Ornis Fennica 93: 311. 2016

Contribution of released captive-bred Mallards
to the dynamics of the natural population
Jocelyn Champagnon*, Matthieu Guillemain, Jean-Yves Mondain-Monval,
Guillaume Souchay, Pierre Legagneux, Vincent Bretagnolle,
Laura Van Ingen, François Bourguemestre & Jean-Dominique Lebreton
J. Champagnon, Institut de recherche de la Tour du Valat, Le Sambuc, 13200 Arles,
France. * Corresponding authors e-mail: champagnon@tourduvalat.org
M. Guillemain, Office National de la Chasse et de la Faune Sauvage  Unité Avifaune
Migratrice, Le Sambuc, 13200 Arles, France
J.-Y. Mondain-Monval, Office National de la Chasse et de la Faune Sauvage  Unité
Avifaune Migratrice, Le Sambuc, 13200 Arles, France
G. Souchay, Office National de la Chasse et de la Faune Sauvage  Unité Faune de
Plaine, Saint-Benoist  BP 20, 78612 Le Perray en Yvelines, France
P. Legagneux, Université du Québec à Rimouski (UQAR), 300 allée des Ursulines, G5L
3A, Rimouski (Qc), Canada
V. Bretagnolle, CEBC CNRS, UMR 7372 CNRS & Université de La Rochelle, 79360
Beauvoir sur Niort, France
L. Van Ingen, Réserve Naturelle de Chérine, 36290 Saint-Michel-en-Brenne, France
F. Bourguemestre, Fédération Départementale des Chasseurs de lIndre, 46 boulevard
du Moulin Neuf, 36000 Châteauroux, France
J.-D. Lebreton, Centre dEcologie Fonctionnelle et Evolutive  CNRS UMR 5175, 1919
Route de Mende, 34293 Montpellier, France
Received 22 July 2015, accepted 14 January 2016
Communicated by Markus Öst
The consequences of releasing captive-bred game animals into the wild have received little attention, despite their potential demographic impact, as well as costs and/or benefits
for recipient populations. If restocking aims at increasing harvest opportunities, increased
hunting pressure is expected, which would then be supported by either wild or released individuals. On the other hand, the wild recipient population may benefit from the release of
captive-bred conspecifics if this reduces hunting pressure on the former through dilution
of risk or selective harvesting of captive-bred individuals. Here, we modelled a Mallard
(Anas platyrhynchos) population consisting of wild individuals supplemented by captivebred conspecifics, a very common practice in Europe over the last 40 years. The objective
was to test the effect of an increase of harvest rate on released and wild individuals, respectively. Our results show that, due to the low reproductive value of the released Mallards, the population was hardly affected by a change in harvest of these low performance
individuals. Conversely, a 15 percent increase in harvest rate of the wild individuals
would lead to a quick decline of the population. We discuss these results in the context of
the Camargue population, located in the South of France, which has experienced an increase in Mallard harvest without apparent reduction of population size. We suggest that
this has only been possible due to the release of captive-bred Mallards.
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1. Introduction
Captive-bred Mallard (Anas platyrhynchos) are
released for hunting in at least 11 European countries (in decreasing order of importance: France,
Denmark, United Kingdom, Czech Republic,
Sweden, Spain, Portugal, Germany, Italy, Finland
and Latvia), sometimes at a very large scale as in
France, where approximately 1.4 million Mallards
are released each year (Mondain-Monval & Girard 2000, Champagnon 2011). Globally, more
than 3 million Mallards are estimated to be released annually in Europe compared to an estimated population of 4.5 million pairs (BirdLife International 2004, Champagnon 2011). Restocking
the Mallard population aims at increasing harvest
opportunities more than increasing wild population size (Fog 1971). For this purpose, captivebred juvenile Mallards aged 3 to 12 weeks are released before the onset of the hunting season that
occurs at the end of summer (third week-end of
August in France; Champagnon 2011).
The contribution of captive-bred individuals to
the recipient wild population depends on their individual ability to survive and breed (Fisher 1930).
Recent studies conducted on more than 10,000
Mallards ringed in Sweden and France showed a
similar pattern for both countries, with approximately 25% of released Mallards being shot at
their release area (with a large variation among
sites likely due to a variable reporting rate by hunters; Legagneux et al. 2009, Champagnon 2011,
Söderquist 2015). From the same ringing dataset,
capture-recovery model estimates suggested that
survival of released birds is low during their first
year, even in the absence of hunting (0.010.18;
Champagnon 2011, Champagnon et al. 2012a).
Nevertheless, in spite of this low survival, it has
been shown in Southern and Central France that
the number of released Mallards is so large that
they still represent a minimum of respectively 25
and 34% of the potential breeding Mallards
counted in February, i.e., at the onset of the breeding season (Champagnon et al. 2016).
If the reproductive value of the released Mallards is not null, then wild populations would receive a demographic support through the releases,
at least in the absence of density dependence or
competition processes (Champagnon et al.
2012b). In addition, wild recipient populations
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may benefit from the release of captive-bred conspecifics if the latter reduces hunting pressure on
the former. Nevertheless, restocking may also increase the general interest of hunters for this species as a whole. This would result in a higher hunting pressure on both the individuals of wild as well
as introduced origins, with unknown demographic
consequences for the mixed Mallard population.
Evaluating the contribution of released individuals to the dynamics of an exploited natural
Mallard population has not yet been performed except in North America, there considering pure
wild-strain released Mallards (Batt & Nelson
1990). Here, based on the knowledge of the European system, we modelled a Mallard population
composed of both captive-bred and wild individuals that differed genetically (Èíková et al. 2012,
Champagnon et al. 2013). The population was
thus considered as the mixing of two classes of individuals with different qualities as proposed by
Lindberg et al. (2013) in Black Brant (Branta
bernicla nigricans): released Mallards with a high
mortality rate during their first year and a low breeding success, and wild Mallards with the opposite
properties. Firstly, we assessed the relative reproductive value for each class of individuals. Secondly, we assessed the effect of a change (increase
or decrease) in the respective hunting harvest rates
of low (i.e., captive-bred) and high quality (i.e.,
wild) individuals. We predicted that increased harvest rate would rapidly affect the demography of
the population if applied equally to released and
wild groups, while selective harvest of released individuals could prevent population decline.

