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ABSTRACT. Cotesia flavipes (Cameron, 1891) (Hymenoptera) is a gregarious endoparasitoid used in applied biological
control against Diatraea saccharalis (Fabricius, 1794) (Lepidoptera). In this study, we characterize the larval external
morphology and the number of instars of C. flavipes. Parasitized larvae of D. saccharalis were sampled from the 1 to the
10t day after parasitism and dissected in an anticoagulant buffer for collection of C. flavipes immatures. Immatures were
processed for scanning electron microscopy. Larvae of C. flavipes were prepared in NaOH solution and slide mounted to
allow for mandible size measurements. Analysis of measurements of the parasitoid larval mandible size indicated that C.
flavipes has three instars. Newly hatched larvae are caudate-mandibulate, assuming a hymenopteriform shape later in
their development. The anal vesicle began to expand in the first instar and, once expanded, remained unchanged up to
the beginning of the third instar. At the third instar, the anal vesicle decreased in volume. Herein we report the develop-
ment and possible functions of the larval external structures modified during the development of C. flavipes, as for
example their role in aiding newly-eclosed larvae to avoid the host immune response and to move within the host. To
summarize the morphological changes during parasitoid growth, we should mention that the modifications in the anal
vesicle were correlated with the feeding activity, and the maintenance of the anal vesicle indicates that this structure
remained functional, probably playing a role in nutrient absorption and host regulation. On the other hand, the man-

dibles of early stage larvae are probably used to assist the parasitoid larvae during eclosion.
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Immature parasitoids develop in only one host, from
which they obtain their nutritional requirements and, in some
cases, the physical support to develop (DeBacH & Rosen 1991,
GRreNIER 1997). Parasitized hosts will usually die after parasitoid
egression or become sterile. In either case, parasitized hosts are
unable to transfer their genes to the next generation (ViNson
1997). Parasitoids are well adapted to exploit their hosts at sev-
eral life stages and under a diversity of habitats, making them
suitable candidates for use in pest control. Cotesia flavipes
(Cameron, 1891) is one example of a natural enemy that is
used in extensive areas in many Brazilian states to control the
most common pest of sugarcane, the sugarcane borer Diatraea
saccharalis (Fabricius, 1794) (Lepidoptera: Crambidae) (BoteLHO
& Macepo 2002).

Females of C. flavipes oviposit directly into the host
haemocoel, and the number of eggs will depend on the host age
(Brewer & King 1981). This parasitoid remains within the host
during its whole embryonic and larval development, being both
dependent on the temperature conditions and development sta-
tus of the host (PApua et al. 1994). Parasitoids will egress from
the body cavity of the host to pupate after producing a charac-
teristic silk cocoon (for review see BoteLHO & Macepo 2002).

Most morphological descriptions of braconids are based
on adults, with little attention paid to the immatures. Although
general descriptions of the external morphology are available
for several braconids (HAGEN 1964, FiNLaysoN 1987, FiscHER et al.
2006, 2008), there is no detailed description of the morphol-
ogy of the immature of C. flavipes throughout its development.

Koinobionts induce a series of changes in the physiol-
ogy of their hosts to guarantee successful colonization and
development. Most of these changes are synchronized with the
development of the immature parasitoid, as they are induced
to alter the internal environment of the host to attend the re-
quirements of the specific stage of the parasitoid development.
We are conducting a series of studies on the mechanisms used
by C. flavipes to regulate their host physiology, and evaluating
metabolites, hormonal, and molecular changes in several host
tissues throughout parasitoid development. To correctly corre-
late the functional changes observed in the host due to parasi-
toid development, it is necessary to determine and character-
ize the immature development of C. flavipes. Therefore, we
characterize the number of instars and the external morpho-
logical characteristics of C. flavipes by scanning electron mi-
Croscopy.
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MATERIAL AND METHODS

Larvae of D. saccharalis were reared on an artificial diet
based on soybean meal and wheat germ (PARRA & MIHSFELDT
1992), under controlled conditions (26 + 1°C; 60 + 10% RH; 14
h photophase), following Parra (1999). Adults of C. flavipes were
fed with a 10% honey solution (v/v) and kept inside plastic
Petri dishes (65 x 22 mm).

Last instars of D. saccharalis at the head capsule slippage
stage were subjected to parasitization by C. flavipes. A single
oviposition was allowed. Parasitized larvae were kept at con-
trolled conditions and only larvae moulting to the last instar
within 12 hours after parasitization were further used in the
experiments. Parasitized larvae were kept in plastic Petri dishes
(90 x 14 mm) containing artificial diet and were sampled daily
until parasitoid egression. Host larvae were dissected in an an-
ticoagulant buffer (98 mM NaOH, 0.19 M NaCl, 1.7 mM EDTA,
41 mM citric acid, pH 4.5) (Stranp et al. 1997), and immature
parasitoids were collected for further analysis.

