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An effective visual signal elicits a strong receiver response. The visual receptors of most insects are sensitive to
ultraviolet (UV), blue and green light. The decorations of certain orb web spiders may be described as a type of
visual signal, a sensory trap, as they exploit visual biases in insects. We filtered UV and blue light from the
decorations of Argiope keyserlingi, under field conditions, using plastic sheets to test if the UV and blue light
reflected affects the type of prey caught. We found that houseflies, blowflies, stingless bees, honeybees and vespid
wasps were caught more frequently in webs with decorations than webs without, while ichneumonid wasps were
caught less frequently. Blowflies, stingless bees, honeybees and vespid wasps were caught more often in unfiltered
decorated webs. These insects also have receptor sensitivities in the blue and UV. We showed that exploiting visual
sensory biases plays an integral role in attracting insects to orb web decorations. Whether UV light, blue light,
or both, are the most important cue, however, requires further study. © 2008 The Linnean Society of London,
Biological Journal of the Linnean Society, 2008, 94, 221–229.

ADDITIONAL KEYWORDS: animal signals – blue light – decorations – insect vision – orb web spider – prey
capture success – sensory trap – ultraviolet light.

INTRODUCTION

To be effective, a signal must elicit an appropriate
response by the receiver. A signal therefore must: (1)
stimulate the receiver’s sensory detectors (Endler,
1990; Rowe, 1999); (2) offer, or appear to offer, some-
thing meaningful, for example food, to the receiver
(Guilford & Dawkins, 1991); and (3) be distinguish-
able from background noise (Endler, 1992; Vorobyev
& Osorio, 1998; Rowe, 1999). Sensory exploitation is
when a signaller exploits some pre-existing sensory
response in the receiver to achieve its own ends
(Sakaluk, 2000; Maynard Smith & Harper, 2003). A
sensory trap is a deceitful form of sensory exploitation
(Christy, 1995). A deceptive signal is costly to use

frequently, as selection pressure on signal identifica-
tion by the receiver is strong (Wiley, 1994; Viljugrein,
1997). Effective sensory traps therefore exploit
sensory cues that the receiver is highly sensitive to, or
reliant upon.

Visual signals must contrast with the background
and be attuned to the visual acuity of the intended
receiver (Endler, 1992). Flowers attract honeybees,
for example, by reflecting light most strongly in the
ultraviolet (UV; ~340 nm), blue (~430 nm) or green
(~540 nm) – the wavelengths at which honeybee
visual receptors are maximally sensitive (Briscoe &
Chittka, 2001) against a grey background (Backhaus,
Werner & Menzel, 1987; Chittka et al., 1994;
Spaethe, Tautz & Chittka, 2001). Merely con-
trasting against the background is not enough to
provoke the receiver to respond. The signal must be
identified by the receiver as an object to which a
response is desirable (Goldsmith & Bernard, 1974;*Corresponding author. E-mail: sbla3978@mail.usyd.edu.au
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Endler, 1990). The signal reflectance function pro-
vides information about the amount of light reflected
from a signal over the visible spectrum (Chittka et al.,
1994; Heiling, Cheng & Herberstein, 2004; Heiling
et al. 2005). How a signal is interpreted by the
receiver may be determined from receptor excitation
(E) values, which can be calculated upon determining
the background reflectance, the sensitivity function of
the receptor(s) under investigation, the standard day-
light reflectance and the signal reflectance (Chittka
et al., 1994; Thery et al., 2005). Maximum sensitivity
(lmax) values of many insects have been calculated
(Briscoe & Chittka, 2001), but, at present, the only
insect group for which there are sufficient data across
the visible spectrum to confidently calculate E-values
for is the bees (Apidae). However, bee visual sensitiv-
ity curves are considered typical of insects with
trichromatic vision, so may be reliably assumed to
represent other insect groups (Menzel et al., 1986;
Peitsch et al., 1992).