2. Materials and methods
2.1. General model
A simplified life cycle was built from a birthpulse model (Caswell 2001; Fig. 1), considering
two age classes: first-year (1A) and more than
one-year-old birds (+1A). Only females were
considered because the population dynamics are
generally determined by the availability of the
scarcer sex (Caswell 2001). Annual survival of juvenile Mallards until the next breeding season
(S1A) differed from that of adults (S+1A) (Reynolds
et al. 1995, Gunnarsson et al. 2008). We intro-
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Fig. 1. Simplified life
cycle for Mallards considering releases of
captive-bred individuals. The description
and values used for
each parameter are
given in Table 1.
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duced a parameter to take into account the fact that
not all juvenile Mallards surviving until their first
breeding season attempt to breed (a1A < 1), as opposed to older individuals (a+1A = 1; Devries et al.
2008). For simplicity, we did not consider stochasticity.
2.2. Contribution of released ducks
The parameters used to run the model were of European origin whenever available (Table 1). Fe-

cundity (F) was estimated based on an even sex-ratio at birth (Bellrose et al. 1961, Blums & Mednis
1996, Gunnarsson et al. 2008, but see Denk 2005
for the first study suggesting a male-biased ratio
right from hatching) and was considered not to differ according to parental age.
The model considered a hypothetic population
of 1,000 individuals with annual releases representing one-fifth of the population size. This corresponds to the known proportion of released individuals for the European Mallard population
(Champagnon 2011). The annual survival rate for

Table 1. Description and value of the parameters used to model the mixed Mallard population. Subscript “(R)” stands for
released. Braces stands for variation in the values depending on the scenarios (see text for details).
Group

