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Emigration rates and population turnover of teal Anas crecca in two
major wetlands of western Europe
Alain Caizergues, Matthieu Guillemain, Céline Arzel, Olivier Devineau, Gilles Leray, Daniel Pilvin,
Michel Lepley, Grégoire Massez & Vincent Schricke
During the winter of 2003/04, we studied emigration rates of teal Anas crecca in two major wetlands: the Camargue
(southern France) and the Loire estuary (western France). We derived local survival probabilities as a step in ultimately
estimating emigration rates from individual mark-resighting (visual recaptures) history of birds ﬁtted with nasal
saddles. In goodness-of-ﬁt tests of time-dependent models for local survival, we only detected the presence of transients
among young females in the Loire estuary, which indicated that this category of individuals includes an ’unstable
compartment’ continuing its migratory journey further to the south. We observed low monthly local survival and high
emigration rates (range: 0.01-0.81) in both areas, which suggests high turnover rates. In the Loire estuary, temporal
changes in emigration rates matched the post- and pre-nuptial migration peaks (i.e. October-November and FebruaryMarch). By combining local survival probabilities and count data, we derived an estimate of the ratio between the
winter peak count of teals in our study areas and the minimum number of birds that actually frequented the areas over
the entire wintering period (October-March). In both cases, we estimated the number of teal visiting the two wintering
sites be about twice as large as the maximum number of birds counted instantaneously.
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Understanding patterns of stop-over and winteringsite use by migratory birds is essential from a
management perspective. For example, assessing
Ó WILDLIFE BIOLOGY 17:4 (2011)
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the actual number of individuals available to
hunters in a particular area is a prerequisite for a
better understanding of the impact of hunting
373

practices on wild bird populations. In western
Europe, the relative importance of wintering
quarters and staging areas for a bird population is
mainly derived from instantaneous counts. For
example, the importance of diﬀerent wintering sites
for a given species is inferred from the percentage of
the entire biogeographical population which occupies each particular area in mid-January (e.g. Scott
& Rose 1996). Conventionally, a wintering site is
eligible to have the status of a site of international
importance for a given migratory population if one
of the instantaneous winter counts reaches 1% of
the total biogeographical population. A major
problem with such an approach is that censuses
sometimes poorly reﬂect the number of birds
actually using a given area, especially if there is a
high turnover of individuals among wintering
populations (see Pradel et al. 1997b). By using
counts, the importance of areas that play key roles
as stop-over (refuelling) sites might be underestimated too, because these areas host comparatively
fewer individuals than most wintering sites at times
other than during stop-overs. A measure of the
individual turnover rate is therefore required to
judge the quality and to assess the relative importance of the various sites used along any ﬂyway.
The teal Anas crecca is the smallest wintering duck
species in southwestern Europe (del Hoyo et al.
1992), and one of the most important quarry species
(Mooij 2005). The species presents a good example of
the poor reliability of counts used for estimating
population size. In France, for example, the annual
hunting bag is estimated to be . 330,000 individuals
(Mondain-Monval & Girard 2000), whereas the midJanuary simultaneous counts almost never exceeded
100,000 birds (Fouque et al. 2005). In the Camargue,
150,000 ducks and coots Fulica atra are harvested
annually out of an estimated population of about the
same size (Tamisier & Dehorter 1999). Such discrepancies between harvest bags and counts might partly
be due to biases inherent to counts or unreliable
hunting bag data. However, a likely alternative
hypothesis is that immigrants continuously replace
harvested individuals, i.e. that individual turnover
rate is high.
Based on ringing data from the 1950s to the
1970s, Pradel et al. (1997b) were the ﬁrst to
demonstrate a high individual turnover in the
wintering population of teal in the Camargue
(southern France). Unfortunately, no data from
other important European wetlands were available to these researchers for comparison. More374
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over, they did not analyse sex and age categories
separately, which might have provided useful
insights into the understanding of teal stop-over
and migration at the population scale. Finally, the
fact that their analyses were based on a capturerecapture approach using only baited traps may
have seriously biased their turnover estimates
(essentially owing to trap dependence and a
relatively low capture rate).
Using a similar capture-mark-recapture (CMR)
approach, we modelled the local survival probabilities S (S¼1 - mortality - emigration; (Lebreton et al.
1992) of teal in two major wetlands of southwestern
Europe to gather information on emigration rates
and the number of individuals using these areas as
stop-over or wintering sites (Frederiksen et al.
2001). To minimise the biases associated with trap
dependence and low capture rates described above,
we derived capture-recapture histories from visual
recognition of individuals ﬁtted with a nasal saddle,
each bearing an individual alphanumeric code
(Guillemain et al. 2007).

