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How Fecund is Lymantria xylina Swinhoe (Lepidoptera:
Lymantriidae) in Taiwan?
Jung-Tai Chao,'”  Sheng-Shan Lu,”  Yi-Ming Chen,"
Lin-Mu Jaung,”  Chao-Nien Koh,”  Wen-Chi Yeh"

[ Summary )

The casuarina moth Lymantria xylina is one of the most damaging pests in the casuarina
windbreaks of Taiwan proper and on surrounding islands. This study aimed mainly to understand
the fecundity of the casuarina moth, geographical variations in fecundity and in measurements of
the egg mass, and the impact of egg parasitoids on the fecundity of this species. In total, 360 egg
masses were collected from 12 casuarina plantations along the west coast of Taiwan and on Penghu
Island. The number of eggs laid by the female casuarina moth varied from 180 to 1544 per egg
mass, with an average of 592.5 &= 213.8. The mean number of eggs per mass varied significantly
among sites. The average length of egg masses was 36.2 &= 10.3 mm, and the average width of
egg masses was 9.3 1.8 mm. The size of egg masses also varied significantly between sites.
The longer the egg mass was, the wider the egg mass was, and the greater number of eggs there
were per mass. However, longer egg masses were narrower, while shorter egg masses were
wider. Egg masses on larger branches had more eggs. About 1/3 (122/360) of the collected egg
masses were attacked by the egg parasitoid, Ooencyrtus kuvanae (Hymenoptera: Encyrtidae). A
total of 855 egg parasitoids emerged from these 122 parasitized egg masses. The average number
of egg parasitoids emerging per mass was 7.1+6.0. No significant difference in the number of
egg parasitoids was found among sites on which more than 10 parasitized egg masses were found.
The low rate (0.4 %) of egg parasitization by O. kuvanae in this study is discussed. However, the
real impact of O. kuvanae on the fecundity of casuarina moth and the potential usefulness of O.
kuvanae to control the casuarina moth in Taiwan require further evaluation.
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INTRODUCTION

Since its first introduction in 1897, ca-
suarina has been planted extensively in
Taiwan. By 1959, casuarina plantations made
up 83.8% of coastal windbreaks in Taiwan
(Chen et al. 1998). Even today, casuarina
plantations still dominate the coastal wind-
breaks of Taiwan, although statistics on the
present extent of casuarina windbreaks are
not available (Chen et al. 1998).

Among many insect pests of casuarina in
Taiwan, the long-horned beetle Anoplophora
macularia (Coleoptera: Cerambicidae) and
casuarina moth Lymantria xylina (Lepidoptera:
Lymantriidae) are the 2 most serious ones
(Kan 1958, Ou 1984). Sonan (1936) was the
first to report outbreaks of the casuarina moth
in Taiwan. More recent damage by the ca-
suarina moth were recorded by Chang and
Weng (1985) and Chao et al. (1996). Chao
et al. (1996) also reported that casuarina
moths feed on at least 63 species of woody
plants in Taiwan. Casuarina moth has also
been considered the main pest of casuarina

plantations in Guangdong and Fujian Prov-
inces of China (Hsiao 1992). Despite the im-
portance of the casuarina moth, we know
little of the population dynamics of this
species.

In order to understand the population dy-
namics of a given species, it is important to
obtain data on its fecundity. The fecundity
of casuarina moth has not been studied.
Mated females of casuarina moth deposit an
egg mass after mating usually in May and June
in Taiwan. The egg mass of casuarina moth
is covered with brownish hairs from the body
of the female moth. Therefore it is neces-
sary to collect egg masses and dehair them in
order to determine the number of eggs per
mass.

In this study, egg masses of the casua-
rina moth were collected from casuarina plan-
tations at different sites to reveal geographi-
cal variations in fecundity. In addition, we
determined if length and width of the egg
mass could be used to predict fecundity. Cor-
relations between the diameter of branches
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on which egg masses were placed and each of
the egg mass measurements were tested to
understand their relationship. Finally, we
measured percent parasitism by egg parasi-
toids on the casuarina moth.

