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animals, the mk value in the model. Rather, it appears that the model moose population
is ultimately limited by moose reproductive capacity. Another explanation is that the low
population was below the low density equilibrium caused by the lag effect of wolves in
response to declining prey density (Peterson and Page 1983). It is also possible that
wolves were not reduced for a long enough period to allow moose to increase to a high
population density which would allow them to escape regulation by predators.

It is less clear what the effects of combining the two techniques are for sheep. A
moderate increase is observed when all small-sized packs are sterilized following wolf
control, but sterilizing 60% of the small packs causes a definite decline. These results
may simply demonstrate the effect of the large stochastic variability in recruitment (J.
Carey, pers. commun.) built into the sheep sub-model, or the effect of increased numbers

of wolves.

Human Harvest

For all of the prey populations, constant annual harvest rates can lead to decline.
A 2% harvest can generally be supported by caribou and moose populations following
wolf management, but a 5% harvest will almost invariably cause the populations to
decrease. This prediction supports observations from the Yukon, where harvest levels
have traditionally been high (YTG unpubl. data). Similarly, harvesting 12 sheep per year
for 25 years will cause sheep population decline. Due to the lack of age and sex
specificity in the model, the effect of these harvest rates may be exaggerated in the model.

However, the population trend is probably reasonable. Removing a proportion of a
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population or a set number of animals every year, regardless of the population size or
recruitment in any given year, can be very risky, as it does not include inevitable annual
variation in recruitment or survival rates. One or two years of poor recruitment could
mean that non-predation adult mortalities cannot be supported, and thus cause a
population decline. Even at the seemingly low level of 2% of adults per year, harvest can
cause the caribou population to decline to a level from which it will not recover without
lethal wolf control. Numerous examples from fisheries have demonstrated the risks
inherent with a quota or a maximum sustained yield (MSY) approach to harvest (Krebs
1994). One of the potential pitfalls of this approach is that initial population declines due
to harvest may represent the gradual population decline to 1/2 K if harvest is set at the
MSY, but that initially this decline is hard to distinguish from that observed when the
population declines to extinction when the harvest rate exceeds MSY (Caughley and
Gunn 1996). The implications are that managers must be very aware of yearly variation

in population indices, and that a conservative harvest strategy is warranted.

Weather

Climate variability is large in northern environments and the effects of weather in
the model add a necessary stochastic element. Without this random variability, the model
would project that five years of lethal wolf control would be sufficient to guarantee long
term population growth for caribou. One year of reduced recruitment, however, can

mean the difference between continued population growth and irretrievable decline below
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threshold population densities. The effect is less pronounced for moose, but still
important near the low threshold population size.

Of all of the variables in the model, weather is the true unknown. Managers must
be very aware and sensitive to its potential effects when considering how to manage prey
populations. The exact effects of severe weather conditions upon prey populations are
not known, but must be anticipated. [ have chosen unusually cold temperatures in March
as a factor which reduces recruitment, but there are many possible factors that could have
a similar effect, or increase ungulate mortality including: snow depth, late snow/ice melt,
change in forage availability, and oestrid fly harassment (Fuller 1989, Boertje et al. 1996,
Del Guidice 1998). Cautious and conservative management will be required to

compensate for these unpredictable effects.

Limitations of the model

A limitation of the model is the lack of sex and age structure for the prey
populations. Harvest is removed from the adult population over winter, but there is no
way to specify the sex of harvested animals. Managers, faced with declining ungulate
populations, would most likely limit harvest to mature bulls, and thus the model
simulations of harvest may show a greater adverse effect than would occur if only mature
bulls were harvested. Nonetheless, adding the complexity of sex and age structure
without having reliable data about sex-and age-specific fecundity and survival rates or
how they are affected by wolf predation, would only weaken the predictions from the

model.
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In many of the simulations, the caribou herd declines to extinction. This occurs
because I assumed that wolf packs on the calving grounds are supported by moose
density. There is no functional response of wolves to caribou density, thus predation
rates are fixed. This may be a valid assumption (Dale et al. 1994), but in reality wolves
might switch from caribou to alternate prey at some very low density of caribou.
Nonetheless, the implications of the model projections are valid. Where the caribou herd
declines to several hundred animals in the model, the herd may be too small to recover
because it is no longer a viable population that can be harvested and will not support large
numbers of predators. The Chisana herd in Alaska is a possible example of an
unharvested herd that has declined rapidly to several hundred animals, apparently due to
predation (ADF&G, unpubl. data). This may be explained by a lag in wolf numerical
response to declines in prey density (Ballard and Larsen 1987, Peterson and Page 1988).
There is also evidence to suggest that wolves may hunt preferred prey until they are
extirpated when alternate prey are available (Bergerud and Elliot 1986, Mech 1986, Dale
et al. 1994).

