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Resumo. — Passaros litorineos da Peninsula Bragantina II. Dieta e estratégias de alimentagio dos
passaros litoraneos em um local tropical no norte do Brasil. — Sendo migratérios de longa distincia,
muitos passaros litordneos tém que partilhar de uma variedade de habitats que medem uma escala de
regimes climaticos dentro de somente um ano. Embora suas adaptagdes para diferentes condigGes ambien-
tais fossem o objeto de muitas publicagdes, poucas investigagGes ocorreram em ambientes tropicais. Como
os passaros lidam com o ajuste ecolégico especial o qual encontram nos lugares tropicais aonde passam o
inverno? Neste estudo nés focalizamos nas dietas e estratégias de alimentagdo dos passaros litoraneos na
Peninsula Bragantina no norte do Brasil durante 2001/2002. Todas as espécies tiveram grandes variedades
de alimentos os quais se sobreporam, ndo houve nenhum agrupamento para uma relagio evidente com a
preferéncia alimentar. Certamente, um calculo de dietas teoricamente 6timas mostrou que uma estratégia
alimentar generalista foi mais vantajosa. As espécies maiores foram restringidas ligeiramente mais a
grandes presas, ticas em biomassa, que foi vantajoso porque foi capturada e segurada facilmente. Como o
estoque de alimento foi escasso e também varidvel temporariamente, nos supomos que uma estratégia
generalista e oportunista seria a mais 6tima. As planicies de maré nos trépicos umidos sdo sujeitas geral-
mente a0s varios distirbios ambientais tais como volumes sazonal de agua doce; é provavel que muitos
tém estoques de alimentos de quantidade baixa e também varidvel como aqueles da Peninsula Bragantina.
A estratégia alimentar oportunista empregada pelos passaros em nosso local de estudo pode conseqiiente-
mente também ser uma estratégia apropriada em outras planicies de maré nos trépicos sujeitos para
condic¢des similares.

Abstract. — Being long-distance migrants, many shorebirds have to deal with a variety of habitats spanning
a range of climatic regimes within only one year. Although their adaptations to differing environmental
conditions are the object of many publications, few investigations have taken place in tropical environ-
ments. How do birds cope with the particular ecological setting they encounter on their tropical wintering
grounds? In this study we focus on diets and foraging strategies of shorebirds at the Bragantinian Penin-
sula in northern Brazil during 2001/2002. All species had broad diets with ovetlapping spectra, no clear
clustering according to dietary preference was evident. Indeed, a calculation of theoretical optimal diets
showed that a generalistic foraging strategy was most profitable. Larger species were slightly more
restricted to large, biomass rich prey, which was profitable because it was readily captured and handled.
Since the food stock was scarce as well as temporally variable, we assume that a generalistic and opportu-
nistic strategy would be most optimal. Tidal flats in the wet tropics are commonly subjected to various
environmental disturbances such as seasonal volumes of freshwater inflow; it is likely that many have low
as well variable food stocks as those of the Bragantinian Peninsula. The opportunistic foraging strategy
employed by shorebirds at our study site might therefore also be an appropriate strategy at other tidal flats
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in the tropics subject to similar conditions. Accepted 15 June 2006.
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INTRODUCTION

Most shorebirds are long-distance migrants
that have Arctic or temperate breeding sites
and tropical or subtropical wintering- and
migration stop-over sites. Consequently they
are exposed to a variety of habitats within
short time periods and need a remarkable
adaptability to diverse environmental condi-
tions. Even though many shorebirds spend
over half of their life in tropical environ-
ments, there have been few studies of them in
southern wintering habitats (Wolff & Smit
1990, Turpie & Hockey 1997, Ntiamoa-Baidu
et al. 1998, Sitters et al. 2001).

