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Abstract — The aim of this study was to determine the diet composition of wintering waterfowl, and assess its variation among Greek wet-
lands. Digestive tracts (oesophagus, proventriculus and gizzards) of Gadwall Anas strepera, Eurasian Wigeon Anas penelope, Eurasian
Teal Anas crecca, Mallard Anas platyrhynchos, Northern Shoveler Anas clypeata, Northern Pintail Anas acuta and Common Coot Fulica
atra were collected in four Greek wetlands (Evros Delta, Lake Vistonida, Aliakmon-Axios Delta and Messolonghi Lagoon), during two
wintering periods from October 2004 to March 2006. Diet composition was evaluated using the percentage of occurrence and the aggre-
gated percent dry weight methods. Gadwall and Wigeon were primarily herbivorous (both more than 95% dry weight), Teal and Mallard
mostly relied upon seeds for food (60-75% dry weight), whereas Shoveler, Pintail and Coot consumed elevated quantities of invertebrates
(27.4%, 16.8%, and 31.2% dry weight respectively). Scirpus consumption by Teal and Mallard was lower in Messolonghi Lagoon than
in the other wetlands. Conversely, increased quantities of Ruppia spp. and invertebrates were recorded in waterfowl diets (except Teal)
in Messolonghi Lagoon. These findings may be attributed to the variation in food availability among study areas, thus management plans
should be focused both upon the targeted bird species and the particular wetland separately. In general, since studied species exhibit con-
siderably forage plasticity, providing increased habitat heterogeneity seems to be the best management approach for wintering waterfowl
in Greece, at least under their dietary needs’ aspect.

Riassunto — Scopo di questo studio ¢ definire la dieta di anatre e folaga svernanti, e inoltre di definirne le variazioni in differenti aree
umide greche. Sono stati raccolti esofagi, proventricoli e ventrigli di canapiglia, fischione, alzavola, germano reale, mestolone, codone e
folaga in quattro aree umide greche (delta dell’Evros, lago Vistonida, delta dell’ Aliakmon-Axios e laguna di Messolonghi), durante due
inverni, dall’ottobre 2004 al marzo 2006. La composizione della dieta ¢ stata valutata utilizzando due metodi, la percentuale di occorren-
za e la percentuale aggregata sulla sostanza secca (s.s.). Canapiglia e fischione sono prevalentemente erbivori (entrambi >95% della s.s.),
alzavola e germano reale dipendono molto dai semi (60-75% della s.s.), mentre mestolone, codone e folaga consumano elevate quantita
di invertebrati (rispettivamente 27.4%, 16.8% e 31.2%). L’utilizzo di Scirpus da parte di alzavola e germano ¢ risultato minore a Messo-
longhi rispetto agli altri siti. Al contrario, quantita maggiori di Ruppia spp. e di invertebrati sono stati rinvenuti maggiormente (eccetto che
per I’alzavola) in questa laguna. Questi risultati possono dipendere a variazioni nella disponibilita di cibo tra aree diverse, per cui i piani
di gestione dovrebbero basarsi sia sulle specie obiettivo, sia sulle caratteristiche delle diverse aree. In generale, poiché le specie studiate
hanno mostrato una notevole plasticita trofica, una gestione basata sull’incremento dell’eterogeneita ambientale pare la migliore scelta
gestionale per anatre e folaga svernanti in Grecia, quantomeno sotto 1’aspetto trofico.

INTRODUCTION rope and Russia in late winter to early spring (Handrinos

and Akriotis 1997). It is well documented that food plays

The diet composition of waterfowl has been thoroughly in-
vestigated in Europe and other areas of the world (McK-
night and Hepp 1998, Tamisier and Dehorter 1999, Durant
et al. 2006). However, there is a lack in knowledge about
the diet composition of wintering waterfowl and its varia-
tion among Greek wetlands and generally from the eastern
Mediterranean region. The majority of waterfowl species
winters in Greece and returns for breeding to northern Eu-
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a major role for these birds in order to withstand the harsh
weather conditions during winter and also to be prepared
for their trip back to breeding areas (Baldassarre and Bo-
len 2006). An assessment of foods consumed by wintering
waterfowl is basic for understanding their feeding ecology
and essential for the appropriateness of their habitat man-
agement. Thus, it is of crucial importance to broaden the
scientific knowledge about the feeding habits of wintering
wildfowl species in Eastern Mediterranean wetlands.

The principal factor influencing the selection of foods
by waterfowl and subsequently their diet composition
(Sedinger 1997, Nudds ef al. 2000, Durant et al. 2006); as

21



Karmiris et al.

well as the use of different wetlands or sites within wet-
lands (Durant et al. 2004, Durant and Fritz 2006, Klaassen
et al. 2007) is considered to be the availability of foods.
The abundance, accessibility and the nutrient content of
potential foods may be quite different between Mediterra-
nean wetlands, as a combined result of many environmen-
tal factors, such as the level of salinity, the water depth and
turbidity, the light and temperature, the nutrient level of
the waterbody (Verhoeven 1979, Bonis ez al. 1995, Bonis
and Grillas 2002, Taft er al. 2002). However, waterfowl
are considered to be flexible species able to adjust their
foraging strategy to many temporal and space variant fac-
tors, such as predation, hunting pressure and techniques,
protection from adverse weather conditions, human distur-
bance (Poysd 1987, Guillemain et al. 2002a, 2002b, Pail-
lisson et al. 2002). Thus, there is a potential that individu-
als of the same species may rely upon different food re-
sources in different wetlands in Greece, as it has already
been mentioned for wigeon in North-Western Europe (Du-
rant et al. 2006).