Many orb web spiders, particularly those of the
genus Argiope, add conspicuous silk decorations,
sometimes called stabilimenta, to their webs (Her-
berstein et al., 2000a; Bruce, 2006). Decoration silks
differ spectrally from other orb web silks, apart from
the capture silks of Uloborids (Kohler & Vollrath,
1995), by reflecting light in the UV (300–400 nm)
(Craig, Bernard & Coddington, 1994; Herberstein
et al., 2000a; Bruce, Heiling & Herberstein, 2005).
The functional significance of the decorations has
been a contentious issue for some time (Herberstein
et al., 2000a; Bruce, 2006). Initial experiments relied
on observations in the field and an array of possible
functions; for example, advertising the web to birds,
web stabilization, camouflage and prey attraction
(i.e. acting as a sensory trap) were implied (Eisner &
Nowicki, 1983; Craig & Bernard, 1990; Schoener &
Spiller, 1992; Tso, 1996; Blackledge, 1998; Tso,
1998). There is much experimental evidence support-
ing a prey attraction function (Herberstein et al.,
2000a; Bruce, 2006); for example, removing decora-
tions from orb webs reduces prey capture success,
while transplanting decorations onto spectrally
neutral insect traps increases prey capture success
(Craig & Bernard, 1990; Tso, 1998; Bruce, Herber-
stein & Elgar, 2001). Laboratory studies assessing
the influence of decorations on fitness attributes of
individual spiders have strongly supported the prey
attraction hypothesis (Herberstein, Craig & Elgar,
2000b; Craig et al., 2001; Li, 2005). Studies exposing
prey, usually Drosophila spp., to decorations with
and without UV filtered from an artificial light
source (Watanabe, 1999; Li et al., 2004), and models
of decoration visibility (Bruce et al., 2005), have
implicated UV reflection as a mechanism for attract-
ing insects. However, because of the difficulty

involved in manipulating light in the field, verifica-
tion using field studies that examine the influence of
the decorations on a wide range of prey are lacking,
(Young, David & Gibson, 1987; Church et al., 1998;
Heiling et al., 2005).

We performed a series of field experiments in which
we removed decorations and altered the light being
reflected from decorations of the orb spider Argiope
keyserlingi, to assess which taxa of insects are influ-
enced (i.e. caught either more or less often) by the
addition of decorations in webs. We then assessed
how the natural light reflected by the decorations
serves as a signal to attract, or deter, these insects.
We predicted that insects with UV sensitivities would
be caught less frequently when webs had UV filtered
from their decorations, which would support the
hypothesis that decorations attract certain prey via
UV reflectance.

MATERIAL AND METHODS
DECORATION REMOVAL EXPERIMENT

We collected approximately 200 spiders from the
gardens of the University of Sydney and placed them
in perspex enclosures (0.5 ¥ 0.5 ¥ 0.15 m) with front
and back removable lids. We placed two blowflies
(Musca domestica) in each enclosure and gave the
spiders 5 days to build an orb web. Twelve spiders
with webs containing no decorations and 24 with fully
cruciform decorations (i.e. containing four arms) were
removed from their webs. When too few webs with
cruciform decorations were encountered after 5 days,
the spiders were changed. The new spiders were fed
and given 3 days to build a web. In half of the webs
with decorations, the decorations were removed using
forceps. Because some damage occurred to the spiral
threads onto which the decorations were attached
during their removal, all spiral threads within 3 mm
of the hub were plucked to control for damage, taking
caution not to damage any radial threads, in both
webs with decorations intact and webs without deco-
rations. We calculated web capture area of each web
using the formula of Blackledge & Gillespie (2002):

Area d d Hv h= ( )( ) − ( )2 2 2 2π π (1)

where dv equals the height of the capture area, dh

equals the diameter of the capture area and H equals
the vertical diameter of the web. We ensured that
average spiral distances (measured according to
Kohler & Vollrath, 1995) did not vary significantly
between treatments by using a Wilcoxon two-sample
T-test (T = 159.0, P = 0.70).

