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We carried out a comparative investigation into the diet and foraging strategy of Aquatic
Warblers and four other bird species similarly supported by sedge fen mires of Belarus. The
species we analyzed have different feeding strategies. Aquatic Warblers and Sedge
Warblers are least selective in their prey choice (varied prey equally occur in their diet, a list
of shared prey is long), forage within the vicinity of the nest, the size of prey is relatively
small. The foraging patterns of Meadow Pipits and Reed Buntings are quite similar: these
species search and fly for food to areas of heavy prey concentration, sometimes far away
from the nest. Because of long flights, these birds show high selectivity in prey choice
(some prey are more dominant than the others, alist of shared prey is short), sorties for food
_ are long; the mass of food delivered per one foraging visit is much larger than for birds
| foraging near the nest. Grasshopper Warbler is the most selective in food choice of all:
despite a small around-the-nest radius of food collection, their chicks primarily feed on large
caterpillars. Differences in feeding behaviour and adaptations to the environment are
explained by the breeding system of the species (partial promiscuity or monogamy),
flexibility in nest site selection. Given biological peculiarities of this stenotopic species,
Aquatic Warblers appear to be most vulnerable of all birds breeding on fen mires. In years
when the conditions are unfavourable across the entire mire throughout the breeding
season, Aquatic Warblers do not breed, whereas other species move to different habitats
for nesting. In this context, to preserve the species, it is necessary to ensure the best
nesting conditions during the breeding season and seek to set up a network of fen mires
located within a short distance of one another.

The diet of Aquatic Warblers and other birds was studied on three fen mires located in the Belarusian Polesie, which together hold more than 50 percent of the Aquatic Warbler world population.
These three mires differ from one another in a number of characteristics. The Dikoe Mire is located on the watershed and corresponds to a transitional type of mire - from the Hypnum-sedge to
the sedge-Sphagnum stage with prevailing atmospheric type of feeding. Zvanets is a typical sedge fen mire located in the peripheral part of the Pripyat River floodplain and fed mainly by
surface water. The Sporovo Mire is a typical floodplain sedge fen mire. The entire study was conducted on monitoring plots selected in the most typical parts of the mires.

The monitoring plot on Dikoe is located in the
part of the mire where the input of nutrients is
the poorest among all studied habitats of the
species in Belarus (water mineralization is
106.6 mg/l). The vegetation of the monitoring
plot is characterized by alternation of a large
number of various associations, but the
dominant species in the projective coverage
. are Carex lasiocarpa, Carex limosa, to a &
lesser extent Carex chordorrhiza, Carex
diandra and Carex rostrata, Eriophorum
polystachyon, Calamagrostis neglecta. In some places the following species
are very abundant: Menyanthes trifoliata the mean coverage of 25% and
Comarum palustre the coverage varies from 2% to 65%. Carex elata is found
only in depressions and along the ditches. The mire's surface is practically flat;

groundwater table usually coincides with the topsoil level, however in certain tussocks 10-30 cm high.

years the mire's surface is inundated as a result of heavy rain.

+55 cm above the soil and in June-July drops to -63 Tussocks are slightly prominent; they are not higher than 20 cm.
tussocks cover not more than 5% of it. During the nesting period the cm below it. The whole mire surface is covered with The water table during the nesting period fluctuates greatly

;I'able Years of dietary studies in different mires

We carried out dietary studies of fen-mire birds from mid-May until mid-July in 2000-2005 in key habitats of Aquatic Warblers in Belarus
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from +40 to -30 cm in relation to the soil.

of various prey occurrences in the diet (%OC). In a similar fashion we calculated the percentage ratio of dry mass of different prey individuals in bird diet (%BC). We separately determined flight distances
covered by provisioning females on foraging trips. Observers positioned themselves at such a distance from the nest as to not to disturb the female and be able to record approximate distances of each
foraging flight. Distances were mainly calculated within the accuracy of 5 meters.

