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Abstract

The reach ofartificial light at night (ALAN) is growing rapidly around the glob&cluding the increasing use of
energyefficient LED lights.Many studies documertié phy#ological costs of light at nighbut farfewer have focused

on the potential benefits for nocturnal insectivores and theylikeblogical consequences of shifts in predatey
relationships. We_investigated the effectsAbfAN on the foraging behaviour and prey capture success in juvenile
Australian garden orlveb spides (Eriophora biapicata). Laboratory experiments demonstrated that juvenile spiders
were attracted to LED lights when choosing foraging sites, but pilabiity was a strongecue for remaining in a
foraging site. Field experiments revealed a significant increase incpptyre rates for webs placed near LED lights.
This suggests thany physiological costs of light at night may be offset by the foradjegefits, perhaps péally
explaining recently observed increases in the size, fecundity, and aberafasome orweb spider specigs urban
environmentsOurresultshighlight thepotential longterm consequences of night lightimgurban ecosystemshrough

the impacbf orlb.web spiders on insect populations
Keywords: light;pollution; tradeoff; urbanisationprey capture; web architectyraneidae
Introduction

The introduction“ofrartificial light at night (ALAN) into urban areas hasugited the natural daily arsasonal cycles

of light and dark’under, which organisms evolv&asgton et al., 2013; Hopkins et &018. The presence of ALAN
shifts the compasition’of invertebrate communitiesjuding anincrease in théocal abundance of predatory species
and thei insect gpreyaround artificial lights (Davies et al., 2013Jausing changes iboth foraging behaviour and
foraging succes®f, predatorgAdams, 2000; Dwyer et al., 2013; Polak et al., 2011). The extent itth wlocturnal
predators derivé benefits frorhet attraction of their potential prey to artificial lights depends on the respaofishe
predators to night lighting. While some nocturnal insectivores avoid illdnhsites Rydell, 1992; Sparks et al.,
2005, predators thatlo forage near lights magiter their behaviour iflluminated siteswhich in turncanaffecttheir
foraging successE(gar.et al., 1996Perry et al. 2008 For example, in ALAN affected sites, some insectivorous bats
alter the altitude and speed at which they fly, which maycaffesir ability to encounter and capture insects (Polak et
al., 2011). Howeverjafor many predatory spediet forage near lights, it is unclear whether they are attracted to

artificial light per se, or to the associated increase in prey availability.

Orb-web spiders are abundaahd ecologically significanterrestrialinsectivores with diverse foragingstrategies
Nocturnal orbweb spiderscanderive substantial benefits from increased prey densities aratificiah lights, since
their foraging sucess depends on the frequency with which prey intercept their iedbs§, 2000 Ceballos et al.,

2005. Recent evidence suggests that somewab spiders have a greater fecundity in urban habitats (Lowe et al.,
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2014 which may arise through an increaseprey encounter rates (Heiling & Herberstein, 1999; Lowe et al.,)2014
Similarly, the densities of adult and stawult riparian nocturnal ortveb spidersl{arinioides sclopetarius) are higher
around streetlights (Heiling & Herberstein, 1998)d hborabry experiments demonstrate thatult and suiadultL.
sclopetarius preferentially construct webs near artificial lights (Heiling, 1998terestingly, his pattern varieoth
within (Kovoor & MunozCuevas, 1995kandbetween specieamily Araneidae positive phototaxis: Heiling, 1999;
negative photetaxisdakamura & Yamashita, 1997)his variation may have an ecological basishesattraction of..
sclopetarius to artificialilights is potentiallyelatedto its riparian lifestyle Specifically,as water reflects moonligit
sclopetarius might, uselight asa cue for wet habitats rich in insect préjore significantly, thee is aglobal shift
towards more, energgfficient LED lighting,which has a differertght spectrunthanolderlight technologies (Gaston
et al., 2012). The attraction of insects to lights varies betweetinigtechnologies (Gaston et al., 2012), but whether
similar shifts occur for,their nocturnal predatorsiég known It is therefore important to invégate howthese newer

lighting technolagies affect predatprey dynamics.

