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ABSTRACT
Identifying the traits that foster group survival in gasting environments is important for
understanding local adaptation in social systehhsre we evaluate the relationship between the
aggressiveness of social spider colonies and teesigience along an elevation gradient using
the Amazonian‘spider, Anelosimus eximius. We fourad tolonies of A. eximius exhibit
repeatable.differences in their collective aggres&sstflatency to attack prey stimuli), and that
colony aggressiveness is linked with persistence in asgeeific manner. Less aggressive
colonies are better able to persist at high-eleuatites, which lack colony-sustaining large-
bodied prey;"whereas colony aggression was not relateltance of persistence at low-elevation
sites. This suggests that low aggressiveness promali@sy survival in high-elevation, prey-
poor habitatsyperhaps via increased tolerance toires limitation. These data reveal that the
collective phenatypes that relate to colony peesice vary by site, and thus, the path of social
evolutionin,these environments is likely to be akect

K ey wordszAraneae, collective behavior, insect abundancehigtory, multilevel selection
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INTRODUCTION

Although social evolution provides numerous bendfitggroup constituents (Krause & Ruxton,
2002) social groups can also vary considerably in their sssfants: Gordon, 2013, social
spiders: Aviles, 1986, honey bees: Watanabe, 2@@8)a variety of social organisms, many or
most of the'secial'groups ever founded will swifthden their collective demise (Tibbetts &
Reeve, 2003, Hahn & Tschinkel, 1997, Aviles & Tufil998) In some taa, even social groups
in apparent good health can fall victim to colomyirection events (Pruitt, 2012J hus, any
feature that enables groups to persist in their enaient is likely to foster their success. Social
organisms*provide an interesting case study forug\wiary ecologists, because trait differences
occur at both the individual level and between groupserms of their collective traits (Jandt et
al., 2014, Bengston & Jandt, 2014, Wray & Seeley120like individual traits, a growing body
of evidence conveys that group traits are often agtatiwith group success (Shaffer et al.,
2016, Gordon, 2013, Wray et al., 2011), and thagdHimks can vary between environments
(Pruitt &Geednight, 2014, Pruitt et al., 2018jte-specific selection may therefore contribute to
biodiversity by promoting intraspedifivariation and local adaptation in group-level traits.

Social'spiders are a useful model with which tplese the evolutionary ecology of
group extinction events and collective behavior inegal. This is because social spider groups
emerge-and-disappear with high frequencies (reviewédiles & Guevara, 201750cial spider
colonies are prone to ant attack (Keiser et al.526fenschel, 1998), parasitig®iraus &
Avilés, 2018, Vollrath, 1987), and fungal outbrealetdchel, 1998). To avoid these fates, social
spiders‘cellectively catch prey, repair webs, rafégpong, and many spiders remain in the
colony to breed (Aviles & Guevara, 2017, Bilde et 2007). Consequently, groups are inbred

and composed of highly related individuals (RiecheR@eloffs, 1993, Aviles, 1993, Henschel
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et al., 1995)andgroup success is a major determinant of individuals’ inclusive fitness. Here, we
explore the degree to which group behavior is linkéth group persistence using a highly social
spider, the Amazonian spider Anelosimus eximius (Aesx Theridiidae).

This.species occurs across a range of habitat typesHemama to Argentina at varying
elevationsWe'userthis variation in elevation to examine whetherrelationship between group
behavior and persistence varies across habitat gmeealong an elevation gradient. In
particular, we hypothesise that collective aggres&seshould be favored at sites with low prey
availability (Pruitt et al., 2018). For A eximiusw-elevation sites are reasoned to be resource
and enemyrich'because they harbor larger averagesimesand higher ant densities at our
study sites and the surrounding areas (Powers & All@37, Guevara & Aviles, 2007, Guevara
& Aviles, 2025)High aggressiveness is often needed to capitalizarenprey capture
opportunities and fend off enemies (Riechert, 1993y biomass does not show a consistent
trend witheelevation (Guevara & Aviles, 2007, Poweréwles, 2007), but reduced prey size is
particulaty.salient for social spiders, because large prey #akfor the maintenance of large
social spider colonies (Yip et al., 2008). Furthersame often major predators of social spiders
(Henschelg2998, Purcell & Aviles, 2008). By contras, predict that less aggressive colonies
will be favored in high-resource and enemy-richiesnments, like lowland rainforests (Purcell
& Avilesp2008)-Thus, we predict that selection on collective aggvesess will mimic the
usual patterns.observed in solitary spiders and tabar, where low resources favor heightened
aggression and responsiveness towards prey (RietB88a, Magurran & Seghers, 1991,
Dunbrack.et al., 1996). If this is so, then it wohldt that theory developed for behavioral
evolution in solitary organisms can be redeployedtoecty predict patterns of selection

occurring at the level of collective traits.
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MATERIALSAND METHODS

