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Abstract

More than three million farmed mallards are released annually for hunting purposes in Europe. The ecological impact of these
releases depends on how many birds survive to join the wild breeding population. We estimated annual survival in farmed-
released and wild-caught Swedish mallards, using mark-recapture data. In 2011-2018, we ringed 13,533 farmed ducklings
before release (26.5% recovered). Most recoveries were birds shot at the release site, while only about 4% were found >3 km
away. In 2002-2018, 19,820 wild mallards were ringed in Sweden, yielding 1369 (6.9%) recoveries. Like in farmed-released
birds, most recoveries were by hunting, but 91.1% of recovered wild mallards were >3 km away from the ringing site. Annual
survival rate in farmed-released mallards (ringed as pulli) was 0.02. In wild mallards (ringed as fledged or fully grown), annual
survival was lower in females (0.64) than in males (0.71). At two sites in 2018, farmed ducklings were released in two batches 3
weeks apart to study the effect of early versus late release date, while controlling for body condition (BCI). Ducklings released
carly had a higher BCI and were recovered earlier (lower longevity) than those released late. Individual BCI and longevity were
not correlated in recovered ducklings. Based on our estimate of annual survival in farmed-released mallards, a substantial
number, i.e., 5000 (95% CI, 3040-6960), join the wild population annually. Despite being fed, a large proportion of released
ducklings does not survive until the hunting season. Early releases may maximize pre-hunting survival. Repeated releases may
prolong hunting opportunities and increase hunting bags.
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Introduction

The mallard (Anas platyrhynchos) is a model species in wa-
terfowl ecology, zoonotic research, wetland conservation, and
wildlife management. It is also the world’s most numerous
and widely distributed dabbling duck, whose global popula-
tion is estimated at 20 million individuals (Wetlands
International 2020). It provides a host of ecosystem services
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(Green and Elmberg 2014) and it is one of the most harvested
game species worldwide. In the European Union alone, there
are more than 6.4 million registered hunters (Hirschfeld et al.
2019), which together bag more than 4.5 million mallards
annually (Hirschfeld and Heyd 2005).

The long-standing popularity of waterfowl hunting pro-
vides an important base for massive management programs
in the northern hemisphere. These efforts amount to huge
monetary values and largely focus on habitat conservation
and restoration, as well as on cooperative schemes over larger
areas to monitor recruitment and harvest (U.S. Fish and
Wildlife Service 2016). However, there is also a long tradition
of supplementing huntable populations by releasing mallards
reared in captivity (hereafter called “farmed”) into the wild, at
or near sites where they are later hunted (Leopold 1933;
Soderquist 2015).

Already in the first half of the 20th century, such local
population restocking became a common practice in North
America (Brakhage 1953; Lincoln 1934). After studying the
fate of released mallards, the practice was deemed expensive
and non-efficient on this continent due to low survival, re-
duced migratory propensity of surviving released birds, and
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in the end a low contribution to the hunting bag (Brakhage
1953; Errington and Albert 1936; Lincoln 1934). Despite the
subsequent general abandonment of mallard restocking in
most of North America, it has become, and still remains, a
common practice in Europe. For example, in France, 1.4 mil-
lion farmed mallards are released annually (Mondain-Monval
and Girard 2000); in Denmark, the corresponding number is
400,000 (Noer et al. 2008); and in Sweden, more than 250,000
(Soderquist 2015). Altogether, more than 3 million farmed
mallards are released in Europe each year for restocking or
hunting purposes (Champagnon et al. 2013). This number can
be compared to a total breeding population of about 4.5 mil-
lion pairs in Europe (Delany and Scott 2006), which inevita-
bly raises the question of how introductions affect the wild
mallard population.

The early studies by Lincoln (1934) and Errington and
Albert (1936) based on ringing of farmed versus wild mallards
showed that only about 1.5% of the former were reported
back, compared to about 12% of the latter. In addition, post-
release dispersal of farmed mallards in these studies was lim-
ited compared to that of wild mallards. Low pre-hunting sur-
vival of farmed mallards has later been confirmed in several
studies in North America (Brakhage 1953; Dunn et al. 1995;
Soutiere 1989) as well as in Europe (Fog 1964, 1965;
Fransson and Pettersson 2001). Interestingly, the difference
in survival between wild and farmed mallards may not primar-
ily be a result of higher hunting pressure on the latter, as
research has demonstrated that their survival is lower also in
the absence of hunting (Champagnon et al. 2011).

