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Effects of sterilization on territory fidelity and
maintenance, pair bonds, and survival rates of
free-ranging coyotes

Cassity Bromley and Eric M. Gese

Abstract: Predation on sheep by coyote8ahis latran$ is a longstanding problem for sheep producers. Current re

search suggests that surgical sterilization of coyotes could prove to be an effective method of reducing their depreda
tion rates on domestic sheep by modifying their predatory behavior. However, for sterilization to be a viable
management tool, the territorial and affiliative behaviors of pack members would need to remain in place. We tested
whether surgically sterilized coyotes maintained pair bonds and territories in the same manner as intact coyotes. We
also examined if territory fidelity and survival rates differed between sterile and intact coyotes. From June 1997 to

April 2000, 10 males and 9 females were sham-operated and radio-collared, while 20 males and 6 females were surgi
cally sterilized and radio-collared. We monitored members of 5 sterile and 4 intact packs during 1998, 6 sterile and 7
intact packs during 1999, and 4 sterile and 6 intact packs through the 2000 breeding season. Behaviorally, sterile packs
appeared to be no different than intact packs. A half-weight association index showed that social dyads within sterile
coyote packs were located together as frequently as dyads within intact packs. Simultaneous radiolocations of members
of sterile packs showed that members of sterile packs were significantly closer to each other than would be expected
from random locations. There was no difference in size or degree of overlap between territories of sterile and sham-
operated coyote packs. Sterile coyotes had a higher annual survival rate than reproductive animals in 2 of the 3 years,
and there was no difference in the level of territory fidelity. We concluded that surgical sterilization did not modify the
territorial or affiliative behaviors of free-ranging coyotes, and therefore sterile coyotes could be used as a management
tool to exclude other potential sheep-killing coyotes.

Résumé: La prédation opérée sur les moutons par les Coyd@esi§ latran$ est un probleme de longue date pour

les éleveurs de moutons. Des recherches récentes indiquent que la stérilisation chirurgicale des coyotes pourrait étre
une facon efficace de diminuer les taux de prédation exercée sur les moutons domestiques car elle modifie le comporte-
ment prédateur des coyotes. Cependant, pour que la stérilisation soit un outil de gestion efficace, il faudrait que les
comportements territoriaux et les comportements d'affiliation restent les mémes. Nous avons Vérifié si les coyotes stéri-
lisés par chirurgie sont capables de maintenir la fidélité a un territoire et les liens entre deux individus aussi bien que
les coyotes témoins. Nous avons également vérifié si la fidélité au territoire et les taux de survie different chez les
coyotes stérilisés et les coyotes intacts. De juin 1997 a avril 2000, nous avons procédé a des opérations simulées sur
10 méles et 9 femelles et stérilisé vraiment 20 méales et 6 femelles et nous avons muni tous ces animaux d’un collier
émetteur. Nous avons suivi ainsi 5 meutes stériles et 4 intactes en 1998, 6 stériles et 7 intactes en 1999 et 4 stériles et
6 intactes pendant la saison de reproduction 2000. Le comportement des meutes stériles ne semblait pas différer de ce
lui des meutes témoins. Un coefficient d’association (« half-weight association index ») a montré que les dyaees socia
les au sein des meutes stériles se retrouvaient ensemble aussi souvent que les dyades au sein des meutes intactes. Le
repérage simultané par radio de membres des meutes stériles a permis de constater que les individus des meutes stéri
les se tiennent plus prés les uns des autres que s'ils étaient répartis au hasard. Nous n’avons pas observé de différences
dans la taille des territoires ou I'importance du recoupement entre les meutes stériles et les meutes qui n’ont subi que
des opérations simulées. Le taux de survie annuel des coyotes stériles s’est révélé plus élevé que celui des coyotes re
producteurs au cours de 2 des 3 années de I'étude et les deux groupes avaient le méme degré de fidélité au territoire.
Nous concluons que la stérilisation par chirurgie ne modifie pas les comportements territoriaux ou les affiliations chez
les coyotes en nature. Les coyotes stérilisés pourraient ainsi étre utilisés en gestion pour assurer I'exclusion d’'autres
coyotes prédateurs de moutons.
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Introduction sterilization affect coyote pack size®) will survival rates
differ between sterile and intact coyotes? awdwill steril-
ization affect the residency rates of coyotes (i.e., the level of
&erritory fidelity), or will sterile members leave packs that
e not producing pups?

