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Abstract Jumping spiders are known to possess ultravi-
olet (UV) receptors in the retinas of their large-principal
eyes. The existence of UV visual cells, however, does not
prove that jumping spiders can see into the UV part of
spectrum (300-400 nm) or whether such an ability plays
any role in salticid intra-specific interactions. In the
study reported herein, we performed behavioural experi-
ments to test whether a UV —reflecting jumping spider,
Cosmophasis umbratica, is sensitive to UV wavelengths
and whether UV cues are important in intra-specific
communication. The absence of UV cues not only
affected intra-specific behaviour by significantly reducing
the frequency of agonistic displays, but also elicited
unprecedented courtship displays in males towards their
own mirror images and conspecific opponents. Further-
more, C. umbratica males were able to respond rapidly to
changes in UV cues of conspecific mirror images by
switching between agonistic and courtship displays.
These findings clearly demonstrate that C. umbratica
males are capable of seeing UV wavelengths and that
UV cues are necessary and sufficient for this species to
enable the agonistic displays. Hence, UV light may have
an important role to play in intra-specific communica-
tion in jumping spiders.
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Introduction

Jumping spiders (Salticidae) are renowned for their
unique and complex eyes that support spatial resolution
(=0.04°), which are unparalleled among animals of com-
parable size (Land and Fernald 1992; Land and Nilsson
2002). The highest spatial resolution ever recorded in
insects is about 0.4° (Labhart and Nilsson 1995). The
acuity of the human eyes is around 0.007° (Kirschfeld
1976), which is about five times better than that of saltic-
ids.

Like most spiders, salticids have four pairs of eyes in
three rows, including a single pair of principal (anterior
median) eyes with movable retinas, and three pairs of
secondary eyes (anterior lateral, posterior median and
posterior lateral eyes) that have simple, single-layered
retinas incapable of movement. The smaller secondary
eyes, positioned along the sides of the carapace, are used
to detect movement in the environment (Homann 1928;
Land 1971). The larger, forward-facing principal eyes are
primarily responsible for acute vision (see Blest 1985;
Forster 1985; Land 1985; Blest et al. 1990) and allow sal-
ticids to identify rivals, mates, prey and predators (Jack-
son and Blest 1982) and to discriminate colours
(Homann 1928; Késtner 1950; Nakamura and Yamash-
ita 2000).

Land (1969) examined the retinas of the principal eyes
of two jumping spider species, Phidippus johnsoni and
Metaphidippus aeneolus, and found that they have four
layers of receptor cells (1-4 from the deepest layer for-
wards). He also predicted that layers 1-4 contain red,
blue-green, violet-UV and UV-—sensitive visual cells,
respectively. Using techniques of intracellular recordings,
DeVoe (1975) reported UV cells (maximum sensitivity at
360 nm), green cells (532 nm) and UV—green cells (both
370 and 525 nm) in the principal eyes of a large salticid
Phidippus regius, but found no evidence for red-sensitive
cells. Subsequently, Blest et al. (1981) examined the reti-
nas of the principal eyes of Plexippus validus and found
only two cell classes: UV (maximum sensitivity at
360 nm) and green (520 nm) cells. They then concluded
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that the dual-peaked (UV—green) cells reported in the
principal eyes of P. regius by DeVoe (1975) were experi-
mental artefacts due to small sample size. However,
Yamashita and Tateda (1976) examined the intracellular
receptor potentials of anterior median eyes of Mene-
merus confuses and reported four cell classes: UV (maxi-
mum sensitivity at 360 nm), blue (480-500 nm), green
(520-540 nm) and yellow cells (580 nm). These data sup-
port the hypothesis proposed by Land (1969) that each
layer of the retina contains different receptor cells. More
recently, Peaslee and Wilson (1989) psycho-physically
examined the retinas of the principal eyes of Maevia
inclemens, based on an “off-saccadic” oculomotor reflex,
and reported that this salticid has a broad spectral sensi-
tivity extending from UV (330 nm) to deep red (700 nm),
with maximum sensitivities in the UV and green regions.

