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OVERESTIMATIONS OF FOOD ABUNDANCE:
PREDATOR RESPONSES TO PREY AGGREGATION

Ross A. CoLeman *
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Abstract. Understanding and predicting the consequences of trophic interactions for
community processes requires knowledge of the role of food availability, which is often
wrongly conRated with prey abundance. For prey animals in groups, this is not fully
understood. Previous work has shown that oystercatchers more frequently attack solitary
rather than aggregated limpets and are more successful in predation attempts on singletons. It
has also been demonstrated that an attack on one limpet in a group alerts the entire group, all
of which then clamp down and become unavailable. | show that Eurasian Oystercatchers
(Haematopus ostralegus.) attack only one limpet in a group and then move on to attack
another individual limpet, and | also demonstrate that the distance they move is greater than
the distance at which groups of limpets have been known to detect attacks. Thus in the
oystercatcherblimpet predatorbprey system on rocky shores, groups of limpets are actually one
prey item independently of the number of limpets in the group. This has implications for
assessment of food supply for avian predators on rocky shores, with consequences for our
understanding of previously documented trophic cascades.
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INTRODUCTION

Much research has been directed at attempting to
explain how trophic linkages may change community

to such events will allow us to determine if the
abundance of available food items accurately predicts
food supply to a predator.

processes (e.g., Strong 1992, 1997, Wootton 1992, Ellis Group-living in animals has long been a subject of

et al. 2007). To understand the role of trophic
interactions modifying communities, ecologists need to
be able to quantify food supply. Often this is done by
counting the food items and assuming that abundance
approximates to availability. This simple assumption is,
however, not valid. Availability is a composite variable
made up of prey abundance in the immediate foraging
arena of the predator and the vulnerability of those prey
items to the predator (Gawlik 2002). In some cases
though, prey may modify their vulnerability to preda-
tion in response to an attack, thus altering availability
independently of abundance (Coleman et al. 20@J.
Understanding the behavioral responses of the predator

Manuscript received 26 October 2007; revised 7 February
2008; accepted 12 February 2008. Corresponding Editor: P. T.
Raimondi.

1Present Address: Centre for Research on Ecological
Impacts of Coastal Cities, Marine Ecology Laboratories
(A11), University of Sydney, NSW 2006 Australia.

E-mail: ross.coleman@bio.usyd.edu.au

theoretical and empirical nterest (Hamilton 1971,
Krause and Ruxton 2002). One of the major evolution-
ary driving forces for group living is thought to be
defense benebts to group members from predation. Such
a benebt is suggested to accrue through a variety of
mechanisms (Krause and Ruxton 2002). The most
frequently postulated mechanism of benebt to group
members is the OOmany-eyedOO or O0vigilanceOd model (Lima
and Dill 1990) whereby an increase in look-outs means
predators are more likely to be spotted or spotted sooner
(Clutton-Brock et al. 1999). This model was originally
developed to explain how groups of prey are more
successful at detecting potential predators by sight (e.g.,
Kenward 1978). It also is relevant for groups of prey
animals responding to chemical cues (Vet 1999) and as
has been shown recently, when prey can detect potential
predators through vibration (Uetz et al. 2002, Coleman
et al. 2004). In the context of the previously well-
studied oystercatcherblimpet system (Bosman and
Hockey 1988, Wootton 1992, Coleman et al. 1999) it is
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not known whether the proposed mechanism of attack on a group member (Coleman et al. 2008, it
defensive aggregation (Coleman et al. 1999, 2084 would appear that, to an oystercatcher, a group of
actually does result in changes in predator behavior and limpets may actually represent a single prey item. From
predation rates. this, it can be predicted that (1) the frequencies of pairs
It has been previously noted that the Eurasian of attacks should be that attacks on aggregated limpets
Oystercatcher Haematopus ostralegud..), a wading followed by an attack on a solitary limpet should occur
shorebird, shows reduced foraging success when at-more often than attacks on an aggregated limpet
tempting to feed on aggregated limpetsRatella spp.): followed by one on a limpet in a different group; both
aggregated limpets were attacked less frequently and,of these would be greater than the frequency of attacks
when attacked, were less likely to be taken by an on different limpets in the same group, which should be
oystercatcher (Coleman et al. 1999). Oystercatchersvery small; and (2) the distance moved away from an
dislodge limpet prey by lowering their heads and striking unsuccessful attack on limpets should differ for attacks
the anterior margin of the shell, applying a shearing on a solitary limpet as opposed to an aggregated limpet.
impact such that the prey item may be twisted off its These predictions can be tested by observing attacks by
home scar and can then be levered off (Hulscher 1996, oystercatchers and the birdsO subsequent behavior in
Coleman et al. 1999). Many attacks on limpets fail areas where there are solitary limpets and limpets in
(Coleman et al. 1999); the attacked limpet does not groups, and where it has been demonstrated that
move. Increasing tenacity by the limpet in response to an oystercatchers have reduced success when attacking
attack is a good defense against this predator because itgrouped limpets (Coleman et al. 1999). Such experi-
increases the force needed to remove the limpet. When aments are described here.
limpet in a group is attacked, the other limpets in the
group perceive the attack and increase their own
individual tenacity; this effect lasts for more than 15 Experimental sites

