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Effective communication requires animal signals to be readily detected by
receivers in the environments in which they are typically given. Certain light
conditions enhance the visibility of colour signals and these conditions can
vary depending on the orientation of the sun and the position of the signaller.
We tested whether Draco sumatranus gliding lizards modified their position
relative to the sun to enhance the conspicuousness of their throat-fan
(dewlap) during social display to conspecifics. The dewlap was translucent,
and we found that lizards were significantly more likely to orient themselves
perpendicular to the sun when displaying. This increases the dewlap’s radiance, and likely, its conspicuousness, by increasing the amount of light
transmitted through the ornament. This is a rare example of a behavioural
adaptation for enhancing the visibility of an ornament to distant receivers.
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The detectability of visual signals is partly determined by the environment in
which the signal is given [1,2], and may be enhanced (or reduced) by different
environmental conditions, such as light intensity or visual noise (e.g. windblown
vegetation) [2–4]. Animals may employ behavioural strategies that take advantage
of optimal conditions to increase signal detectability; for example, by choosing certain locations or times of day to display [5–7]. Many studies have shown that
animals can adjust aspects of acoustic communication (e.g. call frequency, amplitude and duration) to compensate for background noise [8,9]. Examples of
adaptations for visual signals are relatively rare, but some bird species have
been shown to orient or selectively display in sunlight to increase the conspicuousness of iridescent or short-wavelength-rich plumage [10–12]. However, the extent
to which other animals strategically adjust the presentation of their visual displays,
and how they do so, remains unclear.
The radiance of translucent ornaments can be enhanced by direct sun exposure
when light is transmitted through the ornament as well as reflected by it (radiance
is the sum of both transmitted and reflected light) [13,14]. Given this, animals with
translucent visual signals could enhance signal conspicuousness by orienting the
ornament perpendicular to the position of the sun. We tested whether individuals
of the gliding lizard, Draco sumatranus, orient perpendicular to the sun when displaying (figure 1a). Draco sumatranus live in open areas with full sun exposure
[15,16]. Both males and females possess throat-fans (or dewlaps) that are extended
and retracted in territorial or courtship broadcast displays [17,18]. The male
dewlap is relatively large, yellow and appears translucent; whereas the female
dewlap is smaller, grey/blue and appears more opaque [16] (figure 2a,b). As transmission through the female dewlap is minimal, whether they should orient
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Figure 2. (a) Draco sumatranus male yellow dewlap colour reflectance;
(b) Draco sumatranus female blue dewlap colour reflectance.
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Figure 1. (a) Draco sumatranus male displaying, showing the transmission of
sunlight through the dewlap ( photo: T. J. Ord). (b) Perch angle for displaying
males, and (c) perch angle for non-displaying males, measured in relation to
the sun. Both perpendicular angles (908 and 2708) have been transformed to
equal 1808.
displays perpendicular to the sun depends on how reflection of
direct sunlight affects signal conspicuousness.

2. Material and methods
We observed free-living D. sumatranus lizards on the Universiti
Malaysia Sarawak, Kota Samarahan campus (01.46818 N,
110.44338 E; 10 m elev., WGS 84) near the city of Kuching, Sarawak, East Malaysia (northern Borneo) between June and July
2015. The lizards live on rows of trees lining both sides of roads
throughout the campus, and were sighted by walking up and
down the roads between 07.30 and 13.30 h daily (when broadcast
signals are most often produced [17]). We recorded the lizard’s sex,

