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A flyway perspective of foraging activity in
Eurasian Green-winged Teal, Anhas crecca crecca

C. Arzel, J. Elmberg, and M. Guillemain

Abstract: Time—activity budgets in the family Anatidae are available for the wintering and breeding periods. We present
the first flyway-level study of foraging time in a long-distance migrant, the Eurasian Green-wingedAhaskrecca
crecca L., 1758 (“Teal”). Behavioral data from early and late spring staging, breeding, and molting sites were collected

with standardized protocols to explore differences between the sexes, seasons, and diel patterns. Teal foraging activity was

compared with that of the Mallardnas platyrhynchos L., 1758 and Northern Shovelefnas clypeata L., 1758, and the
potential effects of duck density and predator-caused disturbance were explored. In early spring, foraging time was moder-
ate (50.5%) and mostly nocturnal (45%). It increased dramatically in all three species at migration stopovers and during
molt, mostly because of increased diurnal foraging, while nocturnal foraging remained fairly constant along the flyway.

These patterns adhere to the “income breeding” strategy expected for this species. No differences between the sexes were

recorded in either species studied. Teal foraging time was positively correlated with density of Teal and all ducks present,
but negatively correlated with predator disturbance. Our study suggests that Teal, in addition to being income breeders,
may also be considered as income migrants; they find the energy necessary to migrate at staging sites along the flyway.

Résumeé : Les budgets—temps des Anatidae sont disponibles pour tesdpe d’hivernage et de reproduction. Nous-pre
sentons la premie gude, al'échelle d’une voie de migration, du temps d’approvisionnement d’'un migrateur de longue
distance, la sarcelle d’hiveAnas crecca crecca L., 1758. Les donnes comportementales déhig et fin de migration
printanigre, reproduction et mue ontéobtenues, avec le nee protocole, afin de tester les difémces entre sexes, sai-
sons et variations nyctherales. L'approvisionnement des sarcelles est compasdui des canards colvertdnas platyr-
hynchos L., 1758, et des canards soucheieas clypeata L., 1758; les effets de la densitee canards et du”dengement
par les preateurs sontgalement teste Au deébut du printemps, le temps d’approvisionnemétaitecourt (50,5 %), et es-
sentiellement nocturne (45 %). Il augmentait ensuite derfapectaculaire pour les trois eésps sur les haltes migratoires
et durant la mue (principalementcause de I'approvisionnement diurne, I'approvisionnement noctiteme eonstant).

Ceci s’accorde avec la stfgie de « reproducteur sur revenu » attendue chez cesesspgucune diffeence inter-sexe

n'a @é relevee chez les espes ‘eudiees. Le temps d’approvisionnement des sarceélteit eorrdé positivement avec leur
densifeet celle de I'ensemble des canard$sames et hgativement avec le ‘dangement par les jpdateurs. Les sarcelles
seraient des reproducteurs magmlement des migrateurs sur revenu, trouvamtdigie rieessaire deur migration en
route.

Introduction hypotheses about behavior and potential bottlenecks in the
annual cycle. Moreover, time—activity budgets are a basic
An animal’'s energy requirements are influenced by shortyet powerful general tool in the study of wild populations,
term variations in biotic and abiotic conditions, but manysince an understanding of a species’ behavioral requirements
species also tune their biological cycle to regular and morés a prerequisite for proper management (e.g., Sutherland
dramatic annual variations (King 1974). Accordingly, during and Gosling 2000). Finally, recent advances in the develop-
some periods of the year individuals may have to increasenent of behavior-based individual models of population dy-
their energy intake to meet particular needs, such as thosgmics highlight the importance of understanding basic
linked to migration and reproduction (King 1974; Ricklefs behavior prior to initial model parameterization (e.g., Petti-
1974). Time-activity budgets have long been an essentidbr et al. 2000; Stillman et al. 2000). Given the general and
instrument to use for approaching questions about dailynultiple values of time—activity budgets, they are particu-
energy needs, and thereby also assessing evolutionalgrly relevant for management and conservation of, and pol-
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icy-making for, harvested species. Among hunted birdsmined partly by environmental conditions along the flyway
ducks (family Anatidae) are the most important game world-and during migration, and partly by those on the breeding
wide, and they have long been focal organisms in wildlifegrounds.
ecology. However, even for the best studied duck species, The aim of the present study was to address the shortcom-
significant gaps remain in the understanding of time use, esngs described above by recording Teal behavior at a variety
pecially from a circumannual perspective (see review in Arzebf sites within several regions throughout a flyway over
et al. 2006). 2 years. Using strictly standardized methods we studied
Within the Anatidae, time—activity budgets of dabbling ducks from February to August, covering the premigration,
ducks @nas spp.) have mainly been documented for eitherstaging, breeding, and molting phases of the annual cycle.
wintering (Tamisier 1972; review in Paulus 1982; Miller Specifically, we set out to answer the following questions:
1985; Morton et al. 1989) or breeding birds (e.g., Seymouf1) What is the general diel pattern of foraging time from
1974; Asplund 1981; Atram 1992). Time use in staging premigration to molting?
spring-migrating dabbling ducks remains almost undocu{2) Does daily foraging time change over time within a per-
mented, even in very common and otherwise well-studied iod of the year (hereinafter “season”) or region? For ex-
species (but see Arzel and Elmberg 2004). This is a crucial ample, does the time spent foraging increase from a
and remarkable knowledge gap, not only in itself, but also bird’s arrival until its departure from each region?
because many previous avian studies indicate that behaviorg) Are there differences between the sexes in diel foraging
choices and trade-offs made in spring are likely to affect patterns?
subsequent breeding success and thus the fitness of indivigy) poes the time devoted to foraging by Teal differ from
uals (Paulus 1982; Teunissen et al. 1985; Baldassarre et al.” that of cooccurring Northern Shoveleknas clypeata L.,