The aims of the study were: a) to define the wintering
diet composition of seven waterfowl species in four coast-
al Greek wetlands, b) to assess whether consumption of
the major food categories differs for each species among
wetlands, and c) to integrate these results in order to di-
rect wetland management for the benefit of waterfowl pop-
ulations. This is a rare study of Mediterranean wintering

BULGARIA

birds’ diet, and probably the first of its kind from the east-
ern Mediterranean region.

MATERIAL AND METHODS

Study areas
The study was conducted in the Messolonghi Lagoon (38°
20’ N, 21° 15” E), Evros Delta (40° 47° N, 26° 03’ E),
Lake Vistonida (41° 04’ N, 25° 11” E) and Aliakmon-Ax-
ios Delta (40° 26’ N, 22° 38" E) (Fig. 1). These are among
the most important wetlands in mainland Greece for win-
tering waterfowl. Greece, despite its small size, is one of
the most important countries in the Eastern Mediterrane-
an-Black Sea region regarding the wintering population of
Anatidae and coot (Athanassiou 1987). During the period
1982-1992 the average number of swans, geese, ducks and
coots wintering in Greece was 345,000 (Handrinos and
Akriotis 1997). In 1995, a percentage of 29.5% of the total
wintering Anatidae and coot population in this region was
distributed among Greek wetlands, indicating their impor-
tance for the wintering waterfowl (Delany ez al. 1999).
All the study areas are protected under the Ramsar
convention and are part of the Natura 2000 network. Sev-
eral human activities such as hunting, agriculture, live-
stock farming, fishing and recreation are performed in all
of them. Vegetation communities are very variable and

TURKEY

A. Messolonghi Lagoon
B. Evros Delta

C. Lake Vistonida

D. Aliakmon-Axios Delta

Figure 1. Location of the four study areas in Greece — Localizzazione delle quattro aree di studio in Grecia.
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patchy in these wetlands due to the dynamic character
of environmental conditions; mainly the presence or ab-
sence of the water, its quality, depth and salinity level.
These conditions are influenced either by natural or arti-
ficial causes (seasonal and annual variation of precipita-
tion and temperature, pollution, creation of water barriers,
drainage, etc.), resulting in an unstable mosaic of aquatic,
halophytic and terrestrial plant communities.

Sample collection, handling and analysis

We collected waterfowl that had been harvested by hunt-
ers during the wintering period (October to March) for two
consecutive hunting seasons (2004-06). A few of them
(N=15) in Evros Delta and Messolonghi Lagoon were
shot illegally and confiscated. Digestive tracts (oesopha-
gus, proventriculus and gizzards, N=377) of Gadwall
Anas strepera, Eurasian Wigeon Anas penelope, Eurasian
Teal Anas crecca, Mallard Anas platyrhynchos, Northern
Shoveler Anas clypeata, Northern Pintail Anas acuta and
Common Coot Fulica atra were removed as soon as pos-
sible after harvesting in all study areas. Samples were col-
lected in the morning and in the afternoon, thus the food
samples should be representative of what birds consumed
both on their feeding grounds and on day-roosts (Guil-
lemain and Fritz 2002). Each sample was numbered and
labeled to species, sex, age group (adult-immature using
plumage characteristics), site, and date. The majority of
samples were preserved in 80% ethyl alcohol, while a few
of them were deep frozen (-18 °C) after harvesting. Food
items found in oesophagus, proventriculus and gizzards
were dried to a constant mass at 65 °C for 48 hours and
weighed (+ 0.0001g). Diet composition was evaluated us-
ing the percentage of occurrence (F) and the aggregated
percent dry weight methods (DW) (Swanson et al. 1974a).

Seeds and plant species from aquatic, shoreline and ter-
restrial sites were gathered to serve as a reference collec-
tion. Plant matter was identified to the genus and frequent-
ly to the species, invertebrates to the order and some to the
family or to the genus (Campredon et al. 1982, Legagneux
et al. 2007). Empty digestive tracts or those which con-
tained either fewer than 5 food items or less than 0.05 g
of food were excluded from subsequent analysis (Woodin
and Swanson 1989, Petrie and Rogers 1996). In total, 280
digestive tracts were analyzed in both years (Tab. 1).