Many salticids possess pigments and structural char-
acteristics that generate garish displays of colours inde-
pendently or in concert with each other (Oxford and
Gillespie 1998). To the human observers, salticid colour-
ation appears to be sexually dimorphic, with male com-
monly being more colourful and attractive than females.
Although it has been suggested that sexual selection has
driven the evolution of the elaborate colouration in male
jumping spiders (Peckham and Peckham 1889, 1890,
1894), there have been no studies of salticid visual signal-
ling from their point of view (i.e. what the salticid actu-
ally sees). Of particular interest are some salticids with
body parts that reflect UV light (J.J. Li, M.L.M. Lim and
D. Li, unpublished data). Our recent study demonstrated
that a highly active and ornate iridescent jumping spider,
Cosmophasis umbratica, not only exhibits UV coloura-
tions, but that it also shows an extremity in UV sexual
dimorphism (Lim and Li in press). All of the body parts
of adult males that are involved in agonistic and court-
ship interactions (Lim and Li 2004) are capable of
reflecting UV light. Females do not reflect any UV light
in the corresponding body parts.

Despite several differences and disagreements about
the actual number of receptor classes, the corresponding
peak sensitivities and the nature of salticids’ colour vision
(i.e. dichromatic, trichromatic or tetrachromatic), there is a
consensus: jumping spiders generally have UV —sensitive
cells in the retinas of their principal eyes that are maxi-
mally sensitive at 330-380 nm. Considering the early stud-
ies on salticid UV visual receptors, as well as the recent
report of UV colours in jumping spiders, UV vision and
UV colorations seem to be intimately involved in salticid
communication. However, the mere existence of UV —sen-
sitive cells and UV colours does not prove that salticids
can see into UV wavelengths or that they are capable of
discriminating UV from human-visible wavelengths (i.e.
400-700 nm). We also cannot assume that the UV colours
reported in jumping spiders are involved in salticid visual
interactions. In this study, we investigated whether both
the UV vision and UV colours of jumping spiders are
involved in intra-specific communication. In a series of
behavioural experiments, we aimed to show that the
UV-—reflecting salticid, C. umbratica, is not only capable

of UV vision, but also highly dependent on UV wave-
lengths for intra-specific communication.

Materials and methods
Study subjects and maintenance

All experiments were performed using the salticid spe-
cies, C. umbratica, a small jumping spider (body length:
adult male 5-7 mm; adult female ca. 5 mm), which exhib-
its strong sexual colour dimorphism in UV light (Lim
and Li in press). This species is often found on leaves and
flowers of “sun-loving” shrubs or plants that are fully
exposed to sunlight. The male has complex iridescent
markings on several body parts, particularly on the
dorsal and lateral cephalothorax, and on the lateral
femora of each leg. The abdomen is predominantly black
in colour, with silvery-white lines that run in an anterior—
posterior direction on the dorsal and lateral abdomen.
The female is generally green on the dorsal and lateral
cephalothorax with a mixture of brown, white and
black coloration on the abdomen. Morphologically,
adult males have slimmer abdomens and longer legs than
adult females (Fig. la—). No known electro-physiological
experiments have been performed to investigate the
visual spectral sensitivity of this species, but the results
from anatomical and electro-physiological experiments
on other genera can probably also be applied to this spe-
cies. The size and complexity of the display repertoire of
C. umbratica resemble that of other salticids’ intra-
specific (i.e. male-male and male-female) interactions
that have been studied in detail (e.g. Jackson 1980, 1986a,
b; Jackson and Macnab 1989; Jackson and Whitehouse
1989; Li et al. 2002). The agonistic and courtship behav-
iour of C. umbratica males are manifested by distinctive
hunched (Fig.1b) and arched postures, respectively
(Fig. 1c) (Lim and Li 2004).

All spiders were collected from Singapore as sub-
adults (one more moult before becoming mature adults)
and maintained in conditions described in previous
salticid studies (see Lim and Li 2004; in press). The cage
design followed that of earlier salticid studies (see
Jackson and Hallas 1986; Lim and Li 2004), and only the
essential details are given here. All of the spiders
were kept individually in opaque cylindrical cages
(diameter x height: 6.5x8.5cm) to prevent contact
amongst individuals, and maintained in a laboratory
under controlled environmental conditions (relative
humidity: 80-85%; temperature: 254+1°C; light regime:
12:12 h; lights on at 08:00 h). Additional lights (Arcadia
Natural Sunlight Lamp, Croydon, UK) were used to
illuminate the cages for 4 h daily (09:00-11:00 h; 16:00—
18:00 h) to provide a light spectrum that simulates natu-
ral sunlight, as the spiders are frequently spotted on
plants that were exposed to sunlight during late morning
and early afternoon (M.L.M. Lim and D. Li, personal
observations). Water and sugar water were provided ad



Fig. 1 a Adult female C. umbratica; b agonistic (hunched posture)
and ¢ courtship (arched posture) behaviour displayed by an adult
male C. umbratica

libitum through dental rolls. The spiders were fed twice a
week on a diet of houseflies (Musca domestica), fruit flies
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(Drosophila melanogaster) and small instars of crickets
(Acheta domestica) twice a week (see Lim and Li 2004).

