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The present paper is part of a project describing the 
mandibular morphology of butterHy caterpillars and 
how it changes among larval instars . The goal is to rec­
ognize and better understand the behavior patterns 
within the four largest butterHy families in the 
Neotropics-Hesperiidae, Nymphalidae, Lycaenidae 
and Riodinidae (Heppner 1991, Brown 1996, Robbins 
& Opler 1997). 

For butterHies, little is yet known about larval feed­
ing strategies and how they evolved, especially in rela­
tion to mouthpart morphology and the characteristics 
of their foods. DeVries et al. (1985) examined variation 
in the mandibular morphology of some Nymphalidae 
caterpillars. With regard to the structure of the cutting 
edge, they recognized two morphological patterns­
toothed vs . smooth mandibles, Smooth mandibles 
were coded as apomorphic, occurring in the subfami­
lies Satyrinae, Morphinae, Charaxinae, and Apaturi­
nae. Recently, Ackery et al. (1999) suggested that the 
reduction and loss of larval mandibular teeth could be 
used to separate the grouping Heteropterinae + 
Trapezitinae + Hesperiinae from the other Hesperi­
idae subfamilies. 

For moths there is more information available. A 
number of species of the families Saturniidae, Sphin­
gidae, Noctuidae and Notodontidae have been investi­
gated (Bernays 1986, Bernays & Janzen 1988, Godfrey 
et al. 1989, Miller 1991, Dockter 1993, Dewhurst 
1999, Passoa & Passoa 2000), and some patterns are 
hypotheSized, Bernays & Janzen (1988), for example, 
showed two larval feeding strategies in Saturniidae and 
Sphingidae (snipping vs. chewing, respectively), con­
sidering these strategies as adaptive processes corre­
lated with both the morphology of the mandibles as 
well as the phYSical and chemical featu res of the larval 
food plants. As in Nymphalidae (DeVries et al. 1985), 
smooth mandibles were found to be uncommon and 
an apomorphic feature in Notodontidae (as mentioned 
by Miller 1991). From the published information on 
the mandibular morphology of lepidopterous larvae, 
smooth mandibles seem to have had independent ori­
gins in the evolutionary histOlY of Lepidoptera, as also 
occurred in Olthoptera (see Tables 2 and 3 in Bernays 
1991), 

The fiery skipper Hylephila phyleus phyleus (Drury, 
1773) is a common species of open areas (Scott 1986), 

It occurs from Canada to Rio Negro in southern Ar­
gentina, and throughout the Greater and Lesser An­
tilles (Evans 1955, Hayward 197.3, Smith et al. 1994, 
MacNeill & Herrera 1999), The biology of the imma­
ture stages of H, p. phyleus has been described several 
times since it was recorded as one of the most serious 
lepidopterous pests of lawn grasses in Hawaii (Kawa­
mura & Funasaki 1971, Tashiro & Mitchell 1985, 
Tashiro 1987, Toliver 1987). However, with regard to 
the immature morphology of this species , the descrip­
tions are not very detailed, 

The purpose of this paper is to describe the mor­
phology of the mandibles and feeding habits of the five 
larval instars of H. p. phylel.ls. Ontogenetic changes in 
the mandibular morphology are documented with the 
aid of scanning electron microscopy (SEM). Mandibles 
of grass-feeding specialists (Isely 1944, Godfrey 1972, 
Brown & Dewhurst 1975, Bernays 1986) as well as of 
species feeding on other monocotyledonous plants 
(Peterson 1962, Casagrande 1979, DeVries et aL 1985, 
Ackery et al. 1999) have been characterized as having 
chisel-like edges (this is the terminology used by 
Bernays 1986; other names can be found elsewhere), 