Tropical tidal flats have specific properties
when compared to their temperate counter-
parts, such as strong seasonal freshwater and
sediment discharge from the rivers during wet
seasons, nearby upwelling, and El-Nifio/
Southern Oscillation (ENSO) events. Tropi-
cal intertidal benthos communities, the main
food source for visiting shorebirds, are
exposed to these frequent disturbances, and
abundances and biomass are low (Reise 1991,
Dittmann 2002). Additionally, the lack of sea-
sonal temperature change does not force
benthic taxa to reproduce synchronously,
which leads to a pronounced temporal vari-
ability of the abundances of individual prey
taxa (de Goeij e al. 2003). To our observa-
tions, benthic organisms react variably to
changes in pore water salinity, hence the sea-
sonal freshwater flushes during the wet sea-
son do not seem to be able to create a
synchronized seasonal reproduction phase for
the benthos community.

Historically, many studies of feeding strat-
egies have focused on cost-benefit calcula-
tions, based on the implicit aim of fitness
maximization (represented as maximized

550

energy gain) per time unit. To achieve optimal
foraging, shorebirds can 1) increase their
feeding efficiency by specializing on particular
biomass rich or abundant items, or they can
2) act as generalists with a smaller depen-
dency on the presence of certain prey taxa
(Begon et al. 1998). The degree of specializa-
tion is usually related to the productivity and
stability of the environment (MacArthur &
Pianka 1966, Cody 1974, Pyke ¢z al. 1977).

In 2001/2002, we investigated a shorebird
foraging site at the Bragantinian Peninsula on
the northern coast of Brazil within a major
wintering zone in South America (Morrison
& Ross 1989). In another publication (Kober
& Baitlein 20006), we describe this area in
terms of its characteristics as a shorebird
environment; the present study investigates
how shorebirds cope with the constraints of
tropical climates, and which foraging strate-
gies might be employed in order to gain mass
for migration.

METHODS

Study area and sampling site

The study was conducted at the Bragantinian
Peninsula on the northern coast of Para, Bra-
zil (00°52.427S, 46°39.012W). This tropical
region is characterized by a rainy season from
January to May/June and a dry season from
July to December. The coast is fringed by a
dense mangrove forest, which is part of the
worlds second largest continuous mangrove
belt (Kjetfve ez al 1997).

Data were collected in January—June in
2001/2002 at an open intertidal site located
between the island Ilha de Canelas and the
mainland (Fig. 1). Sediment conditions and
benthic assemblages were variable in time and
space due to strong currents with heavy sedi-
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FIG. 1. Bragantinian Peninsula with the study area on Ilha de Canelas represented by a black circle.

ment loads, which led to a mosaic of patches
with differing abiotic and biotic conditions.
These characteristics were pronounced during
the wet season, due to heavy rains and the
high influx of freshwater to the tidal flats.

Sampling design

In 2001, a total of 25 squared plots (50 x 50
m) were marked with poles at their corners.
To optimize data for correlation analysis and
multivariate statistics, plots were not located
randomly but covered the whole variety of
distinguishable intertidal habitats. Although
some plots were bordering each other, contin-
gency tables showed that the benthic data

obtained were independent from each other.
In 2002, a further five plots (50 x 50 m) were
marked at the same part of the mudflat which
was investigated in 2001 in order to measure
the temporal consistency of the results. The
following data were taken on a monthly basis:

Abiotic variables. At each plot sediment samples
were taken to determine sediment grain sizes
and pore water salinity. For a more detailed
description of the sampling methodology see
Kober & Bairlein (2006).

Prey abundance. To determine the food supply
available to the birds at each plot, sediment
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samples were taken to a depth of 20 cm with
a corer of 15 cm diameter and benthic ani-
mals were separated with a 1-mm sieve. Addi-
tional samples processed with a 0.5-mm sieve
(Acheampong 2001) produced benthic abun-
dances and biomasses similar to those of our
samples, thus sampling with 1-mm sieves is
sufficient in this area and will not disregard
considerable prey factions (Kober 2004).
Each sample was divided into three horizons
(0-5, 5-10 and 10-20 cm depth) and, for each
layer, the benthic assemblage and the sizes of
prey items were determined. With help of
these size-measurements, the ash-free dry
mass (AFDM) of the samples were calculated.
For a more detailed description of the sam-
pling methodology, see Kober & Baitlein
(2006).

