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SUMMARY

An effective conservation of the Aquatic Warblé@icfocephalus paludico)aone of the most
threatened Western Palaearctic migratory passerimeglires a good knowledge of its
ecological needs on stopover sites. In particutlas,crucial to identify the diet of the Aquatic
Warbler (preferred arthropod preys), which contratsumulation of fat reserves before
migration, to selected and manage adequate prdtacéas. Another key information need is
the relationship between Aquatic warbler's prey ratance and habitats. We performed
standardized mist netting during 12 years in Autkemarshes (Western France), which
resulted in the capture of 1200 Aquatic Warblersl permitted measurements of mass gain
and collection of faeces to infer birds’ diet. Inebrate sampling was carry out on the three
main Audierne marshes (reedbeld, fen mires and avw@adn order to go beyond prey
digestibility bias we also study to two clogerocephalusspecies, present on migration
stopover during the same period. The diet commwsitif the Aquatic Warbler observed on
migration stopover sites is that of a specialistcsgs, with large prey sizes (Odonata,
Orthoptera, Lepidoptera), specific preys (OdonAtaneida) and a relatively low diversity of
preys. Similarly to Sedge Warblers, Aquatic Warblgrut on weight during migration
stopover (daily mass gain = 0.349) suggesting @&egy based on few stopover along the
long-distance migration. Due to large differenaesliet, conservation management action on
stopover sites for the threatened Aquatic Warbheukd not rely on existing knowledge for
the Sedge and Reed Warblers. Similarities in teeafithe Aquatic Warbler between nesting
areas and migration stopover areas and relatioristtiween habitat and prey’s abundance,
suggest that fen mires play and important roléHerquality of stopover foraging habitat.
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INTRODUCTION

Decline of long-distance migratory songbirds hawerb highlight, and the origin appear
numerous: climate change and its consequence amlaggcal responséoth et al., 2000,
degradation of wintering habitéRobbinset al., 1989 and many studies has also shown that
high-quality stopover habitats and a preserved oktwf stopover are critical links between
breeding and wintering areas for many speciesttagid preservation should be considered an
essential component of strategies aiming to coesamgratory bird populations (Russel

al., 1994, Mooreet al.,1995, Ktitorovet al.,2008).

The Aquatic Warbler Acrocephalus paludico)a is a rare long-distance migratory
birds and is considered as one of the most thredtéiWestern Palaearctic migratory
passerines (Collagt al. 1994). This species population had suffered anorapt decline
mainly because of breeding habitat loss (Dyrcz &k 1993, Kozulinet al., 2004).
Furthermore along its migratory way important lagsmarshes areas (stopover migration
habitat) have occurred0% of reedbed habitats were lost between the ye#at945 and 1990 in
United Kingdom (Biodiversity Action Plan 2008) ;%0of marshes areas in France were loss between
1970 and 1990 (Bernard 1994In; Netherlands the National Wetlands Inventory eatdd that
40% of freshwater wetlands had been destroyedgnaded by human activities in only a 10-
year period (Hollan@t al. 1995).

As many species of insectivorous birds that breedadrthern Europe and winter in
sub-Saharan Africa, the Aquatic Warbler has to £mgle ecological barriers (e.g. seas or
deserts), which requires long uninterrupted flightslled by large fat deposits. Migration
strategy, including departure date, flight durataond range, or habitat and diet selection, is
known to be under considerable selection pres®ilby & Green 1981, Bairlein & Totzke
1992). In particular, all migratory species depeamdcially on the existence of suitable
feeding areas to accumulate fat reserves before damehg migration (Berthold 1975).
Northern Aquatic Warbler populations migrate throuyestern Europe in autumn, visiting
marshes in the Netherlands, Belgium, France arallésser extent the United Kingdom (de
By 1990, Julliardet al., 2006). France appears to host the largest numberdividuals
(Julliard et al., 2006), exclusively in the western coastal regitmestly Normandy, Loire
Valley and Brittany). This country should therefqiay a central role in the conservation of
the Aquatic Warbler, for example by protecting adsq habitats to provide stopover sites on
the species migration routes (Julliatdal.,2006).

As highlighted in the European Action Plan (Heret®®6), an efficient conservation

of such threatened migratory passerine requirb®mugh description of its ecological needs
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in stopover sites. As far as we know, few studi@gehdealt with Aquatic Warbler’'s diet, and
moreover have focused on the breeding period @my. unfortunately, the ecological needs
and the network of stopover sites of the AquatiahMa cannot be derived from information
on congeners, as species within a genus can exfeityitdifferent migration strategies (Bibby
& Green 1981).

