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lnnatc Recognition of Coral Snake Pattern by a
Possible Avian Predator

Abstract. lnexperienced /land-reared mozmots avoided a pattern `of red and
yellow rings but readily attacked a pattern of green and blue rings and also one
of red and yellow stripes. The motmots' avoidance of the "coral snake" pattern
indicates that mimic snake species can derive protection. from some potential
predators.

A large complex of nectropical snakes
from at least two families have aringe

dor banded patterns which usually in-
volve red, yellow (or white), and black,
but sometimes involve only two of these
colors. They tend to be relatively small
snakes, the majority being only 1 m or
less in length (I, 2). Among these are
the "true·" coral snakes-the front-
fanged elapid genera Micrurus and
Leptomicrurus, whose venom can kill
a small bird or mammal in minutes
(1). Others, such as the reanfanged
colubrid genera Erythrolamprus and
Rhinabozhryum, are also venomous, but
possess somewhat less virulent poison.
Still others, like the colubrid Lampm-
pelris, are nonvenomous (2).

Considerable controversy exists in the
literature as -to whether this complex
involves any mimicry at all, and if so,
what kinds are included (l·—4). Many
believe that the true coral snakes are
aposematically colored and serve as
models for both Batesian and Miillerian
mimics [for example, see (4)]. Wicklcr
(I) proposed another interpretation,
suggesting that if mimicry depends on
predator learning, Micrurus and irs
allies are too deadly tc serve as models;
hence they are instead mimics of the
more mildly poisonous
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colubrids of the complex. This he
termed Mertensian mimicry. He also
stated that there was no evidence that
any predator can recognize a coral
snake innately. The experiments do-
scribed here now demonstrate that hand-
reared turqu0ise—

br0wed 
motmots (Eu-

momota superciliosa) do have an innate
aversion to a generalized coral snake
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=¤Fig. 1.. Models used in the experiments,

showing both solid and end—third forms.
The ring pattern was given both as wide
yellow and narrow red rings and as wide
green and narrow blue rings. The striped
pattern was given only as wide yellow
and narrow red stripes. The models were
divided into thirds by light pencil marks
to aid in recording the location of the
peaks; the birds did not peck at these
marks. In the end—third models, (a) refers
to the patterned third, (b) to the middle.£.t}iti"`{CiiL§`ii`Q`
m`i}L}'é..Li' 
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pattern. This rnotrnot species, a neo-
tropical relative of the kingiishers that
inhabits dry forest regions from México
to Costa Rica, regularly eats lizards
(5) and probably small snakes as well.
Micrums species and several of their
mimic forms are common throughout
the motmotsʼ range.

Nine young motmots from four
broods were removed from their nest
burrows at ages ranging from 6 to 20
days and raised in the laboratory until
they were old enough to catch their
own prey. Each brood was kept in a
separate cage made of hardware cloth
on wooden frames and measuring 91
by 46 by 46 cm. The experiments con-
sisted of placing a cylindrical wooden
model (8.2 cm long and 1 cm in diam-
eter) on the floor of a cage and record-
ing the number and location of the
birdsʼ pecks for a 5-minute period.
Models were painted with nontoxic
tempera colors in th_

e 
following pat-

terns: yellow with red rings, yellow
with red stripes, green with blue rings.
Two models were made for each pat-
tern: a "solid" model completely cov-
ered with the pattern and an "end-thi·rd"
model in which only one end was
painted, the other two-thirds being
plain wood (Fig.- 1).

Experiments with other models
showed that the motmots had no hesi-
tation in pecking at plain red, yellow,
green, blue, or unpainted wooden mod-
els (-6). However, the bird·s' initial reac-
tion to the solid yellow an.d red ring
model was one of avoidance: all flew up
to the opposite corner of the cage and
in many cases gave alarm notes. Only
one bird approached this model volun-
_tarily, twice landing about 10 cm away
but immediately taking off again in
apparent fright. No motmot made any
attempt to peck at this model (Table
1). By contrast, the birds readily at-
tacked the solid yellow and red stripe
model, even though the colored bands
had the same widths as those of the
ring model, and hence the proportion
of the two colors was also the same.
The results for the solid green and blue
ring model show that the birds were
not inhibited by the ring pattern per se.

Similarly, in the responses to the end-
third models (Table 1) the birds
directed most of their pecks at the
patterned third (Fig. la) of both the
str-iped and the green and blue ring
models, yet gave a highly significant
response to the end farthest away from
the pattern in the` yellow and red ring
model.



Table 1. Results of six experiments with wooden models (see Fig. 1). The end-third model
with yellow and red rings received significantly more pecks at the unpatterned end (Fig. lc)
than at the patterned end (P <.01); in addition, the response to this model was significantly
different at P<.01 from the responses to either of the other two end-third models.

