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.. LANDSCAPE AND EDGE EFFECTS ON THE DISTRIBUTION OF
MAMMALIAN PREDATORS IN MISSOURI

WILLIAMD.DUAK,'U.S.ForestSend(e,NorlhCentralResearchStation,Columbia,MO65211,USA
FRANKR.THOMPSON,IlLU.S.ForestService,NorthCentralResearchStation,Columbia,MO65211,USA

Abstract: Raccoom (ProcyonIotor), opmsmm (Dlddphts vtrgtntana), and stripedshad= (Mephitls mephitis)
are predatorsof forest songbirdeggs andnestlings.We examined therelativeabundanceof these predatorsat
landsmpe and localscales to betterunderstandpredationrisks.At the landsmpescale, we examinedthe rela-

Uoml_'pbetween detectionratesof raccoom,opossums,andstripedskunkson 25 scent-star/onmutesdistributed
across Mismur/and mrroundinglandscapecharacter/st/re.Raccoonabundancewas relatedto latitude,stream
demity, and meanpatchs/ze of agriculturallands.Oposmmabundancewas relatedto streamdensity,contag/on,
mean nemmt-neighbord/stancebetween forestpatches,and latitude.Stripedskunkabundancewas not related
to landscapecharacteristicswe examined.At a local scale, we used sooted-platescent statiom to comparethe

- relativeabundanceof raecoomand opcmmmin forest interiorsto forestsadjacentto agriculturalfields, roads,
dearcuts,and streams.Raecoomwere moreabundantin forestedges adjacentto agriculturalfieldsand streams.

_ Opos.mmabundancevariedgreatlyamongyearsand therewas no ¢xnmistentedge effect on abundance.
featuressuch as prudnu'tyto some typesof edge aswell as large-stolefactorsinch as landsmpepatternsin land
me may affect predatorabundanceand potentiallymngbird-nmtpredat/onratm.

JOURNALOF WILDLIFEMANAGEMENT64(1):209-216

. Key words: edgeeffects, forest fragmentation,landscape,Missouri,opossdm, raeeoon,stripedshmk.
ii

Low reproductive mccess of some passerines her and Wr/ght 1985, Small and Hunter 1988,
is primarily the result of nest predation (Mart/n Main/et aL 1995). Despite evidence of edge

. 1993, Donovan et al. 1995, Robinson et al. effects and pmpmed hypotheses for edge effects,
1995). Levels of nest predation are high in hag- few studies have directly exam/ned the d/stribu-
mented forests (Donovan et aL 1995, Robinson tion of predators relative to edges and tested
et al. 1995), which generally have a h/gher pro- these hypotheses.

portion of forest edge in relation to the amount In addition to local edge effects, predator
of inter/or forested habitat. Yet, forest edge per abundance and songbird nest depredation also
se m/ght not be responsible for low reproduc- vary in response to large landscape patterns in ""
t/ve mccms in fragmented landscapes and the land cover. Donovan et aL (1997) determined

existence ofedge effects has been debated (Rat- that nest depredation in the Midwest was h/gh
ti and Reese 1988, Paton 1994). Nevertheless, in both forest inter/ors and along agricultural
there is significant evidencethatedgeeffects edgesin highlyfragmented_as,w_s, _pre-
occur for some species, in some landscapes, dation rates were low in forest interiors buthigh
some of the time O'ahner1988,Paton 1994, along agr/cukural edges in moderately fragment-

