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INTRODUCTION

In Virginia, rabies.as‘a.fox,epizootio.seriousiy conflicts with
man;s interests and welfarer According to'Dr.‘ﬁauithite, Direotor;
'Bureau of" Epldemlology, Virginia Department of Health, enough vaCC1ne
. was 1ssued in 1968 for 283 peOple to have taken the 21 shot long
serles rables treatment (personal oommunlcatlon). Durlng 1967, llve—
‘stock IoeSesbdue to rabies exoeeded'$3o;oodfin‘one VirginiaACQUnty
aione (Mr. Glen Dodderar, V.P.I._Ertension:BioIOgist, personal communi-
cation), ‘Already»inv1969 (January 4 to March 29), 189 caaes of rabies
have been reported in wilolife and farm species, including 138>casesb
in foxes (White, personal cOmmunicat;on).

The solution of the rabies prohiem mayvbe thromgh more effective
~and efficient methods of vector p0pulat10n control, The present
‘program of control us1ng State traopers is helorul “but not adequate.
During the perlod of 1961 to 1966,vmore than 33,000 anlmals were
trapped and killed in 43 of the 47 oounties requestrng the program;
yetrthe total number of lab‘oonfirmedvcasee of rabies did notvdecrease
(Marxvl966). (Improved reporting may have accounted for some of the
stability inbnumber'of oases.) In addltlon, trapplng is tlme con-
j.auming and'expensive.” In some COUﬂLlGS, 5 man- hours per anlmal are
needed to eapture foxes (Beck 1967). The stateW1de average cost of f
trapping‘a'fox wae $38 in’l968 (White, peraonal-communioation). tThese
figures, ooupled w1th the serlousness of the rables problem, suggest
| the need.far deveIOpment and appllcatlon of new methods and technlques :

to- supprement ‘and 1mprove “the current program of controlllng vector



spec1es.

I

However, ‘the need for 1mproved populat1on control technlques is

Justlfred on a broader basls than Just the rabies: problem As greater d_"

stress develops among wildlife populations,,habitat, and man.with.time,l
‘ Wildlife populatlon manipulation‘for a»variety of;purposes'willdbecome’v
increasingly‘important . For example, inisome situatiOns.fOXes may‘
need to be controlled because of their role as predators Heretagain,
very SpeCIfIC techniques of control may be needed because foxes, like
coyotes and deer (Dasmann 1964:198—20l), are somewhat resistant to
conventional control methods. Ultimately, of course, the very sur-
vival of a species hinges.upon keeping the-pOpulatlon in balance
-‘W1th the habitat and av01d1ng conf11cts with other land uses. Satls—
~‘factory management of a species nece551tates develOplng and. applying
~ the most efficient and effective techniques of population control
possible. “ | |

- The usevof chemosterilants (antifertilityvagents) to suppress
reproduction in problem species may be one'of these methods. In
princlpl e, control through suppre551ng reproduction offers several
aduantages over control through 1ncreas1ng mortallty. The potentlal
of this approach is suggested by the varlety of 1nvestlgat10ns that
:»have been conducted on several pest specwes (e.g., Dav1s 1961 Balser_
1964b; Elder 1964; and Howard 1968). Development of an efficient
‘and effective techniqUe»of application;to,wild‘populations is,needed;’
. Integrated with a trappingvprogram, such avtechnique could conceivably

permit a much greater degree of rabies control than is now possible.



.Piactical‘ﬁioblems of deveiéping and using this apprbéch include
“ 1) Selecting a suitable7antifertiiity agent and 2) effectivelyrtfeat—
‘»iﬂéithe target speqieé at the apprOpiiate period inithe,breeding
cycle. . Based oﬁ ihese problemé and the above introduction, this ‘
project was désigned and cbnduétedraé a‘préliminary study of?fox
control through suppressingvreproduCtion,"The purpose:Wasbto pro-
vide di;eétioh for further invgstigations of this‘appiéach. The
folléWihQ objecfives were established;
1. fo determine ihe feasibility of using the chemosterilant
diefhylstilbestrol'(DES) to reduce reproduction in a wild
rfox'pbpulatioh o
"2; ,To field test techniques of administering chemosterilants to
wild foxes | |
‘4Preiiminary field investigatiénérwere begun in October, 1967,
: and;ektended through November, 1967. Extensive field work, including
tfeating and collecting animals, was -conducted from Januqry, 1968,

to June, 1968.



LITERATURE REVIEW

Twotmajor topics wereireviewed:; 1) normal reproductive charac—
" teristics of the species and 2) principies»and problems of the control

" method. The target species of this study included the gray fox

‘(Urocyon cinerecargenteus cinereoargenteus Schreber) and the red fox,

v(Vulpes”fuiva fulva Desmareet);- Although knoWledge of reproduction

in these spec1es is 1ncomplete, literature currently available pro—:
vv1des an adequate description of general characterlstlcs for. the pur-
::poseS'of this'study. Information cencerning application of anti-
fertility agents to predator pOpulatione'is also rapidly becoming
available. The principai species currentiy under investigation include

foxes and coyotes.

Characteristics of Poé»Reproduction'

Apparently wild pOpulations of this SpeCies consist largely of
animals 1 year old or lese. Appr0x1mately 60 percent of yearly
populations were subadults‘in southern'Georgia and Florida (Wood 1958
~and Lord 1961a) In southernklllin01s 52 percent of the breeding -

. pooulation were yearlings (Layne 1958) Richards and HineS'(01ted by
Layne 1958) reported a figure of'69 percent subaduits for Wisconsin-
populations. A significant aspect‘Of;population age structure is

the number'of animalq wnich breedvthe firét"year’of life ’ Tn thls
regard Wood (1958) reported that 92.3 percent of the yearling females
pred their first year in southern Georgia and Florida. However,

Sheldon (1949) cited. circumstantial evidence that some animals may



:not breed untll the second year, and Layne (1958) suggested that a
few anlmals may reach sexual maturlty too late to breed the first
_1year.' | |
Yearly sex ratios‘did not‘differvsignificantly from the expected_
'leO:IOObratio in‘Illinois (Layne-l958) Alabama (Sulllvan 1956), or
: ‘Georgia and Florlda ’Wood 1958 and Lord. 196la) However, a prepon-,
:derance of males was observed in New York' (Layne and McKeon 1956 and
Linhart'l959). Some seasonal variation in sex ratios was noted in
several studies; |
Gray foxes are monestrous (Asdell 1964:441). Most investigators

assumed them to be monogamous for 1 year. However, length of gesta-
’tion was controverSial. Many investigators assumed a peribd‘identical
~ to that of red foxes,‘5i to 53’days;;but Grinnel et al.‘(oited by
Asdell 1964:441) listed 63 days. Length of breeding season was
similar for all regions, but’breeding occurred abbut 1 month earlier
,inisouthern states. In New York, breeding took place.from late
January to the end of May (Layne and McKeon 1956). in Georgia and
’Florida, Wood (1958) reported a season occurring from late December
to late March.’ Peaks of breeding ranged from early Marcn in New Ybrk
'(Sheldon 1949) to late January or early February in Georgla and
Florida (Wobd 1958) In southern I111n01s, which is on a latltude
compqraoﬁe to that of southern Vlrglnla, the breedlng season was from
late January to the end of I February, with the peak in mld—February
(Layne 1958).

Mean litter size based on counts of placental scars and embryos



varied from 4.71 to 3.33 on different areas i_h Florida (Lord 1961).
Values from alliother states and.ldcations were wiéhin this‘range.
-Conception ratés were highvfor all regions: 96.2 percent in New York
(Layne and‘MpKeonil956), 98.0 percent in Illinois (Layne 1958),
93.5 ﬁeroént in.Alabamé (Sﬁllivan 19565,.and 93.6 percent in Georgia
and FlOiida (Wood 1938). TablevI presents‘a;summary of gray fox
ieprdductive_daté. |
Red Fox
Evidence indicates that red fox pdpulations are aléo largely
comprised of subaduits; - In Michigan, 63.9 percent of the animals
'Céptured during.the spring were juveniles (Schofield 1958). Collec-
tion. of animals during the winter in Wisconsin revealed that 66+10
pefcent were subadults (Ables 1968).; Apparently, percentage of year-
lings which breed is also high. In New York, 84 percent of ranch |
raised animals bred the first year (Pearson and Bassett 1946). Swink
(1952:98) noted two instances in Whibh wild yearlings-produced litters
onrfhe V.P.I. collegebfarm.
-rThe sex rétio;from fall and winter counts was IOO:lOO for adults
.‘in Wisconsin (Ables 1968)._YHowever,'as in gréy foxes, a préponderapce
of males was noted in New Yérk (Layne and McKeon 1956 and Linhart
,1959‘:).‘ | | | | |
| : Red foxes,’like gray foxes, are‘monestrous (Asdell 1964:436).
Théy are known to be polygamous in cabtivity; but are generally
consideied monogaﬁous for one season in the wild (Swink 1952:96).

Various authors have listed length of gestation as 51 to 53 daysj;
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;hbweyér, Swink (1952 106), among others, felt that 52 days was‘usuallylg
correct. Breed1ng occurs about l month earller in red foxes than gray
fores} Anlmals bred from the second week in January to the third
| week,in‘April in‘NevaQrk (Layne»and_McKeon.1956),. The peak (83.8
| pércenf), oécu‘rréd‘ f‘r’o’nivth'_'e third week in January to the thi.rd week in
;fébrﬁary. In‘Virginia;wranch’rgiséd animéiévbredifrdm Decémber 24,t6--'
Marchli5, With_thé peak frOm-the last wéek in January‘thrbughrrhe
tﬁird wéek in Fébruary (Swink 1952 96) Héwevér, Swink suggeéted
vthat W11d foxes bred earller than captlve anlmals
Mean litter size’ranged from 4.6 in New York (Léyne and McKeon
1956) to 6.8 in Indiana (Hoffman and. I\lrkpatrlck 1954). The value
for 1 year in Virginia was 5.3 (Sw1nk 1952:108) . ConceptionArates
were not wideiy reported7 but:values.from New York were195;3 percent
(Shelddh 1949) and 88.5 percent (Layné and McKeonv1956).v>Table II~
presents a éumﬁary of red fox reproductive‘data. |

Use of Antifertility Agents for Population Control

Principles'and'outléok,

Davisi(l96l)1was one of'fﬁe first researchers fo point dut fhat
reductlon éf birth rate in W1ld pest pOpulatlons is'a promlslng
approach +oipopulat10n control. Based on the concept that obJectives v

,of a management program must be!défined'in terms df dééired pOpulatioﬁ”
'iével, he ratifiéd\the_impértanbe or increééing mﬁrfality raté as a r
bcontrgltmeasure;-however5 he ekplained ﬁhat resultS'are”often ;ffset'
.by compenoatlon through 1ncreased surv1val and procuctlrlty of remarn—

ing anlmars. On the other hand, ‘he postulated that 1f gametOC1des

~
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,v(é’fypelof7aﬁtifertility agent) cén Be épplied,apprOpriately at the
»inception,ofvthevfeproductive‘p:ocess,‘compensatOryﬁfactors‘of popﬁla"v
tibh‘dyﬁamics will:ha&é little effect and control will be achieved.
In addition, he added that this apprOééhimay be:less expensive thaﬁA.
_inéreaéinévmortélity.éince'it can alleviate the prdblemvéf'reducing
ﬁdpulations below the level»frbm which réproduction can - rebournd. |
HOWeVer,'he.also hoted that.this?approach'will notlbe a. panecea, only
an additional toql‘for the managemenf of pOpulatiQné.‘ |
Bélser_(l964a; 1964b) and Linhart (1964) were also eériy propo-
- nents of this approach‘to énimal contrqi;‘.Based on reQiéws of work :
with dﬁiestic animals, Baiser felt that iegulation of populations:
" through suppressing reproduction isfé basic and promising approach
‘which warfahtg in?estigation.A‘He'exglained that reproductionvis the
only fbrce that‘can overcome all mortality factors Operating against
a‘species; suppressing réproduction wili caﬁse the population to
'déﬁrease as surely. as increasing one or more mbrtélity factors.
Bélservalsé'defined'the problem of applying antifertility agents to
‘ predator pOpulatiQnsf He divided the problemvinto two phases;b
l)-seieétihg a suiﬁable‘ahtifertility‘agept for the particular target
species‘and:2):developing effective‘applibation methods‘Which will'
pfdvidé a High‘degree‘of selebtivity and safety. ReqUiréménts of:a:
~suitable ééent were listedJas_l) effectiVe in a single oral déée;,,
2) safe by a wide maigiﬁ between effectiQe ana lethai'dosagé; 3)’stabie,
iﬁéxpensive,>andbéffe¢fivé_ih small field‘doses; 4) relatively taste-

~ less, odorless, or capable of being masked; and 5) effective for a



ﬂtemeorery eeeiod ofvonedbieeding‘seasoneo:‘i-year;} Theee ratﬁer

,'rigid qualifications narrowed the 1is£ of suitable agedte to jus£

a few, with DES being the most promising.

