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PERSPECTI VE
Gordon D. Nifong, Ph. D

Florida Institute of Phosphate Research

Cver the years, the Florida phosphate industry has created
many | akes and wetlands as a consequence of reclamation of m ned
| ands. Lakes are of value in residential areas, recreationa
sites, and wldlife habitat. Mansoni a nosquitos are a ngjor
pest species, not only in the |akes of the phosphate m ning
region, but elsewhere throughout the state. They are known to be
vicious biters, and are believed to be second only to Culex as a

otential vector for St. Louis encephalitis, a major concern to
uman health. Mnsonia are rather unique, however, in that they
do not develop on the surface of bodies of water. Rather, the

| arvae and pupae remain subnerged, attaching thenselves to the
roots of floating aquatic plants in order to obtain oxygen.
Favorite host species of vegetation are water hyacinth and water
| ettuce.  Subrersion nakes the larvae nore difficult to control
t hrough normal surface chem cal spraying of insecticides or
he{b|C|des. Surface vegetation renoval is about the only current
opti on.

This research tested the feasibility of using a natural
fungal pathogen, Lasenidi um gi ganteum as a biol ogical control
agent against the nosquito. The fungus directly attacks the
mosquito during the breeding cycle. "This project was a
| aboratory, or denonstration project, utilizing wading pools
placed in the field near a phosphate | ake, and into which | ake
water, vegetation, nosquitos, and fungus were introduced.

_ Results of this study were encouraging. In pools treated
with the fungus, energence of adult Mansonia nosquitos was
reduced by nore that 77% as conpared to untreated controls.

It woul d appear that a next step would be an actual field test,
in which L g|ganlguulmould be added to an actual |ake infested
with vegetation and Mansonia. Any significant reduction in
mosqui t o Populat|ons_mpula be of benefit to the health and
confort of Florida citizens.
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EXECUTI VE SUMVARY

Many unreclainmed pits and settling Ponds created by the
ﬁhosphate m ning industry have becone infested with water-
yaci nth, Eichhornia crassipes (Mart.) Solms., and water-
|ettuce, Pistia stratiotes L. gkbeger 1979, Louni bos and
O Meara 1982, Morris et al. 1986). The prolific growh of
wat er hyacinth and waterlettuce associated with these
excavations not only displaces nore desirable native
vegetation but the extensive mats formed by these floating
pl ants produce enornmous popul ati ons of nosquitoes which
threaten the public health and confort (Haeger 1979, Morris
et al. 1986). Specifically, the inmmature stages of inportant
di sease-vectoring Mansoni a nosquitoes are dependent upon
these aquatic plants for their survival. Unlike other
i mmat ure nosquitoes which breathe at the surface of the
wat er and are susceptible to chemcal controls, the |arvae
and pupae of Mansonia nosquitoes are unique because they
remain attached to the roots of waterhyacinth and
wat erl ettuce to presumably obtain oxygen (Wsenberg-Lund
1918) or escape predation (Van Den Assem 1958, Louni bos et
al . 1992). Except for chem cal or mechanical plant renoval,
no environmentally safe yet effective nmethods have been
devel oped for controlling the cryptic aquatic stages of
t hese pestiferous nosquitoes (Lounibos and O Meara 1982).

Through a cooperative effort involving the U S. Dept.
of Agriculture, U S. Arnmy Corps of Engineers, Florida Dept.
of Environnmental Protection and the University of Florida,
several host specific insects have been introduced into
Fl orida from South Anerica which provide substantial contro
of waterhyacinth and waterlettuce under certain conditions
(Cofrancesco 1991). Although biol ogical control of these
Blants may offer the nost promising |long-termsolution to

oth the weed and Mansoni a problens by reducing the density
of the host plants upon which the nosquitoes breed, these
weed biocontrol agents do not provide rapid control of the
plants in all situations (Cofrancesco 1991). Consequently,
control of waterhyacinth and waterlettuce In the mning area
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of central Florida is still acconplished mainly wth
herbi ci des such as 2, 4-D, diquat and gl yphosate.
Unfortunately, there is increasing evidence to suggest that
t hese herbicide apPI!catlons provide only tenporary control
and may also be detrimental to weed biocontrol agent
Eopu!atlons G odow tz and Cofrancesco 1990, Haag and

