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Abstract The existence of aggregations in taxa that are

normally solitary poses questions regarding the costs and

benefits of group living. Most orb-web spiders are solitary

and are aggressive to conspecifics, but a few species

aggregate in large numbers. These spiders benefit by

enhancing the prey interception potential, but also suffer

costs of increased predation and parasitism. In this study,

we report on the natural history characteristics of the orb-

web spider, Argiope radon, which not only lives in

aggregations but also builds silk decorations. Our results

show that A. radon aggregates facultatively and that the

main benefit of aggregation that we could identify is

enhanced mating potential. We also show that decorations

built by A. radon are highly visible to both model prey and

predator, and suggest that solitary individuals with longer

and more frequent decorations may offset the foraging

advantage of being in aggregations.

Keywords Argiope radon � Web decorations �
Stabilimenta � Aggregations � Reflectance � Araneidae

Introduction

The existence of aggregations in taxa that are normally

solitary poses questions regarding the costs and benefits of

group living. The majority of spiders are solitary organisms

that demonstrate aggression towards conspecifics. How-

ever, approximately 60 of the 38,000 known species of

spiders (Platnick 2007) can be considered as group-living

spiders (sensu Whitehouse and Lubin 2005). All spiders

can be considered as belonging to a continuum that ranges

from solitary, facultatively aggregating, colonial, subso-

cial, to social spiders. In solitary spiders, territories are

guarded aggressively and there is no cooperation between

conspecifics (e.g. St. Andrew’s cross spider; Argiope key-

serlingi, pers. obs., Rao D). Facultatively aggregating

spiders are known to share anchor strands but each spider

builds its own web and breeds independently (e.g. Nephila

pilipes, Whitehouse and Lubin 2005). Colonial spiders (e.g.

Cyrtophora citricola, Whitehouse and Lubin 2005) also

share web strands, and breed independently, but these

aggregations are mostly obligate. The indirect benefit of

living in groups is enhanced prey capture by means of the

‘‘ricochet effect’’, wherein a prey that manages to untangle

itself from one web runs the risk of falling into another web

(Uetz 1989). In subsocial spiders, there is a period of

extended maternal care, which results in a group consisting

of a mother and her offspring (e.g. Stegodyphus lineatus,

Whitehouse and Lubin 2005). However, juveniles disperse

on reaching maturity. In social spiders, there is cooperative

brood care and foraging, and spiders do not have inde-

pendent webs (e.g. Anelosimus eximus, Whitehouse and

Lubin 2005).

The benefits of aggregating may include protection from

predators, enhanced prey capture, and exploitation of

resources not available to single individuals (most notably

by spanning trees high in the vegetation; sensu Lubin

1974). Costs of aggregation may include an increased

amount of parasitism and kleptoparasitic load (Lloyd and

Elgar 1997). Furthermore, shadow competition, where
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sedentary foragers that are closer to a food source restrict

the access of those further away to the food source, may

also be a cost. This may be particularly relevant when there

is an overlapping of orb-webs and thus a potential prey

item is ‘‘blocked’’ from reaching an individual’s web by

the web of another individual (Lubin et al. 2001). Most

studies of aggregating spiders have focused on the

enhanced foraging success as a direct benefit of being in

aggregations (Uetz 1989). A further advantage to being in

aggregations is with respect to mate searching. Since males

mate more than once in this genus (Gaskett et al. 2004;

Herberstein et al. 2005a), there is an advantage to males if

females are clustered together. In Argiope aurantia, there is

a decrease in male body condition during the searching

phase (Foellmer and Fairbairn 2005), and this cost could be

reduced if females aggregate.

Spiders employ a number of different strategies to

enhance their foraging success. Since they are primarily sit-

and-wait predators, any innovation to the orb-web that

optimises prey capture efficiency is beneficial. Some of the

common strategies used include dynamic and static dis-

tortions of the web-plane, building retreats to minimise

visibility and adding web decorations (Craig 2003). Web

decorations may be composed from either silk or debris.

