
51

Diurnal behaviour of wintering  

Wigeon Anas penelope at Lac des  Oiseaux,  
northeast Algeria

M . Houhamdi & B. Samraoui

Laboratoire de Recherche des Zones  Humides, University of Annaba,

4  rue Hassi-Bei 'da, Annaba, Algeria.

Email: h o u h am d im o u ssa@yahoo. fr; bsam raou i@hotmail. com

Over a period of fo u r  years, the d iu rn a l  behav iour  of Wigeon Anas pene­

lope was m on i to red  at Lac des Oiseaux, a sha l low  f re s h w a te r  lake, part 

of the Num id ian  w e t land  complex located in no rtheas t  A lger ia .  Wigeon 

a rr ive  around late October and ove rw in te r  fo r  5-6 m onths , w i th  num bers  

f luc tua t ing  between 200 and 3, 000 birds. They occupy the cen tra l  area of 

the lake and no r thw es te rn  parts  dom inated by B u lrush  Scirpus lacustris  

and Sea C lub -rush  S. m arit im us, fa r  f ro m  any hum an d isturbance. 

Results  show  a seasona l  change in behav iour th roughou t  the  s tudy pe r i ­

od and h igh l igh t  the fac t tha t  feeding fo rm ed  an im p o r ta n t  part  of the 

birds' d iu rna l  act iv it ies at Lac des Oiseaux, which  is used both as a feed ­

ing area and a roost. These resu l ts  d i f fe r  f rom  data obta ined in parts  of 

Europe, w here  feeding is m a in ly  a n oc tu rna l  activity. Possib le fac tors  

in f luenc ing  the geograph ic  var ia t ion in the d iu rn a l  behav iour  of Wigeon 

are d iscussed.
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The ecology of Wigeon Anas pene­

lope has been studied intensively in 

Europe [Owen 1973; Cam predon 1982; 

Pirot et al. 1984; A l louche et al. 1989; 

Mayhew & Houston 1989; Tam is ie r  & 

Pradel;  1992; B runckho rs t  & Rösner; 

1998; M athers  et al. 2000) but has

received li t t le a t ten t ion  in North  Africa, 

w he re  loca l  w e t la n d s  are u n d e r  

inc reas ing  a n th ro p o g e n ic  p ressure  

(Bredin et al. 1986; Samraoui et al. 

1992; Tam is ie r  & Boudouresque 1994). 

A study of the behav iour of Wigeon, one 

of the m ost abundant w a te r fow l  in the
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region, is he lp fu l  in o rde r  to understand 

the geographic variat ion in the w in te r ­

ing s tra teg ies of ducks and to identify 

key ecological requ irements . Several 

stud ies have shown that Wigeon are 

quite adaptable and are able to display 

a t rem endous  p last ic i ty  of behaviour to 

match  changing env ironm enta l  cond i­

t ions w ith in  a specif ic  habitat (Owen & 

W i l l iam s 1976; von Känel 1981). The 

lack of data on local popula t ions has 

cons iderab ly  ham pered  conservat ion 

efforts, and, by explor ing the ecology of 

Wigeon, th is  paper a im s to f i l l  some 

gaps in sc ient is ts '  knowledge of the use 

of local w et lands  by waterfowl.

Methods

Data w ere  co l lec ted  at Lac des 

Oiseaux [nor theas tern  Alger ia), a sh a l ­

low f reshw a te r  lake of 75ha dominated 

by N ar row - lea f  Catta i l  Typha angustifo- 

tia and B u l ru s h  Scirpus Lacustris 

(Figure 1). The s tudy site is part of the 

eastern  N um id ian  w et land  complex, 

which  holds three R am sar sites, Lac 

des Oiseaux, Lac Tonga and Lac 

Oubeira, as w e l l  as a variety of m a rs h ­

es, dune s lacks and seasonal ponds. 