Larvae of C. flavipes were collected daily from at least
five parasitized hosts and pooled in groups of one-hundred lar-
vae, carefully washed three times in the anticoagulant buffer,
and immersed in 1% NaOH solution (w/v). The time of expo-
sure to the NaOH solution varied according to the status of
larval development. Older larvae remained in the solution for
a longer period of time in order to have tissues properly cleared.
Larvae were then mounted in slides and observed under in-
verted light microscope (MOTIC AE 31); the length of one of
the mandibles was measured with the help of the image analy-
sis software Motic Images Advanced 3.2. The number of in-
stars was determined by the frequency distribution of the man-
dible sizes in accordance with the Dyar’s rules (Parra & HaDDAD
1989).

External larval morphology was investigated under scan-
ning electron microscopy (Digital Scanning Microscope DSM
940 A - Zeiss). Larvae were fixed in 2.5% glutaraldehyde in 100
mM cacodylate buffer, pH 7.2 for 24h, and post-fixed in 1%
osmium tetroxide for 1h in the same buffer. Samples were de-
hydrated in a graded series of ethanol and finally dried under
liquid CO, (CPD 030; Balzer Union). Specimens were mounted
on adequate supports and sputter-coated with a 20 nm layer of
gold in the apparatus BALTEC (Sputter Coater — SCD 050).

The terminology used in the description of the imma-
ture stages of C. flavipes followed that of Hagen (1964) and
FiscHrr et al. (2008).

RESULTS AND DISCUSSION

Larvae of C. flavipes were not observed in parasitized D.
saccharalis up to the third day after parasitism, indicating that
this parasitoid has an embryonic development that lasts al-
most 1/4 of its entire preimaginal development. The frequency
distribution of the lengths of individual mandibles showed that
larvae of C. flavipes molted twice (Tab. I). In our samples, C.

flavipes larvae eclosed between days three and four after para-
sitization, as observed for several other endoparasitoids
(EGuiLeor et al. 2001, Luo et al. 2007, Yu et al. 2008). Daily larval
mandible measurements showed that the first molt occurred
between the 5™ and 6™ day after oviposition, while the second
molt was observed between the 7" and 8 day (Tab. I). The
differences in the size of the mandibles of C. flavipes were within
the growth rate expected by the Dyar’s rule, allowing the char-
acterization of all three instars of this parasitoid (Parra & HappAD
1989).

Table I. Mandible length, growth ratio and days of development
after oviposition of C. flavipes.

Instar Mandible length Growth ratio Days after
(um) oviposition
1st 4115+ 8.87 - 3-5
2nd 57.75+11.18 1.40 6-7
3rd 82.60 + 23.48 1.43 8-10

Note: data of length of mandible indicates mean + SD.

All instars of C. flavipes larvae exhibited similar external
features (Figs 1-12) with the exception of the enlargement of
the anal vesicle and the loss of the dorsal spines as larvae aged.
Besides these two structures, no other morphological structure
was noticed on the body surface of the larvae of C. flavipes we
studied. Young larvae have thin, 15 to 20 ym long spines (Figs
1-3) located at the middle of the dorsal plate of the abdominal
segments. These structures were observed only in first instars,
and no differences in their morphology could be observed along
the body surface. It is very likely that these structures aid para-
sitoid larvae to move within the host, allowing their distribu-
tion within the body of the host, as parasitoid eggs will basi-
cally concentrate around the intense tracheoles arising from
the tracheal trunks nearby the last pair of spiracles (“tokus
lung”) (FLC, personal observation). It has been recently sug-
gested that parasitoid eggs may rest on these tracheal tufts to
acquire the required oxygen supply to sustain their embryonic
development (Rao et al. 2009). Therefore, the spines at the body
surface could aid C. flavipes larvae to craw their way out of the
tracheal tufts of the eightieth abdominal segment into the
hemocoel of the host, avoiding larval competition and con-
centration at the same feeding site.

It is also possible to detect an invagination at the central
region of the body of C. flavipes larvae (Fig. 2), which has also
been observed in other hymenopterans. Endoparasitic Hy-
menoptera larvae may also show external traits that represent
adaptations to the environments they exploit, and both struc-
tures observed on the body surface of C. flavipes larvae can be
adaptive responses to the parasitoid requirements for locomo-
tion, protection, ingestion and respiration during host exploi-
tation (DeBacH 1968).
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Figures 1-3. (1) Cotesia flavipes larva after NaOH treatment. Posterior region of caudate-mandibulate (%) larvae, note the spines (arrow),
four days after oviposition; bar = 10 um. (2) General view of a C. flavipes larva still attached to chorion remnants. Cuticular spines are
indicated by an arrow. Note invagination of the median longitudinal line; bar = 54 pm. (3) Detail of posterior region indicating the
beginning of anal vesicle (AV) formation. Note the small, round to oval projections in the anal vesicle three days after oviposition; the

spines are thin and elongated (arrow); bar = 10 ym.