Experimental set up

All behavioural experiments were conducted from 09:00
to 17:00 h under full spectrum illumination (see Fig.2)
provided by ten equi-spaced (10-cm interval) 1.8-m, 110-
W fluorescent tubes (Voltarc Ultra Light, USA) that
were suspended 1 m above the test apparatus. The testing
apparatus was surrounded by black curtains, which did
not reflect any light and the curtain could also minimize
the interference from observer movements during the
experiments. A video camera (Panasonic NV-MX500,
NIJ, USA) with a lens protruding through the curtains
was used for recording all behaviour with minimal dis-
turbance to the spiders. All lights were turned off for
5 min before each trial to facilitate a “quiescent” period
to discourage movements and remove directional prefer-
ence of test spiders prior to commencement of experi-
ments (i.e. when the lights were turned on).

Mirror image response test

Uniquely among spiders, salticid males are well known
to respond by displaying species-specific behavioural
postures when exposed to mirrors (mirror-image
response). Males, in particular, often engage in pro-
longed bouts of agonistic displays towards their own
mirror images (Homann 1928; Forster 1982). In prelimi-
nary trials, we established that C. wumbratica males
respond to their own mirror images by exhibiting the
same display behaviour as they do when confronted with
a conspecific male under light conditions similar to the
solar spectrum. We then tested the mirror-image respon-
siveness of C. umbratica males under two light condi-
tions manipulated by filters (Fig. 2), full spectrum light
(i.e. human-visible and UV light: UV+; 300-700 nm) and
visible light only (i.e. no UV light: UV—; 400-700 nm).
Light transmissions through the filters were measured
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Fig. 2 Transmissions of full spectrum light (300-700 nm) with the
absence and presence of a UV—blocking filter. Filter excluded UV
light (<400 nm) with a reduction of only about 3% of the visible
(400-700 nm) light
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and corresponding spectra recorded using a USB2000
UV/VIS miniature fibre-optic spectrometer (Ocean Optic
Inc.,, Dunedin, USA). We used a horizontal stage
(18x7 cm) with a mirror (10 cm wide x 8 cm high) that
reflected UV+ wavelengths. To reflect images without
UV, we used the same mirror but inverted it as half of
the mirror was coated with a transparent film-like UV
blocking filter (Photonitech Pte. Ltd., Singapore) that
allowed visible but not UV light to pass through and did
not drastically reduce other wavelengths (Fig.2), and
positioned it vertically at one end of the stage. Before a
trial was started, we connected a vial (1.5cm
diameter x 7 cm high) near the other end of the stage
(14 cm mark; Fig. 3) in which the male to be tested was
placed.

A trial started when the spider left the vial and moved
towards the mirror. The trial ended when the spider
made physical contact with the mirror or when 5 min
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Fig. 3 Horizontal stage used in the mirror image response test. Not
to scale. The stage, made of plastic, was covered by a black matted
surface that minimized any reflection of light that might interfere
with the experiment. A mirror, vertically positioned at one end of the
stage, had one half of the mirror that permitted UV —transmission
(300-700 nm) and the other half that blocked UV wavelengths using
a UV—blocking (400-700 nm) filter. Inverting of mirror facilitated
either image of males with or without UV cues. A vial (diameter
1.5 cm, height 5 cm) connected to the other end of the stage, 14 cm
away from the mirror, held the test spider (C. umbratica male) before
each trial

had elapsed, whichever came first. Between trials, the
stage and mirror were wiped with 75% ethanol, and then
allowed to dry for at least 30 min to remove pheromones
and draglines left by previous males that could interfere
with the behaviour of subsequent test subjects. Success-
ful trials were recorded when males looked at their
images in the mirror, and either responded (i.e. displayed
hunched or arched legs) or ignored their own images.
Trials were aborted whenever 5 min elapsed without the
individual approaching the mirror at all, or when spiders
leapt off the stage without looking at their own images. A
total of 30 successful trials using different individuals
were obtained. The spiders were randomly assigned to
one of the two groups. Individuals from one group
viewed their mirror images under UV+ first and then
under UV— conditions a week later, and the other group
interacted with their images in the reverse order.