Further concerns have been added to the issue of restocking
practices of mallards. Due to crowded conditions and high
numbers of immuno-naive individuals, mallard farms have
been implicated as problematic from viewpoints of veterinary
medicine and zoonotic disease (Markwell and Shortridge
1982). Moreover, mallard breeding stock in farms is often
not of native provenance. Release of such birds thus creates
a risk of eroding local genotypic adaptation by introgression
into local wild populations by birds that survive the hunt
(Champagnon et al. 2012). Recent European studies of mal-
lards imply that such introgression has already occurred and
that it may affect morphology as well as migratory behavior
(Soderquist et al. 2014, 2017). This too calls for an improved
understanding of the magnitude of the number of farmed mal-
lards that survives hunting and potentially enters the wild
breeding population.

A widespread argument for releasing mallards is to main-
tain high hunting bags without negative impact on the wild
breeding population. This assumes that released birds survive
until the hunting season starts and that they are overrepresent-
ed in the subsequent hunting bag. From a European
perspective—and indeed anywhere restocking of mallards is
practiced—it is thus crucial to obtain a better understanding of
how surviving farmed individuals affect the wild population.

@ Springer

A first step towards gauging their impact is to document sur-
vival and see if it differs from that of wild mallards.

As described above, previous studies comparing survival in
wild versus farmed mallards provide a picture of lower sur-
vival in the latter. However, most of these studies were carried
out several decades ago, when hunting pressure was different
and before changes in climate and agricultural practices made
it easier for mallards to survive the winter in many areas
(Guillemain et al. 2010; Gunnarsson et al. 2011). These
changes may benefit released mallards more than local wild-
type conspecifics, as the former are less inclined to migrate
(Soderquist et al. 2013). Also, earlier studies have been based
on local rather than national data, hence not embracing the
substantial variation in the number of released birds among
large- and small-scale restocking sites. Finally, research on
wild mallard broods shows that survival is generally higher
in early hatched broods than in late (e.g., Norris 1993 and
references therein; Rohwer 1992; Verhulst et al. 1995). It is
not known if this is true also for farmed ducklings, but if so, it
is an important aspect for managers who want to maximize the
hunting bag. It will also influence how many birds survive
long enough to enter the wild breeding population.

Using nation-wide data from Sweden and own ringing data
from 21 sites spread out over the main regions in Sweden
where mallard restocking is practiced, mortality causes as well
as annual survival and recovery probabilities were estimated.
For the latter (annual survival and recovery), effects of sex,
age, and year were considered. Based on previous research,
the following predictions were addressed:

1) Farmed mallards have lower annual survival than wild
mallards.

2) In released farmed ducklings, longevity (here, time from
ringing until recovery) is positively related to body con-
dition at the time of release.

3) Inreleased farmed ducklings, longevity is higher in early
releases than in late.

Material and methods
Ringing and release of farmed mallards

A total of 13,533 farmed mallard ducklings were ringed be-
fore release in 2011-2014 and 2017-2018, in 14 different
areas in southern Sweden (21 release sites; Table 1). Both
small- and large-scale restocking sites were included in the
study. In areas 1-10, rather few mallards were released, all
were ringed (mean + 1 SD, 321 + 209; range, 10-750), and
only educational or leisure hunts were conducted. In areas 11—
14, large numbers of farmed mallards without rings were
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released alongside the ringed ones, and hunting opportunities
were sold on a commercial basis (Table 1).

At the time of ringing, ducklings were two to 3 weeks old,
at which age tarsus width is close to final adult width
(Greenwood 1975), with low risk for ring loss. At this age,
sex determination by cloacal examination, so called vent
sexing, is possible (Hochbaum 1942). However, it is an inva-
sive as well as a time-consuming technique and was therefore
not used in this study. Hence, all analyses including sex as a
variable were dependent on sex being reported after recovery.
Ringing occurred the same day as release, which took place
between the end of May and the beginning of July, depending
on year and site. Consequently, release date was seven to 13
weeks before the start of the hunting season in Sweden
(August 20th). The mallard season closes December 31st.

Birds were ringed with conventional tarsal steel rings from
the Swedish Bird Ringing Centre (SBRC; Museum of Natural
History, Stockholm). Each ring has a unique number and a
web address showing where recoveries and observations can
be reported.

All ducklings released in 2018 (2500) were weighed and
their tarsus length was measured with calipers. The latter mea-
surement was made on different birds by two persons. When
controlling for measurement bias between the two, a signifi-
cant difference was found (¢ test, p < 0.0001, = 22.134, df =
2497). As no such difference should be expected between the
two groups, which were randomly chosen ducklings from the
same captive population, tarsus length was increased by 5.2%
for data from the “lower measuring person,” to compensate
for the mean difference.

In 2018, ducklings were released in two batches 3 weeks
apart (May 30 and June 19) at sites 8.2 and 8.3 (500 + 500 at
8.2, and 750 + 750 at 8.3; Table 1); they were the same age
(days since hatching) at the time of their respective release.
This part of the study design was thus tested for the equivalent
of early versus late broods and not for duckling age per se (cf.
Sjoberg et al. 2010).

