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ABSTRACT

Pcpolation estimates and visitation rates of raccoons to scent-

stations were catpared for 2 stucfy areas (control = 2588 ha;

ejperimental = 2545 ha) on Qiuck Swan Wildlife Management Area (CSWMA),

Tennessee. Live trapping and scent-station data were collected frcm 5

July 1983 to 29 July 1985, during vMch time 3 nights (November -

December, 1984) of managed raccoon hunting were conducted throu^out the

9872 ha CSWMA peninsula, exclusive of the control area. Data also were

collected during the 3-night, 1985 CSWMA raccoon hunting season.

In 6400 trapnights, 825 raccoon captures represented 328

individuals (1 raccooiyv.TS trapni^ts). Trapping success was

significantly greater in the control area (17.39%) than in the

experimental area (12.83%) (P<0.001). Seventy-nine raccoons were

harvested in 1984 from all hunted conpartments at a party success rate

of 74%. Hunters harvested 39 raccoons in the experimental area in 1984

and 29 in 1985. The success of hunting parties was not related to the

trapping sucxiess by conpartment (P=0.20); however, there was a

relationship between the average number of hectares available to a

hunting party and their success (P<0.003).

The Jolly-Seber (J-S) and Petersen-II estimators were both

influenced by heterogeneity of capture. Generally, hi^er estimates of

raccoon density were produced for the control area than for the

experimental area by all estimators. J-S estimates, which allow for

recruitment, were the most robust for the fall raccoon population on

CSWMA; capture's model piroduced more robust spring estimates. Fall

V



VI

derjsity estimates, pooled across both areas, ranged from 1 raccx>on/19.4

ha (1983) to 1 raccooiVll.6 ha (1984). Spring densities ranged from 1

raccooiV17.9 ha (1984) to 1 racxx)orv'14.3 ha (1985). In the experimental

area the 1984 racxxon harvest coirprised 15-24% of the Fall 1984

population.

During 25 months from 1983-85, 13 (52%) scent-station surveys were

ccrrpleted. Scent-station visitation by raccoons in the control area

(5.02%) was not significantly hi^er than in the e>5)erimental area

(4.07%) (P>0.50). After the 1984 raccoon harvest monthly visitation to

scent-stations was 92% hi<^er in the experimental than had occurred

prior to these hunts. Maximum and mirumum visitation in both areas

occurred during summer and winter, respectively. However, neither

season nor year were related to visitation rates. Within the control

area hii^er visitation occurred in regions vhich experienced more

raccoon captures/recaptures. Ihis relationship did not occur in the

experimental area. Population estimates were not related to visitation

rates of raccoons to scent-stations in either the control area (F^O.62)

or the experimental area (P=0.58).

Impact of a harvest on the CSWMA raccoon population was minimized

through a reduced season length and use of a controlled harvest

strategy. The role of hunter density on harvest success should be

investigated throui^ further research. Limited visitation to scent-

stations rendered these surveys ineffective as a raccoon index for east

Tennessee.
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CHAPTER I

INTRDDUCnON

Ihe raccoon fProcvon lotor) is Tennessee's state animal, and has

been pursued for recreation and profit since pioneer days. There has

been a resurgence in the popularity of raccoon hunting in the eastern

region of the state. Since the 1950's, the number of raccoon hunters in

Tennessee has declined sli(^tly, vMle the number in east Tennessee has

more than tripled from an estimated 2630 in 1951 to 9637 in 1969

(Whitdiead 1975). In 1951 only 7% of Tennessee's raccoon hunters

(37,569) were in the eastern region of the state; however, in 1986 25%

of all the state's raccoon hunters (24,648) were in east Tennessee (C.

Whitehead, Tennessee Wildlife Resources Agency (IWRA), pers. comm.).

Statewide, over 23,800 raccoon hunters sold approximately 75,000 pelts

in 1978 valued at $1,575,000 (IWRA 1979). Raccoons are one of the many

furbearing species vMch historically have been considered abundant by

State agencies in the southeastern U.S. (Sumner and Hill 1980).

However, raccoons in many areas of east Tennessee were considered scarce

as early as 1940 (Wing 1940, Minser and Pelton 1982).

Despite similar habitat capabilities, privately owned lands support

fewer raccoons than parks or wildlife management areas vtiere they are

relatively dense for east Tennessee (Minser and Pelton 1982).

Rabinowitz (1981) estimated the raccoon density in Cades Cove, Great

Smoky ̂ fountains National Park (GSMNP) to be 1 raccoon/17 ha. The

raccoon density on CSWMA has been as high cis 1 1^00001^14.7 ha
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(Nottin^iam 1985). Hall (1978) and Warr (1978) found raccoon densities

on privately owned lands too lew to estimate. Even thou^ relatively

dense on wildlife management areas in east Tennessee, raccoons have been

subject to periodic overharvest on these areas because of an increase in

harvest pressure and a lack of harvest management. On CSWMA, during a

9-ni^t season in 1976, 136 raccoons or 32% of the estimated population,

were harvested by 638 parties (Woods 1978). This harvest level was too

hi^ to maintain sustained yields as indicated by a decline in success

for the next 2 years, resulting in a closed season (Nottin^iam et al.

1982). A similar season closure also occurred from 1965-70 on CSWMA.

When trapping was ineffective, ni^t hunting successfully reduced a

dense raccoon population on the Wheeler National Wildlife Refuge (WNWR),

Alabama. No limit was placed on the nimiber of dogs, number of hunters,

or the number of raccoons allowed to be taken per party. Guns and axes

were barred so raccoons were shaken out of trees (Atkeson and Hulse

1953). Raccoon hunting has the potential to deplete densities even in

areas of optimum habitat such as WNWR. In areas of less than qptimum

habitat, such as east Tennessee's V5)land hardwoods, the iitpact of

hunting on raccoon densities is believed more severe.

Although the biology of the raccoon is well documented, there is a

scarcity of information on vhich to base sound management practices

(Whitdiead 1975). The percentage of raccoons vhich can be harvested on

a sustained basis in east Tennessee is not presently known (Minser and

Pelton 1982); without knowledge of this surplus, populations cannot be

fully exploited without risking overharvest (Johnson 1982). Concurrent

controlled raccoon hunting and population monitoring on an area, over a
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given period of time, would provide data to determine such a surplus.

Ctontrolled hunting is defined by Scott (1948) as "the orderly harvesting

of wildlife throu^ an equitable and pre-determined distribution of

hunter pressure." As early as 1948, at least 30 states had atterrpted a

controlled harvest on either big or small game. Intensive management of

white-tailed deer hunting has been conducted viiere hunters were assigned

to specific stands from vhich to hunt (Roseberry et al. 1969). Similar

harvest strategies for raccoons have not been documented.

Mark-recapture methods are perhaps the most widely used technique

for assessing trends in furbearer populations (Clark and Andrews 1982).

Mark-recapture is becoming less feasible due to the intensity and

expense involved. Presently, the i:ise of an index of relative abundance

is becoming more common; this involves the counting of some animal sign

believed to be related to the number of animals present (Davis and

Winstead 1980). Scent-station surveys, vhich record animal tracks, have

been conducted for furbearers in 10 (63%) southeastern states (Johnson

and Pelton 1981). Scent-stations were initially conducted for foxes

(Wood 1959). However, scent-stations were not used extensively until

the U.S. Fi^ and Wildlife Service adopted the survey as a means to

index coyote fCanis latrans) populations in the western U.S. (Linhart

and Knowlton 1975). Subsequently, the technique has been used by many

southern states to assess the relative abundance of furbearers (Johnson

and Pelton 1981, Linscombe et al. 1983). In addition to their use for

raccoons, scent-station surveys have been conducted for bobcats (Lynx

rufus) (Brady 1979, Hon 1979) and opossums (Didelphis vircfiniana)

(Leberg et al. 1983). Several states have conducted surveys for
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assessing the abundance of several species (Sumner and Hill 1980,

Morrison et al. 1981, Conner et al. 1983).

Despite the wide lase of scent-station surveys to monitor population

trends, data are lacking for ccirparing scent-station indices to known

densities (Johnson and Pelton 1981, Clark and Andrews 1982, Conner et

clL. 1983). The assuirption that scent-station visitation is consistently

related to the density of a species has not been proven (Roughton 1979).

Both Conner et cil. (1983) and Linscombe et al. (1983) failed to provide

population trend data from vhich an accurate calibration of the scent-

station index could be obtained. Nottingham (1985) coirpared raccoon

scent-station visitation and natural population trends, based on

concurrent mark-recapture data, from 1981-83 on CSWMA. He concluded

that there was no significant relationship between either raccoon

population estimates or capture success and scent-station visitation

rates.

It was the purpose of this study to determine vhether scent-station

surveys were able to detect a population reduction resulting from a

controlled raccoon harvest on CSWMA. The following objectives were

established: (1) to estimate the density of raccoons for spring (pre-

recruitment) and fall (post-recruitment) based on mark-recapture

techniques for 2 areas in CSWMA, (2) to evalxaate the relationship

between density and visitation rates to scent-stations for a harvested

and an uriharvested raccoon population.



CHAPTER II

STUDY AREA

Stucfy Area Description

CSWMA is located approximately 40 km north of Kioxville, Tennessee

in Union and Campbell counties. Access to the 9872 ha area is by

secondary road west of State Hi^way 33, 16 km north of Maynardville,

Tennessee, in Union County.

Lying within the Great Valley of east Tennessee, CSV3MA is thereby

part of the Ridge and Valley Province of the ippalachians (Fenneman

1938). This area is characterized by nimnerous elongated ridges vhich

are steep-sided (Minckler 1946). The study area is bisected by a main

central ridge, oriented in a northeast to southwest direction, with

smaller ridges extending from it at ri(^t angles. Elevations range from

305 m along the reservoir shoreline to 512 m at Weaver's Kidb. CSWMA is

underlain by cherly and sandy dolomitic limestone of the Knox formation

(U.S. Dept. Agriculture 1953). These soils are generally low in

fertility, lew in organic matter and strongly acidic. Drainage in the

area is rapid due to quick subterranean drainage (lowlands) or steep

slopes in combination with porous topsoils (irolands) (Rothacher 1953).

Three perennial surface streams and 4 springs are located on the

area; other surface streams exist tenporarily but generally they are dry

during fall. Limestone sinks are common throu^out the area, especially

on the Clinch River side of the peninsula (Safley 1974). Ei^t major
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caves exist on CSWMA; 2 minor ones were discovered recently by

Nottin^iam (1985).

Climate of the area is tenperate and continental. Data collected

over a 15-year period indicated 117.4 cm of mean annual precipitation

for the CSV3MA (Simimers 1968). The greatest precipitation occurs during

winter (December-March) and mid-summer (July), while the driest period

is from late summer to early fall (August-Octc±)er). Union County

weather data collected over 28 years indicated an average growing season

of 174 days (Minckler 1946). Mean temperature is 3.3 C in winter and

23.8 C in summer (Rothacher 1953). Infrequent snowfalls remain on the

ground only a few days.

A southern pine beetle (Dendroctonus frontalis) infestation during

the mid-1970's changed the predominately southern pine fPinus spp.)

forest to one in vhich hardwoods are dominant. Ihe forest cover on

CSWMA is also a result of influences such as slope, ejqjosure, and

steepness of the topography (Minckler 1946). Yellow pcplar

(Liriodendron tulipfera) and yellcw poplar-shortleaf pine (Pinus

edhinata) associations are found on northerly slopes whereas oak

(Quercus spp.) and oak-pine fPinus spp.) occur on the southerly slopes.

Oak-hickory fCarva spp.) complexes are found on both slopes. A greater

diversity of hardwoods, such as American beech (Fagus crrandifolia^,

maple (Acer spp.), sycamore fPlatanus occidentalism and yellow poplar,

is found in bottomlands. Presently, approximately 93% of the study area

is forested, of vhich 85% is hardwoods (Nottin^iam 1985).

The area now recognized as CSWMA was first settled in the late

1770's or early 1780's (Safley 1974). Com, vheat, and livestock
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farming provided subsistence living. Remnants of biaildings, cisterns,

cemeteries, and former roads exist throu(^out the area. To complete its

construction of Norris Dam, the Tennessee Valley Authority (TVA)

purchased most of the land making 15) the management area in 1935 and

1936. ^proximately 2400 persons resided on the 531 tracts of land at

the time of the purchase (Lewis and Safley 1967). To develop the area's

forest and wildlife resources, TVA transfeinred this land to the State of

Tennessee in 1952. As late as 1981, 8 non-residing families still owned

a total of 164 ha of land within the management araa. TVJRA and the

Tennessee Department of Conservation, Division of Forestry condemned

these parcels in 1981 and sold all permanent structures through a public

auction in 1984 (P. Bledsoe, TWRA, pers. comm.).

The Division of Forestry is responsible for the management of the

forest resource on CSV3MA. Early management of the forest lacked

continuity. However, long term planning, with even aged management for

both hard and softwoods, is among the present objectives (Nottingham

1985). The area is managed by compartment. Presently there are 18

compartments. Additionally, the Division of Forestry maintains 144 km

of developed roads on the area.

Management of Chuck Swan's wildlife resource is administered

throu^ TVIRA. Management practices vhich favor vhite-tailed deer

(Odocoileus viroinianus) and wild turkey fMeleacrris cfallopavo)

populations include controlled hinting. Adaptive species such as

raccoons may take advantage of management practices designed for other

species (Safley 1974). Fields, vhich comprise 7% of CSWMA, are leased

to local farmers for com or clover/orchardgrass production. Leasing
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agreements were establi^ed to help c»ntrol the presence of fescue in

fields on CSWMA. Under most leasing agreements, 20% of each crop is

left in the field. Generally, fields are rotated into the production of

farm crops every 2-3 years to help remove fescue from the fields (P.

Bledsoe, IVJRA, pers. comm.).

Raccoon populations on CSWMA were probably limited and did not

increase imtil protection was provided by TVA's acquisition of the land

in the 1930's (Safley 1974). Hunting produced annual harvests ranging

from 66 to 158 raccoons vjntil harvest success decreased in the early

1960's. The season was closed from 1965-70 to allow the population to

recover from a possible overharvest. Hunting was permitted from 1971-78

until an apparent overharvest resulted in another season closure

(Nottin^iam et at. 1982). The raccoon season on CSWMA remained closed

until 1984. Trapping of any furbearers was not eillcwed on CSWMA until a

limited season was initiated in January 1986, at vbich time all

furbearers could legally be trapped except raccoons. A single entrance

road and a resident IWRA manager/law enforcement officer, reduce the

likelihood of illegal raccoon hunting, thereby enhancing the area's

research capabilities.

Study Area Choice

Two stucfy areas of comparable size (control = 2588 ha;

ejperimental = 2545 ha), adjacent to one another for logistical

considerations, were established on CSWMA (Figure 1). Live-trapping of

raccoons and scent-station surveys were conducted in both areas from
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1983-85. In addition, c»ntrolled racxx)on hunting v/as conducted

throu^out CSWMA, in 1984 and 1985, except in the control area.

Butterfield (1944) found that raccoons are usually confined to 1

watershed and that ridges may constitute a physical barrier. Therefore,

we assumed that the dividing ridge between the 2 areas restricted

raccoon movements between them (Nottingham 1985).



CHAPTER III

MATERIALS AND METHODS

Population Estinvation

Data Collection

Trapping. From 5 July 1983 throu^ 29 July 1985, 40 collapsible

live traps (Tomahawk Live Trap Co., Tomahawk, WI) were baited with

sarxiines during 4 trapping periods. Each trapping period consisted of

20 independent ni^ts of trapping in the control area followed by 20

ni^ts in the ejq^erimental area. Trap sites were located in the center

of circular plots with a radius of 0.8-km (0.5-mi), vMch were uniformly

distributed throu^out each study area. Trap spacing was based on

estimated home range size of adult raccoons from east Tennessee (Hardy

1979). The radius of each circular plot was less than the average

linear distance (1.6-km) traveled from original capture sites by

raccoons on CSWMA in 1976 (Woods 1978). Road access influenced final

positioning of traps in the field. Trap sites were re-used for the

duration of the study. Seventy-four of the 80 trap sites were the same

as those xased 1:^ Nottingham (1985). Occasionally raccoons were able to

reach into the baited end of a trap to steal the bait without being

captured. Rocks and sticks, too dense to be moved 1:^ raccoons, were

placed around the baited ends of the traps to eliminate bait theft. An

increasing amount of materials were placed around traps until bait theft

11
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was no longer necxDrded at that particular site. Sardine packing oil was

poured in and euxtund the trap to help disperse the bait scent.

