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Original Article

Collective behavior and colony persistence 
of  social spiders depends on their physical 
environment
Ambika Kamath,a,b,  Skylar D. Primavera,a Colin M. Wright,a,c,  Grant N. Doering,a  
Kirsten A. Sheehy,a Noa Pinter-Wollman,d,  and Jonathan N. Pruitta,e

aDepartment of Ecology, Evolution, and Marine Biology, 2124 Noble Hall, University of California 
Santa Barbara, Santa Barbara, CA 93106, USA, bDepartment of Environmental Science, Policy, 
and Management & Miller Institute for Basic Research in Science, 137 Mulford Hall, University of 
California Berkeley, Berkeley, CA 94720, USA, cDepartment of Biology, Pennsylvania State University, 
518 Mueller Lab, University Park, PA 16802, USA, dDepartment of Ecology & Evolutionary Biology, 
University of California Los Angeles, 612 Charles E. Young Drive South, Los Angeles, CA 90095, USA, 
and eDepartment of Psychology, Neuroscience & Behaviour, McMaster University, 1280 Main Street 
West, Hamilton, Ontario L8N 1A8 Canada
Received 29 June 2018; revised 16 October 2018; editorial decision 23 October 2018; accepted 6 November 2018.

The physical environment occupied by group-living animals can profoundly affect their cooperative social interactions and therefore 
their collective behavior and success. These effects can be especially apparent in human-modified habitats, which often harbor sub-
stantial variation in the physical environments available within them. For nest-building animal societies, this influence of the phys-
ical environment on collective behavior can be mediated by the construction of nests—nests could either buffer animal behavior 
from changes in the physical environment or facilitate shifts in behavior through changes in nest structure. We test these alternative 
hypotheses by examining the differences in collective prey-attacking behavior and colony persistence between fence-dwelling and 
tree-dwelling colonies of Stegodyphus dumicola social spiders. Fences and trees represent substantially different physical environ-
ments: fences are 2-dimensional and relatively homogenous environments, whereas tree branches are 3-dimensional and relatively 
heterogeneous. We found that fence-dwelling colonies attack prey more quickly and with more attackers than tree-dwelling colonies 
in both field and controlled settings. Moreover, in the field, fence-dwelling colonies captured more prey, were more likely to persist, 
and had a greater number of individuals remaining at the end of the experiment than tree-dwelling colonies. Intriguingly, we also 
observed a greater propensity for colony fragmentation in tree-dwelling colonies than fence-dwelling colonies. Our results demon-
strate that the physical environment is an important influence on the collective behavior and persistence of colonies of social spiders, 
and suggest multiple possible proximate and ultimate mechanisms—including variation in web complexity, dispersal behavior, and bet-
hedging—by which this influence may be realized.

Key words:  architecture, foraging, human-induced habitat modification, Stegodyphus dumicola, web.

INTRODUCTION
The space that animals live in and move through modulates how eas-
ily and how often they encounter other individuals, thereby dictating 
the number and identity of  individuals they compete against or coop-
erate with (Dunn and Whittingham 2006; Morales et al. 2010; Pinter-
Wollman et al. 2011, 2018; Kamath and Losos 2018). The influence 

of  organisms’ physical environments might be especially important in 
complex animal societies, whose success and persistence can depend 
on coordinated interactions among their members (Queller and 
Strassman 1998; Clutton-Brock 2009; Pinter-Wollman et  al. 2017). 
Discovering how the collective behavior of  animal societies is shaped 
by their physical environment is not only pertinent to understand-
ing how these societies may have evolved, but also how they function 
today under the impact of  human-induced habitat change (Couzin 
and Krause 2003; Guttal and Couzin 2010; Pinter-Wollman 2015).
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Behavioral Ecology

The hallmark of  many animal societies is the construction of  
complex structures (e.g., nests, webs, hives) wherein most of  these 
animals’ cooperative interactions take place (reviewed in Hansell 
1993). By constructing the environments within which they move 
and interact, nest-dwelling animals may be buffered against changes 
in their external physical environment (Korb 2003; Laland et  al. 
2016). Thus, in the face of  human-induced habitat change, the col-
lective behavior of  such societies may remain relatively unaltered. 
Alternatively, anthropogenic changes to the physical environment 
could influence the structure of  animals’ nests in ways that subse-
quently shape their behavior (Modlmeier et  al. 2014a; Montiglio 
and DiRienzo 2016; Japyassú and Laland 2017). Human habitat 
modification thus might be capable of  driving shifts in the collec-
tive behavior of  animal societies, by exposing them to physical envi-
ronments that may not previously have been common.

