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Large-scale releases of native species: the mallard as a
predictive model system

Abstract

Humanalteration of natural systemand its consequencaseof great concern and the
impact on global ecosystems is one of the biggest threats that biodiversity stands
before. Translocations ofnvasive species as well asintraspecific contingents with
nonnative genotypeswhether they are deliberate or unintentl, are one such
alteration and its consequenegs continuously being assessed.

The mallard Anas platyrhynchgss the most numerousd widespread duck in the
world anda flagship in wetland conservatioit is alsoan important game species
which is heavily restocked for hunting purposes, especially in Europe where over three
million ducklings are released every year. Because dfuigedstatus,its abundance,
andthe number of released individualsc#in serve as model species to study effects
of releases, both for conservatiandrestockingfor hunting on wild populations.

In this thesis the status of the mallard was assessed in the Nordic countries and the
effects of releases on the wild populations were studied by mining historical ringing
data, comparing morphology of presefaty wild, farmed and historical mallardand
analyzingphylogeography of wild and farmed mallards in Europe. The status of the
mallard population in the Nordic countries are generally good, however, a joint effort
of European countries is needed to monitor and manage the popukatsgnificant
difference between wild and farmed mallards concerning longevity, migration, bill
morphology and genetic structuseas also found, together withigns of cryptic
introgressin of farmed genotypes in the wild population with potential fitness
reduction as a result. The effect is however limited by that only a fraction of released
farmed mallards reach the breeding season due to low survival.

A natural captive environment isumial to keep individuals wildike with high
survival rates after releasédowever,with an introgression of potentially maladapted
farmed genotypes leading to a reduction in fitness, a low survival of released mallards
would favor the wild population. Aegislative change regarding obligation to report
numbers, provenance, and release sites of farmed mallard should be considered,
together with practical solutions of ringing and genetic monitoring of released mallards.

Keywords:Anas playrhynchos Farmed Hunting, Introgression, Longevity, Mallard,
Migration, Morphology Population genetic, Restocking, SNPs, Sweden
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1 Introduction

Consequences of human alteration of nature are of greatrprand the
anthropogenic impact on global ecosystems is considered as one of the biggest
threats that biodiversity stands bef@wtouseket al, 1997. Invasive species

and releases of namtive species have been recognized as one of the major
ways in which biodiversity is threatené@lavero & GarcieBerthou, 2005
Chapin et al, 200Q. Both deliberate and unintentional relocations of-non
native species have occurred for many reasons and for a long time. Native
species have also been subjected to such relocations, and the consequences
thereof have only recently begto draw increased attentig@hampagnoret

al., 2012 Hodder & Bullock, 199)y. These relocations may involve
intraspeciic contingents with a nenative genomé¢Laikre et al, 2009.

1.1 Translocation of organisms

Human induced relocations of organisms, also known as translocations, either
unintentional or deliberate, have occurred for several thousands of years
(Grayson, 2001l Such translocations includietroductionsof species to areas
outside their nativeangesyeintroductionof species to areas from where they
have disappeared, amdgocking of species to increase the size of present
populations sizg Armstrong & Seddon, 2008 Exotic organisms may be
introduced in order to control pests, e.g. in biological cor(tidck et al,

2000, or for aesthetic and religious reas@Rex, 2009 Agoramoorthy & Hsu,
2007. In conservationieintroductions are used to-establish a species within

its historical range, preferably without disturbing the present ecosystem
(Armstrong & Seddon, 2008 Restocking is also used within conservation to
support threatened or declining populations by e.g. improving genetic
diversity, or by increasing actual numbers to reduce the risk of genetic or
demographic collapsgEwenet al, 2019. The terminology of translocations
has changed a lot over the yef@k$CN/SSC, 2013IUCN/SSC, 1998 here |



userestockingandaugmentatiorsynonymously taeinforcementall according
to the guidelines of IUCN/SSR013.

Within forestry, fishery management, and wildlife management restocking
is @ common practice to increase populations and thereby also the possibility to
exploit them. In Northern Europe, indigenous species such as Norway spruce
(Picea abieys and Scots pineP(inus sylvests) have been cultivated for a long
time, and for well over 100 years, noative provenances have been used for
reforestation(Almang, 1996. Releases of fish, especially salmon and trout
(Salmospp.), have also been practiced for a long time with the pairpbs
augmenting populations for harve@yman, 1981 Most of the birdsand
mammals across the world that are restocked are actually game species
released primarily for hunting purpog€&hampagnoret al, 2012.

1.2 The mallard i a commonly farmed, released, and hunted
species

The mallard(Anas platyrhynchgss a model species in ecology, genetics, and
epidemiology as well as a flagship species in wetland management and
conservation. In North America alone, it generates hundreds of millions of US
dollars each year in different ecosystem services together widr dtick
speciegGreen & ElImberg, 2004 1t i s al so omportanf t he w
game species and in the European Union alone there are nine million hunters
that regard the mallard as a game spe(@émberg, 2008 The annual harvests

are estimated at 4.5 million each in Europe and North AméRadtovich et

al., 2011 Hirschfeld & Heyd, 200ph The species isubject tomassive
management effortssuch as wetland restorations and restocking of wild
populations with farmed individuals.

