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Summary

1. Body size and other morphological traits play key roles in an animal’s performance and thus

their ability to locate, capture and handle different resources. For species that live and forage in

groups, group-level characteristics, such as foraging group size and level of cooperation, may

also influence performance and further shape resource use.

2. We explored the simultaneous role of individual (body size) and social traits on performance

(i.e. prey capture efficiency) in two sympatric social spiders in Ecuador.

3. Given a fivefold difference in body size, the large species captured on average significantly lar-

ger insects than the small species. However, because the large species captured both small and

large insects, its prey size range included that of the small species, which is thus said to exhibit an

included niche.

4. The small species compensated for its small body size by having greater density of individuals

within the nests, faster reaction times, and greater participation of individuals of all age classes

in prey capture. As a result, the smaller species had a steeper increase in the size of the insects it

captured with increasing colony size than the larger species. As predicted by included niche the-

ory, the small species was also more efficient within the shared range as it was less likely to miss

or ignore small prey than the large species.

5. Our study contributes to our understanding of how social traits may jointly interact with indi-

vidual-level traits to shape foraging performance and resource use in communities of social

organisms, a problem little explored in the past.

Key-words: Anelosimus, diet, foraging behaviour, group foraging, group size, niche differentia-

tion, performance, prey size, sociality, spider community

Introduction

Exploring how phenotypic traits shape the ecology of

organisms has been increasingly recognized as a key

approach to community ecology (e.g. McGill et al. 2006;

Petchey & Gaston 2006; Webb et al. 2010). In particular,

understanding how morphological, physiological and

behavioural traits influence animal performance in ecologi-

cally relevant tasks, and thus determine a species’ abilities

to exploit resources, is paramount to assessing what struc-

tures and maintains animal communities (e.g. Wainwright

1996; Irschick et al. 2007; Webb et al. 2010). Because mor-

phological and physiological traits are especially notorious

for directly influencing many aspects of performance, a vast

number of studies have focused on demonstrating their

importance in the location, capture, and handling of differ-

ent resources (e.g. Peters 1983; Miles & Ricklets 1984;

Douglas & Matthews 1992; Schluter 1993; Grant & Grant

2006; Herrel et al. 2006; Owen-Smith & Mills 2008). In

African seed-eating birds, for example, the food handling

performance of individuals is associated with beak size, with

large-beaked individuals being able to crush harder seeds

than individuals with smaller beaks (Smith 1993). In gen-

eral, animals with large body sizes can handle larger food

items (Enders 1975; Wilson 1975), whereas smaller animals

accelerate faster and enjoy greater manoeuverability com-

pared to their larger relatives (Taylor, Rowntree & Caldwell

1972; Dial, Greene & Irschick 2008).

Behavioural traits, which are key for animals that live and

forage in groups, however, have been generally less explored*Correspondence author. E-mail: guevara@zoology.ubc.ca
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in the context of animal performance (Dial, Greene & Irs-

chick 2008). In addition to individual-level traits, in group-

living animals relevant traits emerging from their social

behaviour – such as group size and level of cooperation –

may also be key influences on performance, thus further

shaping resource use by a species. Overall foraging efficiency,

for instance, increases with foraging group size in several

social taxa, including terrestrial and marine carnivores (e.g.

Caraco & Wolf 1975; Nudds 1978; Pulliam & Caraco 1984;

Gittleman 1989; Baird & Dill 1996), birds (e.g. Rand 1954;

Cody 1971; Krebs, Macrober & Cullen 1972), fish (e.g.

Pitcher, Magurran & Winfield 1982; Pitcher & Magurran

1983), and arthropods (e.g. Buskirk 1982; Cerdá, Retana &

Cros 1998). Through increased cooperation, larger groups

are able to catch larger prey than solitary individuals or

groups with less cooperation (Rand 1954; Kleiman 1966;

Kruuk 1966; Nudds 1978; Nentwig 1985; Rypstra 1990; Yip,

Powers & Avilés 2008). The obvious relationship between

individual- and group-level attributes in jointly influencing a

species’ performance (i.e. prey capture efficiency), and thus

shaping resource use, however, has received little attention in

studies of social animals. Finally, the majority of foraging

performance studies have focused exclusively on single spe-

cies, most of which pertain to vertebrate groups (Irschick

et al. 2007). This severe lack of multi-species data, particu-

larly those dealing with invertebrates (Irschick et al. 2007),

hinders our ability to understand emerging patterns of

resource use at the community level.

