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SUSCEPTIBILITY OF THE HOUSE FLY, MUSCA DOMESTICA
(DIPTERA: MUSCIDAE), TO THE ENTOMOGENOUS NEMATODES
STEINERNEMA FELTIAE, S. GLASERI (STEINERNEMA TIDAE), AND

HETERORHABDITIS HELIOTHIDIS (HETERORHABDITIDAE)lI

"I

c.]. Geden, R.C. Axtell, and W.M. Brooks2

Abstract. The infectivity of the nematodes Steinernemafeltiae,
S. glaseri, and Heterorhabditis heliothidis for the larval, pupal, and
adult stages of the house fly were evaluated under different
habitat conditions. Second- and 3rd-instar larvae and adult flies

were highly susceptible to S.feltiae and H. heliothidis when hosts
were confined in petri dishes containing nematode-treated filter
paper. Larvae were not susceptible to S. glaseri, and pupae with-
in puparia were refractory to infection by all 3 species. When
2nd- and 3rd-instar larvae were exposed to nematodes in rear-
ing medium, S. feltiae caused higher mortality (55-61 %) than
H. heliothidis (11-26%) at the highest dosage of 5,000 nematodes
per host. Both S. feltiae and H. heliothidis were more infective
for 3rd-instar larvae (21-29%) than for 2nd-instar larvae (2-
6%) at this dosage in poultry manure. When adult flies were
offered S.feltiae suspensions in a 5% sucrose bait on cotton balls,
mortality ranged from 53 to 67% at dose rates ranging from
1,000 to 100,000 nematodes per milliliter of bait.

Nematodes of the genera Steinernema [=Neo-
aplectana (Wouts et al. 1982)] (Steinernematidae)
and Heterorhabditis (Heterorhabditidae) parasitize
a wide range of insect hosts (Poinar 1975, 1979).
Their infectivity for insects, persistence, and lack
of pathogenicity to mammals and birds (Poinar et
al. 1982) render these nematodes promising bio-
control agents against various pests.

Most research with entomogenous nematodes has
been concerned with their infectivity for lepidop-
teran and coleopteran pests of agricultural impor-
tance. Relatively few Diptera have been studied.
Steinernema feltiae (Filipjev) (=N. carpocapsae Wei-
ser) parasitizes species of Culicidae (Welch & Bron-
skill 1962; Laumond et al. 1979), Simuliidae (Web-
ster 1973), Cecidomyiidae (Laumond et al. 1979),
Tipulidae (Lam & Webster 1972), Tephritidae
(Beavers & Calkins 1984), Anthomyiidae (Welch &
Briand 1961; Cheng & Bucher 1972), Tachinidae
(Kaya 1984), Glossinidae (Poinar et al. 1977), and
Calliphoridae (Bedding et al. 1983). Other ento-
mogenous nematodes, including S. glaseri (Steiner)
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and Heterorhabditis heliothidis (Khan, Brooks &
Hirschmann), reportedly infect some tephritid and
calliphorid flies (Bedding et al. 1983; Beavers &
Calkins 1984).

There is little information on the infectivity of
these nematodes for the house fly, Musca domestica
L., even though this fly is a major economic pest
and an object of biocontrol efforts (Axtell 1970,
1981; Patterson et al. 1981). Dutky et al. (1956)
included house fly larvae and pupae in a list of
insects that were susceptible to S. feltiae, and Lau-
mond et al. (1979) reported that adult flies were
susceptible to this parasite while larvae and eggs
were not. Khan et al. (1976) found that house fly
larvae were not susceptible to H. heliothidis. Few
details were given in these reports about the meth-
od of exposure, the substrate, or the criteria for
determining susceptibility. We therefore exam-
ined the infectivity of the 3 entomogenous nema-
todes S. feltiae, S. glaseri, and H. heliothidis for var-
ious life stages of the house fly in different habitat
conditions.

