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Abstract

This study investigated the role of the American oystercatcher (Haematopus palliatus) as a resource subsidizer for the

scavenger snail Buccinanops globulosum in a northern Patagonian bay (40845VS, 64856VW, San Antonio Bay, Argentina). The

most frequent food item for the snails was dead crabs Cyrtograpsus angulatus Dana, and the snails preferred this item. In the

field, most dead crabs (78%) resulted from oystercatcher predation. Field densities of dead crabs were within the 95%

confidence limits of the estimated densities produced by oystercatcher foraging activity, suggesting that a large proportion

of carrion available for snails is a byproduct of oystercatcher predation. Dead crabs with injuries were more rapidly detected and

consumed by snails, probably because injuries produced by oystercatchers increase leakage of body fluids and facilitate

penetration of the proboscis of the snails. Our results suggest that oystercatcher predation subsidize this scavenger snail by

increasing availability of food, decreasing variability in their provision and facilitating their consumption.
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1. Introduction

Trophic facilitation is a common phenomenon in

food-webs (Wilmers et al., 2003a). Most studies on

trophic facilitation focus on the capacity of a preda-

tory species to increase the availability of prey to

another predatory species (Korpimäki et al., 1996;
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de Goeij et al., 2001). However, much less is known

about the potential for predators to subsidize scaven-

ger species by supplying them with carrion. In natural

environments, predation is probably the most signifi-

cant source of corpses that are at least partially avail-

able as carrion and scavengers have the ability to take

nutritional benefits from this carrion (Britton and

Morton, 1994). Recent studies have shown that top

predators can have strong positive effects on scaven-

ger species by increasing the availability of carrion

and affecting its physical and temporal distribution

(Rochette et al., 1995; Wilmers et al., 2003a,b).

On intertidal sand-flats, corpses of resident and

nonresident organisms are rapidly detected and con-

sumed by scavengers such as nassariid gastropods

(Morton and Jones, 2003). However, carrion that is

available to intertidal and marine scavengers is

ephemeral and unpredictable (Britton and Morton,

1994). Thus, carrion availability may limit (Britton

and Morton, 1994) snail growth (McKillup and

McKillup, 1997), reproduction (McKillup and Butler,

1979; Rochette et al., 2001) and, eventually, popula-

tion size (Rochette et al., 1995; Morton and Chan,

1999).

Buccinanops globulosum is an intertidal nassariid

gastropod endemic to the SWAtlantic and distributed

from La Plata River (Samborombon Bay; 36822VS,
56845VW) to Southern Patagonia (538S, 688W, Argen-

tina; Pastorino, 1993). Along this coastline, American

Oystercatchers (Haematopus palliatus) forage on the

intertidal grapsid crab Cyrtograpsus angulatus, main-

ly consuming the eggs of ovigerous females and

occasionally consuming viscera of males (Bachmann

and Martinez, 1999). This is a relatively large crab (up

to 60 mm carapace width) that is distributed from

southern Brazil to the southern tip of South America

(Iribarne et al., 2003) In order to consume crab eggs,

oystercatchers stab the center of the pleon with their

bill, thus killing the crabs and leaving a characteristic

mark on the corpse (Bachmann and Martinez, 1999).

Because the body of the crab is not consumed by

oystercatchers (Bachmann and Martinez, 1999), this

activity generates carrion for other consumers (e.g.,

birds such as the Chimango caracara Milvago chi-

mango; Biondi et al., 2005.). Per capita feeding rate

of H. palliatus on crabs can reach values of 60 crab

h�1 (Bachmann, 1995). Because of this high rate of

carrion production, and the type of injuries made on
the exoskeleton of the crab, we hypothesized that the

feeding habit of H. palliatus can increase the food

availability to B. globulosum.

The objective of this work was to evaluate the

importance of carrion produced by H. palliatus on

B. globulosum diet, and to determine whether the

partial processing of crabs by H. palliatus facilitates

food detection and consumption by B. globulosum.
2. Methods

2.1. Study site

Field experiments and observations were per-

formed in San Antonio Bay, Argentina (40845VS,
64856VW) from September 2003 to March 2004.

This is an 80 km2 embayment located at northern

Patagonia, affected by a semidiurnal tidal regime (up

to 9 m tidal amplitude) and characterized by extensive

intertidal flats (see Iribarne, 1990), which are sur-

rounded by marshes dominated by Spartina alterni-

flora. This area is an important conservation site

being part of the Western Hemisphere Shorebird Re-

serve Network International (WHSRNI) given their

importance as stopover site for Neotropical migratory

shorebirds (González et al., 1996).

