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the Batesian theory of mimicry. 

The concept of Batesian mimicry has 
aroused interest for more than a century. 
Observational, theoretical, and laborato- 
ry studies with caged predators have 
demonstrated the apparent effectiveness 
of Batesian mimicry in protecting butter- 
flies, flies, and beetles from birds, toads, 
and lizards (1). Other experiments with 
caged predators and artificially created 
models and mimics (2) also support the 
assumption that Batesian mimicry is ef- 
fective in the wild. These studies consti- 
tute a strong but not conclusive case. 
The obvious next step is the experimen- 
tal demonstration and measurement of 
the selective advantages of Batesian 
mimicry in nature, but, because of diffi- 
culties with experimental design, this has 
yet to be accomplished. 

Jones (3) and Kettlewell (4) showed 
that the color patterns of insects can af- 
fect the predatory responses of in- 
sectivorous birds in the field. Jones of- 
fered dead insects of various species to 
wild birds, finding that insects with 
aposematic color patterns were rejected 
and that such insects were often dis- 
tasteful. Kettlewell's studies on indus- 
trial melanism in moths demonstrated 
that birds act as selective agents on in- 
sect populations with color morphs that 
have different adaptive values as cam- 
ouflage. 

Brower and his co-workers did a series 
of field experiments on Trinidad in order 
to test experimentally the Batesian mim- 
icry theory (5, 6). They released black 
diurnal males of the edible North Ameri- 
can saturniid moth Callosamia pro- 
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methea which had been painted with 
various patterns on the upper surface of 
the wings. Some had been painted to re- 
semble unpalatable butterflies found on 
Trinidad; others had similar quantities of 
black paint applied to the black areas of 
the wings so as not to change their ap- 
pearance. They made the reasonable as- 
sumption that differential recaptures in- 
dicated differential predation. They con- 
cluded that their experiments had not 
demonstrated that mimics have a selec- 
tive advantage in the field. 

However, Waldbauer and Sternburg 
(7) contended that the experiments by 
the Brower group can be interpreted dif- 
ferently and that similar techniques 
could demonstrate mimetic advantage. 
They argued that the presumed control 
moths, although edible and essentially 
unaltered in appearance, were protected 
from predation by their similarity to the 
toxic, aristolochia-feeding Battus spp. of 
Trinidad, especially the abundant B. 
polydamas. That is, the Brower group ac- 
tually compared artificial mimics of one 

Table 1. Number of moths of each painted 
type recaptured on each day after their re- 
lease. The difference between the number of 
yellow- and black-painted moths recaptured is 
significant (X2 = 14.7, d.f. = 6, P < .025). 

Days after release To- 
Category 

0 1 2 3 4 5 6 ta 

Black- 
painted 54 26 12 4 2 2 2 102 

Yellow- 
painted 54 7 3 5 3 3 0 75 
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model with mimics of another model. Ac- 
cording to this interpretation, the Brow- 
er group's results (5) would be expected 
if promethea males are actually mimics 
of Battus spp. 

We now report that, with the proper 
controls, the release and recapture of 
painted promethea can demonstrate the 
selective advantage of one color pattern 
over another under natural conditions. 
Furthermore, because our controls were 
painted to resemble a palatable butterfly 
found in the experimental area, our re- 
sults strongly support the Batesian mim- 
icry hypothesis. 

Waldbauer and Sternburg (7) present- 
ed evidence that male promethea belong 
to a well-known Batesian mimicry com- 
plex for which Battus philenor is the 
model. This complex includes as mimics 
all females of Papilio troilus, P. poly- 
xenes, and Speyeria diana; the black fe- 
males of P. glaucus; and both sexes of 
Limenitis arthemis astyanax (8). Battus 
philenor is moderately abundant in cen- 
tral Illinois, and all of the mimetic butter- 
flies in the complex are common here ex- 
cept for the more southern S. diana. 

We released and recaptured painted 
male promethea (9). Pupae were stored 
during the winter in an outdoor in- 
sectary. The moths emerged between 
mid-May and late August. A limited sup- 
ply necessitated a design with only two 
groups of males. Those of one group 
were painted to resemble the yellow 
morph (a color form) of the palatable ti- 
ger swallowtail, P. glaucus; the others, 
resembling the toxic blue swallowtail, B. 
philenor, were essentially unaltered in 
appearance although they bore a com- 
parable amount of black paint (Fig. 1). 
The flight of male promethea closely re- 
sembles that of the swallowtails, but 
near-perfect realism is impossible in 
painting the moths to resemble yellow ti- 
ger swallowtails. However, birds gener- 
alize patterns and avoid potential prey 
that only vaguely resemble the unpala- 
table model (10). Therefore, we applied a 
suggestive pattern (Fig. 1), which de- 
ceives the human eye at a distance of 5 
or 6 m. The standard release point was 
the center of a circle (1.6 km diameter) of 
seven evenly spaced traps. Since native 
promethea are rare (11) in this area, 
there was little interference from wild, 
pheromone-releasing females. 