minutes and to a radius of at least 40 cm from the  The work was done at six sites at Wembury (S8.9°N,
attacked limpet (Coleman et al. 2004). H. ostralegus 4&%9%) in the boreal winter of 2001. The location is a
appears to take Patella vulgata L. and P. depressa moderately exposed rocky shore in the southwest of the
Pennant, 1777 in proportion to their abundance on the ynited Kingdom, chosen as representative of shores in
shore and does not seem to differentiate between thesethe region. The intertidal at each shore is dominated by
species (Coleman et al. 1999). In respect of theparnacles and patellid limpets with limited, patchy,
consumption of limpets, H. ostralegusis very similar fucoid cover (Coleman et al. 2004). The area around
to many other species of oystercatcher (see Hockey plymouth Sound supports a population of overwinter-
[1996] for review) and so can be considered representa-ing adult oystercatchers and nonmigratory subadults (R.

M ATERIALS AND M ETHODS

tive of the oystercatcherblimpet system generally. Coleman, personal observation
Grazing by limpets on rocky shores is a fundamental )
process with respect to rocky shore community ecology Prey populations

across a wide range of locations (Hawkins et al. 1992,  Sjtes were selected as representative of Rat rock with
Underwood 2000, Paine 2002). If limpets are removed, populations of limpets (mainly Patella vulgataL with
not only do macroalgae increase in abundance, but also someP. depressa&Pennant, 1777) and used by Eurasian
the spatial variability of the habitat is modibed (Cole- Oystercatchers as foraging sites. At each site, the species
man et al. 200®). Patella vulgata in common with other  identity, density, and dispersion of limpets were
species of limpet (e.g., Branch 1981, Lindberg et al. determined from 10 randomly allocated 0.53 0.5 m
1987), occur as solitary individuals and in groups of quadrats. The variation in the proportion of limpets
different sizes and degrees of aggregation, on bare rock, across each site that wer®. depressavas tested using a
among barnacles, and under clumps of macroalgae one-way ANOVA run on WinGMAVS5 (EICC, Univer-
(Jones 1948, Hartnoll and Hawkins 1985, Coleman and sity of Sydney, Sydney, Australia) with homogeneity of
Hawkins 2000). The evidence for causes of aggregationvariance checked using Cochran@s(Underwood 1997).
is complex. Groups may be associated with topographic PielouOs indek, (Pielou 1959) was used as an index of
features, particularly cracks and crevices, but also occur aggregation because it is independent of quadrat size
on very smooth rock (Jones 1948, Focardi et al. 1985, (Mountford 1961). The null hypothesis that the distri-
Hartnoll and Hawkins 1985). On moderately exposed bution of limpets was random (,! 1) was tested using
shores, limpets aggregate under clumps ofucus MountfordOs (1961) procedures for each site. The null
(Southward 1964, Moore et al. 2007), whereas on hypothesis that solitary limpets and those aggregations
barnacle-dominated shores, and particularly on bare were not different sized was tested via a StudentOest
rock surfaces, groups of limpets also occur on the mid- on the lengths of 30 solitary limpets and 30 aggregated
shore. limpets; homogeneity of variance was examined by
From observations of Eurasian Oystercatchers forag- CochranOsC. The null hypothesis that the average
ing on limpets (Coleman et al. 1999) and limpetsOnumber of limpets in an aggregation was spatially
increasing their tenacity in response to a simulated consistent between sites was tested by counting the
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number of limpets in each of 10 randomly selected limpets per bird noted; similarly 15 birds were allocated
aggregations in each site and tested using a one-wayto the OOaggregated®O treatment. The null hypothesis of
ANOVA as before. Aggregations were debned as groups difference in mean numbers of attacks was then tested
of three or more limpets where each is no farther apart using a one-tailedt test with heterogeneity of variances
from each other than by 1.5 shell lengths (Coleman et al. tested as before. To test the hypothesis that the average
2004, 2006n). number of successful attacks would be greater on
solitary limpets than on aggregated limpets, the number
of attacks on solitary limpets and that for aggregated
Oystercatcher behavior was determined from real- limpets were obtained as previously described. The
time observations of foraging adultH. ostralegusfrom  number of successful attacks was then divided by the
