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Summary

1. In large mammals, regulations or hunter preference often lead to selective harvest of non-
lactating females, with unknown impacts upon population growth. Because female survival
has very high elasticity effects on population growth, an assessment of the magnitude and
selectivity of female harvest is crucial to understand population dynamics of sport-hunted un-
gulates. Hunting accounts for most mortality of adult chamois Rupicapra rupicapra and regu-
lations typically discourage the harvest of lactating females as orphaned kids have reduced
survival rates.

2. We used an individual-based model, produced from empirical data, to explore the effects
of selective removal of non-lactating females on chamois population dynamics.

3. Harvest intensity had much stronger effects on female population dynamics than selectiv-
ity for reproductive status. Selective harvest of non-lactating females had very weak effects on
population size and then only at a high harvest rate and under strong selectivity. Assuming
no difference in winter survival between orphaned and non-orphaned kids, harvest of non-lac-
tating females decreased population size at equilibrium compared to a random female harvest,
whereas the opposite was true when assuming 50% lower survival of orphaned kids.

4. Selective harvest of non-lactating females may avoid the negative effects of orphaning on
juvenile survival, but increases mortality of pre-reproductive females that normally enjoy high
survival and have high reproductive value.

5. Synthesis and applications. The impact of selective harvest of non-lactating females upon
population dynamics is likely to be more affected by the age structure of lactating and non-
lactating females rather than by the survival of orphan and non-orphan juveniles. High har-
vest of pre-reproductive females has undesirable effects on population dynamics, which must
be considered alongside any cultural preferences of hunters when developing hunting regula-
tions or policies.
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Introduction

Sport harvest of large mammals is typically male-biased,
to satisfy hunter preferences (Ginsberg & Milner-Gulland
1994; Nilsen & Solberg 2006) and to maintain population
size and hence hunting opportunities (Langvatn & Loison
1999; Solberg et al. 1999). Often, however, females are
harvested to maintain populations within certain density
objectives (Festa-Bianchet 2007). Hunters may avoid har-
vesting lactating females (Mysterud 2011). Hunter prefer-
ence for non-reproducing females was reported in brown
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bears Ursus arctos (Bischof et al. 2009), moose Alces alces
(Solberg et al. 2000; Ericsson 2001; Nilsen & Solberg
2006), chamois (Rughetti & Festa-Bianchet 2011) and red
deer Cervus elaphus (Mysterud, Yoccoz & Langvatn
2009). Even when hunting regulations do not directly dis-
courage the harvest of lactating females, hunters are often
reluctant to harvest females with offspring at heel because
of cultural reasons (Nilsen & Solberg 2006; Mysterud
2011; Rughetti & Festa-Bianchet 2011). Harvest of repro-
ductive females may increase mortality of orphaned off-
spring. For example, in Sweden, hunting regulations
prohibit the harvest of brown bears in family groups, as
females have an important effect on survival of dependent
offspring (Bischof ef al. 2009). In ungulates, the effect of

© 2014 The Authors. Journal of Applied Ecology © 2014 British Ecological Society



1076 M. Rughetti & M. Festa-Bianchet

orphaning near the end of lactation on juvenile survival
has only been measured in a handful of species. In big-
horn sheep Ovis canadensis, experimental removal of
mothers in September did not affect lamb survival (Festa-
Bianchet, Jorgenson & Wishart 1994), whereas in red
deer, orphaning before 1 year of age increased mortality
for both male and female orphans compared to non-
orphans (Andres et al. 2013).

Harvesting of females according to reproductive status
may also become a selective pressure. Although theory
suggests that high female harvest rate may select for
greater reproductive effort early in life (Proaktor, Coul-
son & Milner-Gulland 2007), empirical evidence does not
support that hypothesis for ungulates (Mysterud, Yoccoz
& Langvatn 2009). Reproductive status is the main fac-
tor affecting hunter selectivity in the harvest of large
mammal females (Mysterud 2011), and adult female sur-
vival has very high elasticity effects on population
growth rate (Gaillard, Festa-Bianchet & Yoccoz 1998;
Gaillard et al. 2000). Therefore, assessment of the magni-
tude and the selectivity of female harvest is crucial to
understanding the population dynamics of sport-hunted
ungulates.