Methods
Study areas
Our study was conducted during the autumnwinter of 2003/04 in two of the most important
wintering sites for teal in France: the Vigueirat
marshes (4838’E, 43840’N) in the Camargue,
southern France, and the Massereau reserve
(1854’W, 47815’N) located in the Loire estuary,
western France. The Camargue is one of the most
important wintering areas for waterfowl in the
Black Sea/Mediterranean migratory ﬂyway, where
the number of teal counted annually ranges
between 750,000 and 1,375,000 individuals (Scott
& Rose 1996; note that the existence of two
distinct ﬂyways has been challenged by Guillemain et al. 2005). The Vigueirat marshes are a
protected area of 1,029 ha where up to 15,000 teals
are counted (out of a total of about 38,000 in the
Camargue). The Loire estuary belongs to the
northwestern European ﬂyway, in which the
number of teals is estimated at 500,000 individuals
(Wetlands-International 2006). The Massereau
reserve (ca 400 ha) is used by up to 5,000 teals
(out of a total of about 15,000 in the entire Loire
estuary). The length of the hunting season (i.e. 1
September - 31 January) is the same in the two
areas.
Ó WILDLIFE BIOLOGY 17:4 (2011)

Field work procedures
In both areas, we captured the birds using funnel
traps baited with wheat (i.e. in the Loire estuary) or
rice (i.e. in the Camargue; Bub 1991). Traps were
continuously active for ﬁve days/week in the
Massereau, and all seven days/week in the Vigueirat. Birds were distinguished according to their age
(ﬁrst-year individuals vs adults) and sex using
plumage criteria and cloacae examination. For
simplicity, we term ﬁrst-year birds ’young’ in the
following. All individuals included in the analyses
were ﬁtted with nasal saddles bearing a distinctive
alphanumeric code (Rodrigues et al. 2001). This
kind of marking enables identiﬁcation of any bird
up to a distance of 200 m using a 80 3 60 telescope
(Rodrigues et al. 2001). No signiﬁcant adverse eﬀect
of nasal saddles on dabbling duck behaviour or
condition has formerly been detected when tested
(Guillemain et al. 2007).
Identiﬁcations of birds based on the reading of
the code on the nasal saddle will hereafter be called
’resightings’ whereas ’capture’ will refer to the ﬁrst
physical capture of the bird (which in our study
corresponds to when the individual was marked).
Captures and resighting sessions were carried out
from October 2003 until the end of March 2004.
Our eﬀorts to obtain resightings of marked
individuals were greater in the Camargue (12-20
hours/week) than in the Loire estuary (6-8 hours/
week). The diﬀerences in capture eﬀort between the
two areas could entail diﬀerences in resighting
probabilities and account for small diﬀerences in
local survival probabilities. In practice, however, it
proved much easier to ﬁnd teal ﬁtted with nasal
saddles in the Loire estuary than in the Camargue,
essentially because teals were usually clustered on a
much smaller area in the former case. We did not
look for or captured individuals outside the two
study areas. Consequently, emigration rates estimated in our study may combine both longdistance emigration related to migratory movements and permanent local emigration. In each
area, we counted teal each month using telescopes
(during October-March) from permanent and
mobile hides (i.e. three permanent hides in the
Loire estuary and ﬁve permanent hides in the
Camargue) situated on the ground or a couple of
metres above it. We moved mobile hides to cover
all water bodies presents in the areas. Usually, 4-5
mobile spots were necessary in each study site.
Whenever possible, we performed counts on the
15th of each month and counts lasted , 3 hours.
Ó WILDLIFE BIOLOGY 17:4 (2011)
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Counts and resighting sessions were independent
(i.e. usually performed by diﬀerent persons). As we
performed no repetitions, we could not estimate the
variance of the counts, and the number of teals
counted has to be considered as a minimum, as is
generally the case with waterbird counts.

