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A comparison of green-winged teal Anas crecca survival and harvest
between Europe and North America

Olivier Devineau, Matthieu Guillemain, Alan R. Johnson & Jean-Dominique Lebreton

The impact of waterfowl harvest on the dynamics of duck populations remains incompletely understood. While wide-
scalemonitoring andmanagement programs have been set up inNorthAmerica, far less has been done inEuropewhere
populations andharvest are essentiallymanaged at country levelwith a sole focus onpopulation size.Hence, comparing

North American waterfowl populations with European waterfowl populations could be useful in suggesting flyway-
scale management options in Europe. In our paper, we analyse historical capture-recapture-recoveries data for the
European teal Anas crecca crecca and we compare the computed survival and harvest rates to those obtained from a
NorthAmerican recovery data set for the green-winged tealAnas crecca carolinensis, its sister taxon.During 1960-1976,

the annual probability of survival was slightly lower in Europe (average over sexes: 0.485 6 0.101) than in North
America (0.5456 0.010 for both sexes).Assuming a 30%ring reporting rate, our estimate of the annual harvest ratewas
about three times higher inEurope (average over sexes: 0.1786 0.051) than inNorthAmerica (average over sexes: 0.071

6 0.014). Although the European population increased over the study period and continues to do so, such a hunting
pressure may potentially reduce our flexibility in managing this population due to uncertainties such as environmental
changes, andhave deleterious effects in the long term.Weuse our results to discusswaterfowl research andmanagement

in Europe. Initiating studies to estimate ring reporting rate would be an essential first step to properly evaluate the
impact of harvest on the dynamics of the teal population in Europe.
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The impact of recreational harvest on population
dynamics remains poorly understood for most
species of waterfowl (Anderson & Burnham 1976,
Elmberg et al. 2006). For example, whether harvest
acts in a compensatory or additive way has been a
contentious issue and is still unresolved (Nichols et
al. 1995a, Nichols & Johnson 1996). In North
America, this lack of knowledge gradually led to the

setting up of monitoring programmes and, ulti-
mately, to the implementation of an adaptive man-
agement scheme for waterfowl populations and
harvest, in which information about population
dynamics plays a central role (Nichols et al. 2006).
On the contrary, the impact of harvest on the dy-
namics of exploited waterfowl populations has sel-
dom been explored in Europe where, in accordance
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with directives from the European Union, water-
fowl hunting regulations are implemented on a
country-specific level withmonitoring largely based
on wintering numbers, which are of little help to
understand future and past changes in population
size (Elmberg et al. 2006). To this extent, waterfowl
population dynamics are better known in North
America than in Europe, and thus North American
populations provide an interesting reference to
which the dynamics of European waterfowl popu-
lations can be compared.

In our paper, we compare some basic demo-
graphic parameters between Europe and North
America using the example of the green-winged teal
Anas crecca. The green-winged teal is of great man-
agement interest because it is the second-most har-
vested duck species after the mallard Anas platy-
rhynchos, both in Europe and in North America
(Baldassarre & Bolen 2006, Mooij 2005, Mondain-
Monval &Girard 2000). However, while thousands
of captive bred mallards are released every year for
hunting purposes (Mondain-Monval & Girard
2000), there is no significant release of captive bred
teal, thus potentially making the impact of harvest
more acute for the teal population.

In addition, mid-January counts indicate that
about 270,000 individuals winter in France, Italy,
Spain and Portugal (Gilissen et al. 2002). By com-
parison, during 1998-1999, harvest was estimated to
about 300,000 teal in France only (Mondain-
Monval & Girard 2000). This seems to be a para-
doxically high harvest, even if one considers that
most huntingmortality likely occurs before themid-
January count. Nonetheless, the northwest Euro-
pean teal population is increasing while the western
part of theMediterraneanpopulation shows a slight
decline (Delany & Scott 2006). Throughout our
paper, we use the term ’teal’ for both the European
and the North American subspecies of the green-
winged tealAnas crecca crecca andA. c. carolinensis,
respectively.

Several hypotheses can be put forward to explain
the apparent paradox of the European teal popu-
lation. Firstly, counts are, sometimes strongly,
influenced by differences between observers (Faanes
& Bystrak 1981, Sauer et al. 1994, Cunningham et
al. 1999), or by the site coverage (Delany & Scott
2006). The teal is a small bird that appreciates
vegetation cover (Johnson 1995), whichmay lead to
many birds being missed by observers. In addition,
counts do not account formovements of individuals

and thus, only produces an instantaneous, and po-
tentially biased, snapshot of the status of a popu-
lation (Frederiksen et al. 2004). In addition, there is
often an important turnover on the wintering
grounds and the number of birds counted on a
given site at a given time generally represents only a
fraction of the birds actually using this site (Pradel et
al. 1997b,Devineau 2007). Bird counts are generally
considered as underestimates of actual numbers
(Delany & Scott 2006, Dervieux et al. 1980). There-
fore, with an actually bigger teal population, har-
vest would comparatively not be as high as it seems.