People have been trying to prevent coyot€ariis latran$
from killing domestic sheep for as long as sheep grazing an
coyotes have coexisted. In Utah, ranchers reported the lo&&
of 19 000 lambs and sheep in 1997 (U.S. Department of Ag
riculture 1998), and losses to predators have been cited asMethods

factor in ranchers leaving the industry (Gee. et aI_. 1977). Till This study was conducted on 400 kof the Deseret Land and
and Knowlton (1983). suggested that provisioning of PUPS jvestock Ranch in northeastern Utah. The primary vegetation type
may be a factor driving coyote predatory behavior. Wheng sagebrush steppatimesia tridentata wyomingensisvith an
both pups and adult coyotes were removed, predation ofinderstory of grasses, including needle and thread graspa(
sheep declined by 98.8%. When just pups were removed angbmata, Indian rice grass @ryzopsis hymenoidgsand western
adults were left in place, sheep losses declined by 91.6%. IwheatgrassRascopyrum smithjii Crested wheatgras&gropyrum
areas where no control was performed, losses declined kyesertorumh was planted on some areas of the ranch during the
4.2%. Those authors hypothesized that sterilization might b&960s. Rocky outcrops and some irrigated meadow also make up a
even more effective because the sheep losses that occurr@@all portion of the ranch. The area receives approximately 27 cm
before pups were removed would be avoided. In addition, if rainfall a year, and temperatures range from a winter average of
sterilized coyotes maintain pair bonds and defend territories, 2> < [0 @ summer average of 15.6°C. Most of the ranch is grazed

M . . y cattle each year.
other benefits would accrue: pairs defending a territory coul During the spring and summer of 1997, coyotes were captured

exclude other potential sheep-killing coyotes, and these bensing padded leg-hold traps with tranquilizer tabs (Balser 1965).
efits could continue for several years, as long as the coyotefraps were checked each morning and coyotes were weighed, aged
survived and pair bonds remained intact. by tooth wear (Gier 1968), ear-tagged, sexed, and fitted with radio
Sterilization has been discussed as a wildlife managemertansmitters (Advanced Telemetry Systems, Isanti, Minnesota). The
tool (Garrott 1995) in many contexts, including control of Purpose of capturing animals in the summer and spring of 1997
rabies (Linhart and Enders 1964) and limiting the distribution?as to confirm that the coyote packs would kill sheep, as well as to
and numbers of animals such as feral horses (Kirkpatrick llow for efficient capture of the pack with the aid of a helicopter

y relocating radio-collared coyotes during winter. Collared and
al. 1990), geeseBfanta canadens)s(Converse and Kennelly uncollared coyotes were captured using a helicopter and net gun

1994), deer Qdocoileus virginianys(Matschke 1977; Plotka (Barrett et al. 1982; Gese et al. 1987) during December 1997, Jan-
and Seal 1989), burros (Turner et al. 1996), and red foxe§ary 1998, and January 1999. Packs were randomly divided into
(Vulpes vulpep (Linhart and Enders 1964; Oleyar and sham- and sterile-treatment groups. We captured and radio-collared
McGinnes1974; Pech et al. 1997). However, the effect ofas many members of each pack as possible. All captured coyotes
sterilization on wild carnivore behavior has not been widelywere transported to a veterinary clinic for surgical sterilization. A

investigated (Asa 1995). Mech and Fritts (1993) reporte(premolar was extracted from each animal for aging by cementum
that 5 vasectomized wolve€énis lupu$ maintained territo- ~ annuli analysis (Linhart and Knowiton 1967). Females were sterilized

ries and pair bonds. Haight and Mech (1997) developed &Y tubal ligation and males by vasectomy, leaving the hormonal

model testing the use of vasectomy for wolf control. A studySYStem intact (Zemlicka 1995). Sham-treated animals underwent
of red foxes in Australia showed that during the first year af the same surgical procedure, but sterilization was not completed.