different vantage points above the shore and far enough total number of attacks on limpets from each type of
away not to affect bird behavior (Coleman et al. 1999, distribution for each bird. The null hypothesis of no
Coleman and Hockey 2008). Birds were observed difference was then tested with a one-tailed test as
through a 68 telescope that allowed visual determina- before.
tion of prey choice. Each focal animal (sensu Altman
1974) was observed for 300 s and their behaviors
dictated into a tape recorder. These were later tran-
scribed into OOThe Observer®O behavioral recordingissessing pairs of attacks within a sequence of attacks
software (Noldus Technology, Wageningen, The Neth- is problematic. The whole set of attacks for any given
erlands). The behavior of each bird was described after it bird cannot be used as this would result in non-
was seen to consume a limpet. This approach ensuredindependent use of the same data. For example, if one
that between-bird differences in internal satiation were wanted to examine pairs of attacks in the sequence 1, 2,
minimized; such differences would be greater if an 3...... a, then the prst problem is where to start and the
observation started at a random time (Heppleston 1968). second is that in the paira, a" 1, the second attack is
The number of observations each day depended on how also the brst attack for the paira™ 1, a" 2. The
many birds were on site at a time, as each oystercatcherhypothesis under test was that the average number of
was observed once per session. Since it is very difbcult topairs of attacks on (class ) an aggregated limpet
recognize individuals, birds observed in different ses- followed by an attack on a solitary limpet would be
sions were treated as independent of those on previousgreater than (class Il) the average number of attacks on
days (Coleman et al. 1999). Empty shells from successfulan aggregated limpet which was followed by attacks on
foraging events were not recovered after an observation an aggregated limpet in a different group; both of which
to avoid disturbing birds currently feeding. In addition, would be greater than the average number of attacks on
reliance on shell collection biases against small prey (Ens(class Ill) an aggregated limpet that was followed by an
1982). Juvenile oystercatchers were present but notattack on a different limpet in the same group. Birds
observed, and were differentiated from adult oyster- were randomly allocated to one of the three classes
catchers by using published descriptions (Hayman et al. previously described. For each bird 15 randomly
1986). selected initial attacks were chosen using a random
numbers table to generate sampling points along the
300-s time series; for each class of bird, the number of
Previously, Coleman et al. (1999) examined the attack pairs of that type (I, Il, or II) was noted. The null
frequency of all attacks on solitary or aggregated hypothesis of no difference in mean numbers was tested
limpets for all birds observed and tested these using an using a one-way ANOVA run on WinGMAV5 and
odds ratio (Sokal and Rohlf 1995). This creates two homogeneity of variance checked using CochranOgor
problems. First, there are no measures of natural either failed attacks or successful attacks.
variation in numbers of attacks, so such measures
cannot be used to plan subsequent experiments opti-
mized for sample size and power. The second problem is  Previous work had suggested that the awareness of an
that the two foraging events are non-independent, in oystercatcher attack by aggregated limpets would extend
that the total pool of observed attacks is the sum of the to at least 40 cm (Coleman et al. 2004). Stillman et al.
number of attacks on solitary limpets and those on (2002) calculated the average stride length to be 0.53
aggregated prey. This is analogous to comparing the 0.05 m (mean6 SD); hence more than two steps by an
abundance of two species of plants from the same oystercatcher away from an attacked limpet would mean
quadrats (Underwood 1997). The hypothesis that the the bird was then attacking nade limpets. To test the
average number of attacks on solitary limpets would be hypothesis that the distance moved away from an
greater than the average number of attacks on aggre- attacked limpet (failed attacks only) was independent
gated limpets was tested by randomly allocating a bird of the distribution of the limpets (i.e., the oystercatchers
to OO0solitary®O where the bird was considered the replidaghaved identically toward solitary or aggregated
(n! 15 birds) and the number of attacks on solitary limpets), the number of steps between attacks was noted

