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Abstract

Previous studies have emphasized that, in sawfly metamorphosis, most of morphogenesis and hormonal activity occurs during the
pronymphal phase in the prepupal stage. The titres of ecdysteroids in haemolymph and ovaries were measured in selected stages
of development of the sawfly Neodiprion sertifer (Hymenoptera Diprionidae), during the metamorphosis and in the adult. The
hormonal levels detected were compared with the main morphological and anatomical differentiations observed. The last larval
instar showed a peak of ecdysteroid secretion about two days before the apolysis. During the prepupal stage there were two peaks
of ecdysteroid secretion with the second much higher. At the pupal stage a sudden increase of the hormone titre was found. The
sawfly therefore showed a variation of the molting hormone titre comparable with that observed for other holometabolous insects.
Moreover an intense secretive activity of the ovaries from the late pupal stage to the adult stage was clearly detected. The dose-

response hypothesis of ecdysteroid action is discussed.
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Introduction

The sawfly Neodiprion sertifer (Geoffroy) (Hymenop-
tera Diprionidae) is a feared pest of pine in Europe,
Asia, and North America. The trees are defoliated in
spring by the larvae leading to a progressive weakening
of the plant, which often turn in reduced growth
(Baronio et al., 1988) and death in few years (Baronio et
al., 1997).

The insect has one generation per year except for high
altitudes and northern territories where it has a 2-year
life cycle with a summer aestivation accomplished by
the eonymph (Pschorn-Walcher, 1965; 1970; Morimoto
and Nakamura, 1989) and a slowed down development
of the embryo during the winter (Martini et al., 2006).
The fully grown larva moults to a prepupa that distin-
guishes an eonymphal phase followed by a pronymphal
phase, a period of intensive morphogenesis (Slama,
1964).

The peculiarity of the sawfly metamorphosis is the
presence of a stage of prepupa during which the
morphogenesis is transferred from the pupal stage to the
previous (Slama, 1964). For N. sertifer this was also
shown by the histological studies of Fogal and Kwain
(1974), who considered the pronymphal phase at stage 3
as a "pharate pupa". Slama (1964) found that in saw-
flies the eonymphal phase represents a phase of hormo-
nal inactivity whereas the pronymphal phase is a period
of intensive morphogenesis and hormonal activity. The
same author demonstrated that in sawflies the critical
period in which the moulting hormone (i.e. ecdyster-
oids) is required occurs around most of the pronymphal
phase and in the beginning of the pupal stage.

In this study we analyzed the variations of ecdyster-
oids in haemolymph and ovaries in relation to morpho-
logical and anatomical modification in N. sertifer fe-
males.

Materials and methods

The insects

The larvae, prepupae and pupae used in the experi-
ments were obtained from a mass rearing conducted as
described by Baldassari et al. (2003) except for a photo-
period of 15 h of light which allows a complete inhibi-
tion of the eonymphal diapause (Sullivan and Wallace,
1964).

From the first instar, newly moulted larvae were daily
isolated and put together, in order to obtain female lar-
vae of the fifth (the last one). This could be easily done,
because the just ecdysed larvae are well recognisable
due to their yellow head, which maintains this colour for
about two hours. In this way last instar female larvae
could be isolated since male larvae complete their de-
velopment through four instars.

Female prepupae were obtained from cocoons. To al-
low the hardening of the cocoon and its manipulation,
the prepupae were removed two days after the cocoon
spinning. They were then placed singly in small glass
tubes (8 x 40 mm), sealed with absorbent cotton which
was maintained moist. This small apparatus was placed
in a polystyrene stand maintained at 20 °C and 15:9
photoperiod (L:D) and allowed us to follow the progress
of metamorphosis in each specimen daily.

