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ABSTRACT: Sclected morphological, bhenavieral, and ccological traits of
Central and South Amcrican species of Morpio butterflies ave examined as
an attempt te acceunt for the present day geographical and crological dis-
tributions of the geous in Central America. Emphasis is placed on the
successful or unsuccessful adaptive radiations ef different specics groups at
different altitudes, and between primary-growth and secondary-grasvthy plant
communities. It is postulated that there were twe major seccessful adaptive
radiatiens of Alorpbhe in Central America, characterized today by tirrce species:
AL gravadensis and M. peleides into second-growth plant communities in
lowland and montane second-growth forests, and Af. .ewmatboente in lowland
primary-zrewth ferests. All three species lave exteasive geographical ranges
where their habitats eccur, all are common locally. and at least two of them
(granadensis and peleides) show high sub-speciatien and variety. Unsuccess-
ful adaptive radiation, as indicated by thc occurrence of small ivolated
populations and low  sub-speciation, is represented in Central Americany
Mospho by M. c3pris in lowlend primary-growth ferests, and by M, thesens
in montane primary-growth fercsts, A possible transitienal form between
unsuccessful adaptive radiatien in montane forests and successful adaptive
radiation in both lowland and montane forests is represeated by AM. foly-
vhemus.

“He (Bates) admired the Adorpho menelans but said it looked drab ip
comparison with Morpho rheternnor, the wing of which had a luster almost dazz-
ling to the human eye. This ferm frequented the sunlit slieys of the forests, but
flew so high that specimens werc almost never captured. It rarcly came lower
than twenty feet, and when the suclight reflected from its huge wings it could
be seen a quarter mile away. Another closely allicd form was Morpio engenia.
This species had wings of a satiny-white appearance, and it was just as hard
to capture as rhetenor”.

P. R. Cutright, 1940. )
The Great Nainralists Explere Sonib Amesica (MacMillan) p. 3i7.
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232 REVEsLY DE BIOLOGIA TROPICAL

This paper discusses the hypothesis that butterflies belonging to the
iropical geaus Adsrpho (Lepidoptera; Nymphalidac; Morphinae) are undergoing
both successtul and unsuccesstul cvolution (BriGGs, 1) in Central Amesica. We
hypothesize two distinct successful adaptive radiations in Central America, one
of these represented teday by two specics (peleides and granadensis) of the achilles
group (SEITZ, 24) and the other by amathonie of the rhetensr group (series).
These adaptive radiations were characterized by two widespread ecological
expansions:  (8) peleides and graradensis successfully invading both lowland
and montane secend-grewth plant communities associated with river edges, mud
slides, and road clearings; (b) amathonte generally restricted to undisturbed
iowland primary-growth tropical wet forests, There were also at least two
unsuccessful adaptive radiations resulting in very limited and patchy ccological
cxpansions, thesexs of the calenarius scrics into montznc primary-growth forest,
and cypris of the rhetesics group into small msolated patches within lowiand
primary-growth forests.  Finally, one species, po/yphenus of the laerles group
represents a transitional species between unsuccesstul and successful evolution,
where it was formedy asseciated with Jowland primary-growth ferests but has
successfully invaded second-growth conumuaities at higher clevations.  Our
criieria for successful evolution in Morphs are twofold, high local population
densities (productivities), and cxtensive sub.speciatien or clevelopment of varietics.

Our support of this hypothesis comes frem examining various mer-
alat {wing color, reflectance, surface area), behavioral (adult and larval
aciivilizs associated with reproduction and/or defense), and ecological (larval
tost plunt specificities, rates of predation and pozasitism)  traits, determined
for seme Central and South American species and predicted {er ethers, and to
arguec how these collectively may account for the different adaptive strategics
predicted for the genus spccifically in Central America.  Emphasis is placed upon
adaptive strategies of (a) ovipositien, (b) defense behavior of caterpillars, (¢)
palatability spectra, and (d) strategies of courtship encounters and general
flight behavier. Using these and other traits, we account {er both widespread
(successful) and restricied (unsuccessful) ecological cxpansions of dificrent
groups of species aloag altitudinal gradients aad beiween primary-geowth and
sccundary-growth habitats at a given altitude. Our model is summarized in
Table 1. Recent discussion (Janzed, 12) of geographical barriers in tropical
envicenments has led us te believe that different species groups of Moipho have
experienced different selection presstires in lowland and monlane tropical ferests
in Central and South America. Likewise at a given altitude, ditferences in the
stability and complexity betsveen primasy-geowth and sccend-grewth forest com-
munities result in Jifferent kinds of sclection pressures for herbivorous species
found there,

rlos
1




Summary of the wajer adapiive radiations ir Ceniral

TABLE 1

Azgrican Morpho butterflies*

Degree of

Predicted local

Central Amerzican sub-speciation Major Type of adult population
Group member species and variety habitat(s) evolution densities
Brownish veleides,; high montanc: -+ lowland successful high
meiphes granade:sis high second-growth successful high
Dezzling amathonte; low lowland  primary successful Jow
hlue morphos growith forese

Cypris low Jowland primary unsuccessful very low

growth forest

Chalky thesers fow montane primary unsuccessful very low
white morphos growth ferost
Glossy White polyphenrus low montane and unsuccessful-to- intermediate

morphos

intermediate levels
of primary and

second growth forests

successful
(transitional)

* Bascd en observations of Aorphe in different parts of Costa Rica {1968-1972) and also from a literature survey for ail

of Central Amersica,
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234 REVISTA DI BIOLOGIA TROPICAL

We also emphasize that this repost is not an attempt to cxplain phylogeny
within the genus Morpho, instead, we wish to point out differences among species
groups in terms of present-day ccological and geographical distributions, and
to account for these patterns through speculation on evolutionary strategics
encompassing obscrved morphological, behavioral, and ccological traits. And
although ou:r emphasis is on the Central American Morpho, our findings are ap-
plicable to the South American members of the genus as well. In fact, we draw
upon various South American specics as additional illustrative examples of
our views on evolutionary strategics.

GEOGRAPHICAL AND ECOLOGICAL EXPANSION: GENERAL REMARKS

In light of detailed descriptions of wing color patterns both in terms of
sexual dimorphisms and geographical variations for many species of South and
Central American Morpho as presented in Seitz (24), and from our own
studies on the ecology and behavior in a fcw sclected Central American species
(Young, 29, 30, 31, 32, 33; YOUNG and MUYSHONDT, 34, 35), we advance the
hypothesis that during the early evolution of the genus from a Brassolis or Braisolss-
like ancestral stock (Serrz, 24; Enruicn, 8; EHrRLICH and RAVEN, 9) which
probably occurred in lowland South Amecrican tropical wet forest (head-waters
of the Amazon), naturai selection favored the evolution of various complexes of
specics that culminated in an ecological as well as gcographical expansion of
Moaypho into premontane and montane forcsts and a varety of sccond-growth
habitats. Concomitantly with thesc adaptive radiations of Alorpho, there were
major adaptive shifts, including (a) an initial transition in tnost species to
dicotyledonous larval host plants from monocots characteristic of the majority
of Brassolis and other Morphinae (9), (b) a gradual exploitation of a narrow
or restricted range of host plants charactcrized by toxic secondary substances
{probably phenois), (c) a later ecological expansion into secend-growth plant
communities encompassing a wider range of host plants and comprising a spectrum
of toxiciy, and accompanied by (d) an invasion into montane tropical wet
forests characterized by frequent and low dense cloud cover and their associated
cloud-covered passes and ravines. INote that we maintain a transition from
monocot to dicot larval host plants for Morpho. This is a different view from
that of EHRLICH and RAVEN (9) who imply that most butterfly groups diversi-
fieci on dicots and then sccondarily moved on to monocots. But from the
standpoint of the phylogeny of thc Morphinae, it appears that Morplo has
evolved from monocot-feeding genera likc Brassolis (24). And since most
species of Morpho fced on dicois (9), the general pattern in the transition of
larval host plants would have therefore becn frem monocots to dicots.

Essentially this hypothesis accounts for extensive adaptive radiations (up-
wards of 30 species and about 140 subspecies) of the genus Aorpho which arc
very different from the relatively restricted radiations of the remaining 22 to 25
genera (9) comprising the Morphinae and Brassolinae. For Morpho, these
radiations have resulted in strong vertical habitat selection in primary-prowth.
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undisturbed forest (in terms of preferted flight activity areas for adults and
oviposition sites), and secondarily into disturbed plant cemmunities (second-
growth forest; horizontal habitat seiection) in the non-scasonal wet tropics
(SLeBODKIN, 25). For the remaining genera, there remains a scvere restriction
to lower regions of heavily-shaded understory in primary-growth forest.

Thus, the ccological expansion of Morpho as centrasted with other genera
of Morphinae (i.c., Amnathusia, Brassolis, Caligo, Dynastor, [ aenans, Opsipbanes,
and others) entailed a broader exploitation of host plants including a wide spec-
trum (qualitative and quantitative) of toxic secondary substances. According to
eur hypothesis, and the limitation of geogrephical and ecological expansions of
butterflies by the distribution of potential larval host plants (DETHIER, 6, 7), a
major selective force governing the evolution of Maorphbe has been mimicry and
automimicry (32) as mechanisms for escape from predators. Once Mos pho had
begun to exploit upper strata of the forest and cxposed second-growth habitats,
by virtue of extremely large size, accompanicd by the usuaj fow diversity of
monocots in such environments (potential larval host plants carricd over from
Brassolis), the genus (both caterpillars and adults) shifted from a protective
strategy (predator-defense) of concealment and crypsis that satisfied the relatively
minor radiations of other Morphinae (i.c., thc majority of these butterflies are
dull brown with various shades and lines of yellow or decp blue) on monocots
in heavily-shaded forest understory, to a strategy more compatible with the
higher predation pressures asscciated with a greater diversification in hzbitat.
Thus, from ancestral forms which were crypticaliy-colored and which fed on
monocots (i.c., similac to the modern-day M. bercules and M. aega which arc
among the darkest-colored of the morphos and whose larvae have been reported
to fecd on some monocots, Cesta Linma, 5; EHRLICH and RAVEN, 9) and which
were probably highly palatable, there arose a diversification into various species-
groups of Morpho associated with upper, insolated regions of forest understory,
forest canopy, and the open exposed river edges and clearings (resulting
trom topplings of large canopy trecs and localized landslides following heavy
rains), As will be discussed 1n greater depth below, it one examines the types
of second-growth habitats exploited by certain species of Morpho, such as peleides
in Costa Rica (34), it is apparent that such specics oviposit on a rich variety of
legumes that have been characterized by RICHARDs (22) as “pioneer” species
associated with recently-formed patches of bare eacth along tivers and on mud
slides.  This tendency [or Morpho to exploit various types of second-growth
habitats wsas accompanied by geographical c¢xpansion into mountainous rcgions,
in which there perhaps occurs a greater incidence of localized forest destruction
through the washing away and erosion of soil on slopes following heavy rains.
While the actua] evolutionary expansion of Morpho was certainly much more
complex than this, nonectheless, it seems clear that cestain groups are more abundant
in regions where there havc occurred major lundslides and destruction of forest,
either the result of natural agents of weather, or through the intervention of mar.
This will be discussed specifically for Morpho peleides (achilles greup) and M.
bolvbhemus (laertes croup) in both Tl Salvador and Costa Rica. where it is
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apperect that these species have either experienced (peleides) or are cxperiencing
{polyphemus) strong sclection to invade second-growth habitats, ofter: associated
with human habiwation (34, 395).

