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ABSTRACT

Epstein, Marc E. Revision and Phylogeny of the Limacodid-Group Families, with
Evolutionary Studies on Slug Caterpillars (Lepidoptera: Zygaenoidea). Smithsonian Contribu-
tions to Zoology, number 582, 102 pages, 409 figures, 7 tables, 1996.—The limacodid group,
composed of Limacodidae (+ Chrysopolomidae), Dalceridae, Megalopygidae, Aididae, and
Somabrachyidae, is revised, and diagnoses, redescriptions, and keys to larval and adult stages
are provided for each family. Comparative morphology and ontogeny of the larval stage are
emphasized. Immature stages, including first instars, of a number of taxa are figured for the first
time. New character data for adults and immatures are presented, including the presence of larval
crochets on abdominal segments A2-A7 and A10 in species of Megalopygidae and
Limacodidae. Computer-assisted phylogenetic analyses of limacodid-group families using
separate character-data sets from adult and immature stages produces congruent cladograms of
equal parsimony, with Zygaenidae selected as the outgroup. Megalopygidae (Megalopygi-
nae + Trosiinae) is found to be the most basal family among the limacodid group, and Aididae,
previously a subfamily of Megalopygidae, is the sister group to the Limacodidae + Dalceridae
clade. Chrysopolomidae is placed as a subfamily of Limacodidae based on new character
evidence from adult and immature stages. Relationships of Somabrachyidae, Epipyropidae, and
Cyclotornidae also are discussed. Previous interpretations of character homologies for
abdominal prolegs in the larvae are revised based on the phylogenetic analysis, resulting in a
novel hypothesis concerning the evolutionary transformation from prolegs to a slug-like ventral
surface. New representations of homology for larval body setae and for juxta and valva of male
genitalia also are given. Behavioral observations of immatures and adults of species in the
limacodid group are presented, along with a review of their biology.

OFFICIAL PUBLICATION DATE is handstamped in a limited number of initial copies and is
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Revision and Phylogeny of the
Limacodid-Group Families,
with Evolutionary Studies on
Slug Caterpillars
(Lepidoptera: Zygaenoidea)

Marc E. Epstein

Introduction

Limacodidae (= Eucleidae, Cochlidiidae) is the richest
(~ 1000 species) and most widespread moth family among a
monophyletic group of five families in the Zygaenoidea, which
I term the “limacodid group.” Distributed worldwide, although
primarily in the tropics, the family Limacodidae is related to the
New World limacodid-group families Dalceridae (84 spp.)
(Miller, 1994), Aididae (= Aidinae, Megalopygidae, 6 spp.),
and Megalopygidae (~ 230 spp.) (Hopp, 1934; Becker, 1995).
Two Old World relatives are Chrysopolomidae (35 spp.) and
Somabrachyidae (~ 10 spp.). Restricted to Africa and Madagas-
car (Hering, 1937), Chrysopolomidae is placed herein as a
subfamily of Limacodidae. The Somabrachyidae, often re-
garded as constituting a subfamily of Megalopygidae, are
found in Africa and in Mediterranean Europe (Geertsema, pers.
comm.; Freina and Witt, 1990).

The limacodid group is characterized by external-feeding
larvae that have retractile heads and either prolegs on
abdominal segments A2-A7 or a flexible, slug-like ventral

Marc E. Epstein, Department of Entomology, National Museum of
Natural History, Smithsonian Institution, Washington, D.C. 20560.

Review Chairman: John M. Burns, National Museum of Natural
History, Smithsonian Institution, Washington, D.C. 20560.
Reviewers: Jeremy D. Holloway, C A.B. International Institute of
Entomology, 56 Queen’s Gate, London, SW7 5JR, England; James S.
Miller, Department of Entomology, American Museum of Natural
History, New York, New York 10024-5192; John E. Rawlins, Section of
Invertebrate Zoology, Carnegie Museum of Natural History, Pitts-
burgh, Pennsylvania 15213-4080; Frederick W. Stehr, Department of
Entomology, Michigan State University, East Lansing, Michigan
48824-1115.

surface. There is a wide diversity of larval forms in the
limacodid group (Figures 1-6), although it is best known for
spiny larvae that cause dermatitis. The Limacodidae, Mega-
lopygidae, and Dalceridae are economic pests of palms and
other plantation crops in the tropics (Genty et al., 1978; Cock et
al., 1987).

Relationships among families in the limacodid group and
their allies are poorly understood. In large part this is due to an
incomplete knowledge of immature stages. Furthermore, there
has been little detailed morphological study of immature stages
or of adults.