In the social spider genus Anelosimus Simon (Araneae:

Theridiidae) species capture prey sizes in accordance with

their social attributes. For instance, species that form bigger

colonies and thus typically build larger webs are able to cap-

ture larger prey (Guevara & Avilés 2007; Powers & Avilés

2007; Yip, Powers & Avilés 2008; Guevara et al. in press).

This is because larger groups allow for more individuals to

participate in prey capture and build larger webs for the

interception of larger prey (Nentwig 1985; Rypstra 1990;

Guevara & Avilés 2007; Lubin & Bilde 2007). In this study,

we explored the roles of individual- and group-level charac-

teristics by simultaneously studying two sympatric and clo-

sely related social spiders – Anelosimus eximius Keyserling

1884 and Anelosimus domingo Levi 1963 (Fig. 1). The species

seem to have very similar social systems, prey capture webs

and behaviours (Rypstra & Tirey 1989; Avilés 1997; Agnars-

son 2006), but exhibit a dramatic difference in size, with

A. eximius being close to five times larger in body weight

than A. domingo (Powers & Avilés 2007).

The dramatic difference in body size of these sympatric spe-

cies opens up some intriguing questions and possibilities: (i) Is

the insect prey size caught by the two species directly propor-

tional to their body size or can the smaller spider somehow

compensate for its smaller body size by increasing individual

or group-level performance? If the latter, we then ask what

mechanisms may be responsible for such increased perfor-

mance, for instance having a greater number of individuals

cooperating in prey capture and ⁄or by having faster reaction
times. (ii) Since the large species forms both large and small

colonies, to the extent that the size of the insects captured

may be a function of colony size (e.g. Yip, Powers & Avilés

2008), the large species can potentially utilize insects that

overlap in size with those utilized by the small species. In such

a case, the small species would have its food niche (i.e. small

insects) completely included within the niche of the large spe-

cies (i.e. small to large insects). This possibility is interesting

on two accounts: First, although included niche patterns have

been described for some taxa (e.g. Miller 1967, 1968; Camer-

on 1971; Colwell & Fuentes 1975), only a few studies have

quantitatively demonstrated them in natural populations

(Chase & Belovsky 1994; Chase 1996; Beckerman 2000).

Thus, their prevalence and the conditions under which they

may occur in nature remain largely unexplored. Second, were

the two species to be in competition with one another, a pre-

diction of included niche theory is that the small species

should be more efficient at utilizing resources in the shared

range (Miller 1967; Schoener 1974). This is because while the

species with the broader food niche can exploit an exclusive

prey size range the species with the included niche must

always share its resources and thus it may be more vulnerable

to exclusion.

Here, we first studied the natural prey capture patterns of

the small and large sympatric socialAnelosimus spider species

to determine whether and to what extent the niche of the

small species is included within the niche of large one. We

then carried out performance experiments to: (i) examine

whether the small spider is able to compensate to some extent

for its small size through individual- or emerging group-level

traits, and (ii) test the prediction of included niche theory that

the small species should be more efficient at utilizing the

resources in the shared range (small prey).

Fig. 1. Adult females and basket-shaped nests of the two sympatric

species of social spiders in eastern Ecuador,A. eximius andA. domingo.