Atall release sites, supplemental feeding occurred from the
day of release until the last hunt of the season. However,
feeding was suspended if ice formed on a release wetland to
encourage mallards to commence migration. Landowners and
hunters at release sites were instructed to note ring number,
date, sex, and recovery details (e.g., shot or taken by predator)
of all dead recovered mallards. Recoveries or sightings away
from the release sites were reported to the SBRC by hunters,
ornithologists, and other people. Such data were subsequently
reported by the SBRC to us.

Education
Leisure
Leisure
Education
Education
Education
Leisure
Leisure
Leisure
Commercial
Commercial
Commercial
Commercial

37 (12%)

28 (8%)
65 (10%)

100 (20%)
154 (21%)
254 (20%)

500
750
1250

166 (33%)
157 (21%)
323 (26%)

500
750
1250

21 (11%)
23 (10%)

2 (6%)

175 (35%)
209 (21%)

34 (7%)
13533 released, 3060 (22.6%) shot, 1077 (26%) wild in hunting bag

500
500
1000

60 (56%)

N/A
N/A

133 27%)
89 (27%)
324 (27%)

500
335
1186

Ringing and recovery of wild mallards

To assess mortality patterns and annual survival of farmed and
wild mallards, we used complete nationwide capture-
recapture data from 2002-2018 for the latter group, provided

Table 1 (continued)

Annual total
Grand total

N
~

8.2
8.3
10
11
12
13
14

7.5
8.1
9.1
9.2

@
~
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by the SBRC. In total, 19,820 wild mallards were ringed in
Sweden during this period, of which 6674 were sexed as fe-
males, 11,473 as males, whereas 1673 were not sexed. Of
these mallards, 1369 were subsequently reported to SBRC
as dead recoveries.

To make the estimates of mortality patterns and annual
survival comparable to those in earlier analyses of the same
population of wild mallards, we used the same filtering criteria
as in Gunnarsson et al. (2008) to refine the recovery data set.
In brief, we excluded data concerning birds for which circum-
stances deviated from normal conditions in any way (e.g.,
manipulation, poor condition) or if there were any uncer-
tainties in recovery information (e.g., date, status). In line with
Gunnarsson et al. (2008), mallards ringed or recovered in park
areas in the city of Malmo (55° 34'-55° 37" N, 12° 58'-13° 02’
E) were also excluded from the analyses.

Capture-recapture analysis of wild and farmed
mallards

Annual survival of wild and farmed mallards was analyzed
using the Seber modelling approach based on recoveries of
dead birds only (Seber 1970) using program MARK (White
and Burnham 1999), yielding estimates of survival (S;) and
recovery (r;; i.e., the probability of being recovered and
reported).

Data from the farmed mallards were from fewer years than
were data for wild. In addition, all farmed mallards were
ringed as pulli (i.e., downy flightless young) but the wild ones
as fledged (the sample of ringed wild pulli was too small to
analyze). Two separate analyses were therefore carried out:
one for farmed mallards (n = 10033; only data from years
2011-2014 were analyzed since there was not any ringing
done in 2015 and 2016, i.e., data from 2017-2018 were not
included in order to obtain a continuous time series) and one
for those ringed as full-grown birds in the wild, i.e., as juve-
niles (first calendar year), adults (second calendar year or
older), or of unknown age (first calendar year or older) (years
2002-2018). In the latter analysis, six groups were contrasted:
(1) adult females (n = 1439), (2) juvenile females (n = 2979),
(3) unaged females (n = 1300), (4) adult males (n = 4746), (5)
juvenile males (n = 3985), and (6) unaged males (n = 1370).

For each individual mallard, an encounter history was con-
structed in a “live-dead” format. Since “occasion” was years
(four for farmed mallards ringed as pulli and 17 for full-grown
wild birds), estimates of survival and recovery were on an
annual basis, i.e., from ringing in year i to i + 1. Goodness
of fit was estimated with parametric bootstrapping, running
100 simulations of the most parameterized model from each of
the two analyses. Overdispersion was then corrected for by
adjusting the variance inflation factor (¢) by dividing observed
¢ by the mean ¢ from the simulations.

From the most parameterized model, we ran the simplified
models that were deemed biologically relevant (Doherty Jr.
et al. 2002) and ranked them based on the quasi-likelihood
Akaike’s Information Criterion (QAICc) (Akaike 1973;
Burnham and Anderson 2002). Models differing > 2 in
QAICc were considered being different from each other.
Conversely, models were regarded as having similar fit if
the difference in QAICc was < 2. In the latter cases and in
line with parsimony, the least complex model was ranked as
being superior to more complex models.

