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Habitat choice and niche characteristics under poor
food conditions. A study on migratory nearctic shorebirds
in the intertidal flats of Brazil

Kerstin Kober!:" & Franz Bairlein?

Kober K. & Bairlein F. 2009. Habitat choice and niche characteristics under
poor food conditions. A study on migratory nearctic shorebirds in the intertidal
flats of Brazil. Ardea 97(1): 31-42.

The tidal flats of the Bragantinian Peninsula in the tropical part of Brazil harbour
wintering and migratory nearctic shorebirds in very high densities, whereas the
benthic food supply is very low. In 2001 and 2002 a study was conducted on
the habitat choice and distribution of shorebirds to investigate the formation of
niches and the spatial distribution under the constraint of a limited food supply.
We showed that shorebird densities were not correlated with a range of abiotic
variables or with prey density within sites, but that between sites birds tended to
select sites with peak prey densities. Two foraging guilds were differentiated:
Whimbrel Numenius phaeopus, Willet Tringa semipalmata and Short-billed
Dowitcher Limnodromus griseus preferred to forage in the water or on wet sand
at the water’'s edge; while Red Knot Calidris canutus, Grey Plover Pluvialis
squatarola, Ruddy Turnstone Arenaria interpres, Semipalmated Sandpiper
Calidris pusilla and Semipalmated Plover Charadrius semipalmatus, were
found predominantly on dry substrate. Although the birds showed species-spe-
cific preferences for characteristics defining microhabitats, niches were broadly
overlapping. The results of our study suggest that, in case of a very low food
supply, individuals might not be able to react to competition by niche segrega-
tion but might be forced to feed in a broad range of available niches.

Key words: Brazil, guild, habitat choice, nearctic shorebirds, microhabitat char-
acteristics, niche
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INTRODUCTION

The northeast coast of South America is recognized as
important stopover and wintering area for shorebirds
breeding in the low- and mid-Canadian Arctic
(Morrison 1984, Morrison & Ross 1989). They migrate
along the eastern coast of North and South America
and they use few, but significant, stopover sites
(Morrison 1984, Butler et al. 2001). South America’s
northeast coast is particularly important in spring, be-
cause many species bypass the Caribbean on their way
north to their breeding grounds and face a long non-
stop flight over the sea (Wunderle et al. 1989). Despite
the documented ornithological significance of this re-
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gion, only few studies investigated the shorebirds at
this area, the structure of the community and the fac-
tors which influence the use of intertidal feeding areas
(Spaans 1978, Spaans 1979, Rodrigues 2000).

Given recent information about a steady decline of
global shorebird populations (BirdLife International
2000, Stroud et al. 2004), knowledge about bird num-
bers at stopover and wintering sites, and shorebird dis-
tribution in relation to food resources and habitat char-
acteristics at these sites becomes increasingly impor-
tant. This information will be useful in the future for a
better understanding of the bird’s habitat requirements
at coastal sites around the world and for an informed
management and conservation of crucial sites.
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During preparation for spring migration, shorebirds
have to gather enough food to build up sufficient fat re-
serves for migration. There is evidence that fat reserves
accumulated before and during migration are impor-
tant for survival and breeding once the nesting grounds
have been reached (Morrison et al. 2007). Thus, birds
are expected to stay at locations where they can forage
most efficiently and experience the least competition
from other predators. Generally, prey availability is as-
sumed to be a major determinant of distributions of mi-
gratory and wintering shorebirds (O’Connor 1981,
Evans & Dugan 1984) and much research is done on
the relationship between shorebird densities and densi-
ties of their prey (Wolff 1969, Goss-Custard et al.
1977a,b, Smit & Wolff 1983, Meire & Kuyken 1984,
Goss-Custard et al. 1991, Yates et al. 1993b, Kalejta &
Hockey 1994). Abiotic factors, such as sediment condi-
tions and tidal movements, are also considered to be
important for the foraging success of the birds and,
in turn, for their distribution (Pienkowski 1981,
Quammen 1982, Pienkowski 1983, Burger 1984, Evans
1988, Zwarts 1988, Yates et al. 1993a, van Gils et al.
2003).

Beside these external factors, competition is
thought to have an impact on the way individuals use
their habitat. If shorebird densities and diversity are
very high, competition between individuals is intensi-
fied and differentiation in prey choice or use of particu-
lar microhabitat characteristics is amplified (Recher
1966, Baker & Baker 1973, Burger et al. 1977, Lifjeld
1984, Davis & Smith 2001, Vahl et al. 2005).

In the first half of the years 2001 and 2002 we con-
ducted a study on habitat choice and distribution of
shorebirds at the tidal flats of the Bragantinian
Peninsula in the tropical part of Brazil. This particular
section of the coast harbours surprisingly high number
of shorebirds, ¢. 3300-7500 individuals (Morrison &
Ross 1989), given that at the same time the food supply
is very limited (Kober & Bairlein 2006a). The aim of
this study is to describe the spatial distribution and the
niches used by shorebirds in this area, under the con-
straint of a limited food supply. We describe how shore-
birds are distributed on tidal flats, between and within
study sites and we determine the importance of prey
availability and abiotic factors for the bird’s distribu-
tions. We define preferences for microhabitat character-
istics and niches among shorebirds. Our goal is to en-
hance understanding of niche dynamics of shorebird
communities, particularly under the conditions of a
limited food supply, and to provide information about
foraging habitat requirements of shorebirds in the poor-
ly studied northeast coast of South America.
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METHODS

Study site

In 2001/2002 we conducted a study on shorebirds at
the northeast coast of Brazil within MADAM (“Man-
grove Dynamics and Management”), a cooperative
project initiated by the University of Bremen in
Germany and the Universidade Federal do Para in
Brazil. The study area was situated on the Bragantinian
Peninsula about 150 km southeast of the Amazon delta
(0°52'S, 46°39'W). The Bragantinian Peninsula has an
Inner Tropical climate, with a wet season from January
to May/June and a dry season from July to December.
A mangrove belt borders the coast, forming with 1.38
million ha the world’s second largest continuous man-
grove region (Kjerfve et al. 1997). Small creeks, locally
known as ‘furos’, cross the mangrove forest and widen
out to extensive open intertidal flats at its edge, which
cover approximately 8.5-9 km? in the vicinity of the
Bragantinian Peninsula.

Data were collected between January and June in
2001 and 2002, thus the study period covered a part of
the shorebirds’ wintering period and the northward mi-
gration. Three sampling sites were chosen to represent
all intertidal habitats available to birds (Fig. 1). The
large open tidal flats of the Canelas sampling site were
located between the Ilha de Canelas and the mainland.
They were characterized by constant sediment reloca-
tions due to strong water currents. The Furo Grande
sampling site was located within mangrove forest at the
centre of the peninsula and stretched 200 m along the
shore of the large mangrove channel Furo Grande. The
Furo do Chato sampling site was at the mouth of the
Furo do Chato, at the edge of the peninsula. It repre-
sented a transition area between open tidal flats and
tidal flats bordering mangrove streams. Tidal flats fur-
ther away from the beach were not accessible.

