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11.

Implications of Sexually Selected
Infanticide for the Hunting of
Large Carnivores

Jon E. Swernson

When estimating sustainable harvest rates, wildlife managers are typically in-
terested in population-level parameters, such as reproductive rates, survival
rates, age distribution, sex ratios, density dependence, and the effect that
hunting has on these parameters (Sutherland 2001). The potential effects of
hunting on behavior, however, are usually not considered. As one might ex-
pect, hunting can affect wariness (Vosburgh and Irby 1998) and short-term
habitat selection (Swenson 1982). In addition, effects of hunting on mating
system and pair bonds have been documented. For example, pronghorn an-
telope (Antilocapra americana) may shift from resource-defense to harem-
defense polygyny in response to a decline in the proportion of older males
(Byers and Kitchen 1988). Also, killing male mallards (Anas platyrhynchos)
after the pair bond has formed on the wintering area lowers subsequent re-
production by yearling females (Lercel et al. 1999). Greene et al. (1998) mod-
eled the effects of hunting in relation to breeding behavior for some African
mammals and concluded that the effect of harvest depends, in part, on the
interaction between hunter selectivity and breeding system. They found that
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CHAPTER 11—Implications of Sexually Selected Infanticide
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CHAPTER 11—Implications of Sexually Selected Infanticide
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PART —Wildlife Management

.1
reduced population growth rates (Starfield, Furniss, and Smuts 19815 VC'?:,
and Hopkins 1988; Starfield and Bleloch 1991; Greene et al. 1998). It is ]Iﬂa
portant to note, however, that the occurrence of SSI seems to vary amt’vf
lion populations. The smaller parks of East Africa contain small isoli't:’c
populations, and dispersing males suffer high mortality outside the P‘AOKCCF,C,
areas. In these parks male takeovers apparently occur at a much lowCl.' “ti‘
quency than in the Serengeti and there is only anecdotal evidence of inmﬂ’c/
cide (Packer and Pusey 1984). Also, cub:female ratios were not affected by I,H,
moval of adult males in a lion population in Zambia, where the mormlllll
rate of adult males was especially high (Yamazaki 1996). This apparently lllc‘“
fluenced the social organization, allowing males to copulate with fcmi‘.t -1
from several prides. I suggest that SSI would be lower in this situation, W
uncertain paternity.

Brown Bears in Scandinavia

Bears are a likely candidate for SSJ (Packer and Pusey 1984). Female rcp"“)'
ductive intervals are 2.0 to 3.0 years in American black bears (Ursus amt”{f
canus) (Garshelis 1994), 2.6 to 4.6 years in North American brown ba"‘”_‘;
(McLellan 1994), and an average of 3.7 years in polar bears (U. marifinl”i‘
(Derocher and Taylor 1994). During the breeding season, captive femai©
American black bears breed 2 to 3 weeks after their cubs are 1'61110‘/'{‘
(LeCount 1983), but there is some evidence that black and brown bears ”T
the wild may come into estrus within 2 to 4 days after losing their cubs
(LeCount 1983, Hessing and Aumiller 1994). Evidently, a male has much Lo
gain by killing cubs he has not fathered if he can sire the subsequent litter-
Observed female counterstrategies include aggressive defense of young, ﬂf‘d
mothers may be killed or wounded in the fighting (McLellan 1994; Cralg"
head, Sumner, and Mitchell 1995; Swenson, Dahle, and Sandegren 2()()11’?‘
polyandry (Craighead, Sumner, and Mitchell 1995; Craighead et al. 1995);
and avoidance of habitats frequented by males (Pearson 1975; Murie l‘)‘?”;
Mattson, Knight, and Blanchard 1987; McLellan and Shackleton 1988; Wicl-
gus and Bunnell 1994, 1995, 2000).