follows. The number of different prey items was taken as 100% for calculating the percentage frequency
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species we analyzed have different foraging strategies. Since Aquatic
Warbler females feed their chicks alone, they have to be near the nest
during foraging. Given a limited space within the vicinity of the nest
and high feeding frequency, females have to use every food resource
available to them, which explains low prey selectivity vis-a-vis other
birds. On the other hand, to enhance feeding efficiency, females tend
to give priority to larger prey items. As a stenoecic species, Aquatic
Warblers are forced to breed in the same habitat every year even
though feeding conditions may strongly vary from year to year. The
species has made adaptations to the broadest variety of food in such
conditions. If food resources are compromised as a result of spring
fires or long floods, the species switches to backup food items, such
as Chrisomelidae (Plateumaris sp.) and Sciaridae, which are rarely
found in their diet in good years. On the other hand, as foragers
sticking to their nests, Aquatic Warblers are very particular about their
nesting grounds, so when the conditions are adverse in some
locations (shortage of insects after spring fires, no flood, low water
level), they hold the nesting period until better days or move to better
grounds where there is more food, sometimes even building heavy
nest concentrations there.

foraging behaviour, however in spatial terms nesting locations of
these two overlap only on the Zvanets Mire. On other reference
sites (Dikoe, Servech) the species breeds sporadically along the
mire periphery, while on the Sporovo Mire it concentrates in mosaic
willow carrs, where Aquatic Warbler is not to be found. Sedge
Warbler breeds on the Zvanets Mire only in years of insect
abundance, reaching and even surpassing Aquatic Warbler by
density. The species also collects food near the nest, but the
foraging radius is almost twice the size of Aquatic Warbler's. In
years of impoverished food resources on fen mires (especially with
few Noctuidae, Sciaridae insects), Sedge Warbler moves to other
habitats to breed. Apparently, the species cannot effectively collect
othersmallinsects.

Foraging strategies of Meadow Pipit and Reed Bunting are
quite alike. These species locate and fly for food to areas with high
prey concentrations, at times taking long flights. Apparently
productivity value of such foraging locations offsets any energy
losses associated with long flights. Because of long flights, prey
weight delivered to the nest by these species in one visit is much
greater than that of birds foraging around the nest.

Monogamous species with a strictly fixed breeding period
have the following set of adaptations:
- ability to breed on different habitats and, when
conditions are bad, move from sedge mires to other habitats
for nesting without changing the breeding period (Sedge
Warbler, Grasshopper Warbler, Meadow Pipit, Reed Bunting);
- ability to carry out long foraging sorties to locations with
highly concentrated prey presence when the conditions are
unfavourable near their nests (Reed Bunting, Meadow Pipit):
- the length and weight of prey items collected per one
visitare relatively large;
- even distribution on nesting grounds due to male
territoriality;
- inability to change nesting locations during the
breeding season when adverse conditions set in, because
other locations are occupied by territorial males;
- breeding period is fixed because males have limited
time in which they are willing to mate.
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Key size-related prey parameters in chick diet of Aquatic Warbler
Breeding on fen mire Zvanets (2001-2005), 1st and 2nd brood
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Dynamics of Aquatic Warbler diet composition during breeding season,
1st (upper one) and 2nd (bottom one) brood

Stenotopic Aquatic Warbler, which forms no permanent breeding
pairs and whose females feed chicks themselves, has the following
adaptive responses to variable nesting conditions on sedge fen mires:

- the lowest food selectivity driven by foraging in a limited space
and the necessity to use all food resources available;

- around-the-nest radius of food collection is marginal, because
females feed chicks unassisted;

- male activity throughout the season enables females to change
breeding dates from early May to late July timing it to periods with best
safety and food conditions;

- lack of permanent pairs gives females the flexibility to move to
territories of other males during the breeding season, richer in food,
and build nest clusters in the most favourable locations.

Such adaptations of Aquatic Warblers to habitat instabilities have become possible only owing to their
specific breeding system partial promiscuity. The ultimate cause of such breeding system must have been the
need of this stenoecic species to adjust to highly unstable fen mire setting. The primary prerequisite of partial
promiscuity in Aquatic Warblers was food overabundance on fen mires, where females could fledge chicks
themselves.

Considering biology, Aquatic Warbler is most vulnerable of all species breeding on fen mires, because if
unfavourable conditions develop across the mire throughout the breeding season, the species does not breed that
year, whereas other birds move to other habitats. This is because all key habitats of Aquatic Warbler represent
spatially isolated mires, so birds cannot move from one set of mires to another. In this context, to preserve the
species, it is necessary to ensure the best nesting conditions during the breeding season and seek to set up a
network of fen mires located within a short distance of one another.