whether it was performing dewlap displays, and its position on the
tree trunk relative to the sun. Sex was determined by body morphology, which differs between the sexes [15], and by dewlap
colour and size. Broadcast displays are predominantly used by
males to advertise territory ownership to male neighbours and
potential mates in all directions, at a range of distances [3,19].
Female dewlap displays are less frequent (proportion of lizards
observed displaying in this study: males: 0.71; females: 0.28), but
also appear to be used as an aggressive display (although this
has yet to be confirmed empirically).
In recording the position of the lizard, we took the centre of the
trunk surface directly facing the sun to be 08 and estimated
the angle between that point and the position of the lizard on the
trunk (see the electronic supplementary material, figure S1). This
meant that a lizard positioned at 08 had its back to the sun, while
at 908 the sun shone directly on the flank of the lizard and a
single side of the extended dewlap. Angles around the trunk
were estimated in 158 bins. Draco lizards are predominantly
positioned vertically on the tree trunk, and broadcast displays
are performed with their heads in line with the body. Draco
lizards are territorial and can be observed on the same two to
three adjacent trees on consecutive days [18]. To avoid re-sampling,
we systematically surveyed lizards such that we did not return
to the same group of trees twice. Though lizards live on trees
arranged in linear rows, the habitat is still three-dimensional,
with lizards interacting with each other over roads and in some
instances with lizards in forest further back from the roads.
Additionally, we sampled several roads with different linear directions (two running north–south, one east–west and one
undulating northwest–southeast, covering 6 km).
We predicted lizards should orient perpendicular to the sun
during dewlap displays in either direction (angles of 908 or 2708
relative to the sun), making the data axially bimodal. For statistical analysis, we multiplied our data by two and subtracted 3608
from resulting angles greater than 3608, as outlined by Batschelet
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P-values that remain statistically signiﬁcant after considering false discovery
rates for four comparisons [23].
[20]. This transformed the data such that all perpendicular orientations were represented by angles of 1808. To test whether
orientations clustered on this perpendicular angle, we used the
V test (a modified Rayleigh test) which tests circular uniformity
against non-uniformity with a specified mean angle [21,22].
Analysis was performed in the program ORIANA v. 4.0
(Kovach Computing Services, Pentraeth, Isle of Anglesey,
Wales, UK).

3. Results
Males were significantly more likely to orient themselves perpendicular to the sun when extending the dewlap in display
(figure 1b), but not in the absence of giving a display (figure 1c
and table 1). Despite the small sample of females observed displaying, those that did so also oriented perpendicular to the
sun, but again only during display (table 1).

4. Discussion
The clear orientation of displaying male D. sumatranus
perpendicular to the sun seems to represent a deliberate behavioural strategy for increasing signal conspicuousness.
Recent studies in birds have indicated that orienting plumage
ornaments to exploit direct sunlight may enhance conspicuousness [12,24]. Specifically, direct sunlight may increase
reflectance if the surface of the ornament is specularly reflective—that is, when light is reflected by a surface at a specific
angle [25]—or result in greater contrast against the background if the sunlight illuminates the ornament differently
from the ornament’s background. Here, we show lizards
strategically orient themselves relative to the position of the
sun, presumably to enhance luminance through transmission
of sunlight through the translucent dewlap.
While it is intuitive that transmission should increase
the radiance of the dewlap, the degree to which this increases
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Table 1. V tests (V ), effect size (u) and p-values for displaying and nondisplaying males and females. Values of V converging on 1 indicate
orientations cluster around the expected angle of 1808, while values
converging on 21 indicate orientations do not cluster at the expected
angle.

Downloaded from http://rsbl.royalsocietypublishing.org/ on February 8, 2017

3.

13.

14.

16.

17.

18.

19.

20.
21.
22.

23. Klomp DA, Stuart-Fox D, Das I, Ord TJ. 2017 Data
from: Gliding lizards use the position of the sun to
enhance social display. Dryad Digital Repository.
(http://dx.doi.org/10.5061/dryad.61400)
24. Olea PP, Casas F, Rdpath S, Vinuela J. 2010 Bottoms
up: great bustards use the sun to maximise signal
efficacy. Behav. Ecol. Sociobiol. 64, 927–937.
(doi:10.1007/s00265-010-0908-1)
25. Osorio D, Ham AD. 2002 Spectral reflectance and
directional properties of structural coloration in bird
plumage. J. Exp. Biol. 205, 2017–2027.
26. Endler JA. 1993 The colour of light in forests and its
implications. Ecol. Monogr. 63, 1 –27. (doi:10.2307/
2937121)
27. Briffa M, Twyman C. 2011 Do I stand out or blend
in? Conspicuousness awareness and consistent
behavioural differences in hermit crabs. Biol. Lett. 7,
330–332. (doi:10.1098/rsbl.2010.0761)
28. Kang C, Stevens M, Moon J-Y, Lee S-I, Jablonski PG.
2014 Camouflage through behavior in moths: the
role of background matching and disruptive
coloration. Behav. Ecol. 26, 45 – 54. (doi:10.1093/
beheco/aru150)
29. Nafus MG, Germano JM, Perry JA, Todd BD,
Walsh A, Swaisgood RR. 2015 Hiding in plain
sight: a study on camouflage and habitat
selection in a slow-moving desert herbivore.
Behav. Ecol. 26, 1389 –1394. (doi:10.1093/
beheco/arv096)
30. Marshall KLA, Philpot KE, Stevens M. 2016
Microhabitat choice in island lizards enhances
camouflage against avian predators. Sci. Rep. 6,
19815. (doi:10.1038/srep19815)
31. Smith KR, Cadena V, Endler JA, Kearney MR, Porter
WP, Stuart-Fox D. 2016 Color change for
thermoregulation versus camouflage in free-ranging
lizards. Am. Nat. 188, 668 –678. (doi:10.1086/
688765)

