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Introduction

For a long while in Japun, Pyrausta nubilalis 1lubner had been known as a single
polyphagous pest attacking various crops such as Zea mays L., Staria italica Beauv.,
Vigna sinensis Hasskarl. Humulus fupulas 1., and so on. However TAKEUCHI (1959)
found that in the morphological and biological characters this species included two different
types, the one having a preference for gramineous plants and the other for legumina ete.
Thercafter, MUTSUURA and MUNROE (1970) identified the former with Ostrinia furna-
calis (Guenee) and the latter with Osirinia scapulalis paci fica Mutsuura & Munroe.,

In Hokkaido, the distribution of the two species is sympatric and it is therefore an
interesting problem to determine what isolation mechanisms, if any, are present between
these species, Thus the present laboratory experiment was carried out on sexual isolation

between the two speceies,

Materials and Methods

Unless otherwise stated, the young larvae of (), furnacalis were collected from sweet
corn ficlds in the Naganuma district in carly August in 1972, and those of O, sca pulalis
paci fica were collected from adzuki bean fields in the Obihiro district at the same time.
Each species was reared separately with a meridic diet (BECK et a/., 1968) during twa

generations in the laboratory, and the progeny of the inbred celony was maintained.

1) Contribution No. 70, from the Laboratory of Entomology, Obihiro University,
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Tn this case, two thousand newly hatched larvae were treated ascptically, and indiv-
idually in cotton-plugged vials (11x16.4¢m) in an incubator under conditions of 16 hr-
lighting at 26°C with ca. 70% R.H. The pupae obtained were sexed and trnsferred into
transparent plastic cups of which the inside was covered with a sheet of parafin paper.
The newly emerged males and females were kept scparately for two days under conditions
of 16 hr lighting at 26°C with ca. 80% R. H. Then the two-days-old moths were uscd
for all experiments under conditions of both artifical and natural lighting. In the experi-
ments, the moths were put into petri dishes(6x 8. 5em) with a sheet of wetted filter paper
on the bottom and with a sheet of paraffin paper on the inside or into wire cages(23 x 23
wo7em),  With the aid of a red electric light, observations were made at intervals of 15

minutes in the laboratory conditions (ca. 24° C and 707, R.IL).

Results

Intensity of isolation

Just before the heginning of the experiment, 20 unmated males of (). seapulalis paci-
fica were caged with 20 virgin (emales each of O. scapulalis paci fica and O. furnacalis,
whlic 20 unmated males of . furnacalis were caged with 20 virgin females each of O.
scapulalis pacifica and of O. furnanalis. These two tests were repeated 5 times. In order
to simplify the discrimination of the species, the females of O scapulalls paci fica were
marked by cutting off their wing end. After the moths were kept overnight in the cage,
the females were killed and preserved in 709 alcohol for subscquent inspection.  Whether
the female mated or not was determined by inspecting the copulatory sac in her abdomen.

The results are summarized in Table 1. When the males of () scapulalis pacifica
were caged with the females of both species, 56% of the pairs which mated were intra-
specific and only 9% were interspecific. When the males of (. furnacalis were caged with
the females of both species. 57% of the pairs which mated were intraspecific and only
11% were interspecific.  The coefficiences of isolation were caleulated from the results of
the tests according to the method of LEVENE (1949). The coefficience of isolation of O.
scapulalis paci fica was 0.794, while that of O. furnacalis was 0.765. The coefficience
of joint isolation between the two species was (.779.  From these results, it is clear that
there is a significant sexual isolation between (). scapulalts  paci fica and O, furnacalis.
Mating behaviour

Ino rder to observe mating behaviour, a virgin female and an unmated male of the same
species were kept together in a petri dish under the condition of natural lighting in late
July in 1972 and under the condition of artificial lighting in early October of the same year.

In mating behaviours, no marked difference between the two species could be found.
Their typical pattern was as follows, At the heginning of dusk, the virgin females and
unmated males were al rest with the antennae put along the anterior margin of the fore-

wings. A few hours hefore copulation, both the female and the male repeated randomly
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an intense flying, active wandering and resting, During the resting time, they turned their
antennae upward and occasionally moved regularly and alternately forward and backward,
As mating time drew near, the female moved her antennae continuously and bent ventrally
the tip of her extended abdomen for a moment. After that, female repeated this movement
a lew times and then moved ahout actively again.  The male turned his antennac or his
head and antennac to the female which was resting near by, Before long the male stood
his wings upward, vibrated them rapidly. extended the posterior part of his abdomen and
bent it dorsally maintaining this movement. the stimulated male approached the resting
female and positioned himself behind her. The male held the wing end of the female
hetween his antennae and then moved to a position which was at right angles to the
female, followed by hending the posterior part of his abdomen toward the abdomen of the
female to copulate with her.  Thereafter the male and female which were paired continued
to rest with the antennae put along the anterior margin of the forewings (Fig. 1),

