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ABSTRACT. The nematode parasite of mos-
quito larvae, Reesimermis miclseni, is presently
under consideration as a possible biological control
agent of mosquitoes. This nematode has effec-
tively suppressed field populations of mosquitoes
in several arcas of the United States. Safety tests
evaluating possible effects of this nematode on
nontarget aquatic organisms which might be ex-

A nematode parasite of mosquito larvae,
Reesimermis nielseni Tsai and Grund-
mann, is receiving considerable attention
as a possible biological control agent of cu-
licine and anopheline mosquitoes (Anon-
ymous, 1972). This nematode can be
mass produced in labortory cultures of the
southern house mosquito, Culex pipiens
quinquefasciatus Say, (Petersen and Wil-
lis, 1972a), Moreover, preparasitic larvae
of the infective stage have effectively
suppressed developing field populations of
Anopheles mosquitoes in California and
Louisiana (Petersen, et al., 1972; Petersen
and Willis, 1g72b).

Safety to organisms other than the tar-
get pest, in addition to production feasi-
bility and field efficacy, must also be de-
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posed to the introduced nematode are reported
herein.

The nematode R. nielseni is apparéntly quite
host-specific.  Neither trout, top minnows, nor
any of 16 invertebrates tested supported develop-
ment of the nematode. Little or no significant
damage to aquatic organisms, other than mos-
quitoes, is anticipated after field introduction of
R. niclseni.

termined to insure the successful develop-
ment of a biological control agent (Ignofio,
1967; 1973). An evaluation of possible
effects of R. niclseni in mammals is cur-
rently underway and should be completed
within 6 months (Ignoffo, et al., 1973).
The evaluation of the possible effects of
R. nielseni in representative aquatic or-
ganisms which might be exposed to arti-
fically introduced preparasitic larvae is
reported here. The studies were the com-
bined efforts of the Fish Pesticide Re-
search Laboratory, U. S. Department of
Interior, BSFW, Columbia, Missouri; the
Gulf Coast Mosquito Research Labora-
tory, Agr. Res. Serv., U. S. Department of
Agriculture, Lake Charles, Louisiana; and
Biological Control of Insects Research Lab-
oratory, Agr. Res. Serv., USDA, Columbia,
Missouri.

SUSCEPTIBILITY OF
VERTEBRATES

Eggs, yolk-sac fry, and swim-up fry of
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four species of freshwater fish, i.e. rainbow
trout (Salmo gatrdneri Richardson), large-
mouth bass (Micropterus salmoides [La-
cepede]), channel catfish (lezalurus punc-
tatus [Rafinesque] ), and fathead minnows
(Pimephales promelas Rafinesque) were
exposed to preparasitic larvac of R. miel-
seni. Experiments were conducted in 500
ml glass beakers holding 300 ml of water
for all species except rainbow trout
swim-up fry where 4 liter aquaria were
used. Tests were done using 20 fish per
container, Exposure levels were 6.25 pre-
parasitic larvae per ml of water, which
is a ratio of 1250:1 for nematode larvae
to trout swim-up fry and g4:1 for all
other tests. This concentration of larvae
is 1562 times the anticipated field rate
of 5x10% preparasitic larvae per acre-ft®
of water. Tests were conducted at 174
1° C with rainbow trout and 21+1°C
with the other species. Bass, catfish, and
minnow tests began with the eyed egg
and continued through the yolk-sac fry
stage into the swim-up fry stage. Expo-
sure times were 96 hours for bass and
minnows and 10 days for catfish. Rainbow
trout were exposed continuously from the
eyed egg into the yolk-sac fry stage. Sepa-
rate tests were conducted with the swim-up
fry stage. Exposure times for the yolk-sac
fry and swim-up fry were 10 days and
14 days respectively. Daily observations
were made throughout the exposure pe-
riod, and all fish were sacrificed and
microscopically examined at the end of the
tests to detect possible nematode invasion
or tissue damage, All tests were tripli-
cated.

Living preparasitic larvac of R. nielseni
were observed throughout the short-dura-
tion tests and up to 8 days in tests of
longer duration. Whole body examination
of bass and minnows and examination of
the buccal cavity, gills, gut, skin surface,
and eyes of trout and catfish revealed no
evidence of nematode invasion. In addi-
tion, nematodes could not be found in
any body tissues.