More.recentiy Howard (1967;’1968) reiterated wha£ many spientiets _

~ have postdlated:vrthat,a given numbef‘of sﬁeiile individuals in a

pdpdlation exerts a much greater bielegical control pressure‘on'the'

» pOpulatiOnkthan iemevelvof‘fhe same number of fertile individhale;
(Sterile animels do dot’cohtribdfe‘to the neit generation, but they
do compete for space, food, and social erder. Of course, sterile

‘individuéls must still‘behave as fertile ihdividdals socialiy to
make:these:principles valid.) Howard added that chemosteiilants
‘probably will be‘most veluable as part_of'integrated control of prob-
lem species, particularly in maintaiéing populations ofvvertebrates
at low level after they have been brought there by other means.

Applied Research

Much of the pioneer work in wildlife management has‘stemmed

from discoveries in domestic aniﬁal research. The use of antifer-
tility agents to chtrol‘pOpdlations is hovexeepfion. Greenweld (1952)
found that estroden caused death of embryos in rabbits in different
waYs at different stages of piegnaﬁcy; depending on the etage of»devel¥
opment of the reproddetiVe tract and of theiembfyo; Estradiol bedzoate
: wes administered post coitum.'»Jéckeonv(l953) reported fhat developmenf
of pregnahcy was prevenfed'in ali l2tcases under studybof mismated |
female doge given one intramuscular injection of sepositol DES. Hill

and Pierson (19%8) fouhd that sepositol DES could also be used as an



12

| abortifaolent in feedlot helfers.; In domésfic”mink 'Dﬁétcausedvneorly :
vtotal reproductlve failure when gloen every thlrd day durlng the perlod
‘between conceptlonﬁand whelping (Travis and Sohalble 1962). Such i
breSUIts,SUPPlied’thenimpetus’for iDVestigétions'of ohemosterilants
in w11d11fe research 1 | ’. v "
In studles at the Denver Wlldllfe Reseesch Centef, Balser (lé64a)_“' 
1n1tlated tests of DES on ooyote reproduction.. In prellmlnary tfials:

- on penned coyotes (Canls latrans), pregnancy was terminated in six

animals fed a singleleO—mg OIal dose dissolved‘in tellow; A subse-
quent field trial using d¢0p baifs wés,conducted on a 20-township
area in New Mexico with a reference area 25 miles-distant.’ Baits were
placed wheieﬁer coyote sign wasvfouno, immedietely after the estimated
peak of breeding. Animals were tfapoed 3 weeks later. On the treated :
area,konly four feﬁales ouf ofIQO in breeding condition had viable
embryos. On the reference'afea, 13 out of 13 females in breeding
condifion either had viable embryos or had litters. In the majority
of reproductive failures recorded for the treated area, females which
ovulated simply failed to 1mplqnt

“As a parallel to Balser's coyote work Llnhart and ‘Enders (1964)
: neasured.effects of DES‘on‘reproductlon in captlveared foxes. AlL
 ‘feme1es force—fed’o'singie‘50—ng"oral‘dose of DES ffom‘nine daYs‘before
_mating to 10 days after mating faiied to pfo&uoe kits. Corposa'lutea |
were foond'in fhe ovaries of all eXperimental females. Apparently in
cases of feprodncoive failure;‘éitner the ovs‘Were not ferfilized,

the fertilized ova failed to survive; tubai transport was blocked, or
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'fhé-youﬁg émgryos faiiea tq'impiaﬁf."Teétiéﬁlar’biOpsiés shéwed that
maleS'weré not affected 5y DES.. |
 v Linhart (1964)'alsd teéted thé acceptance1bvaild foxes of

igerfainvbéifs for administerihg,antifertilityiagents.  Iﬁ é cbmpéiison
of eight different baits, hb one'tYpe‘Was preferred.; FOxéé; dogs, and |
_,6rows;bin that order,imést frequeﬁtly éonsuméd baits; Bait acéeptanéé‘
:by'f0xe§ progressively impfoﬁed'throﬁéhout the wihter. ~ ’

-~ Linhart, Brusman, and Balser (1968) contihued the‘coyéte work on
é larger scale. In total, 14 field trials were conducted on 12 stﬁdy
“areas in the Southwest during a 5-year periéd (1963-67). Baits were
- modified and improved thraughout the»period. The 1/3—02 tallowvbéits
used in 1967 each contained lOO—mg»o% DES and one 75-mg coated tablet
' of de@etﬁylchlortetracycline (hereaf%er réferred to as DMCT). The
latter compound, a physiological marker,vpeimitted subseqﬁent identi-
fication'of'indiVidual‘coyotes Which céhsumed one or more baits. All
of.the sexually mature feméles showing evidence of ‘the marker were
barren. However, data were not,sqffiéient to determine effects_of
the hormone on reproduction. One difficulty was the variability of
ﬁormai reproductive éﬁccéss between areés and years. ‘Other’majér
‘p:bblems We:e getting thebhomnone into a iafge segment of the p§pula— 
'tion §nd prevehfihg‘molestation of drOp»béits by non—targét‘species.
Hdwever,'multiple bait applicatiohs werevsuperior to single applica-
tions; and DMCT was an effeciiye oral marker. -Also, Bruéman et al.
. <1968) developed a highly efficient téchnidue for prodﬁcing_antifex&“i

tility tallow baits. Treatment of coyotes is still under investigation



in Téxas.”

In New Yoik, inveétigation of fox éontrol with éntifertility‘
‘vagents continued under Paiké (l968). An'initial’field tést_of DES
~during the winfer‘of'l961—62 was inconclusiye; é pellet férm of the
hormone'was.usea,which-passed through foxes with0u£ being digested.

In a‘éearCH'for better mefboasibseveral réproduétiﬁe‘ihhibitors were
ééréened:  DES, mestranol,vclémibhéne and 6‘chloro-g- 7—acetoxy§roges—
'gefdne. When fed-in a meat base to raﬁch—raised»réd féxés, DES showed
fhe'greafest.boténtiai in fermsrof cost and effectivéness. A single

' 5d?mg dqse administered to females wés nearly 100 percent effective
in SieVenfing pregnancy dgring_the first 10 days after mating. DES
had little or no effect on Spermatogénesis. In field trials with

~ various baité; red foxes showed a di;tinét préference (2.4:1) for
honey-tallow baits over plain tallow baits. No preference was.shown
by gray foxes. The most bromising physiological marker tested was
te£racycline hydrochloride (achroﬁycin). (DMCT was not tested.) In
field tests using’achromycin and ' DES, achromycin Was very satisfactory.
Apbroximateiy 68 percenﬁ of ali foxes ceptured were marked. However,
'rtheieffecfivéness of DES Was not.détermined due to alterations of the
'pOpulétionbe‘mahgé; Additidnal'trials‘aie being_conddcted.

Storm and Sandefsdn-(l969)xrecently tested fhe effeéts df'vérioué
~doses of medroxyprogesteroné aéetate (provera) on proauctiviﬁy ofv>
céptive red féxes. Pup production by‘the treéted animalé was signifi—_
cantly lower thén production by controls during the fi:st'pésf-treatmént

whelping season. All females mated after treatment; apparently,



provera did not-afféct,develOping follicles,;ovulation,'or estrus; v?

Animals were'thféaprificéd to determine,actual effects-bf the hdrmone;




" DESCRIPTION OF THE STUDY AREAS

The ﬁavens;Wlldlife Ménagémenf,Area; onned by the V1rgipia
b‘Commissioniot'Game and Inland‘Eisheries,‘was selected as the nucleus’h
of the area “to be treated The approx1mately 6, OOO-acre tract 1s o
located on Port Lewrs Mountarn in Roanoke County, 3 mlles northwest
l of Salem, Vrrglnra.» Adjacent prrvate lands owned by Valleydale j‘
_'Packers Incorporated and the T1mes~World Corporatlon, both of Roanoke;'
»‘Vrrglnla, were 1ncluded as part of the total area to be - treated “
(approxrmately 13,000 acres). The location was selected on the*basis
of land area, accesSibility, habitat, and~contro1 adyantages.' |
The Havens area'wasaorlginally designated.a gamehsanctuary (Engle‘
‘iandvGillam‘undated) A 5,738, 3—acre;tract purchased in 1930, along i
: 4w1th 325 acres added in 1932, was named the Havens Refuge in honor
of W.S. and E M.P. Havens of the Alleghany Mountaln Corporatlon, from
whom the larger tract was acqurred The status of sanctuary was
vretalned untll 1903 when publlc huntlng was permltted ‘Priortto
"purchaso by the Game Commlsslon in 1930, the area was heaurly cut for'
' tannrn bark And 1n 1953, an uncontrolled flre burned 2,572 acreS'
1The terrarn ;q typlcally rolllng and mountarnous w1th an elevatlon
'range of l 4OO to 3 200 feet The prrnc1pal cover—types on the heav1ly
Zwooded area are mrxed hardwoods and plne. Small farms and rural homest
- dot the perrphery, and a network of access roads and f1re lanes bro—..
vv1de'thorough access The area is llghtly managed for the major
gamebspecies; includlng squrrrel, grouse, and turkey. The condrtrons T

represent'typical gray fox habitat in southwest Virginra. A map of‘

16




" the Havens area 1s shown 1n Frg. lf
The Broad Run Management Area on the Jefferson Natronal Porest ,:f

':f,Cra1g County, V1rgln1a, was selected as- the pr1nc1pal reference area.

o ,The apprOX1mately ll 400—acre tract 1s very srmllar to the Havens

o ‘area in h1story, tOpography, and cover—type.l It 1s located approx1-»,fbfh

Y mately lO a1r mlles northwest of Salem, V1rglnla. In addrtlon, the n'

| "JC1ty dump of Salem, Vlrgrnla, was 1ncluded as a second reference

H'area;b The area is very slmllar to the Havens area, but 1t is only
a feW‘hundred acres 1n 51ze.-.It 15‘located'on Fort’Lewrs»Mountarn

in Roanoke County, Vlrglnla, approxrmately 8 a1r mlles southwest of

vSalem and 4 air m11es southeast of the Havens area,
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" TECHNIQUES AND PROCEDURES

" The study had two phases: 1) treating the population and 2)
colleoting and ‘processing speoimene. Most of the technlques and proce-
’dures were suggested in the llterature, but some modlflcatlons were

.adcpted. A oontrol area ‘was not used becauce time precluded d15tr1-'_“

bution'of-oarts»on more than one area; however, reference, or untreated, -

e areas were employed Centers of fox actl?ity and:relative’population'
den51t1es were noted on all areas durlng prellmlnary surveys. >Pre—
}'condltlonlng balts were'drstributed on the Havens area prior to appli-
oation of treated baits; .After treatment,application on the Havens
area during‘thevbreeding season; animals were'collected from all areas
:”and processed. A oalendar of all field activities is‘presented in

- Table III.

Treating the'POpulation
'This phase consisted of three principal steps: 1) selecting
materials, 2) pre-conditioning animals to bait acceptance, and 3)

applying treated baits.

Selecting Materials
| The synthetlc estrogen DES was selectedbas the treatment normone
The obgectlve was to d1srupt pregnancy (Balser 1964b 355) A 50— |
-sample of DES was obtawned gratis from Greenfleld Laborator1es, E11 vi
B LlllY and Company, Greenfleld Indlana.v |
l DMCT was chosen as an oral‘marker to enable'identiflcation of
anlmals wnlchkconsumed.treated baits. (éee‘Linhart and Kennelly‘

1967:317.) DMCT induces a characteristic golden-yellow fluorescence

19




© Table III.

20

~Calendar of field activities on three study areas* during

- an evaluation of a technique employing the chemosterilant
- diethylstilbestrol for suppressing reproduction of wild
foxes in Virginia, October, 1967 to June, 1968
Dates. Area  Activity
October—Nbvembér;'l967 Havens preliminary surveys (5) to
: S o Broad Run " note fox activity centers

November 26-28, 1967
‘December 12-22, 1967
January 23-27, 1968

January 30-March 28, 1968
April 21-June 3, 1968
~ May 1-21, 1968

June 1-3, 1968

- October, 1968

Salem dump

Havens

Havens -

- Havens .

Havens .

Havens

Broad Run

~Salem dump

- Havens

and population densities

initial pre-baiting

'2pd and 3rd pre-baitings
© final pre-baiting

7 treatment applications
(approximately 10-day

intervals)
trapping operations

trapping operations
(State trapper)

trapping operations

surveys (2) to note fox
~:activity

* Havens aréa’(treatéd), Roanoke Co.

