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SALINITY TOLERANCE OF TWO ISOLATES OF LAGENIDIUM GIGANTEUM
(OOMYCETES: LAGENIDIALES), A FUNGAL PATHOGEN

OF MOSQUITO LARV AE1

T. L. Merriam andR. C. AxtelP

Abstract. Laboratory experiments were conducted to deter-
mine the salinity range over which North Carolina (NC) and
Louisiana (LA) isolates of the fungus Lagenidium giganteum
(Couch) grow vegetatively and infect mosquito larvae. The my-
celial growth rates of the 2 isolates on nutrient agar were in-
creased with 2.5 and 5.0 parts per thousand (ppt) of NaCI
added and reduced with 7.5 ppt or more NaCI. The LA and
NC isolates did not grow on agar containing 20 and 30 ppt
NaCI, respectively. The concentrations of NaCI for 50% inhi-
bition (ICso) of mycelial growth of the LA and NC isolates (10.9
and 12.0 ppt, respectively) were not significantly different
(P > 0.05). The ability of the 2 isolates of L. giganteum to infect
larvae of Aedes taeniorhynchus decreased as salinity of the water
increased. The ICso values for the inhibition of infection in
mosquito larvae by the LA and NC isolates (0.52 and 0.55 ppt
NaCI, respectively) were not significantly different (P > 0.05).
Microscopic examination of the fungus in saline and distilled
water showed that NaCI inhibited the production of zoospores.
In water containing 1.5 ppt NaCI there was complete inhibition
of zoosporogenesis and mosquito infection in each isolate of L.
giganteum. Zoosporogenesis was ca. 22 times more sensitive to
salinity than was mycelial growth. ,

One of the promising candidates as a biological
control agent for mosquitoes is the fungus Lage-
nidium giganteum Couch (Oomycetes: Lagenidiales)
(Roberts 1974, Briggs 1975). The fungus was orig-
inally described as a saprophyte with the capacity
to function as a weak, facultative parasite of mos-
quito larvae, DaPhnia and copepods (Couch 1935).
A strain of Lagenidium isolated in 1969 from in-
fected Culex larvae (Umphlett & Huang 1970) and
later identified as L. giganteum (Umphlett 1973)
has been shown to be a virulent pathogen of larvae
of several genera of Culicidae (McCray et al.
1973a, b, Umphlett 1975) and of Chaoboridae lar-
vae (Brown & Washino 1977, 1979). The fungus
develops rapidly and kills host mosquito larvae,
usually within 72 h after infection (Umphlett &
Huang 1972). The elucidation of a sterol require-
ment in L. giganteum has made possible the in vitro
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production of infective zoospores (Domnas et al.
1977). In initial field tests, L. giganteum gave vari-
able control of Culex tarsalis (Coquillett) larvae in
rice fields and drainage ditches and of Aedes nigro-
maculis (Ludlow) larvae in pastures (McCray et
al. 1973b, Christensen et al. 1977). It is also ap-
parently safe for nontarget organisms (McCray et
al. 1973b, Fetter-Lasko & Washino 1978). The fun-
gus has demonstrated persistence, since it has
overwintered in field situations (Washino et al.
1975, 1976, Glenn & Chapman 1978).

Little is known about the environmentallimita-

tions that may affect the efficacy of different
strains of L. giganteum as microbial control agents
for mosquitoes. Fetter-Lasko & Washino (1978)
tentatively concluded (but presented no data) that
persistently high water temperatures or water with
a high organic load may limit mosquito infection
by L. gigqnteum. Jaronski & Axtell (1982) quanti-
fied the detrimental effects of even low levels of

organic pollution on the infectivity and survival of
L. giganteum. McCray et al. (1973b) reported that
L. giganteum infections in mosquito larvae were re-
duced in water with high salinity, but Fetter-Lasko
& Washino (1977) were unable to verify this. Most
of the research conducted on L. giganteum has been
with the 1969 isolate of Umphlett & Huang. As
pointed out by Roberts (1974), different fungal
strains may possess different properties (e.g., vir-
ulence and host range). Thus, when developing a
potential microbial control agent such as L. gigan-
teum, other isolates should not be overlooked.

