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ABSTRACT. Six bioassays were performed to evaluate the efficacy of the fungus, Lagenidiunt
giganteurn, against mosquitoes in watei collected from 75 sources. The fungus infected larvae of 4 genera"uia 

p.od"""d >g0% moitality in water from some of the creeks, artificial containers and the wild rice
fieldiested during 4 ofthe assiys. There was no larval mortality due to the fungus in water from irrigated
pastures o, -a..f,"r. Water quality parameters associated with L. giganteum infection varied among the
tiou..uy.; Iow measurements of total dissolved solids (TDS), hardness (CaCOs), conductivity, chemical
o*ygu1 d"111"rrd (COD), ammonium nitrogen (NH3-N), phosphate (POr) ald salinity were- significantly
(P:0.05) correiated with fungal efficacy in one or more of the assays. Regression analyses selected
TOS, CuCOr, COD, NH3-N and/or POr as the best predictors of larval mortality due to .L. giganteum.
Turbidity and pH were not correlated with fungal efficacy.

For each bioassay, 6 plastic cups were filled
with 250 ml of water from each source and
another 6 with 250 ml of distilled water. Ten
second- or third-instar larvae, usually from the
specified source, were added to each cup. Three
cups of each water type were inoculated with
from 2 to 10 ml of the asexual (presporangial)
stage of L. giganteum; the remaining 3 cups
without inoculum served as controls. The Cali-
fornia strain of L. giganteuft1,, grown in yeast
extract based fermentation media, was used for
all tests and was obtained from the University
of California at Davis. The estimated viability
of these cells was at least 95% (J. L. Kerwin,
personal communication). Prior to inoculation,
the number of presporangial cells per ml was
counted. The estimated number of cells of in-
oculum per cup for bioassays 1 through 6, re-
spectively, was 6.0 x 106, 3.0 x l-06, 14.0 x 106,
5.0 x 106, 1.8 x 106 and 0.18 x 106. A pinch of
food (ground rabbit pellets mixed with liver
powder) was added to each cup.

One day postinoculation, a sample of water
from each source was examined for the release
of zoospores by the presporangial stage of the
fungus. Three days postinoculation, dead larvae
were examined individually under a compound
microscope for fungal infection, and the mortal-
ity due to infection by L. giganteulr, calculated
for each source. Because the fungus develops
rapidly and usually kills host larvae within 72
h, live larvae, unless moribund, were not exam-
ined (Umphlett and Huang 1972). Dead larvae
from the controls were examined for infection
due to contamination by .L. giganteunl. Water
temperature during each assay was monitored
daily with a maximum/minimum thermometer.

During the study, L. giganteurn was evaluated
against 10 mosquito species lAedes rnelanirnon
Dyar, Ae. dorsalis (Meigen), Ae. nigromaculis
( Ludlow), A n ophele s f reebo rni Aitken, An. punc -
tipennis (Say), Culex tarsalis Coq., Cr. apicalis
Adams, Cx. stigmatosoma Dyar, Cx. pipiens
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INTRODUCTION

The oomycetous fungus, Lagenidium gigan-
teum Cotch, is a promising microbial control
agent for mosquito Iarvae (Federici 1981, Lacey
and Undeen 1986). It is a virulent pathogen of
several genera of Culicidae (McCray et al. 1973a,
1973b) and of most Chaoboridae (Brown and
Washino 1977, 1979), but is apparently safe for
other organisms (McCray et al. 1973b, Siegel
and Shadduck 1987, Kerwin et al. 1988). Lagen-
idiurn giganteutnhas been evaluated in a variety
of habitats including rice fields, seepage ditches,
and irrigated pastures and fields (McCray et al.
1973b; Kerwin and Washino 1986, 1987, 1988),
and has demonstrated the ability to recycle in
nature (Fetter-Lasko and Washino 1983, Jaron-
ski and Axtell 1983a). Studies have, howevet,
indicated that L. giganteum has some restrictive
environmental limitations. such as a low toler-
ance for organic water pollution (Jaronski and
Axtell 1982) and salinity (Merriam and Axtell
1982).

Given the environmental constraints of .L.
giganteum, the purpose of this study was to
determine under laboratory conditions the Con-
tra Costa County, California, habitats in which
the fungus could potentially control mosquito
larvae. A second objective was to correlate the
efficacy of the fungus with certain water quality
parameters.

MATERIALS AND METHODS

The efficacy of L. giganteu,m was evaluated in
6 separate laboratory bioassays between August
2 and October 18, 1988. Water and mosquito
larvae were collected in clean plastic containers
from creeks, tidal marshes, irrigated pastures,
artificial containers and a wild rice field. AII of
the 75 collection sources, except the Lake
County wild rice field, were located in Contra
Costa County.
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Linn., and Culiseta incidens (Thomson)1. Larvae
were assayed in the same source water in which
they were collected except for the last 2 bioas-
says (October 5 and 18), when field collected Cs.
incidens was the only species available. In the
distilled water, the fungus was evaluated against
Cs. incidens in all the bioassays, and against Ae.
melanimon and Ae. dorsalis in bioassays 1 and
3, respectively.

