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ABSTRACT

Heliconins bermathena i5 a littleknown butterfly which is resericted o certain noo-forest habitats in the Brazilian Amazon.
Unlike forest species of the genus, H. hermatbena has not undergone subspeciation in areas of presumed Quarcrnary for-
est refugia, but rather shows a unique racial distribution apparently related o present occurrence of isolated non-forest
habitats. Three subspecies (two previously undescribed) are non-mimetic and litdle differentiated, whereas a fourdh,
H, b. vereatta, is strongly mimetic of sympatric H. m. melpomene and H. erato bydara. The non-mimetic subspecics are
apparently widespread, although of parchy cecurrence and often ar very low population densities. In conrrase, the mimetic
subspecies is very restricted grographically, being known only near Faro, Para (though its models are widespread and
oven microsympattic with non-mimetic bermathens in many other arcas}. It occupies essentially continuous habitats with
in its limited range, and atrains ulation densities and sizes much greater than do non-mimetic races. Adule morpho-
logy places H. Aermathend near Epﬂﬂﬁ- and H. ¢haritonia, bur the pupal chamacters suggese thar the species @s relanvely
primitive, near w0 the melpomene-group of the genus. Both eraro and charifomia are widespread and successful species,
whersas the distribution of hermatbena suggests thar i is a specialized relict. The larva is uniquely colored bright red
or orange, possibly for the purposes of signaling (aprsematism linked to Millerian, mimicry, or ease of location by
adults), Imaginal bermatbens are very sedentary, with individuals apparently establishing restricted home ranges, gener-
ally within a radius of 100 m of their nocturnal roosting sites. Roosting behavior is unique among Helicomiar in thar
the butterflics agerepate on the undersides of leaves and prass blades about one-half merer from ground level. This be-
havior seems ro afford maximum protection feom weather and predators in their specialized habitats. As larval host
planes, bermathena uses only two woody sclerophyllous species of primitive Pasriflora, P, farcawa and P. hexagonocarpa,
characreristic of namral Amazonian scrub-vegetation communities on deep sandy soils. Alluvial sands supporting these
communities are widely distributed over the Amazon, especially along the ourwashes of the Brazilian and Guianan shields.
The genetic basis for mimicey in H. b versatte is apparently a single factor with essentially dominant effecrs. The mi-
metic subspecies intergrades with o non-mimetic race north of Faro, resulting in a narrow hybridization zone. The co-
mimijcs of pereatta become progressively rarer northwards across this zone, and are decreasingly microsymparric with ber-
mathewa where the non-mimetic phenotype exists in higher frequencies, Mimetic selection appears w be even strong
enough to maintain local differences in genic frequencies, with mimetic forms becoming more common in closed hubi-
tars where models fly, and non-mimeric E:rms { perhaps profiring by “flash-disraprive” colomation) predominating in adja-
cont more-open habitacs,

RECENT RESEARCH has suggested thar pasc cli
matic flucruations were important in producing the
parallel patterns of geographic differentiation ob-
served in Neotropical plants and animals {Turner
1965, 1971a; Haffer 1967, 1969, 1974; Vanzolini
1970; Vuilleumier 1971; Miiller 1972, 1973, Prance
1973%; Brown, Sheppard, and Turner 1974; Brown
1976, 19772, 1977b), as has been demonstrated in
other topical regions (Moreau 1963, 1966, 1969,
Mayr 1969; Kingdon 1971; Vanzolini 1973). In the
American tropics, the locations of races and semi-
species, and the zones of contacr and hybridization be-
tween them, are repeated with minor variations across
a wide variety of taxonomic groups, and occur over an
area in excess of 8 x 10* km®, which roday 15 pracric-

1 This paper is Part VII in the series “The Heliconians of
Brazil (Lepidoptera, Nymphalidac}." For Pare VI see
Brown and Benson, 1973, Contribecon number 1% of the
Programa de Fcologia, Instituto de Biologia, Universidade
Esradual de Canmipinas,

2 Present address of boch auchars,

ally continuous humid forest, broken only by occa-
sional broad rivers, low mountain ranges, and isolated
savannas. It has been proposed thar these many local
differentares were produced during drastic reduc-
tions and fragmentations of an earlier near-contin-
uous forese, caused by one or more major climaric
cycles during the Quaternary, probably correspond-
ing with well-known northern glaciations ( Vuilleu-
mier 1971). The resulring forest islands formed isols-
ted refuses which acted as centers of evolution for
previously widespread species, giving new subspecies,
semispecies, and full species. According to the moxdel,
cach differentiate spread our during wetter periods
with the advancing forest, and evenrually mer sister
forms from other refuges. Zones of secondary con-
tact were formed where the populations met one an.
other. in areas which can often be recognized today
by their relatively heterogeneous flora and fauna, in-
cluding relict non-forest elemenes (Haffer 1974,
Brown 1976, 1977a, 1977b}.
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FIGURE 1. Map of localities of Heliconims bermatbena.
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Recenr studies uwsing the Heliconiini  ( passion
flower burterflies) as indicators of the continental re-
fugia (Brown, Sheppard, and Turner 1974; Brown
1976) have located 42 Neotropical forest cenrers of
differentiation (including at least four isolated islands
which may still be acting in the present ume). The
principal isolation and differentiation, however, pro-
bably occurred no less than three, and more likely
ten to twenty thousand years B.P., and surely over
many thousands of generations. As the forest is to-
day near its peak expansion, che differentiation of
forest organisms may have stalled relacive o its pre-
vious importance, being presently only inferrable in
highly sedentary species with very patchy distribu-
tions (such as Helicominy demeter; Brown and Ben-
son 1975a). However, the expansion of the Neotro-
pical forests has more recently enclosed and cut off
islands of natural scrub and field vegetation (re-
ferred to in Brazilian scientific srudies as "campo,”
“cerrado,” “psendocaatinga” "campina,” etc®}. In
these habitats species adapred to the high-light, low-
humidity, and often harsh conditions of more open
areas might be expected to be undergoing current di-
vergent evolution,

95 Brown and Benson

Such a species is Helicomins bermathena Hewit-
son (Brown 1972). While syscematically quite close
to typical forest species in the genus, it does not show
clear-cut differentiation patrerns linked to well-de-
fined refugia as do irs closest Amazonian relarives
{ Brown, Sheppard and Turner 1974; Brown 1976),
and is today restricted to hot, bright "campina” and
similar open habitats. As these areas were presum-
ably united in the past (Miiller 1973, Haffer 1974},
but are now widely fragmented in the range of her-
mathena (which includes the Brazilian Amazon
near the Rio Negro, Rio Amazonas, and lower Rio
Madeira; fig. 1), it might be expected that local race
formation, related to historical patterns of ecological
conditions, could be found ro exist in this species and
those in close association with it. Such has been con-
firmed to be the case.

2 These terms refer to distince classes of vegetational forma-
tions, and are wseful for distinguishing among different
communities of sub-forest vegetation. A general treatment
of Brazilian vegetation types 5 outside the scope of this
paper; the intereseed er is referred tw the following
works: Ducke and Black {1933), Beard (1933, 1933),
(19693, Janxen (1974), EBiten {1975}, and cheir con-
tained references.
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SYSTEMATICS

Untl 1972, only one form of bermathena (Hg
2A} was known to most entomologists. It correspon-
ded with Hewitson's original description (1833)
and could be captured only in select scrubby vegeta-
rion mixed with open “"cerrado” (fig. 2B) south of
the Amazon and Negro rivers (localities near San-
tarém, Juruti, Maués, Uypiranga across the Rio Ne-
gro from Manaus, and Tomar; sec map, fig, 1), Two
additional names, verearts and bydarivs (male and
female, respectively ), were applied by Stichel (1912)
o a pair of specimens sent him by Adolph Ducke,
collected in 1911 near Faro, Pard, a locality which
was correctly suggested by Emsley (19G3) to be
"near the periphery of the species’ range.” The other
10 specimens of the series from which the types
were designared were donated by Ducke 1o the Mu-
seu Goeldi in Belém and remaned undiscovered by
entomological taxonomists. Only the two types exis-
ted in the British Museum (Narral History} as can-
gible evidence for the reality of these strange and
presumably mimetic forms, which were described as
essentially lacking all the yellow spots and stripes
on the hindwing characreristic of bermathena. there-
by strongly resembling H. melpomene melpomene and
H. erato bydara which are mart black with 2 broad,
red post-median band on the forewing.