ucki ngham 1991). Furthernore, because the herbicides are
applied directly to plants growng in the water the
perception that these conpounds are a health threat has been
created by the fact that many surface water systens in
central Florida are closely Interconnected with the
under | yi ng %!ound wat er systenlthrou%; springs and sinkhol es
(Sout hwest Fl ori da Water Managenent strict, unpublished
report). For exanple, the surficial aquifer is highly
susceptible to ground water contam nation due to the shallow
depth to the water table and high recharge rate.

Faced with society's growi ng concern over pesticide
contam nation in surface and ground water supplies, jt is
i nperative that innovative nanagenent strategies for
Mansoni a nosquitoes be devel oped which contribute mnimally
to the water qualit% problem are cost effective and are
al so conpatible with the biol ogical agents purposefully
introduced into Florida to control waterhyacinth and
wat er | et t uce.

Lageni di um gi ganteum Couch is a naturally occurrin
ent onopat hogeni ¢ fungus that attacks a broad spectrum o

mosquito species and appears to be restricted to this group
(MCray 1985, Hornby et al. 1992). The non-discrimnating
host range within the insect famly Culicidae, or

mosquitoes, results fromthe abilit¥ of the fungus to
differentiate between the cuticle of nosquito |arvae and
other aquatic animals (Kerwin et al. 1991). Upon application
to a breeding site, the fungus is activated in water where
notile blflagellate zoopores are ﬁroduced. Unli ke bacteri al

| arvi ci des which nust penetrate the foliage and be ingested
by the larvae, the free-sw nm ng zoospore actively seeks out
ias Iaaval nPsquitofhost ang iE ects residenthlarvae._Che to
three days after infection by L. giganteum the nosquito

| arvae die, new spores are produced and [arva-to-l|arva
transm ssion continues.

e exPerinentaIIy tested the effect of inoculative
rel eases of the nosquito-specific fungus Lagenidi um

gi gant eum Couch on a popul ati on of Mansonia dyari during a
typi cal breeding season at one site in eastern Hllsborough
County. Mansonia dyari was selected as the target speci es
for this investigation because it is the npost abundant
species on waterlettuce (Slaff and Haefner 1985), which
formed al nost a pure stand on the surface of the unreclai med
phosphate pit at the project site.
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~The tenporal distribution of Ma. dyari in the central
Fl ori da phosphate mining region has been described in detai
el sewhere (Louni bos and Escher 1985, Slaff and Haefner 1985)
but is briefly summarized here. There is a peak emergence of
adults in the spring and another in the |ate sumrer and
early fall. Adult energence ceases during the wi nter nonths
due to the cooler water tenperatures and plant nortality. In
general, the fall emergence is greater than in the spring.
Unl i ke other nosquitoes which have a relatively short
| arval /pupal period, the aquatic stages of M. dyari have a
protracted life cycle. Data on the closely relfated Ma.
titillans (Haeger 1960) indicates devel opment fromegg to
adult occurs in approximately six weeks.

W introduced L. giganteum (California isolate),
cultured in the laboratory on yeast extract, dextrose and
egg yol k into outdoor caged replicated test pools
containing water lettuce and |arvae of Ma. dyari collected
from an inactivecfhosphate pit. W added susceptible |arvae
(first and second instars) twice a week between August and
Decenmber 1993 to sinulate natural oviposition by Ma. dyari.
W al so punped fresh water into the test pools from the
phosphate pit twi ce a week (Au%Fst 1993 to March 1994) to
prevent stagnation and replenish nutrients extracted by the
water lettuce plants. W collected data on weather at the
project site, water tenperature in one of the test pools,
and water quality in the test pools and inactive phosphate
pit.