Alpine chamois are hunted in most of their distribution,
where hunting probably accounts for most mortality of
adults. Males are mostly hunted for their horns, although
hunter selectivity for chamois horn size is unlikely to have
ecological or evolutionary consequences (Rughetti &
Festa-Bianchet 2010). On the contrary, females are selec-
tively harvested according to their reproductive status
(Rughetti & Festa-Bianchet 2011). Females produce one
offspring usually in early May (Rughetti & Festa-Bianchet
2010), and primiparity is between two and 4 years (Hous-
sin, Loison & Gaillard 1993; Rughetti & Festa-Bianchet
2011). Harvest of non-lactating females may prevent
orphaning, which may reduce survival (Andres et al.
2013) and body growth of juveniles, particularly males
(Festa-Bianchet, Jorgenson & Wishart 1994; Andres et al.
2013). There are, however, no published data on the
effects of orphaning on chamois kid survival. Rughetti
and Festa-Bianchet (2011) pointed out a potential per-
verse consequence of harvesting non-lactating females:
many hunters took 2-year-old females, which are pre-
reproductive and therefore non-lactating in most popula-
tions (Bauer 1985; Crampe et al. 2004; Rughetti & Festa-
Bianchet 2011), but enjoy very high natural survival (Loi-
son, Gaillard & Houssin 1994; Loison et al. 1999) and
have very high reproductive potential.

Little is known about how selective removal of non-lac-
tating females may affect ungulate population dynamics.
Here we use empirical data on chamois to construct an
individual-based model to quantify the likely conse-
quences of hunter selectivity for non-lactating females.
We evaluated how varying levels of harvest and selectivity
for non-lactating females could affect (i) population size
at equilibrium, (ii) age structure, (iii) hunting mortality of
different age classes and (iv) recruitment. By comparing

the likely ecological consequences of random and selective
harvest of females with respect to their reproductive sta-
tus, we sought to identify which management practice
would have the least impact on population dynamics.

Materials and methods

We used an individual-based model of a population of female
chamois. Only the female portion of the population was mod-
elled. Population dynamics emerged from empirical data
extracted from the literature on survival and reproduction of long
term studied chamois populations in the European Alps and Py-
renees (Tables 1 and 2, and online Supporting information). We
follow Grimm ez al. (2006) in describing our model. All analyses
were conducted in R (R Development Core Team 2012).

OVERVIEW

State variables and scales

The model accounted for four hierarchical scales: individual, age
class, population and environment. We assumed that any
changes in male population size would not affect female fecun-
dity or offspring survival, because the proportion of males in
hunted chamois populations does not approach the very low lev-
els that affect fecundity in ungulates (Milner-Gulland ez al. 2003;
Rughetti & Festa-Bianchet 2010). Individuals were characterized
by two state variables: age and reproductive status. Young of the
year and l-year-old females were referred to as kids and year-
lings. Adult females (2 years and older) were grouped into four
age classes: 2 years, 3 years, adults (4-8 years) and senescent
(9 years and older), based on differences in natural survival and
reproductive rates (Loison, Jullien & Menaut 1999). After the

Table 1. Input parameters and assumptions of the individual-
based model of female chamois population dynamics

Parameters Description Values used
Demography
Sa Density-dependent Nonlinear
winter survival function of n*
R, Density-dependent Nonlinear
reproductive success function of n*
n Female population size 500 (at time
step £ = 0)
K Female carrying capacity 500
Sex ratio at 1
birth
Abiotic Constant
environment
Kium Additional mortality 0; 0-5

of orphan kids
Hunting management

HP, Yearling harvest rate 5%, 10% and 15%

HP; Adult female harvest rate 5%, 10% and 15%

CF Parameter simulating 1-0 (step 0-1)
hunter

avoidance of lactating
females. 0 < CF < 1

*See eqns | and 5 in the main text.
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Table 2. Age-class-specific survival and reproduction used to sim-
ulate density dependence in female chamois. K, carrying capacity;