Live traps were checked and re-baited daily. Captured raccoons and

foxes were immcbilized by injecting with Ketamine hydrochloride

(Bristol-^^ers Co., Syracuse, NY), at a dosage of 0.2 cc/kg of estimated

bocfy wei^t (Bigler and Hoff 1974). An aluminum jab stick, with a

syringe on the end, was used to administer the drug. Once sedated,

animals were sexed, aged, weired, and standard morphological measures

were taken. Adult raccoons were aged according to tooth wecir (Grau et

al. 1970) vhich eillows the placement of raccoons into 1 of 5 relative

age grou^js: 0-14 months. Class 1; 15-38 months. Class 2; 39-57 months.

Class 3; 58-86 months. Class 4; and over 86 months, Class 5. This

method proved to be 82.7% accurate in a known age sairple. Preweaned

raccoons were aged according to eruption of deciduous and permanent

teeth (Mbntgomery 1964); accurate ages of raccoons 1:55 to 111 days old

can be obtained. Foxes were aged cis either adult or juvenile.

Reproductive condition, ectoparasites, and overall bocfy condition of

raccoons and foxes were also noted. Raccoons and foxes were tagged with

a plastic, enumerated Rototag (Nasco, Ft. Atkinson, VJI) in the base of

each ear. Tags were color coded according to the sex of the raccoon;

males received red tags and females received yellow tags. Recaptured

individuals were identified and released if both ear tags were legible

and intact. Illegible or lost ear tags were pronptly replaced. All

captured animals were released at capture sites.

Data sheets utilizing a computer format for efficient entry of data

into data files were completed for each capture or recapture of a
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raccoon or fox. Miniinum and iiaxiinura teirperature, ovemi^t weather

conditions (overcast, fog, clear) and the occurrence or absence of

rainfall was also recorded for each trapping date.

Hunting. Controlled raccoon hunting was conducted on 12 November,

14 November, and 10 December, 1984. Additional data were collected

during the 1985 raccoon hunts conducted on 18 November, 20 November, and

2 December. Regulations specifying a maximum hunting party size of 3

persons, assigned hunting areas (corrpartments), and an 0200 hour maximum

check out time, were made available to the public. Additional rules

included a 1 dog/hunter limit and a bag limit of 1 raccoon/party/night.

Applicants were required to submit names and hunting license numbers of

party members to receive a 1-ni^t hunting permit. Forty-four permits

were issued for each hunt on a first come basis by IWRA. Each permit

allowed 1 part^ (1-3 persons) to hunt.

CSWMA comprises 18 management ccarpartments, 5 of vhich are located

in the control area vhich was not hmted (Figure 2). Five compartments

are located within the boundaries of the experimental study area; 8

conpartments ccmprise an additional area of 4739 ha. This area was

designated the remaining hunted area (RHA). On the night of each hunt,

persons possessing the proper permit were required to wait at the CSWMA

checking station until approximately 1800 hours. At 1800 hours, the

rules were read aloud to the groip, the assignment proc:ess was

described, and a list of registered party leaders was read aloud. Pairty

attendance was recorded and each party rec::eived a map of the areas vhich

cxjuld be hunted (Figure 2). The parties were assigned to a cxmpartment
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by a lottery. Ihe first 20 parties cSrawn were eissigned to a canpartment

of their choice (if possible) within the ejqjerimental stuc3y eirea, at a

density of 4 parties per canpartment. The RHA was assigned parties

(after the experimental area was filled) at a density of 3 parties per

ccmpartment, or until each party was assigned to a corrpartment. A list

of party assignments was maintained for each nii^t to insure that no

more than the correct number of parties was assigned to any one

corrpartment.

Once assigned to a corrpaitment, a part^ received a card with their

ccffipartment nurtiber and party assignment number. Therefore if they were

the first party assigned to corrpartment 10 then they received the card

with 10-1 printed on it. This card was to be left in their vehicle's

windshield so IVJRA personnel could verify that parties were in the

correct management conpartment. After a party received its windshield

card it was allowed to begin hunting.

Harvested raccoons were broui^t intact to the checking station.

After data were collected on external features hunters were allowed to

skin their raccoon. Once skinned, an internal examination was

performed. Data collected on harvested raccoons were the same as that

for trapped individuals. Reproductive tracts of females were eilso

collected. Reproductive tracts were examined for the presence of

placental scars (Sanderson 1950) in order to estimate average raccoon

litter size.
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Data Analysis

Study Statistics. Data files containing capture, trap activity,

and harvesting or raccoons were created, edited, and stored on the DEC-

system-10 (DEC) Conputer, U T CcDtrputing Center (UTCC). The Statistical

Analysis System (SAS) (SAS 1979) was invoked throng the DEC-IBM

interface at UTCC to edit, compile, subset, summarize, and perform

statistical analysis on capture and harvest data. Chi-square tests were

conducted on sex ratio data to determine goodness-of-fit to a 1:1 ratio.

The effects of month and year on capture success of raccoons were tested

throu^ the \;ise of a least-squares analysis of variance (ANOVA).

Capture success was adjusted to minimize the effect of traps sprung

by either target or non-target species, thereby providing a more

appropriate measure of animal abundance (Nelson and Clark 1973). The

adjusted proportion was calculated as follows:

CE = Ax 100

(lU - IS / 2) , viaere

CE is catch per effort presented as a percentage, a is the number of

animals of the target species trapped, lU is the number of trap units, I

is the length of trapping interval (always 1 night), and S is the total

number of traps sprung by all causes.

population ANalysis (POPAN), described below, calculated survival

estimates and associated variance estimates. Standardizing of survival

estimates (Nottin^iam 1985) was not necessary since sampling periods

were generally completed within 2 months time. The following test

statistic:
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$1 - ̂2
Z =

[var (Si) + var (62)]^

was used to conpare survival estimates for the 2 study areas. The

survival estimate for the control area was designated by Si vAiile the

estimate for the eiperimental area was S2.

The recapture rates of tagged raccoons were examined throu^ a chi-

square contingency table. This test was conducted to evaluate age as a

source of heterogeneity which could bias population estimates.

Heterogeneity is any source of variation vMch results in capture

probabilities that vary among animals (White et al. 1982). Only data

from the second and third trapping periods were used, therefore sairple

sizes should be minimally influenced by mortality. Period 2 was the

marking period and period 3 the recovery period. The 3 age categories

utilized were Class 1, Classes 2 and 3, and Classes 4 and 5. A 3x2

contingency table was coitprised of the totals of tagged raccoons

recovered versus those not recovered in period 3.

Throu^out this project the grouping of months into seasons was

treated as : winter, December - February; spring, March - May; summer,

June - August; fall, September - November. The significance level for

all testing was P=0.05.

Open MJdel Estimator. Open and closed population estimators were

\ised throughout this study. Closed population models assume demographic

(no births or deaths) and geograjMc closure. Open models only assume

geographic closure (White et al. 1982). Analyzing appropriate data in
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both open and closed models can provide corrparative estimates for

evaliiating model r(±fustness (Pollock 1982).

Cpen population estimates were conputed through the use of the

POPAN (Amason and Baniuk 1980) coirputer program. This program uses a

range of variations of the J-S model (Jolly 1965, Seber 1965) to

calculate population estimates; the present stucfy design probably

satisfied most of the J-S model's assumptions (Nottin^iam 1985). The

full J-S model vAiich allows for immigration, emigration, recruitment,

and mortality over a saitple period, was xased to calculate population

size and variance estimates. The J-S model assumes that capture

probabilities vary only by ni(^t.

Within each sample period, data were pooled so only an individual's

first capture was recorded for evaluation by POPAN (Amason and Baniuk

1980, Pollock 1982, Nottin^iam 1985). Pooling is suggested since we are

only interested in whether an individual was captured at least once

during the trapping period. This approach allows the population to be

considered approximately closed over the 20-night period and increases

precision among all J-S estimates (Nottin^iam 1985).

Raccoons with capture histories indicating they utilized both areas

were excluded from the population analysis. Individuals that were

captured more than twice in both areas were omitted. Nottingham (1985)

omitted 13 individuals from the analysis of 1981-83 population data

because they had ejhibited such movements. Several of these individuals

eventually maintained consistent capture histories (2 sample periods in

1 study area) during the present study, and therefore, were included in

this analysis. Seven (2.1%) of the 328 individuals captured, roughly
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half the number omitted ty Nottingham (1985), were omitted from this

analysis.

Four 20-ni^t trapping periods provided data lased in the J-S

analysis. Under general J-S model constraints, estimates are not

pjroduced for the first and last sampling periods. However, an estimate

was produced for Fall 1983 because the initial marking period was

conducted by Nottingham (1985). Likewise, a follow-vp sample period

(Fall 1985) provided the data necessary to produce a J-S estimate for

Spring 1985.

Closed Model Estimators. Two estimators provided closed population

estimates. Trapping data from Spring 1984 and 1985 were analyzed by the

program CAPIUPE (Otis et al. 1978); spring trapping was conducted in a

relatively short time frame prior to reproductive recruitment, thereby

meeting the assumption of closure. CAPIURE tests for closure, selects

the appropriate model, and estimates the population size. Goodness-of-

fit tests of trapping data determine vhich is the best model (of 8

possibilities) for calculating pcpulation size. CAPIURE's models were

developed to relax the equal-catchability assumption (Otis et al. 1978).

Animal capture probabilities varying by time, behavior, individual and

comibinations thereof, are the basis for the 8 models (Otis et al. 1978).

For the CAPIURE analysis all raccoons which were previously-marked by

inyself or Nottin^iam were treated as newly captured individuals (K.

Pollcxdc, S.E. Coop. Wildl. and Fish Stat. Proj., pers. comm.).

The second closed population estimator used was Chapman's

modification of the Petersen estimator (Sdoer 1982). The Petersen-I
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estimates, vMch were generated from the 1984 and 1985 harvest data,

considered the previous saiiple period as the marking period. To produce

an estimate from the harvest data for Fall 1984 (resairple period), then

the Fall 1984 trapping period was considered the marking period. The

second format used to produce Petersen estimates (Petersen-II) followed

Nottin^iam's (1985) approach in vMch each 20-night trapping period was

divided into a 10-ni^t marking period and a IG-ni^t resanpling period.

Animals marked prior to the specified marking period were considered

newly captured for both Petersen formats. All Petersen estimates were

calculated by utilizing the following formula:

(M +1) (n + 1)
N = - 1 , viiere

(m + 1)

N is the estimated population; M is the number of animals caui^t in the

first sanple (marking period); n is the n;imber of marked and immarked

animals caught in the second sample (resampling period); and m is the

number of marked animals in the second sample. The variance formula for

this estimator is:

(M +1) (n + 1) (M - m) (n - m)

Var (N) =
(m + 1)2 (m + 2)

Standard error of the estimate, divided by the estimate itself,

produced coefficients of variation (CV) for all population estimates.

C3oefficients of variation allow carparisons of relative precision

between open and closed estimates (Lefebvre et al. 1982). Furthermore,

95% confidence intervals (C.I.) (Otis et al. 1978) were calculated for

each estimate.
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Scent-Station Surveys

Data Collection

Four scent-station transects, consisting of 10 stations each, were

established in each stucfy area (Figure 3) (Nottin^iam 1985). Both study

areas were comparable in size, so that sampling intensity was equivalent

between the control and experimental areas. Located within 12-m of the

road's edge, scent-stations were generally on alternating sides of a

continuous 2.9-km (1.8-mi) route at 0.32-km (0.2-ini) intervals.

However, scent-stations were not placed to maximize the likelihood of a

raccoon visit, as has been developed in west Tennessee (Leberg and

Ifennecfy In press).

Each scent-station was activated by 2 persons (with a box sifter)

sifting topsoil over the 0.91 m cleared, circular plot. A cottonball

saturated with synthetic fat1^ acid scent (FAS) (Roughton 1979) was

placed in the center of the station on a wooden tongue depressor. FAS

(Pocatello Supply Depot, Pocatello, ID) was chosen because of its

attractability to several species and qucility control (Morrison et al.

1981, Nottingham 1985). A thumb print Wcis left in the sifted surface to

serve as an indicator of the "readability" of the track surface.

The 8 lines were run concurrently and were activated by 2 field

teams of 2 persons; each team prepared 4 lines. Each field team,

working out of a truck loaded with topsoil, had a map detailing scent-

station location. Ihe day following activation, all animal tracks were

recorded and the tongue depressors (with cottonballs) were removed. All
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stations were considered operable unless they were destroyed 1:^ weather

(Rou^ton 1979). This was done to standardize the technique and to

reduce investigator subjectivity. Data recorded for each survey

included station number, line number, track surface condition,

precipitation 24 hours prior to survey, wind condition, and maximum and

minimum tertperatures. VJhen surveys were conducted during trapping

periods, traps were closed to prevent inhibiting raccoon movements.

Data Analvsis

Species visitation rates (%) were calculated by dividing the total

number of visits of a species by the total number of operable stations

per line. Data were circsine transformed because experimental errors

were not likely independent or normally distributed with a common

variance (Steel and Torrie 1960, Nottin^iam 1985). If the average

visitation rate of raccoons to a line was zero prior to the

transformation, this zero value was substituted with 1/4 (n) to iitprove

the equality or variance in the angles (Steel and Torrie 1960). Each

sample unit or line consists of 10 stations, therefore n=10.

Relationships between visitation rates and survey lines, seasons,

and years were performed throu(^ the use of least squares analysis of

variance (ANOVA). Linear regression was used to analyze the

relationship of visitation to survey replication. A mean visitation

rate for each survey was considered the dependent variable. Visitation

rates of raccoons to scent-stations were calculated for each of the 4

trapping periods. The relationship between visitation rates and

population estimates was evaluated by Spearman correlation analysis.



CHAPTER IV

RESUXJIS AND DISCUSSION

Population Estimation

Study Statistics

Trapping. From 5 July 1983 to 29 Jialy 1985, 4 20-ni^t trapping

periods were conducted resulting in 6400 trapni^ts. Each trapnight

consisted of 1 ni^t that 1 trap was open. Therefore, each trapping

period represented 800 trapni(^ts (20 x 40) in each area. The 2 study

areas produced 825 total captures representing 328 individual raccoons

(1 raccoon/7.76 trapnights). In the control area 470 captures consisted

of 182 individuals. The mean number of captures per individual was 2.58

in the control area. The ej^jerimental area produced 355 captures of 158

individuals with a mean of 2.25 captures per individual. The total for

each area included 12 individuals that were captured in both areas. A

conplete capture history for each raccoon is provided in Appendix B.

Eleven non-target species were captured 627 times (i^pendix C). The

mean adjusted raccoon trapping success for this stu(^ was 15.05% (Table

1). Trapping success was significantly greater in the control area

(17.39%) than in the experimental area (12.83%) (t=64.14, P<0.001).

Monthly ai>d seasonal trapping success varied considerably (Figures

4 and 5). The hi^est trapping success occurred during spring (27.9%)

in both areas, followed by summer (10.4%) and fall (7.0%). Nottingham

24
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Table 1. Adjxasted trap sucxiess (%) for the 2 stuc^ areas,
CSWMA, 1983-85.

Sairple Period
Control

Area
Ejq^erimental

Area Mean

Fall 1983 9.49 3.56 6.52

Spring 1984 22.86 19.37 21.11

Fall 1984 12.83 13.34 13.08

Spring 1985 24.38 15.06 19.72

Mean = 17.39 12.83 15.05
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(1985) reported hi^er trap sucx:::ess for summer than in spring for these

same 2 study areas. Peak breeding activity (i^pendix A) occurred in

April \diich does not correspond to the peaks in monthly trapping

success. Movements of raccoons are related to the availability and

preference of foods (Johnson 1970). Trapping on CSWMA was probably

influenced hy food availability (Keeler 1978, Moore 1983) becaxise most

natural foods, as well as the planted crops on CSWMA, are not available

until mid- to late-summer.

Trapping success in the control area was significantly influenced

by month (F=36.40, P=0.03) and season (F^.IO, P=0.C2), v^ereas the

experimental area was not influenced by either (F=1.58, P=0.42; P=3.09,

P=0.15, respectively). To maintain trapping success traps were only run

5-6 consecutive ni^ts and then closed for 3-5 ni^ts. Therefore, it

would require 30-40 ni^ts to conduct a 20-ni^t sample period. In both

^ring and fall, the control area was trapped before the experimental

area. Furthermore, fall trapping was initiated as late as possible to

insure the capture of young-of-the-year raccoons. However, once the

fall trapping was begun each 20-ni^t period was conducted in as close

to 20 nii^ts as possible. Subsequently, the period in viiich trapping

was not conducted (i.e. the time between the spring and fall trapping

periods) was longer in the control area than in the ejperimental area.