Broad Run area'(referenoe);

Craig Co.; Salem dump area (reference), Roanoke Co.



in bones and teeth under long—wavefult:aviolet‘iighty"A powdered form

'zof'thebchemicai was available from.Ledérle Labojatories;'American

o Cyanimid-Compan?,vPearllRiver,.New York. A'SO?gvsampiéswas obfained‘f,
ratl ‘ S _ v o

V Tne ba51c balt materlal selected was ground beef suet supplledr
  grat1 by the A & P Pood Store, Blacksburg, Vlrglnla. This materlal'
' ‘was chosen as an alternatlve to tallow because of the llmltsd success 3
,attalned w1th tallow baltsnln‘New York (Llnhart 1964a;73).‘ Body and'
ikidney>fat were seleoted for moisfness,'colleofively 9:odhd to ham-
~ burger téxture,iand refrigerated unfil made into baits. Baits wé;é
"manufaoturednaCCOrding to'avtéohnique desoribed by Mrg.John R. Béck,
‘Ssats;SupervisOr, Division of Wiidlife'Services, Borsau'of Sport
' Flsherles and Wlldllfe (personal communlcatlon) Bait molds were‘v
fashloned by drllllng a grld of 3/4—1nch holes through a. sectlon of
2—x8—1nch planklng; Balts were formed_by packing suet in the holes
by'hand. Complésed baits nere'ektruded and then rsfrigerated to
) pievént spoiiage and melting.v o R

) Pre-condltlonlnq Anlmals to Bait Acceptance

'Rnasons for pre—condltlonlng were two—fold l)‘ﬁo induoe foxes i
1to fake balts regularlva1thout aQe:51on and 2);to;ds£érniné;the‘most:
TvaccéptabievtYpe»bf'suef'baitfAInitialiy,baits ooatéo with oane sUgaf,;_t
;baitsfcoaséanifh saroineaoil, and‘baits wifhout aoditives were oom—~'
fparsd in,fisidffrials, niatsrg baits coated with both sugar andloii
 were trisd;‘»bentefs of fox‘actiVity;bincluding‘the Federal Aviation

Agency access road, the Valleydale farm road, and-Selected fire lanes




were chosen‘as distribution 51tes. Baitdstationsi(sites‘at which’
sets ‘were constructed) were located at spots along each road where

B fox tracks and drOppings were ev1dent Each station consisted of

v one to three sets placed either on the road or along its edge..’At'

| stations consrsting of more ‘than one set; sets were spaced at 10 tovf
-30—ft 1nteryals.' Sets were desrgned to faC111tate 1dent1f1cat10n oi‘
visiting species by tracks.‘ At places w1th su1table tracking condi—
tions, baits were'simply placed on bare soil or sand. However, in
the maJorityrof cases "dirt—hole" or. "scratch-up" sets were constructed‘
The: dirt-hole 1s a simulation of a spot at which a fox buried a food
"scrap (Clouser 1967: 33) ‘Scratch—ups were prepared by loosening 5011 :
in a area approx1mately 18 inches infdianeter and raking a portionv
of the soil over baits placed‘in theicenter.  Loosened soil‘at both
tYPSS'of setsvimproved'tracking'COnditions.‘ Under snow‘conditions,
‘sets were simply constructed in the_snow instead of soil, Baits were
tranSported'in plastic containers and handled withibare hands.

Preliminary bait applications were mainly exploratory in an

effort to refine techniques for the cru01al appllcations of treated
'balts.f In the flrst pre treatment application, bale were distributed

onball the selected roads onevtime‘(November 27, 1967) and on the FAA

‘road (mountain road or upper section) a second time (November_28, 1967). o

'Single—set stations (one.set per'station)vwere used»almost exclusively;
B Fifty—three of- 96 sets were baited W1th a mixed selectlon of balt—
types (threevbaits per set). Single types of bait were. alternated

. consecutively at the remaining sets. Sets were: checked w1th1n 24 to




48 mr'after oaitimg for evidence of species visits and;bait'acceptance.rlq

In +he second and third pre—treatment applications the procedure‘L
was altered in favor of tri—set.stations (three sets per station) and
.51ngle bait-type sets. A total of 228 sets were employed, representing‘
65 trl—set and 30 51ngle-set stations.v Each set at tri-set stations‘
_contalned a different bait—type.' Tri-set stations were con51dered
an 1mprovement over 51ngle—set stations containing mixed baits for.
1nd1cat1ng.acceptance rates of different baits. Baits were distr;_
buted on the‘firevlaneslone time during a Q—day,period (December‘l3—14,
m1967).: Ihey were distributed on the FAA road and Valleydale farm
twice (December 15'ahd 22; 1967)" The latter areas were given prece-
dence 1n bait applications because they supported most of the foxes
on the Havens area.v Results were recorded

"The final pre—conditioning application was made iu‘Januaryrjust
prior to the first treatmemt application. The procedure was again
modified. A final system of 44 pbait stations was selected for all
'remaining bait applications. Only two sets per station and tWo
- baits per set were used to reduce the concentration of baits per area.a
'-Baits coated w1th both 'sugar and orl‘were used exclusively The entire
'research area was baited once during a 2—day period (January 23;24,Q' o
1968). : Results were recorded » e

vi Applyinq Treated Baits RS

’ Treated baits were identical to-baitstUSedain~the final pre-
baiting,except"that each»contaioedfah‘encapsulated‘mixture of'DES,

uDMCT,'add filler (confeCtionersu5ugar);’>A minimum dose of 50 mgvof."




'x:DES (Llnhart and Enders 1964 357) and 35 mg‘of DMCT 'lO'mg/kg forVa:

7-8 1b anlmal Llnhart and Kennelly 1967 318) per balt was used

‘The formula for preparatron of lOO No. 4. gelatrn capsules was 3, OOO

' mg DES, 3 500 mg DMCT, and 4 200 mg sugar (based on average capsule’
fvcapac1ty = 127 mg) Ingredlents were blended w1th mortar and pestle tfii
(‘and stlrred untll texture and color were unlform.' Each capsule was a
hfrlled by "pecklng" at the m1xture by hand W1th the Open capsule end
Every flfth capsule was checked by welght agalnst an acceptable mrnrmum y‘
standard using an Alnsworth "nght-a—Welgh" scale (nearest 0.1 mg) A

(The theoretlcal formula for lOO capsules never produced more than

. 90 actual capsules ) Fllled capsules were lnserted 1nto half completed

baits stlll in the mold. Balts were then completed, extruded, coated
'and refrlgerated | | |

The period of treatment application'was determined from an-esti—
mate of the breeding period for foxes in this region. Based on the
llterature, the: estlmated breedlng perlod for gray foxes was mld—
January to m1d—Apr11 (peak in m1d—February) The estlmated breedlng
B perlod for red foxes was mld-December to mrd—March (peak 1n-late
January'oriearly February). The estlmated fox populatlon on the
' 'Hayens area consisted:primarrly of.gray foxes. Consequently, the
:breeding’seaSOn of that speCies Was the'prinC1pal treatment target
The obJectlve was to treat gray foxes throughout the major portron },‘
- of +h°1r breedlng season to affect the maximum number of anrmals.-.
The treatment would also subsequently 1nclude thelrmportant perlod

. follOW1ng peak of breedlng in red foxes. (See Llnhart et al. 1968:\-




,j319.)’_Based onfan'effective treatment range'ofcapprOXimatelyiiOddays;

‘Eeither side‘of7estrus (Linhart and Enders‘1964:360) treated baits_b

were dlstr1buted seven t1mes from late January to late March at |

j approxrmately 10—day (6—14) 1ntervals. A total of 614 sets were f
7employed durlng the 8—week perlod Sets were 1dent1cal to those :

5 }descrlbed-for pre—baltlng.: A 51ngle balt per‘set was‘used.to reduce

v*:the probablllty of an anlmal consumlng an overdose of treatnent The
44 statlons ‘were checked w1th1n 24 hr after baltlng, weather permlttlng.
,'A field chart was used to record l) eyrdence of visits, 2)xnumber of |

'v151ts, 3) probabrllty of visits, 4) tracking condltlons,ZS) ba1t

take, 6) probability of take;‘and 7) balt acceptance. Probablllty

| of take per spec1es was estlmated for every m1551ng balt The number

of~ balts actually taken per spec1es was determlned by mathematlcal

expectatlon based on probablllty estlmates of spec1es take per set

(The sum of the estlmated probabllltles of take per set for each

spe01es was d1v1ded hy total baits avallable to give percent of baits ‘

taken per.species.)

r'Collectind'and Processind'Specimens
Thls phase also con51sted of three pr1n01pal steps.»?l)iColleCting‘

anlmals, 2; proces51ng v1ta1 parts, and 3)Vanaly51ng data;pi i

‘H,Collectlnq Anlmals- =

‘.;:AllAanimals‘nere coliected‘with Steelvtrapé;”»The‘princrpal trabdr'

- uéedAwasrfhé Victor Nq} 2vcoii sprind,‘manufacturedfby‘the Animal .
‘Trap_Company,’Litrtz; Pennsflvania. -Traps Were‘staked'at sets.with“

12-inch sections of angle iron or 9-inch metal tent pegs. Equipment




 used ror seticonstruCtlon'includedfaismallﬁgarden tronel for dlgging”"
baitfholes; a hatchetdfor”loosening sollvand driving stakes; a home-p
‘made dlrtasiftervfor covering traps, and canvas gloves forrhandling}
equ1pment Trapvpan covers conslsted of 5—x6—1nch sectlons of paper
'towel whlch were- alred outdoors.: All equlpment.was perlodlcally
»ftreated w1th logwood dye to reduce rustlng and contamlnatlon from l..'
'hiforelgn odors The pr1n01pal set was‘the conventlonal»dlrt—holevset

with occaslonal varlatlons (Clouser,l967§33).‘ Untreated3 COated baits

were the prrmary attractants used on the treated area.‘vHowever, |
vcommerc1al fox urine and lures were used as supplements during later
~ stages of the trapping‘period.v Commercial attractants‘were’used
exclusiuely on reference areas All trapplng on’ the Havens and Salem
~dump areas was conducted by the 1nvestlgator Irapplngbon the Broad
Run ‘area was conducted by Mr. Carl Bannock, a trapper enployed by the
&R Virginia Department of Health. | | | |

* The treated area (Havens) was trapped continuously from Aprilb2l_
to,June 3, 1968;>althoughfnot all sections were trappedfsimultaneouslyw
Allnsections were’trapped intensiuely‘one.time, but the centers of
~fox act1v1ty were trapped tw1ce to 1nsure maximum catches The Broad
Run area was trapped contlnuously from May 2 to May 21, 1968, and thev'
Salem.dump area was.trapped from‘June l to June 3, »1968.

On the Havens area, the mOSt productlve sets in’ terms of fox

v151ts durlng treatment ba1t1ng were- used for trap sltes. In addl—
twon, some new sets were.constructed to provrde\thorough coverage of

the area. (A few animals may have developed an ave151on to regular




. bait~stations,)fLocations’showingrevidence of fox activity were.selected

B ~as trap‘sites on reference areas. All sets were checked dally. Foxes, PR
' skunks, Opossums, and feral cats found allve in traps were kllled

Dogs were also kllled‘unless presence of collars or frlendly behav1or"‘:d

o 1ndlcated that they were house pets.l Pemale raccoons were kllled for

”'processrng, but males were released to appease local publlC sentlments, o

o Records were kept of spec1es v1slts, captures, escapes, and retens10ns.l7'
| All sets were v151ted as early as pOSSlble each day to reduce trap -

losses and sp01lage of dead anlmals.- All retalned anlmals were 1dent1—

fied by number accordlng to road locatlon, station number, set number,:':

and number of captures at‘each set Carcasses of foxes‘and'femalep

raccoons were taken to the laboratory for processrng.viportlons of

feet left in traps by escaped foxes were also collected ‘and numbered.

Only mandibles were‘collected.from dogs, skunks, and opossums; however,:i

some'females were checked in the field:for reproductive condition.

Processinq~Vital Parts

In the . laboratory, whole fox carcasses were welohed to the nearest
O'l»lb. Females were checked for ev1dence of lactatlon (Layne 1958.

