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Abstract: Raccoons (Procyon lotor) are ecological generalists that use a variety of land-
scape and habitat types. Although space and habitat use are well understood for rac-
coons throughout the southeastern United States, relationships between space use and
landscape characteristics are not. We examined relationships between space use and
landscape characteristics for 95 radio-marked raccoons monitored during 1996-1997
on two adjacent forested landscapes that differed in forest management strategies. We
noted relationships between space use and patch richness, proportion and size of ripari-
an habitats on the landscape, and size of patches providing soft mast resources. Rac-
coons within an intensively-managed forest maintained spaces with reduced patch rich-
ness and less of the landscape in riparian habitats, likely attributable to forest
management strategies that optimize wood fiber production. However, raccoons within
this system consistently maintained spaces with larger patch sizes of riparian habitats
and habitats containing soft mast (early successional plant communities). Our findings
suggest that raccoons living on landscapes with intensive forest management select
larger patch sizes of quality habitats relative to raccoons living on forested landscapes
with less intensive management regimes. Because raccoons in intensively-managed
forests may maintain smaller spaces than raccoons in other forested systems and appear
to be influenced by landscape patterns, managers should recognize influences of forest
management practices on raccoon behavior.
Key words: forest management, landscape, Procyon lotor, raccoon, space use

Proc. Annu. Conf. Southeast. Assoc. Fish and Wildl. Agencies 58:228—-237

2004 Proc. Annu. Conf. SEAFWA
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Landscape characteristics and patterns may influence biotic (e.g., space and
movement patterns) and abiotic (e.g., nutrient flows) processes in ecological systems
(Li and Reynolds 1994, Turner et al. 2001). Although mesocarnivores have been ex-
tensively researched, we know little of how these species respond to changes in land-
scape pattern (Crooks 2002). Many landscape-scale studies of mesocarnivores have
focused on edge-effects and relationships between landscape pattern and nest preda-
tion (Dijak and Thompson 2002, Kuehl and Clark 2002, Stephens et al. 2003). Re-
lationships between space use and landscape characteristics have not been well-
studied, although space use is commonly used to make inferences about ecology and
behavior. Specifically, space use can be an important indicator of food density and ef-
ficiency of movement (Schoener 1971), but influences of the spatial arrangement of
resources and habitat patches on space use are poorly understood (Ims 1995, Kie et
al. 2002).

Raccoons have been extensively studied and space use throughout the south-
eastern United States is well understood (Johnson 1970, Hoffman and Gottschang
1977, Chamberlain et al. 2000, Chamberlain et al. 2003). Raccoons are habitat gen-
eralists and have adapted to a wide range of landscape condition. The literature is re-
plete with information detailing habitat use of raccoons in a variety of landscapes,
ranging from prairies (Fritzell 1978) to mixed deciduous forests (Leberg and
Kennedy 1988) and intensively-managed pine forests (Chamberlain et al. 2002).
However, these studies have not examined relationships between raccoon behavior
and landscape patterns.

The forest products industry is an important economic factor in the southeastern
United States. The demand for wood fiber continues to increase and forests continue
to be converted to managed plantations; this conversion is expected to exceed 18.6
million ha by 2030 (Allen et al. 1996). Likewise, forest management strategies on
public lands continue to evolve and are dynamic. Increasing acreages of publicly-
owned forests are being managed for the federally-endangered red-cockaded wood-
pecker (Picoides borealis), which results in increases in prescribed burning and
structural changes to plant communities (Bowman et al. 1999). Chamberlain et al.
(2000) reported that raccoons in intensively-managed pine forests exhibited reduc-
tions in space use and movements relative to raccoons in a mixed forest with differ-
ing management strategies. Following Chamberlain et al. (2000), our objective was
to examine relationships between space use of raccoons and landscape characteris-
tics. We examined these relationships for raccoons on two forested landscapes with
differing forest management scenarios to better assess effects of forest management
on raccoon behavior.