First instars eclosed as caudate-mandibulate (Figs 1 and
2), but they soon assumed the hymenopteriform shape. The
size of the caudae of caudate-mandibulate larvae is reduced to
a vestigial v-like structure that develops into the anal vesicle
(Figs 4 and 5), as observed in other parasitic hymenopterans
(Rosa et al. 1990, Xu et al. 2007, FiscHer et al. 2008), and is
thought to favor parasitoid development as an adaptation to
the internal environment of the host (KaesLix et al. 2006).

ZOOLOGIA 27 (6): 986-992, December, 2010

The anal vesicle appeared as an evagination of the poste-
rior gut formed by a group of round and small projections (Fig.
3). The development of the anal vesicle of C. flavipes was very
similar to that of C. vestalis (Haliday, 1834) (Yu et al. 2008), but
quite different from Chelonus inanitus (Linnaeus, 1767)
(Braconidae) (KaesLiN et al. 2006).

The anal vesicle of C. flavipes enlarged rapidly during the
first days of development (Figs 8 and 10), regressing in size
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Figures 4-7. (4) General view of the ventral region of a C. flavipes larva. Note the short v-shaped caudal projection at the anal region (%),
close to the anal vesicle (AV); bar = 40 pm. (5) Detail of the v-shaped caudal projection (%); note the irregular membrane and anal
vesicle (AV) four days after oviposition; bar = 20 pm. (6) The oral region with a mandible (M) and palps visible; bar = 20 pm. (7) Detail
of a mandible (M) partially covered by a thin membrane (arrow) five days after oviposition; bar = 10 um.

(Figs 8 and 12) later. Changes in the size of the anal vesicle
have been correlated with the feeding activity of the parasitoid
larvae. A reduction in the size of the anal vesicle is reported to
occur in parasitoids that actively feed on host tissues at the
end of their larval development, while remaining unchanged
in parasitoids that do not feed directly on host tissues. The
maintenance of the anal vesicle up to the end of the parasitoid
larval development indicates that this structure remains func-
tional, playing a role in nutrient absorption and host regula-
tion (THorre 1932, Epson & Vinson 1977, KagsuN et al. 2006, Yu
et al. 2008). Feeding on host tissues in Cotesia Cameron, 1891
seems to occur only after the release of enzymes, such as colla-
genases by the teratocytes, which will act mainly on the host
fat body dissociating this tissue and making cell contents avail-
able to the developing parasitoid (Nakamatsu et al. 2002). There
are several other species that feed indirectly on host tissues

after release of specific enzymes or through the action of venom-
associated proteins (QIN ef al. 2000, Nakamarsu & Tanaka 2004,
GoraLapILLAT et al. 2005).

In the initial stages of development, the mandibles and
sensorial organs were easy to observe (Figs 6 and 7). The man-
dibles of early stage larvae are probably used to assist the parasi-
toid larvae during eclosion or to prevent superparasitism (Yu et
al. 2008). During larval development, a membrane-like structure
covered the entire larva, and the mandibles and sensorial organs
could no longer be observed (Fig. 9). The oral cavity of the larva
was observed only in latter instars (Fig. 11). Although variations
in the shape of the mandibles and on other head structures dur-
ing larval development seems common in many other hy-
menopteran species (DeBacn 1968), there is no similar report of a
membrane-like structure covering the mouth structures of a para-
sitoid larva. Parasitoid larvae are known to acquire protection
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Figures 8-12. (8) General view of a C. flavipes larva with an expanded anal vesicle (AV) nine days after oviposition; bar = 583 pm. (9)
Detail of the anterior region seven days after oviposition; bar = 174 pm. (10) General view of the anal region of a C. flavipes larva, with
a well-developed anal vesicle (AV); bar = 200 um. (11) Detail of the mouth opening (%) at the anterior region; bar = 57 ym. (12) Detail
of an invagination (arrow) at the posterior end of the anal vesicle (AV) nine days after oviposition; bar = 40 ym.

against the host immune system by remaining inside the vitellinic
membrane after eclosion (Consotr et al. 2001) or by getting en-
cased within a host derived sac-like structure (KatHiritHAMBY et al.
2003). However, the layer covering the larvae of C. flavipes is quite
different, and appears a little later during larval development.

ZOOLOGIA 27 (6): 986-992, December, 2010

The developmental strategies used by endoparasitic Hy-
menoptera have been recently reviewed, and host exploitation
strategies and specific features presented by parasitoids are de-
pendent on host phylogeny and host-parasitoid interactions
(PenNAccHIO & STRAND 2006). Most of the adaptations parasi-
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toids have gone through are related with the regulation of the
host physiology to benefit the parasitoids’ own development.
Many studies emphasize the diversification of developmental
strategies in host-parasitoid relationships, but studies on func-
tional morphology of the parasitoid associated structures are
quite rare (for review see PeNNACCHIO & STRAND 2006).
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