Body condition, longevity, and early versus late
release of farmed mallards

We used general linear models (GLM) to study effects of sex,
release occasion (fixed factors), and site (random factor) on
body condition. Such an index (i.e., body condition index
(BCI)) was calculated using residuals in a body mass—tarsus
length regression (Jakob et al. 1996; Schulte-Hostedde et al.
2005; but see Green 2001) and based on data of farmed mal-
lards released in 2018 at sites 8.2 and 8.3 (Table 1). Along
with the main effects, the interaction between the two fixed
factors was analyzed in the GLM. Non-significant variables
were removed from the analyses according to a backward
stepwise model selection approach.

To analyze effects of BCI and release occasion (early ver-
sus late) on longevity (again, only data from 2018), defined as
the number of days from release date until recovery date, non-
parametric tests were used since data (residuals) were not nor-
mally distributed. Consequently, Spearman correlation was
used to study the relationship between longevity and BCI,
whereas the Mann-Whitney U-test was used to compare early
versus late releases. To compensate for the fact that half of the
ducklings were released 20 days before the second half, 20
days was subtracted from the total longevity for the former.
Further, an independent samples ¢ test with unequal variances
was used to analyze if release occasion influenced BCI for
recovered mallards. A chi-square test was used to analyze if
recovery rate differed between the two release occasions at
sites 8.2 and 8.3 in 2018.

SPSS 24 was used for all statistical analyses.

Results
Recoveries of farmed and wild mallards

In total, 3583 (26.5%) of the 13,533 farmed mallards were
recovered, of which 35.5% were reported as females, 36.1%
as males, and 28.4% as not sexed. Among the recovered birds,
3348 (93.4%) were reported as shot during hunts (anywhere),
of which 37.1% were reported as females, 37.3% as males,

@ Springer
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and 25.6% were not sexed. Harvest at the release sites peaked
in the second half of September (Fig. 1).

In total, 3060 (22.6%) of the released mallards were shot
during hunts at the release site, that is, one kilometer or less
from where they were released. On the site level, the share of
released birds subsequently shot locally varied between 0 and
71% (Table 1). The share of unringed (i.e., assumed wild)
mallards shot at the release sites varied between 1 and 97%
(Table 1). Of all recovered farmed mallards, 4.1% (147) were
found more than 3 km from their release site, of which 79.6%
were recovered as shot, 11.5% were observed alive, 4.8%
were found dead (unknown cause), 3.4% were taken by other
animals, and 0.7% had joined domesticated mallards at a farm.
Of these “external” recoveries, 108 were from Sweden, 34
from Denmark, 4 from Germany, and 1 from Poland.

Of the 19,820 wild mallards ringed in Sweden during the
study period, 1369 (6.9%) were subsequently recovered and
reported to SBRC, of which 29.6% as females, 67.7% as
males, and 2.7% as unsexed. Of the recovered birds, 968
(70.7%) were reported as shot during hunts, of which 26.8%
as females, 71.5% as males, and 1.8% as unsexed. In con-
trast to the farmed mallards, no clear temporal harvest peak
was seen among wild mallards (Fig. 1). Further, 16.1% were
observed alive, 6.1% were found dead (unknown cause),
2.6% had collided with objects, 1.6% were taken by other
animals, 1.6% were injured or sick, whereas the remaining
1.2% were reported as referring to “other circumstances”.
Of all recovered wild mallards, 91.1% (1247) were found
more than 3 km from their ringing site, of which 269 in
Sweden, 323 in Denmark, 205 in Finland, 163 in
Germany, 122 in Russia, 58 in the Netherlands, 30 in
Poland, 25 in Latvia, 22 in France, 11 in Estonia, 4 in
England, 3 each in Belgium and Czech Republic, 2 in
Norway, and 1 each in Georgia, Ireland, Italy, Lithuania,
Romania, Scotland, and Ukraine.

Fig. 1 Semi-monthly distribution 1100
of recoveries of harvested farmed
(blue, n =3348) and wild (red, n =
968) mallards in Sweden 2002—
2019. Mallards recovered in 800
spring were primarily from other
countries than Sweden, which still
permit spring hunting

1000

Harvested mallards

o
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@ Springer

Q o
%%Q%zQOQQ eé

Table2 Model results for survival (S) and recovery (r) parameters from
analyses of farmed pullus-ringed mallards in Sweden in 2011-2014

(year)

Model QAICE*  AQAIC®  wf K% QDeviance®
1.S() r(year) 514337  0.00 100 5 3.67
2.50) () 520142  58.05 0.00 2 67.73

# Quasi-likelihood Akaike’s Information Criterion adjusted for low sam-
ple size

® Difference in QAICc between the actual model and top model
€ Model weight
9'Number of parameters

¢ Deviance adjusted for overdispersion

Annual survival of farmed and wild mallards

In the analyses of farmed mallards ringed as pulli,
overdispersion was controlled for by adjusting ¢ to 2.33, de-
rived by dividing the deviance (8.56) from the most parame-
terized model (#1 in Table 2) by the mean deviance from the
bootstrap simulations of the same model (3.65). The corre-
sponding ¢ adjustment for the analyses of full-grown wild
mallards was 1.20, based on bootstrap simulations of model
#3 in Table 3 (observed deviance, 807.21; mean simulated
deviance, 675.43).