Ihis difference, and a possible difference in the level of natural foods

available, may have influenced trapping success in the control area by

month and season. Trapping success did not differ significantly between

years in either the control area (F^l.49, P=0.31) nor in the

ejperimental area (P=1.91, P=0.26).
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With data frcra both ea:BcS coonbined, trapping success was not

inflvienced by maximum daily temperature (P=1.02, P=0.32). However,

success was significantly influenced by minirtium ovemi^t tenperature

(F^l.16, P<0.0001) and the difference between minimum and maximum daily

temperatures (P=8.59, P=0.0039). Trapping success was hi^est during

spring on CSWMA. Warm days with cool evenings were optimum for raccoon

movements. Minimum ovemi^t temperature is the greatest influence on

ni(^tly movements of raccoons (Johnson 1970, Rabinowitz 1981), vMch

inight need to be considered vAien conducting population indices, such as

scent-station surveys.

Hunting. EXaring November and December 1984, a total of 107 hunting

parties participated in 3-ni^ts of raccoon hunting on CSWMA. A total

of 110 parties hunted the 3-night 1985 season. A survey of hunters vho

participated in the 1984 hunts indicated that 76% liJced the way the hunt

was managed and 98% would return to hunt CSWMA the following year (Kocka

and Pelton, Univ. of TN., urpubl. data). Data gathered from hunter

permit applications indicated a mean party size of 2.68 persons for

1984, althou^ the actual mean party size was probably lower because

some party members were unable to attend. Similar data for 1985 were

not available. In 1984, 79 raccoons were harvested from all hunted

corcpartinents (7284 ha) for a party success rate of 74% or 1 raccoon/276

ha. Sixty-seven raccoons were harvested during 1985 for a success rate

of 61% or 1 raccoorv'326 ha. Data on harvested individuals is provided

in ̂ pendices D and E. Under less stringent guidelines during the 1976

season, 638 hunting parties harvested 136 raccoons from the entire
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management eurea over 9 ni^ts, resulting in a party success rate of

21.3% or 1 raccoon/653 ha (Woods 1978).

Within the experimental study area, 39 raccoons were harvested in

1984 at a party success rate of 65% for the 3 ni^ts (range = 55 to 85%)

(Table 2). Mean hunting party success in the experimental area

decreased by 26% from 1984 to 1985 (Table 3). Twenty-one tagged

individuals were harvested in 1984, and 17 in 1985. One tagged

individual each year was harvested outside the ejqjerimental area.

Success of raccoon hunting parties differed significantly between the

experimental area (X=57%) and RHA (X=80%) vhen data were averaged across

years (F=56.29, P<0.0001). Hunting success in the experimental area for

the first and third hunts in 1984 was the same (55%); likewise hunting

success in the RHA for these 2 ni^ts varied by only 3% (Figure 6). On

14 November 1984, the ejqjerimental area ej^serienced a 55% increase in

hunting party success vhile a 23% decrease in success occurred in the

RHA. IXiring 1985, hmting success in the RHA varied little between

ni^ts, vhereas success in the ej^jerimental area declined constantly, as

evidenced by a 42% decrease from 18 November to 2 December. When

analyzed by area, hunting party success differed significantly between

years in the ej^jerimental area (F=20.99, P<0.0001) but not in the RHA

(F^0.30, P=0.59). Although several investigators have reported a

relationship between temperature and hunting party success (Johnson

1970, Woods 1978, Holman 1983), no such relationship was found for the

combined 1984 and 1985 CSWMA data (F=0.99, P=0.32). Likewise, neither

cumulative harvest (both areas) (1^0.30, 1^0.58) nor trapping success by

canpartment (experimental area) (P=1.68, P=0.20) was related to hunting
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party success. Hunting success in the experimental area and RHA for

each ni^t was ccitpared to the average number of hectares available to

each party. Ccstpartments on CSWMA range in size frcm 397 ha to 674 ha

(X=545 ha). The number of hectares within a corrpartment was divided by

the number of parties assigned to that conpartment to determine the

average number of hectares available to each party. The average number

of hectares available to parties in the experimental area was 149 for

both 1984 and 1985. Each hunting party in the RHA had an average of 292

hectares in vhich to hunt during both years. A significant relationship

was found between the density of himting parties and their success

(P=9.27, F<0.003).

Results frcm 2 years of managed raccoon harvests on CSWMA indicated

that hunting party success generally decreased vhen the density of

hunting parties increased. The experimental area was assigned 4 hunting

parties per conpartment (both years); it experienced a lower harvest

success than the RHA in 1984. The experimental area shewed a continuous

decline in success frcm hunt to hunt during the 1985 season. In

contrast, the RHA Wcis assigned 3 parties per conpartment and maintained

a hi^er success rate per party than did the experimental area, with no

difference in success between the 2 years. The number of raccoons in

the RHA was not estimated; therefore, hii^er success may have been due

in part to the exdstence of more raccoons in this area. However,

trapping success, generally an indicator of animal abundance,was not

related to hunting success in the experimental area (see Relationship of

Indicators of Aburdance to Pcpulation Estimates). Therefore, it is
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unliJcely that hi^er part^ success in the RHA was attributable to a

greater density of raccoons.

Open Model Estimator

Open model estimators relax the assunption of demographic closure

but still assume geographic closure. A limited number of individuals

moved between the 2 stuc^ areas suggesting that geographic closuire was

generally met during the present stuc^ (ippendix A). J-S estimates and

corresponding confidence intervals were produced for each sample period

from Fall 1983 to Spring 1985 (Table 4). The control area experienced a

30% increase in raccoon numbers from Fall 1983 to Fall 1984, vhile the

difference between the Spring 1984 and 1985 estimates reflected only a

10% increase. The 1984 estimates reflected an annual recruitment of

only 13%.

The control area estimates indicated a 15% increase from Fall 1983

(N=142) to Spring 1984 (N=163), instead of showing any over winter

decline. However, several factors must be considered vhen interpreting

these estimates. The lowest capture success (X=6.47%) in this study

occurred in Fall 1983. Trapping during this period in the control area

was characterized by (1) the capture of few unmarked raccoons (n=14),

(2) the capture of only 2 young-of-the-year raccoons, and (3) the

hi^est ratio of marked to unmarked animals (1:2.4) of any control area

trapping period. These results reflect heterogeneity of capture due to

age (juveniles versus adults) and marking (marked versus immarked).

C^jen model estimators assume that equal catchability is present

within the population. Becaiise this assumption is not often met.
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Table 4. Population estimates of raccxons on the 2 study areas,
CSWMA, 1983-85^.

Estimator

-sbJ-S

Petersen-I'^

Fall

1983

142+32

(11%)

N/A

Spring
1984

Fall Fall
Fall 1984 Spring 1985
1984 Harvest 1985 Harvest

163+30

(9%)

N/A

Control

184±42
(12%)

N/A

N/A 180+46 N/A
(13%)

N/A N/A N/A

Petersen-II° 128+75 123+29 142+56
(30%) (12%) (20%)

Jackknife^

J-S

Petersen-I

Pete2rsen-II

Jackknife

N/A 173+39 N/A
(11%)

E?a3eriinental

123±52 99±18 259+114
(21%) (9%) (22%)

N/A

N/A

N/A

N/A

N/A N/A

83+78 99+37 152+83
(48%) (12%) (28%)

N/A 113±23 N/A
(10%)

196+71

(18%)

N/A

N/A

135+48

(18%)

205+46

(12%)

106+34

(16%)

N/A

116+30

(13%)

154+43

(14%)

N/A

N/A

N/A

230+55

(24%)

N/A

N/A

^ Ninety-five percent confidence intervals and coefficients of
variation (in parenthesis) accompany each estimate.

^ Jolly-Seber model.

^ Chapman's modification of the Petersen Model (Seber 1982).
Petersen-I = marking period is previous 20 ni^t sample period.
Petersen-II = marking period is first 10 nights of existing saitple
period.

CAFTORE's inodel (Otis et al. 1978).
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acximste estimation lasually requires population models vdiich allow for

unequal probabilities of capture (White et al. 1982). When conpared to

pcpalations of known size, the J-S estimator has been shown to

underestimate animal numbers vhen capture rates were heterogeneous

(Carothers 1973). The J-S estimator was not robust to the assuirption of

equal catchability, consequently it underestimated the number of

raccoons for Fall 1983 in the control area. In comparison to Fall 1983

trapping conducted in the control area during Spring 1984 yielded a much

lower ratio of marked to unmarked raccoons (1:1.56). The ratio for

Spring 1984 was lower becaiase many (n=8) of the captures were young-of-

the-year raccoons vhich had not been marked during Fall 1983. Despite

these differences between the Fall 1983 and Spring 1984 trapping

periods, the J-S estimate for Spring 1984 had a lower bound (N=133)

vhich was below the Fall 1983 estimate of 142 raccoons, reflecting the

possibility of some animal losses.

The 2% over winter decline from Fall 1984 to Spring 1985 in the

control area sharply contrasts with the 45% over winter decline (pooled

across areas) from Fall 1982 to Summer 1983 on CSWMA (Nottin^iam 1985).

In a marsh habitat, Urban (1970) documented an over winter decline of

38% for a population subject to mortality from steel trapping.

J-S estimates for the experimental area reflect high post-

recruitment estimates followed by lower pre-recruitment figures.

Raccoon density increased 111% from Fall 1983 to Fall 1984, and 7%

between Spring 1984 and 1985. Like the control area estimate, and for

the similar reaisons, the Fall 1983 estimate for the experimental area is

probably an underestimate. Trapping success in both areas was lower
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during fall periods, therefore estimates for both fall periods (mean

C.V.=21%) exhibited greater variation than those for both spring periods

(mean C.V.=13%).

Ihe 162% increase that occurred from Spring - Fall 1984 in the

ej^jerimental area, compares favorably to a 171% increase documented for

the same area for 1982 (Nottin^iam 1985). Raccoon populations are

subject to irruptive fluctuations (Sanderson 1951, Dasmann 1961, Lotze

and Anderson 1979), but these have generally been documented in northern

latitudes.

An over winter decline of 46% averaged from 1983-85 in the

ejperimental area is similar to the 45% rate for both areas from Fall

1982 - Summer 1983 (Nottin^iam 1985). From Fall 1983 to Spring 1984,

the decline was 20%, vhereas from Fall 1984 to Spring 1985, the rate was

60%. This difference between years in over winter decline for the

experimental area may be directly related to the managed hunts rinrKiiir-ted

in Fall 1984 on CSV3MA. The legal harvest of 15-24% of the raccoons in

the ejperimental area plus an unknown percentage vhioh were captured on

the ground by dogs probably accounts for this greater rate of decline

during the second year (see Impact of Harvest on Raccoon Population).

EXoring Fall 1984, the estimate of raccoons on the experimental area

was 41% (N=259) hi<^er than that of the control area (N=184). On the

average, control area estimates were 48% hi^er than those for the

experimental for the remaining 3 saitple periods. Four estimates made

between Spring 1982 and Summer 1983 on CSV3MA consistently reflected a

greater density of raccoons in the control area (Nottin^bam 1985).

Althou^ data from the present stuc^ reflect increased numbers of
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racxoons in Fall 1984 for each ai^ea, the J-S estimate for the

experimental area is probably inflated. This estimate displayed the

highest C.V. (22%) and corresponding C.I. (+ 114) of any J-S estimate.

White et al. (1982) listed a C.V. of 10% or less as one characteristic

of a good estimator in biological studies. Although few estimates

produced during this study met this criteria several were within 6

percent of this ideal C.V.. The Spring 1984 estimate of 99 individuals

(C.V.=9%) is accurate. Data from raccoons harvested on CSWMA indicated

the following conditions:

1. 50% cire females (i^pendix A)
2. 66% of the females are breeding annually (Appendix A)
3. 2.0 young/breeding female is the mean litter size (J^pendix A)

These characteristics and a J-S estimate for Spring 1984 of 99

individuals provided a hypothetical estimate of 163 + 30 for Fall 1984

in the experimental area. However, the Petersen-I estimate derived from

the Fall 1984 harvest data indicates that an accurate Fall 1984 estimate

probably lies between the J-S estimate (N=259) and the hypothetical

estimate (N=163). The J-S estimate for Fall 1984 was probably inflated

(1) a lew ratio of marked to unmarked raccoons (1:0.75), and (2) 13

young-of-the-year captures.

Closed Model Estimators

Trapping. The CAPIURE program was used to analyze trapping data

for Spring 1984 and Spring 1985. Trapping data from each study area

during these 2 periods met the hypothesis for demographic closure (range

of z = -.95 to .60, 1^0.17). Spring estimates were probably robiost to
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the assuirption of closure since mortality and movements were minimal,

and recruitment did not occur (i^pendix A).

CAPIURE selected model (capture prc±)abilities vary by individual

animal) as the most appropriate model for Spring 1985 in the control

area and Spring 1984 in the experimental area. Model (capture

probabilities vary by bdiavioral response to capture) was indicated as

most appropriate for the control area in Spring 1984. CAPIURE selected

model Mtj3 (capture probabilities vary by time and behavioral response to

capture) for the experimental area in Spring 1985. However, no

estimator is available to meet the assuirptions of model (Otis et al.

1978). Data from the ejqperimental area in Spring 1985 ̂ owed too few

"newly captured" individuals in the last third of the 20-nii^t saitple

period to provide a reliable estimate (K. Pollock, S.E. Coop. Wildl. and

Fish Stat. Proj., pers. comm.). Therefore, this data set was reanalyzed

with only the first 12 ni^ts as the complete resample period. Model

Mtjj was again selected, so the resample period was reduced to 7 nights,

at vMch time model Mq (capture probabilities are constant) was selected

hy CAPTURE as the most appropriate mKodel.

Each of the 4 trapping periods experienced heterogeneity of capture

due to sex (Appendix A). Previous research on CSWMA documented sex

(Woods 1978, Nottin^iam 1985) and age (Nottin^iam 1985) as sources of

heterogeneity in raccoon trapping. Model I^, the Jackknife estimator,

eissumes various sources of heterogeneity such as age, sex, social

status, and trap accessibility, and is the most robust of CAPTURE'S 8

models (Otis et al. 1978). Therefore, the Jackknife estimator was

considered to be the most robust and consistent estimator of the CAPTURE
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models for the raccoon data fran CSWMA (K. Pollock, S.E. Coop. Wildl.

and Fish Stat. Proj., pers. ccam.). Leberg (1985) and Moore and Kennedy

(1985) reported model % as CAPIURE's most robust estimator for 2

raccoon population studies in west Tennessee.

Jackknife estimates in the control area reflected a 19% increase

from Spring 1984 to Spring 1985. Despite the Fall 1984 harvest of

raccoons (n=39), a 36% increase from Spring 1984 to Spring 1985 was

indicated in the CAPIURE estimates for the experimental area. Closer

inspection of all estimates for the experimental area ej^jlain this

occurrence. Recruitment and a limited harvest iirpact could explain vhy

the Spring 1985 estimates for the e>p)erimental area were hi^er than

those for Spring 1984.

Petersen-II estimates of raccoons in the control area indicated a

mean over winter decline (Fall 1983 - Spring 1984;Fall 1984 - Spring

1985 of 4.5% and a recruitment increase of 10.5% for 1984 (Table 4). Ey

contrast, the experimental area estimates reflected an increase of 19%

from Fall 1983 to Spring 1984; the Fall 1983 estimate had a C.V. of 48%,

indicating poor precision. Based on the Petersen-II estimates

recruitment in the es^jerimental area was 54% for 1984. The Fall 1984

estimate for the ejqjerimental area reflected the highest imprecision

(C.V.=28%) of any estimate for this same area and time period.

In the present study, as in most population studies, the assunption

of equal catchability was found to be invalid. Most traditional methods

of population estimation (Lincoln, Petersen) are not robust to the

failure of this assuirption (White et al. 1982). During fall periods

recruitment was observed and throughout this stu<^ survival rates varied



42

(i^:pendix A). Closed models assume that the surviveil rate is 100% and

recruitment is nonexistent (White et al. 1982). Therefore, not all

Petersen-II estimates were robust to these assuirptions. Moore and

Kennedy (1985) reported that Lincoln estimates were only slightly larger

than the actual number of tagged animals vhen unequal catchability was

present. The Peteirsen-II estimates appeared to underestimate raccoon

nimibers and had the hii^est mean C.V. (22%) of all the open and closed

estimators losed.

Hunting. Produced from the 1984 raccoon harvest data, the

Petersen-I estimate for the experimental area was 196 + 71 individuals.

