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Abstract.—Sexual dimorphism in bill size can lead to sex-specific foraging strategies. All 12 extant species of
oystercatchers (Haematopus spp.) have sexually dimorphic bills, and most oystercatcher species show intersexual
niche partitioning in diet, where males and females eat different prey species in different proportions. Intersex-
ual niche partitioning in diet has not been examined in American Oystercatchers (Haematopus palliatus). This
study tested for intersexual niche partitioning in diet in a population of American Oystercatchers breeding on
two barrier islands in coastal Virginia, U.S.A. in 2022 and 2023. Diet composition, prey size selection, and forag-
ing areas were compared between the sexes (n = 31 males and n = 28 females). Unlike other oystercatcher spe-
cies, male and female American Oystercatcher diets overlapped by 99%. Both sexes took similar-sized prey across
the seven prey species and shared use of 59% of feeding areas. Previous studies on other oystercatcher species
may have found intersexual niche partitioning in diet because of highly competitive environments due to high
population density or low prey availability. In contrast, the present study in the Virginia barrier islands that found
diet overlap between the sexes may be due to a low competitive environment from low breeding densities and
sufficient prey abundance. Received 19 Nov 2023, accepted 22 Apr 2024.

Key words.—niche partitioning, niche utilization theory, intersexual competition, reverse sexual dimorphism,
foraging strategies, coastal Virginia, shorebirds, Haematopus
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Diet specialization in a population can
develop if some individuals eat prey in sig-
nificantly different proportions than others
(Sargeant 2007). Factors driving diet special-
ization may include inter- and intra-species
competition, prey abundance and ecological
opportunity (Svanb€ack and Bolnick 2007;
Bolnick et al. 2010; Araújo et al. 2011). The
underlying basis for diet specialization can
come from differences in feeding morphol-
ogy (Selander 1966).

The niche utilization theory posits that
differences in bill morphology between the
sexes can lead to different foraging niches
(Selander 1966). Sexual dimorphism in bill
size is prevalent in shorebirds (Nebel and
Thompson 2011). All 12 extant species of
oystercatchers (Haematopus spp.) (Winkler et al.
2020) display reverse sexual dimorphism
in bill size, where females have longer bills
than males (Baker 1972; Nol 1985; Durell
et al. 1993; Lauro and Nol 1995; Kohler et al.
2009; Aplin and Cockburn 2012; Roodenrijs
2023). The niche utilization theory has been
supported for a number of shorebirds (Catry
et al. 2014; Hall et al. 2021) including most
oystercatcher species (Durell et al. 1993;
Lauro and Nol 1995; Kohler et al. 2009; Aplin
and Cockburn 2012; Table 1). Across oyster-
catcher species, females with longer, pointy

bills are better suited for softer-bodied prey,
while males with their shorter, robust and
blunt bills are better suited for harder-
shelled prey (Hulscher and Ens 1992; Lauro
and Nol 1995; Durell 2003; Aplin and Cock-
burn 2012).

American Oystercatchers (Haematopus
palliatus) are a species of conservation con-
cern, with the eastern U.S. population esti-
mated to be 14,735 ± 320 individuals
(Schulte 2023). Barrier islands in Virginia,
U.S.A. host the highest concentration of
breeding American Oystercatchers through-
out their range (Wilke et al. 2005); however
breeding populations have declined here
since 2016 (Wilke 2021). As part of an
ongoing investigation into why the breeding
population in Virginia is declining, we stud-
ied the role of diet.

