Journal of Nematology 34(4):340-342. 2002.
© The Society of Nematologists 2002.

Development Rates in Entomopathogenic Nematodes:
Infected Hosts vs. Aqueous Suspension
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Abstract: Rearing conditions have been shown to affect several aspects of entomopathogenic nematode biology, including dis-
persal behavior and infectivity. The present study explores the differences in developmental rate of Heterorhabditis bacteriophora and
Steinernema carpocapsae when infective juveniles (IJ) were collected in water using the standard White trap method vs. natural
emergence from cadavers into sand. We exposed Galleria mellonella to 1] entomopathogenic nematodes treated in one of three ways:
collected in a White trap, allowed to emerge directly into sand, or collected in a White trap and treated with a cadaver homogenate.
When S. carpocapsae 1] were allowed to emerge from cadavers directly into sand and then allowed to infect new hosts, they developed
into adults at a faster rate than IJ that were collected with White traps. The difference in development was not due to differential
infection rates. No difference in development stages was detected among the same H. bacteriophora treatments.
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Entomopathogenic nematodes are lethal insect para-
sites that have been commercialized for biological con-
trol of insect pests. Most of what is known of their bi-
ology is based on laboratory and field tests conducted
with nematodes that were reared in vivo using White
traps, after the method of Dutky et al. (1964). Galleria
mellonella last instars are exposed to infective juvenile
(IJ) entomopathogenic nematodes in a moist environ-
ment (often a petri dish with moistened filter paper).
The infected hosts die after 2 to 3 days and are trans-
ferred to White traps (White, 1927). White traps are
usually constructed as follows: infected cadavers are
placed into the lid of a 60-mm petri dish lined with
moist filter paper and then the lid is floated on water
contained in a 90-mm petri dish. When the IJ emerge,
they are trapped in the water in the 90-mm dish. Thus,
nematodes collected using the White trap method are
generally removed from the presence and influence of
the host cadaver. The present study is one of a series of
experiments to determine the role(s) of infected insect
cadavers in entomopathogenic nematode infection
ecology.

The presence of the host cadaver influences IJ be-
havior (Shapiro and Glazer, 1996; Shapiro and Lewis,
1999). For example, Heterorhabditis bacteriophora 1J
emerging directly into sand from their host cadaver
were 10 times more infective than IJ emerging into
water (Shapiro and Lewis, 1999). This effect has been
suggested to be the result of chemicals released from
the cadaver (Shapiro-Ilan et al., 2000). Steinernema car-
pocapsae did not show this difference in infectivity when
similarly tested (Shapiro and Lewis, 1999). However,
preliminary observation during the 1999 study by Sha-
piro and Lewis suggested that cadavers infected with
S. carpocapsae 1] that emerged directly into sand had a
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higher proportion of adults than cadavers infected with
IJ collected from White traps (unpubl. data).

One of two alternative hypotheses could explain the
observed difference in the proportion of adults found
in S. carpocapsae infections when nematodes emerging
from White traps were compared with those emerging
directly into sand. The first hypothesis was that nema-
todes that emerged into sand invaded hosts faster than
nematodes collected from White traps. However, the
population density threshold within the host (Camp-
bell et al., 1999) was equaled by the aqueous treatment
nematodes before the 24-hour exposure period was
over. The second hypothesis was that nematodes
emerging directly into sand developed more quickly
than those collected from White traps after they in-
fected a host. The objective of this study was to compare
the proportion of adults or molted nematodes inside
infected hosts when H. bacteriophora or S. carpocapsae IJs
were allowed to emerge directly into sand from infected
hosts vs. IJ applied in an aqueous suspension after col-
lection in White traps. When the proportions of adults
were found to differ for S. carpocapsae in the first objec-
tive, a second objective was addressed to determine
whether the difference was due to invasion time or de-
velopment rate.

