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EVIDENCE FOR THE EVOLUTION OF UNPALATABILITY
THROUGH KIN SELECTION IN THE HELICONIINAE
(LEPIDOPTERA)

‘Wooprurr W. BENsON*
Department of Zoology, University of Washington, Seattle, Washington 98105

In classical mimiery theory a fundamental prerequisite for the evolution
of mimiery is that there exists a population of animals unpalatable to preda-
tors. The predators learn to avoid the unpalatable models and subsequently
avoid animals that resemble the models. The selective mechanism by which
unpalatability has evolved may involve predator-mediated (1) individual
selection or (2) kin selection, or (3) some other process or group of pro-
cesses related to biochemical and other functions. Huheey (1961) proposed
a mechanism based entirely on individual selection (I.S.) and Fisher
(1958) and Hamilton (1964a, 1964b) presented mechanisms based on kin
selection (K.S.). Other mechanisms, such as passive incorporation and
pleiotropic effects, have been implied for this and similar processes, but
pertinent evidence and selective bases are lacking.

The purpose of this paper is to present evidence supporting K.S. as a
factor in the evolution of unpalatability in the Heliconiinae.

SELECTIVE MECHANISMS FOR UNPALATABILITY

The argument for the evolution of unpalatability by means of I.S. is
essentially the following. An individual carrying a mutation which makes
it less palatable and results in its being rejected more often by predators
will have a selective advantage over normal individuals similarly attacked
if the more distasteful insect is able to escape and reproduce more often
than the others. Huheey (1961) suggested that Batesian mimies would
have a good opportunity to evolve unpalatability by I.S. since predators
would attack and taste them cautiously. However, Huheey did not present
empirical evidence supporting this hypothesis.

Characteristiecs which might be expected to aid in the escape of a distaste-
ful mutant of a palatable species once it is attacked are (1) large size, (2)
strength and robustness, (3) toughness and resilience of the integument,
(4) the ability to exude noxious body fluids, and (5) the incorporation of
the unpalatable agent in the wings. However, once an insect attains un-
palatability, by whatever selective mechanism, the second factor should be
diminished and the last three factors promoted by I.S. Thus, the presence
of these traits in any unpalatable species provides no information about
the selective origins of its unpalatability.

* Present address: Department of Biology, University of Chiecago, Chicago Illinois
60637.
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Kin selection for unpalatability requires that a mutation produecing un-
palatability become locally established by chance (genetic drift semsu
stricto) in closely related individuals, and that local predators, upon ex-
periencing an unpalatable individual, avoid others to some degree. The
genes promoting unpalatability obtain their selective advantage by having
neighboring individuals carrying genes identical by descent. Populations
lacking unpalatable individuals will suffer greater predation pressure and
have individuals with lower ‘‘inclusive fitnesses’’ (Hamilton 1964¢) than
will populations with them. However, the populations of predators and
prey must be viscous—neither may be so mobile as to greatly reduce the
probability that a predator will encounter individual butterflies carrying
genes identical by descent. It should be noted that I.S. and K.S. are not
mutually exclusive processes, and both can operate simultaneously to pro-
mote and maintain unpalatability.

Territoriality and home-range behavior exist in most vertebrate predators
and especially in birds (the most commonly reported vertebrate predators
of butterflies) ; however, with one exception, the Heliconiinae, data on
palatability and dispersal are wanting for butterfly groups containing un-
palatable individuals.

PALATABILITY DATA

Brower, Brower, and Collins (1963) presented data on the acceptability
of seven species of Heliconiinae to caged wild-caught Silverbeak Tanagers
(Ramphocelus carbo [Pallas]). The palatability of these Trinidad heli-
coniines was tested by presenting 20 individuals of a species of test butter-
fly, each alternated randomly with an edible satyrine butterfly (Euptychia
Spp.), to each of 62 birds. The butterflies were dead but freshly thawed
after freezing. The response of each bird to each test presentation was
classified as to whether the bird (1) did not touch, (2) pecked, (3)
‘‘killed,”” or (4) ate the butterfly. The summarized data for the proportion
of individuals of each species of heliconiine eaten and not touched (the two
unequivocal treatments) by the birds are given in table 1. Complications
introduced by the experimental design and additional data from other
sources are presented and discussed in Appendix I.