As a rule, the mating behaviour of lepidopterous insects is starled in the calling
position of the female, followed by the mating dance of the male which was stimulated

by her movement, culminating in copulation. It has been said that a series of such behaviour

Fig. 1 Mating of the adult Owrinia scapulalis paci fica:

the upper part: male, the under part: female
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Fig. 2 Mating time of 2 days old O, scapulalis pacifica and

0. furnacalis under the condition of natural lighting,

is common to lepidopterous insects (JACOBSEN, 1965). The present observation indicated
that the mating behaviuor of both species resembled that of many lepidopterous insects.
Mating time under the condition of natural lighting
The hibernating larvae of . furnacalis were collected from withered corn stalks in
the Naganuma district in early May in 1972, The mature larvae of O. scapulalis paci-
Fica were collected from adzuki bean fields in the Obihiro district in late fall in 1971 and
were made to hibernate under room temperature, The insects were reared through two
generations under the condition of natural lighting at 26°C and ca. 802 R.H. Their
progeny was used for the experiment. Immediately before the start of the experiment,
a virgin female and an unmated male were put into a petri dish. The observation was
performed from before sunset of the 25th of July to after sunrise of the 26th of July.
Fig. 2 shows the mating time of 35 pairs in O. scapulalis pacifica and of 28 pairs
in (). jurnacalis. The mean mating time of O. seapulalis paci fica was al 11 : 47 p.m.
(4 hr and 51 min after sunset or 4 hr and 22 min bhefore sunrise), while that of O.
Sfurnacalis was at 2: 47 am. (8 hr and 51 min after sunset or 1 hr and 22 min bhefore
sunrise). That is, the mean mating time of O. scapulalis pacifica was 3 hr earlier than
that of . furnacalis. It was found also that the mating time of both species overlapped

to some extent,

=] B



Sexual Behaviour between two Pyralids 773
Y

9:30 p.m. 3:30 a.m.

T O6- Osirinin furnacalis
!
E 1'1 L
g
H B
= L
ST s I_H_l,ﬂ._. sllsulas
L Ostrinin scapulolis pacifica
y 8F
& e
B B
B el
Lt
3t
B
a ML
10:00 11:00 12:00 1:00 2:00 3:00 4:00
Time of day

Fig. 3 Mating time of 2-days-old Q. scapulalis pacifica and

Q. furnacalis under the condition of artifical lighting,

Mating time under the condition of artfical lighting

Under the condition of 8 hr dark-time (from 9:30 pm. to 5:30 am. the next
day) at 24°C with ca. 70% R.H., the experiments were performed on the 11th and 12th
of October,

The results are shown in Fig. 3. Thirty nine pairs of O. scapulalis paci fica
mated, while 28 pairs of O, furnacalis mated. The mating time of O, scapulalis paci fica
was, on the average, | hr und 42 min after the beginning of the dark-time (6 hr and 18
min hefore the end) while that of O, furnacalis was, on the average, 4 hr and 25 min
after the initiation of the dark time (3 hr and 25 min before the end). The mean mating
time of O. scapulalis paci fica was 2 hr 40 min earlier than that of O. furnacalis. These
results were similar to those under natural lighting,

Number and time of mating of the two species

Three tests were carried out to clarily the number and time of the mating of the
two species by means of the mate choice test. T'wenty moths from each of the two species
were caged in the following combinations. In the first tests : (a) the males and females of
(). scapulalis paci fica were caged with the males of (). furnacalis, and (b) the males
and females of O. scapuialis paci fica were caged with the females of Q. Furnacalis.
In the second tests : (a) the males and females of 0. furnacalis were caged with the males

of O, seapulalis pacifica, and (b) the males and females ol Q. furnacalis were caged
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with the females of Q. scapulalis pacifica. In the third test : the males and females of

0. scapulalis pacifica were caged with the males and females of O. furnacalis. When
mating occurred, the mated pairs were removed from the cages and replaced by other
virgin females and unmated males,

Table | Sexual isolation hetween the two species of Ostronia,
Homogamic Heterogamic
L;)m\l):nﬂll;_?xl N & - 9, N T o I N P
) (2)
O.f. O 00 1§ "M 106 9 41 9 794 s
O's.p. x5 p, 1 o 44 : ) 5 : 9 1,794 50,3 0.001
&ifp_ xO.f, 94 57 37 60.6 94 11 83 128 0.765 525 0.001
N: total number of female I: coellicience of isolation
+: number of mated female Of: O. furnacalis
—: number of unmated female O.s.p.: O, scapulalis paci fica