1988; Alisauskas and Ankney 1994; Ebbinge and Spaans 1758 (hereinafter “Shoveler”), and Mallardynas platyr-
1995; Lindberg et al. 1997; Arzel 2006). Ideally, time use  pynchos L., 17587

by migratory species should be studied with standardizegES) Does the density of co-occurring congeners and the level

methods year-round. To our knowledge there is only one ; infl dailv f ing i f
such study of dabbling ducks (Hickey and Titman 1983), _(I)_l;glr’;adator disturbance influence daily foraging time o

but it was carried out in a limited geographical area and, un-
fortunately, mixes data from resident birds with those from
transient migratory birds. Methods

In any time-budget study of a migratory species, the fack;qy areas
that fat and protein reserves that individuals carry may influ-  tha Western European flyway of Teal is rather well de-
ence subsequent behavior needs to be considered (Sffed: the results of studies based on ringing recoveries
Thompson and Raveling 1987). In other words, the réServefoskimies 1956; Solonen 1985; Scott and Rose 1996;
a bird is able to acquire at a stopover site and then carmg ansson and Pettersson 2001; Wernham et al. 2002; Bakken
through the subsequent flying episode can influence behays; 5| 2003) agree that many Teal wintering in France mi-
ior, for example how much time is allocated to foraging, atgrate to breeding grounds in Scandinavia, Finland, and west-
the next stopover (King 1974). Indeed, if a bird still has gy Ryssia, For the present study we selected five regions
enough reserves when arriving at a stopover site it may regfihin this flyway, all known to be highly attractive to dab-
rather than.feed (Guillemain et al.'2004), which may ('explamb”ng ducks in general and Teal in particular (see below).
why behavior does not necessarily reflect the foraging oprhe study sites are used by premigrating, staging, breeding,
portunities at a study site. This income—expenditure time lag,q4 molting birds whose behavior we studied in February—
is yet another reason why it is important to study a speciegmy 2003 and February—August 2004 (Table 1).
throughout its migratory journey and throughout its flyway.

The Eurasian Green-winged Tednas crecca crecca L., Marais Vernier
1758 (hereinafter “Teal”) is one of the smallest duck spe- Guillemain et al. (2006) showed that Teal depart from
cies. According to the theory of capital versus incomewintering habitats in southern France as early as early Feb-
breeding, it is thus expected to be an income breeder, i.e., fuary. Birds studied in February and March in northern
cannot store enough energy on wintering grounds to covefrance are thus mainly transient migrants, but at the begin-
the costs of migration and subsequent egg laying (see theing of the annual study period there were also some locally
American Green-winged TeaRnas crecca carolinensis L.,  wintering individuals present. In the Marais Vernier region
1758 (Gmelin, 1789), in Paquette and Ankney 1998; Klaas{49°29N, 0°07E) we selected two sites forming a wider
sen 2002). Teal are therefore expected to make several stognit: at the Grand’Mare reserve we sampled behavior during
overs along the migration route to forage and restore energgaylight hours (0600-1800), while the Legay pond was used
reserves. Theoretically, the most efficient scenario for Teaht night (1800—0600). The Grand’Mare reserve is one of the
is to arrive at the breeding grounds in such good conditiormost important Teal day roosts in the area (Clairefond and
that minimum time is needed to secure the protein and lipidSchricke 1994), but here, as in many other French wintering
necessary for rapid clutch formation and egg laying, as earand spring-staging areas, ducks leave at dusk for nearby
lier nesting pairs have greater reproductive success (EImbempcturnal foraging sites (cf. Tamisier and Dehorter 1999).
et al. 2005). Consequently, it can be hypothesized that th®ne of them is the Legay pond, which is surrounded by a
condition in which birds arrive at breeding grounds affectsgrazed pasture and located only 1400 m from the Grand'-
their time use there, and hence the date of egg laying, anblare reserve. The fact that the latter is the major day roost
hence breeding success. The latter may therefore be detenthe area supports the assumption that the same birds used
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Table 1. Numbers of Eurasian Green-winged TeAhds crecca crecca) scan samples per yeatr,
region, month, season, and period of the day.