DISPERSAL DATA

Qualitative data bearing on dispersal and population viscosity in the
heliconiine species studied by Brower, Brower, and Collins (1963) are
presented in table 2. Two kinds of positive data are considered in the table:
those indicating high dispersal rates (small number of geographic races,
commonness of insular populations, and migratory behavior), and those
indicating limited individual home ranges (repeated observation of marked
individuals in the same area and the formation of site-specific roosting
aggregations). The sources and nature of the data are discussed in Ap-
pendix I1.
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RESULTS

It seems that the three species having characteristics indieative of higher
dispersal rates (Agreulis vanillae, Dryas tulia, and Heliconius doris) are
also the three most palatable. This was tested by using the number of geo-
graphie races as a measure of population viscosity and correlating this with
unpalatability (proportion not touched of the seven species) using the
Spearman rank correlation test (Siegel 1956). Sinee a large fraction of
the races of H. erato and H. melpomene are restricted to areas outside of
the range of H. ethille in east Andean valleys, and the number of named
forms in the areas of sympatry is high, these three species are ranked
equally with respect to number of geographic races (see table 1). The
Spearman rank correlation coefficient corrected for ties, rs = - .82, shows
that the ranks of unpalatability and the number of geographic races are
positively correlated, .01 < P < .025.

A true measure of dispersal would be preferable in examining the rela-
tion between potential inbreeding and palatability. If home-range behavior
and gregarious roosting are used, my single observation on gregarious
roosting in A. vanillae spoils the correlation. However, its low degree of
faithfulness to a roost (see Appendix II), its lack of race formation on
Caribbean islands compared with the numerous races of the sympatric
D. wulia (Emsley 1963), the lack of additional observations of gregarious
roosting despite its wide range and abundance, its migratory behavior and
immigration into northern areas during the summer (one specimen reported
from British Columbia, Canada, 50° N) (Emsley 1963), and the wide zones
of hybridization between geographic races (Emsley 1963), all point to high
dispersal rates in this species. Considering these characteristics sufficient
to indicate low potential inbreeding in A. vanillae, the relative acceptances
of it, D. tulia, and H. doris to the tanagers ean be compared with those of
the gregariously roosting Heliconius. The median test (Siegel 1956), with
the null hypothesis that population viseosity as indicated by gregarious
roosting and by other inferential evidence is not correlated with palatabil-
ity, gives a probability of P = .057 of observing by chance such differences
in palatabilities between the low and high dispersal groups. The combined
probabilities of the two tests were significant by Fisher’s method (Sokal
and Rohlf 1969, p. 623); — 2 X In P — 13.107 which is greater than the
critical value of ¥2 for P = .025. Thus we are led to accept the hypothesis
that for the heliconiines considered here, those with characteristics indicat-
ing greater dispersal are more palatable than those with limited dispersal.
These correlations are expected if K.S. has been important in causing and
maintaining unpalatability in the heliconiines.

DISCUSSION

As alluded to previously, there are several mechanisms that can promote
unpalatability, given that the populations under consideration have the
potential to produce increasingly unpalatable variants, Brower (1969) has



218 THE AMERICAN NATURALIST

shown that larval food is important for providing toxic compounds in un-
palatability of the Monarch (Danaus plexippus L.), and it is likely that
the specific compounds producing unpalatability in many species of butter-
flies must be obtained from the host plants (Brower and Brower 1964).
Larval Heliconiinae feed exclusively on the Passifloraceae. However, in
Trinidad, the palatable Dryas sulia and unpalatable Heliconius erato (the
“‘proportion not touched’’ by tanagers differ significantly [P < .01] be-
tween these two species [Brower, Brower, and Collins 1963]) both feed
almost exclusively upon the leaves of Passiflora tuberosa L. (Alexander
1961). Although the young instars of H. erafo feed on younger leaves than
do those of D. sulia, the total food composition is essentially the same. It is
thus unlikely that unpalatability is determined only by the makeup of
larval food. Agraulis vanillae (the most palatable species) feeds primarily
upon Passiflora foetida 1. The leaves of this plant contain cyanogenic gly-
cosides and an alkaloid which may be dangerous to cattle (Brower and
Brower 1964). Thus, unpalatable compounds are not necessarily incorpo-
rated and concentrated to an equal degree by similar insects feeding upon
toxie plants; the process of incorporation is probably mediated by adapta-
tions in the larvae, assuming that the unpalatable substances are not syn-
thesized de novo.