In this study, we test these alternative hypotheses by examining the 
effect of  changes to the physical environment via human-induced 
habitat modification on the collective prey-attacking behavior of  
Stegodyphus dumicola social spiders. For both solitary spiders and social 
spiders like S. dumicola, webs are primarily tools for capturing prey, 
but also provide the substrate on which communication and inter-
actions (social, reproductive, and predatory) take place (Blackledge 
et  al. 2011; Keiser et  al. 2016). Moreover, sociality in spiders has 
evolved iteratively in association with 3-dimensional nests (reviewed 
in Avilés and Guevara 2017; Pruitt and Avilés 2018), suggesting that 
the structure of  their webs is important to the functioning of  social 
spiders’ societies. Finally, laboratory studies have shown that the 
structure of  the substrate on which social spiders build their nests 
can affect their collective prey-attacking behavior (Modlmeier et al. 
2014a), which in turn may affect their survival and growth (Pinter-
Wollman et  al. 2017; Pruitt et  al. 2018). It is thus possible that 
human-induced shifts in the physical environments within which 
social spiders build their webs will affect not only colonies’ collective 
hunting behavior and prey capture success but also their persistence.

Colonies of  S. dumicola collectively construct nests that are com-
prised of  a 3-dimensional retreat, within which spiders take shel-
ter, and of  2-dimensional capture webs, which radiate from this 
retreat nest (Wickler and Seibt 1993). Spiders emerge from the 
retreat to the capture web when they sense vibrational cues from 
prey that get stuck in the capture web, and then attempt to collec-
tively immobilize and consume the prey (Wright et al. 2017). The 
nests of  S. dumicola are naturally located on trees and thorny bushes. 
Following human activity in these environments, S.  dumicola nests 
are also commonly found on human-made structures such as road-
side fences (Figure 1). This shift in location represents a substantial 
change in physical context: fences are 2-dimensional and relatively 
homogenous environments whereas tree branches are 3-dimen-
sional and relatively heterogeneous.

We examined the collective behavior, prey capture success, and 
colony persistence of  experimental colonies of  S. dumicola deployed on 
trees versus on fences in the field. We then repeated the experiment in 
a controlled greenhouse setting, to confirm that differences observed 
in the field were driven primarily by the physical environment and not 
by other subtle abiotic or biotic differences between the 2 habitats.

METHODS
Field experiment

We collected 31 S. dumicola colonies from Senegalia mellifera trees near 
Upington, South Africa in October 2017. We used individuals from 

these colonies to create 30 experimental colonies of  each of  2 sizes: 
30 individuals and 90 individuals. The number of  individuals in a 
colony affects both colony behavior and success (Keiser and Pruitt 
2014), leading us to ask if  the effects of  the physical environment 
might also depend on colony size. All individuals in an experimental 
colony were from the same natural source colony, to preserve natu-
ral levels of  relatedness and familiarity among individuals within 
experimental colonies (Seibt and Wickler 1988; Johannesen et  al. 
2002; Modlmeier et al. 2014b). From each source colony, we created 
at most 3 large and 2 small experimental colonies. Experimental 
colonies were housed in 350 ml plastic cups containing 3 Se. mellifera 
twigs arranged in a tripod configuration, on which the spiders built 
their webs. We quantified the collective foraging behavior of  colonies 
in the cups prior to deployment in the field; foraging behavior assays 
consisted of  placing a small piece of  paper in the center of  the web, 
applying a pulsed vibration to the paper with a handheld vibratory 
device, and measuring the time taken for the first spider to attack 
the paper (up to a maximum of  3  min) as well as the total num-
ber of  spiders moving towards the paper at the moment when the 
first spider reached the paper (following Keiser and Pruitt 2014 and 
Keiser et al. 2014, who show that these metrics of  collective behav-
ior are repeatable). Assays were repeated 4 times over 2 days, with 
a gap of  at least 4 h between assays, to obtain a robust estimate of  
colonies’ predeployment behavior. Colonies were randomly assigned 
to be deployed on trees or fences, after ensuring that experimen-
tal colonies derived from the same source colony were represented 
in both treatments approximately equally. We conducted t-tests to 
compare colonies assigned to trees and colonies assigned to fences to 
ensure that, prior to deployment, there were no differences between 
the collective behavior of  the 2 treatments (mean ± standard devia-
tion for latency to attack: fence-dwelling colonies: 11.8  ± 4.9  s, 
tree-dwelling colonies: 11.0 ± 8.6  s, t57 = 0.46, P = 0.64; mean ± 
standard deviation for number of  attackers: fence-dwelling colonies: 
4.4 ± 1.9, tree-dwelling colonies: 4.7 ± 1.8, t57 = 0.48, P = 0.63).