White lines delineate the cross-section area of the baskets.
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Materials and methods

S T U D Y S I T E

We studied the sympatric social species A. eximius and A. domingo at

a lowland tropical rain forest part of the Estación Biológica Jatun

Sacha (1�42¢N, 77�36¢W; elevation: 385–410 m; annual mean temper-

ature 25 �C) in the Amazon basin in eastern Ecuador. The reserve has

an area of c. 2500 ha of which 70% consists of primary rain forest,

with the reminder being regenerated secondary rain forest. At the site,

we found nests of A. eximius and A. domingo along trails in the forest

understorey and near the station facilities.We conducted prey capture

observations during June (six observation days) and August (seven

observation days) 2005 and in July 2006 (four observation days). We

carried out foraging efficiency experiments during November and

December 2007.

S PE C I E S D ES C R I P T I ON

Social spiders in general share a single communal nest and cooperate

in web maintenance and building, brood care, feeding, and prey cap-

ture (Kullmann 1972; Avilés 1997; Avilés et al. 2001). Anelosimus

eximius and A. domingo are both Neotropical permanent social spe-

cies usually found in lowland rain forests, up to an elevation of 1100

and 1000 m respectively (Levi 1963; review in Avilés 1997; Agnarsson

2006; Avilés et al. 2007). Nests of both species may contain from a

single solitary female and her brood to approximately 2000 individu-

als for A. domingo, and up to tens of thousands of individuals for

A. eximius, which is the species known to have the largest colonies of

any social spider species (Rypstra & Tirey 1989; Avilés 1997; Avilés

et al. 2001). In Jatun Sacha, A. eximius nests can be found either in

the forest understorey or along edges (Purcell & Avilés 2007), whereas

A. domingo nests are restricted to the forest understorey (Avilés et al.

2001; Agnarsson 2006). In this area of co-occurrence,A. eximius nests

are typically much smaller than nests found at the forest ⁄ river edges
or tree tops (Purcell & Avilés 2007), thus often being similar in size to

A. domingo nests. Nests of both species are also similarly shaped as a

basket interwoven with dead leaves and twigs, and projecting long

aerial threads into the superior vegetation (Fig. 1) (Brach 1975; Chris-

tenson 1984; Avilés et al. 2001; Agnarsson 2006; Purcell & Avilés

2007).

These species, although similar in appearance, differ in body size.

In Ecuador populations, the body size ofA. eximius adult females can

range from 4Æ4 to 5Æ0 mm in length (median = 4Æ7 mm, N = 5),

whereas A. domingo females can range from 3Æ0 to 3Æ9 mm in length

(median = 3Æ2 mm,N = 5) (Avilés et al. 2001). Average weights for

adult females of each species are 11Æ82 ± 0Æ44 and

2Æ55 ± 0Æ76 wet mg, respectively (LSM ± SE, for N = 48 and 19

A. eximius and A. domingo adult females from one and four colonies,

respectively; K.S. Powers &L. Avilés, unpublished data).

N E S T A N D C O LO N Y SI Z E E ST I M A T I O N S

For both of these species, nest size is correlated with the number of

spiders present in a colony (appendices in Powers & Avilés 2007; Pur-

cell & Avilés 2007), with A. domingo, the smaller species, having a

greater density of individuals within the nests when all instars are

considered (F(1,19)=6.7, P=0.03; (L. Avilés, unpublished data). We

thus used the species-specific equations given in Powers and Avilés

(2007, online supplementary materials) to infer the total number of

individuals contained in the colonies of the two species from the size

of their nests (area of the cross section of the nest at the widest part of

the basket, as shown in Purcell & Avilés 2007; Fig. 1). For very small

nests containing a single spider, this exact count, rather than the

regression equation, was used to determine the number of individuals

present. The length of the longest axis ofA. domingo nests included in

the natural prey capture surveys ranged from6 to 65 cm (surface area:

14–2553 cm2), whereas those of A. eximius ranged from 4Æ5 to 90 cm

(surface area: 11–5655 cm2). For the foraging experiments, the length

of the longest axis ranged from 13 to 82 cm (surface area:

102–3542 cm2), for A. domingo, and from 16 to 103 cm (surface area:

107–8090 cm2), forA. eximius.