Fisher (1958) suggested that K.S. for unpalatability might occur in the
larval stage in species with gregarious larvae. Unpalatability in the larval
heliconiines may well be greatly enhanced through this process; however,
the correlation between larval gregariousness (from Alexander 1961) and
adult unpalatability is poor.

The correlation between phylogenetic position and unpalatability noted
by Brower, Brower, and Collins (1963) (order of unpalatability : Agraulis
< Dryas < Heliconius) seems due to decreasing individual dispersal by
these butterflies in the particular species examined. The reality of this rela-
tionship needs to be tested with palatability studies in the ‘‘primitive’’
subgenus Fueides of Heliconius and the smaller heliconiine genera, in which
some species seem to possess locally visecous populations.

There is of course the possibility that individual selection is the sole
factor responsible for the differences observed among the various heli-
coniine species. If the presence of some trait suggesting a preadaptation
for the evolution of unpalatability by individual selection could be demon-
strated to correlate with unpalatability, the K.S. hypothesis could be put
in considerable doubt. Unfortunately, I have found no good traits that
might be expected to correlate with I.S. but not with K.S. A possible
exception previously noted is inseet size, if this is considered to be little
influenced by selection for unpalatability and subsequent adaptation and
if it is assumed that a larger insect will on the average be able to survive
attack, tasting, and rejection by a predator more successfully than would a
smaller insect. However, the fact that the four most unpalatable species
encompass the entire size range of all the species under consideration is
probably more a measure of the poorness of the traits available for com-
parison than a test of refutation of the proposed K.S. mechanism.
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There is another approach which ecan potentially provide strong support
for the operation of K.8. in particular situations. If a prey species which
belongs to a group containing unpalatable species is so rare that it is un-
likely that an individual predator will encounter two related prey indi-
viduals within its memory span, then, even if the prey species has local
visecous populations, no protection will acerue to related individuals, and
K.S. cannot operate. Therefore, if rare local species are palatable relative
to more common species in the same taxon, K.S., and not I.S., may be
concluded to be the primary mechanism involved in the selection of un-
palatability. Conversely, in the absence of this correlation, either I.S. or
some fundamental physiological requirement may be implicated.

Thus it seems that there are several criteria by which ecologic correlates
could be used to differentiate between probable cases of I.S. and K.S. for
unpalatability. By growing populations in the absence of selective agents
it should also be possible to determine if continuing selection is necessary
for the maintenance of unpalatability.

Finally, it deserves to be mentioned that the most studied unpalatable
butterfly species has characteristics making it relatively unsuitable to I.S.
for unpalatability. Brower, Brower, and Corvino (1967) have shown that
the Monarch butterfly is not distasteful to Bluejays, but that jays learn
to refuse the unpalatable Monarchs in the laboratory only after eating
them. The mechanism of learning by the birds involves the emetic properties
of the butterflies and not primary flavor. If learning by the natural preda-
tors of Monarchs requires them to eat (and therefore kill) individual
butterflies and then become ill, it is difficult to see how individual selection
for unpalatability could promote or maintain the incorporation of the
cardiac glycosides. However, Monarchs later attacked by experienced
predators may be released on the basis of the degree of their ‘‘glycoside
flavor,”” but this process would involve more than straightforward indi-
vidual selection.

‘While there are basically the two predator-mediated selective mechanisms
by which unpalatability ecan be promoted and, no doubt, innumerable bio-
chemical pathways that can produce unpalatable substances with functions
whose selective advantages lie elsewhere, the pattern of occurrence of un-
palatability in the Heliconiinae is correlated with adult behavior conducive
to the operation of kin selection. Information is limited about a number of
other butterflies and members of other taxa known to contain unpalatable
species. Studies on the palatability and population biology of species in
these other groups are needed before any general statement can be made
about the general occurrence of kin selection in the evolution of unpalat-
ability.