It is well known that bear cubs, as well as older bears, including females,
are killed by adult conspecifics of both sexes (Garshelis 1994, McLellan
1994). Killing of nonkin offspring by females may reduce competition for re-
sources (Hrdy 1979, Lindzey et al. 1986). Although much conspecific prcd‘d"
tion is clearly not SSI, I will concentrate on male infanticide because it is
most relevant to sport h unting. )

Unlike lions, male brown bears are not associated with a harem, and nei-
ther sex is territorial. Bear home ranges overlap those of other bears of

Lag FWS_LIT_030289



CHAPTER 11—Implications of Sexually Selecte Infanticide

both sexes (Mace and Waller 1997, McLellan and Hovey 2001) Dt e
<001). ng the

breeding season (mainly May and June), males and females usually .
ales usually remain

together for several days to 3 weeks, although consortships can pe as short
as a few hours (Craighead, Hornocker, and Craighead 1969; Muyrie 1981;
Herrero and Hamer 1997). Both sexes are promiscuous, with females mat-
ing with up to eight males in one season (Craighead, Sumner, and Mitchell
1995). Cubs stay with their mothers until they are | to 2 years old in Scan-
dinavia (Swenson et al. 2001), but in North America few cubs leave as year-
lings, and they can stay with their mother for up to 4 years (McLellan
1994).

HARVEST OF ADULT MALES AND CUB SURVIVAL

The reported effects of hunting male bears on cub survival are equivocal.
Some studies of brown and American black bears have reported a negative
relationship between recruitment and density of adult males (McCullough
1981, Stringham 1983, Clark and Smith 1994), counter to the SSI hypothesis.
The opposite effect has also been postulated, that increased hunting of adult
males can increase cub mortality through SSI by immigrating males (String-
ham 1980). Empirical evidence for SSI comes from one population of Amer-
ican black bears and a comparison of two populations of brown bears
(LeCount 1987, Swenson et al. 1997). Miller (1990b) concluded that neither
a positive nor a negative effect of killing adult males on cub survival has been
adequately demonstrated.

My collaborators and I have been studying two populations of brown bear
since 1984, one in northern Sweden (about 8000 km-“) and one in central
Sweden—southeastern Norway (about 13,000 km?); they are described in
Bjirvall and Sandegren (1987). The study areas are about 600 km apart and
are near the northern and southern edges of the species’ range in Sweden.
Both populations increased rapidly from 1984 to 1995, indicating they were
below carrying capacity. The exponential rate of increase (1) was 0.13 in the
north and 0.15 in the south (Saether et al. 1998). Bear hunting was allowed
during the autumn in both areas, but the northern area includes three na-
tional parks where hunting is forbidden. Hunting pressure has increased sev-
enfold since 1995 in the southern area. In the northern area, there is evidence
of considerable poaching of bears, about 2.8 times greater than the legal har-
vest (Swenson and Sandegren 1999). Poaching is less important on the study
area than in the surroundings, and it may restrict immigration to the study
area (Swenson et al. 2001).

Swenson et al. (1997) examined data from 1985 to 1995 to test the follow-
ing predictions of the SSI hypothesis: (1) premature loss of cubs would

FWS LIT 030290
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shorten the interval to subsequent eSS () s eop1o

ably die) during the breeding season, (3) cub survival would be lower [ol,i ed
ing the killing of adult (> 5 years) males in the south, where hunters IL be
males during the period from 1985 to 1995, and (4) cub survival woul® 4

€
gy . nal
high in the north, where no males had been killed by hunters. Unmz )
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L ple”
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. et
cubs gave birth the next year, compared with none of 40 that kept thei qun;
(2) 75% of the 20 cubs that dis ;

appeared did so during the breeding Sf‘i",
as significantly lower both 0.5 and 1.5 years afte
n killed on the 11,2 )
2.5 years after; and (4) cub survival was significantly lower in the south (( ;m,
N = 74) than in the north (0.98, N = 50). The time lags are not whole nt g
bers because males were killed G
spring.

(3) survival of 74 cubs w
adult male had bee

A1l
r al
101
. P it 1
00 km? study area in the south, bt
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in the fall, and cub loss occurred the foll

We concluded that killing an
ganization for
3.4%.