In our study, we test for intersexual niche
partitioning in diet for American Oyster-
catchers on two barrier islands in coastal Vir-
ginia during the breeding season. American
Oystercatchers have reverse sexually dimor-
phic bills (Nol 1985), and feed on bivalves
and marine invertebrates on bayside mud-
flats and oceanside shorelines during both
breeding (Nol 1985) and non-breeding sea-
sons (Tuckwell and Nol 1997). During
breeding, American Oystercatchers stay
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close to their nests to forage and have
smaller foraging ranges (Nol 1985) than
during non-breeding when individuals are
not tied to a nest site (Sanders et al. 2013).
The combination of restricted foraging
ranges during breeding and multiple indi-
viduals breeding and feeding in one area
should form foraging competition and put
selective pressures on the sexes to reduce
intersexual foraging competition, so that the
sexes can co-exist and breed. We predicted
that females would prefer softer-bodied prey
that is easier to open like mole crabs (Emerita
talpoida) and polychaetes, as well as deeper-
buried prey like razor clams (Tagelus plebeius
and Ensis directus) compared to males who
would prefer harder-shelled prey that is
more difficult to open and located at the
surface like oysters (Crassotrea virginica) and
mussels (Modiolus demissus). Since we ex-
pected that females would prefer mole
crabs, polychaetes and razor clams, females
should feed on both oceanside shorelines
and bayside mudflats, as opposed to males
who may show a preference for bayside
mudflats where mussels and oysters live
(Isdell et al. 2018; Smith et al. 2022). Since
female oystercatchers tend to have less
robust bills, we expected female American
Oystercatchers to prefer smaller prey to
minimize the risk of bill damage, as was
found in Eurasian Oystercatchers (Haemato-
pus ostralegus) (Rutten et al. 2006). We tested
niche partitioning in diet between the sexes
based on diet composition, prey size selec-
tion and feeding location.

METHODS

Study Area

The study sites were two barrier islands in Virginia,
Assateague Island (37� 51’ 7.2” N, 75� 22’, 55.2” W) and
Assawoman Island (37�, 48’, 3.6” N, 75�, 31’, 4.8” W).
The two islands make up Chincoteague National Wild-
life Refuge, a protected area for beach-nesting birds on
the mid-Atlantic U.S. Coast. We collected data during
the American Oystercatcher breeding seasons (April to
August) of 2022 and 2023. In 2022 Assateague Island
supported 20 breeding pairs along 12 km of shoreline
and Assawoman Island supported 31 breeding pairs
along 6 km of shoreline. In 2023 Assateague Island had
25 breeding pairs and Assawoman Island had 32T
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breeding pairs. On both islands, each breeding pair has
foraging access adjacent to their territory to oceanside
shorelines with marine invertebrates such as mole
crabs. Foraging habitats on both islands also include
bayside mudflats and marshes with natural populations
of mussels, oysters, clams (Mercenaria mercenaria), and
razor clams, as well as commercially seeded populations
of oysters and clams.

Data Collection

Prior to the study, some of the study population was
already banded. We continued banding efforts during
the study years to distinguish individuals and collect bill
morphology data. To verify sexual dimorphism in bill
length for our population of American Oystercatchers,
we caught 24 individuals in 2023 (2 males and 2 females
on Assateague Island and 10 males and 10 females on
Assawoman Island) and measured bill length from the
end of the culmen to the tip of the bill. We followed
standardized protocols from the American Oyster-
catcher Working Group (2023a) to capture and band
individuals. To capture American Oystercatchers, we
placed leg loop carpets around the nest and attracted
breeding pairs with wooden decoys and playback calls.
To uniquely identify individuals, we attached colored
plastic Darvic bands with a unique alphanumeric code
onto each upper leg and a U.S. Geological Survey metal
band to the lower leg. We carried out capture and han-
dling with appropriate permissions and ethics approval
from the U.S. Geological Survey’s Bird Banding Labora-
tory, Chincoteague National Wildlife Refuge, and Trent
University Animal Care Committee.

American Oystercatchers can be sexed based on
sexual dimorphism (Peters 2023). For individually-
banded birds, we confirmed our visual sexing tech-
nique by observations of copulation and individual
DNA data published in the American Oystercatcher
Working Group (2023b) Band Database.

Across the study years, we conducted 10-minute
observations on the same banded and unbanded adults
of known sex who were foraging, using both 10�50
binoculars and 60� power spotting scopes. Ten-minute
observations captured the character of foraging events
and allowed us to maximize the number of observations
taken across individuals. During observations we
recorded prey species and size and feeding location
only if we had a clear view of the adult. For prey species
identification, we observed individuals take whole prey
items (for mole crabs and polychaetes), shells, or flesh.
For the latter, we identified the species based on the
color of its flesh. As part of calculations for a different
foraging study occurring in 2022, we gauged prey size
relative to bill length as per Tuckwell and Nol (1997).
Since males and females have different bill lengths, we
calculated actual prey size by multiplying the propor-
tion of the prey relative to bill length by the mean male
or female bill length in our study population.