n, population size

Increasing Stable
population; low population; high
density n—0 density n = K
Reproduction R,
2 years old 0-70 (e, 1) 0-05 (a, c, j, k)
3 years old 0-80 (i) 0-30 (c, j, k)
Adults (4-8 years) 095 (1) 0-70 (c, j, k)
Senescent 0-90 (d, 1) 0-60 (c, j, k)
(9 years and older)
Survival S,
Kids 0-90 (b, g, 1) 0-47 (b, g, 1)
Yearlings 095 (g, ) 0-90 (g, )
2 years old 097 (f, g, h, 1) 095 (f, g, h, 1)
3 years old 0-97 (f, g, h, 1) 0-95 (f, g, h, 1)
Adults (4-8 years) 097 (f, g, h, 1) 095 (f, g, h, 1)
Senescent 0-90 (g, 1) 0-70 (g, 1)

(9 years and older)

a) Bauer (1985); b) Bonenfant er a/. (2009); c) Crampe et al.
(2004); d) Gaillard et al. (2000); e¢) Houssin, Loison & Gaillard
(1993); f) Loison et al. (1999); g) Loison, Gaillard & Houssin
(1994); h) Loison, Jullien & Menaut (1999); i) Loison et al.
(2002); j) Morin (2013); k) Rughetti & Festa-Bianchet (2011). See
supporting information for further details.

hunting season, kids were classified as orphan or not. Environ-
ment was characterized by female population size, harvest rate
and hunter avoidance of lactating females. ‘Population size’
refers to the number of females. The abiotic environment was
assumed to be constant.

Process overview and scheduling

The model had a 1-year time step (Fig. 1). Population size
reduced overwinter survival and reproduction. Harvest rate
affected female survival, and for a given level of harvest, mortal-
ity of non-lactating females increased with hunter avoidance of
lactating females. Yearling harvest was random and there was no
kid harvest, as is typical of most hunted populations of chamois.
Hunting of lactating females affected indirectly overwinter sur-
vival of orphaned kids.
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DESIGN CONCEPTS

We compared simulations with survival of orphaned kids either
equal to or half that of non-orphans. We assumed that environ-
mental stochasticity was constant because we sought to compare
population dynamics under random removal of females and with
selective removal of non-lactating females.

DETAILS

Initialization

Simulations began with the stationary age structure obtained from
age-specific survival rates (Table 2) and included 59 yearlings, 53 2-
year-olds, 50 3-year-olds, 216 adult and 123 senescent females, for
a total of 500. Other input parameters are summarized in Table 1.

Input

For each harvest scenario, we ran 1000 simulations over
100 years. We first assumed equal survival of orphans and non-
orphans. We modelled female harvest rates of 5%, 10% and 15%
based on available information on chamois harvest in the Wes-
tern Alps, and used these rates in all analyses. For each rate, we
simulated several harvest scenarios increasing the proportion of
non-lactating females harvested, to simulate hunter avoidance of
lactating females. Finally, we repeated the analysis assuming that
orphaned kids were half as likely as non-orphaned kids to survive
the winter. Because there are no published data on survival of
orphaned chamois kids, we chose our categories of 0% and 50%
decrease in survival from available knowledge on the effects of
orphaning in other ungulates (Table 3).

Submodels

Female reproduction. To simulate density-dependent reproduc-
tion, we used a logistic function:

1

Ri=—— eqn 1
ST T exp(+h() —q) d

(Collier & Krementz 2007; Mysterud & Bischof 2010) where R, is
the probability of a female of age class a to have a kid in

Fig. 1. Chamois  population  dynamics

model showing transitions between age Adult
females

classes, processes and causes of these tran-

sitions. 1

Vearli Hunting
earlings mortality
Winter
survival

Kids

Hunting
mortality
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Table 3. Survival of orphan and non-orphan juveniles in north-temperate ungulates, listed in order of orphan sample size