SUMMARY

The relative palatabilities of seven species of heliconiine butterflies from
Trinidad studied by Brower, Brower; and Collins (1963) correlate with
variables directly related to individual dispersal and presumably inbreed-
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ing. The more unpalatable a species, the greater the number of geographic
races and the higher the probability that populations will form site-specific
roosting aggregations indicative of home-range behavior and inbreeding.
These correlations are expected if kin selection has been important in the
evolution of unpalatability in the Heliconiinae, but not if individual selec-
tion has been of overriding importance.

The evidence supports the hypothesis that genes responsible for the pro-
duction of unpalatability gain their advantage in part by having indi-
viduals carrying genes identical by descent nearby, so that a predator
attacking one of these individuals will learn subsequently to avoid attack-
ing other related individuals in the same area.
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APPENDIX I

There are some problems resulting from the design of Brower, Brower, and
Collin’s (1963) experiments. The tanagers were wild eaught and not necessarily
unfamiliar with the butterflies presented to them, throwing some question on the
reliability of the data. The following groups of species are sufficiently similar to
suspect that the birds may have confused one with the other due to previous ex-
perience with the butterflies in the wild (those marked with an asterisk have not
been examined for degree of unpalatability).

Heliconius ethilla (1) ......covviveunnean.. Heliconius (Eueides) isabella®

Heliconius melpomene (2) ........cooouuen.. Heliconius erato (3)

Heliconius sara (4) ..o, Heliconius doris (5) and
Heliconius wallacer®

Dryas wulia (6) «ovvvvveiiiiiiiniiiiin.. Heliconius (Eueides) aliphera*®

Agroulis vanillae (7) .ooooiviiiiiini... comparatively unique

Moreover, H. ethilla shares its “tiger” pattern with other species that are probably
unpalatable in different families, for example, Lycorea ceres (Danainae), Melinaea
lilis, and Tithorea harmonia (both of the Ithomiinae). These cases of possible
mimiery indicate that the measures of unpalatability obtained in the experiments
may be more a measure of the average unpalatabilities of the respective mimicry
systems. This is suspected since most of the birds did little more than peck at the
butterflies presented to them, so they had little chance to determine if the butter-
flies were different from those with which they had had previous experience. How-
ever, this factor is only of real importance with H. ethslla with respect to the thesis
presented in this paper, as will be shown below.

The variance in proportion not touched by the birds of the four most unpalatable
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species was homogeneous, as it was with the three least palatable (P > .25); how-
ever, other similar combinations were not homogeneous. The variances of the pro-
portion not touched of all seven heliconiine species were not homogeneous (P <
.001). This was due in part to several birds that consistently ate the three most
palatable species. In fact, in the later comparisons, Brower, Brower, and Collins
excluded the data obtained from three birds from each group presented with 4.
vanillae and D. ulia and from two birds presented with H. doris. The reason given
was that the eight birds “did not learn to reject” individuals of these butterfly
species. The data indicate that the three most palatable butterfly species were edible
to at least some of the birds.

Birds which may have had previous experience with the presumably more palata-
ble H. doris could have confused it with H. sara in the experiments, resulting in the
observed increase in variance of treatment of H. sara when compared with the
other highly rejected species. Confusion between H. doris and sara would also tend
to increase rejection of doris and increase the variance of treatment as individual
birds learned through experience that the H. doris were palatable to them. Heli-
conius wallacei, the third species in the H. sara mimiery complex, is so rare and
local in Trinidad that it is doubtful that it has been of any great importance in the
previous experience of the birds.

Mimiery between D. iulia and the possibly unpalatable H. (Eueides) aliphera
may have contributed to the average increased rejection and variability of treat-
ment of the former relative to A. vanillae. A graulis vanillae, which does not enter
into close mimicry with any other species, was still rejected 589 of the time by the
tanagers. However, in a different set of experiments (Brower and Brower 1964),
Bluejays from Massachusetts accepted the Agraulis and three species of nymphaline
experimentals as often as they did the controls. However, the jays learned to refuse
H. sara, indicating that 4. vanillae is palatable and readily accepted by birds which
have had little opportunity to encounter unpalatable butterflies.