Parameter

Wild
Wild
Wild
Wild / Released
Released
Released
Released
Released
Wild
Released

Symbol

Value

Source

1st year survival without hunting

S1A

0.51

Proportion of breeders among 1st-year females
Number of fledged young females produced
per pair
After 1st year annual survival without hunting
1st year survival without hunting
Proportion of breeders among 1st-year females
Number of fledged young females produced
per pair
Proportion of wild individuals produced
by released females
Hunting harvest rate
Hunting harvest rate

a1A

0.81

Corrected from Gunnarsson
et al. (2008)
Devries et al. (2008)

F
S+1A
S1A(R)
a1A(R)

1
0.66
0.10
0.59

Gunnarsson et al. (2008)
Champagnon (2011)
Champagnon et al. (2012a)
Champagnon (2011)

F(R)

0.5

Yerkes & Bluhm (1998)

a
H
H(R)

{0.8; 1}
0.13 ± 15%
{0.13 ± 15%; 0.5}

–
Champagnon (2011)
Champagnon (2011)
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released juvenile Mallards comes from previous
studies in the south of France (Champagnon
2011). Released individuals, once adult (i.e., having survived one full hunting season), were considered as having the same survival rate as adult
wild birds (S+1A(R) = S+1A). This assumption is conservative with respect to the contribution of released individuals to population growth considering that adult released birds may actually have a
slightly lower annual survival than real wild ducks
(Champagnon 2011).
Estimates are lacking regarding the breeding
success and breeding propensity of released Mallards. As an approximation, we used the proportion of paired captive-bred females from a sample
of 66 released females identified with nasal sadst
st
dles from 1 March to 1 September in the
Camargue in 2010 and 2011 (Champagnon 2011).
Similarly, in an exploratory manner, the productivity of released females was assumed to be half
that of wild females (thus 0.5 young females produced per breeding released female), following a
study comparing breeding successes of released
and wild pheasants (Brittas et al. 1992).
The performance of juvenile Mallards born in
the wild from released females is probably lower
than that of juvenile Mallards with wild parents,
for example because of poorer maternal care in the
former case (Whiting et al. 2010).
Factor a, which is the part of wild individuals produced by captive-bred Mallards, was introduced to take this into consideration. In order to
evaluate sensitivity of the analysis to this parameter, we let a vary from 0.8 (only 80% of captivebred offspring are considered of high quality, i.e.,
wild) to 1 (all captive-bred offspring are considered of high quality).
Matrix models were run using Scilab (Scilab
Enterprises, Versailles, France). We analysed the
matrix to determine the reproductive values for
each class and age, and changes in growth rate (l)
under the following harvesting scenarios.
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2.3. Harvesting scenarios
We considered natural survival (SNat) values of
wild Mallards and applied an effect of the proportion harvested (H) so that survival S = SNat × (1  H)
to evaluate the consequences of changing harvest
on the populations demography. This equation is
correct if hunting mortality occurs as a pulse, and
is an approximation in other cases (Lebreton
2005). We derived the value of H following the
equation H = f / d (Anderson & Burnham 1976)
where f is the ring recovery probability and d the
ring reporting probability. The ring reporting
probability has never been evaluated for European
hunters for any waterbird species. We hence used
the value d = 0.32 estimated by (Nichols 1991) for
Mallard in North America. The initial value of the
proportion harvested considered was therefore
H = 0.13 from the value of f for modern Mallards:
f = 0.04 in Guillemain et al. (2015). We first
applied this harvest rate to both classes, and then
examined a 15% lower value, separately for each
group. We then applied an extreme scenario of 0.5
harvest rate for released Mallards together with a
15% decrease in the harvested proportion of wild
Mallards. The matrix model used is presented in
Eq. 1.

