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Interactions between Nematodes and Earthworms:
Enhanced Dispersal of Steinernema carpocapsae’

D. 1. SHAPIRO,2 E. C. Berry,? anp L. C. Lewis?

Abstract: Dispersal of the nematode Steinernema carpocapsae (All strain), applied on the top or the
bottom of soil columns, was tested in the presence or absence of two earthworm species, Lumbricus
terrestris or Aporrectodea trapezoides. Nematode dispersal was estimated after a 2-week period with 2
bioassay against the greater wax moth, Galleria mellonella. Vertical dispersal of nematodes was in-
creased in the presence of earthworms, When nematodes were placed on the surface of soil columns,
significantly more nematodes dispersed to the lower half of the columns when either earthworm
species was present than when earthworms were not present. When nematodes were placed on the
bottom of soil columns, significantly more nematodes dispersed to the upper half of the columns
when L. ferrestris was present than when A. trapezoides was present or in the absence of earthworms.
Because nematodes were found on the exterior and in the interior of earthworms, nematode dis-
persal may be enhanced by direct contact with the earthworms.
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The nematode Steinernema carpocapsae
(Weiser) has good potential as a biological
control agent of insects, especially in the
soil environment (5). More than 90 per-
cent of all insect pests spend part of their
life cycle in soil (9). Steinernema carpocapsae
has a wide host range of more than 250
insects (15). One of the characteristics of
nematodes that make them attractive for
use in biological control is their ability to
seek out their hosts. However, a limited
capacity for nematodes to disperse in their
habitat has occasionally been cited as a hin-
drance to the success of certain biological
control applications (6,12,16). Generally,
S. carpocapsae will disperse very little from
the site of application in soil (7,13). Move-
ment that does occur is affected by soil
moisture (18), soil texture, and presence or
absence of hosts (7).

Earthworms improve soil by modifica-
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tion of soil structure, by aeration and
drainage, and by breaking down and dis-
tributing organic matter (3). The ability of
earthworms to change soil structure and
move large amounts of soil (10) indicates
that nematode movement may increase in
the presence of earthworms. Furthermore,
entomopathogenic nematodes have been
found to have no deleterious effects on
earthworms (2,14). The present study was
conducted to determine the effects of
earthworms on vertical dispersal of ento-
mopathogenic nematodes.

MATERIALS AND METHODS

Vertical dispersal of nematodes in the
presence or absence of earthworms was
tested in soil columns over a 2-week pe-
riod. Steinernema carpocapsae (All strain)
was obtained from Biosys (Palo Alto, CA)
and was reared in the last instar of the
greater wax moth, Galleria mellonella (L.).
Earthworms, Lumbricus terrestris (L.) and
Aporrectodea trapezoides (Duges), were ob-
tained from the National Soil Tiith Labo-
ratory, Ames, Iowa. Both species were
from colonies that were reared on partly
decomposed horse manure (1). Soil col-
umns were constructed by joining six
4-cm-long sections of 5-cm-d polyvinyl
chloride (PVC) pipe and filling them with
soil (34% sand, 28% silt, 38% clay) to a bulk
density of approximately 1.2 g/cm?. Soil
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moisture was standardized to field capacity
in each column. The soil columns received
one of three treatments: the addition of
either two L. terrestris or A, trapezoides, or no
earthworms. All treatments were applied
to soil columns testing both upward and
downward dispersal with three replica-
tions (soil columns) for each treatment—
direction combination (18 columns total).
Earthworms were allowed to tunnel for 1
week before nematodes were added to
each column. Soil columns were incubated
at 21 C and approximately 92% relative
humidity.

To test downward movement, 1.0 X 10%
nematodes were applied in 0.1 ml water to
the surface of each soil column. Stein-
ernema carpocapsae tends to move upward
(7,13,17); therefore, to encourage down-
ward migration of nematodes, two wax
moth larvae (hereafter referred to as “bait
larvae”) were enclosed in cloth mesh and
placed on the bottom end of each column.
After 14 days the soil columns were dis-
mantled. The bait larvae in each column
were checked for mortality, and the soil
from each 4 cm-long section of PVC pipe
was removed and placed in a plastic petri
dish (150 X 25 mm) with 20 fresh G. mel-
lonella larvae (hereafter referred to as “as-
say larvae”). The petri dishes were placed
at 27 C and approximately 60% relative
humidity for 3 days, after which mortality
of assay larvae was recorded. Differences
in mortality of assay larvae were used to
indicate differences in numbers of nema-
todes.

To test upward movement, 1.0 x 10*
nematodes in 0.1 ml water were applied to
soil on the bottom end of the column and
allowed to migrate for 2 weeks, after which
the columns were dismantled and soil
from each section was exposed to assay lar-
vae as described previously. Because S. car-
pocapsae tend to disperse upward, bait lar-
vae were not required in the columns test-
ing upward dispersal of nematodes.

The experiments testing upward and
downward dispersal of nematodes were
completely randomized designs with re-
peated measures. Statistical differences in

nematode dispersal among treatments
were determined by doing an analysis of
variance on the numbers of dead larvae
infected from soil in the bottom three sec-
tions of columns testing downward dis-
persal, and in the top three sections of col-
umns testing upward dispersal. The num-
bers of dead larvae, caused by nematodes
that dispersed to the most distant three
sections of the columns, were then com-
pared among the treatments using con-
trasts.