. b S All animals were held overnight for observation and released at the
ter they were surgically sterilized, females maintained hom%oint of capture the following morning.

ranges similar in size to intact females_,, but overlap of home \when sheep were present, from mid-May to September, coyotes
ranges wasgreater among sterile vixens (Saunders andyere located once or twice daily from null telemetry stations or

Mcllroy 1996). Dominance relationships, mortality rates, andwith a hand-held antenna (Mech 1983; White and Garrott 1990).
behavior did not change, and compensatory reproductien agix null stations were placed on elevated points in an attempt to
parently did not occur (Saunders and Mcllroy 1996; Bubelacover much of the study area; telemetry error was +1-2° for the
1999). Balser (1964) examined the effectiveness of diethylnull stations. Coyotes were generally relocated during the time
stilbestrol drop baits in reducing coyote reproduction, but~/hen most coyote movement and activity occurred (evening, night,
did not examine any behavioral effects. Zemlicka (1995)and early morning). During the rest of the year, coyotes were lo

it : . cated every 2 weeks, either from the ground or during the day from
Loeuhn:vi(r)]?s ?Eiipgf/:ﬁ;g‘gg“son on courtship and territorial the air (Mech 1983). The software prograwcare (Pacer, Truro,

Nova Scotia) was used to calculate location coordinatescameme
Bromley (2000) demonstrated that packs of coyotes thaiKie et al. 1996) was used to calculate adaptive kernel home-range
had been surgically sterilized killed sheep significantly lessestimators (Worton 1989). Minimum pack sizes were estimated
often than packs of intact coyotes. However, for sterilizationfrom observations of coyote packs during aerial telemetry and re
to be effective in modifying the predatory tendencies of-coy flect prewhelping (winter) pack sizes. To confirm the breeding sta
otes and reducing predation on sheep, the behaviorat coniys of the pacl_<, sear_ches were made py foot and from the air in all
ponents of coyote social ecology would need to remairfovote territories to flnd'dens and con_flrm the presence or abse_nce
unchanged (Asa 1995). This study examined the behavior f pups. Response to simulated howling was also used to monitor

: M - up production (Harrington and Mech 1982).
aspects of surgically sterilizing coyotes. Specifically, we ad ™" pn a1 survival rates were calculated usimgromorT (Heisey

dressed the following questions) (ill free-ranging sterd 504 Fuller 1985) by extrapolation of daily survival rates (Trent and
ized coyotes differ from reproductive coyotes in terms ofrongstad 1974). Rates were calculated for animals of known fate;
pair-bond maintenance® ) will members of a sterile pack these rates were compared with rates calculated assuming that all
remain together and maintain territory boundarigg? ill missing animals still lived, and assuming that they had all died

© 2001 NRC Canada



388 Can. J. Zool. Vol. 79, 2001

Table 1. Half-weight association index scores for coyote dyads in sterile and sham-
operated packs, Deseret Land and Livestock Ranch, Utah, 1998—-1999.

1998 1999

Male—female Male—-male Male—female Male—male
Sterile packs 0.54 0.57 0.53 0.36

0.38 0.18 0.61 0.03

0.08 0.07 0.03 0.54

0 0.31 0.41

0.06 0.72

0.07 0.52
Sham-operated packs 0.14 na 0.16 0.08

0.20 0.27 0.35

0.12

(Fuller 1989; Gese et al. 1989). The level of territory fidelity was operated pairs, but these sterile pairs were located together,
examined by calculating residency rates in the same manner-as swin average, 57% of the time. When we compared the half-
vival rates but substituting dispersal for death in the calculatior\,veight association index scores for all dyads from sterile
(Fuller 1989). Az test was used to compare both survival and-resi packs & = 0.313) with all dyads from sham-operated packs
dency rates between sterile and sham-operated coyotes. % = 0.19) summed over both years, there was no significant

Bonds between all radio-collared pack members were analyzed. .
by comparing the average distance between two animals located | ifference in the .lscoresk between a! members of sham-
the same hour with the distance between random locations for th@Perated and sterile packs £ 1.32, P = 0.198). In 1999,
same animals (Kitchen et al. 1999). tAest was used to compare Sterile dyadsxX = 0.444) had a significantly higher scorte<

the mean distances of simultaneous (<1 h apart) versus randof45,P = 0.031) than sham-operated dyads=(0.199). This
locations. A half-weight association index (Brotherton et al. 1997)is probably due to a greater number of breeding pairs being
was also calculated: captured and radio-collared in the sterile cohort and a greater
number of nonbreedingssociates being radio-collared in the
sham-operated cohort.