Lac Tonga and Lac OubeTra are located 

w i th in  the El Kala N a t iona l  Park 

(Stevenson et at. 1988; Samraoui & 

Bé la ir  1998). The w estern  N um id ian  

w e t la n d  com p lex  inc ludes  R am sa r  

s i tes such as Lac Fetzara and the 

Guerbes-Senhadja  w et lands  (Samraoui 

& Bé la ir  1997). During the study period 

the lake had not yet become a p ro tec t­

ed area but h u n t ing  w as  rare, in

contrast to the ne ighbour ing  Mekhada 

marsh, w here  hunting pressure was 

relatively strong.

Weekly  o bse rva t ions  w ere  made 

f rom  October 1996 to October 2000 

th rough  a 20x60 telescope and a pair  of 

10x50 b inocu la rs .  Ind iv idua l  coun ts  

were carr ied  out whenever the to ta l  

n u m b e r  of Wigeon was few er than 200. 

When th is  n u m b e r  was exceeded, an 

est imate  of the popula t ion size was 

achieved by div iding the f lock into sm a l l  

equal parts  and th rough extrapola t ion. 

The spatia l  d is t r ibu t ion  was recorded 

on a map and the birds' t im e  budget 

(O c tober-Apr i l )  was m on i to red  f rom  

0700h to 0930h and f rom  12 noon to 

1430h. These tw o  pe r iods  were  

assumed to be representat ive of a fu l l  

day, a lthough Campredon (1981) has 

shown tha t Wigeon may, at t imes, d is ­

p lay an uneven pa t te rn  of d iu rn a l  

behaviour. A randomly selected focal 

duck (A ltmann 1974·) was fo l lowed for 

10 m inu tes  and its behaviour divided 

a rb i t ra r i ly  into five act iv it ies: feeding, 

sw im m ing ,  preening, s leeping and f ly ­

ing. A d d i t io n a l  obse rva t ions  were  

carr ied  out at dawn and dusk to record 

the duck 's  m ovem ents  between Lac 

des Oiseaux and any o the r  adjacent 

wet land. A data m atr ix  (42 weeks/5 

activit ies) w as assembled and analysed 

using m u l t iva r ia te  s ta t is t ica l  analysis 

w ith  the ADE-4 package (Thioulouse et 

al. 1997).

To con f i rm  observat ions made at 

Lac des Oiseaux, in February 2002 the 

t im e budget of Wigeon at two o ther 

sites, the Mekhada, a seasonal b rack ­

ish m arsh of 15, 000ha, and Lac Tonga,
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Figure 1. M a p s  of Lac des Oiseaux, northeast Algeria, show ing the location of wintering W igeon during 

1996-1999.
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a sha l low  f reshw a te r  lake of 2,400ha 

was monitored using scan sampl ing  

(A l tmann 1974 ). A to ta l  of 45 hours 

were devoted to these la t te r  observa­

t ions  at each si te. H un t ing  w as 

relat ively frequent th roughou t the study 

period at both sites.

Results

W igeon a rr ived  at the end of 

October, several weeks a f te r  the f i rs t 

w in te r ing  Teal A. crecca (Houhamdi & 

Samraoui 2001). At f i rs t  the n u m b e r  of 

birds f luctuated, a probable indication 

of t rans ien t  birds on the i r  way fu r th e r  

south , then  the  popu la t ion  size 

increased and the peak was reached 

dur ing January  (Figure 2). Thereafter,  

the n u m b e r  decreased sharp ly  and s ta ­

bil ised fo r  severa l  weeks before g radu ­

ally dw in d l in g  off w i th  the  b irds '  

departure  in m id -M arch .  Dur ing the 

study period, Wigeon occupied the lake 

fo r  6-7 months, w ith  an average popu­

lat ion size of 500 and peaks of around 

3, 000 birds.

Wigeon displayed a relatively stable 

spat ia l  s t ruc tu re  w ith in  the lake, con­

centrating in the centre and close to 

nor thwes te rn  parts dominated by bu l ­

rush S. lacustris and scattered patches of 

bulrush S. maritimus·, two other species, 

Eurasian Water Milfoil Myriophyllum sp i­

ca tum  and Fenne l  Pondweed 

Potamogeton pectinatus, also abound 

there.