MATERIALS AND METHODS

Nematode and fly cultures. The DD-136 strain of
S. feltiae was used, while cultures of S. glaseri and
H. heliothidis were established from more recent

North Carolina isolates from Japanese beetle lar-
vae and soil, respectively (Khan et al. 1976; Reg-
niere & Brooks 1978). Nematodes were reared by
passage through late-instar larvae of the greater
wax moth, Galleria mellonella (L.), using methods
slightly modified from those of Dutky et al. (1964).
After harvest of the infective juveniles from host
cadavers, the nematodes were stored in tissue-cul-
ture flasks in incubators at 16°C.

House flies were from a l-year-old colony ini-
tially collected from a poultry house in North Car-
olina. Larvae were reared on a mixture of fly rear-
ing medium (Ralston Purina, St. Louis, MO), yeast,
and water ("CSMA medium"). Adults were pro-
vided with milk and granulated sucrose. Under
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these fly rearing conditions (26°C), 2nd-instar lar-
vae were obtained for experiments by removing
larvae from the medium 48 h after the introduc-

tion of fly eggs, and 3rd-instar larvae were obtained
by removal after 5 days.

Susceptibility of fly immatures on filter paper. Stei-
nernema feltiae and H. heliothidis were tested (26°C)
against house fly larvae by placing 10 larvae in a
petri dish lined with a 9-cm-diam disk of filter pa-
per and adding 1 ml of a nematode suspension in
water at dosage levels of 0, 1, 10, 100, 1,000, and
5,000 nematodes per larva. In tests with 2nd-instar
larvae, mortality was recorded 3 days following
exposure to parasites. The same protocol was fol-
lowed for 3rd-instar larvae except that mortality
was based on adult fly emergence. Cadavers from
each dosage group were subsequently held and ex-
amined for nematode reproduction and exit.

Tests with S. glaseri were conducted using the
same procedure after making adjustments for the
larger size of the infective juveniles of this species;
2nd-instar larval tests were omitted, and the max-
imum dosage tested against 3rd-instar larvae was
1,000 nematodes per host.

The ability of the 3 nematode species to pene-
trate fly pupa ria was assessed by placing ten 2-day-
old pupae (within puparia) on filter paper in a petri
dish (26°C) and exposing them to a single dosage
of 10,000 nematodes or water-only controls (10
dishes/species). The number of adult flies that
emerged was counted 6 days posttreatment. Pu-
paria from which flies failed to emerge were dis-
sected, and the pupae were examined for the pres-
ence of nematodes.

Susceptibility offly larvae in rearing medium. When
the results of the above tests indicated that S. glaseri
had low infectivity for larvae, only S. feltiae and H.
heliothidis were used in subsequent tests. To ex-
amine the susceptibility of fly larvae to these nema-
todes in a seminatural substrate, 2nd- or 3rd-instar
larvae were placed in 150 cm3 of larval medium in
screen-topped plastic cups (depth of medium = 5
cm) and treated with 1 ml of nematode suspensions
at the same dosage rates used in the tests on filter
paper. Five cups containing 20 larvae were tested
for each dosage, nematode species, and host larval
stage. Mortality was based on adult fly emergence
at 2 wk posttreatment.

Susceptibility of fly larvae in poultry manure. Stei-
nernema feltiae and H. heliothidis were tested against
house fly larvae in poultry manure collected from

beneath the cages of white leghorn laying hens.
Manure (ca. 72% moisture) was frozen and thawed
before use to kill extraneous arthropods. Three
groups of tests were conducted in this series. In
the initial test, 2nd- or 3rd-instar larvae were added
to 150 cm3 of manure in a plastic cup and treated
with 1 milliliter of nematode suspensions at the
same dosage rates used in the tests with filter paper
and rearing medium. Five cups containing 20 lar-
vae/cup were tested for each dosage, nematode
species, and host larval stage.

