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1. Cadre théorique et conceptuel 
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1.1 La théorie de l’approvisionnement optimal…  

�

<��	���	� !
	� ��� ������������� �
� �������	�	��� �=����	�������� 	��� �������	� B� 
�	�

�	���	
�	������
�	����������!
	�G��	��	���N�M�	 ��"#O>H�����	��=�������	�����	�����	�����	�


�	���
�F���������	��	��=�������	�����
���	�G���P��%&&&HA��

��� ������	� �	� �=������������	�	��� �������� G#������� $�������� %
���&H� ������� !
	� �	��

�������
�� �
����� �	�����	� B��������	�� �	
�� ��
�� �	�� �	� ������ ��	�����!
	�� 	�� �
��	������ �	�

��������  ���7��	�4��Q��A� /	��	� ������	� �	��	�� �=	����!
	�� �
� �	� ������	� �	� �������	�	���

����	�����	��=
���������
������������ �����G(���<���
��N�����8��"#>>�L�)��	��"#>>�L�/�������

"#'>HA�<�	���	�������	��	���N�M�	 ��G"#O>H.�	��	��	��	���
�����=��	���	��	���������������
��

��� �����	� �
� �	� ��� �	� �	������	�� ���	�������	�� G	A�A�(	��	�N�)�����8� "#O>� �
�� �=�
R���	�� ��	�

'���������� ����������H.� 	�� �
�� �	� �	���� �	� �����	��	� �������� ����� 
��#
���%� G	A�A�M��	���8�

"#O2� �
�� �=���
��	�
� �������	�� (�������  �������HA� ����� �	� ����	� �	� �	��	� ������	.� �	�� ��Q���

������!
	�	��������������������������������G!
���	�����
��.��
��	�����
�	��	�����	���� � �������	�

��
���.� ���� �	� ��Q�� �	����	�� �	�� �������	�	���� �	� ��������	� ���FBF���� �
� ������	
�H� 	�� ���

������������ ���	�� 	�� �����F�����7�!
	A� /	��	� �	���@�	.� �	���	� �
�� �	
����������	�� ��77��	����
�

�=���	�7��	��	� 	�� ��� ���������� �	�� �	���
��	�� G;���F/
������ "#O&L� �
��	������ "##>�L� �����

����	�	����	�����������	���
��������A#F"&HA�

�	�� �������
���	����� �=����	��	��������������	�������	���	��	�����������A�������������B�

������	��	������������!
	��	���������
���������	���	�	��������	�B��	��!
	��������	��	��!
	�S��I��	�

��
�����TU.� S��	� !
���TU� 	�� S��	������ ��� �	�� �	� �	����TU� 	��� ����� 
�	� �	�� ���������	��

7�����	����	����
�������	���	��	����������=�������	���	���	��	���������
��	���	
����������������

����� �	� ��
�� �=��������	�	��� �	�� ���
�������� G��	����� "##%HA� <����.� �=	������������ �	��

�	���
��	�� ����	�����	�� ���� �	�� ��������	�� ����	� �V�������
� 7��	� B� 
�� 	��	� �	� �	� ������

����	�������=�� ����.��	����	��	�������B�	������	��G!
������	��
��������������� 
������	������	�H.��	�

���	� �	� ����	�� 	�� 	�7��� B� !
	�� ���	��� �	�� �	��	���	�� G��	��	��� N� M�	 �� "#O>HA� ��
��

�=	�������������=
�	��K�	��	���
��	.��	����77��	��	����������	���=������������	�	�������	�����	�

�����������$
���	���	�����	������@�	��������F�	����	��A��

�

�������������������������������������������������
%��	�����W#
���X��	���
��������������
���	����
�	����
��	����	�<������N�����������G"#OOH�
�S�
��������	���
�	�
�
�7��	�G�
����
�	H� �	����������	.��������!
	��	�����	���
��	�	���
��7�����	��������� 
�	.�	���������
����
�	�
������	��	������������������UA�/	��	��	��	
��K��	�����
�������S�����	��	�U�	��7���C����G;�����	�
�%&&JH�



!��	���������"� 2

1.2 … une approche coûts/bénéfices…  
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2. Les canards de surface : un modèle pour tester l es 
compromis entre alimentation et risque de prédation  à 
plusieurs échelles spatiales et biologiques 
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2.1 Les systèmes anthropisés 
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2.2 Consommation sur une ressource cryptique 
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2.2.3 Décision d’exploiter ou de quitter un patch 
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2.3 Consommation sur une ressource non renouvelée 
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3 Structure et problématique de la thèse 
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3.1. Quantification des ressources alimentaires 
utilisées par les canards. 
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3.2. Compromis à différentes échelles spatiales 
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4 Caractéristiques du modèle d’étude 
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1. Des sites contrastés 
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2. La guilde des canards en hiver 
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2.1 Capture et télémétrie 
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3.2.2 Les prairies humides et sub-halophiles  
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3.2.3 Les étangs de Brenne  
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1.2 Décisions à l’échelle du site d’alimentation 
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1.3 Capacité d’accueil à l’échelle du site d’hivern age 
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Espèce Effectif moyen 

canard colvert 9925 ± 4625 
sarcelle d’hiver 1717 ± 631 
canard souchet 824 ± 701 
canard chipeau 438 ± 50 
canard siffleur 306 ± 177 
canard pilet 16 ± 13 
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1.4 Quelle est l’importance de l’hiver à l’échelle du 
cycle migratoire et du cycle de vie ? 
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2.1 Perspectives de recherche 
�

2.1.1 Prendre en compte la consommation de graines par 
les canards dans les études botaniques 
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2.1.2 Comprendre les mécanismes liés à la dispersio n de 
naissance. 
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2.1.3 Tester l’existence de l’information publique 
influençant les décisions alimentaires. 

�

0���	� �������	� 	������	����	� �=	��� ������	� B� 
�� ������������	�	��� ��������	A� ��� �	�� ��������

�=����	��	����	��
��������	��������
�	��	�����	��G(�0	���	����A�"##%HA�0�
����������
�
��	��	��

�=��7�
	��	� �=
�� �
��	� ���������	
�� �
�� ��� !
������� �	� ��
����
�	� ������	A� 0��� ���
������

�
��@�	��� �=	����	��	� �=
�	� ��7��������� �
 ��!
	� �	��	������ �
�� ���������	
��� �=K��	�

��7�������
�����!
�������	��������A�0������
�������
��@�	���!
	��	��	���7���������	������	�����	�

�
� ����8� �	� ��
����
�	� ����	��	A� /	�	�����.� ���� ����������� 	������	����	�� !
�� ���� �	�����

�=	�����	�� �	�� ���	��� ��7������7� �	��	��� �������	���	�� ����������� �	���
��	�� 	�����
�	A�)��F�	�

!
=
�	���7����������
 ��!
	��	�������	��������	���������	����	���=����	��������T�(K�	�����	��	�

!
	�������=�� $������ ���� 	������	� ��	3� �	�� �������.��	��� �	��������� 	�����!
	�� �
��@�	��� 	��

	77	��
�	�����
���������	���	��	���������
���������	����	�������������	���A�0�
���������
��
�

�� 
�� �	� �	��	� ��@�	� !
	� �	�� �����	
��� 
�����	��� �	�� �������� ��������
� S��	�� ���	������U� �7���

�=�����	���
���	
����	
��	������	��	������������
���	��	���	��	���	��	����	���=����	�������A�/	��	�

�����!
	.�����	�	������	�����	.��	� �	���������	�� ���7��	��	��������
������������
���!
	�!
��



���������������	

�����#�	�#����.���"� 'J

	����	���	3��	��	��@�	�A��=
������������=��7����������
 ��!
	����� �	������������ ���	��	���7����

�=� $	�� �=
�	� ��
�	� G�q��r� %&&>H� 	�� ������	� �	� �	����
������ �
�� �	� ������ �	�� ���	�� �	� ����	��

�������������	��7	�	��	���	�;������B�^����=���0����
�������������!
��	77	��
	���
������������	��	�

����	A�����=
������������=��7����������
 ��!
	�	����	�����	�	���	�����	�.�	��	��	�������	�7���	��	�

����@�	����
���!
	A�����	���������������� �	��	�������	���	��	������	���������	���� �������	��
���	�

�K�	����@�	� !
	� ���� 	������	����������	��	�� �
�� ��� ;+�� �7��� �	� �	��	�� �=��7�
	��	� �	� ���

����
������������
���!
	��
���	����������	���=��!
���������	���	���
��	�A�)��	77	�.���
��!
=
��

�	�� ������	� �=��7��������� �
���	� K��	� �����	�
� ���� ���	������ ���
�	��	.� ��� 	��� ���	��
� !
=���

����
�	� 
��  ���7��	� �
�
	�� B� ��� 7���� ��
�� �=��	��	
�� 	�� �	� �	�	�	
�� G	A�A� ���� 
��� N�

�	��	������ "##OHA� ����� �	� ���� ������
��	�� �	� ���� �	� �	��
�	�	��� ����	�����	.� ��	��	
�� 	��

�	�	�	
��������	���
�������K������
��	���	�������������	����	
��
�������Q�	
��B�����
��	�G	A�A�

(������F������ N� :���	�� %&&1HA� �	�� �������
�� �	�	�	
��� ���	��� 
��  ���7��	� 	�� �	��	�� �	�

�	���
��	� ������� �	A� ��
�� �	�� ��	��	
��.� �	�  ���7��	� ��!
��� 	��� ��
�� ��77����	� B� ������.� ����

��
�!
��� ������	�� ��� ��
����
�	�T� ��� �	� �	� !
	� ��� �	�
	� �=�
��	�� ���������	
��� �	��	�� 
��

 ���7��	�	���	��	��	����
�����7��	��
��������	
���G:��������"#'"�L����P��	����A�"##"HA�)��	77	��

���	��� 	�
��
�����������!
���	��	���
�����	�����
�	���
�E��!
	��	
�A�(�����	
�F����	
�	�	���

��������	���	�����@�	��
���	������	����!
	��	�����������T�/���	�������	�	���	�����	�������	��

�	���
��	������=	��	���7�
	��	���	��������	�	���T�v
	���	
��K��	�	��������
��	���=�����K���=
���	��

������	� �=��7���������� ��
�� 
�� ���������	
�� ���� �������	���T� �=	�	���	� 7�
���� ���� �	��

����	�
�� ���	���!
	�� :������ 	���������� G)����� "#O>H� 	��� 	�� �	� �	��� ������
��@�	�	���

�����	�����A� )�� 	77	�.� ����!
=
�� �������
� ���
�	� �	� ��� ��
����
�	.� �	�
�F��� ��	�� 
�� ���� �	�

�	��
�	�	��A� ����!
	� �	� ���� 	��� ����� ��	�� 
�� ��
�� �	� ����������� ��	��.� �[�
��	������	�
�� �	�

$����	���B��
�� �	����
�������	�	���!
	�����	����������������������	��
����
���	��������������
��

7�� �	A��	���
���	��	�����������������	���	��	��	
��7���	
���L�

"4��	������	�
�����	��	�����
��!
���������
����
�	�	�����
�������	�B�������	��

%4� �	� ��
�� �	� ���� 	��� ��
��  ��� ����� �	�� ���
�	�� ��
�� ����	�.� �
�������� !
	� �	�  ���7��	� �	�� B�

���	�	�������
	���	���=�
��	���������	���������������A�

)�7����	��	���
�	���
�@�	�������!
	����������������	��	��
�

"4�)��F�	�!
	��=�
��	��	��@�	�������K��	�������	�������	�����T�

%4�)��F�	�!
	��	����!
	������	����	��������������@�	��	���
���	�����T�

14�)��F�	�!
	�������	�������
����
�	�����
��	��	������	��	�������	������
����
�	���
���=��	��	
�.�

�V	��FBF���	��
��7�
�����
�	���7����������
 ��!
	� �	����
��������	�T�

/	�� 	�	���	� �
��	� ����� �	� ����	�� �	���	����	�� ����� �	� ������	� �	� ��� ����
���������

���
���!
	� !
�� �	��	.� ��	3� �	�� �������.� 	���
���	�	��� ������� �
�� ���	���� �	� ���������������

���	���F��������
�	��G	A�A�(���	��N�;�����	 �"#'>�L�;�����	 �"#O&�L�)�����"##1H�

�

�



���������������	

�����#�	�#����.���"� '>

2.2 Perspectives pour la gestion 

2.2.1 Les Ressources 
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Seeds consumed by waterfowl in winter: a review of diet methodology 
and a new web-based photographic atlas for seed identification 
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Table 1 : Literature overview of 44 studies dealing with waterfowl diet (listed according to the 
identification process and material type). 
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Table 2 : Useful websites on seed identification. 
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Foraging under multiple costs: resource density dep endent 
patch-use in mallard.
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Variation in home-range size and movements of winte ring 
dabbling ducks 
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Figure 1 . Map of the three study sites (Seine estuary, Brenne lakes and Moëze marshes) 
used in France to trap (capture sites, i.e., protected areas, are shown in grey) and radio-
track dabbling ducks during four consecutive winters (2001-2005). 
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Table 1:  Summary of the statistics (mean and SE) on the tracking dataset according to species, study 
site, and year. Roost site fidelity is the percentage of individuals that used only one roost during the 
whole winter. The sample size (n) differs relative to the type of variable (distances vs home-range, see 
methods for details). The core area (Ha) is calculated with nearest cluster neighbour analysis 
(Kenward et al. 2003). Mean distances between roosting and foraging sites are also provided. 
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Figure 2 : Selected examples of winter home-ranges (Core areas and MCP) calculated for a male teal 
in Brenne in 2002-2003 (A), a female pintail in Moëze in 2004-2005 (B) and a female mallard in the 
Seine in 2002-2003 (C).�
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Table 2 :  ANOVA results of the linear mixed-effects model on the distance travelled (Log transformed) 
with columns numerator degrees of freedom (numDF), denominator degrees of freedom (denDF), F-
values, and p-values for Wald tests for the terms in the model. Year and individual are treated as 
random factors.  
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Figure 3 : Boxplots of the distances traveled in 
meters (median ± SE and outliers) for 
mallards, pintails and teals wintering in Seine 
(in black), Moëze (in Grey) and Brenne (in 
white).�
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Figure 4 : Mean home-range sizes in Ha (+ 
S.E.) for teal and mallard in Brenne (white 
columns), Moëze (grey columns) and Seine 
(black columns). Core represent the core area 
calculated with nearest neighbour cluster 
analysis and MCP is the maximum convex 
polygon.�
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Figure 5 : Scatterplots and trendlines illustrating the correlations between log transformed distance 
traveled (in meters) and maximum daily temperature (°C) or date (in Julian days) for three wintering 
dabbling duck species radio-tracked in France from 2001 to 2005. All the linear regressions are 
significant (all P < 0.02), R² is provided for each relation. These relationships illustrate the triple 
interaction between temperature, species and time (Table 2). 
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Table 3  : Mean flight distances reported for wintering dabbling ducks between day-roosts and 
nocturnal foraging habitats.�
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Table 1:  Number of released and recovered mallard in Brenne between 2002 and 2004 by sex and 
year, and summary statistics (mean, SD and range) of the covariates used to explain the variation in 
the state transition probabilities. 
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Figure 1:  The lakes in Brenne (in grey) (46°46’ N, 01°10’E),   central France, showing the release and 
recovery sites of captive-raised mallard in 2002-2004 as black circles and white squares, respectively. �
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Figure 2:  Parameter values for the most 
parsimonious models showed in bold in tables 
2 and 3. In white are shown the emigration 
probabilities while in black are shown the 
probabilities of remaining at the release site. 
The transition probability for the “basic model” 
(see text for details) without covariates for the 
months of September (A) and Oct-January (B). 
Intercept and slopes (and their SE) for the 
“covariate model” for the months of September 
(C) and Oct-January (D) for juveniles mallard 
released in Brenne. These parameter 
estimates were used to generate the predicted 
curves shown in Figures 3 and 4. All covariates 
were standardized prior to the analyses. 
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Table 2:  Set of multi-state models used to select the “basic model” that will be used to include ecological covariates for captive-raised and released mallard in 
Brenne between 2002 and 2004. � and p are probabilities of state transition and of recovery probability per month. For each model are shown the QAICc 
(Akaike Information Criterion corrected for sample size divided by the over-dispersion index), ∆QAICc (difference between each model’s QAICc and the model 
with the minimum QAICc), the number of parameters and QDeviance (deviance divided by the over-dispersion index estimated by bootstrap using the most 
complex model (indicated by †) and was equal to 2.13; see main text for details). The most parsimonious model selected is shown in bold. The set of models 
include combinations of age (juveniles and adults), sex (either males/females or all individuals), state (indicating that ψA