On 28 Ocrober 1971, a population of a new her-
matbena subspecies was discovered by Dr. and Mrs.
Philip M. Sheppard in the company of the first au-
thor, in the Reserva Campina of cthe Instituto Na-
cional de Pesquisas da Amazdnia, located about 60
km north of Manaus on the new highway being builc
o Caracarai (fig. 1), This population was smdied
in Febroary 1972, and July-August and November-
December 1974, A small series of specimens was cap-
mred and bred from eggs and larvae found in the
field and obeained from a female in the insectary.
These specimens are uniformly different from her-
mathena from south of the river in that chey possess
a narrower red band on the forewing, which is less
mixed with yellow pigment on the ventral surface
{ more easily compared in fresh specimens ), and have
a more ccuncate line over the forewing cubitns, As
the restricted habitac and sedentary habits of berma-
thena make crossings of the broad Rio Negro most
unlikely. ic is virtually cerrain thar populations north
of the river are isolated from typical bermathena o
the south. The factors of geographic isolation and
morphological differences justfy the designation of
the new subspecies H. A sheppardi (fig. 2C),
which we dedicate to its discoverers. The only other
known populations of this subspecics occur on and
around a sandscone rockfield approximately 70 km

north of the type locality (fig. 1). Ducke reporred
seeing the species, presumably this new subspecies,
on 2 number of campinas not far from Manaus (Sti-
chel 1912), although apparently no specimens found
their way to generally available collections. It may
be expected to ocour in nawmrally scrubby habirats
(figs. 2D, 2E) necar to the north bank of the Ama-
zon and Negreo rivers, from the eastern part of the
state of Amaronas west perhaps into eastern Colom-
bia and southern Venezuela, The known hermathena
from the upper Rio Negro (Barcelos, Tomar, Sio
Gabriel da Cachoeira) are apparendy from south-
bank localities and represent the nominare subspecies.
The only known specimen from southern Veneruela
(Yavita, 7-IX-47, "brought in by an Indian boy,” in
the collection of René Lichy, see figs 1, 2F) is closer
to A sheppardi than o b bermathena, butr differs
from both in the wider costal end of the red fore-
wing median band, When this population is ade-
quately sampled, it will probably merit a further new
name,

Microsympartric heliconians at the type localicy
of b sheppardi (Reserva Campina) include Philse-
thra pygpmalion, Heliconins naemata, and H. sara tha-
mar (all of which sometimes use the same foodplant
as bermathena), Agrawlis vanillae, and Dryar dalia.
Occasional Heliconssr erato amalfreda and Eseides
taler tales fly through the campina, and H. demerer
beebei is found around irs edges, bur all of these are
more frequent in nearby woods along with H. acede
astydamia, H, wallacei wallacei, and H. burneyi cather-
inge, Mo symparric heliconian ot any other buteerfly
found in campina habitats bears even a remote resem-
blance w H. bermatbena sheppards (fig, 2C) , indicar-
ing that the new subspecies represents one of the very
few known non-mimetic Helicominr {see Turner

1971 ).

The small village of Faro, Para, guards the lower
Rio Nhamund4d where it turns abruptly eastward eo
parallel the main course of the Amazon River
through a wilderness of channels and seasonally sub-
merged islands, before joining far to the east with
the Rio Trombetas near its junction with the Rio
Amazonas (fig. 1). Across and down the river from
Faro is the village of Nhamunda, in the state of Am-
azonas (the river forms the stare boundary). North-
east of this settlement, along a broad inler on the
Pari side, are cleared fields bordered by heavy woods,
which. after less than a kilometer, give way suddenly
0 a large natural field (fig. 3A) on deep sandy
soil. In this locality, Campos do Tigre (about 7 km
due east of Faro), Adolph Ducke collected a new
Parseflora later described as P, fercana Harms {see
Killip 1938; 345). This circumstance led us to be-
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lieve that it was also the exact locality where he
collected che type series of the most unusual mime-
tic suhﬁpu:ciﬂ, H. bermathena vercatia.

Both the plant and the insect are indeed present
and common in this field, occurring principally on
the edges of small bummocks of vegeration 1-4 m
high, On the day of rediscovery of this population
(235 July 19733, verearta (fig 3B) was the com-
monest butterfly in the field. Of the 34 individuals
seen between 0830 and 1200, only one (fig. 3C)
had any yellow markings on the hindwing (one of
Ducke'’s 10 specimens deposited in Belem also pos-
scsses yellow marks). The population was almost
equally divided between males, with a yellow sureak
over the forewing cubitus, and females with a much-
reduced red streak in cthe same position. Stichel bap-
tized the female form bydarima, which is here de-
clared a SYNOAYIm of rereatta, Also present in the
same habitar with vereatta were the very similar and
widespread forms H. m. melpomene and H, erato
bydara (fig. 3D), confirming the mimetic nature
of the vereatta color-patrern. In fact, on the day
of rediscovery, a vereaita was capmired in an iso-
lated woods near the center of the open area on =
flower which was visited immediarely afterwards by
a nearly idenrical female of H. srato bydara; the two
were indistinguishable to the collector.

Abour 15 kilometers north-northeast of the Cam-
pos do Tigre, near Km 27 of the teack from Faro

to Terra Sanra, there exists another large and ecolo-
gically similar field (fig. 1). Here another colony
of bermathens was discovered on 7 February 1973,
and smdied more extensively in July. The popula-
tion was very dense on both visits. Flying in parches
of scrub (fig. 4A) and swamp (“campo brejo,” fig.
4B ), the population was unequally divided between
vereatta (fig. 3B) and a2 commoner, previously un-
known form (fig. 4C). This lacter, like verearra,
was larger and more richly red-colored than typical
hermathena, and possessed a series of red postmedian
spors on the ventral hindwing. However, the hind-
wing was otherwise very similar to that of H. ferma-
thena sheppards, with a variable but normally com-
plete array of yellow markings. This dimorphic ber-
matbena population was microsympatric with H,
m. melpomene on the edge of the field and
inside the brushy swamp, a hybrid population of
H. erato amalfreda x bydara, including abour 40 per-
cent of red-banded individuals and occasional typical
bydara (fig. 3D}, was present in the nearby woods
in July (in February H. ersto was very infrequen:
near the field and those few observed were of the
amalfreda phenocype, with a yellow forewing band ).

Fifteen km farther northwest, by an inlet on the
north side of the east 1o south bend of the Rio
Nhamunda about 20 km due north of Faro (fig. 1),
a further hermatbens population was encountered,
this time in typical dry “pseudocaatinga™ (= ex-

FIGURE 2. Heliconiur hermathena bermathena, H, b, theppardi nov. subsp. and their habitars. The buserflies are life
size; color is black, yellow, and red; and in each illustration the left side of the busterfly is dorsal, the right side ventral.
2A H. A erig, male {upper) and female {lower), Santarém, Para (coll. K. Brown). 2B. Habitat of M. 5 ber-
matbena, near Santarem, 2C. Heliconiws bermathens she, ¥ new subspecies. 2D, Beserva Campina, north of Manaus;
where the first specimen of H, b, theppardi was captured (note Paisiflora feroans vine in left foreground), 2E, Reserva
Campina where additional specimens of theppardi were caprured. 2F, H. hermathena subsp, male, Yawita, Territorio
Federal Amazonas, Venexuela, 7-1X-47 (R. Lichy). Adult male H. b sheppords (fip. 20} dorsally {left side of upper
illustration ) similar to0 nominate subspecies (fig. 2A) ber has a disdnctly narrower forewing postmedian red band {less
than 10 mm wide along vein M. in normal 400 mm forewing individuals, v5. 10-12 mm in b fermatbens). On vencral
surface (right side upper illustration) the forewing band is reddened in color, whereas in the nominate subspecies ic is
lighter, orange or salmon-rode, which is best seen in fresh specimens as the red fades with passape of time. The yellow
streak over the forewing cobirus is not strongly elongated into space Cuy-Cug, usually for less than Smm whereas in b
bermatbena it is usually 6-15 mm long. Adult female (fig. 2C lower illustration) is similar to male, bur has the exmen-
sion of the cubitl swreak rending to red distally. Both sexes have a narrow yellow median band {more distal than that
of B bermigthewa) and two series of doubled intervenal submarginal yellow spots on the hindwing, which bears on che
wventral surface four red basal dots and a yellow cubical scripe.

MATERIAL STUDIED: Braril, Amazonas, Heserva Campina of the Instiouro Macional de Pesquisas da Amiazonia, on the
Manaus-Caracarai highway 45 km norch of the Policia Rodoviarin which is at the bifurcation of the Manaos-ltcoariara
and Manaus-Caracarai highways, pseudocaatinga on the east side of the highway (figs. 2D, ZE), south of a dip with a
seream flowing west inro the upper Rio Tarumi: 11 February 1972, holotype male and one paratype female donated by
the authors to the Museu MNacional, Rio de Janeiro; 28 October 1971, three female paratypes, two captured by Philip and
Pat Sheppard (one donated to the British Museum (Narmural History ), the other two in the collection of K. Brown); 11
February 1972, four male pararypes {onc donated o the Instimato Macional de Pesquisas da Amazdnia, one in the col-
lection of K. Brown, two in the collection of W, Benson); 28 December 1975, one male in the Instituto Nacional de
Pesquisas da Armardnia, collected by Lindalva P. de Albugquergue; 11 April 1976, owo male paragypes, collected by P F
Biahrnheim in the collection of the Departmento do Zoolopia, Universidade Estadual de Campinas; 8 July 1974, one male
paratype; 7 August 1074, owo male and two female paratypes; and 6 December 1974, two male paratypes (in the collection
of W, Benson). Km. 130 on the Manaus-Caracarai highway in a rockfield with some campina vegetation in the head-
waters of the Rio Umaby: 1 December 1974, owo males and one female pararypes (in the collecoon of W. Benson).
“Manaus, Taruma”: one male paratype in the Musea MNacicnal, Rio de Janeiro, No. 16/040, “"Tabocas, Rio Caguera, Co-
lombia”, one male paratype in the Musea Nacional (May collection, Mo, 4/337; this locality is probably erroneous, as
miost of the other Helfcowiar in the same ot ate H. mealpomens mertand, a subspecies known only from norch and east
of Manaus inco the southwestern Guianas).