Enclosures containing webs (N = 36; 12 with deco-
rations, 12 without decorations and 12 with decora-

222 S. J. BLAMIRES ET AL.

© 2008 The Linnean Society of London, Biological Journal of the Linnean Society, 2008, 94, 221–229



tions removed) had their lids removed and were
placed on 60-mm wooden blocks within sedge (a pre-
ferred habitat of A. keyserlingi; Blamires, Hochuli &
Thompson, 2007) in the University of Sydney gardens
at approximately 09.30 h. To account for possible local
differences in insect abundance, influences of wind
and angle of incident solar radiation on the ability of
orb webs to catch insects (Nentwig & Heimer, 1987),
two randomly chosen locations (N = 6; three facing
east–west and six north–south, per treatment per
location) were used. Webs were checked hourly and
all prey entangled were removed. The few (N = 3)
webs that sustained wind-induced damage were
removed from the area and not used in subsequent
analyses. After 6 h, all webs were returned to the
laboratory. We did not leave the webs out at night, as
A. keyserlingi is diurnal and dismantles its web at
sunset, thus any insects caught at night are not likely
to represent potential prey. Insects caught in each
web were counted, identified to the lowest possible
comparable taxonomic rank (family in this instance)
using appropriate keys (Naumann, 1994) and had
their body length (head and cephalothorax) measured
to the nearest millimetre. The experiment was
repeated four times, each time using different spiders
(N = 144 spiders in total).

UV FILTRATION EXPERIMENT

Another ~200 spiders were collected and induced to
build orb webs as described above. Spiders were
removed from 24 webs containing no decoration and
24 with fully cruciform decorations. Twelve webs with
and without decorations were placed between two
0.3 ¥ 0.21-m transparent plastic sheets, which acted
as an absorption filter (Wyszecki & Stiles, 1982), the
other 12 decorated and undecorated webs were left in
their perspex frames. All plastic sheets were covered,
except for a 5-mm radius about the hub (to ensure no
interference with light illuminating from decorations)
with a sticky, transparent resin (Tanglefoot; Tangle-
foot Co., Grand Rapids, MI, USA) using a paint brush.
Comparable studies (e.g. Tso, 1998) have used trans-
parent Tanglefoot traps as a web surrogate for sam-
pling the naturally occurring prey of orb web spiders.
Additionally, we found that sampling prey by this
means is useful for predicting orb web architecture
(Blamires et al., 2007). The traps however, have dif-
ferent spectral, mechanical and adhesive properties
than spider webs (Shelley, 1984). We thus controlled
for this by first comparing the insects captured in
normal webs (hereon called unfiltered webs) and webs
enclosed within a filter (hereon called filtered webs)
that were undecorated. Any insect groups caught in
different amounts were assumed to be sensitive to the
spectral, mechanical and/or adhesive differences

between the unfiltered and filtered webs without
decorations and, thus, were not used for comparisons
between decorated ‘webs’. This procedure also
accounted for any insects that may be in different
abundance during each experiment.

All ‘webs’ were placed in exposed (i.e. unshaded)
locations, among sedge in either of two sites (n = 6 of
each treatment at each site) within the University of
Sydney gardens. Each sheet was attached from above
and below (to keep them taught) to string, which was
tied to wooden stakes so as to face either east–west or
north–south (n = 3 per treatment per site in each
direction), using Bulldog clips, which also acted to
keep the webs enclosed between the sheets. At the
same time, six unfiltered webs; three facing either
east–west or north–south, were placed at each site.
Both the unfiltered and filtered webs were put out
at ~09.00–09.30 h and collected at ~15.00–15.30 h.
Insects caught in both the unfiltered and filtered webs
were removed using forceps. Those found on filtered
webs were soaked in turpentine overnight to dissolve
the Tanglefoot. All insects were counted, identified to
the lowest possible taxonomic rank and measured to
the nearest millimetre. The experiment was repeated
four times. All experiments were conducted succes-
sively in October–November 2004.