. Donovan et al. 1997, Harfley and .Hunter.1998). ed landscapes, and depredation was low in both
• " At. least 4 hypotheses have been postulated to forest interiors and along ag_cultmal edges in

gher pron .earedges..
• predaton could be attracted to edges became of mented forest of muthem Illiaois, nest depre-

high prey demity (Gates and Gysel 1978, Ratti dation rates also are high and there is a dmffar
and Reese 1988). Second, predator density may lack of edge effect (Heske 1995). Tew_bury et
be greater near edges than in forest interiors aL (1998) observed higher nest predation in
(Bider 1968, Angelstam 1986, Pedlar et aL 1997). landscapes w/th more forest cover, but this likely
Third, the predator commmdty may be richer in occurred became red squ/rrels (Tamiasciurus
species along edges than in forest interiors (Bid- hta_on/cus) were more abundant in these land-

er 1968, Temple and Cary 1988, Mar/n/et aL scapes. Because factors aff_g an organ/sin at
1995). Fourth, predators may forage along travel one level may be constrained by factors at other

• lanes such as edges (Gates and Gysel 1978, Yah- levels (Alien and Start 1982, O'Neill et al. 1988),

• a muki-scale approach may be necessmV to un-
t E-mail:wd/jak/nc.co@fs,fed.m derstand distr/bution patterns and lira/ring fac-

2O9
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tors of an organism(Wienset aL1986),such as studyaw_ were young forest stands (1-15 yr
interactions between edge effects and landscape old) created by deareutting. Agricultural fields
characteristics (Donovan et aL 1997, Thompson in and adjoining these study.sites included res-
et aL 1999b). cue (Fmmm spp.), red dover (Trffolium pra-

Because food habit studies (Gardner 1982, tense), white dover (Trifolium repens), wheat
Godin 1982, Kaufman 1982) and video monitor- (Tr/t/mm spp.), soybeans (G/ycfne max), and
ing of nests (Thompson et al. 199_) have re- corn (7._ mays). Streams were primary with
vealed that mccxmns, opossums, and striped year-rmmd flow or intermittent with pools re-
skunks are predators of songbird eggs and nes- maining during drier periods.
dings, _e related the abundance of these 3 mare- ,
malian predators to eavimmneatal fac_rs at 9. METHODS
spatial scales. We examined the relationship of
taudscape composiuo_ structure, md laatude Landscape Scale
with the relative abtmdance of raceoom, opm- Predator Su_.--The Missouri Department
rams, and striped skualz. We predicted, that of Comervatioa co_ visitation data at scent
predator abuadaace would be g;materin land- 'stariota from 1988 to 1993. Wid_ eachcount,

with fragmented forest and laxge amounts scent-station routes consisted of 5 4.3-1an seg-
of agricultural land use. At a local scale, we es- ments lomted in dine prmtmity along secondary
timated differences in abtmdauce or activity of roads. Ten scent statiom were lomt¢_ along each
raeeoom and opossumsbetween forint interior segment and spaced 482 m apart. A scent station
and 4 edge habitats: forest along streams, roads, was a ciwJe of sired dirt al_mdmately 1-m in
agricultumi fields, and deamm _12 years old. &*meter with a cotton swab that had been ira-
We predicted that predator activity would be memed in fatty acid scent p]aeed in the center

, greater along forest edge than forest interior. (Roughton 1982, Roughton and Sweeney 1982).

STUDY AREAS Seemstations were checked at_r 1 night of ex-
pomrebetweeamid-S_mber andearlyOe-

We related visitation rates of raccoons, opos- tober. Relative abundances were measured as

rams, and striped skunks from scent stations on the number of stafiom visited by a species along
mutes in 25 Missouri counties to composition, a mute. We calculated a meaa relative abun-

• structure, and latitude of landscapes. Scent sta- dance of each spedm as the 5-mutv average over
tion mutes were monitored throughout the the 6-year storey.
state by the Missouri Department of Comer° Landsmpe Measu_.--We assumed rel-
ration. I.mndscapes in northern Missouri are afire abundanoe of predators was influenced pri-
dominated by cropland, in southwest Missouri
by grassland, and in southeastern Missouri by madly by landscape feamrm within4,000 m of
forest. We compared the relative abundance of scent-station mutes. This assumption was based