The most important limitation of the model is one which is true of all models.
The projections of a model are only as realistic as the assumptions that define it and the
accuracy of its parameters and inputs. I believe that the results from this model are
reasonable and realistic. My results are consistent with population trends that have been
observed for the Aishihik ungulate populations before and after wolf control (YTG
unpubl. data). Although empirical projections can not be relied upon to predict what will

happen in the real system, the trends are apparent, and models can help in the
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understanding of wolf-prey interactions and of the effects of stochastic natural variation
and human management. The model is an ideal way to generate hypotheses and to
tentatively explore possible management alternatives before accepting the risks of

applying them to the real populations.

Significance of model

This model is unique in that the wolf population is structured by pack size. This
takes pack social dynamics and territoriality into account, and allows recent information
about wolfkill rates by pack of different sizes to be incorporated (Hayes et al. 1991,
Thurber and Peterson 1993, Dale et al. 1995, Hayes 1995). Perhaps the most important
benefit of structuring the model this way is that the effects of applying wolf fertility
control and mortality control can be simulated in a way that is consistent with
management practices. Wolf control typically involves removing whole packs, or
reducing pack sizes to 1 or 2 animals, rather than the random removal of individuals from
the population. Similarly, the Aishihik fertility control program focused on small-sized
packs on the caribou herd range, not randomly selected individuals throughout the study
area (Chapter Two).

Other important characteristics of the model are the use of field and demographic
data for its parameters, the inclusion of seasonal differences in wolf predation on calves
and adults, stochastic weather variation, and the interactions between the wolf population

and the three prey populations. Furthermore, it is the first model that examines the
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effects of wolf fertility control on a wolf population, as well as upon the ungulate prey

populations.

General conclusions

In this chapter, I have presented a model that incorporates wolf social and
territorial behaviour, wolf-prey interactions, stochastic variation, and various wolf
management and ungulate harvest scenarios. The projections lend insight into wolf-prey
dynamics, as well as demonstrate the possible long term population level effects of both
lethal wolf control and wolf fertility control. The results may be applicable to other wolf-
moose-caribou systems where wolf predation is an important factor limiting ungulate

population growth.



141

APPENDIX 3.1. -EQUATIONS AND PARAMETER VALUES FOR WOLF-PREY

SIMULATION MODEL

Wolf sub-model
Maximum number of territories

(cT): caribou hunters: Default = 7 territories on summer calving grounds
If moose population at winter’s end (mPw)<1000, 6

>5000, 8
(mT): moose hunters: Default = 15 territories throughout experimental area
(except for calving grounds)
If mPw <1000, 7
>5000, 19
Territorial vacancies (Vac): (eq. 1)

= T-(Sm+Md+Lg winter distribution of packs)

Immigration efficiency (Ie):
=% of vacancies that are filled the following season
= 1 unless following mortality control
= (.25 during mortality control, 0.5 year following last removal, then 0.75, 0.9, 1

Percentage of vacancies filled, by pack size(fils, filmd, filL):

fils =06
filmd = 0.4
filL =0

Vacancies filled by small, medium, large packs (vac fild sm, vac fild md, vac fild l) (eq.2)
(assume infinite pool of in-shifters, dispersers, colonizers, fill in summer)
(a) =le*fils*(Vac previous winter)
(b) =Ie* filmd*(Vac previous winter)
(c) =le* filL*(Vac previous winter)

Territorial vacancies filled (Vac filled)
=vac fild sm + vac fild md + vac fild | (eq.3)

Pack reproduction by pack size (Rs, Rm, Rl):
=% of packs of each size that successfully raises pups
Rs =72 % of small packs
Rm = 0.55 % of medium packs
Rl = 0.4 % of large packs
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Wolf sub-model (cont’d.)