Despite the long-standing debate concerning the function

of these decorations, studies have shown that silk and

debris decorations may function by actively attracting and

thereby deceiving prey. In the case of silk decorations, the

UV reflectance of the decorations may mimic the ultravi-

olet (UV) signatures of flowers (Herberstein et al. 2000a;

Bruce et al. 2005) while debris decorations may achieve

the same ends by presenting food supplies to potential prey

(Bjorkman-Chiswell et al. 2004).

In this study, we report on the aggregating and decorating

behaviour of Argiope radon (Levi 1983). A. radon is an orb-

web spider that is mainly distributed in the Northern Terri-

tory and Queensland states of Australia. It was first described

by Levi (1983), and the only known study of this species has

been with regard to its courting and mating behaviour

(Robinson and Robinson 1980). A. radon differs from most

other Argiope species in that it is commonly found in

aggregations lining river-banks and sometimes spanning

streams (Robinson and Robinson 1980). Argiope argentata

is another example of an aggregating Argiope (Craig 1991).

However, like other Argiope species, A. radon also builds

silk decorations. These decorations are frequently diagonal,

stretching down from the top left hand side of the web to the

bottom right hand side (Fig. 1). On rare occasions, the

decorations may pass over the hub in a continuous line.

In this study, we investigate the interaction between

decorating and aggregating behaviour. We ask whether

aggregations and silk decorations are obligatory or facul-

tative in this species and investigate their effects on prey

capture and mating behaviour. We also report on the vis-

ibility of the silk decorations from the point of view of their

model prey (honeybee) and predators (blue tit). We used

blue tits as model predators for three reasons: the visual

system of the blue tits is well understood (Hart et al. 2000),

blue tits are known to consume spiders, with spiders

comprising close to 20% of their diet in one study (Church

et al. 1998) and blue tits are known to use UV-specific cues

for prey selection (Blondel et al. 1991).

Methods

The study site was located on the banks of the Katherine

River in the Northern Territory, Australia. The habitat

consists of sandy banks with trees and shrubs such as

Pandanus sp., scribbly gums (Eucalyptus rossi), reeds

(Phragmites sp.) and Noogoora burr (Xantium occiden-

tale). Populations of A. radon were located in the banks of

the river, often building their webs in vegetation over-

hanging the water. We performed two sets of observations

for three weeks in August 2005.

Natural history

We carried out a survey of subadult and adult female spi-

ders (n = 103) and recorded abiotic variables such as

Fig. 1 Photograph of an adult female Argiope radon with decora-

tions (a)
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substrate (i.e. whether the webs were attached to the bank,

reeds or trees), location of the spider, compass orientation

of the spider, maximum and minimum daily air tempera-

ture and relative humidity. We also recorded biotic

variables such as the size of the spider (total body

length = length of abdomen + cephalothorax), size of the

web (vertical and horizontal diameters of the web), pres-

ence or absence of decorations and their lengths, height of

the hub of the web above water, presence of associated

males and number of kleptoparasites (Agyrodes antipodi-

ana). We also noted whether the individual was in an

aggregation or was solitary. Here, we define an aggregation

as those groups of spiders with three or more individuals

that share anchor lines or connect their webs together.

Solitary spiders are those individuals that do not connect

their web to any other individuals and are usually a few

metres apart from other spiders. We calculated web area

based on the ellipse formula (Herberstein and Tso 2000) as

(½ 9 vertical diameter 9 horizontal diameter 9 p). Mesh

height was calculated as the [(distance between the first and

the last sticky spirals in the lower half of the web)/(the

number of spirals in the lower web half - 1)].

Mating behaviour

A separate survey was conducted during the duration of the

study and we recorded instances of mating behaviour. A.

radon males (n = 27) that were found co-habiting female

webs or engaged in mating were recorded. In addition, we

recorded the location of the female (i.e. whether in

aggregation or solitary), and the precise location within the

aggregation, i.e. whether in the inner or outer part of the

aggregation. Here, we define inner spiders as those that are

surrounded on all sides by other spiders, and outer as those

spiders that are on the edge of an aggregation. We also

recorded the presence or absence of decorations. Since

female spiders give out a sex pheromone (Gaskett 2007),

we hypothesized that (1) more males would be found in

aggregations where the pheromone signal would presum-

ably be stronger, (2) more males would be found in outer

female webs since these webs would be easier to access,

and (3) males would prefer webs with decorations, since it

has been shown in other species that decorations can be an

indicator of satiation (Blackledge 1998; Herberstein et al.