Conspecific response test

A second experiment was carried out to examine the
interactions between a pair of UV cue manipulated adult
males. The procedure in this test was similar to that in
the mirror image response test except that we used a pair
of size-matched adult males to replace mirror images,
and we replaced the horizontal stage with a Plexiglas
arena (length x width x height: 20x5x3.5 cm) that had
a UV+ (300-700 nm) or a UV— (400-700 nm) glass filter
positioned across the centre that created two equal-sized
chambers (Fig. 4). The sidewalls were made of transpar-
ent Plexiglas to facilitate video recording of interactions;
the walls facing the glass filter and the floor were made of
Plexiglas coated with a layer of UV—absorbing black
matted material (ORACL® 651 Intermediate black,
Oracl USA, Jacksonville, USA) that provided maximum
background colour contrast. The lids were UV—trans-
mitting glass that allowed full spectrum light (300-
700 nm) to illuminate the arena and the test spiders.

Before each trial, the lights were turned off and a pair
of size-matched adult males each was transferred from
its home cage to one of the two chambers of the testing
arena. A UV+ or UV- glass and a separate piece of
opaque cardboard were placed between the chambers.
As in the first experiment, individuals were left in dark-
ness for 5 min before visual interactions. A trial began
when full spectrum lights were turned on and the opaque
board removed to allow visual interactions between the
two males. All subsequent behaviour was video-
recorded. Each trial lasted for 15 min. Between trials, the
testing arena and the glass were all wiped off with 75%
ethanol and allowed to dry for at least 30 min. A total of
22 pairs were used, and no pair was used in more than
one trial.

Rapid response test
A third experiment was performed to determine whether

males responded rapidly to sudden changes in UV light,
or more specifically, to the UV cues of conspecific
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Fig. 4 Testing arena used in the conspecific response test. The
testing arena measured 20 x 5x 3.5-cm high, divided equally into two
areas by a removable glass that is either UV—transmitting (UV+,
300-700 nm) or has a UV—blocking (UV-, 400-700 nm) transpar-
ent and colourless filter. The plastic floor and the walls facing the
removable glass are covered with a black matte material that is
UV-—absorbing, and the transparent sidewalls are of UV —transmit-
ting material that facilitates clear video recording of salticid interac-
tions. UV—transmitting glass material covering the arena permitted
transmission of full spectrum light (300-700 nm) from the above to
illuminate the test spiders

images. The experimental set up was similar to the first
experiment except that only a UV+ mirror was used and
a removable UV—filter sheet (positioned between full
spectrum lights and the horizontal stage) replaced the
UV— mirror. These filter sheets were placed about 10 cm
away from the light source, some distance from the stage
so that the action of withdrawal and introduction would
not startle the test subjects. When the full spectrum lights
were switched on, an individual was allowed to orient
towards the mirror and reacted to its own image. It was
allowed 1 s to display an appropriate form of behaviour
(see the next section for appropriate forms of behaviour),
and UV filters were either quickly introduced (UV+ to
UV-) or withdrawn (UV— to UV+) (time taken ca. 2 s),
such that the next behavioural response of individuals,
due to the introduced or removed UV filters, were video
recorded. Immediately after the male displayed the
expected behaviour (i.e. hunched posture initially under
UV+ or arched posture initially under UV—), a group of
adult males (r=30) were randomly divided into two
groups, where one group was exposed to sudden removal
of UV light (i.e. UV+to UV—) and then a week later
these same individuals were subjected to the sudden
introduction of UV light (i.e. UV— to UV+). The oppo-
site sequence was used for the other group.

Data analysis

The intra-specific behavioural elements of C. umbratica
(Lim and Li 2004) were used as guidelines for behavio-
ural analysis via video playbacks. The following vari-
ables in the first and second experiments were noted: the
number of males that first displayed agonistic or court-
ship behaviour (between the two males in the conspecific
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response test) and the duration (to the nearest 0.1 s) of
the display. McNemar tests for significance of changes
were used when analysing data on the number of males
responding to their mirror image in the first experiment
or the conspecific males in the second experiment. We
also performed paired Wilcoxon signed-rank tests for the
first two experiments to compare the duration of display-
ing a particular behavioural element under UV+ and
UV-— light conditions (Sokal and Rohlf 1995).