Fortunately the fog is lifting. During the past decade there
have been studies on the limacodid-group families Limacodi-
dae (Holloway, 1986; Holloway et al., 1987; Epstein, 1988)
and Dalceridae (Stehr and McFarland, 1987; Miller, 1994) as
well as on others associated with them, such as parasitic
families Epipyropidae and Cyclotornidae (Davis, 1987; Com-
mon, 1990); however, comparative morphology from these
studies has been needed in order to gain a better understanding
of the interfamilial relationships. I base my phylogenetic
(= cladistic) analysis of the limacodid group on the compara-
tive morphological data given herein and in other recent studies
cited above. Although I do not treat characters of the
Zygaenidae extensively, I examine them in phylogenetic
context of the limacodid group.

Dyar (1895a, 1899b) believed ventral suckers in limacodid
larvae to be derived from fusion of the membranous pads found
in megalopygids. Hinton (1955:516), however, indicated that
there was no convincing explanation for the “loss of abdominal
prolegs” in Limacodidae. I introduce an alternative evolution-
ary hypothesis to explain the formation of suckers on the
ventral surface of limacodids. This hypothesis is based on
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FIGURES 1-6.—Habitus of live larvae (late instars) in the limacodid group: 1, two species of Megalopyge
(Megalopyginae), Pakitza, Peru (photo by K. Sandved); 2, Norape cretata (Trosiinae), USA, Maryland (photo
by D. Ferguson); 3, Dalcerides ingenita (Dalceridae), USA, Arizona (photo by F.W. Stehr); 4, Aidos amanda
(Aididae), Venezuela (photo by K. Sandved); 5, Chrysopoloma similis (Chrysopolominae), northern Transvaal,
South Africa (photo by N. Duke); 6, Acharia sp. (Limacodidae), Venezuela (photo by K. Sandved).

evidence of homology and on the results of phylogenetic  that I reinterpret include the larval setae on the thorax and
analysis of the limacodid group. Other character homologies ~ abdomen, and the juxta and valva of the male genitalia.
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MATERIAL AND METHODS

Specimens examined for this work are listed in Table 1, with
additional limacodid material reported in Epstein (1988),
Epstein and Miller (1990), and Epstein and Becker (1994).
Standard dissection and wing clearing procedures for adult
specimens were used (Clarke, 1941). Drawings were made with
the assistance of a camera lucida. Specimens studied by
scanning electron microscopy (SEM) were glued to a stub
using water-soluble household glue and were sputter-coated
with gold-paladium in the SEM Laboratory, Smithsonian
Institution. Immature stages examined by SEM were stored in
70% ethanol, put through a dehydration series to absolute
ethanol, and critical-point dried. Pupal and larval exuvia,
usually stored dry, were removed from cocoons and glued to a
round coverslip, which was then taped to the SEM stub. Dry
larval exuvia sometimes were softened with trisodium phos-
phate, stored in 70% ethanol, and later critical-point dried.
Micrographs were taken using Cambridge Stereoscan 100 and
Hitachi 570 scanning electron microscopes. Observations of
larval behavior (functional morphology) were assisted by the



SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

TABLE 1.—Specimens examined by SEM or dissected for character data, comparative morphology. or
ontogenetic information. Immature stages: e = egg, | = first instar, L = post-first instar, Lex = larval exuvia,
P=pupa, Pex=pupal exuvia, C=cocoon. Adults: M=male genitalia, F=female genitalia, H = adult
mouthparts (SEM), T = tarsi (SEM), WB = whole body. (Collection data is given in parentheses.)

ZYGAENIDAE
Harrisina americana (Guérin-Méneville): (USA: Virginia, USNM) L;
(USNM) e
Harrisina metallica Stretch: (Dyar, USNM) L
Levuana iridescens Baker: (Fiji: Clarke, USNM) P
Zygaena trifolii (Esper): (USNM) L; (Naumann) 1

EPIPYROPIDAE
Fulgoraecia exigua (Hy. Edwards): (USA: Maryland, Epstein, USNM) P

MEGALOPYGINAE
Megalopyge crispata (Packard): (USA: Maryland, Epstein, USNM) I, L, P
Megalopyge nr. melaina: (Peru: Epstein, USNM) L, P, Pex
Megalopyge lanata Stoll: (Ecuador: USNM) L; (Ecuador: CMNH) L, P;
(Panama: USNM) F
Megalopyge sp.: (Venezuela: Epstein, USNM) WB, e, F
Podalia sp.: (Venezuela: Epstein, USNM) WB, M
Megalopyge sp. (Venezuela: BMNH) |

TROSIINAE
Mesocia pusilla (Stoll): (Colombia: Genty, USNM) L
Norape corporalis Major: (Venezuela: Epstein, USNM) WB, M