Dispersal by pack size (Ds, Dm), over winter:
Dispersal of small packs (Ds) = death or splitting, results in a territorial vacancy
0.19)
of medium packs (Dm)=dispersal of 2 yr olds, pack size stays constant
0.3)
of large packs =pack size stays constant unless splitting

Maximum number of large packs( cTm or mTm for caribou or moose hunters):

caribou hunters: If cPw  >1000=2

>6000=cT
<1000=1
moose hunters: f mPw >1000=3
>3500=5
<1000=1
Pack splitting (Split): (eq. 4)

= If winter large packs exceed maximum large packs: L(w) - (¢cTm or mTm)

Lethal wolf control (Ic, removal of whole packs in winter):

Simulated Aishihik wolf removal
Caribou hunters (remove all winter packs)
Sm Md L
Year 1 3 3 1
Year 2 1 1
Year 3 1 1
Year 4 1 1
Year 5 1 1
Moose hunters
Sm Md L
Year 1 6 3
Year 2 6
Year 3 3 1
Year 4 2 1
Year 5 2
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Wolf sub-model (cont’d.)

Fertility Control (F is “on” =1 or “off” =0)
Small packs do not reproduce, stay in territory as a small pack, small pack
dispersal/death rates apply
Applied from Year 4 onward if combined with lethal control, from Year 1 if
applied alone

Percentage of small packs sterilized (fc):
The % of all small packs in a given year that do not reproduce when F=1

Number of small packs in summer (Sm(s)): (eq. 5)
(a) With fertility control: = Sm(w) ® fc + vacfild sm
(b) Without fertility control: = Sm(w) * (1-Rs) +vacfild sm

Number of medium packs in summer (Md(s)): (eq. 6)
(a) With fertility control: =Md (w) * (1-Rm) +(1-fc)*Sm(w) + vac fill md + Split
(b) Without fertility control =Md (w) *(1-Rm) +Sm(w)*Rs + vac fill md + Split

Number of large packs in summer (L(s)): (eq. 7)
=L(w) + Md(w)*Rm + vac fill L - Split

Number of small packs in winter (Sm(w)): (eq- 8)
=Sm(s) -Ds*Sm(s) - Sm(Ic) +Md(s)*Dm

Number of medium packs in winter (Md(w)): (eq.9)
=Md(s) - Md(Ic) - Dm*Md(s)

Number of large packs in winter (L(w)): (eq.10)
=L(s) - L(Ic)

Number of lone wolves all year:
= Lo, applies only to sheep sub-model, unaffected by management action, =1

Number and size distribution of packs that determine prey distribution:
caribou predation = Sm(s), Md(s), L(s) from caribou hunter sub-model
moose predation = Sm(s), Md(s), L(s) from moose hunter sub-model
sheep predation = Lo, Sm(s), Md(s) summed from both wolf sub-models* sAC
(% of packs that hunt sheep =0.1)
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Caribou sub-model

Initial population size, cPi (1992): 7150
Percentage calves in population cRy (1992): 14.6%
Carrying capacity (cK): 20,000

Stochastic weather effect (w):
-6% random chance that winter is severe in March:
wis “on” =1, “off’=0

Natality rate , pregnancy rate as % of total population (cRp): (eq.11)
(a) if population <1200=1992 % adult cows ® 97% pregnancy rate = 0.7
>1200=1997% adult cows * 97% pregnancy rate = 0.5
(b) -with stochastic weather variation cRpw = (6% random chance)*0.7*cRp
(random chance that pregrancy rate is reduced by 30%)

Wolf summer predation on calves (Wsc) (eq.12)
=7.5*Sm + 30*Md + 45*L

Wolf summer predation on adults (Wsa) (eq.13)
=2*Sm + 4*Md + 7*L

Wolf winter predation on calves (Wwc): (eq.14)
=27*Sm + 36*Md + S0*L

Wolf winter predation on adults (Wwa): (eq.15)
=27*Sm + 36*Md + 50*L

Non-predation caused adult mortality, in winter (cAm)
if population>1400 = 3% * adult population at the end of summer (cAs) (eq.15a)

Other sources of calf mortality, in summer (cMc):
if caribou population at the end of winter (cPw) >1350 = 145

<1350 =100
Adult harvest from winter population (cH): (eq.16)
(a) “Low” level harvest =2%* cAs
(b) “High” level harvest =5%"* cAs
Adults surviving at the end of summer (cAs): (eq.17)
=CcAw +cCw - Wsa
Calves surviving at the end of summer (cCs): (eq.18)

= Calves produced -cMc - Wsc
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Caribou sub-model. cont’d.