A crucial companent of\the foraging behaviour of virlilding spiders is @b site tenacity- the likelihood that a web
building spider remains at the same site on subsequent dayglds following initial web constructionAfter
relocating to a new site, oflleb spiders may reduce silk investment in webs until they expergiifieient prey
encounter rates’(Nakata & Ushimaru, 1999). This suggesta/éiiegite tenacity is drivereks by the cues involved in
initial site selection, and more by the information gathered once &irdging site For example, igh web sitetenacity
reflects high foragingssuccess that outweighs the costs of mamfogmation that can only be gatherafter a web is
constructed in theypotential foraging sfiéakata & Ushimaru, 1999Prey capture rates appear to be higher around
older artificial lighting.technology(Adams, 2000; Heiling & Herberstein, 199and web site tenacity studies of adult
spiders reportsaspositive correlation betweesb site tenacity and prey capture rat€hihiel et al., 2000McNett &
Rypstra, 199Y. Hencepwe would expeeteb site tenacity to increase around artificial lightswever, it is uolear
whether the association between the presence of artificial light and prey capture suloaesspiders prioritise
illumination over prey availability as cues for web site tenactymparatively littleis known abouthe foraging
strategies ofjuvenile spiders,despite the impacbf juvenile foragingon adult sizeand rates of development
(Moya-Larafio et al., 2003; Neumann et al., 2Q,1@lthough they appear to be less resistant to moving their webs
(Chmiel et al., 2000Enders, 1975).

Once a 6raging site_is selected, tf@raging success of an erkeb spider depends upon web architecture, winak
reflect local environmental conditiondVeb architecture influences the process of prey capture, changing the
probability of prey interception and prey retention, afténvaries between individual8(ackledge & Eliason, 2007;
Sensenig et al.,"2012Valter & Elgar, 2016). While orlveb size affects intercept rates, properties of the web such as
the number of radii and spiral spacing affect the ability of the web tortaltke kinetic energy of flying insects
therefore influencing prey retention in the wébpell & Bond, 2001; Blackledge & Zenbergen, 2006 Artificial
lighting may affect these properties in a number of ways. Fpgder web size may decrease in illuminated sites,
because increased .prey availability satiates spiders, and satiated spidemsctc@nsaller webs (Adams, 2000
Herberstein et al., 2000Further, reducedisibility at night allows nocturnal orlveb spiders to produce movescid

and stickier capture strands, which can affect qaténaction Craig & Freeman, 1991 Artificial illumination may
therefore reduce prey capture rates by increasing web visibility t¢ @reyimulate spiders to produce less viscid and
therefore less visible wepghereby altering pregttraction to wehsPrey composition may also change, due to the

effects of artificial light on weldletection by prey depending on the variable visual systerdiffefent prey types.
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105  Exposure to ALANstimulates faster maturation but a smaller adult siz&.imiapicata when diet is controlled
106 (Willmott et al., 2018). Maturation rate and eventual bodyzesi both depend on juvenile foragirguccess
107 (Moya-Larafio et al., 2003; Neumann et al., 2017) , so a more complete understanding of the impacts of ALAN on

108  these spiders requires a comparison ofpthey capture ratesf juvenile spiders iilluminatedandnaturally dark sites.

109  Here, we used laboratory and field experiments to investigate theseadfetie presence aftificial LED night lighting

110  on foraging site"choice and tenaciiyeb constructionand prey capture rates in juveniles of the Australian garden orb
111 web spider Eriophora biapicata; Family Araneidag We predicted thaartificial light at night would attract juvenile

112 spiders and thus'influence initiakb site selection, bytrey availabity would signal site quality and thus be a stronger
113 predictor ofweb site tenacity. We predicted that webs placed near LED lightsdwoapture more prey due to the
114 attraction of insects™to! light&inally, we expected that light conditionduring rearng andweb constructiorwould

115  affect web architecture, atldusprey capture rates.
116  Methods
117 Sudy Species

118  The Australian garden onveb spider Eriophora biapicata; Family Araneidagis a large nocturnal insectivore (body
119 length up to 22mm in females and 18mm in males) (Davies, 1980). Sheetlysanset, these spiders construct large,
120  complete orbwebs that catch nocturnal flying insects, particularly Lepidoptera, f@leoand Ditera, throughout the
121 night (Herberstein & Elgar, 1994). The foragipghaviourof juveniles is not well documented, but third instar spiders
122 disperse from the eggsac and construct small, complete orb M@&hs personal observatipnVhen they have a well
123 formed web, juveniles can capture and consume prey up to three timesowheibody size (NJW, personal