. predators in forest interior and 4 edge habitats partly on a review of the literature on home
on 3 study sites during 1994 and 1995. Study rauge size and movemeats of raccoom (Shirer
siteswere the Thomas S. Baskett W'ddlife Re- and Fitch 1970, Fritzell 1978, Clark 1994),opos-
search and Education Center, Rudolf Bennitt sums (Lay 1942, IJewel_ and Dale 1964,
W'ddlife Area,and Daniel Boone State Forest- Holmes and Sandersoa 1965, Fitch and Shirer
.Little Lost Creek State Forest in central Mis- 1970, Gillette 1980), and striped skunks (Allen
sour/. Daniel Boone State Forest and Little and Shapton 1942, Verts 1967, Greenwood et aL
Lost Creek State Forest were consolidated into 1985). We digitized each county route and buff-

I study site because of their close proximity to ered it by 4,000 m to delineate the landscape for
each other. These landscapes were approxi- our habitat analysis. We intersected the polygons
mately 66% forested with the remainder in pas- defining these landscapes with a land-cover map
ture and cropland. Mature forest (>60 yr old) to determine landscape _dsUm associated .

comisting of oaks (Qu_ spp.), with a smaller with each mute. We Created a land-cxwer map
component of hickories (Carya spp.), maple from U.S. Geological Survey (1990) land-me and
(Acer spp.), and red cedar (]unipemm virgint- land-cover data using a level-one e'lmsificati°n
arm), dominated these areas. Understories, in (Anderson et aL 1976) with a spatial resolution

addition to the species listed, often contained of 200 m. We used U.S. Geological Survey 1:
dogwood (Cornusflorida). Less than 10% of the 100,0(_ digital line-graph hydrographic data to
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determine the density of streams within each within a treatment visited by that species for
landscape, each study site sad year.

We used 14 landscape metrics to characterize To locate scent sta_ons we digitized habitats,
landscape patterns formed by the forest and ag- roads, and meatus from am_.alphotographs, for-
ricultural habitats. With the exception of adja- est stand maps, and topographic maps for each
cency, stream density, and latitude, all landscape study site. We then randomly located 500 points
metrics were calculated with the software .in each study area and randomly selected points
FRACSTATS (MeGarigal and Marks 1994). We in each uemnent from this pool of points. Twen-
used the percentage of the landscape in each ty-five scent statiom were surveyed twice each
habitat as measures of Inn.¢bcape composition, week, usually at the same study site. Scent sta-
Mean habitat patch size was used to determine tiom were >25 m apartand >25 m from another
the size of contiguous habitat patches and stan- treatment, and instances when scent stations

- dard deviation of mean habitat patch size was were <50 m apart were rare. RarelyWasa scent
used to evaluate _on in habitat patch size. station vidted by a species withi_ 50 m of moth-
Mean nearest-neighbor distance was the average er scent station visited by the same species. For
distance between patches of similar habitat type. those occurrences, individual characteristics of
Contagion is an index of landsmpe heterogeneity tme_ were examined, 'and in no case was the

and is an overall measure of how contiguous all same individual suspected of visiting both scent
habitats are within the landscape and it is weight- statiom. We monitored visitation at a total of 300

ed by the overall abundance of each habitat in scent stations between 21 June and 5 August
the landscape. Adjacency is a similar measure of 1994 and 450 seem station between 24 May and
contiguity but is calculated for each habitat in- 26 July 1995. Sampling was rotated among study

• dependently and only forest adjacency was cal- sites on a weeHy basis with 10 seem statiom in
' .culated. Stream density was used to determine each treatment each weeE

the abundance of stream habitat and latitude was
We used scent stations with sooted-metal

used tO measure potential geographic relation- track plates (Mayer 1957,.Taylor and Raphael
sh/ps not associated with habitat. 1988) to determine the relative abtmdance of