Restocking mallard populations with farmed birds to incredse t
population for hunting purposes is a practice that became common in the
United States in the early 190Qsncoln, 1934, although, the first records of
released reared mallards are from 1631 in Eng{aedpold, 1933 The early
practice of releasing mallards was intended to compensate for overharvest or
cold winters and to increase the breeding popmratiowever, the survival of
released ducks was low and releases were deemed unpractical and expensive in
North America (Brakhage 1953 Lincoln, 1934. Later, adaptive harvest
management was used to optimize the harvest of ducks in the United States
(Nichols et al, 2007%. Still today, more than 270000 farmed mallards are
released in the United StafgsS. Fish and Wildlife Service, 2013

Although different to the early practice in North America, the general way
of rearing and releasing mallards in Europe is probably similar in most

10



countries, with minor ifferences. Here, | describe how it normally works in
Sweden, and highlight differences to other countries when necessary. In
Sweden there are seven registered breeding facilities that produce mallard eggs
(Swedish Board of Agriculture, pers. comm.). THaeeding stock originates

from wild trapped birds and are originally possibly also mixed with semi
domestic ducks, which is the case in Czech Repiblie § ket &l,82012.
Breeding birds are sometimes exchanged between facilities and also renewed
by new offspring. The eggs that are produced are gathered each day during the
egg laying period (Aprilune) and put in incubators for about 28 days.
Hatched ducklings stay at theeeding farms until they are ready to be released

or are sold dayld to intermediators that rear them until sold to managers at
release sites. Eggs can also be sold directly from breeding farms to
intermediators that hatch and sell, or rear and reldasm themselves. In
Sweden, ducklings are released at an age of about two to three weeks when
they are still unfledged. In France however, they are released at seven to eight
weeks’, at which age they start to learn to fly. Release age is a tradeoffrbetwee
higher survival at higher age, and more release site fidelity and less habituation
to humans and thereby more wiikle behavior when released at a younger
age. The ducklings are released at ponds, lakes, wetlands, or by the sea coast
between May and Juland are continuously fed and often protected against
predators by hunting, trapping, and fencing. The numbers of released ducklings
varies greatly from site to site, all from 10 to several thousands have been
observed. The hunting season for mallard&imope varies from country to
country but generally lasts from late August to 1widter.

In Europe the releases of farmed mallards were limited in extent during the
first half of the 2@ century until e.g. Denmark and Great Britain started
releases for tnting purposes at a larger scale during the 19Boyd &
Harrison, 1962Fog, 1958. Since the 1970s, the practice has increased in other
European countries as well, e.g. FrafChampagnoret al, 2009, Sweden
(Wiberg & Gunnarsson, 20)7and the Czech Republii Tda, ). Th@ 0 1
preseniday annuatotal number of released farmethllards in Europe idard
to estimate but most certainly exceeds 3 millig@hampagnoret al, 20130
of which about 1.4 million in FrancéMondainMonval & Girard, 200,
400000 in DenmarkNoeret al, 2008, and 300000 in Czech Repub{ld T d a ,
2007). In Sweden, probably more than 250000 farmed mallards are released for
hunting purposes each year (P. Soderquist unpublished d#im)problem
with accurately assessing the number of released individuals lies in the lack of
obligation to register how many individuals that are released into the wild.
Within Sweden, compulsory registration concerns birds in captivity, however,
when tle birds are released into the wild they are considered wild animals in
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legal terms. Import of fertilized eggs also occurs in Sweden; for example,
during 2010, close to 40000 eggs were registered as imported from Denmark
(Swedish Board of Agriculture, persomm.). The occurrence of sold eggs or
ducklings without receipts, to avoid paying taxes, is another factor
complicating tracking of numbers and provenance of released farmed mallards.

1.3 Captive breeding and its effects

To be able to restock exploited poaiibns, captive breeding is needed to

produce individuals for release. The terminology within this trade is not very
consistent and many different terms can be found in the literature, e.g. hand
reared, captiveeared, captiveaised, captivdred, farmreared, and farmed.

Also during the time | have been working with this thesis the terminology has
changed fromthandreared in the first two papers téd f a r imehd éwo
subsequentd f a r imaldodthe term used in this thesis. Nevertheless, the
definiton i's the same, namel vy, 6individual
generations with the purpose of producing offspring that will restock exploited
popul ations©é.

When using a breeding stock to produce and rear individuals in a captive
environment there ishaays a risk of alteration of genotypes and phenotypes,
potentially making these individuals different compared to their conspecifics in
the wild (Price, 1999 In captivity there are several mechanisms that may lead
to genetic change in individuals, such as founder effects, inbreeding, genetic
drift, and anthropogenic selection reginiBsice, 1999 Through this artificial
selection, breeders may influence or maintain certain traits of individuals in
captivity to prevent genetic driftom the wild phenotype or to make captive
breeding populations as high producing as possible. Besides such deliberate
selection of some traits, relaxation of natural selection in breeding facilities
may occur. In captivity some behaviors are not as drasian the wild, e.g.
predator avoidance, shekseeking, social interactions, and feedifiyice,
1999. Also the norphology of captive individuals tend to change in captive
environments; recorded changes include reduction in brain size and traits
related to diet, such as skull morphology, teeth, or digestive sy§#egan
& Kitchener, 2005.

For mallard, several changes of behavior have been recorded in captive
breeding stock, including habituation to humgbesforges & Woodsush,
1975, sexual behavigiDesforges & Woodsush, 1975 and mate preferences
(Chenget al, 1979 Chenget al, 1978. Morphological changes, similar to
those in other species in captivity have also been documented for captive
mallards, e.g. a reduction in brain volurf@uay & lwaniuk, 2008 larger
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body size (Pehrsson, 1982 and changes in their digestive syste(ug
Champagnomet al, 2017).

1.4 General about the mallard

The mallards one ofabout 50 dabbling ducks (genAeag around the world

and one okeven breeding dabbling ducks in Eurolpés highly adaptable and

its natural distribution range include fresh, brackish and salt waters, lakes, and
rivers, from arctic tundra to the subtropical areas in the northern hemisphere
(Cramp & Simmons, 1937

Because of its adaptability, and some help from humans, the mallard is the
most widespread and numerous duck in theldyowith a total estimated
population of more than 19 million individuals of which more than 7.5 million
breed in Europe, and over nine million in North Ameri¢&/etlands
International, 201p Migration strategies differ within the range; northern
breeders are longo mediumdistancemigrants while birds breeding further
south are more sedentaBecause of these differences local population size
changewver the year, but also from year to yeath severity of winterand
can therefae be hard to estimate.