Avian abundance and foraging bebavior. To deter-
mine bird densities in the study area, bird
counts were conducted during the mid day
low tides on four consecutive days, and a
monthly mean low tide density of birds was
calculated for each plot.

The detailed foraging behavior of the
birds was investigated by focal observations
conducted between February and June in
2002. Some 617 individual birds
observed, each for exactly 3-min, and the fol-

were

lowing data were recorded: pecks/probes per
minute, prey consumed per minute, prey han-
dling time (sec), prey type, prey size and prob-
ing depth, both estimated by comparison with
the bill size (mm). Prey sizes determined dur-
ing focal observations have certain draw-
backs: Over-estimations of large organisms
are a methodological problem, as well as the
under-representation of small prey (Zwarts &
Blomert 1992). Size-spectra of “worms”
might be overestimated because they were
stretched while they were pulled out of the
sediment. We tried to avoid those problems
by conducting a training for the observers on
prey with known sizes, but the results
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showed, that they could not be prevented
entirely. Prey sizes and probing depths were
nevertheless used to determine the portion of
all prey organisms which was in reach of the
bill, and which could be handled by the birds
(i.e., the harvestable prey fraction) (Kober &
Bairlein 20006).

Observed diet. The prey ingested by the birds
during focal observations in 2002 was differ-
entiated into bivalves, crustaceans, snails and
“worms”. Where identification of prey was
impossible due to either their small sizes or
due to the speed of feeding, items were
labeled as “unknown”.

Faeces. More detailed information on prey taxa
was provided by faeces collections, from
which remaining parts of ingested prey taxa
were identified (cirrae, mandibulae and shell
fragments). Droppings were collected during
focal observations whenever possible. Since
observations suggested that most birds were
feeding for a reasonable time at the same area,
it was assumed that most droppings were rep-
resentative of local prey organisms. Drop-
pings were scraped off the surface and stored
in 70% ethanol (Scheiffarth 2001). They were
treated with ultrasound for 10 min to separate
particles. After sedimentation, two fractions
were obtained: supernatant and sediment.
Floating parts within the supernatant were
collected with a sieve (63 im), identified and
counted in a cylindrical chamber with help of
a microscope (Zeiss Axioskop 2 with 10 x/
0.30, 20 x/0.50 and 40 x/0.75 oculars). The
sediment was examined and larger prey rem-
nants were counted and identified to provide
qualitative data on the birds’ diets.

Specific  identification  of
benthic parts was eased by the collection of a

remaining

reference sample: benthic organisms were
identified, (Stereomicroscope:
Stemi 2000 from Zeiss with10x ocular, Micro-
scope: see above), and subsequently left in
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warm water for 3—14 days. The more durable
parts of animals were then described.

In comparison to temperate benthic
assemblages, tropical tidal flats harbor a
higher diversity of benthic taxa, which often
cannot be accurately identified to species level
due to incomplete taxonomic knowledge
about the species in question. Furthermore, a
significant proportion of the collected
benthos, in particular soft-bodied species,
cannot be detected within droppings due to a
lack of body parts which endure digestion.
Thus, data obtained by the analysis of the
birds’ faeces cannot provide quantitative
information and records of prey identity are
almost certainly incomplete.

Optimal diet. To assess whether prey species
present in the birds’ faeces corresponded to a
diet which maximized intake rates, optimal
diets as defined by Charnov (1976) were cal-
culated, and compared with observed diets.
To further determine the optimal diet for each
bird species a measure of profitability was
assigned to each prey species. Profitability was
defined as the energetic value of a prey item
divided by the sum of handling and searching
time (Pyke ef al. 1977).

Handling time for all benthic individuals
found on the plots was determined by estab-
lishing a size-handling-time relationship for
each individual benthic group. When a taxon
covered a large size-range, size-dependent
formulas were calculated with the nonlinear
estimation tool of Statistica. Otherwise, a
mean handling time was taken (KKober 2004).
Since individual bird species required differ-
ent handling and searching times for the same
prey items, calculated profitabilities differed
between bird species.

