Initiation and Termination of Pupal Diapause in
the Fall Webworm, Hyphantria cunea Drury’
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ABSTRACT This study was carried out to investigate the incidence and termination of
pupal diapause in the fall webworm, Hyphantria cunea Drury. Larvae obtained from
overwintered pupae were reared on Morus alba leaves at 254-1°C with the relative
humidity of 60% or higher in a laboratory. The critical photoperiod for pupal diapause
initiation is between 14hrs and 14hrs & 30 minutes at 25:-10°C. The developmental

period of larvae was shorter under longer photoperiod at 25+1°C.

In nature, diapause

termination seems to begin in late December. The diapausing pupae did not emerge at
all when they were transferred to a favorable environment before the time.

INTRODUCTION

Diapause is an important adaptive mecha-
nism for survival during periods of unfavor-
able environmental conditions. Many reports
suggested that the induction of diapause de-
pends on both photoperiod and temperature
2,4,5,7,9, 14, 16)

In field, the incidence of diapause in the
fall webworm, Hyphantria cunea, is determi-
ned by interactions among environmental
factors such as short daylength, relatively
low temperature, food quality and humidity
in developmental periods of larvae and gen-
etic variations resulting from local conditions
(11,19). The critical photoperiod for the
induction of the winter diapause at 25°C was
reported to be between 1l4hrs & 30min and
l4hrs & 45min in Tokyo(Japan) in the fall
webworm (11), although it may become shorter
with high temperature.

Diapause termination is influnced by phot-
operiod and temperature(3,13,15) and long
daylength and/or chilling are often used to
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terminate dipause in the laboratory(10). In
most species with an ‘overwintering diapause’,
diapause ends in midwinter rather than in
spring(17). '

The fall webworm has four generations a
year in Lousiana (USA), three in Arkansas
(USA), two in Tokyo(Japan) and Suweon(Ko-
rea)(11, 12, 18, 20) and shows facultative type
of diapause in the above localities.

This study was carried out to investigate
the incidence and termination of diapause in
the fall webworm, Hyphantria cunea

MATERIALS AND METHODS

Critical photoperiod

Larvae obtained from overwintered pupae
were reared on Morus alba leaves at 25+1°C
with relative humidity higher than 60% ina
laboratory. In the first brood, larvae were
exposed to 13hrs, l4hrs, 14hrs & 30min 15
hrs, and 16hrs of the light period per day.
The photophase of 14hrs & 30min was
also tried at 30-+1°C, besides 25+1°C. In
the second brood, photophases of 13hrs & 40
min, 14 hrs, l4hrs & 15min, 14hrs & 30min,
and 16hrs were applied. Here again the pho-
toperiod of 14hrs had another combination
with 30+1°C. These photoperiods were mai-
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ntained even after pupation. The pupae were
placed at 25+1°C and 60% relative humidity
for-1 month and the emergence of adults
were recorded daily.
Diapause termination
The diapausing’ pupae were collected from
field in Suweon area from late September
to mid October. In addition, some second
generation larvae were reared to pupal stage
in the laboratory under natural temperature
and photoperiod, and daipausing pupae were
obtained from them. The diapausing pupae
obtained from above conditions were buried
~outdoors in late October. To examine the
termination of diapause in field, the pupae
from outdoor storage site were periodically
transferred to the laboratory with LD 16: 8
at 25+1°C and 60% relative humidity, and

the number of days for emergence was cou-
nted.

RESULTS AND DISCUSSION

Hyphantria cunea is a typical long-day sp-
ecies. This is evident from Figs. 1 and 2 in
which the percentage of pupae going into di-
apause is plotted against photoperiod. In an
experiment with the larvae obtained from
overwintered pupae, all resulting pupae ent-
ered diapause when reared in photoperiods
of 13hrs or shorter, but those from photoper-
iods of 14hrs & 30min or longer emerged to
adults within 4 weeks showing no sign of
diapause. In larvae grown in the photoperiod
of 14hrs, about three quarters of the resulting
pupae entered diapause(Fig. 1).

To clarify this point further, second gene-
ration larvae were again grown in various
photoperiods of around l4hrs, with intervals
of 15 minutes (Fig. 2). As with first gener-
ation pupae, those from the larvae grown in
the photoperiod of 14hrs & 30min did not go
into diapause at all. However, all those from
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fig. 1. Relation between diapause incidence rate and
photoperiod for larval growth of Hyphantria cunea
at 25-+1°C. Carried out in May-July with larvae
obtained from overwintered pupae.
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Fig. 2. Relation between diapause incidence rate and
photoperiod for larval growth of Hyphaniria cunea
at 2541°C. Carried out in July-August with larvae
obtained from 1st generation pupae.

the photoperiod of 14hrs entered diapause, in
contrast to the case in the first generation.
And ambng pupae obtained from the photop-
eriod of 14hrs & 15min, about 95% of them
From these results the
critical photoperiod for the incidence of diap

showed diapause.

ause in H. cunea pupae appears to be betw-
een 14hrs and 14hrs & 3(min depending on
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generations.