The data from the energence trap sanples and senti nel

| arvae indicated that Ma. dyari was highly susceptible to L.
%|ganteun1at the field application rates of 400 and 800 ppm
dult energence was reduced bY more than 77 % in conparison
to untreated pools. Sentinel Tarvae provided evidence of
recycling of the fun%us approxi mately 14 days_Post-
treatnent. W al so observed continuous nortality of larva
Ma. dyari for a period of 46 days after the second pool
1nocul ation in Novenber 1993 when the water tenperature in
the test pools did not exceed 38°C, which is lethal to the
Z00spor es. ExcePt for the high water tenperature we observed
in the test pools prior to the first inoculation

(Septenmber), our data showed water quality in the test pools
and phosphate pit was suitable for fungal growh and
zoosporogenesi s for the remainder of the study period.
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| NTRODUCTI ON

Mansoni a nosquitoes are inportant pests worldw de because
they are aggressive biters and are capable of transmtting
di seases (King et al. 1960, MDonald 1973, Louni bos and Escher
1985, Lord and Fukuda 1990). North Anerican representatives
of the genus, Mansonia dyari Belken, Heinemann & Page and M.
titillans Walker (Figure IJ, occur in subtropical areas of
Florida, Texas and occasionally CGeorgia (King et al. 1960,
Darsie and Ward 1981). These nosquitoes are potential vectors
of dangerous human arboviruses such as St. Louis and Eastern
Egm ne Encephalitis (Lounibos and Escher 1985, Lounibos et al.
1 90?] as well as dog heartworm (Nayar 1990). |n central and
south Florida, M. dyari and M. titillans exhibit three to
four generations per year with the potentral for year-round
occurrence dependi ng upon envi ronnent al condi tions
(Bi dlingmayer 1968, Provost 1976, Louni bos and Escher 1985).
Both species deposit egg nasses on the |eaves of the floating
aquatic macrophytes waterhyacinth, Ei chhornia crassipes
El\/art.) Solms. and waterlettuce, Pistia stratiofes L.,

Figure 2). The larvae (Figure 3) and pupae attach to the
roots to obtain oxygen and possibly avoid predation (Slaff and
Haef ner 1985, Lounibos and Linley 1987, Louni bos and Dewal d
1989, Louni bos et al. 19922. Because of this habit, the
| arvae can be controlled effectively only by plant renoval
(Haeger 1979, Lounibos and O Meara 1982). However, Mansonia
mosquitoes continue to plague Florida residents despite
a?gresswe weed control efforts. Faced with the possi bilitP/
of decreased federal and state funds for aquatic weed contro
éDepartment of Natural Resources, unpublished report),
devel opmar_\tlof alternative control strategies of Mansonia spp.
is essential. -
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Figure 1. Adult female of Mansonia spp.



Figure 2. Egg masses of Ma. dyari deposited at base of water lettuce leaflet
above the water line.



Figure 3. Larva of Mansonia spp. attached to water lettuce root.



Haeger (1979) recognized the necessity for devel oping
specific  biological agents for contrdlling Mnsonia
nosqui toes, but their feasibility only recently has been
i nvestigated (Lord and Fukuda 1990, Lounibos et al. 1992).
One of the nost promsing larval control agents is the fungal
pat hogen Lageni di um gi ganteum Couch (Qonycetes: Lagenidiales)
(Figure 4. This newWy registered mcrobial agent has the
potential to I_%rovi de sustained biological control of Mnsonia
nosqui toes (Hornby et al. 1992). nli ke the nonpersistent
biorational products formulated from the bacteria, Bacillus
thuringiensis Berliner var. israelensis de Barjac serotype H
14, which nust be ingested by the nosquito larva, the
infective stage of L. 4l gant eum actively seeks out its host
(Figure 5?, and is-capable of differentiating between the
cuticle of mosquitoes and other aquatic organisns (Kerwn et
al.  1991). Continuous reduction in larval populations of
nosquitoes is possible from a single application of L.
gi gant eum because of its recycling capacity and subsequent
anplification of the infective stages.
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Figure 4., Empty presporangium of L. giganteum with develbping zoospores at end of

exit tube (after Hornby et al. 1992).