�
 B �ψA

�
C; otherwise equal) and the 

temporal structure of the state transitions (either constant or with monthly variation over the hunting season). For all models, all state transitions of 2002 and 
2003 occurring outside the hunting season were grouped as single transition and denoted as “betw. hunting seasons”. For example, “Sept-Oct & others; betw. 
hunting seasons” denotes a model whose state transitions were estimated for three separate periods: (September and October), (November, December and 
January) and (January until next September). The sign “*” denotes that two or more factors were considered in interaction in the fitted structure of the state 
transition and recovery probabilities. 
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Table 3:  Set of multi-state models including ecological covariates: Body condition (Cond), Hunting pressure (Hunt), Cohort size (Cohort), Lake area (Area) 
and their possible interactions (int) included to explain transitions (i.e. ψA

�
 B and ψA

�
C) of captive-raised and released mallard in Brenne between 2002 and 

2004. Since none covariates were retained to explain the adult state transition, the covariables that best explain the juvenile state transitions are presented. 
The structure of all models in these tables corresponds to the “basic model” shown in bold in Table 2.  
Explanations about the ensemble of covariates models considered are given in the main text. The meaning table of headings is explained in the legend of 
Table 2 and in the main text. The most parsimonious models selected for predictions are shown in bold below. 
Only a subset of all covariate models considered (those having a QAICc weight > 0.001) is shown below to illustrate the process of model selection.  
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Figure 3 : Predicted values of the 
monthly probabilities of remaining 
at the release site (black) and of 
emigration (white) of captive-raised 
mallard in Brenne between 2002 
and 2004 as a function of hunting 
pressure and cohort size. The 
curves were generated using the 
most parsimonious model (showed 
in bold in table 3 and whose 
parameter values are those shown 
in Fig. 2) for the average values of 
the body condition and lake size. 
The graphs differed according to 
the value of the interaction 
between the cohort size and the 
hunting pressure (low value in A 
and C, high value in B and D). 
Plots at the top row are those for 
September (A and B) and those at 
the bottom row correspond to Oct-
Jan (C and D). All covariables 
were standardized prior to the 
analyses
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Figure 4:  Predicted values of the monthly 
probabilities of remaining at the release site 
(continuous lines) and of emigration (dashed 
lines) of juveniles captive-raised mallard 
according to body condition index 
(standardized corrected weight) and months 
(September vs. October-January). The curves 
were generated using the most parsimonious 
model (showed in bold in table 3 and whose 
parameter values are those shown in Fig. 2) 
for the average values of lake, hunting 
pressure, cohort size and their interaction. All 
covariates were standardized prior to the 
analyses. 
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Human hunting can bias the distribution of a phenot ypic trait in 
birds 
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Figure 1 . The left panel represents the 
relationships between Weight Index estimated 
at release time (ducklings) and the body size 
(scores of the PC1, 1st principal component) 
issued from several biometric measurements 
on fledged individuals recovered during the 
subsequent hunting season. The right panel 
represents the relationship between estimated 
proportion of body lipids and the scores of the 
PC1. Females are presented in white and 
males are in black. See text for detailed 
statistics. 
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Table 1. Set of multi-state models considered to investigate the effect of ecological covariates: Body 
size (weight Index ) (linear and quadratic), Hunting pressure (Hunt) and the interaction (weight Index * 
Hunt) on the monthly mortality rates of juvenile, captive-raised and released mallard (1943 �; 1790�) 
in Brenne between 2002 and 2004. Models are identified according to the covariates included to 
explain the variation of monthly survival of mallard, and they all included recovery probability that 
differed among years. Each hunting season was divided into two periods: Sept and Oct-Jan according 
to the intensity of hunting in Brenne, and accordingly the ecological covariates were fitted for each of 
these two periods (see main text for further details). For each model are shown the QAICc (Akaike 