A total of 46 squared plots were marked with poles
in 2001 (25 at Ilha de Canela, 6 at Furo Grande and 15
at Furo do Chato). Plot locations were chosen to cover
the range of intertidal habitats found at the sites.
Consequently, means of data obtained at the sites are
not strictly representative and statistical comparisons
between study sites are not valid. However, ranges and
peak values provide estimates of site-specific values. In
most cases plots covered 2500 m?; only two plots had
to be smaller because of limited space available
(2000 m? and 750 m?). In 2001, shorebirds used only
Canelas in substantial numbers. Thus, in 2002, five
plots were marked only at the Canelas site, each cover-
ing 2500 m?. The following data were collected month-
ly at the plots.
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Figure 1. Study area on the Bragantinian Peninsula. Sampling
sites are indicated with circles. The tidal flats (including the
sandbanks) cover approximately 8.5-9 km?.

Shorebirds. Low tide counts were conducted during
midday low tides of four successive days each month.
These were used to calculate a monthly mean low tide
density (individuals/ha) for each plot. We recorded
number of individuals for each bird species, distance to
water (such as ‘dry sand’, ‘waterline’ if birds were clear-
ly associated with the waterline and the wet sand close
to the water, and ‘in the water’). Because the shorebirds
were not individually marked, it was not possible to
distinguish between migrants who were passing though
the area, migrants staying for the whole wintering sea-
son, and residents. However, because it can be assumed
that most individuals in this area and during this time
of the year are North American migrants, we will refer
to them as migratory shorebirds.

To account for birds using the tidal flats during the
falling tide, additional ebb tide counts were conducted
once per month during one of the days when also a low
tide count was done. This involved up to six consecu-
tive counts, starting with the first count when the first
plot could be used by the birds (defined as when all
four poles were standing in water of lesser than 30 cm
depth). Every hour this count was repeated until low
tide was reached and the regular low tide count was
carried out. The factor by which mean falling tide den-
sities departed from the low tide densities of the same
day was calculated. All four low tide counts of that
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month were adjusted by this factor (Kober 2004). The
resulting adjusted bird densities — hereafter referred to
as tide-calibrated bird densities — reflect mean bird den-
sities of the time period of ebb-tide. Data collection
during rising tide was impossible due to rapidity of the
rising tide and the restricted time to leave the inter-
tidal. However, the time period of rising tide appeared
to be irrelevant for birds foraging, because they used
this time mainly to return to their mangrove roosts with
only short stops on the intertidal.

In 2002, foraging behaviour of shorebirds was in-
vestigated by focal observations at the Ilha de Canelas.
A total of 617 individual birds were watched for three
min each and the following data were collected: pecks
from the sediment surface per min, probes in the sedi-
ment per min, prey consumed per min, prey handling
time (s) (defined as the time period between the pick-
ing up of a prey item until it was finally swallowed),
prey size estimated by comparison with bill size (mm),
prey type, distance to water (dry sand, waterline, in the
water), water depth estimated by comparison with leg
length (mm), and probing depth (foraging depth) into
the sediment estimated by comparison with bill length
(mm). For the calibration of size estimations (% of bill
length, % of leg length), observers were trained with
paper bird models and alcohol fixed benthos organisms
until the estimates were accurate. Size-spectra of
‘worms’ might be overestimated because they were
stretched while they were pulled out of the sediment.
Observed prey sizes and foraging depths were used to
determine the available prey fraction, defined as the
portion of all prey organisms which were reached by
probing and of a size which could be handled and swal-
lowed. In the few cases when individuals varied in the
distance to water, the distance was taken where the
bird spent most of the observation time.

Prey organisms. At each plot, three replicate benthic
samples were taken with a corer of 15 cm diameter to a
depth of 20 cm and divided into three slices (0-5, 5-10
and 10-20 cm). Within a few hours, samples were
sieved through a 1-mm sieve, remains were sorted and
extracted animals stored in 70% ethanol. Additional
samples, obtained with a 0.5 mm sieve (Acheampong
2001), produced benthic densities and biomasses
similar to those of our samples, thus we assume that
sampling with 1-mm sieves was sufficient and did not
disregard considerable prey fractions (Kober 2004).
However, fast moving epibenthos is generally under-
represented with this method. Benthic organisms were
identified to lowest taxonomic level possible and data
were converted to densities. Sizes of intact individuals
were determined using a graded microscope ocular. For
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Brachyuran crabs carapace width, for bivalves shell
width, for gastropods height of the shell, and for all
other animals body length was recorded. ‘Worms’ were
straightened without stretching. Prey identification and
size measurements were made with a stereomicroscope
(10x) and a microscope (10x/0.30, 20x/0.50 and
40x/0.75 oculars). To determine ash free dry masses
(AFDM) of individual organisms (Higgins & Thiel
1988), additional benthic samples were taken from the
Ilha de Canelas in March and April 2002. For each ben-
thic taxon, the best nonlinear length—-AFDM relation
was calculated (Kober 2004). With the resulting func-
tions all benthic samples were transformed into
AFDM/m?.

To obtain a measure of profitability of prey items for
birds, the energetic value of a prey item was divided by
the sum of handling and searching time (Pyke et al.
1977). While handling time was measured directly for
each individual bird species and benthic group, search-
ing time was calculated. An observed mean searching
time was used to calculate searching times for individ-
ual bird species, and individual benthic groups and
their densities, based on the assumption that searching
time is inversely related to benthos density (for details
see Appendix 1)

Abiotic variables. Each month, three core samples
(2.5 cm diameter, 20 cm length) were pooled into one
sediment sample, mixed until homogeneous, and
30-45 g dry weight was soaked for 24 hours in a solu-
tion of sodium hexametaphosphate (0.24 g/L) to dis-
solve agglomerated particles. Samples were wet-sieved
with 6 sieves of mesh sizes of 1000, 710, 500, 315, 71
and 20 um. The resulting 6 sediment fractions were
dried (48 h, 60°C) and weighed. The proportional con-
tribution of each fraction was used to define median
grain sizes through a cumulative frequency curve on a
phi (@) notation (Buchanan & Kain 1984). At each
plot, the salinity of pore water was determined with a
conductivity meter. Benthic burrow openings in the
sediment surface, regardless of the responsible organ-
ism, were counted within 1m? at each plot. Time of
emergence of individual plots was determined by an
observation over the complete tidal cycle at the Ilha de
Canelas. At the other sampling sites, plots had very
similar times of emergence.