"BLUE MORPHOS”, “BRCWNISH MORPHOS", AND “WHITE MORPHOS"

Ecological cxpansiens in cvolutionary time resulted in ne less thi four
major “groups” of Morplo butterilies in the present-day fauna. These groups
correspond to no phylogenetic scheme of the geaus, but rather reflect differeat
strategics of ecological adaptalion to tropical environments.

Through correlation of the available fragmentary data concerning the
habits of different species (Skit2, 245 L. O1ER0O, 20, pers. comms.) and prelimin-
ary studics on the ecology of some Central American species (29, 30, 31, 32, 33,
34, 33), coupled with detailed descriptions of wing coloration (24), we¢ propose
four groups of Moipho, irrespective of phylogenetic affinities: (a) “dazeling
blue morphos”, (b) “dullto-glossy brownish-bluc (brownish) morphos”, (c)
“chalky whitish-green and whitish-brown (chalky white) morphos”, and (d)
“glossy, transiucent white (glossy white) merphos”. Represcntative specics of
these groups are shown tn Figure 1. We make these groupings based on phe-
nolypic characters of the wings, especially clarity of celoration, brightness, and
sellectance,  Great diffesences in these morpholegical traits are clearly delineated
for most species, thus [acilitating the assigment of different specics to this arbitrary
system o classification, Later, onc of us (ARM.Y.) will summarize the pattcins
ol respense by humao subjects and blue jays to sections of dorsal wing surface of
represeniative species of thesc groups, when held against various shades of dark
green backgeotinds (simulating foliage) and under varying types of light, runging
irom airect (as in unobstructed sunlight) to very diffuse (as light passinig through
heavy cleud cover) light,  According to this system of classification, the "bluc
morphos” mentioned in YourNG (30) refer to dazzling blue morphos here,
while the "browsush morphos™ In that same publication refer to the dull.to-giossy
brownish-blue morphos.  Othes relevant characters important to the following
discussion include tihe amount of light-colored wing surface area and gencral
shape of the wings - characters which also vary greatly among the four groups
(Fig. 1). Furthermore, morphos belenging te chalky white and brownish categorics
possess e dutkest ventral wing surfaces of all four groups. In the casc of
chalky white morphos, this consists of various shades of deep reddish-brown with
reduced ocefli; Lor the brownish morphos, this color approaches very dark
chocolate brown and black, with large oceili. In dazeling blue morplios, the
undersides of wings vary from light reddish-brown (M. ancxibia in Brazil) to
light tan (M. amatbonte in Costa Rica) accompanicd in most species by very
small ocelli,  Specics of South American and Central American Morplio which
we have placed into {hese four groups appear in Table 2. It should be meationed
that M. polyphenis, the single species representing glossy white morphos (Table
2), possesses very lranslucent wings with the ventral surfaces appearing very

similas o the dorsa} surfaces; the ventral puttern of ocelit 1s also wisible from the
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dorsal surface (Fig. 1). There occurs a single specics of dazzling blue motpho,
M. cypris, also from Central America, which possesses broad translucent white
bands across both sets of wings, exposing dorsally markings of ventral surfaces,
including some ocelli. Due to the quantity of white and the nature of its
translucent properties in M. cypris, pethaps M. polyphemus evelved from cypris
recently, and represents a new adaptive radiation of Morpho in Central America.
It is difficult to envision glossy white morphos being developed from chalky
white morphos since major differences exist between these two groups, to be
discussed in detail below.

TABLE 2

Distribution of Somth and Central American species of Morpho* among the four groups
postulated in Table 1 and represcnting major ecological expansions in the
New World wopics

Chatky Dull-glossy

white-brown brownish- Dazzling Bright
whitc-gteen blue blue white
morphos morphos morphos morphos
bercules (2) peleides (17) C.A.  aega (5) polyphemus (2) CA.
becuba (7) achilles (12) anaxibia (2)
perseus (6) achillzena (6) Lympharis (1)
theseus (10) C.A. granadensis (3) C.A. sulbowskyi (4)
laester (2) vitrea (2) rhodopterca (1)
catenarins (5) leentins (2) aurora (2)
patroclus (5) adonis (2)
deidamia (6) uraneis (1)
rugitaeniatys (1) didins (2)

amathonte (4) C.A.
rhetenor (4)
cypris (3) C.A.
portrs (4)
godarti (4)
menelans (9)
Taxonomic greups;¥*

2 8 4 1
Species:
6 10 14 1
Subspecies.:
32 59 44 2

* based on a survey given in SEkTZ (24).
*%  the “species greups” given in SEITz (24).

These four postulated groups of Merpho butterflies serve as the basis for
discussion of the diffecent strategies of ecological adaptation among different
groups of species.
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A major finding of this preliminary survey is that cach of these postulated
groups of Merliho recresents a different strategy of ecological and/or geographical
expansion in evolutionasy time. For example, we maintain that the dazzling
blue morphos in the maderrday genus exhibit a wide range of specializations, so
that member species (Table 2) comprise a kaleidoscope of increased specializations
adapted for swvivorship and repreduction in primary-growth lowland tropicai
forests.  On the other hand, the biownich morphios (Tables 1, 2), present a
ditferent adaptive soategy in which nember species (cspecially peleides and

chilles)y arc experiencing major ecological expansions inte less stable plant com-

munities (second-growiir habitats) and along altitudingl gradients into montane
forests, these expunsions account, in part, {er the apparent high subspecies
diversification in the growy (Table 2). it is tbe chalky white mosphos which
retain the most “primitive” ccological and behavioral adaptations ef the genus,
in which member species are rather restricted to shaded primary-growth forest,
and which exhibit ecclogicul and behavieral characteristics usually associated
with the Brassolinac or Satyrinac. There has been a restricted gcographical
expansicn of this group o montare forests, as indiczted by the medera-day
distribution of species (24). We also hypoethesize that the single species of
glossy white morpho, M, polypheinns, tepresents a very recent development of a
Licage from the dazzling bive morphos subscquently moving into second-growth
forests at varying altitudes.

ECOLOGICAL PROPERTIES OF TTIE GROUPS OF AMORPHO

Tahle 3 summarizes the major acaptive ccological, behavioral, and morpho-
Jogical traits of Morpbo according to the feur groups outlined above. We
canzion tin ewest of these predictions, especiatiy regarding dazzling blue morphos,
are based on data gitbered from only a small number of the species listed in
Table 2. Nevertheless, the types of predictions that we arc making for all four
groups are easily subjected Lo verification in future field studies. In fact, the
apparcat clearcut differonces in character states of some of the various traits
itsied in Table 5 make :Morphs an exceediagly intcresting group to study, since
presunably such differences refiect ditferent adaptive stratcgics and evolutionary
historics (&{AYR, 18). Shnce many of the traits listed in Table 3 are either
scli-explanacery or lacking sufficient data, eur discussion is limited to a sclect
group of sevesal traits.

Before distussing these (raits, it is necessary to consider briefly the major
diff crences m wing specieal properties among the groups, smce it is this morpho-
Iogicul character which forms the basis for much of our predictions on adaptive
strategics.  From earlier measurements of rellcctance prepertics of dorsal wing
surfaces from various species (30), brownish morphes possess relatively low
reilectance in direct sunlight, as compared to the dazzling blac merphos, whose
reflectance properties can approach those of perfect mirrors. In direct sunlight,
dezzling blue mozphos are a great deal mare canspicuous than the brownish,
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even thongh both types pocsess similar wing movements, cbaracterized by strong
flapping motiens. However, the flight pattcrn of at least once specics of dazzling
blue morpho, namely M. amathonie is further characterized by strong bobbuig
motions while that of brownish morphos (peleides, granadensis, aciilles, achi-
Haena) tends toward being more even. In contrast, the wing reflectance prop-
erties of chalky whitc morphos are virtuclly zero, and those of the glossy white
morphos, M. pofyplenus, are simlar.  Thus in direct sunlight, to the vertebrate
cye, dazzling blue morphos appear the brightest, followed in dcscending order
by brownish, chalky white, and glossy white morphes. A very different pattern
emerges when these butterflies are viewed in diffuse light, simulating light passing
through heavy cloud cover. Here, for reasons of conteast, the glossy white morphos
arc now the "brightest”, followed by brownish and chalky white morphos tied in
rank, with dazzling blue morphos being the least censpiciieus,  This effect is ap-
preciated to seme degree by a glance at the butterflics in Figure 1.