Moni tor ing the t im e  budget dur ing 

the f o u r y e a r  period (1996-2000), a to ta l  

of 209 hours, indicated tha t feeding was

Figure 2. Weekly counts of Wigeon at Lac des Oiseaux, northeast Algeria, for four periods: 1996-1999. 

Vertical lines are standard errors.
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Figure 3. (a) Percentage of time allocated by W igeon at Lac des Oiseaux, northeast Algeria, to diurna 

activities ( ^ ·  sleeping; WMå sw im m ing: feeding; 1: : : i preening and I I flying]. Data have beer

averaged over four wintering periods, (b) Percentage of time allocated by W igeon to diurnal feeding al 

Lac des Oiseaux for four periods: 1996-1999. Vertical lines are standard errors. Ie] Percentage of time 

allocated by W igeon to diurnal sw im m ing  at Lac des Oiseaux for four periods: 1996-1999. Vertical lines 

are standard errors.
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Figure U. (a) Percentage of time allocated by Wigeon to diurnal preening at Lac des Oiseaux, northeast 

Algeria, for four periods: 1996-1999. Vertical lines are standard errors. (b) Percentage of time allocated 

by Wigeon to diurnal sleeping at Lac des Oiseaux for four periods: 1996-1999. Vertical lines are standard 

errors, [c) Percentage of time allocated by Wigeon to diurnal flying at Lac des Oiseaux for four periods: 

1996-1999. Vertical lines are standard errors.
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the main act iv ity (55% of t im e  spent), 

fo l lowed by sw im m in g  and preening 

(20%), s leeping (3%) and flying (2%) 

(Figures 3-4). In sharp  con tras t to the i r  

c o u n te rp a r ts  tha t  ove rw in te r  in the 

Camargue, Wigeon at Lac des Oiseaux 

spent, overal l, a neglig ib le part of the i r  

t im e  in sleep and fed actively by day.

T ime devoted to  feeding increased 

steadily th roughou t the w in te r ing  per i ­

od, f rom  45% upon arr iva l  to nearly  60% 

pr io r  to the re turn  f l ight.  Preening was 

an im por tan t  activity: the t im e  allocated 

to preening, carr ied out m ost ly  in the 

morn ing , remained stable th roughou t 

the s tudy  per iod  at a round  20%. 

S w im m ing  represented, upon arr ival, 

27% of d iu rna l  activ ity before fa l l ing to 

a round 18% fo r  the rest of the w in te r ing  

period. S w im m ing  was genera l ly  asso­

ciated w ith  feeding, and 85% of the 

b irds  w ere  recorded feed ing  w h i le  

s w im m in g  w hereas  15% w ere  observed 

to feed on the no rthe rn  and n o r thw es t ­

ern banks of the lake. T ime a llocated to 

sleep displayed a progressive decline, 

f rom  10% at the s ta r t  of the w in te r ing  

period to 2-3% pr io r  to the re tu rn  of the 

Wigeon to th e i r  breeding grounds. This 

la t te r  activi ty was clear ly  confined to 

the f i rs t  part of the day. Flight, in f re ­

quently recorded and w ith  a peak of 4% 

during the fou r  year period, was m a n i ­

fest at the end of the w in te r ing  period 

and w as genera l ly  provoked by the 

presence of ch ildren. Wigeon were  not 

easily d is turbed by maraud ing  Marsh 

H a r r ie r  Circus aeruginosus  and reacted 

only by f lock ing in the centre  of the 

lake.

P re l im ina ry  data recorded at the 

Mekhada marsh  and Lac Tonga seem 

to con f i rm  resu lts  obta ined at Lac des 

Oiseaux. At both sites, feeding d o m i ­

nated o the r  act iv it ies, w ith sw im m ing  

and preening being m ore  frequen t than 

s leeping and flying (Figure 5).