For farmed mallards ringed as pulli, there were only two
models with estimable parameters (Table 2). The highest
ranked model was outstanding compared to model #2 by the
inclusion of a year effect for recovery parameters. Real esti-
mates derived from the highest ranked model yielded an an-
nual survival rate of 0.02 (SE = 0.004), whereas the annual
recovery rate ranged between 0.18 and 0.31 (2011 0.28, SE =
0.02;20120.18, SE=0.01;2013 0.31, SE=0.01; 2014 0.28,
SE = 0.02).

500
400
300
200
. u
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Two models (#1 and #2) from the analyses of full-grown
wild mallards matched data better than others (Table 3). Since
inclusion of age changed QAICc only marginally, the less
complex model including a sex effect only for survival as well
as for recovery probability (#2 in Table 3) was regarded as
being superior. The general estimate of annual survival was
lower for females (0.64, SE = 0.02) than for males (0.71, SE =
0.01), as were also annual recovery rates (females 0.05, SE =
0.003; males 0.07, SE = 0.003).

Body condition, longevity, and release time of farmed
mallards

Descriptive statistics (mean, standard deviation, and sample
size) of body mass, tarsus length, and BCI for all released,
recovered, and not recovered mallards, as well as longevity
for recovered mallards, can be found in Table 4.

A GLM for all recovered ducklings in 2018 revealed that the
early batches had a significantly higher BCI than those released
3 weeks later (F, 531 = 7.931, p = 0.005). Recovered mallards
sexed as females had a significantly higher BCI at ringing than
did males (F;, sg; = 6.411, p = 0.012), whereas BCI did not
differ significantly between release sites (£, sg; = 0.003, p =
0.959). The interaction between sex and release occasion
showed a significant effect on BCI (Fy, sg; = 3.931, p =
0.048). An independent samples ¢ test did not show any signif-
icant difference in BCI between recovered and not recovered
mallards (1 = — 0.614, df = 2495, p = 0.539).

Looking at the recovered mallards only, there was not any
significant correlation between BCI and longevity (s = —
0.049, n = 601, p = 0.235). Further, Mann-Whitney U-tests

did not show any effect of release site (U = 44,062.5, ng, =
268, ng3 =333, p=0.786) or sex (U= 41,830, ngmales = 284,
Hmates = 302, p = 0.598) on longevity of recovered mallards.
There was, however, an effect of release occasion (early ver-
sus late batch) on longevity (U = 22,770.5, neay = 343, Rige =
258, p < 0.001); mallards released 3 weeks later had a higher
longevity than those released early (median,q, = 84 days, SE
= 2.54; mediany,. = 100 days, SE = 1.42).

Among recovered mallards, an independent samples ¢ test
with unequal variances showed that those released early had a
higher BCI than those released late (meancy, = 4.06, SD =
39.63; meany,, = — 3.53, SD = 35.45; ¢ = 2.467, df = 579.634,
p=0.014). A chi-square test demonstrated a higher percentage of
recovered mallards among those released early (27.4%) com-
pared to later releases (20.6%) (% =15.826, df =1, p <0.001).

Discussion
Recoveries of farmed and wild mallards

The higher recovery rate of farmed mallards compared to
wild-ringed birds was expected, as these birds are released
explicitly for hunting purposes and the hunters were instructed
to report all shot birds. Of all wild mallards ringed in Sweden,
a total of 10% have been recovered (Swedish Bird Ringing
Centre 2009). However, recovery rate has been declining dur-
ing the last 50 years and the rate of 7% for wild mallards found
in this study is consistent with the recovery rate reported by
Guillemain et al. (2011) for France. Even though the recovery
rate is higher than in wild-ringed mallards, there is still a

Table 3 Model results for

survival (S) and recovery () Model QAICca AQAICcb Wy K¢ QDeviance®

parameters from analyses of wild

mallards ringed in Sweden in 1. S(sex+age) r(sex) 8719.18 0.00 0.40 713.38

2002-2018 (year). Sex is male or 2. S(sex) r(sex) 8720.11 0.93 0.25 4 722.31

female, and age is juvenile, adult, 3 qeoy 1200 1vear) r(sextage) 8721.33 2.15 0.14 28 675.43

or unknown (but not pullus)
4. S(sex+age) r(sex+age) 8722.51 3.32 0.08 12 708.69
5. S(sex) r(sex+age) 8723.41 422 0.05 8 717.60
6. S(sex-+year) r(sex) 8723.63 4.45 0.04 20 693.78
7. S(sex) r(sex+year) 8724.32 5.14 0.03 20 694.47
8. S(.) r(sex) 8724.84 5.66 0.02 3 729.04
9. S(age) r(age) 8737.87 18.69 0.00 6 736.07
10. S(age) r(.) 8740.83 21.64 0.00 4 743.03
11. S(.) r(age) 8744.07 24.89 0.00 4 746.27
12. S(sex) r(.) 8745.89 26.71 0.00 3 750.09
13..8() () 8746.66 27.48 0.00 2 752.86