124 observatioh
125  Collection and Hetsing

126 Experimental spiders were reared from eggsacs laid in the laboratoiiidbyawght females collected in an urlyzark

127 in Melbourne, Victoria (37.7911 S, 144.9515 E) in February 2016. Females wieeezblfrom sites ranging in light

128 intensity from <0.1.lux to 40 lwtight intensity was measured using a Skye Instruments Lux Meterious locations

129 in the habitat where spiders were collected, taking the brightest meastiraneach poindbn several nights (around

130  22:00) that varied in cloudineddowever,the light intensitywas not recorded for the locationedch female’'s webA

131 total of 860 spiderlings derived from 18ld-caught females were reared from hatching at 22°C undefhaur2day

132 (2000 lux;12V cool white LED strip lightingith a peak wavelength of 445nikigure 1) and a 1zhour night that was

133 either darknesd@ark at night treatment; 0 — 0.06 lux) or dim light at nightlight at night treatment; 20— 24.6 lux; 12V

134 cool white LED strip lighting) Laboratory nightime lux levels were chosen to approximate natural darkness (dark at
135  nighttreatment)fand‘the equivalasitbeing directly under an urban streetlight (light at night treatjhnghere many of

136 the wild-caught females were naturally locat®hile cool white LED lights do not provide a perfect approximation of
137 natural sunlighttand so may have affected the plogyoof the spiders, both treatment groups experienced the same
138 daylight lighting. These lighting conditions are also similar to those used for othrestiéal invertebrate systems
139  (Durrant et al.2015; McLay et a].2017).We used luxgensu Gaston et al., 2017) asir measure of lighlevels As lux

140  is based on human vision, this doesn’t necessarily capture the relatius efféght influencing spiderper se, but it

141 does provide a direct link to illuminance as commonly measured imtfirement and as employed in the design and
142 mitigation of artificial lighting system®ffspring from eactiemalecontributed equally to each of the two light at night

143 treatmentgdn=430 for each treatment)uveniles were housed in inverted plastic cups (9cm tall, 8cm diameter at the
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144 base) under standard laboratory conditions (Henneken et al., 20pS)w€te lightly misted with water every two days
145  and spiders were fed-3 Drosophila melanogaster per week. A sample of these spiders was use@doh ofthe
146 following experiments (see below). Individuals used\eb Site Selection andWeb Ste Tenacity experiments were not
147 subjected to th&Veb Construction andPrey Capture Rates experimentslt was not possible to collect ddtéind tothe

148  treatmentsthe two treatment groups (lit or dark) were always eakgtinguishable
149 (i) Effects of Night Lighting on Web Ste Choice and Tenacity
150  Experimental Light Arenas

151 Choice experiments were conducted in plastic containers (length 27cdth«20icm x height 17cm) that were opaque
152 to ambient light;"with=lightly sanded inner walls to produce a climbabiéace Figure 2). A small cylindrical

153 container was locked into a portal at the centre of the base of the box, alépidegs and prey (adut. melanogaster)

154 to be introduced“assrequired while preventing escape. A hole was created in eaclhotthe ceiling of the box to
155  allow light to enter. Light was provided by dimmable cool white LED stughting. As above, daytime lighting
156 (between 08:00 ang0:00) was set at 2000 lux; nighime lighting £0:00 — 8:00 each night), where present, was set at
157 20 lux. Within the arena, a fouwvay wooden skewer scaffold provided spiders with a surface altwgh to climb

158 when choosing assiterand an attachment struébuneeb-building.
159  Web Site Choice

160  We assessed whether'the presence of artificial light influewebdite selection by juvenile spiders reared under the
161 dark at night light regime, by manipulating the amount of light fromtidal light sources (20 luxsool white, turned
162 on from20:00-.8:00.each night) that passed through the corner holes in the ceiling of theidgnme ). We covered
163 two corner holes omthe same side with opaque filters, and thetwtheorner holes with clear transparent filtdrEE