Oystercatcher behavior

Subsequent attacks after an attack
on an aggregated limpet

Attacks on solitary limpets vs. aggregated prey

Moving away from attacked limpets
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Tasle 1. Summaries of limpet distribution (PielouOk,) in each of six sites at Wembury, United
Kingdom, in the winter of 2001 from 10 quadrats per site.

Mean no.
Density . limpets per

Site  (no. limpets/m?  PielouO$, Variance Z value Probability — aggregation (SE)
1 28 2.06 0.02 5.91 , 0.001 5.2 (0.56)
2 36 217 0.01 6.58 , 0.001 5.7 (0.52)
3 29.2 1.59 0.02 3.79 , 0.001 5.2 (0.93)
4 37.6 2.81 0.01 8.89 , 0.001 5.6 (0.78)
5 57.2 2.06 0.01 6.47 , 0.001 6.2 (0.88)
6 53.6 1.45 0.01 3.24 , 0.001 3.9 (0.47)

Notes: A value of 1 for I, indicates randomness;. 1 indicates aggregation (Pielou 1959).
Variance and the standardized normal variate 4 value) were calculated as given by Mountford
(1961); probabilities indicate where values df, are signibcantly different from 1 (Mountford 1961).

for all birds. The frequency of occurrences of one step group; Fig. 2). For successful attacks, there was a
after an attack, two to six steps, or. 10 steps after an signibcant difference in Ing " 1)-transformed numbers
attack was noted, and the null hypothesis that these of attacks (variances homogeneous! 0.61, NS;F; »7!
frequencies were independent of limpet distribution was 5.53,P, 0.01). Although SNK tests could not separate
tested using aG test adjusted by Williams correction the different classes of attack, the same pattern as

(Sokal and Rohlf 1995). observed for failed attacks was apparent (Fig. 2).
REsuLTs Moving away from attacked limpets
Prey populations The distribution of moving-away events (1, 2b6, or