To delineate bayside foraging areas, we drew poly-
gons in ArcGIS Pro v. 3.2 (Environmental Systems

Research Institute 2011) around all foraging locations
and used habitat (oyster reefs, open mudflats, or
marsh) in this study, topography and vegetation cover
to break large polygons into smaller biologically mean-
ingful foraging areas. For oceanside foraging areas, we
generally observed individual breeding pairs foraging
on oceanside shorelines directly in front of their terri-
tory. Therefore, we broke up the continuous oceanside
shoreline into separate foraging areas to correspond
with breeding territories. We assessed breeding terri-
tory boundaries through observations of territorial
interactions between breeding pairs. We assigned a
unique ID to each foraging area.

Statistical Analysis

We performed statistical analyses in R v. 4.3.1 (R Core
Team 2023). To confirm sexual dimorphism in bill size,
we ran a two sample two-tailed t-test on bill length. We
checked the assumptions of normality and equal variance
using histograms and Bartlett’s test. Data were normal
and had equal variance (Bartlett’s K2

1 = 0.84, P = 0.36).
To test for overlap in diet composition between the

sexes, we calculated Pianka’s index (Pianka 1973) from
the ‘EcoSimR’ package in R (Gotelli et al. 2015). Pian-
ka’s index compares the proportions that each prey
species appears in the diet for each sex. Values close to
0 indicate niche partitioning, while values close to 1
indicate niche overlap. We ran 1,000 simulations to
compare our observed data to expected null data.

To test if the sexes chose different-sized prey, we
ran Welch’s t-tests on prey size for the four prey species
(oysters, mole crab, mussels and clams) that had a large
enough sample (N $ 5 foraging observations where the
prey was present in each sex’s diet). Data were square
root-transformed to improve normality. Bartlett’s test
indicated mole crab prey size had unequal variance
(mole crabs: Bartlett’s K2

1 = 12.11, P < 0.001; oysters: Bar-
tlett’s K2

1 = 2.66, P = 0.10; mussels: Bartlett’s K2
1 = 1.60,

P = 0.21; clams: Bartlett’s K2
1 = 0.001, P = 0.97), so we ran

Welch’s t-tests for all four prey species.
To compare foraging habitats between the sexes,

we mapped foraging areas used by each sex in ArcGIS
Pro. We identified foraging areas used by both sexes by
using the intersect function in R to identify common
foraging areas. This allowed us to calculate the percent
overlap of foraging areas used by both sexes as the
(number of foraging areas used by both sexes)/(num-
ber of foraging areas used by both sexes þ number of
foraging areas used exclusively by males þ number of
foraging areas used exclusively by females).

RESULTS

Bill Length

Females had significantly longer bills (x�=
89.17 ± SE 0.59 mm, n ¼ 12) than males (x�=

4 WATERBIRDS 47(1), 2024

Downloaded From: https://bioone.org/journals/Waterbirds on 19 Sep 2024
Terms of Use: https://bioone.org/terms-of-use	Access provided by Trent University



83.77 ± SE 0.78 mm, t22 ¼ �5.51, P <0.001,
95% CI [�7.43,�3.37], n¼ 12).

Diet Composition

Across the years of 2022 and 2023, we
made 141 foraging observations on 28 dis-
tinct females and 31 distinct males. Collec-
tively, individuals ate 283 prey items. Male
and female American Oystercatcher diet
overlapped by 99% (Fig. 1, Pianka’s index ¼

0.99, 95% CI [0.07, 0.99], lower-tail P ¼ 0.04,
upper-tail P ¼ 0.96, standard effect size ¼ 2.74,
Fig. S1A, Fig. S1B). Both sexes fed on seven
prey species in similar proportions. Mole
crabs were the most common prey eaten by
both sexes. Blue mussel (Mytilus edilus) was
the only prey species eaten exclusively by a
single sex and it made up < 3% of the female
diet. Blue mussel appeared to be a rare
opportunistic foraging event for a single

Table 2. Summary of prey size selection by male and female American Oystercatchers.