Statistical analysis

For comparisons among the four study areas, food items
were combined into the following three categories: Scir-
pus spp. (seeds), Ruppia spp. (seeds and green parts) and
total animals. These categories comprised the bulk of the
diet composition of all bird species. Two periods were des-
ignated, the first included all samples that were collected
from October to December, and the second one those from
January to March. Mann-Whitney U-tests were used to
evaluate differences in diet composition for each bird spe-
cies between sexes, periods and years. Significant differ-
ences in diet composition between wetlands for each water-
fowl species were evaluated with Kruskal-Wallis one-way
ANOVA (Siegel and Castellan 1988). Further differenc-
es between wetlands were evaluated using Bonferroni cor-
rected Mann-Whitney U-tests (Petrie and Watson 1999). In
all cases, statistical tests were two-tailed (o= 0.05).

RESULTS

Diet composition
Gadwall consumed plant matter exclusively (Tab. 2). Dry

Table 1. Number of analyzed digestive tracts (combined oesophagus, proventriculus and gizzards) per species collected in four Greek
wetlands during the 2004-05 and 2005-06 wintering periods — Numero di organi dell’apparato digerente (esofagi, proventricoli e ventrigli
combinati), per specie, raccolti in quattro aree umide greche durante gli inverni 2004-05 e 2005-06.

Species Messolonghi  Evros Delta Lake Aliakmon- 2004-05  2005-06 Total
Lagoon Vistonida Axios Delta
Gadwall 0* 5 7 1* 3 10 13
Wigeon 7 18 11 4 7 33 40
Teal 65 4 7 15 13 78 91
Mallard 30 6 22 9 14 53 67
Shoveler 5 9 7 1* 4 18 22
Pintail 8 9 0* 1* 7 11 18
Coot 27 0* 1* 1* 7 22 29
Total 142 51 55 32 55 225 280

Marked values (*) represent not statistically treated samples
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Table 2. Wintering diet composition (combined oesophagus, proventriculus and gizzard) of seven wintering waterfowl species in coastal
wetlands of Greece during the 2004-05 and 2005-06 wintering periods — Composizione della dieta invernale (esofagi, proventricoli e ven-
trigli combinati) di sei specie di anatre e della folaga nelle zone umide costiere greche durante gli inverni 2004-05 e 2005-06.

Foods Gadwall Wigeon Teal Mallard Shoveler Pintail Coot

pPw» F DW F DW F DW F DW F DW F DW F
(%) (%) (%) (%) (B) (B) (B) () () () (B) () (B) (%)

Seeds-Oospores

Scirpus maritimus 240 615 89 475 175 571 135 463 267 682 220 500 18 172
Scirpus lacustris 67 231 08 125 69 385 10 104 34 409 19 278

Other Scirpus 79 231 15 125 170 484 28 134 47 364 25 222

Ruppia maritima 21 308 14 200 151 571 108 418 30 227 112 278 15 207
Ruppia cirrhosa 0.5 125 54 330 107 299 50 136 35 111 04 6.9
Chara spp. 27 231 23 150 32 99 66 194 70 273 66 222 10 103
Potamogeton pectinatus tr 50 0.2 9.0

Najas marina 04 22 tr 1.5

Polygonum spp. 0.2 33 tr 4.5

Carex spp. 03 7.7 47 198 1.7 75 0.8 4.5 19 167

Oryza sativa 2.5 2.5 1.5 55 8.8 134 6.1 11.1

Zea mays 22 15.4 tr 34
Echinochloa crus - galli 0.8 6.0 02 273 tr 5.6

Salsola spp. 85 250 0.1 22 28 134 1.5 5.6

Suaeda spp. 0.2 25 0.3 44 0.5 3.0

Agropyron sp. tr 1.1

Puccinelia maritima 1.0 7.7 0.6 10.0

Unidentified seeds 1.1 154 09 150 22 121 1.1 104 0.6 45 1.7 167

Other plant biomass”

Ruppia spp.* 68 250 112 352 44 239 18 136 28 1.1 284 724
Zostera spp. 145 308 119 350 15 8.8 34 119 33 182 33 167 123 379
Salicornia spp. 99 308 116 325 13 6.6 4.1 164 6.1 273 44 222

Halimione portulacoides 22 15.0 1.3 45 1.9 9.1 2.1 16.7

Salsola spp. 15 6.9
Grasses 92 538 90 325 0.5 15 6.7 241
Potamogeton pectinatus 1.7 200 10 22 43 299 1.6 5.6 0.7 6.9
Ulva lactuca 31 308 7.8 300 0.1 33 1.0 75 1.1 6.9
Enteromorpha spp. 23 231 40 225 04 33 0.7 6.0 2.3 69
Ceratophyllum spp. 20 15.0

Lemna spp. 18 231 0.5 6.0 0.9 6.9
Unidentified 112 692 122 650 67 495 99 567 81 682 102 61.1 104 62.1
Total plant 100 974 96.9 914 72.6 83.2 69.0

Animal matter

Limnaea spp. 0.8 50 1.1 8.8 1.8 119 103 409 06 222 49 276
Turritellla spp. 0.7 44 24 9.0 80 11.1 89 345
Planorbis sp. tr 15 10 1338
Other gastropoda 09 5.0 1.1 22 1.1 60 139 273 78 1.1 103 483
Bivalves 0.7 25 tr 1.1 31 224 27 182 58 310
Gammarus sp. tr 22 tr 30 05 13.6

