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SUMMAR Y 

The great majority of animal s ! ecies exhibit some type 
of adaptive r esemblance . Whether this takes the direction 
of crypti c resemblance oe some type of mimicry is unpredicta 
ble . The evidence indicates that all adaptive resemblances 
are directed by natural selection and leave the species 
be t ter able to survive within his envi r onment . 

INT RO DU CTI ON 

Mutations and sequences of mutations occur at random in 
natural populat i ons. The environment is constantly , and 
unpred i ctably , changi ng from warm to cool , wet to dry. These 
accepted facts give a wh i ms i cal appearance to many events 
that have happened during evolutionary h i story . Indeed , 
LEWONTIN (1966) has conc l uded that "nature is capricious" ; 
that evolution can be likened to the shuffling of a deck of 
cards . Certai nly nature appears fickle when one considers 
that organi sms such as Limulus persist unchanged for hundreds 
of millions of years while the great majority of species 
undergo ~onstant change or meet the fate of extinction. The 
fact remains that any l i ne of organisms that persists will 
show definite trends , and these trends are directed by 
natural selection (SIMPSON 1953) . It is quite predictable 
that natural se l ection will leave the populations involved 
better adapted to the environment present at the time . Few 
phenomena better i llustrate the powers of natural selection. 
than adaptive resemblance which is near ubiquitous within 
the living world . A majority of animals , and not a few 
plants , either resemble their non- living surroundings or 
have come to resemble other organisms in one way or another . 



1 56 METTER 

A few cases leave questions but the majority of the resem
blances examined reveal the selective advantage gained by 
likeness . 

The categorical breakdown of adaptive resemblance vari es 
from author to author and numerous special cases appear to 
need a special category . I offer no apologies for the 
simplistic breakdown presented here. 

CRYPTIC RESEMBLANCE 

Many animals resemble their background through color , 
shape , behavior or a combination of these characters . 

Animals wi th colors or patterns that cannot be quickly 
altered are restricted to specific habitats to mai ntain 
their camouflage. A light animal on a dark background is 
often ridiculously appar ent. Using owls and mice DICE (1947) 
showed that predators quickly eliminate prey individuals 
that failed to conform to their background. Most species 
that face heavy predation conform well with their background 
over wide ranges and variable background co l ors . The 
predators select the nonconformists and leave the spec i es 
showing geographical variation . Little predation i s needed 
for this phenomena to . becBme apparent . The montane frog 
Ascaphus truei has few predators yet I found populations 
living in granite country to have fleeted patterns while 
populations in basalt areas showed uniform dark brown colora
tion (METTER 1967) . 

Shape and behavi or are as important as color and pattern 
in many cases . Everyone has seen green insects that do not 
conform to the shape of the leaves on which they s i t . Other 
closely related species are less often seen for they confor m 
in shape as well as color . One can speculate that predation 
is heavier on the former and wi l l force a future conformity 
in shape as well as color. 

Numerous Northern species , such as the snowshoe hare 
and ermine, undergo seasonal color changes from brown in the 
summer to white in the winter. The selective advantage of 
these changes is apparent without discussion . 

Through the expansion or contraction of pigment cells, 
some animals are able to change their coloration to match 
a variety of backgrounds thus allowing the animal to inhab i t 
a wider range and remain cryptically concealed. The sole 
(Solea) is well known for its abi lity to change to match its 
background . WICKLER (1968) has shown that the changes are 
triggered by a visual image of the substrate since the 
correct color is achieved even though the body of the sole 
is covered by sand . Many of these species that can change 
to match a new background require several hours to do so . 
This of course leaves the individuals subject to predat i on 
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in the interjm . TINBERGEN (1958) relates tests where preda
tory birds invariably took more poorly camouflaged Gambusia 
than those that had time to adjust and match their background . 

Numerous species exhibit polymorphism, showing variable 
colored or formed individuals within a population . It would 
seem that this is a young situation, that one morph would 
prove to have the best camouflage and the other forms would 
become greatly reduced or eliminated through predation. Such 
is not always the case. Numerous studies (including those 
of SHEPPARD 1951, 1952 and ; CAIN and SHEPPARD 1954) have 
been conducted on the polymorphic English snail Cepaea. All 
questions are not fully resolved but it appears that at 
least two factors help retain the various morphs within the 
species . First , different populations inhabit different 
habitats favoring different colors . Secondly, natural selec
tion against different colors operates at different levels 
at different times of the year . Color forms heavily preyed 
upon in the spring are selectively favored in the summer, and 
vice versa, thus resulting in the preservation of all the 
colors within the population . 