The critical photoperiod for this species
was reported to be 14hrs & 30min at 72°F
(about 22°C) in New Brunswick and Nova
Scotia(around 46°N) of Canada(12), and betw-
een l4hrs & 30min and 14hrs & 45min at
25°Cin Tokyo area(35°41’N) of Japan(1l).In
terms of the latitude, Suweon area (37°6’N)
is between the other two, but the critical
photoperiod is the shortest, even though the
difference is not great. The diapause was
not induced under 14hrs of photoperiod at 30
+1°C(Fig 2). The incidence of diapause was
apparently suppressed due to high tempera-
ture.

The critical photoperiod for the incidence
of diapause in a laboratory was similar to
that of field(17) In the fall webworm, the in-
cidence of diapause was determined during
early larval instar, not late ones(11) The egg,
larval and pupal stage spend about 8, 30, and
11 days, respectively, at 25°C, and if 10°C is
used as the threshold temperaure for devel-
opment in the fall webworm (12, 18), the num-
ber of degree-days of each stage is 120,450
and 165, respectively. Then the total heat re-
quirement would be in the range of between
700 and 800 degree-days. In Suweon area, the
first generation starts during late May or
June. The first generation has the degree-
days of 700~800 in mid and late July. In
most cases, the larval development of sec-
ond generation begins in early August and
they enter overwintering pupal diapause in
late August and early September. During
this period the number of degree-days for
larvae is about 400~500 because of high te-
mperature(about 26.3°C) in field. The early
larval instars of second brood grow under
shorter daylength of 13hr & 40min in mid
August than the critical photoperiod for the
incidence of diapause (Figs. 1,2) in Suweon
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area and they may determine the incidence
of diapause during this time. In a few cases
in which the larval development of the 2nd
brood begins in mid July, the early instars
grow under relatively longer daylength(l4hrs
& 24min) of late July(25.2C) in field than
the critical photoperiod(Figs.1,2), therefore,
the 6th instars do not enter diapause. Since
the number of the degree-days is about 700
~800 from mid July to early September, it
may be possible that the third generation
may appear. In nature, 3rd generation larvae
have been seen in some years (unpublished
observation). This interpretation is also sup-
ported by their shorter developmental period
at longer photoperiods than shorter pefiods
(Table 1.

Table 1. Developmental period of Hyphantria cunea
larvae reared on Morus albe leaves under different
photoperiod and two temperatures.

Temp. Photoperiod No. of Larval periods
(9] @L/D) larvae (Days)
25+1 13: 00/11 : 00 33 3314
2541  13:45/10:15 31 3142
25+1 14 : 00/10 : 00 27 3112
25+1 14 : 15/09 : 45 21 3272
25+1 14 : 30/09 : 30 25 3013
25+1 16 : 00/08 : 00 150 26+1
30+1 14 : 00/10 : 00 95 2341
3041 14 : 30/09 : 30 25 23+1

When the diapausing pupae were transfe-
rred from the outdoor storage sites into the
laboratory, they were able to emerge only
when they were sampled on Dec. 21 or the-
reafter. This suggests that essential features
of diapause development for this species are
completed by this time. However, it took 50
~70 days for the pupae to emerge when they
were transferred during late Dec.-early Jan.
From these facts it can be said that they
were still in a state of partial ‘diapause’ in
the population. This speculation is also sub-

* stantiated by the rate of adult emergence

(Figs. 3,4). The rate gradually increased
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Fig. 3. Number of days at 25-+1°C needed for adult emergence and its rate from diapausing
pupae taken in from the outdoor storage site on dates indicated(1983~1984),
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Fig. 4. Number of days at 25--1°C needed for adult emergence and its rate from diapausing
pupae taken in from the outdoor storage site on dates indicated (1984~1985).
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with sampling dates. The number? of days
needed for the adult emergence gradually
decreased with time until mid May, when
it is less than 12days, which is the period
necessary for non-diapause development. at
the temperature (25°C). This shows that
pupal development for the adult already
begins in May outdoors(Figs:3,4).

For diapause maintenance, low temperature
and short daylength are required(s, 10,17).
Furthermore, low temperature, especially
towards the of diapause, may help prevent
the exhaustion of metabolic reserves before
-diapause ends(1). Diapausing pupae from
outdoors, when tranferred into the labora-
tory, did not emerge until 21 December, pro-
bably because there was an insufficient period
of certain low temperature required for dia-
pause development. The truth must be found
with more experiments.
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