3. Results
Assuming that all birds produced by released females are wild individuals (a = 1), the model suggested the population should decline under the
current estimated harvest rate (l = 0.983). This decline could be seen to be of limited magnitude,
considering the approximation of the parameters.
The reproductive value of the released juvenile
Mallards was very low (3%), while that of released
adults (22%) was greater, though still lower than in
wild juvenile and adult Mallards (32% and 44%,
respectively; Table 2).
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Eq. 1. The matrix model applied for modelling population dynamics of a mixed population of Mallards (Anas
platyrhynchos). The numbers given correspond to the group and age specific estimates from Table 1.
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A decrease from 1 to 0.8 in a, the proportion of
wild individuals produced by released females,
had little impact on our results (Table 2). We then
set a to 1 in subsequent analyses.
Given the low reproductive value of the released Mallards, the population was hardly affected by changes in survival rate of this group.
This was apparent in the predicted population size
for a 15% decrease in harvest of the released juvenile Mallards, from H(R) = 0.13 to 0.11 (Fig. 2).
Conversely, the wild class was far more sensitive
to changes in harvest. If harvest of wild individuals
was reduced by 15% then the population increased
by 0.5% each year (l = 1.005). This pattern of an
increasing population held for a harvest of released Mallards increased to H = 0.5 (which was a
more than 3-fold increase for this class, Fig. 2 (d)).
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4. Discussion
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Our results showed that the released Mallards
hardly contribute to the natural population, owing
to their low reproductive value. They confirm the
results from Batt & Nelson (1990) who found a
similar pattern even though their released Mallards were of pure wild strain. Our results
showed that the relative reproductive value of the
released Mallards was 25% at its highest, and this
value was almost completely supported by captive-bred Mallards that have survived at least one
year. As a consequence, a modification in harvest
rate of the recently released Mallards has virtually
no impact on the population. In contrast, we
showed that even a relatively small decrease in the
harvest rate of the wild Mallards by 15% would
quickly lead to a sharp population increase.
Table 2. Relative reproductive values of wild and
released female Mallards. a stands for the proportion of wild individuals produced by released females.
Class

Wild
Wild
Released
Released

Age

Juvenile
Adult
Juvenile
Adult

Relative
reproductive value
a = 0.8

a=1

0.33
0.46
0.02
0.19

0.32
0.44
0.03
0.22

10

20

30 40

50 60 70
Year

80

90 100

Fig. 2. Predicted population size change for 1,000
individual wild Mallards receiving 200 released
birds annually under (a) best current estimates of
demographic parameters, b) a 15% decrease in
harvest of released birds, c) a 15% decrease in
harvest of wild ducks, and d) a 15% decrease in
harvest of wild ducks with an increase in harvest
rate of released individuals from 0.13 to 0.5. “H”
and “H(R)” stands for harvest rate of wild and released Mallards, respectively.

