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Abstract:

Intercropping switchgrass (Panicum virgatum) in existing managed pine (Pinus spp.) forests
potentially can produce a biofuel feedstock without encumbering additional arable land.
However, it is not clear how intercropping, which changes understory vegetation composition
and structure, may influence rodent communities. Therefore, as part of a broader effort to
examine ecological sustainability of an intercropping management system, we investigated
whether intercropping switchgrass in intensively managed loblolly pine (Pinus taeda) stands
affected rodent community structure and population demographics in a managed forest
landscape. We conducted seven live-trapping sessions during June—August 2012 on three
intensively managed pine stands (control) and three intensively managed pine stands
intercropped with switchgrass (treatment). Pine stands intercropped with switchgrass had lower
rodent community evenness (P = 0.02) and diversity (P = 0.03) than control stands primarily
because of greater hispid cotton rat (Sigmodon hispidus) abundance in intercropped stands

(P =0.02). However, there was no treatment effect on cotton rat survival or recruitment. Our
results suggest the switchgrass intercropping system in our study influenced rodent community
structure via effects on hispid cotton rats during the early successional stage of a loblolly pine
stand.
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Intercropping biofuel feedstocks in managed forests is a potential method to produce cellulosic
energy sources and avoid or reduce land conversion risks [1], [2]. Switchgrass (Panicum
virgatum) has long been considered a promising biofuel feedstock. It is native to most of eastern
North America, grows in a wide variety of ecosystems, has an extensive root system that
stabilizes soil, and may provide carbon storage [3], [4], [5], [6], [7]. Further, perennial grasses
such as switchgrass can provide habitat conditions favorable for native grassland birds, and
likely other species associated with open-canopy, grassy habitat types [8], [9]. In addition, it may
be feasible to intercrop switchgrass in intensively managed pine (Pinus spp.) stands, which
avoids the “fuel versus food” debate that has hampered other feedstocks [3], [10], [11].

Past research has demonstrated that managed pine forests can contribute to local and regional
biodiversity (e.g., [12], [13]). However, intercropping switchgrass in intensively managed pine
stands converts a portion of the woody and herbaceous understory to a grass-dominated
structure [14], which may influence biodiversity and thus ecological sustainability [10]. A
growing body of research has investigated effects of intercropping switchgrass in intensively
managed loblolly pine (Pinus taeda) stands on biodiversity. In North Carolina, U.S.A.,
intercropping pine and switchgrass in intensively managed pine stands did not affect
herpetofauna abundance and diversity [15] the first two years after establishment nor did it
influence trophic position of white-footed mice (Peromyscus leucopus) [16], indicating that food
web interactions and ecosystem services linked to mice were not affected by switchgrass
intercropping. In Mississippi, U.S.A., stand establishment for intercropping vs. “traditional” pine
management reduced abundance of neotropical migrants and forest-edge associated bird species
in the first two years after planting and caused an increase in abundance in the third year [17].
Further, in Mississippi, initial intercropping reduced snag abundance but maintained similar
volumes of coarse woody debris (CWD; [18]), which provides important habitat structure for
numerous species of rodents.

Although these studies provide some insight, it is still unclear how intercropping switchgrass
affects wildlife communities, including rodents, in these forested systems. Given their numerous
ecological roles and responsiveness to habitat alteration, rodents are often used as model
organisms for evaluating effects of vegetation change on biodiversity [19], [20], [21]. By
consuming both plants and animals and by being prey for higher order consumers, rodents are a
critical energy link between producers and higher trophic level consumers in terrestrial food
webs [22], [23]. Rodents also can increase habitat heterogeneity and overall biodiversity by
altering plant community composition and structure through soil disturbance, nutrient input,
foraging, and seed and spore dispersal [24]. Therefore, vegetation composition and structure can
influence rodent community structure, and rodent community structure can affect habitat
structure [19], [20], [21], [24].

Recent work has examined effects of intercropping switchgrass on rodent communities, but
numerous questions remain. At a small-scale, (plot size ~ 1 ha), research site in North Carolina,
U.S.A., within an agriculture/agroforestry landscape matrix, switchgrass was intercropped with
loblolly pine to evaluate sustainability of intercropping switchgrass in intensively managed pine
stands. At that experimental research site, rodent community richness and diversity did not differ
between intercropped and traditional treatments 1—4 years post site preparation [25], [26].
However, during this time, the dominant species switched from white-footed mouse to hispid



cotton rat (Sigmodon hispidus) as the understory structure changed [25], [26]. Additionally,
switchgrass negatively affected abundance of native white-footed mice and positively affected
abundance of invasive, non-native house mice (Mus musculus) [25]. This result may have been
potentially influenced by nearby agriculture fields as a source of house mice [25]. By year 4
post-treatment, house mice primarily were found in the monoculture switchgrass treatment [26].
The link between switchgrass establishment and house mouse occupancy raises further questions
about sustainability of rodent communities in a switchgrass intercropping management system.
However, it is unclear whether house mice respond similarly at a larger spatial scale in different
landscape contexts.

To better understand how intercropping may influence rodent communities, we examined if
intercropping switchgrass in intensively managed loblolly pine stands affected rodent community
structure and population demographics in a managed pine landscape. In addition, we investigated
whether abundance of house mice was influenced by intercropping switchgrass at a larger spatial
scale (25,000 ha compared to the 33.4 ha research site previously examined in Homyack et al.
[26]) and in a predominantly forested landscape. We hypothesized changes in vegetation
communities associated with intercropping switchgrass in intensively managed pine stands
would influence rodent population demographics and community structure. We predicted
abundance of hispid cotton rats would increase because intercropping increases the grass
component of vegetation within intensively managed pine stands [14] and because of known
positive relationships between herbaceous cover and this species [27], [28], [29]. We thus
predicted a decrease in evenness and diversity in switchgrass intercropped treatments. Contrary
to previous studies that found the house mouse was associated with switchgrass, we predicted the
house mouse would be absent from our forested landscape due to a lack of an agricultural source
of house mice as compared to the small-scale research site in North Carolina, U.S.A.