STATISTICAL ANALYSES

The influence of the presence or absence of web deco-
rations on the number of individuals captured in the
decoration removal experiment was determined
across the identifiable insect groups by a one-factor
(decorations: present, absent or removed) multiple
analysis of variance (MANCOVA; web area the cova-
riate). We used a one-factor (webs: unfiltered vs. fil-
tered) MANCOVA to compare the capture rates of
all identifiable insects in undecorated webs in the
UV filtration experiment. Two-factor (decorations:
present/absent and webs: unfiltered/filtered) MAN-
COVAs were carried out to compare the capture rates
of the insect groups – excluding any groups that were
caught in different frequencies in the unfiltered and
filtered undecorated webs. Bartlett’s tests and
Kolmogorov–Smirnov tests were used to test for
homogeneity of variances and normality of distribu-
tions, respectively. Logarithmic data transformations
were performed, as means and variances were posi-
tively correlated (Green, 1979), where the data failed
either test. Parallelism tests were carried out to check
the homogeneity of slopes. Tukey’s Honestly Signifi-
cant Difference (HSD) analyses were used to deter-
mine the influential factors when significant
differences were found.

To determine if the insects were likely to perceive a
colour difference between unfiltered and filtered webs,
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we calculated E-values for bee UV, blue and green
photoreceptors when exposed to either unfiltered or
filtered decorations from the equations (Chittka et al.,
1994):

R I S D dB= ( ) ( ) ( )∫1
300

700

λ λ λ λ (2)

P R I S D dS= ( ) ( ) ( )∫ λ λ λ λ
300

700

(3)

and

E P P= +( )1 (4)

where R is an arbitrary measure called the ‘sensitiv-
ity factor’ of the receptor under investigation, P is an
arbitrary measure called the ‘quantum flux’ of the
receptor, IB(l) is the reflectance function of the back-
ground, S(l) is the sensitivity function of the receptor
under investigation, D(l) is the daylight standard
(CIE illumination function D65) irradiance function
and IS (l) is the signal reflectance function. We
assumed that (1) the areas that the webs were placed
in were permanently devoid of shade, (2) only green
light is emitted from the background (Bruce et al.,
2005) and (3) the reflectance function of all insect
receptors in UV, blue and green, is approximately
represented by the receptor sensitivity function of bee
UV, blue and green receptors (Peitsch et al., 1992).
We calculated quantum flux upon spectroradiometric
analyses (using a USB 2000 spectroradiometer;
Ocean Optics Inc., Dunedin, FL, USA) of 10 unfiltered
and 10 filtered decorations. We calculated mean rela-
tive reflectance (a measure where 1.0 = maximum
reflectance) every 5 nm across the 300–700 nm
spectra to create reflectance functions for filtered and
unfiltered decorations (Fig. 1), using OODBase 32
software (Oceans Optics Inc.) (Heiling et al., 2004,
2005). We used a series of paired t-tests to test the

influence of unfiltered and filtered decorations on
the excitation values of the bee UV, blue and green
receptors.

RESULTS
DECORATION REMOVAL EXPERIMENT

The principal insect groups captured were dipterans
(flies) and hymenopterans (bees and wasps). No
beetle, bug, cricket or cockroach group was captured
in adequate numbers for inclusion in analyses. The
mean number of individuals of each insect group
caught in each trap differed between treatments
(one-factor MANCOVA, Wilk’s l = 0.88; d.f. = 2.23;
P < 0.001), with decorated webs catching significantly
more houseflies, blowflies, honeybees, stingless bees
and vespid wasps, but fewer ichneumonid wasps.
Webs with no decorations caught significantly more
honeybees than webs that had decorations removed.
The mean number of mosquitoes, dance flies, moth
flies, small parasitic wasps and mud-dauber wasps
caught per trap was not affected by decoration
removal (Table 1).

UV FILTRATION EXPERIMENT

More mosquitoes, dance flies, moth flies, houseflies
and small parasitic wasps and ichneumonid wasps
were caught in unfiltered (i.e. webs alone) than fil-
tered (i.e. webs within plastic sheets) webs without
decorations. Accordingly, we did not compare their
numbers caught in unfiltered and filtered webs when
decorations were present, as characteristics of the
treatments may be attributable to differences in
capture rate. The filters had a significant effect on the
mean number of blowflies, stingless bees, honeybees
and vespid wasps caught (two-factor MANCOVA,
Wilk’s l = 0.09; d.f. = 1,23; P < 0.0001); all were
caught in fewer numbers when decorations had light
reflected from them filtered (Table 2).