Period of the day

Diurnal Nocturnal
Region Year Month Season (0600-1800) (1800-0600)
Marais Vernier 2003 February Esm 39 (4)
2003 March Esm 49 (5)
2004 February Esm 30 (3) 12 (1)
2004 March Esm 28 (4) 21 (4)
Norvik 2003 April Lsm 35(4) 8 (4)
Vinno 2004 April Lsm 90 (8) 20 (7)
Bransjin 2003 May Lsm 66 (6) 25 (6)
2003 June B 16 (4) 36 (3)
2003 July B 11(3) 15 (3)
2004 May Lsm 24 (5) 14 (3)
2004 June B 37 (5) 36 (5)
2004 July B 38 (4) 20 (4)
2004 August M 19 (2) 11 (2)
Breeding lakes 2003 June B 32 (2) 19 (2)
2003 July B 55 (3) 21 (3)
2004 June B 9 (1) 3 (1)
2004 July B 41 (4) 2 (2)
2004 August M 1(1)

Note: Numbers in parentheses show the number of sampling days (Esm, early spring migration; Lsm,
late spring migration; B, breeding; M, molting).

both sites. For convenience, “Marais Vernier” will be used Guild composition

throughout to represent both these study sites. During the study, all sites except the 11 oligotrophic
breeding lakes were used by all seven dabbling duck species
Southern Sweden breeding in Western Europe: Teal, Mallard, Shoveler, Eura-

Two regions represented conditions and behavior roughlgian Wigeon fAnas penelope (L., 1758)), Gadwall Anas stre-

halfway along the migration route. In April 2003 we used pera (L., 1758)), GarganeyAnas querquedula (L., 1758)),

15 ha of the Norvik coastal lagoon (B®2N, 16°42E) in  and Northern Pintail Anas acuta (L., 1758)). Teal and
the Ottenby nature reserve onla@d Island in the Baltic Mallard were the most abundant species everywhere. Gar-
Sea, an area hosting large numbers of waders and waterfowaney and Northern Pintail were sparse and rarely occur-
at the time of sampling. In April 2004 we used the alluvial ring in all regions, while Shoveler, Eurasian Wigeon, and
pastures at VinhoAngar (560IN, 14°09E; hereinafter ~Gadwall were more or less common depending on the re-
“Vinno™) in the province of Scania. The 1.5 ha area studiedgion. Teal were often the only dabbling ducks on the
is part of a complex of wetlands and seasonally floodedbreeding lakes; a habitat in which Mallard and Eurasian
meadows internationally recognized as an important stopWigeon are the only other widespread breeding dabblers
over area for waders and waterfowl (Kristianstads Vattenrikge.g., Danell and Sjwerg 1979). We studied foraging be-

UNESCO Biosphere Resenve havior in Mallard and Shoveler as well, to compare with
that of Teal because the former two species are relatively
Vasterbotten abundant in most regions studied and share much of the