Focal species.and sites:

We measured collective foraging aggressiveness onas of A. eximius across the Ecuadorian
Amazon in\Oct.-Nov. 2017. A eximius colonies builasket-shaped nests with large sheet and
tangle capture webs where they hunt colletyivé/e observed colonies at three sites on
highway e45'near Archidona£14; S 0° 46.214, W 77° 46.604), highway e20 towards Coca
(n=10; S 0%43%421, W 77° 39.993), and near the lyarina lodge=Q; S1° 4.027, W 77° 37.228).

We further sampled two sites: roadsides, forest imtgriand waterways in the Yasuni National
Park (=16;S0°40.862, W 76° 23.152) and waterways near the Cuyabeno Wildlife Reserve

(n=21; S 0%.1.921, W 76" 12.851).

Collective.aggressiveness:

We measured colonies’ aggressiveness by placing dummy prey (1cm sections of dead leaf) 4cm
from the rimofithe nest basket, and vibratingith a handheld vibratory device until spiders
emerged and seized the dummy prey (Pruitt et al.72@Etween 1000-1600 hours. We
recorded-theslatency of the first spider to contaetdhhmmy and the number of spiders moving
towards the . dummy at this time. If spiders did caritact the dummy within 600s, we terminated
the trial and recorded the latency as 600. We subtiabe attack latency from 600 to obtain an
aggression. index where higher scores correspondjteehaggressiveness (hereafter referred to
as “aggressiveness”). We repeated these tests every day for four dagssubset of colonies at

Archidona (n=11), lyarina (n94and Yasuni (n=10), to assess the repeatability lohgo
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aggressiveness. For all other analyses, only teerfieasurement was used. For the remaining
colonies, aggressiveness was only measured onc tlhugistical constraints. Latency to attack
prey and the number of spiders recruiting to an latéae a common measure of foraging

aggressiveness in solitary and social spiders (RrééhHedrick, 1993, Pruitt et al., 2013, Kralj-
Fiser & Schneider; 2012, Kralj-Fiser et al., 2012), suightly linked with prey capture success
and foraging performance in several species of groupglispiders (Kamath et al., 2018, Pinter-

Wollman et al., 2017, Pruitt & Riechert, 2011).

Habitat measurements and persistence:
Immediately following aggressiveness assays, weralsmrded habitat characteristics and
marked colonies with aluminium tree tags. First, werded coloy elevation and GPS
coordinates (Garmin eTrex 30x). We assessed carnisanuipresence by measuring latency of
ant recruitment to 35g of tuna within 2Zshthe web (Hoffman & Avilés, 2017), placed on the
forest floor-beneath the colong subset of colonies was run through two such arttdgpiests,
and microhabitat differences in ant recruit speed Viarad to be consistent through time even
within a spetifi¢ site (r = 0.86, 95% CI: 0.57-0.965 p.0001, n = 21)Faster ant recruitment
times were taken as evidence that the microhahitatediately around the focal colony had a
greater riskrof-attack by predatory ants. Finallyaaxploratory measure, the canopy cover
over each.colony was estimated using the iPhonkcapipn Canopyapp (Davis et al., 2018).
We estimated the volume of web baskets by measthangize of the smallest possible
orthotopesthat contained the basket, by first appnakng the shape of each web (e.g., square
base, circle base) and then taking the necessaryune@aents to compute the web volurigeb

volume increases approximately linearly with groige $sn A eximius (Yip et al., 2008, Powers
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& Aviles, 2007) To determine colony survival, we returned in Oct.&0dleven months later,
and recorded whether the colony contained any rengalivimg individuals. This time interval
corresponds to ~2 generatianfsA. eximius (Vollrath, 1982) All aluminum tags were then

removed.