We believe that identifying preys of the Aquatic \WMar, which are crucial for
accumulation of fat reserves, is key to target appate habitats for conservation. Direct
observation of Aquatic Warbler feeding on stopasenardly seems possible due to rarity of
such observation (rarity of this bird, observatidistance and visibility in such marshes
habitat) and indirect study of diet through faeeeslysis is hindered by differential preys
digestibility. However comparing in the same stogroarea faeces of the Aquatic Warbler
and two commoner congeners (Reed WarlAerocephalus scirpaceusnd Sedge Warbler:
Acrocephalus schoenobaepuould allow highlight diet specifity of the AquatWarbler
according to the hypothesis that digestibility bissqual among these three close species.
We then identified the taxa that make a major coation to the diet of each species and
secondly the taxa that distinguish the diet ofAlq@atic Warbler from two other warblers. To
go further, we studied the relationship betweenaguWarbler main preys and habitat.

With classical recovery data provided by ringindieme (bird ring in a site and
recapture or found dead in other site), we couldaxpected in mid term gather sufficient
data for described the Aquatic Warbler migratioatsigy. Moreover this could not be directly
derived from strategy known on congeners. Howeveoraparative approach of mass gain
strategy in the same stopover area for the Aquatacbler and two commoner congeners
known to exhibit differential strategy could beitful. The strategies to cover long migratory
distances differ among species. Some like the Réadbler are known to move in many short
steps, others, like the Sedge Warbler negotiatedhee distance in few jumps with very long
flights (Bibby & Green 1981). Consequently, the gblogical requirements, and the
ecological and time constraints are rather differéioving by a series of short flights
requires smaller fat reserves on board. Mass deategy of the Aquatic Warbler in regards
of the Reed and Sedge Warbler is then expectednints on its strategies to cover long
migratory distances. This information is of consgian concern because moving by a series
of short flights requires smaller fat reserves @arll it requires many different suitable
stopover sites en route. In this case the disappearof one site is less dramatic, as these

‘hoppers’ can easily move to the next site. Whefeaspecies exhibiting long hauls flights
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strategy, the disappearance or degradation of mperiant particular stopover site would

seriously impair the migration.

METHODS

Focal species

The Aquatic WarblerAcrocephalus paludico)ais a globally threatened species (Cokar
al., 1994) whose breeding range has shrunk dramatidaliyg the last decades: the species
has disappeared from its former breeding groundsramce, Belgium, the Netherlands and
Austria (Bargain 1999). The European populationtaos between 13,000 and 21,000
singing males, most of which are found in Belarldkraine and Poland (Aquatic
Conservation Team 1999). Despite yearly fluctuajotinere is strong evidence that the
Aquatic Warbler population keeps declining in Eleg¢pquatic Warbler Team 1999, Kovacs
& Vegvari 1999, Kozulin & Flade 1999, Birdlife Imeational 2004),

Study area

The study was carried out in Audierne Bay marsh M@ France W4°19'14,0229
N47°55'15,0881). In Audierne marsh the three maigetation succession, from littoral lake
are reedbed (dominated by stand of the commonRaeghmites australiswvherein the water
table is above the ground level for most of theryyeBen mire are medium herbaceous
vegetation (up to 1 meter), with in summer the wtdble only few centimetres above to the
ground level or sometime dry up. This vegetatiomasninated by a great number of plant
species $cirpus spp, Juncus sdpleocharis spplris pseudacorusOenanthe sppand the
third habitat is hygrophilous meadow grazed extexlgj dominated byAgrostis spp, Dactyle
glomerata, Rumex spp,

Between 1988 and 2006, we performed standardizetimatting, which result in the capture
of up to 60,000 Sedge Warblers, 26,000 Reed Warbéard 1200 Aquatic Warblers. This
area is known as an important stopover site forg8atarblers, hosting above 2% of the
breeding population (Bargagt al., 2002), but is also an important regional breedjraund
for the Reed Warbler (Bargain & Henry 2005). Reueptof banded Sedge Warblers in
Audierne marsh indicate that these birds breed ra@larid, the United Kingdom, the
Netherlands, Belgium, and Norway.

Faecal analysis
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Birds’ diet was assessed by faecal analysis. Betv2681 and 2004, we collected 128 78 and
28 independent samples of Aquatic, Sedge and Resmdbl®y faeces, respectively, during
ringing operations in August and September; mostpéas were collected in August 2003
(Table 1). To collect faeces, we placed birds iacgd bags with a plastic-coated bottom,
fifteen min. before their release. Faeces sampéee wtored in alcohol and dissected under a
binocular microscope (magnification 15x to 45x)entfiable chitinous fragments were
counted in each sample, and pooled to estimatenthenum number of individuals of each
taxonomic group (e.g. four Odonata wings were cedirds one individual). This method
likely biases diet evaluation, since soft-bodied sonall preys are less readily detected.
However, Davies (1977) showed that there is a gtoamrelation between prey remains in the
faeces and the composition of the true diet in rotheectivorous passerines, so that the

method used here is expected to provide an acquicitee of diet.