Releasing captive-bred animals into the wild is
mostly practiced for birds (e.g., Willow Grouse
(Lagopus lagopus), Houbara Bustard (Chlamydotis undulate), Grey Partridge (Perdix perdix), Redlegged Partridge (Alectoris rufa)) and mammals
(e.g., European Rabbit (Oryctolagus cuniculus),
Roe Deer (Capreolus capreolus), Red Deer (Cervus elaphus)) that present an economic interest.
The Mallard is probably one of the few restocked
species for which sufficient data are available for
modelling the effect of harvest on mixed populations.
Nevertheless, this modelling exercise was limited by the availability of precise parameter estimates, so it had to be simplified with no stochastic
effects, no density dependence and no uncertainty
considered on the parameter estimates (Armstrong
& Reynolds 2012). To include stochasticity (either
environmental or demographic) would have improved the realism of our model. However, elastic-
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ity analyses provide the same results accounting or
not for environmental stochasticity (Caswell 2001
Chapter 14). Regarding demographic stochasticity, this is a problem for small populations only,
which is not the case of Mallards. Furthermore, it
is particularly relevant to account for stochasticity
when assessing probability of extinction of a population. Caswell (2001 Chapter 14) showed that
elasticity in population growth rate and extinction
probability are strongly correlated. Thus, our
choice to build a very simple model without considering birth and survival as random events did
not influence reproductive values that are estimated from a deterministic model and would not
have changed the main conclusions, that the Mallard population is very resilient to the harvest of
captive-bred birds compared to the harvest of wild
birds.
4.1. Application to the situation
in Camargue, Southern France
Although absolute figures are lacking, a long-term
survey of Camargue hunting bag indices (the number of individuals harvested by hunters) from a
representative sample of private hunting estates
has shown that the number of Mallard harvested
has significantly increased since 1992 (MondainMonval et al. 2009, J.-Y. Mondain-Monval pers.
comm.). The above modelling exercise suggests
that the wild Mallard population would not be sustainable without releases, given the increasing harvest rate. Despite such apparent doubling of the
hunting bag, the population did not decrease but
actually increased over the same period, as suggested by the positive trend of the population to
which the Western Mediterranean Mallards belong (Wetlands International 2015) and the local
data from Camargue (A. Tamisier, M. GauthierClerc, J.-B. Mouronval, unpubl.). Together, this
suggests that the observed increase of Mallard
hunting bags is the result of the harvest of the ca.
50,000 captive-bred Mallards that are released annually in this region (Champagnon 2011). This is
confirmed by recent genetic studies conducted in
Camargue, which showed that the proportion of
Mallards with a captive origin represents 75% of
the total number of harvested individuals sampled
(n = 41), whereas captive Mallards accounted for
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only 13% of the live birds captured in a nature reserve (n = 39) (Champagnon et al. 2013).
Higher harvest of captive-bred Mallards compared to wild ones probably results from the genuine difference in habitat selection between captive-bred and wild Mallards: wild Mallards preferentially use hunting-free areas (Guillemain et al.
2008) in contrast to captive-bred ones that may be
more prone to hunting as they mainly stay within
the most intensively hunted areas where they are
released. Indeed, a recent study on mobility of captive-bred Mallards released in Brenne shows naive
behaviour towards hunting risk, with the captivebred ducks moving around their release lake without seeking shelter from hunting (Champagnon et
al. 2016). Nevertheless, we cannot discard as an
alternative explanation that this finding simply reflects higher hunting vulnerability of released
Mallards compared to wild ones.
From a demographic perspective, in spite of an
overall increase in the hunting pressure on Mallard, a large part of this pressure seems to be directed toward captive-bred individuals. Nevertheless, we cannot ignore that the wild population has
increased to such an extent that it has supported increasing hunting pressure in Camargue for the last
20 years. Indeed a study suggests higher attractiveness of the Camargue for the short-distance migrant Teal (Anas crecca) consistent with habitat
changes in the region (Guillemain et al. 2015a).
Nevertheless, it seems that this situation does not
apply to the Mallard, for which it has been suggested that former migrants from northern Europe
have now stopped undertaking a long migration to
winter quarters due to climate change (Guillemain
et al. 2015b).
4.2. Costs and benefits of Mallard restocking
Releases of captive-bred individuals usually occur
for conservation purposes (Seddon et al. 2012). In
this context, the contribution of the released individuals is generally significant to save a species
from extinction (Ebenhard 1995). For instance, restocking indeed contributed in stopping the extinction of the White Stork (Ciconia ciconia) in France
(Massemin-Challet et al. 2006). Because potential
survival and contribution of the released individuals to the natural population is crucial for conser-
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vation management of wild birds, adverse genetic
selection in captivity is well studied and controlled
as much as possible (Snyder et al. 1996, Robert