Insects tr 25 tr 1.1 tr 1.5 03 5.6

Fishes tr 2.5 tr 5.6 tr 34
Total animal 2.6 3.1 8.6 274 16.8 31.0

*DW: aggregated percent dry weight, F: frequency of occurrence, tr: dry weight less than 0.1%
"includes leaves, stems, rhizomes, bulbs, etc.
¢includes Ruppia maritima and R. cirrhosa green biomass, which distinction was doubtful in a few samples
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weight of green parts and seeds were almost equally im-
portant in diet composition (48.0% DW and 52.0% DW
respectively). It consumed mainly plant matter of sub-
merged and emergent vegetation (Scirpus spp., Ruppia
spp., Zostera spp., Chara spp., etc.), whereas terrestrial
vegetation (mainly grasses and Salicornia spp.) were at a
relatively low level percentage.

Wigeon relied heavily upon plants for food, whereas
animal matter was consumed occasionally (2.6% DW). It
consumed predominantly leaves, rhizomes, stems and oth-
er green matter (67.5% DW), whereas seeds constituted
a less important food. Terrestrial natural vegetation (Sali-
cornia spp., Halimione portulacoides, grasses, etc.) was a
non-negligible component of the total diet (32.1% DW),
but the majority of the total food was provided by aquatic
plants (mainly Scirpus spp., Ruppia spp., Zostera spp., Ul-
va lactuca, Enteromorpha spp.).

Teal fed predominantly upon seeds (almost 75% DW)
provided by sedges and emergent and submerged macro-
phytes. Seeds belonging to the genera Scirpus and Rup-
pia contributed the bulk of the total diet in Greece (62.0%
DW). Natural terrestrial vegetation, agricultural crops and
animal matter were consumed rarely.

Mallard consumed mainly seeds and secondarily other
plant biomass, whereas animal matter was not an impor-
tant constituent of its diet composition (8.6% DW). Scir-
pus spp. and Ruppia spp. were of prime importance as a
food resource, together with other aquatic plants, such as
Potamogeton pectinatus, Zostera spp. and Chara spp. Ag-
ricultural crops (i.e. waste grain of Oryza sativa cultiva-
tions) were consumed at a relatively low level (8.8% DW).
Terrestrial vegetation was of secondary importance as a
wintering food. Shoveler was based upon seeds for food,
especially Scirpus spp. and Ruppia spp., and oospores
(Chara spp.); which constituted the 49.7% DW of the to-
tal diet. Other plant matter played a secondary role since

it was infrequently consumed. Animal matter (mainly gas-
tropods) consumption was elevated (27.4% DW).

Pintail consumed mainly seeds (primarily Scirpus
spp. and secondarily Ruppia spp.), which together with
oospores constituted up to 47.7% DW of the total diet.
Other plant and animal matter were of secondary impor-
tance (24.3% and 16.8% DW respectively). Aquatic plants
provided the majority of the diet, whereas terrestrial veg-
etation consumption was very low (8% DW).

Coot consumed up to 64.1% DW plant matter other
than seeds, mainly green parts of Ruppia spp. (28.4% DW)
and Zostera spp. (12.3% DW), and secondarily grasses
(6.7% DW). Seeds and oospores were consumed in very
low proportions (< 5.0% DW). Animal matter consump-
tion, mainly gastropods, was relatively higher compared to
the studied Anas species.

Spatial variation of major food categories

Significant differences were found in Scirpus spp. con-
sumption by Teal (Kruskal-Wallis, x?=20.020, df=3,
P<0.001) and Mallard (Kruskal-Wallis, x?>=21.045, df=3,
P<0.001) among study areas. The lowest Scirpus con-
sumption was observed in Messolonghi Lagoon and the
highest in Evros and Aliakmon - Axios Deltas (Tab. 3).

Increased proportions of the genera Ruppia in the diet
composition of the studied species were recorded in Mes-
solonghi Lagoon (Kruskal-Wallis-Teal: x?>=34.122, df=3,
P<0.001, Mallard: x?=34.291, df=3, P<0.001, Wigeon:
x*=14.806, df=3, P=0.002, Mann-Whitney-Pintail:
U, =16, P=0.024).

Higher proportions of animal consumption was ob-
served in Messolonghi Lagoon in relation to the other
study areas (Kruskal-Wallis-Mallard: x?=17.093, df=3,
P=0.001, Wigeon: x’=14.881, df=3, P=0.002, Shovel-
er: x’=6.211, df=2, P=0.045). For all studied species, the
consumption of each of the three major food categories

Table 3. Mean percentages (% dry weight) of the genus Scirpus and Ruppia and animal matter in Teal, Wigeon and Mallard diets (com-
bined oesophagus, proventriculus and gizzard) in each study area during the 2004-05 and 2005-06 wintering periods — Percentuali medie
(% sostanza secca) dei generi Scirpus e Ruppia, e della componente animale, nella dieta di alzavola, fischione e germano reale (esofagi,
proventricoli e ventrigli combinati), in ciascuna delle quattro aree umide studiate, durante gli inverni 2004-05 e 2005-06.