The factor ia l  p lane of the f i rs t  two 

axes of the correspondence analysis 

(88% of inert ia) is suff ic ient to reveal 

the s t ruc tu re  in the data by outl in ing 

the progressive seasona l  change in 

behaviour (Figure 6a). The f i rs t axis 

(63% of inertia), w h ich  can be deemed 

to represent the 'energy axis' (Figure 

6b), show s the  c le a r  oppos it ion  

between feeding (actively gain ing e n e r ­

gy) and s leep ing  (keeping energy 

expenditure at a m in im u m ) whereas 

the second axis (25% of inertia) h igh ­

l igh ts  the  m o n th ly  g rad ien t  

(D ecem ber-A p r i l ) tha t  s ing les out c o m ­

for t  (and possibly courtsh ip) activ it ies 

f rom  flying, which  is m ore  pronounced 

p r io r  to the Wigeon's departure f rom  

the study site.
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Figure 6. Plot of factorial plane 1x2 of correspondence analysis  of the diurnal behaviour of Wigeon in 

northeast Algeria: a] ordination of dates with the circles representing the weighted average of sampling 

w eeks  (small squares]; b] ordination of diurnal activities; c] h istogram  of eigenvalues.
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Discussion

A sizable proport ion of Wigeon w in ­

te r  regu la r ly  in N um id ia  [A tk inson -  

W illes 19741, where  up to 100, 000 have 

been counted. Counts in recent years 

have con f i rm ed tha t  the region is an 

im po r tan t  w in te r ing  and staging area 

fo r  Wigeon [Isenmann & Moali  2000). 

Good es t imates of the to ta l  Wigeon 

popula t ion w in te r ing  in N um id ia  are 

unavailable, but the birds at Lac des 

Oiseaux, Lac Tonga and the Mekhada 

m arsh probably am oun t to a sizeable 

fract ion of the to ta l  count (Lac Fetzara 

is the only o the r  m a jo r  site in the 

region).

The late a r r iva l  of W igeon in 

Num id ia  is s im i la r  to tha t recorded in 

the Camargue, but som e uncerta in t ies  

su rround  the s ta tus of Wigeon tha t w in ­

te r  in Algeria and Tunisia, which  may 

belong to a popula t ion d is t inc t from 

that w in te r ing  in the Camargue, whose 

reproduct ive  g rounds are in Siberia 

(Tamisier & D ehor te r  1999).

Unfortunate ly, the present study did 

not inc lude  cou r tsh ip  ac t iv i t ies  and 

focused  on ly on d iu rn a l  behav iour ;  

however, Wigeon were shown not to 

devote a sizable part of th e i r  d iu rna l  

t im e  to courtsh ip  (Tamisier & Dehor te r  

1999). To overcome the o the r  l im i ta ­

t ions of the present study, noc tu rna l  

data are needed to assess the overall  

behaviour of Wigeon (Baldassarre  et at. 

1988).

The w in te r ing  s tra tegy of Wigeon 

has been divided into th ree  d is t inc t 

phases, w ith October and November

devoted large ly to  recovery th rough  

in tens ive  feed ing and preen ing . 

Decem ber and January  see a subs tan ­

t ia l  increase in the t im e allocated to 

s leeping and sw im m ing ,  w hereas in 

February and March the birds'  activ ities 

are dominated by sleeping and, once 

more , feed ing (C am predon  1982; 

Tam is ie r  et at. 1995). Ano the r  feature 

recorded in the Camargue, southern 

France, is tha t feeding grounds are d is ­

t inc t  f rom  roosts, m ak ing  up func t iona l  

units ' (Tamisier 1985).

The pattern of behaviour and use of 

wet lands  observed in Num id ia  are not 

fu l ly  cons is ten t  w i th  the  C am argue  

m ode l  but are s im i la r  to those record ­

ed at Lac Ichkeul, Tunisia (Bredin et at. 

1986), which  Wigeon exploit as both a 

d iu rna l  feeding ground and a roost. 

A l th o u g h  these  d i f fe rences  m ay be 

heightened fo r  m ethodo log ica l  reasons 

(scan vs focus methods, sample  size, 

d iu rna l  and noc tu rna l  observat ions vs 

d iu rna l  data), the present s tudy points 

towards  d is t inc t d iu rna l  uses of w e t ­

lands by Wigeon on each side of the 

Mediterranean. How can the d iscrep ­

anc ies  be tween these  p a t te rn s  be 

accounted for?