In the third experiment that tested for rapid response
to sudden changes in UV cues, the spiders were observed
for behavioural changes when UV light was changed. In
the UV+ to UV— sequence, the initial behavioural ele-
ment was agonistic, and a change was recorded if the
resultant behaviour was non-agonistic (neutral or court-
ship behaviour). In the UV— to UV+ sequence, a change
in behaviour was recorded when individuals started with
either neutral or courtship behaviour ended with agonis-
tic behaviour, or a courting behaviour that ended with
either neutral or agonistic behaviour. In both the
UV+ to UV— and UV-— to UV+ sequences, a total of 30
successful trials were completed. We performed Fisher’s
exact tests to compare the number of males that changed
their display behaviour when light conditions were
switched between UV+ and UV— light.

Two-tailed tests were used and the significance level
was set at 0.05 (Zar 1996). All statistical tests were analy-
sed using SPSS 13.0, Chicago, IL, USA.

Results

Adult C. umbratica males displayed different behaviour
towards their own mirror image in the presence or
absence of UV cues. A significantly higher proportion of
males exhibited agonistic display behaviour to their
mirror image in the presence of UV light (ie. UV+;
Table 1). In addition, the duration of agonistic display in
the presence of UV light was significantly reduced when
UV light was removed (Wilcoxon signed rank test:
n=30, Z = —-3.315, P<0.001; Fig. 5a). More males
courted their mirror image when UV cues were absent,
but this difference was not statistically significant
(Table 1). Similarly, the duration of courtship displays
increased when UV light was blocked but this difference
was not significant (Wilcoxon signed rank test: n=30,
Z = —1.601, P=0.109; Fig. 5b).

The results from the conspecific response test showed
that the removal of UV light significantly reduced the
duration of agonistic displays (Wilcoxon signed rank
test: n=22, Z = —3.712, P<0.001) (Fig. 5c) and signifi-
cantly more males showed agonistic displays to conspe-
cifics in the presence of UV light (UV+) (Table 1). When
UV part of spectrum was blocked (UV-), a significant
increase was observed in both the number of males
exhibiting courtship displays (Table 1) and in the dura-
tion of courtship displays (Wilcoxon signed rank test:
n=22,7 = —3.421, P<0.001; Fig. 5d).



876

Agonistic elements Courtship elements

0.50 1 A . 016 1B
T
3 0.25 - 0.08
=
©
£
< T
(&)
3]
(]
5
© 0.00 0.00
£
5 0.10 1¢ \ 24 1p -
c
S
B T
Q.
o
o
C
S 0.05 | 12 -
=

-
0.00 00

Fig. 5 Results from the mirror image (a, b) and conspecific (c, d) re-
sponse tests. Mean (+SE) proportion of duration during which a
male C. umbratica displayed to its own image (n=30 individuals) or
another size-matched male (n=22 pairs) with agonistic (hunched
posture) or courtship (arched posture) behaviour under UV+ (filled
bars) or UV- (open bars) light conditions. Asterisks denotes
P <0.001 (Wilcoxon signed rank test)

In the third experiment, the rapid response of males
to changes in UV light was evident. In the UV+ to UV-
sequence, a significant number of males switched from
agonistic to non-agonistic or courtship displays (20 of
30; Fisher’s exact test: P<0.05) in response to the
sudden removal of UV wavelengths. However, the
UV-— to UV+ sequence produced opposite outcomes: a
significant number of males that initially performed non-
agonistic or courtship displays immediately switched to
agonistic displays upon introduction of UV cues (23 of
30; Fisher’s exact test: P<0.01).

Discussion

The findings from the first two experiments clearly dem-
onstrate that the visual sensitivity of C. umbratica is
extended into the UV wave range (300400 nm), as the
presence of UV cues in both the mirror images and con-
specific males elicits agonistic displays. The complete
removal of UV cues from both mirror images and con-
specifics, resulting in the lack of agonistic behaviour,
clearly shows that UV cues are necessary and sufficient
for C. umbratica to enable the agonistic displays. Inter-
estingly, the absence of the UV cues not only removed
the aggressive behavioural element, but also induced
courting behaviour. Males seem to perceive, or rather
misidentify, mirror images or conspecifics that lack UV
cues as potential mates instead of competing males. The
data indicate that UV wavelengths reflected from the
male’s body may serve as sex-recognition cues because
males reacted agonistically to conspecifics and images
with UV cues, but courted them in the absence of UV
wavelength, and this may explain the occurrence of UV
sexual dimorphism of this species where only male but
not female body parts are capable of reflecting UV light
(Lim and Li in press).