Statistical Analyses

For the statistical analysis the programs STATISTICA
(Version 5.1, StatSoft Inc.), Primer (Version 5.2.2 for
Windows, Primer-E Ltd), and Excel (2000, Microsoft)
were used. To test for monthly differences in abiotic
variables, a Kruskal-Wallis ANOVA was conducted.
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Spearman rank correlation analyses were applied to
shorebird numbers and microhabitat characteristics ob-
tained during low tide counts at the plots. Only correla-
tions with r, > |0.5| were considered, because lower r,
even if significant, indicate only a weak relationship.
For sediment depth and water depth, which were mi-
crohabitat characteristics obtained during focal obser-
vations, Mann-Whitney U tests were conducted to test
for differential use of these characteristics between
species. In case of multiple tests, such as the correlation
analyses and the Mann-Whitney U tests, a sequential
Bonferroni procedure was applied (Holm 1979). All mi-
crohabitat characteristics together were used in a
Principal Components Analysis (PCA) to describe the
bird’s microhabitat use in relation to each other. It was
based on arcsin-transformed proportions of birds found
within a specific microhabitat (combinations from dis-
tance to water, water depth, foraging depth, pore water
salinity, sediment grain size etc.) (Holmes et al. 1979).
The resulting PCA-diagram was used to determine
Euclidian distances between the species scores. A clus-
ter analysis using group-average-linkage related bird
species according to these distances, and a dendrogram
was used for illustration. Guilds were defined as those
groups that were separated by more than the mean
Euclidian distance (Holmes et al. 1979).

Niche breadth was determined with Shannons for-
mula (Miihlenberg 1993) for the following niche di-
mensions of the microhabitat: water depth, foraging
depth, sediment conditions, study site and distance to
waterline. To evaluate a multidimensional niche, niche
breadths of the different niche dimensions were
summed. The overlap of the niches between every pair
of shorebird species and within every dimension was
calculated with Pianka’s formula (Pianka 1973):

n
2 Pij Pi
Oj = O =

1

n n
VP23 pid

1 1

where p; and p;, are the proportions of the it" resource
dimension used by the j™ and the k™ species respective-
ly. Like other popular niche overlap measures, such as
Schoener’s (Schoener 1968) measure of niche overlap,
O is a value between zero and one, reaching zero when
niches are completely isolated from each other and be-
coming one when niches show a complete overlap. For
each pair of species, a mean overlap is given for all
niche dimensions investigated.
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RESULTS

Shorebirds

Overall, 10 migratory shorebird species were observed
in the study area: Grey Plover Pluvialis squatarola,
Semipalmated Plover Charadrius semipalmatus,
Marbled Godwit Limosa fedoa, Red Knot Calidris canu-
tus, Ruddy Turnstone Arenaria interpres, Sanderling
Calidris alba, Semipalmated Sandpiper Calidris pusilla,
Short-billed Dowitcher Limnodromus griseus, Whimbrel
Numenius phaeopus and Willet Tringa semipalmata.
Although they were frequently observed in the study
area, this was the first record of Marbled Godwits in
Brazil (Kober et al. 2006).

Low tide shorebird densities ranged between 0-126
birds/ha. The mean density was highest in January
with 21 birds/ha and it decreased steadily until it
reached 1 bird/ha in June.

Tide-calibrated shorebird densities ranged between
0-703 birds/ha. At the Ilha de Canelas a median of
77.1 birds/ha were found, far lower values were ob-
served at Furo Grande and Furo do Chato (25.6
birds/ha and 23.2 birds/ha) (Table 1). While most
species occurred in high densities at the open intertidal
of the Ilha de Canelas, Grey Plover and Semipalmated
Plover, Whimbrel, Willet and Turnstone reached also
reasonable densities at Furo Grande and only Sander-
ling and Semipalmated Sandpiper were found in high
numbers at Furo do Chato (Table 1).

Prey occurrence and abiotic variables

Total benthic densities ranged between 0-677
individuals/m?, benthic biomasses between 0-25.7 g
AFDM/m?. The benthic taxa contributing most to bio-
mass were Callianassidae (Crustacea), Tagelus plebeius
and Protothaca pectorina (both Mollusca) at the Ilha de
Canelas; Callianassidae, Gammaridea and Idotheidae
(all Crustacea) at Furo do Chato; and Uca maracoani
(Crustacea), Tagelus plebeius and Mysidae (Crustacea)
at Furo Grande. Mean benthic profitabilities per plot
varied between bird species, because individual search-
ing and handling times per prey type and individual
harvestable prey fraction according to foraging behav-
iour were part of the calculation. For all species, the
majority of plots offered a very low mean prey prof-
itability with far less than 0.1 mg AFDM/s. However,
most species had very high mean intake rates, at least
occasionally (Table 1).

In 2001, the monthly mean of sediment grain sizes
ranged between 2.88-2.92 @ (SD 0.13-0.26). No sig-
nificant monthly differences appeared (H = 2.022, P =
0.85, n = 272). Monthly mean salinity ranged between
9.3-24.8%0 (SD 2.5-5.3). With the onset of the wet
season, average pore water salinity decreased, until a
minimum was reached in April, before increasing again
in May and June (H = 132.487, P < 0.001, n = 215).
The time of emergence ranged between 3 h 39 min and
4 h 59 min, depending on plot location. Monthly means
of burrow openings on the sediment surface ranged

Table 1. Median and maximum values of bird densities (individuals/ha) and mean and maximum prey profitabilities (g AFDM/s
searching and handling time) per plot at the three sampling sites in 2001. Minimum bird densities and prey profitability were always

zero.
Ilha de Canelas Furo Grande Furo do Chato

Species Bird density Profitability Bird density ~ Profitability Bird density Profitability
Grey Plover 1.8 (12.0) 0.1 (46.1) 5.1 (25.0) <0.1 (1.0) 1.6 (69.3) <0.1 (29.2)
Semipalmated Plover 3.8 (40.4) <0.1 (0.7) 3.3 (32.0) <0.1(0.4) 1.7 (35.2) 0.1 (0.2)
Marbled Godwit 0.5 (9.0) <0.1(0.2) 0 0.1 (0.3) 0 <0.1 (0.2)
Red Knot 12.8 (210.0) <0.1 (54.5) 0 <0.1 (1.1) 0.8 (74.7) <0.1 (3.9)
Ruddy Turnstone 4.6 (104.0) 0.1 (12.5) 1.9 (12.0) <0.1 (3.1) 0.6 (37.3) <0.1 (0.6)
Sanderling 1.3 (24.0) <0.1 3.1) 0 <0.1 (0.1) 2.2 (69.3) <0.1 (3.1)
Short-billed Dowitcher 14.5 (277.3) 0.1 (28.2) 0.2 (6.4) <0.1 (0.2) 0 0.1 (0.8)
Semipalmated Sandpiper 15.8 (378.0) 0.1(1.4) 0 <0.1 (1.4) 8.2 (190.4) <0.1(0.2)
Whimbrel 5.6 (71.0) 0.2 (514.1) 4.0 (24.0) <0.1 (30.8) 1.1 (40.0) <0.1 (184.3)
Willet 4.8 (56.0) <0.1 (166.9) 1.2 (13.3) <0.1 (2.0) < 0.01 (2.7) <0.1 (59.8)
Total 77.1 (703.3) 25.6 (140.0) 23.2 (339.2)
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between 30-35 per m? (SD 29-45). A Spearman rank
correlation analysis between burrow openings and total
benthic densities revealed a significant but weak posi-
tive relationship (r = 0.435, P < 0.001, n = 264).

Bird distributions in relation to prey and

abiotic variables

A total of 156 Spearman rank correlations between
density of individual shorebird species and total har-
vestable benthic density, total harvestable benthic bio-
mass and mean benthic profitability per plot and
month detected no significant relationship.