Funlutinn in Helicanins harmathana abe]
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tensive campina, as fig. 2D). The population was
of low density, and in our two visits we only suc-
ceeded in taking four specimens and in seeing rwo
more. All the individuals were smaller and less
richly colored than vereastra, and were very similar

to H. k. sheppards except for the retention of the
full series of red dots in the postmedian area of the
ventral hindwing, as in vereatta, and the consistently
smaller size of the hindwing median yellow stripe.
As no burterflies comparable to verestts in size and

x
Y

a
n

FIGURE 3. Heliconius hermathena vereatta Stichel (probably roporypic), its habitat and its comimics. Butterflies are
life size; color is black and red with a yellow forewing streak in male sereatia (the left side of each bunerfly illustrarion
is dorsal, the right side is ventral). 3A. Campos do Tigre seen from a light airplane at about 500 m, looking north
from lower part of field. 3B. H. b vereatta, male (upper) and female (=hydarina) (lower), dorsal (left) and ventral
{right) wing surfaces, Campos do Tigre, east of Faro, Pard, 23 July 1973, K. Brown collection. 3C. H. b, verealta, var-
ieey with yellow marks on the hindwing, Campos do Tigre, 23 July 1973. 3D. Heliconinr erato hydara, female, Campos
do Tigre, 23 July 1973, K. Brown collection (upper). Helicomins melpomene, male, Km. 27 Faro-Terra Santa track,

20 July 1973, K. Brown collection (lower).

100 Brown and Benson
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FIGURE 4. Helicominr bermathena dwckes nov. subsp., varieties and habirar, Burterflies are life size; color is black,
yellow, and red (the left side of each buterfly illustration is dorsal, the right side ventral). 4A. "Field” colony habitar, look-
ing west from road across archipelago of scrub patches, Km, 27 Faro-Terra Sanea track, 4B, "Swamp” colony habirar, edge
of vegetation on east side Km. 27, 4C. Morphs similar o bermatbera found mixed with vereatta in the field ar Km. 27
of the Faro-Terra Santa track; male {upper) and female (lower), K. Brown collection, 4D, Helicoming Aermathena
Jﬂ:ker new subspecies. Adule male (upper) and female (lower) dorsally (lefr) very similar 1w H. & :.&.rpﬁ-am'r differ-
ing principally 1n the reduction of the yvellow median ha: on the hindwing., Ventrally (right) different in the consistent
presence of a series of five to seven intervenal red dots in the postmedian area of the hindwing, forming a very slighdy

marginally convex series from the anal border to near the apex (rhese dots are occasionally, though weakly, represented
in eastern populations of b bermatbena south of the Amazon River),

MATERIAL STUDIED: Brazil, Para: scrub along northeastern inlet at bend of Rio Nhamunda, 20 km due north of
Farp, 22 July 1973, HOLOTYPE MALE donated the authors o the Museu Macional, Rio de Janeiro, K. Brown leg.
One paratype female, same locality and dare, dﬂnatui‘ by the authors to the British Museum ( Narural History ), K. Brown

Evalution in Heliconius hermathena 101
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color were seen in this area, it may be presumed thar
this colony is homogeneous. The form is thus de-
scribed (fig. 4D} on the asumption that it repre-
sents a northeastern subspecies of hermathena, carrier
of the red dors which persist in verearta, No addi-
tional popularions of this form have been discovered
to date in this poorly explored region, bur it should
be looked for in campina vegetation in upland north-
central Pard. The name is proposed in homage of
the well-known Amaronian botanist Adolph Ducke,
collector of H. bermathena and its foodplanes in
many parts of the Amazon Basin. The red dots on
the ventral hindwing characteristic of vereatta and
duckei appear very occasionally in populations south
of the river (see Emsley, 1965); one individual in
73 taken in late 1975 near Juruci, Pard, across from
Terra Santa (fig. 10), showed them, indicating that
individuals may be able to cross the relatively narrow
Amazon River in western Pard, perhaps aided by
predominently northeasterly winds.

ECOLOGY

In our studies of Heliconins bermathena we have had
the opportunity 1 make numercus observarions of
ecology and behavior, For the mose part, observarions
made in different subspecies correspond fairly closely,
except for H. A, vereatta. Therefore, we present here
our general observarions on H. 4. hermathena and
H. h. theppardi in some decail, and save the specific
comments on vergatfa for the discussion of the eco-
logical genetics of this race. H. b dmcker has not
heen observed sufficiently to draw any conclusions
concerning its ecology, although from first impres-
sions it scems very much like sheppardi,

(GREGARIOUS ROOSTING

H. bermatbena roosts gregariously, as do most Heli-
coniger and many species in related genera (Benson
1971, Turmer 1973). On the night of 12 Auguse
1974, after a rain and wind storm in the afterncon
which terminated just before dark, a roost area was
observed in the Reserva Campina, Of the five fer-
mathena present, one was under a large leaf, one was
on a dead twig tip, and three were grouped on the
tip of a grass blade. All of these were within a ra-
dius of 2 m and located 50 to 60 cm above ground
level. Two days prior, this and other roosting sites
had been located by tracking loose groups of flying

burterflies in the late afternoon. By 1700 hrs three
insects had already begun roosting on small plants
in scattered localities, all on the undersides of larger
leaves about 50 ¢m from the ground. In February
1973 observations were made on four individuals of
vereatta X dwuckei caprured near Faro and kept in a
large insectary in Rio de Janeiro. Two or three of
these burterflies were observed to roost repeatedly
in 2 group on the underside of a single leaf abour 50
cm from the floor of the cage (see fig. 5A). These
data are sufficiently uniform to suggest that berma-
thena typically roost gregariously, near to the ground,
under the living leaves of grasses and broad-leaved
plants. This behavior differs markedly from thar ob-
served in other Helicomsns (including bermathena’s
closest living relatives H. erato and H. charitonia)
which roost almost exclusively on the tips of dead
twigs from | to 8 or more meters above the ground.
Heliconians of the genus Exerdes, however, cypically
rest under leaves, and in at least one case, E. lybia
Iybiosdes, they may aggregate on the same or imme-
diately adjacent leaves. Dryadula phactnsa, a species
of open areas, and in this way similar o H. berma-
thena, also roosts gregariously and persistently un-
der narrow leaves close to the ground ( Turner 1975,
often only 20 1 30 cm high (pers. obs.).

Roosting sites in the Reserva Campina were in
open, litter-strewn “glens” under low, spreading trees
(fig. 2E), distributed through the vegetation patches.
These provided the most protected places within the
campina, and the isolated small plants used for sleep-
ing probably received little disturbance from poten-
rial predators. On the other hand, the trees them-
selves were thick with epiphytes (fig. 2E), with ant
nests occurring commonly in the root mars, More-
over, thin elongarted twigs, of the type preferred by
most Heliconiss, are uncommon on campina plants,
their stems more often being thick and stubby. Thus,
the roosting preferences of bermathena seem adap-
tive and are related to the structural and biological
fearures of their unusual habirar.

[NDIVIDUAL MOVEMENT AND HABITAT SELECTION

Marking experiments, and observations on density
patterns within continuous habitars, show thar H. ber-
mathena, like other species of Helicomius (Benson
1971; Turner 1971b; Brown 1972; Ehrlich and Gil-
bert 1973), have restricted home ranges. A limited
mark-recapeure study was performed on H. &, rhep-

leg; one male paratype, same locality and date (in the collection of K. Brown); one paratype male, 8 February 1973
(in the collection of W, Benson). Larger or mare richly colored specimens (fig. 4C) from populations mixed with
versatia are not regarded as typical for this subspecies, though they are wery similar; many apparently possess modifying
genes from verdstts which alter the wingspread and the extent and form of the hindwing yellow markings.