2. Materials and methods
2.1. Study area and experimental design

To assess biodiversity consequences of a switchgrass intercropping management system,
Weyerhaeuser Company and Catchlight Energy LLC, a joint venture between Chevron and
Weyerhaeuser Company, established a study area in east-central Mississippi (Kemper County),
USA (32°52'N, 88°33'W) on land owned and managed by Weyerhaeuser Company. Research
stands were embedded in a 25,000 ha landscape composed of intensively managed pine (Pinus
spp.) stands in different successional stages (70%), mature pine-hardwood (17%), hardwood
(10%), and non-forested areas (3%) [18]. The study area was intersected by unpaved access
roads and fire lanes that separated forest stands, mature forest buffers along streams, and other
unmanaged areas (Fig. 1).

We used intensively managed loblolly pine stands planted in winter 2005 as control stands.
Control stands were mechanically site-prepared during summer 2004 and received a banded
chemical weed control treatment during the first growing season (spring 2005). Standard
mechanical site preparation included shearing of stumps and roots with a V-shaped blade
attached to a bulldozer and sub-soiling to establish raised planting beds for pine seedlings.
Loblolly pine seedlings (1 year old) were planted at a 1.5 x 6.1 m spacing, or an areal density of



1100 ha '[18]. Tops, limbs, and unmerchantable hardwoods were left on site following clearcut
harvest of the preceding stand.
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Fig. 1. Kemper County, Mississippi, USA, study site. In 2012, we examined rodent community
structure and population demographics on intercropped stands (z = 3) and pine control stands
(n=3) in Kemper County, Mississippi, U.S.A. The study site was established by Catchlight
Energy LLC on land owned by Weyerhaeuser Company. Live-trapping grids within each stand
were 14,400 m?. The study site is marked using a star symbol on the inset map.

Our treatment stands were established in winter 2005 using methods outlined above but had
‘Alamo’ accession of switchgrass (P. virgatum) planted in spring 2009 with a seed drill in 6.1 m
alleys between pine rows. In these intercropped stands, more extensive woody debris and stump
removal occurred in alleys between rows of pine trees, as compared to control stands, to
facilitate seeding and germination of switchgrass. As expected, intercropped stands had
increased grass coverage on and between pine beds when compared to control stands, which
were composed of mostly perennial semi-woody vines and shrubs such as sawtooth blackberry
(Rubus argutus) and American beautyberry (Callicarpa americana) [14].

Pine trees in this system typically are thinned at 11-15 years of age and then harvested 27-35
years after planting, and switchgrass was mowed and baled annually during fall and winter.



Control and treatment stands were 20.4—77.4 ha (41.0 & 6.95 ha) in size and the distance between
stands ranged from 1.3 to 9.9 km (5.2 £ 0.52 km) (Fig. 1).

2.2. Rodent live-trapping

We live-trapped rodents during June—August 2012 using standard capture-mark-recapture
methods. In each stand, we established a 14,400 m? (120 m x 120 m) trapping grid consisting of
49 traps arranged 20 m apart in parallel lines to form a 7 x 7 grid. We established the trapping
grid in an accessible location of each stand >20 m from an edge to avoid edge effects [30], [31]
and to facilitate trapping logistics to minimize travel time into forest stands. Edge effects were
not expected due to the small home ranges of rodents [31]. We did not observe any obvious edge
effects translated in variation in capture data. For each trapping grid, we established the first trap
in the corner on a pine bed. Each trap line ran parallel to the pine beds. Starting at the first line,
which was a pine bed, each trap line was placed 20 m apart. Therefore, the percentage of
switchgrass (~70% on treatment plots) and pine cover (~30%) on each trapping grid was
similar. Each trap line contained six folding and/or non-folding 23-cm Sherman traps (H.B.
Sherman Traps Inc., Tallahassee, Florida, U.S.A.) and one randomly placed non-folding 18-cm
Sherman trap or Longworth trap (Rogers Manufacturing Co., Peachland, British Columbia,
Canada) to trap small, juvenile individuals and avoid trap bias towards larger rodents [16], [25],
[26], [32]. We followed the American Society of Mammalogists guidelines for use of wild
mammals [33] and our field methods were approved by UNCG IACUC 11-03 with permission
from the Mississippi Department of Wildlife, Fisheries, and Parks (# 0503127).

We baited each trap with rolled oats or rolled oats and sunflower seeds on nights when the
minimum temperature was <4 °C (2 nights). We applied insecticide granules of pyrethrum
(Talstar PL) around traps in areas with high fire ant (Solenopsis spp.) activity to prevent these
non-native species from harming captured rodents without affecting capture or recapture success
at that trap site [34], [35]. We opened traps after 1700 and checked them the following morning
beginning at approximately 0500. In each trapping period, we trapped all stands for three
consecutive nights. Occasionally, the three consecutive nights were interrupted by sudden, severe
weather events. However, trapping resumed the following day. We trapped for 7 periods in this
study. Therefore, trapping effort was the same for both control and intercropped treatments. We
marked each rodent with a uniquely numbered ear-tag (Monel Numeric size 1005-1; National
Band and Tag Co, Newport, Kentucky, USA) upon initial capture. We recorded date, trap
location, tag number, species, sex, age-class (juvenile or adult), mass (g), and reproductive state
(reproductive or not reproductive) for each individual captured. We grouped white-footed mice
(P. leucopus) and cotton mice (Peromyscus gossypinus) as Peromyscus spp. due to similarities in
field identification characteristics and known hybridization between these species [36], [37]. We
determined age class using a combination of body mass, pelage characteristics, and reproductive
state [38]. Individual cotton rats were considered adults if they weighed >80 g [39]. We released
all shrews (Soricidae) without measurement or marking.