Sinece birds seem to generalize from past unpleasant experience with unpalatable
butterflies (Brower, Brower, and Collins 1963) and since birds often refuse novel
items (Coppinger 1969), it is possible that the tanager population had a baseline of
rejection on all brightly colored species of butterflies which would inflate the ap-
parent unpalatabilities of palatable species and the variability of treatment. To this
is added the increased uncertainty introduced by mimicry in some of the species,
tending to increase the variability of treatment by the birds of all butterflies in such
mimiery systems.

The fact that H. erato and H. melpomene were both highly rejected by the
tanagers, despite their close mimicry and commonness in the natural habitat, shows
that both are highly unpalatable. The almost uniform rejection of H. ethilla sug-
gests that this species, or its look-alikes, is highly unpalatable. Heliconius ethilla
is assumed to be unpalatable because three of the seven experimental birds pecked
at the first specimens of this species presented to them, whereas none were posi-
tively reinforced enough to continue consistently with the behavior or to eat any of
the H. ethilla presented.

There is additional independent evidence suggesting that H. doris is ecologically
palatable, that is, while certain individual predators may find it unpalatable or
avoid it for other reasons and be negatively reinforced, the predator community as
a whole is positively reinforced. Throughout its range H. doris is polymorphie, and
the morphs possess a general correspondence in color and distribution with prob-
ably unpalatable butterflies of the genera Parides (an Aristolochia-feeding swallow-
tail) and Heliconius. For example, in Costa Rica on the east side of the Cordillera
de Talamanca the morph of H. doris with a blue hindwing predominates, while the
forms having red and yellow hindwings are rarer. The red form resembles the fe-
males of several species of Parides and the blue form resembles H. sara sara. On
the west side of the mountains near Rineén, Osa Peninsula, Puntarenas Province,



222 . THE AMERICAN NATURALIST

a census of 689 observations taken during the northern winters (Costarican dry
seasons) of 1968 and 1969 had 78.99% yellow, 20.59% red, and 0.6% light blue
morphs. The common yellow-hindwinged H. doris resembles H. sara theudela, H.
pachinus, and H. hewitsoni, all of which have a conspicuous yellow area on the
hindwing and all of which are restricted to the Pacific Coast in Costa Rica. The less
common red form of H. dorss in the wet Pacific drainage, as in the Caribbean low-
lands, resembles the females of several species of Parides. The yellow Heliconius
spp. were considerably more common than the Parides. Sheppard (1963) and
J. R. G. Turner (personal communication) report a similar ratio from Moengo,
Surinam, where the blue form of H. doris comprised 809 of the population, the
remainder being of the red form. This locality is within the range of H. sara
thamar and H. wallacei wallacei, which have dark blue hindwings, and of several
species of Parides and Heliconius which possess extensive red markings on the
hindwings.

If H. doris is sufficiently unpalatable to be negatively reinforecing to the set of
predators which attacks it (and therefore a Miillerian mimic), we would expect the
populations to be monomorphie, since the color pattern most frequently encountered
by predators would be the one more strongly associated with unpalatability and
subsequently avoided in a differential manner. These data clearly do not support
this hypothesis. On the other hand, palatable Batesian mimies will be selected to
maintain polymorphism because of the higher fitness associated with the morph
which is rarer with respect to its model, and therefore more protected. The data
suggest that this latter hypothesis is the correct one, and that H. doris is palatable
and positively reinforeing to its set of natural predators.

The occasional nonmimetic forms of H. doris which occur in many populations
(e.g., a green form in Trinidad and the light blue form on the Pacific side of Costa
Rica) are to be expected if doris is palatable and apostatic selection operating. By
appearing unique (few predators positively reinforced to attack it) a very rare
nonmimetic form could be as fit as a mimetic morph that could be distinguished by
a few predators from its unpalatable models. Of course, other factors could be
operating to maintain the polymorphism in H. doris, such as heterotic effects or
heterogeneity in the distribution of model populations; however, evidence support-
ing these possibilities is lacking. Referring to the very rare green form of H. doris
on Trinidad, Sheppard (1963) notes that it is very improbable that heterozygous
advantage could account for its maintenance in the population.

The data presented above strongly suggest that the four most unpalatable species
in the experiments are ecologically unpalatable, and that the three most palatable
are ecologically palatable—that they are under normal conditions acceptable food
for experienced vertebrate predators, and if mimetic they are Batesian mimies. This
dichotomy between the species, although strongly supported by the evidence at hand,
was not incorporated among the assumptions used in the text.