MATERIALS AND METHODS

Thirty egg masses were collected from
casuarina plantations at each of the follow-
ing 12 sites (Fig. 1): Peitou of Taipei City
(&L #), Kuanyin, Neihai, and Chuwei
of Taoyuan County (WkEIRFEH = ~ N1 ~ 17
[#]), Taichung Harbor of Taichung County

RS ), Hsinchi and Chuanghsing
of Chunghwa County (BLERFTS ~ =H),
Shihu of Yunlin County (ZEA&EZITiH), Aoku
and Tungshih of Chiayi County (FZ&HEHZE
&% ~ #14), Chiukuaitso of Tainan County
(G SLBRE), and Penghu Island (3&i#)).
Egg masses from Peitou, Shihu, and Penghu
were collected during a period from June 8
to 28, 1995. The remaining egg masses were
collected from September 20 to 22, 1995
(Table 1). Coordinates of each site were re-
corded using a Global Positioning System
(GPS, Trimble Navigation, USA) and then
plotted on a map (Fig. 1) generated from
ArcView GIS (Geographical Information
System) vers. 3.02.

Length and width of the egg masses, and
width of the branch on which the egg mass
was placed were measured. Measured egg
masses were then individually placed into
sealed polyethylene bags (120 X 8.5 X 0.04
mm) so that the timing and number of egg
parasitoids emerging from each egg mass
could be recorded.

After cessation of parasitoid emergence,
each egg mass was pressed lightly using our
fingers and spread in a petri dish. Dirt and
hairs of the egg mass were vacuumed through
a sieve (no. 30, mesh size 0.6 mm) that cov-
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ered the top of the petri dish. The number of
eggs in each egg mass was counted after the
cleaning process.

Statistical analyses such as ANOVA and
subsequent Duncan's Multiple Range Test and
correlations of paired variables were per-
formed using CoStat statistical software
(CoHort2 Software, Berkeley, CA, USA.).

Fig. 1. Twelve casurina plantations where 360
egg masses of casuarina moth Lymantria xylina
were collected (30 egg masses from each site).
Pt: Peitou (Taipei City); Ky: Kuanyin (Taoyuan
Co.); Nh: Neihai (Taoyuan Co.); Cw: Chuwei
(Taoyuan Co.); TH: Taichung Harbor (Taichung
Co.); Hs: Hsinchi (Chuanhwa Co.); Ch:
Chuanghsing (Chunghwa Co.); Sh: Shihu
(Yunlin Co.); Ak: Aoku (Chiayi Co.); Ts:
Tungshih (Chiayi Co.); Chiukuaitso (Tainan
Co.); Ph: Penghu Island.
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RESULTS

A. Egg mass measurements

Egg masses of the casuarina moth vary
greatly in size and shape, though in general,
egg masses are roughly oval in shape. Table
1 lists the average length, width, and number
of eggs of 30 egg masses collected from each
of the 12 sites. The number of eggs laid by a
female casuarina moth varied from 180 to
1544 per egg mass, with an average of 592.5
& 213.8 (Table 1). There was a significant
difference in the mean number of eggs per
mass among sites (ANOVA, F=1142,p=
0.000). Table 1 shows that the average num-
ber of eggs per egg mass was lowest in
Hsinchi of Chunghwa County (410.8 eggs per
egg mass) and highest in Neihai of Taoyuan
County (777.4 eggs per egg mass). In

addition, egg masses collected north of
Chuanghsing had more eggs per mass than
those collected south of Chuanghsing (Table 1),
with the exception of Chiukuaitso.

The average length of egg masses was
36.2 = 10.3 mm (Table 1, range 16.0 to 93.0
mm), and the average width of the egg masses
was 9.3 £ 1.8 mm (Table 1, range 2.9 to 14.7
mm). The size of egg masses varied signifi-
cantly among sites (for length of the egg mass:
ANOVA, F=17.1, p=0.000; for width of the
egg mass: ANOVA, F=5.8, p=0.000). The
longer the egg mass was, the greater number
of eggs per mass (» = 0.62, p <0.000, Table 2).
Similarly, the wider the egg mass was, the
greater number of eggs per mass (r = 0.48,
p < 0.000, Table 2). However, longer egg
masses were narrower, and shorter egg masses
were wider (r=—0.11, p = 0.03, Table 2).