Calves produced: (eq.19)
(a) -without stochastic weather variation = cRp*cPw*(1-cPw/cK)
(b) -with stochastic weather variation = cRpw*cPw*(1-cPw/cK)

Number of adults surviving at the end of winter (cAw): (eq.20)
=cAs- Wwa-cH-cAm

Number of calves surviving at the end of winter (cCw): (eq.21)
=cCs - Wwe

Population at the end of winter (cPw): (eq.22)
=cAw +cCw

Population at the end of summer (cPs): (eq.23)

=cAs +¢cCs
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Moose sub-model

Initial population size, mPti (1992): 2000
Percentage calves in population mCi (1992): 8%
Percentage yearlings in population mYi (1992): 11%
Percentage adults in population mAi (1992): 81%
Carrying capacity (mK): 5,000

Stochastic weather effect (w):
-6% random chance that winter is severe in March:
wis “on” =1, “off’=0

Natality rate, including twins, as % of total population (mRp) (eq.24)
@) =1992 -54 % adult cows * 138 calves/100 cows = 0.65
(b) -with stochastic weather variation mRpw = (6% random chance)*0.75*mRp
(random chance that pregrancy rate is reduced by 25 %)

Non-predation caused adult mortality, in winter (mAm) (eq.25)
if population>2000 = 3% ® population at the end of summer (mPs)

Wolf summer predation on calves (Wsc) (eq.26)
=12.3*Sm + 16*Md + 20.8*L

Wolf summer predation on yearlings (Wsy) (eq.27)
=3*Sm +4*Md + 5.2*°L

Wolf summer predation on adults (Wsa) (eq.28)
=1.5*Sm +2*Md + 2.5*L

Wolf winter predation on calves (Wwc): (eq-29)
=6.3*Sm + 8.1*Md + 10.6*L

Wolf winter predation on yearlings (Wwy): (eq.30)
=6.3*Sm + 8.1*Md + 10.6*L

Wolf winter predation on adults (Wwa): (eq.31)
=12.6*Sm + 16.3*Md + 21.3*LL

Other sources of calf mortality, in summer (mMc):
=75

Adult harvest (mH), from winter population: (eq.32)
(a) “Low” level harvest =2% * mAs
(b) “High” level harvest =5% * mAs



Moose sub-model (cont’d.)

Adults surviving at the end of summer (mAs):
=mAw +mYw - Wsa

Yearlings surviving at the end of summer (mYXs):
=mCw - Wsy

Calves surviving at the end of summer (mCs):
= Calves produced -mMc - Wsc

Calves produced:
(a) -without stochastic weather variation = mRp*mPw*(1-mPw/mK)
(b) -with stochastic weather variation = mRpw*mPw*{1-mPw/mK)

Number of adults surviving at the end of winter (mAw):
=mAs -Wwa - mH - mAm

Number of yearlings surviving at the end of winter (mYw):
=mYs - Wwy

Number of calves surviving at the end of winter (mCw):
=mCs - Wwc

Population at the end of winter (mPw):
=mAw +mYw + mCw

Population at the end of summer (mPs):
=mAs + mYs+mCs
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(eq.33)

(eq.34)

(eq.35)

(eq.36)

(eq.37)

(eq.38)

(eq.39)

(eq.40)

(eq.41)
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Sheep sub-model

Initial Talbot Arm sheep population (1992): 597

Base Recruitment Rate (sRy): 12.6 % yearlings
Percentage of wolf packs with access to sheep (sAC): 10%
Annual adult survival rate before wolf predation (sS): 92%

Stochastic weather factors (sw):
- augments or decreases annual recruitment rate
= annual random % change of up to 50%

Wolf predation (W): (eq42)
=9*Lo + sAC*(10*Sm + 12*Md)

Sheep Harvest (sH):
= 8-20 sheep per year

Yearlings (sY):

(eq.43)
=(sRy +sw) ®*sT

Total population size, accounted annually (sT.;): (eq.44)
=sY +sS*sT-W-sH



CHAPTER FOUR: GENERAL DISCUSSION - THE FEASIBILITY AND

FUTURE OF FERTILITY CONTROL

Managing problem animal populations effectively has been problematic in the
past and represents a challenge for the future. Traditional methods of population control
such as culling are often only short term solutions, and can be inhumane, expensive, non-
species-specific, and controversial (Bomford 1990). Methods used to control wolf
populations, in particular, vary widely both in their degree of public acceptance and their
long term ecological effectiveness (Cluff and Murray 1995, Mech 1995, Haber 1996,
Mech et al. 1996a). Fertility control represents another management alternative to
mortality control of wolves, but there has been very little research into its application for

wild wolf populations (Mech et al. 1996a).