AIDIDAE
Aidos amanda Stoll: (Venezuela: Epstein, USNM) F, M, WB, ¢, L, C; (Brazil:
USNM) F
Aidos sp.: (Venezuela: BMNH, 2 specimens) L
Aidos sp.: (Brazil: BMNH, 2 specimens) Lex, Pex, C
Aidos yamouna (Dognin): (Peru: Sanders, USNM) Pex
Brachycodilla carmen (Schaus): (Brazil: USNM) WB, M

SOMABRACHYIDAE
Psycharium sp.: (South Africa: USNM, 2 specimens) L
Psycharium sp.: (South Africa: Cape Province, Geertsema, 2 specimens) e, |
Somabrachys aegrotus Klug: (Morocco: CMNH) M
Somabrachys sp.: (Algeria: BMNH) L

DALCERIDAE
Acraga coa (Schaus): (Mexico: USNM) F
Acraga infusa complex: (Colombia: Genty, USNM) e, L, P
Dalcera abrasa H-S: (Venezuela: USNM) T
Dalcerides ingenita (Hy. Edwards): (USA: Arizona, McFarland)e, I, L, P,C
Dalcerina tijucana (Schaus): (Brazil: USNM) (e, L)
dalcerid sp.: (Ecuador: CMNH) |

LIMACODIDAE
Acharia (= Sibine) sp.: (Venezuela: Epstein, USNM) |, L, P, A
Apoda biguttata (Packard): |
Belippa horrida Walker: (Taiwan: Rawlins, CMNH, 88-229) |, F
Belippa laleana Moore: (China, USNM) L
Crothaema sp.: (South Africa: northern Transvaal, Duke, USNM) Lex, P, C
Crothaema sp.: (Malawi: Rawlins, CMNH, 88-636) I, F
Euclea delphinii (Boisduval): (USNM) H
Euprosterna sp.: (Venezuela: Epstein, USNM) I, L, P
Heuretes sp.: (Dominican Republic: Rawlins, CMNH) |
Monoleuca semifascia (Walker): (USNM) e; (USA: Florida, Habeck) P
Natada subpectinata Dyar: (Colombia: Genty, USNM) L
Pantoctaenia prasina (Butler): (Malawi: Rawlins, CMNH, 88-634)e, |, F
Pantoctaenia gemmans Felder: (Swaziland: Duke, USNM. 2 specimens) L
Parasa chloris (Moore): (USNM) H
Phobetron hipparchia (Cramer): (Venezuela: Epstein, USNM) |
Phobetron pithecium Abbott and Smith: (USA: Virginia, J. Burns, USNM) C,

Pex; (USA: North Carolina, USNM) WB, M

Prolimacodes badia Hiibner: (USA: Connecticut, Wagner, USNM) |
Semyra coarctata complex: (Venezuela: Epstein, USNM) e, I, L, P, M, F
Talima postica Walker: (Venezuela: Epstein, USNM) |, L, P

CHRYSOPOLOMINAE
Achrocerides theorini (Aurivillius): (Cameroon: USNM) F
Strigivenifera venata (Aurivillius) (Uganda: USNM) T
Chrysopoloma similis Aurivillius: (South Africa: northern Transvaal, Duke)
Lex, Pex, C

use of 8 mm micro- and macrovideo and the use of a 16 mm
movie camera fitted with a macro lens. Locomotion and
silk-spinning behaviors were observed on a glass substrate and
were video recorded from beneath by using an inverted
compound microscope.

Larval chaetotaxy used herein largely follows Stehr (1987b)
and Tremewan (1985). The examination of first instars was a
major part of this study because few first instars have been
figured since Dyar’s contributions in the 1890s and in 1907,
and all of his first instar specimens now are lost. Specimens
were obtained from the eggs of females collected at lights in the
field. Later instars were collected or reared using basic methods
described by Dyar (1899a). First-instar limacodids in many
genera are figured herein for the first time. These include
African Crothaema and Pantoctaenia (Rawlins, CMNH);
Neotropical Semyra, Talima, Euprosterna, Phobetron hip-
parchia (Epstein, USNM), and Heuretes (Rawlins, CMNH);
and Asian Belippa (Rawlins, CMNH). Also figured for the first
time are first instars and pupae of Dalceridae; male and female
genitalia of Aididae; and larvae, pupae, and female genitalia of

Chrysopolominae (sensu nova). Larval and pupal descriptions
of Chrysopoloma similis are based on exuviae, photographs
(Figure 5), and sketches, all provided by N. Duke.