':159 and Sheldon 1949: 241) ‘Reproductrve tracts were removed from p |

v’; female foxes and raccoons, labeled, and preserved-invlo percent for-e'

‘fhmalln, Mandlbles from all anlmals were removed, labeled baoged, and
froren uncll processed_for DMCT 1dent1f1catlon.l Feet‘from escaped

~ foxes were similarly handled. F0x eyeballs were‘preserved 1n lO per— _5
cent formalln prellmlnary to us1ng eye lens welghts as age crlterla. '

'Foxes with apparent,physlcal abnorma11t1es were taken to Dr. Keith



' tibke;lDepartment;of.VeterlnarQVSCience, v“ﬁll:; %Af'hé555psiés;7
: Preserved reproductlve tracts were later examlned grossly for

: numbers of corpora lutea, placental scars,vand fetuses.‘ Each ovary
WﬁS:SllCed longltudlnally several tlmes to 1nsure accurate counts o

oflcorpora lutea.i Slmllarly, uterl were Opened longltudlnally to

L

L facilitate 1dent1f1cat10n of placental scars and fetuses.f Each tract g;ilzg“**’

l was cla551f1ed as non—parous, pregnant, or post.partum.r Supplementary':
data collected 1ncluded greatest w1dth and length of ovarles and w1dth o
of uteri (between swelllngs) | | |
| Frozen bone speC1mens nere scraped clean and examlned under
ilong—wave ultra—v1olet light (2540 A to 3660 A) for the fluorescence‘
characterlstlc of DMCT (Llnhart and. Kennelly 1967 317) ‘ Degree.ofk
.fluorescence was cla551f1ed as 1) no evidence, 2»evrdence, or‘3)v v
pabnndant ev1dence. In add1t1on, generalrtcotn—wear‘of each mandible:;
‘was recorded;to serve]asva supplementaryvagetCriterionaccording tot
an abbreViated form of Wood'sl(l958:76)-technique (Upper teeth Were
not examined);l:Degree of tootheweargwasbrecorded as 1) none, 2) light,
; or 3) hea\)by.a‘ . | [ | | o
| . Eye lenses were processed as the prlnclpal aglng technlque as. de—‘
,'scrlbed by Lord (1961b:1095 1966 36) and rrlend and Llnhart (1964 58)
Condltlon oflreproductiveltracts after parturltlonkwas used to.
estimate'approrinate parturitlon‘and breedingldates, L(See‘Layneland

McKeon'l956‘59 y oo

Analy51nq Data

Sample sizes were’ relatlvely small due to.the sc0pe of the study, :




consequentiy, no statlstlcal desrgn was: 1ncorperated‘ waevéi; Whér_ﬁ

"ddever approprlate, evaluatlons of totals were made by comparlng per—'
‘:centages and u51ng chl—square tests for 51gn1f10ance. In addltlon,
'iev1dence of trends in correlatlon was. sought when warranted.

| Spe01f1c determlnatlons concernlng balt appllcatlons 1ncluded
1) balt preference by spec1es,d2) number of vr31ts by spec;es, 3) per—’*i

f,i'centage of balts taken by speC1es, and 4) percentage of treated baits
; reJected by spec1es. | |

Specific determinatiensvconcerning effeetiteness ef treatment‘

"'ineluded 1) percentage ef marked animals by>species_andvby sex,

2) percentage of marked females which reprbduced bynspecies,ZS) reprp_

ductive subcess.onvthe treated versns reference»areas by.species, and

4)»reprodu¢tive success,bf markedbversus unmarked fémales from the |

treated area‘by speciesQ Consideration was also given te‘the role

‘of non-breeding yearlings.f s |

| ‘Additionaldenalyses of fox data included'l) sex ratios, 2) species

ratids, 3) relative‘area densities, 4) estlmated breedlng and parturl—i

~tion dates, and 5) pOpulatlon age structure.'




RESULTS

Application of Baits
Pre—baiting
In the 1nt1ta1 pre—treatment appllcatlon of balts (November 27-28,

1 967) only 87 sets were checked due to muddy, 1mpassab1e roads.» Track— ‘

7f_ 1ng condltlons at nearly all sets were relatlvely poor. EV1dence of

v151ts 1nd1cated that foxes (red and gray) visited 16 (18 4 percent)

- dogs v1srted,12v(l3.8 percent), foxes or dogs‘(lndetermlnable) visited
6 (6.9 percent),bendvunidentified animalspvisited 21 (24.1 percent).

A total of 32 (36.8”percent) ofxthe sets were’not visited within the
24 hr after‘batt piacement'(Table IV) : Foxes consumed all baits from
11 sets at Wthh one type of bait was ofFered. Foxes visited only
five of 52 sets atpwhlch a - mixed balt selection was offered; however,
on one‘occasion only the oil—coeted bait wes teken.‘ In‘two other
instances, only the sugar-coated end oil—coated baits were consumed
b&tunioentified visitors.  In total,bplain baits were éraileble 64‘
tlmes, sugar—coated ba1ts were avallable 64 t1mes, and 01l-coated

’ ba1ts were available 63 tlmes (balts of a 51ngle type at one set or

onettrme-avallable for each type of balt of a.mlxed selectlon) :

» o Foxes consumed nine (14 1 percent), nine (14 l percent), and six

(9.5 percent) ofethese, respectlyely (Table V) o
In the second (December‘lé—l5,-1967) and thlrd (December 22,
1967) pre—treatment appllcatlons, poor VlSltOI 1dent1flcat10n and
. small sample size contlnued to be problems. Foxes v151ted 43 (18. 9 ‘

'percent) of the sets; but in only .one 1n5tance d1d ev1dence suggest




Table IV, Percent of balt sets visited by species on the Havens area, Roanoke County,v
V1rgln1a, Nomvember 26, 1967, to March 28, 1968

Percent of sets visited.by species

Application © Bait® No. i ‘ —  Percent cets .
~ dates . type - sets Fox - Dog  Dog-fox* - Others —~Unknown = = undistrubed
11/26-28/67 ”.-‘p,s,d. :- 87 18.4 13;8v ;.6,9 o 0.0 2401 36,8
12/12-22/67 prsyo . 228 18.9 ,24.i 6 0.0 25.0 S 2509
1/23—27/68 . so0 86 73.9 20.5 - 0.0 o;o : 5,7
._1/30—3/28/68#v . o  6l4  36.2 3.4 G- 0.5 40.2’ o 21.5
| | Tétal 1015 341 10.4 2.0 0.3 32.0 " 2.3

e Symbols: p = 'piain~ s ="sugar—coated; o = oil-coated; s-o = sugar—oil coated
* Indeterminable ’ ' - o
# Baits contalned DMCT and DES




”’“-Table V. Percent of balt-types consumed by spec1es .on the Havens area, Roanoke County,;, .c
' Vlrglnla, November 26 1967 ‘to March 28, 1968

Times - o _ e . - , o

Co T s e “bait - Percent of baits consumed by species . .- Percent
pApplication* - Bait  availr  ——— . baits
E dates . type  able. Fox** - Dog ,:“Dog;fox# - Other - Unknown .- undisturbed - -

0 2.3 . 43.8
0 266 359
0O . 27.0 = 36.5

"“'-'11/26—28/67##V¢;ﬂp1a16§’ 64 141 15.6 6.3
: L oosugar, o 64 14,1 15,6 7.8
coil . 68 9.5 0 19,0 . 7.9

o 227 5.3
0. 3.8 7 269
0.

;i“‘12/12;22/67‘ _}3_p1ain{ft.',75'7.. 17.3 . 26.7
R 21,3 '_25.3vfnﬁn:

8
© sugar . . -78 . 17,9  21.8 - 2
oil .75 21,3 24,0 . 8

ST L T L e Y e T T e e T

. 21.6. . 33.8

0+28,9 . 38L00 o
23,9 o -.30.4 .
oB4.8 22,1

-~ Summary - . . plain 0 -:139. 15,8 .21,6 . 7
= i s sugar: 1420 0 16,2 019,004
~oil . 0138 - 15,9 - . 21,7 . 8,0
©sugar . 614 21,1 .. 2,0 ==
C-0il e e
IzTota13f“-1033‘»_ © 19,1 "v,s9b6“",[.2,7 - ?,.;0.2;e”fh,42,6xé,;&jf~;26,o

ok Does not 1nclude sugar—01l balt dlstrﬂbutlon on 1/23—27/68 because snow obllterated -
©visitor evidence : : E
. #% Includes red and gray foxes'
~ # Indeterminable ‘ : ‘ ' ’
- ## Based on mainly a mlxed selectlon of balt—types per set - ' B
@ Treated bait determinations by mathematical expectation: B (2P1/N)loo (B percent of
© baits: consumed by a- spe01es- P1 = probablllty of take by a spe01es per set N = total SR
'number of balts avallable)




that foxes‘selected;vor detected, one balt overvanother. Cther totals .

4v}of*sets-v1srted 1ncluded.55.(24,l:percent) by dogs, 14 (6 1 percent)

' - by:foXesior dogs (indeterminable),.and’57 (25.0 percent).by unidenti-
§ fled speCres (Table IV) A total of 59 sets (25.9 percent) Were'not
‘»v151ted W1th1n the 48 hr after ba1t placement Foxes consumed baits

,13 (17 3 percent) of 75 tlmes plaln bal’ts were ava1lable, 14 (17 9"

percent) of 78 tlmes sugar—coated balts were avallable, and 16 (21 3}

" percent) of 75 times 01l-coated baits were- avallable (Table V)
| 'Durlng_the flnal'pre—treatment appllcatlon, a snow_storm caused

‘a 2 and 3vday delay in checking'Sets.’ The fresh snow.cover made'

tracking conditions excellent- however,’falling snowimay have oblit—i

-erated tracks of the orlglnal v151t1ng animals. Consequentiy, assign-

:-ment of balb take by spe01es was not con31dered valld. Nevertheless,

158'total visits weregrecorded for 83 (94.3_percent) of 86 total
sets.,vAll visrts werevattributable to‘gray foxes or dogs. Foxes
-visitedb65.(73.9‘percent) of all sets and accounted for 127 (80.4

- percent) of tne total visits (some sets were visited more than once).
Dogsbvisited>18 (20.5 percent) of the sets and representedi3l'(l9.o
‘percent) of the totai:visits (Tabie~IV); “At"manyfsets fomes duo |
the snow away as if searcnlng for balts.b N@ baits:Were founo remaining'.f
~»at any'sets, but concelvably some Were.overlooked in the snow.

B Treatment Baltlnq

(Due to the apparenc hlgh rate of acceptance in the flnal pre— ‘
_baiting, baits coated w1th 011 and sugar were used in all treatment

‘-appllcatlons.) Durlng the 8—week perrod 482 (78.5 percent) of the




~sets were v151ted 540 total trmes by one or more anlmals or specres.

_ Foxes v1srted 222 (36 2 percent) of.the sets_and accounted for 266

',v:‘(49 3 percent) of the total visits. Dogs and other'identifiable

| spe01es reoresented only 29 (5 4 percent) of all v151ts at only 24
V_(3;9~percent) sets\vrslted. However, at least 247 (40 2 percent) of

- all sets were visited hyfonldentlfledtv1s1tors. (See Tables IV and o

r‘-)VI DS Based on mathematlcal expectatlon, foxes were credlted w1th

: 130 (21 2 percent) of the.6l4 total baits (Table V). (Thls flgure
Z‘1s mlsleadlng when contrasted w1th number of sets v131ted by f0xes.
The apparent dlscrepancy 1s due to mathematrcal assumptlons, not real
,‘}values,) Number of baits credited to foxes.for one'baitlng:ranged

- from 5‘lipercent‘to 40 4 percent for the entlre area."Red foxes
accounted for only 1.0 percent of all balts. (Flg..2 shows‘the maxi- -
.bmum, expected, and minimum number of baits consumed bY)specles.)’

" Baits were taken‘at 478't99.2 percent) of all’setsivisited.(77.9.p
crpercent of,all‘sets), wlth an acceptance rate of 99,2 percent. In
only f0urvknown instances were baitsrnot taken at sets vislted, and

in only four known 1nstances were capsules rejected after baits were
-:taken. Tooth marks on’ reJected capsules and other eV1dencebof v151tsi
._'1ndlcated that capsules were reJected by foxes three tlmes and by‘a f
"jrodent once.ﬂ On two occaslons gray foxes v131ted sets w1thout takrno {

. baits. - Table VII shows balts consumed per balts v151ted by spec1es.

Collectron of Anlmals
Trapping

A total of 717 trapnights (1 trapnight = one trap in:operating‘




~Table VI, Total visits at treated balt* sets visited by spec1es on the Havens area, Jéhuary"3l*,if[;
SEE “to March 29, 1968 : : v EEERAEN

Spe01es visits (sets v151ted/total v151ts)v"

~Area . No. sets .~ Gray fox | : Red fox - »~» Dog . Other " Unknown *L,*f'

lower® 306 7460 33 8/12  2/2 162162
section - e . ST : SRR E

FAA 308 - 141/160 4/ - 1314 " 1/1 . 85/85
road ’ ' : : : o o ST

Totals 614 218/259 7/7  21/26 3/3  247/247

* Baits contalned DMCT and DES
@ Includes flre lanes and Valleydale farm




PERCENT OF BAITS AVAILABLE (614) .