Identifying the specificity of the Aquatic Warbler diet

We first conducted a Canonical Correspondence AiglfCCA), which is a constrained
ordination method developed to relate community position to known variation in the
environment, to evaluate the contribution of eachypspecies to diet composition of the
Aquatic, Reed and Sedge Warblers (ter Braak 198Bnét 1993). Furthermore we used the
apportionment of quadratic entropy (APQE), an asialywhich allows diversity
decomposition according to a given hierarchy, (Re& Dolédec 2005). Here the hierarchy
comes fromAcrocephalusfaeces and prey species in each faeces. This sialliows
variation testing within samples (faeces) and withcrocephalus species. The significance of
these diversity components is test by comparing dheerved distributions with those
expected to arise by chance using a simulationoggprwith 999 permutations. Programs and
functions for computing quadratic entropy on R safvenvironment are available on request
to Sandrine Pavoine. According that diet data ngostime from one month in one year
(Table 1) we restricted these analysis (CCA and BP@n August 2003 diet data,

nevertheless similar results were obtained withfuHalata set.

Relationship between Aquatic Warbler’'s preys and hhitat

With the aim to improve our knowledge of the AguaWarbler foraging habitat selection, we

first attempt to assess the level where AquaticBléarforages in the vegetation. We then
jointly used three semi-quantitative invertebraaenpling methods and focussed on spiders

group. We choose pitfall trap, with non attractisenservative liquid, in order to assess
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invertebrate density-activity in the ground (2 ista$ per habitat, 3 pitfalls per station, from
the 3 July 2002 to the 13 September 2002), yelltowlktrap for invertebrates present in
medium level of vegetation (2 stations per habitaijow trap per station, collect after 4 days
of functioning, for a total of 15 sampling per habj and standardized sweep net in order to
collect invertebrate in the high part of the vegeta(2 sampling per habitat, walking on a 25
meters distance, do the same day (1/08/2002) #Bthabitats). Through this sampling we
focussed our study on spiders preys species dtietrelationship between spiders families,
functional group and vegetation level.

In a second step we evaluate the availability &f thain prey’s Aquatic Warbler's preys
among the three main habitats present in Audieraissim(reedbed, fen mire and hygrophilous
pasture grazed extensively) using the same invatielsampling design. Variations of the

different prey’s abundance were calculated usimgdr regressions model (GLM).

Comparing the diet diversity of Aquatic, Sedge andReed Warblers

We studied the variation in prey diversity withiach species’ diet. We first used Simpson’s
Diversity Index (D) (Hill 1973), which measures tpeobability that two preys randomly
selected from a sample belong to the same taxongraigp. Hence, larger D values reflect
smaller diversities. This index accounts for botimber and abundances of species, so that
rare species contribute little to the total divigtsi

By using Simpson’s diversity index on raw data twmmpare diets, we assume equal
detectability of all prey species, a hypothesisahis probably not met (Bouliniest al.,
1998; Nicholset al., 1998). To correct for heterogeneous species deteptobabilities, we
therefore used statistical methods derived fromuraprecapture approaches developed in
population: individual are changed by species &ed instead of assess population size this
approach provide an estimator of community sizee lpgey species richness. Prey species
richness was estimated with the jackknife estimatdBurnham and Overton (1979s in
many recent studies (Dohergt al., 2003; Selmi & Boulinier, 2003; Lekvet al., 2002;
Stensethet al., 2002; Kerbiriouet al., 2007) addressing richness estimation from species
count data, we used program COMDYN (Hiretsal., 1999). This program allows assess
estimate richness and probabilities of detectiospaities. As Reed Warblers had far smaller
sample sizes than the two other species, we peetbB0 random re-sampling within faeces
samples of each species to obtain identical sasipés (n = 10 faeces). For each species,
each of 50 random re-samplings was input into EM@gCOMDYN to obtain estimates of

prey species detectability and richness.
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Comparing mass gain strategies during stopover

To compare mass gain strategies across the threkbléapecies, we analyzed changes in
body mass between capture/recapture events witsammee year and stopover site. Between
1988 and 2006, ringing operations were conductethglathe post breeding migration period:
from early July to late September at the ornithmalgstation of Audierne marsh, using
standardized mist netting in the reed bed (see d&amg al., 2002 and Bargain & Henry
2005). Whenever weather was enough fine the ringiatjon was open, for a total of 77 days
efficient per year (SE + 4 days; extreme: 44 ; 1Egch captured bird was ringed, weighed
and aged (two classes: adult and juvenile, i.en lpathin year). When birds were captured
several times within a day, we retained the firsasure only. For birds captured more than
once, we recorded the change in body mass betweendpture events (the vast majority of
individuals were recaptured only once, which geteefaone data point per individual). At
Audierrne marshes, we collected a total of 3517hsbedy mass changes for the Sedge
Warbler, 2611 for the Reed Warbler and 50 for tlygpaic Warbler. We used Generalized
Linear Models to explore the relation between batgss change and the number of days
between two capture events, as well as the effettird age and year on mass gain. As
possible difference of mass gain are expected dsasteen juvenile and adult, we used
relative mass gainy’) instead off gross mass gain (i.e. Within yeardifference between the
mass measured during the recapture andhtees measured during the previous capture).