It has been pointed out (RorH and Biraxo, 23) that trepical cloud
forests, dcfincd here ag montanc {orests within 700 to 1300 meters elevation, arce
characterized by hcavy cloud cover just above the canopy fer most of the dev.
Under such persistent conditions, there may be strong sclection i certain
organisms to adapt phenotypically to the presence of cloud cover, if seme ad-
vantage were gaincd through selectier. In the case of chalky white and glessy
white morphos, whose rangcs are predominantly within the moentanc forest range
of GO0 to 1100 meters (20, 24), a sclective response could be envisioned for
the evolution of white or whitish wings, since under conditiens of diffuse ligth,
white is very conspicuous against various shades of green (simulating folinge
backgrounds). Along the smme line of reasoning, the prediction is made that
predominantly bluc morphos will be restricted te lowland wet and premontanc
forests wheee there usually occurs great incidence of direct sunfight striking the
canopy through most of the dav (22), thus seting up idea! conditions for
dazzling blue merphos to be especiaily conspicuous against the foltage backround.
Undeilying these predictions is the necessity for these butterflics to be unaccep-
table as prey, since selection scems to favor increasmg conspicuoisncss against
foliage while the insccts are (Iving.

)

Dazzung Buue Moxreros:  We maintan that this group represents a
primitive cluster of mogphos that probably cvolved from a stock of Brassolis,
and which gave rise to glossy white morphos. The dazeding blue morphes
represent the successful adeptive radiation of the genus in the lowland wet forests
of Central Amcrica. Close evolutionary affinity with Brassolzs is suggested by
the marked sexual dimorphism (Table 3) characteristic of virtually all species
under this category (Table 2). Here, the females are gencrally ochreous to
browa, although in somc species, the brilitant biuc of males reappears in the
form of reduced rcgions of the proximal wing sutface.  Only the males, however,
appear to possess the highly reflective preperties discusscd above. While there
exists somc geograpic variation in mest spccies (24) this is not as cxtensive
as scen in members of the brownish morphes; dazzling blue morphos, while
existing in an array of subspecies associated with different regions of primarily



TABLE 3

Selected adaptive wafis predicied for the majority of speciesr of Morpho belonging to four

distinet groups, postidated primarily on the basis of wing coleration, brighiness,
and refleciance (see text)

Chalky
white-brewn Dull, glossy Dazrling Glossy
white-green brownish- blue white
Traits morphos blue morphos morphos morphos
General
Genetic variability low high low moderate
Geogiaphical distribution narrow wide narrow wide
Number of subspecies; low high modetate low
varicties
Major local habitats primary-growth secend-growth primaty-growth montane
montane forest lowland 4+ montane forests lowland forest primary-growth
Productivity low high low moderate
Major altitude preference montane lowland and montane fowland montane
(500-1000 m) (28-1000 m) (28-100 m) (500-1000 m)
Adults
Range of lightest color(s)
on dorsal wing sutface great small great great
Brightness of wings low low high high
Reflectance of wings low moderate high fow
Geographic variation in narrow wide narrow narrow
wing color
Sexual dimorphism in weak weak strong weak
wing color
Major habitat for flying between canopy and low over exposed canopy and sunlit canopy and
lowest cloud cover second-growth areas of understory second-growth
Diurnal feeding pattern midday or crespuscular  late morning, PM motning all day

and crespuscular
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South America with only minor representation in Central America (amathonte
and cypris), tend to be restricted to lowland tropical wet and premontane forests,
rarcly occurring above 400 m elevation. The majority of species are active at
tbe sunaiest hours of the day (24, 29) and make very conspicuous flight pat-
terns above the forest canopy and through clearings and along strcams; the
buik of adult activity is restricted to habitats where there is maximum exposure
to sunlight. Most species have regular {light paths through or over the forest,
consisting of malc heme ranges and perhaps even territorics in some species (33).
Males are strikingly more mobile than females which remain fairly conccaled in
torest understory or under the canopy vegetation. The rather cryptically-colored
females adopt a ceurtship strategy in which they position themselves along flight
paths of males, interacting visuvally with them over short distances as a prelude
to copulztion.

Local adult population densities are the lowest for all four groups,
the result of selcction for both low physiological and ecological fitness
(Istock, 11) rendering them to be well-integrated into the primaty-growth
tropical wet forest community. While the cvolution of predictable flying be-
havior in males permitted a courtship strategy in which cryptically-colored females
remained concealed most of the time in low adnlt density populations, such
conspicuous activity of males was made possible through the development of ef-
fective defense against predators. Therefore, in most member species of this
group, we predict, rclative to brownish morphos and chalky white morphos.
restriction of larval feeding to a narrow fange of host plants, the majority of
which render the insects unacceptable as prey. It has been demonstrated that
various butterflies arc unacceptable to avian predators (BrROw'ER, BROWER, and
CerviNo, 3) and that this property results from ingestion of plant tissue con-
taining toxi¢c secondary compounds (LEviIN, 14). From their apparent close
affinity with the Brassolinac, we predict that some spccies may be partially
unacceptable as prey, feeding on a spectrum of host plants that includes some
which are not high in toxic secondary compounds so that there may exist small
complexes of automimicry (BROWER, 2) in which most individuals are in fact
unacceptable. However, relative to brownish and chaiky white morphos, this
system of automimicey is neither characteristic for afl species in the geoup, nor
does it involve as broad a spcctrum of larval host plants as predicted for any
single species of brownish or chalky white morpho. Thus while dazzling blue
morphos may be highly unacceptable as prey, this 15 a very variable character
among differcnt species, according to the degree of automimicry involved. Al-
though ncver attuining the broad spectrum of local acceptable and unacceptable
varieties that we predict for other groups, these butterflies have evolved pursuit
stimuli for inviting predator attack and foiling it (38) in addition to being
partially toxic as a local population. Both of these defenses against predators
(reduced automimiccy and predator foolhardiness) result in high local survival
of adults unparalleled in other groups of Morphe (31,32) and rates of predation
upon adults is very low. While most species belonging to Brassolis possess
geegarious larvac which feed on a variety of monocots (24), we predict that
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the majority of species of dazzling blue morphos feed on Sapindaceae and to
a lesser extent on Leguminosae, with larvac retaining the Brassolid trait of gre-
gariousness. Morphe aega, which in both sexes comes to resemble Brassolis very
closely, has becn recorded from bamboos (Gramineae; EHRLICH and RAVEN, 9)
and may well represent the ancestral-type for the dazzling blue morphos.

The prediction is also made that oviposition in most species of dazzling
blue morphos will range from cluster oviposition, to single oviposition in which
more highly evolved members of the group lay fewer cggs singly or in very
small groups close together on the same leaf or adjacent Icaves. Cluster ovi-
position, carried over from Brassolis, tesults in the reproductive effort of the
local population being concentrated over a relatively small area of the habitat
and highly dependent upon the positions of concealed or hiding females which
remain relatively immobile (LapiNg, 13). For the majority of highly evolved
member species (Table 2), oviposition sites will be concentrated in the upper
strata of lowland forest, especially on Leguminosae and Sapindaceae, emergent
in the caoopy.

However, there exists an apparent evolutionary trend within this group
for feeding on dicots. I.. R. Otero (pers. comm.) has recently reported that Moy pho
aega, M. portis, M. adonis, and M. sulkowskys, which are all members of this
group in our classification (Table 2), feced on Gramineae. This places these
species very dlose to the Brassolids or Satyrinac and makes them primitive dazz-
ling blee morphos. In these species, as in the most “Brassolid.like” species of
chalky white morphos, namely M. hecuba and M. bercules, there is very strong eg
clustering on host plants, and larvae form large aggregations which persist
through all instars, but disperse as prepupae. It is generally mentioned that
many Brassolids lay eggs in clusters (24), and more recently confirmative docu-
mentation ef this has been obtained for certain species in El Salvader: Caligo
memmon and Tisipbone macniata, with the former on Heliconia platistachus and
Musa paradisiaca, and the latter on various specics of bamboos. Cluster ovi-
position in Caligo mranus on various Palmae in heavily-shaded forest understory
in lowland tropical wet forest in the Caribbean lowlands of Costa Rica has also
been observed. However, it is clear that not all Brassolids have cluster ovi-
position, suggesting once again that different Brassolid lineages may have given
risc to different lineages of Mospho: Opsiphanes fzmarind; always lays eggs
singly on many kinds of Musaceae, and O. castina oviposits singly on many species
of Palmae. Dazzling blue morphos may have ariscn as a lineage from a Brassolid
stock characterized by cluster oviposition as seen in certain modern-day genera
like Caligo, whilc other groups of AMorpho, such as the brownish morphos in
which oviposition is always single and larvae are never gregarious, could have
arisen from a different Brassolid stock in which single oviposition as exemplified
in genera such as Opsiphanes was the rule. We also know that within the dazz-
ling blue morphos there occur other species in which oviposition is single, double,
or in triplets. Such oviposition appcars to be correlated with the more showy
species of this greup, such as Morpho anaxibia (L. R. Otero, pers, comm.) which
may suggest an adaptive radiation of Morphe into the canopy of tropical forests.
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That is to say, accompanying an ecological expansion of dazzling blue morphos
vertically in tropical forests, with respect to habitat sclection for optimal foraging
and breeding spaces, there evolved a breakdown in cluter oviposition favoring
a greater dispersion of reproductive effort, higher than that chasacteristic of most
genera of Brassolids. However, relative to the brownish morphos and the glossy
white morphos (Table 2), this dispersion of reproductive effort was small.
Within the group, we sce a wide array of wing brightness in males, and we
predict a correspondingly broad spectrum in cluster oviposition. For example,
M. menelans is not as bright as Al rhetenor, thus we predict that clustering is
morc probable in menelans. 1t is also possible that with the exception of a small
cluster of South American species {Morpho acga, akonis, portis, and sulkowskyi),
virtually all other specics of dazzling bluc morphos have lost cluster oviposition,
or have reduced it to oviposition in pairs or triplets. YWe cannot deterrnine the
precise transition point in the modern fauna without further detailed study of
oviposition patterns in most species of this group (Table 1). It would be interest-
ing to know if single oviposition in this group cvolved in responsc to the tran-
sition in larval feeding from monocets to dicots. We know that the understory
flora of lowland tropical forests contains large populations of Palmae (22) but
of few species. In contrast the dicots associated with the same habitats are
extremely diverse. Therefore, it is conceivable thut one prerequisite for the
successful exploitation of dicots as host plants by Aorphe would be the ability
for ovipositing females to scarch and discover sufficient numbers of particular
dicot species (i.e., various Leguminosae, etc.) whose populations are less dense
than monocots under spatial arrangements of host plants. The reduction of
mean cluster sizc and thc cvolution of single oviposition would be strongly
favored by natural selection, in response to the very high diversity of dicots in
these forests (PwrEs, DonzraNsky, and Brack, 21).

