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Pathogenicity Tests on Nine Mosquito Species and
Several Non-target Organisms with Strelkovimermis
spiculatus (Nemata Mermithidae)

JaMES J. BECNEL' AND MARGARET A. JOHNSON?

Abstract: Nine species of mosquitoes and several species of non-target aquatic organisms were tested
for susceptibility to the mermithid nematode, Strelkovimermis spiculatus. All species of Anopheles, Aedes,
Culex, and Toxorhynchites exposed to §. spiculatus were susceptible. Of the nine mosquito species tested,
C. pipiens quinquefasciatus had the greatest tolerance to initial invasion and the highest percent infection
of those that survived. High levels of infection were also achieved with Aedes taeniorhynchus and A.
albopictus, but these mosquitoes were significantly less tolerant to parasitism than C. pipiens quinquefas-
ciatus. Strelkovimermis spiculatus did not infect or develop in any of the non-target hosts tested.
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The mermithid nematode Strelkovimermis
spiculatus Poinar and Camino was originally
isolated and described from the flood-water
mosquito, Aedes albifasciatus (Macquart) in
Argentina (Poinar and Camino, 1986) and
subsequently isolated from Culex pipiens (L.)
(Garcia and Camino, 1990). Strelkovimermis
spiculatus has a life cycle similar to other
aquatic mermithids. Infective juveniles (pre-
parasitic second-stage juveniles [J2]) hatch
from eggs and actively seek and penetrate
larvae of the mosquito host. The third-stage
juvenile (J3) develops in the mosquito larva
for 6 to 8 days, at which time the postpara-
sitic fourth-stage juvenile (J4) emerges, kill-
ing the host. The J4 develop into adulis,
which mate and lay eggs in the aquatic sub-
strate to complete the cycle.

Strelkovimermis spiculatus has demonstrated
a tolerance for high levels of organic pollu-
tion and dissolved ions relative to other
mermithids (Camino and Garcia, 1991) and
is therefore being evaluated for introduc-
tion as a biological control agent of mosqui-

Received for publication 12 January 1998.

! Research Entomologist, USDA ARS, Center for Medical,
Agricultural and Veterinary Entomology, P.O. Box 14565,
Gainesville, FI. $2604.

2 Biological Technician, USDA ARS, Center for Medical, Ag-
ricultural and Veterinary Entomology, P.O. Box 14565, Gaines-
ville, FL. 32604.

The authors thank G. White for assistance with statistical
analysis and T. Fukuda and O. R. Willis for providing the cul-
tures of S. spiculatus.

E-mail;jbecnel@gainesville.usda.ufl.edu

toes in polluted habitats. Determination of
the mosquito host range and safety of S.
spiculatus for non-target aquatic organisms is
required prior to field-testing and is the sub-
ject of this paper.

MATERIALS AND METHODS

Cultures of S. spiculatus from C. pipiens
quinquefasciatus Say used in this study were
established from cultures collected in Bue-
nos Aires Province, Argentina, and main-
tained in the laboratory using procedures
previously described for the mass rearing of
the mermithid nematode Romanomermis cu-
licivorax Ross and Smith (Petersen and
Willis, 1972). The following mosquitoes
were obtained from the mosquito insectary
at USDA ARS, Gainesville, Florida: Aedes ae-
gpti (L.), A. albopictus (Skuse), A. taeniorhyn-
chus (Wiedemann), Anopheles quadrimacula-
tus (Say), A. albimanus Wiedemann, C. P
quinquefasciatus, and Toxorhynchites rutilus
septentrionalis (Dyar and Knab). Culex restu-
ans Theobald was collected from the field.
Preparasites of S. spiculatus were obtained by
flooding sand cultures containing eggs with
deionized water; preparasites used for the A.
taeniorhynchus exposures were flooded with
0.1% NaCl solution. All mosquitoes were ex-
posed to preparasites in groups of 100 ex-
cept for T. r. septentrionalis, which were ex-
posed in one group of 25. Mosquito larvae
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were exposed to S. spiculatus preparasitic ]2
at a dose of 5 preparasites/larva in 100 ml of
deionized water except for A. taeniorkynchus,
which were exposed in 0.1% NaC] solution.
An equal number of mosquitoes that were
not exposed to preparasites served as con-
trols. After 24 hours, larvae were transferred
to 500-ml pans and reared to the fourth-
instar stage. At this time, the fourth-instar
larvae were transferred to well plates and
held individually until emergence of the
nematode. Mortality, percent infection, pu-
pation, and average number of nematodes
per larva were recorded. General Linear
Models (SAS version 6.08, SAS Institute,
Cary, NC) were performed with Tukey's
comparison of the means using arcsine
transformation of these data.