2.3. Statistical analyses

We examined treatment responses by the rodent community with the Smith and Wilson
Evenness A Index (Evar) and Simpson's Diversity Index (D) [40], [41]. We selected Smith and



Wilson Evenness A Index because it is independent of richness [40], [41]. The Simpson's
Diversity Index measures dominance by identifying likelihood that two chosen individuals will
be the same species and thus incorporates both richness and abundance [40]. We used non-metric
multidimensional scaling (NMDS) with 50 random starts to analyze similarity of rodent
assemblages [42]. We used a scree plot to identify the appropriate number of dimensions and
final stress to evaluate goodness-of-fit, with large values (>0.20) indicating difficulty showing
relationships among sites in the appropriate dimensions [42], [43], [44], [45], [46]. We used
Bray—Curtis dissimilarity matrices to accommodate the large number of zero captures in our
dataset [47]. We used a one-way analysis of similarity (ANOSIM) to identify significant
differences between treatments [43]. Lastly, we used a similarity percentage (SIMPER)
procedure to identify the level each rodent species contributed to dissimilarity between
treatments [43].

Dependent variables for our population-level analysis included population abundance,
recruitment, and survival. We estimated population abundance, survival, and recruitment in
Program MARK using recapture and age data from live-trapping. We estimated population
abundance and survival probability (deaths and emigration) of adult mice using Pollock's robust
design models, with Huggins closed capture estimator [48], [49]. Model parameters included
encounter probability (M), initial capture and recapture, with time (trapping period) effects (¢),
group (stand) effects (b), time*group effects (tb), and/or null effects (.) and the probability of
emigration from and staying away from the study site (No emigration, Random, or Markovian)
[50]. We calculated recruitment (new individual via birth or immigration/existing member/stand)
using a robust design Pradel survival and recruitment model, with Huggins closed captures
estimator, which is robust for small sample sizes [25], [51]. For recruitment, juveniles were
included if they were recaptured as adults. Model parameters included apparent survival (ph) and
recruitment (f) probability with time (#) and/or null effects (.), and the appropriate parameters for
encounter probabilities (P) were chosen based on the parameters for the best fit model in the
adult abundance model [50].

We chose the best fit model parameters based on Akaike information criterion (AICc)

values [50]. For abundance and survival estimates, the best fit model selected included no
emigration with time effects (Table 1). Because time effects were found for abundance and
survival, an abundance value was calculated for each trapping period (7 trapping periods per
stand) and a survival value was calculated for each interval between trapping periods (6 intervals
per stand). For recruitment estimates, the best fit model included time effects for encounter
probability and null effects for apparent survival and recruitment (Table 2). Because time effects
were not included in the model for recruitment (AICc = 0), one recruitment value was calculated
for each stand (3 intercropped and 3 control).

Thus, we calculated dependent variables for each trapping grid with abundance and survival
calculated for each trapping period on each grid, and recruitment, diversity, and evenness over
the entire season. For population-level analyses that included abundance and survival, we used a
repeated measures analysis of variance (ANOVA) with rank-transformed data to examine
treatment effects across trapping periods (repeated measure) with treatment type as the
independent variable [52]. For recruitment, we used a two sample #-test to compare estimated
recruitment from Program MARK between control and intercropped stands. For community-



level analyses that included diversity and evenness, we used separate two sample ¢-tests, with
log-transformed data when necessary, to compare Eyar or D values between intercropped and
pine control stands.

Table 1. Program MARK output for Pollock's robust design models with Huggins closed capture
estimator used to select the best fit model parameters for estimating Sigmodon hispidus
abundance and survival. Model parameters included encounter probability (), initial capture
and recapture, with time effects (¢), group effects (), time*group effects (tb), and/or null effects
(.) and the probability of emigration from and staying away from the study site (No emigration,
Random, or Markovian). Raw data was obtained from live-trapping pine control stands (n = 3)
and intercropped stands (z = 3) in Kemper County, Mississippi.

Model AICc Delta AICc AICc weight Model likelihood No. par.
{No Emigration M(?)} 2340.89 0 0.94591 1 40
{No Emigration M(.)} 2348.387  |7.497 0.02228 0.0236 34
{No Emigration M(tb)} 2348.574  |7.6839 0.02029 0.0215 46
{No Emigration M(b)} 2349.707  |8.8167 0.01152 0.0122 35
{Random M(?)} 2374.927 |34.0369 0 0 67
{Random M(b)} 2377456 |36.5656 0 0 62
{Random M(.)} 2378.057 |37.1664 0 0 61
{Markovian M(b)} 2395.735  |54.8443 0 0 75
{Markovian M(?)} 2395.984 |55.0941 0 0 80
{Markovian M(.)} 2397.329  [56.4388 0 0 74
{Markovian M(tb)} 2400.751  [59.8604 0 0 86
{Random M(tb)} 2402.701 [61.811 0 0 81

Table 2. Program MARK output for Pradel survival and recruitment model with Huggins closed
captures estimator used to select the best fit model parameters for estimating Sigmodon

hispidus recruitment. Model parameters included apparent survival (f) and recruitment (ph)
probability with time (#) and/or null effects (.), and the appropriate parameters for encounter
probabilities (P) were chosen based on the parameters for the best fit model in the adult
abundance models. Raw data was obtained from live-trapping pine control stands (n = 3) and
intercropped stands (n = 3) in Kemper County, Mississippi.