The average distance between members of a sterile breed-

wheren is the number of times both animals were located togethermg. p.alr located within the same hour was 0.47 km=(4

x is the number of times one animal was located without the otherpa'rs' Table 2)_' In Colorado, Kitchen et al. (1999) calculated

andy is the number of times the remaining animal was located@" average distance of 1.07 km between members of the

without thex animal. For animals that are always located togethersame packBreeding members of sterile packs were signif-

the index is 1, and for animals that are never together itis 0. icantly ( = —10.17,P < 0.0001) closer to each other than
would be expected from random locatiorns £ 2.06 km
apart). In 1998, when the distances for all dyads from sterile

Results packs are compared with random locations, the difference is

From June 1997 to April 2000, 10 males and 9 femaledot significant { = -1.68,P = 0.11). This is probably due to
were sham-operated and 20 males and 6 females were stefffi® small number of locations available for each animal
ized and radio-collared; 3016 telemetry locations were col(Mean 15.5), and 6 of the 10 dyads were from comparisons
lected. Two females and 1 male were initially captured and®f distances between members of 1 large pabken the

sham-operated in 1998, then recaptured and sterilized in trféistances for all dyads from sterile packs for 1999 are
second year. In 1998, coyotes from 9 packs were radiocomparedwith random locations(mean points/animal = 121),

collared (5 packs of sterile coyotes and 4 packs of shamthe dyads are significantly closer than would be expedted (
operated coyotes). In 1999 and 2000, coyotes from 10 packs2-70, P = 0.016). In 1999, all dyads from sham-operated
were radio-collared (4 packs of sterile coyotes and 6 packBacks were also clos¢han expected when compared with

of sham-operated coyotes). In three cases sterile animaf@ndom locationst(= —3.03,P = 0.016). The composition
were present in breeding packs, but they were associaté¥ Sterile coyote packs persisted over several years, and was
rather than members of the breeding pair. We monitoregimilar to relations among individuals in intact packs.
members of 5 sterile and 4 intact packs during 1998, 6 ster

ile and 7 intact packs during 1999 (4 sterile and 3 intactHome-range size and overlap

packs were the same in 1998 and 1999), and 4 sterile and 6 The density of coyotes in the study area was fairly high,
intact packs through the 2000 breeding season (all 4 sterilgnd all available territories were filled (i.e., evidence such as
and all 6 intact packs in 2000 were monitored previously inscats and tracks was present even in areas where coyotes

n
n+1/2(x+y)

1999). were not radio-collared). The mean territory size (90%
isopleth) forsterile packs was 17.4 Kngn = 5), while terri
Pack affiliations and pair bonds tories of sham-operated packs £ 6) averaged 16.8 kfn

Sterile coyotes maintained pair bonds similarly to sham<{Fig. 1); there was no significant difference<-0.196,P =
operated packs. The half-weight association index scores fd@.85) between territory sizes of sterile and sham-operated
4 sterile breeding pairs were between 0.41 and 0.72 (Tgpacks. Average overlap between coyote territories drawn to
ble 1). We did not have a comparable sample of shamthe 95% isopleth was 21% (range 0-39%). The core areas

© 2001 NRC Canada
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Table 2. Distances (km) between members of social dyads in sterile and sham-operated
coyote packs when located in the same hour, compared with random pairs of locations,
Deseret Land and Livestock Ranch, Utah, 1998—-1999.