Colonies were deployed in a paired fashion (each pair compris-
ing 2 large or 2 small colonies) on Se. mellifera trees and fence-posts 
that were between 2 m and 10 m apart from one another. Fences 
comprised of  vertical posts of  PVC or wood with wire stretched 
horizontally between posts. Colonies were deployed by removing 
the sticks and the attached web from the plastic cup and using a 
piece of  wire to secure the sticks either at a fork in the branches 
of  a tree or at the intersection between a post and the wire on the 
fence. Colonies were deployed at heights of  approximately 1.0–1.5 

Figure 1
Stegodyphus dumicola build retreats and 2-dimensional capture webs on (a) 
trees and (b) fences, 2 very different physical environments. Photographs by 
(a) Graham Montgomery and (b) Ambika Kamath.
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Kamath et al. • Physical environment and social spiders

m, at about the same height on the tree and the fence for each 
pair of  experimental colonies. The spiders remained within their 
web during this deployment process. All colonies deployed on trees 
and all but one of  the colonies deployed on fences established suc-
cessfully. Establishment was evidenced by individuals remaining 
within their webs and by the presence of  a capture web by the next 
evening. Subsequently, all established colonies also created one or 
more retreat nests.

Prey-attacking behavior and success
We assayed collective foraging behavior of  these colonies in the 
field on 2 consecutive days at 1, 2, and 3 weeks after deployment. In 
field assays, the pieces of  paper that were vibrated were placed on 
the capture web ~10 cm from the colony’s retreat. If  multiple cap-
ture webs were present, we haphazardly picked one for the assay. 
The multiple retreats of  a colony are often connected by their cap-
ture web, and all spiders responding to the vibration were counted, 
regardless of  which retreat they emerged from. Additionally, colo-
nies’ capture webs were surveyed daily to note the presence of  prey. 
We calculated colonies’ prey capture success as the proportion of  
days on which prey was observed in the capture web prior to col-
ony death or disbandment (see below).

Colony persistence
In our daily observations, we recorded the day on which spiders 
were no longer observed emerging from within the retreats, due to 
individuals either dying or emigrating. Colony death or disband-
ment was further indicated by degradation in the condition of  the 
capture web and consistent lack of  capture web repair over sev-
eral days, and confirmed at the end of  the experiment by breaking 
apart the retreats and searching for live spiders. At the end of  3 
weeks, we recorded the number of  retreats built by each colony. 
We collected all of  the retreats, counted the number of  individu-
als remaining in each colony, and scored colony persistence as the 
presence of  any retreat with individuals remaining.

Greenhouse experiment

Eleven colonies of  S.  dumicola were collected near Upington and 
Groblershoop, South Africa, and transported to the University of  
California Santa Barbara. We created 42 experimental colonies of  
30 individuals each from these 11 natural colonies. Spiders were 
allowed to construct webs in cups as described above. Colonies 
were fed 2–4 small crickets weekly. Collective behavior was mea-
sured twice while the colonies were in cups: 18  days after colony 
set up and then immediately prior to deployment. Colonies were 
deployed on a fence constructed of  PVC pipes and wire (fence 
treatment) and on small shrubs of  Acacia cultriformis (tree treatment) 
in a greenhouse maintained between 18 °C and 30 °C.

Experimental colonies were assigned to physical environment 
treatments haphazardly, though we ensured that experimental 
colonies from the same source colony were approximately equally 
represented in both tree and fence treatments and confirmed with 
t-tests that the collective behavior of  colonies assigned to these 
treatments did not differ on average prior to deployment (mean 
± standard deviation for latency to attack: fence-dwelling colo-
nies: 64.8  ± 41.5  s, tree-dwelling colonies: 65.3  ± 37.9  s, t-test: 
t40  =  0.05, P  =  0.96; mean ± standard deviation for number of  
attackers: fence-dwelling colonies: 2.3 ± 1.4, tree-dwelling colonies: 
2.0 ± 1.0, t-test: t40 = 0.91, P = 0.37). Due to space constraints in 
the greenhouse, colonies were deployed in 3 sequential blocks of  7 
colonies per treatment (N = 21 per treatment in total).