.Data Ana/ys/s.--We used multiple linear re-
gression to determine relationships between rel- each species in each treatment. We constructed
ative abundance of each species and landscape track plates with 1-mm thick aluminum plates
metrics. Model selection was performed with 4 0_3 m wide and 0.8 m long. The plates were
criteria mggested by Montgomery and Peck placed in a rectangular wooden box, 0.3 m wide,
(1982). Mallow's Cp was used to evaluate the 0.3 In high, and 0.8 m long constructed from
sum of squares for each mbset model agaimt the l.l-cm oriented-strand board. The boxes were
mean squared error for the full modeL Models open at one end and had 5 holes 2.5 em in
with'the lowest value were evaluated for their diameter allowing light penetration into the in-

' biological meaningfulness. The _ce inflation terior and airflow between the exterior and the
factor was used to detect multicollinearity. Cook_ interior. Prior to placement in the box, we ap-

• , D was used to evaluate the effect of outJ/ersand plied a film of soot from an acetylene torch to
studentized residuals were used to evaluate nor- the half of the plate that would be nearest to

" mality of distribution and equality of variance, the open end of the box. The half of the plate
at the closed end was covered with a piece of

LocalScale adhesive paper,.with the adhesiveside of the

Predator Surveys.--We compared relative paper facing away from the plate. A cotton swab
abundance of predators between forest interior was immersed in cod liver oil and poked
and 4 forest edge types: agricultural edge, dear- through a hole in the top of the bor, The cotton
cut edge, road edge, and stream edge. The for- swab hole was appro_mately 15 cm from the
est-interior treatment was mature forest >100 m sides and the closed end of the box. The box

• from any type of edge. The 4 edge treatments provided protection from wind blown debris
• were mature forest within 25 m of the specified and rain showers. Boxes were placed with the

edge type. We randomly distributed 150 soot- open end on the down hill side of the slope.
covered scent stations (250 per study area) in The scented cotton swab provided an entice-
I994 and 1995 in each treatment. A sample unit merit for the predator to enter the open end of
was calct_ted as the proportion of scent statiom the box, walk across the film of soot and then

0
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onto the adhesive paper. Each scent station re- P_ial F-statistics indicated forest mean near-
mained for 2 n/ghts at a location, est-neighbor distance (Fi_0 ffi 18.13, P < 0.001)

Data Analysis.--We assumed that each spe- and latitude (Fi_0 - 11.014, P- 0.003) ex-
cies had a different but constant probability of plained most of the variation in the opossum

detection across all treamaents. For each year model; contagion (Fl_0 = 8.18, P = 0.010) and
and site the index of relative abundance for stream density (Ft_--5.58, P ffi 0.028)were

each species was calculated as the proportion of minor components of the modeL
scent-stations (within a treatment) visited by No combination of landscape variables sig-
that species. We analyzed each species abun- .nificantly predicted relative abundance of

•dance with an analysis of, variance (ANOVA; striped skunk The best model for striped skunk
•PBOC GLM; SAS Institute 1989)with 3 repli- included latitude and had an adjustedB2 = •
¢ates (sites) for a main effect of treatment and 0.0486 (n ffi 25, Ft_ = 2,23, P ffi 0.149).

- a repeated effect of year. We used the contrast Local Scale
option in PROC GLM (SAS Institute 1989) to

• conduct apriori tests of the relative abundance There was a treatment effect (F4.s = 5.28, P
of each predator in the forest interior treatment = 0.022) in relative abundance of raccoons but
compared to each of the edge treatments, no year (FLs - 0.05_ P - 0.835), site (F2,s =

2.66, P = 0.130), year x site (F_.s = 0.03, P =
• RESULTS 0.973), or year x treatment (Fcs = 0.573, P =