Another explanation of the apparent paradox of
the teal population could be density dependence
mechanisms. Under this hypothesis, the reduction
in density caused by harvest allow surviving individ-
uals to have a higher survival and/or reproduction
rate, which would compensate for the losses due to
hunting. Although compensatory harvest has been
widelydiscussed (Anderson&Burnham1976,Burn-
ham & Anderson 1984, Boyce et al. 1999), the
importance or even the existence of such mecha-
nisms is still under debate (Pöysä et al. 2004, Lebre-
ton 2005).

Finally, the actual impact of harvest on the popu-
lation could be concealed by some particularities in
the population dynamics. Indeed, in Europe, hunt-
ing regulations vary from one country to another,
and available information indicates that annual
duck harvest varies as well (Mooij 2005). Hence,
hunting could induce a source-sink functioning (see
for example Novaro et al. 2005), in which low-
hunting pressure areas would supply birds to the
wintering grounds where hunting pressure is higher.

In our paper, we use a 20-year capture-recapture-
recovery data set to provide robust estimates of
important demographic parameters (survival and
harvest rates) of the teal in Europe. Because
population dynamics are difficult to analyse based
on a single population study, we compare our re-
sults to those obtained from another, similar data
set from North America. This may provide useful
insights into the European teal population dynam-
ics, which may eventually be translated into ade-
quate management and conservation procedures.

Methods

Study area/species

In Europe, the teal breeds from Scandinavia and
northern Russia to France, Switzerland, and the
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northern edge of theBlack Sea (see distributionmap

in Scott & Rose 1996). Winter grounds cover most

of southernEurope,NorthAfrica (Nile region), and

theMiddle East (Cramp & Simmons 1977, Johnson
1995). Specific ’flyways’ have been recognised, but

no clear populations can be distinguished (Scott &

Rose 1996), and evidence for a fairly large amount

of exchange among these flyways has challenged

these delineations (Guillemain et al. 2005). InNorth
America, the teal breeds throughout much of

Canada, and winters throughout the United States

andMexico.Migration occurs along fourmajor fly-

ways (Johnson 1995).

Data

Duck ringing in France has been fairly intensive
from the mid-1950s to the mid-1970s, but was then

interrupted until new ringing programs were initi-

ated in the early 2000s (e.g. Guillemain et al. 2007).

However, this latter program has not yet provided

enough data to adequately estimate demographic

parameters, and we therefore used historical data
from teal ringed during 1954/55-1975/76 during the

internuptial season at the Tour du Valat biological

station in the Camargue, southern France

(43830’28N, 04840’07E). A large proportion of the

French teal population winters in the Camargue
(Hémery et al. 1979), which is a wetland of inter-

national importance according to the Ramsar

criteria (i.e. . 1% of the considered population

present in the area,Deceuninck et al. 2009). Because

the Camargue is located at the limit between the
northwest European and the Black Sea/Mediterra-

nean regions, it attracts wintering birds from both

sub-populations and as such, birds ringed in

Camargue are fairly representative of the (western)

European teal population. Our data consisted of a

mixture of live recaptures and dead recoveries, with
the lattermainly occurring in September-March, i.e.

during the most common hunting season in

southwestern Europe for the period of interest
(nowadays, hunting season commonly ends in late

January). Of recoveries, . 95% were from hunting

and given the low number of other reported causes
of mortality (e.g. predation), all reports were con-

sidered to be hunting mortalities in the analyses.

Among the 55,175 individuals initially ringed, 2,234
were subsequently recaptured at least once by the

same ringing crew (total 5,315 recaptures) and 7,916
were recovered by hunters (Table 1).

Dead recoveries of teal in North America were

obtained between 1960/61 and 1997/98 at various
ringing stations across North America (see Gustaf-

son et al. 1997 for details). Ringingswere carried out

in January-February, i.e. at the very end or after the
hunting season occurring from late September to

February. Subsequent information was only com-
posed of recoveries of dead animals (i.e. no live re-

captures), with . 99% of reported recoveries being

due to hunting. No capture-recapture event of any
kind was recorded outside the September-February

period. A total of 47,276 individuals were ringed,

from which 2,381 were shot and reported (Table 2).

Model structure

Traditional capture-recapture studies (Lebreton et
al. 1992) imply thatmarked individuals are reported

Table 1. Brief description of the European data. The European data were amixture of live recaptures and dead recoveries. This table only
presents the data distribution at time of ringing and at time of recovery. Juveniles and adults indicate the age of the birds at time of ringing.
First-year birds were only considered as juveniles for the first time interval following ringing. They were considered as adults from the first
encounter event following ringing and thereafter. Hence, numbers given for recoveries should be read as ’among the 18,849 female birds
ringed during their first year, 2,484 were later recovered’. Counts given for recaptures represent the number of birds ’ringed as’ that were
recaptured alive at least once. The total number of recaptures was 5,315.

Females Males

Total
Sex ratio
(?:/)

Age ratio
(Juv:Ad)Juveniles Adults Juveniles Adults

Ringed 18849 6289 18322 11715 55175 ;1.2:1 ;2.0:1

Recaptured at least once 780 178 689 587 2234 ;1.3:1 ;1.9:1

Recovered 2484 788 2917 1727 7916 ;1.4:1 ;2.1:1

Table 2. Brief description of the North American data. The data
were based only on dead recoveries (i.e. no live recaptures). Given
inNorth America ringing was carried out in January and February
(as opposed to September-March in Europe), all ringed birds were
at least in their second (calendar) year at time of ringing (i.e.
second-year and after-hatching year birds), and were thus all
considered as adults.