Searching time was to be
inversely related to the density of organisms.

assumed

In other words, random searching took less
time for organisms that were abundant than
for rare items. Based on this assumption, a
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mean search time per prey item was calculated
for each bird species and month (for calcula-
tion details see Kober 2004).

When profitabilities of individual prey
items are known, an optimal diet can be calcu-
lated. If a predator, which already included the
most profitable prey type into its diet,
encounters a new and less profitable prey
type, it has to decide whether to eat the
prey or to carry on with searching for already
included prey. Prey type 7/ should only be
included if its energy gain per handling
time is equal or larger than the mean profit-
ability of the already included items (Charnov
1976). For detailed descriptions of such
calculations see Pyke e a/ (1977). Since
no size preferences for gastropods were
available, they could not be included in
the calculations for profitabilities or optimal
diets.

Statistics

Statistical analyses were done with Statistica
(Version 5.1 from StatSoft Inc.), Primer (Vet-
sion 5.2.2 for Windows, Primer-E Ltd), and
the Excel Add-In Biplot (Version 1.1 by Vir-
ginia Tech). similarity
between species assemblages, a Multi-dimen-
sional Scaling plot (MDS-plots) was used.
Since it expresses similarity in relative Euclid-

To visualize any

ian distances, axe values are not relevant. Data
were log-transformed to down weight the
influence of abundant species before comput-
ing Bray-Curtis similarities. The plot repro-
duced well, its stress-values remained < 0.2
(Clarke & Gorley 1994). Beside this diagram,
also a contingency table was used. For all
tests, a significance level of o = 0.05 was cho-
sen.

RESULTS
A total of 11 abundant shorebird species were
found in the study area, belonging to both

Scolopacidae and Charadriidae (Table 1).
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FIG. 2. Mean abundance vs mean biomass of benthic taxa in the study area in 2001. Only species with n

> 30 individuals found were included.

Available prey

Most of the prey taxa available to the birds
had very low individual biomasses, as well as
very low densities (Fig. 2). Only a few mol-
lusks or crustaceans showed high biomass
values per item (Callianassidae, Uca maracoant,
Tagelus  plebeins, Nassarius vibrex), but these
were found in very low densities. A few spe-
cies (Nephtyidae, Gammaridae, Capitellidae,
Pinnotheridae) occurred in high densities, but
these only had low individual biomasses.

Observed prey

During focal observations in 2002, the per-
centage of prey organisms that could be iden-
tified averaged 41% and varied from only
21% [for Semipalmated Sandpiper (Calidris
pusilla)] to 71% [for Semipalmated Plover
(Charadrins semipalmatus)] (Table 1). Amongst
identified prey, that of Marbled Godwit
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(Limosa fedoa) and all plovers was dominated
by “worms”, though the Grey Plover (Pluvialis
squatarola) also fed on mussels and crusta-
ceans. Identified prey of Willet (Catoptrophorus
semipalmatns) were mostly crustaceans while
that of the
bivalves supplemented mainly by worms.
Identified prey of Red Knot (Calidris canutns)
were almost entirely restricted to snails and
bivalves (Table 1). Because there is often a
large proportion of unidentified prey items, it
has to be pointed out that the actual diets of
the birds might depart considerably from
those described above.

Based on the classification of prey items
obtained during the focal observations, the
birds’ prey spectra were broad and overlap-
ping. A MDS-plot illustrating the composi-
tion of identified prey showed that only
gradual differences occurred; distinct special-

remaining sandpipers were
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TABLE 1. Percentage prey composition for the birds during focal observations in 2002. N is the number
of observed prey items. For the resident Spotted Sandpiper (Actitis macularia), data on prey items were not