. e ool o
adult male would disrupt the male SUU;) 0Dy
1.5 years and decreased the population growth rate (

n . 2 loss of T€
Killing an adult male I our southern study area led to a loss UL)L)7)-
cruitment equivalent to killing 0.5 to 1.0

adult females (Swenson et al. 1 -
The time |

ag we recorded does not seem unreasonable for brown bears if [gs,
loss of cubs is primarily caused by infanticide by immigrating males tlli‘tm .
tablish a home range on the study area after the death of a l‘CSiqu Z?:(Cl'
male. Bears are generally killed during the fall, when fattening for Wllﬁcl.
denning is important. The 5

. o . -1 2
breeding season starts in the spring not long
den emergence

and continues to midsummer. Thus there is a 1'cl;1tinlY Sl]:;:;
time for an immigrating male to become established in a vacancy from .
dead adult male and to breed (Swenson et al. 2001). In addition, a )’0“;3
male will probably have difficulty killing defended young, but can beco!
more effective with increasing age. il
We have continued our research on SSI and reanalyzed our d.ula usmzﬂ)’g‘q
adult male deaths, not just hunting kills, and extended the period to 1 :ll
We changed the study area definition from a composite area conlmmng [_L
females with cubs for all years to an area containing the home ranges of .:]
males with cubs for each individual year. We made spatial and‘ tCmP‘"‘”
comparisons to examine whether nutritional, social (SSI), or den dlSturbimvklk
factors best explained the observed variation in cub survival (Swenson et “\‘7
2001). Cub survival was 0.96 in the north (N = 78) and 0.65 in the SM.Hh 5
= 126). The loss of cubs at both the spatial and the temporal levels of com-
parison was best explained by social factors. I
Nutrition did not seem important because cub loss was greater in )’L:“_;
when the mass of adult females and cubs was highest (Swenson et al. 1997,
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2001). Disturbance was evaluated only in the south and explained g

ation in cub survival. In the north, few adult males dje( and t:)-ljw iy
males lost early in the study there were not replaced for many yearsg ILL?
ably due to little immigration of new males. In the south, fiye timc;; }:M
males died annually. In years with recorded adult male mortality .d\n‘,b fndiny
of 20% died. The estimated number of adult males remained Sl;l[;lC D(:'mege
ably due to immigration. The number of adult males dying 1.5 yca,lrs w‘rlin?_
ously in the area containing all radio-marked females with culyg n a }git:l;

adult
Sum-

year was correlated negatively with cub survival in the south. In the norj, no
factors correlated with temporal patterns of cub loss, but loss of adult m;k\«
in these areas 0.5 to 1.5 years previously was the best explanatory variablé
among those tested. In the north, the few males present were young, and
most first bred successfully as 3-year-olds, when they are possibly not large or
experienced enough to kill cubs that are defended by their mothers. Swenson
et al. (2001) concluded that immigrating males kill cubs, as predicted by the

SSI hypothesis.

IDENTIFICATION OF INFANTICIDAL BEARS

[t is extremely difficult to observe infanticide or to identify the perpetrator.
We have assumed that the perpetrators were primarily immigrant males
based on the findings in many other studies of 551, described earlier, and
other evidence. Cub survival was high in the north during a period with no
known adult mortality and little or no immigration, and in the south fol-
lowing years when no adult males were known to have died. An increase in
the local density of subadult males has been associated with removing
adult males in American black bears (Sargeant and Ruff 2001), and the
I.5-year time lag in increased cub mortality suggested that immigrating
males could be responsible, as did the stable adult male numbers in spite of
adult male mortality in the south. In our earlier analysis, we also found
that cub mortality was elevated 0.5 year after the killing of an adult male
(Swenson et al. 1997). We did not find this in the second analysis, but it in-
cluded all dead adult males, not just hunter-kills, and the definition of the
study area had been changed. Therefore, these two results are not directly
comparable.

