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I 1 
Abstract: For the two parasitoid wasps, Zbalia leucospoides and Megarhyssa praecellens emerging together with their 
host woodwasp, Sirex nitobei, from trees of Pinus densflora, the seasonal trends in number of emerging adults, their 
body size characteristics and fecundities were recorded to evaluate the life histories and parasitism patterns. 

The mean female body mass of M. praecellens was about 1.8 times (fall population) or about 4.1 times (spring 
population) larger than that of I. leucospoides. The difference in body size was remarkable also between sexes in both 
species. The spring population of M. praecellens was about 3.7 times (male) or 2.3 times (female) larger in mean body 
weight than the fall population. The mean egg length of M. pruecellens was about 10 times larger than that of I.  
leucocpoides, whereas I. leucospoides produced about 50 times greater numbers of eggs than M .  praecellens. The 
percentage of parasitism on S. nitobei by both parasitoids was considerably large, accounting for more than 60%. Our 
results suggested that two parasitoid species could utilize larvae of S. nitobei in wood as their hosts at different 
development stages of woodwasp in different manners: egg and/or 1st instar larvae parasitized by I. leucospoides and 
maturated larvae by M .  praecellens. 

I I 

1 Introduction 
Woodwasps (Siricidae) are primitive hymenopterans 
which have a specific feeding habit in which their larvae 
feed primarily on the sapwood of various coniferous 
and hardwood trees. Most woodwasp species are associ- 
ated symbiotically with specific fungi, Amylostereum 
spp. Soon after a short dispersal flight, females drill 
several holes through the bark deep into the sapwood 
of new host trees and then deposit arthrospores of the 
fungus together with eggs in the holes (MORGAN, 1968; 
TALBOT, 1977). 

In Australia, Sirex noctilio Fab., a European-orig- 
inated woodwasp species induced accidentally into Aus- 
tralia, has caused serious damage to Pinus radiata D. 
Don trees. The availability of insect parasitoids, Rhyssa 
persuasoria Lin., Megarhyssa nortoni nortoni Cresson 
and Ibalia leucospoides Hochenw. introduced for the 
biological control of S. noctilio has thus been intensively 
studied in Australia (MADDEN, 1968, 1988; TAYLOR, 
1976, 1978; TALBOT 1977; NUTTALL, 1980). 

In Japan, Sirex nitobei Matsumura attacks various 
coniferous trees, mainly pine trees, which may be 
responsible for a larger part of the local mortality of 
pine trees than has ever been considered (KOBAYASHI et 
al., 1978). Both Megarhyssa praecellens Tosquinet and 
Zbalia leucospoides Hochenw. are known as major 
hymenopterous pardsitoids of this woodwasp in Japan 
(KANAMITSU, 1978). However, their body size charac- 
teristics, fecundities, longevities, their seasonal trends 
in emergence and the proportion of parasitism have 

scarcely been known. The primary objective of this 
study is thus to clarify the biological and ecological 
aspects of the parasitoids, which may provide fun- 
damental information for the biological control of S.  
nitobei. 

2 Materials and methods 
2.1 Biologies of the insects 
2.1.1 Woodwasp 

S. nitobeiis distributed all over Japan except Hokkaido Island. 
The life cycle of this species is usually completed on one year. 
It emerges from dead pine trees during August and November 
and usually oviposits weakened pine trees (KANAMITSU, 1978; 
FUKUDA et al., 1993). S. nitobei is associated symbiotically 
with the specific fungus, Amylostereum areolatum (TERASHITA, 
1970). 

2.1.2 Parasitoid wasps 

In the present study, we recognized the two parasitoid species, 
M. pruecel1en.s and I. lwcospoides, emerging from pine trees 
infested with their host woodwasp, S. nitohei. 

M. pruecellens: The biology of M. pruecelleiis has scarcely 
been known, but other rhyssine species attacking woodwasps 
are considered to be attracted by smell to trees which had been 
infested with siricid fungi, Am~*lo.stereum spp. (SPRADRERY. 
1970a: NUTTALL, 1980). The female drills randomly into the 
wood with her ovipositor until she reaches a siricid larva. The 
rhyssine larva makes no boring activity in the wood after host 
feeding. and usually passed about a year in the siricid tunnel 
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before pupation. Adults bite their way out of the wood and 
most emerge in spring. Some of the adults which emerge in 
summer can be progeny from the same season's oviposition 
(HOCKING, 1968; MADDEN, 1968; SPRADBERY, 1970a; 
NUTTALL, 1980). 