0.690) effect. The ANOVA contrast of the forest

Landscape Scale interior treatment to the 4 edge treatments in-
Relative abundance of predators and land- dicated that raccoons were more abundant

scape metrics varied greatly among scent sta_on along agricultural (Fl,s = 7.36, P = 0.027) and
mutes. For example, relative abundance of rac- riparian edges (Ft,s = 5.97, P = 0.040) than in
coons varied from a mean of 0.05-2.68 stations/ forest interiors, but there was no difference b_

mute: Landscapes surrounding the scent sta- tween forest interior and road (Ft.s = 0.03, P =
tions ranged from 2% to 92% forest with the 0.861) or clearcut (Ft.s = 0.66, P = 0.439) edges
remaining landscape composed primarily of ag- (Fig. 1).
ricultural land uses such as pasture and crop- There was a site (Ft.s - 4.02, P = 0.062) and

• land. Initial evaluation of the Cook_ D statistic year x treatment (F4,e- 5.29, P ffi 0.022) effect

reqtfired a square-root transformation be made but no treatment (F4.s = 1.47, P ffi 0.297), year
on the relative abundance of raccoon and (FLs ffi 1.99, P ffi 0.196), or year x site (F_,s =

striped slmnlc Because of high multicoilinearity 0.03, P = 0.974) effect in opossum relative
the following parameters were dropped from abundance. The ANOVA contrasts indicated
the full model: percent of landscape in agricul- there were no differences in relative abundance
rural land, forest mean patch size standard de- of opossums between forest interior and agri-
viation, forest mean nearest-neighbor standard cul_ (Ft_ = 0.89, P ffi 0.374), riparian (Ft.s
deviation, agricultural mean nearest-neighbor = 0.01, P = 0.934), road (FLs ffi 1.24, P ffi

• , standard deviation, and forested land adjacency. 0.298), or clearcut (Fl.s -- 1.06, P ffi0.334) edg-
The best reduced raccoon regression model es (Fig. 1). The year x treatment interaction

(adjusted B2 = 0.62, n ffi 25, Fa.m = 13.97, P was likely the result of large changes in relative
<. 0.001) was Y ffi -4.463 + 0.127(latitude) abundance of opossums between years in forest

+0.097(stream density) + 1.0E-05(agriculture interior (Fig. 1). Also there was large between-
mean patch size). Partial F-statistics indicated year variation in relative abundance of opos-
stream density (FL_I ffi 7.80, P = 0.011) and sums along road and riparian edges.• Scent-station visitation rates by striped
latitude (Fml = 8.89, P = 0.007) explained skunks during the sampling period were ex-
most of the variation, and that agriculture mean tremely low, which precluded statistical analysis.

patch size (Fml = 3.76, P = 0.066) was a minor Preliminary testing of scent station methods pri-
• component of the model, or to actual sampling indicated striped slmnks
• The best reduced regression model for opos- would use this type of scent station.

sums (adjusted B 2 = 0.69, n ffi25, F4_0 ffi I4.26,
P < 0.001) was Y = -5.516 + 0.08(stream den- DISCUSSION
sity) + 0.001(forest mean nearest-neighbor dis- We identified factors at both a landscape and
tance) + 0.155(latitude) - 0.011(contagion). local scale that were related to distribution of

,
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["1 1994 m 1995 E] COMBINED (Giles 1939, Noren 1941). Previous studies of

raccoons indicate that cropland intermixed with
0.50 woodlands are preferred habitats (Noren 1941,

• Johnson 1970, Pedlar et aL 1997), while pasture
0.40 is less preferred (Pedlar et al. 1997).

, Latitude was a significant factor associated
- 0.30 with opossum abundance, also a pos__ble reflec-

lion of preference for cropland or an avoidance
Z 0.20 of grassland. Allen et aL (1985) believed that
O opossums avoided grassland habitats b_ on

O movements recorded for an individual that
0.10

r_ would walk around a pasture rather than walking
the shorter mute across it. The positive associa-

0.00 tion of relative abundance of opossums with
IN AG CC RD RPo streams and forests mean-nearest neighbor dis-

r_ 0.25 tance, and negative msoctm_ with contagion,
indicates that opossum me more abundant in

