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Ultraviolet refl ectance in Malagasy chameleons of the genus 
Furcifer (Squamata: Chamaeleonidae)Furcifer (Squamata: Chamaeleonidae)Furcifer

Philip-Sebastian Gehring & Klaudia Witte

Abstract. Chameleons are well known for their colourful appearance and their ability to change colours. 
Although tetrachromatic colour vision has been proven, UV-refl ecting colour patterns have not been 
studied in chameleons so far. Th e study presented here provides preliminary data on UV-refl ecting col-
our patterns in chameleons. Th ree Malagasy chameleon species (Furcifer pardalis, Furcifer lateralis and
Furcifer oustaleti) were investigated in terms of UV-refl ectance of colour patterns, using a fi bre optic 
spectrophotometer. We show that several body regions refl ect in the UV spectrum, i.e. within 300-400 
nm. Functions of the refl ectance in UV spectrum are briefl y discussed. 
Key words. Reptilia, Chamaeleonidae, Furcifer pardalis, Furcifer lateralis, Furcifer oustaleti, UV-refl ect-
ance, visual communication.

UV-refl ectance of body coloration in ani-
mals is found in a wide variety of taxonomic 
groups including arthropods (Lyytinen et al. 
2004), fi sh (Rick et al. 2004), birds (Bennett
et al. 996, Cuthill et al. 2000, Shawkey et 
al. 2003) and reptiles (Blomberg et al. 200, 
Leal & Fleishman 2004, Molina-Borja
et al. 2006). Th ere is an increasing interest 
in studying UV-refl ecting colour patterns in 
animals and there is evidence that individu-
als within these taxonomic groups are able to 
detect ultraviolet light (Jacobs 992, Fleish-
man et al. 993, Brunton & Majerus 995, 
Losey et al. 999, Cuthill et al. 2000, Bow-
maker et al. 2005). 

Among lizards, there are only a few stud-
ies in terms of UV-refl ecting body coloration 
(e.g. Fleishman et al. 993, Le Bas & Mar-
shall 2000, Blomberg et al. 200, Moli-
na-Borja et al. 2006), although many rep-
tile species have a conspicuous colourful 
appearance or a complex display behaviour 
with brightly coloured patterns. Chameleons 
in particular are known for their ability to 
change colour immediately and to show one 
of the most complex colour display behav-
iours in animals.

Chameleons are mainly visually oriented 
animals with a strong sexual dichromatism 
and it is well known that coloration plays 
a decisive role in the social and especially 
sexual communication of chameleons (e.g. 
Parcher 974, Cuadrado 2000, Ferguson
et al. 2004). Bowmaker et al. (2005) showed 
that some chameleon species (Furcifer later-
alis, F. pardalis, Chamaeleo dilepis, C. calyp-

Fig. 1. Male Furcifer lateralis. White circles repre-
sent body regions where refl ectance between 300 
and 700 nm was measured. A: midlateral stripe; 
B: gular region; C: mouth corner; D: ventral ridge. 
Not to scale.
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tratus) have tetrachromatic colour vision. In 
the retinas of these species, they found sin-
gle cones containing visual pigments with a 
spectral maximum between 375-385 nm. In 
C. dilepis, the spectral maximum reached 
nearly 350 nm. 

Here we provide, for the fi rst time to our 
knowledge, data on UV-refl ectance patterns 
of body coloration in chameleons. 

Th e genus Furcifer is distributed in Mada-Furcifer is distributed in Mada-Furcifer
gascar and on some Indian ocean islands 
(Klaver & Böhme 986, Ferguson et al.
2004). Th e following general descriptions are 
based on Glaw & Vences (997) and person-
al observations. Furcifer lateralis is a small 
(total length: 200-250 mm) chameleon, wide-
ly distributed throughout Madagascar. It is 
characterised by a white medioventral line 
and three dark circles on the fl anks. Colour 
patterns are highly variable. Specimens from 
the south-west seem to diff er by a brighter 
green coloration with turquoise eyelids. Th e 
F. lateralis individuals used in this study are 
specimens of the latter colour type. Furcifer 
oustaleti is a very large (total length in males: 
up to 680 mm) chameleon, and widespread 
throughout Madagascar. Males are gener-
ally greyish-brown, while females can have 
red coloration on head and forelegs and are 
greenish in some populations. Furcifer parda-
lis is a colourful, large (total length in males: 

up to 520 mm) chameleon, common in the 
lower northern parts (distributed from An-
karamy in the west to Tamatave in the east of 
the island) of Madagascar. Th e coloration of 
males is quite variable, and many local col-
oration variants can be distinguished.