In the 2nd group, cups with manure as before
were inoculated with 50 fresh fly eggs per cup and
treated with nematodes either 2 days (2nd-ins tar
larvae) or 5 days (3rd-instar larvae) later to allow
larvae to condition the manure before nematode

application. Dosage levels of 0, 1,000, 10,000, and
100,000 nematodes/cup were used. Five cups with
50 eggs/cup were used for each dosage, nematode
species, and fly larval stage. In the 3rd group, high
larval density conditions were first established by
adding 5 cm3 of fly eggs to 12 liters of manure in
a large pan (34.5 x 47.0 x 12.0 cm). After 5 days
the pan containing manure and larvae was chilled
to 10°C to minimize larval movement. Manure and

larvae were gently mixed to randomize larval dis-
tribution in the manure. The manure was then

divided into 80 subsamples of equal size (150 cm3
of manure plus larvae), added to screen-topped
plastic cups, and held at 26°C. Three hours later,
nematodes were introduced into the manure at

dosage levels of 0, 1,000, 10,000, and 100,000 per
cup (10 cups/dose/species). Mortality was based
on adult fly emergence 2 wk posttreatment.

Susceptibility of adult flies to nematodes. In 1 test
group, 4-day-old flies were exposed to nematode-
treated filter paper in petri dishes using the same
procedures used in tests with larvae, except that
flies were provided with cubes of granulated su-
crose throughout the test. Steinernema feltiae, S.
glaseri, and H. heliothidis were all evaluated at the
same dosage levels used in the larval tests.

Flies were also exposed to sucrose solutions con-
taining infective juveniles of S. feltiae and H. he-
liothidis. As nematode survival and infectivity were
not adversely affected by solutions containing up
to 10% sucrose in preliminary tests, 2 delivery sys-
tems for fly feeding were evaluated, using nema-
todes in a 5% sucrose bait. In the first, 4-day-old
flies were placed in plastic drinking cups and pro-
vided with pieces of absorbant cotton moistened
to saturation with 4 ml of a 5% sucrose solution
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TABLE 1. Infectivity of Steinernema feltiae, S. glaseri, and Heterorhabditis heliothidis against Musca domestica larvae and adults on
nematode-treated filter paper, and of S. feltiae and H. heliothidis against fiy larvae in rearing medium and poultry manure.

containing 0, 1,000, 10,000, or 100,000 nema-
todes per milliliter. The cotton was remoistened
with water twice daily for 3 days, and fly mortality
was monitored daily. Five cups with 20 flies per
cup were tested at each dosage for both nematode
species. A 2nd series of tests was conducted using
the same procedure, except that 15-cm cubes of
conventional cellulose sponge (O-Cel-O, General
Mills, Inc., Tonawanda, NY) were used instead of
cotton.

Data analysis. Mean percent mortalities at each
nematode dosage rate for tests conducted in the
same substrate (filter paper, rearing medium, ma-
nure) were analyzed by I-way analysis of variance
and Duncan's multiple range test. Separate anal-
yses were performed on manure test data where
host larval densities were set at higher levels and
in tests with adult flies fed on nematode-sucrose

suspensions. After correcting for control mortality
(Abbott 1925), LDso and LDgo values were com-
puted for filter paper and rearing medium tests by
using the log-pro bit procedure for the Statistical
Analysis System (Ray 1982). .

RESULTS

Susceptibility ojfly larvae on filter paper. Results
of all larval tests (except for manure tests at high
larval densities) are presented in Table 1. Mean
control mortality ranged from 10-13% and 4-9%
in tests with 2nd- and 3rd-instar larvae, respec-
tively. Both S. Jeltiae and H. heliothidis had high
infectivity for 2nd-instar fly larvae, with the latter
species showing higher virulence than S.Jeltiae un-
der the artificial conditions presented by filter pa-
per. LDso values were 75 and 23 nematodes/host
for S. Jeltiae and H. heliothidis, respectively, with
corresponding LDgovalues of 3,581 (slope = 0.90)

MEAN %MORTALITY* AT NEMATODE DOSE (NO.jHOST)