Areas Teal Wigeon Mallard

Scirpus Ruppia Animal Scirpus Ruppia Animal Scirpus Ruppia Animal
A. Messolonghi Lagoon 32.1¢ 42.2b<4 1.8 8.6 34.8b¢ 14.8° 3.30b¢ 55.90<4 15.7¢4
B. Evros Delta 75.8 31a 24 10.1 4.7 0.0* 24.5% 14* 04
C. Vistonida lake 369 10a 92 142 1.0* 0.0 32.0% 2.1° 4.8
D. Aliakmon-Axios Delta 74.8¢ 8.7¢ 6.0 94 2.1 0.0 23.1 04* 04+

*beand ¢ connote significant differences (Bonferroni corrected Mann-Whitney tests, P<0.05) from areas A,B,C and D respectively. Presented only bird

species with adequate sample size larger than four in each study area.
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was not significantly different between sexes, periods and
years (P>0.05 in all cases).

DISCUSSION

Although differential digestion among food items, espe-
cially planktonic invertebrates, may influence gizzard
analysis in waterfowl (Swanson and Bartonek 1970), this
method is particularly useful when comparing diet compo-
sition between wetland sites and time, especially when giz-
zard data are combined with oesophagus and proventricu-
lus data (Green and Sanchez 2003, Fuentes et al. 2004).
The non-significant differences between periods may re-
flect our highly heterogeneous sample characteristics, es-
pecially the mixing of study areas and years. In fact, the
collection of samples from various wetlands, as it was the
case in the present study, is considered important for eval-
uating the feeding habits of waterfowl and provides more
accurate estimation of their diet composition, since incor-
porating only one study area may actually confound the
final outcome, i.e. may yield a bias in the diet composi-
tion of the involved species (Swanson et al. 1974b, Miller
et al. 2000). Aquatic invertebrates usually lose dry mass
when stored in ethanol (Howmiller 1972), thus their rela-
tive dry weight may be conservative in the present study.
However, the relative absence of significant proportions of
animal matter contained in the majority of our samples in-
dicates that their handling (preservation in ethanol) had a
non important influence on the invertebrates’ dry mass in
this study.

Gadwall and Wigeon were almost exclusively herbiv-
orous species in our study and in many others in West-
ern Europe during winter (Owen and Thomas 1979, Tho-
mas 1982, Campredon 1984, Blonder and Aronson 1999).
The findings of the present study lead us to the conclusion
that aquatic plants, grasses and Salicornia spp. constituted
the major foods of these species in Greek wetlands dur-
ing the wintering period. Conservation priorities for Gad-
wall and Wigeon should focus upon the protection and en-
hancement of aquatic and terrestrial plant populations, in
order to ensure their dietary needs throughout the winter.
However, terrestrial habitats surrounding Greek wetlands
are usually used as grazing sites by livestock. The interac-
tions between waterfowl and livestock in terrestrial habi-
tats have not been studied in detail (Mesleard et al. 1995),
despite the fact that these studies may reveal valuable so-
lutions on how to manage these habitats for multiple pur-
poses (waterfowl conservation and livestock development)
and how to use livestock as a ‘tool” for the benefit of water-
fowl populations.
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Teal and Mallard can be characterized as granivorous
species. The dominance of seeds in their diet composition
highlights their importance as a wintering food resource
for them. This is in agreement with similar studies in West-
ern Europe (Tamisier 1974, Thomas 1982). Teal and Mal-
lard are considered generalist species and their diet com-
position may vary between places, according mainly to the
availability of food and their dietary needs (Tamisier and
Dehorter 1999, Guillemain and Fritz 2002, Hughes and
Green 2005). The present findings lead us to the conclu-
sion that elevating diversity of seed bearing plant species
will contribute to the viability of Teal and Mallard pop-
ulations wintering in Greece. However, the bulk of their
food in our study was provided by aquatic plants either
emerged (Scirpus spp.) or submerged (Ruppia spp.); hence
applied management efforts (improvement of water qual-
ity, control of water and salinity levels, regulation of sedi-
ment deposition and grazing pressure, etc.) must concen-
trate primarily on these plant communities.

Shoveler, Pintail and Coot were omnivorous since ani-
mal matter was an important component of their diet com-
position. Shoveler and Pintail also consumed high quanti-
ties of seeds. Shoveler often consumes elevated amount
of invertebrates (Pirot et al. 1984), whereas Pintail diet in
winter is composed mainly by seeds (Guillemain and Fritz
2002). Favouring seed bearing plant species and gastro-
pods assemblages will benefit Shoveler and Pintail pop-
ulations in Greek wetlands during winter, at least under
their dietary needs’ aspect. Coot is considered to be a
herbivorous species consuming mainly stems and leaves
from aquatic and terrestrial plants (Thomas 1982). How-
ever, Coot exhibits considerably foraging flexibility and it
is also capable of consuming elevated amount of animals
(Ponyi 1994, Perrow et al. 1997). In our study, Coot was
based upon animal matter for food more than any of the
studied Anas species did in the present study. However, the
majority of the coot’s gizzards were collected in the Mes-
solonghi Lagoon, where all studied bird species consumed
higher proportions of animal matter than in the other three
areas. This means that in the other study areas there is a po-
tential that animal matter is not as important for Coot as it
is in Messolonghi Lagoon.