available.
Species Prey

Bivalves Snails Crustaceans Worms Unknown n
Collared Plover (Charadrins collaris) 4 0 2 42 52 163
Grey Plover (Pluvialis squatarola) 12 1 14 27 46 104
Semipalmated Plover (Charadrins semipalmatus) 1 0 0 70 29 269
Marbled Godwit (Linwsa fedoa) 0 2 0 41 56 41
Red Knot (Calidris canntus) 13 19 0 1 68 96
Ruddy Turnstone (Arenaria interpres) 39 0 4 4 52 46
Sanderling (Calidris alba) 11 4 0 11 75 28
Short-billed Dowitcher (Limnodronus grisens) 13 4 0 9 74 152
Semipalmated Sandpiper (Calidris pusilla ) 11 0 1 9 79 130
Whimbtrel (Numenius phaeopus) 27 4 1 5 53 75
Willet (Catgptrophorus semipalmatus) 10 5 16 2 68 62

izations were not seen (Fig. 3). The further
left a bird is located in the diagram, the larger
is the proportion of worms found in its diet.
Birds at the top include more crustaceans into
their diet than birds at the bottom.

Droppings

Since observations of avian prey were not
applicable to differentiate in detail between
the dietary components of different bird spe-
cies, a total of 68 droppings were collected to
look for identifiable remaining parts of indi-

Ruddy
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FIG. 3. Similarities of the birds diets. Shown is a
MDS-plot on Bray-Curtis similarities of the diets
as observed in 2002. Unidentified items wete
excluded from the analysis.

vidual prey taxa. However, this analysis gave
only qualitative results, not quantitative ones.
The remains of four bivalve species, one gas-
tropod, four crustacean species and six poly-
chaete taxa were identified from the collected
droppings (Table 3). Most bird species chose
prey from all these benthic groups. Plovers
fed on a larger variety of items than sandpip-
ers (7-9 items and 5-6 items, respectively),
including small polychaetes and crustaceans.
However, the result is likely to be biased by
the capability of a particular benthos species
to endure the birds’ digestion: some prey
types may always leave hard, identifiable
remains in the droppings while others may
never or only occasionally do so.

Prey size

Observed prey sizes indicate which size spec-
tra the birds can handle. They ranged for
bivalves between 1-63 mm (shell length),
crustaceans between 3-61 mm (carapace
width), and worms between 2-180 mm
(length) (Table 2).
bivalves, prey size was significantly correlated
with birds bill sizes (r,= 0.900, P < 0.001 and
r, = 714, P = 0.047, respectively), “worms”

For crustaceans and
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TABLE 2. Prey sizes (mm) observed during focal observations in 2002.

Species Bivalves Crustaceans Worms

Mean = DF Max) n Mean+ DF Max) n Mean = DF Max) n
Collared Plover 64 (10) 7 23 £ 20 (44) 3 27 £18 (116) 69
Grey Plover 17 £ 11 (36) 12 14 £ 11 (39) 15 41+£31(180) 28
Semipalmated Plover 5() 2 10 (10) 1 38 £26(122) 189
Marbled Godwit 54£29(133) 17
Red Knot 27 £ 7 (40) 12 43 (43) 1
Ruddy Turnstone 23 £12 (59) 18 6t£2() 2 33 £ 20 (47) 2
Sanderling 10 + 4 (15) 3 26 13 (38) 3
Short-billed Dowitcher 24 £ 18 (63) 19 32 =18 (68) 14
Semipalmated Sandpiper 61 2(10) 14 44 1 19 £ 15 (39) 12
Whimbrel 29 £12 (52) 20 39 £ 17 (61) 8 46 = 8 (52) 4
Willet 18 £ 15 (44) 6 30 = 14 (49) 10 11 (11) 1

only closely missed the 5% level (r,= 0.566, P
= 0.055).

