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ABSTRACT

This study was conducted to examine the prey-attraction hypothesis as function of stabilimentum and to address
whether there is a tradeoff between building large undecorated webs and small decorated webs in orb-webs of
selected Argiope spiders: A. catenulata, A. luzona, A. appensa, and A. aemula. The present data were consistent
with the prey-attraction hypothesis and a tradeoff between stabilimentum-building and a large web area as
alternative prey capture strategies. Webs with stabilimentum were more likely to contain more prey in all species
observed. Except for A. aemula, webs with longer stabilimentum were more likely to contain more prey. Comparing
the number of prey intercepted between webs with and without a stabilimentum showed that more prey was caught
in decorated webs in all species observed. Except for A. luzona, webs found nearer the ground were significantly
more likely to add stabilimentum. Furthermore, the web area was significantly larger in non-decorated webs than
decorated webs in A. catenulata and A. aemula and the stabilimentum length was negatively correlated with web
areain A. appensa.
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INTRODUCTION

Spiders in the genuargiope, Audouin 1826, often decorate their nearly inconspics orb webs with very obvious
white zigzag silk called stabilimentum (plural=stabenta) [1][2]. When you look at the structure of
stabilimentum, the size, type and form (e.g. numtfearms), and frequency of spiders that decorta¢ér twebs
varies both inter- and intraspecifically [2].

Several hypotheses were proposed to describe tiatidn of stabilimentum but efforts to elucidate ftinction
often yielded conflicting results. Among the majgpotheses regarding the function of stabilimentthme, prey-
attraction hypothesis (increasing foraging succg3H4][5][6][71[8]) received the most attention yeyielded
conflicting results[9]. This is based on the idkeattweb and stabilimentum reflect ultraviolet (Uight and many
insects are attracted to UV [10] because it indis@ipen sky, or a safe light path [11][12][3].

UV-reflectance as a key luring feature of preyaattion has been reported by several studies. Iprésence of UV
light, webs of Argiope versicolor juveniles containing discoid decorations capturadre Drosophila than
undecorated webs in Y-choice experiments [10D¢tonoba sybotides webs,Drosophila was significantly attracted

to decorated webs in UV-positive light [13]. Argiope savignyi, decorated webs intercepted more stingless bees
(Tetragonisca angustula) than undecorated webs [14]. Artificial webs witllstimentum fromArgiope aurantia
intercepted more flying insects than the contralugr of artificial webs containing non-decorativék §rom the
same area of the web [7]. According to prey-atiosmchypothesis, the stabilimentum increases a spid@raging
efficiency by improving web attractiveness lurimgécts towards the web [11][12][3].
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In the present study, a field survey was condupt@narily to test whether webs with stabilimentéencept more
prey compared to webs without stabilimenta and ddress whether there is a tradeoff between buildinge
undecorated webs and small decorated wibthis paperdecorated webs refer to webs spun with stabilimenta
while undecorated webs refer to webs without stakihta.

MATERIALS AND METHODS
Study Species

Field survey on the function of stabilimentum irufespecies ofArgiope (Figure 1) was conducted between 0800
and 2400h in Barangay Apolinario, Tangub, Misamigi@ental, Mindanao, Philippines from January toeJ2013.

Figurel. The FourArgiope speciesA. catenulata (A); A. luzona (B); A. appensa (C); and A. aemula (D)

Web Parameters

Among females of the four speciesArfiope, the following variables were obtained from eadbwstabilimentum
length (cm), vertical and horizontal web diametem) measured as distance between the lower-and-opgps
sticky spirals comprising the capture area, wellitgicm) measured as distance between the grouhthariower-
most sticky spiral, spider size (cm) measured a@ddtal body length, and stabilimentum presencabsence.

The spider and the stabilimentum in its web weretpdgraphed with a ruler on the side (for calibnatiorhe images
were then imported to UTHSCSlnage Tool software [15] where necessary measurements were. dde web
parameters such as vertical web diameter, and draekz web diameter were directly measured usingler.rThe
web area was computed using the estimated fornfula]:oWeb Area =[(dv*0.5) (dh*0.5)] x =, where d is the
vertical web diameter of the web measured fromdbtermost row of capture spiral, & the horizontal web
diameter measured from the outermost row of campimal andr is the pi value which is equal to approximately
3.14. Webs with discoid stabilimenta were excluifethe analysis.

Testing the prey-attraction function of stabilimentum

Prey presence and number of prey intercepted weerrded. The prey-attraction function of stabilituam spun by
selectedArgiope spiders was tested by examining if webs with itabntum intercepted more prey than those webs
without stabilimentum and if an increased likelidoof prey interception was associated with the gmmes and
length of stabilimentum. The association of webaawdth the occurrence and length of stabilimentuerew
examined to address whether there is a tradeoffdeat building large undecorated webs and smallrdéad webs

in orb-webs of selectergiope spiders.