164  Filters— 130 Clear) soonly one side of the box was directly illuminated, but temperatdiereices between the two
165  sides were minimisedVe raneight trials simultaneously with half facing one way and half facing the othére

166 switched the sidavith the uncoveredights between each set of tgab avoid possible effects of variation ambient

167  temperaturgair eurrent,' or magnetic orientatioWe placed a single fiftinstar spider (dark at night treatment group;
168  fed four D. melanogaster per nght for three nights prior) in the portal container and released the spi@éroat
169  (corresponding tosthesstart of the natural foraging period) at tharbegiof the first night. On the following morning,
170 we recorded theflocation of the spider’s completeveeb. A spider was deemed to have selected the light side if their

171 web was locatedin.the,third sec{gigure 2)of the box closest to the light.
172 Web Site Tenacity

173 We assessed the relative effects of artificial illumination and @eynélanogaster) availability on website tenacity,

174 by maintaining the spiders used in tveb Ste Selection experiment in the choice chamber, with the identical iinght

175  arrangementfor a further four days and three nights. ile tenacity was measured as the proportion of spiders in
176  that treatment groupithat remained in the same site followingehments described below. We excluded spiders that
177 initially built their web on the dark side because the sample size (n=3pavastll, and all of the spiders that initially
178 selected the dark side subsequently selected the light side efiesting. On the second night @@00), individual

179  spiders that had initially constructed their webs in an illuminated sitel@\were allgated to one of two prey
180  treatment groups: a “no prey” treatment that received no prey and a fpgagrhent in which each spider was fed four

181 D. melanogaster on each of the second and third night of their trial. On the fourth,négiders within eachrpy
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182  treatment were allocated to one of two light treatments: théidglarrangement remained unchanged (“liggot”

183  treatment), or the light side was switched (by moving the light epuer the other side of the box (“ligbark”

184  treatmentn=12 foreach light treatment x prey treatment groupyvas not possible to include “dalight” and “dark

185  dark” treatments because insufficient spiders initially built their wethe dark side, and no spiders moved their webs
186  to the dark side prior to the fourth night. Wate tenacity was determined by whether the spider remained in the same

187  side of the boxs«(stay):or relocated to the opposite side (move) during tHeri@it.
188 (i) Effects of Night Lighting on Web Construction

189  We assessed the.effects ofhligg treatment during rearing and web construction on web architebtynglacing
190 juvenile spidersi(8 — 10" instar, inferred by moult exuviates) from both lighting tresnis into individual Perspex
191 frames (height 25¢myx width 25cm x depth 10cm) unideir corresponding lighting treatments: dark-(0.06 lux; N
192 = 23) or illuminated (20 lux; N=25). The lighting arrangement dumveb construction always matched that during
193 rearing. FiveD. melanegaster were released into the frames to stimulate weldipg, and the spiders constructed their
194  webs overnight, After the web was constructed, we removed therspithout damaging the web. The spider was
195  weighed and we.measured the web height and width as the distance between thef dugeamture area of the web
196  along the vertical and' horizontal planes of the web, respectively. Weedothe number of radii in the web and

197  measured spiral spacing at the midpoint between the central hub and the édgeeif.t
198 (i) Effects of Nightlsighting on Prey Capture Rates

199  We tested the effects of artificial night lighting on prey capture ratesbgferring frames containing webs constructed
200 by juvenile spiders(same webs asWeb Construction) to the Royal Botanic Gardens, Melbourne (37.8304 S,
201 144.9796 E)“in,November and December 2016. The remaibs wiElanogaster were removed from the frames to
202 minimise any odour.effects on prey attraction (Henneken et al., 20id7gllsspiders had exgenced an equal number
203 of flies the previousrevening. The experimental area was a riparian esinfaully habitat that received no direct
204 overhead lighting and minimal interference from sky glow (brightesiient light measured from the web was <0.1
205  lux). The habitat.consisted of an enclosed, sloped area of diverse vegatdt@rsmall stream, and it supported large
206 numbers ofEriophera.biapicata prior to and during the trials (personal observations). Welnstructed by light at
207 night and dark at night spiders were allocated to either a dark fordigihgat night N = 12; dark at night N = 11) or
208 light foraging (light at night N = 13; dark at night N = 12) treatment: lighaging treatment webs were directly lit by a
209  cool white LED camp light attached to nearby vegetation and measured laz a0 the frame (TechLight 0.5W
210  campinglight globe; 4500 Kelvin); dark foraging treatment webs weredi@ctly lit and received <0.1 (measurements
211 ranged from O to 0.05) lux of artificial light. Each frame was attddbea tripod embedded in the ground so that the
212 frames were approximately 1.4m above the ground and 1.5m from thedigtte (which was50cm higher than the
213 frame), varying"slightly due to the terrain. At each of the ten g¢ftes light and five dark) we placed one web
214 constructed by.asdark at night rearing treatment spider and one web cexdsbyd light at night rearing treatment