Table 1. Mean length, width, and egg number of 360 egg masses of casuarina moth (Lymantria xylina) and

mean diameter of branches (Br. diam.) on which these egg masses were placed. Percentage of egg masses

parasitized and the number of parasitioids emerging are also included. Thirty egg masses were collected from

casuarina plantations at each of the following 12 localities in 1995. See Fig. 1 for details of localities

Locality Length Width Egg number Br. diam. Egg masses
(Date of collection) (mm) (mm) (range) (mm) parasitized (%)
Peitou (June 13) 39.8 8.6° 706.6" (353-1095) 3.0° 0 (0/30)
Chuwei (Sept. 22) 38.8" 9.7 617.8% (354-924) 4.6® 3.3(1/30)
Neihai (Sept. 22) 40.3° 10.4° 777.4° (363-1298) 48" 90.0(27/30)
Kuanyin (Sept. 22) 38.0™ 9.5 607.4% (316-888) 4.0" 33.3(10/30)
Taichung Harbor (Sept. 21) 41.5° 8.6° 596.4% (214-1544) 3.1° 70.0(21/30)
Chuanghsing (Sept. 21) 41.5° 10.4* 729.1° (357-1227) 4.6  76.7(23/30)
Hsinchi (Sept. 21) 28.5¢ 9.2% 410.8" (209-753) 4.2° 53.3(16/30)
Shihu (June 8) 29.2¢ 8.6° 414.3" (180-792) 4.5% 0 (0/30)
Aoku (Sept. 20) 33.1¢ 9.4 543.2% (281-829) 4.4* 6.7(2/30)
Tungshih (Sept. 20) 37.4% 8.9 583.3% (299-963) 3.9" 73.3(22/30)
Chiukuaitso (Sept. 20) 32.9% 10.3* 629.9° (261-1057) 52° 0 (0/30)
Penghu (June 27-28) 33.7% 8.5¢ 4942 (267-772) 44" 0 (0/30)
X+ SD 362103 93+ 1.8 592.5 +213.8 42+ 1.6 33.8 (122/360)

Means followed by different letters within columns are significantly different (Duncan's Multiple Range Test,

p <0.05).
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Table 2. Correlations of paired variables relevant to measurements of 360 egg masses of casuarina

moth (Lymantria xylina) collected from 12 sites of Taiwan in 1995. Branch diameter is the diameter of

the branch on which the egg mass was placed

Egg number Length Width Branch diameter

Egg number - 0.627 0.48” 0.19”
Length —0.11" —0.15”
Width - 0.72”
Branch diameter —

Dp<0.01.

2)

3)§ i ggg(l)l C. Egg parasitoids

Table 3. Mean number of the egg parasitoid,
Ooencyrtus kuvanae, emerging from parasitized
egg masses of casuarina moth (Lymantria xylina)
collected from 8 cauarina plantations along the
west coast of Taiwan in 1995

Mean no. of
Site egg Parasitoids Nor.n(;t;sgg
emerging per mass
Chuwei - 1
Neihai 8.6 + 7.8 27
Kuanyin 3.9° =43 10
Taichung Harbor ~ 4.9% + 3.4 21
Chuanghsing 8.6" 6.7 23
Hsinchi 7.0™ 452 16
Aoku - 2
Tungshih 7.5% 4 5.0 22
Total 7.1 +6.0 122

Means followed by different letters within columns
are significantly different (Duncan's Multiple Range
Test, p <0.05).

B. Branch diameter

The mean diameter of branches on which
egg masses were deposited was 4.2 * 1.6
mm (Table 1, range 1.5 to 10.2 mm). Branch
diameter was positively correlated with the
number of eggs per mass (» = 0.19, p <0.000,
Table 2) and egg mass width (» =0.72, p<
0.000, Table 2), and negatively correlated
with egg mass length (» = - 0.15, p = 0.003,
Table 2).