Model AICc Delta AICc AICc weight Model likelihood No. par.
{p(9), ph(), f()} 4067.1042 0 0.99995 1 19
{p(9), ph(), f()} 4087.0418 19.9376 0.00005 0.0001 45
{p(®), ph(®), ()} 4091.6482 24.544 0 0 43

We determined whether our data were normally distributed using Shapiro—Wilks' test and
homogeneity of variances with Levene's test. We log- or rank-transformed data when parametric
assumptions were violated. Abundance and survival were rank-transformed for all population
metric comparisons. Because recruitment did not violate parametric assumptions, we did not
transform recruitment values. For community metric comparisons, Smith and Wilson Evenness
A Index was log-transformed and Simpson's Diversity Index values were not transformed. We
present all data untransformed (mean + 1 standard error). Because we predicted a direction of
effects, we report one-tailed P-values. We conducted the repeated measure ANOVA in SAS

9.3 [53]. We used R 3.0.1 for Windows [54] for two sample #-tests, Shapiro—Wilks' tests,
Levene's tests (package = lawstat) [77], and NMDS and SIMPER analyses (packages = Ecodist,
Vegan, MASS) [78], [79], [80]. We verified NMDS and SIMPER, and conducted ANOSIM,



analyses using Paleontological Statistics Software Package for Education and Data Analysis
(PAST) software [55], [56].

3. Results

We had 902 captures of 374 unique individuals from June to August 2012 across 8232 trap
nights (intercropped: 4,116, control: 4,116) with equal number of trap nights per trapping period.
After trapping commenced, we discovered that one control stand received different site
preparation that likely affected vegetation structure, and small mammal traps in one intercropped
stand suffered intense raccoon (Procyon lotor) disturbance. We removed these replicates from
analyses, resulting in 836 captures of 333 unique individuals on 3 intercropped and 3 control
stands trapped across 6174 trap nights (intercropped: 3,087, control: 3087) with equal number of
trap nights per trapping period. Unique individuals on control stands included 73 hispid cotton
rats, 21 Peromyscus spp., 3 marsh rice rats (Oryzomys palustris), and 2 eastern harvest mice
(Reithrodontomys humulis). Unique individuals on intercropped stands included 227 hispid
cotton rats, 4 Peromyscusspp., and 3 marsh rice rats. Hispid cotton rats comprised 90% of all
captured individuals while Peromyscus spp. comprised 7.5% of all captured individuals. Capture
numbers of marsh rice rats, Peromyscus spp., and eastern harvest mice were too low for analyses
in Program MARK.

We explored possible effects of three stand variables, closest distance to edge (control:

25.00 £ 1.53 m, intercropped: 48.33 £+ 18.35 m), closest distance to road (control:

25.00 = 1.53 m, intercropped: 55.33 = 25.21 m), and stand area (control: 35.75 + 6.03 ha,
intercropped: 45.73 + 15.78 ha), on rodent community structure and cotton rat population metrics
and observed no significant correlations (data not shown). Therefore, stand variables were not
included as covariates in our analyses.

Simpson's Diversity Index (W= 0.89, P = 0.32) was normally distributed whereas Smith and
Wilson Evenness A Index was not (W= 0.67, P = 0.003). Equal variances between groups were
found for Smith and Wilson Evenness A Index (¢ = 1.16, P = 0.34) and Simpson's Diversity
Index (z=1.12, P =0.35). Therefore, Smith and Wilson Evenness A Index was log-transformed
giving it a normal distribution (= 0.94, P = 0.64) with equal variance (¢ = 0.39, P = 0.57).
Smith and Wilson Evenness A Index (intercropped: 0.05 & 0.02, control: 0.41 + 0.24; t=2.79,
df =4, P=0.02) and Simpson's Diversity Index (intercropped: 0.05 = 0.05, control:

0.40 £0.12; t=2.64, df =4, P =0.03) were significantly lower in intercropped stands than
control stands.

Based on the scree plot and a minimum stress of 0.025, we determined a two-dimensional
solution for the NMDS was appropriate. The NMDS plot showed clustering of the 3 control
stands on one axis and the 3 intercropped stands on the second axis (Fig. 2). Despite clustering
on the NMDS plot, the analysis of similarity (ANOSIM) showed no difference between
treatments (R = 0.81, P = 0.10). However, because of a relatively low ANOSIM P-value,
clustering on the NMDS plot, and a relatively low sample size at the plot level (n = 3), we
proceeded with the SIMPER analysis and found that overall dissimilarity (range 0—100, with

0 = same community structure) between control and intercropped stands was 53.74 with hispid
cotton rats contributing to > 86% of observed dissimilarity (Table 3).
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Fig. 2. NMDS Plot. Non-metric multidimensional scaling (NMDS) plot of rodent communities
by treatment (n = 3) in Kemper County, Mississippi, U.S.A. in 2012. NMDS plots show the
relative relationships among sites. Stress = 0.025.

Table 3. SIMPER results from NMDS. Similarity Percentage results from non-metric
multidimensional scaling of pine control stands (# = 3) versus intercropped stands (n = 3).
Contribution is based on the overall dissimilarity of 53.74 and the mean abundances of each
species per specified treatment are provided for comparison.

Contribution % [Mean abundance in control |Mean abundance in intercropped
Sigmodon hispidus 86.13 24.3 75.7
Peromyscus spp. 10.44 7 1.33
Oryzomys palustris 2.286 1 1
Reithrodontomys humulis |1.142 0.667 0

Hispid cotton rat abundance (W = 0.90, P =0.002) and survival (W =0.54, P <0.0001) were not
normally distributed whereas recruitment (W = 0.87, P = 0.24) showed a normal distribution.
Equal variance between groups was found for cotton rat survival (= 1.88, P =0.18) and
recruitment (¢ = 0.03, P = 0.87) whereas cotton rat abundance (z = 5.86, P = 0.02) showed
unequal variances. Therefore, abundance and survival were rank-transformed for all population
metrics comparisons. Population abundance of hispid cotton rats was influenced by treatment
(F1,4=16.20, P=0.02), trapping period (Fs,24 = 15.53, P <0.001), and the treatment x trapping
period interaction (Fs,24 = 5.59, P = 0.001) (Fig. 3). Population abundance of hispid cotton rats
increased through the trapping season for both intercropped and control stands with abundance
increasing more over time in the intercropped stands. There was no treatment effect on hispid
cotton rat recruitment (intercropped: 0.11 &+ 0.03, control: 0.11 + 0.02; t =—0.07,

df =4, P=0.53) or survival (intercropped: 0.92 &+ 0.02, control:

0.83 £0.08; F1.4=0.41, P=0.56) nor was there an influence of trapping period on survival
(F5,20=0.90, P =0.50). Even though the mean response for survival was not significantly
different, the standard error was quadrupled in control plots.
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4. Discussion

Intercropping switchgrass in intensively managed pine stands altered rodent community diversity
and evenness by increasing abundance of the most commonly captured rodent in our study area,
the hispid cotton rat. Rodent community diversity was lower in intercropped stands, likely from
decreased evenness caused by abundant hispid cotton rats. Our NMDS analysis showed
clustering in rodent communities on control and intercropped treatments, and our SIMPER
analysis showed hispid cotton rats contributed the most to differences in rodent communities in
control and intercropped treatments. Additionally, we did not capture any invasive house mice
despite >6000 trap nights across 6 stands.

Our results supported our hypothesis that intercropping switchgrass in intensively managed pine
stands would influence rodent population demographics and community structure through
differences in forest understory vegetation [25], [57]. Understory vegetation on our research
stands differed by treatment [ 14]. Rodent communities respond to changes in forest structure
from different forest management regimes [19], [25], [57], [58], [59], [60], [61], [62]. For
example, in intensively managed pine stands 1-5 years post-establishment, total rodent
abundance, excluding Peromyscus spp., responded to changes in vegetation caused by different
intensities of site preparation [60]. Low-intensity site establishment practices resulted in denser
vegetation than high intensity establishment, and in greater abundances of eastern woodrats
(Neotoma floridana), fulvous harvest mice (Reithrodontomys fulvescens), and hispid cotton
rats [60].

Greater hispid cotton rat abundance in intercropped stands contributed to community
dissimilarity between treatments. Intercropping switchgrass in intensively managed pine stands
changes the dominant understory structure from woody/herbaceous vegetation to grass [14], thus
promoting presence of hispid cotton rats, a herbivore that prefers grass [27], [63], [64]. Similarly,



the hispid cotton rat was the most abundant species in intercropped treatments within the two
years after switchgrass establishment in North Carolina, U.S.A [25]. Although, hispid cotton rat
survival did not differ between control and intercropped stands, standard error was relatively
high in control stands suggesting less variability in survival in intercropped stands.

In addition, presence or absence of coarse woody debris (CWD) can be potentially important for
rodent communities [65], [66]. However, the amount of downed CWD after site preparation did
not differ between intercropped and control plots on our study area [18]. Even though
intercropped plots had fewer retained snags that potentially could become downed CWD [18],
CWD does not persist in the southeastern U.S.A. for the length of time that would be relevant to
our study [67], [68]. Additionally, removal or retention of coarse woody debris (CWD) in
switchgrass/pine intercropped systems has minimal effects on rodent community structure and
population demographics in North Carolina, U.S.A [26], [25].

Although rodent community diversity in our study decreased in intercropped stands, the
dominant species, hispid cotton rat (75% on control and 97% on intercropped)

and Peromyscus spp. (20% on control and 2% on intercropped), on both stand types remained
the same. Hispid cotton rats dominate rodent communities in young to intermediate age
intensively managed pine stands in the southeastern United States [63], [69]. In our study,
abundance of hispid cotton rats was significantly higher in intercropped stands, but this species
was the dominant rodent across both treatment and control stands. The second most common
rodent captured in our study was Peromyscus spp., albeit at low numbers. We could not
distinguish white-footed mice and cotton mice during our study, but both species are omnivorous
and considered microhabitat generalists and thus likely fulfill similar ecological

roles [36], [37], [63], [66], [70], [71]. Further, although we did not estimate abundance, survival,
and recruitment for Peromyscus spp., the lower abundance in intercropped stands suggests a
potential effect of intercropping on these species. However, longer term studies would be
required to investigate this observation. Regardless, intercropping switchgrass appears to
influence the rodent community without altering dominant species.

Our results suggest that planting and maintaining a dense, grass-dominated understory in
intercropped stands [ 14] may extend the period of early succession and thus presence of early
successional rodents [63], [69]. After harvest of a mature pine stand, herbaceous vegetation will
colonize the newly disturbed site [19] and increases in soft mast and insects from growth of this
vegetation typically results in a high abundance of rodents [62]. As the canopy closes about 6—8
years after stand establishment, woody vegetation becomes dominant [72] until canopy closure
reduces understory structure and rodent abundance [62], [73]. Our control (early successional
pine) stands contained herbaceous vegetation but to a lesser extent than intercropped stands [14].
Therefore, it is not surprising that hispid cotton rats were found to be the dominant rodent
species on both stand types during our study. Thus, increasing grass cover through intercropping
may benefit herbivorous rodents (e.g., hispid cotton rats) that use early successional vegetation
for cover, nesting, and food resources [19].

In our study, house mice were not associated with switchgrass in the absence of agricultural
crops in the landscape [25], [74], [75], [76]. House mice were not captured on any of our study
stands but are known to be present in the area based on trapping efforts during previous years



and even during 2012 on other forest stands in the same landscape [21]. In the absence of an
abundant food resource, such as agricultural crops, house mice maintain lower population
abundances in forested landscapes [21], [69], [75]. Therefore, our results suggest that
intercropping switchgrass in intensively managed pine stands does not necessarily promote
presence of invasive house mice.

Although we observed effects of intercropping on population abundance of hispid cotton rats,
there were not concomitant effects on survival and recruitment. It is likely our limited number of
replicates (n = 3 per treatment) precluded detection of small differences in either survival or
recruitment that might explain higher abundance of cotton rats in intercropped stands.
Alternatively, emigration in control stands could have been higher than in intercropped stands.
Although our study included a relatively large sample of trap nights and cotton rat individuals,
number of individuals of other rodent species was small. Lastly, our study occurred over three
summer months of an approximate 30-year loblolly pine rotation. Thus, there are limitations in
both the spatial and temporal scale of our study, and future rodent research should occur over
multiple seasons and on more replicates to address these challenges. Despite these challenges, it
is important to consider that we examined the rodent community during summer when stand and
climatic conditions are most conducive to native rodent species and that the controls in this study
are representative of a large number of acres throughout the region. However, effects of
switchgrass intercropping in intensively managed pine stands on rodent communities warrants
investigation through canopy closure and potentially through an entire even-aged rotation.

