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Adult Eclosion and Emergence of the Black Pine Bast Scale,
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Matsucoccus thunbergianae
(Homoptera: Coccoidea: Margarodidae)
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Adult eclosion and emergence behavior of the black pine bast scale, Malsucoccus thunbergianae
Miller and Park, was studied in a laboratory. Adult eclosion in males did not appear to be lim-
ited to a specific time of the day. Newly molted male adults, at room temperatures, usually re-
mained in the cocoons as pre-emergence adults for 0.5-2.5 days before emerging; most males
emerged within one hour after the onset of photophase, and emergence was faster at higher
light intensity. Most females molted into adults within three hours after the onset of
photophase, and they were active immediately after molting. Quiescence in males appears to
help the scales concentrate their sexual activity within a particular period of the day as well as
o protect newly molied adults until sexual and locomotive maturity.
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Aspects of adult life and behavior of females vary
considerably within the superfamily Coccoidea.
Some females are mobile, while others are sessile.
Some females, such as those of the genus
Matsucoccus, have no functional mouthparts and live

only a few days, while many others are able to feed
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and live considerably longer. All coccoid males are
lacking mouthparts and short lived. Most males,
such as those of the red pine scale( Matsucoccus re-
sinosae Bean & Godwin) (Doane 1966), the yellow
scale (Aonidielle citrina(Coquillett) . Diaspididae)
(Moreno et al. 1974) and the California red scale
(Aonidiella  aqurantii{Maskell))  (Rice & Moreno
1970), were reported to live less than a day.
Recently, epidemic populations of the black pine
bast scale (Maisucoccus thunbergianae Miller &
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Park) have been causing serious damage to Japan-
ese black pine{ Pinus thunbergiana Franco) forests in
the southwestern coastal area of Korea (Park &
Park 1985, Miller & Park 1987). In males, two
nymphal instars are followed by the wingless pre-
adult, the pupa, and the adult, whereas the female
adult directly emerges from the second nymphal In-
star (Park & Park 1985). Female adults leave the
cast skins immediately after eclosion, but we found
that newly molted male adults remained quiescent
for a few days. The callow male adult is pale brown
and about 1.5 mm long, with short caudal waxy fila-
ments which approximates the length of the two pos-
terior abdominal segments, and with soft full length
wings which extrude out of the loosened cocoon.
Although it has mobile legs, it can hardly walk; the
legs are mainly used for shedding the pupal cat skin.
The caudal waxy filaments grow longer than the
body, and the color of the body and wing veins
grows darker during this quiescent period(Park
1988).

We report the behavior of adult eclosion and
emergence in males and females of M. thunbergianae
with special reference to photoperiodism.

MATERIALS AND METHODS

Time of eclosion and duration of quiescence in
males

Pupae of M. thunbergianae were collected from the
laboratory colony and placed in a petri dish at 10
p.m., February 12, 1987. The eclosion of males, i.e.
molting form pupae to pre-emergence males, was
monitored three times a day, at 8 am., 3 p.m. and
10 p.m. of February 13 and 14. Each newly molted
male was put In a separate vial, and its emergence
was examined daily at 10 a.m. until emergence
ceased. Temperature and light were maintained at
21 £ 1C and LD 14 :10(600 lux of fluorescent
light between 8 a.m. and 10 p.m.). A Topcon IM-2D
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luxmeter was used to measure the light intensity

throughout the experiments.

Effect of light intensity on male emergence
Pre-emergence males reared under natural day
length were collected at 5 p.m., March 15, 1986, and
emergence was monitored the next morning at 10
minute intervals. One group of pre-emergence males
collected was maintained under natural photophase.
The other group of individuals was maintained at
darkness from 7 p.m., and were exposed to fluor-
escent light of 600 lux at 6 : 50 a.m. the next morn-
ing. Rearing was done at 18-22°C of daily fluctuat-

ing temperature in a laboratory.

Timing of exposure to light and male emergence
Nine hundred pre-emergence males reared under
natural photophase were collected at 3-5 p.m., Mar-
ch 14, 1987. One hundred pre-emergence males
were put in separate petri dishes and kept at 600
lux until 9 p.m., when each petri dish was placed
into a separate dark chamber. Three separate petri
dishes were exposed to 600 lux of fluorescent light
at 6 am., 9 a.m. or noon the next day, and the num-
bers of males emerged were examined every hour.
Rearing was done at 21 + 1°C and 60 + 10% RH.