It is w or th  noting tha t studies of 

t im e  budgets of Wigeon w in te r ing  in 

Europe have revealed a wide variation 

in the circadian pattern  of feeding and 

sleeping (Campredon 1982). The spa ­

t io - te m p o ra l  d is t r ibu t ion  observed in 

the Cam argue and e lsewhere has been 

a t t r ibu ted  to a fixed life t ra i t  ra the r  than 

a recent adaptat ion to  hunting d is tu r ­

bance [D ehorte r  & Tam is ie r  1998). Two
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othe r  reasons, d is tu rbance and visual 

se lect ion of food, have been put forward 

to explain the geograph ica l  d iscrepancy 

in behaviour. D is turbance may indeed 

constra in  ducks to seek safety in n u m ­

bers dur ing the day in roosts, whereas 

they may d isperse more safely and feed 

by n ight when predat ion and hunting 

pressures are low.

Dis turbance by predators, including 

humans, undoubted ly  plays an im p o r ­

tant role in the selection of feeding 

s i tes  (Owen & W i l l ia m s  1976). In 

England, feeding is d iu rna l  in protected 

areas and noc tu rna l  in habitats exper i ­

enc ing d i f fe re n t  in te n s i t ie s  of 

d is turbance, w hereas both in England 

and France, feeding in m u d f la ts  is 

inf luenced by the t im ing  of tides (Owen 

& T h o m a s  1979; von K ane l 1981; 

Campredon 1982; Mayhew 1988). It is 

possible tha t the d iu rna l  d is turbance 

encountered by Wigeon in Num id ia  is 

below a specif ic  th resho ld . Data on th is 

aspect are needed urgent ly  as human 

encroachm en t is ever- increasing and 

Lac des Oiseaux m ight w e l l  become 

unsuitab le  fo r  w in te r ing  birds.

The second constra in t ,  manifested 

in the need to select food visual ly  in a 

heterogeneous environment,  is l inked 

to the Wigeon's diet, which includes 

s h o r t  g rass  sw ards  (Owen 1973; 

M ayhew & H ouston  1989). In the 

Camargue, the diet of Wigeon has been 

found to be composed, to a sizable 

extent, of D itchgrass Ruppia cirrhosa, 

Dwarf Eelgrass Zostera noltil, Fennel 

Pondweed, Lesser Pondweed P. pus il ­

lus, Eurasian Water Milfoil , Buttercup

of Baudo t R anunculus baudo ti i and 

g lassw or t  Salicornia  sp. (Campredon 

1984). Wigeon are also able to incorpo ­

rate seeds and an im a l  m a te r ia l  in the ir  

diet (Cramp & S im m ons  1977; Danell  & 

Sjöberg 1982; Jacobsen 1991).

The W igeon ’s sm a l l  body size and 

herb ivorous diet are constra in ts  that 

are met by its high food intake and re l ­

a t ive ly  lon g e r  feeding bouts  

(C am predon  1982; M ayhew  1988; 

Mayhew & Houston 1993). In o rder to 

meet its heavy energy re qu i rem en ts , 

the  W igeon 's  feed ing p las t ic i ty  has 

evolved to a l low  it to graze around the 

c lock (Mayhew 1988) and in a great 

variety of habitats, ranging f rom  f re sh ­

w a te r  lakes to in te r t ida l  sa lt  marshes. 

This pattern  of behaviour may be pa r ­

t icu la r ly  im po r tan t  at la t i tudes where 

energy requ irem en ts  may be h igher 

due to low er w in te r  tem pera tu res . The 

to ta l  feeding t im e  per day in Numid ia  

appears to be m arked ly  sho r te r  than 

tha t found e lsewhere  (12-16 hours), but 

f u r th e r  inves t iga t ions  of n o c tu rn a l  

behaviour of Wigeon are needed before 

factors underly ing such dif ferences can 

be addressed safely.