Capture-resighting histories, local survival and
emigration
To minimise heterogeneity due to, for example,
trap dependence (individuals either attracted to or
avoiding traps), we included only local resightings
of the marked individuals in the analyses (i.e. we
discarded physical recaptures of birds in the traps).
We reconstructed capture-resighting histories for
each individual. The initial capture (i.e. when the
bird was seen for the ﬁrst time, ringed and
equipped with a nasal saddle) was coded 1. Then,
for each resighting occasion, each individual was
coded 1 or 0, depending on whether it was seen on
that occasion (1) or not (0), respectively. We
considered the calendar month as a captureresighting occasion (see below). Therefore, our
capture-resighting matrices included ﬁve capture
occasions (October - February) and ﬁve resighting
occasions (November - March).
Our sample size of newly caught individuals was
not large enough to use a shorter time interval than
the calendar month for the capture-resighting event.
For this reason, our study might suﬀer from a
slightly lower resolution than the Pradel et al
(1997b). study, meaning that our results are not
directly comparable. The strength of our study
resides ﬁrstly in the fact that our investigations
encompass a longer part of migration and wintering
periods, and secondly, that possible biases due to
trap dependences are minimised (see above).
We used individual capture-resighting histories
to estimate local survival using CMR methods,
which provide a range of models for the study of
survival that takes into account possible variations
in recapture probabilities (Lebreton et al. 1992). The
major assumptions of CMR methods are that: 1) the
probabilities of fates are identical for the diﬀerent
individuals, 2) marked individuals make up a
random sample of the population, and 3) there are
no behavioural eﬀects of marking (Lebreton et al.
1992). We derived emigration rates from our local
survival estimates and the same estimates of true
survival probabilities as those used by Pradel et al.
(1997b). Finally, we combined data on monthly
counts and local survival estimates to compute the
375

total number of birds having used the area during
the study period.
The local survival (u) describes the probability
that an individual survives and stays within the
study area. In studies of open populations as in our
study, local survival is therefore the product of the
’true’ survival probability (S; equal to 1 - mortality
rate) and the residence probability (R; equal to 1 emigration rate, E). When S is known (e.g. from
capture-recoveries models), E may therefore be
estimated using the formula: E¼1-u / S (Pradel et al.
1997b). Following these researchers, we derived
emigration rates assuming an average annual
survival rate (S) of 45% (Pradel et al. 1997b) with
all mortality concentrated during the study period,
pﬃﬃﬃﬃﬃﬃﬃﬃﬃ
providing a monthly survival rate S’ of 100 3 5 0:45
¼ 85% (5 indicates the number of intervals). We
therefore assumed that all mortality was constant
among months, which might be not true. For
example, one might expect a decrease in mortality
after the end of the hunting season, i.e. in February
and March. This also means that an apparent decrease in local survival during this period would
reﬂect the departure of individuals rather than an
increase in mortality.

