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A

 

BSTRACT

 

Hylesia metabus

 

 is a species of moth, distributed principally in northeastern Venezuela. Fe-
male moths use their abdominal setae to cover their egg masses. Contact with these setae
can cause a severe dermatitis in humans. Setae from males do not produce these symptoms.
The external morphology of the abdominal setae in male and female moths was described
and the effect of the setae on ant behavior was studied. We classified the setae into four
types, S1, S2, S3 and S4. In females, two of these types were found in the dorsal region; S1
and S2 show a porous structure and measure 2000 µm and 155 µm in length, respectively.
In the ventral part of the abdomen we observed three setae types, S1, S3 which are 190 µm
long and have small barbs along their length directed towards the apex, and S4 which have
numerous barbs at the base, but further up flatten out, with barbs along both sides, before
tapering off at the apex. S4 also were found in the lateral zones of the abdomen and were the
predominant type of setae covering the egg masses. Only S1 setae were found in males. Egg
masses not covered by setae were examined and transported by 

 

Pheidole

 

 ants, whereas cov-
ered eggs were largely avoided. The morphology of the S3 and S4 setae types suggests that
these may be related to the urticating properties reported for the moth. Ant avoidance of se-
tae covered eggs suggests that these protect the eggs from at least some predators.
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R

 

ESUMEN

 

Hylesia metabus

 

 es una especie de Lepidóptero, distribuida principalmente en el noreste de
Venezuela. Las hembras adultas cubren sus huevos con sus setas abdominales. El contacto
con estas setas causa una severa dermatitis en los humanos. Las setas provenientes de los
machos no producen tales sintomatologías. Se describió la morfología externa de las setas
abdominales en mariposas machos y hembras y se estudio el efecto de las setas sobre el com-
portamiento de las hormigas. Las setas se clasificaron en cuatro tipos, S1, S2, S3 y S4. En
las hembras, dos de estos tipos se encontraron en la región dorsal; S1 y S2, las cuales pre-
sentan una estructura porosa y con una longitud de 2000 µm y 155 µm respectivamente. En
la parte ventral del abdomen se observaron tres tipos de setas, S1, S3, que miden 190 µm de
largo y tienen pequeñas espinas a lo largo de la seta, dirigidas hacia el ápice y S4, que pre-
sentan espinas en la base, para luego aplanarse, con espinas a los lados, antes de volver a
afilarse hacía el ápice. Las S4 se encuentran también en las zonas laterales del abdomen y
son el tipo de seta predominante cubriendo los huevos. En los machos, el único tipo de seta
presente son las S1. Grupos de huevos separados de la postura y desprovistos de setas fueron
examinados y cargados por hormigas del género 

 

Pheidole

 

, mientras que éstas evitaron con-
tacto con las posturas cubiertas de setas. La morfología de las S3 y S4, sugiere que éstas po-
drían estar relacionadas con el efecto urticante de las mismas. La evasión por parte de las
hormigas de los huevos cubiertos por las setas indica que éstas protegen los huevos de por
lo menos algunos depredadores.

 

Translation provided by author

 

Urticating hairs or setae are found in species
belonging to 13 families and four superfamilies in
the order Lepidoptera. In most cases larvae have
urticating setae, and it is only in a few species that
they are found on adults, for example in the gen-

era 

 

Acyphas

 

 and 

 

Euproctis

 

 in the Lymantridae
and in the genus 

 

Hylesia

 

 in the Saturniidae.
The genus

 

 Hylesia

 

 is a Neotropical moth dis-
tributed in the Americas from Mexico to Argen-
tina (Lamy et al. 1984). 

 

Hylesia metabus
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(Cramer) 1775, (common name “Palometa Pe-
luda”), is distributed principally in mangrove
swamps in northeastern Venezuela (Fornés &
Hernández 2001). The abdomens of the adult fe-
males are exceedingly hairy and the females use
these hairs to cover their egg masses. It has been
speculated that the hairs protect the eggs from
predators and parasites, although this has not
been demonstrated. Although 

 

Hylesia metabus

 

moths normally inhabit mangrove swamps,
swarming adult moths are attracted by lights of
nearby towns and arrive in the thousands, releas-
ing the urticating hairs into the air. Exposure to
hairs from female moths leads to severe urticarial
and papilovesicular dermatitis. Hairs from male
moths are not urticating.