Corethrella brakeleyi (Coquillet) (Diptera:
Chaoboridae) larvae (mixed ages, second to
fourth instar) were collected from a flooded
ditch in Alachua County, Florida. Chirono-
mus sp. (Diptera: Chironomidae) larvae
were collected from artificial cement con-
tainers at USDA ARS, Gainesville, Florida.
All other non-target organisms were col-
lected from secondary treatment ponds at a
swine facility in Gainesville, Florida. All non-
target organisms were exposed to a concen-
tration of five S. spiculatus preparasites per
individual. An equal number of non-target
organisms, not exposed to nematodes,

served as controls. A group of C. p. quingue-
Jfasciatus larvae was exposed as described
above with each test to verify the infectivity
of S. spiculatus preparasites. After 1 week,
mortality and infection were recorded.

ResuLTs AND DiscussioN

Strelkovimermais spiculatus successfully in-
vaded and developed in each species of Ae-
des, Anopheles, Culex, and Toxorhynchites
tested, but susceptibility varied considerably
(Table 1). All mosquito larvae infected with
S. spiculatus died as a result of emergence of
the nematodes. Of the nine mosquito spe-
cies tested, C. p. quinquefasciatus had the
greatest tolerance to initial invasion (4%
mortality of pre-fourth-instar larvae) and the
highest infection among those fourth-instar
larvae (88%). Culex pipiens quinquefasciatus
also produced the largest number of nema-
todes per larva but was not significantly dif-
ferent from the other mosquitoes tested.
High levels of infection also were achieved
with Aedes taeniorhynchus and A. albopictus,
but many more of these mosquitoes died as
pre-fourth-instar larvae than did C. p. quin-
quefasciatus. Mortality of fourth-instar mos-
quito larvae was due to the emergence of
nematodes from the mosquito; the cause of
mortality in pre-fourth-instar larvae is un-
known. Strelkovimermis spiculatus did not de-

TaBLE 1. Susceptibility of nine mosquito species to Strelkovimermis spiculatus.
Percent mortality Percent infection Average number
Number of pre-fourth- of fourth-instar of nematodes per
Species of tests instar larvae!-? larvae'? larva’
Culex pipiens
quinguefasciatus 3 40+23d 88.1zx84a 23x02a
Aedes )
taeniorhynchus 3 32.0x 4.6 be 78.2+9.9ab 20x04a
A. albopictus 3 227x24c 67.8 + 3.6 abc 1.9+£0.4a
A. triseriatus 3 49.0+ 1.7 ab 55.9 1+ 5.0 b 1.7+0.1a
A. aegypti 3 40.7 = 7.3 abc 55.6 + 6.0 be 17=03a
Anopheles
quadrimaculatus 3 57.3+41a 479153 bc 1.1+02a
A. albimanus 3 26.3x1.2bc 325+34c¢ 1.4:0.02a
C. restuans 1 35 49 1
Toxorhynchites
rutilus septentrionalis 1 20 50 1

} Means with the same letter within the same column are not significantly different (GLM, Tukey’s grouping, P < 0.05).