The proportion of Patella depressavas, on average, - 10 step§) was not dependent on the distribution of the
21.9% 6 1.19% (mean6 SE), and this was consistent attacked limpets Gaq;! 6.49, dft 2, NS). The frequency
between sites Kss4 ! 2.11, P . 0.05) and between fjlstrlputhn of distance moved fro.m an attack was
groups and singletons. The limpet populations at each identical in pattern for attacks on solitary or aggregated
site were signiPcantly aggregated (Table 1); the meanlimpets but differed in magnitude (Fig. 3).
number in an aggregation was 5.3 0.29 limpets (mean
6 SE, n! 60 aggregations; Table 1) and this was o
consistent between siteBss,! 1.25,P . 0.05 (variances 1 N€ results clearly support the predictions that (1)
were homogeneous; Cochran@s! 0.26, NS). oystercatchers will not attack a second limpet in the

same group after a failed prior attack on a limpet in that
Attacks on solitary limpets vs. aggregated prey group; (2) that the distance moved after a failed attack is

The average number of attacks on solitary limpets was independent of whether the attack was on a solitary or a
approximately nine times greater than that on aggre- 9rouped limpet. From this and previous work (Coleman
gated limpets (Fig. 1); this difference was signibcant et al. 1999, 2004) it is possible that foraging oyster-

Discussion

(variances were homogenousC ! 0.72,t,g! 12.3,P catchers do not attack limpets on the basis of the pattern
0.001). For proportions of successful attacks on solitary
or aggregated limpets, variances were stabilized through  5p 1.0
alog(x" 1)-transformation (C! 02.3, NS). There was a o =
signibcantly greater proportion (1.8 times greater) of <§ 401 T 0.8 §
successful attacks on solitary limpets compared to & = 8
attacks on aggregated limpetstgg ! 2.28, P, 0.05; = o il
Fig. 1 e =
ig. 1). T 20- Loa ©
2 S £
Subsequent attacks after an attack E i - e &
on an aggregated limpet b " ’_‘[_‘ ’ E
In each case, failed or successful attacks, there were 0 Aggregam& " Soltary " 0.0
no occasions where a bird would attack two limpets, one Li ditribi
after the other, in the same group (Fig. 2). For failed ImpeEdistibutan

attacks, SNK (Student-Newman-Keuls) tests showed Fg. 1. Attacks by Eurasian Oystercatchers Haematopus
the signibcant difference (variances homogeneoug,!  ostralegusL.) on limpets with aggregated vs. solitary distribu-
0.61, NS;F, 7! 7.70,P, 0.01) in number of attacks tion. Open bars are mean numbers of attacks (left axis)

: : regardless of whether attacks were successful or not. Gray bars
was due to the attacks of type | not being different from indicate the proportion of attacks (right axis) on limpets from

type Il attacks, both of which were signibcantly greater gither distribution that were successful. Error bars indicate
than type Il attacks (aggregated limpets in the same 6 SE.
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25
2.0
g
Fic. 2. Pairwise sequences of attacks on =
limpets by oystercatchers from 15 randomly £ 1.5
selected attacks on aggregated limpets by 10"
birds. For example, OOaggregatedbsolitaryO0 ref©
sents birds that brst attacked aggregated limpets _g 104
and then attacked solitary limpets. Open bars g
indicate mean numbers of failed attacks; gray 23
bars are mean number of successful attacks.
Error bars indicate 6 SE. 0.5
I
0.0 ,

Aggregated-solitary  Aggregated-aggregated Aggregated-aggregated
(different group) (same group)