Study Area

We conducted research on an approximately 5,000-ha portion of the 14,410-ha
Tallahala Wildlife Management Area (TWMA) and a 2,000-ha area owned by the
Timber Company (TC) in sections of Jasper, Newton, Scott, and Smith counties,
Mississippi. The TWMA contained 30% mature (>30-year-old) bottomland hard-
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wood forests, 37% mature pine (loblolly, Pinus taeda; shortleaf, P. echinata) forests,
17% mixed pine-hardwood forests, and 11% in one-15-year-old loblolly pine planta-
tion. The eastern portion of TWMA was substantially altered prior to our study by a
tornado, creating approximately 1,000 ha of early successional habitat. Forest man-
agement activities (thinning, prescribed fire) did not occur in this portion of TWMA;
therefore, we did not include it in our study. Throughout the remainder of TWMA,
prescribed burning occurred in mature pine stands. TWMA contained active RCW
colonies, and extensive burning and hardwood midstory removal occurred within
stands available to these colonies. The TC area, located adjacent to TWMA, was
managed primarily for wood fiber production with 90% of the area composed of
1-35-year-old loblolly pine plantations, and the remaining 10% in Streamside Man-
agement Zones (SMZs) along creek drainages. No prescribed burning occurred two
years prior to or during our study. Topography was gently to moderately rolling, with
0-20% slope. Climate was mild, with a mean annual temperature of 20 C and mean
annual precipitation of 152 cm (Chamberlain et al. 2000).

Methods

We captured raccoons for radio-marking using wire cage traps from January
1996 to June 1997. We checked traps daily and baited them with various mixtures of
fish, jelly, and molasses. We trapped raccoons on a 50-trap grid system on TC during
March and June—August, with each grid block measuring approximately 40.5 ha. On
TWMA, we trapped on two similar grid systems given the size of the study area. One
cage trap was set/block in areas selected for maximum trap success. We sampled
each grid 1617 consecutive nights during each of the two trapping periods each
year. Additionally, we recaptured raccoons systematically during January—March,
focusing on areas devoid of radio-marked raccoons. Using these trapping systems,
we attempted to capture as many raccoons as possible across the landscape and to
radio-monitor individuals uniformly across all habitat types.

We anesthetized captured raccoons using ketamine hydrochloride (Ketaset, Vet-
erinary Products, Fort Dodge Laboratories, Fort Dodge, lowa) at a rate of 10 mg/kg
of estimated body mass (Bigler and Hoff 1974). We fitted adult (= 1-year-old) rac-
coons with a 100-g mortality-sensitive radio transmitter and released them at the cap-
ture site the following morning. We conducted research under Mississippi State Uni-
versity IACUC Protocol No. 93-032 and its associated amendments.

We determined raccoon locations by triangulation (White and Garrott 1990) us-
ing a hand-held 3-element Yagi antenna (Wildlife Materials, Carbondale, Illinois)
from fixed telemetry stations (N = 480) =2 times/week. We conducted all radio-
telemetry throughout the diel period to ensure equitable and representative samples
of raccoon movements. Azimuths for a single radio location were recorded within a
15-min interval to reduce error due to raccoon movement; however, most (94%) con-
secutive azimuths were recorded within 7 min (4.8 + 0.03, mean = SE). We main-
tained triangulation angles between 45 and 135° to reduce error. Telemetry accuracy
tests indicated that standard deviation from true bearing was 5.9° (Chamberlain et al.
2000).
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We developed a Geographic Information System (GIS, ARC/INFO, Environ-
mental Systems Research Institute, Redlands, California) with color infrared aerial
photographs and 1:24,000 U.S. Geological Survey 7.5-min quadrangles. We used
stand data and U.S. Forest Service records to classify stands into habitat types based
on forest type (i.e., hardwood, pine) and stand age. We used year-specific stand maps
and data to create annual habitat coverages (N = 2) for TWMA and TC. We delineat-
ed habitats as mature hardwood (=30 yr), mixed-pine hardwood (=30 yr), pine
(TWMA: 0-8 yr, 915 yr, 16-29 yr, and =30 yr; TC: 0-8 yr, 9-15 yr, and =16 yr),
and other habitats (agricultural and Conservation Reserve Program lands <2 yr;
Chamberlain et al. 2002, Chamberlain et al. 2003).