FLY STAGE 1 10 100 1,000 5,000

Filter paper substrate

S. feltiae
Larvae, 2nd instar 15.6 a** 18.9 b 44.4 b 76.6 c 100 a
Larvae, 3rd instar Ob 15.6 b 39.6 b 56.2 cd 92.7 b
Adults Ob 15.2 b 26.0 c 86.4 b 100 a

H. heliothidis

Larvae, 2nd instar 18.4 a 26.4 a 65.5 a 97.7 a 100 a
Larvae, 3rd instar Ob 1.lc 27.6 c 69.1 c 97.9 ab
Adults Ob 10.1 b 34.8 bc 73.0 c 91.0b

S. glaseri
Larvae, 3rd instar Ob 1.lc Lie Oe
Adults 2.2 b 2.2 c 11.8 d 49.5 d

Rearing medium substrate

S. feltiae
Larvae, 2nd instar Oa Oa 3.3 c 47.2 a 60.4 a
Larvae, 3rd instar Oa 3.3 a 20.0 a 27.8 b 55.6 a

H. heliothidis

Larvae, 2nd instar 1.la Oa 7.7 b 3.3 c 11.0 c
Larvae, 3rd instar 1.la Oa 2.2 c Oc 25.6 b

Poultry manure substrate
S. feltiae

Larvae, 2nd instar 2.4 a 2.4 a 4.8 a 3.6 a 2.4 b
Larvae, 3rd instar 2.4 a Oa Oa Oa 28.2 a

H. heliothidis

Larvae, 2nd instar 2.4 a 7.1 a 10.7 a 1.2 a 5.9 b
Larvae, 3rd instar 1.la 6.8 a 4.5 a Oa 21.6 a

* Corrected for control mortality by Abbott's formula.
** Means within columns (dose rates) under each subheading followed by the same letter are not significantly different (P <

0.05, Duncan's multiple range test).
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and 548 (slope = 1.02) parasites per host larva.
Third-instar larvae were less susceptible than 2nd
instars, with LD50's of 262 and 323 for S. feltiae
and H. heliothidis, respectively. LDgo values were
8,222 (slope = 0.86) for S.feltiae and 2,613 (slope =
1.41) for H. heliothidis. No nematode-induced mor-
tality was observed with S. glaseri, even at the high-
est dosage of 1,000 parasites per host.

Inspection of parasitized larval cadavers over
several weeks following infection revealed that S.
feltiae successfully reproduced and produced new
infective juveniles at all dosage levels tested. No
new juveniles were observed in cadavers parasit-
ized by H. heliothidis at any dosage level, although
such larvae became reddish, a characteristic of in-
fection with this nematode and its associated bac-
terium (Khan et al. 1976).

Exposure of fly pupae to large dosages (10,000
nematodes/host) of all 3 nematodes resulted in no
significant mortality, although subsequent dissec-
tion of pupae that failed to eclose indicated that
nematodes had entered and parasitized a small
number of pupae. One percent of the pupae ex-
posed to S. feltiae and 2% of those exposed to H.
heliothidis contained live nematodes. No nematodes

were found in S. glaseri-exposed or control pupae.

Susceptibility offly larvae in rearing medium. Mor-
tality was less than 26% among 2nd- and 3rd-instar
larvae treated with H. heliothidis (Table 1). Steiner-
nema feltiae in this substrate was more infective for
2nd-instar larvae (LD5o = 2,049, LDgo = 25,305,
slope = 1.17) than for 3rd-instar larvae (LD5o =
4,036, LDgo = 389,416, slope = 0.64). Mean con-
trol mortalities were 9 and 10% among 2nd- and
3rd-instar larvae, respectively.

Susceptibility offly larvae in poultry manure. Nema-
todes caused low mortality of 2nd-instar fly larvae
« 11%) in poultry manure (20 fly larvae/cup) at
all dosages (Table 1). Some mortality was observed
among 3rd-instar larvae at the highest dosage of
5,000 nematodes per larva, with corrected mor-
talities of 28.2 and 21.6% among larvae exposed
to S. feltiae and H. heliothidis, respectively. Mean
control mortalities ranged from 12 to 16% among
2nd- and 3rd-instar larvae, respectively.