Prebreeding and breeding ducks were studied at 12 lakdatter species’ diet. In other words, Mallard and Shoveler
in the Uméaarea (6349N, 20°16E) in the province of Wwere the most likely putative competitors with Teal.
Vasterbotten, north-central Sweden, from May to July 2003
and from May to August 2004. Eleven of them are typicalBehavioral observations
boreal breeding lakes for Teal, i.e., they are small (0.5- From hides or observation towers, we used the scan-sam-
7 ha), oligotrophic, and surrounded by coniferous forestpling method (Altmann 1974) to record the behavior of each
and have shores dominated by floating peat bog (chiefly thelabbling duck visible on a wetland. The observer remained
genusSphagnum L.). In 2003, we studied Teal behavior at in the hide all day to minimize disturbance. All data were
10 lakes, but in 2004 only 6 of them had breeding Tealrecorded by the same observer (C.A.). In both years we
which is why another lake was added to the sample thasampled behavior throughout all daylight hours (cf. Table 1).
year. The 12th lake, Bresjon, is much larger (32 ha), eutro- Twenty-four-hour sampling was possible in northern Swe-
phic, surrounded by cereals and hayfields, and located in adlen because of the high latitude, but in practice nocturnal
open agricultural landscape. Bision Lake is part of a na- mist and midday heat haze sometimes prevented sampling.
ture reserve used by thousands of dabbling ducks as a stalgr 2004 we used » Thompson UGO night-vision binoculars
ing site in spring, and by hundreds for breeding and moltingo make nocturnal observations at the hide at the Legay
(e.g., Sjerg 1986). pond in Marais Vernier. At Vinihdhe lack of a permanent
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hide precluded a close enough approach to the birds to r&JTC). When analyzing diel patterns we averaged the pro-
cord their nocturnal behavior without disturbing them. Inportion of ducks foraging during each period of each day,
contrast to Marais Vernier, ducks at the spring staging sitesxcluding days for which only diurnal or only nocturnal
Norvik and Vinnostayed on the same wetlands 24 h a day. data were available. Note that in 2003 we did not sample at
Twenty-four-hour scan surveys were done weekly at Marhight during the early spring migration season, nor during
ais Vernier, Norvik, and Brasjon Lake and twice a week at fall migration. Preliminary analyses revealed no difference
Vinno. In Vasterbotten, each oligotrophic breeding lake wasbetween years and therefore data from the 2 years were
visited for 2 h every 2 weeks instead of on a 24-h basiscombined.
Only one or two pairs of Teal bred on each of these lakes, We used Spearman’s rank correlation (StatisticStat-
sometimes making it difficult to observe the birds. To in- soft Inc. 2002) to assess potential changes in the daily pro-
crease the chances of obtaining a sample, the frequency pbrtion of time spent foraging over time within each season
scans was doubled to four scans every 2 h instead of orend in each region, as well as for assessing the behavioral
per hour as in all other regions. Behavioral data were thusesponse to disturbance, to Teal density, and to the density
collected throughout the day with an interval of at least aof other dabbling ducks. The overall differences between
half an hour, but generally 1 h, between two samples. Thigears, seasons, period of the day and region were assessed
was done to avoid always collecting data at the same timevith GLMs (Statistic&; Statsoft Inc. 2002). Proportions
of day, which could possibly bias the results (e.g., motion-were arcsine square root transformed prior to the latter anal-
less birds may become under-recorded when light conditiongses (Sokal and Rohlf 1995).
deteriorate; cf. Paulus 1982; Baldassarre et al. 1988). We
randomly chose which time of day a breeding lake wasRaegylts
sampled, but because of their number and the distance be-
tween them it was impossible to visit all on the same dayDiel patterns and seasonal changes
In the analyses of the oligotrophic breeding lakes we there- A GLM model testing for differences among seasons and
fore consider data from a “sampling session”, i.e., 2 or moreperiods of the day and the effect of their interaction in ex-
days, as being from the same “study day”. plaining the proportion of time Teal spent foraging fitted
The total density of dabbling ducks (ahas species and the data significantly (full model:F7 199 = 10.2, P <
including ducklings) was calculated for each scan sample0.0001). The proportion of time spent foraging varied signif-
Whenever possible, we recorded the sex of each duck. Moltantly among season§§ 109 = 5.4, P = 0.002; Fig. 1), but
begins at the end of June in the breeding area studied (Sjmot among periods of the dayF({ 109y = 3.7, P = 0.059),
berg 1986), and most males wore eclipse plumage in Julywhile the seasox period of the day interaction had a signif-
This, together with bad weather or light conditions, some-cant effect E3 109 = 8.4, P < 0.0001). Post hoc Bonferroni
times made it impossible to sex a bird. Individuals of un-t tests atP < 0.05 revealed that this was essentially due to
known sex were not used in the statistical analysis of sexudhe fact that diurnal foraging time of Teal during the early
differences in behavior. spring migration was dramatically shorter than either diurnal
We recorded the behavior of each bird observed during & nocturnal foraging during any other season. The only ex-
scan sample and classed the behavior as foraging if the bilgeption was diurnal foraging time during molting, which
was performing any of seven foraging behaviors: grazingwas at a comparable level.
catching flying insects, bill under water, head under water, Diurnal foraging time decreased over time during late
neck under water, up-ending, and diving (the latter beingspring migration s = —0.79,P < 0.0001,N = 22). Nocturnal
very rare except during molt). Though ducklings were in-foraging time also decreased over time during late spring
cluded when analyzing the effect of duck density, onlymigration s =—-0.51,P = 0.02,N = 20). When considering
adults were considered in the behavioral samples. data from early in the breeding period are considered, i.e.,
Predator disturbance possibly affecting the ducks (i.e.broadly from early June to early July at Bisjon Lake, the
forcing some or all to take flight) was recorded throughoutcorrelation was highly significantly positive for nocturnal
each study day and subsequently expressed as frequerigfaging time (s = 0.89,P = 0.001,N = 9) as well as diur-
(the average number of disturbance events per hour). Predal foraging time (s = 0.781,P = 0.008,N = 10; Fig. 2).
tors were both avian (Marsh HarrieCifcus aeruginosus
(L., 1758)), Common Buzzard3(iteo buteo (L., 1758)), Os- Intersexual differencesin Teal