—e
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dardi in a large continuous section of the Reserva
Campina on 10-11 July 1974, to determine the de-
gree of individual movement in these burterflies.
With equal caprure effort, 18 individuals {12 males
and O females) were caught and marked on the first
day, and four additional ones (two of each sex) on
the second. Highly visible white and yellow spots
were painted in coded positions on the wings so that
movement could be observed withour physically hav-
ing to recaprure individuals and possibly interfere
with normal behavior as a result of handling (Ben-
son 19723}, Judging from the rare of encounter of
unmarked burterflies on cthe second and subsequent
days after marking was begun, the rotal population
in the area {abour 0.5 ha) was on the order of 30
burterflies, The marking area formed a cwl de sac
about 70 m on a side, surrounded by "campinarana ™
or closed forest on sandy soil with an open under-
growth, into which the marked hermatbens did not
usually penetrate. The majority of the butterflies
roosted near the blind end of the ol de rae, and
most were observed repeatedly in the stedy area
Only one, a male, was observed to fly the length of
the area and enter the larger section of campina at
the open end, which occupied abour 2 ha. No other
marked burterfly was observed among the sparsely dis-
tribured bermathena outside of the marking area, and
most observations were made within 40m of blind
end of the study site, The general pattern seemed to
hold over at least a month, since a brief visit into the
marking area on 8 Auguse mrned up two marked in-
dividuals among the four observed, whereas none of
the four hermeathena observed in the adjacent area car-
ried marks. Several revisits to the area during Novem-
ber and December of 1974 murned up only a single
hermathena in the original smudy area, whereas the
burterflies had become frequent in an isolated 1 ha
patch of campina, surrounded by forest, in which
previously butcerflies had noe been observed.
Limited observations on anocher H. b. sheppardi
locality, a ea. 1 km® rockfield at Km 130 on the
Manaus-Caracarai highway, indicated that even with-
in apparently continuous and uniform habitars the
hermathena existed in isolated pockets. Extensive
search rurned up two areas abour a kilometer apart
in which the butterflies were flying, but none of
these insects were encountered elsewhere. One spot
was obviously close to a roosting site, for the insects
were only flying in the area 1n the early part of the
morning, afterwards disappearing into the rhickets.
The second ares was on a sandy slope with abundant

4 Beotonal wooded areas sepacating humid forest from na.
tral campina or field wvegetation, from camping. Braz
Amaz. Port. (=savanna, scrub, field) <+ -rems, Tupi
{ =like, similar w).

larval foodplant. Butterflies scarted appearing in the
open afrer 1000 hrs and became increasingly more
frequent as the morning progressed. A rotal of ap-
proximately 10 burterflies was seen in abour three
hours of observation, We suppose that hermatbens
is generally distributed in the habitar bur only ar-
rains densities sufficient for notice ar scattered poins.
Since only a very small portion of the area was ex-
amined, no generalizations can be made abour the
over-all discribution and movement in the Km 130
popularions,

In the Reserva Campina, the restricted patterns of
individual movement seem to be sufficiently strong
to inhibit gene flow even over short distances, and
the local concentrations give additional support to
this idea. It would seem that the butterflies dis-
perse little from their sites of birth, and that coloni-
zation, even of contiguous areas, may delay uncil
occasional “wide-ranging” females lay eggs in other
areas, and these grow up to produce a resident popu-
larion. We know of no case of isolared bermarbena
being seen or captured far from (or even wander-
ing in inappropriate habitats close ) their usual
haunts, Thus, gene flow and colonizacion ability may
be even lower in this species than in other Heli-
confrr (Turner 1971b, Ehrlich and Gilberr 1973).

FLOWER VISITING

H. hermathena avidly visit flowers for necrar and
pollen, and are thus nearly identical with other Hels-
contws. However, the number and kind of flowers
available to them appears to be very resericted in
comparison with forest species, and interactions are
probably somewhat more specialized. Plants wisited
by adult Aermathena near Manaus include several
species of Rubiaceae, some Apocynaceae and Legumi-
nosae, and Humiriaceae. Especially favored are rwo
species of Palicomrea (Rubiaceae), one with pink
flowers and the other with white flowers and violet-
red braces (fig. 5B, 5C). The other species like
Pogamea duckei Standl, (Rubisceae) have white
flowers (as figs. 5D, 5E), often with only a
few small inflorescences available on any given plant.
Heusmiria baltamifera (fHg. SE), one of the most
abundant plants on the campina, does not seem to be
much preferred; it possesses large inflorescences of
small, cup-shaped, white flowers, and is more typi-
cally visited by small bees.

After a short period of sunning in the morning,
one of the first activities of the buteerflies is flower
visiting. At the Reserva Campina this began before
0700 hrs and continued at a high bur decreasing rare
until around 1100 hrs. During July 1974 several
burterflies would often visit, and continually return
to, a given preferred flower throughout the morning
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presumably afrer most nectar and pollen had been
removed. The probing behavior of the burterflies
indicated that collecting pollen was their goal, and
suggests that pollen-derived nitrogen may be an im-
portant limiting factor to adult reproduction (see
Gilbert 1972, 1975).

Most campina planes, like tropical trees in gen-
eral (Janzen 1967), are highly seasonal in their
flower production. It is not known what effect this
has, if any, on bermathena populations, or if herma.
thena itself has promoted coevolutionary modifica-
tions in morphology or phenology of campina ende-
mics. Smdies of campina vegetation are underway at
the Instituto Nacional de Pesquisas da Amazdnia,
and these will possibly cast light on chis question,

OVIPOSITION AND HOST PLANT CHOICE
Heliconius bermathena is very restricted in its use of
larval foodplants. Only two closely related Passifiora
of the primitive subgenus Astrophes ( Benson, Brown,
and Gilbert 1976) are known to be used by the spe-
cies. These are allopatric, P. hexagonocarpa being
used by b. bermathena in Santarém and presumably
other southern localities, and P. faroana being the
choice of b, sheppardi (Reserva Campina and Km
130 Manaus-Caracaral, near Manaus) and 5. vereaita
and vereatta x duckei (Campos do Tigre and Km 27
Faro-Terra Sanra, near Faro) and presumably other
populations to the norch of the Rios Amazonas and
MNegro.

Observations made at the Reserva Campina and
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FIGURE 5. Behavior and community relationships of Helfconius bermathens. 5A. Female from Reserva Campina roost-

ing under palm blade 50 ¢m above insectary floor, Rio de Janeiro, February 1972, SB. Palicowres mitsdells (M. Arg.
Standl. )} (Rubiaceae) from Reserva Campina pollinated by H. bermathens. SC. Palicomrea of. lupuling Benth. from Re-
serva Campina, especially sought by bermathena adults. SD. A leguminous flower being visited by H. b, dwckei in its
campina habitat type locality north of Faro, July 1973. SE. Humiria baliamifersa ( Huomiriaceae) in flower, Reserva Cam-

pina.
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confirmed ar other localities show that oviposition
occurs mainly throughout the mid-part of the day.
Females apparently locate the foodplants by random
search in suitable habitats, and perhaps by concen-
trating in areas where plants have been found pre-
viously. The butterflies chemically test the leaves of
the plants by rapping with their forelegs before ovi-

N 3

position, as is the habir in the genus. An isolared
egg is placed wsually on the upper surface of a young
growing leaf immediately below an actively grow-
ing meristem (fig. 6A). Two or three eggs are
sometimes found on the same stem: it is unknown
whether this sirnation represents multiple oviposition
by a single female or the contribution of different

FIGURE 6. Early stages of Heliconiur bermatbena. GA. An egg placed singly on the upper surface of a young leaf of
P. bexagomocarpa from Santarém. GBC. The egg is an elongate ribbed ovoud, trencared atr the bortom, strong vellow in
color, approximately 1.3 mm in height and 0.7 mm in diameter, with 16 vertical and 11 horizontal wmsreﬂians, plus
2 in an irregolar series at top; of 3-5 days duration. 6D. The first instar larva is uniform light yellow and about 2 mm
long when hatched, rapidly turning greenish, then brownish yellow, reaching a toal length of abour & mm. The head
is qfir[c brown, the pseudoocelli black, the setae long and translucent; of 2-4 days duraton. GE. The second instar larva
is similar to the first, but somewhar darker, with short scoli on head, thorax, and abdomen (on the head 0.6x, on the
body up to 1.3x head height). The maximum length is abour 10 mm; and the duration is 2-4 days. GF, 6G. The fourth
instar larva, with an increasing amount of d-ner red (Manaus) or dark orange (Faro, Santarém}, white, and black pig-
ment, has a strongly calico appearance, essentia 11 banded red (or orange) -black/white-black by the end of the instar. The
scoli are black; head 1.7x, others up to 2x head height. The maximum length is 24 mm; the duration is 3-5 days.
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individuals. Owipositing females frequently choose
very small plants, and larvae are most ofeen found
on such plants in the Reserva Campina.