Seeds of the genus Scirpus are an important constit-
uent in the diet composition of waterfowl (Green et al.
2002, Figuerola et al. 2003). Ruppia maritima and R. cir-
rhosa are widespread benthic angiosperms in Greek wet-
lands (Nicolaidou et al. 2005) and their biomass (seeds and
green parts) constitutes a common food of various water-
fowl species, including our studied species (Figuerola et
al.2002).

The use of invertebrates by waterfowl during the win-
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tering season is usually low, in contrast to the pre-breeding
and the nesting periods when consumption of animal mat-
ter by these birds is usually elevated due to their enhanced
nutrient and energy requirements (Ankney and Afton
1988, Euliss et al. 1991, McKnight and Hepp 1998). Even
though these were the general trends in the present study
too, spatial variation in the consumption of the three major
food categories by waterfowl was observed. Specifically,
birds in Messolonghi Lagoon tend to feed upon different
food resources (elevated Ruppia and animal consumption)
compared to the other study areas, which is quite impor-
tant in conservation efforts. It is well documented that for
adaptable species, such as waterfowl, food availability is
the principal factor influencing the use of potential foods
(Euliss et al. 1991, Sanchez et al. 2000, Fritz et al. 2001)
and the foraging strategy they follow in order to cope with
regular or unexpected periods of food limitation (DuBowy
1997, Guillemain et al. 2000, Werner et al. 2005). Ruppia
spp. are the dominant phytobenthic species in Messolong-
hi Lagoon (Wolff 1968) and this is probably the reason for
their elevated consumption in this area.

Geographical variation in vegetation composition is
a common phenomenon; thus, it is likely that intraspecif-
ic variation of food selection in herbivorous Anatidae be-
tween different wetlands also exists (Durant er al. 2006).
The findings of the present study confirm this theoretical
approach and give an incentive for future research in order
to more deeply understand why birds behaved in such a
way and especially to what extent these differences in diet
composition within species among study areas are a con-
sequence of variation of selectivity or of food availability.
Of course, the selection of diets and wintering habitats by
waterfowl] is the ultimate outcome of the combined influ-
ence of several factors other than food availability, such
as predation and hunting pressure, protection from adverse
weather conditions, human disturbance, morphological
and physiological intra - and inter - specific differences
(Poysé 1987, Guillemain et al. 2002a, 2002b, Paillisson et
al. 2002, Durant et al. 2004), making relative model con-
struction much more complex. Understanding the mecha-
nisms dominating and defining the patterns of forage and
habitat selection by waterfowl will make our predictions
on the dynamics of plant-waterfow]l communities more re-
liable and in consequence the holistic wetland conserva-
tion more realizable. At this stage however, providing in-
creased habitat heterogeneity (a mosaic of grassy-weedy,
halophytic, small-sized cropland sites, marshes and lakes
with various water depths and salinity levels) will ensure
high availability and diversity of both plants and inverte-
brate assemblages. This seems to be of the foremost im-
portance for waterfowl species to meet their behavioural

and nutritional requirements and subsequently for their ef-
fective conservation in Greek wetlands.

Acknowledgements — The Hellenic Ministry of Rural Develop-
ment and Food is gratefully acknowledged for the financial sup-
port and especially Mr. Georgios Handrinos. The authors ex-
press gratitude to Tassos Anastassiadis, Eleni Makrigianni, Maria
Noidou, Maria Panagiotopoulou, Fotis Pergantis, Vassilis Terzis
and Yiannis Tsougrakis for their valuable help in the field and dur-
ing the analysis. This study complies with the current Greek laws.

REFERENCES

Ankney CD, Afton AD 1988. Bioenergetics of breeding northern
shovelers: Diet, nutrient reserves, clutch size, and incubation.
Condor 90: 459-472.

Athanassiou H 1987. Past and Present Importance of the Greek
Wetlands for Wintering Waterfowl. Slimbridge: International
Waterfowl Research Bureau (IWRB).

Baldassarre GA, Bolen EG 2006. Waterfowl Ecology and Man-
agement. Krieger Publishing Company, Florida.

Blondel J, Aronson J 1999. Biology and Wildlife of the Mediter-
ranean Region. Oxford University Press, Oxford.

Bonis A, Grillas P 2002. Deposition, germination and spatio-
temporal patterns of charophyte propagule banks: a review.
Aquatic Botany 72: 235-248.

Bonis A, Lepart J, Grillas P 1995. Seed bank dynamics and co-
existence of annual macrophytes in a temporary and variable
habitat. Oikos 74: 81-92.