Females Males Total
Sex ratio
(?:/)

Ringed 12600 34676 47276 ;2.7:1

Recovered 513 1868 2381 ;3.6:1
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to the ringing laboratory when they are encoun-
tered, i.e. when they are recaptured alive. When the
population of interest is exploited, marked individ-
uals are encountered not only when recaptured
alive, but also when harvested. It is thus possible to
consider two states, alive and dead, and to consider
the encounter of marked individuals within the
context of multistate models (Lebreton & Pradel
2002). Traditional capture-recapture models (Le-
breton et al. 1992) can then be considered as two-
states models (i.e. birds can be alive or dead), in
which only live birds can be encountered. Similarly,
dead recoveries models (Brownie et al. 1985) can be
considered as two-states models, in which only dead
birds can be encountered. Both live recaptures and
dead recoveries can be analysed as a mixture of
information within the multistate framework (Le-
breton et al. 1999). We applied this approach to the
European data. The main advantage of including
live recaptures in the analysis was to increase the
number of releases, i.e. to increase sample size. This
literally corresponds to a recovery analysis with a
larger number of marked individuals, which im-
proves the precision of estimates. To a lesser extent,
live recaptures also contribute to the estimate of the
probability of survival (J-D. Lebreton, unpubl. data).

In Europe, ducks were ringed from September to
March, which roughly corresponded to the preva-
lent hunting season. A bird ringed early in the sea-
son was therefore more likely to be shot during the
first hunting season than a bird ringed at the end of
the season, which induced heterogeneity in survival
estimates. In addition, spring hunting was common
in Russia in the 1960s and 1970s, which lead to an
appreciable number of recoveries to actually occur
outside the September-March period. To account
for these characteristics, we performed a combined
analysis of live recapture and dead recoveries, and
divided the year into three periods: fall-winter (here-
after FW: September-December), winter-spring
(WS: January-March), and spring-fall (SF: April-
August). The year was considered to start in Sep-
tember, with the beginning of the hunting season,
and ringings occurred in FW and WS only. Most
live recaptures actually occurred within a few
months following ringing, and given that only one
encounter event was possible for each period, live
recaptures were limited to WS. Most recoveries oc-
curred in FW and WS, but recoveries in period SF
were also included in the analyses. Finally, ringing
from September to March implied that first year

birds were present in the data. Given most teal
attempt breeding as soon as their second calendar
year (Johnson 1995), these individuals were consid-
ered as juveniles for the first time interval only (i.e.
from ringing to first re-encounter). Themodelling of
the first time interval as different from subsequent
intervals is denoted by ’age’ in the model notation.

Usual assumptions of ring recovery models
(Brownie et al. 1985) were more closely met by

North American data, which did not require any

further model adjustments and were analysed using

Brownie models for dead recoveries. The model

applied to North American data was based on a 1-
year interval starting in September, with recoveries

occurring only between September and February.

Given they had been ringed in January-February,

i.e. when aged � 5 months old, all individuals were

considered as adults at time of ringing.

Statistical methods

Goodness-of-fit
Due to the particular structure of the European
data, no appropriate goodness-of-fit test was
available for a global model. Hence, we assessed
the goodness-of-fit of our most general model
recognising full temporal variation in survival and
recapture/recovery rate using multistate goodness-
of-fit tests 3G and M in software U-Care (Choquet
et al. 2005a). When a lack of fit was detected, we

modelled the first occasion after ringing separately
from subsequent occasions, either for survival
(transient model) or for capture (trap-dependence
model), according to the main significant effect.
Only the main effect was accounted for in the model
structure and other significant components were
used to calculate a variance inflation factor (Lebre-
ton et al.1992) which was used to adjust Akaike
information criterion (i.e. QAIC) for model selec-

tion (Burnham & Anderson 2003).

Model selection
All models were fitted using program M-Surge
(Choquet et al. 2004, 2005b), and models were se-
lected based on their lowest QAICc value. However,
since our datawere relatively sparse, we could not fit
the full model, and thus, we rather started model
selection from a simple model which we gradually
made more complex. Effects were considered first
on recapture/recovery parameters and then on
survival parameters (Lebreton et al. 1992). Priority
was given to biologically relevant models (e.g.
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different survival between sexes) but models adja-
cent to low-AIC ones were also considered in search
of unexpected effects, or interactions between
effects. A similar approach to model selection was
used for the North American data, and example
models for Europe and North America are given in
Tables 3 and 4, respectively.

Parameterisation
The parameterisation used in M-Surge was based
on the probability (k) that the ring was reported,
conditional on the death of the birdwith probability
1-S (Lebreton et al. 1999). This differed from the
traditional parameterisation of Brownie et al.
(1985), which provides an estimate of the ring re-
covery probability f, i.e. the probability that the bird
was shot and reported. However, hunting is not the
only source ofmortality, and thus, (1-S).H,with S
being the probability of survival and H being the
probability of mortality due to hunting. In this
model only the productH*d, i.e. the probability that
the bird was shot (H) and reported (d), is actually
identifiable. The two parameterisations are then
simply related by H*d¼ (1-S)*k¼ f. For clarity, we
hereafter discuss our results using the f notation.We
also note that the Brownie parameterisation (based
on the ring recovery probability f) can be modelled
directly within the multistate framework (Gauthier
& Lebreton 2008).