Altogether, eight adult specimens of the 
genus Furcifer, two male and one female F. 
pardalis and F. lateralis, and one male and 
one female F. oustaleti, were investigated in 
this study. We measured UV-refl ectances of 
the gular region, corner of the mouth, mid-
lateral stripe, ventral ridge and conspicuous 
patterning (e.g. bright spots) (Fig. ), using 
an Avantes AVASPEC - 2048 Fiber Optic 
spectrometer. A bifurcated 200 micron fi bre 
optic refl ection probe, with unidirectional il-
lumination and recording, was held at a 90° 
angle to the body surface, over an area of 3 
mm in diameter. Illumination was given by 
a Deuterium Halogen light source (AVA-
LIGHT - DHS, 76-00 nm). Th e intensity 
of refl ectance over the range of 299-70 nm 
was recorded relative to a 99% Spectralon 
white standard. We collected one representa-
tive scan from each body region at about 0.5 
nm resolution. Data were recorded with Ava-
Soft  6.2. (Avantes, Netherlands) and import-
ed into Microsoft  Excel. Analyses were per-
formed with Microsoft  Excel and Statistica.

All the regions tested showed refl ectance 

Fig. 2. Ultraviolet refl ectance of the midlateral stri-
pe in two males and one female of Furcifer pardalis. 
Refl ectance is given in %, wavelength in nm. 

Fig. 3. Ultraviolet refl ectance of the gular region 
in two males and one female of Furcifer lateralis. 
Refl ectance is given in %, wavelength in nm.
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in the ultraviolet waveband in all species (see 
Table ). For F. pardalis, we found a clear re-
fl ectance in the ultraviolet waveband between 
300 and 400 nm in both sexes. In particular 
the corner of the mouth and the midlateral 
stripe (Fig. ) in males refl ected in the UV 
waveband, with intensities up to 25%. 

For the midlateral stripe of F. lateralis we 
measured refl ectance intensities of 5% and 
0% in males and only 4% in the female (Fig. 
2). Th e gular region (Fig. 3) and the ventral 
ridge (Fig. 4) showed a high UV-refl ecting 
intensity in F. lateralis in males especially, 
with intensities up to 46% (see Table ). 

Both sexes of F. oustaleti showed a low-
er UV-refl ectance intensity in all body re-
gions compared to F. pardalis and F. lateralis. 
Th e UV-refl ectance intensity (300-400 nm) 
reached only 2% at 335 nm in the midlateral 
stripe in the male F. oustaleti, and maximally 
0% in the female. Other body regions, e.g. 
the ventral ridge of F. oustaleti, showed an 
UV-refl ectance intensity between  and 0% 
(Fig. 5).

Some conspicuous colour patterns and 
body parts were also measured, but not in 
each individual. Males of F. lateralis for ex-
ample showed blue spots on the body fl anks, 
which did not occur in the other species or 
even in the female. Th ese blue spots had a 
peak of maximum UV-refl ectance intensity 

of 2% at 328 nm. Th e F. oustaleti male showed 
white spots on the body fl anks with a peak of 
6% at 348 nm. Th e inside of the hands and 
limbs in all species and both sexes showed a 
high UV-refl ectance, reaching up to 43% at 
362 nm in the F. lateralis female. 

When comparing the intensity of UV-re-
fl ectance in body regions, it seems that each 
species has a diff erent waveband with a spe-
cifi c maximum of UV-refl ectance intensity. 
Although we could not analyse the diff erenc-
es in UV-refl ectance statistically because the 
number of tested animals was too low, it is 
obvious that there are some diff erences in the 
UV-refl ectance intensity between species and 
between sexes within a species. 

Th e results of our study showed that there 
are distinct UV-spectra in the coloration of 
diff erent chameleon species. It seems that 
there are species- and sex-related diff eren-
ces in the intensity and maximum peaks of 
these UV-refl ectance patterns. In addition 
to UV-refl ecting body regions, Dodd (98) 
showed that two African chameleon spe-
cies (Chamaeleo gracilis and Bradypodion 
fi scheri) also refl ect in the infrared spectrum. 
Th us, the complex colour appearance of cha-
meleons seems to be by far more complex 
than previously thought, with visual signals 
not detectable by the human eye.

Bowmaker et al. (2005) had already re-

Fig. 4. Ultraviolet refl ectance of the ventral ridge 
in two males and one female of Furcifer lateralis. 
Refl ectance is given in %, wavelength in nm.

Fig. 5. Ultraviolet refl ectance of the ventral ridge 
in one male and one female of Furcifer oustaleti. 
Refl ectance is given in %, wavelength in nm.
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ported that chameleons have tetrachromat-
ic colour vision and suggested a role within 
the context of intraspecifi c communication. 
Preliminary data on F. lateralis showed that 
the intensity of UV-refl ectance of colora-
tion in a male nearly doubled aft er seeing a 
female (pers. obs.). Observations on com-
peting males of F. pardalis and F. lateralis
also showed that UV-refl ecting colour pat-
terns (e.g. white midlateral stripe, blue spots 
around the eyelid, white spots on the body) 
were more prominent aft er social interac-
tions than without social interactions (Fer-
guson et al. 2004, pers. obs.). Th ere is strong 
evidence that UV-refl ecting colour patterns 
play a distinct role in the communication 
and sexual selection of these highly visually 
oriented lizards. Schwenk (995) suggested 
that UV-refl ectance may be an important 

component of display behaviour, particularly 
in lizard species with reduced chemosensory 
activity. Th is may be relevant to chameleons 
as well.