Since some important pestiferous and disease-
vectoring Aedes mosquito species are produced in
brackish water habitats such as salt marshes
(O'Meara 1976) and diked, dredged-material dis-
posal sites (Ezell 1978, Scotton & Axtell 1979, Vor-
getts et al. 1980), the degree to which L. giganteum
can be considered part of an integrated pest man-
agement program (Axtell 1979) for mosquitoes in
coastal areas depends, in part, upon the tolerance
of the fungus to salinity. Consequently, the objec-
tive of this study was to determine the salinity
range over which 2 isolates of L. giganteum grow
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vegetatively and infect mosquitoes under labora-
tory conditions.

I

MATERIALS AND METHODS

Sources and maintenance if fungi
The 2 isolates of L. giganteum used in this study

were: (1) Louisiana strain (LA) isolated by Glenn
& Chapman (1978) from infected Culex territans
(Walker) in a blackgum swamp near Moss Bluff,
Louisiana, USA, and (2) North Carolina strain
(NC) isolated by A. L. Knight from infected mos-
quito larvae in Chapel Hill, North Carolina, USA,
in 1979. Stock cultures of both isolates were rou-
tinely maintained on PYG agar (0.125% peptone,
0.125% yeast extract, 0.3% glucose and 2.0% agar).

Mycelial growth

The 1st experiment was conducted to study the
effects of salinity on mycelial growth of L. gigan-
teum. Each isolate was grown on PYG agar and in-
cubated at 25-27 °c. After 5 days, circular plugs
of agar (5.0 mm diam) bearing the most recent
mycelial gro~.th from the outer edge of the culture
were removeO'with a sterile metal cork borer. The

agar plugs were transferred, mycelial growth
downward, to the center of sterile, 100-mm diam
petri dishes (1 plug per dish). Each dish contained
ca. 20 ml PYG agar, with 5 dishes at each ()fthe
following NaCI concentrations (parts' per .thou-,
'sand, w/v): 0, 2.5, 5.0, 7.5, 10.0, 15.0, 20.0, 25.0
and 30.0. The experiment was repeated 3 times.
The surface area of the mycelium growing on the
agar in each petri dish was determined using an
electronic planimeter at 5 and 7 days postinocu-
lation. After correction for the surface area of the

agar plug used for inoculating the petri dishes, the
radial mycelial growth rates (RMGR, mm/day) for
the fungus in each petri dish during growth period
#1 (days 1-5) and growth period #2 (days 6-7)
were calculated. A mean RMGR and its standard

error were calculated for each isolate at each salinity
level using the corresponding RMGR's from the 2
growth periods. Differences in mean RMGR be-
tween isolates and s'a.linity concentrations were
analyzed using analysis of variance and Duncan's
multiple range test (Barr et al. 1979).

Zoosporeproduction and infectivity

The ability of L. giganteum to produce viable zoo-
spores and infect mosquito larvae under saline
conditions was determined by bioassay using larvae
of Aedes taeniorhynchus (Wiedemann). These larvae
came from a laboratory colony established from

pupae collected on 29 May 1979 from pools in
diked, dredged-material disposal areas in coastal
Onslow Co., North Carolina.

The 2 isolates of L. giganteum were cultured fol-
lowing methods si~ilar to those used by Domnas
et al. (1974). Flasks containing 75 ml HWYG broth
(hemp seed extract at 0.25 mg soluble protein/ml
broth, 0.32% wheat germ, 0,14% yeast extract, and
0.12% glucose) were inoculated with agar slices
bearing recent mycelial growth from the stock cul-
tures. After 5 days, the fungus was washed twice
with sterile distilled water and homogenized brief-
ly to break the mycelia into segments of a few cells
each. Approximately 1.5 ml of washed fungus
(mean dry weight = 2.4 mg/ml, SE = 0.14) were
used to inoculate ca. 20 ml of whole hemp seed
extract (WHS) agar (1.0 mg soluble protein/ml) in
each of several 100-mm diam petri dishes. The
fungus was allowed to grow on the WHS agar for
7 days prior to testing.

