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Abstract

Some parasitoids build a cocoon mass that hangs in the host body until the adults emergence, which is an advantage
against attack by predators who troll the vegetation in search of prey. However, such behaviour is not effective against
the hyperparasitoid attacks. This study reports the interaction between the caterpillar Manduca sexta Linnaeus, 1763
(Lepidoptera, Sphingidae) parasitised by Meteorus sp. (Hymenoptera, Braconidae) larvae and its hyperparasitoid
Toxeumella albipes (Hymenoptera, Pteromalidae). This is the first description of the attack and oviposition of T albipes.
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Histoéria natural da interacao entre Meteorus sp. Haliday, 1835 (Hymenoptera: Braconidae)
e seu hiperparasitoide Toxeumella albipes Girault, 1913 (Hymenoptera: Pteromalidae)

Resumo

Alguns parasitoides constroem um agregado de casulos que fica pendurado no corpo do hospedeiro até a emergéncia
dos adultos, o que é uma vantagem contra o ataque de predadores que vasculham a vegetacdo em busca de presas. No
entanto, tal comportamento néo ¢ eficiente contra o ataque de hiperparasitoides. Este estudo registra a interagéo entre a
lagarta Manduca sexta Linnaeus, 1763 (Lepidoptera, Sphingidae) parasitada por larvas de Meteorus sp. (Hymenoptera,
Braconidae), e seu hiperparasitoide Toxeumella albipes (Hymenoptera, Pteromalidae). Esta € a primeira descri¢do do
ataque e da oviposi¢do de T. albipes.

Palavras-chave: comportamento, hospedeiro, massa de casulos, parasitoide.

1. Introduction

Meteorus Haliday is a large genus with cosmopolitan  Zitani, 2003) and by being gregarious (Huddleston, 1980;

distribution and comprising more than 250 described species
(Muesebeck, 1923; Zitani and Shaw, 2002; Zitani, 2003; Shaw
and Nishida, 2005; Stigenberg, 2008). Most of the known
species of Meteorus are koinobiont endoparasitoids and
generally attack young caterpillars, and some are specialised
in parasitising beetle larvae (Shaw and Huddleston, 1991;
Shaw, 1995, 1997; Zitani and Shaw, 2002). Meteorus species
are commonly recognised by their diverse silk-spinning
and cocoon-forming behaviours (Zitani and Shaw, 2002;
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Maetd, 1989, 1990; Shaw and Huddleston, 1991; Shaw,
1995). One parasitoid species is considered gregarious
when two or more parasitoid larvae originated from the
same mother are developed in a single host being the result
of multiple eggs laid in the host, or polyembryonic when a
repeated division of a single egg occurs (Gauld and Bolton,
1988). The behaviour of lifting the cocoon mass in this
gregarious species of Meteorus could be behaviour against
predation, especially by ants. This strategy reduces the
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contact of the cocoon surface or nests with the substrate,
this being a defensive behaviour widespread in nature
(Zitani and Shaw, 2002). Several species of birds and social
wasps (Polistes spp.) lift their nests as some butterflies
do the same with their chrysalides, and some species of
Ichneumonidae like, Hymenoepimecis japi Sobczak et al.,
2009 (Sobczak et al., 2009), and H. argyraphaga Gauld,
2000 (Eberhard, 2000) also lift their cocoons. Although
some have considered this behaviour as a defense strategy
against predators (Shaw and Huddleston, 1991; Zitani
and Shaw, 2002), others considered it less efficient to
prevent the attack of pseudoparasitoid or hyperparasitoid
(Zitani and Shaw, 2002; Quicke et al., 2006). In this paper
we report some biological information on a Sphingidae
carterpillar, M. sexta, parasitised by Meteorus sp. and its
hyperparasitoid 7. albipes.

2. Material and Methods

One M. sexta caterpillar feeding on Solanum pseudoquina
Sr. Hil. (Solanaceae), was found parasitized by Meteorus sp.
with a mass of cocoons hanging from the caterpillar body
on the edge of a trail in a protected subtropical humid
forest in the Serra do Japi (23° 15” S and 46° 57° W) in
Jundiai, Sao Paulo state, Brazil, in February of 2010.
The cocoon mass was removed from the body of the host
and enclosed in a plastic recipient (13 x 11 x 10 cm)
maintained in the laboratory to obtain the adult wasps
of Meteorus sp. and its hyperparasitoid. The specimens
of Meteorus sp. were deposited in the Departamento de
Ecologia e Biologia Evolutiva da Universidade Federal
de Sao Carlos — DCBU-UFSCar collection (Penteado—
Dias, AM., curator), specimens of hyperparasitoid were
deposited in the collection of Insetos Entoméfagos Oscar
Monte, of the Instituto Biolégico de Campinas — IB-CBE
(Costa, VA., curator) and the caterpillar was deposited in
the collection of Arthropoda Insecta Lepidoptera, Museu
de Zoologia da Universidade Estadual de Campinas —
ZUEC-LEP (Freitas, AVL., curator).