Males Females

Prey species

Prey length
(mm)
x�± SE

n (number of
prey items
eaten)

Prey length
(mm)
x�± SE

n (number of
prey items
eaten) tdf P 95% CI

Oysters (Crassotrea
virginica)

4.23 ± 0.20 7 5.21 ± 0.33 12 1.7817 0.09 �0.18, 2.14

Mole crabs (Emerita

talpoida)

4.11 ± 0.25 161 3.95 ± 0.20 131 �1.41288 0.16 �0.37, 0.06

Mussels (Modiolus

demissus)
5.38 ± 0.35 53 5.95 ± 0.39 62 1.72113 0.09 �0.09, 1.23

Clams (Mercenaria

mercenaria)

5.70 ± 0.35 19 4.62 ± 0.35 18 �2.0235 0.05 �2.16, 0.003

Figure 1. Diet composition for male and female American Oystercatchers. Species are mole crab (Emerita talpoida),
coquina (Donax varibilis), Atlantic ribbed mussel (Modiolus demissus), Eastern oyster (Crassotrea virginica), Northern
quahog clam (Mercenaria mercenaria), blue mussel (Mytilus edilus), Atlantic razor clam (Ensis directus), and stout tagelus
(Tagelus plebeius).
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individual when a cluster of blue mussels
attached to wrack (marine debris and vege-
tation) washed ashore. We did not observe
any individuals feeding on polychaetes,
even though they were available, since we
witnessed Semipalmated Plovers (Charadrius
semipalmatus) and Piping Plovers (Charadrius
melodus) eating polychaetes adjacent to for-
aging American Oystercatchers.

Prey Size

There was no significant difference
between the sexes in the size of prey taken
for any species (Table 2).

Feeding Locations

Both sexes used 59% of feeding areas,
while 19% of feeding areas were only used
by females and 23% were only used by males
(n ¼ 83 foraging areas, Fig. 2 and Fig. 3).
There was no consistent pattern in feeding
areas used by a single sex.

DISCUSSION

Male and female American Oystercatch-
ers showed strong overlap in diet composi-
tion, foraging location and prey size taken,
despite sexual dimorphism in bill length.
Our results contradict the usual intersexual
niche partitioning pattern for Haematopus;
instead, male and female American Oyster-
catcher diets overlapped by 99%. In previ-
ous studies of oystercatchers showing
intersexual niche partitioning in the United
Kingdom and Australia, one of the most
consistent trends is that females feed on
softer-bodied prey (usually polychaetes)
while males feed on harder-shelled prey
(Durell et al. 1993; Lauro and Nol 1995;
Aplin and Cockburn 2012). However, in our
study neither sex fed on polychaetes,
despite their apparent availability.

In contrast to our study, most oystercatcher
species show intersexual niche partitioning
(Table 1). Female Eurasian Oystercatchers
tend to be worm specialists, while males tend

Figure 2. Map of feeding areas used by females in red, males in blue and both sexes in purple of American Oyster-
catchers on Assateague Island, Virginia, U.S.A.
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to be bivalve specialists (Durrell et al. 1993).
Similarly, female Pied Oystercatchers (Hae-
matopus longirostris) consume more soft-
bodied prey while males consume more
hard-bodied prey (Lauro and Nol 1995).
Sooty Oystercatchers (Haematopus fuligino-
sus) exemplify extreme intersexual niche
partitioning. Bill length differs by 19%
between males and females (Aplin and
Cockburn 2012). Most prey species are
eaten exclusively by one sex, with only a
36% niche overlap between the sexes. The
sexes also select different sized prey for the
two shared prey species (Aplin and Cock-
burn 2012). Two exceptions to the pattern
of intersexual niche partitioning in oyster-
catchers come from carbon 13 (d13C) and
nitrogen 15 (d15N) stable isotope analyses
in Black Oystercatchers (Haematopus bach-
mani) (Roodenrijs 2023) and African Black
Oystercatchers (Haematopus moquini) (Cole-
man and Hockey 2008; Kohler et al. 2014;
Table 1). These studies found that the
sexes overlap in the isotopic signatures of
the diet.

This raises the question as to why Ameri-
can Oystercatcher sexes overlap in diet,
while most other oystercatcher species parti-
tion diet between the sexes. Some studies
suggest that diet overlap occurs during
times of food abundance when selective
pressures for intersexual competition are
relaxed (Svanb€ack and Bolnick 2007;
Czeszczewik 2010). Fewer available prey spe-
cies could be another explanation for diet
overlap that is not mutually exclusive (Lay-
man et al. 2007). We review the plausibility
for each of these hypotheses in relation to
our study.