H. hermathena shares its foodplants with a limited
number of other heliconians, such as H. sare (Man-
aus and Faro), H. samata {Manaus, Reserva Cam-
pina}, and Philacthria pygmalion (Faro, and probab-
ly Reserva Campina). P. pygmalion, the only one
of the three species which also prefers non-forest ha-
bitats, has been found artcacking P. bexagonocarpa
near Santarém. Apparently H, mwmats does not get
into bermathena habitats at Faro, and H. sara, al-
though present on the Reserva Campina, has not
been found using P. faroama there. Although it is
quite possible that these and other Helicomsus do oc-
casionally attack bermatbena foodplants, they are
strictly alternative hosts which are for the most part
unavailable to rthese forest-loving species. P. pygma-
lion feeds upon old leaves and should not directly
compete with Heliconins, No other Pasriflora have
been observed by us to occur in bermatbena habitars,
althongh many species are often abundant in adja-
cent habirats.

JUVENILE BIOLOGY (see figs 6-7)

The mature larva of H. bermathena (figs. 7A, TB)
diverges strongly in color from its closest relatives,
H. erato and M. charitonia (figs. 8A, 8B). The red
(or orange) ring-banded pattern of the hermarhena
larva is superficially similar to thar of the primitive
heliconian Philzethria pypmalion® (fig. 8C), with
which it is microsympatric. Such exrreme departures
from the normal color patterns, which are usually
characteristic of entire groups of heliconians, have
been reported in several cases, apparently always as-
sociated with mimetic convergence to larvae of com-
mon species in other groups. Thus, the larva of
Eweides tales has converged to mimic those of com-
mon microsympatric silvaniform Heliconins (Brown
and Holzinger 1973), and H. demeter eratosignis lar-
vae do not resemble those of other subspecies of de-
meter and closely related Helicomins, but accurately
imitate those of sympateic Laparsr dorir and H. xan-
thocles (Brown and Benson 1975a). P. pygmalion

ip. pyemalion should be considered as a separate species
from P. wernicked from southern Brazil The larval color
patterns of the two species differ in a2 number of respects.
The larve of P. wernscke: (Fig. 8D) has a yellow head like
thar of P. dide, but is more sirdngly banded than the later
species  (Beche, Crane, and Fleming 1960; Young 1974;
pers. obs. ), and has only two full black rings per body scg-
ment, whereas there are three in fyemalion (fig. BC).
Moreover, the pyemalion larva 1s unique in having a brick-
red head. The “wermickes™ larva, from a Mato Grosso pop-
ulation, mentioned by Brown and Mielke {1972}, was in
fact pyemalion; the area is well northwest of the limirs of
wérnicker'! renge in central Braxl.
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or its characteristic leaf damage (fig. 8E; Alexander
1961; Young 1974) have been cbserved on berma-
thena host plants in all the areas we have studied, and
it scems possible that the similarity of the coloration
of bermathena larvae, although admiuedly quite im-
perfect, to that of pygmalion may have been brought
abour by selection for mimetic convergence.

A further possibility has suggested iself from ob-
servations of adult male behavior in bermatbens. Un-
like any other species of Heliconinr we have watched,
male hermathena seem to search out and fly around
larval foodplants much as do the females. Although
males do not tap P. faroama or hexagonocarpa with
their forelegs, as do the females before ovipositing,
it is obvious from ocur observations thar they recog-
nize foodplants and find them interesting, making
careful visual inspections up and down the vines over
several minutes. Since it is known that males of
many advanced species of Helicominy, especially H.
sara, betitioni, elenchia (pers. obs.), and especially
charitonia (Jones 1930) (and erazo under insectary
conditions; L. Gilbert, pers. comm.} rest on marr-
ing female pupae, sometimes for extended periods,
and mate with the female as she emerges, it is not
unreasonable to hypothesize that bermarbena may be
taking this activicy a stage further, perhaps hunting
out large larvae so as o know where female pupae
are likely to appear. Other aspects of the behavior
of Heliconins bunerflies are sufficiendy well devel-
oped to admit such a mechanism (Gilbert 1973;
Benson, Brown, and Gilbert 1976}, which has ob-
vious implications for the fitness of the searching
male. Indeed, mating efficiency is probably critical
in low-density hermatbena populations, and females
derived from conspicuous red (or orange) larvae
might enjoy a considerable maring advantage. We
have no observations, however, on the behavior of
bermathena with respect to female pupae.

Cur two suggestions to account for larval color
divergence in bermathena are neither mutally ex-
clusive not exhaustive, and detailed scudies of larval
ccology and mating behavior are needed.

The variarion in pupal coloration in bermarbena
(figs. 7C, 7)) may be simply a reflection of that
observed in most Heliconins (see, for example, Tur-
ner 1968, Brown 1972) or may correspond to en-
vironmental conditions: in the darker campina un-
dergrowth, most pupae are dark (fig. 7D}, even when
raised from campina larvae transplanted to the lab-
oratory, while eggs from the Faro field population
gave uniformly white pupae (fig. 7C). The short
subequal spines of the pupa are of uncertain evolu-
tionary sighificance, but the abbreviated head ap-
pendages suggest a primitive phyletic position for
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the species, close to the melpomene group, all of
whose members show these structures strongly short-
ened (fig. BF; Brown 1972). The species possibly
derived from an early stock transitional berween the
precursors of melpomene and those of erate; all
members of the erato group have pupae with very
long, strongly branched head appendages (figs. 8G;
Turner 1968; Brown and Benson 1975a, 1975b). It
is tempting to suggest thar bermathena is the most
primitive member of the eraio-rara line of the genus
Helsconins  ("signa absent on bursa copularrix,”
Brown 1972: 56), littde removed from the line which
gave rise to H. narterert and the numata melponene
series. It would thus be antecedent to both erato
(with which Aermarbena shares forewing markings,
and probably a red-released courtship sequence, since
A, versatta has no other significant color) and chars-
tonsa (the most primitive member of the sara lineg,
with which bermatbena shares hindwing markings).
Adult morphology (Emsley 1963, 1965) would also
place hermathena as intermediate berween primitive
heliconian genera (such as Dvyar) and erato or chari-

Forrd,

POPULATION FLUCTUATIONS
Besides being very localized, bevmathena populations
often exist at very low densities, with very small to-
ral sizes, In our first three visits to the Reserva Cam-
pina, the total numbers seen by several observers in
a full day were 3 (28/X/71), 6 (11/11/72), and
none (30/VII/73). When the burterflies were com-
mon there in July 1974, perhaps 30 to 50 bermathena
occupied a very restricted part of the campina, while
in the remaining area (greater than B0% of the to-
tal habicat) the butterflies were rarely encountered.
A liberal estimate would give a total population size
of 100 adult burterflies for the enrire campina. By
November the population had fallen to such a level
that a rwo-hour search in the 2.5 ha section of cam-
pina turned up bur 2 single bermathena. Over the
same period, the popularion in a nearby 1 ha section
had increased from near absence to approximately
30 butterflies, and the total campina possibly had no
more than 75 adules. Thus, temporal and sparial
changes in density can be quite pronounced.
Considering the greac local variation in density
of hermathena even in the relatively large Reserva
Campina, it seems surprising that this species has
been able to persist in such an isolated site, We
have examined a very small campina (ca. 0.25 ha)
abour 3 km from the Reserva, and another medium-
sized campina directly across a stream from the prin-
cipal bermathena area; in the Ffirst neither herma-
thena nor its foodplant were found, in the second the
foodplant was abundant and although no hermathena

were seen on several visits between 1970 and 1975,
the burterfly was abundant in this area in July 1976.
Disturbed campinas closer to Manaus, although larger,
have for the most part been burned over, and the
endemic plants and insects are much reduced. Nei-
ther H. bermathena nor P. faroana has been encoun-
tered on four such sites we have examined. To the
west of Manaus is an extensive sandy beach on the
Rio Negro (Ponta Negra) where P. foroama can be
found ing. The area is at present very disturbed,
although it obviously used to be very different from
the bermathena localities we have studied, especially
in terms of the greater development of the forest and
the abundance of general forest Parriflora species and
their heliconian herbivores. Since hermathena has
never been reported from Ponta Negra, we suppose
that it has been unable to colonize this habitar be-
cause of distance or unsuirable ecological conditions,