Studies of the external morphology of 

 

H. meta-
bus 

 

adult females have been undertaken, (Lamy
& Lemaire 1983; Olivares & Vásquez 1984) and
different types of setae have been described.
Lamy & Lemaire (1983) described what they
called “flechettes” assuming that these were the
only setae to have urticating properties. Later,
Vásquez (1990) reported three different types of
setae present on female abdomens, and consid-
ered that two of these types were urticating.
Nonetheless, the only setae illustrated are simi-
lar to those previously described by Lamy & Le-
maire (1983). No detailed description of the
external morphology of the different setae found
on female abdomens and egg nests is known to us.
Neither has anyone described the non urticating
setae from male abdomens. Here we describe the
setae from male and female abdomens and from
the egg nests of 

 

Hylesia metabus 

 

moths. In addi-
tion we studied the effect of the setae covering the
egg masses on ant behavior in order to ascertain
if these protect the eggs from foraging by the ants.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Preparation of Samples for Scanning Electron
Microscopy (SEM)

 

Male and female 

 

Hylesia metabus 

 

pupae, and
the hairballs used by the females to cover their
egg masses were collected from mangrove
swamps close to the town of Yaguaraparo, Cajigal
District, Sucre State, Venezuela. The pupae were
maintained until the eclosion of the adults in the
Biological Control Laboratory, at the Instituto de
Investigaciones en Biomedicina y Ciencias Apli-
cadas, Universidad de Oriente, Cumaná, Venezu-
ela. The larvae were maintained at 24 ± 2°C,
relative humidity; 60 ± 5% and a photoperiod of
12:12 (L:D). For SEM, abdomens from moths, and
egg nests, were cut in pieces of approximately 1
mm

 

3

 

, placed in glass vials and dehydrated in an
oven at 40°C for 48h in the presence of silica gel.
The abdomens were divided into three sections:
dorsal, ventral, lateral, with each section being

further divided into anterior (towards the tho-
rax), middle, and posterior (towards the oviposi-
tor). Some of the abdomens were scraped to
remove the hairs before being divided into equal
sized sections as described above. The samples
were coated with gold/palladium and observed in
a Philips SEM 505 and a JEOL T-300 scanning
electron microscope (Stobbart & Shaw 1964).

 

Behavioral Experiments

 

The experiments with ants were carried out at
the Universidad Simón Bolívar, Caracas, Venezu-
ela, following the methodology used by Osborn &
Jaffé (1998) with some modifications. We used

 

Pheidole

 

 sp. for the purposes of this study, as it is
commonly found in the vegetation and thus prob-
ably regularly encounters lepidopteran eggs and
larvae. Two colonies of 

 

Pheidole

 

 sp. were collected
in the surroundings of the university and main-
tained in the laboratory in plastic bowls of 1-m
diameter and 50-cm depth, at a constant temper-
ature of 25°C and a relative humidity of 70-80%.
A metal tripod 40 cm high was put in each bowl on
which we placed a glass platform of 20 cm

 

3

 

 as the
foraging area. Two plastic lids of 5-cm diameter
and 1-cm depth were placed on the glass plat-
forms, and in these we put pieces of soft netting,
one soaked in water and the other soaked in a 1:1
ratio of water and honey. In addition, every two
days insects collected with entomological nets
were placed on the foraging area.

For the bioassays, we placed an egg nest, with
or without setae, on the foraging area of one of the
ant colonies. Eggs without setae were prepared by
removing the setae with forceps and washing the
eggs with distilled water. The behavior of the ants
was then observed during 15 mins. The egg nests,
with or without setae, were tested separately, one
after the other (the first to be tested was chosen
randomly), with each pair of assays being consid-
ered an experiment. Nine replicates were per-
formed, alternating between colonies so that each
colony participated in only one experiment on any
given day.

The results of the replicates were analyzed by
a Wilcoxen-Mann-Whitney test, comparing each
response by the ants (exploration, touching, walk-
ing over and transport of the eggs) towards setae-
less, and setae-covered eggs separately (Siegel &
Castellan 1988).

R

 

ESULTS

 

External Morphology of the Setae

 

The hairs (or setae) of adult moths are distrib-
uted in lateral bands along the abdomen. In the
dorsal (anterior, middle and posterior) sections of
female abdomens we observed two types of setae
which we shall refer to as types S1 and S2 (Fig. 1).
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S1 type setae were approximately 2 mm long,
with a diameter of 5 to 5.3 µm at the base and
variable widths of between 4.6 and 24 µm along
the rest of their length. These setae showed a very
porous lattice type structure and the apices of the
setae were blunt (Figs. 2 and 3, Table 1). S2 type

setae were between 182 and 220 µm long and
were similar to S1 setae in that they also showed
a very porous lattice type structure. They were cy-
lindrical at the base, with a diameter of 5.5 to 6
µm, but then fanned out in the shape of a shield,
with the apex in the form of a W (Fig. 1, Table 1).