This estimate is based on the harvest of 39 raccoons in the ej^jerimental

study area, 13 of vhich had been captured during the Fall 1984 trapping

period (thus considered recaptures by the Petersen-I estimator). The

1985 harvest data produced a Petersen-I estimate of 230 + 55 raccoons.

The 29 raccoons harvested in the e>q>erimental area during 1985 included

7 individuals vhich had been captured during Fall 1985. Coefficients of

variation of 18% (1984) and 24% (1985) indicated that the harvest

estimates had low precision.

However, Petersen-I estimates were probably more robust than the

Petersen-II estimates for Fall 1984. Dimmick et al. (1982) negated the

bias due to trap response in 3 bc±vhite quail fColinus virainiannc;)

populations by systematically shooting rather than live-trapping to

resample each population. Composition of the 1984 raccoon harvest from

CSWMA ̂ cwed no heterogeneity of capture as experienced by live-

trapping. Therefore, the Petersen-I model was less affected by the
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assunption of equal catchability because the resairpling was done by

harvesting raccoons. Average trapping success during Fall 1984 also

increased the likelihood of marking a large proportion of the

population, including young-of-the-year raccoons, thereby minimizing

heterogeneity from age. Therefore, a Petersen-I estimate that was

hi^er than the Petersen-II estimate for Fall 1984 further showed that

the Petersen-II model landerestimated raccoon nunbers on CSWMA.

Comparison of Open and Closed Estimates

In general, all 3 estimators indicated a greater density of

raccoons in the control area than in the experimental area. The only

exception to this was for Fall 1984 (J-S and Petersen-II). Consistently

higher densities were found in the control area from 1981-83 on CSWMA

(Nottingham 1985).

Jackknife estimates for spring periods were consistently higher (X

= 18%, range = 6 to 45%) than corresponding J-S estimates and maintained

precision conparable to the J-S estimates as indicated by the C.V. 's.

Jackknife estimates that were consistently higher than J-S estimates

supported the presence of heterogeneity of capture (Pollock 1982) and J-

S's lack of robustness to this assuirption. Sex ratio data also

demonstrated that captures were heterogeneous (Appendix A). Nottini^iam

(1985) reported similar results for CSWMA from 1981-83. Petersen-II

estimates had the hi(^est C.V.s, especially in the experimental area.

Whether to lase an open or closed estimator is a difficult decision

vbich will prc±)ably remain so indefinitely (White et al. 1982). Cpen

models vbich allow for recruitment, mortality/ migration are not
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robust to heterogeneil^ of capture. However, closed models, including

those viiich eore robust to heterogeneity, probably aren't robust vben

recruitment is taking place (White et al. 1982). Generally, closed

models should be used for short term studies or vben recruitment is not

occurring. Open models are suggested for long-term studies. The J-S

estimator performed well viien recruitment was occurring, therefore it is

the better estimator for the fall data sets. Reeler (1978) compared 5

estimators and generally found that the J-S model was the best for

showing trends in a raccoon population. CAPTURE'S model %, however, is

more robust for estimating raccoon nunbers during spring, because

recruitment does not occur and the model assumes heterogeneity of

capture. Because of their respective performances to model assumptions

during specific periods, fall J-S estimates and spring CAPTURE estimates

were used to evaluate scent-station surveys.

Density Estimation

Density estimates were derived for the purpose of comparison to

other studies. If not considered, edge effect can cause bias in density

estimation. To minimize this phenomenon, the effective area of

trapping, based on previous research (Woods 1978, Harc^ 1979), was

incorporated in the initial study design for CSWMA (Nottin^iam 1985).

Likewise, the relatively large size of the study areas helped minimize

the importance of the boundary strip (Otis et al. 1978). However,

documented movements of raccoons between stu(^ areas led Nottin^iam

(1985) to believe that from 1981-83 the effective area of raccoon

trapping on CSWMA was larger than that delineated by the study area
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borders. IXaring the present stiK^, only 1.5% of all tagged individuals

(nF=328) consistently moved between the 2 study areas (Appendix A). Even

with the addition of the 2 individuals harvested outside the

e^qjerimental study area during the 6 nights of hunting on CSWMA, the

total remains below 2%. This appears minimal, especially since raccoons

vMch moved between areas were deleted from the data set vAiich derived

J-S population estimates. Therefore, the following density estimates

are believed to be relatively free of any bias due to edge effect.

Absolute density estimates were derived from fall (post-

recruitment) and spring (pre-recruitment) population estimates. The 2

stucfy areas differed with respect to population fluctuations, the amoimt

of over winter decline, and vhether or not raccoon hunting had ta3cen

place. Density estimates were derived only for conparison to other

areas of the United States; therefore, estimates were pooled across both

areas. Trapping data provided estimates of densities for fall vMch

ranged from 1 raocoon/19.4 ha (1983) to 1 raccoor\/11.6 ha (1984); spring

estimates ranged from 1 raccooiV17.9 ha (1984) to 1 raccoon/14.3 ha

(1985).

Density estimates for raccoons were conpared to estimates from

other areas (Table 5). Conparisons among areas must be made with

caution because of differences in sairpling techniques and time of year.

Generally, the highest densities were documented in swanp and marsh

areas, vhile lowest densities were ejdiibited in vpland forests.

Excluding spring estimates for this and Nottingham's (1985) stucty, all

estimates include recruitment gains. The estimates derived for Fall

1984 and Spring 1985 were the highest reported for an ipland hardwood
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habitat in east Tennessee. Racxx)ons on CSWMA have recovered from an

apparent overharvest (Nottingham et al. 1982) in 1978. The differences

between the Fall 1984 and Fall 1985 density estimates were minimal,

vhich indicates that the population growth is leveling off.

Impact of the Harvest on the Raccoon Population

Thirty-nine raccoons were harvested from the ejqjerimental area

during the 1984 harvest season. As discussed above the raccoon density

for this area was estimated to be between the J-S estimate (N=259) and

the hypothetical estimate (N^163) for Fall 1984. It is estimated that

15-24% of the raccoons in this area were harvested in 1984. This

removal rate was cailculated from the J-S and hypothetical estimates.

Nottin^iam et al. (1982) reported that the 1976 CSWMA raccoon harvest

was 31.2-37.2% of the estimated density and was apparently too high to

permit sustained yields. The estimated rate of harvest of 15-24%

ccatpares favorably to the 40% increase in over winter decline (see

Population Estimation) which the experienced by the e35)erimental area

during this 2 year study.

Sex ratios of harvested raccoons (77 males:ICQ females) did not

differ significantly from 1:1, therefore the 1984 CSWMA raccoon hunts

were not biased toward females (Appendix A). Johnson (1970) found

raccoon hunting to be biased towainis females (possibly with yoimg).

Only 13% of the 1984 harvest were juvenile raccoons vhereas Woods (1978)

reported that juveniles corrprised 75% of the 1976 harvest. A raccoon

harvest that was not biased towards females or juveniles would not

magni^ the effect of a 29% reduction in the average litter size (1976
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to 1984) experienced by the raccoons on CSWMA (Appendix A). Despite a

mean litter size of 2.0 young/female, the estimated number of raccoons

(N=154) in the eJ5)erimental area during Spring 1985 would have the

potential to produce 100 young animals. Considering the above

conditions, the 1984 harvest was only 39% of the estimated recruitment

for 1985 in the ejqjerimental area. This estimate of recruitment does

not consider juvenile mortality. Data from the 1984 harvest indicated

that the CSWMA raccoon population ej^jerienced minimal iirpact from the

managed hmts. The 1984 raccoon hunts appeared to be an improvement,

with respect to hunting format and impact, over previous years at CSWMA

(Minser and Pelton 1982, Nottin^iam et ed. 1982).

Relationship of Irdicators of Abundance to Population Estimates

Althou^ the number of individuals captured on traplines has been

used as an index of abundance for furbearers few studies have actually

cotpared trapline indices to estimates of population size (Smith et al.

1984). Without first evaluating the above relationship a coitparison of

trapline and scent-station indices would do little to improve the

confidence in either index (Hatcher and Shaw 1981, Clark and Andrews

1982). For each study area and trapping period a pcpulation estimate

was conpared to trapping sucoess and the number of individuals captured.

Estimates of raccoons derived for the control area were not related to

trap success (1^0.80, P=0.20) nor the number of individuals captured

each period (R=0.80, P=0.20). Likewise estimates in the es^jerimental

area were not related to trapping success (R=-0.40, P=0.60) nor the

number of individuals captured each period (R=0.40, P=0.60). Smith et
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al. (1984) reported that population trends of opossum, raccoon, and gray

fox could not be determined by the nuniber of animals live trapped along

traplines. They corrpared capture probabilities to population estimates.

Since trap success was influenced by season in both arp>j=i«:: (see Study

Statistics), it may be an indicator of raccoon movements rather than

population abundance. Holman (1983) indicated that trapping success

reflected the susceptibility of a raccoon population to be trapped,

rather than its density.

Scent-Station Siarveys

Factors Afffecting Raccoon Visitation to Scent-Stations

General. Scent-station surveys were completed during 13 (52%) of

the 25 months from 5 July 1983 to 29 July 1985 on CSWMA. Raccoons were

harvested during November and December, 1984. A survey was not

attempted for November 1984 because it would have occurred in the middle

of the raccoon hunting season. Four (16%) surveys were attempted but

cancelled due to personnel/vehicle problems or on account of the

weather. Surveys were not attempted during the 7 (28%) remaining months

due to weather or conflicts with managed hunts on CSWMA.

Ihe 13 surveys produced 1036 (99%) operable scent-stations; 4

stations were not activated. Traciks of 9 mammalian species were

recorded in each study area. These species were raccoon, red and gray

foxes, opossum, vMte-tailed deer, cottontail rabbit (Sylvilagus

flpridanus), striped skunk (Mephitis mephitis), woodchuck (Ifermpta



50

nmax), and domestic dog (Canis domesticus^. The total nxjniber of visits

and overall visitation rates for each species is summarized in Appendix

F.

A total of 52 raccoon visits were recorded for the 2 study areas

with a mean monthly visitation rate of 5.02%. Visitation rates were

erratic (Figures 7 and 8). Likewise, Nottin^iam (1985) reported similar

variation in visitation to scent-stations fcy raccoons on CSWMA from

1981-83. Mean raccoon visitation rates in the control area (5.96%) and

in the experimental area (4.07%) were not significantly different

(x2=0.35, E>0.50).

Temporal Factors. Ihe control area experienced its hi^est

visitation rate in August 1984 and the lowest in February 1985.

Visitation rates during September and October 1984 were 150% hi^er than

for September and October 1983. Diring February and June 1985

visitation was 83% lower than from February and Jime 1984. The greatest

1 month difference occurred from August to September 1984, with

visitation rates dropping from 20% to 5%.

Five (38%) scent-station surveys in the experimental area lacked

visitation by raccoons. Each of the 4 seasons experienced atleast one

of the scent-station surveys vhioh lacked raccoon visitation. Three of

these surveys occurred during months (November 1983, February and August

1984) vhen the control area experienced visitation rates above the mean

for that area. The hi^est visitation rate recorded for this area was

14% and occurred after (June 1985) the 1984 CSWMA raccoon hunts. Prior

to this, the hi^est visitation had occurred in September 1983 (10%).
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Ihe Oc±ober 1984 visitation rate was 100% hi^er than Octcber 1983;

visitation to the June 1985 scent-station survey was 180% hi^er than

for June 1984. For the month of September a 25% decrease in visitation

occurred from 1983 to 1984. Both Febnaary surveys, 1984 and 1985,

lacked visitation by raccoons.

The hi^est monthly visitation occurred during summer in both

areas. In 1984 the greatest number of juveniles were captured during

September (r^l3) (Appendix A). This peak in juvenile movements did not

correspond to a peak in scent-station visitation which occurred during

August 1984 in the control area. Yearlings were most active in 1984

during March, a month lacking a scent-station survey. These results are

based on the percentage of Class 1 individuals in the monthly capture

totals. In the control area a smaller peak in scent-station visitation

in i^ril 1984 (10%) was followed a Icwer visitation rate in May 1984

(2.5%). This decline in scent-station visitation from ;^ril to May 1984

corresponds to the dispersal of yearlings vhich peaked in March 1984.

The June 1985 peak in scent-station visitation did not correspond to the

dispersal of yearlings in the es^jerimental area, vhich peaked in July.

A comparison of the average visitation rate from before and after

the 1984 harvest season was conducted. Scent-station visitation by

raccoons declined by 82% in the control area vhile the experimental area

experienced a 92% increase. The change was significant in the control

area but not in the experimental area (control,x2=3.92, P<0.05;

experimental,x2=l.09, P>0.25).

Visitation rates to scent-stations were analyzed hy season (Table

6). Both areas received maximum visitation during summer and minimum
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Table 6. Seasonal visitation rates (%) of raccoons to scent-
stations, CSWMA, 1983-85.

Season^

Fall Winter Spring Summer

Control Area 4.5 2.5 6.2 9.4
(.06)b (.07) (.07) (.11)

Ejqjerimental Area 5.0 0 2.5 6.0
(.08) (0) (.07) (.07)

Areas Combined 4.8 1.2 4.4 7.7

a ̂  -1 ^ ^ .

(.07) (.05) (.07) (.09)

Summer = June - August

^ Standard deviation of visitation rate
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visitation during winter. The 2 areas differed with respect to seasons

vMch ejqjerienced intermediate visitation; the season with the second

hi^iest visitation occurred in ̂ ring in the control area, but during

fall m the ej^Jsrimental area. Standard deviations were relatively the

same except for summer in the control area (.11) and winter in the

experimental area (no visitation). Peak seasonal visitation did not

correspond to trapping success which was hi^est during spring in both

areas.

No relationship between season and raccoon visitation to scent-

stations was found (control, 1^1.71, P=0.18; experimental, 1^1.72,

1^0.18). Since young raccoons did not move from dens until September

(i^pendix A) in 1984, this was considered to be the first month in the

second biological year. In each area visitation was not related to year

(control, P^l.74, P=0.19; experimental, F=3.33, P=0.07). Nottin^iam

(1985) r^rted similar results; the present results are probably

^-ttributable to the unreliability of the scent—station technique.

Scent-station surveys have been conducted monthly on CSWMA from

1981-85. Data from 1983-85 were analyzed to determine whether the

raccoons were becoming conditioned to the monthly surveys. Survey

repetition had no apparent influence on visitation rates (F^l.28,

IM).24); these results coirpared favorably to Nottin^iam (1985) vhich

indicates that behavioral conditioning has not resulted from the

replication of monthly surveys from 1983-85.

Spatial Factorg. Visitation rates of raccoons along scent-station

lines ranged from 1.5% to 10% (Table 7). The control area displayed a
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Table 7. Paccoon visitation rates (%) by scent-station line on the 2
stucfy areas, CSWMA, 1983-85.

Control Area Experimental Area

Line Number Visitation Rate (%) Line Number Visitation Rate (%)

1 1.5 (.04)^ 5 3.1 (.05)

2 3.8 (.07) 6 3.1 (.09)

3 8.5 (.11) 7 3.9 (.07)

4 10.0 (.08) 8 6.2 (.08)

Mean = 5.96 (.08) 4.07 (.07)

^ Standard deviation of rate in parentheses.
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wider range of scent-station visitation by line (8.5 %) than that of the

ejqjerunental area (3.1%). These ranges differ by a factor of 2.7.

Nottin^iam (1985) indicated the range of visitation in the control area

for 1981-83 was greater than that of the ejq^erimental area by a factor

of 2.2 (6.1% VS. 3.0%). Visitation rates by line were significantly

different in the control area (F^3.75, P=0.02) but not in the

ej^jerimental area (F=0.62, P=0.60). These differences between areas

reflect the greater range in visitation vAiich occurred in the control

area then in the ej^jerimental ctrea.

The Henegar Bend (line 3) and Mossy Springs - T,iTy}ainrv-ir«i (line 4)

regions of the control area received the hi(^est visitation to scent-

stations by raccoons. The White Creek (line 8) region recorded the

hi(^iest visitation in the ejqserimental area. The Henegar Bend and Mossy

Springs - Lindamood regions also produced the greatest number of trapped

individuals in the present stuc^ (Table 8). A TX)st-hoc contrast

determined that lines 3 and 4 recorded significantly hi^er visitation

than all other lines combined (P^.72 vs Scheffe F^6.6, P=0.05) (Neter

et al. 1985). Likewise, Nottin^iam (1985) found these 2 regions to have

hi^er densities and to have recorded hi^er visitation by raccoons. A

second post-hoc contrast determined that White Creek's (line 8) higher

scent-station visitation was not significantly different from the other

3 lines in the ej^jerimental area (F=0.31 vs Scheffe 1^.5, P=0.05)

(Neter et al. 1985). Based on the number of trapped individuals, White

Creek has a densii^ conparable to the Pond - Pole Hollow (line 5)

region. Higher visitation corresponded to regions of hi^er raccxxDn

densities within the control area, but not within the ej^erimental area.
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Table 8. Total nunibeir of visits and captures of raccoons
along scent-station lines in the 2 study areas,
CSWMA, 1983-85.