2009, Williams & Hoffman 2009). When population restocking is practiced for purposes of recreational or commercial harvest, it seems that released individuals are generally of poor quality in
terms of reproductive value (as shown in this
study, as well as in pheasants by Brittas et al.
1992). This is due to the low interest in counteracting genetic drift in captivity when the individuals
will be released for hunting management
(Champagnon et al. 2012a). Indeed, the aim is then
to increase hunting opportunities and individuals
should not necessarily survive until the next breeding season (Sokos et al. 2008).
Nevertheless, the hunting pressure may still
deplete the wild part of the population in the presence of releases. For instance, in the case of the
Red-legged Partridge, another bird species which
is released on a very large scale in Europe, threats
to wild individuals still exist (Bro et al. 2006). Indeed, these authors show that after the shooting of
captive-bred individuals at the beginning of the
hunting season, the pressure is then directed towards wild individuals, potentially leading to the
extinction of the wild population. Furthermore, in
Spain, hunting mortality was more than two-times
higher in estates with restocking compared to
those without (Casas et al. 2016). For this species,
massive releases of captive-bred individuals therefore have a cost on the survival of wild individuals.
We show that this scenario is unlikely in the case
of the Mallard. Indeed, our study suggests that the
wild part of the population may benefit from the
release of Mallards, which would divert hunting
pressure from the original wild birds. Nevertheless, formal assessment of the demographic effect
of massive releases on wild populations should be
conducted through the long-term collection of
data. Genetic tools would allow estimating the
proportion of the released and wild Mallards in i)
hunting bags and ii) live birds captured in both
hunting estates and nature reserves. By then, we
would be able to estimate the hunting vulnerability
of released vs. wild Mallards as well as potential
differences in their distributions.
A central question in ecology is to understand
the impact of harvesting on exploited populations.
Some studies have focussed on the possible mech-
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anisms of compensation of harvest through density-dependent mechanisms or by the selective
harvest of low quality individuals (Lindberg et al.
2013, Péron 2013). Our study species, the Mallard, allowed us to model a population with individual heterogeneity. We show that low quality individuals (captive-bred Mallards) with low survival and breeding ability may provide a compensation mechanism for the harvest of the entire population.
Finally, captive-bred Mallards released into
the wild contribute to hunting bag size, and from
an economical point of view, to the general estate
income for private landowners (Mathevet &
Mesléard 2002, Söderquist 2015). At least in
Camargue, hunters pay an annual hunting lease to
the managers of private estates, the amount of such
leases being positively correlated with the number
of ducks available for hunting (Tamisier &
Dehorter 1999: p43; Mathevet 2000: p. 258). Nevertheless, from a social perspective, hunting associated with the release of gamebirds is controversial because it is ethically questionable (Knox
2011). It is also important to highlight that from a
conservation perspective, several studies have
shown that hybridization with the natural population does occur, promoting genetic homogenisation even on a very large geographic scale (Olden
et al. 2004, Èíková et al. 2012, Champagnon et
al. 2013). Finally, it should be said that Mallard releases are often practiced as an easy way to obtain
game for harvest, compared to more labour and
cost-intensive management of wetlands to attract
wild birds. The global impact of this practice for
the rest of the ecosystem and for wetland biodiversity in general remains to be assessed (see e.g.,
Draycott et al. 2012), but is probably negative.
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Metsästystä varten istutettujen sinisorsien
vaikutus luonnonkannan vaihteluun
Kasvatettujen riistaeläinten vapauttaminen luontoon saattaa vaikuttaa suurestikin luonnonkannan
tilaan, mutta näiden toimenpiteiden seuraukset
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ovat puutteellisesti tunnettuja. Jos tavoitteena on
lisätä metsästettävän riistan määrää, kasvanee
myös metsästyspaine, joka voi kohdistua joko villeihin tai kasvatettuihin yksilöihin. Toisaalta luonnonkanta voi myös hyötyä istutuksista, koska metsästyspaine jakaantuu suuremman joukon yli, tai
koska metsästys kohdistuu valikoivasti kasvatettuihin yksilöihin. Tässä työssä mallinsimme sinisorsan kantaa, joka koostuu sekä villeistä että
metsästystä varten kasvatetuista ja istutetuista yksilöistä. Tämänlainen istuttaminen on ollut yleinen
käytäntö Euroopassa jo viimeisen 40 vuoden ajan.
Tavoitteemme oli selvittää miten metsästyspaineen kasvu vaikuttaa kasvatettuihin ja villeihin
yksilöihin.
Tuloksemme osoittavat, että kasvatettujen sorsien matalan lisääntymisarvon vuoksi näihin yksilöihin kohdistuva metsästyspaineen kasvu ei juuri
vaikuta kokonaiskannan kokoon. Kohdistuessaan
villeihin yksilöihin, metsästyspaineen 15 prosentin kasvu johtaisi sitä vastoin kannan nopeaan vähenemiseen. Hyödynnämme tuloksia tulkitessamme eteläranskalaisen Camarguessa pesivän sinisorsakannan vaihtelua; tämä kanta on pysynyt
vakaana metsästyspaineen kasvusta huolimatta,
mikä on ollut mahdollista ainoastaan istutusten ansiosta.
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