GOF tests, CMR modelling and parameter
estimations
Before modelling local survival using the CMR
approach, we performed goodness-of-ﬁt (GOF)
tests using U-CARE version 2.0 (Choquet et al.
2003). GOF tests assess whether the assumptions of
the global CMR model (independence and identical
fate of individuals) are met and allow determining
possible sources of heterogeneity (e.g. trap happiness, trap shyness and transience). Detection of
signiﬁcant lack-of-ﬁt (i.e. heterogeneity) means that
the data do not follow, as they should, a multinomial
distribution. Once sources of heterogeneity are
properly identiﬁed, one can choose the ’umbrella’
model that correctly ﬁts the data. We used MSURGE version 1.4.2 (Choquet et al. 2004) to
model local survival starting from models taking
into account all the suspected causes of variability
detected using GOF tests. Model notations followed
Lebreton et al. (1992) with: g ¼ group (categories of
individuals according to their sex and age classes),
a ¼ age (young vs adults), a2 ¼ when newly marked
individuals were treated diﬀerently than individuals
marked at a previous capture occasion (our purpose
of this parameterisation was to take into account
transience), s ¼ sex, t ¼ time (capture occasion) as a
376
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discrete variable, T ¼ time as a covariable (i.e.
continuous variable), T2 þT ¼ quadratic form of
time as a covariate, g.t ¼ interaction between group
and time, g þt ¼ the additive eﬀects of the same
variables and so on. P represents resighting probability and a dot in brackets (.) means that the
parameter was held constant. We performed model
selection using Aikake’s Information Criterion
corrected for small sample size (AICc; Lebreton et
al. 1992). Models diﬀering by , 2 AICc units were
considered as being equivalent (Lebreton et al.
1992). In that case, we used model averaging of the
set of competing models to derive the estimates and
their unconditional conﬁdence intervals (Buckland
et al. 1997) including only models for which all
parameters could be estimated. Model averaging
was performed on Mark (version 5.1) software
(White & Burnham 1999). Model selection was
performed by starting with the global model and
dropping the variables one by one. We included
covariates (time taken as a quantitative variable) as
any other parameter.
We computed estimates of the total number
(volume V) of individuals using the area for at least
part of the study period using the formula: V¼N1 þ
P
(Ni þ1 - Ni 3 ui!i þ1), where V ¼ total number of
individuals occupying the area from October to
March, i ¼ month, Ni ¼ number of individuals
counted in month I (N1 being the ﬁrst month of the
period) and ui!i þ1 ¼ survival from month i to
month i þ1 (Frederiksen et al. 2001). Assumptions
of this approach are the same as for CMR methods,
and the counts are unbiased estimates of the number
of birds present.
Because our counts did not allow distinguishing
the age and sex of individuals, we derived local
survival probabilities incorporated in the formula
from the best possible time-dependent models for
local survival holding age and sex constant
(u(T þT2) for the Loire estuary and u(t) for the
Camargue, respectively). By doing this, we therefore
implicitly assumed that our marked samples were
representative of populations occupying our study
sites and that there were no diﬀerences in survival
rates among age and sex classes (which was not
necessarily true: see Table 2). In the Camargue, teal
could not be counted in December 2003 due to
ﬂooding conditions. We then applied Frederiksen et
al.’s (2001) formula by combining NovemberDecember and December-January survival probabilities (0.36 and 0.76, respectively). We computed
variance of this combined survival probability as
Ó WILDLIFE BIOLOGY 17:4 (2011)

suggested in Frederiksen et al. (2001). We could not
derive any conﬁdence interval for counts because
the numbers of birds were estimated only once per
month and bird counts in diﬀerent places were
pooled for each of the two sites. Nevertheless, we
computed the variance of the total number of
individuals V as
varðVÞ ¼

k-1
X

2

ðNi 3 varðui!iþ1 ÞÞ:

Table 2. Summary table of CMR models for local survival (u) and
capture (p) probabilities of teal in the Loire estuary and in the
Camargue, France, during the winter of 2003/04. Models selected
for model averaging are shown in italics, and umbrella models in
bold italics. Only the bests models are shown; NP ¼ number of
identifiable parameters with number of mathematical parameters
in brackets. The abbreviations include: AICc ¼Akaike information
criterion corrected for small sample size and true number of
parameters; g1 ¼ group effect with two groups (adult males vs
young males and adult females); g2 ¼ group effect with two groups
(adult males vs young males, young females and adult females; see
the section Methods).

i¼1

We then p
took
theﬃ 95% conﬁdence intervals of V as
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
61.96 3 varðVÞ.

Results
We marked and monitored a total of 291 and 170
individuals in the Loire estuary and in the
Camargue, respectively. The proportions of birds
seen at least once after marking were similar in both
areas (Table 1).

GOF tests
GOF tests did not reveal signiﬁcant heterogeneity
(all P values . 0.20), except in the Loire estuary
where signiﬁcant transience (excess of individuals
never seen after initial capture) was detected in
young females (P , 0.026). For this study area, we
therefore analysed capture/resighting histories of
young females separately from those of other classes
(young males, adult males and adult females)
starting with an ’umbrella’ model u(a2.t)p(t). This
model takes transience into account by allowing
newly captured individuals to display a diﬀerent
survivorship than from those captured for the
second time or later on (Pradel et al. 1997a).
Local survival, resighting probabilities and
emigration rates
In the Loire estuary, all best models included a
quadratic eﬀect of time (T2 þT) on local survival,
Table 1. Proportions of teal resighted at least once (i.e. one month
later or afterwards) after ringing in the Loire estuary and in the
Camargue during the winter of 2003/04. Figures in brackets show
the number of individuals in each case.
Loire estuary

Camargue

Young females
Adult females

0.34 (133)
0.33 (33)

0.21 (52)
0.33 (15)

Young males
Adult males

0.38 (98)
0.55 (27)

0.37 (56)
0.40 (47)