Obtaining annual estimates for European data
While North American data produced yearly
estimates directly, the specificities of the European
data implied seasonal estimates, which had to be
combined in order to obtain annual estimates.

The annual probability of recovery fyr was thus
obtained as

fyr ¼ fFW þ ðSFW�fWSÞ þ ðSFW�SWS�fSFÞ

indicating that a teal recovered in a given year was
either shot and reported during FW with proba-
bility fFW, or it survived FW (probability SFW) but
was shot and reported during WS (probability
fWS), or, it survived both FW and WS (probability
SFW*SWS) but was shot and reported during SF
(probability fSF). Similarly, we calculated the
annual probability of survival as the product of
seasonal estimates Syr ¼ SFW*SWS*SSF because a
bird that survived the whole year must have
survived the three periods. The standard devia-
tions associated with annual estimates were de-

rived from empirical variances over years using the
delta method, and corrected as suggested by Burn-
ham et al. (1987).
Finally, the proportion of the population H that

is harvested during a given period is related to the
probability of recovery by the proportion d of
ringed birds taken by hunters that are reported to
the ringing lab (Williams et al. 2002). Provided d is
known, it can be considered to compute an index of
harvest rate asH¼f/d, which becomes h¼f*(1þc)/d
when accounting for crippling loss, i.e. for birds that
were shot but not retrieved. To our knowledge, the
ring reporting rate d has only been estimated for
mallard in North America (Henny & Burnham
1976,Nichols et al. 1991,Royle&Garrettson 2005),
and no estimate is available for waterfowl in Eu-
rope. Given the time period over which our data
were collected, the ring reporting estimate provided
by Henny & Burnham (1976) may seem more ap-
propriate, but methods used byNichols et al. (1991)
were actually more accurate. Hence, we used the
value d¼ 0.32 6 0.063 (SE) provided by Nichols et
al. (1991) to estimate harvest rate for North Amer-
ica aswell as forEurope.Wediscuss below theuse of
this estimate to evaluate harvest rate in Europe, as
well as how different values of d may influence the
evidence for a difference in harvest rate between
Europe and North America.

Intra-annual comparison of survival in Europe
The seasonal estimates obtained from the European
data allowed us to compare the probability of sur-
vival between hunting and non-hunting seasons, as
well as between males and females. In southwestern
Europe, the most commonly observed hunting
season during 1954-1976 ranged from early Sep-
tember to lateMarch, which corresponds to periods
FW and WS (for short, FW þWS¼FS). The non-
hunting season corresponded to period SF. Since
these two periods (hunting season FS and non-
hunting period SF) were not of equal length, the
corresponding survival probabilities were scaled to
the month for comparison. In addition, since the
probability of survival was sex-dependent for SF
but notFS,we used the average over sexes for SF for
the comparison between periods.

Comparison of demographic parameters between
Europe and North America
A comparison of demographic parameters between
Europe and North America was only possible
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during 1960/61-1975/76. Comparisons were real-
ised on annual estimates, associated with their cor-
responding standard errors, using a Wald test (for
an example of a Wald test in a capture-recapture
context, see Lebreton et al. 1992: 90). Inter-annual
variability was accounted for in the Wald test by
using whole vectors of estimates for time-dependent
parameters (e.g. annual probability of survival in
Europe). However, estimates for North America
were not sex-dependent, while those for Europe
were sex-dependent (due to sex-dependence during
SFperiod) and thus, the comparisonwas carried out
using the average over sexes for Europe (variability
was also accounted for when calculating this aver-
age).

Because spring hunting was common in former
Soviet Union during the years covered by our Euro-
pean data, period SF included a fairly large number
of recoveries due to hunting. On the contrary, the
annual harvest rate obtained fromNorth American
data concerned the September to February hunting
season only. Hence, for the comparison with North
America,we only considered periodsFWandWS to
estimate the annual harvest rate in Europe.

Ring reporting rate when harvest rate is the same in
Europe as in North America
When using the ring reporting rate provided by
Nichols et al. (1991) to estimate the harvest rate in
Europe, we implicitly assumed that the ring re-
porting ratewas the same for teal as formallard and,
more importantly, that the ring reporting rate was
the same in Europe as in North America, i.e. we
considered dEU ¼ dUS. In order to discuss this as-
sumption as well as our estimate of the harvest rate,
we also estimated what would be the minimum ring

reporting rate in Europe for the harvest rate to be
the same in Europe as inNorth America, i.e. what is
the value of d for HEU¼HUS.