ABBREVIATIONS

Following is a list of abbreviations used in the text and
figures:

1A-3A anal veins

Al-A10 abdominal segments

AA anterior apophysis

AC accessory cell

Aed aedeagus

AG accessory gland

An antenna

AP posterior apophysis

AS axial seta

AT anal tube

CB corpus bursae

Cr crochets

Crm cremaster

CuA, , anterior cubital veins
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CuP
Cx
D
DB
DS
En
Epm
Fe
FS
FW
Ga
Gn
HW
Jx

L
Lbr
Lg
LL
LP
M,
Md
ML
MSD

MV
MT
Mx
MXD
MxE
MxP
OB
Ov
PA
Pl
PP
R1
Ry
Rs
S1-82
Sa
Sc
SD
SG
Si
SiP
So
Sp
SpS
Spt
St
St1-St6
Stm
N
T1
T2
T3
Ta
Te
Ti
Tr
Un
v
Va
Vi
XD

posterior cubital vein

coxa

dorsal group (setae or derivatves D1-D2)

ductus bursae

ductus seminalis

epicranial notch

mesepimeron

femur

frass-flipping seta

forewing

galea

gnathos

hindwing

juxta

lateral group (setae or derivatives L1-L3)

labrum

leg

lateral lobe

labial palpus

medial veins

mandible

mesal lobe

subdorsal proprioceptor group (setae or derivatives MSD1-
MSD2)

ventral proprioceptor seta

Malpighian tubules

maxilla

proprioceptor seta

maxillary extension

maxillary palpus

ostium bursae

oviduct

papillae anales

proleg

paraproct seta

sensillum

radial veins

radial sector vein

stemmatal setae

saccus

subcostal vein

subdorsal group (setae or derivatives SD1-SD3)

sebaceous gland

silk

silk pore

socius

spiracle

spiracular sensillum

spinneret

spermatheca

stemmata 1-6

stemmata

subventral group (setae or derivatives SV1-SV4)

prothorax

mesothorax

metathorax

tarsus

tegumen

tibia

transtilla

uncus

ventral group (seta or derivatives V1)

valva

vinculum

X-dorsal group (setae or derivatives XD1-XD2)

History of Classification of the Limacodid Group

This section focuses on the placement of the limacodid-
group families within the classification of Lepidoptera from the
1890s to the present. Additional review of limacodid-group
families, as well as of Epipyropidae and Cyclotornidae, is
found under each family description below. Family-group
names or groupings are given in the current sense. Names in the
sense of the authors below are given in Table 2.

Packard (1894) believed the Megalopygidae to be general-
ized “bombycines,” and he believed the Limacodidae to have
“originated from the Saturniidae or forms allied to them”
(Packard, 1893:83). During the same period, Dyar (1894)
and Chapman (1893) placed Limacodidae, Megalopygidae, and
Zygaenidae in “Microlepidoptera.”

Epstein and Henson (1992) provide a historical review of
Dyar’s interests in both the Limacodidae and the higher
classification of Lepidoptera. Dyar (1894), on the basis of
larval setae, assigned Limacodidae, Megalopygidae, Zy-
gaenidae (in part), and Procridinae (Zygaenidae) to “Anthrocer-
ina.” The Pterophoridae were temporarily added (Dyar, 1895a)
but were later placed in uncertain status (Dyar, 1895b).
Ultimately, Dyar combined the “Cossina” and Anthrocerina
into the superfamily “Tineides” (Dyar, 1896a). Both Cossina
and Tineides were known at the time as “Microlepidoptera.”

Chapman (1893, 1894) lumped the Zygaenidae with Lima-
codidae and Micropterygidae into the pupa group “Incomple-
tae.” The two families Limacodidae and Micropterygidae were
thought by Chapman (1894) to share homologous setal and
proleg arrangements; however, these views did not gain
acceptance (Dyar and Morton, 1895; Packard, 1895a:797,
Hinton, 1955).

By 1895, Packard concurred with the idea of a close
relationship between the Limacodidae and Megalopygidae, but
he placed them below Tineina, apart from Zygaenidae
(Packard, 1895a, 1895b). The Dalceridae were not included
in these groupings because they were not recognized as
separate from the Limacodidaec or Megalopygidae until Dyar
erected the family in 1898.

Fracker’s (1915) Zygaenoidea included Chalcosiinae and
Procridinae, Epipyropidae, Dalceridae, Megalopygidae, and

TABLE 2.—Family- and subfamily-group names of Zygaenoidea in the current
sense and in the sense of the cited authors.

Author Current sense Old sense
Packard (1894) Megalopygidae Lagoidae
Limacodidae Cochliopodidae
Dyar (1894) Limacodidae Eucleidae
Zygaenidae (in part) Anthroceridae
Procridinae (Zyg.) Pyromorphidae
Chapman (1894) Limacodidae Cochliopodidae
Micropterygidae Eriocephalidae
Fracker (1915) Limacodidae Cochlidiidae
Chalcosiinae (Zyg.) Chalcodidae
Procridinae (Zyg.) Pyromorphidae