Total

0.37

0.33
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Model

NP

AICc

D AIC

AICc
weight

Loire estuary
Young females
u(a2þT2þT) p(.)
5 (5)
338.73
u(a2) p(t)
7 (7)
339.43
0.7
u(a2þT2þT) p(t)
9 (9)
341.66
2.93
u(a2þt) p(.)
7 (7)
342.36
3.63
U (a2.t) p(t)
13 (14)
349.18
10.45
Adult males, adult females and young males

0.45
0.31
0.10
0.07
0.002

u(g1þT2þT) p(.)
u(g1þT2þT) p(t)
u(gþ T2þT) p(.)
u(gþT2þT) p(t)
U(g.t) p(g.t)
Camargue
All individuals

5 (5)
7 (7)
7 (7)
4 (4)
26 (30)

414.4
414.93
416.47
419.45
437.59

0.53
2.07
2.65
30.4

0.35
0.27
0.12
0.09
-

u(sþt) p(t)
u(g2þt) p(t)
u(g2) p(t)
u(s) p(t)
U(g.t)p(g.t)

10 (10)
11 (12)
7 (7)
7 (7)
33 (40)

411.41
411.73
411.96
412.08
439.90

0.32
0.54
0.66
28.5

0.16
0.14
0.12
0.11
-

a ¼ age (young vs adult), a2 ¼ when newly-born individuals were
treated differently than individuals marked at a previous capture
occasion (taking into account transience), T ¼ time as a covariate,
T2 þT ¼ quadratic form of time as a covariate, s ¼ sex effect, a2.t ¼
interaction term between a2 and time as a factor.

except for young females for which one of the best
two models included T2 þT and the other did not
(Table 2). In this area, local survival exhibited a belllike shape with lower values in the beginning and at
the end of the wintering season (Fig. 1). Moreover,
we detected a group eﬀect (g1), suggesting that local
survival probabilities of adult males were higher
than those of young males and adult females (see
Fig. 1). For young females, local survival probabilities derived from the model averaging of the two
best models for which all parameters could be
estimated (u(a2 þT2 þT) and u(a2) p(t)), varied
between 0.22 (95% CI: 0.04-0.63) and 0.43 (95% CI:
0.32-0.56) and between 0.47 (95% CI: 0.09-0.88)
377

Figure 1. Local monthly survival (u) and
emigration probabilities (E) for teal in the
Loire estuary during the wintering season of
2003/04, with bars indicating 95% confidence intervals. E ¼ 1-u/S, and the true
monthly survival S ¼ 0.85 are derived from
the literature (see explanation in the text).
Young females: grey squares are for individuals just marked (which includes transients)
and black squares show individuals marked
on a previous capture occasion.

and 0.75 (95% CI: 0.55-0.88) for individual just
marked (which comprised transients) and individuals marked on a previous occasions (not aﬀected
by transience), respectively (see Fig. 1). Whatever
the time interval, adult males exhibited higher
local survival probabilities (minimum: 0.33 and
95% CI: 0.15-0.58, and maximum 0.84 and 95% CI:
0.68-0.92) than adult females and young males
(minimum: 0.18 and 95% CI: 0.08-0.34, and
maximum 0.67 and 95% CI: 0.55-0.77; values
derived from model averaging of u(g1 þT2 þT) p(.)
and u(g1 þT2 þT) p(t); see Fig. 1).
In the Camargue, local survival probabilities did
not exhibit the ’bell-like’ temporal patterns depicted
above. Four models displayed similar AICc values
(see Table 2) of which two included a time eﬀect on
survival but failed to provide an estimate for each
parameter, and were therefore not considered
further. Among the two models with estimable
parameters, one u(g2) p(t) included a group eﬀect
(g2) for local survival probability (see Table 2),
indicating higher local survival for adult males than
for young males and females; the other u(s) p(t)
included a sex eﬀect suggesting higher local survival
for males than for females. Local survival estimates
averaged over the two models were 0.45 (95% CI:
378
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0.34-0.56) for females, 0.53 (95% CI: 0.40-0.66) for
young males and 0.61 (95% CI: 0.49-0.73) for adult
males. Again, we could not determine whether the
diﬀerences in local survival between groups were
due to diﬀerences in mortality rather than due to
diﬀerences in emigration rates.
In the Loire estuary, resighting probabilities
derived from local survival estimates of the averaged models varied between 0.51 (95% CI: 0.090.91) in March and 0.78 (95% CI: 0.58-0.90) in
December for young females and between 0.61
(95% CI: 0.39-0.79) in March and 0.82 (95% CI:
0.35-0.97) in October for the other individuals. In
the Camargue, resighting probabilities were found
to vary between 0.27 (95% CI: 0.11-0.52) in March
and 0.95 (95% CI: 0.73-0.99) in January.
In the Loire estuary, depending on the category of
individuals, we estimated monthly emigration
probabilities to vary between 0.01 for adult males
in December to 0.81 for adult females and young
males in March, with the highest values perfectly
matching the periods of migration (see Fig. 1). In the
Camargue, we estimated the monthly emigration
probabilities at 0.47 (95% CI: 0.34-0.60) for
females, 0.38 (95% CI: 0.22-0.53) for young males
and 0.28 (95% CI: 0.14-0.42) for adult males.
Ó WILDLIFE BIOLOGY 17:4 (2011)