of limpet distribution observed by the human eye. A oystercatchers across a patch of potential prey, it will be
group of limpets is actually a single prey item possible to map spatially relevant maps of changes in
independently of the numbers of limpets in the group. prey availability and hence to be able to predict the
Since the grouped limpets are approximately Pve times number of prey available to any number of foraging
as abundant as solitary limpets, estimating the food oystercatchers at any one time.
supply for oystercatchers by merely counting the  The role of birds in trophic cascades, particularly on
number of prey leads to a severe overestimation of the rocky shores, has been documented over many years
actual available food supply. (Frank 1982, Hockey and Underhill 1984, Feare and
Most previous studies of the behavioral response of Summers 1985, Lindberg et al. 1987, Bosman and
predators to aggregated prey have been in the context of Hockey 1988, Wootton 1992). Some individuals oH.
prey being able to change their relative abundance gstralegusdo not feed on rocky shores, but those that do
simultaneously with availability by escape mechanisms are faithful to that habitat type (Ens and Cayford 1996)
(Cresswell 1994, Kramer and Bonenfant 1997). Another and for those that do feed on rocky shores, limpets are a
context is of predators foraging on immobile, largely sjgnipcant food type (Hulscher 1996). In this respect, the
inanimate prey, such as seeds or fruit. These studies havepehavior of H. ostraleguscan be considered representa-
been centered on properties of foraging behavior, i.e., tive of other oystercatchers (Hockey 1996). There are
functional response curves (Poole et al. 2007). The gyptie differences in the ways different species remove
situation discussed in this work represents a different |inpets from the rock (Hockey 1996), but this difference
and understudied dynamic of predators responding 0 only matters after an attack has commenced. In addition

differences in prey availability independently of abun- 4 gystercatchers eating limpets with subsequent inu-
dance. Since aggregations of limpets would be encoun-

tered more frequently, even if by random chance alone,
and are more apparent visually (Riipi et al. 2001, Krause 500
and Ruxton 2002), it would be expected that the
frequency of attacks on grouped limpets should not be a0 LJ1ster

different from that on solitary limpets. The results of [ 2-6 steps ]
this and previous studies (Coleman et al. 1999) do not ., B =10 steps

support this. The disparity in frequency of attacks may § i

be associated with a tendency for oystercatchers to 2.

attack the anterior of the shell (Hulscher 1996, Coleman £ 200

et al. 1999), limpets in a group will have less of the shell
margin exposed for attack and so a reduced set of attack
angles may be available. This requires further investiga-

tion. f
As potential limpet prey are informed of an attack on 0 I:J — -

a neighbor, they clamp down and become less available Aggregated Solitary

to a predator for at least 15 minutes. The consequences Limpet distribution

of oystercatchers foraging across a patchy landscape will Fie. 3. Frequencies of distance moved away from a failed
N . . IG. o.

therefore be a mosaic of unavailable prey of solitary attack on limpets based on limpet distribution: aggregated or

and/or grouped limpets among available na@ prey. solitary. The differently shaded bars indicate the distance
With the addition of knowledge of the routes taken by moved by birds in OOsteps.OO0
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ences on algal proliferation, understanding the roles of Branch, G. M. 1981. The biology of limpets: physical factors,

predators in trophic cascades in rocky intertidal habitats g'::iggog?;"’ﬁh;a/”:ngcl\‘/’l':r?ri]‘;ag:gfgg’;‘/"tligf‘zsés/;”%‘?' Review of
have also included interactions of birds on crabs and/or Clutton-Brock, T. H., M. J. O®Riain, P. N. M. Brotherton,

snails (Ellis et al. 2007) and the consequences of crab p. Gaynor, R. Kansky, A. S. Grifn, and M. Manser. 1999.
predators modifying snail behavior with concomitant Selbsh sentinels in cooperative mammals. Science 284:1640D
results for algal escapes from grazing (Trussell et al. _1644.

. Coleman, R. A., M. Browne, and T. Theobalds. 2004. Prey
2002, 2003). The results of these studies have frequently aggregation functioning as a group defense via vibrationb

been substantiated by experiments showing that the vigilance: limpet tenacity changes in response to simulated
removal of limpets and/or other grazing snails leads to a  predator attack. Ecology 85:1153D1159. _
proliferation of macroalgae (Underwood 1980, Hawkins ~Coléman, R. A., J. D. Goss-Custard, S. E. A. Le, V. Dit Durell,

. and S. J. Hawkins. 1999. LimpetPatella spp. consumption by
etal. 1992, Underwood 2000, Paine 2002, Coleman et al. oystercatchers Haematopus ostralegusa preference for