5. Conclusion

A switchgrass intercropping system influences rodent community structure via an increase in
hispid cotton rat abundance during the early successional stage of loblolly pine stands in the
southeastern U.S.A.

Acknowledgements

Financial and logistical support was provided by Catchlight Energy LLC, National Council for
Air and Stream Improvement, Inc., University of North Carolina at Greensboro,

and Weyerhaeuser Company. We thank Amanda Culpepper, Angela Larsen, Ashley Matteson,
Erica Smerdon, and Amy Wagner for help in the field. We thank Kim Briones, John Grider, A.
Larsen, Dr. Kristen Lucia-Simmons, A. Matteson, and Dr. Mary Timonin for their support and
advice to improve this project. We especially thank Dr. K. Lucia-Simmons for assistance with
Program MARK and A. Larsen for assistance with statistical analysis. We thank Mississippi
State University students and faculty for support at the field site. We thank Steve Emerson and
the Weyerhaeuser Company staff in the Scooba, Mississippi office for assistance in the field. We
thank Don Delaney and the East Mississippi Sportsman's Association for providing housing
during the field research. D. Miller and J. Homyack provided services to this project under a
Statement of Work with Catchlight Energy, LLC. Editor Overend and three anonymous
reviewers improved on a previous version of this manuscript. We dedicate this paper to the
memory of Sam Riffell, our friend and colleague.

References



[1] Fike JH, Parrish DJ, Wolf DD, Balasko JA, Green Jr JT, Rasnake M, et al. Long-term yield
potential of switchgrass-for-biofuel systems. Biomass Bioenergy 2006;30(3):198¢206.

[2] McLaughlin SB, Walsh ME. Evaluating environmental consequences of producing
herbaceous crops for bioenergy. Biomass Bioenergy 1998;14(4):317¢24.

[3] Cheng JJ, Timilsina GR. Status and barriers of advanced biofuel technologies: a review.
Renew Energy 2011;36(12):3541¢9.

[4] Mclaughlin SB. New switchgrass biofuels research program for the southeast. In:
Proceedings of the Ann Auto Tech Dev Contr Mtng. Deerborn, Michigan; 1992.

[5] McLaughlin SB, Kszos LA. Development of switchgrass (Panicum virgatum) as a bioenergy
feedstock in the United States. Biomass Bioenergy 2005;28(6):515e35.

[6] Persiani AM, Maggi O, Montalvo J, Casado MA, Pineda FD. Mediterranean grassland soil
fungi: patterns of biodiversity, functional redundancy and soil carbon storage. Plant Biosyst
2008;142(1):111e9.

[7] Wright L, Turhollow A. Switchgrass selection as a “model” bioenergy crop: a history of the
process. Biomass Bioenergy 2010;34(6):851e68.

[8] Bies L. The biofuels explosion: Is green energy good for wildlife? Wildlife Soc B
2006;34(4):1203e5.

[9] Fletcher Jr RJ, Robertson BA, Evans J, Doran PJ, Alavalapati JRR, Schemeske DW.
Biodiversity conservation in the era of biofuels: risks and opportunities. Front Ecol Environ
2011;9:161e¢8.

[10] Riffell S, Verschuyl J, Miller D, Wigley TB. Potential biodiversity response to
intercropping herbaceous biomass crops on forest lands. J Forest 2012;110(1):42¢7.

[11] Tenenbaum DJ. Food vs. fuel: diversion of crops could cause more hunger. Environ Health
Perspect 2008;116(6):A254e7.

[12] Miller DA, Wigley TB, Miller KV. Managed forests and conservation of terrestrial
biodiversity in the southern United States. J Forest 2009;107(4):197¢203.

[13] Wigley TB, Baughman WM, Dorcas ME, Gerwin JA, Gibbons JW, Guynn Jr DC, et al.
Contributions of intensively managed forests to the sustainability of wildlife communities in the
south. In: Sus south forests: sci forest asst; 2000. p.1e45. Durham, North Carolina.

[14] Iglay RB, Riffell SK, Miller DA, Leopold BD. Effects of switchgrass intercropping and
biomass harvesting on plant communities in intensively managed pine stands. In: Proceedings
from Sun Grant Natl Conf: sci biomass feedstock prod util; 2012. New Orleans, Louisiana.



[15] Homyack JA, Aardweg Z, Gorman TA, Chalcraft DR. Initial effects of woody biomass
removal and intercropping of switchgrass (Panicum virgatum) on herpetofauna in eastern North
Carolina. Wildlife Soc B 2013;37(2):327¢35.

[16] Briones KM, Homyack JA, Miller DA, Kalcounis-Rueppell MC. Intercropping switchgrass
with loblolly pine does not influence the functional role of the white-footed mouse (Peromyscus
leucopus). Biomass Bioenergy 2013;54:191¢200.

[17] Loman ZG, Riffell SK, Wheat BR, Miller DA, Martin JA, Vilella FJ. Breeding bird
community response to establishing intercropped switchgrass in intensively-managed pine
stands. Biomass Bioenergy 2014;67:201¢el1.

[18] Loman ZG, Riffell SK, Miller DA, Martin JA, Vilella FJ. Site preparation for switchgrass
intercropping in loblolly pine plantations reduces retained trees and snags, but maintains downed
woody debris. Forestry 2013;86(3):353e60.

[19] Bechard AM. Influence of row spacing and debris distribution on vegetation and small
mammals in Louisiana pine plantations [thesis]. Baton Rouge (LA): Louisiana State University
and Agricultural and Mechanical College; 2008.