MATERIALS AND METHODS

Last instar G. mellonella were exposed to IJ at rates of
25 and 100 each for S. carpocapsae and H. bacteriophora,
respectively, in petri dishes (60-mm) lined with filter
paper (Whatman No. 1). Different rates were used be-
cause hosts are more easily infected by S. carpocapsae
than H. bacteriophora when exposed on filter paper. One
third of the infected hosts were placed on petri dishes
(60 mm) filled half way with moist sand (10%) for the
cadaver treatment and the other two thirds of the in-
fected hosts were placed on White traps. Three days
after IJ] emergence began, the cadavers were removed
from the treatment dishes and IJ from the White traps
were applied to petri dishes filled with sand identical to
those described for the cadaver treatment. One half of
the dishes receiving I from White traps were desig-
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nated as the aqueous treatment and the other half des-
ignated for the extract treatment. The extract treat-
ment was identical to the aqueous treatment, except
that a homogenate made from infected hosts and water
was added (Shapiro and Lewis, 1999). One day after IJ
were added (for the aqueous and extract treatments),
or cadavers were removed (for the cadaver treatment),
G. mellonella were added to all petri dishes (five and ten
insects per dish for H. bacteriophora and S. carpocapsae,
respectively). There were 10 Petri dishes per treatment.

For S. carpocapsae, two exposure times were tested—
8 hours and 24 hours. After exposure to I, hosts were
removed from the exposure arena, rinsed with water to
remove attached IJ, and incubated at 25 °C. The cadav-
ers that were exposed to infection for 8 hours were
incubated for 40 hours, the cadavers that were exposed
to infection for 24 hours were incubated for 24 hours.
Thus, the total of exposure plus incubation times was
48 hours for both treatments. After incubation, cadav-
ers were stored frozen for less than 2 weeks. Three
larvae chosen arbitrarily from each dish were dissected
using the pepsin digestion method (Mauleon et al.,
1993). If no nematodes were found in a cadaver, an-
other was chosen and dissected. Infective juveniles,
fourth-stage juveniles, and adults were counted from
each dissection. The proportion of nematodes that had
developed to adults was calculated for each cadaver.
For H. bacteriophora, the only difference in the method
was that G. mellonella were exposed to the nematodes
for 48 hours and then frozen. Heterorhabditis bacterio-
phora 1] penetrate hosts at a slower rate than S. carpo-
capsae 1], which necessitated the longer exposure time.
Because no differences in the proportion of adults were
found at the longer exposure times for H. bacteriophora,
the shorter exposure was unnecessary. A blocked analy-
sis of variance was used to analyze the data (after pro-
portions were Varcsine transformed) where individual
cadavers were blocked by dish. A Student-Newman-
Keules test was performed to separate means (o = 0.05).

Invasion rate tests were conducted as follows: the
aqueous and cadaver treatments (described above)
were compared and the exposure time of 5 G. mellonella
larvae to sand dishes was 2 or 4 hours. Percent invasion
was calculated based on the number nematodes in the
host divided by the number left in sand plus the num-
ber in the host (Shapiro and Lewis, 1999). Proportional
data were transformed by \/arcsin, and means were
compared with a t-test.

RESULTS AND DIscuUssioN

Steinernema carpocapsae infections in the 8-hour expo-
sure/40-hour incubation experiment had a higher pro-
portion of adults in the cadaver treatment than in the
aqueous treatment or the extract treatment (F = 4.22;
d.f. = 18) (Fig. 1a). In the 24-hour exposure/24-hour
incubation experiment, the cadaver treatment hosts
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Fic. 1. Steinernema carpocapsae Development. A) Proportions of

adults found in dissections from exposure to IJ for 8 hours followed
by 40 hours’ incubation for aqueous, cadaver, and extract treatments.
B) Proportions of adults found in dissections from exposure to IJ for
24 hours followed by 24 hours’ incubation for aqueous, cadaver, and
extract treatments. Bars with different letters are significantly differ-
ent (Student-Newman-Keules test, o = 0.05).

yielded a higher proportion of adults than either of the
other two treatments (F = 4.02; d.f. = 18) (Fig. 1b).
There were no treatment effects in H. bacteriophora de-
velopment stages (F = 2.3; d.f. = 18) (Fig. 2).