We have continued our investigations about this phenomenon, followed
fernales with cubs intensively in 1998-1999, and expanded our studies using
DNA fingerprinting. Here 1 will report some preliminary results. We
collected tissue samples from the mother, the infanticidal male, and the
killed cub(s) on four occasions. In all cases, DNA analyses revealed that the
infanticidal male was not the father of the cubs he killed (E. Bellemain et al.
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& . 7S St s nml“ .
unpublished). Two infanticidal bears were marked adult resident o ay®
: -rs within a tev
and 11 years old. Also, we observed males with mothers within

U‘/‘C"l’
after cub loss and determined the father

of the subsequent litter on sIx vere
sions. Four of these males (aged 6,9, 12, 27 years) were marked and ;111‘ e
the father of the next litter. Two (aged 6 and 9) were unmarked at the Loes
the female was observed with an unmarked male. Our DNA records SUI:LCI' a
that one 6-year-old male was probably a first-time breeder, and the ()l' it s
nonresident. Although we have no proof that these males killed the cubs:

15t
. N . R . e ;It.’/'l .
likely that they did. This shows clearly that the first male with a fema

of
- % A o ey Tl %0(]]
after she lost her cubs has a high probability of siring her next litter. I

. aally
these findings are critical for the SSI hypothesis; the perpetrator 1s ust!
kills, and he has a substantial chzmc_c to f . hy-
the next litter. The DNA results also gave some limited support for th,b,- b
pothesis that immigrants can be infanticidal. In addition, the only ye# ears
documented a J-year-old male /
after f

ather
not the father of the cubs he

mating successfully in the south was |
our adult males had been killed there.

These new preliminary re
also infanticidal in 4 manne

. 1€
. ) ‘IL‘:’ (3
sults show clearly that resident adult ma

I consistent with SSI. Others have also "CP(;IUI;S
that primarily large adult males kill cubs (Troyer and Hensel 1962, I\; A
1981, Mattson, Knight, and Blanchard 1992; Olsen 1993; Hessing dﬂ‘)_\'c(
miller 1994; Mclellan 1994). This is a major difference from the SSI obsdtmL
in lions. An explanation may be of

that brown bears are not territorial,
home r

= a
anges of adult males overlap. Of course, SSI increases the fitness (:{ih—
resident male as much, or more, than that of an immigrating male, zu?d ﬂl,(,{mv
ing in the SSI hypothesis requires that the species be territorial or socml.1 b
can we reconcile the relationship between the death of adult .m.nlci ;mf e
mortality with the evidence that resident males also are infanticidal? We sl‘liﬁ
still not examined the possibilities, but one is that rcsidcnl‘ males 111;\?' »With
their home ranges after an adult male dies, bringing them into contact
new adult females. ears

We also looked at the bear-caused deaths of 13 subadult bears ( lf‘l (\L-:m,
old) in relation to the death of adult males from 1984 F() 1999 A(chlzi*wr‘\
Dahle, and Sandegren 2001b). Most yearlings separated f[:().m their f“” e
in May. We found area differences in the rates of intraspecific pred;\)tloln'l\n .
for yearling females, which was higher in the south (0.162, N = 38) l Ti'nuﬁ
the north (0, N = 28). Bears killed no subadult females older 111;11‘1 yearli ‘g'[‘\"
but males were killed as 1-, 2-, and 3-year-olds. Neither population d‘th'
nor food abundance influenced rates of intraspecific prcdafion on ycmll"‘l‘-i:;_
but intraspecific predation on yearling females increased with the n un_]] )‘thld
adult males that had died 2.5 years previously and when nn-y‘adull male ‘m
died 1.5 years previously. Because the pattern for intraspecific predation ¢

180

FWS_LIT_030293



CHAPTER —ly I[’]I((”l(”” (’/ S'(x ¢
Ha i -S;[(l € /
1/ 'Ja

TABLE 11.1. Effects of loss of at least one adult (= 5 years) male

brown bear, with a 1.5-year time lag, on cub survival, yearling fem
population growth rate in the southern study area in Sweden,

