisture (Kitchings and Levy, 1981; Morris, 1984; Car
Johnson, 1995). Preservation of critical microhabitat characteristics in forest comm
such as DWD and dense understory vegetation, should require minimal managemen
Our results indicate that habitat generalists may be selective about their enviro
on a microhabitat scale, as evidenced by correlations with specific microhabitat ch
istics common to a wide range of macrohabitats. Understanding the influences of f
and agricultural practices on habitat type and the habitat requirements of small m
communities on multiple scales (e.g., landscape, macro- and microhabitat) should
which small mammal groups can be most effectively managed within the constr
current land-use practices (McIntyre and Barrett, 1992). For example, Fort A. P. H
many managed landscapes, is maintained as a mosaic of macrohabitats in various s
succession. Such a mosaic can support a diverse small mammal fauna as long as: (
cuts and pine plantations remain small enough to allow dispersal of individuals t
them, (2) the landscape is managed to maintain a high percentage of hardwood s
(3) microhabitat characteristics that increase local moisture and structural heterog
are preserved and (4) old fields are present to support old-field species.
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