2.2. Snail feeding, food availability and source

The importance of oystercatchers as source sub-

sidizers may depend on the feeding habits of the

snails. To evaluate the type of carrion used by B.

globulosum, 50 transects (40 m long, 4 m width)

were sampled along the intertidal zone during low

tide. In each transect, clusters of B. globulosum

(Nassariids snails usually form feeding aggregations;

see Ansell, 2001) were detected and the carrion

being consumed was identified. To evaluate if B.

globulosum prefer particular types of carrion, a

field experiment was performed. In this experiment,

20 dead individuals of the 5 dominant intertidal

invertebrate species (the small mussel Brachidontes

rodriguezi (d’Orbigny), the burrowing crab Chas-

magnathus granulatus Dana, the mud crab Cyrto-

grapsus angulatus, the chiton Chaetopleura isabellei

(d’Orbigny) and the limpet Fissurella radiosa tix-

ierae (Metivier) that are potentially available as car-
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rion (P. Daleo, personal observation) were randomly

deployed (minimal distance between items (dead

individuals)=50 m) along the intertidal during the

ebbing tide. The presence or absence of snails was

determined after 20 min. The null hypothesis of no

preference for any type of carrion was analyzed

using v2 test (Zar, 1999).

To determine the proportion of carrion available

to B. globulosum that is produced as a result of

predation by H. palliatus, the number of dead

crabs with and without oystercatcher injuries was

determined in 28 sampling units (quadrants of

2�2 m) that were randomly taken along the low

intertidal during low tide. In addition, to determine

whether the number of dead crabs is constant among

different tidal cycles, 145 samples of 2�2 m were

randomly taken along the intertidal over 9 consecu-

tive days in December (2nd to 10th 2003) and

January (23rd to 31st 2004). The number of dead

crabs was determined in each sample. The null hy-

pothesis of no difference in the number of dead crabs

between days was analyzed with one-way ANOVA

(Zar, 1999).

2.3. Estimation of carrion production by

oystercatchers

Carrion production was estimated indirectly, by

estimating the density and feeding rate of oyster-

catchers. The density of oystercatchers was estimated

as follows: 174 transects (100 m long, 10 m wide)

were performed along the low intertidal during mul-

tiple low tides. The number of oystercatchers in each

transect was counted. To estimate feeding rate, 50

focal observations (telescope 18�36; total observa-

tion time=277.92 min) of oystercatchers were per-

formed during the study period (at least 50 m apart

from the observed area, each bird was observed for

5–10 min) and, the duration of observation and the

number of crabs consumed was recorded. Then, to

estimate carrion production, the frequency distribu-

tion of mean densities of dead crabs was generated

by bootstrapping (1000 iteration, 28 oystercatcher

density data and 28 oystercatcher foraging rate

data). Carrion production (density of dead crabs)

was then estimated as oystercatcher density* fora-

ging rate*6 h of foraging time (6 h of uncovered

intertidal).
2.4. Food detection by snails

Food detection by snails may not only depend on

the prey type, but also on the presence of injuries

(Evans et al., 1996). Injuries produced as a result of

oystercatcher predation may increase the leakage of

body fluids. To evaluate whether the presence of

injuries influences the time it takes for snails to arrive

to a crab corpse, 100 individuals of C. angulatus

were collected. Crabs were frozen at �4 8C and,

after 1 day, defrosted. Injuries similar to those pro-

duced by oystercatcher (circular perforation on the

pleon, ~5 mm diameter) were made in 50 of the

collected crabs. The remaining 50 crabs were main-

tained with the exoskeleton intact. Dead crabs were

randomly located in the low intertidal. The period of

time (seconds) between crab deployment and the

arrival of the first snail to the crab was recorded.

The null hypothesis of no differences in the time

that snails arrive to crabs with and without injuries

was analyzed with a t-test (Zar, 1999). Although

freezing and subsequent thawing can generate cara-

pace damages and increase the leakage of body

fluids, the fact that this process is done to all treat-

ments may not affect the comparisons.

The injuries produced by oystercatchers may also

increase the number of snails that can detect the

corpse. The same experimental design was used to

evaluate whether there are differences in the number

of snails that detect crabs with and without injuries.

The number of snails feeding on crabs was determined

at two separate times: 5 and 10 min after crab deploy-

ment (15 per treatment). The null hypotheses of no

differences in the number of snails feeding on crabs

with and without injuries for both times were analyzed

with t-test (Zar, 1999).