During the last 5 bioassays, a sample of water
from each source was analyzed (Greenberg 198b)
within 24 h fot pH, turbidity, total dissolved
solids (TDS), conductivity, salinity and phos-
phate (POn) concentration. Hardness (CaCOa)
and chemical oxygen demand (COD) were also
measured except during bioassays 2 and 5, re-
spectively. Ammonium nitrogen (NH3-N) was
measured during the final bioassay.

Data from each bioassay were examined to
determine if fungal efficacy was delineated by
specific measurements of the water quality pa-
rameters. Correlation between Iarval mortality
due to the fungus and water quality was evalu-
ated by constructing Pearson correlation mat-
rices. Regression analyses were used to analyze
the multivariate effects of the water quality pa-
rameters on fungal efficacy. Stepwise regres-
sions were first performed to determine which
water quality parameters should be used to es-
timate fungal efficacy. These parameters were
then used in multiple regression analyses to
determine the proportions of variance in larval
mortality due to L. giganteurn explained by the
parameters in the regression model. The arcsine
transformation of the percentage mortality was
used in both the correlation and regression anal-
yses.

RESULTS AND DISCUSSION

The water temperature.in the laboratory fluc-
tuated between 20.9 and 23.3"C throughout the
study. This is within the optimal range (21-
29"C) for infection of larvae by the North Car-
olina and Louisiana isolates of L. giganteum
(Jaronski and Axtell 1983b).

Bioassay 1: There was 100% infection of the
larvae with.L. giganteum in water from the creek
(Cx. tarsalis, Cs. incidens) and in the distilled
water (Ae. melanifiion). There was no mortality
due to the fungus in water collected from the
irrigated pasture or the 4 marshes, or in the
controls. Water from this initial bioassay was
not analyzed.

Bioassay 2: More than 90% of the larvae in
water collected from Sycamore Creek (Cs. inci-
dens), Bollinger Creek (Cx. tarsalis, Cx. apicalis,
An. punctipennis), the wild rice field (An. free-

borni, Cx. tarsalis) and the distilled water (Cs.
incidens) were dead and packed with sporangia
3 days postinoculation (Table 1). Witer from
each source and the fungus were separately re-
frigerated f.or 72 h, and then the bioassav was
repeated with the L. giganteum dosage doubtea
to 6.0 x 106 cells of inoculum per cup. There
were mortalities of 77, 53 and80% in water from
Sycamore Creek, Bollinger Creek and the dis-
tilled water, respectively. There was no mortal-
ity due to the fungus in the wild rice field water
or, at either inoculation rate, in B creeks. 2
irrigated pastures, 5 marshes or the controls.
The decrease in the fungal infection rate at the
higher dosage may have been due to the refrig-
eration and age of the .L. giganteurn inoculum.

Infection of larvae by L. gigantelrnl corre-
sponded to low measurements of turbidity, con-
ductivity and TDS (Table 1). The 2 creeks and
wild rice field water had turbidities between 1.0
and 1.8 NTU (i : 1.4), conductivities between
550 and 1,000 micromhos/cm (i : 813), and
total dissolved solids between 450 and 610 mg/
liter (i : 510); whereas water from the 10
sources without larval infection ranged between
2.7 and 53.7 NTU (i : 18.3), 1,300 and 23,500
micromhos/cm (x : 8,180), and 800 and 3,000+
mg/liter, for the 3 water quality parameters,
respectively. However, TDS was the only pa-
rameter that correlated significantly with fungal
efficacy (y: -0.62, P < 0.05). Stepwise regres-
sion identified TDS and POa as the best predic-
tors of larval mortality due to L. giganteum. A
multiple regression using only these 2 parame-
ters explained 60% (adjusted R') ofthe variance
and was significant (P < 0.01). The regression
analysis yielded the equation, percent larval in-
fection : 74.6 - 0.02 (mglliter TDS) - 9.04
(mg/liter PO+); the mortality due to the fungus
decreased 0.02% for each additional mg/liter
TDS and 9.047o for each additional mg/liter POn
in the water.

Bioassays 3 and 4: There was no Iarval mor-
tality due to L. giganteurn infection in water
from any of the 8 creeks, 2 irrigated pastures, 2
marshes, 1 artificial container or in the distilled
water tested during bioassay 3, nor in water
collected from 16 sources for bioassay 4. Water
quality parameters were evaluated from these
sources and were similar to the quantities meas-
ured from the same habitats in other bioassays.