Wolf fertility control in Aishihik, Yukon

This study contributes new information about the potential for the use of fertility
control to manage wolf populations. In Chapter Two, I presented results from an
experiment which tested whether surgical sterilization alters wolf social and territorial
behaviours. This information is crucial to understanding the effects of wolf fertility
control. Sterilization of wolf pairs from small-sized packs could potentially slow the rate
of wolf population recovery following wolf reduction, and reduce the wolf predation rate

upon ungulates and its impact on ungulate calf survival. These ‘benefits’, however, are

149
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contingent upon unaltered wolf behaviour: sterilized wolves must maintain and defend
their territories, remain with their mates, retain dominant breeding status, and yet not
produce pups. I presented behavioural data from 7 sterilized wolf packs which were
monitored for up to 52 months, spanning up to 4 breeding seasons. I did not find any
evidence to suggest that wolf social and territorial behaviour is affected by surgical
sterilization. Thus, at the level of individual wolves, fertility control by surgical
sterilization is a feasible technique. At the population level, surgery is perhaps not as
appropriate due to the expense and logistical difficulties associated with live capture and

removal to a controlled environment for the procedures.

Equally important to evaluating the merits of fertility control of wolves is an
understanding of the long term, population level effects of wolf sterilization upon wolves
and their prey. Long term monitoring of the wolf, moose, caribou, and Dall sheep
populations in the Aishihik study area will provide the only experimental data of its kind.
In the interim, a population simulation model caa help to project and anticipate these
effects, and to inform future management decisions. In Chapter Three, I presented a
population simulation model which incorporated the social biology of wolves, the basic
processes which determine the populations dynamics of wolves, moose, caribou, and Dall
sheep, and the relationships between those populations. The value of the model is
improved by its parameters, which are almost all derived from census data from
populations in the study area. It can thus be used investigate the effects of mortality
control, lethal control, hunting, and random weather variability. The projections from the

model suggest wolf fertility control may enhance the long term benefits of a mortality
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control program, and can be applied strategically to improve caribou calf survival and the
population growth rate. The results also imply, however, that wolf fertility control alone
can not be used to help recover prey populations which have declined to critically low
numbers. The model prey populations are sensitive to stochastic factors such as weather
variability and are extremely vulnerable to constant hunting pressure regardless of wolf

management techniques.

The short term wolf behaviour results and the long term population simulation
projections lend insight into the usefulness of wolf fertility control as a management tool,
as well as contribute to our understanding of predator-prey interactions. The results from
this study suggest that sterilization of wolves may help to maintain viable ungulate
populations without some of the ecological and human social problems associated with

lethal wolf control.

Wolf fertility control in other wolf-prey systems

The results of the wolf behaviour study are directly applicable to other territorial
wolf populations. In the Aishihik wolf population, we sterilized wolves by tubal ligation
and vasectomy, but any other contraceptive method would be acceptable providing it
does not induce changes in hormonal cycling and associated social and territorial
behaviours. Ideally, wolves could be sterilized without the expense, trauma, and risks

associated with capture and surgery. Immunocontraception, induced by porcine zona
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pellucida (PZP) or other immunogens, may be a promising alternative to surgery (see
Chapters One, Two, Table 1.2). If immunocontraception can provide reliable
contraception without behavioural side effects, sterilizing wolves will become possible on
a larger scale than is currently feasible using surgical techniques. The immunogen couid
be delivered remotely by a dart from the air or delivered in baits at den sites, thus
eliminating the need even for immobilization and handling. This technology is currently
being developed for red foxes at the Vertebrate Biocontrol Centre in Australia and for

coyotes in Utah (M. Holland pers. commun.)

