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ABSTRACT 
 
This study describes stabilimentum-building and other web characteristics in selected fed and unfed Argiope spiders 
– A. luzona, A. catenulata, A. appensa and A. aemula. Fed A. luzona, A. appensa, and A. aemula built longer 
stabilimenta. However, the stabilimentum length did not differ between fed and unfed A. catenulata.  Unfed A. 
luzona, A. catenulata, A. appensa and A. aemula also built webs with larger web area and intake area. The web 
mesh height built by unfed spiders did not differ significantly with fed spiders in A. luzona, A. catenulata, and A. 
aemula. However, unfed A. appensa built webs with shorter mesh height. These results indicate that Argiope spiders 
do not alter size of stabilimenta in response to prey-intake alone, and factors other than prey intake are involved.  
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INTRODUCTION 
 

Foraging, the act of searching for and exploiting food resources is essential for animal’s growth, reproduction and 
survival [1]. In times of depletion of resources, animals having foraging innovation abilities will likely survive [2]. 
For the orb spiders, the web is the principal foraging tool with an architectural design known to be evolutionarily 
unstable [3]. It is considered an extended plastic phenotype responding to variations in prey utilization parameters 
[4]. Since orb spiders are stationary predators, the ability to intercept prey or attract prey is particularly important 
especially for resources that are patchy in distributions in space and time [5]. For example, the length of silk and 
web size including the stabilimentum (plural= ‘stabilimenta’), a conspicuous, white zigzag silk decoration added 
onto the central portion of the web were argued to be most important in foraging [6][7]. Foraging studies however, 
show contradicting information on stabilimentum-building and other web characteristics of orb spiders with prey 
intake. It was hypothesized that the spiders build larger webs in response to higher prey intake [8] or the large web 
size reflects spiders’ increased foraging effort following previous low foraging or low prey-intake success 
[9][10][11]. We reinvestigate these hypothesis by examining how stabilimentum-building and other web 
characteristics respond to variation in food intake in four Argiope species (Araneae, Araneidae, Argiopinae), 
namely:  A. luzona, A. catenulata, and A. appensa and A. aemula. 
 

MATERIALS AND METHODS 
 

Feeding Treatment 
A total of eighty (80) female spiders –fifteen (15) each of A. luzona and A. aemula, 20 A. catenulata, and 30 A. 
appensa were evaluated. Only adult female spiders (Figure 1) were included in the experiment, because mature male 
spiders do not build large webs with foraging functions. Each spider was housed in a 60x60x10 cm wooden cage 
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with the front and back area covered with clear plastic sheets and all other sides covered with screen to provide 
ventilation. Spiders that built functional webs were given one grasshopper for three days prior to observation. To 
quantify the effect of feeding on stabilimentum-building and other foraging-associated web characteristics (Figure 
2), prey intake was manipulated. For at least three days, A. appensa and A. catenulata were given one large 
grasshopper (Body length: 1.2-1.6 cm; weight: 0.1509+0.071g). The spiders were then deprived of prey for 7 days. 
For unfed spiders, only webs on the 4th to the 7th day were included in the analysis. For A. luzona and A. aemula, the 
whole procedure was repeated but the mealworm T. molitor larvae (Body length: 1.5-1.7 cm; weight: 
0.1517+0.03g), was used as prey. Mealworms were used as prey for A. luzona and A. aemula due to unavailability 
of grasshoppers during the conduct of the study. Only new-built webs were included in the analysis. Some web radii 
were also cut to encourage web-rebuilding. Water was provided to spiders through spraying the web.  
 

 
 

Figure1. The Four Argiope species. (A) A. luzona. (B) A. appensa. C) A. catenulata. (D) A. aemula 
 

 
Figure 2. A schematic web of Argiope spp. demonstrating the web parameters measured. Free zone (white-color) is the area in the center 
of a web covered by non-sticky spirals and is present in both decorated and undecorated webs. Intake area (gray-color) is the rest of web 

area covered by sticky spirals. Mesh height is the distance between two consecutive sticky spirals 
 
Measurements 
Webs were sprayed with water before measurement in order to render them visible. The web was photographed with 
a ruler for calibration and imported to UTHSCSA Image Tool ver. 3 software [12] for the necessary measurements. 
The web intake area was computed by subtracting the free zone from the web area and the stabilimentum length was 
measured as the total length of all arms. 
 
Statistical Analyses 
One-Way ANOVA Test was used to compare between feeding treatments in terms of stabilimentum-building 
frequency and length, web size, intake area, and mesh height using the PAST (Paleontological Statistics) Software 
version 2.17c [13]. 
 

RESULTS  
 

Feeding increased the stabilimentum-building frequency in A. appensa (unfed: 28% vs. fed: 58%; p=<0.05) 
insignificant in A. catenulata (fed: 43%, vs. unfed: 50%; ANOVA: F=0.085; df=1; p=0.77), relatively similar 
between A. luzona (fed: 100%; unfed: 100%) and A. aemula (fed: 100%; unfed: 100%) suggesting that only A. 
appensa alter the stabilimentum-building frequency in response to variation in prey intake. 
 