Scandinavian
ale survival, ang

ADULT MALE NONE KNOWN [T

DIED DIED SOURCE
Cub survival 0.55 0.92 Swenson et al. (2007)
Yearling female survival 0.70 0.85 Swenson, Dahl, and

Sandegren (2001b)
Population growth (1) 1.078 1.128

CE
The reproductive rate was increased to account for the shortened interlitter interval due to

higher litter loss for the years following adult male death.

yearling females was similar to that for cubs, we speculated that infanticidal
males might be prone to kill subadult bears, although this is clearly not 81
(Swenson, Dahle, and Sandegren 2001b). Intraspecific predation on
subadults was highest during the breeding season, as it was for cubs and as
reported by Mattson, Knight, and Blanchard (1992).

When I combined the results of our studies (Swenson, Dahle, and Sande-
gren 2001b; Swenson et al. 2001) and calculated population growth using a
standard deterministic model (Ferson and Ak¢akaya 1990), I found that the
loss of adult male(s) was associated with a 4.5% reduction in the population
growth (Table 11.1).

We also had the opportunity to test whether an increase in harvesting
adult male bears would increase cub mortality through SSI. Because the
southern population showed a 16% annual growth rate from 1985 to 1995
(Seether et al. 1998), harvest quotas were increased markedly. In Dalarna and
Givleborg counties the annual number of harvested bears increased sixfold
after 1995, the annual number of harvested adult (= 5 years old) males in-
creased 35-fold (U = 6, p = 0.001), and the total annual mortality of radio-
marked adult males doubled (z= 1.12, p = 0.26), as did mortality of cubs ac-
companying radio-marked females (z = 2.82, p = 0.005). Thus the results
supported the SSI hypothesis (Table 11.2).

We also studied females with cubs to determine whether they showed coun-
terstrategies to infanticide, as would be expected if SSI were an important fac-
tor affecting female reproductive success (Agrell et al. 1998, Ebensperger 1998).
We followed adult males and females with and without cubs intensively to de-
termine whether the females with cubs exhibited any of the following counter-

strategies to avoid meeting males: (1) avoiding males by (a) ditferent activity
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FIG. 11.1. Attempted in-
fanticide by an unmarked
brown bear male on a cub
in Sweden, 1999. The cub
saved himself by staying at
the top of the Scots pine
tree. The male had already
Killed the cub's two siblings
when the picture was
taken. DNA from hairs col-
lected from the tree T€-
vealed that he was not the
father of the cubs. The cub
may himself have been a
product of sexually s€-
lected infanticide (sSl) be-
cause his mother lost her
litter in 1998, and his fa-
ther was observed with her
just after the litter disap-
peared. (Photograph by
Jonna Katajisto)-

Ey
ALUAT
I
NG THE EVIDENCE IN SCANDINAVIA
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that SSI is an important

imPOrtam _ ot mean that SSI is
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Or 199
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ality in one population of American
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found high cub survival in a
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Cw .
%Ck l?:ai: (linpf)rtant cause of cub mort
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Hnteq g 1o and McLellan (1996)
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CHAPTER 11—Implications of Sexually Selected Infanticide
E;ZLiSrWErC “'(1PP31‘€nt.ly” not the fathers of the l<itt-ens they l.<illcd; and in '13
femélecmqem {mxles, including 3 cases of known sires, ass.ocmted safely with
sired l.s with l-qttens. Two male§ that .kxllcd fmd atc: ‘Clltll‘t‘ llttgl‘s subsequently
m 011t]ittelrs Wfﬂl the mother of the killed lflttens. T'he loss of newborns to 2-
monthgo Id kittens mfly accelerate brecdmg fem
s ,L.f‘Jogan 'd}]d b.wean()r (2001.) also found s‘evem-] c Lenst ‘
and )&, Lm"‘lef with kittens: aggressive defense, avoidance of (?Uu cougars,
you “r.haPS pseudoestrus.” Spreadbury ¢t a%. (1996) repor ted that two
( 19;g kittens were killed by two different transient males. Ross and Jall«.)tzy
g 2) recorded high kitten survival (97%) with a stable male P()plll’dl'l()n.
Sj:el:’ 4With a high turnover in adult males due to trophy hunting, the kitten
Vival rate declined (1. Ross, 2002, pers- comm.).
Subl;zopi\rd (.Pantl'lera pardus) males hav? also been documen'ted s;x::gl’, lthc
%lls(; b(]uent litter after killing kittens (Ba.lley 1993). A suggcst:(:n 0“‘.\ : 11:15;
509 ffen reported in tigers (. tigris). Smith and'McDougal (1 )).1).L,billl1,m1 ul
33 ?ub survival and no infanticide when resident males ngc' stab c‘,' m‘
6 cub survival and much infanticide when new males were taking over the