Control Area Experiinental Area

Line
Number

Number

Visits

Number

Raocoon

Captures^
Line

Number
Number

Visits

Number

Raccoon

Captures^

1 2 51 5 4 76

2 5 76 6 4 51

3 11 109 7 5 40

4 13 97 8 8 75

Totals 31 333 21 242

a Do^ not include recaptures of individuals on a given line but
animals were captured more than once among the different lines.
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Relationship of Scent-Station Visitation to Population Size

Cotrparisons of population estimates (fall J-S, spring CAPTURE) and

visitation rates were made for each study area. Population estimates

were produced for each trapping period. Therefore, only scent-station

data which corresponded to trapping periods was used in this analysis.

Visible relationships were generally lacdcing between the 2 measures for

both the control and ejqjerimental areas (Figures 9 and 10).

Althou^ visitation rates in the control area generally paralleled

increases in raccoon numbers for the first 3 saitple periods, an inverse

relationship occurred during the last period. From Fall 1984 to Spring

1985, an 11% increase in raccoon density corresponded to a 61% r^orroage

in scent-station visitation. Likewise, an overall increase in raccoons

of 44% from Fall 1983 to Spring 1985 coincided with a 36% decrease in

visitation.

There was no relationship between scent-station visitation and the

density of raccoons in the experimental area. From Fall 1983 to Spring

1984 the numbers of raccoons in the experimental area declined by 8% .

From Spring 1984 to Fall 1984 the raccoon density increased by an

estimated 65-129%. These population fluctuations corresponded to an

overall decline in scent-station visitation of 7%. The most apparent

difference between scent—station visitation and density occurred during

Fall 1984 in the eoqjerimental area. During this period scent-station

visitation (4.1%) by raccoons was lower than all other periods except

Spring 1984. However, raccoon density in the ej^jerimental area was

estimated to be at its densest level of any period frcan 1983-85. The



 

60

M

to

240—1

210—

190-

_ 160-
o

I-
<

ZD
a.

o
Q.

130-

100-

—r—
FALL

1983

~-|
SPG

1984

1—
FALL

1984

—I
SPG

1985

14 c

-12
to

-10
>

-8
O
z

-6
DO
3>
H

-4
rn

-2

Figure 9. Ccnparison of seasonal estimates of population size
and visitation rates of racssoons in the control area, CSWMA, 1983-85.



61

M

c/)

Z

o

I-
<c

CL
o
a.

270-

240-

210-

190-

160-

130-

100-

J—

FALL

1983
SPG

198i»

—T"
FALL

1981t

r'4

-12

-10

-8

-6

-4

-2

<

CO

H

O

33
>

dso

"I

SPG

1985

Figure 10. Cattparison of seasonal estimates of population size
and visitation rates of racx^oons in the ejq^erimental area, CSWMA, 1983-
85.



62

harvest season of 3 nights contributed to a population decline of 41%

from Fall 1984 to Spring 1985. Despite this decrease, scent-station

visitation increased by a factor of 3.4 to 14% for Spring 1985.

Visitation rates of raccoons to scent-stations were not correlated to

population estimates in either the control area (R=0.07, 1=^0.62) or in

the ej^jerimental area (1^0.07, P=0.58).

Summary and Assessment of Relationship Between Visitation Rates and

Population Abundance

A primary objective of this study was to evaluate the sensitivi'^

^^^h v^iich the scent—station technique reflected a density change cgupoii

by hunting. The results indicated that a poor relationship existed

between raccoon abundance and their visitation to scent-stations on

CSWMA. Raccoons in the control area increased by 44% from Fall 1983 to

Spring 1985. ihe ejqjerimental eu:ea eJ5)erienced an increase of 129% from

Spring 1984 to Fall 1984 followed by a 41% decrease from Fall 1984 to

Spring 1985. Despite these results, no significant difference between

visitation rates in the 2 study areas was found; li]<ewise there was no

difference in visitation before ard after the 1984 raccoon hunts.

Additionally, visitation rates and population estimates were not

correlated (R=0.03, P=0.77).

A relationship between visitation and one measure of abundance did

occur. Two regions recording the highest numbers of individual captures

corresponded to 2 scent-station lines vAiich received significantly

hi^er visitation by raccoons. Nottin^iam (1985) reported significantly

higher visitation and individual captures for these same 2 regions.
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These results suggest that the technique mi^t be sensitive to

population abundance vhen raccoon densities are hi^. However,

visitation rates (1983-85) sharply contrast these findings. Throu<^out

this study, vhenever raccoon densil^ increased visitation did not

increase conparatively, and often decreased. This was clearly evident

in Fall 1984 when the raccoons in the ej^^erinental area increased to an

estimated 163-259 (1 raccoon/9.8 - 15.6 ha) individuals during vAiich

time scent-station visitation decreased by 7%. Similar results have

been reported in other scent-station research, in Iowa, areas reporting

the highest incidences of coyote related sheep losses documented little

or no visitation to scent-stations by coyotes (Andrews 1979).

leberg and Kenne(^ (In press) working in west Tennessee used a

similar scent-station methodology (i.e. station size, interval between

stations) as the present study except that each station was placed

within the 0.32-km interval where it would most likely receive a raccoon

visit. They found that scent-station visitation correlated positively

with densities of 1 raccoorV17.4 - 34.4 ha. However, hi<^er densities

(1 raccoorv/5.2 - 17.4 ha) and Icwer densities (1 raccoorv^34.4 - 127.8

ha) were not correlated to visitation rates of raccoons. Visitation

rates frcsn 3 of the west Tennessee habitats ranged frcin 0-71% (X=28%)

(leberg and Kennecfy In press). Several of the densities for CSWMA

J^^Poj^"ted in the present study coirpare to the density range (1

raccoon/17.4 - 34.4 ha) vhich correlated to visitation rates in west

Tennessee. However, difference in station placement and the higher

visitation reported for west Tennessee make comparisons between the 2

studies unreliable.
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The present results also si^port the hypothesis that the

technique's ability to detect variations in population size inproves

with moderate to hi^ visitation (Nottin^iam 1985). At CSWMA, low

visitation may be the largest factor in the technique's inability to

detect differences in raccoon pcpulation size. Mbnthly visitation rates

ranged from 0-20%, with a mean of 5.02% (areas contoined). From 1981-83,

Nottingham (1985) reported visitation rates varying from 0-13%

(X=5.25%). The rates reported for the present study, as well as

Nottin^iam's (1985), are in sharp contrast "to the 40-60% suggested as

optimal for statistical evaluation of scent-station data (Rou(^ton and

Sweeny 1982).

Management nirplications

Hunting

The 1984 and 1985 managed raccoon hunts on CSWMA successfully

incorporated 2 changes suggested by Woods (1978). The first change was

a reduction in the season length from 9 ni^ts to 3 ni^ts.

Furthermore, hunting parties were only allcwed to harvest 1 raccoon from

the management cortpartment in vhich they were assigned. Parties were

assigned at a density of either 3 or 4 per conpartment. These two

factors reduced the harvest's inpact on the pcpulation.

Assignment of hunting parties to conpartments eliminated intense

hunting pressure frcsm any 1 region within CSWMA. Reduction of localized

hunting pressure, along with a denser raccoon pcpulation, resulted in

higher hunting party sucx:ess eis cottpared to a monitored harvest in 1976
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(WbcxJs 1978). Additionally, these cxsnditions provided hunters with a

more enjoyable experience (Kocka and Pelton, Univ. of IN., uipubl.

data). More iirportantly, these hunts were less biased towards females

and young-of-the-year than previously documented on CSWMA. Since

hunters apparently si^jported this revised harvest format (Kbcka and

Pelton, Univ. of TN., urpubl. data), similar strategies could be

developed for other areas in east Tennessee controlled by IWRA.

Research should continue on CSWMA to provide data on the long-term

effects of the current harvest strategy on the raccoon population. Data

from 1984 and 1985 indicate that raccoon hunting success is directly

attributable to hunter density. After 2 or 3 years of baseline data, an

examination of the effects of varying hunter densities (within

conpartments) should be conducted. These results would document the

specific impact of hunter density on success. Additionally, this data

base would better indicate the harvestable surplus of raccoons on CSWMA,

and possibly for east Tennessee in general.

Scent-Station Survevs

A distinct relationship between raccoon density and scent-station

visitation was lacking. Nottingham (1985) documented the scent-station

technique's lack of sensitivity in reflecting natural population trends

in raccoons. Likewise, the present stucfy found the technique to be

inadequate in reflecting the change in density vhich resulted from a

managed harvest. The scent-station technique lacked sensitivity on

CSVMA vhere raccoons are relatively dense for east Itennessee. Unlike

parks and wildlife management areas (Minser and Pelton 1982) raccoon
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densities are very low throughout most of east Tennessee (Hall 1978,

Warr 1978). since scent-stations were not sensitive to dense raccoon

populations their overall effectiveness in east Tennessee is doubtful.

The single greatest problem with the technique as conducted during

this stucty is the lew percentage of stations that are visited by

raccoons. Optimal visitation for statistical purposes is considered to

be 40-60%. The highest visitation rate recorded from 1983-85 in either

study area on CSWMA was 20%; this was higher than any rate recorded by

Nottingham (1985) for the same 2 areas. Nottin^iam (1985) suggested

refining the technique more specifically towards the raccoon. The

refined technique would be based more directly on the ecology of the

raccoon rather than the present roulti—species survey. However, it is

hi^ily \jnlikely that develcpments would increase visitation 1:^ =1 factor

of at least 2. Therefore, it is the opinion of this author that the

scent—station technique is not a valid index for raccoons in east

Tennessee.



CHAPTER V

SUMMARY AND OONdUSIONS

1. An investigation of the relationship between visitation rates

of raccxjons to scent-stations and raccoon density on 2 study areas was

conducted from 5 July 1983 through 29 July 1985 on the Chuck Swan

Wildlife Management Area, Tennessee.

2. Raccoons were live trapped to provide mark-recapture data from

viiich population estimates were derived for both stody areas. Open

(Jolly-Seber Model) and closed (Models in Program CAPIURE, Petersen

Model) population estimators were utilized to make model ccatparisons for

evciluating model robustness and bias.

3. Six nights of managed raccoon hunting were conducted on the

viiole CSWMA peninsula except for the control study area. Three ni^ts

of hunting were held on 12 November, 14 November, and 10 December 1984

vMle 3 ni^ts were held on 18 November, 20 November, and 2 December

1985. During all 6 ni^ts of hunting, 4 parties were cissigned to each

of 5 management compartments in the experimental area, v^le 3 parties

were assigned to each of 8 corrpartments in the RHA.

4. Monthly scent-station surveys were operated as weather

permitted for the duration of the study. Both study contained 4

scent-station transects, each consisting of 10 stations spaced at 0.32

km intervals.

5. EUring 6400 trapnights, 825 raccoon captures (1 raccoon/7.76

trapnights) were comprised of 328 individuals. More individuals were

67
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captured in the control (n=182) than in the ej^)eriinental (rf=158) area;

12 individuals were captured in both areas.

6. Trapping success was adjusted to allow for traps sprung hy any

source, thereby providing a more appropriate measure of animal

abundance. Once adjusted, the mean rate of trapping success was 14.9%

for the study. Trapping success was significantly greater in the control

area (X=17.39%) than in the ejqperimental area (X=12.83%) (t=64.14,

P<0.001). Trapping success was hi(^est in the spring (27.9%) and lowest

in the fall (7.0%) and was probably influenced by food availability.

7. Trapping success did not differ significantly between years in

either the control (F^l.49, P=0.31) or the e^^jerimental area (F=1.9l,

P=0.26). With both areas combined, trap success was not influenced by

maximum daily temperature (P=1.02, P=0.32), but was influenced by

minimum ovemi^t tenperature (P=41.16, P<0.0001) and the difference

between these two temperatures (F=8.59, 1^0.0039).

8. IXiring the 3 ni<^ts of hunting in 1984, a total of 107 hunting

parties harvested 79 raccoons for a success rate per hunting party of

73.8% (1 raccooiv'92 ha) for all hunted conpartments. Thirty-nine

raccoons were harvested by parties in the experimental area for a mean

success of 65%. IXiring 14 November 1984 party success in the

experimental area increased by 55% vhile the RHA experienced a 23%

decrease. Hunting success for these two areas was not influenced by

tenperature nor cumulative harvest (F<0.99, 1^0.32), likewise, no

relationship exdsted between trapping success in each compartment and

experimental hunting success (P^l.68, P=0.20). However, hunter density
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influenced harvest success (P=9.27, P<0.003). IWenty-one ear tagged

raccoons were harvested, one of viiidi was outside the study area.

9. rXirmg 1985, 110 parties harvested 67 raccoons for a party

success rate of 61% for edl hunted corrpartments. Twenty-nine raccoons

were harvested in the esperimental area during 1985 for a mean party

success rate of 48%, viiereas the RHA's mean party success rate was 76%.

One ear tagged raccoon was harvested outside the experimental aT>aq

during 1985 and 16 were harvested within the experimental eirea. With

the data from both years combined the hunting success differed

significantly between the experimental area and RHA (P=56.29, P<0.0001).

10. J-S estimates for the control area indicated a 30% increase in

density from Fall 1983 to Fall 1984 with a general lack of any

significant over winter decline. The experimental area estimates

reflected a 111% increase from Fall 1983 to Fall 1984, with an over

winter decline of 46%. Except for Fall 1984, control estimates

were an average of 48% higher than those for the experimental.

il» Heterogeneity of capture was documented during all 4 trapping

periods. Therefore, CAPIURE's model was used to produce Spring 1984

and 1985 estimates. These estimates indicated increases in the number

of raccoons from 1984 to 1985 of 19% in the control area and 36% in the

experimental.

12. The Petersen-II estimates appeared to londerestimate the number

of raccoons and had the hi^est mean C.V. (22%) of all the open and

closed estimators used. Petersen-II estimates were not robust to the

assumption of equal catdiability or the assumption of demographic

closure. Petersen-I estimates based on raccoon harvests from 1984 and
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1985, were 196 (+ 71) and 230 (+ 55) individuals, respectively. This

mcdel was less affected by the assunption of equal catchability becaiise

resaitpling was conducted throu^ a harvest.

13. CAPTORE estimates were consistently higher (X=18%, range = 6

to 45%) than J-S estimates for each spring trapping period; this

supports the presence of heterogeneity of capture and J-S's lack of

robustness to this assunption. However, the J—S estimator performed

well viien recruitment occurred (fall). Because they performed well to

model assurtptions during specific periods, fall J-S estimates and spring

CAPTURE estimates were used to evaluate scent-station surveys. Fooled

across areas, densil^ estimates for fall ranged from 1 raccoorv/19.3 ha

(1983) to 1 raocooiyil.e ha (1984); spring estimates ranged from 1

raocoorv'17.9 ha (1984) to 1 raccoon/14.3 ha (1985). Fall density

estimates conpared favorably with those from other ipland habitats in

Tennessee.

14. Based on J-S estimates and reproductive data, 15-24% of the

raccoon population in the ejperunental area was removed during the 1984

harvest season. The CSWMA raccoon population experienced minimal inpact

frm the managed hunts.

15. Population estimates were not related to trap success

(control,R=0.80, P=0.20; e5perimental,R=-0.40, P=0.60) nor the number of

individuals captured during each period (control, 1^0.80, P^0.20;

experimental R=0.40, P=0.60). Since trap success was influenced by

season in both areas it probably reflected raccoon movements or their

susceptibili-l^ to trapping, rather than their density.
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16. Thirteen scent-station surveys were conducted from 5 July 1983

to 29 July 1985 resulting in 1036 operable stations that recorded visits

of 9 jnamtnalian species. A total of 52 raccoon visits were recorded for

both study areas with a mean monthly visitation rate of 5.02%.

17. Visitation rates in both areas were erratic; Visitation rates

between stucfy areas did not differ significantly (x2=o.35, R>0.50).

Highest visitation was recorded during the summer in both areas, vhich

did not correspond to the spring peak in trapping success. Average

visitation rate before and after the 1984 harvest season reflected an

82% decrease in the control area (x2=3.92, P<0.05) and a 92% increase in

the ej?)eri2nental area (x2=i.09, R»o.25).