2000b; Herberstein and Fleisch 2003), which implies better

body condition and consequently higher fecundity.

Prey capture monitoring

We monitored a subset of marked spiders (n = 30) daily

for three weeks and recorded body size, web size,

decoration presence and decoration lengths. Prey capture

was estimated by observing each test spider every hour

from 0900 to 1500 hours. Monitoring prey capture con-

sisted of noting the presence of any prey greater than 5 mm

in the web (spiders generally ignored prey smaller than

5 mm; pers. obs.). Of these, small prey were consumed by

the spider before the subsequent observation, and the

locations of large prey were noted in order to avoid double

counting.

Silk decorations and satiation levels

In an experiment conducted in semi-natural field cages at

Macquarie University, we recorded the influence of satia-

tion levels on web decoration length as well as the

propensity to form aggregations. We weighed 20 spiders

and individually labelled them with bee-tags (manufac-

tured by Cislovane Znacky�), and then released them into

two enclosures with different feeding regimes (of house-

flies, Musca domestica), namely (1) fed ad libitum and (2)

with no food supply. After four nights, webs were removed

and the spiders were allowed to build new webs. Although

we did not directly record how often A. radon rebuilds its

webs, we surmise that since the webs are large and fairly

sturdy, they do not rebuild on a daily basis. The decoration

lengths of the spiders were measured and we recorded

whether they built webs in aggregations or were solitary.

Decoration visibility to potential prey and predators

To determine whether the decorations were cryptic or

visible to representatives of A. radon’s potential prey

(honeybees) and predators (blue tits), we measured the

spectral reflectance of decorations as well as that of the

dorsal side of the spider abdomen. The spectral reflectance

(300–700 nm) was measured using a USB 2000 spec-

trometer with a PX-2-pulsed xenon light source attached

to a PC running OODBase32 software (Ocean Optics,

Dunedin, FL, USA). The integration time was set to 7 ms,

with each measurement taken at an angle of 45� and

averaged ten times by the software. Nine individuals and

the silk decorations of eight separate individuals were

measured six times each. We calculated median values for

the average proportion of light reflected at each 5 nm

interval. Based on these values, we calculated the relative

receptor excitation values (E), giving the maximum

potential excitation for each photoreceptor type involved

in honeybee vision (UV, blue and green; Dyer and Chittka

2004) and blue tit vision (UV, blue, green and red; Hart

et al. 2000). The illumination spectrum used was the

standard daylight irradiance spectrum D65 and the
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background spectrum was that of a typical green leaf (see

Chittka and Kevan 2005 for methods). Based on the E-

values, we calculated the chromatic contrast (colour con-

trast) and the achromatic contrast (brightness) between

spider abdomens and silk decorations from the view of

honeybees and blue tits.

All data were tested for normality, and nonparametric

tests were used on data that were not normally distributed.

The software programs SPSS v.11 and GraphPad Prism

were used for the analyses. All values mentioned in the

results are mean ± SE.

Results

Natural history

Argiope radon spiders were more likely to be found in

aggregations than as solitary individuals (125 out of 161

spiders; binomial probability test, p \ 0.001). Spiders built

webs that were attached to trees, reeds and the bank of the

river. However, there was no difference in the frequency of

spiders that built webs on different substrates between the

aggregating spiders and the solitary spiders (substrates:

river bank, reeds or trees; v2 = 0.629, p = 0.73). More

spiders oriented their orb-webs in the southeast–northwest

plane (63 out of 86, binomial probability test: p \ 0.001).

There were no differences between the aggregating spiders

and solitary spiders for any of the variables associated with

the spider, such as body length, web height, web area and

mesh height (Table 1).