Results

Goodness-of-fit tests

For the European data, almost all components of
the goodness-of-fit tests were significant, indicating
lack of fit of the fSt, Ptgmodel. Component 3G.SR
(see Choquet et al. 2005a for details on test com-
ponents) indicated that a large number of teal were
ringed but never re-encountered again. This was
accounted for by considering an age structure on
survival parameters (Pradel et al. 1997a), i.e. by
differentiating the first interval following ringing (a1
in model notation hereafter) from subsequent ones
(noted a2). The variance inflation factor calculated
with the other components was ĉ ¼1.682. Table 3
presents the initial model, some example models
and the best AIC model for the European data.
Given that the North American data did not

include live recaptures, only the M component of
the goodness-of-fit tests could be computed, and
this test was not significant. In addition, there was
no need to account for overdispersion.However, we
detected a lack of direct recoveries due to the data
structure. Indeed, in North America, teal were
ringed in January andFebruary, i.e. at the endof the
hunting season. As a consequence, little chance ex-
isted for newly ringed birds to be shot by the end of
the hunting season (i.e. direct recoveries), and these
birds were more likely recovered in future hunting
seasons (i.e. indirect recoveries). This lack of direct
recoveries may result in overestimating the proba-
bility of survival. To account for this particularity,

Table 3. Model selection results for theEuropean data.Only the initialmodel, three intermediatemodels and the bestQAICcmodel (bold)
are presented. Main effects are in plain text, and supplementary details are provided in subscripts when necessary. For example, time:
indicates year to year variation and timefFWAd, SFg indicates that the time effect applies only to individuals ringed as adults for period FW,
and to all individuals for periodSF.Transiencewas accounted for in allmodels by consideringdirect recoveries (a1 in subscripts) separately
from indirect recoveries (a2). Age at ringing was also included in all models presented here, although this effect was partially confounded
with the model structure accounting transience, because first-year individuals were considered as juveniles only during the first time
interval following ringing. For all models presented here both capture and survival parameters differed between periods FW,WS and SF.
The number of parameters in each model is indicated by k.

Model Survival, S Recovery, f Deviance k DQAICc

Initial sex sex 106750.9 30 1397.4

Model 180 sexfSF Adg * timefFW Juv, WS, FW Ad a2g sexfFW Ad, WS Ad, SF Adg * timefFW Juvg 103907.1 180 24.5

Model 179 sexfSF Adg * timefFW Juv, WS, FW Ad a2g sexfWS Juv, SF Adg * timefFW Juvg 104901.4 181 23.1

Model 163 sexfSF Adg * timefFW Juv, WS, FW Ad a2g sexfFW Ad, WS Ad, SF Adg * timefFW Juvg 103855.8 184 2.3

Model 172 sexfSF Adg * timefFW Juv, FW Ad a2, WSg sexfFW Ad, WS, SF Adg * timefFW Juvg 103848.5 185 0.0
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the conditional probability of recovery (i.e. k) was
estimated separately for the first year following
ringing. This is denoted a1 inmodel notation below,
with respect to a2 for subsequent years. The model
selection for the North American data is summa-
rised in Table 4.

Parameter estimates

Parameter estimates for Europe
In the model best describing the European data (see
Table 3), the annual probability of recovery f varied
between sexes and seasons but was constant over
years. When considering year-round recoveries, on
average over years 1954-1976, the annual probabil-
ity of recovery was 0.064 6 0.018 (estimate 6 stan-
dard error) for males and 0.0846 0.014 for females.
These values were significantly different (Wald test,
z¼ 3.945, P , 0.001). The average over years and
across sexes, calculated while accounting for vari-
ability, was 0.074 6 0.016. In Europe, the annual
probability of survival varied from year to year as
well as between sexes. On average over years 1954-
1976, the probability of survival was significantly
different between males (average over years: 0.525
6 0.108) and females (average over years: 0.445 6

0.092)(Wald test: z¼-5.367, P, 0.001). The average
over years and across sexes was 0.485 6 0.100.

Annual harvest rate was sex and time-dependent
for European teal. On average over years 1954-
1976, the annual probability of harvest was 0.201 6

0.060 formales and 0.2626 0.046 for females, when
considering the whole year (Wald test: z¼ 14.312,
P , 0.001). The average over sexes for the period
1954-1976 was 0.227 6 0.022.

Seasonal estimates obtained for European data
were sex-specific only for period SF.Theprobability
of survival during SF was thus 0.807 6 0.018 for
females and 0.952 6 0.003 for males. These values
were significantly different (Wald test: z ¼ 10.667,

P , 0.001). Within the model applied to European
data, hunting season was represented by periods
FW and WS (September-March), whereas period
SF (April-August) represented the non-hunting sea-
son. Estimates of the probability of survival were
scaled to the month in order to be compared be-
tween hunting and non-hunting seasons. The
monthly probability of survival was significantly
different (Wald test, z¼ 6.360, P , 0.001) between
the hunting (average over sexes: 0.915 6 0.034) and
the non-hunting (0.975 6 0.002) seasons.

Parameter estimates for North America
In North America, the annual probability of re-
covery f was different for males and females but
constant over years (see Table 4). During 1960-
1998, the annual probability of recovery was 0.027
6 0.002 for males and 0.019 6 0.001 for females.
These values were significantly different (Wald test:
z¼ - 4.345, P , 0.001). The average over sexes was
0.023 6 0.001. Similarly, during 1960-1998, the
annual probability of survival for North American
teal was constant over years, and was 0.545 6 0.010
for both sexes. The annual probability of harvest
was constant over time and not significantly differ-
ent between sexes (Wald test: z¼ -1.229, P¼0.055).
For the period 1960-1998, it was 0.058 6 0.012 for
females, and 0.084 6 0.017 for males. The average
over sexes was 0.071 6 0.014.