215  spider Figure 3).

216 Each web was checked every half hour over aanga-half-hour period (21:0@3:30), and the identity (classified to
217 order), size, and position in the web of captured prey were recordedorbbedure was repeated over three nights. Th
218 locations of the LED lights were switched between nights such thatlighdark sites were alternated between nights

219  to ensure the full range of habitat conditions were experienced byualré@tment groups. The sky was clear on all
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three nights;he moon was new, first quarter, and waxing crescent and the témnpdstart point and end point) was
18°C- 14°C, 19°C 14°C, and 22°G 16°C on nights one to three, respectively.

Satistical Analysis

Statistical analyses were carried out using R war8i1.2 (R Core Team, 2014Nebsite selection and tenacity were
tested using Ckequared tests, with the two prey treatments analysed separately. Nongsdesed for more than one
replicate, and spidersywere excluded from the analysis if they failednstruct webs on the initial or any following
nights; moulted or died during a trial; or were in the prey treatmenfdilad to capture fliesSpiders that were
excluded from website tenacity trialswere still included in analyses of web site seiect Measures of web
construction were analysed using teample twesided ttests.We used generalised linear mixed models (GLMMS) to
assess the effects of,light conditions during web construction (fixadrfeand during foraging (fixed factor) on the
number of small prey captured and the prey-gsizgghted total capture, with web araad spiér weightas random
factors in each models, To determine the contribution of each factor, we comparadl! tmedel with reduced models
(one omitting web/construction, one omitting foraging, and one omittiely ave using ANOVAs. Captured prey
were clasfied as.“small” (body length < 5mm), “medium” (body lengtmm — 15mm), or “large” (body length >
15mm). To create sizeeighted values, small prégemswere ranked as 1, medium prey as 2 (each medium prey item
was given the same value as two small pragyl large prey as 3 (equivalent to three small prey), and the values were

then summed far each web to give a proxy measure for total prey capture.
Results

(i) Effects of Night Lighting on Web Site Choice and Tenacity

Web Site Selection

A total of 51/64spiders successfully constructed a completevegb at one end of the box; nine spiders failed to
construct a complete omveb, and four spiders constructed -arbbs in the centre of the box and were therefore
deemed to show,no clear preference. Of thefbders that selected a side, 48 (94%) constructed their web on the light
side of the arena (CBijuared test: x*= 32.96,df = 1, P < 0.001).

Web Ste Tenacity.

Prey availability had a clear effect on wsite tenacity. Spiders provided with access to foeytwo nights did not
subsequently change the location of their web on the fourth night, reggadlighting treatment (“ligHight” N = 14;

“light-dark” N'="10; Figure 4). In contrast, the spiders showed a significant preference for buikdibg nar lights in
trials where no prey items were provided on nights two and three: two of ¥&luras in the “lightlight” treatment
moved on the fourthenight, compared with nine of 11 individuals in the “ight” treatment (Chéquared test: x* =

8.09,df = 1,P = 0.004) Figure 4).