To measure mallard vital tes, extensive ringing schemes and analyses of
hunting bags have occurred in many places around Europe for a long time, but,
ringing efforts have declined drastically since the 19{@sillemain et al,

2011 Fransson & Petterssp 200). Still, for sustainable management of a
harvested fredéiving population, highquality data on vital rates are essential,
and a more detailed understanding of the current status of mallards in Europe is
neededElmberget al, 2009.

With the growing interest for releases of farmed mallards in Europe, and the
lack of reliable data on vital rates, migration, and numbers of released farmed
mallards it is hard to assess the effect these releage®hahe population size
of the mallard.

1.4.1 Migration and movements

Migratory behavior of the mallard can be studied by ring recoveries, isotopes,
and telemetry. The recovery rate of ringed wild mallards is relatively high, but
differs depending on e.g. wieeand at what age they are ringed, and may also
change over year&Guillemainet al, 201). In Sweden, the recovery rate for
wild mallards is about 10 %Fransson &ettersson, 2001A similar rate has
been found in France, while the recovery rate in UK and Ireland is about 12.5
% (Guillemainet al, 201)). The general direction of migration for mallards
breeding in northern Europe is southwest. Where they wintgendis on
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where they bred, with more northern breeders migrating farther than more
southern breedei@$ransson & Pettersson, 2001t has also been shown that
during very harsh winters the movements are longer than in milder winters
(Sauteret al, 2010Q. Even though mallards in northern Europe normally start
their migration during autumn, there are sedentary populations on Greenland
(which is considered a subspecigsnas platyrhynchosconboschas and
Iceland (Scott & Rog, 1999, as well as in northern NorwgiNygardet al,

1988.

The migation and movements of mallards are in constant change. With a
changing climate leading to milder winters, the migration distance will
probably decrease, a term called ststopping(Sauteret al, 201Q Olsson,
1960. Also the releasesfdarmed mallards may have an effect on the
migration of mallard populations. Ever since restocking of mallard for hunting
purposes started, the movement and migration of released mallards have been
studied, in North AmericdLee & Kruse, 1973 Brakhage, 1953Lincoln,

19349, in Great Britain(Boyd & Harrison, 1969 in France(Champagnoret

al., 201, in Denmark(Fog, 1964, and in SwedelfFransson & Pettersson,
2001 Olsson, 196 Most of these studies show thiateased mallards have a
shorter migration than wild mallards and that they tend to stay close to the site
where they were released. However, in the investigatiorBréikhage (1958

and inLee and Kruse (1973he released mallards showed similar migration
patterns as wild.

1.4.2 Feeding and diet

Mallards are omnivores and opportunistic in their feeding behavior, and shift
their diet between seasofi3essborret al, 2011, with age(Pehrsson, 19739

and sex(Nudds & Kaminski, 198} In an adult mallard feeding most often
takes place in shallow waters where they dabble for food which can consist of
insect larvae, mollusks, crustaceans, annelids, amphjbimuts, tubers,
leaves, seeds, and bu(BBessbornet al, 2011 Pehrsson, 1979%Cramp &
Simmons, 197} Feeding comprises several complex mechanisms during
which water is sucked in through the anterior opening of the bill and flows
through the mandible and maxillae, after which food particles are sieved out by
the maxillary amellae as water and detritus are expdiamblooset al, 1989.

It is hence the lamellar density that largely determines the sipedparticles

that are ingeste(Nudds & Bowlby, 1984 However, if the lamellar spacing is

too fine, the risk of clogging by detritus and mud increg¥etkamp, 1993
Lamellar density is thus the result of a traxdesekection process. Differences

in bill morphology can be seen among dabbling ducks and between sexes
within species, and have most likely evolved to reduce competition and
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facilitate species coexistence through resource partitiofidgrd, 2007
Guillemainet al, 2002 Nuddset al, 200Q Kehoe & Thomas, 198P06ysa,
1983.

When rearing mallards in captivity several urat conditions may be
altered, among them the feeding process and diet. At farms mallards are often
fed food items that are larger than their natural food, such as corn, wheat or
food pellets(Champagnoret al, 2010Q. This may lead to altered natural
selection on the traits involved in feeding and may eventually lead to changed
morphology in the feeding apparatus, such as e Greenwood (1976
showed that the bill of farmed mallards was relatively shorter and wider
compared to wild mallard bills. The same was observe@®ddysson (1982
who <c¢cl ai med that f ar mheidk ema lbliarlidst hhaatd
adapted for grazingand grubbing for food on land, rather than dabbling for
food in the water. AlsoChampagnoret al. (2010 found a change in bill
morphology in wild mallards in France when comparing two different time
periods. The lamellar density was 10 % lower in wild mallards collected the
winter of 20072008 compared to wild mallards collected before 1970, when
no largescale eleases of farmed mallards occurred in the country. No changes
could be seen in tealf\jas creccpwhich were used as a control group.
Champagnoret al. (2010 concluded that released farmed mallards had mixed
with the wild mallard population which had caused a decrease in lamellar
density due to a relaxed selection pressure for high lamellar density, as sieving
small food items is not necessary in captivity.