access to females by 8 to 10
ounterstrategies

terr‘ .

itories of )
A:‘)“LS of former residents. . T
though these results are not conclusive, they are consistent with 551

I'h ;
e ¢ > D N bi g S o OQ
y also strengthen the case for SSI 1n nonsocial carnivores.

T
he Controversy
al ecologists, it 15 a very

§SI among behavior
logists who view 1n-

il:ﬁ:‘f,h ‘t'here are few critics .of .
fantic ersial hypothesis, especially among some ant nop(( s who view it
) de as maladaptive or aberrant (Sommer 2000). In a more extreme cI iti
ISm of S i lions, Dagg (1999) stated that the SSI hypot’hcsis “resonates with
. estern culture in which many people dominaflce and aggression
tnj ;(‘)Ild(me in part the control of female sexuality by men. For 01'11‘61‘ I‘C‘J.S()l.ﬁ‘
bi()[\ SI. hypothesis is also controversial among some North American wﬂg{htc
., O8Ists (Wielgus and Bunnell 2000), although some North American
Vlv(;ldllfe biologists have proposed its existence (Stringham 1980, LeCount
agjzs):‘SSI is also a controversial issu'e in hu 1§ 0 some man-
, apparently believe that harvesting males incre
also ;Pers. comm.), just as some do for bea'rs (MJllC'I' 199917). RCSCQ.I‘Chel'S have
... SPeculated that harvesting males may Increase juvenile mortality through
N cougars (Ross and Jalkotzy 1992; Murphy, Ross, and Hornocker 1999;
Ogsan and Sweanor 2001) and wolverines (Gulo gulo) (Landa et al. 2000).
“()n:m-e critics of SSI in bears believe that $SI should ‘n(?t be expcc?cid in
ocial and nonterritorial species: The SSI hypothesis 1s not specific to
arge number of species exhibiting SSI also

accept male

nting of cougars, where
ases kitten survival (1. Ross,

Anv

Y social organization, and the 1
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argues against it being restricted to any specific social organization. T'he¢ Llﬁ’ i
dence of SSI in solitary cats supports this. Our preliminary [)N/\«Iv;l.xa't"(’ .
sults suggest that the pattern of SSI in nonterritorial species may differ {1 (,. 1l
that in territorial species. In nonterritorial species, infanticide by I'C‘»iﬁf: £
males that are not the father to the young may be more common. Such \
havior would be hindered in territorial species, where the male has a 1 ’]‘ ”
exclusive access to the females in his territory. SSI is also easier to observe
social species. In an intensively studied red howler monkey (Alouatta serr ‘
lus) population, the infant mortality rate was 200 times greater withjr
month after a male status change than during nonchange periods of (i
same groups. However, less than 5% of the suspected infant killings by new!
dominant males were observed (Crockett and Sekulic 1984). Also, infant iu’tiL.
was observed only seven times in the Serengeti and Ngorongoro Crater i'’
Tanzania during intensive studies on lions between 1966 and 1982, but cir’
cumstantial evidence suggested that infanticide occurred almost every time <!
new coalition of males took over a pride (Packer and Pusey 1984).