In order to have well recognisable developmental char-
acters to be related to hormonal variations, a staging of
prepupae and pupae was elaborated. The prepupal devel-
opment was divided into eonymphal and pronymphal
phase according to the appearance of the underlying pu-
pal eye in the pronymph. Moreover, for this last phase
eight different recognisable stages were described, based
on the development of the pupal eye (figure 1). The pu-
pal development was divided into nine different stages
(table 1). For each stage specimens were dissected under
saline (169.4 mM NaCl/2.7 mM KC1/1.8 mM CaCl,) in
order to emphasise the anatomical development.
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Figure 1. The stages of the prepupal development of N. sertifer established according to the progressive differentia-

tion of the underlying pupal eye. E = eonymph; Pr = pronymphal phases; Pu = pupal phases; A = adult. At the bot-
tom a diagram showing the days of development from Pr 1 to adult.
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Haemolymph and ovaries sampling

Haemolymph and ovaries samples were daily made
with specimens from the penultimate moult to the last
larval apolysis, which was evident from the outside of
the larva as two longitudinal white strips in correspon-
dence with the tracheal longitudinal trunks. Samples
were taken from prepupae and pupae according to their
morphologically determined degree of development.
Ovaries and haemolymph were collected every two days
from adult females from the day of eclosion to day 12.

The haemolymph was extracted from larvae and pre-
pupae (by cutting a prothoracic leg) and collected with a
pipette. The amount collected was then measured by a
graduated capillary, dissolved in 50 pl of a 70% metha-
nol solution and maintained at -18 °C in PE vials until
analysis. From the same specimens utilized for the
haemolymph extraction, the ovaries or their primordia
were removed under saline solution and preserved in
500 pl of 70% methanol at -18 °C. For each insect
age/phase 3-7 specimens were tested.

Ecdysteroid measurement

Just before the measurement the ovaries were
squeezed with a pestle and sonicated for few seconds.
Haemolymph and ovaries solutions were then centri-
fuged at 15000 rpm for 10°. Supernatants were evapo-
rated in vacuum and known amount of AB/BSA was
added to the pellet. AB/BSA was 25 mM sodium phos-
phate/0.15 M NaCl/IM Na,EDTA, pH 7.5 containing
0.1% BSA.

Free ecdysteroids were measured by EIA according to
the method of Kingan (1989). Primary antibody rabbit
anti-ecdysone (polyclonal antiserum) and enzymatic
tracer 20E-HRP (20 hydroxyecdysione conjugate to
horse radish peroxidase) were purchased from Timoty
Kingan. The secondary antibody was goat anti-rabbit
whole serum (Sigma R-4751). The standard was 20E
purchased by Sigma. The substrate was ODP (orthophe-
nilendiamine - Sigma P-9029)/0.1M citric acid/0.2M
Na,HPO4/H,0,. Microtitration plates were Costar®
3369 and absorbance was detected at 450 nm by a Spec-
tra Max 340 PC by Molecular Devices. Each sample
was measured twice.

Results

The main morphological and anatomical features of the
identified prepupal and pupal phases and their mean du-
ration in days (+ standard error) are displayed in table 1.

The results of the ecdysteroid measurement are dis-
played in table 2. No more than 4 microliters of haemo-
lymph could be collected from larvae and prepupae.
Moreover, from the phase Pr 5 to Pr 8 the haemolymph
didn’t flow from the insect leg. The same happened with
pupae from the phase Pu 3 to Pu 9 and adult from the 4™
day after ecdysis (A 4).

During the penultimate larval stage, i.e. LV, the ec-
dysteroid levels in the haemolymph remained quite low
until the 2™ day, showed a sudden increase from the 4™
(Mann-Whitney comparison LV 4 vs LV 2; U =1, p =
0.032) and reached a peak on the 6" day, approximately

194

two days before the apolysis (Mann-Whitney compari-
son LV 6 vs LV 4; U =0, p = 0.036). On the 7™ day the
title of hormone dropped significantly (Mann-Whitney
comparison LV 7 vs LV 6; U = 0, p = 0.036) but
showed a little increase during the moult (LV-apo).
During the prepupal stage there were apparently two
peaks of the hormone, at the phase E 6 (Mann-Whitney
comparison E 6 vs E 4; U = 0, p = 0.008), i.e. 27.73
days before the moult, and at the phase Pr 4, about 9
days before the moult.