I .  leucospoides: This species is initially an endoparasitoid 
of siricids although its later larval instars feed externally. I .  
leucospoides oviposits into eggs and young larvae of the host. 
The female adult detects by smell a recent siricid oviposition 
hole, and inserts her hair-like ovipositor down to gain access 
to her hosts. Generally a single egg is laid in the hemocoel of 
the embryo or larva (CRYSTAL, 1930; MADDEN, 1968; SPRAD- 
BERY, 1970b; NUTTALL, 1980). 

2.2 Experimental procedures 

The present study was conducted from August 1992 to June 
1994. Two sample trees were taken from the Tokyo University 
Forest in Aichi, situated about 20 km east of Nagoya City. 
One weakened tree of Pinus densijlora Sieb. et Zucc. infested 
with S. nitobei was felled and then to cut into 18 logs 1 m 
long, from which 10 logs with many oviposition holes of 
woodwasps were selected and transferred to an outdoor cage 
in the Nagoya University Campus in Nagoya City in August 
1992 (Group l), and another infested tree of P. densijlora was 
felled to cut into 17 logs 1 m long, from which 12 logs were 
selected in the same manner as Group 1 and also transferred 
to another outdoor cage in June 1993 (Group 2). 

During the period from late August to early November in 
1992 and late April to early November in 1993 for Group 1, 
and from late August to early November in 1993 and late April 
to late June in 1994 for Group 2, we counted the numbers of 
new adults of parasitoids, M .  praecellens and I.  leucospoides, 
as well as S. nitobei, emerging from the logs every day, and 
measured a few body size parameters for the emerging para- 
sitoids, fresh body weights and ovipositor lengths. In this 
study, for S. nitobei and M .  praecellens, the body weight of 
each female includes the weight of eggs because most eggs 
have already been maturated at the time of emergence. 

S. nitobei and the two parasitoid wasps, M .  praecellens 
and I .  leucospoides were transferred individually soon after 
emergence in a glass jar (diameter: 15 cm x height: 20 cm) and 
reared with dilute sugared water under laboratory conditions 
(1 520°C) to detect longevities. 

For female adults of M .  praecellens, the number of mature 
eggs in the ovaries was counted under stereomicroscope soon 
after they died. In I .  leucospoides, mature eggs in the ovaries 
of female adults could be found under stereomicroscope, but 
not all eggs were able to be taken out of the ovaries because 
the egg size is extremely small. In S. nitobei, on the other 
hand, there was a positive correlation between the fresh body 
weights of emerging females and in the number of eggs 
(FUKUDA et al., 1993). 

Both M .  pruecellens and I .  leucospoides have been con- 
sidered as solitary parasitoids (CHRYSTAL, 1930; HOCKING, 
1968; KANAMITSU, 1978), and hence one adult pardsitoid is 
likely to derive from one host larva of S. riirohei. Thus. the 
percentage of parasitism in the selected logs could be estimated 
by the formula. 

M i (  S + M + /) x I00 [Yo] for M .  prtr i~c~~//c .n.s  

or 

I i ( S +  M + I )  x 100 ["h] for I. k1~irco.s j~oifk.s .  

where S, A4 and I denote the number of emerging S. nirohri 
in the tree and the numbers of emerging parasitoids (Ad. /vnc- 
C~C//CW.S and 1. / i~ i rc~o . s j~o ic / c~ . s )  i n  the tree. respectively. 

3 Results 
3.1 Seasonal changes in the number of emerging adults 
of wasps 
In Group 1, the adult emergence of S. nitobei continued 
for about 2 months, from early September to early 
November in 1992 (fig. 1). The emergence of two para- 
sitoid species, M. praecellens and I. leucospoides, con- 
tinued for about 1; months. The emergence duration 
was different between the two species; M. praecellens 
emerged from late August to early October in 1992, 
while I .  leucospoides from mid-September to early Nov- 
ember in 1992 (fig. 1). In spring 1993, only M. prae- 
cellens emerged from the logs from early May to mid- 
June, but no parasitoids emerged from the logs in fall 
1993 (fig. 1). On the other hand, in Group 2 the adult 
emergence of S. nitobei continued for about 1; months, 
from mid-September to late October in 1993, while the 
adult of I .  leucospoides emerged at almost the same 
period of emergence of S. nitobei, but none of M. prae- 
cellens emerged in this period. The percentages of para- 
sitism on S. nitobei in the selected logs estimated by the 
above formula were considerably large, accounting for 
about 43% by M. praecellens and 26% by I. leucospoides 
in Group 1, and about 64% by I .  leucospoides in Group 
2. 
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Table. Size characteristics and longevities of emerged adults of the woodwasp ( S .  nitobei) and two parasitoid (M. 
praecellens and I. leucospoides) species (mean k SE) 