Comparison between Europe and North America
As indicated earlier, recoveries were strictly restrict-
ed to September-February in North America,
whereas in Europe, a significant amount of recov-
eries was actually observed during the spring/sum-
mer period. For the comparison between Europe
and North America, these SF recoveries were dis-
carded, and the annual probability of recovery fyr
was estimated in Europe using periods FW andWS
only. In addition, we considered only the overlap-

Table 4. Summary of model selection results for the North American data. Only the initial model, three examples and the best QAICc

model (bold) are presented. Contrary to Table 3, transience was not accounted for in all models presented here, it is therefore denoted as
transient when relevant. For the North American data, parameters were estimated on an annual basis (see text), thus there is no ’season’
effect as in Table 3. Notation is otherwise the same as in Table 3, with main effects in plain text and additional details in subscripts. Time
indicates a year to year variation.

Model Survival, S Recovery, f Deviance k DQAICc

Initial sex sex 25645.1 4 21.4

Model 15 sex * transientfFg sex * transientfMg 25628.4 6 8.7

Model 21 sex sex * transientfMg * time 25467.4 121 77.7

Model 49 sex * transientfFg sex * transient * timefM a1g 25545.5 44 1.8

Model 42 transient sex * transientfMg * timefM, a1g 25545.7 43 0.0
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ping period between the two data sets, i.e. during
1960/61-1975/76. Over this reduced period, the
probability of recovery (average over sexes) was
0.0576 0.019 in Europe and 0.0236 0.001 inNorth
America. These values were significantly different
(Wald test: z¼ 11.701, P , 0.001).

To compare the annual probability of survival
between Europe and North America, we used the
weighted (using sex ratio) average over sexes (0.492
6 0.101) for Europe and the estimator provided by
the best AICc model for North America (0.544 6

0.010). The annual probability of survival was
highly significantly different between Europe and
North America (Wald test: z¼ -3.130, P , 0.001).
However, the sex ratio among recoveries was 3.6
males per female in the North American data
whereas it was more balanced (1.4 male per female)
in Europe. Given that in Europe, the probability of
survival was higher for males than for females, such
a differential sex ratio may lead to a higher overall
apparent probability of survival in North America.
Nonetheless, applying a 3.6:1 sex ratio to the Euro-
pean data and estimating the weighted average of
the annual probability of survival as 0.22*S

/
þ

0.78*S
?
, i.e. artificially increasing the probability of

survival in Europe, did not change the conclusion.
Even then, the annual probability of survival re-
mained significantly lower (Wald test: z¼-1.982, P¼
0.012) in Europe (weighted average over sexes:
0.508 6 0.105) than in North America (0.544 6

0.010).
For the period common to both data sets (1960-

1976), the annual probability of harvest (average
over sexesweighted using sex ratio)was estimated to
0.165 6 0.003 in Europe, and to 0.071 6 0.014 in
North America, assuming the same ring reporting
rate d¼0.320 6 0.063 for both locations. These two
estimates were highly significantly different (Wald
test, z¼ 5.357, P , 0.001).

Ring reporting rate when harvest rate is the same in
Europe as in North America
When considering that the harvest rates is the same
in Europe as in North America, the null hypothesis
of the Wald test used for the comparison becomes
HEU ¼HUS. Given the survival and recovery rate
estimates we obtained for Europe andNorth Amer-
ica, this hypothesis would be rejected (i.e. z � 1.96)
only if the ring reporting rate inEuropewas� 0.797.
We discuss the relevance of such a high value below.

Discussion

Results concerning Europe only

The particularities of the European data presented

in our paper allowed us to estimate seasonal esti-
mates of survival and harvest probabilities. Month-
ly survival was lower during the hunting period (i.e.
periods FW and WS) than in the non-hunting

period (SF), thus suggesting an impact of hunting
on survival of the Eurasian teal. However, during
the period considered in our paper, spring hunting
was allowed in some European countries (Kostin

1996), and therefore period SF cannot be consid-
ered as an entirely non-hunting season. In addition,
the hunting season we considered in our paper also
included migration events, which can take a sub-
stantial toll on survival (Menu et al. 2005, Newton

2006), as well as winter and possible cold spells, to
which teal are particularly sensitive (Lebreton 1973,
Ridgill & Fox 1990, Bennett & Bolen 1978).

Our results indicated that annual probability of
survival was sex-specific. However, seasonal surviv-
al was sex-specific only for period SF. This suggests
that difference in annual survival betweenmales and
females is likely due to differential parental invest-
ment during the reproduction season. Indeed, males
areknowntodesert immediatelyafter eggsare layed,
and females provide all parental care, thus compar-
atively increasing their energy demand and risk of
predation while on the nest (del Hoyo et al. 1992).

In any case, our estimates of the annual proba-

bility of survival were similar to those obtained by
Gitay et al. (1990) and by Boyd (1957), but slightly
lower than estimates by Bell & Mitchell (1996), al-
though the latter were derived from collected wings

and population trends, and thesemethods are not as
reliable as capture-recapture to estimate survival.