Paradigm shifts always take time in science in general and in wildlife man
agement in particular, and many wildlife managers remain skeptical. Consecr
vatism was evident in a report that rejected SSI as a possible biological con
sequence of hunting brown bears, because only one study had suggested it,

n though no study had clearly rec
ironment, Lands and Parks 1995 ).

whereas others showed no clear trend, eve
jected it (British Columbia Ministry of Eny
It is well known that many large carnivores can only sustain quite low levels
of human-induced mortality, and that adult females are particularly sensitive
(Knight and Eberhardt 1985, Miller 1990a). As a consequence, some agencies

encourage large carnivore hunters to select males (e.g., Smith 1991 ).
al to document SSI because it in-

Wildlife research is usually not optim
atively infrequently to

volves marking many animals and monitoring them rel
obtain rates of mortality and reproduction. Intensive, individual-based stud-

ies are the exception, rather than the rule. It is perhaps not surprising that
behavioral ecologists, who work more intensively with their study animals,
find evidence of SSI, rather than wildlife biologists. It is very difficult to ob-
serve infanticide in wild mammals and many conclusions are based on pat-
terns in relation to hypotheses being examined, including our conclusions

regarding SSI in brown bears.

Conclusions and Recommendations

How should managers react to the possibility of SSI in populations that they
manage? The SSI hypothesis clearly predicts that many large carnivores
should show SSI, but is that enough to accept it for management purposes? A
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rodent that was expected to show infanticide did not (Iibcnspcrgcr 2001)
Should managers just ignore these hypotheses for now? I would argue thal.
they should not. The review and tests of the SSI hypothesis in addition ¢ the
evidence of its existence in lions, brown bears, and some large solitary cats
strongly suggest that SSI should be considered when managing harvesy of
large carnivores. Also, various estimates of the effects of SSI on population
growth are large enough to have consequences for management. Given the
controversy among researchers, however, it is not surprising that many man-
agers are unsure about SSI.

Male infanticide has been observed in the wild in a context that is consis-
tent with SSI in many species of large carnivores that are commonly ex-
ploited by humans: spotted hyena (Crocuta crocuta), cougar, Canada lynx
(Lynx canadensis), bobcat (L. rufus), lion, leopard, tiger, American black bear,
brown bear, and polar bear (van Schaik 2000). I would add the wolverine. Al-
though it is a seasonal breeder and most adult females mate every year
(Magoun 1985), only 40 to 60% of the females raise cubs each year (Landa et
al. 1998), and infanticide is a common cause of cub death in some years
(Persson et al. in press). If the killing of cubs in I year increases the probabil-
ity of successfully rearing cubs the following year, SSI would be adaptive, as
has been suggested in a captive population of another seasonal breeder, the
red deer (Cervus elaphus) (Bartos and Madlafousek 1994). .l

The ramifications for hunting are more difficult to predict. Because SSI is
associated with the turnover of adult resident males, hunting sllolxlq Im"c Al
greater impact on the level of SSI in species in which hunters can di-stmgmsh
the sexes in the field, such as lions and cougars (and somewhat for bears,

have an effect on SSI whenever it re-
ars (McLellan et

<

Smith 1991). However, hunting should

duces the survival rate of adult males, as it does for brown be
al. 1999). The death of 20% of the adult male brown bears reduced popula-
tion growth rate by 4.5% (from 1.13 to 1.08) in the local area, and the hunt-
ing death of a male reduced population growth by 3.4% (SWt‘IIS<)I7 et al.
1997). Using a very different approach, Wielgus et al. (2001) .cs‘hm;llcd (.hfq a
grizzly bear population could experience a 5.7% rcduc(ion. In g?'“‘:”h_”‘ fe-
males avoided productive habitats frequented by potentially mt;n.m.culu]
males that immigrated after resident adult males were killed. Actual infanti-
cide was not included in their model. Models of lion population dynamics

have also showed reduced population growth when adult males are killed
(Starfield, Furniss, and Smuts 1981; Venter and Hopkins 1988; Starfield and
Bleloch 1991; Greene et al. 1998).