Male—female Male—male
Concurrent Random Concurrent Random
Sterile pack 0.584 2.195 0.574 2.030
0.424 2.327 3.324 3.429
3.494 3.677 0.399 2.189
0.652 1.733 0.383 1.438
0.222 2.112 0.949 1.485
0.373 2.203 0.212 2.300
0.563 1.624 0.776 1.838
0.185 0.842
2.902 3.530
2.761 2.718
2.757 3.065
2.082 2.166
Sham-operated pack 2.117 3.019 1.303 1.638
1.190 2.822 0.919 2.278
1.258 1.421 1.912 3.164
1.401 2.538

(estimated at the 60% isopleth) between 2 packs overlappesterilization on the number of coyotes in each pack observed
only once: 3% between two packs. There was no significanin winter. We emphasize that these pack-size estimates are
difference between the average overlap of 2 adjacent sterilgom winter, after most dispersal of young has occurred.
packs and the overlap of a sterile pack with an adjacenPups were produced in the intact packs, but these pups had
sham-operated pack € 0.19,P = 0.85). Nor was the aver- either dispersed or died by the next breeding season (Janu-
age overlap between 2 adjacent sterile packs significantlary), hence the size of the core social unit remained un-
different from that between 2 adjacent sham-operated packshanged between reproductive and non-reproductive packs.
(t =-0.01,P = 0.91).
Survival

Territory fidelity Forty-two coyotes were radio-collared and monitored for

In 1998 there was no significant difference between the22 167 radio-days over the course of the study; 20 coyotes
annual residency rate of sham-operated and sterile coyote¢ere alive and accounted for at the end of the study. Nine
(z = 0.86,P = 0.195). Sham-operated coyotes remained ircoyotes were known to have died during the course of the
territories at an annual rate of 0.88 (1 coyote dispersed) anstudy: 4 died of unknown causes and 5 were shot (usually
sterile coyotes at a rate of 0.74 (3 coyotes dispersed); in cabutside the study area). Survival rates calculated when-miss
culating rates, animals of unknown fate were censored. Iing animals were censored versus rates calculated assuming
1999, only 1 sterile male coyote is known to have disperse¢hat missing animals had died and then assuming that they
from its territory. In 2000 there were no confirmed dispersalsstill lived were not significantly differentZ = 0.116,P =
of coyotes in either treatment group from their territory. 0.45). In 1998, the annual survival rate for sham-operated
Thus, sterile coyotes remained within their territory at simi and sterile coyotes was 0.57 and 0.91, respectivetyZ.06,
lar rates to members of reproductive packs. The lack of reP = 0.02). In 1999, sterile and sham-operated coyotes had an
production in the sterile packs did not increase abandonmem@nnual survival rate of 0.91 and 0.60, respectively (1.36,

of the territory, even after 3 breeding seasons. P = 0.09). In 2000 (January—April), sham-operated coyotes
had a higher survival rate (1.00) than sterile coyotes (0.89)
Pack size (z=1.56,P = 0.03).

Our purpose in using sterilization was to modify the pred
atory behavior of coyotes by reducing the motivation OfDlscussmn
provisioning pups. However, because sterilization could af
fect pack size, we compared minimum observed pack sizes A major concern when contraceptive intervention is used
between sham-operated and sterile coyote packs. This minwith canids is the effects on behavior and social structure
mum count represents prewhelping (winter) pack size. IMAsa 1995). Our results indicate that surgical sterilization
1998 the mean size of sterile and sham-operated packs waad no effect on pair-bond maintenance and territorial be
2.8 and 3.0, respectively € —0.25,P = 0.80). In 1999 the havior among free-ranging coyotes. Sterile packs of coyotes
mean size of sterile and sham-operated packs was 2.2 ameémained together, in the same territory, even after no pups
3.4 coyotes, respectively € —1.42,P = 0.18). In 2000 the had been produced for 3 years. This observation of no be
average size of the sham-operated packs was 3.0 coyotes amavioral change is supported by the results of other studies
that of the sterile packs was 2.4 coyotdés=(—1.04,P =  of sterile carnivores. Zemlicka (1995), working with captive
0.32). Thus, over 3 years there was no appreciable effect afoyotes, observed that sterile coyotes displayed all social

© 2001 NRC Canada
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Fig. 1. Territories (90% isopleth) of sham-operated and sterile coyote packs, Deseret Land and Livestock Ranch, Utah, 1999.