Timing of exposure to light and female emerg-
ence

Japanese black pine branches(ca. 30cm long,
2 cm in diameter) infested with female intermediate
nymphs were stored at 21 £ 1C and LD 15:9
with photophase from 6 a.m. to 9 p.m. at 600 lux of
fluorescent light. On March 15, 1987, after three
days of storage, all emerged females were removed
from nine branches at 9 p.m., and each branch was
put into a separate dark chamber. Branches in
groups of three were exposed to 600 lux at 6 a.m., 9
a.m. or noon the next day, and the numbers of

newly emerged females were monitored at three
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Table 1. Eclosion and emergence of M. thunbergianae males®
No. individuals emerged Number
Eclosion of males at each morning of : of
successful
Time interval No. molted Feb.13 Feb.14 Feb.15 Feb.16 Feb.17 emergence
10 p.m. Feb. 12 19 0 12 3 0 0 15
— 8 am. Feb. 13
8 a.m. 17 — 12 2 0 0 14
— 3 pm. Feb. 13
3 pm. 11 - 2 7 0 0 9
— 10 pm. Feb. 13
10 p.m. Feb. 13 24 — 0 14 4 0 18
— 8a.m. Feb. 14
8 am. 18 - - 10 5 0 15
— 3 pm. Feb. 14
3 pm. 13 - - 6 5 1 12
— 10 p.m. Feb. 14
Total 102 83
¢ Rearing was done at 21 &+ 1°C and LD 14 . 10(photophase between 8 a.m. and 10 p.m.).
Table 2. Duration of pre-emergence males(quiescence) in M. thunbergianae
Duration of
quiescent phase 0-10 10-17  17-24  24-3¢  34-41  41-48 4858 5865
(hours)
Number of 0 8 22 26 12 7 7 1
individuals
hour intervals. garded as having emerged at 8 a.m. the same day,
and the duration of quiescence(pre-emergence male
RESULTS adult phase)was estimated from Table 1(Table 2).

Male eclosion and emergence

The males do not appear to molt into adults at a
specific time of the day. Of 102 pre-emergence
males which molted between 10 p.m., February 12
and 10 p.m. February 14, the numbers molted
between 10 p.m. and 8 a.m, 8 a.m. and 3 p.m., and 3
pm. and 10 p.m. were 43, 35, and 24, respectively.
Most males emerged in the first or second morning
after eclosion(Table 1). As mentioned below, most
males emerged within 30 minutes after first light.

Thus, male adults observed at 10 am. were re-

It appears that newly molted males must remain
quiescent at least 10 hours before emerging. Of 83
male adults, most emerged between 24 and 34 hours
after eclosion. The longest duration of the quiescent
phase studied was 58 to 65 hours. Most males were
able to fertilize females shortly after emergence.
Most male adults emerged immediately after the
onset of photophase. Emergence was faster at high-
er light intensity. While most adults under artificial
lighting emerged within 30 minutes of the onset of
photophase, it took about an hour for most adults to

emerge at dimmer and gradually increasing light
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Table 3. Onset of photophase and male emergence of M. thunbergianae when exposed to natural and artificial

lighting in the laboratory*
No. male emergence
Natural light intensity
Time interval (lux) at the end of Natural Artificial
each time interval light lighting?
am.

6:10-6:20 0 - -
6:20-6:30 01 1 -
6.30-6:40 0.7 21 -
6:40-6:50 5 59 0
6:50-7:00 12 35 58
7:00-7:10 24 22 80
7:10-7:20 40 15 33
7:20-7:30 50 5 7
7:30-7:40 60 3 6
7:40-7:50 75 5 3
7:50-8:00 85 3 1
8:00-8:10 100 2 0
8:10-8:20 120 1 2
8:20-8:30 145 0 1
8:30-8:40 145 0 0
8:40-8:50 180 2 1
8:50-9:00 190 1 0
9:00-9:10 215 0 0
9:10-9:20 220 0 0

Total 175 192

“ Rearing was done at daily fluctuating temperatures of 18-22°C in the laboratory.

¢ 600 lux of fluorescent light from 6 : 50 a.m.

(Table 3).

With a nine hour scotophase, no males emerged
before the onset of photophase, While the males
reared at daily fluctuating temperatures of 18-22°C
did not emerge during approximately 12 hours of
scotophase(Table 3), a few of the males(6.0%)
reared at 21 + 1°C emerged at the same period of
scotophase. When scotophase was 15 hours, 25.8%
of males emerged before the onset of photophase. In
all treatments, more than 90% of the males
emerged within one hour of exposure to light
(Fig 1).

Female emergence
As in males, female emergence was largely affec-
ted by exposure to light, but it appeared less con-

centrated at the onset of photophase. A few females
(2.7%) emerged before the termination of a nine
hour scotophase, whereas no males emerged during
the same period of scotophase. Most male emerg-
ence was terminated within two hours of exposure
to light, but more than 10% of the females, in all
treatments, emerged three hours after the onset of
photophase(Fig. 2).