Lo

??f:‘(constant)1fgifff,A

S0 N ‘r-—-——.(o) M(l)*“ﬂ_1_(“5.)-, L g
| GRAY. FOX - RED FOX. o omER UNKNOWN - UNDISTURBED

<>

Flg.‘ . Percent of treated ba1ts uonsumed by species on the Havens area, Roanoke Co., st
oy Vlrglnla, January 31 to March 29, 1968, Percents in parenthesis from. top to -
~bottom = maximum (total sets visited), expected (mathematlcal expectatlon), SR
- and m1n1mum (cases of lOO percent probablllty of take) : S



.  Table'VII; Consumptlon of balt—types by spe01es per number of spe01es v131ts on the Havens i
T area, Roanoke County, V1r91n1a,,November 26 1967 to March 28, 1968 R

Balt consumptlon per species v151ts

climes, (balts consumed/balts v151ted)

Bait bait - _ REEIEE DI ER R
type - available. - Fox =~ " Dog . Dngfox*’f Other e Unknown - Totals . =~ -

plain. 139 1 22/24 %0/ 10/10 oo 30/32,f - 92/96
sugar 142 23/24 2121 1 ofo 41/41,-7,’ | -'98/99:-
Coeil .13 . 22/2 S s0/3 o11/11 O/b'.’;i” 33/33j“sf 96/96 S

.suéa¥@ o eld (10)/222 (12)/21 s (2)/3 (336)/247 478/482 ﬁlf“

* Indetermlnable ' g s ' ‘ S
@ Treated bait- consumptlon determined by mathematlcal expectatlon (flgures in’ parenthe31s) -
B = ($Pi/N)100 (B = percent of baits consumed by a species; Pi = prcbability of take by .
- a spe01es per set; N = total number of baits avallable) , Does,nOt include sugar-oil pre-
baltlng because snow obllterated v151tor eV1dence ' CooR T e Lo




‘condition‘for'l night)'were‘expended on the‘treated area (Havens),f
resultlng in the collectlon of 19 gray foxes, 4 red foxes, 8 dogs,'
7 strlped skunks, 7 opossums, S raccoons, 5 feral cats, ‘9 crows, -
l woodchuck 1 woodrat, and l fllcker. In addrtlon, two gray foxes
Lescaped leav1ng amputated feet in the traps Approximately 890 trap— -
‘nlghts were expended on- the combined reference areas, resultlng in |
the collectlon of 12 gray foxes, 2 red foxes, 9 dogs, 22 striped
skunks, 1 Opossum, 1 feral cat 4 crows, 3 buzzards, 2 cottontalls,
l weasel, 1 grouse, and l»woodpecker (Table VIII). One gray fox
"J escaped leaving a foot. Numbers of trapnights per fox (red-and dray,
‘including positive. escapees) were 28.7 on the Havens area, 72.8 on
the Broad Run area, and 5.7 on the Salem dump area. Table IX presents
a summary of fox catch by Spec1es and sex from all study areas. |
Flg. 3 shows dlstrlbutlons of bait stations and»fox capture sites.
‘Although sample slzes were very small,bboth.the Havens area (2:2)
and the BroadsRun area.(l:l) showed the expected 100:100 sex ratlo
among red foxes. The,Salem dump areavproduced'no red foxes, In
addltion,,the ratios of males to femalesvamong gray‘foxes did not
 differ significantlv.from-lOO:lOO‘on the Broad Run area (5:4) and the
Salem area'(l-z) However, the treated area (Havens) produced 13' ‘
males to only six females, a 51gn1f1cant dlfferent at the ‘P<0. lO level
Co(1 d.f., chl—square =.3.05).
: Results, 1nclud1ng posltive escapees,:gave a grayffok to red
,fox‘ratio‘ofi5.2:l on the treated area and 5.0:1 on the Broad Runv:

‘area. (No red foxes were captured on the Salem dump area).



Table VIIi.‘ TOtal‘captﬁreS‘by:spéciés from three Study areas in Virginia;bAprileI to June‘3,

1968
| NS ' , Species , L "‘Total
'~ Area . = Foxes Dogs Skunks - Opossums Raccoons - Feral cats  Crows Miscellaneous trapnights*,
Havens® Coosh # ,‘»7: 7 5 5 9 TR 717
~ Broad Run 1# g o 22 0 0 :  1 4 7 e
wf Salemdump 3 0 0o 1 0 oo o ‘,1 17
 Totars 4 20f 20 8 5 6 13 1 1607

* 1 trapnight = one trap in operating condition for 1 night
@ Treated area . : o '
# Includes known escapees




L :Table“lxvi Fox. catch by Spe01es and Sexvfrom thréersfudeareas ianirginia;eAp?iIf2l‘fbiJUﬁe 3 e
;o paRerd 1968 : _ ex from three study areas in ¥irginla, April 2l to.dupe 3, vy

R Gray f0x | S , ‘Red» fox - Total : 'To:tair Traphights‘ .
. Area - Mele_» Female H,TQtal - Male Female - Total - foxes‘a trapnights*ﬂ»-*per,fov.f v \Ee?T

o Havens® o i1s eé- a2 2 4 25 M7 . 28,7
BroadRm 5 4 10f 1 1 2 12 73 728

. salemdump 1 2 3 o o 0 3 11 5.7

Viiidtaié'ilbrliklge?w 12 st 3. 3 6 4 1607  40.2(mean)

%1 trapnight = one 1i’ralo'in'Opelm—;v'cim_:; condition for 17night s
e Treated area o
# Includes unsexed escapees (anlmals Wthh left a foot in a trap)
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Fig. 3. Dist%ﬂibution of bait stations and fox capture sites on the Havens area, Roanoke County,
Virginia, during evaluation of a technique employing DES for suppressing reproduction
of wild foxes, January to June, 1968
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 Based on t&tal land area'(2o.3 sq miles), the treated area’prbei' .
duced 1.0 gfay foxé§ per square mile, 0.2 ;ed‘foxes‘per square mile, -
ahd'i.Q:total foxes per square mile. The Broad Run area (17.8 sq
- miles) produced 0.6 gfay foxes pér.square mile;-o.l'réd foxes per
square mile, and OQ# totalAf§xes per square mile.. (Thé‘small lahd
area and small trapping‘effért on the Salem dump area'didvnbfvjustify §

‘a combarativevdénsify value.)

v'Incidenceigj Marking

Apparently DMCT was a satisfactory marker. A clear;cut demarca- -
tion was observed between marked and unmarked‘animals; specimens showed
either obvious evidence.of no-evidehce of fluoréscenbe.‘ However, some
speciméns spowed a greater deéree of fluorescence>than others. Eleven
(52.4 percent) of the 21 gray foxés‘%rom the treated areé_(including
.one‘of two escapeeé) showed e&idence of the marker. Five (38.5 pércenf)
of 13 males and five (83.3 peicent) of six females were marked. At
thé P<O.10>level; a significantly greater number of femaies weie
maikéa than males (1 d.f., chi—équére = 3.66). >Only one,(25.0 percent)
of four red foxes was ma;kéd. The markea animal‘was one of two males.'.
Twelye (48.Q percent) of 25 total foxes (fed and gré&)‘were marked
(Tabie‘k), vMarked foxeé Were évenly distfibﬁtédvfhroﬁghOuf,the area.
- No evideﬁée of mérkéf_waévobserQed for seyeh Striped skuhks, two dogsy
' boné'deSSum, énd‘one‘racéodnsfaken from‘the fieated area.i Né évidenééb‘

.of marker was observed for animals collected from reference areas.

Reproductive Success

‘The treatment had no obvious effect on reproductive success of
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Table X. Incidence of marked male and female foxes captured on the
Havens area, Roanoke County, Vlrglnla, Aprll 21 to June 3,

: 1968*
~ Ttem ~ Gray fox Red fox Total
Female , R o .
Number captured 6 o 2 8 -
Number marked ~ 5(83.3)¢ . 0(0.0) 5(62.5)
Male - S -! : :
Number captured , 13 B 2 15 v
- Number marked 5(38.5) 1(50.0) 6(40.0)
Unsexed#, , : ‘ 3
Number captured 2 0 2
Number marked . 1(50.0) : 0 1(50.0)
-Total ‘ : ,
Number captured 21 4 25
Number marked ‘ 1 11(52.4) - 1(25.0) 12(48.0)
DMCT (and‘ ‘

.,* Animals were marked W1th treated balts contalnlng
' DFS) . :
e Percentages in parentheses :
Anlmals which escaped, 1eav1ng a foot 1n the trap




-tnevredhfox‘population;; All (three) red females, two from the treatedvu
v;area and one from Broad Run, successfully reproduced | None~were
;marked.n Among female gray-foxes from the treated area,'six”(lob.o‘
:percent) of six falled to reproduce., Five‘were marked‘(Table XI)
' Perhaps most slgnlflcant was that none of the six anlmals ovulated»
A as ev1denced by absence’ofvcorpora lutea.‘ Age cr1ter1a 1nd1cated s”:
- thatiat least‘tuo‘of:the.marked animals were yearllngs. ~The unmarkedi
: anovulatorybanimal was older (4+ years): Frve (83 3 percent) of 51x
'gray ‘females from reference areas successfully reproduced The-non—
~produc1ng animal was‘an.anovulatoryvyearllngb 'Based on.reproduCtive
success from'reference areas,va chi;sduare test]indicated that unsuc-- -
‘cessfulfreproduction‘on-thedHavens area was associated Wlth the treat—i
wment‘(P<0,025, l:d.f.;_chi—sduare-=:5;49‘based cnﬂall-sixbfemales or
t.P<0.625,:1 d;f., chi-square = 5.17 based on the,fivelmarked females).
- (Calculations‘lncluded a continuity factor describedvoy Steel and
Torrie -1960:357—358.): Apparently females of o'ther" svpecie's from the
treated area, including twobskUnks and one raccoon, successfully repro{
duced.,.Two-female dogs_captured on the‘area;were.in estrus.i No
anlmals other than foxes were mar ked : Table XII shows reproductlve ,
fdata from females of soec1es collected on the treated area. Iablen-’
d»XIIIjshows reproduct;ve data from female'foxesvcollected on reference‘i

' areas.

: Ade-Classification
VvAccuracy of‘age classification was not expebted"to be very'

reliable due to small sample sizes. Results from the eye lens tech-




. Table XI. Reproductlve success of female foxes collected from treated*r o
S -and. reference study areas in V1rgln1a, Aprll 2l to June -3 '

1968

,rItem o | - Treated area® Reference areas®®

-Grayvfemalee

Number captured 6 3 6
~ Number marked | - 5(83.3)# ~0(0.0)
- - Number marked that reproduced 0(0.0) ==
Number unmarked that reproduced 0(0.0) - - 5(83.3)
Red females co : , :
- “Number captured S L2 o1 :
~ Number marked - 0(0.0) 0(0.0)-
“Number marked that reproduced L= e
NUmber unmarked that reproduced 2(100.0) - 1(100.0)
Total : - o o : , : ,
Number captured . ' . 8 o 7
Number marked - R 5(62.5) o o(o o)
Number marked that reproduced 0(0.0) B
Number unmarked that reproduced 2(100.0)‘ - 6(85, 7)

*. Anlmals were treated wrth baits contalnrng DMCT and DES

‘@ Havens Game Management Area, Roanoke County :

@@ Includes Broad Run Management Area, Cralg County .and Salem

- city dump, - Roanoke County - C '
Percentages. in parentheses.




: Table XII : Reproductlve data from females of spe01es collected on the Havens area, S
L IERE Roanoke County, V1rg1n1a, Aprll 21 to June 3, 1968 :

: .. Mean . Mean = . Mean. = -

R AR A -~ No.. - No, -~ ‘ovary- ovary ~ uterine .
Ident. . Reproductive*  corpora placental ‘length  ~width . width

~no, -~ Species - - condition = - lutea scars. . (mm) - (mm) - (mm)

HFOl - Gfayffox@gg' non-parous.
~MR14 Gray fox ~~  non-parous
oMol Gray,fOX@;Qo'non—parous;

. MRO2 . - JGraytfox@'»”,non—parous~,
* MRO6 - Gray fox@‘e-'non—paroust
PRO1 - - Gray fox® :° non-parous

MR17 Red fOXj-‘,” post- partum#
HFO3  Red fox "’f»poet—partum# o g 5 -
MR17 Raccoon . pregnant# . - oo - SR ,
" HFO5 . vOpossUm' - Lo JEEEE o —_— AR '__-vfy - -
HFO6  Skunk . post-partumft 5 4 Lo

PRO2'Lj']Skunk.fi1l1_'pregnant;jfv L e e e e e e

.
.
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x an—parous condltlon does not necessarlly mean v1rg1n f;l
@ Indicates evidence of DMCT (and DES treatment) '
Indlcates ev1dence of- lactatlon 1~»




~Table XIIT. Reproductlve data from female foxes colleoted from two reference areas* Vlrglnia,
S ' May 1 to -June 3, 1968 : : :

.

