Foliar Spray: Osman, Viglierchio 419
integrated pest management philosophy.
T h e intent would be to reduce or delay the
nematode population build-up until an acceptable yield was assured, as is usual with
toxic nonfumigant nematicides. An added
benefit of nematode control with amino
acids is the h u m a n nutritional value of any
residual material. Furthermore, these findings clearly establish the feasibility of alternative chemotherapy as a practical, safe
means of managing nematode pest populations for acceptable crop production.
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Susceptibility of Pupae of Two Cocoon-forming
Lepidopterous Speciesto the EntomogenousNematode,
Neoaplectana carpocapsae(Rhabditida: Steinernematidae)
Patricia L. Moyle and H a r r y K. Kaya 1
T h e entomogenous nematode, Neoaplectana carpocapsae, and its associated
bacterium, Xenorhabdus nematophilus, infect a n u m b e r of insect species in different
orders. Infectivity tests have been conducted
primarily against larvae o£ pest species with
little information available on the infectivity of N. carpocapsae to lepidopterous
pupae. Schmiege (8) demonstrated that
pupae of the spruce budworm, Choristoneura [urniferana, were slightly susceptible
to N. carpocapsae, and Lewis and R a u n (5)
reported that 30% of the pupae of the
European corn borer, Ostrinia nubiIalis,
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 armyworm, Spodoptera exigua, and of the armyworm, Pseudaletia unipuncta, to N. carpocapsae resulted in ca 75 and 50% mortality,
respectively (2). Naked pupae (without
Received for publication 8 December 1980.
aDivision of Nematology, University of California Davis,
CA 95616.

silken cocoons) of Galleria melloneUa exposed to similar conditions as the armyworms resulted in 100% mortality. These
results confirmed earlier studies by Sandner
and Stanuszek (7) with pupae of G. mellonella. This paper reports the ability of N.
carpocapsae to infect pupae within silken
cocoons of G. mellonella and Bombyx rnori.
Stock suspensions of infective juveniles
of N. carpocapsae (DD-136 strain) were obtained by infecting G. meIlonella larvae as
described by Dutky et al. (1) and maintained at 10 C in 0.1% formalin at a concentration of 1,000 nematodes per ml. New
nematode stocks were obtained every 3-4
wk.

T o obtain intact silken cocoons containing pupae of G. melIonella, late last
instar larvae were placed in a plastic petri
dish (15 × 100 mm). About 3-4 d after
cocoon formation, cocoons containing prepupae 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 described for G. mellonella. For both G.
mellonella and B. mori, naked pupae (without cocoons) were also treated with nematodes. T h e r e were three replicates for each
species with 10 cocoons or pupae in each
replicate.
Scanning electron microscope micrographs (SEM) of the outer and inner surfaces 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. T h e means and standard
deviations of the pore openings were calculated 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. rnelIonella 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). T h e mean diameter of the 10 largest
inner pores was 63.1 + 8.8 /~m for G. mellonella and 151.1 - 11.5 /,m for B. mori.
T h e greatest mean width of infective juveniles of N. carpocapsae is 24 /~m with a
range of 22-28 /~m (6). Thus, the silken
cocoons of these lepidopterous species are
sufficiently porous to allow infective juveniles 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 inner layer (3). This nonporous layer serves
as a mechanical barrier to prevent nema-
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Fig. I. SEM p h o t o g r a p h s of silken cocoons of
Galleria mellonella a n d Bombyx mori. A) I n n e r
surface of (;. mellonella cocoon. B) M u l t i l a y e r cocoon of B. marl C) I n n e r surface of B. rnori. Bar =
10[) p.m.

todes from invading the cocoons and infecting tlle developing pupae. If the nonporous
layer is damaged, then the nematodes can
invade the cocoon and infect the pupae.
Tile 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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Distribution of Pheromermis pachysoma (Mermithidae)
Determined by Paratenic Invertebrate Hosts
George O. Poinar, Jr. 1
Poinar et al. (6) described the unusual
life cycle of the yellowjacketmermithid
parasite, Pheromermis pachysoma, which
included a paratenic host. Instead of hatching in their aquatic environment, as do most
other mermithid species, the infective stages
of P. pachysoma remain inside the eggs
until they are ingested by aquatic invertebrates. After ingestion the infective second
stage juveniles (one molt occurs inside the
egg) hatch and penetrate through the intestinal wall, entering and coiling up in
various tissues of the host. T h e nematodes
remain viable t h r o u g h o u t tile life of the
host but do not develop. Growth is finally
initiated when these paratenic hosts are
captured and used as nourishment for yellowjacket (Vespula pennsylvanica) larvae.
T h e cycle is completed in the fall of the year
when the parasitized adult yellowjackets
emerge and visit a water source, allowing
the nematodes to escape. T h e study by
Poinar et al. (6) in California was the first
record of P. pachysoma in the Americas;
previous findings were restricted to England
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and Germany. Since those findings more
N o r t h American sites containing P. pachysoma have been found. This paper lists
these localities and illustrates how new infestations can be determined by recognizing
tile juveniles in various aquatic invertebrates.
Adults of the caddis fly, Limnephilus
peItus (Limnephilidae: Trichoptera), containing black spots on the body wall were
collected at the Sagehen Creek field station
located near Truckee, California (elevation
approx. 2,000 meters). Adults and larvae of
Hesperophylax sp. (Limnephilidae: Trichoptera) containing small dark circles were
collected from Saskatchewan, Ontario, and
British Columbia in Canada and from Wyoming, Arizona, Nevada, Oregon, South
Dakota, Colorado, New Mexico, Utah, and
California. Postparasitic mermithids were
collected from parasitized yellowjackets in
tile Calderwood Reserve, N o r t h Carolina,
and along the Hiwassee River near Wartburg, Tennessee. Similar mermithids were
collected from PoIistes annularis in Louisiana and from Dolichovespula arenaria in
California.
Coiled juveniles of P. pachysoma appeared as black spots on L. peltus adults
(Fig. 1) and as small dark circles on larvae