Sample size Survival rate Cause of adult
(orphans; as % (orphans; ~ Weaning status  Reduced survival female
Species Sex  non-orphans) non-orphans) at orphaning of orphans? mortality References
Cervus elaphus M 74; 912 * Near weaning Yes Natural and culls a
Cervus elaphus F 55; 893 * Near weaning Yes Natural and culls a
Ovis canadensis M 33; 63 76; 84 2-4 weeks No (1 year)" Manipulation b
before weaning experiment
Ovis canadensis F 24; 75 83; 85 2-4 weeks No (1 year)" Manipulation b
before weaning experiment
Odocoileus virginianus  Both 21; 31 One non-orphan  Weaned No (Overwinter) Manipulation c
died experiment
Alces alces Both 17; 13 88; 100 Weaned No (to April) Manipulation d
experiment
Odocoileus virginianus M 15; 19 87; 53 Weaned No# Hunting, poaching, e
vehicles
Odocoileus virginianus Both  14; 10 79; 100 Weaned Yes (to Manipulation f
October 9) experiment
Odocoileus virginianus F 13; 94 / Weaned No (annual Vehicles or capture g
survival) mortality
Rangifer tarandus Both 12; 24 / Weaned No (to Manipulation h
March 16) experiment
Rangifer tarandus Both  8; 120 62; 78 Mostly already ~ Unclear Hunting i

weaned

a) Andres et al. (2013); b) Jorgenson, Festa-Bianchet & Wishart (1993); Festa-Bianchet, Jorgenson & Wishart (1994); ¢) Woodson et al.
(1980); d) Jolicoeur & Créte (1988); e) Holzenbein & Marchinton (1992a,b); f) Giuliano et al. (1999); g) Etter et al. (1995); h) Holand

et al. (2012); i) Joly (2000).

*Andres et al. (2013) estimated the effect of orphaning on the risk of death as 3-41 and 1-67 times higher for males and females orphans,
respectively, compared to non-orphans. They did not provide survival rates.

"No difference in survival at 2 years too.

*Authors suggested that non-orphans suffered higher predation rate than orphans because of their higher emigration rate.

September (Morin 2013), 7 is the number of females in the popu-
lation and K is the carrying capacity. ¢ and b are the parameters
to be estimated and can be calculated as:

g =1og(Ro/(1 - (Ry)))
b= q—log(Re/(1 — (R)))

where ¢ is the intercept of the model in eqn 1 for n =0 and R,
is the probability to reproduce for n = 0. b is the slope of the
model in eqn 1 and Ry is the probability to reproduce for
n = K. When n » K (n tends towards infinity), R, tends to zero.
Using data from Table 2, we estimated a and b for each age
class. Demographic stochasticity of reproduction acted indepen-
dently on all females and was modelled by binomial sampling
with probability R, (Sather, Engen & Solberg 2001; Akgakaya
2002).

Hunting mortality. Harvest rate was the ratio of the annual har-
vest over the current population size. As is typical of hunting reg-
ulations (Rughetti & Festa-Bianchet 2010), harvest rate was
estimated separately for adult (HP;) and yearling females (HPy;
Table 1) as the probability of an individual being harvested if
hunters took females randomly within an age class. Harvest rate
of adult females, however, could vary as a function of reproduc-
tive status. For each year time step of the simulation, the number
of yearlings (n.yearlings), lactating (n.lact.F) and non-lactating
(n.non-lact.F) adult females in the harvest were obtained from
the following equations:

n.yearlings in the harvest quota = n.yearlings in the population » HPy
eqn?2

n.lact.F in the harvest quota = n.lact.F in the population * HPyx CF
eqn3

n. non-lact.F in the harvest quota = n.non-lact.F in the population
#*HPpx (1= (CF*Py)) /(1= Pyp)
eqn4

To simulate hunter avoidance of lactating females, we intro-
duced a correction factor CF which was the ratio of the proportion
of lactating females in the harvest (Py,) over the proportion of lac-
tating females in the overall population of adult females (P,):
CF = Pp/P,. We varied CF from 0 to 1 with a step of 0-1; CF =1
indicated that harvest was independent of reproductive status. A
decreasing CF indicated increasing avoidance of lactating females.
For example, given P, = 0-8 and imposing CF = 0.9, the fre-
quency of lactating adult females in the harvest was 0-8 *
0-9 = 0-72. With CF = 0, only non-lactating females were har-
vested. When CF # 1, adult female hunting mortality depends on
HPy, P, and CF. Therefore, harvest rate of non-lactating females
increased with both the proportion of lactating females in the pop-
ulation and hunter avoidance of lactating females. Once age classes
(yearling and adults) and harvest rates specific to each reproductive
status were determined, the simulation removed individuals ran-
domly from the population. Given CF = Pp,/P,, we can obtain
eqn 4 from n.non-lact.F in the harvest quota = n.non-lact.F in the
population * HP¢* (1 — Py,)/(1 — P,,) through elementary algebra.
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Winter survival. To simulate density dependence in survival, we
used the same logistic function as for reproduction:

1

S - -
T +exp(+b(}) — q)

eqn 5

where S, is the probability of a female of age class a to survive.
Similar to reproduction, ¢ and b can be calculated as:

g =1og(So/(1 — (S0)))
b =q—1log(Sk/(1 = (Sk)))

where S is the probability of a female to survive the winter when
n =0 and Sy is the probability to survive when n = K. Using
data from Table 2, we estimated ¢ and b for each age class.
Because natural survival of prime-aged female chamois is very
high and appears independent of most changes in weather or den-
sity (Loison, Jullien & Menaut 1999; Loison et al. 1999, 2002;
Gaillard et al. 2000), for survival of females aged 2-8 years, we
rearranged eqn 5 so that when n » K, S, only decreased to 0-9.
Therefore, prime-age survival varied between 0-97 and 0-90.
Demographic stochasticity of survival acted independently on all
females and was modelled by binomial sampling with probability
S. (Akgakaya 2002).

Recruitment and population growth. Assuming an even birth sex
ratio, the numbers of female kids (nx) in autumn was given by:
ng = (Z?:l binom(R,, 1)) x1/2 eqn 6
Density dependence in winter survival of kids was modelled by
eqn 5 using data from Table 2. We compared scenarios with dif-
ferent effects of female hunting mortality on the survival of

orphaned kids. Given S.kid as the overwinter survival of non-
orphans, the probability of an orphaned kid to survive (S.orph)

was:
CF=1
40 -
o
g
< 30
[
o
3
o
Fig. 2. Age distribution of harvested 20 -
female chamois (+SD) under varying har-
vest rates (5% white, 10% grey and 15%
black bars) and hunter preference for non-
lactating females (CF = 1: harvest inde-
pendent of reproductive status; CF = 0:
only non-lactating females harvested). 10 1 9

Data are averages of 1000 simulations
over 100 years.

Age class (years)
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S.orph = S.kid * (1 — Kum) eqn 7

where Ky, is the difference in survival of an orphaned compared
to a non-orphaned kid, either 0 or 0-5. Demographic stochasticity
of survival acted independently on all kids and was modelled by
binomial sampling (Akcakaya 2002).

Results

For harvest rates of 5%, 10% and 15%, the population
reached a stable age distribution and equilibrium size
after about 15, 20 and 40 years, respectively, under both
random and selective harvest. For harvest rates of 5%,
10% and 15%, and random harvest of females, popula-
tion size at equilibrium averaged, respectively, 1-6%,
4.9% and 14-3% greater when orphaning had no effects
on survival compared to when it halved kid survival.

Hunter preference for non-lactating females led to an
increased proportion of 2-year-olds in the harvest and a
decrease in the proportion of adult females harvested
(Fig. 2). Assuming no effect of orphaning on kid survival
(Kum = 0), increased harvest of non-lactating females low-
ered female population size at equilibrium compared to a
random harvest (Fig. 3). With Ky, = 0-5, we obtained
the opposite result. For a harvest rate of 5%, there was
no effect of selective harvesting on population size at
equilibrium, whereas for rates of 10% and 15%, popula-
tion size increased, respectively, by 0-6% and 4-8% when
hunters removed only non-lactating females compared to
a random harvest (Fig. 3).

An increase in harvest rate skewed the age structure
towards younger females (Fig. 4). When hunters removed
only non-lactating females (CF = 0, Fig. 4), however, the
proportion of adult and senescent females were, respec-
tively, lower (by 1-4%, 3-0% and 4-4% for harvest rates

40

30 -

20 -

10
3 4-8 9-older 1 2 3

4-8 9-older
Age class (years)

© 2014 The Authors. Journal of Applied Ecology © 2014 British Ecological Society, Journal of Applied Ecology, 51, 1075-1084



1080

M. Rughetti & M. Festa-Bianchet

Change in population size (%)