3. Results and Discussion

The life cycle of Meteorus sp. begins when the adult
female lays eggs on the host body; their larvae emerge
and feed on the body of its host, which remains active and
responds to stimuli (Zitani and Shaw, 2002).

The oviposition behaviour of Meteorus sp. on M. sexta
was not observed. A fifth instar caterpillar of M. sexta
was found feeding on S. pseudoquina on 20 of February
8:00 PM, showing apparently good health. Some hours later
in the same day (10:00 PM) we observed the emergence
of Meteorus sp. larvae, each one leaving the host by an
individual hole (Figure 1a). The caterpillar M. sexta bit the
main vein on the under surface of the leaf and remained
motionless. Usually the host dies a few hours after the
emergence of parasitoid larvae (Fuester et al., 1993), or
remains alive for up to 36 hours (Askari et al., 1977). In
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this study, we observed that the caterpillar remained alive
for up to 72 hours after the emergence of Meteorus sp.
larvae. After the emergence from the host body, each larvae
built a silk thread measuring around 30 cm distance from
the host and all larvae built together a gregarious cocoon
mass, composed of 103 cocoons, hanging from the host
body and at 95 cm from the soil (Figure 1b).

Each silk thread produced by each larvae was joined
forming a single cable, which connected the cocoon
mass to the host body. The time needed to construct the
cocoon mass was 18 hours (4:00 PM of 21% February,
2010) which was measured as soon as the larvae leaves
the caterpillar host body. The cocoon mass is 4.5 cm
in length and 2.0 cm in width, and is predominantly of
white colour showing fragile appearance when recently
built, but after 4 days, it acquires an orange colour and
perhaps becomes more resistant. Shirai and Maetd (2009)
observed that the cocoon built by Meteorus pulchricornis
(Wesmael, 1835) hardens gradually considering this
an important strategy for avoiding attack by the ant

Figure 1. a) Manduca sexta with small holes in its body
(setae); b) cocoon mass white and newly built suspended
from the host body; c) Meteorus sp. emerged from
cocoon mass, observed from the cap of cocoon (setae);
d) Toxeumella albipes flies around in cocoon mass;
e) Toxeumella albipes oviposition in cocoon mass, seta
showing a cocoon.
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Natural history of Meteorus sp. and Toxeumella albipes

Crematogaster matsumurai Forel, 1901. In the laboratory,
after 11 days, 44 females and 25 males of Meteorus sp.
emerged from the cocoon mass. The wasps emerged
simultaneously, cutting symmetrically the tip of each
cocoon, emerging from the tangle of wires (Figure 1c).

The gregarious species of the genus Meteorus usually
build their cocoons away from the host body, hanging it by
a long silk thread reducing the risk of attack by predators
that crawl over the vegetation, such as ants (Zitani and
Shaw, 2002).

Considering the extensive ability to modulate the
behaviour of the host, Meteorus sp. larvae could lead the
caterpillar of M. sexta to fix in the under position of the leaf
allowing abaxial cocoons hanging, avoiding contact with
host plant surfaces, thus preventing attacks by predators such
as ants but keeping it exposed to hyperparasitoid attacks.
Cocoon mass of Meteorus spp. is frequently attacked by
hyperparasitoid (Zitani and Shaw, 2002).

We registered the first case in the literature of the attack
and oviposition of hyperparasitoid species, 7. albipes in
the host. The oviposition of 7. albipes starts as soon as
the wasp finds the cocoon mass of its host Meteorus sp.
The wasp flies around the cocoon mass for 20-30 seconds
with their antennae directed forward (Figure 1d). After
hovering in front of the cocoon mass for four seconds, the
wasp flew and landed directly on the cocoon mass. The
wasp walked around for 10 seconds on the surface of the
cocoon mass, stopped and then inserted its metasoma and
ovipositor in the cocoon mass, remaining in this position
for 8 seconds (Figure le). After oviposition, the wasp
continued to move on the cocoon mass searching for other
places to lay eggs. A few minutes later, after laying eggs,
the wasp flew up and hovered around the cocoon mass,
and then returned to the cocoon mass to lay more eggs.
The development time of the hyperparasitoid was 13 days.
After the development, 32 adults of 7. albipes (22 females
and 10 males) emerged from Meteorus sp. of cocoon mass
during two days. Since the initial number of cocoons in
the mass was 103, and that 79 Meteorus sp. emerged from
this mass, we concluded that 7. albipes was responsible
for the death of 24 cocoons of Meteorus sp. (about 23%)
which can be considered an important mortality factor
in controlling the population of this host. Furthermore,
these data indicate that more than one hyperparasitoid can
develop from a single cocoon of Meteorus sp.
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