1.4.3 Survival

The fact that survival ishighly dependnt on age, sex, and area, and also
fluctuates largely within and between years makes it difficult to make general
statements about mallard survival. Nevertheless, by analyzing ring recovery
data from Sweden, about 50 % of wild mallards ringed during theirytest
survive to a second, and the annual survival after the second year is roughly 60
% (Fransson & Pettersson, 2Q0Based on ring recoveries from Finlankie t
survival rate for juvenile males was 0.75 and for juvenile females 0.46 while
the rates for adult males and females were 0.9 and 0.73 respectively, the life
expectancy of a wild mallard is between one and two y&uenarssort al,
2008. Ring recoveries also show that about 90 % of all recovered mallards are
shot(Gunnarssomt al, 2008 Bentz, 1985

What further could complicate estimates of survival is that released farmed
mallards may have significantly diffemt survival rates than wild. There are
several studies from both North America and Europe that have compared
survival rates between wild and farmed mallards, however, differences in
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releasing methods and analysis methodology make it hard to compare result
from these studies. Already when releasing mallards was a relatively new
practice in North Americd,incoln (1934 showed a lower survival in farmed
mallards compared to wild, afgtakhage (1958found that the survival rate of

wild mallards in Canada was three times higher than in released mallards. Low
survival rates in released mallards have thereafter been recorded in several
studies in North Americde.g. Yerkes & Bluhm, 1998 Soutiere, 198p in
France(Champagnoret al, 201), and in Sweder{fFransson & Pettersson,
200)). The lower survival ofeleasednallards can be explained byfab ur d e n
of captivityo, due to mal adapted gene
dependece on anthropogenic food and a body condition (e.g. gizzard weight)
different to wild mallard§Champagnoet al, 2017).

To compare wild and released farmed mallavdsen analyzing ring
recoveries, it is important to apply consistent filtering criteria to standardize
age and time of ringing and also to obtain a clear wild sample without e.g.
semidomestic mallards ringed in city parks.

1.4.4 The phylogeography of the mallard

As explained above, the distribution of mallard in the world is Holarctic; it
occurs widely in both the Palearctic and the Nearctic and within these two
regions there are both migratory and more resident populations. From ringing,
telemetry and isotopstudies several different flyways have been recognized in
North America (Flyways.us, 2016 and Eurasia(Scott & Rose, 1996
respectively. These flyways generally comprise a breeding area in the north
and a nonbreeding area in the south. As female mallards are suggested to be the
more strongly philopatric sefBaldassarre & Bolen, 20Q6i.e. she returnsot

her place of hatching, a potential genetic structure could be visualized by
studying maternally inherited mitochondrial DNA (mtDNA). A first
phylogeographic study of mallard mtDNA, including samples from Western
Russia, North Asia, the Aleutian Islandsid mainland Alaska, was carried out

by Kulikova (2005. The results showed one Asian clade and one North
American clade with mixing within but not between continents. A more
comprehensive study, additionally including samples from Europe, Greenland,
and eastern North America, tKraus et al. (20118 confirmed the North
American and Eurasian mitochondrial clades fiutikova et al. (2005 in the
global mallard population, and the low differentiation within each clade. The
role of flyways for the phylogeography of the mallard is therefore of limited
biological meaning as the flyway permeability, i.e. indidts are not
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obligated to one specific flywaiGuillemainet al, 2005, seems to be high in
Krauset al.(20118.

Single nucleotide polymorphisms NBs) are genetic markers where one
nucleotide base change has occurred in a DNA sequence. SNPs are generally
neutral markers that potentially can consist of any of the four nucleotides,
however, in practice they are mostly bialle(i¢ignal et al, 2003. The
simplicity and low cost of using SNPs has iraged their popularitgMorin et
al., 2004 Vignal et al, 2002 and Kraus et al. (20113 discovered a large
amount of SNPs distributed across the entire mallard genorhentme it
possible to study the genetic structure of the species with an appropriate
nuclear marker. The SNPs froiraus et al. (20113 were used to study
population structure in over 800 mallards from 45 locations world{Kdaus
et al, 2013. The results confirmed earlier studies that there is no or very little
population structug on the continental levels, and analyses also suggested that
there is a connectivity between the continents resulting in a nearly panmictic
species, except for the Greenland population which seems to be clearly
separate@Krauset al, 2013. To identify different mallard populations can be
important in conservation management and for monitoring the spread of
diseases such as the zoonotic avian influg¢ikeaus, 2011 Olsenet al, 2008.

The genetic variation among mallards can be further complicated by the
release of farmed mallards with different genotypes. Individuals baretl
reared in captivity always risk phenotypic and genotypic alteration, making
them different from wild conspecifics. The effects of genetic drift, founder
effects, inbreeding, and selection suggest that there indeed could be a genetic
difference betweewild and farmed released mallards. So far, only a handful
studies on the genetic composition of farmed mallards have been conducted. A
first study, concerning urban mallards which are a mix of wild and released
farmed individuals, showed a significant génelifference between wild and
urban mallard populations in Italy when analyzing microsatellite DNA markers
(Baratti et al, 2009. In the Czech Republic, where the numbers of farmed
released mallards by far exceeds the wild population, the two groups have been
analyzed with both micsatellites and mtDNA. A clear genetic divergence was
found between wild and farmed, as well as low genetic diversity within the
farmed populatior(L. 2 § k e &l.82019. Hybrids between wild and farmed
mallards were also found which confirms introgression of farmed genes into
the wild population. Similar results were found in France where microsatellites
showed a significant difference between farmed and wild mallards. Atep he
hybrids between the two groups were fouithanpagnonet al, 20133.
However, when comparing mallards from before the era ofsegke releases
in Europe with preserttay mallards, the genetic differentiation was very low,
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suggesting low survival of the released farmed mallé@teampagnoret al,

20133. Baratti et al. (2014 investigated microsatellites markers in mallards
from the wild, urban habitats, and breeding facilities. Large admixture between
groups could be seen as well as a clear separation between urban samples and
the otler two groups. The patterns of wild and farmed mallards were more
elusive; in one area, wild and farmed mallards were genetically similar whilst
in another they were significantly differentiatéBaratti et al, 2014. Most
investigations suggest a clear genetic difference between wild and farmed
mallards in different countries of continental Europe where releases of farmed
mallards occur. In this thesis work, a more comprehensive study is presented,
with samples from coungt along the entire flyway, including countries in
which releases occur as well as neighboring countries. The samples are
analyzed with a common and powerful methodological framework to assess
the genetic impact of releases on the wild mallard populati&@uiope.
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2 Obijectives

Despite the fact that the mallard is a common and-stetlied species, an
important game bird, and that releases of farmed mallards for hunting purposes
has been practiced in Europe for many y€Beyd & Harrison, 1962Fog,

1958, research on these farmed and releasedisdand the potential effect on
their wild conspecifics has for a long time been scarce in Europe. There is also
a lack of knowledge about the number of released and shot farmed mallards in
some countries.