Information Criterion corrected for sample size divided by the over-dispersion index estimated by 
bootstrap for the model without covariates and equal to 1.403), �QAICc (difference between each 
model’s QAICc and the model with the minimum QAICc), the QAICc weights (indicating the degree of 
relative empirical support of each model) and the number of estimated parameters.��
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Figure 2 . Predicted values of hunting season 
survival rate (continuous black line and 95% 
confident interval) according to the Weight 
Index at release time for juvenile captive-bred 
mallard (at mean of hunting pressure and 
interaction) The distribution of the mallard 
according to their Weight Index is also 
provided. Individuals with a negative corrected 
weight are presented in grey while individuals 
having positive values are in white. 
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Figure 3.  Schematic representation of mallard redistribution in two contrasted situations. In A (a 
classical natural reserve design), mallards roost by day and commute at twilight through unprotected 
feeding areas. Individuals in poor body condition are more likely to leave the roost and thus are more 
harvested by hunters. In B, captive-raised mallards in poor body condition escape from locally high 
hunting pressure. 
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Figure 1. Study regions within the flyway of teals 
in Western Europe. 
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Table 1 . Number of focal samples collected per region and 10-day period (starting 1-10 September) 
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Figure 2 . Mean ± SE (a) frequency of flyovers by predators and (b) foraging depth of teal in the study 
regions. Numbers are sample sizes, i.e. number of (a) study days and (b) individuals. See main text for 
statistics. In (b) regions with different letters differ significantly according to Bonferroni-adjusted posthoc t 
tests at P < 0.05.�
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Figure 3 . Relation between average frequency 
of flyovers by predators (predators/min ± SE) 
and average foraging depth of teals ± SE in 
Brånsjõn, the Camargue and the Atlantic 
regions. 
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Figure 4 . Mean intra-annual variation k SE in (a) foraging depth of teals, (b) frequency of flyovers by predators, (c) teal density 
(individuals/ha) and (d) length of feeding bouts (  , -) and feeding interruptions (   ), expressed per 10-day period starting 1-10 
September. See main text for statistics. W: wintering; SM: spring migration; B: breeding; M: moult.
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Risky foraging leads to cost-free mate guarding in male teal Anas crecca 
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Condition dependence of structural wing flash-marks  in two species 

of dabbling ducks 
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Table 1 : Morphological measurements for 23 male and 19 female mallards raised in our lab and fed ad 
libitum until measurements in September, right after the molting period. Shown are means ± SD and 
coefficients for two principal components (PC1 and PC2) of morphological variation. The PC1 scores were 
used to derive a body-size index. �

� (	��
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a PC1 and PC2 accounted for 57% and 14% of the variation in measurements, respectively. 
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Figure 1 : Typical median reflectance spectra (± 
lower and upper hinges and whiskers) of wild 
mallards (A) and teals (B) wintering in France, 
measured with optical spectrometry. 
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Figure 2 : Relationships between brightness (bottom line of graphs) or color (top line of graphs) contrast 
(relative to black surrounding feathers) and body condition (residuals from the regression of body size 
index and body mass) and body size (estimated with the 1st scores of a PCA on body measurements) per 
sex, from semi-captivey mallards (N= 19 females and 23 males). Dotted line = nearly significant 
relationships 0.05 < P < 0.08. Plain line = significant regressions (P < 0.05). 
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Figure 3 : Relationship between brightness contrast and date for mallards (A) or teals (B). 
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Figure 4 : Brightness (white columns) and color 

(black columns) contrasts in relation to status of 
mallards (captured alive at night in protected 
areas vs. shot in surrounding hunted areas 
during winter). 
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