Decoration building is not an obligate trait in A. radon,

and there was substantial variation in the number of spiders

that built decorations and in the patterns of decorations

(Fig. 2). We observed five main patterns: no decorations,

two-arm diagonal, two-arm bottom, three-arm, four-arm

and single-arm. Of the decorating spiders, the three-arm

pattern was the least common pattern observed, whereas

the diagonal two-arm pattern was the most common

(Fig. 2). Spiders in aggregations were less likely to build

decorations. Of the 36 solitary spiders, 28 built decorations,

and of the 125 aggregating spiders, 69 built decorations

(v2 = 5.04, p = 0.025). Decorations of aggregating spiders

were also significantly shorter than the decorations of

solitary spiders (aggregating: 79.2 ± 8.5 mm; solitary:

89.8 ± 7.3 mm; unpaired t test, t = -3.66, df = 97,

p \ 0.001). The lengths of decorations were influenced

by abiotic measures such as minimum and maximum

temperature and humidity (multiple regression: F(3,100) =

3.83, R2 = 0.15, p = 0.0138); however, the R2 value

explains very little (about 15%) of the variation, with

minimum temperature being the only significant parameter

(F = 9.16, p = 0.0036). There was no significant differ-

ence in kleptoparasitic load between aggregating spiders

and solitary spiders. However, there were a greater pro-

portion of males per female spider in aggregations as

opposed to solitary spiders (U = -0.49, p \ 0.001,

Table 1).

Mating behaviour

More males were found on female webs that were part of

aggregations than on webs of solitary females (Table 1).

The exact location of the female spider within a particular

aggregation did not play a significant role in male choice

(Inner -13, Outer -9; Kolmogorov–Smirnov one sample

test, Dmax = 0.34, p = 0.98). However, more males pre-

ferred females with decorations than those without

decorations (23 out of 27; binomial probability test;

p \ 0.001).

Prey monitoring and decorations

From the field monitoring data, we determined that spiders

in aggregations show more variability in building decora-

tions than solitary spiders. The proportion of spiders

Table 1 Comparison between aggregating and solitary spiders for various parameters

Variable Aggregation (mean ± SD) Solitary (mean ± SD) Test p

Prey per individual 0.47 ± 0.37 0.44 ± 0.44 t38 = 0.2274 0.82

Total body length (mm) 18.9 ± 3.1 19.0 ± 3.6 F(1,100) = 0.023 0.88

Web height (cm) 83.3 ± 21.5 81.3 ± 30.7 F(1,100) = 0.142 0.707

Web area (cm2) 1117 ± 470.34 1220 ± 549.36 F(1,100) = 0.970 0.327

ln mesh height (mm) -0.89 ± 0.31 -0.76 ± 0.43 F(1,100) = 2.838 0.095

Kleptoparasites per female web 2.95 ± 1.67 3.11 ± 2.84 t58 = 0.255 0.799

Substrate NA NA v2 = 0.629 0.73

Length of decoration (mm) 46.5 ± 56.3 69.6 ± 51.4 F(1,100) = 4.080 0.046

Males per female web 0.18 ± 0.34 0.02 ± 0.17 U(24,36) = -0.49 \0.001
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building decorations over a seven-day period was greater in

solitary spiders (mean ± SE = 0.77 ± 0.04) than in

aggregating spiders (mean ± SE = 0.65 ± 0.04; paired t

test: t = 3.78, df = 6, p = 0.009). There was no difference

in the number of prey caught by solitary or aggregating

spiders over a ten-day period (unpaired t test: t = 0.23,

df = 38, p = 0.82, Table 1).

Decorations and satiation levels

There was a significant increase in the weights of the spi-

ders after feeding (unfed: mean ± SE = 0.4 ± 0.1 g; fed:

mean ± SE = 0.6 ± 0.2 g; paired t test t = 9.3, df = 17,

p \ 0.001). In the experiment conducted in field cages, fed

spiders built longer decorations than unfed spiders (unfed:

59.0 ± 48.0 mm; fed = 119.8 ± 64.6 mm; paired t test

t = 4.45, df = 11, p = 0.001). However, there was no

significant difference in the propensity to form aggrega-

tions based on satiation levels (unfed: 9 of total 14; fed: 8

of total 16; v2 = 0.18, p = 0.67).