G= (Mr — Mc)
Mc

WhereMc is themass measured during the first capture linds themass measured during
the recapture.

According that Audierne marshes are an importagtor&al breeding ground for the Reed
Warbler we test the relation between body massgtand the number of days on the whole
dataset of Reed Warbler and in a second step anlthe birds (n=23) which the foreign
origin was known (birds ringed during the breeds®ason in an other country). For the
Aquatic warbler we also used the whole nationah datorder to test the existence of regional
difference of mass gain. Complementary data conoen fiSandouville (W0°19'15,0462
N49°29'51,3665), Chenac-Saint-Seurin-d'Uzet (W®88482 N45°29'59,6687) and
Frossay/Le Massereau (W1°55'54,9121 N47°14'41,87T1®) to the similarity of the
standardized mist netting protocol.



247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

RESULTS

Taxa that make a major contribution to the diet ofAquatic, Reed and Sedge Warblers.

In the faeces samples, we recorded a total of pré&ys, few of which could be identified to

species level. In terms of prey abundance, the afighe Sedge Warbler appeared to be
dominated by Aphids (67%), followed by Diptera (1)/%%hereas the Aquatic Warbler’s and

Reed Warbler's diets were dominated by Dipterag88 54%, respectively) and Aphids (21
and 22%, Table 2). Using a predictive model of thkationship between body length of

invertebrate groups and their mass (Ganihar 198é),contribution of Odonata, Araneida,

Orthoptera, Diptera and Lepidoptera to consumechags was respectively 43%, 13%, 12%
9% and 8% for the Aquatic Warbler, for the Reed M&s Diptera represent 33%, Aphids
16% and Hymenoptera 15% and for the Sedge warlpéida represent 48%, Odonata 12%,
and Diptera 10% (Table 2).

Specificity of the Aquatic Warbler’s diet

With the aim to identify the taxa that distinguite diet of the Aquatic Warbler from Reed
and Sedge Warblers, we performed a Canonical Gmnelnce Analysis (CCA).
Lepidoptera, Araneida, Orthoptera, Odonata, Cotapfdlidae contributed to discriminate
the Aquatic Warbler diet from that of the two othW&iarblers (Fig. 1). Aphids contributed
mainly to the Sedge Warbler’s diet while wasps dod lesser extent, flies contributed to the
diet of the Reed Warbler (Fig. 1). This differemcealiet compositions among Warbler species
was significant, as suggested by the APQE analf®is 0.001), whereas no significant

variation in composition was detected among faseesples within species (P = 0.920)

Avalilability of the Aquatic W arbler’s preys among habitats.

Spiders families distribution among the differeatnpling methods used (Fig. 2), show that
the most abundant spiders families found in the atiguWarbler's diet Clubionidae,
Tetragnathidae, Araneidaewere collected mostly with sampling methods desdy for
inventory high level of vegetation (sweep net). tRermore, the availability of the fourth
principal prey's in term of biomass (Odonata, Opiesa and AraneidaClubionidae,
Tetragnathidae, Araneidaevaried across habitat (Fig. 3). Abundance of &rda are
significantly lower in pasture and reedbeld thamri@re whatever the sampling methods used
(P < 0.0001), the same pattern is observed for thea@dnce of Odonatd (< 0.01 for blow
trap andP <0.0001 for sweep net). Abundance of Orthopteeahagh in both fen mires and
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pastures, this latest habitat present significagtidr abundance when blow trap sampling was
used P = 0,005) but no difference could be detected wdweeep net sampling was uséd<
0,71). Abundance of Diptera in pasture and fen mias higher R < 0.001) than reedbeld,
and the abundance in pasture slightly higher tlemrhire P =0.03). Lepidoptera (moth)

were almost exclusively collected in fen mires.

Diet diversity of the Aquatic, Sedge and Reed Warlkks

Significantly fewer preys were found in Aquatic Wker faeces (4.9 preys per faeces sample;
se = 0.4) than in Reed Warbler (6.2 preys; se ¥dnhfl Sedge Warbler (13.2 preys; se = 1.7)
faeces [ 218= 19.33 ,P < 0.0001). Similarly, prey species richness wasegaly lower in
Aquatic Warbler faeces (2.84 species per faeceplsarse = 0.15) than in Reed Warbler
(3.07 species; se = 0.33) and Sedge Warbler (3&0ies; se = 0.16) faeces. Finally, prey
species diversity was also lower in Aquatic Warlbéexces than in Reed Warbler and Sedge
Warbler faeces (Simpson’s Diversity Index D = 0.84,0 and 0.53 respectively).