Figs. 1-6. 1) General view of the dorsal region of the female abdomen showing setae types S1 and S2. Note the
blunt apex of the S1 setae. Bar = 38 µm. 2) Detail of abdominal setae types S1 and S2. Note the porous nature of
the setae (arrow). Bar = 32 µm. 3) Detail of the base of a S1 type setae. B: base of setae. Lp: Large pocket Bar = 13
µm. 4) General view of an S3 type setae (S3). Bar = 20 µm. 5) Detail of the base of an S3 type setae. Note the blunt-
ness of the barbs. Sp: small pocket. (�) Bar = 7 µm. 6) Detail of the apex of an S3 type setae. Note the sharpness of
the barbs (Ba). Bar = 5 µm.
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In the ventral sections of female abdomens we
identified three types of setae; S1 type setae (al-
ready described) were abundant in the ventral
anterior part of the abdomen. S3 type setae were
predominant in the middle ventral area, they
were approximately 190 µm long, with a diameter
of 2.5 to 3.1 µm at the base (Figs. 4 and 5, Table 1).
They were smooth, without any holes or pores
(Fig. 4). Along their length were small barbs, di-
rected towards the pointed distal end. At the base
of the setae these had rounded points which be-
came sharper towards the apex (Figs. 5 and 6). S4
type setae were abundant in the ventral posterior
part of the abdomen; they were approximately 1
mm long and showed a more complex morphology
(Figs. 7-10); the base of the setae had a diameter
of 4.2 to 7.5 µm and the surface was made up of
numerous barbs (Fig. 8, Table 1), further up, the
setae flattened out to a width of approximately 60
µm, with triangular barbs along both sides (Fig.
9, Table 1). Towards the apex, the setae thinned
out into a thin cylindrical tube where, in some
photographs, secretion drops were observed (Fig.
10, Sd). S4 setae were also found in the lateral
sections of the female abdomens, where they were
the only type of setae observed.

The S1, S2 and S4 setae were inserted in pock-
ets with diameters of 7 to 7.7 µm (Figs. 1, 3, 5, 8,
11, Table 1), and S3 setae in pockets with diame-
ters of 3.2 to 4.6 µm (Figs. 5 and 11, Table 1).
These pockets varied in density depending on
their position on the abdomen. In the dorsal parts
of the abdomen where types S1 and S2 were lo-
cated, the pockets had a density of approximately
1000/mm

 

2

 

 (Fig. 5) The pockets on the lateral parts
of the abdomen, where the S4 type setae were
located had a density of 3500/mm

 

2

 

 (Fig. 8) In the
ventral zone of the abdomen, the large pockets,
holding S1 and S4 setae, had a density of 2000/
mm

 

2

 

, and in the ventral middle zone, where the
S3 setae were located, the small pockets were
very abundant; approximately 50000 / mm

 

2

 

, and
tightly packed, so that the cuticle could not be
seen (Fig. 5). In the anterior ventral part of the
abdomen only large pockets could be observed. In
Figure 11, the abrupt change between the middle
and anterior parts of the abdomen can be seen.

In the egg nests the dominant type of setae ob-
served was S4, although S1 and S3 setae were
also present (not shown) In males only S1 type se-
tae were found.

 

Behavioral Experiments

 

Definition of Behavioral Responses of Ants.
Preliminary experiments with eggs allowed us to
define the following behavioral responses of the

 

Pheidole 

 

ants towards the larvae: (1) Exploration:
ants touch the eggs with their antenna for a pe-
riod of >1 sec., (2) Touch: ants touch the eggs with
their mandibles for a period of >1 sec., (3) Walk
over: ants walk over the eggs, (4) Transport: ants
transport the eggs towards their nests.

 

Behavioral Responses of the Ants to Eggs with and 
without Setae

 

Table 2 shows the results of the experiments
with the ants. It can be observed that there is a
significant difference between treatments for the
exploration and carrying behaviors with a total of
19 ants exploring uncovered egg masses com-
pared with 0 ants exploring covered egg masses. A
total of 16 ants carried uncovered egg masses to
their nest compared with 0 ants carrying covered
egg masses. In fact, the ants seemed to largely ig-
nore the covered egg masses, and avoided contact
with them.

D

 

ISCUSSION

 

This study represents a first detailed descrip-
tion of the morphology of the setae of adult male
and female 

 

Hylesia metabus

 

 moths. Based on
morphological characteristics, we have classified
the setae into four distinct types that we have
called S1, S2, S3, and S4, respectively.

Due to their porous nature and lack of sharp
points or barbs, S1 setae are unlikely to be urti-
cating. Furthermore S1 was the only type of setae
found in male moths which do not have urticating
properties. S2 type setae, observed from the dor-
sal zone of female abdomens, and structurally
similar to S1 are also unlikely to be urticating.
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DIFFERENT

 

 

 

TYPES
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ABDOMINAL

 

 

 

SETAE

 

 

 

FROM

 

 

 

MALE

 

 

 

AND

 

 

 

FEMALE

 

 

 

H. 