We converted raccoon locations to a coordinate system using program TELE-
BASE (Wynn et al. 1990). We estimated annual home ranges (95%) using a kernel
estimator in the Animal Movement extension of ArcView (Environmental Research
Systems Institute, Redlands, California) for raccoons with at least 30 radio-locations.
We delineated a buffer of 870 ha around the center of each home range (estimated
with Real Centroid Generator extension of ArcView). We selected the spatial scale,
two times the largest patch size on the landscape, to minimize calculation bias of
landscape metrics (O’ Neill et al. 1996, Turner et al. 2001). We intersected each circu-
lar buffer with landcovers of TWMA and TC to calculate landscape metrics thought
to be important to raccoons (e.g. Oehler and Litvaitis 1996, Kuehl and Clark 2002,
Gehring and Swihart 2003, Henner et al. 2004).

We used Patch Analyst (Elkie et al. 1999) to measure landscape variables at two
levels: landscape-scale metrics, which represent the structure of the entire landscape
mosaic (N = 8 patch types; McGarigal et al. 2002); and class-scale metrics, which
represent amount and spatial distribution of a single patch type (McGarigal et al.
2002, Tischendorf 2001). At the landscape scale, we measured total edge (m; Elkie et
al. 1999) and patch richness density (number of patch types/100 ha; McGarigal et al.
2002). We pooled habitat classes into two functional categories for class-scale land-
scape metrics. Riparian habitat included mature hardwood and pine-hardwood habi-
tats on both areas and likely provided water, high-quality den sites, and hard mast
(Chamberlain et al. 2002, 2003). Soft mast habitat included 0-8 yr-old pine and ma-
ture pine on TWMA and 0- to 8-yr-old pine and =16-yr-old pine on TC, and likely
represented high-quality foraging sites based on knowledge of raccoon diet (Johnson
1970) and habitat selection patterns of raccoons on our study sites (Chamberlain et
al. 2002, 2003). We calculated two metrics for each habitat class: proportion of habi-
tat (O—1, proportion of each patch type in the buffer; McGarigal et al. 2002) and mean
patch size (ha; Elkie et al 1999).

Many landscape metrics are intercorrelated because they use the same basic
building blocks in their formulas (Turner et al. 2001, McGarigal et al. 2002). There-
fore, we calculated Pearson correlation coefficients for each variable pair and re-
tained the more biologically meaningful member of highly correlated pairs (r =
0.80). To stabilize variance and correct for nonnormality, we arcsine-transformed
proportion of habitat and log transformed mean patch size and patch richness densi-
ty. We used univariate ¢-tests to compare each landscape metric between TWMA and
TC and did not correct P-values for multiple testing (Moran 2003).
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Table 1. Ranges, means with associated standard deviations, and test statistics with probability
values for landscape variables associated with space use by raccoons on the Tallahala Wildlife
Management Area and properties owned by the Timber Company (TC), Mississippi, 1996—1997.

Range® Mean = sd®
Metric TC TWMA TC TWMA t P®
N 25 70
Patch richness density 0.46-0.92 0.43-0.92 0.70 =0.17 0.78 £0.08 -3.36  0.022
(N patch types/100 ha)
% of riparian habitat 0.04-0.53 0.02-0.78 024 *+0.15 036*027 -1.76 0.028
Mean size (ha) of riparian 12.9-29.5 8.1-25.3 19.6 =53 14733 5.14  <0.001
habitat patches
Mean size (ha) of soft mast 5.9-92.7 8.1-25.3 314 £25.1 14.0 £49 4.54  <0.001
habitat patches
Interspersion (%) of 53.3-100.0 58.7-100.0 909 = 12.8 83.0 =104 -3.75 <0.001

riparian habitat
Interspersion (%) of soft 40.0-98.7 15.5-100.0 672 *17.6 832 *21.0 1.67 0.099
mast habitat

a. Untransformed values.

b. P-values not corrected for multiple comparisons. Probability of 5 significant results = 0.025 (Moran 2003).