C 
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Food-deprivation decreased the stabilimentum length in webs of A. luzona, A.appensa and A. aemula while no effect 
was observed on stabilimentum length in A. catenulata (Table 1). All four species produced webs with significantly 
larger size when unfed (Table 2) and produced webs with significantly larger intake area when unfed (Table 3).  
 
Consistently, the mesh height did not differ in spiders in the presence of prey and in the absence of prey in webs of 
A. catenulata, A. luzona and in A. aemula (Table 4). This result suggests that in the absence of prey, these spiders 
built larger webs with larger mesh height, mainly directed in increasing the number of prey caught, and the 
likelihood of catching large prey. However, unfed A. appensa respond to food-deprivation by building webs with 
narrower mesh height. 
 

Table 1.Summary on Mean (+SD) stabilimentum length (cm) for fed and unfed spiders 
 

Spider Fed Unfed P* 
A. luzona 21.56+5.80; N=52 17.66+6.97; N= 81 0.0020 
A. catenulata 2.68±1.38; N=63 3.18±1.66;N=50 0.9105 
A. appensa 10.05+5.12; N=58 7.91+2.90; N=40 0.0211 
A. aemula 16.23+3.93; N=31 9.33+4.82; N=31 0.0001 

*One-way ANOVA test 
 

Table 2.  Summary on Mean (+SD) web area (cm2) for fed and unfed spiders 
 

Spider Fed Unfed P* 

A. luzona 1080.9+465.7; N=38 1571.15+416.7; N=79 <0.0001 
A. catenulata 900.52±441.5; N=30 1675.84±423.9; N=42 0.0005 
A. appensa 1249.8+468.0 ; N=60 2079.7+461.1; N=60 <0.0001 
A. aemula 856.5+404.9; N=31 1565.6+421.7; N=31 <0.0001 

*One-way ANOVA test 
 

Table 3.  Summary on Mean (+SD) web intake area (cm2) for fed and unfed spiders 
 

Spider Fed Unfed P* 

A. luzona 1041.2+464.5;N=36 1527.48+355.8; N=68 <0.0001 
A. catenulata 802.64±434.63;N=30 1602.67±418.47;N=42 0.0009 
A. appensa 1168.4 + 494.1; N=50 2017.2+405.4;N=50 <0.0001 
A. aemula 816.86+399.9;N=31 1465.9+414.2;N=31 <0.0001 

*One-way ANOVA test 
 

Table 4.  Summary on Mean (+SD) web mesh height (cm2) for fed and unfed spiders 
 

Spider Fed Unfed P* 

A. luzona 0.46+0.8; N=36 0.45+0.10;N=68 0.6162 
A. catenulata 0.36±0.07;N=52 0.38±0.07;N=42 0.3470 
A. appensa 0.49+0.09; N=50 0.43+0.06;N=50 0.0007 
A. aemula 0.48+0.06;N=31 0.49+0.7;N=31 0.5164 

*One-way ANOVA test 
 

DISCUSSIONS AND CONCLUSION 
 
The results have shown that prey-deprivation had no effect on stabilimentum-building frequency in webs of A. 
luzona, and A. aemula. However, these spiders built webs with larger size, larger intake area, and shorter 
stabilimenta when unfed while no significant change in mesh heights was observed in webs of fed and unfed spiders. 
It was also observed from the results that prey-deprivation had no effect on stabilimentum-building frequency and 
stabilimentum length in A. catenulata. As also observed among A. luzona and A. aemula, unfed A. catenulata 
spiders built webs with larger size and larger intake area. Likewise, no significant change in mesh heights was also 
observed in spiders in the presence of prey and in the absence of prey in webs of A. catenulata. 
 
The results have also shown that only A. appensa alter the stabilimentum-building frequency in response to variation 
in prey intake. Unfed A. appensa spiders also built webs with larger size, larger intake area, and shorter stabilimenta. 
However, among the four species, only A. appensa spiders built webs with significantly shorter mesh height in the 
absence of prey since the mesh height in webs of A. catenulata, A. luzona and in A. aemula spiders did not differ in 
spiders in the presence of prey and in the absence of prey. Although, A. appensa spiders produced shorter mesh 
height when unfed, however [14] reported that A. appensa spiders fed with large-sized prey (grasshopper: Body 
length=1.2-1.4 cm) spun webs with larger mesh height than when fed with small-sized prey (Drosophila sp.: Body 
length=0.25-0.30cm) (Small Prey=0.3537+0.0824 cm vs. Large Prey=0.4837+0.0896cm; p<0.001). Hence, it can be 
argued that all four Argiope spiders- A. luzona, A. catenulata, A. appensa and A. aemula respond to a reduced rate of 
feeding or reduced intake success by building webs optimized for intercepting larger prey. In other words, spiders 
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experiencing high risk of starvation or low intake success tended to be less generalist, aiming primarily larger prey. 
It has been argued that large prey items play a crucial role in spiders reaching adulthood and in maximizing 
fecundity of female orb-web spiders [15]. But it should also be noted that the common prediction that larger mesh 
widths target larger prey is not necessarily supported [16][17][18]. In particular, [18] reported that webs with denser 
intake meshes perform better at capturing large prey. 
 