Statistical Analysis:

Statistical Analysis was performed using the PABa&l¢ontological Statistics) Software. Linear Catieh analysis
was used to determine relationship among stabiliomrfoccurrence and length), web area, web heigthinamber

of prey intercepted in webs. In terms of stabilitsem occurrence, ranking was employed: absence=0 and
present=1. Kruskal Wallis Test was used to detegrttie significant difference in web area, web heaid number

of prey captured between decorated and decorates. we

RESULTS
As shown in Table 1, the occurrence of stabilimentuas negatively predicted with web areaircatenulata, and

A. aemula, suggesting that larger webs were significantly lésdy to contain stabilimentum among these spder
Considering the web height, webs found nearer thargl were significantly more likely to have stabigntum in
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three specie#. catenulata, A. appensa, and A. aemula. The lack of association in web area and web heigh
occurrence of stabilimentum . luzona could have been due to small sample size in umdt=mb webs (N=11).
Meanwhile, larger webs tended to have shorter lgt@mtum inA. catenulata, A. appensa, andA. aemula. The
relationship between the stabilimentum length amel web distance from the ground showed a weak wegat
correlation inA. catenulata only but no correlation iA. luzona A. appensa andA. aemula.

Table 1. Linear correlation between stabilimentum lilding and web variables

Occurrence of Stabilimentum Stabilimentum Length

Web Area(cr) Web height Web Area (crf) Web height

Spider r p* r p* r p* r p*

-0.156 0.0005 -0.336 6.0E-8 -0.142 0.031 -0.128 0.050
A. catenulata (N=484) (N=484) (N=237) (N=237)

-0.059 0.356 -0.098 0.126 0.182 0.200 -0.096 0.135
A. luzona (N=222) (N=222) (N=211) (N=211)

-0.141 0.076 -0.621 6.3E-11 -0.323 0.025 -0.105 0.471
A appensa (N=145) (N=145) (N=81) (N=81)

-0.277 0.010 -0.3771 0.0003 -0.286 0.044 -0.079 0.584
A aemula (N=91) (N=91) (N=50) (N=91)

*permut p; for stabilimentum length, undecorated webs were excluded in the data set.

The number of prey intercepted in orb-webs or NRible 2) was positively correlated to the occuresand length
of stabilimentum irA. catenulata, A. luzona andA. appensa. In A. aemula the NP1 is positively correlated with the
occurrence of stabilimentum but not with the sfai@htum length. On the contrary, a negative cotimiawas
observed between the web area and NPA.igatenulata, A. appensa, andA. aemula while the web height was
negatively correlated with NPI i catenulata only.

Table 2. Linear correlation between the number of gy intercepted (NPI) and stabilimentum and web vaiables

Occurrence of Stabilimentum  Stabilimentum Length  bWWeea (cm) Web height

Spider r p* r p r p* r p*

A .catenulata 0.513 1.5E-33 0.234 0.0003 -0.111  0.015 -0.183 5.6E-5
(N=484) N=237 (N=484) (N=484)

A. luzona 0.130 0.041 0.134 0.035 0.077 0.227 0.040 0.537
(N=222) (211) (N=222) (N=222)

A. appensa 0.471 2.8E-6 0.356 0.011 -0.323 0.025 -0.105 0.471
(N=145) (N=81) (N=145) (N=145)

A. aemula 0.256 0.015 0.013 0.929 -0.286 0.044 -0.079 0.584
(N=50) (N=41) (N=50) (N=50)

*permut p; for stabilimentum length, undecorated webs were excluded in the data set.

The web area is significantly larger in webs withstabilimenta (undecorated webs) than in webs si#bilimenta
(decorated webs) in only two species obseredatenulata, and A. aemula (Table 3) which also supports the
notion of the tradeoff between building large uratated and small decorated webs. No significarfeifice in
web size between decorated and non-decorated weBsluzona and A. appensa. In congruent with the prey
attraction hypothesis, webs spun with stabilimemae more likely to contain more prey than undetsatavebs in
four speciesA. catenulata, A.luzona, A. appensa, andA. aemula.

Table 3. Web size and the number of prey intercepte(NPI) in decorated (with stabilimentum) and undeorated (no stabilimentum)

webs
Web Area Number of Prey Intercepted
Spider With Stab No Stab p* With Stab  No Stab p*
A. catenulata 459.14189.2 516.3#03.3 1.2E-34 297210 0.874#0.12 1.2E-34
(N=241) (N=243) (N=241) (N=243)
A. luzona 700.99+477.44 831.09+552.57 0.55 1.93+2.01 0.72+0.79 0.018
(N=211) (N=11) (N=211)  (N=11)
A. appensa 1216.9893.8 (N=81) 1235.4463.1 (N=64) 0.880 1.940t79 0.8040.18 6.9E-06
(N=81) (N=66)
A. aemula 1012.9+316.0 (N=50) 1177.4+253.0 0.010 2.622.83 0.7840.92 0.015
(N=41) (N=109) (N=78)