One might argue that predators see things di fferently 
than humans and therefore cryptic resemblance is a waste of 
time on the part of evolution . Certainly, KETTLEWELL (1956) 
showed that predators were capable of finding cryptically 
colored moths . Nevertheless, the percentage of differences 
in selection favor the cryptic individuals. TINBERGEN (1958) 
argues that effective cryptically disguised species must 
maintain relatively low population densities for the camou
flage to remain effective. A predator may inadvertently 
discover a well disguised prey specimen (such as a bird 
stepping on a caterpillar that resembles a twig) . If so, 
it will immediately start investigating all similar objects; 
if his success is high the predator will continue the search 
but if low he will soon abandon the project, illustrating 
the advantage for cryptics to have good dispersal which main
tains lower densities . 

In many dimorphic populations evidence exists that the 
situation is transient . One morph is favored, the other 
disfavored with a consequent change in gene frequencies 
resulting in a uniform population, or with the disfavored 
form being maintained at low levels by mutation and recom
bination . The slow shifting of environments over extended 
periods of time may temporarily or permanently delay the 
advent of a uniform population. The cases of industrial 
melanism in numerous species i n England (FORD 1964 and others) 
are a classic case in point. The industrial revolution and 
its consequent coal smoke resulted in a darkening of the 
vegetation in many areas. Concurrently there was a shift in 
several species from predominantly light to predominantly 
dark morphs. Predators may find some of the dark forms but 
they obviously find fewer of them than the light ones . It 
appears safe to predict the pendulum will swing fully back 
with the cleanup of air pollution that is underway in that 
country today . 
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A few species are protectively camouflaged, not by 
color or shape of their body, but by the behavioral attaching 
of other organisms to themselves. Every general zoology text 
mentions crabs that hold sponges etc. to their carapace until 
they attach and grow, giving protective camouflage. That 
general behavioral patterns are genetically based is little 
questioned so this habit should be included with cryptic 
resemblance. 

MI MI CRY 

The concept of mimicry occurring in non-human organisms 
has been challenged on two counts. The word mimic denotes 
the active state and implies premeditation. The simplicity 
of the central nervous system of many of the species involved 
precludes the possibility that they are actively trying to 
look like another species. Secondly, the act of mimicry 
implies that there is a model and a mimic. In numerous cases 
reported to represent mimicry there is no way to determine 
which species represents the model and which represents the 
mimic. Despite these valid objections, the fact remains that 
numerous sympatric species do closely resemble each other, 
or one species, to its benefit, resembles another species 
at least in part. It thus appears legitimate to apply the 
term mimicry to these cases as long as it is agreed that the 
organisms involved have not used thought processes to conceive 
of the action. 

FEEDING (AGGRESSIVE) MIMICRY 

Numerous predators have given up active pursuit of their 
prey species. Through fortuitous variations followed by 
natural selection the predator, or part of the predator, 
has evolved to resemble something inviting to the prey 
species; at the same time the reality of the total predator's 
body is concealed. This successful method of obtaining 
prey has been obtained in diverse ways. 

The total body of a predator may resemble an object 
attractive to the potential prey as in the cases where 
predatory insects have evolved to resemble flowers attrac
tive to prey species of insects that are in search of pollen 
or nectar. The mantid Idolum diabolicum (Fig. 1) resembles 
a flower well enough to attract some prey species of insects 
but it is an evolutionary amature compared to some predators 
where it is difficult for the human eye to recognize the 
actual outline of the individuals. (One must, of course, 
remain cognizant of the fact that many animals do not see 
things in the same way we do.) 

A second method of feeding mimicry is achieved by the 
major portion of the predator's body blending in with the 
general background while a selected portion lures the prey 
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Fig. 1. The African mantid Idolum diabolicum attracts prey 
insects by its flower- like resemblance. 