4

Biol. Lett. 13: 20160979

15.

maximize efficacy of visual displays. Ibis 153, 134 –
142. (doi:10.1111/j.1474-919X.2010.01067.x)
Fleishman LJ, Leal M, Sheehan J. 2006 Illumination
geometry, detector position and the objective
determination of animal signal colours in natural
light. Anim. Behav. 71, 463 –474. (doi:10.1016/j.
anbehav.2005.06.005)
Fleishman LJ, Ogas B, Steinberg D, Leal M. 2015
Why do Anolis dewlaps glow? An analysis of a
translucent visual signal. Funct. Ecol. 30, 345– 355.
(doi:10.1111/1365-2435.12502)
Das I. 2010 A field guide to the reptiles of South-East
Asia, 1st edn. London, UK: New Holland Publishers
(UK) Ltd.
Grismer LL. 2011 Lizards of peninsula Malaysia,
Singapore and their adjacent archipelagos. Frankfurt
am Main, Germany: Edition Chimaira.
Mori A, Hikida T. 1994 Field observations on the
social-behaviour of the flying lizard, Draco volans
sumatranus, in Borneo. Copeia 1, 124–130. (doi:10.
2307/1446678)
Mori A, Hikida T. 1993 Natural-history observations
of the flying lizard, Draco volans sumatranus
(Agamidae, Squamata) from Sarawak, Malaysia.
Raffles Bull. Zool. 41, 83 –94.
Jenssen TA, Greenberg N, Hovde KA. 1995
Behavioral profile of free-ranging male lizards,
Anolis carolinensis, across breeding and postbreeding seasons. Herpetol. Monogr. 9, 41 –62.
(doi:10.2307/1466995)
Batschelet E. 1981 Circular statistics in biology.
New York, NY: Academic Press.
Zar JH. 2010 Biostatistical analysis. Englewood Cliffs,
NJ: Prentice Hall.
Durand D, Greenwood JA. 1958 Modifications of the
Rayleigh test for uniformity in analysis of twodimensional orientation data. J. Geol. 66, 229– 238.
(doi:10.1086/626501)

rsbl.royalsocietypublishing.org

Ord TJ, Peters RA, Clucas B, Stamps JA. 2007 Lizards
speed up visual displays in noisy motion habitats.
Proc. R. Soc. B 274, 1057 –1062. (doi:10.1098/rspb.
2006.0263)
4. Vorobyev M, Osorio D. 1998 Receptor noise as a
determinant of colour thresholds. Proc. R. Soc. Lond.
B 265, 351 –358. (doi:10.1098/rspb.1998.0302)
5. Endler JA, Thery M. 1996 Interacting effects of Lek
placement, display behavior, ambient light, and color
patterns in three neotropical forest-dwelling birds on
JSTOR. Am. Nat. 148, 421–452. (doi:10.1086/
285934)
6. Doucet SM, Montgomerie R. 2003 Bower location
and orientation in Satin Bowerbirds: optimising the
conspicuousness of male display? Emu 103,
105–109. (doi:10.1071/MU02024)
7. Ord TJ, Charles GK, Hofer RK. 2011 The evolution of
alternative adaptive strategies for effective
communication in noisy environments. Am. Nat.
177, 54 –64. (doi:10.1086/657439)
8. Luther D, Gentry K. 2013 Sources of background
noise and their influence on vertebrate acoustic
communication. Behaviour 150, 1 –24. (doi:10.
1163/1568539X-00003054)
9. Brumm H, Slabbekoorn H. 2005 Accoustic
communication in noise. Adv. Study Behav. 35,
151–209. (doi:10.1016/S0065-3454(05)35004-2)
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