 

METABUS

 

MOTHS

 

.

Setae type

Width at base (µm) Maximum width (µm) Length (mm) Width of pocket opening (µm)

Av. Std. Dev. Av. Std. Dev. Av. Std. Dev. Av. Std. Dev.

S1 5.1 0.1 11.0 6.3 29.1 2.0 7.3 0.2
S2 5.7 0.1 46.0 2.7 12.8 0.2 7.7 0.4
S3 2.9 0.2 8.0 0.7 15.0 0.19 4.0 0.6
S4 5.5 1.2 58.6 3.8 32.0 1.0 7.0 0.4

 

N = 20.
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The S3 and S4 types of setae are found only in
females and may be related to the urticating
properties. The urticating setae found on larvae
belonging to the genus 

 

Thaumetopoea 

 

(Notodon-
tidae) show a similar length (150-250 µm) and
share some structural similarities with the S3 se-
tae of the 

 

Hylesia 

 

moths, i.e., small, sharp barbs

pointing towards the distal end (Lamy & Novak
1988). Urticating setae similar to the S3 type
have been described from several species of 

 

Hyle-
sia 

 

moths (Lamy & Lemaire 1983). These authors
reported that in 

 

H. metabus

 

 the setae were 100 to
225 µm in length. Further descriptions of these
setae report a density of 50000 setae/mm

 

2

 

, as

Figs. 7-11. 7) General view of the lateral region of the female abdomen showing setae type S4. Note the curved
nature of the setae. Bar = 76 µm. 8) Detail of the base of an S4 type setae. Lp: large pocket. Bar = 10 µm. 9) Detail
of the middle section of an S4 type setae. Note the lateral barbs (�). Bar = 23 µm. 10) Detail of the apex of an S4
type setae. Note the secretion drop (Sd). Bar = 210 µm. 11) Detail of the change in pocket sizes between the anterior
ventral and middle ventral regions of the female abdomen. Sv: anterior ventral region, Mv: middle ventral region,
Sp: small pocket. Bar = 20 µm.
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found in this study (Lamy et al. 1984; Pelissou &
Lamy 1988).

Setae similar to the S4 type have not, as far as
we know, been previously described. Nonetheless,
their morphology (sharp barbs at the base, and
triangular barbs further up) suggests that they
may have urticating properties. The secretion
drops observed at the apex of one of these setae
also suggests that they contain a liquid sub-
stance. Biochemical studies have demonstrated
the presence of a kallikrein-like substance (asso-
ciated with increased vascular permeability and
the production of pain) in the urticating hairs of
female 

 

H. metabus

 

 moths (Lundberg et al. 2002).
Furthermore, the setae are associated with the
ovipositor in female moths and are the most
abundant type of setae in the egg nests which are
known to be very urticating (personal experience
of three of the authors).

Although several species of larvae having urti-
cating setae with different morphologies have
been described (e.g., Perlman et al. 1976; Press et
al. 1977), the information on setae from adult
moths is scarce. Apart from 

 

H. metabus

 

, the only
other species of moth reported as having more
than one type of urticating setae is 

 

Anaphe venata

 

(Notodontidae: Thaumetopoinae). Nevertheless,
although the setae on 

 

A. venata

 

 are different in
size and posture, both types of setae show the
same structure: they are sharp at both ends and
square when cut transversally, with barbs on all
four sides. (Lamy 1984; Lamy et al. 1984). In this
species, the female moths release the urticating
setae by means of abdominal contractions, plac-
ing them over the eggs, in a similar way to that of

 

H. metabus

 

 (Lamy 1984; Lamy et al. 1984).
Behavioral experiments with ants suggest that

they are not repelled by the abdominal hairs cover-
ing the egg nests (no alarm behavior was re-
corded), but rather ignore or avoid them. The eggs
of some species of insects, e.g., 

 

Gastrophysa cyanea

 

(Coleoptera: Chrysomelidae) contain oleic acid
which repel several species of ants (Howard et al.
1982). The hairs covering 

 

H. metabus 

 

eggs may
simply hide the eggs from the ants. This suggests
that the urticating characteristics of the hairs may
be directed towards avian or mammal predators.

In conclusion, we have characterized four dis-
tinct classes of setae present in the abdominal
wall of male and female adults of 

 

Hylesia meta-
bus

 

. We have chosen to call these different types
of setae S1, S2, S3, and S4. In the egg nests, the
S4 type of setae is the predominant type. This
study thus represents the first description of four
morphologically different types of setae from one
species of moth, two of which are probably urti-
cating.

Setae covered eggs seem to be protected from
predation by ants, although the setae seem to act
as a physical barrier rather than a chemical one.
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