Resurts

Steinernema carpocapsae dispersed signifi-
cantly farther downward when either L.
terrestris or A. trapezoides were present than
when no earthworms were present. The
numbers of assay larvae killed when ex-
posed to soil from column sections from
the lower half of the columns were signif-
icantly greater when earthworms were
present than when they were not (Table 1),
indicating that the nematodes dispersed
farther downward with earthworms
present. Bait larvae were always infected
with nematodes after 2 weeks when earth-
worms were present but never infected
when earthworms were absent.

Nematodes moved further upward
when earthworms were present than when
no earthworms were present. The number
of assay larvae killed by nematodes when
exposed to soil from column sections in the
upper half of the columns was significantly
greater when L. terrestris was present than
when either A. trapezoides was present or
when no earthworms were present (Table
1). Nematodes were detected in the oppo-
site-most section of the columns when
earthworms were present but not when
earthworms were not present.

DiscussionN

More of the nematodes associated with
L. terrestris were dispersed upward com-
pared with those associated with A. trape-
zotdes. The differences in nematode distri-
butions in the soil columns may be caused
by differences in earthworm behavior.
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TasLE 1.
worms, Lumbricus terrestris, or Aporrectodea trapezoides.

Number of dead Galleria mellonella (assay) larvae in soil columns containing soil with no earth-

Upward dispersal

Downward dispersal

Depth (cm) Ltf At 0 Lt At 0
04 3 1.7 0 10.3 15 15.7
4-8 11 5.3 1.3 17.7 19.7 19.7
8-12 14 11 9 18.3 19.3 20

12-16 17.3 16.7 13 18.3 19.3 11.3
16-20 19.6 13.3 13 13.7 17 53
2024 19.3 20 19.3 0.3 2.7 0.3
m} = 93b 6a 34a 10.7b 13b 56a
b = 6.0 6.0 0

Numbers represent means of three replications. Steinernema carpocapsae were introduced 24 cm below the soil surface in the
upward dispersal experiment and on the soil surface in the downward dispersal experiment. Twenty G. mellonella larvae were
exposed to soil removed from column sections 2 weeks after nematodes were introduced. G. mellonelia mortality indicates

relative nematode densities.

t Lt = Lumbricus terrestris; At = Aporrectodea trapezoides; 0 = no earthworms.

1 m = average mortality of assay larvae in the bottom three sections in downward dispersal and top three sections in upward
dispersal experiment. Means followed by the same letter are not significantly different.

§b = total mortality of (bait larvae) G. mellonella placed at 20-24 cm in each column.

Channels produced by L. terrestris are ver-
tically oriented, whereas A. trapezoides
generally produces horizontally oriented
burrows (11). It may be expected that A.
trapezoides would be most suitable in en-
hancing nematode dispersal horizontally.
If earthworms were incorporated into bio-
logical control applications to enhance
nematode dispersal, the species of earth-
worm used would need to be considered.

Increased dispersal of S. carpocapsae may
have resulted from direct or indirect ef-
fects of earthworms. Dispersal may have
been increased directly by transportation
of nematodes on the surface of the earth-
worms, or in the digestive tract of the
earthworms. Some evidence of this phe-
nomenon was observed in this study. Sev-
eral earthworms (five A. trapezoides and
three L. terrestris) were examined after ex-
posure to S. carpocapsae in soil columns.
Live nematodes were found in dissected
earthworms, in earthworm casts, and in
the debris washed from the surface of
earthworms. Mortality was observed in G.
mellonella larvae exposed to nematodes iso-
lated from dissected earthworms, but
nematodes were not observed to repro-
duce and emerge. Nematodes found in the
casts and debris of earthworms were able
to infect and reproduce in larvae of the G.
mellonella. Although positive identification

of §. carpocapsae was not made, the nema-
todes did cause mortality in the G. mel-
lonella larvae characteristic of nematodes
in the family Steinernematidae (e.g., typi-
cal coloration). Therefore, these observa-
tions suggest that earthworms may serve as
phoretic hosts of S. carpocapsae. Phoresy of
entomopathogenic nematodes has been
observed on nematophagous mites (4).
Steinernema carpocapsae (Breton strain)
avoided predation by bridging onto the
dorsum of mites and were able to leave the
mites to infect and reproduce in prepupae
of G. mellonella. (4). Phoresy may have
adaptive value for entomopathogenic
nematodes by allowing them to disperse
further than they could on their own en-
ergy (8).

Another hypothesis is the S. carpocapsae
dispersal may have been increased indi-
rectly. Nematode dispersal is affected by
soil moisture, structure, and texture (18).
For example, the dispersal of S. carpocapsae
is greater in soils with coarser textures
than in soils with high clay contents (7).
Soil texture, moisture, and structure are
altered by earthworm burrowing (11).
Therefore, nematode dispersal may be dif-
ferent in earthworm burrows than in soil
void of earthworms. Further research will
be required to test this hypothesis and to
determine what benefits an enhanced ca-
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pacity for nematodes to disperse in the
preserce of earthworms may offer to bio-
logical control applications.
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