SUSCEPTIBILITY OF
INVERTEBRATES

Tests oN a Dapunip, AmPHIPOD, AND
OvicocHaETE. Three aquatic invertebrates,
the daphnid, Daphnia magna Straus; the
amphipod, Gammarus pseudolimnaeus
Bousfield; and an oligochaete, Lumbricu-
lus sp., were exposed to heavy populations
of preparasitic larvae of R. nielseni. Glass
preparation dishes, 300 ml capacity, were
used as test chambers, Fach dish con-
tained the test species (20-30 individuals)
and 1000 preparasitic larvae in a total
volume of 200 ml of water (1250 xthe
anticipated field rate). The numbers of
daphnids, amphipods, and oligochaetes
added to each dish were 20, 25, and 30,
respectively; thus, the ratio of R. nielseni
to the three species was s0:1, 40:1, or
33:1, respectively. Four dishes (3 contain-
ing nematodes, 1 without nematodes) were
used for each of the species to be tested,
and temperature was maintained at 21-
23° C for 14 days. All animals were sac-
rificed after 14 days and examined micro-
scopically for penetration or damage in-
duced by R. mielseni. Also, as with the
trout, living nematodes were observed
during the first 8 days of exposure,

All test invertebrates were still living
after 14 days of exposure. No evidence
of penetration or damage by preparasitic
R. nielseni was detected in any of the
invertebrates despite a thorough examina-
tion of the body wall, coxal gills and
digestive tract.

TEsts oN CHiroNoMID LARvAE. A series
of tests was made with larvae of Chirono-
mus sp. In the first test, 1st-instar larvae
{40/container) were exposed to o, 10, 100,
500, or 1000 preparasitic R. nielsen larvae/
chamber, Five-hundred ml, plastic, wide-
mouth jars containing 250 ml of water
were used as test chambers. Two chambers
were used for each rate of exposure. Tests
were conducted at 237+2° C, air was bub-
bled through each container, and dog food
was provided as food (Biever, 1965) for
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the developing larvae. Subsamples of 2~3
chironomids were taken from each con-
tainer at intervals during the test and
examined for nematode entry or damage:
The tests were terminated at 14 days when
the larvae were nearly mature (4th instar).
All surviving larvae were microscopically
examined for evidence of nematode dam-
age. No evidence of penetration or dam-
age by R. nielseni was observed.

In a second test, ten 2nd-, 3rd-, and 4th-
instar chironomid larvae were exposed to
100 or 500 preparasitic R. nielseni in cham-
bers containing 250 m! of water. The
tests were duplicated. Food was limited
to prevent the larvae from developing to
maturity. Half of the chironomid larvae
were sacrificed after 1 day and the re-
mainder after 8 days. Only 1 of 6o
chironomid larvae was penetrated by the
nematode. This occurred 1 day after treat-
ment .in a 4th-instar larva, and the nema-
tode subsequently died without damage to
the host.

Since one case of positive recovery was
obtained in the second test, an additional
test was conducted. This time groups of
about 50 3rd- and 4th-instar chironomid
larvae were each placed in 250 ml of water
containing 75,000 preparasitic R. nielseni.
After 1 day of exposure, 10 live chironomid
larvae from each chamber were examined:
3 contained R. nielseni larvae, 2. dead and
1 alive. At 2 days posttreatment, 10 more
chironomids were examined: 5 contained
nematodes, 4 dead and 1 alive. At 8 days
post treatment, none of the remaining
chironomid larvae contained nematodes,
and no mortalities were attributed to
parasitism.

Apparently R, nielseni preparasitic larvae
can penetrate larvae of Chironomus sp.
when the population of R. nielseni is
large but are unable to develop and
survive,

Trsts oN Psvcropip Larvae. Fifteen
and- and gth-nstar larvae of Psychoda
sp. were exposed to 500 or 1000 prepara-
sitic R. nielseni larvae. This test was set
up as previously described for Chironomus
sp. but with three chambers/treatment.