It is of interest to point out that darker specics of this group which do
not feed on monocots, generally feed on various Liojuminosae, while lighter
species (thce most dazzling blue morphos such as rletenror, amathonte, and cypris)
apparently feed mainly upon other groups, notably Sapindaceae as does M. poly-
phemaes. Most species of brownish morphos, another gencrally dark group, also feed
mostly on Leguminosae, although onc sub-specics of Al. peleides, namely insularis,
has been recorded from  Paragosnia pyiemidata in the Bignoniaceae (Malcolm
Barcant, pers. comm.). In this connection, it is interesting to note that in the
current system of classification (from Besscy’s to thc motc recent ones) the
Leguminosae are relatively closer to the primitive Ranalean group than either
Bignoaiaceac or Sapindaccac. And due to the fact the Legumincsae is a very
large and diverse plant group containing about 460 gencra (STEEBBINS, 27), it
may very well have provided the ideal “stepping stone” for the radiation of
Morphe into ncw adaptive zenes in which dicots became the major larval host
plants.

Egg parasitism by various hymenopterans will be very high, although
mortatility of the gregarious larvac from predators and parasites will be low,
with the major sing'e exception of parasitism by tachinid flies which lay their
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eggs directly on plant tissze rather than on larval integument. Gregarious be-
havior in the larvae of the dazzling blue marphos is presumebly accompanied by
effeciive collective defcnse moverments and in some species, cnclosure within
silken webs.  Such mechanisms discourage active attack by ovipositing parasite
and leaf-roaming predators such as ants, p:mping spidess, and predatory hemip-
terans, but are totaily ineffective against tachinid cggs whith can be irgested
during usval feeding. Unlike the Brassolinae, the gregarious larvae of these
morphos have developed exiremely gaudy coloration to advertise their presence,
presumnably as a result of the exploitation of toxic host plants. Nevertheless, <lue
to reduced systers of automimicry cxisting in licu of total unacceptability in some
specics (which is a function of the pattera of local host plant cxploitatien), larvac
have become nocturnal or dawn-dusk feeders (SEITZ, 24; YOUNG, 32, respectively)
as further insurance against biotic mortality- factors. Rclative to brownish morphos
and chalky white morphes, we alvo predict that dazzling blue morphos have the
longest devclopmental times of all groups, as a consequence of long term selection
for integration of such specics Into stable tropical communities (MARGALEF, 17).
It is this group that dominates thc truly non.scasonal lowland wet tropics in
South and Central America (25); other groups have undergone major adaptive
radiations in other kinds of tropical environments and in response to different
sorts of selective pressutes resulting in markedly different states of adaptive
traits (Tab'e 3). Wc must point out that within a large group such as the dazz-
ling bluc morphes, there are obviously great variations in the chasacters discusred
above, but that a gencral pattern is sceix for the entire group. If one had to
cnvision an “evolutionary trend” in this group, it would involve, as in the other
groups of Morpho, a gradual loss in gregarious larval behavior and cluster ovi-
position, as well as a loss of the marked adult cexuel dimorphism in wing
coloration in responsc to a more efficicat couwrtship stratcgy. Trom the discussion
to foliow concerning browwnish and chaiky white motpahos, it is clear that these
two groups cxhibit the greatest departures {rom the ecological and behavioral
statictics predicted for dazzling blue morphos, in respense to ccolcgical and
geographical expansions unparaleled in the latter group.

The above considerations are nol meant to imply that no cepresentative species
of dazzling blue morphos arc found outside nen-scasopal habitats, In the vicinity
of Rio de Janciro, Dirazil, AMorpho cuaibia and M. portiy (Table 2) show peak
adult populatious during the dry scason, as o scveral ether spedies (luerres, her-
cnles, menelaxs, achiliaena) of different groups, but n the Amwzon Basin all
of these species are abundant thgoughout most of the year (L. R. Oriro, pers.
comm.). Such habitat dificrences in sczsonal abundance paiterns in Aurpiie are
most likely the resuit of phy.iofogical wicter stress on lanal host plants (35).

Gressy wHITE MORPHOS: The single species of plossy white morpho,
Morphe  polyphernns  from  Central  Americy, represents a  very  recent
evolutionary finexge being developed from a stock of daxzling blue morpho,
probably from Al c;pris.  Whether or cet polsphemus evolved from cypris can-
not be determined at the present, a'thc: = it might have becn derived from a linc-
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age giving risc to ¢cypris. Although Seitz (24) places palyphemns within a dif.
ferent species group than that containing cyfrss, the similarity of ocelli pattern,
translucent condition of the wings, and the development of pure white coloration
in both species suggest relationship,  Like polyphemnus, cjpris is also very light-
Iy colored on the ventral surfaces of the wings, one of the lightest of all the
dazzling blue morphos. @ur thesis regarding this group is that it primitively
extended the range of the dazzling blue morphos into high altitudes but has
secondarily reinvaded lowland habitats, especially those heavily disturbed by
man (35).

Tarvae of Morpho polyphemns {eed on Panllinia pinnata (Sapindaccae)
near San Salvador (600-958 m), and to a lesser extent, on various legumes such as
Inga spp. and Machaerium salvadorensis, The major larval host plant, hewever,
is Paullinia pinats, which has been reputed extremcly poisonous to fish (35),
and presumably makes M. polypbemus vety unacceptable to vertebrate predators.
Frora our studics in El Salvador (35) we maintain that this species posscsses a
nartow range of larval host plants similar in breadth to thosc possessed by
most species of dazzling blue morphos, but different in the scnse of a different
strategy of habitat expleitatien seen in polyphesnus. We maintain that poly-
pbemus represents the geographical expansion of the dazzling blue morpho linc-
age into moatane (cloud forest) forests of Central America in which selection
favored the development of very white wings as a mechanism of contrast, rather
than reflectance as in the dazzling blue merphos of the well insolatcd lewlands,
to render the flying butterflies conspicuous against the foliage background. As
outlined carlier, thits mechanism of brightness is more effective in diffused light
environments such as cloud foresis than would be a system of high reflectance
in which light blue colorotion in direct sunlight can also account for high bright.
ness in lowland wet forests. Because the strategy of conspicuousness cmploys
the effect of contrast of white against green, there would be selection for a flight
pattcrn allowing maximum cxposure of wing sucface to light per unit time, and
this appears as a soaring flight movement in M. polyphemus. Unlike the un-
dulating and rapid wing motions of dazzling blue morphos, M. polyphemius has
a strong wing movement involving substantial periods of soating, allowing
prolonged expesure of thc white surfaces to the sunlight, diffused through cloud
covcl,

Associated with the almost total Jack of scxual dimorphism in wing
coloration (Table 2), we predict a stratcgy of courtship in which both partners
actively seck eut onc another through cxtensive flying activity. Both sexes, unlike
dazzling blue morphes, should have completely overlapping daily peak flying
periods. Eggs arc laid singly and scattered over many individual host plants, and
mortality of eggs, like in dazzling blue morphos, is high, duc primarily to hymenop-
terous parasites (35). Caterpillars are not gregarious on host plants, altheugh
several may occur on an individual plant; larval mortality is high, due to tachinid
parasitism and never hymenopterous varasitism (35). It is very unlikely that
caterpillars are snccessfully attacked by predatory insecs or spiders. and even
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vertebrates, due to the presence of a defense secretion giving a very strong vinegar-
I'kke odor which is evoked upon physical contact.

If the glossy whitc morpho form evolved from dazzling blue morphos,
we must account for the apparent loss of cluster oviposition and gregarious larvae
during this transition. Aloag this line, it would be very heipful to explore the
biology of A. cypris (at present undctermined) since we predict close affinity
of this species with polyphemus, and it may represent a transitional form. We
account for single oviposition and nen-gregarious behavior of larvae in terms of
selection towards greater population dispersion and also in terms of the types
of habitats where this specics is found.

@®n this latter point, like the brownish morphos to be discussed below,
Morphe polyphemus may be thought of as a colonizing fugitive species, one
capable of invading and exploiting the sccond-growth plant communities associated
with higher altitudes in tropical regions of Central America. During its early
evolution it was undoubtedly a species that depended upon primary-growth wet
forest for breeding, as it still does on the Osa Peninsula in Costa Rica (35).
However, it later developed into a specics capable of successfully carrying on
breeding activities in highly disturbed second-growth habitats. While retaining
its high unacceptability through larval host plant selection, it evolved automimicry
allowing it to “cross physiological barriers into new adaptive zones” (EHRLICH and
RAVEN, 9; our quotation marks) encompassing new host plants, some of which
rendered individuals acceptable as prey. At least one genus of Sapindaceae was
continued to be exploited in second-growth habitats, namely Paallinia. 1t is very
likely that adults completing their life cycle on Paullinia represent the least ac-
ceptable prey of a local population. ‘This however, awaits experimental verification
in the laboratory. ‘The ability of this species to feed on second-growth legumes
(35) attests to the cvolution of a broader host plant spectrmn and possibly
automimicry. Selection would be especially favored for the loss of cluster ovi-
position in a colonizing species since it is beneficial to spread reproductive ef-
tort out over larger portions of the habitat, rather tham in non-colonizing
episodes (LABINE, 13). Irom recent discussion of the genetic and ecological
traits predicted for colenizing spccies (LEWONTIN, 16), a higher reproductive
rate is predicted for M. pelyphemns as compared with species of dazzling blue
morphos. Since most known species of tachinid parasites which oviposit on
plant tissue rather than directly upon the host usually disperse eggs over large
arcas of the habitat on specific plant species (SixMONDS, 26), the oviposition
strategy of polyphesnus, in which eggs are also dispersed over a large area of
the habitat, would result in higher levels of tachinid parasitism than predicted
for dazzling blue morphos, where oviposition is clustered and exttremely localized
for fecundated individual females,

In Costa Rica, M. polyphemns is primarily found in the southwestern
region of the country (35) where it frcquents premontane tropical wet forest
(300-400 m elev.), In El Salvador, where virtually all virgin primary-growth
forest has been cleared away, the species is abundant in the heavily-disturbed
second-growth plant communities associated with streams and often amongst



248 REVISTA DE BIOLOGIA TROPICAL

smal] villages. This close co-habitation of M. polsprhemus, or any other species
or Morplo for that matter, with man is never seea in Costa Rica, with the single
cxception of the subspecies hjdorina ot £f, peleides (a brownish morpho) which
commonly vizits refusc dumps of chcese factories at Monteverde in the mentane
wet forest (1000 m elev.) in the Prevince of Alzjuela. Lven here, however,
breeding popuiations do not thrive within tie village but rather adul.s forage
there, ‘thus it appears that A, paiypbems has been able to cxploit heavily
disturbed habitats asseciated with man, offering fusther credence to it being a
colonizing species. No species of dazzling bluc morpho has been noted to possess
this capacity in either South or Ceniral America.