When calculated over the whole year, including
the ’non-hunting’ period SF, annual harvest rate
was higher for females than for males, which sug-
gests that females could be more sensitive to hunt-

ing, and the sex ratio of recoveries was skewed to-
wards males. However, the data also included more
males at time of ringing, reflecting the traditional
skewed sex ratio in wintering populations, due to

the differential parental investment during the re-
production season.

Results concerning North America only

While one may expect the annual probability of
survival to be sex-specific in North America, as in
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Europe, our estimate was constant over time and
across sexes. It was similar to that obtained by Chu
et al. (1995). Both the ring recovery rate and the
harvest rate were nonetheless different between
sexes and higher for males than for females. Al-
though this could reflect an actual difference in
report and/or kill rate, this is unlikely. It is worth
noting that in our North American data, the sex
ratio was strongly biased towards males, both at
time of ringing and among recoveries. Hence,
female-related data may not have been sufficient
to properly estimate a separate probability of sur-
vival for females, although it was sufficient to esti-
mate a sex-specific probability of recovery. These
results could also be the result of an artifact in the
data due to the post-season ringing.

Comparison between Europe and North America

According to our best AICcmodels for both Europe
and North America, the annual probability of
recovery was higher in Europe than inNorth Amer-
ica. During the considered period, European hunt-
ers were possibly more inclined to report rings, or
were actually killing more birds. However, our data
do not allow us to conclude on this point.

Annual survival probability was significantly
higher in North America than in Europe. This held
true evenwhen artificially biasing the sex ratio to 4:1
males in the European data, thus increasing the
average survival across sexes due to the higher sur-
vival of males. This difference in survival between
Europe and North America was thus fairly robust.

Although many factors could explain the differ-
ence in survival between Europe and North
America, one possible explanation is the impact of
harvest. During the years included in our study, the
annual harvest ratewasmuch higher in Europe than
in North America. However, estimating the harvest
rate is conditional on the availability of an estimate
of the ring reporting rate. Although the ring
reporting rate was estimated to ;50% in the 1970s
(Henny&Burnham 1976), we used the value of 32%
provided by Nichols et al. (1991) in our analyses.
Hence, we assumed that the reporting rate was the
same in Europe as in North America, and the same
for teal as for mallard. While a potential difference
between bird species should be adequately tested, it
is known that within a species, the reporting rate
varies geographically across North America (Nich-
ols et al. 1995b), and is thus likely to be different
between Europe and North America.

To our knowledge, no reward ring scheme has
ever been carried out in Europe, and incentives to
report rings have been being put in place in the last
few years only. By comparison, reward ring studies
are almost routinely carried out in North America,
and a toll-free phone number which hunters can call
to report rings has been engraved on rings for more
than a decade (Royle&Garrettson 2005). Although
we do not have any information for the 1950s and
1960s, we believe that the ring reporting rate is lower
in Europe than in North America.

We acknowledge that our data are fairly old and
may not adequately represent the current situation.
In particular, one may argue that the harvest rate
may have decreased substantially since the 1950s.
Indeed, during the last 10-20 years, spring hunting
has been banned, and hunting season length has
been reduced in most European countries (Mooij
2005). Other European measures such as the Bird
Directive or the recent ban of lead ammunition, as
well as the loss of interest of younger generations for
hunting, also contributed to reducing the annual
waterfowl harvest. Similarly, the ring reporting
seems to vary significantly across time. For exam-
ple, the proportion of fitted rings that were returned
(which is only an approximation of reporting rate,
since it also includes kill rate) decreased from;18%
to ;10% between the 1950s and the 1970s in teal
(Guillemain et al. unpubl. data), as it did in other
bird species (Grantham 2009).

Could the harvest rate have decreased to a level
similar to our estimates forNorth America? Instead
of estimating the harvest rate in Europe HEU under
the assumption that dEU¼dUS (with d being the ring
reporting rate), it is also possible to estimate the ring
reporting rate in Europe dEU under the assumption
that HEU¼HUS. Based on our data, for the annual
harvest rate to be the same in Europe as in North
America (i.e.;7%), at least 80%of ringswould need
to be actually reported by hunters. In the late 1980s
in North America, such a high value could only be
reached if a $40 reward was granted to hunters
reporting rings (Nichols et al. 1991). Without a re-
ward, this value was reached only recently in North
America, after more than 10 years of use of a toll-
free phone number engraved on the rings, and
several advertisement/incitement campaigns (Royle
& Garrettson 2005). Therefore, the ring reporting
rate is very unlikely to be as high as 80% in Europe
where virtually nothing has been done until very
recently to incite hunters to report rings. This result
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validates the fact that the annual harvest rate is
higher in Europe than in NorthAmerica. Indeed, if,
in Europe, the ring reporting rate is unlikely to be
higher than 80%, then the annual harvest rate is
equally unlikely to be lower than ;7%, and is
therefore between 7% and 18%.