# Quasi-likelihood Akaike’s Information Criterion adjusted for low sample size

® Difference in QAICc between actual model and top model

€ Model weight

9'Number of parameters

¢ Deviance adjusted for overdispersion
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Table 4  Descriptive statistics (mean, standard deviation, and sample size) for body mass (gram), tarsus length (mm), and body condition index (BCI)
of mallards (recovered as well as not recovered), released in two batches 3 weeks apart at two sites (see Table 1) in 2018

Site and batch Measurement All released All recovered Recovered females Recovered males Not recovered
Mean SD n Mean SD n Mean  SD n Mean SD n Mean SD n
8.2 Body mass (g) 40093 524 499 409.81 51.7 167 403.06 49.0 69 41456 532 98 39646 523 332
Early Tarsus (mm) 5598 22 500 5622 21 167 5548 20 69 5675 20 98 5585 23 333
BCI -0.06 37.7 499 472 401 167 10.57 366 69 0.60 42,1 98 -—246 362 332
Longevity (days) - - - 90.31 37.1 167 8886 17.6 69 9133 462 98 - - -
8.2 Body mass (g) 33464 549 499 33891 60.0 100 333.24 51.15 58 346.74 704 42 33357 53.6 399
Late Tarsus (mm) 5227 24 500 5258 26 101 5227 227 58 5300 29 43 5219 24 399
BCI —324 343 499 -—-461 367 100 —-459 352 58 —464 39.1 42 -290 337 399
Longevity (days) - - - 111,15 283 101 111.19 295 58 111.09 27.0 43 - - -
8.3 Body mass (g) 40438 529 749 402.12 53.1 176 397.84 52.0 73 408.60 542 90 405.07 529 573
Early Tars (mm) 55.86 24 749 5585 25 176 54.95 25 73 5669 22 90 5586 24 573
BCI 551 403 749 343 393 176 1437 399 73 —443 382 90 6.14 40.7 573
Longevity (days) - - - 96.58 547 176 92.77 551 73 9124 41.1 90 - - -
8.3 Body mass (g) 331.14 509 750 334.10 S51.5 157 328.10 49.7 84 34158 533 71 33036 50.7 593
Late Tarsus (mm) 52.07 24 750 5222 24 157 51.78 22 84 5273 26 71 5203 24 593
BCI —-330 339 750 -—2.85 347 157 —-147 349 84 —423 351 71 -—-343 337 593
Longevity (days) - - - 101,72 177 157 9849 132 84 103.24 16.8 71 - - -

significant loss of birds, likely due to natural mortality, as few
venture far from the release sites according to our recovery
data (also supported by unpublished gps data). Hunting was
the most common cause of death in both groups, a fact that
compares well with earlier studies (e.g., Guillemain et al.
2015; Gunnarsson et al. 2008).

An interesting discrepancy appears between recovered
wild and released mallards. The sex ratio of shot and sexed
released birds is even, while that of wild mallards is strongly
skewed in favor of males. Wild duck populations frequently
have an uneven sex ratio skewed towards males (e.g., Nilsson
1976), which is corroborated by the present study. This wide-
spread pattern is most likely a result of higher breeding season
mortality in females (Arnold et al. 2012). However, this does
not entirely explain the dominance of males in the hunting bag
of wild mallards, as they rarely make up more than 60% of the
population (Nilsson 1976). The difference between the groups
(released versus wild) in this study is a bit puzzling, as most
recoveries in both data sets were made in fall and winter when
the population is dominated by first year mallards, long before
the next breeding season during which a higher mortality in
nesting females would manifest.

A main objective for landowners and managers releasing
mallards is to increase the hunting bag locally. The opinion
and impression of many landowners is that the majority of birds
shot on their land are the ones they have released; however, this
was not entirely supported by our data. Instead, the hunting
bags consisted of large numbers of unringed individuals, which
we presume to be wild conspecifics attracted by the supplemen-
tary feeding, or by the presence of farmed-released birds.