On 12 days between late June and 
early September we released a total of 
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promethea are rare (11) in this area, 
there was little interference from wild, 
pheromone-releasing females. 

On 12 days between late June and 
early September we released a total of 
436 moths in groups of between 14 and 
50 consisting of equal numbers of the 
two painted types. The traps were 
checked daily for at least 7 days after 
each release. From the total number re- 
captured (177), we calculated recapture 
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Batesian Mimicry: Selective Advantage of Color Pattern 

Abstract. Field studies of releases and recaptures of diurnal moths painted with 
yellow to resemble the edible tiger swallowtail and of black moths that resemble a 
toxic species of swallowtail produced these results: (i) A greater proportion of the 
black moths were recaptured; (ii) daily trapping for a week after each release showed 
that the black moths survived longer than the yellow-painted moths; (iii) an analysis 
of wing injuries shows that most attacks can be attributed to birds and that the yel- 
low-painted moths were attacked more often, more vigorously, or more persistently 
than the black moths. These results are interpreted as showing a greater predation 
pressure on the yellow-painted than on the black moths and, therefore, as confirming 
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Table 2. Total recapture of black-painted and 
yellow-painted promethea males. 

Black Yellow Total 

No. % No. % No. % 

Recaptured 102 58 75 42 177 40 
Not recaptured 116 143 259 

Total released 218 218 436 

frequencies and the length of time each 
moth was in the field before recapture. 
Of the recaptured moths, 122 were 
pinned and spread for analysis of any in- 
jury to their wings. Fifty-five were ex- 
cluded from the latter analysis for vari- 
ous reasons: A few were damaged in han- 
dling, some had been partially eaten in 
the traps by predaceous tettigoniids, and 
12 may have been injured by a bird 
trapped with them. The proportions of 
black- and yellow-painted moths ex- 
cluded did not depart significantly from a 
random distribution (chi-square test). 

We recaptured an excess of black- 
painted moths (X2 = 6.43, d.f. = 1, 
P < .025). Thus, the black-painted 
moths, which resembled a toxic swallow- 
tail, had a selective advantage over yel- 
low-painted moths, which resembled a 
morph of the edible tiger swallowtail. We 
assume that the differential recapture in- 
dicates differential predation by visually 
orienting, diurnal predators, almost sure- 
ly birds. Of the 177 recaptured males, 69 
spent one or more nights in the field 
(Table 1) and thus could have been ex- 
posed to noctur'nal predators. However, 
the effect of nocturnal predators was 
probably negligible because, at night, 
promethea males are inactive and hidden 
among foliage. The data for all days on 
which recaptures were made are lumped 
in Table 2, since a x2 test indicated homo- 
geneity (.30 > P > .20). 

In the field the black-painted moths 
were more likely to survive beyond the 
day of release than were the yellow- 
painted moths (Table 1). This finding fur- 
ther indicates the selective advantage of 
the moths that resembled B. philenor. 

Most wing injuries to recaptured 
moths suggest bird damage; more than 
40 percent (beak-shaped rips, for ex- 
ample) are identical to known bird dam- 
age on moth wings (12). None of the in- 
juries are inconsistent with the bird dam- 
age hypothesis, and few can be at- 
tributed to accidents such as flying into 
obstacles. Male promethea allowed to fly 
freely in a large cage for several days suf- 
fered relatively little damage to their 
wings, and this damage does not re- 
semble the damage to the recaptured 
males. 
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The yellow-painted moths were more 
likely to have wing injury and were mrore 
severely injured than the black-painted 
moths (Fig. 1). Fifty-nine percent of the 
blacks were uninjured or only slightly in- 
jured (? 0.5 cm2 missing), and only 8 per- 
cent were severely injured (> 2 crr2 miss- 
ing). On the other hand, none of the yel- 
lows were uninjured or only slightly 
injured, and 59 p ercen wee severely ,in- 
jured. 

Twenty-seven recaptured rmoths (11 
black- and 16 yellow-painted) had match- 
ing notches on opposite wings or ot-her bi- 
laterally symmetrical injuries that could 
tave occurred only if they were attacked 
while resting with the upper wing stir- 
faces held together and hidden (13). Bilat- 
erally symmetrical injuries, therefore, in- 
dicate attacks by predators that: may not 
have seen the painted pattern. This possi- 
bility is consistent with our finding that 
the proportions of black- and yellow- 
painted moths with bilaterally symmr.et- 

Fig. 1. Recaptured yellow- and black-pairted 
Callosamia promethea. (Top) A yellow-paint-- 
ed moth with symmetrical injury to the hind 
wings; (center) an uninjured black-painted 
moth; (bottom) moth with asymnmetrical iif 
jury to the hind wing. 

Black-Painted Moths 

LJ Yellow-Painted Moths 

>40 

Missing Wing Area in cm2 

Fig. 2. The amount of wing injury to black- 
and yellow-painted Callosamia promethea re- 
leased and recaptured in a central Illinois 
woodland. These data do not include moths 
with bilaterally symmetrical injury. 

rical injuries do not differ significant- 
ly (X2 - 1.1, d.f. - 1, .30 >P > .20). 
Eliminating moths with recognizable bi- 
laterally symmetrical injuries from the 
data resulted in little change with respect 
to the black-painted moths, although it 
resulted in an increase in the proportion 
of severely injured yellow-painted moths 
because more than half of the eliminated 
yellow-painted moths were from the cate- 
gories with the least injury (Fig. 2). 