In Costa Rica, M. pelypiemus is primarily a canopy dweller and as such,
docs most of its feeding in the adult stage off the ground. While brownish
morphos, chalky white morphos, and te a lesser cxtent, dazzling blue morphos
feed on deceying fermenting fruits on the forest floor (20, 24, 29, 31, 32), the
glossy whitc mosphe seldom forages neac or on the ground. I'rom studies of
adult feeding activity in M. pefe/des (brownish morpho) and M. theseus (chalky
white morpho) at Cuesta Angcl de Sarapiqui in Costa Rica, we predict that Couta
Rican M. polyphemus feeds on arboreal odorous food sources, primarily mold
patches on tree bark, decaying but hanging fruits of Pbhilodendron spp., (Ara-
ccae) and the leachates ascociated with dense epiphytic grow:h ncar the canopy.
It has been pointed out (MYERS, 19) that dense cpiphytic growth is a major
physiognomic trait of montane tropical wet forest or cioud forest. This high
aeusity, plus high turnover in living plant tissue of epiphytes and heavy rainfall,
would favor the continual presence of dripping leachtes from fcstooniing growths
of these plaats in canopy irces. One of us (AA.M.Y.) has observed M. peleides
and M. thesens feeding on very moist decaying epiphyte growth at Cuesta Angel
(June-August, 1971). Since aduit M. polyplerias feeds arboreally, there bas
becn selection for maximum exposure of the undersides of wings while fceding
is going on — would-be predators are aware of the presence of these butterflies,
the majority of which in a [ceal aduit popuiation would be completely unacceptable,
and thus avoid them, A simular argument could be made for the partial closure
of wings during ovipositien on cxposed vegetation in the canopy or low second-
growth. e do not yct know the complete array of typical adult food sources
in the heavily-disturbed second-growth habitats of this species in El Salvador
(San Salvador region), although dccaying human feces may turn out to be a major
food source. One of us (A.M.) has, however, witnessed adult feeding in A
polyphemus in San Salvador, where the butterflics, like AL preleides theee, feed at
the fallen fruits of mango, guayiva, and jocote (Spoizdzas sp., Anacardiaceae). It
is intercsting to note that Af, pele/des at Ccrro Verde (montane forest) in El Sal-
vador feeds at molds associated with arboreal regions of large trees (Youric and
MuysHoN®T, 34), In connection with the marked conspicuousness of adult M.
pelyphemus during feeding, it is interesting to note that it is the translucent
condition of the wings (Fig. 1) that cnhances the contrast against foliage; thus
there has been sclection for maximal contrast properties of white wings in this
buteterfly, enhancing predator-recognition and mate recognition during courtship
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encounters, which are assumed to occur over large distances in the ait {in contrast
to dazzling blue morphos where femaies must be relatively close to males for
courtship to begin).

@®f all four groups postulated here, the glossy white morpho represents
a recent divergence in adaptive strategy for species befonging to the dazzling blue
morphos, and this has only happened in Central America. And while we cannot
account for the precise factors leading to such a divergence, they probably involved
positive selection pressures for the evolution of a montane or cloud forest species
which is very unacceptable as prey and which employs a strategy of color contrast
(as opposed to color reflectance) to advertise presence to potential predators
under conditions of continual diffused light. While automimicry may be oc-
curring, this is predicted to be more prevalent in geographical areas where poly-
phemus has become a colonizing spccies in heavily-disturbed second-growth
habitats (i.e., E1 Salvador as opposed to Costa Rica), in which automimicry is
an adaptive strategy, permitting greater exploitation of various larval host plants
sctting up a spectrum of unacceptability ranging from completely unacceptable
(i.e, Paullinia feeders) through very acceptable (feeding on certain legumes).
Further positive selection pressure for the occurrence of unacceptable glossy white
morphos in montane tropical forest would be their possible role as Batesian or
Miitlerian models for chalky white morphos, to be discussed.

DuLiL-Grossy BrRowNISH-BLUE MoORrPHOS: It is this group of Morpho
butterflies which has undergone the mo:t extcnsive and successful geographical
and ecological expansion both in South and Central America; this is partly indicat-
ed by the high number of subspecies seen for the group as a whole (Table 2),
although the majority of these may be attributed to a few South American (M.
achilles, M. cchillaena) and Central American (M, peleides, M. granadensis)
species,

Morpho achilles in South America and M. peleides in Central America
represent two major adaptive radiations of the brownish morphos, and SerTz
(24) goes as far as to say that pefeides is the northern extension of achilles. The
brownish morphes apparently arose from a separate stock that evolved from
Brassolis, perhaps independently of the evolution of the dazzling blue morphos.
We hypothesize that while they certainly evolved within lowland tropical wet
forests, their major geographical and ecological expansions have taken them into
montane tropical forests, and perhaps more significantly, into second-growth
habitats in lowlands and mountains. In Central America, it is species such as
M. peleides and M. granadensis that are most commonly identified with various
successional stages of second-growth wet forests, and their abundances locally
far excell the abundance of M. polyphenius,

These butterflies represent an ancient expansion into second-growth plant
communities, where their distribution is determined by the availability of suitable
larval host plants, these being primarily members of the Leguminosae. While
virtually all species of the group are predicted to occur in second-growth habitats
within primary-growth forests (i.e., along sireams, localized clearings, etc.), iocal
adult populations will bz highest in extensive second-growth habitats such as
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those associated with land clcarings that have been allowed to grow back. Tt is
this greup of Alorpho that contains species capable of colonizing second-growth
plant communities, much more so than Al. polypbemzs, a specics of glossy white
morphe which represents a relatively recent cxpansion of the very unacceptable
blue morphos into montane wet forests. In contrast to both dazzling bhie and
glossy white merphos, the brownish morphos are characterized by high rates of
predation by birds, reptiles, and perhaps amphibians upon flying and resting
adults.  Also, unlike the dazzling blue and glossy white morphos, specics of
brownish morphos such as A, peleides and M. achillaena are characterized by a
broad spectrum of larval host plant specificities (20, 32, 35) leading to the
evolution of large complexcs of autominucry in which there occur varying
proportions of acceptable and unacceptable varieties of individuals in local
populations., For example, Al. achillaena has been recorded from scveral genera
of Leguminosae in Brazil, most notably Machaerium, Dalbergia, Pterocaypus,
Myrocarpus, and Platymiscium (20); m Costa Rica, M, peleides successfully com-
pletes its life cycle in the field on several legumes, including Mucuna urens,
Machaerinm  seernanii, Machaerium donnell-imithii, two species of Iiga, and at
least onc speccies of Pithecolobinm, with oviposition occurring on all of these
plants within a single locality (32, 35). We believe that such local broad host
plant acceptance in M. peleides and other species of brownish morphos cndows
a system of automimicry in which potential predators cncounter large numbers
of both acceptable and unacceptable individuals as they forage through a local
adult population, thereby inflicting substantial mortality. However, owing to
selection for high intrinsic rates of natural increase (16), such predation is
counteracted by high recruitment. Local adult populations of M. peleides in
Costa Rica appear mwuch denscr than for dazzling blue morphos such as A
amathonte and M, cypris from data obtaincd on population densities of these
specics at fermenting fruit baits and from general observations on flying individuals
in different kinds of vegetation. Mark.resight studies of M. pelesdes indicate
that day-to-day movements of individual males is extremely erratic, although
movement appears confined to the same gencral vicinity of the habitat; such
results suggest that at least one species of brownish morpho is characterized by
irregular flight behavior, in which large tracts of forest (as contrasted with
lazzling blue morphos) are traversed by individuals each day, and that these
vary greatly from day-to-day. Such behavior fits in wecll the general conception
of these specics as pioneer forms of sccond-growth; similar data further suggest
that females arc even more irregular in flying stratcgy, presumably in response
tc the nced to locate suitable host plants for oviposition. Observations on mem-
bers of the achilles group in Brazil suggest that these brownish morphos have
similar flight habits (24).

Like Marpho polyphemus, oviposition mn brownish morphos is single, so
that reproductive effort is spread out over large areas of the habitat; caterpillars
are probably never gregarious, and rates of parasitism on cggs by hymenoptecrans
is high. Rates of tachinid parasitism arc predicted to be very high on caterpillars,
although parasitic attack by hymenoptcrans will be very low. As in larval M.
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polyphemus, caterpillars of M. peleides are capable of cmitting a strong vincgar-
like odor upon mechanical stimulation (34). Woc have obscived Lhis for
larvac reared on Muczini and Machaerium, although relative sieengths of secretions
by caterpillars raised on these and other host plants are not yet available. As
with M. polypbemns, we predict an array of qualitative and/or quantitative dif-
ferences in the chemical sccrction corresponding to the spectrum of sccondary
compounds cstablished by lccal patterns of host plant exploitation and auto-
mimicry, although this range will be much broader for brownisihh morphos such
as M. peleides and M. achillaena. The dull-to-glossy reflectance properties of
species in this group is the result of compromise between sclective forces favoring
development of unaccepeable forms and selection favoring broad host plant
exploitation associated with colonizing of second-growth habitats, Superimposed
upon this are altitudinal effccts in which darker subspecies are more prevalent at
higher altitudes, pcrmitting partial crypsis in diffuse light.  This darkening is
the result of two features: broadening of the marginal brown or black band, and
darkening of the basal portion of the blue area of wings. There persists in
virtually all species of this group a very dark ventral surface in thic wings, including
line patterns and large occlli; these characters aid in camouflaging the butterflies
when feeding on the forest floor, and thus centribute to the overall partial crypsis
of most species. Predation on feceding adults of M. peleides does presumably take
place, since specimens have been collected with perfectly symmetrical rounded
scctions of both hindwings missing, suggesting rear-approach attack by small
reptiles or amphibians (34).