Campredon P 1984. Régime alimentaire du Canard siffleur pen-
dant son hivernage en Camargue. Oiseaux 54: 189-200.
Campredon S, Campredon P, Pirot JY, Tamisier A 1982. Manuel
d’analyse des contenus stomacaux de canards et de foulques.

Office National de la Chasse, Paris.

Delany S, Reyes C, Hubert E, Pihl S, Rees E, Haanstra L, van
Strien A 1999. Results from the International waterbird cen-
sus in the Western Palearctic and Southwest Asia, 1995 and
1996. Wageningen, The Netherlands: Wetlands International
Publication No. 54.

DuBowy PJ 1997. Long-term foraging optimization in northern
shovelers. Ecological Modelling 95: 119-132.

Durant D, Fritz H 2006. Variation of pecking rate with sward
height in wild wigeon Anas penelope. Journal of Ornithol-
ogy 147: 367-370.

Durant D, Fritz H, Duncan P 2004. Feeding patch selection by
herbivorous Anatidae: the influence of body size, and of plant
quantity and quality. Journal of Avian Biology 35: 144-152.

Durant D, Kersten M, Fritz H, Juin H, Lila M 2006. Constraints
of feeding on Salicornia ramosissima by wigeon Anas pene-
lope: an experimental approach. Journal of Ornithology 147:
1-12.

Euliss NH Jr, Jarvis RL, Gilmer DS 1991. Feeding ecology of wa-
terfowl wintering on evaporation ponds in California. Con-
dor 93: 582-590.

Figuerola J, Green AJ, Santamaria L 2002. Comparative dispersal
effectiveness of wigeongrass seeds by waterfowl wintering in
south-west Spain: quantitative and qualitative aspects. Jour-
nal of Ecology 90: 989-1001.

Figuerola J, Green AJ, Santamarfa L 2003. Passive internal trans-
port of aquatic organisms by waterfowl in Doflana, south-
west Spain. Global Ecology and Biogeography 12: 427-436.

Fritz H, Durant D, Guillemain M 2001. Shape and sources of vari-
ations of the functional response of wildfowl: an experiment
with mallards, Anas platyrhynchos. Oikos 93: 488-496.

27



Karmiris et al.

Fuentes C, Sdanchez MI, Selva N, Green AJ 2004. The diet of the
marbled teal Marmaronetta angustirostris in southern Ali-
cante, eastern Spain. Revue d’Ecologie (la Terre et la Vie)
59: 475-490.

Green AJ, Sanchez MI 2003. Spatial and temporal variation in the
diet of marbled teal Marmaronetta angustirostris in the west-
ern Mediterranean. Bird Study 50: 153-160.

Green AJ, Figuerola J, Sanchez MI 2002. Implications of water-
bird ecology for the dispersal of aquatic organisms. Acta
Oecologica 23: 177-189.

Guillemain M, Fritz H 2002. Temporal variation in feeding tac-
tics: exploring the role of competition and predators in win-
tering dabbling ducks. Wildlife Biology 8: 81-90.

Guillemain M, Fritz H, Guillon N 2000. Foraging behaviour and
habitat choice of wintering Northern shoveler in a major win-
tering quarter in France. Waterbirds 23: 353-363.

Guillemain M, Martin GR, Fritz H 2002a. Feeding methods, vis-
ual fields and vigilance in dabbling ducks (Anatidae). Func-
tional Ecology 16: 522-529.

Guillemain M, Fritz H, Duncan P 2002b. The importance of pro-
tected areas as nocturnal feeding grounds for dabbling ducks
wintering in western France. Biological Conservation 103:
183-198.

Handrinos G, Akriotis T 1997. The Birds of Greece. A & C Black
Limited, London.

Howmiller RP 1972. Effects of preservatives on weights of some
common macrobenthic invertebrates. Transactions of the
American Fisheries Society 101: 743-746.

Hughes B, Green AJ 2005. Feeding ecology. In: Kear J (ed).
Ducks, Geese and Swans, Vol. 1 General Chapters and Spe-
cies Accounts (Anhima to Salvadorina). Oxford University
Press, Oxford, pp 27-56.

Klaassen RHG, Nolet BA, van Leeuwen CHA 2007. Prior knowl-
edge about spatial pattern affects patch assessment rather than
movement between patches in tactile-feeding mallard. Jour-
nal of Animal Ecology 76: 20-29.

Legagneux P, Duhart M, Schricke V 2007. Seeds consumed by
waterfowl in winter: review of methods and a new web-based
photographic atlas for seed identification. Journal of Orni-
thology 148: 537-541.

McKnight SK, Hepp GR 1998. Foraging-niche dynamics of gad-
walls and American coots in winter. Auk 115: 670-83.

Mesleard F, Grillas P, Tan Ham L 1995. Restoration of seasonal-
ly-flooded marshes in abandonbed ricefields in the Camargue
(southern France) — preliminary results on vegetation and use
by ducks. Ecological Engineering 5: 95-106.