Prey-attacking behavior
Ten days after deployment, colonies’ collective foraging behavior 
was assayed for 4 consecutive days in each of  the 2 consecutive 
weeks (i.e., with a gap of  3 days), following the protocol described 
above. In the second set of  measurements, we exposed the colo-
nies to wind, but found no effect of  wind exposure on the collective 
behavior of  these colonies (see Supplementary Information), so all 
data were pooled for analyses of  the effects of  physical environ-
ment (see below).

Individual movement
In the greenhouse, some spiders moved from their location of  
deployment into other colonies’ webs. These movements were 
apparent from the silk laid down by the spiders, and were confirmed 
by counting spiders in each retreat nest after the experiment. We 
counted the number of  colonies that experienced such immigration 
or emigration for fence-dwelling and tree-dwelling colonies; only 
colonies that did not have spiders move to or from them (9 tree-
dwelling colonies and 20 fence-dwelling colonies) were included in 
the analyses of  collective behavior described below, though results 
did not change when all colonies were included (results not shown).

Statistical analysis

Statistical analyses were conducted in R v.  3.3.2 (R Core Team 
2016; code is available at https://github.com/ambikamath/ste-
godyphusfencetree). Throughout, we used permutation tests to 
assess if  continuous response variables (latency to attack prey, 
number of  attackers, prey capture success, number of  remaining 
individuals, number of  retreat nests) differed significantly between 
levels of  categorical explanatory variables (physical environment 
[tree vs. fence] and colony size [large vs. small]). We used nonpara-
metric permutation tests instead of  parametric mixed effects mod-
els because residuals from parametric models on some variables 
were not normally distributed and we wanted to be consistent in 
the analysis of  all variables.

In each permutation test, we first calculated the mean of  each 
response variable for each level of  the explanatory variable and cal-
culated the absolute difference between these means (e.g., difference 
between the mean latency to attack of  spiders from fence-dwelling 
colonies and tree-dwelling colonies). To test interactions between 2 
explanatory variables, we calculated the absolute difference between 
means of  subsets of  the data set; subsets were defined based on 
combinations of  levels of  the 2 variables, i.e., for variable x and 
factors A  and B with levels A1 and A2 and B1 and B2, we calcu-
lated |xA1B1+ x A2B2 - xA1B2- x A2B1|. For example, we calculated the 
sum of  the mean latency to attack of  large tree-dwelling colonies 
and small fence-dwelling colonies and then subtracted from this the 
sum of  the mean latency to attack of  large fence-dwelling colonies 
and small tree-dwelling colonies. Next, we randomized levels of  the 
explanatory variable(s) across observations, using the function sam-
ple() without replacement in R, within each level of  the categorical 
variable that we wished to control for. For example, when controlling 
for block ID in the greenhouse experiment, explanatory variable lev-
els were randomized across observations within each block; this way, 
block-level differences were preserved in the randomization. Then, 
we recalculated the absolute difference in means of  the response 
variables for the permuted data. We repeated this randomization 
procedure 10,000 times and calculated the P-value for the com-
parison as the fraction of  randomizations in which the randomized 
absolute difference in means was greater than the observed absolute 
difference in means, i.e., a 2-tailed test. To convey the magnitude 
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Behavioral Ecology

of  the observed difference in means between levels for each test, we 
report how much greater the observed difference was than the mean 
randomized difference in means (denoted as Δx). Values of  Δx 
greater than 100% indicate that the observed absolute difference in 
means is greater than expected by chance, and values of  −100% < 
Δx < 100% indicate that the observed absolute difference in means 
is not greater than expected by chance.