Wolf fertility control is a feasible management tool for the Aishihik wolf
population. Aishihik caribou calf recruitment is strongly limited by wolf predation, and it
was possible to remove wolf packs from the caribou calving grounds to increase calf
survival rates over summer. Due to the limited size of the calving grounds and the
relatively small number of wolf packs that range on them, we were able to sterilize a
majority of the wolf pairs and small packs which recolonized the area following lethal
control. However, wolves live in highly varied ecosystems throughout the northern
hemisphere. Their ability to limit or regulate prey populations depends upon prey
population characteristics such as migratory behaviour, population size, and vulnerability
to wolf predation, as well as upon alternate prey species availability, the occurrence of
prey refuges, the presence of other predators, the effects of compensatory prey mortality,
and stochastic factors such as extreme weather conditions (Bergerud et al. 1983, Ballard
etal. 1987, Ballard and Larsen 1987, Skogland 1991, Eberhardt and Pitcher 1992, Van

Ballenberghe and Ballard 1994).
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Wolf control, lethal or otherwise, will only benefit ungulate populations where
wolves have a significant limiting effect on their prey. Accurate and detailed
information about the factors limiting specific prey populations is required before wolf
control can be considered. The model may be used to evaluate wolf management in other
wolf-caribou-moose systems, provided that area-specific data can be obtained for input as
parameters. Where wolf predation is an important limiting factor, it is important to know
the number of prey killed by wolf pack, by pack size, and possibly, by season. The

location of calving grounds or other important prey habitat must also be determined.

In this study, fertility control was used to shift the pack size distribution in the
study area from medium- or large-sized packs prior to wolf control, to small-sized packs
or pairs. The projections from the model show that, for the declining Aishihik caribou
herd, large packs had to be removed from the calving grounds for the population to
rebound, and that fertility control is most effective following wolf pack removal. In the
Southwest Yukon, entire wolf packs were removed by aerial shooting and ground snaring
in a government sponsored wolf kill program. It is unlikely, however, that such programs
will be initiated in the future. Public opposition to large scale lethal intervention has led
managers to search for other alternatives. For fertility control to be effective for the
recovery of small-sized caribou herds, for example, large packs must first be reduced in
size or removed altogether. This may be achieved by translocation of subordinate wolves
away from their territories. In rural or northem communities, this may also be
accomplished by public wolf trapping. Managers in Alaska have begun a program which

combines public trapping, translocation of sub-adult wolves, and wolf fertility control in



154

order to increase the Fortymile caribou herd (C. Gardner, Al. Dept. Fish & Game, pers.
commun.). However, in areas where there is no public interest in the trapping or hunting
of wolves and there is opposition to other wolf removal techniques, fertility control may

not be a viable option.

Fertility control for other species

Due to their long life expectancies (relative to small mammals), their territorial
nature, and their social hierarchy and monogamous mating system, wolves appear to meet
all of the ecological and logistical requirements for successful fertility control. Other
species, however, may possess characteristics which make them unsuitable for
management by this technique. In some species, compensatory responses such as
reduced juvenile and adult mortality, decreased dispersal rates and increased immigration
may occur. In cases where reproductive rates are density-dependent, fertility control may
only serve to determine which animals, and not how many, will reproduce (Bomford
1990). For very short-lived species, in large populations, it may not be possible to
sterilize enough individuals over time in order to reduce the population size or curtail
population growth. Nonetheless, fertility control may be effective for species with high
recruitment rates such as the European rabbit, where mortality factors including disease
and predation regulate the target population at low densities (Newsome and Hik, unpubl.

data).
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Fertility control models have been used to assess species suitability to fertility
control techniques. Eagle et al. (1993) suggested that sterilizing dominant males would
not likely reduce the size of a feral horse population due to the potential for females to
move between bands of males, or the potential for sub-dominant males to breed. For red
foxes, the effectiveness of fertility control may be compromised by environmental

variability (Pech et al. 1997), and immigration (Bubela et al. unpubl. data).

Once a species is determined to be suited to management by fertility control, there
are many practical problems to consider. Depending on the method chosen, these may
include: difficulty of application of contraceptive treatment or of dissemination of the
anti-fertility agent, possible contamination of the food chain by consumption of treated
animals or accidental treatment of non-target animals, the ecological implications of
releasing genetically altered strains of viruses (vectors) into the environment, the genetic
implications of restricting breeding, public acceptance, and economic cost. Several
studies have reported unsuccessful results due to side effects caused by the sterilizing
agent (Munson 1993), or logistical difficulties (Botti 1985, Frank and Sajdak 1993).
Garrott (1995) recommended that the effects of specific fertility control techniques upon
target and non-target species should first be determined using modelling and small pilot
experiments within populations that are isolated or closed to immigration and emigration,

if possible. Clearly, potential compensatory mechanisms need to be well understood.
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Ethical concerns