Statistical methods:
We couldinot satisfactorily fit a generalised linearda simultaneously evaluating the influence
of elevation, @ggression and colony size on penst&. Moreover, neither colony aggression nor
elevation could satisfactorily be transformed towardismality. Finally, aggressiveness was not
repeatable within sites, r = 0 (95% CI: 0.0 - 0.157,(0580), indicating that colaes’ behavior
within each'site"are relatively independértterefore, we compared the elevation,
aggressiveness, and web size of colonies thatrgigreisted or not using Mann-Whitney U-
tests. Werassessed the correlation between eleatbaggressiveness, and aggressiveness and
colony sizesusing Spearman rank correlations. We tioekog of basket volume as our index of
colony siz.

To determine whether the relationship between gopmrsistence and aggression
depended on the elevation of the colony, we split the data into “high” elevations (above 740m
25 colonies)and=“‘low” elevations (below 450m 43 colonies). This split demarcates a natural
break in our.sampling distribution. We then compahedaiggressiveness of colonies that
persisted or not in each dataset separately usingn Méntney-U tests. To determine how
canopy cever and the presence of predator antsdvaria elevation, we performed Spearman
rank correlations between elevation and each of gaooyer and the latency for ants to arrive at

the tuna bait. There were 71 focal coloniesotal. However, three colonies did not have

Anonymized et al. 8
This article is protected by copyright. All rights reserved



161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

elevations recorded. Four colonies had no web sizsuanements, owing to their residing in
relatively inaccessible microhabitats (e.g., suspémder cliffs). Otherwise, sample sizes for
each group in each comparison are given below. &beatability okolonies’ aggressiveness
and number.of attackers were assessed by fittinglanaixed model with either
“aggressivenessor “number of attackers” as the response variable, and thesiony ID”,

“site”, and “trial iteration” as random effects, using the rptR package (Stoffel, 2@l 7). This
allows us to estimate the intra-class correlation cdiefit of colony ID, while accounting for
variance explained by site and trial iteration. Waneestted 95% confidence intervals on
repeatabilityestimates by running the linear mixed ehtitough 1000 bootstrap iterations. As
mentioned above, we aimed to measure 25 colonresathree sites four times each, although
three colonies'only received three measurementggg®7 measurements across 25 colonies in
total to assess repeatability. We only assessemtb®f behavioural traits in survival if we

recoveredsa repeatability estimate that differed 8ggmtly from zero.

REsuLTS

Aggressiveness was repeatable, r = 0.26 (95% CI:-00047, p < 0.01), but the number of
attackersswaswmot, r = 0.14 (95% CI: 0 - 0.33, p 4)0.Oherefore, we only consider
aggressiveness, hereaft€he influence of aggressiveness on persistencendegdeon elevatian

At high elevations, persisting colonies were leggrassive (mean = 505.12 + 32.63 SE, n = 19)
compared,to colonies that vanished (mean = 592882 SE, n = 6; Fig. 1; Wilcox test, W = 2,

p < 0.001). At low elevations, colonies that peesishppeared more aggressive (mean = 582.84

Anonymized et al. 9
This article is protected by copyright. All rights reserved



183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

+ 3.50 SE, n = 27) than colonies that vanished (nrea66.17 £ 9.96 SE, n= 16), but this
difference was not significant (W = 272, p = 0.17

Elevation did not influence colony persistence. Tiiean elevation of colonies that
persisted and.,vanished was 584m and 479m resplgdiivg. S1; n = 46 & 22 respectively,
Wilcox test W="570, p =0.40). Colony web size did pieedict persistence; colonies that
persisted were no larger than those than did notlidvhs (means are highly biased by a few
large valug) of volume were 143,918%far colonies that persisted and 90,456 dan colonies
that vanished, but the median logged values a@rldnd 11.41 respectively (FIi§1; n=46 &
21 respectively; Wilcox test, W = 554, p 30).

Colonies’ aggressiveness was not related to their web size (Fig. S2; n = 67, Spearman
rank correlation; S = 47550, rho = 0.05, p = 0.69),dalonies were more aggressive at lower
elevations (Fig. S2; n = 68, Spearman rank correlaBon 65398, rho = -0.25, p = 0)04