Caterpillars of onc subspecies of brownish morpho, M. peleides limpida,
have been studicd carefully with respect to their diurnal feeding patterns,  The
brightly colored larvae, which ocaur singly on host plants, have a very well
defined dawn.dusk fccding bchavior, whose function has been interpreted as
reducing the risk of predation, even though partial protection is afforded through
automimicry in local populations (32).  Although other species of brownish
morphos have not been studied in this way, it is known that caterpillars of Al
peleides insudaris feeding on Pasagonia pyramidata (Rich) (Bignoniaceac) in
Trinidad usually fccd between 7:00 and 9:00 par (Malcolm Barcant, pers.
comm.). Dawn-dusk larval feeding may be prevalent in many specics of brownish
morphes as ag additive mechanism for lowering rates of predation where complex
protective systems of automimicry offer partial protection. Presumably, however,
such protection would not apply to arthropedan predators, since one species of
wasp, Polistes canadensis (' Jack Spaniard”) on Trinidad attacks and kills large
numbers of first and second-instar lacvac of M. peleides insularis in the laboratory
(Malcolm Barcant, pers. comm.), but rates of predation on the larvae in natural
populations by this wasp arc not known,

Being species mest characteristic of various types of second-growth plant
communities, most species of brownish morphos will have developmental timcs
shorter than those of the majority of dazzling blue morphos, or even the glossy
white morpho, M. polyphemus (since this specics represents a more recent cvol-
utionar divergence and selection pressures have not vet fully adjusted this
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ccological statistic to invasion of second-growth plant conununities), A short
deveiopmentai time is another essential aitzibuie of colonizing specics (CoLg, 4;
LrwoNTIN, 16). Several persons, working independently in diffecent parts of
the New World tropics (Barcant in Trinidad, Muyshondt in El Salvador.
Occre in Brazi) and Young in Costa Rica) have found similar developmental
times for thwee subspecies of M. peleides (hyacintbus, insularis, and limapida)
and Al achillaena (20), all of these being about 3 months from egg to adulit
cclesion.  The devclopmental time of M. polyphemus is, however, significantly
lenget (35).

In summary, the brownish morphos are most characteristic of tropical
second-growth plant cominunities over a range of altitudes, and also replace
dezzling blue morphes in primsry-growth forests at high {400-1000 m) altitudes.
They show the greatest amount of adaptive radiation, and maybe, in a sense,
of tracking the environment (LEVINS, 15) as new sccond-growth habitats become
available thioughout the tropics. They possess an array of life history and other
ecological statistics which permit mot of them to be successful colonizing species
while at the same timc inhabiting more stable plant comnunities such as virgin
forest,

CHALKY WHITISH-GREEN, \VIITISH-BROWN MORPH®s: This group
probably rcpresents an independent divergence of the genus from Brasselis in
which a great many features of this group have bcen retained, especially with
respect to the very dearcut gregarious habit in terms of both oviposition and
larva] bchavios. This divergence occurred as a selective response to adaptive
radiation into primary-growth montane forests and cloud forests. The large array
of morphological and behavioral characters of this group (Table 3) suggests
that this adaptive radiation was independent of that of the brownish morphos
into high altitude forests, as well as that of the glossy white morpho lineage.
It is apparent that many specics belonging to this group (e.g, M. catenarius, M.
lacrtes) are found at higher elevations, usually between 500-1000 meters, and
sometimes occur at even higher elevations in the Andes (24). But adaptive
radiaton in Ceatral America has been limited to a single species, M. theseus, and
very few cubspecies acaui.

It is predicted that few of these specics would exhibit the ecological
properties of brownish morphos as rclated to their role as pioneer specics, with
most spccies being restricted to primary-growth virgin forest.  Observations on
M. thesens in Costa Rica suggest very limited and patchy (geographically)
disiributions to moniane wet forests and their ravines and passes, with most adult
activity cenfined to the forest canopy. Unlike brownish morphos such
as M. peleides, which have extensive lccal adult populations, those of chalky white
morphos such as M. thesens are very small and localized, each censisting of a few
individuals, as indicated by imarking studics at transects of fermenting fruit
baits in montasnie forest of Costa Rica. The flying movements of adult males and
femaies, which fly at the same times of the day, are characterized by slow and
short periods of gliding interspersed with even shorter periods of actual wing
flapping; there often occur extended periods of aimost motionless hovering.



YOUNG & MUYSHONDY: CENTRAL AMERICAN MORPH@ BUTTLRFLIZS 253

Like M. polyphemus, this species possesscs a flight pattern that permits a maximum
exposure of the dorsal surfaces to diffusc light. Movements are generally con-
fined to the tops of canopy trees and high abave rivers at the bottom of steep
ravines—places where the butterflies receive full exposure to cloud cover and dif-
fuse light. Like brownish morphos, however, the ventral wing surfaces are
generally dark shades of reddish-brown, but with reduced ocelli. ‘This feature, in
addition to the rather sullen dorsal surface often bordered heavily in brown (as
in thesens, ¥Fig. 1) suggests a similar compromise between conspictiousness and
crypsis resulting frem broad host plant specificity encompassing local systems of
automimicry as secn for the brownish morphos,  However, not being second.growth
species like most brownish morphos, a narrower ho:t plant range is predicted
for most members of this group.

From these considerations, it ts possible that M. thesexs in Central America
represents a gradient of “near-Batcsian™ to “ncar-Miillerran” mimic of Al poly-
phemus, which is itsclf a “near-Mullerian™ mocicl, since most individuals of it in
local populations are near the unacceptable end of a a palatability spectrum, How-
ever, the absence of glossy white morphos in the South American fauna suggests
that more relevant scicctive agents associated with altitudinal distributien of chalky
white morphos are guiding the evolutionary history of this lincage. The gencraily
broader geographical distribution of Al polyphemus in certain regions of Central
America, as contrasted with the very spotty distribution of M. tbesens (24) is per-
haps further indication that mimetic association is unlikely.

As mentioned for certain specics (catenaiius, laerter) by Skitz (24) and
in greater detaif very recently by Luiz R. Otero (pers. comms.) for these species,
there is very pronounced gregariousness in the chalky white morphos, although
data en the life history of M. thesexs are not yet available. Otcro has informed
us that Morpho laertes lays about 150 eggs on the dorsal surfaces of leaves of
the host plant (various Leguminosae), and that the larvae remain togcther on
leaves and branches (of forest trees) until the fourth instar, when they build
an elaborate silken nest near the extremities of branches. At this stage, the
larvae are very visible, as they cluster in groups (Otero has scen as many as 300
larvae in a group) which hang on the tips of branches. Such behavior is never
seen in browsish morphos nor in glossy white morphos. With respect to the
latter, it is interesting to point out that M. pofyphenus has been classified with
species of the chalky white group (24). However, there is never any gregarious
behavior of larvae in this species, nor are eggs laid in clusters (35). Rather,
the eviposition strategy and larval behavior resemble more closcly those of certain
species of dazzling blue morphos (M. anaxibia and M. menelaus), pechaps indicat-
ing closer phylogenctic relationship with this lineage, as already pointed out with
fespect to mosphological similarities in wing color between polyphemns and
¢cypris.  Studies have not been conducted on the caterpillars of chalky white
morphos, and it would be very interesting to dctermine whether or not larvae
possess defensc secretions such as those seen for at least one brownish morpho
(peleides) and M. polyfhemss, which usually occur singly. Our prediction
is that caterpillars of chalky white morphos such as M. catenarius and M. laertes
may possess very weakly developed defense secretions, in response to the gradual
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reductien in gregarfous habit secn in these species which feed on Leguminosae,
as contrasted with other members such as M. hercales and M. hecuba (Table 2).
Otero has told us that both of these species feed on various Meaispermaceae tathet
than Leguminosae, and that larval aggregations may contain as many as 800
larvae — far excceding the numbers seen in the legume-feeding members of this
group. Owing to recent studies on phenolic compounds associated with
Leguminoseae (14), it is likely that these kinds of host plants offer a greater
petentiality for the cvolution of defense secretions in Morpho larvae and other
herbivores that feed on them, than do the Menispermaceze. If we then assume
that gregariousness was carricd over as a primitive character from the Brassolids,
it would then appcar that a gradual loss of gregariousness was accompanied by
an increasc in the efficiency and effectiveness of dcfense secretions so that
setection favored the development of single oviposition and single larvac as impor-
tant prerequisites for the ecological expansion of the genus Morpho into new
environments (second-growth plant communities and montane foresis). A
similar evolutionary trend is clear-cut in the dazzling blue morphos, as pointed out
earlier. Within this group, there occur different degrees of cluster oviposition
and gregariousness of larvae, ranging from high expression of these phenomena
in those species appearing most closely related to the Brassolids, such as M. gega,
M. pertis, M. adonis, and M. sulkewskyi, species which also feed mainly upon
members of the monocot family Graminae (L. R. Otero, pers. comm.). As one
goes up the lineage and exammes other species such as M. anaxibia and M.
menalans, gregariousness has been reduced to the occurrence of triplets and
pairs of larvac on individual host plants, although this is never seen in brownish
morphos nor in Al polyphemus. The trait of larval gregariousness remains,
however, well developed in all species of chalky white morphos (Table 2), and
until data are obtained on the effectiveness of this behavior of larvae in deterring
predatory and parasitic attack, the selective advantage for this retention of the
Brassolid character cannot be ascertained. 1t is also necessary to elucidate
qualitative and quantitative diffcrences in phenolic content between host plants
in the Menispermaceae for cestain species of Morpho in this group, and host
plants in the Leguminoseaec for other spccies. As indicated by Serrz (24),
species such as catenarius and laertes inhabit primary-growth forest, and it is
probably generally true that the chalky white morphos as a group represent an
adaptive strategy in the genus in which the patterns of general ecology and
behavior remain similar to those of many Brassolids.