The aim of this thesis is to study the effectsadéases on the wild mallard
population in Europe, with the Nordic countries in focus, and with a special
emphasis on Sweden. The goal is also that acquired knowledge can be applied
in other systems of restocking, e.g. fishery, and forestry management, or
conservation of threatened specids the introductions shows, there are
several aspects in which releases of farmed mallards may have an effect on the
wild population, therefore, thisthesis encompassesboth behavioral,
morphological and genetic effectsf releases in an attempt to cover as many
dimensions as possible.

In paper |, the status of the mallard in the Nordic countries was assessed by
compiling national count data on breeding and wintering numbers, vital rates,
and bag statistics. We also diss knowledge gaps and the influence of
releases of farmed individuals.

In paper ll, recent and historical ringing data from Sweden and Finland
were used to test: (1) if longevity is higher in wild than in farmed mallards, (2)
if wild mallards migrate fahter than farmed mallards, and (3) if migration
distance in wild mallards has decreased the last 50 years. To determine the
potential effect releases of farmed mallards will have on the wild population, it
is important to study survival rates of farmed mak and how they compare
to their wild conspecifics. It is also important to study historical data sources to
attain knowledge about which hypotheses that are important to address.
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In paper lll, bill morphology in historical wild, preseddy wild, and famed
mallards was compared in a wide geographic area, i.e. not only restricted to
release area (Sweden) but also neighboring countries (Norway and Finland).
By using farmed and released mallards as a study system we can gain insight
into how morphologicajl different captivebred individuals may introgress the
recipient population and alter their morphology. An earlier study on mallards
showed a change in bill morphology over time, possibly due to introgression of
farmed mallards, however this study wadnieted to FrancédChampagnoret

al., 2010.

In paper 1V, the aim was to determine genetic differences and potential gene
flow between wild and farmed mallards in order to assess change in genetic
structure in the wild population. During the last five years a handful studies on
the genetics of farmed and wild mallard have been publifBachtti et al,

2014 Champagnoret al, 2013a L 2 ¢ ket al,.8§2012 Baratti et al, 2009.
However, a more comprehensive study was needed, including samples from
both release countries as well as neighboring countries, to assess the genetic
impact of released mallards on the wild population in Europe.

By initiating a ringing progranof farmed mallards in Sweden we want to
study the number of mallards shot at release sites, their survival rates, and their
dispersal. By also trapping and fitting wild and farmed mallards with-GPS
loggers we can study movements and migration in mord.deta
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3 Material and methods

3.1 Model species

In this thesis the mallard is used as a model species to study ecologic and
genetic impact of restocking management on wild populations. Provided
knowledge can be applied on other species, both within restocking
manaement such as fishery and forestry, or other game species, as well as in
conservation management of threatened populations.

3.2 Study area

This thesis is focused on the European situation with a special emphasis on the
Nordic countries and especially Swedelowever, because the mallard is such

a numerous and widespread duck, the geographic area for which these results
are relevant is most of the Holarctic region.

3.3 Data collection and analyses

3.3.1 Ringing program of farmed mallards

In 2011 a ringing program wamitiated to gather data on survival and
movement of released farmed mallards in Sweden. Mallard ducklings were
ringed either on location just prior to release or at the location where they were
reared. The ducklings were ringed and released unfledged agea of 23
weeks. Between 2011 and 2014, 10034 farmed mallards were ringed and
released in 14 different release areas. The different locations ranged from
smaltscale releases for leisure hunting to lasgale releases for commercial
hunting Table 3. Numbers and sex of shot farmed birds was reported by game
managers at release sites. Collected data has so far only been compiled for
basic interpretations and summaries.
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Table 1. Numbers of ringed and released farmed mallards,122014, in 14 different release
areas in Sweden. lone area, releases could occur on several different locations, e.g. five
locations (7.17.5) in area 7. All mallards that were released at locatioridwere also ringed,

at locations 1114, additionaly farmed mallards without rings were released. A total of 10034
farmed mallards were ringed and released. Three different types of hunts were held in the areas;
educational huntdor teaching and training, smaticale leisure huntsat private estates, and
large-scale commercials hunts on large estates that sell hunts.

Ringed mallards

Location Province Hunting type
2011 2012 2013 2014

11 Scania 276 354 - - Educational hunts
1.2 Scania 75 150 - - Educational hunts
2 Uppland 60 - - - Leisurehunts

3 Vastmanland 400 - 400 - Leisurehunts

4 Smaland 200 200 200 150 Leisurehunts

5 Scania 101 123 - - Leisurehunts

6 Scania 315 - - - Leisurehunts

7.1 Scania - 251 150 201 Educational hunts
7.2 Scania - 112 30 - Educational hunts
7.3 Scania - 394 558 500 Educational hunts
7.4 Scania - 10 - - Leisurehunts

7.5 Scania - - - 335 Leisurehunts

8.1 Smaland - 502 500 - Educational hunts
8.2 Smaland - 511 500 - Educational hunts
9.1 Scania - 101 - - Leisurehunts

9.2 Scania - 41 - - Leisurehunts

10 Scania - - 35 - Leisurehunts

11 Scania - - 849 - Commerciahunts
12 Blekinge - - 600 - Commerciahunts
13 Scania - - 350 - Commerciahunts
14 Scania - - 500 - Commerciahunts
Total 1427 2749 4672 1186

10034
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3.3.2 Trapping of wild and farmed mallards

To get more detailed knowledge about movements and migration, bill
morphology (paper IIlI), and DNA samples (paper [&duck trap was built in

2011. The duck trap was set up in a small wetland, approximately 100x100
meters, in Osby, northern S¢aa |, southern Sweden (WGSS8:/:
13A59632.5060E) . The surrounding area
surrounded by coniferous forests. The trap was 4xdaters with three funnel
entrances and was baited with barley and enclosed with electeis (Figure

1). In the same area, two smaller traps, approximately one meter in diameter
and one meter high, made by metal mesh net forming a circle with a funnel
entrance, were also set up in 2013 (Figurel2)the trapping area, ringed

farmed mallards were released 2012014. If these ringed ducks were
recaptured they could be distinguished from potentially wild ducks without
rings.