When host density was increased from 20 larvae
per container to initial levels of 50 eggs per con-
tainer, no significant effect on emergence was not-
ed among larvae treated as 2nd instars (2 days fol-
lowing introduction of fly eggs) (Table 2). When
3rd-instar larvae were treated, however, both

TABLE2. Mortality of house fly immatures in poultry manure
at an initial density of 50 fly eggs per 150 em' of manure

after treatment with S. feltiae and H. heliothidis.

FLY STAGE

MEAN % MORTALITY* AT

NEMATODE DOSE (No./50 HOSTS)

1~ 1~ 1~

S. feltiae
Larvae, 2nd instar
Larvae, 3rd instar

H. heliothidis

Larvae, 2nd ins tar
Larvae, 3rd instar

* Corrected for control mortality by Abbott's formula.
** Means within columns (dose rates) followed by the same

letter are not significantly different (P < 0.05, Duncan's mul-
tiple range test).

nematode species significantly reduced fly emer-
gence.

In the final tests with 3rd-instar larvae under

high-density conditions, only S. feltiae at 100,000
nematodes per container of manure had a signifi-
cant (P < 0.05) effect on fly emergence, with a
mean of 171.4 :t 25.0 flies emerging per container
compared with 281. 0 :t 33.4 flies among the con-
trols (not presented in table). No significant effect
on emergence was noted with H. heliothidis at any
dosage level tested.

Susceptibility of adult flies to nematodes. Steinernema
glaseri had low infectivity for flies (Table 1). In
contrast, fly adults were highly susceptible to S.
feltiae and H. heliothidis. LD50 and LDgo values for
S. feltiae were 144 and 1,641 nematodes/host, re-
spectively (slope = 1.22), whereas the correspond-
ing values for H. heliothidis were 229 and 4,752
nematodes per host (slope = 0.97). Mean control
mortalities ranged from 4 to 11%.

Results of tests with adult flies confined with

nematodes contained in a 5% sucrose bait are pre-
sented in Table 3. Mortality ranged from 53 to
67% when flies fed on S. feltiae suspensions pre-
sented in cotton at dosage rates ranging from 1,000
to 100,000 nematodes per milliliter of bait. Mor-
tality was less than 30% at all dosage rates for S.
feltiae in cellulose sponges and H. heliothidis in cot-
ton. Heterorhabditis heliothidis was twice as effective

(44.1% fly mortality) as S. feltiae (19.0%) when
nematodes were presented in sponges.

DISCUSSION

Infectivity of nematodes for fly larvae and pu-
pae. Results of the dosage-mortality tests of fly

0 b** Ob 1.8 c
Ob 12.9 b 47.1 b

Ob 6.6 b 6.6 c
28.1 a 62.5 a 67.2 a
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TABLE 3. Mortality of 4-day-old house fly adults following a
3-day exposure to nematode suspensions in a 5% sucrose bait.
Baits were presented in balls of absorbam cotton or in cubes

of cellulose sponge materia\.

ABSORBANT
SUBSTRATE

MEAN % MORTALITY* AT NEMATODE

DOSE (NO./MILLILITER OF BAIT)

10' 10' 10'

S. feltiae
Cotton

Sponge

H. heliothidis

Cotton 16.9 b 27.3 b 29.9 bc

Sponge 5.9 c 19.4 bc 44.1 b

* Corrected for control mortality (range = 7 to 25%) by
Abbott's formula.

** Means within columns (dose rates) followed by the same
letter are not significantly different (P < 0.05, Duncan's mul-
tiple range test).