Mean “Mean = Mean

S o ceie SRR - No. " No, - ~ovary . .ovary - uterine ‘. .
“Ident, o Reproductive " corpora placental length  width -+ width .
- no., Species .~ ‘condition . - .lutea - scars - (mm) . (mm) . (mm)
BRO4  Gray fox post-partum# 3 3 10.7 5.3 12.3
BRO3 - Gray fox - post-partumf 4 3 11.7 7.7 7.2
BRO9 Gray fox  post-partumf 4 4. - 10.0 6.4 10.6
' BRO2 ~Gray fox -  non-parous 0 o . 10.9 7.9 3.6
BRIl - . Red fox post-partumf 5 2 12,0 . 8.7 3.7
- SDo1 ~Gray fox ',post—partum# 5 4 9.6 . .. 6.3 4.4
' 4 3. 9.7 5.8 6.6

SDO3 . .- Gray fox - post—partum

% Broad Ren'érea‘(BR) Craig Co, and- Salem dump area (SD), Roaneke‘Co?'.
# Indlcates ev1denre of lactatlon o T




‘nlque d1d not-shownany deflnlte peaks or clumps whrch would 1nd1cate
a partlcular age—class (Flg;g ). Slngle 1ens welghts, or the mean

of both when avallable, ranged from 224 mg to 277 mg for red f0xes.s
The close proxrmlty of the three lowest values posslbly represented :h

"‘the yearllng age—class For gray foxes the welghts ranged from 163 mg :

to 216 mg.‘ “The only evaluatlons that could be made W1th any certalnty. j"i

»for elther species were. that welghts on the lower extreme represented o

'yearllngs and those on the upper extreme represented older animals.
~General.tooth—wear,was not as rellable as eye lens welght for age
classification. Correlation of tooth-wear with lens weights for red

'ﬁfoxes‘appeared’to be very good, but correlation for»graY‘foxes showed

o little'consistency or;predictability} However, in conjunction, the

rtwo Criteria'permitted assignmentdOfEsome animalshto‘disorete age-
classes. lwo red foxes‘werefclassified as.yearllngs'and one was
clas51f1ed as an old anlmal Slx gray foxes weresolassifiedras year—
lings and three as‘old animals. Body weights and-siae and develOpment
: of'female reproductlve tracts offered some confirmation to these v

classifications. However, the remalnlng anlmals were asslgned to

' :jilessvpreoise agejclasses. Tables XIV XV, and XVI show age cla551~

fication of foxes on the basis of all crrterra.

- Partorition and Breedinq Dates"
‘Based on condltron of reproductlme tracts after parturltlon,
'Layne and McKeon (1956 59) classlf1ed some animals by approximate’
k partorition'dates,‘ ‘Based on'their'data_and relative enlargement of

fpost—partum"tracts, estimated parturition dates of the three red
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LENS WhIGHT IN MILLIGRAMS

‘fEig*74;f Dlstrlbutlon of dried eye lens. ‘weights “from w1ef“fOXeS’:
e "collected on three study areas “in” Vlrglnla, Aprll 21 tov;
- June. 3, 1968 (Symbols. SOlld male' Open = female)
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 Table XIV. Age data for gray foxes collected on the Havens area*,
o = Roanoke County, Virginia, April 21 to June 3, 1968

" Mean A S :
o o L L lens . -Degree | Body .
Ident, .~ DMCT ~ weight  tooth- weight Age
no. Sex - marked (mg) - wear (1b.) (years)
‘PRO1 'F + 163 none 5.0 1
MRO1 M + 168 . none 5.8 1
MR0O2 F + 172 none 5.4 1
MRO3 M + (175)@ light 7.3 1-2
MRO4 - M . 178 light 6.1 1-2
"~ MRO5 M + 182 light 6.0 1-2
~MRO6 F o+ o184 light 7.4 1-2 =
‘MRO7 M - 185 light 8.0 1-2
HFO1 F. + (185) light - 1-2
MROS8 - M - 188 . none 8.8 1-2
‘MRO9Y M - 188 - heavy 6.6 2-3
HF02 M + 189 light 7.4 1-2 -
OMo1 F + 191 . none 6.3 1-2
MR10 M ~ 197 heavy 7.1 2-3
MR11 ‘M - 198 light - 7.2 2-3
MR12 M - 202 .- none 7.2 2-3
MR13 M - 213 heavy 7.2 4+
MR14 - F - - 216 heavy 7.6 4+
M - e “heavy 8.7 4+

MR15

- * Area treated with baits containing DMCT and DES
e Figures in parentheses are single lens weights



Table>XV.ﬁ

Age data for gray foxes collected on- two reference

areas¥
. in Vlrglnla, May 1 to June 3, 1968 '
TP lens Degree: ~ Body . oo
- Ident. - v ‘weight - "~ tooth- - weight Age
- no. Sex- (mg) . wear - (1b.) (years)
~ BRO4 - F 165 light 6.5 1-2
."BR0O9 F 169 - ~light 6.8 1-2.
BRO7 - M 174 ‘none 6.6 1
. BRO2 Fo 174 none 6.0 1
SDo3 F 176 none 6.0 1
BRO6 M 177 ~ heavy 7.2 2-3
BRO5 M 178 light 7.2 - 1-2
- SDo2 " . M 193 none 7.9 1-2
SDOL F 194 light 6.3 2-3
BRO3- F © 203 light 7.6 2-3 .
- BROS M 208 light 7.6 2-3
~ BRO1 M 216 heavy 7.6 - 4+

* Broad Run area (BR),
~ Roanoke Cp. -

5Craig Co. and’Seiem-dump area (SD),




. Table XVI.

Age data for red foxes collected on two study areac* in RN
Vlrglnla, Apr11 2l to June 35 1968 :

'g,Ident,
no,

. M'éian |
T “lens . .
- DMCT ‘weight

 Degree
tooth~"
. wear

' Age"?
(years)

MR16M

~ BRI10
CBRI1
- HFo3f

: MR17#').Y
Hro4t

Emmm==
]
]

 Sex  marked -~ (mg)

- 231
- - 251

- 256

- c277

~ none
“light .
none
light
light
heavy -

C1-2
1
2-3
- 2-3
o

. *‘Havena'areeb(MR,éhd HF),
‘Craig Co., . , T )
# Anlmals from the treated (DES and DMCT) area (Havens) -

Roanoke Co., ahd_BroediRun aree‘(BR),'.




' '-femaies'WeréfbefWeén‘early-Mafch'aﬁd“midéApriI.:'Theieforé, on the

bésiéfdfié 53—dé? gégtafion §eri¢d, breédiﬁgvdétes_were sbmétimé
Vf’betWeeh‘mid—Janua¥y énd‘thé third:Weék_of Febiuary.i_Ihé fiv§ su§+ o
;-césst1:gréy;f§xe§ abpafently_béftgyatea'béﬁWeen late Méiéb aha'éafl§
'-'MéY;{'Correspdnding.biééding.dateét(baséd oh'53—day g?#fétion)“_‘brA'.
: {oécﬁ?red_froﬁ'iafe Jaﬁuéfy.tg'iate:M§¥¢h.‘:Qbservatioﬁszéfipairéd _'”

- gray fox trailé‘in'lateljénﬁaiy and early Pebfﬁary‘éddedffdrfheri  ."

credence to these estimates.




- DISCUSSION

Application of Baits

Poor tracking conditions, weak test designs, and'small sample
sizesvdidvnot permit reliable estimates of hait acceptance by‘species.
Perhaps one type of bait was not- shown to be more acceptable than '
~another for those reasons.' However, a few cases 1nd1cated the pOSSl—
;blllty that coated balts were more easily detected or readlly accepted
"than plain'baits-by gray foxes.' Those cases were‘the meager grounds
for trying haits coated with sugar and oil exclusivelydduring the final
prefbaiting, although a more logical selection-might have been either
sugar‘ggvoil coated'baits;’ (Baits coated with‘sugar'and 0il were
vnot’tested‘with othertbait—types_in,previous trials.) Nevertheless,
_results from the finallpreabaiting warranted continued use of baitsi
coated with both,»even though some other type may have worked just
as wé11§_ Resultsrfrom treatment applications showed‘that,baits were
not consumed only two known times (0.9 percent) at sets visitediby
"‘foxes;w Gray foxes apparently consumed baits more readily than any
other;single species. The low incidence of red fox'visits and bait

:dconsumption was probably due‘to'a-low red fox population and a low .
‘ ,vindividuai'rate of acceptance. The fishy smelling baits may not have
appealed to reds as much as grays. The_same mayvhavevheenvtrue for
dogs. 315 New'York,'tailow baits were not eaten on 41.0 percent of
all}fok»yisits, but_gray foxes were more apt to take baits than red
foxes (Linhart 1964-73) In later New York studles, gray foxes readily

: consumed hlgh percentages of all balts offered but red foxes showed
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rzsome aversion‘to‘treatedhbaits (MrQ éugenetéarhs;)Senior;Wilditfe.t
v 'Bioioéist,vNew York‘State Conservation Department; personal communte
j catlon) | |

' The pre—condltlonlng value of pre—baltlng was not flrmly estab-
’llshed Percentage of tlmes that sets were undlsturbed appeared to »
decrease from 1n1tlal pre-baltlng (36.8 percent) through treatment fﬁh
v:appllcatlons (21.5'percent),'andvpercentage,of tlmes barts were con—'
sumed by foxes appeared'to tncrease from inittai pre—baiting.(12.6r
percent) through treatment appllcatlons (21 2 percent); hoWever, those
'apparent trends could be due 51mp1y to the dlfferent methods of value
~ determination for each. vNevertheless,.over—all resultsA(lncludlng
-fox dlgglngs in snow for balts, the hlgh percentage of sets v151ted
by foxes durlng final pre—baltlng, ev1dence of ‘some foxes fOllOWlng
'-bart llnes, and range of fox consumptron rates dur1ng treatment applljp
cations) seemed to indicate thatxpre—conditioning eftorts were at'
least partially successful.‘ The low rate of treated bait rejectidn
'by foxes’(0.8 percent of baits taken) and the apparentglow rate of
aversion to treated balts by foxes (O 9 percent of sets V151ted by
foxes) lendvfurther support that some foxes were condltloned to ba1t
acceptance.; The author suspects that 1ncreased consumptlon of balts
"by foxes 1n New York as w1nter progressed may have been partlally due
to the pre—condltlonlng pr1ncrp1e (L1nhart 1964 75) |

_ Durlng all ba1t appllcatlons, partwcularly treatment appllcatlons,
"max;mum balt acceptance by foxes_was_consldered,more 1mportant than

»maximum"identification of visitors. In other words, natural condi-




| vtions at-setsvwere-fevoreddOVer artificiel‘improvement‘of trecking
conditionS“to enhance the probabiiityvof bait aCceptance'and?tovavoid‘1
additionel aversionvfactors; Consequently; e possibility exists |
that.foxes consumed more‘baits than Were attributed"to them. Proper
-_1dent1f1cat10n of v1slt1ng anlmals nas p0531b1y more of a problem

than low rate of ba1t consumptlon by foxes For example, durlng the
f1nal pre—baltlng when tracklng condltlons were good at all sets;,

- 73.9 percent of all sets were v151ted by foxes and 80.4 percent of

all v151ts were attrlbuted to foxes. If recorded visits were 1nd10a~

tive of bait consumptlon by foxes, foxes consumed 70. 3 percent of the

o balts (mathematlcal expectatlon).A In addltlon, results from treatment

appllcatlons show a visible correlatron between improving tracking
»condltlons and probablllty cf balts v151ted by foxes belng taken by
foxes. A similar trend is v151b1e between 1mprov1ng tracking condi-
tions and the-probability of all baits being taken by foxes (Table .
XVII). Under good to excelient-trackingvconditions.foxesiconsumed
nore than .55 percent of treated baits. This evidence may, or may not,
 mean thatbtreated bait consumption can be interpolated (prOportionately
v'rea551gned) from unidenttfied species to known species If thls is |
the case, then foxes may have consumed a maximum of 56.0 percent (344)
en expected value of 32 7 percent (201), or.a minimum ofvll.4 percent
(76):of all baits._ Of course, these_evaluétions are purely specula~
tive; bouever,'such results were feasible. “Other posstble evidence
tbat fokesbtook’more baits then visitor evidence indicated includes

the observation that foxes were the only‘marked animals and that few



'Table XVII. Probablllty of treated* balts be1ng taken by foxes under dlfferent tracklng S
o .~ ‘conditions on the Havens area, Roanoke County;Vlrglnla, January 31 to March 29,
1968 S ‘ : L

Tracking condltlon

 Ttem _i.i-);wié"‘,' Excel. ~ Good = Fair : Poor o Unsuit., Total -

No.:timeSISefs:ra£edi'kb:’:e “16“,.’v ;49 k'v.,re'225 229 .‘95:‘[o'.*;f,”6142

~ No. sets v151ted by 9 40 16 5 1. 202
foxes e T A R R )

:Mean probability off -~ 100.0 ~  70.6 . 55,4 38.8 25,0 55.6

 pait taken by" foxes SRR : : . T . » S e T
-at sets v151ted by R
- foxes . [

'Ma+hemat10ally## 86,3 57.7 - 28,6 9.5 0.3 1 20,1 .

expected percent : o v T e c B o D L e
. of all baits taken
‘ by foxes

* Baits treated w1th DMCT and. DES A 3 R R R O
# Mean probability of bait take for respective tracking cond1t1ons (iPl/n lOO (Pi= .
probablllty of take per set; n number ‘of balts taken by foxes for respectlve‘ -
tracking conditions) : :
# Determinations for respectlve tracklng condltlons by mathematlcal expectat10n° B —-»;
(£Pi/N)100 (B = percent of baits consumed by a species; Pi = probability of take by
a spe01es per set; N = total number of baits avallable) T e T e




: balts remalned at sets over 10 days.