The most likely mechanism for the production of
the great flucrnations in density which we have ob-
served in H, &, sheppardi ar the Reserva Campina 15
parasitism. Smith (1974) among others has pointed
out the conventional wisdom that parasitism and pre-
dation often tend to produce large population flucra-
tons, while this is not tue of comperitive interac-
tions. In the case of bermathena, variations in cli-
matic conditions and resources do not seem o be of
adequate intensity to account for the flucruarions we
have observed, and they do not explain how adjacent
populations act in completely opposite manners. Lar-
val foodplants suitable for oviposition seem to be al-
ways common. We have found no evidence of para-
sitism in the several dozen bermathena eggs we have
collected at the Reserva Campina; however, both lar-
vae (one third, one fifth instar) collected during a
single day in the 1 ha section of the campina (11
February 1972) possessed tachinid parasites. The
same ocourred with two fourth instar larvae collecred
on 28 Ocrober and 6 December 1974, We have not
succeeded in rearing adults from field-collected late
instar larvae from this locality. We should note here
that larval parasitism, while widespread, is not com-
mon in the heliconians, and most tropical Helicomius
populations appear very stable through time (Ehr-
lich and Gilbert 1973). Egg parasites develop rapid-
Iy in comparison to the reproductive period of a
Heliconins burterfly, and would therefore be much
less likely to exhibit the time lags that might pro-
doce instabilities in the adult population, Vander-
meer {1975) analyzed an analogous situation involy-
ing seed predators and has come to essentially the
same conclusion. On the other hand, long-lived tachi-
nid parasitoids, especially if specialized, could pro-
duce time lags in their density-dependent responses
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and might produce density fluctuations such as we PREDATION AND MIMICRY

have observed in H. bermathena, It is interesting in The nominate subspecies, b. sheppardi, and b, duckes
this respect that H. ethilla in Trinidad, although are shady-undergrowth flyers, with a coloration and
seemingly subject to a high level of egg parasitism,  flight habits which can best be described as flash-dis-
does not flucruate greatly in density or recrvitment  ruptive. Hermathena is found in scrubby bur rather
rares { Ehelich and Gilberr 1973). dense woods (fig. 2B) and sheppardi in dry “pseu-

FIGURE 7. Early stages of Helicomius bermatbena (continued). TA, 7B. The fifth instar larva is strongly banded, each
segment containing two rings of black and whire and two of black and red (Reserva Campina) or orange {Faro), with
the black areas essentially corresponding to those of other larvae in the numate, melpomene, and érato groups of Hels
coniur. The head is brick red (or orange) with frontal black dots as in erato and charitomis larvae. The head and ab-
dominal scoli are bhlack, about 2x head height; the anal segmenc is red (or orange):; the uwnderparts are dark brown.
The ma:timum length is 36 mm: and the duration is 5-9 days. The prepupa is colored like the fifth instar, but “washed-
out,” and hangs by l:hl.‘. anal segment from a pad of silk for 24 hours before spliming the larval skin. 7C, 7D. The pupa,
when first formed, is soft and whitish, rapidly hardening and taking the final form which is medium tw deep gray (as
in D from Manaus) or shining whire {35 in C from Faro, Sanrarém, and occasionally in Manauws), hanging vercally by
the cremaster, abour 28 mm in over-all length, There are small, panrad dotsolateral flanges, fused, on the third and
fourth abdominal segments, and shorr, subequal, paired dorsolareral spines on these flanges, on the thoracic SEEMEnts
and on other abdominal segments up through the seventh; f{mrbgairs of reflective spots on the prothorax, metathorax,
and f[nt two a.l':ldﬂm:inal SEEITIEnTS, a.tu:l short, shallowly branched, head appendages. The duration is 10-15 days. 7E
The imago emerges in the early morning (Reserva Campina), hanging from the pupal case unril the wings dry and
harden, usually ﬂyrmg well before midday.
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FIGURE B. Early stages of species related to bermatbena. 8A. Larva of Helicomimi charitomia simelator, Kingston, Ja-
maica, fifth instar 3x. (MNote that the larva is banded in this subspecies, though in others it is spotted like érafo and
melpomens larvae.) 8B, Larva of Helicomins erato phbyllis, Rio de Janeiro, Brazil, fifth instar, 3x. 8C. Larva of Phila-
ethria pypmalion, Santarém, Pard, Brazil, fifth insear, 2x. 8D. Larva of Philsethria wernickei, Petropolis, Rio de Janeiro,
fifth instar, 2x. 8E. Larva of Pbhilsetbria dido, la Macarena, Colombia, second instar on otendri] cut by its channel-
ing, with an egg of the same species faid larer on this, Pariflora skiantha. BF. Pupa of Helicomins melpomene melpo.
mene, [tacoatiara, Amazonas, Brazil, 3x. 8G Pupa of Helicomiss erate phyllis, Rio de Janeiro, Brazil, 3x.
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docaatinga” (campina, figs. 2D, 2E), corresponding
with the habitats of their respective foodplants. Both
fly principally inside low bushes (a habir also typical
of duckei at its type locality), in mortled shade and
sun flecks, with erratic, jerky movements which defy
visual following for any distance. Under these cir-
cumstances, the red band on the forewing becomes
inconspicuous, and the burterfly appears as a broken
series of light and darck stripes, easily lost from sight
in the similarly light-dark illumination of the under-
growth. In this behavior hermathena closely resem-
bles most subspecies of its close relative charsromsa.
We have seen bermathena and rbeppardi in the open
most often early or late in the day or in dark pre-
storm weather, visiting flowers or warming, but never
far from bushy retreats,

Helicondus charitonsa has been called a non-mi-
metic Heliconins (Turner 1971a), though in a few
areas it flies with very similarly parrerned aposema-
tic heliconians and ithomiines. H. 4. bermatbena,
sheprpardi, and dwckei are even more non-mimetic.
Their color pactern is related co those of ersto and
charitonsa, and is identical to thar of the presumably
most primitive pateern shown in a number of peri-
pherally distributed subspecies of erato and melpo-
mene. In addition, there are two series of paired, in-
tervenal, submarginal yellow streaks on the hindwing,
reminescent of those present in charitonia. However,
neither the wvarious similar subspecies of eraro and
melpomene, with yellow hindwing bars, nor any sub-
species of charitomsa (which reaches southeast only
to rhe eastern slopes of the Andes from Colombia
to northern Peru ), nor indeed any similarly pareerned
burrerfly are known to oocur within seven hundred
kilometers of any known population of bermathena.
In spite of this sicuation, no apparent evolution of
mimetic color-pattern has occurred in these popula-
tions of hermarhens, showing thar they have not suf-
fered irresistible selection for mimicry in their spe-
cialized habiras,

The degree of predator activity in campina and
brush habitats occupied by bermarbena is unknown,
although some insectivorous birds have high prefer-
ence for these areas (E. O. Willis, pers. comm.).
These birds surely occasionally attack bermathens de-
spite irs distinctive color pattern and presumably bad
raste. It seems reasonable, in the near absence of for-
est Helicominy in che open bermarbhena habitats, thae
resident birds and other predators would not have
opportunity to encounter and form generalized avoid-
ance responses to bermatbena and other Heliconins
that might lead ro mimetic selection. Although ber-
matbena are often rare, other congenerics are almost
nonexistent in the sheppard: and ducker habirats.
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Thus, the mixed strategy of aposemaric and flash-
disruptive behaviors would probably be a near opti-
mal means of avoiding predation in these races, and
mimicry would bring few added benefies,

Helicomiur bermathena might be considered just a
specialized relice with little evolutionary potential
were it not for H. 5. vereatta. This strongly mimetic
form (fig. 3) is apparently restricted to upland sandy
fields and swamps near Faro whete it is common all
year round. Here, neither parasitism nor nectar and
pollen resources appear to be important limiting fac-
tors, and densities must approach those determined by
the availability of host plant meristems. This race is
most exceptional because of irs excellent mimicry of
H. erato bydars and H, melpomene melpomens
(fig. 3D), which are especially common on the
margins of fields where veresza fly. The rapid
replacement of verearsa by duckei at localities away
from the Amazon River to the north shows clearly
the adaptive nature of the mimetic patrern, for there,
bydara is replaced in deeper forest habitats by the
very different H. e. amalfreda (it has an open, yel-
low, median forewing yellow band and a criangular
red patch at the base of the wing; Brown and Mielke
1972) and H. m. melpomene, while stll present, is
much rarer,

The face that the Santarém and Juruti populations
of h. hermathena have not also evolved mimicry is
somewhat a mystery, for they are microsympartric
with abundant H. m. melpomene and frequent red-
banded erato forms (indeed, Santarém populations
are in much more intimate and permanent contact
with these than is verewtts along ficld borders). Per-
haps the dense scrub thickers composing the Santarém
habitar (fig. 2B) or the wooded swamps of Juruc
provide a more effective cover for the disruptive par-
tern than do the fields around Faro, However, as
avian predators are common in these woods, and her-
matbena densities are not very high, the absence of
mimetic forms in Santarém and Juruti {(and in
Maués, where the same situation seems to apply)
may simply be because the appropriate genes have
not yet had a sufficient oppormnity to appear south
of the river. The red-banded forms of erato and mel-
pomene are coastal in origin, and their invasion of
the banks of the Amazon embayment possibly corre-
sponded with the relatively recent warming period
which occurred after the last major interglacial per-
iod. The subsequent interval (less than 10,000 years)
has perhaps been insufficient to permit an adapeative
mutation of chis type to appear in all populations.