= ﬂ_:i‘m.‘v" \ 1 g
Figure 1. A duck trap was built 2011 to capture wild and farmed ducks for ringing, bill
measurerants, DNA sampling, and fitting with GR8ggers. The 4x4x2 meter trap with three
funnel entrances is located in a small wetland in northern Scania, southern Sweden (WGS84,
56A260624. 206 &K BhE frap s Daited] vith barley and enclosed wigletel wires.
Photo: Par Séderquist.
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Figure2. Two small duckraps, approximately one meter in diameter and one meter high, was set
up in the same area as the larger trap, as a complement. The traps were made of a metal mesh net
with a funnel entrance. The trap was baited with barley and checked every day when active.
Photo: Par Séderquist.

Both wild and farmed ducks caught in the traps 2PQ23 were measured,
sampled for DNA, and fitted with a CatTrack GRgger (Catnip
Techndogies Ltd.) attached with a Teflon harness similar to the one used in
Roshier and Asmus (20p9.oggers were embedded in a shrinking tube to be
waterproof, the maximum size tfie backpack was 95x30x15 mm and the
weight with the harness included was 25 graRigure 3. Loggers were set to
record one position every hour and had to be recovered to download stored
data. In total 67 mallards (49 farmed and 18 wild) were fitted lwitjgers.
Movement data from loggers have so far only been visualized in Google Earth
(Google, Inc.).
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Figure3. Captured mallards were fitted with a CatTrack &&ggjer (Catnip Technologies Ltd.).

The logger wagut in a shrinkig tube for waterproofing, with a maximum size of 95x30x15
millimeters and a weight of 25 grams, including the Teflon harness. An address was written on
the shrinking tube and on paper inside the shrinking tube as information about where to send
recovereddggers. Photo: Par Séderquist.

3.3.3 Paper|

In paper |, we compiled available data on mallard from the Nordic countries
from 19392010. Estimates of breeding and wintering numbers were based on
annual surveys in all Nordic countries except for Iceland that lacks a national
monitoring scheme for brdeng dabbling ducks. Total hunting bag sizes have
been estimated for all Nordic countries based on reports from hunters. Data
from wing surveys was only available for Denmark and Iceland and data on
brood productivity were only available for Finland.

Thebreeding indices for all countries, except Iceland, were calculated using
a loglinear Poisson regression model in the software TRI&h Stien et al,,
2004. The same method was also used to calculate winter abundance indices
for Norway and Finland. The winter abundance index for Denmark was
calculated with a method frorunderhill and Pryslones (1994 and for
Sweden the chain methd@rawford, 199) was used. All indices was set at
100 at the earliest common year between the countries.

3.3.4 Paperll

Paper Il is based on nationwide, mallard ringing data in Sweden2(%A)

and in Finland 191-2006, provided byinging cenérs in respective country.
Several filtering steps were used, e.g., only using same age classes, same
ringing and recovery months, and only using true wild mallards, excluding
individuals ringed in city parks, to ensure that analyzed groups only differed i
origin, i.e. wild or farmed.
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After filtering the raw material, the longevity and migration distance of 588
individuals from Sweden and 378 individuals from Finland were analyzed.
Longevity was defined as time from ringing until recovery, and migration
distance as distance between iiiggsite and recovery site the first winter. In a
first analysis, wild and farmed mallards within each country were compared for
the two variables. In a second analysis, migration distance for wild Swedish
mallards were compared between two time perio®t£1972 and 1977
1993) to test changes over time. Independetdsts were run to analyze
normally distributed data, for nemormally distributed data, MaAWhitney U

test was used instead. All analyses were run in SPSS 17.

3.3.5 Paperlil

In paper I, bill mophology was analyzed in three different groups of mallards
from Sweden, Finland, and Norway. A historical group contained 102 samples,
from museums in Stockholm, Uppsala, Gothenburg, Jonképing, and Lund,
originating from 18341946. Historical Finnish sartgs were from museums in
Helsinki and Kuopio originating from 184843, and samples from Tromsg,
Norway, originated from 188@970. All historical samples in this paper and
paper IV, were collected before largeale releases of farmed mallards were
initiated. The wild group in paper Ill consisted of 89 samples. Swedish wild
samples came from Dalarna, collected at duck hunts in 2012, and from Scania
trapped alive in the duck trap (Figure 1). The wild group also contained
samples from a museum in Helsinkinland, collected 2002005, as well as
samples from a museum in Tromsg, Norway, collected-2008. To exclude

a mixture of local birds, transient migrants, or winter visitors, only individuals
from the breeding season were sampled. The farmed grogsteshof 193
individuals originating from three different farms in Scania, Sweden, collected
in 20122012 from duck hunts, the duck trap, and directly from a farm. Bill
height, width, and length were measured for all birds when possible with a
digital calper (Figure 4AB). A photograph of the underside of the bill was
also taken to study the lamellar density in the first four centimeters (referred to
as positions) of the bill (Figure 4C).
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Figure 4. Bill height (A), bill length B), and bill width were (to nearest 0.01 millimeter)
measured along the dorsal side of the maxilla and over the center of the nostrils with a caliper.
Figure (C) shows a scaled photography of the ventral view of the bill, used to count maxillar
lamellae pe centimeter. Positions-4 correspond to the first (i.e. proximate, here to the left) four
centimeters of the bill. Photo: Par Séderquist.