After the pupal moult a rapid increase of the ecdyster-
oid level in the haemolymph was measured and a peak
of hormone titre was detected at the phase Pu 2 (Mann-
Whitney comparison Pu 2 vs Pu 1; U = 0, p = 0.036),
i.e. about 12 hrs before a complete differentiation of
wings was observed in the pterotechae. Only from one
specimen at the phase Pu 6 a sample of haemolymph
could be measured. For the same reasons the haemo-
lymph samples could be collected only during the first 4
days of the adult stage, where large amounts of ecdys-
teroids were found.

The ovaries of N. sertifer produced ecdysteroids in de-
tectable amounts in the late pupal stage and throughout
the whole adult life, but with large variations among
specimens. The larger amount could however be de-
tected after the stage A 2, when the ovaries were fully
grown and choriogenesis had started. A significant in-
crease of the hormone titre was also detected at the pha-
se Pu 2 (Mann-Whitney comparison Pu 2 vs Pu 1; U =
0, p =0.008) in correspondence with the peak measured
in the haemolymph. Their primordia during the last lar-
val instar or prepupa showed only traces (0.01 to 0.4 ng
20E-eq/pairs of ovaries) of the hormone.

Discussion and conclusions

By comparing the ecdysteroid amounts found in haemo-
lymph samples, in selected steps of the development
during the metamorphosis of non diapausing eonymphs
of N. sertifer, it was found that the hormone is always
present. Conversely, it was absent in wild diapausing
ones (Slama, 1964). Moreover Slama (1964) empha-
sized that the eonymphal phase is the diapausing stage
and for this reason it is lacking in ecdysone. This should
be possible, as in lepidopterans an inhibition of ecdy-
sone secretion is responsible for larval diapause (Ni-
jhout, 1998). As a proof, Hamel ez al. (1998) obtained
the resumption of the development in diapausing
eonymphs of Diprion pini (L.) (Hymenoptera Diprioni-
dae) by injection of large doses of 20-hydroxyecdysone.
But how can the eonymphs resume their development
becoming the pronymphal and morphogenetic active
phase, when the hormonal stimulus is certainly present?
No indications are reported by Slama (1964), because
the eonymphal phase of diapausing specimens is a phase
of hormonal inactivity (is therefore ecdysone lacking?).
On the contrary, in the present work it was found that
the hormone is present also in that phase in non diapaus-
ing specimens. Therefore it appears that the stimulus for
the resumption of the development in diapausing forms
is acting on the ecdysone secretion by the eonymph, as
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it always happens in the non diapausing insects, despite
the lack of macroscopic morphological or anatomical
changes. Moreover, the finding of a correspondence be-
tween specific morphogenetic events and peculiar hor-
mone levels supports the hypothesis of a dose-response
relationship (Slama, 1980).

The two peaks of ecdysteroids found during the pre-
pupal phase of N. sertifer are similar to the findings in
other studies dealing with holometabolous insects. In
particular, it was found that the second peak of ecdys-
teroid secretion is followed by the beginning of apolysis
and the evagination of imaginal discs. Also the ana-
tomical differentiation is consistent with the dose-
response hypothesis of Slama (1980). As a proof, in N.
sertifer females the pouring of the meconium into the
hindgut occurred in correspondence with a small peak
of ecdysteroids in haemolymph. This was observed also
in the pupae of Bombyx mori L. (Suzuki ef al., 2009).

The hormonal activity of the ovaries of N. sertifer,
that started secreting ecdysteroids at the beginning of
vitellogenesis, suggests that the hormone can trigger a
feed-back mechanism allowing the growth of the ova-
ries themselves with a character of homeostasis. The
stimulation of vitellogenesis by ecdysteroids was found
also in many dipterans (Nijhout, 1998). Moreover, the
maternal ecdysteroids could be incorporated into the
eggs as inactive conjugates in order to control embry-
onic moults, as already shown for other insects (Nijhout,
1998). This hypothesis is supported by the results of the
HPLC analysis of chorionated eggs (Martini, 2001). It is
still to be explained why the ovaries keep secreting ec-
dysteroids when all oocytes are already chorionated.
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