POLYMORPHISM AND ECOLOGICAL GENETICS

The removal of the yellow median bar and paired
intervenal streaks from the hindwing of dscker, to
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give the pattern of vereatta, has close parallels in
other species of Heliconius, The genes determining
the yellow handwing bar in several races of H. eraso
and H. melpomene (perhaps homologous to the ber-
mathena trait) are recessive in action (Emsley 1964;
Turner 1972; Sheppard, Turner, Brown, and Benson,
in preparation). In northern and Andean subspecies
of erato and melpomene, the hindwing yellow-bar
gene, when in the heterozygous condition, is easily
detected phenotypically as a light “silky” differentia-
tion across the dark scaling on the ventral surface.
This circumstance has been called the “shadow-effect”
by Emsley (1964). The holorype of vereatta shows
a similar silky differentiation in the places in which
yellow markings would be expected to occur in typi-
cal duckei (Emsley 1965), suggesting thar this indi-
vidual may be genorypically heterozygous for the
yellow-barred condition,

The unbarred specimens (verestta) in our series
from Faro were, except for 3 few worn specimens,
easily segregated into rwo phenorype classes. These
were distinguished by the possession of an undiffer-
entiated, mare black, ventral hindwing (presumed
homozygotes, fig 9A) or the presence of the "sha-
dow-effect” ( presumed heterozygotes, fig 9B}, most
easily seen near the anal margin of the hindwing
Although conditions have not presented themselves
to examine formally the inheritance of this character,
it seems fairly safe to assume that the black hind-
wing condition is almost completely dominant over
yellow-bar and dots.

Using this assumption of genotypic composition,

we have examined the morph frequencies of our
three collections of polymorphic bermatbena (vere-
atta x dwckei) from popularions near Faro. Two of
our samples were made approximarely six months
apart ar the same locality (Km 27 Faro-Terra Santa
track ), and the third from a different locality (Cam-
pos do Tigre) about 15 km to the south and during
the same period as the second of the above samples.
A strong agreement berween the observed phenorypic
frequencies and those expected from Hardy-Wein-
berg could be interpreted as substantiating the origi-
nal genetic assumption and the idea that the popula-
tions we have studied are local randomly breeding
units. The observed and expected (in parentheses,
calculated from the observed genic frequencies)
phenotypic frequencies of our samples are as follows:
Vereaita types (2B)

Matt black Shadow-effect ducked
hindwing hindwing types
Collection (BA) (8B) (2C, 3C)
locality  Dare
Km 27 II-73 0 (1.65) 15 (11.692) 19 (20.65)
VII-73 2 {2.96) 26 (24.08) 4B (48.96)
Campos
do VII-73 13 (13.14) B (7.73) 1 (1.14)
Tigre

The expected frequencies are very close to the ob-
served values in every case and do not indicate any
significant departure from Hardy-Weinberg condi-
tions, We have calculated Chi-square values for good-
ness of fit for each sample (although they are not
strictly valid, because of the presence of an excessive-
ly low expected frequency in each sample), and in
no case are these significant (P > 0.03, .30, and

FIGURE 9. Genetics of Helicomius bermathena vercatta. Venrral hindwing surface, black and red, rwice life size.
OA. Presumed homozygote; note lack of scale differentiarion. 9B. Presumed heterozygote; note differentiation in the black

scaling, especially near the anal margin, as a "shadow-effect.”
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TABLE 1. Cﬂmpamam -::.f g-e?m:.' freguencier among popk-
fations of Heliconius hermathena negr Faro, Pard,
Braztl. Fregmenciar of the gewer which deter.
ming the vereatta (V-] and duckei (wv)
morphs of H. hermathena were cafcalated anng
reored  phenotypes from met caplure  samples
made tn three localitigr, one of which was
sampled on fwo differemt daier five monthi
.af'.s-r The tent was performed srimg the me-

d of Sokal and Roblf ¢(1969), Gfesr. (See
the rext for interpretation of the west results,)

Propor-
Gene Frogquoncies Tion
Sample  Are {date) W v ¥
A Rio
Nhamuenda  (IL,VIL.73) 0 B (44) 0.00
B Km 27 (I1-73) 13 33 022
C Km 27 (VIL-73) 0 122 0,20
¥ Campos do
Tigrs (VII-T3) 34 10 0.77
" Partitioned Tests of Heterogeneity
Degrees of
Comparison Freedom i
Overall (A x BxCx D) 3 GO 57ee"
Rio WNhamundd x Polymor
Populations (A x B 4+ C 4+ I} 1 B31+%
Campos do Tigre x Km 27
(DxB -+ C} 1 57 11%%*
K 27 (II.73) = Km 27
(VII-73) (B x C} 1 0.1 5ns

LI N e— P q\: D{H].'I
“* — P < 0.005
B5 — nge 5Lgnlf:c.an:

2 The two visual observations of typical deckes are included
in the analysis.

0.9, respectively). The results are completely con-
sistent with the hypothesis that black hindwing is al-
maost complerely dominant over the yellow-striped
condition, and that these populations show random
breeding and are not subject ro large immigration
FALES,

From our observations it seems reasonable o con-
clude that the vereatra race exhibits a clinal poly-
morphism with duckes, with near monomorphic vere-
atta populations present on the Campos do Tigre and
perhaps eastward near the river, and with duckes pre-
vailing in the campos along the east bank of the Rio
Nhamundid northwards into the interior. The rela-
tively undisturbed state of the fields and the pro-
nounced mimicry berween verestta and H, m. melpo-
menie and M, e, hydara would suggest that the poly-
morphism has been long standing, and that the cline
is in a dynamic equilibrivm. If these statements are
true, we should expect that our three widely separ-
ated sampling localities would show significane dif-
ferences in genic frequencies, wheress the two sam-
ples taken at different times of the year at the same
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locality should be nearly identical. Seatistical analy-
sis {table 1) shows that indeed the genic frequen-
cles differ greatdy berween the Campos do Tigre
and Km 27 sites, and that the two gene-frequency
estimates for the latter do nor differ significantly. In
the homozygous decked sample (four captures and
two visual observarons) from the Rio Nhamundi
north of the Km 27 field, the bucterflies are suffi-
ciently distince from the dwcheilike hybrids in a
number of traits 10 consider them essentially pure.
This sample was included in the formal analysis and
compared with all the polymorphic samples as 2
group, from which it differs significantly. More-
over, it is also different enough from the combined
Km 27 samples o be accepted as significantdy dis-
tinct in spite of its small size (P ~ (L0G, exact bi-
nominal probability ).

The Aermatfena sample r:nllecred by A. Ducke
near Faro in the early parr of this century included
a single duwcker-like form along with the 11 verearra.
If these really all came from the Campos do Tigre,
as we initially hypothesized, it would indicate thar
the rereatta type in this locality has remained very
constant  during this cenwury, supporting our idea
of the relative stability of these populations,

We have mentioned previously our interprera-
tion of the adaptive significance of color patterns in
bermathena. If the color morphs presenced by this
butrerfly near Faro really represent adaptations to
avoid predation, local pawerns of differentiation
might be expected in areas where selective pressures
for divergent ecological strategies change greatly
over short distances. On the first visic o the Km
27 site early i 1973, it was noted that the vereatia-
like (mimetic) morphs were flying during the mid-
morning in a4 low swampy area, whereas yellow-
barred individuals tended 1o occur ourward into the
drier campo. However, these observations were sub-
jective, and it was deemed of interest to repeat and
quantify them.

On the return visic in July, an inital survey
proved that the insects were fully occupying a much
more extensive area than was previously observed, and
that many insects were flying in dey scrub well away
from the swampy area where the original observa-
tions were made. This second colony was situated in
the middle of a hot sandy field about 200 m west
of the {unused) Faro-Terra Sanea road (here simply
a 3 m wide track across the campo), and it centered
around an archipelago of 2 m high scrub paiches
(total extension about 50 % 200 m, fig. 4A). P. fa-
roana was much more abundant in this area than in
the surrounding grassy fields, which had apparently
recently burned. The bermathena were common here
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and moved freely among the scrub patches and out
over the field, especially during cloudy spells and in
the earlier part of the day. Later, in the hear of mid-
day, the butterflies sat in the shade under the bushes,
or flew around inside the small parches, usually only
a few cm sbove ground level. The dark wercatta
morph appeared to retreat to these areas earlier, such
that after 1100 the butterflies encountered in the
open were almost exclusively of the yellow-barred
morph.

The colony in the swamp area (fig. 4B) was
centercd abous 500 m to the east of the road, dir-
ectly across it from the field population. The area
had a few 8-10 m high wees but was dominated
by a mosaic of 4 m high palm woods with thick
thorny undergrowths, and separated by marsh, pools
of open water, and scrub patches. P. faroana was not
so common as in the field, although it was generally
distributed within the swamp and especially found
in the hedge-row like rangles of low vegetation
around marsh margins.

Unlike the field, the swamp harbored a popula-
tion of H, m. melpomene, the model for H. b, vere.
atta, Although melpomene did not seem very abun-
dane, it is difficule to distinguish from vereatfa when
it is flying at a distance, and was no doubt less sub-
ject to net capture than bermatbena.