Results

We noted significant negative correlations (r = —0.94) between proportion of the
landscape in soft mast habitats and proportion of the landscape in riparian habitats.
We excluded the former variable and retained the latter given the known importance
of riparian habitats to raccoons in other systems (Leberg and Kennedy 1988). Simi-
larly, we detected a significant negative correlation between mean patch size of soft
mast habitats and total edge (r = —0.80). We retained the first variable of this pair giv-
en the known importance of area of quality foraging habitats to raccoons in other
ecosystems (Kaufmann 1982).

We created circular buffers for 70 raccoons on TWMA and 25 on TC monitored
from January 1996-December 1997. Raccoons on TWMA (0.78 = 0.08, mean *
SD) maintained spaces with greater patch richness density (r=-3.36, P = 0.022) than
raccoons on TC (0.70 = 0.17; Table 1). Likewise, raccoons on TWMA (0.36 + 0.27)
maintained spaces with greater proportions of riparian habitat (r = —1.76, P = 0.028)
than raccoons on TC (0.24 = 0.15). However, mean size (ha) of riparian habitats was
greater on TC (r=5.14, P < 0.001; 19.6 = 5.3) than TWMA (14.7 = 3.3). Similarly,
mean size (ha) of soft mast habitats was greater for raccoons on TC (t = 4.54, P <
0.001; 31.4 = 25.1) than on TWMA (14.0 = 4.9).

Discussion

The availability of critical resources (i.e., dens, foraging sites) influences space
use and movements of raccoons (Gehrt and Fritzell 1998). Raccoons on TC maintain
smaller home ranges and core use areas than raccoons on TWMA, and exhibit re-
duced movements within these spaces (Chamberlain et al. 2000). If space use is even
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partially a function of habitat quality (Sandell 1989), one may infer that habitat qual-
ity for raccoons is potentially greater on TC than TWMA, as suggested in Chamber-
lain et al. (2000). We sought to further explore patterns of habitat selection on TC and
TWMA to examine mechanisms influencing raccoon behavior relative to differing
forest management strategies. Our findings offer additional insight into previous
works on these study areas, specifically that patch richness density (a measure of
patch diversity) and landscape characteristics associated with specific habitat types
(i.e., riparian zones) are important to raccoons in pine-dominated forest systems.

Raccoons are generalists, capable of exploiting a wide variety of habitats and
prey (Kaufmann 1982). Selecting portions of the landscape with a richness of habitat
patches should offer raccoons abundant foraging opportunities and provide neces-
sary escape cover (Pedlar et al. 1997). It is likely that our observation that raccoons
on TWMA maintained spaces with greater patch richness is a consequence of behav-
ioral adaptations to selecting ecotones and areas with diverse habitats in addition to
differences in forest management strategies between the study areas. The abundant
ecotones associated with increased patch richness frequently contain abundant in-
sects (Thomas et al. 1992), escape cover (Pedlar et al. 1997), and small mammals
(Best 1983); all valuable resources for raccoons. Additionally, intensive forest man-
agement on TC created a landscape with reduced patch diversity; raccoons on TC in-
evitably inhabited a landscape with lower patch richness as a consequence of forest
management practices.

