SCIENTIFIC CORRESPONDENCE

Ultraviolet vision in lizards

SIR — There is evidence that each of
the main vertebrate groups can detect
ultraviolet lightl, but, in contrast to the
situation in invertebrates, the role
and/or importance of ultraviolet vision
in vertebrates is under debate’. One sug-
gestion is that ultraviolet vision may be
important in communication, but evi-
dence to support this function is limited to
the fact that the bodies of some fish and
birds are highly reflective in ultraviolet
light>>. We have been studying five
closely related species of anoline lizards
from Puerto Rico, and find evidence that
ultraviolet vision is important in their
system of visual communication, which is
based on displays consisting of motion
patterns of the body and a colourful, ex-
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FIG. 1 Reflectance spectra (per cent reflect-
ance compared to that from a magnesium
carbonate white standard) from the dewlaps of

a, Anolis krugi; b, A. cristatellus, c, A. pulchel-
lus, d, A. gundlachi and e, A. evermanni.

pandable throat fan called the dewlap.
As part of a comprehensive study of the
anoline retina (manuscript in prepara-
tion), we carried out microspectropho-
tometry and discovered that each of these
five species has four classes of cones, with
absorption maxima at about 565, 495, 450
and 365 nm. The ultraviolet-sensitive cone
(Amax=365 nm) is always associated with a
colourless oil droplet, which is transparent
(optical density <0.2) down to the shor-
test wavelengths measured (320 nm), as
were the lens and cornea. This is the first
reported ultraviolet photoreceptor in any
reptile, although earlier behavioural
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studies have suggested that there is ultra-
violet visual capacity in one turtle* and
one lizard® species.

We measured the spectral reflectance of
the dewlaps (Fig. 1), and found that two
species exhibited a high degree of ultra-
violet reflectance (>35 per cent), two
exhibited low reflectance (<25 per cent),
and the third was intermediate. We photo-
graphed each dewlap in natural sunlight
with an ultraviolet-sensitive video camera
under two conditions: with a filter trans-
mitting only in the near-ultraviolet and
with a filter transmitting in the range of
normal human vision (Fig. 2). As ex-
pected from Fig. 1, the dewlaps of Anolis
cristatellus and A. krugi appeared very
brightin ultraviolet light, whereas those of
A. evermanni and A. gundlachi appeared
dark. The dewlap of A. puichellus has a
distinct pattern in the ultraviolet — half
dark, half bright — which explains why it
appears to have an intermediate level of
reflectance in Fig. 1. The photographs
also revealed a bright spot at the corner of
the mouth visible in all five species only
when the mouth is open — a typical
anoline threat display (Fig. 2).

There seems to be a relationship be-
tween the light conditions typical of the
microhabitat of each species and the ex-
tent of dewlap ultraviolet reflectance. The
three species with ultraviolet-bright dew-
laps come from microhabitats which are
often exposed to direct sunlight and/or
blue sky®, in which there is a great deal of
ultraviolet light’. The two species with
ultraviolet-dark dewlaps inhabit the
understorey of closed-canopy forest®®,
which contains little ultraviolet light’.
Thus, in habitats where there is sufficient
ultraviolet, an ultraviolet-reflective dew-
lap will appear bright and contrast
sharply with the background vegetation,
which reflects very little ultraviolet light.
We believe that ultraviolet dewlap reflect-
ance did not evolve (or was lost) in the two
forest species because it would do little to
enhance the visibility of the dewlap. The
presence of ultraviolet visual receptors
in the forest species may be due to
phylogenetic inertia, or they may be for
some other purpose (for example, prey
detection near light gaps).

Our results strongly suggest that ultra-
violet vision is involved in anoline com-
munication because: (1) dewlaps are used
almost exclusively in communication and
hidden at other times; (2) only species
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FIG. 2 An ultraviolet-enhanced video camera
(CIDTEC) with a Flectan quartz reflecting iens
(Nye Optical) was used to record the appear-
ance of dewlaps under natural daylight condi-
tions against a background of green grass.
The first photograph in each row was made
with filters passing light in the spectral range
400—-680 nm. The second photograph in each
row shows the relative brightness in the near-
ultraviolet (320—400 nm) as isolated using a
Hoya U360 fiiter plus an infrared blocker
(Omega Optical). Contrast for the two spectral
regions was equalized against a set of cali-
brated reflectance standards. The species
shown are (top to bottom) A. cristatellus,
A. pulchellus, A. gundlachi and A. evermanni.
A. krugi (not shown) is similar in appearance to
A. cristatellus.

from ultraviolet-rich habitats possess
ultraviolet-reflective dewlaps; and (3)
only the dewlaps, and not the rest of the
body, are ultraviolet-reflective.
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