Due to desiccation, soft parts tend to shrink in museum specimens. Therefore,

we corrected all bill measurementsnmuseum samples by 1.6 %, based on the
previously recorded shrinking rate in mallé&@hampagnort al, 201Q. After

corrections, univariate general linear models (GLM) were used to test whether

bill height, bill width, bill length, or lamellar density differed between sexes,

and between groups (historical wild, presday wild, or farmed mallards)

within sexes for the 384 indduals measured. To separate between groups
after significant mod e l-hootestswarenuees., pai r w

3.3.6 Paper IV

The main data set in paper IV comprised 354 historical samples from 1831
1978 collected at museums in Sweden, France, CzgohbRe Norway, and
Finland. From historical specimens, approximately 5%rakin from the toe

pad was cut with a scalpel. The presgay wild group consisted of 440
samples from Sweden, France, Czech Republic, Norway, Finland, and the
Netherlands collecte19952012. These samples consisted of tissue collected
at duck hunts, blood extracted from live trapped birds, or egg membranes
collected from shells in the wild. A farmed group comprised of 464 samples
from Sweden, France, and Czech Republic collec@92012, consisted of
blood extracted at breeding facilities, tissue from shot birds, or egg membranes
and feathers. Samples from France and Czech Republic had been collected for
earlier studies and were kindly provided, both as tissue and-&igaots, ly

the author¢Champagnomet al, 2013aL 2 ¢ kebpal, 019. An additional set

of samples was also analyzed to provide a broader geograptveashge of

the study, these samples had previously been analyz€duset al. (2013.

In paper IV the breeding population was the intended focus of the study, and
therefore only breeding birds were sampled in Sweden, Finland, and Norway.
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However, this criteria could not be met in the samples/ided from other
countries.

After extracting DNA, using DNeasy Blood & Tissue kits (Qiagen, Hilden
Germany) from all collected samples, 656 samples with sufficient DNA
concentration and quality as well as a representative geographic distribution
were elected for genotyping. Samples were genotyped using a previously
published set of 384 SNRKrauset al, 20113. After excluding individuals
and SNPs with low output, 591 individuals and 360 SNPs remained for further
analysis. Observed and expected heterozygosity together with inbreeding
coeficient (asFis values) were calculated usimtiveRsityv1.9.5 (Keenanet
al,, 2013 in R (R Development Core Team, 20090 analyze the genetic
population structure, Discriminant Analysis of Prineiffomponents (DAPC)
(Jombartet al, 2010 from adegenetvl.4-1 (Jombart, 2008in R, and
STRUCTURE V2.3.4 (Pritchardet al, 2000 was used. To find the most likely
number of genetic cluster&) in the data, the functiofind.clusterin DAPC,
and the Evanno et al. meth@g@005 in STRUCTURE were used. The genetic
structure of the additional set of 709 samples fKrauset al. (2013 was also
analyzed with 8RUCTURE
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4 Results and discussion

4.1 Ringing program of released farmed mallards

The ringing program initiated in 2011, indicated that @ of five released
mallards got shot on the location where they were released, even though the
percentage differs a lot among sites and years. When sex was reported of the
recovered mallards, the sex ratio was almost even (648 fenelsgs614

males. That only 20 % of all releasetllards are shot on the location where
they are released, suggests that a large proportion of the released mallards
survives the hunting season and potentially reach the breeding season.
However, Champagnoret al. (2011 show that survival of released farmed
mallards, also at locations without hunting, is very low and only a fraction will
survive until breeding season. By using the expected recoveryfaatwvild
mallards of about 10 %-ransson & Pettersson, 200800 mallards should be
recovered from the originally 10034 ringed birds (after subtractingeéaey

2000 mallards shot at the release sites). When compiling reports of recovered
birds from outside the release sites, there arelyo@brecoveries (Figure 5). If

10 % is the recovery rate also for farmed mallards caitsidheir release site,

thes 75recoveries correspond to 10 %, which would imply that oy of

the 8000 farmed mallards that escaped hunting actually survived and dispersed,
that corresponds to a survival ratele$s thanl0 %, which is similar to the
survival rates found by e.@rakhage (1953andChampagnort al. (2011). It

shall be noted that this is speculative and needs further analyzing with proper
methods, e.g. capterecapturgSeber, 1970 Nevertheless, when considering

the massive number of released mallards, the actual number of mallards
potentially surviving until the breeding season is still substantial, even if the
survival rate is low. Despite the potential bias that all rings df slatlards are

not reported back by the hunters; this is a known problem and have to be
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considered when properly analyzing recovery d&aillemainet al, 2011
Guillemain, 2019

4.2 Movements of wild and farmed mallards

Of the 67 mallards fitted with GPI8ggers (49 farmed and 18 wild), datareve
attained from 60. The daily movement pattern between roosting sites and
foraging areas, with highest flight activity at dusk and dawn shown by e.g.
Bengtssoret al. (2014 was also seen in our wild trapped mallards (Figure 6).
This pattern could however not be seen in the released farmed mallards, that
spent all their time in the same wetland they were released. Howingr,
recoveries from released mallards that laispersed outside the release areas
show that they can migrate in a similar manner as wild mallards (Figure 5).
Detailed migration data were received from G@Bgers for two wild
mallards. One female fittewith a logger 8§ of October 2012, was shot one
month later, 75 kilometers soutlouthwest of the duck trap where it was
initially caught. Another female, fitted with a logger™df October 2012 was

shot 185 kilometer southwest in Denmark two montler apture (Figure 6).

Figure 5. Recovery sites of74 farmed mallards released in 14 different areas in Sweden.
Recovery patter show that farmed mallards can migrate in a similar manner as wild. Figure
legend shows which colorepresent the different release areas.
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Figure6. Detailed migration routes for two wild mallards (red and blue) fitted with GPS loggers
in October 2012. Botmallards spent more than one week in the area wherdatezywere sbt,

which suggestthat they had completed their migration. Inset rehpwtypical daily movement
patterrs of a wild mallard between the small wetland where the trap was located and a lake about
1 kilometer north of the trap. Green dots indicate the looadiuring daytime and purple dots
location during nighttime.