0-0 0-2 0-4 0-6 0-8 1-0

Fig. 3. Relative change in female population size under increasing
hunter selectivity for non-lactating chamois (CF = 1: female har-
vest independent of reproductive status; CF = 0: only non-lactat-
ing females harvested). Results are based on 1000 simulations
over 100 years. Harvest rates were set at 5%, 10% and 15%
(dotted, dashed and solid lines), and survival of orphaned kids
was either equal (solid circles) or half as much (empty circles) as
that of non-orphaned kids. Numbers on the left side of the fig-
ures indicate population size at equilibrium under random har-
vest of adult females (CF = 1). Carrying capacity was 500
females. Populations reached equilibrium after 15, 20 and
40 years, respectively, for harvest rates of 5%, 10% and 15%.

of 5%, 10% and 15%) and higher (by 1-4%, 3-4% and
11-4% for corresponding harvest rates; Fig. 4) compared
to random harvest (CF = 1, Fig. 4).

Compared to random harvest, selective harvesting of
non-lactating females increased hunting mortality of
2- and 3-year-olds and lowered that of adult and senes-
cent females. When only non-lactating females were har-
vested, at harvest rates of 5%, 10% and 15%, hunting
mortality of 2-year-old females more than doubled,
increasing by 2-22, 2-31 and 2-34 times compared to ran-

CF=1 CF=0
50
40 |
[0]
(@]
©
<
8 30 -
[0}
o
20 +
% )
10} | )

1 2 3 4-8 9-older 1 2
Age class (years)

dom female harvest. For 3-year-olds, the corresponding
increases were 1-52, 1-45 and 1-36 times. On the contrary,
hunting mortality of adult and senescent females was
reduced, respectively, to 0-58, 0-49, 0-40 and 0-82, 0-74,
0-67 times compared to random harvests at female harvest
set at 5%, 10% and 15%.

Assuming no effect of orphaning on kid survival, and
given a population size of 263 females and harvest rate of
15%, the age structure obtained from random harvest
(dark bars and CF = 1 in Fig. 4) remained stationary from
year ¢ to t + 1, whereas with selective harvest of non-lac-
tating females (dark bars and CF = 0 in Fig. 4), the num-
ber of animals removed by hunting and natural mortality
was higher than the number of yearlings recruited (Fig. 5),
leading to a decline in population size. When the survival
of orphaned kids was reduced by 50%, given the same
population of 230 females and a harvest rate of 15%, the
age structure obtained from random harvest (dark bars
and CF =1 in Fig. 4) remained stationary from year ¢ to
t + 1, but with selective harvest of non-lactating females
(dark bars and CF = 0 in Fig. 4), the number of yearlings
recruited was higher than the number of animals that died
(Fig. 5), allowing an increase in population size.

Discussion

Our simulations showed how harvest selectivity for repro-
ductive status in female chamois may affect age-specific
mortality, age structure and population dynamics (Fig. 3).
Harvest intensity is typically the main factor driving
dynamics of hunted populations of ungulates (Mysterud
2011). Our simulations suggest that the effect of selective
harvest of non-lactating female chamois on population
size was much weaker than that attributable to changes in
harvest rate, and was evident only at high harvest rate
and with strong selectivity (Fig. 3). Crucially, however,

%
é
7
7
7
7
7
7
é
g Fig. 4. Population age class structure at
é g equilibrium with SD under varying harvest
g g rate (5% white, 10% grey and 15% black
g g bars), and hunter preference for non-lac-
é é tating female chamois (CF = 1: harvest
g g independent  of  reproductive  status;
é é CF = 0: only non-lactating females har-
? ? vested). Data are from 1000 simulations

over 100 years. Hatched columns indicate
the age class structure of a non-hunted
population.