@ Springer

These patterns prompt the question of what happens to
“the missing” released mallards. Since a majority are not
recovered at the release site, it can either mean that they
have a high mortality prior to hunting and are thus never
recovered or that they are mobile and move away from the
release sites before hunting starts. Almost all released birds
that were recovered were shot near the release site, whereas
most wild mallards were recovered far away from the ring-
ing site. In other words, the farmed mallards appear to be
very sedentary. Some of the mallards in this study were
fitted with gps-loggers (a detailed analysis will appear in
a forthcoming paper) and most of those birds never ven-
tured away from their release site. It also seems to be a
general pattern that farmed mallards that survive the fall
hunt migrate later and sometimes slower than wild birds
(Brakhage 1953), even though they frequently adopt a nat-
ural migratory direction (Soderquist 2015). Taken together,
this suggests that “the missing” released mallards die at
their release site before the hunting season starts.

The number of released mallards and the hunting pressure
varied greatly among the study sites. Our study included re-
lease sites with low, intermediate, and high hunting pressure.
In actual numbers, there were obviously more mallards shot at
locations where releases were large (Spearman’s rho » =
0.806,n =37, p<0.01), but still there was not any correlation
between the number of released mallards at a site and the share
of released mallards in the subsequent hunting bag
(Spearman’s rho r = 0.264, n = 37, p = 0.114). Regardless,
we believe this study to be a fair representation of the situation
in Sweden and thereby that the average 22.6% harvest return
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is a representative number for farmed-released mallards in the
country.

Annual survival of farmed and wild mallards

Based on previous studies of recovery and dispersal (e.g.,
Brakhage 1953; Dunn et al. 1995; Fog 1964), there is a strong
indication that mortality rate is much higher in released birds
than in wild. However, our two modelling analyses are based
on Swedish mallards ringed in different life stages (pulli ver-
sus fledged), and the absolute survival rates produced in them
are thus not readily comparable. Instead, our mark-recapture
model for released mallards can be compared with Finnish
data based on ringed wild pulli (Gunnarsson et al. 2008),
which yields a clear difference: the annual survival estimate
for Finnish wild unsexed pulli was ten times higher than that
for our farmed mallards (0.21 versus 0.02).

Survival and recovery rates in released farmed mallards
have been studied since the early 1930s, when Lincoln
(1934) deemed releases of farmed mallards in North
America expensive and not practical, as only 1.5% of the
released birds were recovered. Also, Brakhage (1953) found
a 30% higher first fall mortality in released mallards compared
to wild. Several other subsequent studies corroborate low sur-
vival and recovery rates in farmed-released mallards, 0.19 and
0.33 first-year survival rates for males and females, respec-
tively, in Soutiere (1989); 5.3 times higher survival rate in
wild mallards in Dunn et al. (1995); and 0.18 survival rate
from release to onset of breeding season in Champagnon
etal. (2016). Note, however, that Lee and Kruse (1973) found
similar survival rates in wild and farmed mallards. Comparing
estimated survival rates between studies from different coun-
tries and decades is fraught with problems, though. Release
techniques, origin and age of released individuals, hunting
pressure, extent of supplemental feeding, etc. are all likely to
affect the outcome. Nevertheless, the general pattern is clear:
farmed released mallards have a much lower survival rate than
wild conspecifics.

The very low annual survival in Swedish farmed-released
birds can at least in part be explained by the high hunting
pressure at the sites where they were released. However, a
French study showed that survival in released mallards was
low even in the absence of hunting (Champagnon et al. 2011).
Natural duckling mortality has been shown to be highest the
first weeks after release (Champagnon et al. 2011; Osborne
et al. 2010; Schladweiler and Tester 1972), but because re-
leased mallards are fed ad libitum and often protected against
predators, their survival can potentially be kept high
(Champagnon et al. 2016). As less than a quarter of the re-
leased mallards in the present study were shot on the release
site and very few were recovered long distances from it, our
results nevertheless indicate that mortality is high directly after
release and during the summer, before hunting starts.

The underlying causes for high summer mortality cannot
be determined from our study, but as ducklings are often re-
leased in ponds or lakes of limited size, it may attract predators
as well as create an environment ideal for diseases and para-
sites. Ducklings are generally immuno-naive and therefore
more susceptible to disease (van Dijk et al. 2014). As a case
in point, a 99% infection rate of low pathogenic influenza,
HI10N7, was found at a game bird farm in southern France
(Vittecoq et al. 2012). Low annual survival in released mal-
lards may also be due to differences in morphology, such as
maladapted bills (Champagnon et al. 2010; Soderquist et al.
2014) or digestive organs (Champagnon et al. 2011). This
would influence their survival outside of the release wetlands
where they no longer have access to supplementary feeding.

