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Introduction

Rearing techniques of dryinid wasps have been studied by several workers in Japan

3
(Esaki and Samejima, Esaki and Mochizuki, Santa and Nishioka). However, the ecological
aspects of these wasps are still little known. The predacious and parasitic efficiency of

Haplogonatopus atratus ESAKI et HASHIMOTO was previously reported by Kitamura. This
paper reports the results of laboratory experiments on the effect of various temperatures on
the developmental period of dryinid wasp.

Materials and Methods

To obtain H. atratus, parasitized rice planthoppers (Laodelphax striatellus FALLEN) were
collected from a paddy field in Matsue during September and October, 1980. The females
of H. atratus used in the experiments were those reared together with males in the labora-
tory stocks. A single female wasp was released into a glass tube (2xX12cm) where the 3rd
instar of host nymphs were provided for oviposition. After the oviposition, the host nymphs
were immediately removed, and then each reared separately in another glass tube with rice
seedlings. This tube (2xX12 cm) had both ends open ; the lower end was plugged with
moist cotton which wrapped the roots of rice seedlings, and its upper side was covered
with Nylon gauze.

The experiments were conducted at 4 constant temperatures, 15°C, 20°C, 25°C and 30°C,
under 16 hours lighting. Five H. atratus females were allowed to deposit eggs on sixty 3rd
instar host nymphs at each temperature. The pupation of parasite was recognized by the
appearance of eye spots, and the duration measured when the adult parasite emerged from
a cocoon.
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Results and Discussion

Effects of temperature on the development of H. atratus
The developmental period of H. atratus at various temperatures are shown in Table 1.

Table 1, The developmental period of Haplogonatopus atratus at various temperature

Stage of No, of Developmental period(days)
ar§ site ~ Temp., individuals
P © observed Min, Max, Mean+S, E.
15 24 32 47 36.34+3.68
From egg to the forming 20 25 12 25 15.4+3.40
of larval sac 25 32 7 15 8.1+1.66
30 37 5 13 7.8+2.77
P ne £ 15 16 16 43 25.747.56
rom the forming
of larval sac to the 20 19 6 12 8.2+1.98
hatching of parasite 25 32 3 10 4.54+1.32
larva 30 20 2 6 3.9+1.00
he hatch ; 15 7 7 10 8.4+1.15
From the hatching o
parasite larva to the 20 19 3 5 3.6+0.66
pupation in cocoon 25 32 2 3 2.14+0.31
30 16 1 3 2.240.63
15 3 43 45 46.74+4.74
Pupa 20 18 14 20 16.14-1.48
25 26 8 10 9.1+£0.53
30 8 5 8 6.3+0.84
15 117.1
From egg to adult 20 43.3
emergence 25 23.8
30 C20.2

The developmental period from egg to the forming of larval sac was 36.3 days at 15°C,
and 7.8 days at 30°C. The duration from the forming of larval sac till the hatching of
parasite larvae lasted 25.7 and 3.9 days at 15°C and 30°C, respectively. The duration from
larval stage to the pupation in cocoon was 8.4 and 2.1 days at 15°C and 25°C, respectively.
The duration from pupa to adult parasite emergence was 46.7 days at 15°C and 6.3 days
at 30°C, respectively. The total developmental period of parasite from egg to adult emergence
was 117.1, 43.3, 23.8 and 20.2 days at 15°C, 20°C, 25°C and 30°C, respectively. These
results show that the developmental period was shortened with the rise of temperature. A
remarkable difference in the developmental period was observed at 15°C and 20°C, but not
so different between 25°C and 30°C. From this fact, it may be assumed that at 30°C, the
threshold temperature for the development of H. atratus was approaching the upper limit.

At 15°C, apart from the prolonged development of the immature stages and inactivity of
emerging adults, a large number of parasite larvae failed to hatch from the larval sacs.
This suggests that the condition at this temperature is least favorable for the development
of this parasite. The mean temperature in Matsue is over 15°C in early May and is under
this level in late October. Judging from this enviromental condition, in nature the parasite
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will be active from early May to late October in Matsue., However, the maximum temperature
in daytime in early April and mid-November usually exceeds 15°C, therefore, the parasite
may still be active during these periods.
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There was a wide variation in the developmental velocity of the parasite within the range
of temperatures tested, particularly at early stage of the development, during the period
from oviposition to the larval hatch. Although the parasite eggs were laid on host nymphs
at 3rd instar larvae, the host insects also developed to become 5th instar larvae or adults
by the time the parasite larvae hatched from the larval sac. The parasite larvae hatched
from their sacs on host adults required more time for development than those from the 5th
instar larvae of hosts. This maybe associated with the nutritive qualities of host as a food
for parasite during the developmental period.

