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Natural Selection for Juvenile Lizards Mimicking Noxious Beetles

Abstract. Adult Eremias lugubris in southern Africa are concealingly colored and
move with a typical lizard gait, but the jet-black and white juveniles are conspicuous
and forage actively with arched backs. In color, gait, and size, juveniles mimic “‘oog-
pister”’ beetles (Carabidae: Anthia) that spray an acidic, pungent fluid when mo-
lested. This unique mimicry, which is believed to be the first reported case of a terres-
trial vertebrate mimicking an invertebrate, seems to reduce predation on juvenile liz-

ards.

Batesian mimicry, the important evolu-
tionary phenomenon (I, 2) in which se-
lection by predators favors individuals of
a palatable or unprotected species (mim-
ic) that deceptively resemble those of an
unpalatable or protected species (mod-
el), is traditionally established by satis-
fying several correlative criteria (3) or by
manipulative experiments in the field or
laboratory ¢). Despite widespread inter-
est in the phenomenon, however, natural
field evidence of the selective advantage
of Batesian mimicry is scant (5). Here we
present correlative evidence for a bizarre
and apparently unique case of mimetic
resemblance, that of a palatable juvenile
lizard mimicking a noxious beetle 6, 7),
as well as indirect field evidence that this
mimicry reduces predation rates.

Adult Eremias lugubris in the Kalahari
semidesert of southern Africa are pale
red-tan, a color that blends with the Kala-
hari sand (Fig. 1C). In contrast, juvenile
E. lugubris, jet-black above and below
with broken whitish lateral and dorsal
stripes (tails black basiventrally, there-
after buff to red-yellow), are quite con-
spicuous (Fig. 1A). Metamorphosis into
the adult coloration begins at snout-to-
vent lengths (SVL’s) of about 40 mm and
is generally complete at SVL’s of 45 to
50 mm. Ontogenetic color shifts are com-
mon in Eremias, but one of this magni-
tude is unparalleled 8).

Adults and juveniles also differ in for-
aging gait. Adults forage actively (9) with
lateral undulations typical of lacertid liz-
ards. Juveniles also forage actively, but
walk stiffly and jerkily with strongly
arched backs and tails pressed to the sub-
strate. (Bilateral contraction of muscles
in the ventral midline apparently pro-
duces the arch.) Pronounced bending
curves in the body and tail, associated
with lateral undulations in the adults
(and most lizards), are not apparent in ju-
veniles. The largest juvenile observed
walking this way was 49 mm SVL, near
the upper size of color metamorphosis.
The juvenile gait, which persists in cap-
tivity, seems to be unique among lizards.

The evolutionary significance of the
conspicuous coloration and arch-walking
gait of these juvenile lizards needs evalu-
ation. Metamorphoses in coloration and

gait are unrelated to reproductive matu-
rity, as lizards mature several months lat-
er. Black coloration can confer thermo-
regulatory advantages to insects with in-
sulated elytra (/0) but is more likely to be
a thermoregulatory disadvantage to a
small lizard active only during hot sum-
mer and autumn months. Furthermore,
because juveniles arch-walk at both high
and low body temperatures (/1), arch-
walking cannot be a heat avoidance pos-
ture.

We propose that these juvenile lizards
are in fact behaviorally and morphologi-
cally mimicking abundant, sympatric,
noxious ‘‘oogpister’’ (12) beetles [Cara-
bidae: Anthia spp. (13)], which squirt an
acidic pungent fluid [SN formic acid plus
isovaleraldehyde, acetic acid, tiglic acid,
and so forth (/4)]. Juveniles resemble
oogpisters in aposematic (/5) coloration
[beetles (Fig. 1B) are black with lateral
white stripes on the elytral borders,
sometimes also on the thorax and head]
(16), in size (beetles range from about 30
to 52 mm in length) (/7), and in gait (oog-
pisters are active foragers) (/8). Juvenile
lizards metamorphose into the adult col-
oration and gait at sizes corresponding
roughly to the maximum sizes of beetles.

Beetles are generally considerably
more abundant than juvenile lizards, are
active over broader time periods daily
and perhaps seasonally (/9), and may
have a broader geographic range. These
noxious beetles are thus ideal models (3);
juvenile lizards have apparently con-
verged on them both in behavior and
morphology. Indeed, on occasion we
have initially mistaken juvenile lizards
for oogpisters!

The arch-walk may have evolved from
an arched-back, facing-off posture some-
times used by adult E. lugubris in aggres-
sive encounters. Many African Eremias
Jjuveniles are darker than adults 8), and
the black coloration of E. lugubris juve-
niles probably evolved as an exaggera-
tion of this trend. Numerous lizard preda-
tors could be selective agents, including
birds (several shrikes, secretary birds),
mammals (bat-eared foxes, jackals, suri-
cates), and snakes (horned adders, sand
snakes). :

If juvenile lizards mimic oogpisters,
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Fig. 1. (A) Lateral view of arch-walking juvenile E. lugubris (SVL about 35 mm) on beach sand.
A normal tail would be concealingly colored on red Kalahari sand (the tip of this individual’s tail
is regenerated tissue). (B) View of oogpister beetle, Anthia (total length, 37 mm). (C) Adult E.
lugubris (SVL about 60 mm). In both (B) and (C), the animals were photographed on Kalahari

sand. [Fig. 1A from photograph by J. Hensel]

predation rates on these lizards should
be lower than on sympatric nonmimetic
Eremias. We cannot measure predation
rates directly, but the frequency of bro-
ken tails can be used to index relative in-
tensity of predation (20). Despite forag-
ing actively, juvenile E. lugubris have
the lowest frequency of broken tails of
all sympatric juvenile Eremias in the
southern Kalahari 21/).

The only quadrupedal lizards pre-
viously suspected of being mimics are
two terrestrial geckos that sometimes
arch their tails over their backs when dis-
turbed and may mimic scorpions (22). Al-
ternatively, this posture may merely di-
vert predators from more vital body
parts (23).

Our data (juvenile E. lugubris differ
markedly from close relatives in color-
ation and behavior; juveniles resemble
oogpister beetles in color, size, and gait;
daily activity periods and probably both
seasonal activity period and geographic
range of juvenile lizards are entirely con-
tained within those of the beetles; juve-
niles are less abundant than beetles; and
juveniles have a relatively low frequency
of broken tails) satisfy traditional criteria

202

(3, 24) that strongly suggest Batesian
mimicry. The resemblance of juvenile E.
lugubris to oogpister beetles represents
not only the first substantive case of mim-
icry involving a quadrupedal lizard, but
also, to the best of our knowledge, the
first case of a terrestrial vertebrate mim-
icking an invertebrate [(6, 7), but sce also
(22, 23)]. More importantly, our indirect
evidence that mimicry is associated with
reduced predation provides one of the
few nonmanipulative examples support-
ing the hypothesis that natural selection
promotes Batesian mimicry (5).
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