Of 219 Spearman rank correlations, conducted be-
tween bird densities and sediment grain size, pore
water salinity, density of burrow openings and time of
emergence, four detected significant and strong corre-
lations. In January, density of Semipalmated Sandpiper
(r, = 0.581, P < 0.001, n = 42) was correlated with
the number of burrow openings in the sediment sur-
face. The same species was correlated with time of
emergence in February (ry = 0.694, P < 0.001, n =
25). And in March, total bird density was correlated
with sediment grain size ® (r = 0.581, P < 0.001, n =
46) and so was density of Semipalmated Plover (ry =
0.518, P < 0.001, n = 46).

Microhabitat characteristics and community
structure

Usually, most species were found on dry sand; only
Marbled Godwit and Short-billed Dowitcher were nor-
mally found on submerged areas, and the edge of the
water was least important (Table 2). Each shorebird

correlation with bill size:
r=0.873, P<0.001

correlation with leg length:
r=0.686, P=0.028

Sanderling (7)

- < max

Semipalmated [ mean
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Figure 2. Observed water and foraging (or probing) depths of
birds on the Bragantinian Peninsula in 2002. Foraging depth
was calculated as the bill insert depth minus water depth.
Samples size are given between brackets.

species had its individual range of water depths and
probing depths (Fig. 2), e.g. Marbled Godwit probed up
to more than 15 c¢cm into the sediment while it foraged
in water of up to 14 cm deep, while Semipalmated
Plover and Sanderling probed only into the topmost
centimetres of the sediment without any water cover-
age. In many cases, water depths and foraging depths

Table 2. Percentages of all birds observed on dry sand, at water’s edge or in water. All data were obtained in 2001. Test statistics of
x2-test for departure from homogeneous distributions are given in the last column (df = 2). Homogeneous distribution means here
equal frequencies, since the availability of these habitats was considered to be high enough to support all individuals if necessary.
Expected frequencies for Marbled Godwit were too low to allow for the -test.

Species Dry sand Water’s edge Water Test for homogeneous frequencies
% % % n x2 p

Grey Plover 88 11 1 87 79.5 <0.001
Semipalmated Plover 87 12 1 159 142.8 <0.001
Marbled Godwit 12 19 69 10

Red Knot 51 20 29 360 30 <0.001
Ruddy Turnstone 89 7 4 159 146.1 <0.001
Sanderling 89 7 4 27 25 <0.001
Semipalmated Sandpiper 67 27 6 524 170 <0.001
Short-billed Dowitcher 19 16 65 538 36 <0.001
Whimbrel 50 13 37 254 22.2 <0.001
Willet 30 33 37 130 0.4 0.55
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Figure 3. PCA diagram illustrating the use of microhabitat characteristics by 10 shorebird species. The combined axes explain 65% of

the variance.

proved to be significantly different between species
pairs (Appendix 2 and Appendix 3, respectively). Mean
water depths and foraging depths were positively corre-
lated with bird morphology (Fig. 2).

A PCA was conducted on total range of measured
microhabitat characteristics (Fig. 3). The diagram
showed that the bird species were split into one large
group of species on the left hand side of the diagram
and two species (Marbled Godwit and Sanderling) on
the right hand side. The environmental variables
grouped around the centre of the diagram (e.g. the
salinity categories, water depth categories and sam-
pling sites) were used in a very similar way by all birds.
The sediment categories are important for the spread of
species along the first factor, showing that Marbled
Godwit and Sanderling used medium and coarse sedi-
ments while the large group of remaining shorebirds
were more frequently found on fine sediments. The as-
sociation with water and, related to this, the degree of
water coverage of the plots are the variables important
for the spread of species along the second factor. Short-
billed Dowitcher, Whimbrel and Marbled Godwit were
found mostly in the water and on largely water covered
plots; Willet and to a lesser extend Red Knot were asso-
ciated with the water’s edge and plots with medium
water coverage; while Grey Plover, Semipalmated Sand-
piper and particularly Ruddy Turnstone, Semipalmated
Plover and Sanderling used dry sand and were found
on plots with only little water coverage.
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Figure 4. Dendrogram of the shorebird species’ use of microhab-
itat characteristics. Cluster analysis was performed on Euclidian
distances obtained from a PCA diagram.

Euclidian distances between species’ positions with-
in the PCA diagram were grouped by a cluster analysis
into assemblages with similar habitat preferences
(Fig. 4). Clusters were distinct, although the difference
between guild 1 and guild 2 was not large enough to
meet the set criterion. In contrast to the dendrogram
where Sanderling and Marbled Godwit formed a sepa-
rate cluster together, the PCA-diagram revealed that
they cannot be combined in one guild. Sanderling was
mostly found on dry areas with smaller sediment parti-
cle sizes, whereas most Marbled Godwit exploited sub-
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merged areas with medium to deep water by deep
probing. The remaining shorebirds were grouped into
guild 1, consisting of birds typically found on sub-
merged areas using deep probes in or at the edge of
water (Whimbrel, Willet and Short-billed Dowitcher),
and guild 2, assembled of birds using shallow probes on
dry and coarse sand (Red Knot, Grey Plover, Ruddy
Turnstone, Semipalmated Sandpiper and Semipalmated
Plover).

When niche breadths NB were investigated on basis
of water depth, foraging depth, sediment grain sizes,
foraging site and distance to the water, Sanderling oc-
cupied the most narrow niche (NB = 1.56) while Willet
and Red Knot used the broadest niches (NB = 4.54;
Table 3). The mean overlap of all niche dimensions was
large between species, O ranging between 0.60-0.98.
Marbled Godwit and Sanderling had the most distinct
niches compared to other species. For Marbled Godwits
deep probing and its ability to forage in reasonably
deep water separated it from other species, while
Sanderling differed through comparatively deep prob-
ing in the sediment away from the waterline. Niche
overlap in single niche dimensions was large for the use
of foraging site (mean O = 0.98) and water depth
(mean O = 0.97), medium for sediment grain size
(mean O = 0.87), while least overlap and largest niche
separations were found for foraging depth (mean O =
0.66) and association with water (mean O = 0.75).

Table 3. Breadth of the multidimensional niche and mean over-
lap between niches within the niche dimensions water depth,
foraging depth, sediment grain sizes, foraging site and distance
to water.

DISCUSSION

As part of the northeast coast of South America, the
Bragantinian peninsula is potentially an important site
for migrant shorebirds. The shorebird densities we
recorded in the study area provide evidence for its sig-
nificance. Although the study area hosted in total fewer
birds than neighbouring tidal flats (Morrison & Ross
1989), reported shorebird densities of 21 birds/ha were
rather high compared to tropical tidal flats elsewhere
(e.g. 15.5 birds/ha in Sierra Leone (Tye & Tye 1987)
and 6.3 birds/ha in Guinea Bissau (Zwarts 1988), but
41.6 birds/ha in Mauritania (Altenburg et al. 1982)),
indicating a relative high exploitation of the area on a
worldwide scale.