SYNTHESIS

We have attempted to present general patterns in the evolutionaty biology
of the geaus Morpho, through correlations between morphological, -ecological,
and behavioral traits. \We have a good record of the wing coloration and
brightness patterns in the genus, althongh our knowledge of ecology and be-
havior is, at the most, rudimentary. Nevertheless, from the sorts of preliminary
data available on certain species from South and Central America, it is evident
that there cxist markedly different adaptive radiations in the genus. OQur thesis
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has been that there occurred four different adaptive radiations in the genus; two
of these were very successful, undergoing extensive speciation and sub-spcciation,
while the remaining two were rather restricted. These evolutionary patterns atc
exemplified well by the Central American AMorpho fauna (Table 1). The dazz-
ling blue morphos represcnt onc major successful radiation jin primaty-growth
lowland wet forests (exemplified by M. amatbonte and M. cypris in Costa Rica)
while the brownish morphes (as seen in M. peleides and M. granadensis in Costa
Rica and El Salvador) have primarily undergonc adaptive radiation in second-
growth plant communities at a wide range of altitudes, but mostly at higher
clevations. The two less extensive radiations are shown by M. thesexs in Costa
Rica, a chalky white morpho, which is found in very limited and patchy geogra-
phical distributions along the Caribbean slopes of the central Cocdillera, and Al
polyphemus, a glossy white morpho, characteristic of higher clevations where it
mhabits both primary-growth (Costa Rica) and secondary-growth (El Saliv-ador)
forests, We summarize below some major points regarding these trends.

Maany of these adaptive radiations have te do with the fact that morphos
are very large butterflies, and thercfore arc potcntially very conspicuous insects
for predators; on the one hand, sclection has operated in one group (chalky white
morphos) towards a retention of important and primitive behavioral characters
known for the majority of the supposedly ancestral Brassolids, a group which
exploits a strategy of crypsis to cscape predation and involving a restriction of
adult activity to heavily-shaded forest. The chalky white morphos have un-
dergone a minor adaptive radiatien into montanc tropical forest where the
species arc always confined to the primary-growth undisturbed forest for the
bulk of their activities related to survivorshap and reproduction.  In Central
America, this radiation is represented by a single species, Adorpho thesens, which
occurs in small isolated populations aleng the Caribbean slepes of the central
Cordillera. Being derived {rom a relativcly ancient lineage, thesens represents an
unsuccessful evolutionary attempt to radiate adaptively at high elevations, since
it exists as only a few subspccies. Likc lowland iselated pepulations of ¢y pris,
theseus at high elevations is predicted to be subject to either random extinctions
or cxtinctions resulting from habitat destructicn by man through agricultural
Ppractices.
The dazzling blue morphos, which exhibit a spectrum of ecological and
behavioral traits indicating a trend towards greater population dispersal (evolution
of single oviposition and non-gregarious Jarvae) but yet generally confined to
lowland primary-growth tropical forests, exploit a stratcgy of survivorship which
involves narrow spectra of larval host plant specificities in which the more
highly evolved specics feed on very unpalatable plants (mostly Leguminosae
and Sapindaceae). In these species, wing brightness in males, maximized by
morphological adaptation in the wings for highest reflectance, which in the usual
bright direct sunlight at the forest canopy or in forest clearings, makes thesc
butterflies very conspicuous to potential predators. It is speculated that one very
highly evolved species of this group, M. cypris, tepresents a lineage of unsuc-
cessful evolution. Pepulatiens ef this species arc small and very isolated, pre-
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sumably as a result of competitive interactions with another dazzling blue species,
M. amathonte, which is relativcly abundant Jocally in lowland wet forests. It
is amathonte which reperesents the successful evolutionary lineage of the geaus
in lowland primury-growth forest environments, We predict that cypris is
subject to beceme extinct locally more rapidly than amathonte in lowland wet
forests of Central America, due to massive agricuftural practices involved in
lumbering and farming.  Like the Central American specics of Drosophila studied
by Dobzhansky and his associates, genetic variation in isolated populations of
cypris will be low, favoring rapid extinctien induced by environmental (habitat)
changes. \We maintain that M. polypbemus, which may have evolved in [ow-
lands from cypsis or cypris-like ancestczl form, represents a relativeiy recent
ccological expansion into montane primary acd second-growth forests. Presumably
n respensc to competitive interacticns in lowlands with amathente and cypris, this
species has cscaped from an unsuccessful pattern of habitat exploitation to a
successful ore by moving up altitudinai gradicsts. Initially polyphesnus remained
a forest species at higher elevations, but in some regions of Central America (E!
Selvador), it has subsequently moved into second-growth habitats.  Being a
relatively recent  evolutionary cvent, the “glorsy white morpho” lineage, as
exemplified by a single specics, pelyphemus, may undergo further divergence.
Comparative studies of the ccological statistics of 2. polyphemus between Costa
Rica and El Salvador should reveal diffcrent adaptive ccological strategies; in
Costa Rica, the species is predicted to peccess life table features characteristic
of specics well-integrated into tropical cemmunitics, while in El Salvador, the same
statistics weuld be skewed towards those of colonizing specics — as a response
by natural selection towards a riew pheaotypic norm rosulting from environmental
alteration due to massive land clearing by man. Costa Rican populations, on the
other hand, would be characterized by strong stabilizing selection rather than
such disruptive sc'cction. Electrophoretic studies of enzyme systems of /M. poly-
phemus in Costa Rica and El Salvador would therefore be extremely interesting
to pursue, and important for verification of this idea.

Based on gross morphological features such as gencral wing shape, it
appeurs that another major successful evolutiouary lincage of Alorphbo is re-
presented by the brownish morphos, a very Jarge and diverse group, characterized
by a tremendous number of subspecies in Scuth American fachiiles, achillacina)
and Central American (pzleides) species. The group undoubtedly originated in
Jow'and tropical forests, as some members retain the cryptic features of Bras-
solids, but the major adaptive stratcgy has been the invasion of second-growth
habitats at many altitudes, and a general geographical expansion into montane
forests, A majer difference betwcen this group and the glossy wbite morpho
lincage is that the brownish morphos are ancient, having undergone an carly suc-
cessful teansition from being species well-integrated in primary-growth forest
communitics to becoming well-integrated into the less stable second-growth
communities. Evolutionary studies of M. peleides or M. achilles should facus
upon 2n estimation of relative amounts of genetic varizbility in local populations
along altitudinal transects, and between different types of sccond-growth com.
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munities,  Furthermore, comparative studies of life table statistics, and tlhe
variance about these and related parameters must be made along alttudinal tran-
sects and between diffcrent plant communities. A more rectangular-shaped survi.
vorship curve is predicted for populations of M. peleides in morc stzble plant
communities, while the variance about mean values for ccological statistics such
as fecundity, body length, etc, shou!d be lower in thesc populations. Genetic
vatiability should also be lower. Species such as peleides or achiiles offer ideal
opportunities for detailed analysis of the genetic prepcrties of colonizing forms
as contrasted to those of non-colonizing forms, in which forms may tucn out
to be different subspecies. Also of importance would be comparizons of Jarval
host plant specificities among these populations as a mcans of determining if
lewland subspecies are more unacceptzble as prey as a wshole popualation (granied
the existence of automimicry) than second-growth or montane forest populaticns.
Related to this would be the nced to measure subile diffcrences in wing bright-
ness (reflectancc) propertics among subspecies from different environgrenls, 2s
an index of relative acceptability as prey; subspecics populations characterized
by a higher proportion of brighter individuals vould suggest narrower loca] host
plant specialization asid greater unacceptability. Studies arc now in progress te
compare reflectance properties of the wings of A, peleides from specimens col-
lected along altitudinal tramsccts from Puerto Vicjo (98 m) to Cuesta Angel
(1000 m) ia Costa Rica, as a preliminary step in this direction. Right cow,
we know that qualitatively wings of male peleides from Puerto Viejo appear
brighter than wings of peleides frem Cuecsta Angel. Such measuremeuts should
also be made for ackilles in Brazil.

Species of brownish morphos are predicted to be relativcly insensitive to
selection pressurccs favoring local extinctions of breeding populations or demes.
High genetic varability, broad larval host plant specificity, high mecan adult
population density, and high adult vagility are characteristics of the brownish
morphos that permit successful colonizing episodes in  response to  habitat
destructior. induced by climatic factors (mud slides, river floods) or by man
(road constructions, agricultural practices, etc.). Like the successfuily adapted
dazzling bluc morphos in lowland wet primacy-grewth fo:zests, the brownish
morphos of second-grewth wet forests at any given altitude are genetically and
phenotypically adaptcd to some forms of habitat altzration, and perhaps even
mere so than dazzling bluc morplos. A major differcnce in adaptive strategy
between the two groups may be that dazzling blue morphos are VK strategists”
while Brownich morphos are “y strategists”. Species in very stable communities
are predicted to cxperience Strong K selection whiie species in less stable com-
munities experience 7 selcction.  Such predictions are testable with specics such
as peleides and amathonte since populations of both buttesflies are readily ac-
cescible, pesmitting estimations of developmental time, age-specific fecundity
(my), and age-specific mortality (/x).