Higher elevations were associated with reduced ganoper (Spearman rank
correlationu=S:=+66623, rho = -0.33, p = 0.01) andstbever recruitment of ants (Spearman rank

correlation, S = 21568, rho = 0.26, p = 0.05

DISCUSSION

Understanding.the forces that enable some groupsrsist and proliferate whesthers crash or
disband is helpful for predicting how social evolutigmeceeds in contrasting environments. For
many social animals, this can be thought of as d &frgroup-level viability selection. Colonies
of the Amazonian social spider A. eximius undergoeaten in selection on aggressiveness

between low and high elevations. At odds with opriari predictions, less aggressive colonies
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outperform their aggressive rivals at resource-podn bigvations (Fig. 1)The opposite trend
emerges at low elevations, although it was notsttedilly significant. Given this pattern of
selection, one might predict that high elevatioXmius should be less aggressive overall,
either because of local adaptation or via on-goingiNig selection against aggressive colonies.
Consistent with-this prediction, we observed thddmies of A eximius at higher elevation do
indeed exhibit lower aggressiveness than their lavaglon counterparts (Fig. S2B). In
aggregate, this conveys that site-specific selectronolony aggressiveness could play a role in
generating geographic variation in colony behaviom &k patterns observed in solitary species
(Drummond“&Burghardt, 1983, Magurran & Seghers, 1991,Heitc1993a, Walsh et al.,
2016)

The 'mechanisms underlying the success of nhon-agggessdonies at high elevation
remain elusive. We predicted that low-resource camstwould favor colonies with swifter
foraging responses because, in trap-building preddtoesing is a time-sensitive opportunity
Thus, coleniessat high elevations should maximiz¢he limited foraging opportunities that are
available to them (Powers & Aviles, 2007, Guevara \#és, 2007) This is often the case for
individual-levehaggressiveness (Riechert, 1993a, Maguwr&eghers, 1991, Dunbrack et al.,
1996) Further, it is easier for single spiders to monopdizall prey items (Sharpe & Avilés,
2016) which=eould motivate them to be more aggressivegit elevations. However, it is
perhaps equally plausible that low-resource conditemgd favor reduced aggressiveness. If
more aggressive colonies engage in more infighemgibit higher metabolic rates, or are
otherwise,mare susceptible to starvation, then seleatay favor less aggressive colonies under
low resource conditions because it enables thererigigh through times of resource scarcity.

This mode of competition is often referred tol@®ian’s R* Rule (Tilman, 1982) Consistent
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with this hypothesis, there is evidence that boftjressive social Anelosimus (Lichtenstein &
Pruitt, 2015) and Stegodyphus (Lichtenstein et 8[1,72 are more susceptible to starvation, and
that non-aggressive Stegodyphus colonies can outpetfeir rivals when resources fall below

a critical level(Pruitt et al., 2019\lternatively, smaller average prey sizes at highadien

sites might'merely not require the same levels ofeggiveness to subdue than the larger prey of
low elevation sites. More detailed work within sitesieeded to tease apart the mechanisms
responsible for this among-site result.

One potential mechanism was the abundance of eselMe found that ants recruited
more quicklyte'tuna baits at lower elevations, cstesit with Hoffman and Avilés (2017). This
suggests that the threat of predation from antsedngps the degree of indirect resource
competitionfrom ants, will be higher at lower elewas. Either of these could select for higher
aggressiveness (or, at least, against docilitypaies spiders, which are more frequently attacked
by ants atlew-elevation sites (Purcell & Aviles080Hoffman & Avilés, 2017)and this may
help to explainsthe pattesiof selection that we observed. We also observedcesioanopy
cover at higlr elevations. While this seems unlikely to direc¢tiffluence spider colony survival,
it may influenee the availability of prey (i.e. deased cover may decrease the number of flying
invertebrates) or increase web damage costs, asdhhue consequences for the benefits of
colony aggression.

At odds with previous work, group size was not aigicant predictor of colony
persistence’inour field data on A eximius. The fdromaof larger coalitions is frequently
associated with reduced group failure rate in s@ai@ropods, and this fact is thought to
underlie the formation of social life history trajees like foundress coalitions in wasps and

ants (Fewell & Page, 1999, Seppa et al., 2002, €fibl& Reeve, 2003, Miller et al., 2018)
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Group size dependent survival has also been docuthengenumber of social (Bilde et al.,
2007, Aviles & Tufino, 1998) and transitionally sakcspecies of spiders (Lichtenstein et al.,
2018) We reason that this discrepancy between findisggecause colonies of the smallest size
classes (one.to a few dozen spiders) are largelyngi§®m our data seand the persistence
benefits of'increasing group size are most pronadiatéhe smallest colony sizes (Lichtenstein
et al., 2018, Aviles & Tufino, 1998)

In summary we detected a site-specific relationshipvéen colony aggressiveness and
persistence in a social spider. Furthermore, wed@ualine in aggression with elevation that
suggests that'the selective benefits to reduced sgjgreat higher elevations are strong enough

to promote appropriate fit between colony traits trelhabitats in which they reside.

