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The entomogenous nematode, Neo-
aplectana carpocapsae, and its associated
bacterium, Xenorhabdus nematophilus, in-
fect a number of insect species in different
orders. Infectivity tests have been conducted
primarily against larvae of pest species with
little information available on the infectiv-
ity of N. carpocapsae to lepidopterous
pupae. Schmiege (8) demonstrated that
pupae of the spruce budworm, Choristo-
neura fumiferana, were slightly susceptible
to N. carpocapsae, and Lewis and Raun (5)
reported that 30% of the pupae of the
Europzan corn borer, Osirinia nubilalis,
were infected by the nematode compared to
100% infection of larvae and adults. Pupae
of the sphingid, Herse convolvuli, were
moderately susceptible to N. carpocapsae
(4). Exposure of pupae of the beet army-
worm, Spodoptera exigua, and of the army-
worm, Pseudaletia unipuncta, to N. carpo-
capsae resulted in ca 75 and 50% mortality,
respectively (2). Naked pupae (without
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silken cocoons) of Galleria mellonella ex-
posed to similar conditions as the army-
worms resulted in 100% mortality. These
results confirmed earlier studies by Sandner
and Stanuszek (7) with pupae of G. mel-
lonella. "This paper reports the ability of N.
carpocapsae to infect pupae within silken
cocoons of G. mellonella and Bombyx mori.

Stock suspensions of infective juveniles
of N. carpocapsae (DD-136 strain) were ob-
tained by infecting G. mellonella larvae as
described by Dutky et al. (1) and main-
tained at 10 Cin 0.1% formalin at a concen-
tration of 1,000 nematodes per ml. New
nematode stocks were obtained every 3—4
wk.

To obtain intact silken cocoons con-
taining pupae of G. mellonella, late last
instar larvae were placed in a plastic petri
dish (15 X 100 mm). About 3-4 d after
cocoon formation, cocoons containing pre-
pupae were transferred to a clean petri dish.
Pupae in 3-5-d-old silken cocoons were used
in all tests. Five pupae were placed in a
petri dish containing two pieces of filter
paper (Whatman no. 1) to which ca 1,000
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nematodes in 2 ml of 0.1% formalin were
added. Cocoons were maintained at 25 =
2 C. After 7 d, pupae were removed from
the cocoons, dissected, and examined for
the presence of nematodes.

Silkworm eggs were obtained from Dr.
H. Watanabe, Laboratory of Sericulture,
University of Tokyo, Japan. After the eggs
hatched, larvae were fed mulberry leaves
until pupation. Silkworm pupae in cocoons
which were ca 24-h old were treated as de-
scribed for G. mellonella. For both G.
mellonella and B. mori, naked pupae (with-
out cocoons) were also treated with nema-
todes. There were three replicates for each
species with 10 cocoons or pupae in each
replicate.

Scanning electron microscope micro-
graphs (SEM) of the outer and inner sur-
faces of silk cocoons of G. mellonella and
B. mori were made and the diameters of
the pores in the inner layers of the cocoons
were measured. The means and standard
deviations of the pore openings were cal-
culated for both species.

G. mellonella and B. mori pupae in
silken cocoons were highly susceptible to
N. carpocapsae. Infection rate of pupae (n
= 30) with or without cocoons was 100%
for both species. SEM photographs of the
outer and inner surfaces of G. mellonella
and B. mori showed that the cocoons were
porous. Cocoons of G. mellonella are thin
with visible pores (Fig. 1A). Cocoons of B.
mori are multilayered (Fig. 1B) with large
spaces (pores) among the silk strands (Fig
1C). The mean diameter of the 10 largest
inner pores was 63.1 = 8.8 um for G. mel-
lonella and 151.1 * 11.5 um for B. mori.
The greatest mean width of infective juve-
niles of N. carpocapsae is 24 pm with a
range of 22-28 ,m (6). Thus, the silken
cocoons of these lepidopterous species are
sufficiently porous to allow infective juve-
niles to pass through the silk layers. Once
the infective nematodes are inside the
cocoon, the nematodes probably enter the
host’s hemocoel through the spiracles. These
results are in contrast to those obtained
with the silken cocoons of hymenopterous
insects (certain parasitic braconids and
ichneumonids) which have a nonporous in-
ner layer (3). This nonporous layer serves
as a mechanical barrier to prevent nema-
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Fig. 1. SEM photographs of silken cocoons of
Galleria mellonella and Bombyx mori. A) Inner
surface of G. smellonella cocoon. B) Multilayer co-
coon of B. mori. C) Inner surface of B. mori. Bar =
100 um.

todes from invading the cocoons and infect-
ing the developing pupae. If the nonporous
layer is damaged, then the nematodes can
invade the cocoon and infect the pupac.
The differences in cocoon construction of
G. mellonella and B. mori, and of certain
hymenopterous insects, may account in part
for the difference in infection rates by N.
carpocapsae.
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