3 4-8 9-older
Age class (years)
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Fig. 5. Simulated chamois  population
recruitment and mortality with 15% har-
vest rate, when orphaning does not affect
kid survival (K, = 0) or assuming 50%
lower  survival of orphaned  kids
(Khm = 0-5). Black bars indicate the
yearly numbers of kids and yearlings
recruited in the population and the num-
ber of females that die from natural and
hunting mortality, with SD (n = 1000 sim- 50 -
ulations), given the age structure produced
from random harvest (black bars and
CF =1 in Fig. 4). White bars report esti-
mates given the age structure produced
when only non-lactating females are har-

60 -

Number of animals
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Khm = 0-0 Khm = 0-5

60 -

50 -

40

vested (black bars and CF =0 in Fig. 4). 40
The two panels show estimates.

the impact of selectivity for non-lactating females on pop-
ulation dynamics depends on the survival of orphaned
kids. When orphaning in our model population had no
effect on kid survival, removing non-lactating females
reduced population growth, leading to a lower population
size at equilibrium compared to a random harvest of
adult females. On the contrary, when assuming a decrease
in survival of 50% for orphaned kids, our simulation sug-
gested a slight increase in population size at equilibrium,
but only under strong harvest rate and selectivity (Fig. 3).
With light harvest rates, the effects of hunters’ preference
for non-lactating females are negligible, and with high
harvest rate, selectivity for non-lactating females must be
very strong to cause an appreciable change in population
size. Given that regulations or hunter preferences against
harvest of lactating females are common for large herbi-
vores, our research suggests that it is crucial to document
the impact of orphaning on juvenile growth and survival.
That information, however, requires data on individually
marked animals in hunted populations. In the literature,
there are very few data on orphan ungulate survival and
none for chamois (Table 3). Only two studies monitored a
large sample size of orphans. In bighorns, there was no
difference in survival between lambs orphaned at 3-5-
4 months and non-orphans (Festa-Bianchet, Jorgenson &
Wishart 1994), whereas in red deer, calves orphaned
before 12 months suffered natural mortality higher by
about 1-67 times for females and 3-41 times for males
compared to non-orphans (Andres ez al. 2013), although
the actual mortality rates were not reported. For big-
horns, orphaning had no effects on mass at 1 year, age at
primiparity, lifetime reproductive success and longevity
for females, whereas orphaned males had smaller horns
and were lighter than non-orphans as adults (Festa-Bian-
chet, Jorgenson & Wishart 1994). Similar to bighorn, in
red deer, orphaning had no effect in the likelihood of

Kids Yearlings Mortality

Kids Yearlings Mortality

reproduction for females, but reduced antler growth
(Andres et al. 2013). Andres et al. (2013) monitored the
offspring of adult females that died of natural mortality,
which in large herbivores is typically very low (Gaillard
et al. 2000). Therefore, female red deer may not have been
very good mothers in their last reproduction, leading to
an overestimate of orphan mortality. Maternal care is
particularly important in spring and summer when lacta-
tion plays a crucial role for offspring growth (Gerard &
Hansen 1992). In temperate herbivores, harvest is typi-
cally in early autumn, after juveniles have completed
much of their pre-winter body growth (Festa-Bianchet,
Jorgenson & Wishart 1994) and are either weaned or near
weaning, therefore orphaning may have a weak impact on
offspring survival. Although empirical data are necessary
to test whether orphaning affects survival of chamois kids,
our review of available knowledge in ungulates (Table 3)
suggests that a reduction in survival of 50% for orphans
is a very conservative choice.

Our models accounted for potential effects of orphan-
ing on offspring survival, but other effects should also be
considered, such as a decrease in male body mass or
weapon growth (Festa-Bianchet, Jorgenson & Wishart
1994; Andres et al. 2013) that may negatively affect future
reproduction. Orphaned females may be more likely to
emigrate if they have a lower social rank (Etter ef al.
1995) and their future reproduction may be compromised.
Otherwise, as suggested by empirical data (Rughetti &
Festa-Bianchet 2011), our results confirm that increasing
harvest selectivity for non-lactating females mostly
increases the mortality of 2- and, to a lesser extent,
3-year-olds. Those age classes enjoy high natural survival
and have high reproductive potential (Loison, Gaillard &
Houssin 1994; Gaillard ez al. 2000).

High mortality of pre-reproductive females may select
for a reproductive strategy of high investment in early life,
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possibly reducing natural survival and longevity (Proaktor,
Coulson & Milner-Gulland 2007). Longevity is the main
determinant of female reproductive success (Clutton-Brock
1988), but heavy harvest of non-lactating female may
artificially select for a reproductive strategy opposite to
natural selection. High mortality of pre-reproductive
females occurs in chamois populations with strong selectiv-
ity for non-lactating females, where Rughetti and Festa-
Bianchet (2011) reported that 43% of female harvested
were 2-3 years old, compared to 28% in populations with
light selectivity.