To further compare the three Warblers’ diets armbant for heterogeneous sample sizes, as
well as potential variation in prey detectabilitye estimated species richness in faeces
samples using resampling (to correct for sample,ssee “Methods”) and COMDYM
software. As before, the Aquatic Warbler had a thgsrsified diet (16.89 species (se = 1.34)
on average in 10 faeces), than the other two Wasplecies (Reed Warbler: 22.24 species; se
= 2.45; Sedge Warbler : 28.75 species ; se = 4634;= 4.92,P = 0.009). Interestingly, this
difference is likely not due to among-Warbler spscidifferences in prey detection
probabilities: the average detection probabilitysvggenerally high (0.77; se = 0.07 for the
Aquatic Warbler, 0.72; se = 0.02 for the Reed Warlsind 0.72; se = 0.04 for the Sedge
Warbler) and not significantly different across \Mar speciesK> 147= 1.58,P = 0.20).

Finally, Aquatic Warblers consumed larger preyseftage 9.2mm; se = 0.5) than Reed
(5.2mm; se = 0.3) and Sedge Warblers (4.6mm; s8)HBig. 2;F2 216= 30.14,P <0.0001).

Differences in mass gain strategies of the AquatiGedge and Reed Warblers during
stopover.

Significant difference in mass between age clas® leen detected for the Sedge Warbler
(10.97g £ 0.02 for juvenile and 11.98g + 0.09 fdulaF; 3514~ 197.78 ;P < 0.0001); and the
Reed Warbler (10.92g + 0.02 for juvenile and 11.39505 for> 1 adultF; 2707/ 19.55 ;P <
0.0001) but not for the Aquatic Warbldfi(zo= 1.33 ;P = 0.25), probably due to the small
sample size for the latest species. Then, excephéoestimation of the daily mass gain mean,
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all the analysis have been carried out on relatiass gain (G’). According to statistical result
(trend and probabilities) analysis carried out etative mass gain (G’) converge with
preliminary analysis carried on gross mass gain.

No interaction between the number of days betweendapture events and birds age class
have been detected for any of the three Warbleliedu(Aquatic WarbleF; 46= 2.02 ;P =
0.16; Sedge Wabléf; 350;= 0.279 ;P = 0.59 ; Reed Warbld#; »700= 0.44 ;P=0.51).

No correlation between the relative mass gain @& number of days spent was detected for
the Reed Warbler (Table 3, Fig. 4). As there isbplidy a small proportion of local Reed
Warbler breeder captured and recaptured that dwawd induce bias because they were not in
migration behaviour, we performed the same analysisonly on a subset of data including
only Reed Warbler known to be in migration due iigmering identities. Again no correlation
could be detected~{ 0= 2.38 ;P = 0.11 and moreover the trend was slightly negativ
0,05¢g/days)

In contrast to the Reed Warbler, the relative mgas (G’) of the Sedge and Aquatic
Warblers increased as a direct function of the remdd days spent on Audierne marshes
migration stopover ( Table 3, Fig.4). Accordingth® gross mass gain the mean daily mass
gain was 0.22g for the Sedge Warbler and 0.34gh®rAquatic Warbler but this difference
was not significantRy sses= 0.74 ;P = 0.38).

When all French data of Aquatic Warbler mass gagncansidered, no impact of year nor age
is detected (respectively;s2= 1.04 ;P = 0.42 andF;6,= 0.37 ;P = 0.55 ; each variable
adjusted to the other variables) neither any vanaf; 77= 1.38 ;P = 0.26) among the main
sites where Aquatic Warbler are captured (Audieay Bharsh, Sandouville, Chenac-Saint-
Seurin-d'Uzet and Frossay/Le Massereau). Howelversame pattern of mass gain in relation
to stopover duration as observed in Audierne igadt(F; ¢,= 29.99 ;P < 0.0001)

In the same way, the test of daily mass gain distion of Sedge and Aquatic Warblers did
not differ significantly (Kolmogorov-Smirnov Goodse of-Fit Test ks = 0.1543, P = 0.1856)
Mass gain varied significantly across years for $ieelge and Reed Warblers (Table 3). Yet,
there was no sign of unconditionally good or badrgeas yearly differences depended on
species: daily mass gain was significantly larget 993, 2000, 2003 and 2004 for the Sedge
Warbler, but significantly lower in 1991, 1994, 20002, 2003 and 2005 for the Reed
Warbler. Daily mass gain was affected by bird agly for the Reed Warbler (Table 3), with

a smaller gain for younger individuals.



349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382

DISCUSSION

Diet specificity

The diet composition of the Aquatic Warbler obsdnan the migration stopover site at
Audierne Bay marsh is similar to that observed hyl&-Hageret al., (1989) in the species
breeding areas: the diet consists predominanthgjraheida, Diptera and Coleoptera (30%,
22% and 15% respectively in Shulze-Hagen's studyl#%o, 38% and 6% in this study).
Small numbers of larger prey species such as Oethaplepidoptera, Odonata are also
reported in both studies. Both studies also conauthe average large size of preys: 9.2mm at
Audierne marshes vs. 8.4mm (Shulze-Hagtnal., 1989) or 12.1mm (Leisler 1985) in
breeding sites. The major difference between tleedtudies is the presence of caterpillars in
Shulze-Hagen's study, whereas none were detectedvleich is probably due to a scarcity
of such preys in late summer, when Aquatic warblesi the stopover site. Although large
preys are found in small numbers in the Aquatic Méts diet, they are likely to contribute
significantly to the total consumed biomass: usiggshowed that the expected contribution
of the contribution of Odonata, Araneida, OrthopidDiptera and Lepidoptera to consumed
biomass was respectively 43%, 13%, 12% 9% and &%hereas as these three first taxa
represented only ca. 25% of individual preys, Theesilts should however be interpreted
cautiously, notably because of potential differeniceprey digestibility.