Fach of the rtwo colonies was observed on a sep-
arate day, and counts were made of the number of
visual observations on each of the two morphs, In
the field area, 109 ohservations, including no doubr
some repears, gave a ratio berween yellow-barred
{ duckei-like) and unbarred mimetic {vercatta-like)
forms of 1.7:7. As proporticnally more dwckes-like
morphs were captured during the census, the rario
may well have exceeded 2:1. In contrast, the 92 ob-
servations from the swamp colony showed the ducker-
like form to be in the minority, with a relative pro-
portion of 0.92:1. Net caprures from che swamp con-
rained an even greater excess of dark morphs, suggest-
ing that the true ratic may have approached 0.75:1.
When we scored all dark morphs as heterozygotes
(Vv), the approximate genic frequencies for the
vereatta (V) gene in the field and swamp colonies
were 017 and 032, respectively. A compariscn of
the actual counts from the rwo areas gives:

Field colony  with yellow, duckei-form {vv} 69
without yellow, vereatra-form (V-) 40
Swamp colony  with yellow, drcke/-form (vv) 44
without yellow, verearra-form (V-3 48
These data showed a significant difference (G —
425, P < 005, with Yares' correction, Sokal and

Rohlf 1969}, Because of the possibility that some
butrerflics were counted more than once, we cannot

assert that in the absence of multiple observations
these data would conrinue to be significant; how-
ever, they are strongly indicative of real differences
in the local nccurrence of morphs. Moreover, the dis-
crepancy fits in well with whar we suppose o be
the major selective force for color-patrern differen-
tiation. Thus, in the more closed vegetation of the
swamp, where vereatta predominates, we have H. m.
melpomene present, and predators which have had
the opportunity to learn to avoid this insect. On
the other hand, the field lacks melpomene, bur pre-
sents a more strongly lighted habirat in which the
yellow-barred  bermatbena parcern blends in and
would be more difficult to distinguish by predarors,
We suggest that the distribution parterns are real
and that they are indicative of predator selection op-
erating at different relative intensiries on the two
morphs in the different habitar types. Behavioral
differences between the morphs may alsc be contri-
buting to these observations, possibly due ro genes
which regulare habitat selection being linked to ele-
ments which determine color pattern. However, the
maintenance of such linkage also implies selecrion

It is not necessary o postulate, and indeed we do
not, that selective pressures are necessarily operac-
ing in opposite directions with respect 0 the two
morphs in different habitats, bur merely that they
exhibir different intensities depending on local con-
dirions. Such wvariations in selection should result
in "kinks” in what might otherwise be continuous
morph-frequency clines. Although a single example
is not sufficient to be convincing, we might suggest
thar correlations between morph frequencies and per-
tinent ecological measurements along clines would
provide a sensitive method for the idencification of
causal factors in the differentiation of populations
With adequate sampling, random and historical
noise could be controlled, or adjacent and parnally
crossbreeding populations could be chosen so as to
reduce such effects produced by isolarion.

In the two Km 27 populations of H, bermatirena,
the centers of the colonies were separated by ap-
proximately 700 m of brushy ficld, and potential ge-
neric exchange berween the colonies was great. A
number of butterflies were observed 10 the interven-
ing area, both over the open field and in a crescent-
shaped scrubby “bridge” between the ends of the
colonies.

The reduced range of H. bermathens versatta, its
persistence in the face of intimate and extensive con-
tact with the non-mimetic H. b, duckes, and its close
mimicry with sympatric forms of H. melponene and
H. erato, which seem to be recent invaders of the
area, present the possibility that vereatta has differ-
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entjated relatively recentdy in evolutionary time, and
has become established because of swong local se-
lective pressures and despite the absence of major
geographic barriers.

EDAPHIC ASSOCIATIONS AND DISTRIBUTION

Thus, associated with its unusual habitats, hermatbens
has evolved a number of adaprations which seem to
facilitate its survival ar low densities and under ra-
ther anomalous conditions. Campina and campo for-
mations suicable for the species are widely distributed
throughoutr the central and northern Amazon Basin,
Their geological origins are probably diverse, al-
though many, such as the campinas near Manaus, were
apparently derived from sandy stream deposits which
were left as high, isolated benches when the streams
took new courses and eroded deep channels. All of the
deep, sandy-soiled areas which we have observed in-
land from Manaus are associated with larger streams.
The extensive “pseudocaatingas” of the upper Rio
Negro, and the large upland campos near Faro, ap-
pear o be consequences of similar processes occur-
ring with larger rivers, although more data are need-
ed on this point. The sand itself originated by ero-
sion of sandstone deposits and igneous rocks of the
Guianan shield (and, south of the river and less ex-
tensively, the Brazilian shield). The rockfield ar Km
130 of the Manaus-Caracarai highway is of a degrad-
ed sandstone nature and possesses many plants and
animals, including H. bermathena sheppardi, charac-
teristic of the sandy campinas (G. Prance, pers.
comm.). ‘True Amazonian grasslands, in which H.
hermathena is in our experience always absenr, have
in general finer-grained soils and high warer tables,
and may be subject 1o seasonal flooding (such as
those at Caracarai, and elsewhere in the varzea of
the Rio Branco). It is not known if bermatbena
populations occur north as far as the southern rim
of the Guiana shield along the northern border of
Brazil, although this pessibility cannot be excluded.
Unforrunarely, the places it might be expected to oc-
cur are difficult to reach and are ar present uncol-
lected.

Campina-like habitats extend well up the Rio
Negro into eastern Colombia (Rio Vaupés) and south-
ern Venezuela, and the parent geological formation
extends along all of the northern border of Brazil
and perhaps across east-central Colombia to the Ser-
raniz de la Macarena at the base of the eastern An-
dean Cordillera (Haffer 1974). For this reason,
there is no grear difficuley in posmlating an essen-
tially continuous past distribution for bermachena
over much of the northern Amazon Basin, despite its
obvious habitar restriction today, and it may even
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have been in contact with Heliconins charitonia in
the not too distant past. Moreover, it is not neces-
sary to assume that bermatbens ever occurred away
from scrubby vegeration on sandy soils; these habi-
tats were probably common in the past and are well
represented today cthroughout the Amazon Basin, Re-
duction in rainfall and/or ground water in the past
could have easily resulted in large areas of open non-
forest habitats interconnected by networks of sandy
stream beds. These would have permitted an essen-
oally continuous distribution for campina endemics
such as H. bermathena.

Many Amazonian non-forest habitats are appar-
entdy not suitable today for bermathena. Such are
the "cerrados” near the mouth of the Amazon (fig.
104}, also known elsewhere; swampy fields on the
Iha do Marajé ae the mouth of the Amazon (fig
10B); periodically flooded "virzea™ fields (figs. 10C,
10D), comimon near major rivers in areas of reduced
rainfall; "cerrados” and "campos” of northern Ror-
aima (fig. 10E); and “cerrados” and “cerradio” in
Ronddnia in the southwest Amazon (fig. 10F). The
last area, however, may be too distane from the cen-
ter of bermathena distribution to have ever been
colonized. The highest probability for encounter of
the species is in scrubby climax vegetation near ri-
vers and major streams but above high warer marks,
Perhaps most important, but not a sufficient condi-
tion, is the presence of the required primitive Parsi-
flora host plant species, which prefer deep sandy soils.

DIFFERENTIATION IN MODERN
NON-FOREST ISLANDS

The differentiation of bermatbesa in isolated non-
forest habitats in the Amazon Basin offers a note-
worthy parallel wo that observed in forest heliconians,
postulated to have ocourred in isolated forest refugia
in the past. Thus, highly localized colonies, with
much reduced rates of gene flow, have developed
characteristic morphological and behavioral parterns
relared to local environments. The most extreme of
these patterns by far is that shown by the mimeric
subspecies vereatta, but it is to be expected thar ad-
ditional studies will reveal other patterns of local
differentiation of important adaptive characters per-
haps unrelated to adult color partern.

The great expansion of the Neotropical forests
today has rendered impracrical most smudies of the
contemporary evolution of organisms resericted to
these habitats. However, the corresponding reduc-
tion of non-forest habitats has produced widely scar-
rered and fragmented gene pools which should be
undergoing adaptive evolution in many ways. Per-
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FIGURE 10. Amazonian non-forest habitars not occupied by Helicomius bermatbera in present time. 10A. Cerrado near
Vigia, Pard, northeast of Belém. 10B. Swampy fields and scrub forest in the eastern part of the Ilha do Marajd, at the
mouth of the Amazon River. 10C. Terrestrial wiew of virzea fields near Terra Santa, Fard, just east of Faro on the
lower Rio Mhamundd. 10D. Aerial view of virzea field near Terra Sana. 10E. Aerial view of fields and forest south
of Boa Vista, Roraima, with the Rio Branco in the Tm:l{?;mund, looking west owver fields unsuccessfully explored for
H. bermathenz in 1974 and 1977. 10F. Cerrado near Vilhena, Ronddnia, in the southwestern part of the Amazon
Basin at high elevation (600 m).
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haps the most significant observarions of the con-
temporary action of eco-evolutionary forces in the
MNeotropics can be made in these isolated non-forest
islands, which merit greater attention by scudents of
tropical ecology
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