All three tested species are widespread 
throughout Madagascar and sometimes 
co-occur in the same habitat. In particu-
lar, F. oustaleti and F. pardalis are sympatric 
in northern and northwestern Madagascar 
with very similar structural niches in degrad-
ed and suburban habitats (Ferguson et al. 
2004; pers. obs.). Interspecifi c diff erences in 
UV-refl ecting colour patterns beside other, 
more obvious diff erences in coloration, may 
be an important pattern in intraspecifi c rec-
ognition. Th is may be particularly important 
in degraded habitats with a high UV radia-
tion, like those preferentially inhabited by F. 
pardalis, F. oustaleti and F. lateralis. 

Furcifer pardalis
Body region male  male 2 female 
Midlateral stripe 300-400 nm

Rmin 2% -
Rmax 25%max 25%max

300-400 nm
Rmin 2% -
 Rmax 2%

Peak
370 nm 
Rp2%

300-400 nm
 Rmin  3% -

         Rmax 4%max 4%max

Gular region 300-400 nm
Rmin 4% -
Rmax 5%max 5%max

Peak
390 nm
Rp 5%

300-400 nm
Rmin  5% -
Rmax 0%

300-400 nm
        Rmin  2% -

Rmax  2%
Plateau

332-400 nm
RplRplR  2%

Mouth corner 300-400 nm
Rmin  9% -
Rmax  25%max  25%max
Plateau

345-400 nm
Rpl Rpl R 25%

300-400 nm
 Rmin % -

     Rmax 30%max 30%max
Plateau

340-400 nm
RplRplR   30%

no Data 
available

Ventral ridge 300-400 nm
Rmin  6% -
Rmax 7%max 7%max
Plateau

357-390 nm
Rpl  Rpl  R 5%

no Data
available

300-400 nm
Rmax 8%

Tab. 1. Summary of the measured refl ectance intensities (%) in the Ultraviolet waveband (300-400 nm) 
in four diff erent body regions of three chameleon species (Furcifer pardalis, F. lateralis & F. oustaleti). Rmin
gives the minimal measured refl ectance intensity; Rmax the maximal refl ectance intensity. In most cases max the maximal refl ectance intensity. In most cases max
the refl ectance intensities are increasing along with the wavelength (nm), but in some cases exceptions are 
described as Peaks or as Plateaus. Wavelength (nm) and refl ectance intensities are given for these special 
cases. RPl gives the refl ectance intensity at the Plateau, RP gives the refl ectance intensity for a Peak. 
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Prelimary data for Rhamphoeleon brevi-
caudatus, a small terrestrial chameleon that 
lives in the leaf litter of African forests, a 
rather dark photic environment, showed in-
terestingly also UV-refl ecting colour patterns 
on its body surface (pers. obs.).
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Furcifer lateralis Furcifer oustaleti
male  male 2 female male female

300-400 nm
Rmin  0% - 
Rmax 5%max 5%max
Plateau

350-380 nm
RplRplR  4%

300-400 nm
Rmin  0% - 
Rmax 0%
Plateau

350-380 nm
RplRplR  0%

300-400 nm
Rmax  5%

300-400 nm
Rmin  6% - 
Rmax 2%
Plateau

330-380 nm
Rpl  Rpl  R 2%

300-400 nm
Rmin    5% - 
Rmax 0%

300-400 nm
Rmin  0 % - 

     Rmax 46%

300-400 nm
Rmin   0 % - 
     Rmax 20%

300-400 nm
 Rmin  % - 
   Rmax   9%

300-400 nm
  Rmin  0% -

Rmax 3%

300-400 nm
Rmin  5% - 
Rmax 0%

Peak 
340 nm
Rp  0%

300-400 nm
      Rmin   0% - 

Rmax 25%max 25%max

300-400 nm
Rmin     5% -  
Rmax 7%max 7%max
Plateau

330-400 nm
RplRplR  7%

300-400 nm
   Rmin   3% – 

Rmax 9%max 9%max

300-400 nm
  Rmin  0% - 

Rmax 7%
Peak

330 nm
Rp  7%

no Data
available

300-400 nm
Rmin  0% - 
Rmax  40%max  40%max

300-400 nm
Rmin  0 % - 
Rmax 8%

Peak
380 nm
Rp 8%

300-400 nm
Rmin  0 % - 
  Rmax  25%

300-400 nm
  Rmin ,5% - 
Rmax 2,5%max 2,5%max

300-400 nm
  Rmin 2% - 

Rmax 5%max 5%max
Peak

340 nm
Rp 5%
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