(i1) Effects of Night Lighting on Web Construction

There was no significant difference juvenile body mass between the two treatment groups (dark at night = 67.49 +
0.6 mg; light at night = 67.47 £ 0.55 mgteist:t,s = 0.03,P = 0.98). There were no significant differences between the
two treatment groups in any of the measures of web archite@taiée(l). Thetotal web areavasalways smaller than

the maximum size allowed by the frame (height 25cm x width 25ah)tseof this species constructed larger webs in
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frames of the same size (NJW unpublished data), indicating thatilpsreould have built larger webs but did not, and

so web size was not constrained by frame. size

(iii) Effects of Night Lighting on Prey Capture Rates

The rate of small prey capture in the field was significantly high#dranlluminated foraging treatment compared with
the dark foraging treatment (GLMM: y* = 15.54,df = 1, P < 0.0001) Figure 5). Medium and large prey were only
captured n illuminatedsites, although only two large prey were caughtativdihe sizeweighted total capture was
higher in illuminated'sites’(mean + standard error weighted Vaiubuminated sites = 1.58 £ 0.31 prey per hour; dark
sites = 0.23 * 0.08 prey pkour; ¥° = 15.72,df = 1, P < 0.0001). However, prior experience of a light environment did
not influence preyrcapture rates: webs constructed by juveniles in thetig dark rearing treatment groups captured
similar numbers of smalli(y* = 2.85,df = 1, P = 0.09) and total prey (x> = 0.91,df = 1, P = 0.34) items. Web area did not
significantly affectithesiumber of small prey (x* = 1.17,df = 1, P = 0.28) or total prey (x* = 0.91,df = 1, P = 0.34)
captured. Webs in/the dark foraging treatment prilpn@aught only Diptera, whereas webs in the light foraging
treatment additionally” caught Coleoptera, Hymenoptera, and one Isopterdafe termite). Although moths were

observed flying around,theelys and towards the lights, none were captured.
Discussion

This study has three key findings. First, we found that while juv&mibphora biapicata preferred to construct their
webs near artificial:LED lights, their decision to remain at a foraging sitedetermined primarily by past foraging
success rathethan the presence of artificial light, despite the otherwise syraatglactive nature of artificial light
Second, field.experiments demonstrated a potential fithess bengfd aftraction to artificial lightsvebsconstructed

by juveniles and theplaced near artificial lights caught significantly more prey, whiokeptially translates into
greater foragingssuccess. Third, our data suggest that web architectureyandpture rates of juvenile spiders are not

affected by longerm lighting conditions during the immature stages of development.
Foraging Site Choice and Tenacity

Web site tenacity in orlwveb spiders involves two phases, which can be mediated by differentiritially, spiders
may use environmentalues to locateveb sites (e.g.Heiling & Herberstein, 1999; Elgar et al., 2016), with their
subsequent, ongoingrdecision to remain at that site depending updiothging succesChmiel et al., 2000McNett

& Rypstra, 1997Nakata & Ushimaru, 1999Carelational field studies report higher spider densities around lights in
nocturnal orbweb_spidérs Heiling & Herberstein, 1999and diurnal jumping spiders (Frank, 20090lff, 1982).
However, these studies did not distinguish between initial site clamideveb site tenacity. Our data suggé#sat
juvenile E. biapicata preferentially built their webs near artificial lights, demonstrating aateattraction to artificial
light itself (Gaston et al., 20)3Attraction to artificial lights by riparianrb-web spidersl{arinioides sclopetarius) is
attributed togstreetlights acting as a sugt@nulus, mimicking moonlight reflected off river watand thereby
indicating areas of high prey value (Heiling, 1999). Adiapicata is not a specialist ripariaspecies, the attraction
may be a response to light indicating an open space where a web can be buitiigitinich insects are likely to fly
(Craig & Bernard, 1990; Heiling, 1999 egative phototaxis has been observed in theaatd spiderArgiope amoena
(Nakamura & Yamashita, 19973howing variation in phototaxis within the Family Araneidaéthis may be a result
of variation in the spectra of lights used in these experiments, atiffes in background illuminatipror other

differences between spies.For subsequentebsite tenacity, our experimertbowedhatspiders would remain in the
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294  same web site if they caught prey, regardless of light treatment, bufrdgtment only affected web site tenacity in the
295  absence of prey. Henciod availability was a stronger predictor than ALAN for the likebd of ajuvenile spider
296  remaining in the same foraging site. Using prey availability as theaprioue forweb site tenacity represengsmore
297  adaptive strategy, as illuminated siteshwiow prey availability would otherwise act as ecological trapssg Hale &