Half of the larvae were removed and
examined 1 day after treatment and the
remainder 5 days after treatment. This
test was shorter because this species usu-
ally does not survive well for an extended
period in a fully aquatic situation. No
evidence of penetration or damage by R.
nielseni was observed. In a second test,
Psychoda sp. larvae were again exposed
to greater concentrations of preparasitic
R. mielseni larvae. About 25 2nd- and
3rd-nstar Psychoda sp. larvae were placed
in a petri dish (Biever and Mulla, 1966)
containing 20 ml of water and 6ooo pre-
parasitic larvae of R. nielseni, Each test
was replicated four times. At 1, 5, and
10 days posttreatment, 5 larvae from each
unit were examined. As in the first test
preparasitic R. nielsent failed to damage
or penetrate Psychoda sp. larvae,

Tests on OTHER AQUATIC ARTHROPODS.
Preparasitic R. nielseni were tested also
against other nontarget organisms that
commonly occur in aquatic habitats in
Louisiana as follows: Immature and/or
adult stages of Diptera (Chaoboridae),
Coleoptera  (Hydrophilidae, Dytiscidae,
Haliplidae), Hemiptera (Notonectidae,
Corixidae, and Belostomatidae), Odonata
(Zygoptera, family not determined), and
Ephemeroptera (Baetidae) were collected
and exposed to high concentrations of
preparasitic larvae (100-10,000 preparasitic
larvae/host).  Crayfish (Cambarus sp.)
also were tested for susceptibility to R.
nielseni. 'The test animals listed above
were placed in 30 ml beakers containing
r5-20 ml of water and exposed to pre-
parasitic larvae for 1~7 days. Early instar
mosquito larvae were exposed simultane-
ously to serve as treated controls. A total
of 183 immature and 18 adults were tested.
Only larvae of Corethrella appendiculata
Grabham, a treehole breeding chacborid,
were susceptible to R. nielseni and only
when they were exposed to high numbers
of preparasitics (1300/host). No penetra-
tion occurred at a density of 6o prepara-
sitic larvae/insect host. However, large
numbers of preparasitic larvae (1300/host)
either killed larvae of Corethrella brakeleyi
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(Coquillett) because of multiple penetra-
tions, or the nematodes failed to develop
once they had successfully penetrated.
Nematodes also penetrated 2 of 25 and 3
of 77 immature hydrophilid and dytiscid
latvae, respectively, and one adult haliplid
when they were exposed to 1200 to 10,000
nematodes/host.  Nematodes, however,
failed to develop and died soon after pene-
tration. All mosquito larvae were heavily
parasitized by preparasitic-stage R, nielseni
larvae, but there was no evidence of
penetration by the preparasitic nematodes
in other exposed nontarget organisms.

DISCUSSION

The infective-stage larvae of R. nielseni
are apparently quite host-specific for mos-
quitoes (Petersen, ez al., 1968). Of 61
species of mosquitoes exposed to R. niel-
seni, 4 were essentially resistant and 5
exhibited a moderate to high degree of
resistance (Petersen, 1973). Neither 4
species of aquatic fish eggs, yolk sac fry,
and swim-up fry nor any of the 16 in-
vertebrates supported development of R.
nielseni. Mice and rats also were not
susceptible to intranasal, intraperitoneal,
per os, or dermally administered prepara-
sitic larvae of R. nielseni (Ignoffo, et al.,
1973 in press). Some penetration and
development by R. nielseni was observed
in Corethrella and Chironomus larvae, but
the incidence was generally low even when
high densities of R. nielseni were used with
severely confined hosts. To date, the
susceptibility of some 60 species of mos-
quitoes has been tested against R. nielseni.
Only two species, Anopheles sinensis and
Culex tervitans, were completely resistant;
additionally, six species have shown vary-
ing degrees of resistance to the develop-
ment of R. nielseni. '

It is, of course, impossible to state that
all aquatic organisms will respond like
those tested. However, our studies support
the belief that little or no significant dam-
age to aquatic organisms, other than to
mosquitoes, need be anticipated subsequent
to artificial introduction of R. nielseni
preparasitic larvae into aquatic habitats,
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