Figure 2. Monthly number of teals counted
and the estimated total number of individual
using the area over the whole period (V) with
95% confidence intervals indicated at the
Massereau reserve (A) in the Loire estuary
and at the Vigueirat marshes (B) in the
Camargue during the winter of 2003/04.
Data were not available for December in the
Camargue.

Estimates of volumes (total number of teal in the
two areas)
During the 2003/04 wintering season, the maximum
number of teal counted at the Massereau reserve
reached ca 3,300 individuals in December (Fig. 2A).
In reality, the estimated volume (V) of individuals
using the Frederiksen et al. (2001) formula was more
than twice as large (6,872 individuals, 95% CI:
6,601-7,145; monthly local survival estimates derived from the model u(T þT2)p(.)). At the Vigueirat
marshes in the Camargue, the diﬀerence between
maximum winter counts (see Fig. 2B) and V was ca
1.6 of the maximum numbers of individuals counted
in November ¼ 7,700 and the estimated number
taking into account a turnover of 12,042 (95% CI:
9,731-14,353; monthly local survival estimates
derived from the model u(t) p(t)).
Ó WILDLIFE BIOLOGY 17:4 (2011)
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Discussion
Pradel et al. (1997b) were the ﬁrst to quantify
emigration and turnover rates in teal wintering in
the Camargue, based on relatively old ringing data.
Such pattern has since then been corroborated by a
present-day study relying on teal nasal saddles, but
which dealt more speciﬁcally with local switches
between adjacent day-roosts (Guillemain et al.
2010). Our study conﬁrms the existence of such
high turnover rates, not only in the Camargue, but
also in another wintering region, and it brings new
insights into the understanding of the teal wintering
populations in southwestern Europe.
In CMR terminology, transients are individuals
disappearing immediately after capture. Transience
can therefore include both individuals dying before
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the ﬁrst recapture occasion and individuals permanently leaving the study area. We only detected
transience for young females in the Loire estuary. It
is well-known that ﬁrst-year dabbling ducks have
higher mortality rates than adults (Tamisier &
Dehorter 1999, Devineau 2003), but generally, no
major diﬀerence exists in survival rates between
male and female teal outside the breeding season
(Johnson 1995, Devineau 2003). In contrast, the fact
that females may migrate further south than males,
and young birds further south than adults, is
commonly reported in ducks (e.g. Salomonsen
1968, Alexander 1983, Campredon 1983). This
inter-sexual diﬀerential migration has been supported by recent analyses for teal by Guillemain et
al. (2009), though no signiﬁcant diﬀerence between
age classes was apparent. In our study, transience
may therefore be more likely to reﬂect permanent
emigration rather than mortality (Pradel et al.
1997b). A large proportion of young females might
’disappear’ after initial capture simply because their
’ﬁnal’ destination lies further to the south. As we
made no eﬀort to capture or search for marked
individuals outside the study areas, we cannot
totally rule out that part of the observed emigration
rate was due to local movements to an alternative
resting site nearby. Nevertheless, the fact that teals
are usually faithful to their resting site (Guillemain
et al. 2002) suggests that permanent local emigration may only be occasional (see also Guillemain et
al. 2010). Our results therefore are more likely to
support the hypothesis that transience was due to
individuals leaving the study area through migration or, alternatively, that they died.
As did Pradel et al. (1997b), we conﬁrm the
presence of high individual turnover rates in the two
studied wintering areas. In the Loire estuary, the
most abrupt changes in the number of counted teal
occurred during October-November and FebruaryMarch (see Fig. 2), suggesting that migratory
movements reached a peak during these two periods
(see also Guillemain et al. 2006 for spring migration
periods of teal). Our results seem to be robust,
because the same pattern as we found was recorded
in all classes of individuals, including young
females, even though they were analysed separately
from each other (see Fig. 2).
Because the true pattern of mortality was
unknown, one may argue that variations in local
survival rates reﬂected changes in mortality rates
rather than in turnover. In fact, several lines of
evidence suggest that the reverse is true. Firstly, to
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our knowledge variations in mortality rates of such
an amplitude have never been reported before, even
in heavily hunted species like teal (monthly local
survival varied between , 10% and up to 85%
depending on month and class of individual).
Secondly, the abrupt changes in the local survival
probabilities found in our study exactly match the
known peaks of migratory movements for teal, as
explained above. Thirdly, hunting is probably the
major cause of mortality in teal, and since the end of
the hunting season occurred by the end of January,
the sharp decrease in local survival observed
between February and March can only be attributed to emigration of teal departing to their breeding
areas. Possible changes in the mortality pattern (due
either to variations in hunting pressure or to
changes in natural mortality) across the season
may be aﬀecting our estimates. However, theses
ﬂuctuations in mortality cannot fully account for
our results.
Pradel et al. (1997b) reported sharp temporal
changes in local survival due to emigration following a cold spell. When no such cold spells occurred,
like during our study period, temporal changes in
emigration rates in Pradel et al.’s (1997b) study
exhibited a temporal trend similar to ours. In the
Camargue, during the winters of 1955/56 (with a
cold spell) and 1957/58 (with a mild winter),
monthly emigration rates from December to February ranged from 30 to 89%, depending on how
low the temperatures were (Pradel et al. 1997b).
These values are of the same order of magnitude as
ours in the same area even though the duration of
capture occasions was three times shorter in the
Pradel et al. (1997b) study.
Estimating the total number of individuals using
our two study areas over the winter is an important
contribution of our study. In both areas, this
estimate was almost twice as large as the maximum
instantaneous count number. This clearly demonstrates that the importance of a given area cannot
simply be derived from instantaneous counts,
especially if these are carried out only once a year
in mid-January (Elmberg et al. 2006).