About 1/3 (122/360) of the collected
egg masses were attacked by egg parasitoids
(Table 1). These egg parasitoids of casua-
rina moth, identified by the late Dr. Liang-Yi
Chou of the Department of Applied Zoology,
Taiwan Agricultural Research Institute, were
Ooencyrtus kuvanae (Hymenoptera:
Encyrtidae). More than 2/3 (68.8%) of the
parasitized egg masses came from north of
Chuanghsing (Table 1). A total of 855 egg
parasitoids emerged from 122 parasitized egg
masses (Table 3). The average number of egg
parasitoids emerging per mass was 7.1 &= 6.0
(Table 3, range 1 to 33, n=122). Only 0.4%
of the total 213,304 eggs in the 360 egg
masses were parasitized. There was no sig-
nificant difference in mean number of egg
parasitoids among sites where more than 10
parasitized egg masses were found (ANOVA,
F=186,p=0.11).

No O. kuvanae was found emerging from
those egg masses collected in June (from
Peitou, Shihu, and Penghu). All emerging
O. kuvanae came from egg masses collected
in September (see Table 1), and the emer-
gence period was from September 26 to Oc-
tober 9. An additional 10 egg masses col-
lected in December at Peitou, Taipei City
were all parasitized by O. kuvanae (with an
average of 12.5 &= 7.6 wasps per egg mass)
and 80% of parasitoids emerged during the
period from December 12 to 22.
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DISCUSSION

Eggs of the casuarina moth are ovipos-
ited in several layers and are laid in masses.
The egg mass is covered with brown hairs
from the body of the female moth. The cov-
ering of egg masses of the gypsy moth
Lymantria dispar, a close relative of the
casuarina moth, not only protects the eggs
from excessive evaporation, but also renders
the egg mass unattractive to some birds
(Cooper and Smith 1995). We presume that
the covering used by the casuarina moth has
a similar function.

An egg mass of gypsy moth may have
100 to 1,000 eggs in US (Cooper and Smith
1995) and 400 to 1,500 eggs in China (Hsiao
1992). Lietal. (1981) stated that the num-
ber of eggs per egg mass of the casuarina
moth in Fujian Province of China averaged
1019 £ 36 (range 354 to 1517, n = 108).
Chang and Weng (1985) reported that the
number of eggs per egg mass of casuarina
moth in Taiwan ranged from < 100 to < 700,
with a mode of 100 to 200. Our data show
that few egg masses contained fewer than 200
eggs (see the lower range of egg number in
Table 1). The current study used a larger
sample size and revealed a greater variation
that may more accurately reflect the situa-
tion of the real world.

The majority of egg masses of casuarina
moth are roughly oval in shape. However,
egg masses vary greatly in size. The actual
size of egg masses of gypsy moth is a vital
statistic for assessing gypsy moth populations.
Larger egg masses (more than 500 eggs per
mass) indicate a healthy, increasing
population, whereas smaller egg masses are
characteristics of a decreasing population.
The number of eggs per mass can be estimated
in the field by measuring the length of the
egg mass (Moore and Jones 1987). Our re-
sults show that both the length and the width
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of the egg mass are positively correlated
with the number of eggs per mass (Table 2).
In other words, width, and especially length,
of the egg mass can be used as an indicator
of the fecundity and hence the population
trend of the casuarina moth.

The length of the egg mass, width of the
egg mass, and egg number per mass also cor-
related significantly with the diameter of the
branch on which the egg mass was placed
(Table 2). It is interesting to note that the
larger the branch on which the mass was
placed, the wider the egg mass (»=0.72, Table 2)
and the greater number of eggs per egg mass
(r=10.19, Table 2), but the shorter the egg
mass (r = —0.15, Table 2). It seems that on
larger branches, egg masses tend to be wider
and shorter, while on smaller branches, egg
masses tend to be narrower and longer (see
Table 2). The oviposition behavior of ca-
suarina moth has not been studied. It would
be interesting to test the hypothesis that
more-fecund females prefer larger branches
for egg laying.