Miller OD, Wilson JA, Ditchkoff SS, Lochmiller RL 2000. Con-
sumption of agricultural and natural foods by waterfowl mi-
grating through central Oklahoma. Proceedings of the Okla-
homa Academy of Science 80: 25-31.

Nicolaidou A, Reizopoulou S, Koutsoubas D, Orfanidis S,
Kevrekidis T 2005. Biological components of Greek lagoon-
al ecosystems: an overview. Mediterranean Marine Science
6/2: 31-50.

Nudds TD, Elmberg J, Sjoberg K, Poysd H, Nummi P 2000. Eco-
morphology in breeding Holarctic dabbling ducks: the impor-
tance of lamellar density and body length varies with habitat
type. Oikos 91: 583-588.

Owen M, Thomas GJ 1979. The feeding ecology and conservation
of Wigeon at the Ouse Washes, England. Journal of Applied
Ecology 16: 795-809.

Paillisson J-M, Reeber S, Marion L 2002. Bird assemblages as
bio-indicators of water regime management and hunting dis-
turbance in natural wet grasslands. Biological Conservation
106: 115-127.

28

Perrow MR, Schutten JH, Howes JR, Holzer T, Madgwick FJ,
Jowitt AJD 1997. Interactions between coot (Fulica atra) and
submerged macrophytes: the role of birds in the restoration
process. Hydrobiologia 342/343: 241-255.

Petrie SA, Rogers KH 1996. Foods consumed by breeding white-
faced whistling ducks (Dendrocygna viduata) on the Nyl
river floodplain, South Africa. In: Birkan M, van Vessem J,
Havet P, Madsen J, Trolliet B, Moser M (eds). Proceedings
of the Anatidae 2000 Conference. Strasbourg, Gibier Faune
Sauvage, Game and Wildlife 13: 755-771.

Petrie A, Watson P 1999. Statistics for Veterinary and Animal
Science. Blackwell Science, Oxford.

Pirot JY, Chessel D, Tamisier A 1984. Exploitation alimentaire
des zones humides de Camargue par cinq especes de canards
de surface en hivernage et en transit: modelisation spatio-
temporale. Revue d’Ecologie (la Terre et la Vie) 39: 167-
192.

Ponyi JE 1994. Abundance and feeding of wintering and migrat-
ing aquatic birds in two sampling areas of Lake Balaton in
1983-1985. Hydrobiologia 279/280: 63-69.

Poysid H 1987. Feeding-vigilance trade-off in the Teal (Anas crec-
ca): effects of feeding method and predation risk. Behaviour
110: 306-318.

Sanchez MI, Green AJ, Dolz JC 2000. The diets of the white-
headed duck Oxyura leucocephala, ruddy duck O. jamaicen-
sis and their hybrids from Spain. Bird Study 47: 275-284.

Sedinger JS 1997. Adaptations to and consequences of an her-
bivorous diet in grouse and waterfowl. Condor 99: 314-326.

Siegel S, Castellan NJ Jr 1988. Nonparametric Statistics for the
Behavioral Sciences. McGraw-Hill, New York.

Swanson GA, Bartonek JC 1970. Bias associated with food analy-
sis in gizzards of blue-winged teal. Journal of Wildlife Man-
agement 34: 739-46.

Swanson GA, Krapu GL, Bartonek JC, Serie JR, Johnson DH
1974a. Advantages in mathematically weighting waterfowl
food habits data. Journal of Wildlife Management 38: 302-
307.

Swanson GA, Meyer MI, Serie JR 1974b. Feeding ecology of
breeding Blue-winged Teal. Journal of Wildlife Management
38:396-407.

Taft OW, Colwell MA, Isola CR, Safran RJ 2002. Waterbird re-
sponses to experimental drawdown: implications for the mul-
tispecies management of wetland mosaics. Journal of Applied
Ecology 39: 987-1001.

Tamisier A 1974. Etho-ecological studies of teal wintering in the
Camargue (Rhone Delta, France). Wildfowl 25: 123-133.
Tamisier A, Dehorter O 1999. Camargue, Canards et Foulques.
Fonctionnement et devenir d’un prestigieux quartier d’hiver.

Centre Ornithologique du Card, Nimes.

Thomas GJ 1982. Autumn and winter feeding ecology of water-
fowl at the Ouse Washes, England. Journal of Zoology 197:
131-172.

Verhoeven JTA 1979. The ecology of Ruppia-dominated com-
munities in Western Europe. 1. Distribution of Ruppia rep-
resentatives in relation to their autoecology. Aquatic Botany
6: 197-268.

Werner S, Mortl M, Bauer H-G, Rothhaupt K-O 2005. Strong im-
pact of wintering waterbirds on zebra mussel (Dreissena pol-
ymorpha) populations at Lake Constance, Germany. Fresh-
water Biology 50: 1412-1426.

Wolff WJ 1968. The halophilous vegetation of the lagoons of
Mesolonghi, Greece. Plant Ecology 16: 95-134.

Woodin MC, Swanson GA 1989. Foods and dietary strategies of
prairie-nesting ruddy ducks and redheads. Condor 91: 280-
287.