The observed differential effect of prey intake among A. luzona, A. catenulata, A. appensa and A. aemula orb silk 
(web area and intake area) and stabilimentum silk between fed and unfed spiders may have resulted from a 
difference in utilization and activity of glands producing these silks [19]. Aggregate and flagelliform silk glands 
produce orb silk [20][21] while aciniform glands produce aciniform silk which is use for both prey-wrapping and 
stabilimentum-building [22][23][24].  
 
Previous studies have suggested that spiders use accumulated excess silk for stabilimentum due to a constant 
secretion in the aciniform glands [22]. However, [24] reported that aciniform silk removal due to stabilimentum-
building and prey-wrapping may stimulate gland activation which is an important mechanism to ensure highly 
efficient wrap attack strategy of Argiope spiders especially under high prey density and repeated wrapping events. 
As observed, fed spiders used aciniform silk to subdue, to immobilize and to wrap the intercepted prey. Fed A. 
luzona, A. appensa and A. aemula spiders tended to produce longer stabilimenta. Prey-wrapping and stabilimentum-
building activities among fed A. luzona, A. appensa and A. aemula spiders might consequently reduce the aciniform 
silk reserves and might have resulted to longer and thicker stabilimenta, which would be expected considering that 
catching (subduing and immobilizing) larger prey such as grasshopper or T. molitor larvae requires much silk during 
wrap attack. Perhaps Argiope spiders always decorate their webs whenever possible but the amount of silk available 
in the aciniform gland determines the length of stabilimenta [24]. This could explain why fed spiders tended to build 
longer stabilimenta in A. luzona, A. appensa and A. aemula. Consistently, since unfed spiders did not use their 
wrapping silk and thus did not deplete their aciniform gland, a reduced stabilimentum length was a reasonable 
consequence.  
 
Although the differential prey-intake between fed and unfed spiders in this study affected web characteristics such 
as web area, intake area and mesh height in all species observed, however, it did not affect the length of stabilimenta 
in A. catenulata as predicted. This result is unsurprising considering that most of A. catenulata individuals (>50%) 
used in the experiment were gravid as indicated by the presence of egg sacs on the periphery of their webs. It has 
been suggested that gravid spiders may reduce their prey intake, and thus have less need for consistently high gland 
activity to facilitate spontaneous wrap attacks [25]. These results show that, although stabilimenta is considered one 
of Argiope spiders’ foraging efforts, the control of its spinning is far more complicated that of other web foraging 
related characteristics examined here, suggesting that prey-intake is not the sole controlling factor [26]. 
 
Current data have also shown that prey intake caused an increase in stabilimentum-building activity or 
stabilimentum length combined with significant decrease in web size and intake area, suggesting a tradeoff between 
both parameters, which might reflect different foraging strategies. A similar finding was observed by [27] in 
Argiope appensa, suggesting that large webs without stabilimenta yield a similar intake success as small webs with 
“prey-luring decorations”. As reported by [9][28][10] many araneoid spiders tend to construct larger webs or 
increase the intake area of their orb-webs during times of low prey-intake, an adaptive strategy of an increased 
foraging effort by spiders experiencing reduced prey-intake.   
 
Furthermore, according to the prey-attraction hypothesis stabilimenta are used to attract prey 
[29][30][21][31][32][14]. Considering that stabilimenta is energetically inexpensive, stabilimentum is expected to be 
more common and longer in webs built by spiders with low foraging success [6]. On the contrary, our results failed 
to support the prey-attraction hypothesis, since unfed A. luzona, A. appensa and A. aemula spiders invest less on 
stabilimentum-building. We did not directly test the prediction of prey attraction. However, it has been argued that if 
stabilimenta function to lure prey, then spiders experiencing poor intake success should invest more in 
stabilimentum-building [6]. 
 
The present results have suggested that unfed spiders may respond to the reduced rate of feeding by building webs 
optimized for intercepting more prey or larger prey. In building larger web area, larger intake area, and longer mesh 
heights, spiders would increase the chance and frequency of foraging [8], thereby increasing the likelihood of 
catching more prey or larger prey. Our results regarding the effects of prey availability on web area, intake area and 
mesh heights confirmed with previous findings of increased foraging activity and it support the view that orb-web is 
highly plastic and adapts to current foraging requirements [33][10].  
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