S U R V E Y S O F N A T U R A L P R E Y C A P T U R E B Y S P I D E R

C O L ON I E S

For the natural prey capture observations we surveyed all 22

A. domingo and 25 A. eximius nests every 1Æ5–2 h between 07:30 and

17:30 h. To account for possible differences in available prey over the

course of a day, we started the surveys at different times each day,

reversing the order in which the nests were visited every other day.

During each survey, we examined the nests for new insect prey natu-

rally caught in the web and ⁄ or being consumed by the spiders. To

avoid counting the same prey twice, we carefully noted the prey

already present in the nests, and on some occasions removed the prey

with long forceps taking care in minimizing web damage. In cases

where two prey items were naturally caught in the same nests at the

same time, we treated them as independent samples. This was done

because the goal of the prey capture observations was to estimate the

size of insects utilized by each species rather than, for example, the

number of spiders participating in prey capture which we measured

during the prey capture performance experiments (see later). In the

case of the latter, since the simultaneous presence of two prey items

would have been problematic we ensured that foraging trials involved

only one insect at a time.

We classified all insect prey to order and measured body length

(mm) from the most anterior side of the head to the tip of the abdo-

men. The number of prey captured daily by the individual colonies

ranged from 0 to 8 forA. domingo and 0 to 12 forA. eximius. Overall,

in over 102 h of observation in 2005 and 26 h in 2006 we recorded

160 prey capture events for 25 A. eximius colonies and 130 for 22

A. domingo ones, reflecting the natural prey capture rates of the

observed colonies of both species.

P R E Y C A PT U R E P E R F O R M A N C E E X PE R I M EN T S

We conducted a foraging experiment to measure the relative effi-

ciency with which each species captures the shared and exclusive prey

size range and the behaviours that may be responsible for any differ-

ences observed. We used naturally occurring nests of both species to

conduct feeding trials where colonies were supplied each time with

insect prey of different sizes. For each species, we selected three

experimental nests roughly belonging to each of three nest size cate-

gories (length of the longest axis across the nest: small: < 20 cm;

medium: 20–40 cm; large: > 40 cm) for a total of nine nests per spe-

cies. To test for differences in capture efficiency of the shared prey

size range, we used insects of 4, 8, 16, 25 and 36 mm, in line with the

previously determined resource utilization curves of these two species

(Fig. 3). We used two additional insect sizes – 49 and 64 mm – con-

sumed solely by the bigger species, A. eximius, to measure efficiency

in the exclusive size range. We used insects of the six insect orders –

Coleoptera, Hymenoptera, Diptera, Homoptera, Lepidoptera,
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Orthoptera – most commonly utilized by these spiders (Guevara &

Avilés 2008).

During each feeding trial, two different observers supplied more or

less simultaneously an insect randomly chosen from the seven size

classes to nests of similar size of the two species. This was done for all

nests and insect sizes in random order and by the same two observers.

Each time, we chose the taxonomic order for a given insect size ran-

domly from the six insect categories. Whenever not all insect catego-

ries were available for a particular size class (i.e. Hymenoptera for the

49 and 64 mm size class), we chose randomly the insect order from

the remaining categories. Each time, we either handled the insect with

forceps or threw it into the nest directly from the vial. We supplied

each nest with a total of 12 prey items corresponding to each of the

size classes 4 and 8 mm, six prey items for each of 16, 25 and 36 mm

size classes, and three prey items for size classes 49 and 64 mm

(Table 1). We did not supply small colonies of either species with

large prey (49 and 64 mm) to avoid damaging their webs. Thus, for

the entire experiment, we had a total of 828 feeding trials (Table 1).

We recorded the time the prey hit the web, time of approach ⁄
attack by the spiders, time until the prey was subdued and killed (if

the capture was successful), the number and age of the spiders partici-

pating in the capture event, and the proportion of prey successfully

caught by the colonies (prey capture success). Since insects were artifi-

cially introduced in the webs, we did not assess the probability that an

insect of a given size was successfully intercepted by the webs.