In addition to the considerations of all of the biological, ecological and practical
issues that are involved with fertility control, there are certain ethical concerns that must
also be addressed. The concept of fertility control may appear to many be more ethical,
humane and politically tractable than some forms of lethal control (Bomford, 1990, Cluff
and Murray 1995), but many others believe that fertility control compromises animal
rights, or that natural ecosystems should not be interfered with in any manner. Some
opposition to any form of intervention into wild ecosystems seems inevitable, because
wildlife population control will always involve conflicts of varying values and beliefs
(Gill, in press). It is crucial to acknowledge that the very determination of when a
population is overabundant is a subjective value judgment (Garrott, 1995). Nonetheless,
there is widespread agreement that, at least in a few cases where there are grave
conservation concems, some form of population management is warranted. Here |

address the ethical issues which pertain exclusively to wildlife fertility control.

Given that wildlife management increasingly takes the form of intervention into
wildlife populations, is fertility control less disruptive and more acceptable than other
methods such as culling, hunting and displacement? Depending upon the contraceptive
method chosen, the answer may be ‘yes’. Cohn (1996) examined the history of research
into and the application of fertility control techniques, and noted that there appears to
have been a shift towards more ethical treatment of animals. This is especially relevant

with the development of immunocontraceptives that can be remotely delivered and that
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cause very few if any physiological or behavioural side effects. It would seem as though
the physical and social disruptions caused by fertility control to target animal populations
are fewer than by lethal control. Cohn (1996) suggested that a move to fertility control
in wildlife management is a recognition that animals have a right to exist in the wild and
is therefore “a step in the right direction”. Mathews (1991) agreed that contraceptives
currently represent “the most benign forms of population control for wildlife”, but raised
concerns that sterilized animals can no longer be considered to be wild, and that applying
fertility control represents “a dramatic intensification of our power to direct the course of
Nature”. Indeed, some have expressed concems that fertility control involves

intervention into natural evolutionary processes (Anonymous, 1993).

Accordingly, the application of fertility control to wildlife populations should not
be taken lightly, and management decisions regarding what treatments will be applied to
which populations must be made wisely, carefully, with a long term vision, and through

an ongoing public process (Gill, in press).

The future of wildlife contraception

While fertility control may seem initially to be a viable solution to problem
wildlife issues, it is clear upon closer examination that the issues to be considered are as
complex, and in some cases, as controversial as those pertaining to lethal control and

other more traditional forms of population management. Gill (in press) noted that there
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are four major areas of ideological conflicts associated with wildlife contraception : anti-
management sentiment, anti-hunting sentiment, animal rights sentiment, and animal
welfare sentiment. The author predicted, however, that the most pressing concerns will
involve the practical issues of applying fertility control: where, when, and under which
circumstances. These are fundamentally ecological questions. Indeed, Warren (1995)
stressed the need for researchers and wildlife managers to join forces and consolidate
efforts and funding if we are to be able to achieve publicly acceptable, ecologically

responsible, scientifically sound and logistically feasible management cbjectives.

There is now substantial research that has examined potential contraceptive agents
and techniques. The vast majority of this work has been applied to either laboratory
animals or captive populations (Tables 1.1, 1.2). The relatively few studies that have
applied contraception to wild animals have largely been short term studies and have not
examined the effects of fertility control upon the population dynamics of the target
species, nor its effects upon the ecosystems in which target populations play an integral
role. Any future research should aim to fill this significant gap in our knowledge of this

potentially valuable management tool.

CONCLUSION
At present, there are very few tools available to wildlife managers with which to
regulate wild animal populations when and where such actions are deemed necessary.

All available techniques have drawbacks which must be considered. Associated with
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each are ecological, practical, ideological and ethical grounds for objection. There will
therefore always be some public opposition to the management strategy chosen.
Regardless, the volume of recent research and contraceptive programs that have been
implemented over the last several decades indicates that, increasingly, more investigators
and wildlife management agencies are willing to attempt to overcome some of the hurdles
associated with fertility control in order to test the merits of this non-lethal technique.
This study adds to the our knowledge about the potential for the use of fertility control in

wildlife management.
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