It is realized that within the four groups originally postulated in this
vaper. there will exist differences among member specics for the various ecological
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and behavioral traits discussed. It is our belief that finc-analysis comparison of
these differences, rather than relying solely upon morphological components of
the phenotype, will provide a more comprehensive picture of the evolutiomary
biology of Morpho. Studies should emphasize: (a) dctailed dacumentation of
local spectrum of host plant acceptance, (b) the relative unacceptability of larvae
and adults reared on the various host plants of a lecal population, (¢) measurement
of the variance about tmean egg cluster size and mean size of groups of gregarious
larvae within local populations of a subspecies and among different populations of
the same subspecies and different subspecies, (d) further detailed study of pattecns
of daily movement of individuals in the environment and precisely how they
relate to courtship and population dispersion, (e) estimation of rates of parasitism
and predation on eggs, larvae, and adults among different populations of the
same subspecies at different altitudes or varying degrees of plant succession, (f)
estimations of the amount of genctic variability in different populations of the
samc subspecics and betwcen different subspecies, and (g) laboratory breeding
studies on selected species such as Morpbo peleides and M. ackilies, to clucidate
the genetic mechanisms underlying subspecies-status detcrmination, zones of
hybridization in nature, or zones of gene introgression. Studies of this sort have
been profitable in other species. Experiments on the genetics of Heliconins
melpomene (TURNF.R, 28) have been useful in elucidating mechanisms of genctic
varability as a function of geographical distribution ef populations; similar
analyses with species such as M, peleides could also be pursued with like success.
These studies have been initiated with M, peleides and M. polyphemns in Costa
Rica and El Salvador since these spccies appear to have nndergone major ccological
expansions (peleides) or are stifl in the pracess of doing so (polypbemuys). Such
information, however, is needed for many species of Morpho, if the predictions
discussed above and summarized in Tables 1 and 2 are to be confirmed. As a
genus, the morphos offer an excellent opportunity to analyze mechanisms of
adaptive (ccological) radiation that are characteristic of relatively few tropical
groups of butterflies, with perhaps the exception of the genus Parides and selected
genera of Satyrinae.

We would hope that our approach with Morpho buttecflies could be
extended to studies concetning ecological expansions in other groups of tropical
organisms.  Since differcnt ecological expansions within a taxonomic group
result from extensive or recent evolutionary events involving adaptations of
different members of the group to different kinds of terrestrial habitats (i.c.,
along an altitudinal gradient, or between different communities at a given
altimde) it is useful to examine the various character states of morphological,
behavioral, and ecological traits in representative species within these habitats.
As we have attempted to do hete with Morplo, it should then be possible to
make somne predictions about the incidence of successful and unsuccessful evolu-
tionary adaptive radiations which can be accounted for in terms of the traits studied.
We now propose to return to the field to examine further these traits in Central
American Morpho, as an approach to testing predictions (Table 3) about those
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aspects of phenotype exhibited by different species in various tropical environ-
ments.
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RESUMEN

Se estudié caracteres morfol6gicos, de comportamiento y ecolégicos de
especies centro y sudamericanas de mariposas Mosrphe para tratar de explicar
Ja distribucién geogrifica y ecolbgica actual del género en América Central. El
enfoque principal fue sobre las radiaciones adaptativas, exitosas o no, de dife-
rentes grupos de especies en distintas alturas y en comunidades vcgetales pri-
marias y secundarias. Se postula que existen dos radiaciones adaptativas exito-
sas mayores de Morp/so cn Centro Amcérica caracterizadas en la actualidad por
tres especies: M. gramadensis y M. peleides hacia comunidades secundasias cn
bosques de bajura y del montano, y M. amathonte hacia bosques primarios de
bajura. Las tres especies tienen territorios amplios en donde existen sus habitats,
todas son comunes localmente y por lo menos dos de ellas {grenadensis y pelei-
des) muestran altos niveles de subespeciacion y de variacién. Los fracasos de ra-
diacién adaptativa, caracterizados por poblaciones pequerias aisladas y por ba-
ja subespeciacién, se evidencian en América Central por AL cypris en bosques
primarios de bajura y por M. theseus en bosques primarios del montano. Morpho
polyphemus representa una posible transicién entre una radiacién adaptativa fra-
casada en bosques del montano y una radiacién adaptativa exitosa en bosques
de bajura y del montano,



10.

11

12.

13,

14.

260 REVISTA DE BIOLOGIA TROPICAL

LITERATURE CITED

Bricss, J. C.
1966. Zoogeography and cvelution. Ezolztion, 20: 282-289.

Browser, L. P.

1970. Plant peisors in 2 terrestrial food chain and implications for mimicry theory,
p. €9-82. In ‘T. Swain, (ed.), Biochemical Evelution, Cotvallis, Oregon
State Univ, Press.

Buewer, L. P, J. V. Z. Brewsr, « J. M. CORVINO
1967. Plant poisons in a terrcstrial food chain. Proc. N«t. Acad. Sei, US.A, 57:

893-898.

CoLx, L.

1954. The population consequences of life history phenomena. Quurt. Rev. Biel,
29: 103 137.

Costa LiMA, A. M.
1936. Tercers0 catdogo dos insetos que wivem nas plantas de Brasil. Direct
Estatistica da Produgio, Seccdo de Pudlicidade, Rio de Janeiro, 460 pp.

DrrHIER, V. G.
1954. Evolution of feeding preferences in  phytophagous insects. Evelution, 8:
33-54.

DsTHIER, V. G.
1959. Food-plant distribution ard density and larval dispersal as factors affecting
insect populations, Cuned. Entozel, 91: $81.596.

EnruicH, P. R.

1958. The comparative morphology, ptylogesy and higher classification of the
butterflies (Lepidoptera: Papilionoidea), Kamsas Univ. Sci. Bull, 39:
305-370.

EngruicH, P. R, & P. H. RAveN
1964. Butietflies and plants: a study in coevolution. Esolution, 18: 586608.

GooniaN, F. D., & O. SALviN
1879-1901. Biologix Centrali-Americana. Iusecta. Lepidoptera-Rbopalocera, London,
3 vols,

IsTock, C.
1970. Natural selection in ecologically and genctically defined populations. Behav.
S¢i, 15: 101-115.

JaNnzen, D, H
1967. Why mountain passes are higher in the tropics. Amer. Nas, 101: 233.249

LaBiNe, P. A

19¢8. The population biology of the buttesfly Eupbydryas editha. VIII. Oviposition
and its relation to patterns of oviposition in other butterflies, Evolution, 22;
799-805.

Levey, D. A,
1971. Plant phenolies: an ecological perspective. Amesr. Nas, 105 157-181.



15.

16,

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

2ii.

28.

29.

YOUNG & MUYSHONDT: CENTRAL AMERICAN MORPHO BUTTERFLITS 261

Levins, R,
1968. Ewolution in changing environments, Princeton Univ. Press, Princeton, New
Jersey. 120 pp.

LewonTiy, R. C.
1965. Seclection for colonizing ability. p. 77-94. Ix G. L. Stebbins, & H. G. Baker.
(eds.). New York, Academic Press.

MARGALEF, R.
1968. Perspectives in ecelogical theory, Univ. of Chicago Press, Chicago. 98 pp.

Mavr, E.
1963. Animal species and evolution. Harvard Press, Cambridge, Mass. 797 pp.

Mvyers, C. W
1969. The ecological geography ef cloud foress in Panaina. Amer. Mus, Novit. New
York, No, 2396, 52 pp.

Ortre, L. S,

1971, lInstruc@es para criacdo da borboleta ‘Capitdo-do-Mato” (Morpho achiliaena)
e outras especies do genero Morpho (“Azul-Seda”, "Bois?, " Azulao-Branco”,
"Praia-Grarde”). Inst. Brasileiro de Desenvolvimento Florestal, Rio de Ja-
neiro, 27 pp.

Pirps, J. M., TH. DoB2HANSKY, a G. A. BLACK
1953, An estimate of the number of specics of trees in an Amazonian forest com-
munity, Bet Gaz, 114: 467-477,

RicHARDS, P, W,
1952, The tropical tain forest. The Univ, Fress, Cambridge. 217 pp.

ReTH, 1, & T. M. BiIraNO
1971.  Morphological and anatomical studies of lcaves of the plants of a Venezuelan
cloud forest. 1. Shape and size of the leaves. Act. Brel. Venez, 7: 127.156.

SErrz, A. (ed)
1924, The marrolepidoptera of the world, vel. 5 The Amevican Rbhopalocera, Alfred
Kernan Verlag, Stuttgart. 1139 pp.

SLoBopKIN, L. B.
1970. Tropical biology in London (book review), @zart. Rev. Biol, 45: 373-376.

SimMmonps, F. 1.
1944. 'The propagation of insect parasitcs on unnatural hosts. Bull, Entomol. Res.,
35: 219-226.

Syesains. G. L.
1951, Vurigiion énd evolrtier in plants. Colombia Univ. Press, New York. 643 pp.

Turner, I. R, G.
1971, Two thousand generations of hybridisation in a Heliceiius butterfly. Evolutien,
25: 471-482,

YouNG, A. M.
1971. Community ecology of some tropical rain forest butterflies. Amer. Midl.
Nat, 83 146-157.



30.

Bl

32.

33.

34.

35.

262 REVISTA DE BICLOGIA TROPICAL

Young A M.
1971, Wing coforation and reflectance in Morpho butterflies as related to zeproductive
behavior and escape from avian predators. Oerelogia, 7: 209-222,

Youne, A. M. -
1971. Notes on gregarious roosting in tropical butterflies of the genus Morpho. |.
Lepid. Soc., 25: 223-234.

Youxng, A. M.

1972, Adaptive stratcgies of fecding and predator avoidance in the larvae of the
neotropical butterfly, Aorpho peleides (lepidoptera: Nymphalidae; Mot-
phinae). J. N. Y. Entomol. Soc. 80 (in press).

Younc, A. M.
1973. Notes on the comparative ¢thology and ecology of several species of Morpho
buterflics in Costa Rica. Stwd. Neotrep. Fanra, 8 (in press).

Youne, A. M, & A. MUYSHeNDT
1972. The biology of Mospho peleides in Central Amesica. Corib, ]. Sci. 13 (in
press).

Youne, A. M, & A. Muysuenp7t
1972. Biology of Morpho polyphemus (Lcpidoptera: Morphinae) in El Salvador.
J. N. Y. Entonol. Soc., 80 (in press).

Fig. 1. Top row, left to right: AMerpho amarhente centralis
(¢9). “dazzling blue morpho”; Morpho polyphemus
polyphemus (), “glossy white morpho™. Bottom
row, from left to right: Morpho peleides timpida ( 3 ),
“brownish morphe”; Merpho thesens thesens (g),
chalky-white morpho”. The butterflies are from
various regions in Costa Rica.
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