prey Pandion haliaetus (L., 1758)), Red Kite ilvus mil- Using data on sexed birds, we tested whether average for-
wus (L., 1758)), Peregrine FalconF@lco peregrinus  aging time varied among seasons or between the sexes, and
Tunstall, 1771), Hooded CrowCfrvus corone cornix L., whether their interaction had a significant effect. The full

1758), Common RavenCprvus corax L., 1758), owl @sio  models fitted the data significantly for diurnal foraging and
sp.), and White-tailed EagleH@éliaeetus albicilla (L.,  daily average foraging time (Table 2) but not for nocturnal
1758))) and mammalian (red fo¥}/{lpes vulpes (L., 1758))).  foraging Fissz = 0.6, P = 0.690). However, in all cases
this was only due to the differences between seasons
Analyses (Table 2), bringing us back to the smaller proportion of
For our analyses we divided the year into four seasondjme spent foraging during the early spring migration period.
early spring migration (February and March), late spring mi- We then tested whether foraging time differed between
gration (April and May), breeding (June and July), and moltthe sexes or periods of the day and if the seperiod of
(August), and the day into two periods, night (1800-0600the day interaction had a significant effect. We only used
Coordinated Universal Time (UTC)) and day (0600-1800data from the days for which both diurnal and nocturnal
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Fig. 1. Daily proportion of time (mean + SE) spent foraging by Eurasian Green-winged Aras ¢recca crecca; solid bars), Mallard
(Anas platyrhynchos; open bars), and Northern Shovelénés clypeata; hatched bars) during daytime (0600-1808) énd nighttime
(1800-0600) If) per season and per year.
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data were available. The full model did not fit the data sig-aging time for Teal, Mallard, and Shoveler (Figh)1Noc-
nificantly (Fiz166) = 0.5, P = 0.72); irrespective of sex and turnal foraging time did not vary among species
time of the day, Teal spent 44.7% + 2.0% (mean + 8  (Fj11,117= 1.5, P = 0.15).

170) of 12 h periods foraging. When considering the dates for which both nocturnal and
diurnal data were available, the full model fitted the data
Differences among duck species (Table 3), but only season, not species, had a significant ef-

Time Spent foraging was Sim"ar among Species (F|g 1;feCt Post hOC Bonferrorti tests atP < 005 ShOWed that the
Table 3) and, on average, the three species spent 34% difference was due to a larger share of time allocated to for-
1.9% (mean + SEN = 180) of daylight hours foraging. All ging during molt than during early spring migration.
species spent less diurnal time foraging during early spring
migration than during all other periods. During molt there Effect of disturbance
was a general but nonsignificant increase in nocturnal for- In Mallard and Shoveler, neither diurnal nor nocturnal
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Fig. 2. Daily proportion (mean = SE) of time spent foraging by Teal in each period of the day and season in 2003 and 2004. Diurnal data
(solid bars) were collected between 0600 and 1800 and nocturnal data (open bars) between 1800 and 0600.
07 -
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0.5 4