On the other hand however, hard to 1dentrfy spe01es such as
small,rodents or crows.may have‘accounted for the dlsappearance of a
number. of baits. (During trapping Operations 9 crows weré ceptured
at ba1t sets, but during baltlng operatlons crow v151ts were evident
at only a few sets. ) Also, low fox populatlons in some sectlons may
have accounted for low takes of balt by foxes. The sectlons w1th the' '
loweet consumptlon of baits produced very few foxes.. |

Effec+1veness of Marklnq and Trapplnq

InCidence of marked female gray foxes (83.3 percent) was veryr'v
satisfactory, indicatihg oearly total treatment of the primaryvtarger
animals. 'However;.incidehce of marked gray meies (38.5 percent) was
significantly lower (PgO.lO), The d%fference may have been due to
the significantly greater proportion of‘males then females that were
captured (P<O.IO);'wﬁich raises a_questioo why a preponderance of
males was captured. (On the éroad Run area the sex ratio was.approxi—
mately rhe expecfed‘IOO:loo.) Probebly not all females on the_treated A
,area were captured. vLayne and McKeonv(1956:53)balso found a large |
- imbalance iorfavor of meleg from lete winter to’eariy sd@mer in New.v
York, HTﬁey offered thevexplanafionbfﬁar femeles were probabiy morei
secretive and resrricted in their movedentebduring:rhat time because
of'advancino,pregnaocy, whelping, endvearlydpostnatal care'of young.
Simiiarly; Leyne,<1958:i57) fodnd an,overali sexrratio of nearly |
leQ:lOO‘in southernblilinois,_bUt noted. a marked‘decrease of females

taken in April and May. Another possibility is that a few transient -




males immigratéd into the»aféa‘in SeércE of mates, afterbtreétment_:
faﬁplicétiéns. (The last thréé capfures were unmarked maleg.)b wa—' 
.eVQr; eScapeeé méy_ﬁaye beén males‘éls§; (The_£wo‘escépees which
eéch'igft a‘foot:in‘the trép,veiyklikely were males és e?idehced by
the'lafge foot size;) ‘The total incidence of‘mérkéd gfé&s was. 52,4
V éerceﬁf. 'Nﬁmber‘of'espapees,.probébility‘§f>Sb$eAaniméls”béing'unfrap—
pabie,iand traéks énd signs of foxes indicated that about five gray '.
‘foxes remained on»the aiea'afterltxapping Operaﬁions.” | |
Incidénqé §f ﬁafked'red-foxes (25.0 perceht) waé'relétively lbw. |

No females were marked, Paired sites of captﬁre,‘sex‘ratio of cép—-
tures,-and lack of_£racks.ahd signs.indicated that brpbabiy oniy oﬁé.
~b: two, if any, red foxes.rémained affer'trappidg operations. The low‘
:percentage of marked animals was éviéencebthat baits were not‘ﬁearly
as éccéptable to red foxes as gray foxes., ‘Bait frialsAih New York -
showed similar results (Parks, péfSOnal communication), |

| The incidence of’marking for all foxes was 48.0 perceﬁt. This
figure.is.ﬁigher than»incidence of DMCT-marked coyotes in the South-=
west which was 28/per¢eht in 1966 and 34 percent in 1967 (Linhart
et al, 1968:321),/”Howev§£,'the incidénce of achfomycin-markéd foxes
in New York was 68 p’eré.el_'ltv‘.(_Pié‘rkstl9>68’:ll_:lb); The ho’ney—ta»iio‘p»v‘bait‘s f
guseé in_New'York may have been-éupériér_to suét baits. JHoWever;' :
éVideﬁée seemed»td*ihdicate #hatj§§Me foxes on.the,Hévens'area'becamé;:i'
 ovér—chditioned‘to baif écéeptance. A few individualé may have 1ib
:édéptedlﬁo'the "hahdouts" By vigitihg sets regulaily,in se;rch Qf

: baits, thereby redubing the probability that 2ll animals would take




‘halts.' Seyeral sets were visited‘regularlysby_more than one fox
(though.not necessarily the same ones) many sets were located and
~dug out after fresh snowfalls, -and occasronally fox tralls were ob-~
“served along_roads from one set to another.. In addltlon,‘some anlmals
showed‘a much greater degree of fluorescence than,others, and some:_'b
'.exhihited an unusual type of alopecia; Bothvconditions may bemsympf
toms of high DES doses (Llnhart and- Kennelly 1967 320 and Mulllgan
1943: 22) A remote posslb111ty exists that a few old anlmals may have:'
eaten balts W1thout showing evidence of the marker. (Llnhart and
Kennelly 1967: 319 reported that quantlty and 1ntenslty of fluorescence.
were related to age of the anlmal-)

Evidence of fox abundance from observatlons made durlng prellm—

- 1nary surveys and balt appllcatlons 1nd10ated that 25 to 30 gray foxes

and two or’three'red foxes were frequenting the Havens area. (Estlmates .

were made prior to trapplng ) The‘estimates’were purely subjective,
based on previous experience by the 1nvestlgator. Howeuer, the closeb
agreement with'trapping'results may lndicate that the actual pOpulatlon
‘size was close to those levels. In total, 26 gray. foxes, including
five escapees, and four red foxes were captured

: Reproductlve.ouccess’

At the P<0. 025 level, unsuccessful reproductlon was assoc1ated
with the treatment Reproductlon on the trea ted area was deflnltely
subnormal, but the treatment was not necessarlly the causal agent
More certalnty can not be placed on the evaluatlon of results because

none of the gray foxes from the treated area ovulated._ Thevprlmary



effect 5f DESkls dlsruptlon of pregnancyylnot delayed ovulat1on or
estruS»(Parks 1968 105). however, if DES was effectlve, delayed
ovulation wasxthe avenUe invthis.study.ii(Dr.kJ J. Kennelly, Anlmal
Phys1olog1st Denver Wlldllfe Research Center, personal communlcatlon,.
:suggested that ovulatlon may have been blocked altogether.)- The.:‘
51tuat10n is further compllcated by the p0551b111ty that some yearllngsv
were Just reachrng sexua1 matur1ty. Thus, evaluatlon of'results_hlnges
on two. or1n01pal factorsv .l) the effects ot DES on ovulatlon and 2)
the effect of age on sexual maturity.

Estrogens in phy51o1o91Cal doSes are undoubtedly stimulants of
LH release and are probablybnecessary for ovulation;'however, estro-
;gens in large doses completelyninhioit all gonadotrOpln releasevfrom
rhe‘pltuifary (van‘Tienhoven'l968;lll). Estrogens can inhibit ovula-
tion if'given at the properlfime‘and level in the reproducfive'cycle;.'
.- Balser (l964b:357)'suspec£ed this effect when fwo penned coyotes
r'ovulated 30-45 days affer administration of a single lQOng'oral dose
- of DES given abouf élweeks before the‘normal peak of es{rus. In New :
York, Dr. A, M, Bowerman,ban1mal phy51olog1st at Cornell, found no .
1nd1catlon of delay in estrus or ovulation when captlve red foxes
: were‘glven 50 mg of DES every‘lO’daysb(personal communication). ,Howf»"
'ever,7 vulation Was delayed.for lhe'duration.of»feedino periodb(é weeks) -
when 1 mg of DES was fed dally. Estrus-and ovulation occurred in.most
“animals wlthln 4 weeks after flnal admlnlstratlon.' Estrus was delayed
1 to 4 weeks when anlmals were fed 50 mg of mestranol (another'

i estrogen) every 10 days. Ev1dence.of estrogen toxrc1ty‘was observed




‘Av-i..n'mOé‘,t animals f'ed“rvnéét:ar.ldl\. Thu's; .DES éédldhave delay:ad ovulat’ioh
‘in’animals fromvthe‘HaVens area,:élthough exécf effecfsbon:gray foxA

. reprodqctidn are ndt'known. . "

No léb_étudieé have beeQ conducted on gray fox reproduction.
f’Howe#ér5 Parks_(pe:sbnél comﬁuhigaﬁidh) found results very similar )

' to’thése.fiom fhéaHavehs'aréé during DESVfield frials bn gfay foxés _“
in New York,‘.éighf of hiﬁe'marked femaleszQig barren. F&urvdid

not ovulate. (Results are gompared in Table XVIII.). Results from
both stuaies‘wefeivery unuéuai when compared to reproduotivé data‘

- from reférence areas. In”previous‘New York studies,'Sheldon (1949;

v 241)4found'ohly 3.3 pércent barren females and Layne and McKeon
'(1956563)'found oniy 3.8 percent bar;en femalés. And all of those
animals had ovulated. Purthermore, Woéd (1958582) found that 92.3 |
pércent of the_yéaxlings bred in Georgia and Floiida. In fhis study,
*:83.3 percent of the éniﬁals from reference areas éuccessfully Tepro-
duced. |

| Howevér; the effect of age on-reproducfion warrants much consid—‘
_ efation. (Sheldon 1949:241>also pited some secondhand reports from
trappers.that not all gray fokes breea their first:year.) Ohevanimal
:(BROQ)'fxbm aireféience area'did‘nof‘ovulatéf _Thatlaﬁimal, two of
six anovdlatory;ani$$£§ from the t?eated afea, and threé of four
4,anbvﬁlétory_animal%ﬂfiom New Yofk'appeared to be juvenilé,'hon—paroﬁs
animals. Th:ee‘bthér fémaleé from'the'treated area éoqld héve béén‘
‘>Yearlings. Howevér,'age criteria indicated that fgur of fhe fivé

- ovulatory animals from untreated areas also could have been yearlings}




:: TableiXVIII._ Reproduct1on data from gray foxes collected from DES—treated areas and reference

areas in Virginia and New York

NeW»York-

Virginia | |
o : Treated area* .  Reference areas** Treated areaff - Stetewide##'
Categories “ Marked®  Unmarked S Marked®®  Unmarked ‘v(reference)
No. foxes - -~ 5 1 6 9 2 53
~ No. barren .5 : 1 - 1 8  1, | 1> 2
Percent barren 100.0 ~  100.0 16,7 . 88.9 5.0 3.8
No, amovulatory 5 1 S T 3 1 0
Percent anovul.  100.0  100.0 16.7 33.3 50,0 0.0

* Havens area, Roanoke Co. B .
%% Broad Run area, Craig Co. and Salem dump area, Roanoke Co.
# parks (personal communication)
~ ## Layne and McKeon 1956
- @ DMCT marker
@@ Achromycin marker




SomeianovulatOry'anlmals.were almost:surely yearlings.._Layne.(1958:
160) suggested that some yearllngs may reach sexual maturlty too late
in: the year to breed. (He found one non-pregnant anlmal, apparently '
‘a yearllng, that had corpora lutea late in June 'in southern Illln01s.)
B Consequently, some anlmals from the treated area llkely would not have
bred regardless of the.treatment.‘ ParkS“and Bowerman (personal commun;
"~ ication) made tbe same concluslon-from‘their WOrk‘in‘New‘York;_ How—:
ever; a.possible alternatlye explanation'for both sets ot results'is
uthat DES delayed ovulation in_older animals'and onset of sexual
maturity (orvovulatlon)‘in‘yearlings. If such were the case, animals
~-would be expected to ovulate later in the year., Of course,'a check
was not possible, Whether or not subh a delay.would suppress Tepro-
duction for the entire breeding.seasbn is only further speculation,
However, since fertility of males would haveAto be coincldental,
females probably would not breed until the following season. (Layne'
A‘l958 :162 found that all males were sexually inactive during May and
June in southern Illln01s.) Estlmates of parturrtlon'and breeding
dates were not con51dered very rellable. However,'they indicated

' that gray foxes d1d not breed much earller than the flrst of February.