The present annual survival estimates for wild Swedish
mallards are in line with recent values for Finland
(Gunnarsson et al. 2008). This is perhaps a bit surprising, as
the breeding population size is roughly the same in the two
countries, but the hunting bag is considerably larger in Finland
(Dalby et al. 2013). Also, releases of farmed mallards in
Sweden should ideally decrease hunting pressure on the wild
population (large-scale releases no longer occur in Finland).
Comparing survival estimates is frequently problematic, as
different analytical methods may yield different estimates.
However, the datasets in the present study and in
Gunnarsson et al. (2008) were filtered in the same way and
analyzed using the same methods and by the same person.

The pattern in the present study of higher annual survival in
wild males compared to wild females is consistent with the
findings in Gunnarsson et al. (2008) for Finnish wild adults
and juveniles. As discussed above, higher annual survival in
adult males is common in dabbling ducks. However, we found
such a difference in juveniles, too, i.e., for birds that have not
yet experienced a breeding season. That nesting females have
a higher mortality risk is therefore a moot point in this case.
The full explanation behind the difference in survival between
sexes is not clear to us and needs further attention.

Body condition, longevity, and release time of farmed
mallards

In the 2500 farmed ducklings that were measured before re-
lease in 2018 (Table 4), body condition index (BCI) was
higher in early batch birds than in late. This is somewhat
puzzling as age, origin, and feeding regime were the same
for the two batches. We speculate that light regime, tempera-
ture, or some other factor differed between batches and may
have affected their growth. On the other hand, duckling BCI
did not differ between the two release sites, which were sim-
ilar wetlands located only 21 km apart. In other words, we
should not expect any site effect in the analysis of recovered
birds, which also turned out to be the case. This indicates that
this result is generally applicable to releases, also in other
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geographical areas. BCI at release was higher in recovered
females than in males, i.e., the former had a higher body
mass/tarsus length ratio. Neither body mass nor tarsus length
should vary between the sexes in wild mallards in this early
stage of life (Office National de la Chasse 1982), which makes
our result hard to explain. What further complicates the matter
is that there was not any difference in BCI between all recov-
ered and not recovered mallards. Neither was there an effect of
sex on longevity. This suggests that the advantage of a high
BCI for wild mallards in natural environments in this case was
overridden by the supplemental feeding at release sites. We
argue that without the additional food, a higher BCI in re-
leased mallards would probably correlate with a higher sur-
vival. Results concerning differences between the sexes may
also be confounded by the fact that we only had data on sex for
recovered and not all released mallards.

Also, among the recovered ducklings, those from the early
batch had a significantly higher BCI at release than did the late
batch birds. However, in the end, there was no correlation
between individual BCI at release and subsequent longevity.
This indicates that food was not limiting from the time of
release until they were shot. Yet, longevity was higher in late
batch birds than in early, which is puzzling as both groups
were subjected to the same regime of hunting and disturbance.
We speculate that ducklings released later, which also had a
lower mean BCI, were more prone to act like young ducklings
in the beginning of the hunting season, showing less flight
activity, and as a result reducing the risk of being shot during
early hunts. As a consequence, a higher proportion of the early
released batch would have been shot early and the longevity
for the same birds lower. This view is supported by a temporal
difference in harvest date between the two groups, that is, an
earlier peak in early batch birds (Fig. 2). The overall higher
proportion of harvested birds in the early batch is probably
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Fig. 2 Semi-monthly distribution of recovery of harvested farmed
mallards during the 2018 hunting season, released at two sites either in
May (early batch; blue, n = 323) or June (late batch; red, n = 254)
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due to a higher pre-hunting survival in these birds compared to
the late batch. Lower survival in ducklings released later in the
season may be attributed to higher mortality when common
predators have young to feed.

Conclusions and implications

Even though the present study indicates that most released
farmed ducks die before the next breeding season, their
sheer quantity is likely to affect the population of wild con-
specifics. Based on our survival estimates and the estimate
of 250,000 farmed-released mallards in Sweden annually,
5000 (95% C1, 3040—-6960) will survive to potentially inter-
mix with the wild population. There are now well-grounded
conservation concerns that surviving released mallards may
introduce semi-domestic traits to the wild population
(Champagnon et al. 2012; Séderquist et al. 2017). A con-
cern for conservation as well as management is that a sig-
nificant share of the birds shot at release sites is in fact wild,
likely attracted to the wetlands by supplemental feeding.
This indicates that the practice of releasing farmed birds
for hunting to protect wild populations may actually have
the opposite effect. For wildlife managers whose goal is to
promote sustainable hunting bags, it may be very hard to
estimate the outcome of their efforts as long as they cannot
determine if shot mallards are farmed or wild. This can be
overcome by ringing released birds.

Our study shows that it is possible to affect harvest oppor-
tunities by altering the time of duckling release. Management
striving to maximize hunting yield should rely on early release
of ducklings, while those who wish to prolong the hunting
season can adopt additional releases closer to the start of the
hunting season. There is also a good potential to increase
duckling survival locally after release.
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