Optimal diet

To identify which prey taxa individual bird
species should ideally have consumed in order
to forage with maximum profitability, an
optimal diet was calculated for each bird spe-
cies. Bivalves and crustaceans provided the
highest biomasses per prey item, while poly-
chaetes were insignificant in this respect
(Fig. 2). Nevertheless, in some cases polycha-
etes were indeed profitable, due to their high
densities, which resulted in shorter searching
times. The optimal diet of some birds, like
Red Knot, Sandetling (Calidris alba), Whim-
brel (Numenius phaegpus) and Willet, was com-
posed of only a few prey items. These
specialists included particularly biomass rich
prey in their diets, like large bivalves (often
Tellina radiata and Protothaca pectorina) and
crustaceans. Only the Sanderling was able to
specialize on bivalves and polychaetes with
low individual biomasses (Fig. 4, Table 3).
Marbled Godwit, Ruddy Turnstone (Arenaria
interpres) and Semipalmated Sandpiper had
broad diets. These
incorporated many types of bivalves, crusta-

optimal generalists
ceans and polychaetes with comparatively
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low individual biomasses. The remaining
birds switched between these
which is indicated by the large range of the

strategies,

mean number of prey taxa per month (Fig, 4,
Table 3).

DISCUSSION

The tropical intertidal area of the Bragantin-
ian Peninsula provides poor foraging grounds.
Frequent sediment shifts combined with low
sediment organic matter contents may have
led to low as well as patchily distributed abun-
dances and biomasses of benthic organisms
(Kober & Bairlein 20006). As a consequence,
prey handling times of the birds are short rel-
ative to searching times, and one would thus
expect shorebirds to include a wide range of
prey items (MacArthur & Pianka 1966, Pyke
et al. 1977, Begon et al. 1998).

Theoretical optimal diets represent prey
spectra, which should be eaten by the birds if
they are optimizing their prey choice. These
calculated diets, based on observed prey den-
sities and foraging behavior, were in line with
the above expectations (many bird species
had broad optimal diets based on at least 5—
15 prey taxa within one month). In the rare
cases when bird species had optimal diets



TIDAL FLAT SHOREBIRDS IN BRAZIL-IT

120
§Z 100
—
=
o< 80 —T_ Min-Max
= 50 25-75%
%E — Median
£ S 40
c g
§ 5 20
o
o 2
c £ 15
86
&E 10
ad
M-
0
ks) 2 © R} = o @ © o o @
2 3 £ £ & $ § & & & &
= 9 £ o] 2 =] o o o S
3 @ — n o o £ o
e} > ; S 0] 53 a
5 ke 2 5 1) T
= 3 § © 5
' 1% <
7]
Specialists Generalists Switching strategies

FIG. 4. Characteristics of optimal diets of birds with differing foraging strategies. Given are mean biom-

asses per prey item and per month at the top, and mean diet widths per month at the bottom.

with lesser than 5 items per month, these
items were typically large and biomass rich.
Large birds are more prone to narrower
dietary spectra since they are more likely to
include biomass-rich items in their diet in
order to optimize their foraging patterns. Bio-
mass-rich prey organisms, such as bivalves or
crustaceans, are often less diverse than small
prey species, which might lead to a lower food
diversity for larger shorebirds (Recher 19606).
Additionally, such benthic organisms ate
deeply burrowed in the sediment, making bill
size a significant factor in a birds’ abilities to
reach these items — long-billed birds have an
advantage over short-billed birds in this
respect (Holmes & Pitelka 1968, Goss-Cus-
tard ez al. 1977, Lifjeld 1984, Weber & Haig
1997). There are exceptions from this pat-
terns, e.g., Sanderling is a comparatively small,

yet relatively specialized species which fed in a
highly profitable manner on small bivalves,
while needing considerably longer handling
times for other prey.

Optimal diets point out which strategies
should ideally have been adopted in a tropical
environment like that of the Bragantinian
Peninsula. But did the birds indeed optimize
their foraging as presumed? Visual observa-
tions showed that all species had broad diets
which overlapped to a large degree; indeed,
the shorebird community cannot be clearly
divided into groups with particular feeding
preferences. The MDS-diagram does reveal a
weak gradual change from plovers with a large
proportion of “worms” in their diet at one
end of the spectrum, to medium and large
sandpipers which also include crustaceans as
well as mollusks at the other end. This is
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TABLE 3. Prey items included into optimal diets (shading) and found in the faeces (numbers) during the entire study petiod. Given are the numbers of
droppings which contained a particular prey item. Data were originally calculated/collected per month, thus items listed here do not necessarily occur simul-
taneously. Droppings of the Marbled Godwit and of the Whimbrel did not contain any identifiable parts. Since we had no AFDMs of gastropods, arthro-
pods, unidentified bivalves, unidentified crustaceans and unidentified polychaetes, these groups were not included into calculations about optimal diets.