Bottomland hardwoods and riparian habitats have long been recognized as pro-
viding quality raccoon habitat because of the availability of den sites and foraging re-
sources (Kaufmann 1982, Leberg and Kennedy 1988) and previous work on our
study areas noted the importance of these habitats to raccoons (Chamberlain et al.
2002, 2003). Although habitats classified as riparian in this study were selected by
raccoons at multiple spatial scales on both study areas, plasticity of selection was
greater for raccoons on TC (Chamberlain et al. 2002, 2003). In our study, raccoons
on TWMA maintained spaces with greater proportions of riparian habitats, whereas
raccoons on TC maintained spaces with greater mean size of these habitats. We offer
that these differences resulted from landscape characteristics across the two areas.
Riparian habitats on TWMA were contained within extensive bottomland hardwood
drainages, in addition to pine-hardwood habitats along streams located throughout
upland areas. Conversely, riparian habitats on TC were restricted entirely to SMZs
and pine-hardwood stands adjacent to them. From a landscape perspective, riparian
habitats were in greater abundance on TWMA. Raccoons on TWMA could therefore
maintain spaces with numerous patches of riparian habitats available to them, where-
as raccoons on TC were constrained in their selection for riparian habitats. Addition-
ally, it is plausible that riparian habitats on TWMA were of higher quality relative to
those on TC, particularly bottomland hardwood stands. The relatively narrow SMZs
likely contained reduced availability of quality den sites and hard mast resources rel-
ative to more extensive bottomland drainages on TWMA, potentially requiring rac-
coons to select larger patches of riparian habitats on TC to fulfill life history require-
ments.

Soft mast producing plant species serve as important food items for raccoons
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throughout the annual cycle (Johnson 1970). Raccoons on TC consistently main-
tained spaces with larger patch sizes of habitats providing soft mast resources, likely
a consequence of foraging opportunities provided within these habitats and their dis-
tribution across the landscape. Forest management on TC commonly produced clear-
cuts =50 ha, whereas clearcuts of this size were not present on TWMA. Consequent-
ly, sizes of habitat patches producing soft mast resources were considerably larger on
TC, particularly for early successional environments. Furthermore, lack of pre-
scribed burning on TC in mature pine habitats resulted in understory conditions dom-
inated by woody species producing soft mast (Chamberlain 1999). Raccoons on TC
selected these pine habitats at multiple spatial scales during all seasons (Chamberlain
et al. 2002).

Management Implications

The structure of a landscape affects numerous ecological processes, such as
species interactions and animal distribution (Dunning et al. 1992). Increasing inten-
sity of forest management on private and public lands has important implications to
wildlife because this management tends to result in increasing forest patch size and
reduced stand rotations and landscape complexity (i.e., more simple edges). As plan-
tation acreage increases throughout the southeastern United States, land managers
constantly seek to determine how forest management affects wildlife populations.
Specifically, considerable research has recently focused on how mesocarnivores and
other predators respond to landscape patterns and subsequent effects of these re-
sponses on predation (Chalfoun et al. 2002, Kuehl and Clark 2002, Thompson et al.
2002) although relationships between intensive forest management and mesocarni-
vore behavior are not well understood. Forest management practices that manipulate
landscape patterns such as edge, patch diversity, and habitat structure all inevitably
affect mesocarnivore behavior and therefore predation rates on a host of wildlife
species. Forest managers have the ability to manipulate these landscape characteris-
tics in a predictable fashion.

Thompson (2002) noted that ecological patterns at all spatial scales (regional,
landscape, micro-scale, etc.) are often influenced by scales larger than the one under
consideration and multiple spatial scales may be viewed as a hierarchy where larger
scales constrain patterns and processes at smaller scales (Allen and Starr 1982). Our
findings, when coupled with earlier findings by Chamberlain et al. (2000, 2002,
2003), indicate that habitat and landscape features at numerous spatial scales are im-
portant influences on raccoon behavior. Therefore, we recommend managers use
multi-scale perspectives when planning forest management, recognizing that intend-
ed outcomes may be constrained by processes operating at broader spatial scales.

Analyses similar to ours offer land managers opportunities to refine manage-
ment programs and improve effectiveness and efficiency of broad-scale management
plans. For example, U.S. Department of Agriculture/Wildlife Services currently is
conducting large-scale programs directed at reducing rabies in raccoon populations
across a variety of landscapes. By developing models to predict raccoon distribution
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and use patterns using landscape characteristics, managers could determine portions
of the landscape most likely to contain raccoons and direct management actions to
those specific sites. We recommend future research evaluate the applicability and ef-
fectiveness of using landscape analyses to refine management programs targeted
across broad geographic scales.
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