S.  nitobei M .  praecellens I .  leucospoides 
( 1992) Fall population (1992) Spring populaiton (1993) (1 992) 

Group 1 J (n=18)  ?(n=14)  5 ( n = 4 )  ? @ = l o )  d ( n = 1 5 )  ?(n=15)  J ( n = 1 3 )  ?(n=13) 

Fresh body weight 72.0+ 10.8 151.3k28.2 20.4+3.4** 73.6+11.0** 76.6f 10.3 166.3+ 14.5 27.2+ 1.0 40.453.4 

- 9.8k0.5 - 25.8 k 1.9** - 36.8 k I .5 - 9.4 & 0.5 Ovipositor length 

Longevity (days) 5.8k0.5 5.1 k0.3 3.8*0.9** 5.7f0.4** 6.5k0.6 9.3k1.2 13.5k1.3 17.9k2.0 

(mg) 

(mm) 

S. nitobei 
6 (n = 15) 0 (n = 6) 

M. praecellens I.  leucospoides 
8 (n = 0) (n = 0) 6 (n = 24) ? (n = 13) 

Fresh body weight 50.5k5.1 74.1k 13.5 

- 8.2 k 0.4 Ovipositor length 

Longevity (days) 7.8 k 0.6 4.0 f 0.3 

(mg) 

(-1 

- - 22.4k2.1 38.1 k3.3 

- - - 8.9k0.5 

- - 12.8+ 1.3 15.6k2.2 

I Significantly different from the values for the spring population of M. praecellens (**P < 0.01; t-test). 
I 

3.2 Adult body sizes and presumed longevity 

The fresh body weight of the fall population of M .  
praecellens was smaller than the host insect, S. nitobei 
for both sexes (Male, P < 0.01; Female, P < 0.05, t- 
test), whereas the fresh body weight of the spring popu- 
lation of M .  praecellens was as large as that of S. nitobei 
for both sexes in Group 1 (P < 0.05, t-test) (table). On 
the other hand, I .  leucospoides had much smaller bodies 
than S.  nitobei for both sexes in both groups. (P > 0.01, 
t-test) (table). 

Differences in fresh body weight between sexes were 
larger in M .  praecellens than in I. leucospoides in Group 
1. The ovipositor lengths of I .  leucospoides were as long 
as those of S. nitobei in both groups, whereas the ovi- 
positor of M .  praecellens was much longer than that of 
S. nitobei in Group 1 (table). The ovipositor of M .  
praecellens looked tough, but that of I .  leucospoides 
was just hair-like. In Group 1, the body weight of M .  
praecellens was much larger in the spring population 
in 1993 than the fall population in 1992 (table). The 
longevity of M .  praecellens were approximated within 1 
week in Group I ,  whereas that of I. leucospoides was 
about 2-3 weeks in both groups (table). 

3.3 Fecundity and egg size 

The observed number of eggs produced by a female of 
M .  praecellens varied from 4 to 16, averaging about 11. 
The fresh body weight of a female adult of M .  prae- 
cc4ens at the time of emergence was correlated posi- 
tively with the observed number of eggs produced by a 
female of this species ( r  = 0.87. P < 0.01, n = 26) (fig. 
2), as has been found in S.  nirohei ( FLJKUDA et al.. 1993). 
The mean length of mature eggs of M .  pruecellens was 
about 2.3 mm. However. some eggs in the ovaries were 
scaled down. This suggests that part of egg contents 
could be reabsorbed in the body. 

There were a large number of small-sized mature eggs 
in the ovaries of I .  /.uc.o.spoi~ic's: the mean length of egg 
was about 0.25 mm, but not all eggs i n  the ovaries were 

0 
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3 I . . I .  . . .  I . I 
220 50 100 300 

8 Fresh body-weight of a female adult (mg) 
Fig. 2. Relationship between.fresh body weight of female 
adult and observed number of eggs produced per ,female 
of M. praecellens in Group I, on log-log coordinates 
( r  = 0.87, P < 0.01, n = 26).  a: fallpopulation in 1992; 
0: spring population in 1993 

able to be taken out. Therefore, we could not count the 
total number of eggs. CHRYSTAL (1930) estimated that 
large female adults of this species produced more than 
600 eggs. 