Sterile Pack:

Sham-operated
Pack: (]
0 10 km

N
_

behaviors similarly to intact animals. In Minnesota, Mech et al.of hormonal systems (e.g., castration) could have a negative
(1996) vasectomized 5 free-ranging wolves and found thagffect on behavior (Asa 1995). Territorial defense, aggres
all of them stayed in their respective territories after steril sion, pair-bond formation, and scent-marking behavior ap
ization, although 1 male dispersed after 2 years and formegear to be hormone-dependent (Asa et al. 1990; Asa 1995).
a new pair bond in another pack. One vasectomized welf reTherefore, the method of sterilization used should leave the
mained in his territory for 7 years before he was killed. Inhormone systems intact.
another study, a contraceptive implant (melengesterol acetate) While our principal aim in sterilizing the coyotes was to
was administered to 10 free-ranging female lioRarfthera  modify their predatory behavior, a concern with sterilization
leo) (Orford and Perrin 1988). The treated lionesses- prois that it may affect population size. Although we did not
duced no cubs but remained as members of their prides, argludy the long-term population effects of sterilization, during
no behavioral changes were noted. Red fox vixens have alse 3 years (1998-2000) of aerial telemetry and observation
been surgically sterilized, with no evidence of changes irin winter, prewhelping (winter) pack sizes did not differ-be
their social behavior, dominance relationships, or survivatween sham-operated and sterile coyote packs. We empha
(Bubela 1999). size that pup production was confirmed in the intact packs,

Territory overlap for sterile coyote packs was similar tobut loss of pups due to either dispersal or death reduced
that for sham-operated packs, and associate animals stay#iese intact packs to levels similar to those of sterile packs
with the pack. We also found no significant difference be by the following winter. Thus, since territory size and pack
tween the sizes of territories occupied by sterile and shamsize were unchanged, the winter density of coyotes in the
operated packs. Red fox vixens that had been surgicallgtudy area was not reduced. If “problem” animals in individual
sterilized maintained home ranges similar in size to thosgacks are closely targeted for sterilization, then any long-
of intact females; however, home-range overlap increaseterm population effect should be minimal. Applying steril
among sterile females (Saunders and Mcllroy 1996). Sincézation on a larger scale may affect a population, but this
our surgical-sterilization method (vasectomy and tubal ligationyemains untested.
left all hormonal systems intact (Zemlicka 1995), the results Because we sterilized as many pack members as possible,

may not be the same if spaying and castration (in whieh rewe have no data on whether nonsterile associates would re
productive systems are removed) are employed. Modificatioproduce, or replace sterile alpha coyotes. It is important that

© 2001 NRC Canada
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the breeding pair be identified and targeted if possible, whiclpredation on sheep. Coyotes are long-lived and highly territo
can prove difficult, particularly in areas where coyote packsrial (Knowlton et al. 1999), thus a sterile pair could exclude

are large. During our study we captured as many coyotes agther potentially sheep-killing coyotes for several years if the
possible from each pack and treated all members aecordterile coyotes are allowed to survive. Sterilization could
ingly in the attempt to stop pup production (i.e., the samplealso prove an effective management tool where lethat con
unit in our study was the social group or pack). In researchrol is not a socially acceptable option. Sterilization may be
with red foxes (Bubela 1999), where only the dominant vixenmore acceptable to the public (Arthur 1981; Cluff and

was sterilized, none of the 3 vixens was replaced in the firsMurray 1995; Mech et al. 1996) than lethal control methods
year. In the second year, 1 sterile dominant female was resuch as aerial hunting or trapping. Although our method of
placed by her sister. sterilization may appear to be costly (~$560 per coyote), an

Sterile Coyotes had a Signiﬁcanﬂy h|gher annual Surviva|a|ternative chemical sterilant (DeLibertO et al. 1998) that
rate than reproductive animals in 2 of the 3 years. Sterite andoes not affect the hormonal system (Asa 1995) and could
imals did not incur reproductive costs, but since there was nf¢€ delivered effectively and economically may be an-effi
significant difference between survival rates of males (0.78fient method to sterilize coyotes and modify their predatory
versus females (0.52) (for 2 yeass= —1.03,P = 0.15), this ehavior while leaving social behaviors intact.
may not explain the difference in survival rates. Our results
may have been confounded by the number of coyotes thAcknowledgements
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