Similarly, the diet composition of the Sedge Warbéstimated on the stopover site of
Audierne Bay marsh closely resembles that observedher studies. The large contribution
of Aphids was already observed in the diet of Sedigeblers on breeding areas in Southern
Finland (Koskimies 1991, Koskimies & Saurola 198B63tonia (Leivits & Vilbaste 1990),
and the Kaliningrad Region (Chernetsov 1998, Clieave & Manukyan 2000) and on
migration stopover in France (Bibby & Green 198However, note that Koskimies (1991)
and Chernetsov & Manukyan (2000) claimed that, ideshe observed Aphid-centered diet,
the Sedge Warbler is a generalist species ratlaerdh exclusive Aphid specialist. In fact, a
lot of alternative preys have been inventoriedhsag Diptera, Coleoptera, Hymenoptera, and
Araneida, which is consistent with our results: agohe three Warbler species, the Sedge
Warbler’s diet presented the highest prey speabsess estimate. However, observed Aphid
outbreaks around the study site (Bargaitiral., 2002) are consistent with years of increased
mass gain for the Sedge Warbler.

The Reed Warbler also exhibited a diverse dietciwhvas however centred on Diptera and,
to a lesser extent Aphids and Hymenoptera. Sudhcdimposition in the Reed Warbler was
also observed by Bibby & Green (1981) in Francegrtsv(1989) in Wales and the UK, Grim
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& Honza (1996) and Grim (2006) in Czech Republid &yguibi Idrissi et al. (2004) in
Moroco. Once again, average prey size in the Readblf’s diet measured in this study
(5.1mm) was close to that observed by Leisler (188 mm) in Poland and Rguibi-Idrissi et
al. (2004, 4.5 to 5.4 mm) in Morocco.

Similarity between observed diet in Audierne masshad literature seem highlight
specificity of these Warbler species. Relativehe two congeners species studied Aquatic
Warbler appear to be a more specialist specie,ndi&ated by larger prey size and
specialization on Orthoptera, Lepidoptera and Otignavhereas the Reed and Sedge
Warblers have a more generalist diet. In regardedcAquatic warbler diet, most of its main
preys occurred with higher abundance in fen migkssctondary in pasture than reedbeld.
The occurrence of the differents spiders familiesntl in Aquatic WarblerGlubionidae,
Araneidae, and Tetragnatidag indicated that Aquatic Warbler foraged in higtvdke of
vegetation, according to families’ functional growgguirements (Roberts 1985) and sampling
methods results (Fig.2).

Mass gain

Mass gain strategies are very close for the Aquattt Sedge Warblers: they both exhibited a
significant increase in body mass during their st@p, suggesting accumulation of fat
reserves. This conclusion ties in with previousl&s of migration patterns, which all suggest
that the migration strategy of the Aquatic Warhecloser to that of the Sedge Warbler than
to that of the Reed Warbler (Julliagd al., 2006). Sedge Warblers, which migrate earlier and
more rapidly, seem to accumulate fat in NorthermnEe or Southern England and fly almost
directly to West Africa over Iberia. In contrasg&l Warblers migrate more slowly, thus over
a longer period and break up the journey by refgelin Spain and Portugal (Bibby & Green
1981). However, although both Aquatic and Sedgebl®es share refuelling stopovers in
Channel and Atlantic littoral marsh complexes, mprecisely in Western France for the
Aquatic Warbler, Julliareet al., 2006), this study showed significant differencedaraging

strategies.

Conservation concerns

In regard to diet specifity of the Aquatic Warblt&e choice and management of protected
stopover areas for the threatened Aquatic Warbkamnot be based only on existing

knowledge regarding the Sedge and Reed warblegt’ Blioreover, according to mass gain