The w ide geographic dif ference in 

the pattern  of feeding and use of w e t ­

lands need not be induced by a single 

factor, and it seems likely tha t it may 

re f lect the interact ion of hydrology, pro­

ductiv i ty , d is tu rb a n ce  and o th e r  

processes d if f icu lt  to identify by obse r ­

vation a lone. Clearly, more  deta i led 

studies are needed to unravel the fu l l  

range of behaviour d isplayed by Wigeon 

in North  Afr ica, and th is  effort should
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in c lu d e  th e  use of m o re  o b s e rva t ion  

s i te s  th a t  ho ld  la rg e r  n u m b e r s  of b irds .

Acknowledgements

The a u th o rs  are  m o s t  g r a te fu l  to Dr. 

A. T a m is ie r  fo r  m a k in g  h e lp fu l  c o m ­

m e n ts  and s u g g e s t io n s  w h ic h  g re a t ly  

im p ro v e d  a p re v io u s  v e rs io n  of th e  

m a n u s c r ip t .

References

Allouche, L., Dervieux, A., Lespinasse, P. & 

Tamisier, A. 1989. Sélection de l'habitat 

diurne par trois espèces d'oiseaux d'eau 

herbivores hivernant en Camargue 

[France). Acta Oecotogica/Oecoiogia 
Applicata 10: 197-212.

Altmann, J. 1974. Observational study of 

behaviour: Sampling methods. Behaviour 
49: 227-267.

Atkinson-Wil les, G. 1974. The numerica l 

distr ibution of ducks, swans and coots as 

a guide in assessing the importance of 

wetlands in midwinter. In: Proceedings of 
the International Conference on Wetlands 
and Waterfowl, Peiligenhafen 1974, (ed. M. 

Smart). International Waterfowl Research 

Bureau, Slimbridge; pp. 199-254.

Baldassarre, G. A., Paulus, S. L., Tamisier, A. 

& Titman, R. D. 1988. Workshop s u m m a ­

ry: techn iques fo r  t im ing  activ ity  of 

w in te r ing  wate rfow l.  In: Waterfowl in 
Winter, (ed. M. W. Weller). University of 

Minnesota Press, Minneapolis; pp. 181- 

188.

Bredin, D., Skinner, J. & Tamisier, A. 1986. 

Distr ibution spatio-temporel le et activités 

des Anatidés et foulques s u r  l' lchkeul, 

grand quart ie r  d 'hiver tunis ien. Etude 

préliminaire. Acta Oecologica/Oecologica 
Generalis 7: 55-73.

Bunckhorst,  H. & Rosner, H-U. 1998. Das 

Vorkommen von Pfeifenten Anas penelope 
im sch lesw ig -ho ls te in ischen  Watten- 

meer. Corax 1 7 :  81 -96.

Campredon, P. 1981. Hivernage du Canard 

S if f leu r  en Camargue. France. 

Stationnements et activités. Alauda 49: 

169-193.

Campredon, P. 1982. Démographie et écolo­

gie du Canard Sif f leur Anas penelope L. 

pendant son hivernage en France. 

Doctoral thesis, USTL, Montpellier; 161 

PP-

Campredon P. 1984. Régime alimentaire du 

Canard Sif f leur Anas penelope L. pendant 

son hivernage en Camargue. L'Oiseau et la 

RFO 54: 189-200.

Cramp, S. & Simmons, K. E. L. 1977. The 

Birds of the Western Palearctic, Vol. 1. 

University Press, Oxford.

Danell, K. & Sjöberg, K. 1982. Seasonal and 

diel changes in the feeding behaviour of 

some dabbling duck species on a breed­

ing lake in no r the rn  Sweden. Ornis 
Scandinavica 13: 129-134.

Dehorter, 0. & Tamisier, A. 1998. Hunting 

vu lne rab i l i ty  and w in te r ing  stra tegy 

among waterfowl in Camargue, France. 

Wildlife Biology 4: 13-21.

Houham d i, M. & Samraou i,  B. 2001. 

Occupation spatio-temporel le du Lac des 

Oiseaux, Nord-est algérien par l'avifaune 

aquatique. Alauda 70: 301-310.

Isenmann, P. & Moali, A. 2000. Oiseaux 
dAlgérie. Société d'Etudes Ornithologiques 

de France.