04 1

0.3 q

0.2 §

Proportion of time spent foraging

0.1 4

early spring migration late spring migration breeding fall migration

Table 2. GLM exploring variation in diurnal and daily average Table 4. Spearman’s rank correlations between the species-specific

foraging time among seasons and sexes. average diurnal (1800—0600) and nocturnal (0600-1800) proportions
of time spent foraging and density of Teal, density of all dabbling
F df P ducks (Teal included), and frequency of disturbance by predators.
Diurnal foraging  Full model 20.524 5,114 <0.0001
Season 50.722 2,114 <0.0001 Period of  Relation
Sex 0249 1,114  0.619 theday  tested N s P
Seasornk sex 0.651 2,114 0.524 Mallard Daytime Teal density 67 0.066 ns
Daily average Full model 2.329 5,80 0.050 Duck density 67 -0.070 ns
Season 4178 2,118 0.0188 Disturbance 67 -0.151 ns
Sex 0.008 1,80 0.928 Nighttime  Teal density 47 0.094 ns
Seasornx sex 1.440 2,80 0.243 Duck density 47 0.077 ns

Disturbance 47 -0.157 ns
Table 3. GLM exploring variation in the average proportion of Shoveler  Daytime Teal density 46 -0.126  ns

time spent foraging among species and seasons. Duck density ~ 46  -0.190 ns
Disturbance 46  -0.250 ns
F df P Nighttime  Teal density 32 0.271 ns
Diurnal foraging  Full model 12.445 11,168 <0.001 Duck density 32 0270  ns
Season 40.440 3,168 <0.0001 _ Disturbance 32 -0.221  ns
Species 0255 2 168 0775 ‘eal Daytime Teal density 66 0.276  0.024
Seasorx species  1.793 6,168  0.103 Duck density 66~ 0.124  ns
Average Full model 1.950 11,115 0.040 o Disturbance 66~ -0.264  0.031
Season 2.721 3,115 0.048 nghttlme Teal denSIty 50 0.419 0.002
Species 0322 2 115 0.725 Duck density 50 0.441 0.001
Seasorx species  1.101 6,115 0.366 Disturbance 50  -0.276  ns

Note: ns, not significant.

foraging time was significantly correlated with the fre- their interaction on Teal diurnal density (full mod&s sg =
quency of disturbance by predators. In Teal, average diurnalp o, P < 0.0001: seasorfpsg = 8.9, P = 0.0004; 'year:
foraging time, but not nocturnal foraging time, increased|:158] = 8.4, P = 0.0054; ihteraction:F[258] =96, P =
significantly with decreasing predator disturbance (Table 4).0.0002). However, post hoc Bonferronitests atP < 0.05
There was a temporal pattern of decreasing predator disshowed that this was entirely due to differences between
turbance from early spring through the breeding seasodata from late spring migration in 2004 and the other data
(rs = -0.48,P < 0.0001,N = 67; Fig. 3) for daytime data (Fig. 4). Diurnal foraging time for Teal was positively corre-

but not for nighttime datar¢ = —0.04, nsN = 50; Fig. 3). lated with intraspecific density but not with that of all dab-
bling ducks (Table 4).
Effect of duck density Again there was a significant effect of year, season, and

A GLM revealed a significant effect of season, year, andtheir interaction on the nocturnal density of Teal (full
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Fig. 3. Frequency (mean + SE) of diurnal (0600-1800; solid bars) and nocturnal (1800—0600; open bars) disturbance events per hour in each
season and year.
0.60 -

Flyover frequency (no./h)

2003 2004 2004 V
early spring migration late spring migration breeding fall migration
model: Fi3 39 = 10.1,P = 0.0004; seasorf; 3g = 9.7,P = Foraging activity over time
0.004; year:F[339 = 9.8, P = 0.003; interaction:F33q; = Daily foraging time varies significantly over the year in