~ The younger anlmals in partlcular appeared to have bred somewhat

 later. Consequently, treated animals easily could have consumed
- baits before normal estrus dates. |

Regretfully, the-problem"of_an age factor,was not<anticipated.hu
Aging by the: eye lens technrdue was originally planned mainly as a

_supplementary exercise because it appeared'totbe a promising tech-



ﬂfniqué}‘ waeyer, Wo§d's (l§58§76):todfhfweai téqhniqué woulthAQéjbeeﬁ'
an invaluable.tobl foibmérefbfécisé eQaluatidn of indi&idﬁal age. |
‘Reﬁoi&s of nipplé deﬁelbpment'ahd,ééloratioﬁ:alsoiWOUId*héVe‘beenA
lﬁsefﬁl fdrﬁseparating Yeérlipgs_fiom adult§ (Laynéti§58£l58).: Fortu—-
':ﬁately;:é few ahima1s:weré-placéd;in;d13cféfévége‘clagée§'wi£H somé

v,cértainty;



fRECOMMENDATIONS

In cont1nu1ng studles on the tOplc of chemosterllants, several
.modlfications in technlques and procedures would enhance effectlveness
of treatment and clarlty of results. .For instance, SOphisticated
~ trials of bait acceptance mlght turn up - a more readily accepted ba1t
Sardlne 01l—coated suet balts warrant trials on a larger scale for o
: ;gray foxes. - The.more.economical honey—tallow balts uced in New York j’
balso'warrant consideration. However, Chances of  finding a "quper |
bait" for redvfoxes appear slim, (Research in Virglnia should probably
 be dlrected at gray foxes anyway ) In addition, design of bait sets
:muat be- 1mproved if accurate records of v151ts and ba1t consumptlon :

by speC1es are wanted. But only experience will tell how much artlfl—
c1allty can. be afforded at sets w1thout caus1ng aversion to sets by
foxes.

,cselectionvof etudy areas ia also an important consideration.
Sample. sizes can be increaaed by selecting areas of larger size or
‘areas with greater fox densities..-And if‘time‘permits5 a control area
in addition to reference areasvwould'be‘yery meaningful for.eyaluations
of treatment'effects;' A large naturalrlandifeatUre such as‘Massanuttenvt

Mountain in Rocklngham County would probably afford max1mum treatment

<‘>‘and manlpulation of a fox populatlon. Fox movements of any klnd are

'isomewhat localized by such features.
Perhaps the_best solution to what. constitutes normal gray fox = |
reproduction would_be supplementaryvatudies,(i;e,, perhaps by graduate

studenta). “Carcasses collectedvroutinely,during vital months by state
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. trappéré could be‘analyéed-gy‘a lébvteéhnicién._ Dat§ o6‘agés, bréédihg
'dates, pafturition dates,vovulétion rates, and'conceptioﬁ rates shduid |
be colleéted. Ihformatioh from several years wouldvbe‘highly desir- “
' ablé. In addition some future applicationé éf'tfeated_béits~shoﬁldi
be made'later'iﬁ-tﬁe:bréeding season (aftef peak'of,ovulation) fo
‘increaSe the prbbabiiity ofbaffectihg pregnaﬁcy ;afherlfﬁah ovulaﬁion,:
- (The mosf effective dates for applying tréatment must be determined
if this approach té pbpulation control is to become practical.) Also,
‘ cbllecting oberations sﬁbsequent to future.treatments could bevdeiayed
-an additioﬁal month to determine if DES does effecfiyelf délay ovula-
tion. . | |

If‘a suitablé technique of éppliéatibn can -be deﬁeloped and
‘repioduction can be suppréssed in so%e way (disrupted pfegnancy or
delayed ovulation), this fe;hnique may have great valué, paiticularly
as an édjunct to a trapping program. Future promqtionsrof research
and application should be directed toward development.ef the technique
‘as a suppleﬁent to trapping, no£.as a reblacement. Once populations
are reducéd by morfality faCtors, application of chemoéterilants
promises‘té be é pr;ctiCal and effective means of keeping-populations
below diseaéé sdpportiﬁg levels.‘ Fof whafever‘théir use in populationv
manipulation, chemosterilants deserve.study and de?élppmeﬁt as a

practical teol for the population manager.



SUMMARY

.‘Poor}trackin§~conditions at sets and modifications'of techniques
during succe351ve balt appllcations weakened evaluations of bait
'trials._ Sets visited during pre baiting (76 6 percent) included
30.1 percent by foxes, 21.2 percent by dogs, and 19.5 percent by
gunknown‘v131tors. An additional 5. O percent of the sets were v151ted
.:by dogs and/or foxes, p051t1ve 1dent1fication was not possrble. In
’trials of assorted baits (plain, sugarecoated, and sardlne orl-r
-coated), foxes showed no preference, havind consumed approximately
16 percent of each. Dogs and unknown visitors each consumed slightly
more than 16 percent'of each bait—type. However, the high percentages
of sugar—oil'baits visited (73 9 percent by foxes and 20. 5 percent by
dogs) were not recorded as consumed because snow obliterated original”
visitor evidence.. ‘

. Sets visited during treated bait applications (78;5 percent) in-
cluded,36.2 percent by foxes, 3.4 percent by dogs, and 40.2 percent
by unknown'visitors,‘ In total, '99.2 percent of the baits visited

were taken and 99 2 percent of the baits taken were . consumed How-

e ever, estlmates of balt. consumption by 1dent1f1ab1e species were’

i rather_low as'determined by mathematical expectation.. Gray foxes
. consumed 20,2 percent- red foxes. consumed 1.0 percent doos consumed
: 2 0 percent and unknown v151tors consumed 54.8 percen+
Trapplng results on the treated area totaled 21 gray foxes
(including escapees), 4 red foxes, 8 dogs, 7 striped-skunks, 7 opos—

sums, 5 raccoons, 5 feral cats, 9 crows, and 3 miscellaneous animals.
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Captures on reference areas totaled 13 gray foxes (1nclud1ng 1 es-
capee), 2 red foxes, 9 dogs; 22 strlped skunks, 4 crows, and 10 m1scel—'
_laneous anrmals. vSex ratlos-of red foxes on all areas and gray foxes:
on reference areas did not dlffer 51gn1f1cant1y from the expected
11002100, However, at the P(O lO 1eve1 the treated area produced a
-preponderance of male gray foxes (13 6) : The ratlo of gray foxes to d
red foxes was 5.2:1 on the‘treated area and 5.0=lson the BroadvRun
farea. - | o |
Eleven (52 4 percent) of Zt gray foxes from“the treated area
“'were marked At the PxO. 10 level, a 91gn1f1cant1y greater number of
females (83.3 percent) were»marked than-males (38.5 percent) One
_ of four red foxes was‘marked. No other spe01es were marked
vAil female red foxes,'two from the treated area and one from the

Broad Rdn'area; successfuliy reproduced. None were markedx A1l (stx)
female gray‘foxes»from the treated area were barren and anovulatory.
At’least two of‘five marked femaies'Were yearlinds.f The unmarked
female was 4 or more years old Fiye (83.3 percent) of six gray fox
:females from reference areas successfully reproduced ‘The barren
animal was an anovulatory'yearling; At the P<O 025 level,vunsuccessful ,
reproductronvwas a55001ated w1th the treatment Apparently females‘“
'or other SpeC1es from the treated area successtully reproduced

‘ Results from the eye lens technlque did not. 1nd1cate preC1se
age classes. Based on correlatlons between eye lens werghts and
general tooth—wear, two red foxes and six gray foxes were classrfled

- as.yearllngs. One red fox and three gray foxes were classrfled as



"o0ld animals. Age determinations of'otherffoxes were less certain.
»Apparehtly red foxes bred between mid-January and the third week»"v

of February, and gray»foxeé bred from late,Jahuary to latebMarch.



‘Due to such factors ;és poor traéki'ng‘ C‘ondi‘ti’on‘s’ at »s‘,et‘s,';variedv
'baiting:fechniques;-variedvmethodg of éssigning'sef'viéits_and;bait_
consumption by species, and;émall sample sizes, results from baitf

_tfials Werelléféély inConclusive; However, in the_épinion-of the
| \g;investigatdr; cUmﬁlativé é?idencé'indiééted thét;foxe§ Viéitedvmore
',setg and consumed.more:baits théﬁ fhé ieSpéctiQe réportedivalues of 1
| approximately’34‘pércent andléd pefcent. .Support for these contentions
inClﬁded 1) eyidehce that géme foxesvwérevpré;coﬁditiéned to bait
‘a'cc‘:eptance,b 2) the high percentages of jse{:s visited and baits con-
-sumed by fOXSS'dUIinéngOd fracking condifions;‘S),the high percéntage
‘cf total visits represented by:foxés? 4) the perCentagérof trapped
ahiﬁals tﬁat were foxes; and 5) the ;bservafionvthét fo#és‘wefe the ,
only méikéd animals.v.Perhaps féxes4¢othmed 50 percent of all baits.
,Similarly,fthe,invéstigétér féels that coated baits, particularly
sa:dine oil-coated baits, were vefy_sétisfactory fo;‘gféy foxes. In
addition, DMCT was apparently a'satisfactdryboral'markef,
Effects ovaES on reproductive suécess, like :esultg from bait
“ trials, were soméwhaf uhclear‘. fhevféiiure of gray foxes fo ovulate: ' ‘
was une#pécted. Oﬁe explahafioﬁ fbr“fhi$ §henomenoh islﬁhat 6?ulation
Qas affettedvby DES; anothei,is théfvénimalg'weie éékuélly.immafure;'>
yearliﬁgs;r Iﬁ thé ih?estig%tdf's‘OpiAion; bothre#ﬁléﬁafioﬁs wéré-  .
probably résponsibleifaéforé. Soﬁe‘treatedianiméIS'likely Weré ﬁoh;: R
bfeediné yeérliﬁg;‘as evideﬁéed by‘the one néturallY'ba;reh yearlihg'

" from the Broad Run area. Also, some animals likely experienced
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: delayed ovulatlon as ev1denced by the complete lack of ovulatlon among

gray females from the treated area. The latter explanatlon is partlc— o

'ularly plau51ble due to the 11ke11hood that some’ anlmals consumed hlgh_'
doses of DES before normal ovulatlon dates.

Results were promlslng. Although ba1t1ng technlques lacked

”'4sOphlst1cat10n and preCISlon, the 1nvest1gator feels that DES did sup— o o

'.press reproouctlon of gray foxes on the Havens area. However, con—
‘.tlnu1ng studles must be conducted to clarlfy and conflrm these con-

vclu51ons.
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EVALUATION OF A TECHNIQUE ENPLOYING THE
CHEMOSTERILANT DIETHYLSTILBESTROL FOR
SUPPRESSING REPRODUCTION OF WILD FOXES IN VIRGINIA-
- , , | : byv:“ > .
© Claude Michael Oleyar‘ .
i ABSTRACT |

A fleld test using dlethylstllbestrol was conducted on the
13, OOO—acre Havens area on Fort Lewis Mountaln, Roanoke County,
‘V;rglnla;‘referencevareas were also selected, Foxes were pre—condle
tioned rc bait accectanCe ueing‘molded:beef suet. A tctal of 614
"vsuet baits each'containincldietﬁylstilbestrol’(5o mg):and oral marker
(35 mg of demethYlchlorfetracycline) werevdietributed seven times |
- from 1ate~January'tc laterMarch; Arter a 3¥week'delay,.animals were
trapped on ali areas add eXaminedifdrxreproduc{ide'sﬁccess and markerb
‘evidence. | | B

- Foxes consumed af‘ieast,20 percent'of:all baits and other iden-
fifiableespecies cchSUmed lé percent; however, unidentified visitors
,coasumed 43 percent. 'Twenfy—one gray foxes.(il marked) and four red
foxesv(one marked) were‘trapped on'theﬁtreatedvarea; TWO female red',i
‘ fckes frcm'the.treated area and‘cne from,a,refereace:area eucceeafully r
1.reproduced.j~None'were marked."All (six)>female gray:fcxes.frcmithe'f
,freated area Were'barreh‘aad anovulatory. Two of fire markedifemalesii
. probacly were yearllngs, the unmarked feﬁale was 4 or more years old
Five of six female gray foxes from reference areas successfully _
c reproduced.' The barren female Was an anovulatory yearllng.; At thevf

P<0.025 level (1-d.f., chl—square = 5,17) unsuccessful,reprodUCtion



‘was aséociated with the treatment. No other spécieé%showed“eVidence}'7:

of marker or effects‘of;tieatment,
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