We first examined the effect of  physical environment (fence vs. 
tree) on the 2 measures of  collective foraging behavior—latency to 
attack, and the total number of  attackers. For the field experiment, 
we further tested the effects of  colony size and the interaction of  
physical environment with colony size on the 2 behavioral variables 
while controlling for assay week (1, 2, or 3 weeks after deployment). 
We also used the same permutation test procedure to examine the 
effects of  physical environment treatment, colony size, and their 
interaction on the following variables: prey capture success, the 
number of  individuals remaining in each colony, and the number 
of  separate retreat nests built by each colony. We compared the 
number of  fence-dwelling versus tree-dwelling colonies that per-
sisted to the end of  the experiment using a Fisher’s exact test.

For the greenhouse experiment, we used randomization tests to 
deduce the effect of  physical environment on the latency to attack 
and number of  attackers, controlling for block ID. We used a 

Fisher’s exact test to assess the effect of  the physical environment 
treatment on whether spiders moved either to or from the colony’s 
web (i.e., whether or not the colony experienced emigration or 
immigration).

RESULTS
Field experiment

Prey-attacking behavior and success
We found that spider colonies on fences attacked prey 38% 
quicker (Δx  =  255%, P  =  0.0043) and with 90% more attackers 
(Δx  =  646%, P  <  0.0001) than colonies on trees (Figure  2a,c) in 
the field.

We did not detect an interaction between physical environ-
ment and colony size on the latency to attack prey (Δx = −69%, 
P = 0.81). Spiders from smaller colonies took 34% longer to attack 
than spiders from larger colonies but this difference was not signifi-
cant (Δx = 114%, P = 0.08). Larger colonies deployed more attack-
ers (Δx = 382%, P = 0.0001) than smaller colonies, but this colony 
size effect was present only on fences (Δx = 412%, P = 0.0001) and 
not on trees (Δx = −7%, P = 0.46; physical environment treatment 
× colony size interaction: Δx = 208%, P = 0.015).
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Figure 2
Field (a, c) and greenhouse (b, d) experiments showed similar patterns of  differences in the collective prey-attacking behavior of  colonies of  Stegodyphus 
dumicola deployed on fences and on trees. Colonies on fences tended to attack prey more quickly (a, b) and with a greater number of  attackers (c, d), compared 
to colonies on trees. Here and in the following figure, boxes indicate the lower and upper quartiles; horizontal lines within boxes indicate the median; whiskers 
extend to the 1.5 interquartile range from the box; and circles indicate outliers.
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Physical environment affected the ability of  colonies to capture 
prey in their capture webs. Colonies on fences had prey in their 
capture webs 37% more often than colonies on trees (proportion 
of  days on which prey was found in the web prior to colony death 
or disbandment; Δx = 254%, P = 0.0045; Figure 3a). Large colo-
nies had prey in their capture webs 36% more often than did small 
colonies (Δx  =  254%, P  =  0.0036), and there was no interaction 
between colony size and physical environment on prey found in the 
capture web (Δx = −99%, P = 0.99).

Individual and colony persistence
Spiders in colonies on trees constructed 63% more retreat nests 
than spiders in colonies on fences (Δx  =  302%, P  <  0.0001; 
Figure  4a); the number of  retreats built did not depend on col-
ony size (measured as the number of  individuals in a colony; 
Δx = 116%, P = 0.091), or on the interaction between colony size 
and physical environment (Δx = 86%, P = 0.13). Colonies deployed 
on fences in the field were 77% more likely to persist than colonies 
on trees (mean and 95% confidence interval of  the odds ratio = 0.0 
[0.0, 0.2]; P  <  0.0001; Figure  3c). Large and small colonies were 
equally likely to persist (mean and 95% confidence interval of  the 
odds ratio = 0.86 [0.2, 3.5]; P = 1). Fence-dwelling colonies con-
tained 3 times as many individual spiders remaining than did tree-
dwelling colonies (Δx = 652%, P < 0.0001; Figure 3b). We did not 

detect a difference between large and small colonies (Δx = −97%, 
P = 0.98), nor an interaction between colony size and physical envi-
ronment (Δx = −90%, P = 0.94), on the proportion of  individuals 
that remained at the end of  the experiment.

Greenhouse experiment

Prey-attacking behavior
Spider colonies on fences in the greenhouse attacked prey 43% 
more quickly (Δx  =  255%, P  =  0.003; Figure  2b) and with 36% 
more attackers (Δx = 302%, P = 0.0006; Figure 2d) than colonies 
on trees.