APPENDIX II

1. Heliconius ethilla: This species possesses a large number of geographic races,
but it is difficult to evaluate the exact number because of the confusion in the litera-
ture between it and very similar closely related “silvaniform” species. In fact, the
Trinidad H. ethilla has been consistently referred to as H. numata in the literature.
Emsley’s (1965) list of subspecies and forms of H. ethilla includes varieties from
H. hecale, H. numata, and perhaps other species (K. S. Brown, personal communi-
cation). However, four distinet geographic races are certain—eastern Panama
(claudia) ; northern Venezuela and Trinidad (ethilla); eastern Guianas (thieles);
and coastal southern Brazil (narcaea). In southern Brazil, a particularly well-
collected area, there are five or more additional forms, some of which are known to
have distinet geographic centers of distribution. Since no form of any silvaniform
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is distributed over any large area of the Amazonian region, it is certain that several
distinet geographic races of H. ethilla oceur in this area, not to mention possible
races from non-Amazonian interior Venezuela and Colombia. The range of H.
ethilla is from eastern Panama to southern Brazil, and were H. ethilla to range as
far north as Mexico, as do all of the other species tested by Brower, Brower, and
Collins (1963), it is probable that two additional geographic races would have dif-
ferentiated. The two species of silvaniforms which do range north to Mexico each
have two geographic races in Central America outside of the range of H. ethilla.

Neither this species nor any silvaniform Heliconius has ever been reported from
isolated islands or as migrants. Gregarious roosting in H. ethilla has been reported
in Trinidad by Turner (1967), and he suggested that the species in Trinidad had
high population viscosity (Turner 1968). A study is in progress on the population
biology of the Trinidad race, and preliminary results suggest home-range behavior
(L. Gilbert, personal communication).

2. Heliconius melpomene and 3. Heliconius erato: These two species each have
over 100 described forms (Emsley 1964). The increased number of geographic races
and forms of H. melpomene and erato is in part due to their occurrence and paral-
lel subspeciation in isolated eastern Andean Valleys and the large number of dis-
tinet forms in hybrid zones between monomorphic geographic races, respectively.
There are at least eight well-defined parallel lowland races in each species, and
several more valley races. Turner (1968) estimated 30 geographic races for each
species. Neither species has been reported from isolated islands, and migration is
unknown. Gregarious roosting in insectary populations has been reported by Crane
(1957) and in natural populations by Poulton (1933) and Turner (personal com-
munication for H. erato in Trinidad). I have observed both species participating in
this behavior in Costa Rica and French Guiana and confirmed individual site-specific
roosting and home-range behavior for both species in Costa Rica, although the
observations on H. melpomene were limited.

4. Heliconius sara: Emsley (1965) lists 13 forms of this species, and Seitz
(1907) considers two more. At least five and probably six are distinet geographic
races, and perhaps others will be recognized. For example, populations of central
Colombia and Venezuela are poorly characterized, and many specimens from this
region cannot be clearly assigned to any geographic race. Heliconius sara has not
been reported from isolated islands and migratory behavior is unknown. Gregarious
roosting has been reported by Crane (1957) in insectary populations and by
Lima (1950, p. 365, photograph) in a natural population from Trinidad and Brazil,
respectively. I have limited data from a Costarican population which indicate con-
tinual site residency by many individuals, but the population was too large and the
study period too short to yield decisive results.

5. Heliconius doris: Emsley (1965) lists 13 forms of this species, although it is
apparently polymorphic everywhere. Most of the color pattern types are either
ubiquitous or occur as varieties over certain areas of the range of the species. How-
ever, there are two distinet forms of expression of red on the hindwing that are
mutually exclusive geographically but occur as morphs in almost all areas where
the species is found. One of these forms is restricted to east of the Andes and the
other is found west of the Andes through Central America to southern Mexico.
Migration is unknown in H. doris, and it has not been reported on isolated islands.
Like all of the above species, FI. doris is an inhabitant of wet forested areas. Site-
specific and gregarious roosting are unknown in this species, and, as will be shown
below, no evidence exists suggesting area-specific home ranges. I have. observed
one H. doris roosting alone, but it did not return to roost at the same place the
following night. On two occasions I observed H. doris flying around potential roost-
ing sites at dusk, but none were seen at the same place on following evenings. When
two individuals were present, one “chased the other away,” and the one remaining
commenced preroosting behavior at a place near to the termination of the chase.
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During the day the large majority of H. doris seen in clearings appeared to enter
the area from one given side and exit from the opposite side. On January 23, 1969,
along a stream bed at Rincoén, I observed 10 H. doris pass through an area during a
40-minute interval, all flying from west to east.