18. Mean raccoon visitation by scent-station line ranged from 1.5%

to 10%. The Henegar Bend and Mossy Springs - Lindamood regions recorded

significantly hii^er visitation than all other lines (P=9.72 vs Scheffe

F^6.6, 1^0.05), and produced the greatest number of trapped individuals.

This relationship was previously reported for CSWMA.

19. Relationships were generally lacking between visitation rates

and density estimates for both areas. The densest estimate (N=259)

corresponded with the second lowest (4.1%) visitation rate for either

Visitation increased by a factor of 3.4 in the experimental a-rpa

®fter the 1984 harvest. Visitation rates of raccoons to scent-stations

not correlated to population estimates in either the control area

(R=0.07, P=0.62) or in the eo^jerimental area (R=.07, F^.58).

20. Results from the Henegar Bend and Ifossy Springs - Lindamood

regions suggest that scent-station surveys may be sensitive to raccoon

abundance vhere densities are hi^. However, vhen raccoon densities
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increased in the 2 study areas, visitation did not increase, and often

decreased. low visitation was the largest factor in the technique's

ability to detect changes in peculation size.

21. Reduction of the season length cind the assignment of hunting

parties to oanpartments provided a popular hunt with minimal irpact to

the raccoon population. A similar hunting strategy may be applicable to

other areas in east Tennessee.

22. The scent-station technique lacked sensitivity in accurately

reflecting population trends; therefore, it is not considered to be a

viable management technique in east Tennessee. It is unlikely that

future refinements in the technique, based on raccoon biology, would

increase visitation to an optimal level.
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APPENDIX A

POPUIATION CHARACTERISTICS

Materials And Miethods For Analyzing Flood

Approximately 1 cx: of blood was drawn from the cephalic vein of

raccoons and placed in an untreated vacutube. Additional 1 cc sairples

drawn for microfilarial testing were placed in EDTA vacutubes. Whenever

possible blood sanples were collected from both live trapped and

individuals. Once blood samples had clotted, they were

refrigerated for no more than 3 days from date of collection. Within

the 3 days, samples were packed in ice and brought to either the

Clinical Pathobiology Laboratory (xntreated vacutubes) or the

Parasitology Laboratory (EDTA vacutubes) of the U.T. Veterinary

Hospital.

The Pathobiology Laboratory centrifuged the samples (10 minutes at

1500 rpm), removed the clots, and froze the sera imtil the assays could

be performed. Blood samples were tested for antibodies of canine

distemper virus (CDV), canine parvovirus (CP), and rabies virus (RV)

throu^ use of the indirect fluorescent antibodies test (Hsiung 1973).

Titers were tested at a dilution ratio of 1:10. Serum samples viiich

tested positive were quantified to an exact ratio.

The Parasitology Laboratory processed 1 cc samples vMch had been

collected in EDTA vacutubes within 96 hours of being drawn. Each sample

84
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was examined for the presence of microfilariae using the modified

Kiott's test (Sloss and Kerrp 1978).

Results And Discussion

Sex Ratio

Trapping. Of the 182 raccoons captured in the control area 102

were males (128 males:100 females); these results did not differ

significantly from a 1:1 ratio (x2=2.63, 1^0.1). Ninety-four of the 158

individuals captured in the experimental area were males (147 males: 100

females); the resulting sex ratio differed from a 1:1 ratio (x2=5.69,

P<0.025). Nottin^iam (1985) reported a ratio of 121 males per 100

females for 248 individuals captured on CSWMA. Investigators have

documented raccoon populations with sex ratios favoring males (Johnson

1970, Urban 1970) and other populations favoring females (Stuewer

1943a, Keeler 1978, Rabinowitz 1981). The variability in raccoon sex

ratios is often difficult to explain; no consistent relationship between

collection methcxi or type of area and the resulting sex ratios appears
to exist (Johnson 1970).

With both stucfy areas cximbined, monthly sex raticjs reflecrt a

general decline from March throu(^ September (Table 9). Examined in

this manner, ratios ranged from 277 (March) to 85 (August) males per 100

females. Reproductive data indicated that the breeding season occurs

from February to May on CSWMA (see Breeding and Reproduction). The

proportion of males was significantly Icwer from June - September than
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Table 9. Monthly sex ratios
of raccoons captured
from March - September,
1983-85 on CSWMA.

Sex Ratio
Month (# M:100 F)^

March 277
^ril 165
May 214

June 150

July 100

August 85

September 103

Mean 156

M=males, I^females.
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was exhibited during the breeding season (x2=36.12, P<0.001). Seasonal

sex ratios of raccoons often reflect the greater movements of males

versus females (Johnson 1970, Holman 1983). Rabinowitz (1981)

documented the sex ratio of raccoons in Cades Cove, GSMNP as favoring

females. He plotted the proportion of females to males saiipled hy

month. Fram March - Septeatiber, the 2 months with the lowest proportions

of females from Cades Cove correspond to the 2 months with the hi^est

proportions of males (Mtoch and May) in the present study. The breeding

season for raccoons on CSWMA occurred from February - May with a peak in

^ril (see Breeding and Reproduction). A greater proportion of males

trapped from March - May is a reflection of the greater movements of

males seeking sexually active females (Johnson 1970). Sex ratios

reflect the differing activity patterns of males and females in response

to the breeding season rather than the actual coitposition of the

population.

M^e raccoons ejdiibited a significantly higher mean nunber of

captures per individual (X=3.1) than did females (X=l.8) (t=4.47,

P<0.001). The greater mean nunber of captures per male iiiplies that a

live-trapping bias, favoring males, did exist* TWo previous researchers

on CSWMA (Woods 1978, Nottin^iam 1985) both indicated that trapping was

biased toward males.

Hunting. Sex ratios from the 1984 CSWMA harvest data did not

significantly from a 1:1 ratio on the ejqjerimental area (X^=0.64,

P>0.25) or all the hunted conpartments (x2=i.03, P>0.25). Likewise, no

significant deviation from a 1:1 sex ratio in the ejperimental area
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(X =0.03, P>0.75) or all hunted cxanpartments (x2=0.007, R>0.90) existed

for the 1985 harvest season on CSWMA. Raccoon hunting probably provides

sex ratio data more representative of the population than trapping

(Cunningham 1962), althou^ at times it may be biased towarxis females

(with young) (Johnson 1970, Woods 1978). The present results may have

^^^i^®rjced by the closure of raccoon hunting the previous 5 years

or less pressure on hunters to harvest treed raccoons immediately, as

discussed later (see Age Structure).

Age Structure

Trappirg. Pre- and post-hunt age pyramids were constructed for

both the control area (Figure 11) and experimental area (Figure 12).

Age data were based on the initial capture of individuals. Althou^

both pre-hunt pyramids show a previously large group of Class 1

individuals now becoming sexually mature (presently Class 2), the 2

pyramids differed significantly (x2=i2.57, P<0.025). Ihe control area

had relatively fewer Class 3 individuals than Class 4, vdiereas the

experimental area had the opposite. These results may reflect the

actual age structure of the 2 study areas, in vhich the ejperimental

area had more Class 4 raccoons, or this may represent the subjectivity

of the aging technique employed. The experimental area also appears to

have more Class 5 individuals; however, both areas seem to have more

females than males in the older age classes. Higher numbers of Class 5

females may suggest differential mortality (Keeler 1978, Rabinowitz

1981, Nottin^iam 1985). The post-hunt pyramids more closely resemble
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PRE-HUNT

2 1

10 7

5 7

22 27

9 11

FEMALE MALE

AGE CLASS

8

16

POST-HUNT

2

19

34

FEMALE MALE

^ post-hunt age pyramids for raccoons captured(initial captures only) in the control area, CSWMA, 1983-85.
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PRE-HUNT

14

AGE CLASS

17 33

FEMALE MALE

POST-HUNT

14

20

17

35

FEMALE MALE

Figure 12. Pre- ̂  post-hunt age pyramids for racx^oons captured
(initial c^>tures only) in the ejqperimental area, CSWMA, 1983-85.
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one another and were not significantly different (x2=3.08, P>0.5).

These 2 pyramids do depict drastic reductions in the number of juvenile

individuals (Class 1) and an equal number of Class 5 individuals of both

sexes. These results indicate significant mortality of juveniles, which

was not a result of the 1984 raccsx>n hunts because both stucfy areas

e35)erienced a reduction in the percentage of juvenile individuals.

To reduce the likelihood of biasing juvenile:adult (J:A) ratios

becaxase of the aging technique employed, Age Classes 1 and 2 were

considered juveniles and Classes 3, 4, and 5 were grouped as adults

(Rabinowitz 1981, Nottin^iam 1985) (Table 10). The J:A ratios for the

first sample period may be exaggerated by low trap success, therefore

they were deleted from later analyses. The ratios declined gradually in

both areas until the Fall 1984 hunt. The Spring 1985 J:A ratios showed

a mean increase between areas of 20% over the preceding sample period.

These increases can not be attributed directly to the managed hunts

because the control area was not huinted. The mean J:A ratios for the

control (1.5:1) and eiperimental (1.6:1) areas were somevhat hi(^er than

the 1.4:1 r^rted hy Nottin^iam (1985) for the same 2 areas combined

from 1981-83. Woods (1978) reported a J:A ratio of 1.2:1 for CSWMA vhen

the raccoon hunting season was 9 ni^ts. Rabinowitz (1981) documented a

ratio of 2:1 for the relatively dense, protected raccoons of Cades Cove.

These data indicate that the current J:A ratios for raccoons on CSWMA

are not atypical for a raccoon population, hunted or unhunted, in east

Tennessee. However, age ratios often provide ambiguous information

vhich can lead to management blunders (Causey 1974). Massive

increases or decreases may go undetected by age ratios; different trends
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Table 10. Live-trapping JwenilerMult ratios for raccoons
captured on the 2 study areas, CSWMA, 1983-85.^

Trapping
Period Control Area E>5>erimental Area

Fall 1983 4.75:1^ 10.1:1^

Spring 1984 2.32:1 2.05:1

Fall 1984 0.94:1 1.14:1

Spring 1985 1.15:1 1.36:1

MEAN 1.47:1 1.55:1

^Juvenile = Classes I ard II; Adult = Classes III, iv, V.
^clxaded from calculation of mean.
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in age ratios may be interpreted from the same change in the rate of

increase.

The mean annual percentage of Class 1 individuals was 14% for the

control area and 10% for the experimental area; these are substantially

lower than the 23.5% found by Nottingham (1985) from 1981-83 on CSWMA.

The above findings may reflect a possible reduction in the reproductive

success of raccoon on CSWMA since 1983. The recapture rates among 3 age

(Class 1, Classes 2 and 3, Classes 4 and 5) were not

different for trapping periods 2 and 3 (x2=2.28, P>0.25). This

indicates that age was not a source of heterogeneity in the captura of

raccoons.

Huntij^. An age pyramid based on the raccoons harvested from the

esqjerimental area during 1984 depicted the greatest mortality in Classes

2, 3, and 4 (Figure 13). Age pyramids based on trapping data indicated

that 49-55% of the raccoons are Class 2 individuals. Hunting data

indicate that only 25% of the harvested raccoons were Age Class 2. In

addition, J:A ratios oorputed for the 1984 hunt data were low for both

the ejq^erimental area (0.63:1) and the total CSWMA harvest (0.61:1).

These results differ from the 1976 season on CSWMA vhich produced a J:A

ratio of 3:1 (Woods 1978).

The J:A ratios for the 1984 harvest probably reflect a greater

number of raccoons treed and a greater overall density than those

present during the 1976 CSWMA season. Many of the 1984 raccoon hunters

hunted as long as possible and treed several raccoons until it was time

to check out (0200 hours). Sharp and Sharp (1956), stuctying raccoon
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HUNT

FEMALE MALE

1985 HUNT

28

17

24

14

FEMALE MALE

AGE CLASS

3 0

15 5

15 23

15 10

8 5

, 13. pyramids for rac3coons harvested in the
experimental area, CSWMA, November - December, 1984 and 1985.
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behavior for 3 years at an artificial feeding station, noted that older

individuals were more alert and becaine active later at ni^t than young
animals. Johnson (1970) and Woods (1978) believed that hunting may be
biased towards young raccoons v^en hxonts are conducted early in the

ni^t. We suggest that CSWMA hunters treed progressively older raccoons

as they hunted later into the night. Therefore, when the hunters

decided to harvest a treed raccoon late in the night, because they were

reac^ to quit, it was an older individual. This appears to be

substantiated by the 1984 harvest of all hunted ccmpartments, in vhich

61% of the raccoons were Class 3, 4, and 5 individuals.

Additionally, raccoons were considerably more abundant on CSWMA

from 1983-85 (see Density Estination) than the 1 raccooiV27.5 ha

documented for 1976 (Woods 1978). IXiring 1984, CSWMA raccoon huntere

hunted at a maximum density of 1 party/149 ha; hunting pressure on CSWMA

from 1973-79 was as as 1 hunter/26 ha (67 acres) (Minser and Pelton

1982). Because raccoon densities were hi^er and hunting party

densities were lower than previous hunting on CSWMA, hunters were less

pressured to harvest a raccoon early in the evening, thereby producing

an older aged harvest. An age pyramid based on the 1985 harvest in the

ejqjerimental area appears to favor Age Class 2 individuals more than the

1984 pyramid (Figure 13). However, these 2 pyramids are statistically

similar (x2=3.19, P>0.5). Because a greater percentage of animals were
aged as Class 2 rather than Class 3, the J:A ratio of 1985 was markedly

hi^er (1.42:1) than that of 1984; however, data from 1986 reflects a

J:A ratio \diich is more comparable to that of the 1984 harvest (0.78:1)

(M. Cantrell, Univ. of TN., unpubl. data).
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Movements

Trapping. Racxoons eidiibiting 1 or more movement (s) between the 2

study areas from 1983-85 on CSWMA accounted for 18 (6%) of the 328

individuals captured (Table 11). Ihese individuals include those that

were captured in one area by Nottin^iam (1985) but later trapped in the

other area during the present study. The number of individuals from the

control area (r^ll) and the ej^^erimental area (i:¥=7) did not differ

significantly from a 1:1 ratio (x2=o.89, P>0.1). Of these 18 raccoons,

5 (28%) were individuals viiich consistently moved between the 2 study

areas. Only 5 (1.5%) of all the individuals captured (n=328) had a home

range vMch overlapped the 2 study areas suggesting that the dividing

ridge was a barrier to the movements of most raccoons (Butterfield 1944,

Nottin^iam 1985).

These 18 individuals were significantly different from all trapped

individuals with respect to sex and age (x2=i8.88, P<0.001). Males

comprised 72% (nF=13) of all the raccoons viiich moved between the 2 study

areas; 83% of both sexes were either Age Class 2 or 3 individuals,

larger home range sizes for male raccoons, vMch have been consistently

reported in east Tennessee (Hardy 1979, Taylor 1979, Rabinowitz 1981),

may account for the hi^er percentage of males within this sample.

Areas vMch experience a reduction in the racxxxDn density often

receive rapid immigration by raccoons from adjacent habitat (Johnson

1970). We expected a significant number of raccoons to move from the

control area into the experimental area after the 1984 harvest season.

However, trapping data indicated that the 1984 raccoon hunts did not
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Table 11. Ricwn raocxjon movements documented by trapping and
hunting data, CSWMA, 1983-85.

Age Area
(vhen MOved i^iod of

ID NO Sex moved) from ® Movement ̂

^ 5 1 Fall 1984
lit ^ ^ 2 Fall 1983198 M 3 2 Spring 1984°

M 2 1 spring 1984

51 fi M I Spring 198421® JJ 2 2 Spring 1984°
g ^ 3 1 Spring 1984
2° F 4 2 Spring 1984°

^ 2 1 Fall 1984
24® M 3 2 Fall 1985

III ^ I 1 Spring 1984
3?! M ^ 1 Spring 1985JI 2 1 Spring 1985
390 M 5 ^ Spring 1984M 3 1 Fall 1984°

^nq M ^ 1 Fall 1984°
416 M 5 ^ Spring 1984JJ 2 2 Spring 1985
420 M 4 1 Fall 1985

462 M 5 ^4®2 M 3 2 Fall 1984

^ l=Control Area; 2=Ejq)erimental Area.
U.

Includes individuals v^o moved during previous research on
CSWMA(1981-83).

c Individuals vho continually moved between study arpaa from
1983-85 on CSWMA.



98

affect the tendency of individuals to move between study areas. The

mean number of individuals vdiich had moved between areas per sample

period before the 1984 hunts was conpared to the number vdiich moved

®fter the 1984 hunts. Ihe result was not significant (X^=0.04, P>0.5);

these results sipport the use of these 2 study areas for research since

raccoon movements between these 2 areas appear to be ininimal.