Invasion rate tests were conducted to determine
whether the difference in the proportion of adults in
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Fic. 2. Heterorhabditis bacteriophora Development. Proportion of
nematodes that remained infective juveniles for each aqueous, ca-
daver, and extract treatments. No significant differences were found
among treatments.
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S. carpocapsae infections was due to quicker develop-
ment of nematodes in the cadaver-treatment nema-
todes after they had entered the host, or because they
infected sooner than the aqueous-treatment nema-
todes. No differences in S. carpocapsae invasion rate be-
tween the cadaver treatment and the aqueous treat-
ment were found after either 4 hours of exposure (ca-
daver and aqueous treatments had 25.8 + 7.3% and
24.8 + 3.2% infection, respectively) or after 2 hours
of exposure (cadaver and aqueous treatments had
3.9+1.1% and 4.1 + 0.7% infection, respectively). If the
differences in development rates occurred because the
cadaver treatment nematodes invaded the host sooner,
thus having more time to develop than the aqueous
treatment nematodes, then as we shortened the expo-
sure time, differences in invasion rate would have be-
come apparent. This was not the case. Therefore, we
conclude that S. carpocapsae 1] that emerge directly into
soil from the host cadaver develop faster (in new hosts)
than IJ applied in aqueous suspension.

Because the extract treatment was not different from
the aqueous, the difference between the aqueous and
cadaver nematodes was not likely due to a water-soluble
chemical found in the host cadaver. The differences
observed in development time may have been due to
volatile chemicals released by the host cadaver. Volatile
cues have been shown to be important to other aspects
of entomopathogenic nematode biology, such as infec-
tion behavior (Glazer, 1997; Grewal et al., 1997). A per-
haps more plausible alternative to the volatile hypoth-
esis is that the difference in development time may have
been due to physiological differences in the nematodes
(e.g., the aqueous nematodes were—out of necessity—

handled more, which may have been detrimental, or
nematodes that emerge directly into sand rather than
having to migrate into water may have a nutritional
advantage in that they have used up less energy at the
time of infection). Future research will explore these
and other hypotheses as to the role of the cadaver in
entomopathogenic nematode infection ecology.

LITERATURE CITED

Campbell, J. F., A. M. Koppenhofer, H. K. Kaya, and B. Chinnasri.
1999. Are there temporarily non-infectious dauer stages in entomo-
pathogenic nematode populations: A test of the phased infectivity
hypothesis. Parasitology 118:499-508.

Dutky, S.R., J. V. Thompson, and G. E. Cantwell. 1964. A tech-
nique for the mass propagation of the DD-136 nematode. Journal of
Insect Pathology 6:417-422.

Glazer, 1. 1997. Effects of infected insects on secondary invasion of
steinernematid entomopathogenic nematodes. Parasitology 114:597—
604.

Grewal, P. S., E. E. Lewis, and R. Gaugler. 1997. Response of infec-
tive stage parasites (Rhabditida: Steinernematidae) to volatile cues
from infected hosts. Journal of Chemical Ecology 23:503-515.

Mauleon, H., S. Briand, C. Laumond, and E. Bonifassi. 1993. Utili-
sation d’enzymes digestive pour I'étude du parasitisme des Stein-
ernema and et des Heterorhabditis envers les larves d’insectes. Funda-
mental and Applied Nematology 16:185-186.

Shapiro, D. I, and I. Glazer. 1996. Comparison of entomopatho-
genic nematode dispersal from infected hosts vs. aqueous suspension.
Environmental Entomology 25:1455-1461.

Shapiro, D. I, and E. E. Lewis. 1999. Infectivity of entomopatho-
genic nematodes from cadavers vs. aqueous applications. Environ-
mental Entomology 28:907-911.

Shapiro-Ilan, D. I, E. E. Lewis, X. Paramasivam, and C. W. McCoy.
2000. Nitrogen partitioning in Heterorhabditis bacteriophora-infected
hosts, and the effects of nitrogen on attraction/repulsion. Journal of
Invertebrate Pathology 76:43-48.

White, G. F. 1927. A method for obtaining infective nematode lar-
vae from cultures. Science 66:302-303.