Assuming that harvest has an impact on survival,
one may expect a stronger difference in annual
probability of survival between the two continents,
with respect to the observed difference in annual
harvest rates. In addition, there is no noticeable
difference in the reproductive output of the two
subspecies. Although hatching success is not well
documented, egg size, clutch size and brood size are
about the same in Europe and in North America
(;45333 mm, 8-10 eggs and ;5 ducklings, respec-
tively, Johnson 1995, Cramp&Simons 1977). Over-
all, teal is a ’fast’ species that reproduces early in life,
produces numerous offsprings and dies relatively
young. Good reproduction probably plays an
important role in the teal population dynamics, as
it compensates for losses due to hunting (Kalch-
reuter 1996).

Compensation

Our study does not rule out, nor allows testing for,
the possible compensation of hunting mortality
through density-dependent mechanisms, mostly
because of year-round recoveries, which prevent
us from estimating survival in absence of hunting.
However, evidence for compensatory mortality is
fairly elusive and the principle itself is still debated
(e.g. Pöysä et al. 2004). In particular, the effects of
compensation are confoundedwith those of harvest
(Sedinger et al. 2007), which favours using additive
models for management rather than compensatory
models (Conn & Kendall 2004). Yet, this latter
point is valid only when model-based management
is implemented, which is far from being the case in
Europe (see Elmberg et al. 2006). If compensation
occurs, it is probably at a fairly low level (Lebreton
2005), which would be insufficient to compensate
for 18% harvest, especially if we consider that our
estimate of the harvest rate did not account for
crippling (and lead poisoning) loss. It is also unclear
how much harvest can be compensated for in the
presence of other sources of mortality such as pro-
longed bad weather conditions, for example.

Little is known about the interaction between
harvest andweather conditions, and its effects on the
dynamics of waterfowl populations. Although we

did not specifically test for the effect of cold winters
on survival, we noticed that in Europe, the peaks of
mortality corresponded to the worse winters on
record (winters 1955/56 and 1970/71). The currently
available information does not allow determining
what was the relative contribution of hunting, cold
spells and migration to the variation in survival.

Teal are particularly sensitive to cold spells, and
they move towards southwestern Europe in case of
adverse weather (Lebreton 1973, Ridgill & Fox
1990, Bennett & Bolen 1978). In addition, teal also
frequently change flyways during migration events
(Guillemain et al. 2005). As shown by simple popu-
lation modelling (not presented in our paper,
though see Devineau 2007), such movements may
contribute to the apparent paradoxical increase of
the population mentioned above.

With our estimates, the population crashes when
it is modelled as whole, which is inconsistent with
the observed stable/increasing trend (Delany &
Scott 2006). Demographic parameters are probably
not homogenous across Europe, and the population
may present a source-sink dynamic. For example,
the total number of harvested ducks is higher in
western Europe than in eastern Europe (Mooij
2005), and other demographic parameters are likely
spatially variable as well. Hence, when modelling
the population as two sub-populations differing by
their harvest rate, the population does not crash
anymore. In particular, a small amount of exchange
from the low-harvest region to the high-harvest
region allows the high-harvest sub-population to
maintain itself, whereas it would otherwise crash in
absence of exchange. However, a higher rate of ex-
change from the low-harvest to the high-harvest
sub-population eventually leads to the crash of the
whole population, because immigration then does
not allow the sink to sustain itself (Lebreton &
Gonzalez-Davila 1993).

Management implications

During the 1950s and 1960s, the harvest rate of teal
in Europe was about three times higher than in
North America. Survival was not so different, thus
indicating that harvest has relatively little impact on
the survival of a fast species such as the teal.
Although only 15% of the juveniles produced a
given year reach the wintering grounds (Guillemain
et al. 2010), good reproduction seems to compen-
sate, at least partially, for losses due to hunting.
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Other compensationmechanisms could not be ruled
out from our study.

Because of the historical nature of our data, our
results do not necessarily represent the current situ-
ation. New ringing programmes are carried out in
various European countries since the early 2000s,
which will help to update our results.

In particular, the annual harvest rate and the ring
reporting rate have probably decreased since the
1950s (Grantham 2009). North America has a
several decades-long history of science-based wa-
terfowl population and harvest management, to-
gether with several incentives for hunters to report
rings,whereasmost European countries barely have
any information at all on hunting statistics, let alone
a proper management strategy. It is thus very un-
likely that the current ring reporting rate reached in
Europe will reach the level it now has in North
America, i.e. about 80% (Royle&Garrettson 2005).
In other words, the current harvest rate in Europe
probably lies somewhere between our estimate for
Europe (;18%) and our estimate for North
America (;7%).

As a fast species, teal has a good capacity to
withstand some level of harvest, and compensation
mechanisms other than reproduction could not be
ruled out with our study. However, it is unknown
how much harvest the European teal population
can stand, and how this compensation of hunting
losses interact with other factors such as weather
conditions, for example. In addition, the population
is currently considered to be globally increasing
(Delany & Scott 2006), but on the basis of counts,
which are only moderately reliable as management
tools. Stabilitymay be apparent only, and the popu-
lation may actually involve a source-sink system
that maintains regions where harvest is high at the
(hidden) expense of regions where harvest is lower.

As a conclusion, it seems clear to us that subtle
population mechanisms, such as the intricacies of
spatial heterogeneity in harvest intensity and move-
ment, may seriously complicate attempts to prog-
ress towards scientifically-based management of
harvestedpopulations.Comparingpopulations and
situations seem to us particularly relevant and
worthwhile in such a context.
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