Jacobsen, O. W. 1991. Feeding behaviour of 

breeding Wigeon Anas penelope in rela­

t ion to seasonal em ergence and 

sw arm ing  behaviour of ch ironom ids. 
Ardea 79: 409-418.



62 Diurnal behaviour of w intering Wigeon

Mathers, R. G.,  Watson,  S.,  Stone,  R. &

Montgomery, W. I. 2000. A study of the 

impact of human disturbance on Wigeon 

Anas penelope and Brent Geese Branta 

bernicla hrota on an Irish sea loch. 

Wildfowl 51: 67- 81.

Mayhew, P. W. 1988. The daily energy intake 

of European Wigeon in winter.  Ornis

Scandinavica 19: 217-223.

Mayhew, P. W.  & Houston,  D. C.  1989.

Feeding site selection by Wigeon Anas

penelope in relation to water. Ibis 131: 1-8.

Mayhew, P. W. & Houston, D. C. 1993. Food 

th roughpu t t im e in European Wigeon 

Anas penelope and other grazing w a te r ­

fowl. Wildfowl 44: 174-177.

Owen, M. 1973. The w in te r  feeding ecology 

of Wigeon at Bridgewater Bay, Somerset. 

Ibis 115: 227-243.

Owen, M. & Thomas, G. J. 1979. The feeding 

ecology and conservation of Wigeon w in ­

tering the Ouse Washes, England. Journal 

of Applied Ecology 16: 795-809.

Owen, M. & Wil l iams, G. 1976. Winter d is tr i ­

bution and habita t requ irem en ts  of 

Wigeon in Britain. Wildfowl 27: 83-90.

Pi rot, J-Y., Chessel, D. & Tamisier, A. 1984. 

Exploitation a l im en ta ire  des zones 

humides de Camargue par 5 espèces de 

canards de surface en hivernage et en 

transit:  modélisation spatio-temporelle . 

Revue d'Ecologie Terre et Vie 39: 169-192.

Samraoui, B. & de Bélair, G. 1997. The 

Guerbes-Senhadja wetlands. Part I: an 

overview. Ecologie 28: 233-250.

Samraoui, B. & de Bélair, G. 1998. Les 

zones humides de la Numidie orientale: 

bilan des connaissances et perspectives 

de gestion. Synthèse 4: 1-90.

Samraoui, B., de Bélair, G. & Benyacoub, S. 

1992. A much threatened lake: Lac des 

Oiseaux in northeas te rn  Algeria . 

Environmental Conservation 19: 264-267, 

276.

Stevenson, A. C., Skinner, J. & Smart, M. 

1988. The El Kala National Park and envi­

rons, Algeria. An ecological evaluation. 

Environmental Conservation 15: 335-348.

Tamisier, A. 1985. Some considerations on 

the social requirements of ducks in w in ­

ter. Wildfowl 36: 104-108.

Tamisier, A. & Boudouresque, C. 1994. 

Aquatic bird populations as possible indi­

cators of seasonal nu tr ien t  f low  at 

Ichkeul Lake, Tunisia. Hydrobiologia 

279/280: 149-156.

Tamisier, A. & Dehorter 0. 1999. Camargue, 
canards et foulques. Fonctionnement et 

devenir d'un prestigieux quartier d'hiver. 

Centre Ornithologique du Gard, Nîmes.

Tamisier, A. & Pradel, R. 1992. Analyse sta­

tistique de l'habitat hivernal diurne du 

Canard S if f leu r  Anas penelope L. en 

Camargue. Perspectives de gestion. 

Revue d'Ecologie Terre et Vie 47: 135-150.

Tamisier, A., A llouche, L., Aubry, F. & 

Dehorter, 0. 1995. Wintering strategies 

and breeding success: hypothesis for a 

trade off in some w a te r fow l species. 

Wildfowl 46: 76-88.

Thioulouse, J., Chessel, D., Dolédec, S. & 

Olivier, J .  M. 1997. ADE-4: a multivaria te 

analysis and graphical display software. 

Statistics and Computing 7: 75-83.

von Känel, A. 1981. Winter feeding ecology 

of Wigeon Anas penelope at the Ouse 

Washes, England. Ibis 123: 438-449.