Ethics: The studies herein were conducted on invertebeatdsvere therefore not subject to
ethics approval. Field studies were conducted unesgarch permii°23-17 IC-FAU-
DNB/MA:

Data accessibility: The data for this manuscript can be found on Dryad:

https://datadfyad.org/review?doi=doi:10.5061/drye@Dff2

Competing Interests: We declare no competing interests.

REFERENCES

Aviles, L. 1986. Sex-ratio bias and possible groelection in the social spider anelosimus-
eximius. American Naturalig28: 1-12.

Aviles, L1993. Interdemic selection and the sexerafa social spider perspective. American
Naturalist142: 320-345.

Aviles, L. & Guevara, J. (2017) Sociality in spiddrs. Comparative social evolution
(Rubenstein, D. R. & Abbot, P., edg)p. 188223.Cambridge University Press,
Cambridge.

Anonymized et all3
This article is protected by copyright. All rights reserved


https://datadryad.org/review?doi=doi:10.5061/dryad.hr90jf2

278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323

Aviles, L. & Tufino, P. 1998. Colony size and indivial fitness in the social spider anelosimus
eximius. American Naturaligt52: 403418.

Bengston, S. & Jandt, J. M. 2014. The developmenblbéctive personality: The ontogenetic
drivers of behavioral variation across groups. Frostie Ecology and Evolutio@: 81.

Bilde, T., Coates, K. S., Birkhofer, K., Bird, T., Maktav, A. A., Lubin, Y. & Aviles, L. 2007.
Survival benefits select for group living in a socigilder despite reproductive costs.
Journal of Evolutionary Biolog®0: 24122426.

Davis, K.,/Dobrowski, S. Z., Holden, Z. A., HigueR,E. & Abatzoglou, J. T. 2018.
Microclimatic buffering in forests of the future: Thale of local water balance.
Ecography.

Drummongd, H. & Burghardt, G. M. 1983. Geographic-variatiothe foraging behavior of the
garter snake, thamnophis-elegans. Behavioral Ecolodysaciobiologyl2: 43-48.
Dunbrack; R. L., Clarke, L. & Bassler, C. 1996. Popuolatevel differences in aggressiveness
and their relationship to food density in a streammsalid (salvelinus fontinalis). Journal

of Fish Biology48: 615622.

Fewell, J. HU &Page, R. E. 1999. The emergencewvididn of labour in forced associations of
normally solitary ant queens. Evolutionary Ecol&gsearchi: 537548.

Gordon, D. M. 2013. The rewards of restraint in thiéective regulation of foraging by
harvester ant colonies. Nature.

Guevara, J. & Aviles, L. 2007. Multiple techniquestirm elevational differences in insect size
that'may influence spider sociality. Ecologfy: 20152023.

Guevara, =& Aviles, L. 2015. Ecological predictofspider sociality in the americas. Global
Ecology and Biogeograpi4: 1181-1191.

Hahn, D. A. & Tschinkel, W. R. 1997. Settlement astribution of colony-founding queens of
thesarboreal ant, crematogaster ashmeadi, in adahgine forest. Insectes Sociad4x
323336.

Henschel:d=R«1998. Predation on social and spimaividuals of the spider stegodyphus
dumicola (araneae, eresidae). Journal of Arachn&6g§1-69.

Henschel,Jd. R., Lubin, Y. D. & Schneider, J. 199xu&l competition in an inbreeding social
spiderystegodyphus-dumicola (araneae, eresidae). lastmteauxi2: 419426.

Hoffman, GF"Ru& Avilés, L. 2017. Rain, predators, apiler sociality: A manipulative
experiment. Behavioral Ecolo@B: 589596.

Jandt, J. M., Bengston, S., Pinter-Wollman, N., PraitN., Raine, N. E., Dornhaus, A. & Sih,
A. 2014. Behavioral syndromes and social insects:iplaltevels of personality.
Biological Reviews39: 4867.

KamathAsRPrimavera, S. D., Wright, C. M., Doerifg,N., Sheehy, K. A., Pinter-wollman, N.
& Pruitt,.J. N. 2018. Collective behavior and colgersistence of social spiders depends
on their physical environment.