2006). solitary prey items. Marine Ecology Progress Series 183:
The problem is that there is a mismatch of scale and 253D261.

effect. First, grazer exclusion experiments often involve Coléman. R.A., and S. J. Hawkins. 2000. Limpet relocation
from home-scars in relation to position in a group. Journal of

denying _grazing Iimpets_ access to Sma"_ plots, on the e Marine Biological Association of the United Kingdom
assumption that the spatial distribution of limpets when 80:1133D1134.

the tide is out (and they are not feeding) is representative Coleman, R. A, S. J. Hawkins, and H. L. Wood. 2006.

of the distribution when feeding during high tide. In the Testing the reproductive benebts of aggregation: the limpet
Patella vulgata shows no evidence of synchrony in gonad

one study tha.t expligitly compared both phases for Fhe development. Marine Ecology Progress Series 306:201D207.
same population of limpets (Coleman et al. 2008) this Coleman, R. A., and P. A. R. Hockey. 2008. Effects of an alien
premise did not hold true. The next problem is that  invertebrate species and wave action on prey selection by

- . . : _African Black Oystercatchers Haematopus moquini Austral
studies examining birdbgastropodbalgae trophic cas Ecology 33.232D240.

cades .have assumed that the key factor iq predicting the Coleman, R. A, A. J. Underwood, L. Benedetti-Cecchi,
numerical response of prey to predation (and the P. Aberg, F. Arensa, J. Arrontes, J. Castro, R. G. Hartnoll,
functional response of predators) is either abundance S: R.Jenkins, J. Paula, P. Della Santina, and S. J. Hawkins.

oy . oo . - . 2006h. A continental scale evaluation of the role of limpet
or habitat-mediated accessibility, i.e., limpets utilize grazing on rocky shores. Oecologia 147:556D564.

vertical substrata out of the reach of birds (Frank 1982). coleman, R. A., A. J. Underwood, and M. G. Chapman.
The results presented here indicate that the spatial 2004. Absence of costs of foraging excursions in relation to
arrangement of the limpets resulting from behavioral _ limpet aggregation. Journal of Animal Ecology 73:577D584.

; ; . Cresswell, W. 1994. Flocking is an effective anti-predation
choices by the limpets to move around the habitat strategy in redshanks,Tringa tetanus Animal Behaviour 47:

(Coleman and Hawkins 2000) may have a substantial 433p442.
impact on the trophic dynamics of the system. Ellis, J. C., M. J. Shulman, M. Wood, J. D. Witman, and
For ecologists wishing to understand the role of S Lozyniak. 2007. Regulation of intertidal food webs by

. . e ) avian predators on New England rocky shores. Ecology 88:
predation in modifying assemblage-level processes 853D863.

through trophic cascades, it is not sufPcient merely to gns, B. 1982. Size selection in mussel feeding oystercatchers.
have estimates of numbers of potential prey. It is also  Wader Study Group Bulletin 34:16D20.

necessary to quantify the interaction of the spatial Ens, B. J., and J. T. Cayford. 1996. Feeding with other

o . - - oystercatchers. Pages 77D104 J. D. Goss-Custard, editor.
distribution of the prey and how this interacts with their The oystercatcher: from individuals to populations. Oxford

behavior when attacked and consequences for prey university Press, Oxford, UK.
availability. Researchers will also need to understand Feare, C. J., and R. W. Summers. 1985. Birds as predators on

how predators respond to such behavioral changes by rocky shores. Pages 2499264 P. G. Moore and R. Seed,
o editors. The ecology of rocky coasts. Hodder and Stoughton,
the prey. In such systems, it is not the success of | 4 o'

predators that is important, but the behavioral responses Focardi, S., J. L. Deneubourg, and G. Chelazzi. 1985. How

of prey to failed attacks that is a key factor in this system. shore morphology and orientation mechanisms can affect the

spatial organisation of intertidal mollusks. Journal of
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