Collare  Grey Semip. Marbled Red  Ruddy Sanderling Short-b.  Semip.  Whimbrell Willet
d Plover Plover Plover Godwit Knot Turnstone Dowitcher Sandpiper

Number of analysed droppings 21 40 23 0 11 10 4 18 17 1 20
Sipunculidae Sipunculidae

Nemertinea Nemertinea
Bivalves Unidentified 1 3 1 1

Anomalocardia brasiliana

Divaricella gnadrisnlacata

Lucina pectinata

Protothaca pectorina 4

Tagelus plebeius

Tellina spp. 2 7 2

Gastropods  Nassarins vibrex

_ o, s s
[\
—_
—_

Crustaceans Unidentified 1 1 1
Callianassidae 3 4 1 2 1 1 3
Callinectes sp.
Decapoda 2
Eurytinm limosum
Gammaridea
Hippolitidae
Idotheidae 1
Mysidae
Pinnotheridae 1 1

Uca maracoani
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TABLE 3. Continued.

Collared Grey Semip. Marbled Red  Ruddy Sanderling Short-b. Semip.  Whimbrell Willet
Plover Plover Plover Godwit Knot Turnstone Dowitcher Sandpiper

Polychaetes Unidentified 3 2 1 1 1 1

Capitellidae

Eulepethidae

Glyceridae

Goniadidae 1 1 2

Lumbrineridae 3

Magelonidae

Nephtyidae 2

Nereidae 3 2 5 1 1 1 2 1

Onuphidae

Orbiniidae

Phyllodocidae

Pilargiidae (A) 1

Pilargiidae (B)

Saccocitridae

Spionidae 1 1 1

Terebellidae 1
Arthropods  Unidentified 2 6 5 1 2 3 4 2
Total identified items in optimal diet 27 24 19 17 6 22 6 12 20 8 9
Total identified items in droppings 7 9 7 - 5 4 6 6 6 - 6
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clearly consistent with the pattern proposed
by the optimal foraging theory as explained
above.

The faeces of all species contained on
average six different prey taxa, but prey diver-
sity was almost certainly greater because of
the many items not leaving identifiable body
parts. This is again pointing towards a pattern
of limited dietary specialization. In agreement
with the visual observations, pronounced spe-
cializations were not discovered, although
sandpipers did seem to have a slightly more
restricted diet when compared to plovers.
This is in line with the prediction that long-
billed birds, like many sandpipers, should be
more specialized than short-billed birds, such
as the plovers.

Unfortunately, neither direct observations,
nor the analysis of faeces, provide a full
assessment of the birds’ dietary widths. The
ability of focal observations to identify diets
was limited by the often large proportion of
unidentifiable prey organisms. Particular large
proportions of unidentified prey were found
for species with many bivalves in their frac-
tion of identified prey [Sandetling, Short-
billed Dowitcher (Limnodromus grisens), Semi-
palmated  Sandpiper], supple-
mented by crustaceans (Willet, Knot). Minute
bivalves ate probably quickly swallowed and
therefore hard to identify for the observers.
An exception are Turnstones and Whimbrels,
with a large proportion of identified bivalve

sometimes

prey organisms, but a small proportion of
unidentified prey. A reason might be that they
preferred large bivalves. Species with many
worms in their identified prey had compara-
tively small proportions of unidentified prey
[Semipalmated Plover, Collared Plover (C.
collaris), Marbled Godwit]. Worms might be
easier to identify from a distance.