Hmtyy. The 1984 and 1985 CSWMA raccoon harvests were comprised

of 21 and 17 tagged individuals, respectively. A total of 6 (16%)

individuals did not maintain a home range vhich was exclxasively within

the e5<perimental study area (Table 11). Three of these individuals, ID

no's 211, 233, and 350 moved between the study areas, and were discussed

above. One individual, ID NO 420, moved into the ejperiraental area from

the control area sometime after the Fall 1985 trapping period, as it was

trapped in the control area as late as October 1985 (M. Murdodc, Univ.

of TN., pers. ooram.). The remaining 2 individuals, ID NO's 248 and 462

were harvested in compartments 14 and 16, respectively. Nottin^iam

(1985) suggested that movements along this long boundary of the

experimental area contributed to lower survival estimates and possible

density decreases within this area. Because only 2 (5.3%) of the 38

harvested raccoons vhich had previously been tagged ejdiibited such

movements, frequent crossing of this long boundary, as described by

Nottin^iam (1985) was not apparent.
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Breedim and Reproduction

Trapping. Permanent teeth en^jt in a young raccoon vMle it is

being weaned by the female (Stuewer 1943b). The presence or absence of

certain deciduous and permanent teeth allow preweaned raccoons to be

aged to within a few days (Montgomery 1964). A total of 22 preweaned

raccoons were captured during this study; 18 (82%) of these individuals

were originally captured in 1984. By back-dating estimated ages

(Montgomery 1964) and assuming an average gestation period of 63 days

(Hamilton 1936, Stuewer 1943b), the 1984 breeding season ranged from

February to early May, with a peak in ;^ril (66%) (Table 12). The

breeding dates estimated from the Fall 1983 data were within this same

range. Nottingham (1985) reported a similar range, with a peak in

April, for CSWMA from 1981-83.

Ihe 18 preweaned raccoons from 1984 had estimated birth dates

ranging from mid-J^ril to early-July, with 94% occurring in Jione. The

birth dates of 4 individuals from 1983 indicated a possible peak in late

May rather than June. Results frxam both years corrpare favorably to

previous years on CSWMA in viiich parturition peaked from mid-May to mid-

Jime (Nottin^iam 1985). Althou^ a later range of parturition (mid-May

to early-August) was reported for Cades Cove, GSMNP by Rabinowitz

(1981), a fairly \iniform pattern likely occurs throu^out east Tennessee

since latitudinal properties (photoperiod and tenperature) appear to

influence the timing of raccoon breeding (Bissonnette and Csech 1938,

1939, Sanderson and Nalbandov 1973).
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Table 12. Estimated ages and parturition dates of captured
young-of-the-year raccoons, CSWMA, 1983-84.

ID NO

355

365

373

374

428

440

443

445

448

464

465

469

470

471

475

479

482

483

484

485

488

491

Sex

M

M

M

F

F

M

M

F

F

F

F

F

M

M

M

F

M

M

F

M

F

F

Date

Captured

01 Aug.
17 Aug.
14 Sept.
14 Sept.
03 Aug.
22 Aug.
22 Aug.
23 Aug.
29 Aug.
08 Sept.
09 Sept.
10 Sept.
10 Sept.
15 Sept.
19 Sept.
20 Sept.
22 Sept.
22 Sept.
22 Sept.
24 Sept.
26 Sept.
28 Sept.

Estimated
Age (Days)

Range of
Parturition

Date

1983

1983

1983

1983

1981

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

81

78-81

106-112

106-112

112

81-86

81-86

81-86

81

86-97

86-97

97

97

78-81

106-112

81-86

112

81-86

112

105-112

97-106

112

12

28 May-31
25 May-31
25 May-31

13

28 May-02
28 May-02
29 May-03

09

03 June-14

04 June-15

05

05

26 June-29

30 May-05
26 June-01

02

28 June-03

02

04 June-10

12 June-21

08

May
May
May
May
i^r
Jione

June

June

June

June

June

Jxone

June

June

June

July
June

July
June

June

June

June

1983

1983

1983

1983

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

N = 22 Range of parturition:
13 April - 03 July
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Hunting. Reproductive tracts from 35 female raccoons harvested in

1984 were examined for the presence and number of placental scars.

IWelve individuals had not bred, while 23 (66%) had distinctive scars

(Table 13). rxiring the 1985 raccoon hunts, 28 female reproductive

tracts were collected; only 9 (32%) had placental scars (Table 14).

These percentages were considerably lower than the 85% (n=256) reported

for a sanple of harvested raccoons in Illinois (Junge and Sanderson

1982). Rabinowitz (1981), v^o only examined teat condition, reported

that 91% of the females saitpled during summer in Cades Cove, GSMNP had

bred. Small sample sizes and broad age categories in the present study
(i.e. Age Class 2 = 15-38 months) preclude the analysis of age related

reproductive success (Junge and Sanderson 1982). Therefore, the

percentage of yearling females vhich bred on CSWMA is urtoown. The

earlier a female breeds the sooner it will contribute to the rate of

increase (Birch 1948). The data appear to indicate that the percentage
of parous females generally increases with age.

Mean litter sizes for raccoons harvested in 1984 and 1985 were 2.0

young/breeding female and 2.1 young/breeding female, respectively

(ranges = 1 to 5). Previous research on CSWMA (Woods 1978) indicated a

mean of 2.8 young/breeding female, as did data from Cades Cove, GSMNP

(Rabincwitz 1981). Generally larger litter sizes correspond to more

northern latitudes (Johnson 1970); this may be a mechanism to ccnpensate

for hi^er winter mortality associated with these latitudes (Mech et al.

1968). The litter size reported herein is the second lowest reported in

the literature (Table 15).
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Table 13. letter sizes for 5 age classes of raccoons harvested on
CSWMA, November - December, 1984.

Number of

Plaoental Age Age Age Age Age
Scars Class 1 Class 2 Class 3 Class 4 Class 5 Total

0 2 6 2 1 1 12

1 1 1 2 4 0 8

2 0 1 7 2 0 10

3 0 1 0 1 2 4

4 0 0 0 0 0 0

5 0 1 0 0 0 1

Ttotal 3 10 11 8 3 35

% Parous 33% 40% 82% 88% 67% 66%
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Table 14. Litter sizes for 5 age classes of raccoons harvested on
CSWMA, November - December, 1985.

Number of

Placental

Scairs

Age
Class 1

Age
Class 2

Age
Class 3

Age
Class 4

Age
Class 5 Total

0 4 12 3 0 0 19

1 0 2 0 1 0 3

2 0 2 2 0 0 4

3 0 0 0 0 1 1

4 0 0 0 0 0 0

5 0 1 0 0 0 1

Total

% Parous

4

0%

17

29%

5

40%

1

100%

1

100%

28

32%
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Table 15. Raccoon litter sizes reported from different
areas of the United States.

State N

Mean Litter
Size Sourc^e

North Carolina 10 1.9 Llewellyn (1952)

Washington 7 2.0 Scheffer (1950)

Maryland 12 2.3 Llewellyn (1952)

Alabama 101 2.5 Johnson (1970)

South Carolina 13 2.8 Cunningham (1962)

Tennessee 20

4

32

2.8

2.8

2.0

Woods (1978)
Rabinowitz (1981)
This Stucty

Georgia, Florida 17 3.2 tfcKeever (1958)

Texas 26 3.4 Woods (1955)

Illinois •?
• 3.5 Sanderson (1960)

Louisiana 6 3.8 Cagle (1949)

Missouri 22 3.8 Sanderson (1950)

Michigan 11 4.0 Stuewer (1943b)

Virginia 5 4.4 Kellner (1954)

Kansas 8 4.6 Stains (1956)

North Dakota ? 4.8 Fritzell (1977)

New York 4

Mean

5.0

= 3.3

Llewellyn (1952)
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i^ccoon density for Fall 1976 on CSWMA was estimated at 1

raccxx)iV27.5 ha or 366 individuals for the 9872 ha peninsula (Woods

1978). If the present fall densities of 1 raccooiVll.6 - 19.4 ha (see

Density Estimation) are extrapolated for the v^ole peninsula, then the

present raccoon density is between 509-851 individuals. Therefore,

based only on these data, an increase (39-133%) in the density of

raccoons on CSWMA has occurred simultaneously with a decrease (29%) in

the average litter size of raccoons. Raccoon hunting was closed on

CSWMA from 1979-83; estimates from as early as 1982 suggest that the

raccoons had recovered from an apparent overharvest (Nottin^iam 1985).

Ejqjloited populations tend to have higher reproduction (Storm and

Tzilkowski 1982). Reproduction Which is density-dependent may be

occurring (Errington 1956, Lord 1960). An inverse relationship between

density and the number of offspring produced, has been reported for

blacktailed jackrabbits (leipus califomicus) (French et eil. 1965) and

muskrats (Ondatra zibethica) (Errington 1956). This documented decline

in reproduction for raccoons on CSWMA appears to be a conpensatory

mechanism to retard excessive population growth vhen raccoon hunting is

not present. Althou^ cotipensatory activity is common among furbearers

the mechanisms involved are cortplex and not easily understood vhen

on short t:erm studies (Storm and Tzilkowski 1982).

Loncfevitv

Trapping. Of the 170 raccoons trapped in the control area, 4 (2%)

were Age Class 5 (>86 months) individuals, and 23 (14%) were Age Class 4
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(58-86 months). Trapping in the esq^erimental area produced 7 (5%) Age
Class 5, and 9 (6%) Age Class 4 raccoons (n=145). Apparently 11-16% of

the raccoons on CSWMA are in these 2 older Age Classes.

Three of the Age Class 5 individuals (l control area, 2

ei^)erimental area) were females that had been tagged by previous

researchers on CSWMA in 1976 and 1977. Two of the 3 were juveniles (Age

Class 1) in 1976 and therefore had minimum ages at last capture, of 8

years and 8 years 8 months, respectively. The third female was aged as

a Class 2 (15-38 months) individual in September 1977 and was captured

as late as May 1985. The minimum age of this raccoon was 8 years 11

months (possible age range = 8 years 11 months to 10 years 10 months).

Nottm^iam (1985) recovered 4 individuals from previous studies on

CSWMA, the oldest having a minimum age of 9 years 4 months.

The present data sv5port a maximum longevity of at least 9 years

for raccoons on CSWMA. Nottin^iam (1985) also reported an estimate of

maximum longevity of 9 years for raccoons. A lower maximum longevity of
7 years was reported for raccoons in Cades Cove, GSMNP (Rabinowitz

1981). The maximum known longevity in the wild for raccoons is 17 years

(Gairrett and Goetz 1975). Ihe present researcher and 2 others (Woods

1978, Nottin^iam 1985) working on CSWMA, have documented a totcil of 5

individual raccoons, each having reached an age coirparable to that of

the respective investigator's maximum longevity estimate. Each of these

5 raccoons were females. This occurrence further supports the age

pyramid data (see Age Structure) vhich indicated that females out live

males on CSWMA. Therefore an apparent reduction in the reproductive

success of female raccoons (see Breeding and Reproduction) does not
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appear to be a result of older, more productive females cfying at earlier

ages.

Ififflting. TWO females, ID NO's 146 and 218, with ages comparing to
maximum longevity estimates, were harvested during CSWMA raccoon hunts.

One was harvested in 1984 and one in 1985. Both females were aged as

Class 4 (58-86 months) individuals hy Nottin^ (1985); one was aged in

December 1981 (ID NO 146) and one in May 1982 (ID NO 218). Minimum ages
for these 2 females were 7 years 10 months (ID NO 146) and 8 years 4

months (ID NO 218) (possible age ranges = 7 years 10 months to 10 years
8 months). A female harvested on CSWMA during 1976 was aged at 10-12

years based on cementum annuli (Woods 1978). Ihese results substantiate

the maximum longevity estimates produced from trapping data and also the

contention that females tend to out live maitag on CSWMA.

MOrtalitv

Eight raccoon mortalities were documented (Table 16) frm 5 July
1983 to 29 July 1985; 7 of these animals died on CSWMA. One death was

directly attributable to conplications vMch arose vMle an animal was

sedated and another was killed in the trap, probably by dogs. The total

number of animal sedations was 293; therefore deaths directly

attributable to capture and handling of raccoons were 0.7% of all

sedations and 0.2% of all animal captures. Using Fhencyclidine

hydrochloride to sedate animals, Fritzell (1978) had a capture and

handling death rate of 4% (n=50). Domestic dogs were indicated as the

cause of 4 (50%) of all known raccoon mortalities from 1983-85 on CSWMA.
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Prior to the hunt on 10 December 1984 several CSWMA vAiite-tailed

deer hunters reported finding raccoon carcasses along the borders of

several fields on Chuck Swan. In an attempt to determine vhether deaths

were being caused by a disease outbreak or from illegal harvest, a

search of 2 fields in the control (unhunted) area was conducted on the

afternoon of 10 December 1984. No raccoon carcasses were found.

A search was conducted on the morning of 11 December in several

fields vhere carcasses had reportedly been seen (in the RHA). This

search resulted in the recovery of 2 raccoon carcasses. A brief field

necropsy indicated that both individuals had died of broken backs and

other injuries. These results inferred that hunting dogs, with or

without the knowledge of their owners, overcame raccoons vhile chasing

them throu^ fields, and killed them (P. Bledsoe, TWRA, pers. comm.)

Raccoon hunting dogs would probably remain at the si»^t of these

CJaptures until their owners retrieved them. These carcasses were not

taken to the check station, therefore th^ were cxmisidered illegally

harvested individuals. The percentage of racxxcns vhich cure illegally

harvested, is unknown. A surv^ of the 1984 CSWMA raccoon hunters

indioated that 6% witnessed rule violations (Kbcka and Pelton, Ihiv. of

TN., uipubl. data). This may or may not include incidences of illegal

harvest. Atkeson and Hulse (1953) estimated that these types of losses

average less than 10% of the total harvest. During the 1975-76 season,

TWRA checked 522 raccoon hunters in Region IV, of vhich 17% were

violators (Warr 1978). During the 1984 raccxcn hunting season on CSWMA

no violations were witnessed by TWRA personnel.
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Small sample size precludes any analysis of mortalii^ with respect

to sex or oge. It is noteworthy that 1 male raccoon was legally

harvested outside of CSWMA, during the regular season. Nottin^iam

(1985) also documented several raccoons being killed outside of CSWMA

/ "the majority of vhich were males. Numerous studies have

indicated that male raccoons eidiibit greater movements than fenales

(Urban 1970, Fritzell 1978, Woods 1978). Differences in home ranges

between males and females are exaggerated during the breeding season

vhen males expand their range to increase their ability to breed with

females (Stuewer 1943a, Johnson 1970, Rabinowitz 1981). While

increasing reproductive success this increase in hone range may

contribute to increased mortalil^ of males on Chuck Swan (Nottin^iam

1985). Young individuals (Age Classes 1 and 2) represented 71% of the

known age mortalities (n==7). Johnson (1970) and Nottin^iam (1985) have

both documented hi^er mortality rates for young raccoons.

Estimates of Survival Rate

The J-S model produced survival estimates of raccoons for each area

corresponding to each trapping period (Table 17). Estimates of 1.0 were

produced for both the control (Fall 1983) and eiperimental (Fall 1984)

areas. Throu^out this stuc^ the hi^est estimate produced for each

sample period fluctuated between the 2 areas. However, z scores and

their corresponding probabilities indicated no significant difference

between estimates for each sample period (R>0.05). Standard errors

indicated a relatively ccxisistent level of precision eissociated with

each estimate. The estimate for Spring 1985 in the experimental area
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Table 17. Jolly - Seber estimates of survival rates for
raccoons on 2 stuc3y areas, CSWMA, 1983-85^.

Fall 1983 Spring 1984 Fall 1984 Spring 1985

Control Area

1-0 -89 .97 .80

(•08) (.09) (.11) (.12)

Experiinental Area

•87 .98 1.0 .54

(•09) (•!!) (.17) (.11)

Associated standard errors are given in parentheses.
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(0.54) was at least 33% lower than the other estimates produced for

CSWMA from 1983-85. Despite this estimate of low survival, the mean of

all survival rates (X=0.88) from 1983-85 was hi^er than that reported

by Nottin^iam (1985) for CSWMA from Fall 1981 throu^ Fall 1982

(X=0.81).