Relative developmental velocity, developmental zero and thermal constant

The regression equation and the regression line which was obtained by using the value
of developmental velocity from four levels of temperature are shown in Table 2 and Fig. 1.

Table 2. Relative developmental velocity, developmental zero and thermal constant of
Haplogonatopus atratus

Stage of parasite Relative developmental Developmental Thermal

velocity zero constant
From egg to the hatching of parasite larva Y=0.0054 X—0.0634 11.7 186.2
From the hatching of parasite larva to the pupation Y=0.0241 X—-0.2104 8.7 41.6
Pupa Y=0.0092 X—0.1190 12.9 109.4
From egg to adult emergence Y=0.0028 X—0.0322 11.5 357.2

The reciprocal value of developmental period from 15°C to 30°C considerably conforms to
this regression line. Therefore, when the theoretical developmental zero was calculated from
this regression equation in the period from the egg to the adult emergence, it was 11.5°C
and the thermal constant was 357.2 degree-days. If the generation of parasite was calculated
using the developmental zero, the thermal constant, and the mean temperature in Matsue,



—150 — BIERERETHARE $175

it was five generations in a

120 ~o.06 year.

b The parasite hibernated in

100 the host which was in the
80 —0.04 larval stage, and the parasite
ook %‘ larvae grew to be adults of

@ < the first generation during
S 40 -10.02 % mid-May. The adults of the
% 20k é second generation emerged
g J & during late June to early
g 0 0 % July.  Therefore, another
S 6o 403 7 three generations of parasite
1 A C & would appear during the
§ é period from early July to
0F 02 October. But the polyvoltine
insect is susceptible to the

influences from the outside,

201 01 e.g., changes in atmospheric
temperature, daily periodicity,

. - A nutritive quality of host for

10 20 30 10 20 30 the parasite, the time re-

Fig. 1 Developmental period and relative developmental quired for host hunting and so
velocity. on. Furthermore, the oviposi-

A : From egg to the hatching of parasite larva, tion period of this parasite

B : From the hatching of parasite larva to the pupa-

tion, C : Pupa, D : From egg to adult emergence is about one month (Nishio-

5)
ka). With regard to these
matters, it can be concluded that H. atratus has 4 to 5 generations in a year.
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Summary

The 3rd instar nymphs of L. striatellus attacked by H. atratus were immedietly reared at
15°C, 20°C, 25°C and 30°C under 16 hours lighting.

The developmental period of H. atratus from the egg to the adult emergence was 117.1
days at 15°C, 43.3 days at 20°C, 23.8 days at 25°C and 20.2 days at 30°C. The develop-
mental period had a remarkable difference between 15°C and 20°C, but it showed a little
difference between 25°C and 30°C.

There was a large fluctuation in the developmental velocity of parasites when they were
in the host. The 3rd instar of host nymphs, attacked by the parasite, can grow up to be
a 5th larvae or adults ; and the parasite larvae hatched from the host adult required longer
developmental period than those from the 5th instar larvae.
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The regression equation of developmental velocity from the egg to the adult emergence
was shown by Y = 0,0028X—0.0322, developmental zero was 11.5°C and thermal constant
was 357.2 degree-days. If the generations of parasite are caluculated using the develop-
mental zero, the thermal constant, and the mean temperature in Matsue, it has 5 generations

in a year.
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JENGHINFRE XA MET L BEEELUTIS?C, 20°C, 25°C £30°COBERET CHE L.

ZungHTAFOIRL LT LE TCOREEIIIS°C T 117.1H, 20°CT43.3H, 25°CT23.8H, 30°CT
20.2BCh-1z. REABDZERZ, 15°C L20°COMITBNTKRE L, 25°C E30°CORITBNTIIL.

FEBATERLU TN S 4 I NFOREF AR A S BEEBAE NIz, FEO3IFHRIC FELIZI T F
IZHFED 5 SHEF KRBT RECHE S 305, FEOKBIICHE T 2 EERIFEETEFMBEL X1z,

yangHenFOIM»LFETO HEREEE OERRIZ Y=0.0028X-0.0322 T, FKEZAHIZ11.5°C,
EHEEREIIZB7.2EETH -1z, ThoD RETS, FYHEERE L MLOFEKE»LBMIcs oS H
* NFOHRBPHET 2 LESHRE LTz,