Decoration visibility

Silk decorations reflected relatively more light than spider

abdomens, both in the UV and in the blue wavelengths

(Fig. 3). From the point of view of honeybees, receptor

excitation values for silk decorations were significantly

higher than for spiders in the UV, blue and green wave-

lengths (Table 2). The differences in visual appearance

between spider abdomens and silk decorations are indi-

cated by a pronounced chromatic contrast (0.312 ± 0.028,

n = 14) and achromatic contrast (0.111 ± 0.024, n = 14).

Both chromatic contrast and achromatic contrast are well

above the detection threshold of honeybees (0.01; Dyer and

Chittka 2004). From the point of view of blue tits, receptor

excitation values for silk decorations were significantly

higher than for spiders (Table 3). Spiders created a pro-

nounced chromatic contrast against the silk decorations

(0.357 ± 0.035, n = 14). Achromatic (double cone) con-

trast is lower (0.0903 ± 0.0171, n = 14), but well above

the detection threshold of birds (0.06; Théry et al. 2005).

Discussion

Our survey of the study area showed that A. radon spiders

are more likely to be found in aggregations than in the

solitary state; however, aggregating is not obligate. The

habitat of A. radon is limited in terms of potential website

location: most spiders prefer to build over the water and in

the vegetation overhanging the water. Very few spiders

were found away from the river bank. We observed other

populations of A. radon in a nearby stream where the

aggregations spanned the stream, as described by Robinson

and Robinson (1980).

In Austeracantha minax (Previously Gasteracantha

minax, Platnick 2007), an orb-web spider known to live in

aggregations, the main factor influencing the formation of

aggregations was to facilitate the location of females by

males (Lloyd and Elgar 1997). In our study, the number of

males per spider was higher in aggregations than in solitary

Fig. 2 Variation in the decoration patterns of Argiope radon.

Numbers on the bars represent number of individuals sampled. The

category ‘‘Diag/Vert’’ represents those spiders that had two arm

decorations with one arm being diagonal and the other vertical with

respect to the web

Fig. 3 Relative reflectance of the abdomens of adult female Argiope
radon (dotted curve, n = 14) and web decorations (solid curve,

n = 14). There was a significant difference between the relative

reflectances of the abdomens and those of the decorations
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spiders. Furthermore, the number of potential matings was

higher in aggregations than in solitary spiders. Female

Argiope spiders produce pheromones that attract the males

(Gaskett et al. 2004; Gaskett 2007), and perhaps the

combination of several adult female spiders in a relatively

compact space produces a stronger and more reliable sig-

nal, thus attracting more males than a solitary female.

Since male Argiope mate more than once (Robinson and

Robinson 1980; Gaskett et al. 2004; Herberstein et al.

2005b), males may also benefit from approaching aggre-

gations by having another potential mate in close

proximity.

There were few differences between aggregating spiders

and solitary spiders with respect to a variety of variables

(Table 1). Our study showed that fewer spiders built dec-

orations while present in aggregations when compared to

solitary spiders. Our initial hypothesis was that since both

aggregative behaviour as well as decoration building are

related to prey capture, a spider that is in an aggregation

may reduce decorating behaviour. This hypothesis is par-

tially supported by our field data, where we found that

fewer spiders build decorations in aggregations. However,

this result does not translate into prey capture differences,

since we found that prey capture rates over ten days are

similar between solitary and aggregating spiders (Table 1).

Furthermore, in the field cage experiment, we did not

establish a link between the state of satiation and the pro-

pensity of the spider to be either solitary or in an

aggregation. However, this experiment only consists of a

single trial, and further experiments performed under more

controlled conditions may be necessary to obtain conclu-

sive data. The field cage experiment clearly shows that

there is a direct link between satiation and the length of the

decorations. The positive relation between satiation and

decorations, where we assume that satiated spiders are in

better body condition, explains the result where we found

more instances of potential mating in spider webs with

decorations than those webs without decorations. If there is

a link between decorations and male attraction, we pre-

sume it would be either (1) pheromone based, since

Argiope males are very sensitive to the quality of the

pheromone (Gaskett et al. 2004), but there is no evidence

linking decorations per se to pheromones, or (2) vision

based, since it has been shown that Argiope eyes are sen-

sitive to UV light (Yamashita and Tateda 1978). However,

we also note that a male attraction hypothesis for silk

decorations must also account for the fact that juveniles

also build decoration, and that males build decorations

prior to their mate-searching phase (pers. obs., Rao. D).