Competition is a strong driver of niche
partitioning (Svanb€ack and Bolnick 2007).
We suggest that our study and the other oys-
tercatcher studies showing diet overlap
(Coleman and Hockey 2008; Kohler et al.
2014; Roodenrijs 2023) may occur in low
competitive environments, while previous
oystercatcher studies showing intersexual
niche partitioning occurred in highly com-
petitive environments (Table 1). Eurasian

Figure 3. Map of feeding areas used by females in red, males in blue and both sexes in purple of American Oyster-
catchers on Assawoman Island, Virginia, U.S.A.
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Oystercatchers have faced strong selection
pressures to diversify their foraging niches due
to high population densities (Goss-Custard
et al. 1992; Hockey et al. 2021) and low prey
abundance (Verhulst et al. 2004; Morten et al.
2022). The population of Eurasian Oyster-
catchers was recorded as over one million indi-
viduals in the 1990s (Hockey et al. 2021).
Breeding territories are saturated with many
individuals having to queue in line and wait
multiple years before gaining a breeding terri-
tory (Ens et al. 1995). Not only do Eurasian
Oystercatchers face food competition with
other oystercatchers, but also with commercial
shellfishing. Since the 1970s, due to overfish-
ing, multiple shellfish populations have col-
lapsed across Eurasian Oystercatcher habitat
and low shellfish numbers have continued to
present day (Verhulst et al. 2004; Morten et al.
2022).

Similarly, studies on intersexual niche
partitioning in Pied and Sooty Oystercatch-
ers in coastal Australia likely occurred in
highly competitive environments. Aplin and
Cockburn (2012) stated that there is high
competition between male and female
Sooty Oystercatchers since they are resident
species. In Lauro and Nol (1995), Pied Oys-
tercatchers were restricted to feeding in a
single habitat type, intertidal mudflats,
which could increase foraging competition
between the sexes.

In African Black Oystercatchers, two
early studies found intersexual dietary niche
partitioning (Hockey and Underhill 1984;
Kohler et al. 2009), while more recent stud-
ies found niche overlap (Coleman and
Hockey 2008; Kohler et al. 2014). The differ-
ence between the studies is that starting in
the early 1980s, a new Mediterranean mus-
sel species (Mytilus galloprovincialis) invaded
the area and increased overall prey biomass
(Coleman and Hockey 2008). We speculate
that once food supply increased, competi-
tion decreased amongst African Black Oys-
tercatchers, leading to diet overlap bet-
ween the sexes.

Roodenrijs (2023) found diet overlap in
Black Oystercatchers in British Columbia
and Alaska, where individuals likely faced
low competition due to low breeding

densities and abundant food conditions.
Black Oystercatcher breeding density in
Alaska is <1 pair/km of shoreline (Andres
and Falxa 2020). Historically breeding den-
sity in British Columbia was 1.25 pairs/km
of shoreline (Drent et al. 1964), although
recent data suggests a growing population
(Maillet et al. 2023). It will be interesting to
determine whether male and female Black
Oystercatcher diets diverge over time in
these more crowded populations. Food may
be sufficient to avoid competition for Black
Oystercatchers as we did not find published
studies listing food availability as a limiting
factor for population growth and in the
most recent conservation assessment for the
species, Tessler et al. (2014) did not list food
availability as a threat to the species. Simi-
larly, Black Oystercatcher diet has not
changed in Alaska in the past 100 years,
which could indicate that prey has remained
abundant (Carney et al. 2023).

In our study, diet overlap appears to have
occurred under low competition. Breeding
densities are fairly low relative to other oys-
tercatcher species. In 2022 and 2023 there
were 1.67–2.08 breeding pairs/km of shore-
line on Assateague Island and 5.17–5.33
breeding pairs/km of shoreline on Assa-
woman Island. Although we did not count
prey, diet overlap could signal sufficient
food resources. In support of this idea is the
fact that we have not observed either emaci-
ated adults or chicks on either island, in
either year of our study. Additionally, all
individuals caught and banded during our
study had healthy weights, and lacked injury
or obvious signs of disease/parasites.