Harvest mortality of 2- and 3-year-old female chamois
increased with increasing hunter selectivity because most
of these young females do not reproduce in stable popula-
tions. In large herbivores, primiparity is mostly at 2 or
3 years (Gaillard er al. 2000). Some species delay primi-
parity to 4-5 years (mountain goat Oreamnos americanus;
Festa-Bianchet, Urquhart & Smith 1994), or mostly
reproduce at 3 years in established populations such as
chamois (Rughetti & Festa-Bianchet 2011) and ibex Capra
ibex (Michallet et al. 1994). High population density may
delay primiparity, but if harvested populations are kept
below carrying capacity, density dependence should not
play a major role in the relationship between selective har-
vest and age-specific mortality. Populations on poor habi-
tat may delay primiparity independently of weather or
density (Gaillard ez al. 2000). In such cases, selective har-
vest may further increase mortality of pre-reproductive
females, as documented in chamois. Selective harvest of
non-lactating females is more likely to occur for ungulates
living in open habitats, where observation of offspring at
heel is easier than in forest-dwelling species such as many
deer.

Our analysis is relevant for management practices that
seek to minimize the impact of harvest on population
growth. Hunters and managers of large mammals often
assume that harvest of non-lactating females has a lower
impact on population growth than a random harvest of
adult females, because orphans are expected to suffer high
mortality. When most non-lactating females are pre-repro-
ductive, however, our work suggests that female harvest
irrespective of reproductive status has an impact on popu-
lation dynamics either equivalent to or in some cases
lower than selective harvest of non-lactating females.
There is little evidence that orphaning near the time of
weaning strongly reduces the survival of juvenile ungu-
lates (Table 3). One may speculate that mortality of
orphans may increase in harsh winters, because of lower
body weight compared to non-orphans, in particular for
males (Festa-Bianchet, Jorgenson & Wishart 1994). In
large herbivores, however, juvenile survival is naturally
low and variable (Gaillard et al. 2000); therefore, high
mortality of offspring is not exceptional. Our results sug-
gest that a slight decrease in female harvest rate would be
much more effective in allowing population growth than
an increase in selective harvest of non-lactating females.
On the contrary, intense removal of non-lactating females

would focus hunting mortality on pre-reproductive
females that in natural population enjoy high survival and
have the highest reproductive value. The ecological and
potential evolutionary effects of non-lactating female har-
vest merit attention in management of large herbivores.

Although it is possible that lactating females have on
average higher reproductive potential than non-lactating
ones (Hamel ez al. 2009), that argument is unlikely to be
of concern when regulations or hunter preferences concen-
trate the harvest on pre-reproductive females. In many
populations of chamois, almost all 2-year-olds are non-
lactating, regardless of individual differences in reproduc-
tive potential. Another important issue is that of cultural
preferences, as some hunters are unwilling to harvest
females with kids at heel. Our previous work, however,
shows that regulations have a much stronger role than
cultural preferences in harvest selectivity: where penalties
for harvesting lactating females are low, many fewer
2-year-olds are shot (Rughetti & Festa-Bianchet 2011).
Currently, in many parts of the Alps, hunters are penal-
ized if they harvest a lactating female. We suggest that
removing that penalty would have no effect on chamois
population dynamics, while leaving hunters with the
opportunity to select a non-lactating female if they wish.

In ungulates, the survival of pre-reproductive females is
a more important determinant of population growth than
juvenile survival (Gaillard, Festa-Bianchet & Yoccoz
1998). Our results suggest that when harvest rate is light,
the level of selectivity for non-reproductive females has
negligible effects on population dynamics. When harvest
rate is high, however, harvest selectivity becomes an
important issue because of its potential ecological and
evolutionary consequences. Depending on the effects of
orphaning on juvenile survival, selective harvest may
either increase or decrease population growth rate com-
pared to random harvest. To further illuminate the best
harvest strategy, it is essential to obtain more information
on the effects of orphaning on juvenile ungulates.
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