SpeCimens used in this study were obtained from 
eggs (n = 26) laid by a single female collected on 28 
March 1999, at noon, in an urban lawn next to the rail­
road in the neighborhood of Cristo Rei , Curitiba, 
Parana State, Brazil (49°16'15''W and 25°2.5' 48//S, ele­
vation 900 m), Before netting we observed ovipOSition 
behavior of H. p. phyleus for approXimately 10 min­
utes, Our field observations corroborated the results of 
Tashiro & Mitchell (1985) who stated that "females [of 
a Hawaiian population of H. phyleus J alight on the turf 
for a few seconds for ovipOSition before flying a short 
distance to repeat the process". In the laboratory, the 
female was confined in a :30 x :30 x 30 em screen cage, 
fed 10% honey: water solution, and given fresh grass 
leaves daily for oviposition. After hatching, larvae were 
reared individually in plastic containers under green­
house conditions with daylight temperatures that fluc­
tuated from about 14 to 28°C and relative humidity of 
63-88%. As larvae molted head capsules were pre­
served in 70% ethanol for future measurements and 
analyses, The mandibles were dissected follOwing a 
speCific methodology so that the other mouthparts and 
the head itself were not damaged (Godfrey 1987:551). 
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Left mandible width, here considered the lower edge 
of the mandible, and head capsule greatest width were 
measured with an ocular micrometer. These measure­
ments are summarized in Table 1. Preparations for 
SEM analysis followed techniques in Bonatto & Car­
valho (1996). Voucher specimens are deposited in the 
Cole<;8.o de Entomologia Padre Jesus Santiago Moure, 
Departamento de Zoologia, Universidade Federal do 
Parana, Parana, Brazil. 

Few conspicuous changes in mandibular morphol­
ogy were observed. Mandibles of all instars of H. p. 
phyleus are relatively short (ca. one-fourth of the head 
capsule greatest width, Table 1) with a broad base. 
This overall mandible shape is shared with other taxo­
nomically unrelated lepidopterous species that eat ei­
ther monocotyledons or dicotyledons with hard or 
tough leaves (Godfrey 1972, Brown & Dewhurst 1975, 
Casagrande 1979, Bernays & Janzen 1988, Bernays 
1991 ). The cutting edge is flat and smooth with dis­
tinct notches that resemble inter-tooth depressions 
(Figs. 1-6). In worn mandibles these notches may be 
blurred or absent as a consequence of the abrasive 
agent (amorphous silica) deposited in the cell wall and 
cell lumen of grass leaves (Schoonhoven et al. 1998). 

Mandibles of the first two larval instars of H. p. 
phyleus differ from the other instars by the number of 
setae and absence of a transverse ridge in the oral sur­
face (Fig. 2, 3). Mandibular setae are present in all in­
stars. In the first and second ins tars there are only two 
widely separated setae, with the one closer to the cut­
ting edge slightly longer (Fig. 1, 3). Third ins tar larvae 
have three mandibular setae, with the longest seta 
about four times the length of the shortest (Fig. 4). In 
the last two instars the number and size of mandibular 
setae varies intraspecific ally, but usually with two long 
setae and 4-6 short setae. In addition , the oral surface 
is dceply concave in the last two instal'S, and the trans­
verse ridge is well developed (Figs. 5, 6) diViding the 
oral surface in two portions, the distal portion wider 
and shorter than the basal one where some pores (pos­
Sibly glandular openings, see Snodgrass 193,5 : 1.53-154) 
occur near the inner margin (Fig. 6) . 

The similarity of mandibular morphology among H. 
p. phyleus larval instal'S seems to be associated with 
the larval feeding strategy that is very similar in all in­
stars (Fig. 7) Larvae of H. p. phyleus process the food 
plant by snipping off pieces of the plant tissue, which 
are swallowed after a quick mechanical processing by 
the oral surface of the mandibles. However, we predict 
that the leaf tissues are not mechanically processed by 
the first two larval instal'S due to the simplicity of the 
mandibular morphology, i. e., there is no transverse 
ridge nor any undulated area in the oral surface that 
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TABLE 1. Head capsule and left mandible \\idths (in mm ) of fiery 
skipper larvae from Curitiba, Parana State, Brazil. SD = standard 
deviation, N = number of specimens. 