53.3 a**
12.6 bc

62.7 a
10.1 c

66.7 a
19.0 c

larvae on filter paper fall within the range reported
for other muscoid flies. Bedding et al. (1983), who
examined the susceptibility of several insects to
entomogenous nematodes, reported LDso values of
774 H. heliothidis (North Carolina strain) and 285
S. feltiae (Agriotis strain) per mature larva of Cal-
liphora vicina Robineau-Desvoidy. Third-instar lar-
vae of the sheep strike blow fly, Lucilla cuprina
(Wd.), were even more susceptible, with LDso's of
295 H. heliothidis and 71 S. feltiae.

One aspect of our tests not reflected in the over-
all mortality and LDso values was the time required
for the nematodes to kill their hosts. In all tests on

filter paper, including those with adult flies, S. fel-
tiae infections led to host death much more rapidly
than did infections with H. heliothidis. This differ-
ence was also noted in tests with 3rd-instar larvae,

where fly emergence was used to determine mor-
tality rather than failure to pupate. Many larvae
became infected, pupated, and then died as pupae.
Such transtadial passage of nematodes was more
common in larvae infected with H. heliothidis than

in those with S. feltiae infections. For example, at
the highest nematode dosage of 5,000 parasites per
larva, 68% of the larvae exposed to S. feltiae died
as larvae, compared with 31 % of larvae exposed to
H. heliothidis at this dosage. When pupal mortality
was taken into account as well, over 90% overall
mortality was observed among both exposure
groups.

House fly pupae were refractory to parasitism,
presumably owing to the formidable barrier pre-
sented by the puparium. A few pupae contained
nematodes upon dissection; these infections may

have been a result of physical damage to the pu-
pari a during handling before placement in petri
dishes. Similar results with fly pupae were obtained
by Kaya (1984) with the tachinid fly Compsilura
concinnata (Mg.) and by Beavers & Calkins (1984)
with the Caribbean fruit fly AnastrePha suspensa
(Loew).

Because pupae within puparia do not become
infected, the lower susceptibility of 3rd-instar lar-
vae compared with 2nd-instar larvae in our tests
was probably due to the shorter effective exposure
period ofthe older larvae, since most pupated with-
in 24 h of being placed in the dishes. Other factors
may have played a role as well. Owing to its mech-
anism of host entry, Steinernema feltiae is restricted
to natural openings, while H. heliothidis can also
penetrate cuticle (Bedding & Molyneux 1982). The
opportunities for per os infection were reduced for
both nematode species, since most of the 3rd-instar
larvae used in our tests were no longer feeding at
the time of exposure to the nematodes. Kaya (1984)
reported a low infection rate (10%) among tachinid
larvae that entered nematode-treated soil to pu-
pate. Cuticular changes before pupation may fur-
ther reduce the likelihood of successful infection

by H. heliothidis.
Dutky et al. (1956) reported that house fly larvae

were susceptible to S. feltiae, while Laumond et al.
(1979) found that they were not, even when larvae
were exposed to dosages of 10,000 nematodes. It
may be that larvae in the latter study were so close
to pupation that an insufficient effective exposure
period was provided.

Steinernema glaseri had no effect on 3rd-instar fly
larvae. Although Molyneux et al. (1983) found that
this parasite was effective against mature larvae of
C. vicina and L. cuprina, Beavers & Calkins (1984)
obtained an infection rate of only 15.7 % among A.
suspensa larvae exposed to 1,000 S. glaseri. The
large size of infective juveniles of this species may
render it an unsuitable parasite against smaller-
bodied hosts with smaller natural entry points.

Although fly larvae were highly susceptible to S.
feltiae and H. heliothidis on moist filter paper, nei-
ther nematode species was very infective for fly
larvae in rearing medium or poultry manure. At
high dosages S. feltiae did limit fly emergence by
55-60% when applied to 2nd- and 3rd-instar larvae
in fly rearing medium. Heterorhabditis heliothidis was
less infective at all dosages in this substrate. This
difference may have been due in part to different
host-seeking behaviors of the nematodes. The in-
fective-stage juveniles of S. feltiae (DD-136 strain)
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generally move toward the surface of the substrate
and wave their anterior ends in the air. They also
have been reported to "leap" as far as 10 mm (Reed
& Wallace 1965). Heterorhabditis heliothidisjuveniles
lack these behaviors and tend to move downwards.