The link between satiated spiders and silk decorations has

been demonstrated by other studies (Blackledge 1998;

Herberstein et al. 2000b). Nentwig and Rogg (1988)

reported a similar result with more male Argiope argentata

on webs with decorations, but they did not offer any

explanation.

Decoration building in orb-web spiders has been studied

numerous times, and many theories have been put forward

for its function (for a detailed review see Herberstein et al.

2000a; Bruce 2006). Due to the observed variability in

decoration construction, A. radon is not an obligate deco-

ration builder. More than 30% of the spiders observed did

not build decorations. Very few spiders of the Argiope genus

build decorations all the time, the notable exception being

Argiope florida (Justice et al. 2005). Even among individual

spiders, there is variability in decoration building (Craig

et al. 2001; Seah and Li 2002; Bruce and Herberstein 2005).

Our results on the reflective properties of silk decora-

tions and the contrast they form with the natural

Table 2 Receptor excitation values from the point of view of honeybees

Receptor excitation values

for honeybees (n = 14)

Decorations

(mean ± SE)

Spiders

(mean ± SE)

t p

UV 0.81 ± 0.025 0.351 ± 0.037 -11.454 \0.001

Blue 0.832 ± 0.018 0.62 ± 0.02 -9.183 \0.001

Green 0.761 ± 0.025 0.651 ± 0.016 -4.627 \0.001

Table 3 Receptor excitation values from the point of view of birds

Receptor excitation values

for birds (n = 14)

Decorations

(mean ± SE)

Spiders

(mean ± SE)

t p

UV 0.822 ± 0.023 0.384 ± 0.041 -10.02 \0.001

Blue 0.827 ± 0.019 0.65 ± 0.019 -8.19 \0.001

Double cone 0.751 ± 0.026 0.685 ± 0.014 -2.68 0.019
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background suggest that they are visible to potential avian

predators. Visibility to potential predators may explain why

spiders in aggregations build fewer decorations. Further-

more, since there is a marked difference between the

chromatic and achromatic contrast of the decorations with

respect to the abdomen of the spider, it is unlikely that silk

decorations serve to camouflage the spiders. It is more

likely that both the decoration and the spider are highly

visible to bird predators (see also Bruce et al. 2005).

However, in this study, we cannot rule out the function of

decorations as camouflage from predators, since the dec-

orations could serve to lower the effectiveness of a direct

attack by avian or insect predators.

As many studies have suggested, there is likely to be a

trade-off between predator pressure and prey attraction

(Blackledge 1998; Bruce et al. 2001). Stingless bees (a

model prey) can easily detect the decorations as well, and

may be attracted to the decorations (Craig et al. 2001).

Even the colour of the spider may act as a possible prey

attractant (Tso et al. 2004; Hoese et al. 2006). In the case of

A. radon, the UV reflecting properties of its silvery abdo-

men as well as those of the decorations may function as a

prey attraction mechanism. In light of these studies, it is

interesting to consider the role of decorations in a spider

that is also found in aggregations. Craig’s (1991) study on

similarly aggregating A. argentata spiders showed that

while there is no influence of decoration with respect to

insect interception in a group as a whole, there was a dif-

ference in insect interception between the decorating

versus non-decorating spiders within a cluster. Craig

(1991) interprets this by suggesting that once the insects

approach a cluster of webs, they are more likely to be

intercepted by a web with decorations rather than a web

without decorations. Such a phenomenon may well occur

in A. radon as well; however, in this study the aggregations

were more elongated due to the habitat constraints of being

located on a river bank.

In conclusion, we present baseline natural history data

regarding the aggregating and decorating behaviour of A.

radon. We show that the putative foraging advantage of

aggregating may be offset by solitary spiders that build

longer and more frequent decorations. We also show that

decorations are likely to be visible to both model prey as

well as model predators. Further experiments regarding

prey capture within aggregations should help to tease apart

the interactions between decorations and aggregations.
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