Keiser, C."N.;Wright, C. M. & Pruitt, J. N. 2015. Warriaghropod societies: Social spider
colonies can delay annihilation by predatory anésreduced apparency and increased
group size. Behavioural Proces449: 14-21.

Kralj-Fiser, S."& Schneider, J. M. 2012. Individuahbgioural consistency and plasticity in an
urban spider. Animal Behavio@®4: 197204.

Kralj-Fiser, S., Schneider, J. M., Justinek, Z., Ka®., Gregoric, M., Pekar, S. & Kuntner, M.
2012. Mate quality, not aggressive spillover, expdasexual cannibalism in a size-
dimorphic spider. Behavioral Ecology and Sociobiol6§y145-151.

Anonymized et all4
This article is protected by copyright. All rights reserved



324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367

Krause, J. & Ruxton, G. D. 2002. Living in groups f@d Press, Oxford UK.

Lichtenstein, J. L. L., Bengston, S., Aviles, L. &Rt, J. N. 2018. Female-biased sex ratios
increase colony survival and reproductive outpuhaspider anelosimus studiosus. The
American Nauralist.

Lichtenstein, J. L. L. & Pruitt, J. N. 2015. Similaatterns of frequeneydependent selection on
animal personalities emerge in three species adilsspiders. Journal of Evolutionary
Biology.

Lichtenstein, J. L. L., Wright, C. M., Luscuskie,R., Montgomery, G. A., Pinter-Wollman, N.
& Pruitt; 3*N. 2017. Participation in cooperativeypcapture and the benefits gained
fromrit'are associated with individual personal@urrent Zoology3: 561567.

Magurran, A. E. & Seghers, B. H. 1991. Variation ih@aling and aggression amongst guppy
(poecilia-reticulata) populations in trinidad. Behamd18: 214234.

Miller, S. E., Bluher, S. E., Bell, E., Cini, A., dd\&, R. C., de Souza, A. R., Gandia, K. M.,
Jandt, J., Loope, K., Prato, A., Pruitt, J. N., Rankin Rankin, E., Southon, R. J., Uy, F.
M. K./ Weiner, S., Wright, C. M., Downing, H., GadagkR., Lorenzi, M. C., Rusina,

L., Sumner, S., Tibbetts, E. A., Toth, A. & Sheehsln,J. 2018. Waspnest: A worldwide
assessment of social polistine nesting behavior.dgg®9: 2405-2405.

Pinter-Wollman, N., Mi, B. R. & Pruitt, J. N. 2017efRlacing bold individuals has a smaller
impact on group performance than replacing shy iddads. Behavioral Ecolog38:
883-889.

Powers, K:"S¥& Aviles, L. 2007. The role of pregesand abundance in the geographical
distribution of spider sociality. Journal of Anim&atology76: 9951003.

Pruitt, J. N. 2012. Behavioural traits of colony foundsffect the life history of their colonies.
Ecology Letterdl5: 1026-1032.

Pruitt, J.'"Nw& Goodnight, C. J. 2014. Site-specifioup selection drives locally adapted colony
compositions. Natur28: 12481256.

Pruitt, J'NewGrinsted, L. & Settepani, V. 2013.liimg levels of personality: Personalities of the
‘average' and 'most extreme' group members predombydével personality. Anima
Behaviour86: 391399.

Pruitt, J. N."MeEwen, B. L., Cassidy, S. T., Najm NE.& Pinter-Wollman, N. 2019.
Experimental evidence of frequency-dependent seleotiogroup behaviour. Nature
ecology & evolutior3: 702.

Pruitt, J. N. & Riechert, S. E. 2011. How within-growghblvioral variation and task efficiency
enhance fitness in a social group. ProceedingsdRtlyal Society Biological Sciences
Series-B278: 1209-1215.

Pruitt, J..NwWright, C. M., Lichtenstein, J. L., OmisG. T., McEwen, B. L., Kamath, A. &
Pinter-Wollman, N. 2017. Selection for collective egggiveness favors social
susceptibility in social spiders. Current Biola28: 100-105.e4.

Pruitt, J. N.;Wright, C. M., Lichtenstein, J. L. Chism, G. T., McEwen, B. L., Kamath, A. &
PintersWollman, N. 2018. Selection for collective egggiveness favors social
susceptibility in social spiders. Current Biola2g: 100-+.

Purcell, J. & Aviles, L. 2008. Gradients of precigita and ant abundance may contribute to the
altitudinal range limit of subsocial spiders: Insgfitom a transplant experiment.
Proceedings of the Royal Society B-Biological Scess®75: 26172625.