298  Swearer, 2016)ttracting spiders into poorer quality foraging sites
299 Web Architecture

300  Orb-web architecture can be influenced by foraging histddaMms, 2000; Schneider & Vollrath, 1998; Tso et al. 2007;
301  Blackledge & Zevenbergen, 2007), and ambient lightialgdr et al., 1996). However, contrary to our predictions,
302 juveniles ofE. biapicata maintained under different light regimes did not adjust the sizetamttise of their webs. In
303  contrastto our findings adults of the orweb spiderNeoscona crucifera constructed smaller webs around artificial
304  lights in the field, likelystimulated bygreater satiation in such field sitesd@ams, 2000see alsd@lackledge & Eliason,
305  2007. In our experiment, both treatment groups received the same quarditypeof food prior to web architecture
306  measurements. As recent prey capture history influences web archif@detams, 2000Blackledge & Zevenbergen,
307 2007, this may have.encouraged similar architecture between the two tregnmaps. Orbweb spiders may shift web
308  decorating behaviours'and web width in response to ambient illuotinatintainig UV wavelengthsKElgar et al.,
309 1996, although behavioural responses to LED lights, which lack UV lightyatessted. Dahirel et al. (201fund that
310  spiders alter their web architecture to increase prey capture rates in respshifts io the typesf prey available in
311 urban areas. Howevehey did not investigate such shifts in relation to artificial lightsictvlalter insect community
312 composition Davies et'al., 2012), and hence prey availability. Further studiesedt to separate lightingmditions

313 during development-from lighting conditions during web construction toedisbehavioural responses to local
314 illumination, asudifferences in web architecture observed in field expetsnmeay result from shifts in available prey
315  around artificidlightss(Adams, 2000Davies et al., 2012

316 Shiftsin Perception of Webs by Prey

317 Anilluminated nighttime environment can also alter the nature of the pregaggyrinteraction through shifts in other
318 web properties. Necturnal spiders nizg able tgproduce moreviscid silk than their diurnal counterpaytsecausdess

319  viscid silk reflects less light, and is thus less visible to prey under hrigbtelitions(Ceballos et al., 200%raig &

320  Freeman, 1991Heiling & Herberstein, 1999 Thus, artificial lighting may increase the visibility &flk produced by
321 nocturnal spiders and thus reduce foraging efficiency. This mphaia our observation of moths flying around the
322 websin the fieldput never making contact. The failure of experimental webs to eaptaths may alternatively be due
323 to a change in silk composition, as our spiders were reared on a diet ohRipgeweniles, which may altsitk odour

324  (Henneken et al., 20).7T his isof potential ecological importae, as moths form an important component of the diet of

325  E. biapicata (NJW"personal observations) and the ecologically siriléransmarina (Herberstein & Elgar, 1994).
326 Consequencesof Increased Prey Capture Rates

327 Our experiments demonstrate a foraging benefit derived diffeattythe presence of artificial lighting. Artificial lights

328  attract insects, which then aggregate around the lights (Longcore & Rig#h) Accordingly, webs constructed near

329  these lights will experience increased encounter rates with flying inseunfsaoed with webs in dark sited/e found

330  thatwebs placed near lights captured more prey, regardless of the lightinarmndi which the webs were byidnd

331 this was not significantly affected by wsize Presumably the higher prey capture rate reflects greater prey numbers

332 around the lights and therefore increased interception of prey by Wedr®e was no difference in body size between
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light treatment groups for juveniles, althougpiders exposed to ALAN mature at a smaller body size (Willmott et al.,
2018), suggesting that consequences for foraging dynamics i#indeon theage of the spidersGiven the strong
physiological impact of the presenoé ALAN on growth and reproduction in this species (Willmott ef 2018)
increased prey capture rates are likely to translate to increased growth andataraxuput Higgins & Goodnight,
2011, potentially explaining field observations of largeidgps in illuminated areadHgiling & Herberstein, 1999
However, longtermsdeclines in insect populations have been attributed to nighhtighttngcore & Rich, 2004 The

shift towards LED lightsneans a change in the spectrum produced by artificial lightkhe larger blue peak of LED
lights at night timehas.been linked to stronger physiological impacts on ani@astén et al., 20320ur data indicate
thatthe LEDgspectrunis strongly attactive tomany insectsso this shift in ALAN spectrum may drive changes in