2 Arcsine-transformed means.
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velop or cause mortality in any of the non-
target hosts tested except for Corethrella
brakeleyi (5% mortality) (Table 2).
Currently, 10 species of Strelkovimermis
have been described from dipteran hosts
within the families Chironomidae or Culici-
dae (Johnson and Kleve, 1996). The two spe-
cies from mosquitoes are S. peterseni (Poi-
nar) (Nickle, 1972; Poinar, 1979) and S.
spiculatus. Strelkovimermis peterseni originally
was isolated in southwestern Louisiana from
A. crucians Wiedemann, A. quadrimaculatus,
and A. punctipennis (Say) and later in north-
eastern New York from A. punctipennis (Mol
loy and Wraight, 1980). Strelkovimermis pe-
terseni has been experimentally reared in the
laboratory with A. albimanus, A. atropos Dyar
and Knab, A. barberi Coquillett, A. bradleyi
King, A. freeborni Aitken, and A. stephensi Lis-
ton (Molloy and Wraight, 1980; Petersen,
1973; Petersen and Chapman, 1970). Stud-
ies conducted by Petersen and Chapman
(1970) demonstrated that S. peterseni was un-
able to parasitize any of the species of Culex,
Aedes, and Psorophora tested, exhibiting
specificity for anopheline mosquitoes. The
present study indicates that S. spiculatus,
which infected four different genera of mos-
quitoes, has a much broader mosquito host
range than S. peterseni. In this respect, S.
spiculatus is more like the mermithid Ro-

TaBLE 2.  Infection and mortality of non-target ar-
thropods exposed to Strelkovimermis spiculatus.

Percent
infected

Percent

Arthropods Tested n  mortality

Corethrella brakeleyi (Diptera:
Chaoboridae) 50 5 0
Copepods (mixed species)

(Crustacea: Copepoda) 200 0 0
Chironomus spp. (Diptera:

Chironomidae) 50 (] g
Shore flies (Diptera:

Ephydridae) 8 0 0
Water boatmen (Hemiptera:

Corixidae) 50 0 0
Predaceous diving beetles

(Coleoptera: Dytiscidae) 30 0 0
Damselfly larvae (Odonata:

Zygoptera) 15 0 0
Dragonfly larvae (Odonata:

Anisoptera) 10 0 0

manomermis culictvorax, which previously was
shown to have an extremely broad mosquito
host range (Petersen et al.,, 1968, 1969).

Information on the safety of S. peterseni for
non-target hosts is unavailable. However, ex-
tensive safety testing with R. culicivorax was
conducted, and it was concluded that R. cu-
licivorax is quite host-specific for mosquitoes
(Ignoffo et al., 1973, 1974). The results of
this study indicate that S. spiculatus is also
specific for mosquitoes and poses little risk
for non-target aquatic organisms.

Recent field studies with R. culicivorax
have documented high levels of parasitism
for several mosquito species in different
habitats (Santamarina and Broche, 1991;
Santamarina and Perez, 1997) and their
ability to recycle in some of these habitats
throughout the season (Santamarina and
Perez, 1997). The strain of S. spiculatus used
in this study was isolated from C. pipiens lar-
vae developing in a eutrophic urban habitat
(Garcia and Camino, 1990), and the nema-
tode was shown to tolerate higher levels of
organic pollution and dissolved ions relative
to R. culicivorax (Petersen, 1985; Camino
and Garcia, 1991). In addition, the informa-
tion presented in this study indicated that
the wastewater mosquito, C. p. quinquefascia-
tus, and the saltmarsh mosquito, A. taenio-
rhynchus, are both excellent hosts for S.
spiculatus. Therefore, this strain of S. spicu-
latus has the potential to infect mosquitoes
and recycle in habitats not suitable for R.
culicivorax, particularly agricultural waste-
water lagoons and possibly salt marsh habi-
tats. Planned field releases will target these
habitats for evaluation of S. spiculatus.
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