Fig. 2. Macroclemmys temmincki with its worm-like tongue. 
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within catching range. These "anglers" (WICKLER 1968) have 
utilized a variety of methods. The alligator snapping turtle, 
Macroclemmys temmincki, is notorious for its special tongue 
modification that looks like a moving worm. The body is 
relatively flat and dark; lying on the river bottom with its 
mouth open the lure is quite evident to prey species but the 
rest of the turtle is cryptically concealed. One maintained 
in my lab (Fig. 2) revealed the wiggling lure at the approach 
of any animal, including me, indicating the display is innate 
rather than learned behavior. The well known angler fishes 
also attract prey with worm-like lures while the South 
American turtle, Chelys fimbriata, attracts small prey by a 
large series of head fimbria that wave in the water current 
(SCHMIDT and INGER 1957). 

BATESIAN MIMICRY 

The accepted phenomena of Batesian mimicry consists of 
a desirable prey species showing resemblance to an aposematic 
species or model; the latter has some attention attracting 
color, pattern or device which potential predators learn to 
associate with some unpleasant attribute such as noxious 
taste, bad smell or a sting or bite. The phenomena of 
aposematism is unquestioned in many species. The bright 
colors of the South American poison-arrow frogs contrast 
vividly with their background and appear to dare any pre 
dator to take a bite. The rattle of a rattlesnake or the 
distinctive colors of a skunk are immediate warnings to many 
animals besides man. A few species expose aposematic colors 
only when threatened by a predator. The fire-bellied toads 
(Bombina) of Europe, with their "unken reflex" are a classic 
example (NOBLE 1931). 

Aposematism is a prime example illustrating that evolu
tion works for the preservation of the species and that the 
individual is of minor importance. Selection for aposematism 
works, as shown by the hundreds of species that have adopted 
that strategy of detouring predators. Nevertheless, it must 
be recognized that successful aposematism depends on the loss 
of individuals to "teach" the predator. This does not 
imply altruism. As argued by SALTHE (1972), all reported 
cases of altruism can be explained on the basis of natural 
selection despite the contentions of WYNNE-EDWARDS (1963) and 
others. To "teach" the predator the aposematic species must 
have some attribute that is unpleasant enough to train the 
predator and detour it from further attempts to feed on that 
species, yet the unpleasant attribute must not be severe 
enough to kill the potential predator. There is no advanta~e 
in leaving nothing but untrained predators to repeat the 
mistake. 

One of the earliest recognized cases of Batesian mimicry 
concerns the Monarch butterfly (which eats milkweeds and con
centrates their noxious tasting substances) and its mimic the 
Viceroy butterfly which is desirable prey but avoided by 
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predators trained on the Monarch (DODSON 1960). This 
case involves principles that hold for most successful 
cases of Batesian mimicry: the aposematic species must be 
more common than the mimic, to make sure the predator 
learns to leave both species alone. If the desirable prey 
were more common the predator might be successful enough to 
continue to experiment despite one or two unpleasant 
experiences. Secondly, the Viceroy is smaller than the 
Monarch. Again this assures that the predator is more 
likely to be attracted to the aposematic model and gain the 
unpleasant experience. Figure 3 shows several mimic roach 
species which are all somewhat smaller than their beetle 
models. 

leaf bec1le roach 

lady , b1rd roach Jr,dy t,od 

Fig. 3. Aposematic leaf beetles (left of each pair) and 
their mimic roaches. Note that all mimics are 
smaller than the model. 

Numerous experiments (BRODIE and HOWARD 1973, BROWER 
and . BROWER 1962, PROWER, BROWER and WESTCOTT 1960) 
indicate that predators rapidly learn to leave the apose
matic species alone; one sting from a bee is often enough 
to teach a predator to avoid all bees and their mimics. 

Problems do exist with Batesian mimicry despite the 
impressive evidence that it works well in hundreds of 
cases. In a few cases one might question the possibility 
of the predator encountering both members of the Batesian 
pair. HOWARD and BRODIE (1970, 1971), BRODIE and HOWARD 
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Fig. 4. 

Fig. 5 . 

METTER 

The aposematic eft, Notophthalmus viridescens. 

The red salamander, Pseudotriton ruber, which 
is thought to be a mimic of the eft. 
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(1972) , and HUHEEY and BRANDON (1974) contend that the red 
salamander Pseudotriton ruber is a mimic of the red eft 
Notophthalmus viridescens (Figs . 4, 5) . Some of the experi 
ments showed that birds trained on efts also refu sed the 
red salamanders . The fact remains that efts boldly walk the 
forest floor in broad daylight while the red salamander is 
a clandestine species that would seldom , if ever , be encoun
tered by a diurnal avian predator . 