[20] Carey AB, Harrington CA. Small mammals in young forests: implications for management
for sustainability. Forest Ecol Manage 2001;154(1¢2):289¢309.

[21] Iglay RB. Effects of prescribed fire and selective herbicide (imazapyr) on biodiversity in
intensively managed pine stands of Mississippi [dissertation]. Starkville (MS): Mississippi State
University; 2010.

[22] Briones KM. Effect of intercropping switchgrass with loblolly pine on the diet and trophic
position of Peromyscus leucopus [thesis]. Greensboro (NC): University of North Carolina at
Greensboro; 2010.

[23] Hafner DJ, Yensen E, Kirkland Jr GL. North American rodents. Gland, Switzerland and
Cambridge, UK: [UCN/SSC Rodent Specialist Group; 1998.

[24] Davidson AD, Lightfoot DC. Burrowing rodents increase landscape heterogeneity in a
desert grassland. J Arid Environ 2008;72(7):1133e45.

[25] Marshall MM, Lucia KE, Homyack JA, Miller DA, Kalcounis-Rueppell MC. Effect of
removal of woody biomass after clearcutting and intercropping switchgrass (Panicum virgatum)
with loblolly pine (Pinus taeda) on rodent diversity and populations. Int J Forest Res
2012;2012:1el1.

[26] Homyack JA, Lucia-Simmons KE, Miller DA, Kalcounis-Rueppell MC. Rodent population
and community responses to forest-based biofuels production. J Wildlife Manage 2014;78 [In
Press].



[27] Cameron GN, Kruchek BL. Use of coastal wetlands by hispid cotton rats (Sigmodon
hispidus). Southwest Nat 2005;50(3):397e402.

[28] Clark BK, Clark BS, Homerding TR, Munsterman WE. Communities of small mammals in
six grass-dominated habitats of southeastern Oklahoma. Am Midl Nat 1998;139(2):262¢8.

[29] Fleharty ED, Mares MA. Habitat preference and spatial relations of Sigmodon hispidus on a
remnant prairie in West-Central Kansas. Southwest Nat 1973;18(1):21e9.

[30] Santos-Filho M, Peres CA, da Silva DJ, Sanaiotti TM. Habitat patch and matrix effects on
small-mammal persistence in Amazonian forest fragments. Biodivers Conserv
2012;21(4):1127e47.

[31] Whitaker Jr JO, Hamilton Jr WJ. Mammals of the Eastern United States. Ithaca, NY:
Comstock Publishing Associates; 1998.

[32] Anthony NM, Ribic CA, Bautz R, Garland Jr T. Comparative effectiveness of longworth
and sherman live traps. Wildlife Soc B 2005;33(3):1018¢26.

[33] Sikes RS, Gannon WL. Guidelines of the american society of mammalogists for the use of
wild mammals in research. ] Mammal 2011;92(1):235e53.

[34] Killion MJ, Grant WE, Vinson SB. Response of Baiomys taylori to changes in density of
imported fire ants. ] Mammal 1995;76(1):141e7.

[35] Kraig SE, Roels SM, Thies ML. Effectiveness of chemical repellents in deterring red
imported fire ants (Solenopsis invicta) from sherman live traps. Southwest Nat

2010;55(2):203¢6.

[36] McCarley WH. Natural hybridization in the Peromyscus leucopus species group of mice.
Evolution 1954;8(4):314e23.

[37] Rich SM, Kilpatrick CW, Shippee JL, Crowell KL. Morphological differentiation and
identification of Peromyscus leucopus and P. maniculatus in northeastern North America. J

Mammal 1996;77(4):985e91.

[38] Golley FB, Morgan EL, Carmon JL. Progression of molt in Peromyscus polionotus. J
Mammal 1966;47(1):145e8.

[39] Chipman RK. Age determination of the cotton rat (Sigmodon hispidus) [dissertation]. New
Orleans (LA): Tulane University; 1965.

[40] Magurran AE. Measuring biological diversity. Malden, MA, USA: Wiley-Blackwell; 2004.

[41] Smith B, Wilson JB. A consumer’s guide to evenness indices. Oikos 1996;76(1):70e82.



[42] McCune B, Grace J. Analysis of ecological communities. Gleneden Beach, OR, USA: MjM
Software Design; 2002.

[43] Clarke KR. Non-parametric multivariate analyses of changes in community structure. Aust J
Ecol 1993;18(1):117e43.

[44] Kruskal JB. Multidimensional scaling by optimizing goodness of fit to a nonmetric
hypothesis. Psychometrika 1964;29(1):1e27.

[45] Larsen AL. Effects of oak savanna restoration and thinning on gypsy moth predation rates
and small mammal communities [thesis]. Allendale Charter Township (MI): Grand Valley State
University; 2012.

[46] Stapp P. Rodent communities in active and inactive colonies of black-tailed prairie dogs in
shortgrass steppe. ] Mammal 2007;88(1):241¢9.

[47] Clarke KR, Somerfield PJ, Chapman MG. On resemblance measures for ecological studies,
including taxonomic dissimilarities and a zero-adjusted Bray-Curtis coefficient for denuded

assemblages. J Exp Mar Biol Ecol 2006;330(1):55¢80.

[48] Kendall WL, Pollock KH, Brownie C. A likelihood-based approach to capture-recapture
estimation of demographic parameters under the robust design. Biometrics 1995;51(1):293e308.

[49] Kendall WL, Nichols JD. On the use of secondary capture-recapture samples to estimate
temporary emigration and breeding proportions. J Appl Stat 1995;22(5¢6):751e62.

[50] White GC, Burnham KP. Program MARK: survival estimation from populations of marked
animals. Bird Study 1999;46:S120e39.

[51] Pradel R. Utilization of capture-mark-recapture for the study of recruitment and population
growth rate. Biometrics 1996;52(2):703¢9.