12.3, P = 0.001; note that as before, only data from latemany Anatidae (i.e., diving and dabbling ducks, geese, and
spring migration and breeding period were used in this analswans). The general pattern is that time spent foraging is
ysis) and the nocturnal density of all ducks present on théiighest in fall, declines in midwinter, and increases in early
site Fs39) = 4.3, P = 0.01). Post hoc Bonferortitests at  spring (Paulus 1988; Tamisier et al. 1995). Our finding that
P < 0.05 revealed that during the late spring migration pe-over the study period, Teal spent, on average, 87.5% of the
riod in 2004 the density of ducks was far higher than in any24 h foraging suggests that foraging time increases in spring
other period in 2003 and 2004. When the whole data seand summer compared with the winter average of 45.8% re-
(Fig. 4b) is considered, it is also clear that during early ported by Tamisier and Dehorter (1999). Foraging needs
spring migration the density of birds was quite high at thegenerally increase before or during costly activities such as
nocturnal foraging site in Marais Vernier. This was essenmigration, breeding, and molt (King 1974; Ricklefs 1974).
tially due to a large number of Teal aggregating on theBy and large, the observed changes in foraging time in the
small Legay pond at dawn; they were foraging there thepresent study corroborate this view. Indeed, Teal, Mallard,
whole night and flew away at sunrise. and Shoveler spent less time foraging in early spring than
Nocturnal foraging time spent by Teal was also positivelylater in migration and during the breeding and molting sea-
correlated with intraspecific density. In contrast to diurnalsons. Teal foraging time peaked during late spring migration
data, however, nocturnal foraging time was also signifi-at stopover sites, and then decreased slightly after arrival on
cantly correlated with the combined density of all ducksstill largely ice-covered breeding grounds. The same general
species present (Table 4). Note that among the ducks ofpattern was observed in Mallard and Shoveler. The largest
served on the different sites, Teal was the most abundarstifference among the species was observed during molt,

species most of the time, consequently the density of duckghen foraging time was at its maximum in Mallard but not
might to some extent be related to that of Teal. in Teal and Shoveler. Species-specific requirements and dif-

ferences in the timing of breeding, molt, and migration may
explain these differences (cf. Cramp and Simmons 1977).

Exogenous resources and nutrient reserves are essential to
The present study is quite unique in the sense that thincome-breeding and income-migrating (sensu Arzel 2006)
same standardized method was employed all along the flywaterfowl (Vangilder et al. 1986; Bromley and Jarvis 1993;
way and that only one observer performed all behavioral reKlaassen 2002). In geese it has been demonstrated that dep-
cordings, thus avoiding many possible biases. We call foosition of reserves prior to migration is made possible partly
more studies employing the same methodology at other loby increasing food-assimilation efficiency and partly by re-
cations along the flyway to further explore possible changeslucing energy use for normal activities, but principally by
in time allocated to foraging, especially during the lastincreasing food intake, also called hyperphagia (e.g., Mad-
weeks before breeding. sen 1995). The latter and the associated accumulation of

Discussion
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Fig. 4. Diurnal (@) and nocturnallf) daily on-site density (number of birds per hectare; mean + SE) of Teal (solid ddsill dabbling
ducks (open bars) in each season and year.
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body reserves occur some weeks prior to departure for theme during the breeding period in both years, which may
breeding grounds (McLandress and Raveling 1981; Gauthidrave been a response to higher energy needs resulting from
et al. 1992). In early spring in the present study (Februarnto breeding activities. This, along with the observed de-
and March), ducks were foraging almost exclusively atcrease of foraging time from the birds’ arrival to their depar-
night, but they also had the lowest total daily foraging time.ture from the late spring staging sites, is consistent with the
A dramatic increase took place later on, at stopover areas ifact that fat is not always beneficial to carry, especially in
southern Sweden, allowing us to suppose that Teal, Mallardsmall species, since it may increase predation risk by reduc-
and Shoveler fuel their migration by means of exogenous reing maneuverability and the ability to take off quickly (Lima
serves they find en route, and that they may not increas&986; Witter and Cuthill 1993). In terms of changes in for-
body reserves very much prior to initial departure. Anotheraging time over the seasons, the present study provides the
result corroborating such a view is the increase of foragindirst behavior-based corroboration of the theoretical prediction
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that dabbling ducks will, given their small size, be morebeen studied on breeding grounds (Mjelstad and Saetersdal
like income breeders than capital breeders (Klaassen 2002)988) as well as on wintering grounds (Pettifor et al. 2000),
The proportion of time spent foraging during the night but never at spring staging areas. In winter, dabbling ducks
(i.e., from 1800 to 0600) did not vary over the seasons covare known to aggregate in large flocks during the day (Ta-
ered by the present study, and remained very high througtmisier 1972), whereas on the breeding grounds they space
out. This was in contrast to the diurnal proportion of time out on countless lakes and wetlands. In the landscape con-
spent foraging, which increased a lot over the same period.text, Teal density in the boreal zone is frequently so low
Marais Vernier is the only region where we found a pro-that a large proportion of lakes do not have any breeding
nounced diel difference between nocturnal and diurnal forpairs (EImberg et al. 2005). Peak density of Teal and other
aging times, matching the results obtained earlier orflabbling ducks in the present study occurred at night during
wintering areas (Paulus 1988; Tamisier and Dehorter 199%arly spring migration and in April at the mid-flyway stag-
Guillemain et al. 2002). In all other regions the proportionsing sites. Contrary to expectations, within the paradigm of
of time spent foraging were fairly similar in night- and day- density-dependence, we observed a significant positive rela-
time, while the average daily foraging time was longer, indi-tionship between Teal foraging time and intraspecfic as well
cating that when Teal had to increase foraging time, theys intraguild density . It should be noted that duck density
did so in daytime. This response concurs with earlier wintediffered a lot between the two April study sites, yet no dif-
studies showing that though the proportion of nocturnal forference in foraging time was observed. This positive correla-
aging is rather constant, dabbling ducks in colder areas (ari@Pn may simply reflect the concurrent increase in foraging
hence having higher energy needs) compensate by increaéme linked to higher nutritional requirements and the con-
ing foraging time during daylight hours (Tamisier and De- centration of birds on highly attractive stopover areas where