2.5. Food consumption by snails

The presence of injuries in the exoskeleton of

crabs can facilitate the consumption of corpses by

snails because the soft parts may be more accessible

to their proboscis. A field experiment was performed

to evaluate if there are differences in the rate at which

crabs with and without injuries are consumed. Four

groups of 30 dead crabs were formed (all groups had

similar carapace size distribution and sex ratios) and

each group was assigned to one of four treatments
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Fig. 1. Number of dead crabs within 2�2 m sampling units. Here and thereafter limits of the boxes represent 25th and 75th percentiles, lines

represent 1st and 99th percentiles, and points inside boxes represent medians.
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that were conducted in the low intertidal: (1) Crab

with injuries (circular perforation on the pleon, ~5

mm diameter, similar to those produced by oyster-

catchers) allowing B. globulosum to feed for 20 min;

(2) Crab without injuries allowing B. globulosum to

feed for 20 min; (3) Crab with injuries deployed for

20 min with removal of B. globulosum before feed-

ing; and (4) Crab without injuries, deployed for 20

min with removal of B. globulosum before feeding.

Treatments (3) and (4) were designed to detect if

differences in dry weight were only due to snail
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Fig. 2. Frequency distribution of mean density of dead crabs, calculated b

rates data.
feeding. These crabs were recovered after the exper-

imental trial and their dry weight (dried at 70 8C for

48 h) and carapace width were measured (carapace

width was measured because size of crabs may affect

the rate of consumption and the proportion of mass

that can be consumed). The null hypothesis of no

difference in dry weight between treatments was an-

alyzed with ANCOVA (Zar, 1999) with carapace

width as covariate. Because crabs of all treatments

were deployed in a relatively small area, snail activ-

ities were very high and there were no apparent
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Fig. 3. Number of Buccinanops globulosum feeding on dead crabs

with and without injuries after 5 and 10 min of depletion. The

symbol ** represent significant differences ( P b0.01) between

treatments for the same time and different letters represent signifi-

cant differences between times for the same treatment.
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differences in the number of snails per crab in treat-

ments (1) and (2).
3. Results

3.1. Snail feeding, food availability and source

In 75% of the feeding clusters sampled (n =43), the

carrion was the crab, Cyrtograpsus angulatus. In the

preference experiment, after 20 min, Buccinanops glo-

bulosum was present on all (n=20) crabs of both

species (Chasmagnathus granulatus and C. angula-

tus), in 80% of small mussels (Brachidontes rodri-
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Fig. 4. Dry weight of crabs of different treatm
guezi), 45% of the limpets (Fissurella radiosa

tixierae) and none on the chitons (Chaetopleura isa-

bellei). There was a significant preference for crushed

crabs (Chi-square, v2=64.18, df =4, P b0.001). The

density of dead crabs was 0.7 (S.D.=0.53) corpses

m�2 and the number of crabs with oystercatcher inju-

ries was higher than the number of dead crabs without

injuries (x̄injuries =0.53, S.D.=0.38 vs. x̄without=0.16,

S.D.=0.25; tdependent=5.41, df =27, P b0.001),

corresponding to 78% of the total. There was no

difference in the density of dead crab between days

(ANOVA, F17,252=0.65, P N0.8; Fig. 1).

3.2. Estimation of carrion production by

oystercatchers

The density of Haematopus palliatus averaged 11

(S.D.=32) individuals ha�1. Its feeding rate was 58.65

crab h�1 (95% confident limits: 46.87–70.43). The

observed frequency of dead crabs with oystercatcher

injuries using the day sequences data (x̄ =0.23 crabs

m�2 day�1) was within the 95% confidence limits of

the frequency distribution of the mean number of dead

crabs generated by bootstrapping (0.263 crabs m�2

day�1, 95% confident limits: 0.064–0.631; Fig. 2).

3.3. Food detection by snails

The period between crab deployment and arrival of

the first snail was shorter in dead crabs with injuries

compared to those without injuries (x̄injuries=95.08
5 29 33

tion

width (mm)

ents in relation to their carapace width.
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(72.6); x̄without=511.02 (309.84); log transformed

data, t =10.22, df =98, P b0.001).

The number of snails feeding on individual crabs

was higher for crabs with oystercatcher injuries than

for crabs without injuries at both times (5 min:

t=3.524, df =28, P b0.005 and 10 min: t =3.326,

df =28, P b0.005; Fig. 4). The number of snails feed-

ing on crabs with oystercatcher injuries was higher at

10 min than at 5 min after deployment (tpaired=3.326,

df =14, P b0.005; Fig. 3), but there was no difference

in the number of snails on crabs without injuries

between 5 and 10 min after deployment (tpaired=2,

df =14, P N0.05; Fig. 3).