Larval instars 

2 3 4 5 

Head capsule mdth 

Mean 0.48 0.68 l.00 1.57 2.24 
SD 0.02 0.04 0.09 0.13 0.05 
N 4 5 7 4 2 

Left mandible mdth 

Mean 0.10 0.1.5 0.23 0.33 0.58 
SD 0 0.02 0.03 0.03 0.01 
N 4 5 7 4 2 

may have a mashing or crushing function , as noticed in 
some notodontid species by Godfrey et al. (1989). 
Early ins tar larvae generally began consuming the 
edge of softer leaves. Third and subsequent instars 
readily accepted both young and old grasses . It is pos­
sible that younger larvae (first and second instars ) of 
H. p. phyleus may have trouble in processing tougher 
grass leaves than mature larvae because of the high 
levels of silica and the arrangement of the lignified 
veins (Bemays 1986, 1991). The toughness or hardiness 
in some grasses can be very high. For example, C4 
grasses, i.e. , species \'lith a photosynthetic pathway pro­
ducing a four-carbon acid, are about six times tougher 
than an average herbaceous plant (Bernays 1991). 

\Nhether the presence of smooth mandibles in some 
lepidopterous larvae, at least during the late instars, is 
primarily associated with feeding on speCific plant taxa, 
still awaits a thorough examination. DeVries et al. 
(1985:26) cited cases where the evidence does not sup­
port this hypothesis. A modifi ed version of this hy­
pothesis is that mandibular adaptations (toothed vs. 
smooth mandibles ) of forb and grass feeders are asso­
ciated with plant hardiness or toughness (Bernays & 
Janzen 1988, Be rnays 1991 ). C uriously, Aekery et al. 
(1999) have brought this topiC for discussion again. 
While discussing on the monophyly of the grouping 
Heteropterinae + Trapezitinae + Hesperiinae they 
suggested that 1) "a reduction and eventual loss of 
mandihular teeth " in Hesperiidae could 2) "pOSSibly 
be related to a diet of grasses and other tough mono­
cotyledons" (in the original text of Ackery et al. sen­
tences 1 and 2 are reversed). We hope that the present 
contribution stimulates other researchers to begin ac­
cumulating and reviewing as much information as pos­
sible on lepidopterous larval morphology, ecology and 
behavior. 

We are grateful to George. L. Godfrey and C. F. Dewhurst fo r 
providing reprints of their papers on mouthpalis of lepidopterous 
larvae, Daura R. Eiras-Stofella, Matilde Machado and Vera Regina 
F. Pionteke for helping with the SEM techniques . We also thank 
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FIGs. 1- 6. Hylephila phyleus phyleus (Drury). 1, anterior view of the head capsule of first instar larva, arrow indicating an inte r-tooth like 
notch; 2, second larval instal", left oral surface; 3, idem, lower outer surface with two mandibular se tae; 4, third larval instar, outer surfaee with 
three mandibular setae; 5, fifth larval instar, left mandible (oral view), arrow indicating transverse ridge; 6, idem, left mandible (oral View) , ar­
row indicating "glandular" pores. Ba-mandibular base, La-labrum, Le-mamlibular lower edge. Scale bar 100 )1m. 
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FIG. 7. Hylephila phyleus phyleus (Drury). First ins tar larva and characteristic damages in the leaf caused by snipping feeding behavior. 
Same behavior observed in the other larval instars. 

Astrid Caldas, Carla Penz, Danuncia Urban, Gerardo Lamas, 
Robelt K. Robbins, and two anonymous reviewers for improving our 
manusclipt. Financial support was provided by Conselho de Desen­
volvimento Cientffico e Tecnologico (CNPq - Brazil) and Funda9ao 
da Universidade Federal do Parana (FUNPARI UFPH). This is con­
tribution number 1246 from the Departamento de Zoologia, Uni­
versidade Federal do Parana. 
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NOTES ON THE HISTORIC RANGE AND NATURAL HISTORY 
OF ANAEA TROGLODYTA FLORlDALIS (NYMPHALIDAE) 

Additional key words: Croton, Florida, West Indies, seasonal forms, parasitism. 