We also found that egg masses of the
casuarina moth in Taiwan did have a signifi-
cant geographical variation in terms of the
number of eggs per mass. Our samples
showed that, in general, egg masses collected
north of Chuanghsing had a higher number
of eggs (Table 1, except for Chiukuaitso).
This trend may be due to differences in den-
sity or differences in the size of branches
collected from study sites. The size of egg
masses of gypsy moth is affected by popula-
tion density and food supply experienced by
the parental generation (Gerardi and Grimm
1979). In high-density infestations of gypsy
moth, most egg masses are located on tree
trunks and branches. In low-density popu-
lations of gypsy moth, most egg masses are
found on the forest floor or on man-made
objects. Trees at the edge of a forested stand
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may have more egg masses than trees at the
center of the stand (Nealis and Erb 1993).
Unfortunately, neither the location of egg
masses nor the population density of casua-
rina moth was included in this study to un-
derstand the causality of variations of egg
masses. These patterns seem worthy of thor-
ough investigation in the future.

There are at least 15 natural enemies of
the casuarina moth in Taiwan (Chao et al. in
preparation). The egg parasitoid O. kuvanae
is one of the 2 natural enemies that specifi-
cally attack eggs of the casuarina moth. About
1/3 of the sampled egg masses were parasitized,
and more than 2/3 of the parasitized egg
masses were collected from sites north of
Chuanghsing (Table 1). The percentage of
egg parasitism by O. kuvanae is related to the
size of the mass, with smaller masses con-
taining more eggs that can be reached by the
ovipositors of the parasitoids (Dowden 1961,
Leonard 1974). We did not compare the size
of egg masses with the percent parasitism of
casuarina moth. This deserves further study.

We found that the egg parasitoids did
not cause high mortality of the casuarina
moth. The fact that only a small portion
(0.4%) of eggs were attacked by parasitoids
indicates that only eggs of the top layer of
the egg mass were subject to attack. The re-
moval of egg masses during sampling also
made study of repeated parasitization
impossible. Alternatively, the population den-
sity of O. kuvanae was not high enough to
have a strong impact on the mortality of eggs
of casuarina moth.

Ooencrytus kuvanae that lives on eggs
of gypsy moth produce several generations
per year in the US (Dowden 1961, Hitchcock
1972) and 6-7 generations per year in warmer
areas of South China, with a generation span
of 21-35 days (Yan et al. 1995). Therefore,
O. kuvanae in subtropical Taiwan could also
be multivoltine and be able to parasitize the
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eggs of casuarina moth repeatedly. The
sketchy information we have (1 emergence
occurred from late-September to mid-Octo-
ber and another one from mid- to late-
December) supports the idea that O. kuvanae
in Taiwan is multivoltine. Finally, no O.
kuvanae was found emerging from egg masses
collected in June, regardless of geographical
location. Therefore, egg masses of the cur-
rent year may be first attacked (oviposited)
by O. kuvanae some time in July.

Primarily as an egg parasitoid of the
gypsy moth, O. kuvanae may play an impor-
tant role as a biological control agent of this
notorious pest species (Brown 1984). In fact,
the application of O. kuvanae to control gypsy
moth on different continents has been pro-
posed (e.g., Bellinger et al. 1988, Yao and
Yan 1994). In addition, O. kuvanae has been
recorded as a hyperparasitoid of 2 parasitoids
of L. dispar and as an egg parasitoid of at
least 14 species of moth, including moths of
the Lasiocampidae, Lymantriidae, and
Saturniidae (Huang and Noyes 1994). Like
that of the gypsy moth, the egg stage of the
casuarina moth lasts about 9 months and is
vulnerable to parasitization by O. kuvanae.
The real impact on O. kuvanae to the fecun-
dity of casuarina moth and the potential use-
fulness of O. kuvanae to control casuarina
moth in Taiwan require further evaluation.
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