Survival rates reflect losses due to both death and emigration

(Jolly 1965); therefore, assessment of the effects of mortality is

complicated. Nottin^iam (1985) reported that emigration may have

decreased the estimates of survival in the e>?)erimental area, vMch were

as low as 0.52 in Fall 1982. Present data from trapping and hunting on

CSWMA indicate that movements of raccoons along study area boniers were

limited (see Movements). The survival rates of 1.0 produced for each

area suggest that mortality and emigration were nonexistent in the

control area during Fall 1983 and in the e3q3erimental area firing Fall

1984. However, the Fall 1984 ej^jerimental area estimate had the hi^est

standard error (0.17) of any estimate, implying a lack of precision.

Trapping in the control area during Fall 1983 was characterized low

success and the capture of only 14 unmarked individuals. These factors

caused J-S to over estimate the survival rate of raccoons in the control

area during Fall 1983.

Little is known concerning natural survival rates of raccoons

(Woods 1978). When CXinningham (1962) corrpared the number of placental

scars to the number of young within 13 family groips, he found a

juvenile survival rate of 75%. However, Mech et al. (1968) reported a

lower survival rate for juvenile raccoons of 29%. Most adult raccoon

mortality is attributed to ejploitation by man (Stuewer 1943a, Sanderson
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1950, Johnson 1970). Hunting season closure was documented as

increasing the potential for survival viien timed with the release of

translocated raccoons (Taylor 1979). Taylor (1979) also reported 41% of

all known mortality as a product of illegal hxmting. Illegal hunting is

present at lower levels on CSWMA (see Mortality) than in other areas of

east Tennessee (Warr 1978). However, it is a source of mortality

thereby decreasing the survival rate of raccoons. Therefore, the

decrease in the survival rate of raccoons in the ejqserimental area from

Fall 1984 to Spring 1985 may be related to both the legal and illegal

hunting pressure experienced by the raccoons in that area.

Diseases and Parasites

Virology. A total of 188 raccoon blood samples were rsni i g»rrHcy^

during the present stu£^; 160 of these samples were drawn from live-

trapped animals, and 28 were from harvested individuals. The control

area accounted for 33% of all the samples, vhile 61% were frtsti the

experimental area and 6% were from the RHA. This sampling effort

represents 177 individuals (110 males, 67 females), 11 of which were

bled twice.

Positive titers for CD7 were found in 34 (18%) of the samples,

vhereas only 3 (1.6%) were positive for R7. None of the samples had a

positive titer for CPV. Exact titers were obtained for eill serum

samples vhich tested positive for antibodies to CDV or RV. The 2

hi^est serum antibody titers (1 CD7, l RV) were 1:40, vhereas 9 were

1:20 (CDV), and the remaining 26 were 1:10.
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Included in the 188 sairples analyzed were serum from 4 individuals

(2 males, 2 females) vdiidh Nottingham (1985) had reported ais having CD7

titers in 1982. During the present stuc^, only 1 of these individuals

(I D NO 302) had a positive titer (1:10). Likewise, 1 of the oldest

females (minimum age = 9 years 11 months) captured during this study (I

D NO 193) was also found to have a positive titer for CD7. Four of

these 5 individuals were captured as late as Spring 1984, vMle the

other was captured in Spring 1985. Nottin^iam (1985) documented an

outbreak of CDV in the raccoons on CSWMA in the spring of 1982. The low

serum antiboc^ titers reported herein most likely reflect less recent

exposure to the distemper virus (Parker et al. 1961). These animals

probably recovered from the CD7 outbreak ejqserienced during the spring

of 1982 an CSWMA. However, Rabinowitz and Potgieter (1984) reported

that samples drawn 6 years after a suspected epizootic of CDV in

Cove, GSMNP were negative for distemper in raccoons. Because raccoons

are hi^y susceptible to CDV (Robinson et al. 1957), Rabinowitz and

Potgieter (1984) suggested that transmission by infected animals and

"carriers" was unlikely because the infection appeared to be uniformly

fatal among infected individuals. likewise, Budd (1970) stated with

respect to distemper that "morbidilY and mortality may be hi^ in a

susceptible population." The mortality rate was 50% in ej^jerimentally

infected raccoons, but it is unknown for free ranging wild species

(Kilham and Herman 1954).

All wild raccoons in east Tennessee may not be as susceptible to

CDV as indicated by those in Cades Cove. Differences in the

susceptibility of individual dogs to CDV have suggested that virus-host
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relation^ps may be involved (Peckham 1967). Variation among strains

of CDV may also account for the ranges in susceptibility of individuals

or populations. CDV strains differ at the ultrastructural level (Confer

et al. 1975); and the various disease patterns caused l:y viruses may

range from fatal to minor or inapparent (Grist et al. 1966). Variation

in strains often contributes to the disease pattern of canine distenper

encephalomyelitis, vMch is a common manifestation of CDV infestion

(Summers et al. 1984). The epizootiology of distenper in wildlife

populations is unknown (Budd 1970) and the presence of CDV has been

correlated with fox densities (Parker et al. 1961). Raccoons are

currently at the densest levels ever documented on CSWMA; therefore, it

is suggested that serological monitoring of the raccoons on CSWMA should

continue.

CDV is a parairyxovirus viiioh is antigenically, physicochemically,

and biologically related to measles and rinderpest viruses (Wilner 1969,

Joklik 1980). Related viruses may cross react with the sariva antibodies

(Sigel and Beasley 1965). Measles, rinderpest, and distenper have a

substantial degree of serologic cross-reactivity (Delay et al. 1965).

Therefore, the positive titers for CDV in raccoons on CSWMA may actually

reflect the presence of antigens for measles or some other member of the

Pararayxoviridae family. This seems unlikely since no investigator has

documented the susceptibility of raccoons to other paramyxoviruses.

Measles is primarily a disease of man, and rinderpest is not present in

the United States.
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Parasitoloqy. Saiiples from 74 (37 males, 37 females) live-trapped

racxxx)ns were examined for the presence of microfilariae. Microfilariae

were not present in any of the saitples. These results sharply contrast

those for Cades Cove, GSMNP in which 75% (108) of all raccoon samples

were found to contain Tetrapelatonema llewellyni (Rabinowitz et al.

1985). Rabinowitz (1981) believed T. llewellyni to be so successful in

Cades Cove that it had developed a symbiotic relationship with raccoons

and was not detrimental to the host's health. The present results are

not readily eiplainable because Cades Cove and CSWMA are both

representative of xpland habitats in east Tennessee (Minser and Pelton

1982). Despite the habitat similarities between these 2 areas, many

factors such as the number of potential vectors available and host

behavior affect the host vector relationship (Magnarrelli 1979);

3*^^iitionally, correct environmental conditions are necessary for vectors

to survive and filaria to develop (Hawking 1961). It was not within the

scope of this project to determine the difference in environmental/

vector conditions at CSVJMA vbioh eillowed for suoh diverse results from

those previously documented in east Tennessee.

Social Interaction

Mar^ researchers have documented extensive overlap in raccoon home

ranges (Stuewer 1943a, Geis 1966, Hacdy 1979, Taylor 1979) therein

believing that raccoons are not territorial. However, others have

reported varying forms of territoriality by raccoons (Tevis 1947, Sharp

and Sharp 1956, Mech et al. 1966). Generally, Icurger home ranges with

less overlap are associated with males.
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During the present study, 3 occaarrences of 2 adult males, captured

^ same trap, were recorded. Each of these 'double captures'

cxxnjrred in the esq^erimentcil stucfy area and involved 1 Age Class 2 and 1

Age Class 3 individual. One of these occurrences involved 2 previoiasly

tagged individuals (lENO's 212 and 325); examination of their capture

histories did not si^port the possibility of them being siblings. The

other 2 occurrences each involved 1 new and 1 recaptured individual.

Althou^ unlikely, due to estimated ages, the possibility of these

individuals being siblings (in each occurrence) still exists due to a

lack of data on the newly captured raccoons. However, Fritzell (1977)

indicated that males separate early in life.

The present 'double captures' occurred in summer, thereby

substantiating Rabinowitz's (1981) belief that males may possibly

maintain scans degree of spacing from each other during breeding and

parturition, but not at other times of the year. Fritzell (1978)

n^icated infreguent contact among adult males in the northern prairies,

but suggested that Icwer latitudes may have dissimilar results diig to

differences in climate, habitat, food resources, and raccoon density.

Different patterns of social organization may result from vertebrate

populations in dissimilar environments (Crook 1970).
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APEEMDIX D

Table 20. Data frcm raccoons harvested on CSWMA, November-
December, 1984.

ID

Right
Tag Harvest Corrpartment

Number Number Date^ Area Number Sex Age Wgt

143 328 2 2 13 2 4 6.4

146 313 2 2 12 2 5 5.0

211 326 1 2 11 2 4 4.5

233 139 1 2 13 2 4 5.4

236 145 3 2 15 2 3 5.9

324 273 3 2 10 1 4 5.9

331 244 1 2 10 2 4 5.4

333 444 2 2 10 1 3 6.4

370 273 1 2 15 2 3 5.9

377 353 1 2 13 1 4 6.4

454 378 2 2 15 2 2 3.6

459 382 2 2 11 2 4 5.4

462 519 1 3 16 1 3 6.4

467 523 2 2 12 1 3 5.4

472 531 2 2 10 1 2 4.5

475 537 2 2 12 1 1 3.2

476 539 2 2 13 1 3 4.5

477 541 1 2 12 1 3 6.4

481 398 3 2 13 2 2 4.5

487 549 3 2 12 1 3 5.4

489 553 3 2 10 1 3 4.5

548 - 1 2 10 2 3 5.0

549 - 1 3 09 2 3 5.0

550 - 1 3 07 1 4 7.3

551 - 1 2 15 1 3 5.4

552 - 1 3 18 1 3 5.9

553 - 1 3 08 1 2 2.7

554 - 1 3 07 2 2 2.3

555 - 1 3 09 2 2 5.4

556 - 1 2 10 2 3 5.0

557 - 1 3 17 1 2 3.6

558 - 1 3 07 2 4 5.4

559 - 1 3 18 2 5 7.7

560 - 1 3 08 1 2 5.0

561 - 1 2 13 1 3 3.6

562 - 1 2 15 1 2 2.7

563 - 1 3 14 2 3 5.4

564 - 1 3 17 2 1 2.3

565 - 1 3 16 2 3 5.9

566 - 1 3 18 2 3 5.0

148



149

Table 20. Continued

ID

Turtber

Ri^t
Tag

Nuirber

Harvest

Date^ Area

Conpartment
Number Sex Age Wgt,

567 1 3 14 2 2 2.7

568 - 1 3 17 2 2 3.2

569 - 1 3 14 1 2 3.2

570 - 2 3 09 1 3 5.9

571 - 2 2 13 1 3 5.0

572 - 2 2 12 2 1 2.3

573 - 2 3 09 2 5 5.4

574 - 2 2 10 2 3 4.1

575 - 2 3 14 1 3 4.5

576 - 2 3 07 1 5 5.4

577 - 2 3 16 2 4 4.1

578 - 2 3 18 1 3 5.0

579 - 2 3 09 2 2 3.6

580 - 2 3 17 1 4 6.4

581 - 2 3 17 2 5 4.5

582 - 2 2 11 2 2 2.3

583 - 2 2 11 2 2 4.1

584 - 2 2 15 2 2 3.6
585 - 2 2 15 2 1 2.7
586 - 3 2 13 1 2 3.6
587 - 3 3 09 2 2 5.4

588 - 3 2 11 2 3 3.6

589 - 3 3 09 2 3 5.0

590 - 3 2 12 2 1 2.7
591 - 3 2 15 1 1 2.7

592 - 3 3 17 2 1 2.3

593 - 3 2 10 2 2 5.0
594 - 3 3 18 1 2 5.4

595 - 3 3 09 1 3 6.8

596 - 3 3 07 1 2 4.1

597 - 3 3 18 2 4 5.0

598 - 3 3 08 2 3 4.5

599 - 3 2 13 1 2 5.4

601 - 3 3 08 1 1 2.3

602 - 3 3 14 1 3 5.0

603 - 3 3 17 2 3 5.0

604 - 3 3 18 2 4 5.4

605 - 3 3 08 1 4 6.8

606 - 3 2 12 2 4 5.0

^ 1=12 November 1984; 2=14 November 1984; 3=10 Decenber 1984.



APPENDIX E

Table 21. Data from racxxxms harvested on CSWMA, November-
December 1985.

ID

Number

Rii^t
Tag
Number

Harvest

Date^ Airea

Cfcsoopartment
Number Sex Age

218 490 4 2 11 2 5 4.0
224 446 5 2 12 1 3 5.7
248 427 6 3 14 1 3 6.8
350 313 6 2 11 1 4 6.4
367 344 5 2 12 1 4 6.0
414 421 4 2 13 1 3 5.5
420 545 4 2 12 1 4 5.7
460 516 6 2 10 1 3 4.6
483 546 5 2 13 1 2 5.2
524 441 4 2 11 2 2 4.5
527 612 4 2 15 1 3 5.5
538 451 4 2 13 2 2 4.5
570 486 4 2 15 2 2 4.1
574 682 4 2 12 1 2 3.5
584 502 6 2 15 2 1 3.5
586 506 5 2 15 2 2 3.5
591 698 5 2 15 1 3 5.5
654 • 4 2 15 1 3 6.5
655 • 4 3 17 1 2 5.5
656 • 4 3 18 1 2 3.2
657 • 4 2 13 2 3 4.7
658 • 4 3 7 2 2 3.2
659 • 4 2 10 2 1 1.7
660 • 4 3 7 1 3 5.0
661 • 4 3 9 2 2 4.8
662 • 4 3 14 2 2 5.0
663 • 4 3 16 2 2 3.2
664 • 4 3 8 2 2 5.0
665 • 4 3 9 1 2 3.0
666 • 4 2 10 1 2 3.5
667 • 4 3 17 1 5 6.7
668 • 4 3 17 2 1 2.5
669 • 4 3 18 2 2 3.8
670 • 4 3 16 2 2 3.3
671 • 4 3 14 2 2 4.5
672 • 4 3 9 2 3 4.7
673 • 4 3 8 1 2 5.1
674 • 5 3 16 2 3 5.0
675 • 5 3 8 2 2 4.0
676 • 5 2 15 2 1 2.5
677 • 5 2 11 2 1 2.7
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Table 21. Continued

151

ID

lumber

Ri^t
Tag
Number

Harvest

Period Area

Campartment
Number Sex Age wgt

678 • 5 3 6 1 1 3.3

679 • 5 3 7 1 3 6.0

680 • 5 3 17 1 1 2.8

681 • 5 3 9 1 3 5.7

682 • 5 3 9 2 1 2.4

683 • 5 3 8 1 3 5.0

684 • 5 3 9 2 1 2.2

685 • 5 3 18 2 3 4.5

686 • 5 3 17 1 1 2.4

687 • 5 2 15 2 2 3.8

688 • 5 3 16 1 1 3.1

689 • 5 2 13 2 2 2.5

690 • 5 3 7 1 1 3.1

691 • 5 2 10 1 2 3.0

692 • 6 3 9 2 4 4.5

693 • 6 3 17 2 3 4.8

694 • 6 2 15 2 2 4.5

695 • 6 2 12 2 2 4.0

696 • 6 3 8 2 2 2.7

697 • 6 3 7 2 2 3.3

698 • 6 3 16 1 1 3.0

699 • 6 2 12 1 3 6.2

701 • 6 3 9 1 4 4.9

702 • 6 3 18 1 3 5.9

703 • 6 3 9 1 3 6.2

704 • 6 2 10 2 1 2.0

a A=4=18 November 1985; 5=20 November 1985; 6=2 December 1985.



APEEMDIX F

Table 22. Number of visits and overall visitation rates for
racxxxjns and other maiiitnals to 1036 operable scent-
stations in 2 study areas on CSWMA, 1983-85.

Visitation
Stuicty Total Number Rate % (N/
Area Mammal Visits, N Total stations)

Control Raccoon 31 6.0

Opossum 13 2.5

Gray Fox 23 4.4

Red Fox 1 0.2

Both Foxes^ 32 6.1

Dog 7 1.4

Striped skunk 11 2.1

Cottontail Rabbit 9 1.7

White-tailed deer 4 0.8

Woodchuck 15 2.9

Total: 9 species 122 Mean = 2.6

Experimental Raccoon 21 4.1

Opossum 26 5.0

Gray Fox 17 3.3

Red Fox 2 0.4

Both Foxes^ 22 4.2

Dog 3 0.6

Striped skunk 4 0.8

Cottontail Rabbit 14 2.7

White-tailed deer 3 0.6

Woodchuck 7 1.3

Ttotal: 9 species 100 Mean = 2.2

^Both foxes combined, plus 11 unidentified foxes.
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