Populations of the Florida leafwing, Anaea 
troglodyta floridalis F. (Comstock & Johnson) (Fig. 1), 
a butterfly endemic to south Florida and the lower 
Florida Keys, have become increasingly localized as its 
pine rockland habitat is lost or altered through an­
thropogenic activity (Baggett 1982, Hennessey & 
Habeck 1991, Schwarz et al. 1995, Salvato 1999, 
2001 ). Croton linearis Jacq. , (Euphorbiaceae) a sub­
tropical species of Antillean origin, is the sole host 
plant for A. t. floridalis (Opler & Krizek 1984, 
Schwartz 1987, Minno & Emmel 1993, Smith et al. 
1994). Once common throughout the pinelands of the 
lower Florida Keys (Dickson 1955), C. linearis now oc­
curs only on Big Pine Key (Monroe Co. ) and in frag­
mented populations on the southeast Florida mainland 
as far north as Jupiter Island (Martin Co.) (Salvato 
1999). However, as host plant availability and appro­
priate habitat have declined, there is little recent evi­
dence that A. t. floridalis ventures further north than 
southern Miami (Miami-Dade Co.) to make use of 
these fragmented host populations (Baggett 1982, 
Smith et al. 1994, Salvato 1999). Salvato (1999) has 
found few-docum ented field sighting records or mu­
scum collection specimens of A. t. floridalis from areas 
north of Monroe and Miami-Dade counties suggesting 
that this species may not have been common further 
north historically. 

Delineating the precise historic range of A. t. flori­
dalis has been further complicated by its confusion 
with Florida's other resident Anaea species, Anaea an­
dria Scudder (Opler & Krizek 1984, Hennessey & 
Habeck 1991). An extremely tolerant species climati­
cally, A. andria is widely distributed in the United 
States and Mexico (Pyle 1981, Opler & Krizek 1984). 
In Florida, Hernando County appears to represent the 
southern houndary for A. andria and this may corre­
spond with the distribution of its host plants (Salvato 

1999). Anaea andria uses several different Croton host 
species throughout its range, as opposed to A. t. flori­
dalis which is stenophagic and will only use Croton lin­
earis (Opler & Krizek 1984, Schwartz 1987, Hen­
nessey & Habeck 1991, Smith et al. 1994, Worth et al. 
1996). In northern Florida, A. andria primarily uses 
Croton argyranthemus Michx. (Glassberg et al. 2000) 
as a host, but will also feed on C. capitatus Michx 
(Opler & Krizek 1984, Salvato 1999). Salvato (1999), 
in preliminary feeding studies, found that when of~ 
fered a variety of Croton species (c. capitatus, C. lin­
earis and C. argyranthemus), A. t.floridalis larvae (n = 

5) would only accept C. linearis as a food source. 
Anaea andria larvae (n = 5), when given the same se­
lection, preferred c. argyranthemus as well as C. cap­
itatus but refused to feed on C. linearis. The prefer­
ence of A. andria for only northern occurring Croton 
species may explain why the butterRy has not estab­
lished itself farther southward in the state. The appar­
ently strict diet req uirements of A. t. floridalis and pos­
sihly an inability to tolerate the colder winter climate 
of north Florida keep it from expanding northward. 
Croton grandulosus Michx. is the prevalent Croton 
species in the central part of Florida where neither 
butterfly occurs. Both Anaea species refused this plant 
as a host when offered it in feeding trials. Salvato is 
currently conducting continued feeding studies with 
A. andria and A. t. floridalis to establish larger sam­
pling sizes. However, it does appear that an allopatric 
relationship occurs between A. andria and A. t. flo'ri­
dalis within Florida, one similar to that observed be­
tween other members of the genus within the West In­
dies (Smith et al. 1994). Figure 2 indicates the 
documented distribution of A. t. floridalis and A. an­
dria in Florida. 

Anaea t. floridalis maintains an appearance charac­
teristic of the genus and the taxonomy of this sub-