Table 2 Number and mean time of the mating when the males and females of O, scapulalis

paci fica were caged with the males or the females of O furnacalis,

al {h)
Osp. b or 3% Os.p. § nE &
129 (R 15 A
D.gipe 2 Osp, O

| 1:30 2:18 11:04 11:18

\ \
# pumber of pair which mated intraspecifically
BT

number of pair which mated interspecifically

Table 2 Number and mean time of the mating when the males and females of O furnacalis

were caged with the males or the females of O scapulalis paci fica,

a) {b)
G4, 4 Osp. T Of F Osp. £
9 3 13 2
Of % Of 2
2:16 11:40 1:12 12:30
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Table 4 Number and mean time of the mating when the males and females of €. scapulalis

paci fica were caged with the males and females of O. furnacalis,

Ousp. § Q. *
[ =t
N 10 1
O.sp. & 12:34 115
1 8

SN A L 1200 1:54

The number and mean time of mating are summarized in Tables 2, 3 and 4. Tn the

first test (a). the intraspecific mating time of O, sca pulalis paci fica was at 1 : 30 a.m. on
the average (Table 2(a)), while in the first test (b) the intraspecific mating time of O,
Jurnacalis was at 11 : 04 am. on the average (Table 2 (b)). In the third test, the
imtraspecific mating time of () scapulalis pacifica was at 12 : 34 am. on the average
(Table 4). TIn the preceding exeriment, when a virgin female and unmated male of O,
seaputalis pacifica were put into a petri dish, the mean mating time was at 11 :12
am. under the condition of artifical lighting. From these results, it is clear that the
intraspecific mating time of O, sca pulalis paci fica is independent of the presence of the
females of O. furnacalis but is delayed by the presence of its males. On the contrary,
the intraspecific mating time of . furnacalis was not affected by the presence of either
the males or the females of O. scapulalis pacifica (Tables 3(a) and 4).

CAMBELL (1967) tried tests similar to those of the present study, using two related
species, the spruce budworm Choristoncura fumi ferana (Clem.) and the western two year
cycle budworm . brennids Free, and found that the mating times both within and between
species were quickened by half an hour when the males of C. fumi ferana were caged
with the males and females of C. biennis. He concluded that this phenomenon was due
to the competition between the males of two different specics. In the present study, it is
obscure why the intraspecific mating time of . scapulalis paci fica was delayed by the
presence of the males of O. furnacaiis. The numher of matings was always much more
in intraspecific mating than in interspecific mating, regardless of the species (Tables 2,3
and 4}, It is obvious that mating occurs within the same species with a significantly
strong preflerence,

Duration of copulation

The duration of copulation of the two species was investigated under conditions of
both artifical and natural Lighting.  The duration of the copulation of Q. sca pulalis paci-
Jfiea was 101 min on the average (min. 60 min and max. 165 min) under the condition
of matural lighting, and was 106 min on the average (min. 60 min. and max. 150
min) under the condition of artifical lighting, while that of () jurnacalis was 115 min
on the average (min. 60 min and max. 195 min} under the condition ol natural lighting,

and was 127 min on the average (min. 75 min and max. 180 min) under the condition of
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artifical lighting. In respect to the duration of copulation, there was no significant diffe-
rence between the two species or the two conditions, It was ascertained that all the mated
females used for the present tests laid fertilized cggs during the 2 days after mating.

These results suggest that when O. scapulalis paci fica mated with O, furnacalis, the

spermatophores of one species were delivered successfully to the female of another species.

Discussion

SMITH (1953) tried the mate choice tests by using the eastern spruce budworm .
Sfumi ferana (Clem,) and the jack pine budworm (. pinus Free. and found that there was
a strong isolation between the two species. Tt should be noted that 829, of the pairs which
mated were intraspecific and the isolation index was 0.65. CAMBELL (1967) stated that
this strong sexual isolation brought about in a small cage would be attributable to the
difference in the mating time of the two species.

In the present study. the mate choice tests showed the presence of a strong sexual
isolation (the coefficience of joint isolation=0.779) between . scapulalis paci fica and
0. furnacalis. [t was also found that the male always copulated with the female of the
same species with an intense preference, and that the mating time differed markedly
between the two species under condidons of both artifical and natural lighting. It is
probable that the isolation between the two species is stronger in the natural population than
in the artifical population (in the small cage tests), because of various spatial, ecological
and other unknown factors in the field. In addition to these factors, the mating time must
be an important factor in the sexual iselation between 0. scapulalis pacifica and Q.
Jurnacalis Thus, the delivery of the genus between the two species may be so rare in the
natural population that they are probably two reproductive populations independent of each
other.

MATSUMOTO ¢/ of. (1965) reported an interesting result that a hybrid was produced
between the two species, when one crossed these two species. Tt is sure that more detailed
studies on the mechanism of the reproductive isolation in these closely related species may

be of very great importance in the consideration of the process of sympatric speciation.
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Summary

The coefficiences of isolation calculated from the male multiple choice method
indicated that there was a strong sexual isolation between Ostrinia  furnacalis and O,
scapulalis pacifica. In the mate choice tests, the males mated with the females of their own
species with an intense preference., Under the conditions of both artifical and natural
lighting, there was significant difference in the mean mating time of the two-days-old
adult between the two species. The mating time of O, scapulalis paci fica was delayed
owing to the coexistence of O. furnacalis males. In mating behavior and duration of

copulation, no marked difference could be found between either of the species,
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