Bird distributions in relation to prey occurrence
and abiotic variables
Prior or during the energy demanding migration, shore-
birds are generally assumed to use those sites and mi-
crohabitat characteristics which provide best foraging
conditions (O’Connor 1981, Puttick 1984). As maxi-
mum food intake rate is reached in areas with high prey
density (Holling 1959), shorebirds should favour areas
with highest prey densities, or, more precisely, areas
with highest prey profitability. When looking at shore-
bird distributions at the broad scale of site selection,
the majority of shorebird species reached highest densi-
ties at study sites where maximum prey profitability
was highest. Whimbrel, Willet and Grey Plover were
found in higher densities at Furo Grande plots than ex-
pected by prey profitability alone. These species for-
aged on medium- and large sized mangrove

crabs (Uca spec.), a species predominantly

5 5 % found at Furo Grande (Kober & Bairlein

2 '§ g 2006b). Because Uca was presumably under-

E g & § @ represented in benthic samples obtained

5 = § '% w D £ with corers (see Methods), prey profitability

z £ 5 8 E & g 5 g might have been underestimated at Furo

'1; g | 2 ] v & F £ Z  Grande plots. In contrast, Semipalmated

Multidimensional 5 & = & & & @ & E £ Sandpiper and Marbled Godwit occurred in

niche 361 219 358 454 2.18 1.56 4.49 3.33 440 454 lower densities at Furo Grande than would

- have been expected by prey profitability.

iﬁ?ﬁi;gzﬁt gzz 0.0 Unconsidered factors, such as the presence

Red Koot 0.5 0.88 0.69 of predators or 1nterspec1f1c interactions,
Ruddy Turnstone ~ 0.93 0.91 0.60 0.93 could have been reSpons.lble’ . .

Sanderling 0.88 0.81 0.66 0.83 0.89 Although potentially profitable sites

Short-b. Dowitcher 0.75 0.74 0.77 0.87 0.77 0.73 appeared to be more frequently used, no cor-

Semip. Sandpiper  0.97 0.95 0.72 0.91 0.93 0.91 0.78 relation between bird densities and benthic

Whimbrel 0.90 0.92 0.81 0.91 0.88 0.83 0.88 0.92 densities, biomass and profitabilities was sig-

Willet 0.87 0.89 0.78 0.95 0.87 0.78 0.91 0.91 0.94 nificant. Prey occurrence might therefore be

influential for the choice of foraging site, but
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was not a good predictor for bird distributions on a
smaller spatial scale. This effect of spatial scale, with
strong correlations between shorebird- and prey occur-
rences on a large scale, but only weak or absent associ-
ations on a smaller scale, has been observed before
(Colwell & Landrum 1993, Spruzen etal. 2008).
Colwell & Landrum (1993) speculated that a decreased
variation of physical variables and resulting inverte-
brate distributions in small-scale studies is responsible
for this effect. The sites chosen in this study were in-
deed very different from each other, in benthic assem-
blages as well as in general habitat features (e.g. open
tidal flats at Canelas in contrast to a site within the
mangrove forest at Furo Grande), and within site habi-
tat variability might indeed be much smaller.

Generally, there is literature describing significant
spatial relationships between shorebirds and their prey
(Bryant 1979, Colwell & Landrum 1993, Yates et al.
1993b), however, some studies fail to find a positive
correlation. Goss-Custard (1970) speculates that mutu-
al interference and random searching techniques of the
shorebirds are responsible explanations, whereas
Wilson (1990) assumes that birds are feeding only at
sites exceeding a specific prey threshold density. Zou
et al. (2008) speculate that depletion is the reason for a
negative correlation between numbers of shorebirds
and polychaete densities at the Leizhou peninsula,
China, although they did not investigate their hypothe-
sis in more detail. In this study, the sampling method
could not assess large and mobile prey appropriately,
hence detection of relationships for species feeding on
Uca spp. might have been hampered. But we also failed
to detect correlations for species with different prey
items. So, although prey density and profitability might
broadly affect shorebird distribution in the study area,
we could not detect more specific prey availability fac-
tors affecting shorebird distributions.

Abiotic factors have been shown to have an impact
on prey intake rates of shorebirds. Sediment grain size
or substrate type influences foraging of shorebirds
(Myers et al. 1980, Hicklin & Smith 1984, Zwarts 1988,
Goss-Custard et al. 1991, Summers et al. 2002), either
because penetrability of the sediment or detection of
prey is affected (Quammen 1982). Pore water salinities
might be influential for heat stressed birds in environ-
ments with high temperatures, because swallowing of
adherent water with the prey might increase salt stress
(Klaassen & Ens 1990). In this study only few signifi-
cant and strong relationships between burrow openings
in the sediment surface (a possible indicator of prey),
time of emergence (an indicator of time available for
foraging), and sediment grain size and bird densities
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were detected. We were therefore not able to identify
abiotic variables which are generally strongly correlat-
ed with high bird densities.

Microhabitat characteristics and community
structure

Although there was much overlap, microhabitat use
often differed significantly between the focal species. It
was determined by morphological characteristics:
selected water depths were correlated with leg length,
a relationship also described by Ntiamoa-Baidu et al.
(1998), and foraging depth was correlated with bill
size, with most birds probing as deeply as possible.

The PCA diagram identified two important gradi-
ents along which species distribute. The sediment grain
size was responsible for a split between Marbled
Godwit and Sanderling on medium and coarse sedi-
ments, and all other birds on more or less fine sedi-
ments; water coverage and association with water
showed a gradual change from mostly large species on
water covered areas, to medium sized and smaller
species at the water’s edge and on dry sand.
Interestingly, water depth and foraging depth, even
though often significantly different between species
pairs, were not important for differentiation of micro-
habitat use. This emphasizes the need for a multidi-
mensional approach for a realistic representation of
niche dynamics, as proposed by Davies & Smith
(2001), as individual niche dimensions are put in rela-
tion to each other. Granadeiro et al. (2007) conducted
a similar analysis on bird feeding at the intertidal area
of the Tagus estuary and their CCA ordination diagrams
showed a similar importance of sediment characteris-
tics (mud content) and surface water, together with ex-
posure time and the extend of shell banks. However,
the foraging guilds were very different. That is not sur-
prising, given that a different number of dissimilar
species and a different set of environmental variables
were investigated. All the more remarkable is the analo-
gous identification of sediment characteristics and
water coverage as important environmental gradients
for the differentiation of microhabitat use.

Two foraging guilds were described based on the
use of microhabitat characteristics. The large shorebirds
Whimbrel, Willet and Short-billed Dowitcher favoured
submerged plots and preferred to forage in the water or
on wet sand at the water’s edge. Possibly, they took ad-
vantage of the soft wet sand for their deep probes
(Colwell & Landrum 1993). In contrast, smaller birds,
such as Red Knot, Grey Plover, Ruddy Turnstone,
Semipalmated Sandpiper and Semipalmated Plover,
were found predominantly on dry sand. They foraged
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partially with the guidance of visual cues (Kober 2004),
which might be hampered by water cover. This is again
in line with our observation and that of Granadeiro et
al. (2007), that species assemblages were differentiated
by their preference for particular sediment conditions.
Jing et al. (2007) found that habitat preferences of
shorebirds in China were related to their foraging tech-
niques, such as visual or tactile foraging. This was not
supported by our study where visual and tactile forag-
ing individuals shared the same foraging guilds.
Generally, the segregation into only two large foraging
guilds emphasizes that there is no strong tendency for
niche differentiation at the Bragantinian Peninsula.