. _ 0.20 heterogeneous landscapes with widely spaced
paw.hes of forest and high densities of rip_

0.15 habitat. These landscape eharacte_ may re-

fleet habitat prefereaees for deaning and forag-
tug activities (Reynolds 1945, Llewellyn and

0.10 Dale 1964, Leberg et aL 1983, Allen et aL 1985).
r_ Although corn has been reported as a dietary0.05

component in several studies reviewed by Gard-
O her (1982), opossums have a diverse diet. Many

0.00 potential foods inch as _ rodents, insects,
IN AG CC RD RIP crustaceans, fruits, and berries may be more

abundant in agricultural landscapes along
TREATMENTS seremm became of the high fer_h'ty of the soil.

Fig.1. Meanproportionofscentstal/ons(bar= 95%conf,- Landscapefactorsdid.notexplainvariationin
dence interval) at which raccoons and opossums were de-
lectedinforestinteriors(IN)andforestadjoiningagriculturalre]at/ve abundanceof' sb'/pedsktmk. This lack
fields(AG),clearcuts(CC),roads(RD),anddpammareas of' associaUoncot]k] have (K:_-'urre_because

• (RP).Treatmentswithasterisksoverbarewerestgnifr,_W scent statiom along roads inadequately mea-
differentfromforestinteriorhabitat, snred relative abundance, landscape character-

istics inadequately represented critical habitat

mammalian predators. At a landscape scale, rac- components, or factors other than habitat were
coom were more abundant in agricultural land- governing the abundance of striped skunks.

, stapes with high densities of _ than in Striped skunk had the lowest visitation rate of
forested landscapes with low densities of the 3 species surveyed, Other studies (Lins-
streams. Studies have shown that raccoom are combe et aL 1983) have used similar scent sta-

fond of foraging along streams. Greater abun- tiom and achieved visitation rates for striped
dance of raccoons at higher latitudes in Missou- skunks similar to that of raccoon.
ri could be related to correlated landscape char- We found potentially important relatiomhips
acteristics that we did not directly measure. For between relative abundance of predators and
example, the data on land use and land cover forest edges. Raecoom were detected more of.
did not differentiate between pasture and crop- ten near agricultural edges and riparian areas.
land. Within Missouri, southern agricultural No differences were detected among treat-

lands are predominately pastures and hayfields, ments for opossums, but opossums had consis-
whereas northern agricultural l_ads are pre- tently greater visitation rates along agricultural
dominately cropland such as corn and soybeans, edges. We could.not detect treatment effects in

Higher predator abundance at northern lati- opossum visitation rates because of the large
tudes may reflect a greater abundance in crop- decreases in the visitation rates between years
land, and particularly corn, a potential food in the forest interior.

.
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Raccoon use of agric_mral and r/par/anedges itat fi_tors at landscape and local scales. I_-
is consistent with the/r use of these areas for for- coons and possibly nest predation rates will be
aging as previously discumed under landscape el- higher in forests that are part of a landscape
fects. Although it is possible raccoons also used with a significant agricukural component At a
these areas as travel lanes, we did not detect local scale, mecxmn numbers or activities were

them at a greater frequency along road or dear- greater near forest edges with adjacent riparian
cut edges. We believe it is unl/kely that elearcut and agricultural fields, possibly because of
or road edges were a significant foraging habitat, abundant foods. We suggest that only some
However, we believe raccoom were detected types of edges Orfragmentation affect predator
more often along riparianand agrieultund edges activity or numbers. Fragmentation of forest by
because of foraging opportimities, habitats that are used for foraging and that po-

Donovan et al. (1997) measured predation of tentiaHy provide abundant foods increased rae-
"artificial nests at the landscape and local scale, coon abundance or detection rates. Other types
Predation was greater in fragmented landscapes of edges or land uses, however, did not,
than landscapes with moderate or low legels of
fragmentation. Donovan et aL (1997) also eval- ACKNOWLEDGMENTS
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