[52] Everitt BS. The analysis of repeated measures: a practical review with examples. J Roy Stat
Soc D Sta 1995;44(1):113e35.

[53] SAS. Cary, NC, USA: SAS Institute Inc.; 2011.

[54] R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R
Foundation for Statistical Computing; 2012, ISBN 3-900051-07-0. http://www.R-project.org/.

[55] Hammer @, Harper DAT, Ryan PD. PAST: paleontological statistics software package for
education and data analysis. Palaeontol Electron 2001;4(1):1e9.

[56] Paleontological statistics software package for education and data analysis (PAST) software.
R Development Core Team; 2010.


http://www.r-project.org/
http://www.r-project.org/

[57] Robinson Z. Small mammal occurrence and utilization of a cottonwood/switchgrass
agroforest system in the Lower Mississippi Alluvial Valley [thesis]. Monticello (AR): University
of Arkansas-Monticello; 2012.

[58] Constantine NL, Campbell TA, Baughman WM, Harrington TB, Chapman BR, Miller KV.
Effects of clearcutting with corridor retention on abundance, richness, and diversity of small
mammals in the Coastal Plain of South Carolina, USA. Forest Ecol Manage
2004;202(1e3):293e300.

[59] Dickson JG, Williamson JH. Small mammals in streamside management zones in pine
plantations. In: Szaro RC, Severson KE, Patton DR, editors. Mgt Amph Rept Sm Mam NA.
USDAFS; 1988. pp. 375€8.

[60] Hanberry BB, Edwards SL, Demarais S, Jones J. Small mammal responses to intensively
established pine plantations in Coastal Plain Mississippi. South J Appl Forestry 2013;37(1):53e8.

[61] Lane VR. Plant, small mammal, and bird community responses to a gradient of site
preparation intensities in pine plantations in the coastal plain of North Carolina [dissertation].
Athens (GA): University of Georgia; 2010.

[62] Perry RW, Thill RE. Small-mammal responses to pine regeneration treatments in the
Ouachita Mountains of Arkansas and Oklahoma, USA. Forest Ecol Manage 2005;219(1):81e94.

[63] Mengak MT, Guynn Jr DC. Small mammal microhabitat use on young loblolly pine
regeneration areas. Forest Ecol Manage 2003;173(1e3):309¢17.

[64] Cameron GN, Spencer SR. Mechanisms of habitat selection by the hispid cotton rat
(Sigmodon hispidus). J Mammal 2008;89(1):126e31.

[65] Hinkelman TM, Orrock JL, Loeb SC. Effect of downed woody debris on small mammal
anti-predator behavior. Ethology 2012;118(1):17e23.

[66] Loeb SC. Response of small mammals to coarse woody debris in a southeastern pine forest.
J Mammal 1999;80(2):460¢e71.

[67] Beauvais C. Coarse woody debris in a loblolly pine plantation managed for biofuel
production [thesis]. Durham (NC): Nicholas School of the Environment of Duke University;
2010.

[68] Neu J, Jones PD, Demarais S, Ezell AW, Riffell SK, Wigley TB. Retained woody structure
in 1- to 2-year-old loblolly pine (Pinus taeda L.) plantations in Mississippi, Louisiana, and
Arkansas: implications for wildlife conservation. J Sustain For 2014;33(2):152¢72.

[69] Atkeson TD, Johnson AS. Succession of small mammals on pine plantations in the Georgia
Piedmont. Am Midl Nat 1979;101(2):385e92.



[70] Bellows AS, Pagels JF, Mitchell JC. Macrohabitat and microhabitat affinities of small
mammals in a fragmented landscape on the upper Coastal Plain of Virginia. Am Midl Nat
2001;146(2):345e60.

[71] Jones CG, Lindquist ES. Utilization of woody debris by Peromyscus leucopus in a
fragmented urban forest. Southeast Nat 2012;11(4):689¢98.

[72] Langley Jr AK, Shure DJ. The effects of loblolly pine plantations on small mammal
populations. Am Midl Nat 1980;103(1):59¢65.

[73] Zobrist K. Increasing biodiversity in intensively managed loblolly pine plantations: a
literature review. RTI Fact Sheet 2005;37:1¢4.

[74] Pocock MJO, Searle JB, White PCL. Adaptations of animals to commensal habitats:
population dynamics of house mice Mus musculus domesticus on farms. J Anim Ecol
2004;73(5):878e88.

[75] Pocock MJO, Hauffe HC, Searle JB. Dispersal in house mice. Biol J Linn Soc
2005;84(3):565¢83.

[76] Stickel LF. Population ecology of house mice in unstable habitats. J] Anim Ecol
1979;48(3):871e87.

[77] Gastwirth Joseph L, Gel Yulia R, Wallace Hui WL, Lyubchich Vyacheslav, Miao Weiwen,
Noguchi Kimihiro. Lawstat: an R package for biostatistics, public policy, and law; 2013. R
package version 2.4, http://CRAN.R-project.org/package=lawstat.

[78] Goslee SC, Urban DL. The ecodist package for dissimilarity-based analysis of ecological
data. J Stat Softw 2007;22(7):1el9.

[79] Oksanen Jari, Guillaume Blanchet F, Kindt Roeland, Legendre Pierre, Minchin Peter R,
O'Hara RB, Simpson Gavin L, Solymos Peter, Henry M, Stevens H, Wagner Helene. Vegan:
Community Ecology Package; 2013. R package version 2.0-7, http://CRAN.R-
project.org/package=veganVenables.

[80] W. N., Ripley BD. Modern Applied Statistics with S. 4th ed. New York: Springer; 2002,
ISBN 0-387-95457-0.


http://cran.r-project.org/package=lawstat
http://cran.r-project.org/package=lawstat
http://cran.r-project.org/package=veganVenables
http://cran.r-project.org/package=veganVenables
http://cran.r-project.org/package=veganVenables
http://cran.r-project.org/package=veganVenables