*permut p; Kruskal-Wallis Test; Sab=stabilimentum

DISCUSSION AND CONCLUSION

For stationary orb-web spiders, suchfagiope spp., foraging success is influenced by any tecyglefiwebs either
to lure or repel prey [3]. The positive associatlmtween the number of prey intercepted and theromace of
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stabilimentum and the observation that webs widbimentum were more likely to contain more préwan
undecorated webs in orb-webs Af catenulata, A. luzona, A. appensa and A. aemula support the prey-attraction
hypothesis. Likewise, the positive association leetwthe number of prey intercepted and lengthaffilshentum

in orb-webs ofA. catenulata, A. luzona, and A. appensa affirms the prey-attraction hypothesis. The lack of
association between NPI and stabilimentum lengtbrinwebs ofA. aemula could have been due to the availability
of insects [16][17] or the intercepted prey wemeatly consumed by the spiders prior to our observat

The observations that webs found nearer the grawgnd significantly more likely to be decorated mb-avebs ofA.
catenulata, A. appensa, and A. aemula, and tended to contain longer stabilimentum améngatenulata were
logically consistent with the prey-attraction fuict of stabilimentum, suggesting that silk decanator more silk
decorations may be required in darker conditioas tthose in well-lit areas [18]. The vegetationdeto be denser
closer to the ground with reduce light penetratidmus, spiders with higher webs may not need to add
stabilimentum or larger stabilimentum to achieve thame prey attractant effect. Furthermore, withsde
vegetation, webs lower to the ground may need tddwdrated (e.g. catenulata, A. appensa, andA. aemula) or
contain longer stabilimentum (e.@\. catenulata) to achieve the same effect as they would in meedi-lit
conditions [19].

UV-reflectance as a key luring feature of preyeattion has been supported by several studies. diraprto
[10][13][14][71[11][12][3], stabilimentum increases spider's foraging efficiency by improving welrattiveness
luring insects towards the web. This is becauset imsgcts are attracted to ultraviolet reflectafit® and silk
stabilimentum reflecting ultraviolet range [3]. present study, the prey species observed were ymibgithg

dipteran insects (61%: mosquitoes, fruitflies, #adiseflies) which were reported to have photorexsphat are
very sensitive in the ultraviolet range [20][12]]2A web with stabilimentum reflects little UV lighprovides floral
guides, deceiving their prey by mimicking a foodaerce (e.g. flower; [3]. Also flying insects artracted to UV-
bright silk because it characterizes an open skyyiging free space for flying or escape routes].[2Bwever,
according to [13], insects might respond to UV tigk a cue that indicates these objects, althdughuncertain if a
single mechanism attracts prey to the web. Mored28i reported a fithess consequence of stabiltmarbuilding
in Argiope versicolor spiders. InA. versicolor, the growth rate in terms of weight gain and theqgfrency of
stabilimentum-building, as well as the rate of otdaterception were strongly positively correlateith each other,
suggesting that individuals which decorate theibsvat a higher frequency are expected to have teehigrowth
rate.

The observations that: (1) the likelihood of spimgnia stabilimentum decreases with increasing wel arA.
catenulata, andA. aemula; (2) larger webs tended to have shorter stabilinranituthree speciedA. catenulata, A.
appensa andA. aemula; and (3) web area was significantly larger in nletgorated webs than in decorated webs in
A. catenulata andA. aemula are consistent with the tradeoff between web anglastabilimentum-building activity.
Although there was no significant difference in walea between decorated and undecorated wehsappensa
(Table 3), however, smaller webs were more likelyhave longer stabilimentum (Table 1) and the nunalb@rey
intercepted was positively associated to both tt@uence and length of stabilimentum (Table 2ytHarmore,
more prey was observed in decorated webs than deasmated orb-webs amomy catenulata, A. luzona, A.
appensa and A. aemula. Therefore, these results are also consistent théhtwo hypotheses being tested in this
paper: prey-attraction hypothesis and tradeoff betwweb area and stabilimentum-building activitg.réported by
[5], large webs without stabilimentum yield a sianicapture success as small webs with “prey-ludiegprations”

in Argiope appensa.

The observed relationship between occurrence atheaf stabilimentum and web area in the presamysis
consistent with several previous studies (&rgneus eburnus. [24]; A. appensa: [9][1][2]; A. keyserelingi: [25][26]

A. trifasciata: [7]; A. aurantia andA. trifaciata: [9][19]; A. luzona andA. aemula: [2]. Less satiated spiders tend to
spin larger webs, but were less likely to spin iftakntum than those more satiated [26]. This firgdsupports the
idea that web decorating is a different foragingtegy compared to building webs with a large caparea. The
lack of negative association between the web heighb area and occurrence of stabilimenturA.ituzona could
have been due to small sample size of undecorated (IN=11), hence, reduced statistical power.

Prey can be quickly removed from the web after oongion and prey presence in a web can only bassstio be
an approximation of spider foraging success [1%ler€fore, an enclosure study is recommended to amihe
prey-capture rates in decorated and undecorated amdh simultaneously address the hypotheses thatize and
stabilimentum-building are alternative strategigmag these spiders.
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