Niches of the individual species were wide and
broadly overlapping. Although a differential use of mi-
crohabitat characteristics was described (e.g. foraging
sites, water depths), they were often of little value for
niche differentiation due to the large niche overlap. A
comparable study by Davis & Smith (2001) on the
niche dynamics of shorebirds in Texas, USA, showed for
the single niche dimension of water depth a mean
niche overlap value of 0.49 (range 0.12-0.89, 95% ci
0.32-0.66, calculated with Schoener’s measure for
niche overlap). For comparison, we recalculated niche
overlap for this study with the same formula and found
for water depth a mean of 0.78 (range 0.56-1; 95% ci
0.73-0.82). Niche overlap for the dimension of water
depth appears therefore was larger at the Bragantinian
peninsula than in the Southern Great Plains in Texas.
The discrepancy might be a result of the different set of
species investigated (different morphological character-
istics could limit the exploration of potential niches),
but alternatively different prey availability could be re-
sponsible (although, unfortunately, we have no infor-
mation about the invertebrate abundance at the study
area in Texas). Since food availability was very low at
the Bragantinian peninsula (Kober & Bairlein 2006a),
shorebirds might be forced to explore wider niches with
a larger overlap.

Niche width is thought to be a result of resource
abundance. Abundant resources support specialisations,
whereas scarce resources promote broad niches (Emlen
1966, MacArthur & Pianka 1966, Zwarts & Wanink
1993). The absence of a strong and clear niche parti-
tioning at the Bragantinian Peninsula suggests that a
limited food supply determined primarily the structure
of the shorebird community. The significance of the lim-
ited prey availability is also supported by the finding
that the birds differentiated between poor and rich for-
aging sites. It suggests that they maximize their prey in-
take, although this pattern disappears on a smaller
scale within sites.
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Competitive pressure of additive species, on the
other hand, enhances niche differentiation (Cody
1974). Competition between individuals appears to be
less influential at the Bragantinian peninsula, although
bird densities were high when compared to other sites
on a worldwide scale. In case of a very low food supply,
individuals might not be able to react to competition by
niche segregation but might be forced to feed oppor-
tunistically in every available niche.

Our study provided the first description of the shore-
bird community at the tidal flats of the Bragantinian
peninsula at the northern coast of Brazil. The analysis
presented in this paper suggests that resource availabil-
ity has a strong impact on niche dynamics of a shore-
bird community.

ACKNOWLEDGEMENTS

A special thanks to G. Scheiffarth, R.K.P. Soares, G. Alves da
Silva, L. Tsui Hua, C. Paiva Gomesm, C. Miyaji, F. Attolini and to
L. Knittweis for helpful discussions, help with the field work,
species identification and English orthography. Financial sup-
port was received from the Konrad Adenauer Foundation, the
German Academic Exchange Service, the German Ministry for
Education, Science, Research and Technology [Project number
03F0154A, Mangrove Dynamics and Management - MADAM],
and the Conselho Nacional de Pesquisa e Tecnologia (CNPq)
[MADAM contribution 120].

REFERENCES

Acheampong E. 2001. Distribution of macrozoobenthos abun-
dance and biomass in intertidal soft sediments of North East
Brazil. MSc Thesis, University of Bremen, Bremen,
Germany.

Altenburg W., Engelmoer M., Mes R. & Piersma T. 1982. Winter-
ing waders on the Banc d’Arguin, Mauritania. Report of the
Netherlands Ornithological Mauritanian Expedition 6.
Wadden Sea Working Group, Groningen, Netherlands.

Baker M.C. & Baker A.E.M. 1973. Niche relationships among six
species of shorebirds on their wintering and breeding
ranges. Ecol. Monogr. 43: 193-212.

BirdLife International E.B.C.C. 2000. European bird popula-
tions: estimates and trends. Birdlife, Cambridge, UK.

Bryant D.M. 1979. Effects of prey density and site characteristics
on estuary usage by overwintering waders (Charadrii).
Estuar. Coast. Mar. Sci. 9: 369-384.

Buchanan J.B. & Kain J.M. 1984. Measurements of the physical
and chemical environment. In: Holme N.A. & Mclntyre A.D.
(eds) Methods for the study of marine benthos. Blackwell
Scientific Publications, Oxford, UK, pp. 30-51.

Burger J. 1984. Abiotic factors affecting migrant shorebirds.
Behaviour of marine animals 6: 1-72.

Burger J., Howe M.A., Hahn D.C. & Chase J. 1977. Effects of
tide cycles on habitat selection and habitat partitioning by
migrating shorebirds. Auk 94: 743-758.



Kober & Bairlein: NEARCTIC SHOREBIRDS IN BRAZIL 41

Butler R.W., Davidson N.C. & Morrison R.I.G. 2001. Global-scale
shorebird distribution in relation to productivity of near-
shore ocean waters. Waterbirds 24: 224-232.

Cody M.L. 1974. Competition and the structure of bird commu-
nities. Princeton Univ. Press, Princeton, New Jersey.

Colwell M.A. & Landrum S.L. 1993. Nonrandom shorebird dis-
tribution and fine-scale variation in prey abundance.
Condor 95: 94-103.

Davis C.A. & Smith L.M. 2001. Foraging strategies and niche dy-
namics of coexisting shorebirds at stopover sites in the
Southern Great Plains. Auk 118: 484-495.

Emlen J.M. 1966. The role of time and energy in food prefer-
ences. Am. Nat. 100: 611-617.

Evans PR. 1988. Predation of intertidal fauna by shorebirds in
relation to time of the day, tide and year. In: Chelazzi G. &
Vannini M. (eds) Behavioral adaptation to intertidal life.
New York, pp. 65-78.

Evans PR. & Dugan P.J. 1984. Coastal birds: Numbers in relation
to food resources. In: Evans PR., Goss-Custard J.D. & Hale
W.G. (eds) Coastal waders and wildfowl in winter.
Cambridge University Press, Cambridge, UK, pp. 8-28.

Goss-Custard J.D. 1970. The responses of Redshank (Tringa
totanus (L.)) to spatial variations in the density of their prey.
J. Anim. Ecol. 39: 91-113.

Goss-Custard J.D., Jones R.E. & Newberry PE. 1977a. The ecol-
ogy of the Wash. 1. Distribution and diet of wading birds
(Charadrii). J. Appl. Ecol. 14: 681-700.

Goss-Custard J.D., Kay D.G. & Blindell R.M. 1977b. The density
of migratory and overwintering Redshank, Tringa totanus
(L.) and Curlew, Numenius arquata (L.), in relation to the
density of their prey in south-east England. Estuar. Coast.
Mar. Sci. 5: 497-510.

Goss-Custard J.D., Warwick R.M., Kirby R., McGrorty S., Clarke
R.T, Pearson B., Rispin W.E., Le V. Dit Durell S.E.A. & Rose
R.J. 1991. Towards predicting wading bird densities from
predicted prey densities in a post-barrage Severn estuary. J.
Appl. Ecol. 28: 1004-1026.