Data analysis

S U R V E Y S O F N A T U R A L P R E Y C A P T U R E

Differences in average insect size caught by each species were

tested using a two factor ANOVA where the response variable

was the log10-transformed mean insect length captured by

each of the spider colonies weighted by the number of insects

in each sample (the total number of insects for each colony),

and the factors were ‘species’, log10-transformed ‘colony size’,

and ‘species · colony size’ interaction, with ‘colony size’

being an estimate of the total number of spiders in a colony

based on the size of its nest (see above).

F O R A G I N G P E R F O R M A N C E T R I A L S

To test for differences between the species in degree of cooper-

ation among colony members we fitted a factorial mixed-

model ANOVA where the response variable was, for each col-

ony and insect size class, the median of the total number of

spiders attacking the prey, weighted by the number of prey

items in each estimate. The factors were ‘species’, square root-

transformed surface area of the nest ‘nest size’, prey size

‘length’, and the interactions of the factors. For the analyses,

prey size was treated as a continuous variable. Further, we

tested for differences between species in the number of indi-

viduals from different age classes participating in prey cap-

ture events. For this, we fitted a nominal logistic model where

the response variable was ‘age class’ with associated frequen-

cies for each colony and the factor was ‘species’.

We tested for differences in reaction time (from the

moment the prey hit the web until attack begun) by fitting a

factorial mixed-model ANOVA where the response variable was

median reaction time (min) by spiders in each colony weighed

by the number of prey capture events entering each estimate,

and the factors were ‘species,’ prey size ‘length’ and spe-

cies · length interaction. A similar model was used to test for

species differences inmedian time to subdue the prey from the

moment the prey hit the web until it was killed by the spiders.

We used nominal logistic regression to test for differences

between species in the probability that insects of different sizes

were ignored (or not detected) by the spiders. Our response

variable was the prey categories ‘ignored ⁄not ignored’ and
the factors were ‘species’ and prey size ‘length’ treated as a

continuous factor. Since samples taken from the same colo-

nies were not independent from one another, we included col-

ony identity as a random effect. A similar nominal logistic

model was used to test for differences in prey capture success,

defined as the proportion of insects introduced that were suc-

cessfully captured by colonies of each species. Our response

variable was ‘prey capture success’ (captured ⁄not captured),
and the factors were ‘species’, prey size ‘length’, square root-

transformed-nest surface area ‘nest size’, and the interactions

species · length and length · nest size. Again, colony identity

was included in themodel as a random effect.

All statistical tests were performed using the statistical

software JMP (WindowsNTVersion 5Æ1).

Results

N A T U R A L P R E Y C A P T U R E S U R V E Y S

There were no differences in the average size of the A. domin-

go and A. eximius nests and colonies found at the time of the

study in the forest understorey (F(1,45) = 0Æ9, P = 0Æ3;
F(1,45) = 0.5, P = 0.5), although A. domingo individuals

occurred in significantly greater densities within the nests

(F(1,19) = 6Æ7, P = 0Æ03). As expected based on body size dif-

ferences, colonies of A. eximius, the larger species, captured

on average larger prey than colonies of the smallerA. domingo

(F(1,43) = 38.2, P < 0Æ0001; Fig. 2). However, while the size

of the prey captured by both species increased with colony

size, the slope of this relationship was steeper for the smaller

than the larger species (interaction term F(1,43) = 5Æ5,
P = 0Æ02; Fig. 2), thus indicating an acceleration of effort as

Table 1. Experimental design for feeding trials corresponding to five

different size classes of insects and three colony sizes. This experiment

was applied simultaneously to nests of two sympatric social spiders

that had close to a fivefold difference in body size (biomass)

Insect body length

4 8 16 25 36 49 64

Small nests

N = 3

12 12 6 6 6 0 0 n = 42 ⁄ nest
N = 126

Medium nests

N = 3

12 12 6 6 6 3 3 n = 48 ⁄ nest
N = 154

Large nests

N = 3

12 12 6 6 6 3 3 n = 48 ⁄ nest
N = 154
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colony size increased in the smaller species relative to the lar-

ger one.