Individual movement
Tree-dwelling colonies were more likely to experience emigration 
or immigration into nearby colonies than fence-dwelling colonies 
(mean and 95% confidence interval of  the odds ratio = 24.5 [2.8, 
1186.3], P = 0.0005; Figure 4b).

DISCUSSION
Our results suggest that the physical environment in which their 
nests are built can influence the collective behavior and suc-
cess of  S.  dumicola societies. Thus, the structures constructed by 
these social spiders do not buffer them against variation in their 
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external physical environment, including variation induced by 
human activity.

In particular, spider colonies that built nests on fences attacked 
prey more quickly and with more attackers than colonies that built 
their nests in trees. Prey capture—especially the ability to capture 
large prey—is a time sensitive opportunity that requires a rapid 
collective response by social spiders (Yip et al. 2008). Furthermore, 
there is a positive relationship between speed to respond to prey 
and collective mass gain (Pinter-Wollman et al. 2017). Indeed, con-
sistent with our finding that fence-dwelling colonies attack more 
quickly and with more attackers, we found that prey was present 
more frequently in the webs of  colonies on fences than colonies 
in trees. Also consistent with these differences in prey-attacking 
behavior and prey capture success, we found that fence-dwelling 
colonies were more likely to persist until the end of  the experiment 
than tree-dwelling colonies; moreover, individuals in fence-dwell-
ing colonies were more likely to survive and remain within the nest 
compared to individuals in tree-dwelling colonies.

Many species of  animals thrive in human-modified environments 
(reviewed in Ditchkoff et al. 2006; Sol et al. 2013), taking advantage 
of, for example, increased resource availability in human-dominated 
areas (Bozek et  al. 2007; Merkle et  al. 2013). However, the effect 

we observe in S.  dumicola is more subtle—here, human-induced 
changes in the physical structures available for nest construction pre-
cipitate shifts in spider behavior that are actually conducive to their 
increased success. Given that social spiders have built their webs in 
trees and bushes for the vast majority of  their evolutionary history, 
why or how are S. dumicola more successful on fences than on trees? 
We discuss several proximate and ultimate processes that could plau-
sibly explain this pattern, some of  which are suggested or supported 
by our results and others of  which can be ruled out.

First, it is possible that the physical environments of  trees and fences 
impose very different constraints on the structure of  the web itself, 
which in turn constrains or facilitates the spiders’ collective behavior 
in different ways (Nakata 2010; Modlmeier et  al. 2014a; Montiglio 
and DiRienzo 2016; Japyassú and Laland 2017). For example, webs 
on trees may have more supporting threads, threads at different ten-
sions, or may vibrate more on transverse or radial axes than longitudi-
nally, compared with webs on fences. This, in turn, could lead to lower 
transmission and greater attenuation of  vibrations across the web 
(Walcott 1963; Masters and Markl 1981; Landolfa and Barth 1996). 
Such differences in the transmission of  vibratory cues could result in 
spiders taking longer to respond to prey capture cues in tree-dwelling 
colonies compared to fence-dwelling colonies. More generally, fences 
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are 2-dimensional and relatively homogenous environments whereas 
tree branches are oriented more 3-dimensionally and are relatively 
heterogeneous. It is thus possible that social spiders’ webs are more 
complex when built on trees than on fences. For example, tree nests 
usually have a greater number of  capture web sheets positioned at 
more variable angles, and may therefore have greater variation in 
thread orientation and connectedness than fence nests. This capture 
web complexity could readily affect collective behavior. For instance, 
spiders may take longer to emerge from retreats onto capture webs in 
tree nests than in fence nests if  it takes longer for spiders to navigate 
a more elaborate web. Our results therefore suggest further research 
on how the mechanical and structural properties of  the environment 
built by social spiders constrain and influence different aspects of  their 
behavior and consequently their fitness (Pinter-Wollman et al. 2018). 
A related but distinct hypothesis explaining how web structure influ-
ences collective behavior is that different thermal microenvironments 
might be generated within different types of  webs (Jones and Oldroyd 
2006). If  spiders living in the flatter structures built on fences can 
warm up more quickly than spiders within the interior of  rounder 
structures built on trees, they could be more active, and would thus be 
more likely to mount a rapid and sizeable attack on prey (Gunderson 
and Leal 2016; Abram et al. 2017). Second, fine-scale biotic and abi-
otic differences between fences and trees that are unrelated to their 
structural differences may have driven differences in the behavior and 
success of  colonies on fences and trees. However, we found similar 
behavioral patterns in the greenhouse, where prey availability and 
other biotic and abiotic factors were more controlled. That said, in 
the field, colonies on fences deployed 90% more attackers than tree-
dwelling colonies, but only 36% more in the greenhouse and it is pos-
sible that prey availability contributed in part to the larger differences 
that we observed in the field. The collective prey-attacking behavior 
of  social spiders can increase in response to increased prey availability 
(Crouch and Lubin 2000; but see Wright et al. 2016), and the higher 
prey capture rates and survival of  colonies on fences observed here 
could have been driven by greater prey availability near fences than 
near trees. Structural differences between fences and trees may there-
fore interact with fine-scale variation in other abiotic and biotic fac-
tors to drive variation in collective behavior that influences individual 
fitness and group success in turn.