horter 1999; Guillemain et al. 2002). food resources are not limiting, though limited. The fact that
many birds are present together at a location may also have
Intrasexual differences beneficial effects, for example in terms of time allocated to

Female Mallards are known to feed more than their mate¥idilance instead of foraging. _
during the breeding season (Asplund 1981; Batt et al. 1992; There are earlier studies of avian time budgets from win-
Arzel and Elmberg 2004), a pattern supposedly linked to thdering or breeding grounds, but to our knowledge this is the
costs of egg formation and relative fasting during broodingfirst time foraging data for a long-distance migrant have
We cannot offer any obvious explanation why male and febeen collected with standardized methods throughout the
male Teal in the present study spent equal time foraging, “dlyway. In addition to demonstrating some marked differen-
negative result” that applies to migrating as well as breedces in foraging behavior among regions and seasons, our
ing birds. The same goes for the observed lack of differencétudy also has some management implications. Foraging
in diel allocation of foraging time between males and fe-time increased dramatically during migration, as docu-
males. A possible explanation is that in small species, espénented by data from mid-flyway staging sites, highlighting
cially income breeders, individuals of both sexes need tdhe need for adequate management of such wetlands. The in-
forage all along the flyway to meet their nutritional re- crease in daily foraging time was manifested as a higher

quirements. proportion of time spent foraging during daylight hours
over the seasons, while nocturnal foraging time remained at
Biotic factors the same level. The change in diurnal foraging time could not

Waterfowl are known to be highly sensitive to disturbanceP® linked to concomitant changes in intraspecific or intra-
(Madsen 1995), which may impose high energy costs due tguild population density, which lets us suppose that the car-
escape flights (Madsen 1998) and also force birds to allocatd/ing capacity of the study sites was probably not reached at
more time to vigilance at the expense of foraging (Fox et althe time of this study. Based on the fact that dabbling ducks,
1993; Riddington et al. 1996). Disturbance studies so fafSPecially teals, increase their foraging activity at times of
have mainly been carried out on wintering grounds, in falligh energy requirements, we suggest that they are both in-
stopover areas, and on breeding groundy/€Rd987; Fritz  COMe breeders and “income migrants”. Thls_h|g_h_l|ghts the
et al. 2000; Lank et al. 2003). However, the effects of dis-mportance of stopover availability and suitability along
turbance on spring-staging and prebreeding ducks remaifeir flyway, especially the need for sites with high food
largely undocumented (but see Skyllberg et al. 2005). Diuravailability and_ low d|sturbanc_e. To be_tter understand the
nal avian predators appear to be the main source of non_h@_cology of medmm— and long-distance migrants, further stud-
man disturbance to dabbling ducks in winter (Fritz et al.l€S based on circumannual approaches need to be undertaken.
2000). In this study we also considered terrestrial predatori
(which, however, caused a small proportion of the disturb~"Cknowledgments
ance events compared with avian predators), and it turned We sincerely thank the two anonymous reviewers, whose
out that total predator disturbance frequency decreased wittlomments greatly improved the manuscript. We are ex-
increasing latitude within the flyway. We show that this wastremely grateful to Christer Olsson for initially locating
associated with more time spent foraging by Teal but not byikely breeding lakes for Teal in \&erbotten. We thank the
Shoveler and Mallard. A companion study (Guillemain et al.county administration board of \¢gerbotten and the Ottenby
2007) also shows that Teal tend to rely more on riskierBird Observatory for access to the reserves anBjia and
underwater foraging methods when moving north, supposNorvik, respectively. The owners of Virindngar gener-
edly because of this amelioration of the predation risk. ously let us use their wetlands. We also thank the staff at
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