Granadeiro J.P, Santos C.D., Dias M.P. & Palmeirim J.M. 2007.
Environmental factors drive habitat partitioning in birds
feeding in intertidal flats: implications for conservation.
Hydrobiologia 587: 291-302.

Hicklin PW. & Smith P.C. 1984. Selection of foraging sites and
invertebrate prey by Semipalmated Sandpipers, Calidris
pusilla (Pallas), in Minas Basin, Bay of Fundy. Can. J. Zool.
62: 2201-2210.

Higgins R.P. & Thiel H. 1988. Introduction to the study of meio-
fauna. Smithonian Institution Press, London, Washington
DC, USA.

Holling C.S. 1959. Some characteristics of simple types of pre-
dation and parasitism. Can. Entomol. 91: 385-398.

Holm S. 1979. A simple sequentially rejective multiple test pro-
cedure. Scand. J. Stat. 6: 65-60.

Holmes R.T., Bonney Jr R.E. & Pacala S.W. 1979. Guild structure
on the Hubbard Brook bird community: a multivariate ap-
proach. Ecology 60: 512-520.

Jing K., Ma Z., Li B., Li J. & Chen J. 2007. Foraging strategies in-
volved in habitat use of shorebirds at the intertidal area of
Chongming Dongtan, China. Ecol. Res. 22: 559-570.

Kalejta B. & Hockey PA.R. 1994. Distribution of shorebirds at the
Berg River estuary, South Africa, in relation to foraging mode,
food supply and environmental features. Ibis 136: 233-239.

Downloaded From: https://complete.bioone.org/journals/Ardea on 13 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use

Kjerfve B., Lacerda L.D. & Diop D. 1997. Mangrove ecosystem
studies in Latin America and Africa. UNESCO, Paris,
France.

Klaassen M. & Ens B.J. 1990. Is salt stress a problem for waders
wintering on the Banc d’Arguin, Mauritania? Ardea 78:
67-74.

Kober K. 2004. Foraging ecology and habitat use of wading
birds and shorebirds in the mangrove ecosystem of the
Caeté Bay, Northeast Pard, Brazil. Dissertation, ZMT contri-
bution 9, Bremen, Germany.

Kober K. & Bairlein E 2006a. Shorebirds of the Bragantinian
Peninsula I. Prey availability and shorebird consumption at
a tropical site in northern Brazil. Ornitologia Neotropical
17: 531-548.

Kober K. & Bairlein E 2006 b. Shorebirds of the Bragantinian
Peninsula II. Diet and foraging strategies of shorebirds at a
tropical site in northern Brazil. Ornitologia Neotropical 17:
549-562.

Kober K., Pinheiro Soares R.K. & Ferreira Rodrigues A.A. 2006.
First records of Marbled Godwit (Limosa fedoa) in Brazil.
Revista Brasileira de Ornitologia 14: 465-467.

Lifjeld J.T. 1984. Prey selection in relation to body size and bill
length of five species of waders feeding in the same habitat.
Ornis Scand. 15: 217-226.

MacArthur R. & Pianka E.R. 1966. On the optimal use of a
patchy environment. Am. Nat. 100: 603-609.

Meire P. & Kuyken E. 1984. Relations between the distribution of
waders and the intertidal benthic fauna of the
Oosterschelde, Netherlands. In: Evans PR., Goss-Custard
J.D. & Hale W.G. (eds) Coastal waders and wildfowl.
Cambridge University Press, Cambridge, UK, pp. 57-68.

Morrison R.I.G. 1984. Migration systems of some New World
shorebirds. In: Burger J. & Olla B.L. (eds) Behavior of ma-
rine animals. 6. New York, pp. 125-202.

Morrison R.I.G. & Ross R.K. 1989. Atlas of nearctic shorebirds
on the coast of South America. Canadian Wildlife Service,
Ottawa, Ontario.

Morrison R.L.G., Davidson N.C. & Wilson J.R. 2007. Survival of
the fattest: body stores on migration and survival in red
knots Calidris canututs islandica. J. Avian Biol. 38: 479-487.

Miihlenberg M. 1993. Freilandokologie. Quelle & Meyer,
Heidelberg.

Myers J.P, Williams S.L. & Pitelka EA. 1980. An experimental
analysis of prey availability for Sanderlings (Aves:
Scolopacidae) feeding on sandy beach crustaceans. Can. J.
Zool. 58: 1564-1574.

Ntiamoa-Baidu Y., Piersma T., Wiersma P, Poot M., Battley P. &
Gordon C. 1998. Water depth selection, daily feeding rou-
tines and diets of waterbirds in coastal lagoons in Ghana.
Ibis 140: 89-103.

O’Connor R.J. 1981. Patterns of shorebird feeding. In: Prater
A.J. (eds) Estuary birds of Britain and Ireland. Calton,
Poyser, pp. 34-50.

Pianka E.R. 1973. The structure of lizard communities. Ann.
Rev. Ecol. Syst. 4: 53-74.

Pienkowski M.W. 1981. Differences in habitat requirements and
distribution patterns of plovers and sandpipers. Verh.
Ornithol. Ges. Bayern 23: 105-124.

Pienkowski M.W. 1983. The effects of environmental condition
on feedings rates and prey-selection of shore plovers. Ornis
Scand. 14: 227-238.



42 ARDEA 97(1), 2009

Piersma T., de Goeij P. & Tulp I. 1993. An evaluation of intertidal
feeding habitats from a shorebird perspective: Towards rele-
vant comparisons between temperate and tropical mudflats.
Neth. J. Sea Res. 31: 503-512.

Puttick G.M. 1984. Foraging and activity patterns in wintering
shorebirds. In: Burger J. & Olla B.L. (eds) Behaviour of ma-
rine animals. 6. New York, pp. 203-231.

Pyke G.H., Pulliman H.R. & Charnov E.L. 1977. Optimal forag-
ing: a selective review of theory and tests. Q. Rev. Biol. 52:
137-154.

Quammen M.L. 1982. Influence of subtle substrate differences
on feeding shorebirds on intertidal mudflats. Mar. Biol. 71:
339-343.

Recher H.E 1966. Some aspects of the ecology of migrant shore-
birds. Ecology 47: 393-407.

Rodrigues A.A.E 2000. Seasonal abundance of Neartic shore-
birds in the Gulf of Maranhdo, Brazil. J. Field Ornithol. 71:
665-675.

Schoener TW. 1968. The Anolis lizards of Bimini: Resource par-
titioning in ecological communities. Science 49: 704-726.

Smit C.J. & Wolff W.J. (eds) 1983. Birds of the Wadden Sea.
Final report “Birds” of Wadden Sea Working Group.

Spaans A.L. 1978. Status and numerical fluctuations of some
North American waders along the Surinam coast. Wilson
Bull. 90: 69-83.

Spaans A.L. 1979. Wader studies in Surinam, South America.
Wader Study Group Bull. 25: 32-37.