Limited marking experiments suggest that the H. doris do not remain in the
same area. In a small clearing near to Rineén, T. C. Emmel (personal communica-
tion) marked three H. doris on March 1, 1968 and captured five on March 3 and 4,
none of which were recaptures. Near the same place, I marked three H. doris (two
yellow and a red morph) along a roadside on January 23, 1969. During the follow-
ing week, I was in the area on three days (> 8 hours) and saw one red morph and
captured an unmarked red morph. No yellow morphs were seen. Of five H. erato
marked in the same area on the morning to January 27, four were among nine ob-
served 2 days later. At least two of these marked H. erato survived in the area until
April 12, when they were collected.

As noted in the text, the H. doris population at Rineén has morph frequencies of
approximately 809 yellow and 209, red forms. However, the larvae are highly gre-
garious, sometimes with more than 100 in a group, and tend to develop synchron-
ously. Ocecasional transient high frequencies of red morphs in isolated areas
probably result from emergence of broods with high proportions of red phenotypes.
On February 24 and 26, 1969, surveys along a mile of roadside revealed 15 yellow
and 12 red H. doris. Subsequent surveys in the same area on March 5, 7, 8, and 10
turned up seven yellow and no red morphs. By the 2 X 2 G-test of indepen-
dence corrected for small sample sizes (Sokal and Rohlf 1969, p. 591) the one-
tailed probability of observing this difference as a result of chance is P = .027
(approximate graphical interpolation). The data support the hypothesis that dis-
persal is great, assuming that differential mortality of red forms was not important.
The data, taken together, indicate that H. doris does not remain long in one place
and tends to disperse over wide areas.

6. Dryas iulic: Emsley (1963) reports 12 geographiec races and forms of D.
tulia; however, 10 of these are restricted to some Caribbean islands and peninsular
Florida. The remaining two are mainland forms, both of which are sympatric from
northern Colombia to southern Texas. One form ranges southward from Colombia
to southern Brazil. The pattern in this species may be stabilized by mimiery with
H. (Eueides) aliphera, although some differentiation of some fine pattern compo-
nents would seem possible in the absence of high gene flow. Wind (1970) reports
observing a migration of D. iulia, although I have discovered no other such observa-
tions. I have noted solitary roosting once, but the butterfly did not return on fol-
lowing nights. Crane (1957) reported a ‘“trace” of gregarious roosting behavior in
an insectary population of D. sulia, where individuals sometimes roosted near one
or two others of their kind. There are no reports of gregarious roosting in natural
populations of D. ulia.

7. Agraulis vanillae: Emsley (1963) gives eight possible geographic races for
A. vanillae. Two of these are restricted to isolated islands in the Antilles and
Galapagos, one oceurs in the southeastern United States outside of the range of all
other species considered herein, and one from the upper Amazon is of doubtful
status. K. S. Brown (unpublished manuseript) has given the upper Amazon form
specific status on the basis of morphological and behavioral characteristiecs. More-
over, the mainland forms seems to exist more as terminal phenotypes on the ends
of intergrading forms than as distinet geographic races. Unlike D. sulia, 4. vanillae
has only one Caribbean island form, although it is very widespread. Williams
(1930) and Wind (1970) have reported migration in A. vanillae, and Emsley
(1963) noted that individuals have been captured near the United States-Canada
border, far outside of the breeding range of the species. There have been no pub-
lished reports of gregarious roosting in 4. vanillae, although I have observed one
such ease. When the roost was discovered at Rineén, the four individuals on the
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roost were marked, but only two of the marked individuals were among the six
butterflies present two nights later. These observations were made near a concentra-
tion of larval food plants.
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