A classic problem involves the brightly colored coral 
snake and the numerous species that "mimic " it . It seems 
inconceivable that a predator could " learn" to leave coral 
snakes alone (thus conferring protection to the mimics). 
Either the predator is successful and eats the snake (such 
as a feral hog or an alligator would be sure to do) , or the 
predator is killed , thus learning nothing . WICKLER (1968) 
accepts Mertens ' suggestion that the deadly coral snake , 
along with the harmless species are all mimics of a coral 
snake relative that has a bite no more serious than a bee 
sting. The problem is not totally resolved , even with this 
neat answer , for many of the alleged mimics are far from 
totally sympatric with proposed models . 

MULLERIAN MIMICRY 

Mullerian mimicry consists of two , or more , aposematic 
species that resemble each other closely enough that predators 
" learning " on one species , leave the other species alone as 
well . This proves to be selectively advantageous for both 
species since fewer individuals of each must be sacri ficed 
to teach the predator to leave them alone. The question of 
which species is model and which species is mimic is academic . 
The phenomena truly works . Some of the Mullerian complexes 
are quite large yet effe~tive . A wasp is recognized as a 
wasp by even the casual vis i tor to their habitat . 

Mullerian mimicry has proved to be so successful that 
some species pairs show the phenomena over extended ranges 
that include geographic races of each species . The butter
flies Heliconius erato and H. melpomena of South American 
are both distasteful to birds . H. erato has 12 geographically 
distinct races while H. melpomena has 11 counterparts (TURNER 
1975) . Some of these mimetic race pairs are so similar in 
appearance that individuals must be smelled to determine 
which species is which . 

DISRUPTIVE MIMICRY 

Numerous species are normally cryptically resemblant to 
their background yet , when confronted with a predator, dis 
play some easily seen attribute which confuses or disrupts 
the motives of the predator . In many of these cases , they 
do not appear to fit the categories of mimicry previously 
discussed . 
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A number of snakes, when confronted with danger, hide 
their heads under a coil of the body and bring their tail 
into vigorous activity. In some cases the body is uni
formly colored, the tail is blunt and the action appears to 
momentarily confuse the predator as to which end is which 
(GREENE 1973). 

Some insects are patterned in such a way that the tail 
appears to be the head confusing the predator as to the 
probable escape route of the prey (Fig. 6). In other 
cases, species that are cryptically colored in the normal 
position will confront a predator with the sudden exposure 
of the underside of the tail which is brightly colored and 
may re~emble aposematism (SCHMIDT and INGER (1957). In 

Fig. 6. A lantern fly from Thailand which appears to be 
facing left but is actually facing right. 

any case the attention is drawn away from the vital head 
end of the prey. 

Eye spots are common as part of the pattern on many 
species from moths to turtles (TINBERGEN 1958, WICKLER 
1968). On some,these eye spots are normally concealed 
and are exposed only when the individual is threatened by a 
potential predator. Evidence indicates that the sudden 
exposure of "eyes'' the size of a much larger animal tends to 
disrupt the predaceous activities of many birds. 
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DAVIS (1948) and others feel that flashes of color 
disrupt a predator long enough to enhance the chances of 
escape of a prey individual. Such appears to be the case 
in some anurans which possess bright colors in the groin 
region that are concealed as the frog sits in its normal 
resting position. While the frog is sitting a snake predator 
often fails to see the potential prey. If the frog hops, 
exposing the bright color, the snake is immediately after 
it; if the frog stops, concealing the bright color, the snake 
appears confused and requires some time to regain the 
correct hunt direction. This phenomenon has been observed 
numerous times by myself and my students in the laboratory, 
and without doubt would aid the escape of the prey individual 
in the wild; under laboratory conditions the snake always 
wins, but sometimes requires considerable time to do so. 

CONCLUSIONS 

Without doubt, mutations will continue to proceed at 
random and genetic recombinations will continue to provide 
variations within the populations; environments will continue 
to fluctuate. Within the confines of these variables factors 
natural selection will continue to operate and leave the 
species better adapted to the conditions under which they 
exist. For many species this adaptation will include adaptive 
resemblance of some type: some will become more cryptically 
resemblant to their backgrounds; others will find advantage 
in mimicry that enables them to feed more efficiently or 
increase their likelihood of escaping predation. The varia
tions that allow these directions to be taken are random. 
However, natural selection, the major working force in evolu
tion, is directional toward adaptation. 
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