It appears that some populations of lions, brown bears, American black
bears, and probably other large carnivores are more susceptible to losses of
young than others. Also, in some species both resident adults and immigrants
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can be expected to exhibit SSI. [f many ecological and environmental factors
affect the expression of SSL, it will be difficult for a manager to predict the <
fects of killing adult males in a given population. Obviously, we need more ch"
search on SSI in hunted large carnivores, particularly to allow us to PG
when SSI should be expected.

Generally, too little is known about the effects of hunting on the behavior
of hunted species. Festa-Bianchet (chapter 12) discusses the effects of hun!.f
ing in terms of selection pressure on life history traits, and notes that there 1s
little research in this important area. This applies equally well to effects on
social organization and mating systems. I searched the last 5 years of the
Journal of Wildlife Management and Behavioral Ecology for articles on this
subject. I found that no pPapers in Behavioral Ecology and only 0.7% of the
species-oriented papers in the Journal of Wildlife Management were on the
behavioral effects of hunting (‘Table 1 1.3). Who will study the effects of hunt-
Ing on animal behavior, if not behavioral ecologists or wildlife biologists? I
reiterate Festa-Bianchet’s (chapter 12) ethical concerns about manipulating
the morphology and behavior of hunted species by hunting. Is it ethically
right to allow hunting when we do not understand its consequences? One
could counter that it is usually necessary to hunt large carnivores where the
landscape is human-dominated and tolerance to depredations caused by
large carnivores is low, but that does not release us from our ethical obliga
tion to understand what we are doing to these species when we hunt them.

Now, back to the manager. A biologist responsible for managing the hunt-
ing of large carnivores can either ignore SSI until it has been conclusively
demonstrated, or assume g population consequence of harvesting adult
males unless SSI has been documented not to occur in a species and area. |
recommend the latter, which follows the precautionary principle, and which
I believe is only good management procedure. Just as harvesting should be
more conservative when population estimates are uncertain (Tufto et al.
1999), it should also be more conservative when the effects of hunting are

TABLE 11.3. Articles published in the Journal of Wildlife Management and in Be
havioral Ecology (1996-2000) that examined the effects of hunting on behavior.

JWM BE

Number of articles 698 439
Species-oriented articles: 651 386
about commonly exploited species 65% 10%
effects of hunting reported 3.6% 0.7 %
behavioral effects of hunting reported 0.7% 0
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uncertain because of factors such as SSI (Boyce, Sinclair, and Whj o
¢ L)();

Anthony and Blumstein 2000).

Summary
Sexually selected infanticide (SSI) can occur when a male,
ther of a %icpcndcnt young, may gain {nucuscd ma?mg success by killing the
young. It is promoted by disruption of the male social organization by killin

. . - g
resident adult males, thus allowing new males into an area or perhaps allgy,-
ing other resident males to realign their home ranges. It has a solid apg well-
documented theoretical basis and should be expected in many spe

large carnivores. SSI has been well documented in one population of liong
5
lgars,

who is noy the fy-

cies of

strongly indicated in brown bears in Sweden, and suggested for co,
leopards, tigers, American black bears, and wolverines. Estimates of the ef-
fects of SSI following killing adult males on population growth (3.4-5.79, ..
ductions in r) are large enough to have consequences for management. [
species exhibiting SSI, hunting adult males can promote it. According to (he
precautionary principle, we should consider S51 when managing the hunting
of large carnivores. Because there may be geographical or population differ-
ences in the occurrence of SSI, however, much more research is required be-
fore we can reliably apply knowledge of SSI to carnivore hunting manage-
ment. The effects of hunting on the behavior of the hunted animals should
receive increased attention from behavioral ecologists and wildlife biologists.
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