Pattern
Peaks at end-third models

Percentage at
Total  

a b c

Pecks at
solid

models

Yellow and red ring
Yellow and red stripe
Green and blue ring

79
90
33

15.19
46.81
66.67

5.06 79.75
14.89 38.30

0.00 33.33

0
60
89

done with other small potential pred-
ators to find out whether this recogni-
tion is a more general phenomenon.
Perhaps the complicated mechanism of
Mertensian mimicry is unnecessary to
explain the existence of the coral snake
complex in the neotropics.

Susm M. SMITH
Departamento de Biologia,
Universidad de Costa Rica,
Ciudad Universftaria,
Costa Rica, Central America

Evidently this aversion to a yellow
and red ring pattern is innate; since
motmo-ts are burrow nes-ters, the exper-
imental birds had had no opportuni-ty
to see this pattern prior to their capture.

It seems unlikely that this is a re-
sponse to a wasp pattern, as adult
motmots regularly take a wide variety
of hymenopteirans, including the inch-
long Pepsfs, with no apparent difficulty
(7). Indeed, motmots seem remarkably
resistant to the chemical defenses of
most insects (5, 7). However, coral
snakes might well prove dangerous to
motmots. They tend to be secretive and
during the day are sometimes encoun-
tered partly concealed in forest litter.
A motmot attacking a small exposed.
portion of a coral snake would be in
danger of being bitten, especially if
that portion did not include the head.
Motmots have a heavy, powerful bill
but very small feet which lack the
heavy, protecting scutes of a hawk or
an owl. Thus even a small—

mouthedrear-fanged snake
inject its venom if
its initial attack.

`imighiiiiiiiciti-
Q§i{in§a mo-tmot failed in

The motmots used in these experi-
ments came from northwestern Costa
Rica, where both the elapid Micrnrm
nigrocincrus and .the very similair rear-
fanged colubrid Erythrolamprus bizona
occur (2). Venom from either of these
could propably kill a turquoise-browed
motmot. Moreover, there is apparently
no mildly poisonous species with a coral
snake pattern living in this area, and
hence no opportunity for motmots of
this population to learn by experience to
avoid this pattern. Their innate ability
tn recncnize and avoid such a patternBU lC\·\}5L\ll-D anu ¤*\}1\J

is thus adaptive.
There have been a

reports of other avian
few published
predators cap-

tu-ring either Micrurus (8) or a non-
venomous mimic (9). This negative
evidence shows that in these instances
there was no safety to be gained by
being a member of the coral snake

complex. In order for mimicry to be
effective, there must be predator avoid-
ance of the character mimicked, and
provided there is also generalization by
the predator, it is irrelevant to the
safety of the mimics whether this
avoidance is innate or learned. The
motmots̓  innate aversion to a general-
ized coral snake pattern is the first
positive evidence that such protection
exists for members of the coral snake
complex against avian predators. An
innate response to coiral snakes has been
suggested for at least one mammalian
predator (10); further tests should be
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Single Gene Cricket Mutations: Effects on Behavior,
Sensilla, Sensory Neurons, and Identified Interneurons `

Abstract. Crickets are suitabie for studying the effects of single gene mutations
0n single nerve cells. In one mutant, three classes of semilla are lost sequenriaily.
The absence 0f one class of mechanorecepzors throughc-ur postembryonic develop-
ment deprives certain sensory neurons of normal stimulation and results in
abnormal physiological and srructural development of an identihed intermzuro-1

1.
Genetic manipulations can be used

to investigate the roleiof genes in the
construction of the nervous system and
to produce lesions for analyzing the
operation or the development of neural
circuits. Current neurogenetics is based
primarily on research with animals such
as mice, Drosophila, Paramecium,
Daphnia, and nematodes, in which it is
diflicult or impossible to study the phys-
iology of particular neurons (I, 2).
Mutations can be easily generated in
crickets, however, and their neurons are
amenable to physiological analysis.
They are fecund, with females produc-
ing up to 2000 offspring, and -have a
reasonably short generation time (~ 6
weeks at 3S°C). Eggs hatch into Dro—
sophila-sized nymphs, which have a
large behavioral repertoire and can be
subiected to mass selection techniques.

mutants can be studied as

adults. when their many large, identi-
fied neurons
physiological
tion (3-6).

""" "'_""} ""̒CI" "__"""̒

are easily accessible for
and structural investiga-

In this report, techniques are de-
scribed for inducing mutations and
screening for behavioral mutants. Mu-
tants that fail to make the evasion re-
sponse to stimulation of the cerci (pos-
terior sensory appendages) -have been
isolated. The behavior involves an in-
tensively studied circuit including sensil-
la, sensory neurons, identified inter-
neurons, and identified motor neurons,
One such mutant lacks filiform hairs,
the mechanoreceptors that initiate the
evasion response. After molting to
adulthood, it selectively loses each ad-
ditional class of sensilla save one. This
allows selective study of the behavioral
roles and connectivity within the ner-
vmie evstem of each class of sensilla.UCILJJ, \1l¤¤J UL ¤\·\A¤AAA|1.
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