Bioassay tests were conducted in enamel-coated
steel trays (23 X 36 X 5 em) filled with 1 litre of
distilled water and NaCl.a{'£he following concen-
trations (parts per thousand, w/v): 0, 0.25, 0.5,
0.75, 1.0 and 1.5. There were 3 trays at each salin-
ity level. The experiment was repeated 3 times.
Distilled water was added to the water in the trays
when necessary to compensate for evaporation and
maihtain the. .il1itial NaCI concentrations. The
WHS agar bej'fing 7-day-old mycelial growth in
each petri dish was cut in half and a total of 6 agar
sections were placed into the water in each of the
trays at random to minimize any intra- or interdish
differences in zoospore production. Approximate-
ly 100 larvae (48 h old) were added to the water
in each tray immediately following fungal inocu-
lation. The mosquito larvae were fed 50 mg
ground rabbit chow and brewers yeast per day.
The trays were incubated at 25-27 °C in a 12: 12
(L:D) photoperiod. The mosquito larvae were re-
moved from the trays after 72 h and examined
microscopically for signs of infection by L. gigan-
teum. Most of the larvae infected by the fungus
were patent at Stage II infection, while a few were
at Stage III (Domnas et al. 1974). The criterion for
infection was the visual presence of hyphae and
sporangia in the head capsules and thoraces of the
larvae.

Statistical methods

Data from the mycelial growth experiments and
the bioassay experiments were plotted using probit
transformations of the growth rates and infectivi-
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FIG. 1. Mean mycelial growth rates (:tSE) of the North Carolina (NC) and Louisiana (LA) isolates of Lage-
nidium giganteum on nutrient (PYG) agar containing various concentrations of NaCI. Each point is based on the
mycelial growth in each of 15 petri dishes (5 dishes/experiment, 3 expe:r.iments).

ties [each expressed as percentage inhibition (I)
compared to the control] and logIo transformations
of the NaCI concentrations. The inhibitory con-
centrations for 50% reduction of mycelial growth
rate and percentage infection (IC50), and slope val-
ues of the dose-effect lines were calculated for each
isolate (Barr et al. 1979). The 95% confidence lim-
its of the IC50values were determined and tests for
parallelism of the dose-effect lines were conducted
according to the methods of Litchfield & Wilcoxon
(1949).

RESULTS

Mycelial growth

The effects of various salinities (NaCI in agar)
on the mycelial growth rates of the LA and NC
isolates of L. giganteum are shown in Fig. 1. The
mean mycelial growth rates of the NC isolate were
significantly greater (P < 0.001) than those of the
LA isolate at all salinity levels tested (except 30
ppt), including the control in which the NC isolate
grew 1.2 X faster than the LA isolate. At the lower
salinity levels (2.5 and 5.0 ppt) the mean mycelial
growth rates of the 2 isolates were significantly
greater (P < 0.001) than in the controls. Mycelial

growth rates were reduced on agar containing
NaCI concentrations of 7.5 ppt or higher. The LA
isolate did not grow on agar containing 20 ppt
NaCI or higher. The NC isolate grew on agar con-
taining 20 and 25 ppt NaCI, but did not grow on
agar containing 30 ppt NaCl.

Based on the transformations of the data to logIO
concentration NaCI and probits of the percentage
inhibition of mycelial growth, the IC50value (95%
confidence limits) for the inhibition of the mycelial
growth rate of the LA isolate was 10.9 (9.2 to 13.0)
ppt NaCI, while that of the NC isolate was 12.9
(10.9 to 15.3) ppt NaCI (Fig. 2). Overall, the my-
celial salinity tolerances of the 2 isolates were sim-
ilar, since the IC50 values and the slopes of the
dose-effect lines (LA = 7.1, NC = 5.9) were not
significantly different (P > 0.05).

Zoosporeproduction and infectivity

The percentage inhibition of infection of Ae.
taeniorhynchus larvae by the LA and NC isolates of
L. giganteum in water containing various concen-
trations of NaCI are shown in Fig. 3. As salinity of
the water increased, the ability of each isolate to
infect mosquito larvae decreased in relation to the
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FIG. 2. Percentage inhibition (probit scale) of mycelial growth rates (mm/day) of the North Carolina (NC) and
Louisiana (LA) isolates of Lagenidium giganteum on nutrient (PYG) agar containing various concentrations of NaCI
(log stale). Each point is based on the mean percentage inhibition of mycelial growth (relative to that on nutrient
agar containing no NaCl) on each of 15 petri dishes (5 dishes/experiment. 3 experiments).~._,
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percentage infection in their respective contidr~
(NC = 92.6 :!: 4.0, LA = 49.1 :!: 13.7). The ICso
values (95% confidel)ce limits) for the inhibition of
infection of mosqu~t6 larvae.py the LA and NC
isolates wer~ 0.52 (0.50 to 0.55) and 0.55 (0.53 to
0.58) ppt NaCl, respectively. These ICso values and
the slopes of the dose-effect lines (LA = 7.9, NC =
8.1) of the 2 isolates were not significantly different
(P > 0.05). Microscopic observations of agar sec-
tions in the various treatments showed that NaCI