The moist inner region of the medium where 2nd-
instar fly larvae were concentrated may have been
either too oxygen-poor or toxic to juveniles of this
species. Juvenile S. feltiae congregated on the sur-
face of the medium and probably entered 3rd-in-
star larvae as they moved to the surface to pupate.
Examination of the containers 3 days following
treatment with nematodes revealed many S. feltiae
juveniles at the surface of the medium, while no
H. heliothidis could be found in any of the con-
tainers. In poultry manure almost no mortality was
observed among 2nd-instar larvae at a host density
of 20 larvae per cup, and 3rd-instar mortality was
very low « 30% at all dosages). Inspection of the
manure following nematode introduction indicat-
ed that all H. heliothidis juveniles were dead within
1 h of application. Nematode mortality was also
high among S. feltiae larvae, although some para-
sites could still be seen on the manure surface 5

days posttreatment. Increasing host larval densities
from 20 larvae to initial levels of 50 eggs per con-
tainer had no effect on mortality of 2nd-instar lar-
vae. Mortality of3rd-instar larvae was higher, how-
ever, and was probably due to the increased
probability of the nematodes making contact with
host larvae in the initial minutes following appli-
cation.

Susceptibility of adult flies to nematodes. Adult
house flies were as susceptible as larvae to S.feltiae
and H. heliothidis when confined in petri dishes with
nematode-treated filter paper. Adult flies were also
susceptible to S. glaseri, which had no effect on 3rd-
instar larvae. Beavers & Calkins (1984) found that
adult and larval A. suspensa were equally susceptible
to S. feltiae and H. heliothidis, and that adults were
more susceptible than larvae to S. glaseri. Laumond
et ai. (1979) reported that house fly adults were
susceptible to S. feltiae, although no details were
gIVen.

Infection rates were lower when flies were pre-
sented with sucrose-baited nematode suspensions,
although mortality exceeded 50% with S.feltiae on
balls of cotton at the lowest dose of 1,000 nema-
todes per milliliter of suspension. The large dif-
ferences observed for S. feltiae on the 2 absorbant
substrates (cotton balls and cellulose sponges) sug-
gest that nematode bait stations could be effective

for flies if an appropriate delivery system were de-
vised.

In summary, our results indicate that while in-
fective-stage juveniles of S.feltiae and H. heliothidis
have a high innate infectivity towards larvae of the
house fly, their poor survival and/or searching
ability in poultry manure under fly breeding con-
ditions appear to make them poor candidates for
biocontrol of filth flies in this habitat. Manure qual-
ity (especially moisture content) may influence
nematode survival, however, and this warrants fur-
ther investigation. In another study examining the
potential of these nematodes for control of the
lesser meal worm, Alphitobius diaperinus (Panzer),
we have found that nematode survival and infec-

tivity is considerably greater in the drier medium
and manure (ca. 60% moisture) favored by these
beetles in poultry houses than in the moister ma-
terial (70-75 %) that we used in the present study
with fly larvae (Geden et aI., 1985). The nema-
todes may be more effective in other types of ma-
nure (cattle and horse) where fly breeding occurs.
Finally, since infectivity can vary as much among
conspecific strains as between different species of
nematodes (Molyneux et ai. 1983), evaluations of
additional nematode strains may reveal differences
in manure tolerance.
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ADDENDUM

After submission of this paper, a preliminary re-
port (Renn, Barson & Richardson, 1985, Prelimi-
nary laboratory tests with two species of entomo-
philic nematodes for control of Musca domestica in
intensive animal units, Ann. AppI. BioI. 106: 229-
33), presenting data on 2 of the species of nema-
todes, was published. The data and conclusions on
those species are similar to ours and agree with our
findings that the nematodes infect larvae and adults
of the house fly but do not survive long in chicken
manure.