strategy and first knowledge on stopover networktlué Aquatic Warbler, (important



417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448

refuelling on few stopover migration) this specieghen expected to be more impacted by
degradation or loss of some important refuellirgpetzer migration. It is known that, during
the nesting period, the Aquatic Warbler is a trigmastopic species, preferring fen mires that
are characterized by mesotrophic to poor eutrojgviel, water table near the soil surface and
intermediate vegetation height and density (Kozé&liflade 1999, Kloskowski & Krogulec
1999, Kovacs & Végvari 1999, Schaetdral., 2000, Kozulinet al., 2004). Due to technical
constraint, i.e. mist netting could set up in feines or meadow, we were only able to capture
Aquatic Warbler on reedbeld then certainly thisitathis important for the stopover, but our
study underlined that several preys species ocdthi thigher abundance in fen mires.
According that fen mires habitats present at Autiemarshes are close to breeding habitat
we could then expected that Aquatic Warbler foragied in this habitat. Even in the unlikely
case where fen mires would not be used directlyfdoaged by the Aquatic Warbler this
habitat play an important role: allowing the contgleycle of life for Aquatic Warbler’s prey.
Such vegetation is known to maximize the abundaotethe large orthoptera prey
Conocephalus discolofBaldi & Kisbenedek 1997, Szovényi 2002, this gludnd the
densities of Clubionidae and Tetragnathidae (Cattad.,2003, this study).

The main threats for these habitats, except direstan destruction such as drainage, are the
overgrowing of open wetlands by shrubs and ree@tatign (Kloskowski & Krogulec 1999).

In French Atlantic stopover sites, consisting mosif large areas of Common Reed
(Phragmites autralis conservation measures should therefore mairdegas of medium
vegetation, such as sedge. Restoration managesusft,as clearing, should focus on marsh
edges which are often colonised by schrub willogoagted with Common Reed. However,
reed cutting, especially extensive cutting for coencral reasons, appears to affect the
arthropod communities, with e.g. observed decrease®me passerine bird preys such as
Coleoptera and Araneida together with increasesther preys such as Aphids and large
spider species (Schmiét al., 2005). To minimize negative effects, reed cuttsmguld be
restricted to small areas, connected with uncuasgrehich allows arthropods recolonization
(Schmidtet al., 2005). In addition, the creation of small pondssel reedbeds is expected to
provide habitat patches with exceptional densiieBiptera (Dolichopodidae and Syrphidae,
Brunelet al. 1998) and Odonata.
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LEGENDS:

Table 1: Number of faecal samples collected fohe&larbler species

Table 2: Percentage of each arthropod group fourfaeices samples

Table 3: Factors influencing relative mass gairghesariable was adjusted to the other

variables.

Figure 1: Canonical Correspondence Analysis, AXi88Rb), Axis 2 (5%) ordination of preys
in relation to Warbler species (ACROLA, Aquatic Wkr, ACRSCI, Reed Warbler;
ACRSCH, Sedge Warbleriralnd, Araneida indeterminateAraClu, Araneida Clubionidae;
AraTet, Araneida TetragnathidaeColind, Coleoptera indeterminateColAlt, Coleoptera
Altisidae; ColCar, Coleoptera Carabida&olCur Coleoptera Curculionida®ipind, Diptera
Indeterminate; DipDol, Diptera Dolichopodidae;DipSyr, Diptera Syrphidae;Hetind,
Heteroptera indeterminate HeteropterbletHyd Hydrometra stagnatorumHomAph,
Homoptera AphidHomCig Homoptére Cicadelloidaélymind Hymenoptera indeterminate;
hymChr, Hymenoptera Chrysidae;Hymlich, Hymenoptera Ichneumonidael.epind,
Lepidoptera indeterminate Zyglsc Odonata Coenagrionidae;OrtCon, Orthoptera

Conocephalus discolor

Figure 2: Variation of spiders families abundanoeAquatic Warbler faeces and three

invertebrate sampling methods.

Figure 3: Variation of abundance of the main Aquatarbler preys categories among the
three main habitats (A: blow trap, B: sweep netorsr bars represent standard errors,

abundance of Diptera have been divided by a f&ctororder to clarify the figure).

Figure 4. Mass gain strategies of the Reed War#¢r the Sedge Warblers (B) and the
Aquatic Warbler (C), during autumn stopover in Aerdie Bay marshes. Adult measures are

shown in black circles, juvenile in grey circles.



705
706 Table 1: Number of faecal samples collected foha&@arbler species
707

Aquatic Warbler Sedge Warbler Reed Warbler

2001 August 9 1 -
September - 1 -
2002 August 11 - -
September 12 - -
2003 August 50 64 21
September 11 3 2
2004  August 32 8 5
September 3 1 -
Total 128 78 28

708
709
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Table 2: Percentage of each arthropod group fomfi@eices samples, for each group of taxa

percentage of biomass are given in brackets.