We found a significant difference in the bee UV and
blue receptor excitation values. The green receptor
excitation values differed, but to an insignificant
extent (Table 3). Thus, the filtered and unfiltered
webs were likely to be interpreted differently by
insects with UV- and blue-sensitive receptors.

DISCUSSION

We found that removing decorations reduced the
number of dipterans and hymenopterans caught in
webs of the orb spider A. keyserlingi. When we added
a filter, thus altering the visibility of the decorations
by reducing the UV and blue receptor responses of the
insects, fewer blowflies, honeybees, stingless bees and
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Figure 1. Reflectance functions for filtered and unfiltered
decorations. The mean (N = 10) relative reflectance was
calculated every 5 nm, over the 300 nm to 700 nm spectra.
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vespid wasps were caught, demonstrating that the
insects caught in webs with decorations depends
largely on the spectral properties of the decorations.

As honeybees, stingless bees, vespid wasps and
blowflies have visual receptors with peak sensitivities
in the UV and show phototaxis and/or negative geo-
taxis toward UV light (Rudiger, Steiner & Gemper-
lein, 1986; Briscoe & Chittka, 2001), UV reflecting
A. keyserlingi decorations may be exploiting a pre-
existing visual bias in these insects and, hence, may
be regarded a sensory trap. Similar responses to web
decorations may be expected in other insects, e.g.
dragonflies, beetles (e.g. Carabus spp.), some other
dipterans (e.g. Bibius spp.) and most Hymenoptera,
which have similar peak sensitivities in the UV or are
attracted to, or naturally move toward, UV light
(Briscoe & Chittka, 2001).

Despite small parasitic wasps and sphecid wasps
having sensitivities to UV light (Briscoe & Chittka,
2001), the presence of web decorations had no effect
on their capture rates. Some sphecid flies lack UV
receptors (Briscoe & Chittka, 2001), so it may be
possible that sphecid wasps also lack UV receptors,
explaining why the presence of UV reflecting decora-
tions had no affect on their capture rate. Intracellular
recordings have, however, failed to find UV and blue
receptors in ichneumonid wasps (Briscoe & Chittka,
2001). We found that the capture rates of ichneu-
monid wasps were negatively affected by filtering UV
and blue light from the decorations, alluding to the
possibility that certain insects may be attracted to orb

web decorations using cues other than UV or blue
light (Chittka, 1996). Even though ichneumonid
wasps have green sensitive receptors (Briscoe &
Chittka, 2001), it is unlikely that green light is an
attractant in A. keyserlingi web decorations as green
light contrasts poorly with the predominantly green
background (see Bruce et al., 2005). Because the dif-
ferences in the calculated receptor excitation values
in the green for filtered and unfiltered webs neared
significance (P = 0.052), it is possible that the inten-
sity of the green light reflected from the decorations
with and without filters was perceived differently by
green-sensitive insects. Ichneumonids, alternatively,
may detect visual signals by different means, perhaps
based on prior experiences (Chittka, Ing & Raine,
2004), than bees.

Most insect receptors are sensitive to both blue and
UV light (Menzel, 1979; Menzel et al., 1986; Briscoe &
Chittka, 2001). While the influence of UV over insect
behaviour has received a lot of attention, many
insects show marked behavioural responses to blue
stimuli (Backhaus et al., 1987; Fukushi, 1989). Blue
light, thus, may be a prey-attracting stimulus in web
decorations that has gone largely ignored. The reflec-
tance functions (Fig. 1) show that the unfiltered deco-
rations are brighter in the blue than the filtered
decorations and we, additionally, found that the insect
blue receptors received greater stimulation (Table 3)
from unfiltered decorations. Blue light illuminating
from the decorations of filtered webs was, thus, less
visible to dipteran and hymenopteran insects than