Overall, the smaller species captured a narrower range of

insect sizes (2–25 mm), which was included within the range

utilized by the larger species (2–46 mm; Fig. 3a). A. domingo

thus exhibited an included niche relative to A. eximius,

although most of the prey biomass consumed by A. eximius

came from its exclusive insect size range (large sized prey;

Fig. 3b).

F O R A G I N G P E R F O R M A N C E EX P E R I M E N T S

The total number of spiders attacking increased with prey size

for both species (A. domingo R2 = 0Æ70, t = 11Æ3,
d.f. = 362, P < 0Æ0001; A. eximius R2 = 0Æ57, t = 8Æ5,
d.f. = 327, P < 0Æ0001; Fig. 4a), but for insects of all sizes,
more spiders attacked in the smaller A. domingo than in the

larger A. eximius (F(1, 110) = 25, P < 0Æ0001; Fig. 4a). For
A. domingo, more age classes, including juveniles, were

involved during prey capture events, whereas for A. eximius

participating individuals were mostly adult and subadult

females (Wald-v2 = 50Æ2, d.f. = 4, P < 0Æ0001; Fig. 4b). In
general, we found that A. domingo had faster reaction times

when prey of any size landed in their webs than didA. eximius

(F(1,95) = 23Æ2, P < 0Æ0001; Fig. 4c). With both reaction and

killing time considered, both species took longer to subdue

larger prey (A. domingo R2 = 0Æ83, t = 11Æ1, d.f. = 279,

P < 0Æ0001; A. eximius R2 = 0Æ47, t = 5Æ1, d.f. = 242,

P < 0Æ0001; Fig. 4d), but in general A. domingo subdued

small prey faster thanA. eximius, whereas the latter was faster

than the former at subduing large prey (species · prey size

interaction F(1,95) = 50Æ1,P < 0Æ0001; Fig. 4d).
We found that there was a difference between the species in

whether or not they initiated an attack on prey of different

sizes (species · prey size interaction: Wald-v2 = 23Æ8,
d.f = 1, P < 0Æ0001). While insect size did not have a signifi-

cant effect on whether it was attacked by A. domingo

(v2 = 2Æ03, d.f. = 1; P = 0Æ2; Fig. 5a),A. eximiuswas more

likely to ‘ignore’ or not detect small insects (v2 = 22Æ6,
d.f. = 1; P < 0Æ0001; Fig 5a). The species also differed in

how likely they were to succeed in subduing insects of differ-

ent sizes (species · prey size interaction: Wald-v2 = 39Æ7,
d.f. = 1, P < 0Æ0001; Fig. 5b). While prey capture success

declined with insect size for A. domingo (v2 = 39Æ3, d.f. = 1,

P < 0Æ0001; Fig 5b), the opposite held for A. eximius

(v2 = 6Æ3, d.f. = 1,P = 0Æ01; Fig 5b).

Discussion

By virtue of their morphological, physiological or behavio-

ural traits co-occurring species can differ in their foraging

performance and thus the resources they utilize – i.e. bill size

in Galapagos finches (Grant & Grant 2006), body form in

sticklebacks (Schluter 1995), body size in sparrows and sun-

fishes (Werner & Hall 1974; Pulliam 1985). For species that

live and forage in groups, resource use can be further shaped

by traits exhibited by the group as a whole (i.e. group size

and cooperation). Here, we explored the simultaneous effect

of individual- and group-level traits on patterns of prey size

use and prey capture performance in two sympatric social

Fig. 2. Relationship between the average size of the insects captured

by a colony (log10-tranformed mean insect length, mm) and colony

size (log10-transformed total number of spiders in a colony) for colo-

nies of two sympatric social spiders of the genus Anelosimus exhibit-

ing a close to fivefold difference in body size (biomass), with

A. eximius being the larger species.

Fig. 3. (a) Resource utilization curves show-

ing the distribution of prey size (insect length

in mm) by total number of prey items cap-

tured by two sympatric social spiders of the

genus Anelosimus (22 A. domingo and 25

A. eximius colonies). A. domingo, a species

close to five times smaller in body size (bio-

mass), exhibits a prey size range included

within the range of the larger A. eximius. (b)