Aquatic Sedge Reed
Warbler Warbler Warbler
CCA
Taxa abbreviation n =571 n=1027 N =173

Opilinioda (Leiobucnum sp) 0,2 0 0,6
Araneida total 13,8 (13) 3,3(8) 5,8 (14)
Araneida indeterminate Aralnd 10,3 2,1 4,0
Araneida Araneidae (Larinoides cornutus) 0,4 0 0
Araneida Clubionidae (Clubiona sp.) AraClu 1,9 0,3 0,6
Araneida Lycosidae 0,2 0,1 0,6
Araneida Tetragnathidae (Tetragnatha extensa) AraTet 11 0,6 0
Araneida cocoon 0 0,2 0,6
Coleoptera total 58 (5) 3,1(7) 4,0 (9)
Coleoptera indeterminate Colind 2,3 2,1 3,5
Coleoptera Altisidae ColAlt 1,4 0,3 0,1
Coleoptera Cantharidae 0,2 0 0
Coleoptera Carabidae ColCar 1,1 0,1 0,6
Coleoptera Curculionidae 0,9 0,5 0,3
Coleoptera Histeridae 0 0,1 0
Diptera total 37,5(9) 16,6 (10) 53,8 (33)
Diptera Indeterminate Dipind 31,7 15,1 49,7
Diptera Dolichopodidae DipDol 4,7 13 29
Diptera Syrphidae DipSyr 0,7 0 0,6
Diptera Tipulidae 0,4 0,1 0
Diptera Nematocera 0 0,1 0,6
Diptera Brachycera 0 0,3 1,2
Heteroptera total 1,8 (1) 3,1(4) 2,3(3)
Heteroptera indeterminate Hetind 1,1 0,1 2,3
Heteroptera (Hydrometra stagnatorum) HetHyd 0,7 3,0 0
Homoptera total 21,0 (6) 66,7 (48) 22,0 (16)
Homoptera (prob. Hyalopterus pruni) HomAph 18,6 66,6 21,4
Homoptere (Cicadelloidae) HomCic 2,5 0,1 0,6
Hymenoptera total 4,0 (2) 6,0 (8) 11,6 (15)
Hymenoptera indeterminate Hymind 2,8 51 6,9
Hymenoptera Chrysidae hymChr 0,2 0,6 1,2



Hymenoptera Ichneumonidae

Hymenoptera Formicidae

Lepidoptera total

Odonata total

Odonata indeterminate

Odonata (Coenagrionidae)

Odonata (Coenagrionidae Ischnura elegans)
Orthoptera total

Orthoptera (Chorthipus sp)

Orthoptera (Conocephalus discolor)

Hymich

Lepind

Zyglsc

Zyglsc
Zyglsc

OrtCon

1,1
0
4,7 (8)
8,4 (43)
1,8
3,0
3,7
2,8 (13)
0,7
2,1

0,4
0
0,1 (0)
0,9 (12)
0
0,5
0,4
0,3 (3)
0
0,3

1,7
1,7
0,6 (2)
0,6 (8)




713 Table 3: Factors influencing relative mass gairghesariable was adjusted to the other

714 variables.

715
Aquatic Warbler Sedge Warbler Reed Warbler
correlation between mass
) F1'35 =42.80 ) Flyg501 =1733.60 ) F1'2709= 0.10 X
gain and number of day P < 0.0001 P < 0.0001 P=0.75
after first capture
Influence of year on mass Fioss = 148 ; Frosson= 4.82 Frasmo= 632
gain P=0.17 P < 0.0001 P < 0.001
Influence of age on mass Fies =012 F1gso1 = 2.46 Fiore= 7.34
gain P=0.72 P=0.12 P =0.007
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Figure 1: Canonical Correspondence Analysis, AX{28Pb), Axis 2 (5%) ordination of preys
in relation to Warbler species (ACROLA, Aquatic Wkar; ACRSCI, Reed Warbler,;
ACRSCH, Sedge Warbleriralnd, Araneida indeterminateAraClu, Araneida Clubionidae;
AraTet, Araneida TetragnathidaeColind, Coleoptera indeterminateColAlt, Coleoptera
Altisidae; ColCar, Coleoptera Carabida€olCur Coleoptera Curculionida®ipind, Diptera
Indeterminate; DipDol, Diptera Dolichopodidae;DipSyr, Diptera Syrphidae;Hetind,
Heteroptera indeterminate HeteropterbletHyd Hydrometra stagnatorumHomAph,
Homoptera AphidHomCic Homoptere Cicadelloidaglymind Hymenoptera indeterminate;
hymChr, Hymenoptera Chrysidae;Hymlich, Hymenoptera Ichneumonidael epind,
Lepidoptera indetermingte Zyglsc Odonata Coenagrionidae;OrtCon, Orthoptera
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749 Figure 2: Variation of spiders families abundanoeAquatic Warbler faeces and three
750 invertebrate sampling methods.
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765 Figure 3: Variation of abundance of the main Aquaiiarbler preys categories among the
766 three main habitats (A: blow trap, B: sweep netprsr bars represent standard errors,
767 abundance of Diptera have been divided by a f&ctororder to clarify the figure).
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772 Figure 4. Mass gain strategies of the Reed War#¢r the Sedge Warblers (B) and the
773 Aquatic Warbler (C), during autumn stopover in Aerdie Bay marshes. Adult measures are
774 shown in black circles, juvenile in grey circlesad$ in ordinate are expressed in relative
775 mass gain (G’) and in abscissa the number of defysden two capture events.
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