Table 1. Mean number of positively identified insects caught per web per day in webs without decorations (No
decorations), with decorations (Decorations) and with the decorations removed (N = 12 for each treatment) and the results
of a MANCOVA (d.f. = 1,23) and Tukey’s HSD test

Order No decorations Decorations Decorations removed

Statistics

F P

Diptera
Mosquitoes (Culicidae) 0.57 (0.07) 0.63 (0.03) 0.58 (0.07) 0.94 0.29
Dance flies (Empipidae) 0.49 (0.07) 0.41 (0.07) 0.52 (0.06) 0.43 0.50
Moth flies (Psychodidae) 0.43 (0.12) 0.44 (0.05) 0.59 (0.18) 1.56 0.09
Houseflies (Muscidae) 0.78 (0.12) 1.43 (0.09)* 0.79 (0.09) 11.35 < 0.001
Blowflies (Calliphoridae) 0.88 (0.14) 1.44 (0.08)* 0.83 (0.09) 20.03 < 0.0001

Hymenoptera
Small parasitic wasps 0.69 (0.03) 0.53 (0.02) 0.59 (0.04) 1.20 0.27
Honeybees 1.03 (0.05)* 1.37 (0.09)* 0.79 (0.09)* 23.34 < 0.0001
Stingless bees 1.07 (0.13) 2.11 (0.22)* 0.93 (0.17) 35.19 < 0.0001
Ichneumonid wasps 1.25 (0.03) 0.39 (0.01)* 1.20 (0.11) 100.09 < 0.0001
Vespid wasps 0.24 (0.01) 0.54 (0.02) 0.22 (0.04) 11.61 < 0.0001
Mud-dauber wasps (Sphecidae) 0.44 (0.04) 0.34 (0.13) 0.49 (0.08) 1.08 0.19

Standard errors (SE) shown in parenthesis.

*Indicates the treatment that significantly differed (P < 0.05).
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that illuminating from the decorations of unfiltered
webs. Although it undoubtedly plays a role, we
propose that the reflection of blue light from orb web
decorations is less marked than UV as an insect
attractant because (1) blue light reflected from deco-
rations would be poorly contrasted against a green
background, the background colour that A. keyserlingi
decorations are generally contrasted against (Bruce
et al., 2005) and (2) when sensitive to both UV and
blue light, many insect receptors are more sensitive
(up to 16 times; Srinivasan & Lehrer, 1985) to UV
than blue. The shape of the decorations is probably
not a cue that attracts insects, as when orb spiders
build decorations of different shape insects are
attracted similarly (Craig & Bernard, 1990; Tso, 1996,
1998; Seah & Li, 2002). The cues deterring ichneu-
monid wasps or why sphecid and small parasitic
wasps are unresponsive to A. keyserlingi decorations
remains unresolved, but it indicates that they are
likely to have different spectral sensitivities than bees
(Briscoe & Chittka, 2001). Their responses to decora-
tions, however, are not likely to be influential on prey
capture success in A. keyserlingi, because they are
either too small to be a major component of the diet
or are avoided because they are potential predators.

Our study verified, under natural conditions, labo-
ratory studies (Watanabe, 1999; Li et al., 2004)
showing that orb web spider decorations function as a
prey attractant, most likely by reflecting UV light. We
manipulated the light reflected from webs in both the
UV and blue and it remains unresolved which colour
is more influential in acting as a cue for insects. We
suspect that UV is more important, but further
experimentation, perhaps using a non-toxic method of
selectively filtering UV or blue light without emitting
undue odour (Heiling et al., 2004, 2005) or altering
the physical or chemical properties of the web, is
required for confirmation. Nonetheless, our experi-
ments suggest orb web decorations exploit a highly
sensitive pre-existing visual bias in insects and,
accordingly, orb web decorations may be regarded as

an effective, evolutionarily stable, deceptive signal
(Viljugrein, 1997), or sensory trap.
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