Anonymized et all5
This article is protected by copyright. All rights reserved



368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413

Riechert, S. & Roeloffs, R. (1993) Inbreeding and its cqusaces in the social spiders. In: The
natural history of inbreeding and outbreeding, (N,€8.) pp. 283303. University of
Chicago Press, Chicago.

Riechert, S. E. (1993a) The evolution of behavioral phgres - lessons learned from divergent
spider populations. In: Advances in the study dfebgor, vol 22, Vol. 22pp. 103134
Advances in the study of behavior.

Riechert, S.E., 1993b. The evolution of behaviorahphygpes: Lessons learned from divergent
spider populations. Advances in the Study of Betva22: 103-134.

Riechert, SFE"&Hedrick, A. V. 1993. A test for corredas among fitness-linked behavioral
traits'in‘the spider agelenopsis-aperta (araneae, adpgt¢nAnimal Behavioud6: 669-
675.

Seppa, P.,.Queller, D. C. & Strassmann, J. E. 200@.d/action in foundress associations of
the social wasp, polistes carolina: Conventions, patition, and skew. Behavioral
Ecologyl13: 531542.

Shaffer, Z., Sasaki, T., Haney, B., Janssen, M., Ba@, & Fewell, J. H. 2016. The foundress's
dilemma: Group selection for cooperation among queétise harvester ant,
pogonomyrmex californicus. Scientific Repo8ts

Sharpe, R. V. & Avilés, L. 2016. Prey size and sdyenvs. Contest competition in a social
spider: Implications for population dynamics. Jodrof@Animal Ecology85: 140141410.

Stoffel, M. A., Nakagawa, S. & Schielzeth, H. 2017trRBepeatability estimation and variance
decomposition by generalized linear mixed-effects moddd¢shods in Ecology and
Evolution8: 16391644.

Straus, S. & Avilés, L. 2018. Effects of host coloigesand hygiene behaviours on social spider
Kleptoparasite loads along an elevation gradientctiamal ecologyd2: 27072716.

Tibbetts, B A. & Reeve, H. K. 2003. Benefits of fioluess associations in the paper wasp
polistes’dominulus: Increased productivity and stalvibut no assurance of fitness
returRs=Behavioral Ecologi: 510514.

Tilman, D. 1982. Resource competition and commustitycture. Princeton University Press,
Princeton NJ.

Vollrath, F"1982. Colony foundation in a social gpidZeitschrift Fur Tierpsychologie-Journal
of Comparative Etholog§0: 313324.

Vollrath, . (1987) Kleptobiosis in spiders. In: Ecgpiology of spiders. pp. 27286.Springer.

Walsh, M. R., Broyles, W., Beston, S. M. & Munch,B52016. Predator-driven brain size
evolution in natural populations of trinidadian Kikh (rivulus hartii). Proceedings of the
Royal-Society B-Biological Scienc@s3.

Watanabe;-M=E. 2008. Colony collapse disorder: Margpects, no smoking gun. Bioscience
58:.384388.

Wray, M. K., Mattila, H. R. & Seeley, T. D. 2011. Gagdlive personalities in honeybee colonies
are linked to colony fitness. Animal Behavidi: 559568.

Wray, M. Ka& Seeley, T. D. 2011. Consistent persdgalifferences in house-hunting behavior
but,not decision speed in swarms of honey bees (aglifera). Behavioral Ecology and
Sociobiology65: 20612070.

Yip, E. C., Powers, K. S. & Aviles, L. 2008. Coopevatcapture of large prey solves scaling
challenge faced by spider societies. Proceedintieedflational Academy of Sciences of
the United States of Americi)5: 1181811822.

Anonymized et all6
This article is protected by copyright. All rights reserved



414  Figures& Supplementary Figures:

L]
L I L | I
o S E—
I—'—I
_léj_
' o —_
C:' .
L T
i
o : o
C:' p—
c =T
S o
moo
fib] o -
5 o
o
::i L]
C:' p—
(]
L]
C:' p—
Lo o
High elevation High elevation Low elevation Low elevation
Survived Died Survived Died

Elevation and colony status
415

416  Figure 1. The'aggressiveness of colonies that either sunavelied, at low (450m) or high
417  (>740n) elevation sites. Aggression was 600 minus thetateo attack (maximum 600
418  seconds) hence is unitless.
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