DISCUSSION

Male eclosion and emergence

Although males do not molt into adults at a par-
ticular period of the day, their emergence and in-
itiation of reproductive behavior are governed by
photoperiodism. Most male adults studied in the lab-



90 LB S

100,

50

%3 XA

Vol. 30 No. 1

100

50

% Emergence

100

50

70.5

6 7 8 9 1011 12 1 2 3

PM e

AM >l PM

Fig. 1. Duration of scotophase and emergence of M. thunbergianae males at each time interval. (Numbers in shaded area
are percentages emerged before the onset of photophase. Rearing was done at 21 + 1°C)

oratory emerged at the onset of photophase after 0.5
-2.5 days of quiescence.

No males emerged during nine hours of
scotophase at 21 + 1°C, or during 12 hours of
scotophase at daily fluctuating temperatures of 18-
22°C. However, some males (6.0% ) emerged during
a 12 hour scotophase when they were reared at a
constant temperature of 21 + 1°C, which was ca. 2
—3C higher than the might temperatures of the
fluctuating regime. When the period of scotophase

was longer (15 hours), more males (25.8%)
emerged without exposure to light. These results
suggest that a physiological condition that is reached
under prolonged scotophase and accelerated tem-
perature forces emergence of males without the nor-

mal requisite onset of photophase.
Quiescence in newly molted male adults

Some papers lead us to speculate that the quiesc-
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Fig. 2. Duration of scotophase and emergence of M. thunbergianae females at each time interval.(Numbers in shaded area
are percentages emerged before the onset of photophase. Rearing was done at 21 + 1C)

ence of male adults exists in other Maisucoccus
species. McKenzie(1942) demonstrated this phase in
M. bisetosus Morrison, though he did not name it.
Ducasse(1938) stated that males of M. matsumurae
(Kuwana) (a misidentification of M. feytaudi, which
was described by Ducasse in 1941) survived three
days. However, the longevity of the male adult of
the same species studied by Riom and Fabre(1977)
was 12-24hours. In every occasion where the life

span of the male adult of Matsucoccus has been stud-

ied, it was less than one day. It is suspected that
Ducasse(1938) recognized the pre-emergence male
adult in M. feyltaud:, and that the life span reported
was from ecdysis to death. Doane(1965) stated that
dead males of M. resinosae were usually found in the
cocoons, but the males he recognized as dead might
have been pre-emergence males.

A very similar phenomenon is also present in
other coccoid families. Tashiro and Beavers(1968)

used the term “pre-emergence adult” for an individ-
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ual of the California red scale which had molted
from the pupa, and found that 88% of those became
active adults within three days of the final molt.
Gary(1954) found that the males of the citrus me-
alybug( Planococcus  citri(Risso) : Pseudococcidae),
following the final molt, remain within the cocoons
for 1-2 days during which time the anal filaments
are extended and the wings and antennae become
hardened. D. R. Miller (personal communication)
also observed that newly molted Eriococcus males
(Eriococcidae) remain in the cocoon for a certain
period of time, when the anal filaments are devel-
oped. Presence of the above mentioned period,
between the final molt and the time of male emerg-
ence, may be a common phenomenon in males of
the superfamily Coccoidea.

Quiescence in newly molted coccold males is pro-
bably related to their fragile nature. If they emerged
before sexual maturity, the majority of such fragile
creatures, without feeding ability, would be lost or
damaged by adverse environmental factors and loss
of energy. Quiescence in males appears to allow
them to sexually mature and harden the wing
muscles, and provide them with capability of flying
and fertilizing females shortly after the emergence.
Also, quiescence apparently reduces temporal vari-
ation among males due to different rate of ecdysis
and sexual or physical maturation during the teneral
adult period. Fully matured males can concentrate
their sexual activity within a certain period of the
day by being activated by an environmental cue, the
onset of photophase.

On the contrary, M. thunbergianae females are mo-
bile immediately after ecdysis. Hardening of muscles
in females does not appear to be as important as in
males. They are very sluggish, walkihg’ only about
8 cm /min on filter paper, and they do not show
any active mating behavior before or during the
copulation (Park 1988). As in most other coccoid

species, fully grown female nymphs of Maisucoccus
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species are sexually matured(neotenic) ; even the fe-
males in the course of molting are frequently ob-

served to be inseminated by the males.

Mate finding and the daily rhythm of male and
female emergence

Most males and females emerge shortly after the
onset of photophase. Without doubt, synchronization
of sexual activity in both sexes within a certain per-
iod of the day is advantageous for the scale. Most
males, after the emergence, ‘are able to locate and
fertilize females for less than 12 hours. Females live
a few days, but they release sex pheromones and at-
tract males on a daily rhythm, from the first day of
emergence, mostly between 8 a.m. and 2 p.m.(Park
& Abrahamson, submitted). Daily synchronization
of male activity and female pheromone release

clearly maximizes successful mate finding in this

species.
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