Total biomass of prey captured correspond-

ing to different prey sizes. Most of the prey

biomass captured by A. eximius comes from

large insects.
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spiders. Given close to a fivefold difference in body mass, we

found that on average the large species captured larger

insects than the small species. Moreover, consistent with our

included-niche hypothesis, we found that the small species

captured a prey size range (small prey) included within the

range of the large species (ranging from small to large prey).

The small species, however, had a steeper increase in the size

of the insects captured with increasing colony size than the

large species (Fig. 2). Furthermore, foraging performance

trials showed that colonies of the small species were less

likely to miss or ignore small prey and were, in general, more

efficient foragers on the shared range (small prey) compared

to the large species. Colonies of the large species were, on

the other hand, more successful at capturing prey towards

and above the upper end of the overlapping range (Figs 3

and 5).

The ability of the small species to compensate, to some

extent, for its smaller size was associated with overall faster

reaction times and the involvement of a greater number of

individuals and age classes in the capture of insects of all sizes

(Fig. 4). These patterns may have reflected in part the greater

density of individuals within A. domingo nests (see methods),

which would place a greater number of individuals in a

position to detect and respond to struggling prey (Clark

1986). However, the fact that in the large species foraging

individuals were restricted mostly to adult and subadult

females, whereas in the small species more age classes, includ-

ing juveniles, were involved in attacking and subduing prey

does suggest that the small species invests more resources in

prey capture and is thus, in a sense, more cooperative than

the large species. Foraging group size is also correlated to

food detection times in fish (Pitcher, Magurran & Winfield

1982) and birds (Krebs, Macrober & Cullen 1972). Having

more individuals participating increases the chances that

other groupmembers are alerted to the presence of prey, thus

reducing the number of prey that escapes (Clark 1986). Even-

tually, however, the small species was unable to keep up with

increasingly large insects, and could not capture the large size

classes utilized exclusively by the large species. This suggests

that there is a limit to the extent to which greater cooperation

can compensate for differences in body size.

Fig. 4. Potential mechanisms allowing a

small-sized social spider (A. domingo) to

capture small prey more efficiently than the

larger-sized social spider, A. eximius: (a)

cooperative effort: relationship between

number of spiders attacking the prey (med-

ian) and prey size (insect length, mm), (b)

cooperative effort: total number of spiders

belonging to five age ⁄ gender classes involved
in attacking the prey (ad fem, adult female;

sub fem, subadult female; ad male, adult

male; submale, subadult male; juv, juveniles),

(c) reaction ⁄ detection time: mean (+SE) of

median time (min), (d) prey subdue time:

relationship between time to subdue prey

(reaction + killing time) (median, min) and

prey size (insect length, mm).

Fig. 5. Foraging efficiency (given as a %) for different prey sizes

(mm) by colonies of two sympatric social spiders of the genusAnelosi-

mus (a) prey not detected and ⁄ or ignored, (b) success in prey capture.
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That the smaller species had its niche fully included within

the niche of the larger species is of particular interest as

included niche patterns are expected to be rare in nature given

the apparent disadvantage of the species without access to

exclusive resources (Miller 1967; Schoener 1974). Such pat-

terns may be sustainable, however, if the species with the

included niche were more efficient at exploiting resources in

the shared range (Miller 1967; Schoener 1974), a pattern that,

as we will discuss, may or may not arise as a result of species

competition.Whether the species we studied are, or have been

in the past, in competition with each other is still an open

question. They do live sympatrically in the forest understorey

where nests of both species may be found in the same or

neighbouring plants (L. Avilés, pers. obs.) where interference

competition for flying insects is plausible. While such compe-

tition could be avoided by relocating the nests to unoccupied

areas in the forest, nest relocation is likely to be costly. Thus,

the ability of these species to preferentially derive energy from

insects towards the two ends of the spectrum of available

insect sizes may facilitate to some extent their co-occurrence

in their shared environment. In addition to differences in

body size, included niche patterns may arise when species dif-

fer in their level of sociality. Such appears to be the case at

Serra do Japi, Brazil, where fourAnelosimus species with sim-

ilar body size, but ranging in level of sociality from nearly sol-

itary to fully social co-occur (Guevara et al. in press). In this

case, less social species, which only form small colonies, utilize

a resource range that is included within the broader range

utilized by more social species, which form both small and

large colonies.