adversely affected the production of zoospores. At
18 h postinoculation, agar sections in the control
water bearing the NC isolate had a mean of 12.8
:!: 0.7 (n = 20) vesicles per mm2 (surface area) as
well as many discharge tubes and viable, swimming
zoospores. In contrast; vesicles, discharge tubes, and
zoospores were not observed on agar slices in water
containing NaCI concentrations of 0.5 ppt and
above. In repeated microscopic observations of
fungus of both strains from these test waters dur-
ing the experiments, no evidence of zoosporoge-
nesis was found in water containing NaCI concen-
trations at or above '0.5 ppt. The bioassay with
mosquito larvae was more sensitive in detecting

zoosporogenesis than direct observation, since
some mosquito larvae became infected by L. gigan-
teum in water containing NaCI concentrations of
0.5 and 1.0 ppt. At 1.5 ppt NaCI there was com-
plete (100%) inhibition of both zoosporogenesis
and infection of mosquito larvae in each isolate of
L. giganteum.

Comparison of the ICso values of mycelial inhi-
bition (Fig. 2) with those of inhibition of infection
(Fig. 3) for L. giganteum shows that zoosporogen-
esis was ca. 22 x more sensitive to salinity than was
mycelial growth under these test conditions. The
slopes of the dose-effect lines for inhibition of my-
celial growth (Fig. 2) and for the inhibition of in-
fection (Fig. 3) in each isolate of L. giganteum were,
however, not significantly different (P > 0.05).
Thus, because the 2 dose-effect lines of each isolate
are parallel, the degree to which mycelial growth
and zoosporogenesis are inhibited by salinity is
similar within each isolate of L. giganteum.

DISCUSSION

These results indicate that moderate NaCI con-

centrations inhibit L. giganteum mycelial growth,

._~ m- --...-.
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FIG.3. Percentage inhibition (probit scale) of infection of Aedestaeniorhynchuslarvae by the North Carolina
(NC) and:'Li~~§iana (LA) isolates of Lagenidium giganteum in water containing various concentrations of NaCI (log
scale). Each' point represents the mean percentage inhibition of infection (relative to that in distilled water
containing no NaC!) of ca. 100 larvae in each of 3 trays, replicated 3 times.

and that low NaCI concentrations inhibit zoos po-
rogenesis and infection in mosquito larvae by L.
giganteum. In field tests conducted in rice field
seepage ditches using L. giganteum against Cx. tar-
salis, McCray et ai. (1973b) reported that 100% of
the mosquito larvae collected from water with 0.5
ppt NaCI were infected, while 8.8% were infected
in water with 7.2 ppt NaCl. McCray et ai. (1973b)
also reported, however, that according to their lab-
oratory data (unpubI.) the efficacy of L. giganteum
should have been severely reduced under saline
conditions. The results of our study verify this
statement, in that given a sufficient inoculum,
100% infectivity could be achieved at 0.5 ppt NaCl;
however, the fungus should not have been able to
produce zoospores and infect mosquito larvae in
water containing 7.2 ppt NaCI. Ritchie (1959) stud-
ied the effects of salinity on marine and other fun-
gi and concluded that, in general, the laboratory
responses of fungi were correlated with their fit-
ness for their natural habitats. Thus, the inability
of L. giganteum to infect mosquito larvae under
most saline conditions in the laboratory is under-
standable, since the fungus has only been isolated
from freshwater habitats. The mosquito-produc-

--..- .__00 '''-''

ing waters ofc,salt marshes can have salinities that
range from:0'~6 to 20.2 ppt NaCI (Peterson &
Chapman 1970), and the water in pools in coastal
diked, dredged-material disposal areas can have
NaCI concentrations ranging from 10.6 to 43.6 ppt
(Ezell 1978). Thus, the 2 strains of L. giganteum
included in our experiments appear to be unsuit-
able for use as biocontrol agents for mosquitoes in
saline habitats. Their use should not be ruled out

completely, however, until field tests have bee'n
conducted in various coastal areas. There may be
coastal habitats with unusually low salinity levels as
a result of periodic flooding with rainwater.
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