There are two possible interpretations 
of our results. Either our black-painted 
moths were protected by their resem- 
blance to B. philenor or they were simply 
less conspicuous to predators than the 

yellow-painted moths (14). Brower and 
his co-workers (5, 6) believed that the lat- 
ter interpretation was demonstrated by 
their experimental comparison of black- 
painted conitrols with conspicuously 
painted moths, which they said did not 
resemnble any Trinidad butterfly. How- 
ever, Waldbauer and Sternburg (7) ar- 
gued that the data of the Brower group 
(5) support the Batesian mimicry theory, 
pointing out that their controls actually 
closely resembled unpalatable Trinidad 

species of Battus, while their con- 
spicuously painted moths differed from 
the controls not ornly in conspicuousness 
but also in their resemblance to several 
palatable Trinidad butterflies. 

Our experimental design and results 
differ from those of the Brower group in 
at least three important ways. (i) Our pal- 
atable control moths had been painted to 
resemble a patatable butterfly that oc- 
curs in the experimental area, whereas 
the Brower group's controls were male 
promethea essentially unaltered in ap- 
pearance. Our control is essential be- 
cause male promethea closely resemble 
toxic butterflies found on Trinidad or in 
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central Illinois. (ii) We recaptured a sig- 
nificantly smaller proportion of the yel- 
low-painted control moths (Table 2). (iii) 
We found that the control moths were 
more often and more severely injured 
than the experimental moths (Fig. 2), 
and that much of this injury can be at- 
tributed to attacks by birds. We believe 
that the most plausible interpretation of 
our results is that the black-painted 
moths were protected by their resem- 
blance to the toxic B. philenor and that 
the yellow-painted moths were more fre- 
quently attacked because of their resem- 
blance to the palatable and nonmimetic 
yellow form of the tiger swallowtail. 
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13. Callosamia promethea always rests with the 
wings held together vertically, and never holds 
them in the flexed position typical of many 
moths. 

14. To our eyes, the black butterflies and moths are 
very conspicuous in flight, probably no less con- 
spicuous than the yellow ones. 
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Selective Display of Histamine Receptors on Lymphocytes 

Abstract. Histamine, acting on histamine type 2 receptors, increases intracellular 
cyclic adenosine monophosphate (AMP) and thus modulates the immunologic func- 
tions of lymphocytes. Lymphocyte cyclic AMP levels were used to follow the devel- 
opment of histamine receptors. The B lymphocytes have no functional histamine re- 
ceptors. As T lymphocytes "mature" in immunologic function-from thymocytes to 
cortisone-resistant thymocytes to splenic T lymphocytes-their response to hista- 
mine increases. The response of these subpopulations of lymphocytes to isoprotere- 
nol is the inverse of the histamine response. It is suggested that the changing display 
of histamine receptors plays an important part in the control of immunologic re- 
sponses. 
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Histamine is a low-molecular-weight 
hormone, widely distributed in mamma- 
lian tissues, and is released from storage 
sites by immunologic and other stimuli 
(1, 2). The activities of histamine are me- 
diated through two specific receptors 
which can be distinguished by the com- 
petitive effects of specific histamine type 
1 or histamine type 2 antagonists. Stimu- 
lation of histamine type 1 receptors 
causes a variety of well-recognized 
"pro"-inflammatory events. At higher 
concentrations histamine mediates sever- 
al "anti-inflammatory" effects via hista- 
mine type 2 receptors (2). 

Lymphocytes and other inflammatory 
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cells have specific receptors for a wide 
variety of hormones (3), including hista- 
mine. Histamine inhibits the in vitro cy- 
tolytic (tumor destroying) activity of al- 
loimmunized effector T spleen cells, and 
this effect is paralleled by an increase in 
cyclic adenosine monophosphate (AMP) 
levels in lymphocytes. Both effects are 
blocked by the histamine type 2 antago- 
nists burimamide and metiamide, sug- 
gesting that histamine acting through spe- 
cific histamine type 2 receptors activates 
adenylate cyclase, and that the resulting 
increase in intracellular cyclic AMP 
leads to the inhibition of cytotoxic activi- 
ty (4). Histamine can inhibit other lym- 
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without histamine. Intracellular cyclic AMP was assayed as described in the text. The 
percentage of immunoglobulin (Ig) positive cells (that is, B cells) was estimated by direct 
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ments. The preparation and properties of this antiserum have been described (21). Unfraction- 
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contained 19 percent Ig-positive cells. Similar results were obtained in a total of four experi- 
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that were passed through nylon wool. (o) T cell-enriched splenic lymphocytes; (.) splenic 
lymphocytes; (a) cortisone-resistant thymocytes; (.) thymocytes of normal mice. Each point 
represents the mean ? standard deviation of quadruplicate determinations. 
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