The analysis of droppings had also some
drawbacks. Many prey taxa did not provide
body parts recognizable in droppings (e.g,
Nemertinea). Of the polychaetes, only those
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were recognized in faeces which provide jaws
(Goniadidae, Nephtyidae, Nereidae), specific
aciculae (Pilargiidae, Spionidae) or uncini
(Terebellidae). Crustaceans often had to be
left unidentified since only the large Calli-
anassidae had a carapace with an unmistak-
able light shading, Identification of bivalve
shell fragments was often possible, e.g;, Tellina
which had an easily identifiable coloration.
However, the weaknesses of both focal obser-
vations and analysis of droppings do not cor-
rupt the observation of broad diets: if both
would have provided more precise results,
most likely these would have added even
more prey taxa to the diets.

The prediction obtained from optimal
diets that long-billed birds would feed on
larger prey than short-billed birds when for-
aging optimally was also supported by focal
observations: observed mean prey sizes and
bill sizes of the birds were correlated with
each other. Large birds with long bills are able
to reach deeper burrowed prey, but also have
wider throats and can swallow larger prey
more easily. In addition, there are indications
that large birds are more easily capable of
digesting hard-shelled organisms because of
their heavier gizzards (Piersma ef al. 1993).
The non-significance of the bill size-worm
size correlation might arise because large
worms sizes do not raise as much problems
for handling, swallowing and digesting as hard
shelled prey taxa. Consequently, even plovers
with particulatly short bills are able to take
many long worms. However, observed prey
sizes have to be treated with care, since sam-
ple sizes of some prey groups were extremely
low. In some cases, sizes of bivalves appeared
extraordinary large (e.g, Knots and Short-
billed Dowitcher feeding on bivalves of 40
and 63 mm length, respectively); large sizes
were possibly over-estimated while small
organisms are under-represented, a method-
ological problem described also elsewhere
(Zwarts & Blomert 1992). Finally, “worm”



sizes are
might be stretched when pulled out of the
sediment.

also problematic because worms

Hence, the correlation between
prey size and bird size can only be a rough
estimation of the actual relationship.

In addition to the low prey abundances
which force the birds to accept relatively
broad dietary spectra, prey phenologies fluc-
tuated strongly in the study area (Kober &
Baitlein 2006). Within the time period of
observations, trends in prey abundance were
not synchronized as observed in temperate
areas (Beukema 1974). Although total benthic
abundance and biomass were stable and cre-
ate the impression of an attractive food supply
at some tropical tidal flats (as observed in
West Africa, Wolff 1991), the strong fluctua-
tions of individual taxa might prohibit special-
ized diets over longer time periods. In
conclusion, it seems advantageous for birds to
adopt a foraging strategy that is both general-
istic and opportunistic in environments such
as the Bragantinian Peninsula.

Early studies on the ecology of shorebirds
on their wintering- and migration sites dis-
cussed the idea that shorebirds are limited
through competition on tropical wintering
sites (Recher 1966, Dufty ez a/. 1981). Recher
(1966) proposed that due to high bird densi-
ties and uniform habitats on shorebird winter-
ing grounds, morphological and behavioral
segregation, including the specialization of
diets, should be strong in order to minimize
interspecific competition. At the tidal flats of
the Bragantinian Peninsula, indeed high bird
densities were observed (Kober & Baitlein
2006). However, based on the results of this
study, we recommend to restrict this hypothe-
sis to situations when food is abundant and
stable enough to support birds, even when
feeding on only a confined proportion of the
food supply. We hypothesize that, in cases of
poor foraging grounds, the ability to specialize
on certain prey items is restricted, even
though competition might be strong. Such

TIDAL FLAT SHOREBIRDS IN BRAZIL-IT

poor and variable conditions, as observed at
the tropical tidal flat of the Bragantinian Pen-
insula, are likely to occur at a number of trop-
ical areas and it is possible, that the presence
of generalistic versus specialized foraging
behavior in migrating avian species is notably
influenced by climatic conditions. Further
research is needed to answer this question
more thoroughly.
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