No statistically significant increase was found in the
duration and number of males that displayed courtship
behaviour when a UV- mirror replaced a UV+ mirror in
the mirror-image response test. This may probably be
attributed to the confusion that might arise for a male
courting its own image because a female does not court a
male or respond to male courtship in the same manner.
This unfamiliarity with the image’s courting posture may
perhaps discourage the male from proceeding in its court-
ship as a female normally either reacts agonistically,
ignores the male or runs away upon seeing a courting male
(Lim and Li 2004). In the conspecific response test, males
under UV- conditions either responded to conspecific
males by performing agonistic displays or by ignoring
them when they were courted; this behaviour was typical of
females during courtship. Therefore, significant increases in
the number of males performing courtship displays, and in
the duration of courtship displays in males, were observed
in the absence of UV cues, as courting males could have
easily mistaken aggressive males for females.

Table 1 Results from the responses of adult males to their own images (first experiment) and conspecifics (second experiment)

Behaviour Displayed Displayed Displayed No display McNemar P
under under under both test: °
UV+ only UV- only UV+and UV-
Mirror image response test Agonistic 13 4 9 4 3.765 0.049
Courtship 3 7 4 16 0.900 0.344
Conspecific response test Agonistic 7 0 13 2 9.143 0.016
Courtship 1 10 4 7 5.818 0.001

The number of males that reacted (aggressive and courtship behaviour separately) to their own mirror images (mirror image response test)
or to conspecific males (conspecific response test) under UV+ (300-700 nm) conditions only, UV— (400-700 nm) conditions only, under
both light conditions or did not display any behaviour. The use of McNemar test required only the first two data columns, as these numbers
reflected the proportion of test individuals that displayed particular behavioural elements under specific light conditions.



The third experiment demonstrated that C. umbratica
adult males could rapidly respond to changes in UV
light. UV light in a microhabitat is never constant
(Endler 1993), and in the preferred open habitats of
C. umbratica (Lim and Li 2004; in press), males may mis-
take other conspecific males for females in habitats with
UV reduced light (e.g. under leaves or branches). It may
be vital that C. umbratica males respond rapidly to
changes in the perceived hues of conspecific males by
switching their behaviour appropriately (i.e. from court-
ing to agonistic or to avoiding stronger males) to avoid
injuries or the loss of UV-reflecting scales from confron-
tations. Our findings suggest that for C. umbratica males,
there are visual signals of which UV cues are an integral
part, and thus appear to act like a behavioural switch:
when a C. umbratica male sees a conspecific adult carry-
ing this signal, it responds with hunched legs (agonistic
display); when it sees a conspecific adult without this sig-
nal, it responds with arched legs (courtship display).

For the past few decades jumping spiders have been
known to possess UV receptors, and it has often been
postulated that UV-based signals are important in salti-
cid visual communication (Crane 1949a,b; DeVoe 1975;
Yamashita and Tateda 1976; Blest etal. 1981; Land
1985; Peaslee and Wilson 1989; Blest et al. 1990). Our
study is the first behavioural demonstration of the abil-
ity of jumping spiders to see into the UV part of the
spectrum and highlight the importance of UV cues dur-
ing intra-specific interactions among salticids. Specifi-
cally, UV wavelengths appear to have a significant
influence on the male-male interactions of salticids that
can reflect UV light. This differs from previous studies
that investigated the significance of UV cues in female
mate selection (see Cuthill et al. 2000a,b) and other
functions (for a review, see Tovée 1995). These studies
pointed out that females rely on body-reflected UV hues
to judge the relative attractiveness and status of compet-
ing males, and prefer UV brighter males. Here, we have
shown that the removal of UV cues interferes signifi-
cantly in male-male interactions. It not only reduces
agonistic displays but also induces courtship displays by
males in response to their own mirror image and their
conspecific opponents. C. umbratica males exhibit inter-
male variations in UV reflectance (Lim and Li in press),
but whether the quality of males can be accurately
assessed by competing males and selective females is
unknown. More experiments are required to ascertain
the reliability of UV cues as reliable indicators of male
quality or physical strength. The roles of UV reflectance
and UV-visual ability in male-male interactions of
C. umbratica have strong implications for future studies
on the sexual selection and coloration of jumping spi-
ders and other animals. Any observation of animal
intra-specific interactions under light devoid of, or lack-
ing in UV wavelengths, may result in an incomplete
assessment of agonistic or courtship behavioural ele-
ments. Therefore, the potential visual sensitivity to UV
wavelengths should be taken into account in the future
behavioural studies of UV-reflective salticids.
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