4.3 Status of the Nordic populations of mallards (paper I)

By compiling available data such as breeding numbers, wintering numbers, bag
statistics, productivity, and survival rates, the statuskaosvledge gaps of the
Nordic mallard could be identified. Breeding numbers show stable or
increasing trends in all Nordic countries, from 0.82 % in Finland to 7.5 % in
Norway, and a total breeding population of 400608000 pairs. The
wintering populationn the same area is 3690809000 individuals, with large
variations between countries and years.

Close to 900000 mallards are shot each year in the Nordic countries and the
indices show a stable or slightly declining recent trend. The Swedish hunting
baghas been monitored since 1939, and peaked 1945 after which it declined
until 1978, and increased again to present levels of about 100000 shot mallards
each yearNoer et al. (2008 estimated that 400000 farmed mallards were
released each year in Denmark, and in Sweden more than 200000 released
mallards may beeleased (the number for Sweden is now adjusted to more than
250000 (P. Soderquist unpublished data)). No lamde releases have
occurred in Finland, Norway, or Iceland. Releases of farmed mallards may
have a significant influence on the size huntingsha

The analysis of wing surveys in Denmark showed a stable trend from 1982
2010 while the wing surveys from Iceland fluctuated widely with no apparent
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trend. The brood counts in Finland showed an annual increase of 2.14 % during
19892010.

According to tle compiled data in paper |, the status of the Nordic mallard
population is good. Despite that a reduction in wintering numbers suggests a
decline in the population in Norhestern Europe, breeding numbers and
productivity in the Nordic countries are inaging. The significant increase in
breeding numbers in Norway may be due to a monitoring bias, it also coincide
with a decline in Norwegian hunting bags, suggesting that hunting may have an
additive effect on mortality in the Norwegian population. Durihg tast 20
years the wintering numbers in the Nordic countries show stable or increasing
trends, even though the variations are large. Milder winters may lead to shorter
migrations (Gunnarssn et al, 2012 which could explain an increase in
wintering numbers in Northern Europe, however, a detailed flyway analysis is
required to determine if the effect is due to changes in the population size or
due to climate change.

Since 1990, huntingays in Denmark have declined. During the same time
releases of farmed mallards have also declined from 500000 to 400000 which
could be a part of the explanation. Still, more than half of all mallards shot in
the Nordic countries are shot in Denmark andagonity of these mallards are
probably released farmed mallards. Releases of farmed mallards surely have a
great influence on several aspects studied in this paper. The effect on the
hunting bag is obvious, but it could also bias the wing surveys, aseadlea
mallards often are shot during their first year, and because survival rates for
released mallards a largely unknown it is hard to assess their influence on
wintering and breeding numbers.

To successfully manage the Nowtlest European population of Haats it
is crucial that monitoring programs, including hunting bag sizes, are
harmonized across the entire flyway. It is also important that the potential
effects of released farmed mallards are thoroughly researched, aghilchbe
facilitated if releasg mallards were ringed, and if numbers of released
mallards are reported at a national level.

4.4 Longevity and migration in wild and farmed mallards in
Northern Europe (paper Il)

Nationwide ringing data on farmed and wild mallards from Sweden and
Finland showed a great variation concerning longevity. Most of the ducks from
both categories were recovered during the first fall and winter and éhf62
lived to be four years or oldeSeventyseven percent of Swedish and 90 % of
Finnish farmed mallards were recovered dead within one year. The
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corresponding values for wild mallards were 45 % for Swedish and 66 % for
Finnish mallards (Figure 7)Longevity was significantly shorter fdarmed

than for wild mallards in Sweden (farmed, mean=258 days; wild, mean=575
days), and the same was true for Finland (farmed, mean=129 days; wild,
mean=388 days).
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Figure 7. Frequencyof longevity, expressed as the number ofsdtom ringing until recovery,
per category of mallards (Swedish farmed, Swedish wild, Finnish farmed, and Finnish wild).

Also the migration distance varied substantially within countries and groups,
however, wild mallards were recovered significanthttfar from the ringing

site than farmed mallards in both countries (Sweden wild, mean=676 km;
farmed, mean=523 km; Finland wild, mean=1213 km; farmed, mean=157 km).
Also migration distance per day differed between wild and farmed mallards in
both countries(Sweden wild, mean=4.8 km dgyfarmed, mean=3.5 km day

L Finland wild, mean=8.5 km ddy farmed, mean=0.8 km day Mean
distance between ringing and recovery site was 787 km for wild Swedish
mallards ringed 19471972 whereas it was 591 km for wildafiards ringed
19771993 (Figure §, however, this difference was not statistically significant
(p=0.114).
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Figure 8. Ringing (circles) and recovery dguare$ site for wild mallards ringed in the time
periods 19471972 =25, red) and 19771993 =25, blue). Inset map shows mean positions for
ringing and recovery site for the two periods.

The shorter longevity in farmed mallards compared to wild mallards found in
paper Il, corroborates earlier patterns that wild mallards live longer than
farmed (Dunn et al, 1995 Soutiere, 1989 Fog, 1964 Brakhage, 1953
However, we advise caution when comparing the longevity in this paper with
survival estimates in other, as the longevity does not shavstivival, and
differences in release methods varies greatly between studies. The explanation
for differences in longevity between wild and farmed mallards could be that
farmed released mallards <carry a fiburc
maladapttion, resulting in bills less efficient for sieving, smaller gizzards, and

a higher dependency on anthropogenic food, i.e. a reduced physiological
fithess (Champagnoret al., 201J). Similar patterns of shorter longevity has
also been documented for other released game birds compared to their wild
conspecifics, e.g. gray partridgeerdix perdix (Buner & Schaub2008 and
ring-necked pheasant’hasianus colchicys(Brittas et al, 1992 Hill &
Robertson, 1986
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