insect community. compositign

The longetterm/impacts at the population and community level are undNaoturnal ab-web spiders, like other
nocturnal insectivores, aggregatmund artificial lights, as do their insect prey. As invertebrate disisitmibecome
patchier, insects may experience increased predation pressure, further mdimgpdiie physiological costs of ALAN.
Urban insect communities appear to be decliningraddhe globeKox, 2013; Longcore & Rich, 200&jsenbeis et al.,
2009, and the compounding costd§ ALAN may accelerate these declines. Similarly, the physiological costs
experienced byrinsects appear to be experienced by spiddiigpicata reared undr ALAN mature earlier and at a
smaller size(Willmott et al. 2018).These developmental shifts are likely to affect the ability of pred&tocapture
prey and the predation pressure they consequently place on decliningcosentnities.Future reseaft should
consider the longermuimpacts of anthropogenic light on predgicey relationships to better understand the likely

consequences for, urban ecosystems.

Ethical Approval

All applicable.international, national, and/or institutional guidelinestfercare and use of animals were followed.
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Table 1 Measures,(mean * SE) of web architecture in dark webs (constructizdkagared spiders under dark

conditions) and light'webs (constructed by lighared spiders under light conditions) and the resulisests. Web

area was calculated as 7 X height x width. Comparisons were made using-$ample {tests

Dark Webs Light Webs o
Statistic Pvalue
(N=23) (N=25)
Web Height (cm) 18.87 + 0.48 20.14 £ 0.42 t46 = 0.90 0.13
Web Width=(cm) 17.57 + 0.56 18.64 £ 0.43 t4s = 0.87 0.16
Web Area (crf) 263.79 £ 13.92 296.97 + 11.67 t4s=0.94 0.08
Capture SpiralsSpacin
0.33+0.01 0.35+0.02 t4s = 0.55 0.60
(cm)

Radii Number 18.30+0.35 18.32£0.39 t46=0.33 0.98
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Fig. 1 Spectral composition of the cool white LED lights (12V DC cool white LEIp §ghting supplied by World of
Thought, Victoria, Australia) used during rearing, site choi@l wonstruction, and prey capture rate experiments. The

blue peak wavelength it8nm

Fig. 2 Design of light box for assessing initial wsite selection and subsequent gék tenacity. Spiders enter the box
through a portal at the base, which is also an access poibt fiselanogaster prey. The portal is sealed by a cylindrical
plastic capsuleJ= 2000 lux, 8:00- 20:00 light; T = 20 lux, 20:00— 8:00 light. O = clear filter, @ = opaque

covering. Yellow lines represent the wooden skewer scaffold

Fig. 3 Experimentalsdesign for the light site. Webs constructed under dimndanditions by light at night treatment
spiders ljght-reared wepand webs constructed under dark conditions by dark at night treatment sglddeseared

web) were placedsat equal heiglftsl.4m)from the ground at equal distande4.5m)from the light source (cool white
LED camping globe fixed to a plant)ights were ~0.5m higher off the ground than the w&lmsk sites were set up

identically but withoutsthe light source

Fig. 4 Proportion of spiders that stayed (dark grey) or moved (light greyheofourth night of the experiment. In the
“light-light” group, the position of the light source was not changed, whereas ingheddirk” group, the source of
light was swapped‘to'the other side of the container. “Prey” treatmeletrspeceived foud. melanogaster on each of
nights one and two, whereas “pey” spiders received no foo8ample sizes: lightght+prey (n=14), lightdark+prey
(n=10), lightlight+nosprey (n=13), lightlark+no prey (n=11)All included spiders initially built their webs in the light.
* denotes a significantdifference (P <®)0tested using Ckéquared tests

Fig. 5 Prey capture rates (per hour) (mean + SE) for webs placed in dark sites @bt sites in the field. Dark
rearedwebs were, those constructed by derired (O lux at night) spiders under dark conditionsjewlight-reared
webs were construeted by ligtegared (20 lux at night) spiders under light conditi@ample sizedight-reared-light-
site (n=13), light-reared+darisite (n=12), darkreared+lightsite (n=12), darkreared+darsite (h=11). There was a
significant difference (P < 0.05) between Dark Sites and Illuminates Biit not between Dark Webs and Light Webs

within sites
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