Bioassay 5: Mortality due to .L. giganteurnwas
evident in larvae (Cs. incidens) from 3 of the 7
creeks tested (90, 87 and l0% infection). 2 of
the 3 artificial containers assayed (used tires
97%, a metal tub 100%) and the distilled water
(L00%) (Table 1). There was no fungal infection
in larvae from the irrigated pasture or marsh, or
in the controls.
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The only water quality parameter that corre-
sponded to L. giganteum mortality was water
hardness (Table 1). In those sources with> 87%
infection, hardness ranged between 60 and 240
mg/liter (l = 180). Sources without anv infected
Iarvae had CaCOa values between 420 and 520
mg/liter (i : 475). The water hardness of the
creek with an infection rate of onlv 10% was
380 mg/liter. Water hardness correlated signif-
icantly with larval morbality due to the fungus
(r: -0.96, P < 0.001); Pearson correlations of
other water quality parameters were not signif-
icant. A regression using just this parameter
explained 92% of the variance (P < 0.001).
According to the regression equation, percent
larval infection : 115.97 - 0.24 (mg/liter
CaCOs), the percentage of larvae infected by the
fungus decreased 0.24% f.or each additionalmg/
Iiter of CaCOs.

Bioassay 6: Lagenidium giganteun infected
Cs. incidens larvae from 11 of the 14 sources
assayed. Mortality due to the fungus was 100%
in water from 8 sources (6 creeks, 2 artificial
containers and the distilled water) and 87, 93
and 97% in 3 other creeks (Table 1). There was
no mortality due to the fungus in water from
one artificial container, one creek, the irrigated
pasture or in the controls.

Five water quality parameters (CaCOa, TDS,
conductivity, COD and NH3-N) were lower from
sources that had mortality due to .L. giganteurn
than in water from sources with no fungal infec-
tion (Table 1, NH3-N averaged 0.27 and 1.25
mg/liter from sources with and without fungal
infection, respectively). Two of the 3 sources
without infected larvae had high phosphate con-
centrations, and one source was highly saline.
These 7 parameters were significantly (P < 0.05)
correlated with larval mortality (r : -0.90 for
COD, -0.84 for CaCOs, -0.80 for NH3-N, -0.76
for POa, -0.75 for conductivity, -0.73 for TDS,
and -0.58 for salinity). There was little corre-
lation between turbidity and L. giganteum mor-
tality rates (1 = -0.15); however, Guzman and
Axtell (1987) found a significant correlation be-
tween turbidity and the ability of the tungus to
produce vesicles, which release zoospores. All
water samples were within the appropriate pH
range (4.5-8.4) for L. giganteum infection (Lord
and Roberts 1985), and the correlation with
Iarval mortality was not significant (r: -0.37).

Stepwise regression identified COD, hardness
and NHg-N as the best predictors of larval mor-
tality due to the fungus. A multiple regression
equation based on these 3 parameters accounted
for 88% of the variance (P < 0.001). According
to the regression equation, percent larval infec-
tion = 115.07 - 0.14 (mglliter COD) - 0.06 (mel
liter CaCOa) - 24.73 (mglliter NHg-N), the in-

fection rate decreased 0.14% for each additional
mglliter COD, 0.06% for each additional mg/
liter CaCO3 and24.t3% for each additional mg/
liter NHg-N in the water.

In the bioassays with successful fungal infec-
tion, zoospores were evident in the distilled
water and in water from all sources that subse-
quently had larvae infected by L. giganteurn;
whereas in water without infected larvae. zoo-
spores were not observed 1 day postinoculation.
Water quality clearly affected the ability of the
fungus to release zoospores and infect mosquito
larvae. The water quality parameters associated
with the efficacy of L. giganteum varied among
the bioassays. Low measurements of TDS dur-
ing the second bioassay, hardness during the
fifth assay, and during the sixth assay, hardness,
TDS, conductivity, COD, NH3-N, POr and sal-
inity, were significantly correlated with fungal
mortality. This variability and the variable ef-
ficacy of the fungus among the bioassays may
have been due to the varying quantity and via-
bility of fungal cells used during each bioassay.

Salinities > of 1.5 ppt have been shown to
completely inhibit the release of zoo-
spores by the Louisiana and North Carolina
strains of L. giganteurn (Merriam and Axtell
1982). This probably explains the lack of larval
infection by the California strain of the fungus
in water from the marshes and some of the
irrigated pastures. In bioassay 6, the fungus was
not effective in water from one creek, a backyard
artificial container or an irrigated pasture.
These sources apparently had high organic
loads, as indicatedby the COD, NHs-N and POa
levels (Table 1). Jaronski and Axtell (1982) dem-
onstratedthat water with a high organic content
inhibits zoospore release.

The dilution rate may also have influenced
the efficacy of L. giganteum. The addition of too
many cells of the fungus to the 250 ml of water
in each cup may have inhibited the vegetative
cells from releasing zoospores (J. L. Kerwin,
personal communication). Sufficient dilution
may be the reason for the increased mortality
during the last bioassay, when the number of
cells inoculated into each cup was at least 10
times less than during any ofthe other trials. It
may also explain, in part, the lack of fungal
infection during bioassays 3 and 4, and the de-
creased infection rate when the dosage of the
fungus was doubled in bioassay 2. This dilution
factor is unlikely to be important in field situa-
tions except when treating small artifrcial con-
tainers.

These bioassays demonstrated that L. gigan-
teum has the potential to control a wide range
of mosquito species in Contra Costa County
mosquito sources with relatively clean water.
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The fungus was not an effective mortality agent
of mosquitoes assayed in either irrigated pasture
or marsh waters from this county.
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