Nevertheless, while included niche dynamics may be driven

by interspecific competition (Chase & Belovsky 1994; Chase

1996), they need not be (Beckerman 2000). Thus, the greater

efficiency of A. domingo spiders in the shared prey size range

(i.e. small insects) may simply be a reflection of the small size

of the spiders or a result of mechanisms to optimize energy

intake on the part of both species. Small size, for instance,

may allow the spiders greater acceleration to pursue prey and

greater ability to manipulate small prey than bigger individu-

als (Bonner 2006; Dial, Greene & Irschick 2008). More effi-

cient use of the small insects may also be amechanism tomeet

potentially higher energetic demands per unit biomass of

A. domingo colonies given higher metabolic rates associated

with small body sizes (Glazier 2005). Increased activity within

the colonies resulting from faster reaction times may be also

associated with higher metabolic rates and thus greater food

requirements (Stephens & Krebs 1986). Density manipula-

tions on ant colonies (Temnothorax rugatulus), for instance,

showed that more crowded nests expended more energy than

nests of the same size with fewer individuals (Cao & Dorn-

haus 2008). Thus, the small species may be required to take

advantage of all small prey available, whereas the large

species, having access to large prey items, can afford to ignore

small prey.

The greater efficiency of A. domingo on small prey is

straightforward to explain given its small body size and

associated ability to manipulate and chase small prey, greater

metabolic demands and inability to capture large prey. That

A. eximius is less likely to respond and successfully capture

small prey is more puzzling, as large animals may still be

capable of overpowering small prey with similar, if not

greater, ability than smaller ones (e.g. Wilson 1975; Grant

et al. 1976; Pulliam 1985; Herrel & O’Reilly 2006). This find-

ingmay thus reflect either inability of the spiders or their webs

to detect or retain small prey or a tendency of the spiders to

ignore them. Field observations suggest that nests of these

species differ in silk density (M. Salomon, unpublished data),

withA. domingo having greater density of fibres that may pre-

vent small prey from escaping compared to the less dense

nests ofA. eximius. Also, given the greater exoskeleton to bio-

mass ratio of small insects, small prey may be considered rela-

tively unprofitable for the larger bodied A. eximius and thus

ignored by the spiders.While small animals with higher meta-

bolic rates require more food relative to their body weight

(Glazier 2005; Chown et al. 2007), large animals generally

require more total energy to maintain their larger bodies

(Peters 1983; Bonner 2006). Thus, due to greater total ener-

getic demands, A. eximius may concentrate its foraging

efforts on more profitable large prey. Rypstra (1993) showed

that few large prey items are indeedmore profitable for repro-

duction in social spider colonies compared to an equal mass

of small prey. The difference in performance between our

study species may thus reflect mechanisms on the part of both

species to better meet their own energetic requirements.

In conclusion, through its social attributes the small spider

was a superior forager on the shared resources and thus com-

pensated to some extent for the difference in body size

between the species. Despite the importance of group-level

characteristics in shaping patterns of resource acquisition,

resource differentiation, and possibly community structure,

resource use in communities of social species have been

mainly related to individual-level traits (e.g. Owen-Smith &

Mills 2008; but see Cerdá, Retana & Cros 1998). Our study

appears to be the first attempt to examine the simultaneous

role of individual- and group-level characteristics in foraging

performance and thus contributes to our understanding of

how they jointly interact to shape resource use in communi-

ties of social organisms.
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