Spruzen EL., Richardson A.M.M. & Woehler E.L. 2008.
Influence of environmental and prey variables on low tide
shorebird habitat use within the Robbins Passage wetlands,
Northwest Tasmania. Estuar. Coast. Shelf Sci. 78: 122-134.

Stroud D.A., Davidson N.C., West R., Scott D.A., Haanstra L.,
Thorup B., Ganter B. & Delany S. 2004. Status of migratory
wader populations in Africa and Western Eurasia in the
1990s. International Wader Studies 15.

Summers R.W., Underhill L.G. & Simpson A. 2002. Habitat pref-
erences of waders (Charadrii) on the coast of the Orkney
Islands. Bird Study 49: 60-66.

Tye A. & Tye H. 1987. The importance of Sierra Leone to waders
on the East Atlantic Flyway. Wader Study Group Bull. 49:
71-75.

Vahl WK., van der Meer J., Weissing EJ., van Dullemen D. &
Piersma T. 2005. The mechanisms of interference competi-
tion: two experiments on foraging waders. Behav. Ecol. 16:
845-855.

van Gils J.A., Schenk LW., Bos O. & Piersma T. 2003.
Imcompletely informed shorebirds that face a digestive con-
straint maximize net energy gain when exploiting patches.
Am. Nat. 161: 777-793.

Wilson Jr W.H. 1990. Relationship between prey abundance and
foraging site selection of Semipalmated Sandpipers on a
Bay of Fundy mudflat. J. Field Ornithol. 61: 9-19.

Wolff W.J. 1969. Distribution of non-breeding waders in an estu-
arine area in relation to the distribution of their food organ-
isms. Ardea 57: 1-57.

Wunderle Jr J.M., Waide R.B. & Fernandez J. 1989. Seasonal
abundance of shorebirds in the Jobos Bay Estuary in
Southern Puerto Rico. J. Field Ornithol. 60: 329-339.

Yates M.G., Jones A.R., Goss-Custard J.D. & McGrorty S. 1993a.
Satellite imagery to monitor ecological change in estuarine

Downloaded From: https://complete.bioone.org/journals/Ardea on 13 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use

systems: Example of the Wash, England. Waterfowl and
wetland conservation in the 1990s 26: 56-60.

Yates M.G., Goss-Custard J.D., McGrorty S., Lakhani K.H., le v
Durell S.E.A., Clarke R.T., Rispin W.E., Moy L., Yates T, Plant
R.A. & Frost A.J. 1993b. Sediment characteristics, inverte-
brate densities and shorebird densities on the inner banks of
the Wash. J. Appl. Ecol. 30: 599-614.

Zou E, Zhang H., Dahmer T, Yang Q., Cai J., Zhang W. & Liang
C. 2008. The effects of benthos and wetland area on shore-
bird abundance and species richness in coastal mangrove
wetlands of Leizhou Peninsula, China. Forest Ecol. Manage.
255: 3813-3818.

Zwarts L. 1988. Numbers and distribution of coastal waders in
Guinea-Bissau. Ardea 76: 42-55.

Zwarts L. & Wanink J.H. 1993. How the food supply harvestable
by waders in the Wadden Sea depends on the variation in
energy, body weight, biomass, burying depth and behaviour
of tidal-flat invertebrates. Neth. J. Sea Res. 31: 441-476.

SAMENVATTING

Het tropische getijdengebied van het schiereiland Braganca in
de staat Pard, Brazilié, ligt ongeveer 150 km ten zuidoosten van
de Amazonedelta. Het schiereiland herbergt, ondanks de be-
perkte bodemfauna, grote dichtheden aan overwinterende en
doortrekkende steltlopers. In 2001 en 2002 is een onderzoek
uitgevoerd naar de habitatkeuze en de verspreiding van steltlo-
pers over het gebied. De auteurs onderzochten wat het effect is
van het beperkte voedselaanbod op de ruimtelijke verdeling en
de nichevorming bij steltlopers. Ze vergeleken daartoe drie
typen wadvlakten: een gebied met open wad (Ilha de Canelas),
een besloten wad omgeven door mangrovebos (Furo Grande)
en een deels open wadgebied aan de riviermonding van de Furo
do Chato. De hoogste dichtheden aan steltlopers werden aange-
troffen op het open wad van Ilha de Canelas waar de hoogste
prooidichtheden aanwezig waren. In geen van de drie gebieden
was er een verband tussen steltloperdichtheid en prooidichtheid
of abiotische variabelen. Er konden twee foerageerstrategieén
worden onderscheiden: Regenwulp Numenius phaeopus, Willet
Tringa semipalmata en Kleine Grijze Snip Limnodromus griseus
foerageerden bij voorkeur in water of op nat wad langs de wa-
terlijn, terwijl Kanoet Calidris canutus, Zilverplevier Pluvialis
squatarola, Steenloper Arenaria interpres, Grijze Strandloper
Calidris pusilla en Amerikaanse Bontbekplevier Charadrius semi-
palmatus voornamelijk op droogliggend wad werden waargeno-
men. Hoewel de voorkeuren voor waterdiepte of sedimenttype
soortspecifiek waren, was er een sterkere overlap in foerageerni-
ches dan in vergelijkbare studies. Deze resultaten zijn een aan-
wijzing dat in een situatie waarin de voedseldichtheid laag is,
steltlopers concurrentie niet uit de weg kunnen gaan door te
zich te verdelen over verschillende niches, maar gedwongen zijn
van een breder aanbod van niches gebruik te maken. (YIV)
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Appendix 1. Calculation of prey profitability

To obtain a measure of attractiveness of prey items the definition of profitability as proposed by Pyke et al. (1977)
was adopted. They defined profitability as energetic value of a prey item divided by the sum of handling time and
searching time.

__E i = number of prey types
P = S; + H; E = energe.tic ggin (gAFDW/prey item)
S; = searching time (sec)

H; = handling time (sec)

We aimed to define a theoretical mean profitability for each bird species at each plot. To obtain H, for all benthic
individuals found at the plots, a size-handling time relationship was described for each benthic group separately
by a mean handling time or, when large differences occurred, with formulas calculated with the Nonlinear
Estimation tool of Statistica. E; was obtained as described in the methods. Since individual bird species needed dif-
ferent handling- and searching times, both were calculated for each species separately.

For the calculation of S; it was assumed that prey items were evenly distributed and as a consequence, search
time behaves inverse proportional to the density of organisms. Hence, random searching will take less time for or-
ganisms that are abundant than for rare items. For each bird species and month a mean search time (S) per prey
item could be calculated from the data as:

= T-H . .

S = T = total time of focal observation

n H = total handling time during focal observation

S = S1t5; +. Szt . £ S n = number of caught prey items

1

A factor (F,) was calculated which accounts for the numerical relationship between the different prey items and re-
verses the proportions:

Dy >Dy>D3>...>D; D; = density of individual prey types (individuals/m?)
X; = factor converting into
Di = Xl- X Dl
1
F,=—
X,

From this the proportional search time for each prey type could be calculated

3 = S+ (S xFy) + (S;xFg) + ... +(5;xF)
i

lX§
>F
1

S; = (S;xF,)
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