Concluding remarks
The CMR approach applied to visual detection of
nasal marks is very promising as a means to
characterise the patterns of wetland use by ducks
in winter, which would be appropriate to apply to
Ó WILDLIFE BIOLOGY 17:4 (2011)

stop-over areas that are used by many birds while
instantaneous counts remain low. This is especially
true for study areas where birds can be monitored
easily through resighting of marked individuals.
For example, monitoring of only 300 teals with
nasal saddles has enabled us to obtain reasonably
robust estimates of monthly emigration rates in the
Loire estuary.
The Camargue and the Loire estuary are known
to diﬀer in terms of instantaneous wintering duck
counts, including teal (e.g. Fouque et al. 2005). Our
study reﬁnes this view by showing how many more
individuals may actually use the areas. Until now,
qualitative diﬀerences between these two areas
concerned their status as a wintering area (i.e.
Camargue) or as an intermediate staging area (i.e.
Loire estuary). Our data do not directly contradict
these deﬁnitions, but they do suggest that the more
northern Loire estuary is not just a stop-over area.
Resightings made further south conﬁrm that some
individuals marked in both areas travel further
south, and also that the birds in the two areas show
some degree of mixing (Guillemain et al. 2005).
Finally, according to Elmberg et al. (2006)
current monitoring schemes of natural populations
of ducks in Europe (mostly based on counts) would
be "insuﬃcient to address objectives of wise use and
sustainability. . .". Our study exempliﬁes why and
how designing monitoring schemes based on a
CMR approach would help towards a better
understanding of duck population dynamics, a
prerequisite for improving management practices.
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Jonathan Fuster, Jean-Baptiste Nogues and Matthieu
Chambouleyron for their help with capturing teal and
identiﬁcation of nasal saddles at the Vigueirat marshes.
Also, many thanks to Henry Vergereau, Patrice Friconeau,
Luc Drouillet and Denis Lacourtpaille for their help with
ﬁeldwork at the Massereau reserve. We are indebted to
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