While feeding on crabs with oystercatcher inju-

ries, 96% of the snails reached the soft parts by

introducing their proboscides through the injuries,

whereas 4% did not reach the soft parts. On crabs

without injuries, only 41.5% of the snails reached the

soft parts by introducing their proboscis through the

mouth parts (29.0%) or through the articulations of

autotomized legs (12.5%). The rest of the snails on

uninjured crabs (58.5%) were not able to reach the

soft parts.

3.4. Food consumption by snails

The dry weight of crabs after snail feeding dif-

fered among treatments (ANCOVA, F3,115=14.296,

P b0.001; Fig. 4). It was lower in crabs with injuries

than in crabs without injuries (i.e., treatment 1b treat-

ment 2, LSD post ANCOVA). The dry weight of crabs

consumed by snails (either injured or not) was lower

than those of the crabs not consumed by snails (i.e.

treatment 1b treatment 3 and treatment 2b treatment

4, LSD post ANCOVA).
4. Discussion

Our results show that a large proportion of the diet

of the intertidal snail Buccinanops globulosum is

composed of carcasses of the dominant intertidal

crab species, Cyrtograpsus angulatus and Chasmag-

nathus granulatus (Iribarne et al., 2003), which are

supplied by oystercatcher predation on eggs of these

crab species. In addition, B. globulosum preferred

dead crabs over other food items. The large proportion

of dead crabs in the intertidal showing evidence of H.
palliatus predation suggests that most crab corpses

resulted from H. palliatus predation. In fact, the den-

sities of dead crabs observed in the field are within the

95% confidence limits of the estimated rates of carrion

production due to oystercatcher foraging. Britton and

Morton (1994) proposed that a great proportion of

produced corpses are the result of predation and par-

tial consumption, because death as a natural conse-

quence of aging is unlikely. Indeed our results suggest

that in this Patagonian bay the main source of corpses

is due to oystercatcher predation.

One of the main disadvantages of scavenger organ-

isms is that carrion is usually unpredictable (Britton

and Morton, 1994) or highly variable over time (Wil-

mers et al., 2003a). However, in our case densities of

crab corpses were consistent over different low tides

and along time. Thus, predation of crabs by oyster-

catchers may not only increase carrion levels but also

make it more predictable. Ovigerous females of C.

angulatus were present during the entire study period,

and there is evidence they are present throughout the

year at this site (T. Luppi, personal communication).

In addition, oystercatchers forage not only upon ovi-

gerous females of C. angulatus but also upon males of

this species and individuals of C. granulatus, consum-

ing mainly their viscera and, as upon females, leaving

the rest of the body (Bachmann and Martinez, 1999).

Thus, because birds are present year round and do not

seems to be changes in their diets (P. Daleo, personal

observation), all evidence suggests that oystercatcher

production of corpses may be stable year round.

Dead crabs with injuries, like those produced by

the oystercatcher, were detected more rapidly and by

more individuals than those without injuries. The

injuries may increase the amount of body fluids leak-

ing from the corpse and thus increase chemical cues

for this nassariid species (Morton and Jones, 2003).

Dead crabs with injuries were also more rapidly con-

sumed. The presence of holes in the exoskeleton

facilitates penetration of the proboscis making soft

tissues more accessible. A large detection capacity

and rapid consumption rate are common features of

nassariid species (Morton, 1990) and allow them to

outcompete other scavengers (Morton and Yuen,

2000). Very efficient detection capacity and a rapid

consumption rate are also seen in B. globulosum, and

this feature may allow them to detect and consume

dead crabs faster than other species capable of con-
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suming carrion (crabs of the species C. granulatus

and C. angulatus are facultative scavengers and con-

sumed dead crabs; P. Daleo, personal observation).

Several studies have shown that the activities of

benthic predators and bioturbators can rapidly attract

scavenger organisms (Oliver et al., 1985; Evans et al.,

1996), and nassariid gastropods are reported to aggre-

gate in the vicinity of invertebrate predators feeding

on bivalves and stealing prey fragments (Rochette et

al., 1995, 2001). However, the importance of preda-

tors as carrion makers and thus their effect on scav-

enger organisms as another form of trophic facilitation

has only recently been noted (Wilmers et al., 2003a).

The availability of carrion usually influences nassar-

iids snails and, increases in food supply affect their

fecundity, growth and population density (McKillup

and Butler, 1979; Rochette et al., 1995; McKillup

and McKillup, 1997; Morton and Chan, 1999). In

some cases, large biomasses of nassariid species are

supported by their associations with predators that

increase food supplies (Rochette et al., 1995). Al-

though we have not tested the hypothesis, a predator

that increases levels of carrion and facilitate its con-

sumption may positively affect scavenger species by

increasing survival and reproduction. Our results

strongly suggest that oystercatchers have a substantial

effect on this nassariid species by increasing avail-

ability of carrion.
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