4 Discussion 
Figure 3 is a hypothetical diagram showing when para- 
sitism of the two pardsitoids on S.  nitohei will occur in 
accordance with the life cycle of S.  nitohei, based on the 
records of their emergence. M .  pruecellens has finished 
its emergence in early October, about 1 month before 
the last emergence of S .  nitohci. This period corresponds 
t o  the period during which all larvae o f  5'. nirohci have 
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Fig. 3. Presumableperiods of oviposition in the two parasitoid wasps, M. praecellens and I. leucospoides in accordance 
with the developmental stages of S .  nitobei. The life cycle of S .  nitobei is based on our data and the description by 
KATO (1966) 

finished pupation. This fact suggests that M. praecellens 
will emerge in accordance with the developmental stages 
of the woodwasp as a host, and mostly can exploit its 
mature larvae. 

The adult body sizes of M .  praecellens were markedly 
larger in the spring population than in fall population 
(table). This difference strongly suggests that the body 
size of this parasitoid species could be dependent greatly 
on the initial host size at the time of parasitism. Figure 
3 also illustrates that female adults of M. praecellens 
emerging between late April and late May can parasitize 
nothing but small immature larvae in logs, and therefore 
their offspring would grow up inevitably into small 
adults. Larger female adults of M .  praecellens tend to 
produce larger number of eggs (fig. 2). The results of 
the emergence trait suggest that only individuals of M .  
praecellens emerging in early spring and thus para- 
sitizing small host larvae during the period can re- 
emerge in fall and can reproduce next generation by 
utilizing large maturated host larvae at the time. This 
may be a possible reason why the spring population was 
larger in body size than the fall population. 

I .  leucospoides, on the other hand, emerged during 
almost the same period of emergence of S.  nitobei. The 
oviposition of S.  nitobei usually occurs soon after its 
emergence. It is thus likely that the emergence period of 
this parasitoid species could coincide with the egg or 1st 
instar larval stage of the host woodwasp. 

The body mass of M .  pruecrllens was much larger 
than that of I .  leucospoides. Moreover, difference in 
body mass between sexes in M .  prcrcw~l1en.s was much 
larger than in I .  Imcospoitles (table), and the observed 
number of eggs produced by a female of M .  pruecellens 
was much lower than that of I .  leucospoides. These facts 
may be related to large efforts at host searching and 
oviposition activities of M .  pruecellens, inserting the 
ovipositor deep into the wood during its short life time 
(table). 

Although the body mass of  I .  I~~iicos~~oirl~~s is very 

small, but the ovipositor length of I.  leucospoides is as 
long as that of S. nitobei. This fact and its hair-like 
ovipositor may be associated closely with the egg laying 
behaviour of I. leucospoides that utilizes the oviposition 
holes of S. nitobei. Furthermore, the longevity of I .  
leucospoides is much greater than that of M .  praecellens. 
Because the target for oviposition of I .  leucospoides 
would be confined to egg or 1st instar larval stage of 
S.  nitobei (fig. 2), I.  leucospoides may have evolved to 
enhance the ovipositional success by increasing the life 
time. The two parasitoid wasps, M. praecellens and I. 
leucospoides, which were greatly different in mor- 
phological features and the periods of emergence and 
parasitize the larvae of S. nitobei at their different devel- 
opmental stages, have coexisted in the present study 
site. Each parasitoid species has adapted its life history 
with the host’s life cycle in a different manner, and 
thereby both species could exploit their hosts in wood 
most effectively. 

S.  nitobei in the present study and S.  noctilio are 
similar to each other in the points of not only being 
congener but being associated with the same fungal 
symbiont, Amylostereum areolatum (TERASHITA, 1970). 
The same type of decline in pine trees as caused by S. 
noctilio also occur sporadically due to the attack of S. 
nitobei (KOBAYASHI et al., 1978). However, no serious 
decline of pine trees caused by S.  nitobei has hitherto 
occurred in Japan, unlike as in the case of S.  noclilio in 
Australia where there were no native natural enemies 
for S.  noctilio. Our results demonstrated that the two 
parasitoid wasps of S.  nitohei recorded in the present 
study, I .  Ieucospoides and M .  pruecellens could utilize 
the larvae of S.  nitobeiin wood as their hosts at different 
developmental stages of the woodwasp: eggs and/or 1st 
instar larvae are available for I .  leucospoides, whereas 
maturated larvae exclusively for M .  pruecellens. Con- 
siderably high proportion of parasitism on s. nitohei in 
this study area may be interpreted in terms of such a 
multiple parasitism pattern by the two different types 
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of parasitoids. The parasitism pattern also may explain 
in part consistently low population densities of S. nitobei 
in Japanese pine trees. Moreover, this suggests that if 
S. nitobei happen to be introduced in other countries 
where there are no natural enemies specific to this wood- 
wasp, it may give rise to serious damage to the native 
trees, as was the case of S. noctilio in Australia. 
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