Third, the observed movement patterns of  spiders in tree-dwell-
ing colonies—specifically their greater tendency to establish and 
move between multiple retreats compared to fence-dwelling colo-
nies—could explain some of  the observed differences in collective 
behavior and persistence. Splitting into multiple retreats reduces 
the number of  spiders per retreat, and although these retreats 
usually remain connected to each other by their shared capture 
webs, these connections can be destroyed by wind or rain (Purcell 
and Aviles 2008), effectively dividing a single large colony into sev-
eral smaller ones. Smaller colony sizes are associated with slower 
attacks on prey and the deployment of  fewer attackers (Keiser and 
Pruitt 2014) as well as with lower colony persistence (Riechert et al. 
1986; Bilde et  al. 2007) and slower mass gain (Pinter-Wollman 
et  al. 2017). Thus, colony fragmentation on trees but not fences 
could explain why spiders in tree-dwelling colonies attacked more 
slowly and with fewer attackers and were less likely to persist. In 
effect, colonies in trees but not fences become amalgamations of  
a large number of  smaller, lower-performing colonies. This colony 
fragmentation may also have masked the effect of  the initial size 
of  experimental colonies deployed on trees, potentially explaining 
why we did not find an effect of  colony size on the number of  
attackers in tree-dwelling colonies or on colony persistence. Finally, 

individuals’ personalities and colony personality composition are 
known to influence prey-attacking behavior—colonies attack prey 
faster and with more attackers as the number of  bold individu-
als in the colony increases (Pruitt and Keiser 2014). Splitting into 
multiple retreats could alter the distribution of  personalities within 
each of  these subcolonies. Specifically, bold individuals in tree-
dwelling colonies that are split into multiple subcolonies may wield 
influence over a smaller number of  individuals than bold individu-
als in undivided colonies on fences.

Why might spiders be more likely to establish multiple retreats 
on trees compared to fences? Short-distance dispersal in social spi-
ders arises from individuals sending out strands of  silk and follow-
ing them if  they catch onto a substrate (Pruitt and Avilés 2018). 
Therefore, dispersal could be more likely on trees because the 
silk is much more likely to attach to another surface in a complex 
3-dimensional environment than in a simple 2-dimensional envi-
ronment like a fence. This proximate explanation could be tested 
by observing the short-distance dispersal behavior of  spiders in 
contrasting physical environments. Moreover, this finding further 
prompts us to ask why, if  establishing multiple retreats is detrimen-
tal to colony success, has this behavior not been selected against? 
One testable hypothesis is that in spatially heterogeneous environ-
ments, establishing multiple retreats reduces the risk of  predation 
across the whole colony (Van Wilgenburg and Elgar 2007) or oth-
erwise facilitates a form of  bet-hedging (Hopper 1999; Starrfelt 
and Kokko 2012; Childress and Konig 2013), thereby maximizing 
the likelihood of  colony persistence over long time scales (Pruitt 
2013). The long-term consequences of  the behavioral differences 
we report will depend on such selective dynamics.

In conclusion, we used field and greenhouse experiments to show 
that the physical environment in which S. dumicola social spiders build 
their webs influences their collective prey-attacking behavior, their 
propensity for short-distance dispersal, and the prey capture success 
and persistence of  colonies in nature. Our results demonstrate the 
importance of  human-induced habitat change for revealing variation 
in animal behavior that may remain hidden in natural conditions, 
and points to the substantial consequences of  the physical environ-
ment for the collective behavior and success of  animal societies.
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Supplementary data are available at Behavioral Ecology online.
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