Overlap in the foraging areas of individu-
als provides further support towards low
competition allowing for diet overlap in
American Oystercatchers. Even though we
made occasional observations of aggressive
interactions amongst American Oystercatch-
ers on foraging grounds, in general individu-
als tolerated other American Oystercatchers
feeding within 10 m, indicating an environ-
ment with low competition. Ashmole’s
(1963) hypothesis is that seabirds travel fur-
ther to feed as intra-species competition
increases. In our study the lack of foraging
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range differentiation between the sexes
could indicate low competition.

Layman et al. (2007) suggest that the
opportunity for diet specialization in a pop-
ulation decreases as the number of prey spe-
cies available decreases. There is no reason
to suggest that American Oystercatchers
and Black Oystercatchers have fewer avail-
able prey species then other oystercatcher
species who show intersexual niche parti-
tioning. In our study American Oystercatch-
ers fed on eight prey species (which is on
the higher end of oystercatcher diet stud-
ies), while Black Oystercatchers fed on five
species (Roodenrijs 2023). In comparison
Eurasian Oystercatchers eat 4–11 species
(Boates and Goss-Custard 1992; Schwemmer
et al. 2016), African Black Oystercatchers eat
4–7 prey groups (Hockey and Underhill 1984;
Coleman and Hockey 2008; Kohler et al. 2009;
Kohler et al. 2014), Sooty Oystercatchers eat
6–9 prey groups (Lauro and Nol 1995; Aplin
and Cockburn 2012) and Pied Oystercatch-
ers eat six prey groups (Lauro and Nol
1995). We find no support for the hypothe-
sis that a lack of prey species diversity is a
main driver for diet overlap between the
sexes of American Oystercatchers. Instead,
we are left with a lack of competition as the
main driver for diet overlap between the
sexes of American Oystercatchers.

Contrary to our predictions, female
American Oystercatchers did not take more
deeply buried prey like razor clams than
males, nor did male American Oystercatch-
ers take more prey that emerged from the
substrate, like oysters and mussels. Our find-
ings differ from Sooty and Pied Oystercatch-
ers in Australia, where females select more
deeply buried prey like polychaetes, while
males select more surface prey like hard-
shelled bivalves (Lauro and Nol 1995).
Overwhelmingly, in our study, the most
common prey species eaten by both sexes
was mole crabs. Mole crabs have a carapace,
which is easier to handle compared to shells
of bivalves. Both sexes may consume mole
crabs in high quantities because of easy prey
access (Peterson et al. 2006; Pulley 2008),
high prey abundance and fast handling
times (x� = 20 ± 1.16 sec, n = 692) (L. Brown,
unpubl. data).

We failed to find evidence for intersexual
niche partitioning in prey size selection in
American Oystercatchers. In strong contrast
to our study, the two largest limpet size
classes are exclusively taken by male Sooty
Oystercatchers, while female Sooty Oyster-
catchers eat smaller limpets (Aplin and
Cockburn 2012). Similar to our study, stud-
ies on Northern Goshawks (Accipiter gentilis)
(Boal and Mannan 1996) and Cooper’s
Hawks (Accipiter cooperi) (Kennedy and John-
son 1986), species who also display reverse
sexual dimorphism, found that both sexes
take the same prey sizes. Both Boal and
Mannan (1996) and Kennedy and Johnson
(1986) speculated that a lack of intersexual
niche partitioning in terms of prey size
reflects food abundance. Instead of prey
size acting as a method for intersexual niche
partitioning, prey size selection may reflect
prey handling efficiency (Olsen 2013).
Wanink and Zwarts (1996) found that Eura-
sian Oystercatchers take intermediate-sized
prey to optimize prey handling time.

Future research should test for intersex-
ual niche partitioning in environments with
low food availability or during the non-
breeding season to better elucidate the roles
of prey abundance and competition on diet
partitioning and overlap. For American Oys-
tercatchers, Florida may provide an ideal
setting to answer these questions, as there
are reports of pre-fledged chicks dying of
starvation in Florida (Vitale et al. 2022) and
dramatic losses in oyster reef foraging habi-
tat (Frederick et al. 2016; Vitale et al. 2021).
Florida’s Big Bend supports up to 900 win-
tering American Oystercatchers (Brush et al.
2017). During Florida’s non-breeding sea-
son, large flocks should increase competi-
tion for food and promote intersexual
niche partitioning.
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