Figure 5. Life cycle of L. giganteum (after Hornby et al. 1992).



MATERI ALS AND METHODS

METEOROLOG CAL  PARAMETERS

Ambient tenperature and relative humdity were neasured
with a mni-drum hygrothernmograph (Oakton Mdel 08369-70,
Col e-Parner |nstrunent Conpany, Chicago, IL) placed inside a
smal | wooden instrument shelter. Tenperature and humdity at
the project site were measured from April 1993 to My 1994
Rainfall data from January 1993 to May 1994 were provided by
Coronet Industries, P.OQ Box 760, Plant Gty, FL.

TEST POOLS

W set up a series of wading pools inside a fenced
exclosure (Figure 6). The wading pools (Mdel Gv 200, Ceneral
Foam Pl astics, Norfolk, VA measured 35 in dianeter (88.9 cm
X 8 in deep (20 cm. The exclosure, which was erected to
exclude grazing livestock, was located in a pasture adjacent
to a waterlettuce infested inactive phosphate pit on the
property of Consolidated Mnerals, Inc., Plant City,
H | I sborough County, Florida (Figures 7 and 8).  This
particular site was selected because prelimnary sanpling of
the plants indicated the roots supported a heavy infestation
of the aquatic stages of M dyari.

A random zed bl ock design with five bl ocks was used to
test the efficacy of L. giganteum against M dyari at two
treatnent levels,” 400 ppm and 800 ppm The experinental
design also included an untreated control %roup. Ve filled
each test pool with 50 liters of water obtained fromthe
phosphate pit with the aid of a self-primng punp (Jabsco
VWater Puppy, 12 volt Mdel 6360-1001, Costa Mesa, CAcga. The
wat er was punped through a series of sieves (Bi oQuip, rdena,
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Figure 6. Aerial view of test pools and emergence cages adjacent to inactive
phosphate pit.
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Figure 7.

Aerial view of the Coronet Minerals, Inc., inactive phosphate pit
Coronet Junction, Hillsborough County, Florida.
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Figure 8.

Close-up of waterlettuce mat on surface of inactive phosphate pit,
Coronet Junction, Florida.



CA) with Nos. 20, 40 and 100 wire nesh to exclude extraneous
nosquito larvae and potential predators such as mosquitofish

Ganbusia spp., (Lounibos et al. 1992), dragonfly and dansel fly
naiads, dytiscid beetle |arvae and nynphs "of predaceous
aquatic Hem ptera (Mrris et al. 1986)." W then placed 30
smal | to medium sized waterlettuce plants in each wading pool
after rermoving additional predators and nosquito |[arvae
associ ated with the plants' roots. This was acconplished with
the aid of an ultrasonic cleaner (Mettler Cavitator Mddel No.
10365, Anaheim CA) powered by a portable gas generator. The
root systenms of 5 to 10 plants at a tinme were exposed to
ultrasonic treatnent for approximately five minutes.  Previous
studies (J. P. Cuda, unpublished data) showed this extraction
technique to be effective wthout adversely affecting nornal
grow h and devel opnent of water |ettuce plants.

ram dal emergence screen cages }Slaff et al. 1984) were
pl aced over the pools to collect adult M dyari nosquitoes
energing from the test pools and also to prevent unwanted
nosquitoes (e.g., container breeding Aedes and Cul ex spp.)
fromovipositing in the pools. The enmergence cages were
supported by a duplex wooden framework consisting of an inner
base of 2 Iin (5.1 cm x 2in (5.1 cnm x 37 in (94.0 cm
attached to an outer base of 2 in (5.1 cm x 4 in (10.2 cm X
40 in (101.6 cm. The framework not only supported the
pyram dal energence cages but also served as 'a barrier to
prevent small mamals from gaining access to the test pools.

The tops of the energence cages were closed with a
section of 10 in (25.4 cm x 10 in (25.4 cm plexiglass. Each
piece of plexiglass was fitted with the top and threaded base
of a BioQuip Msquito Breeder (BioQuip Products, Gardena, CA)
The top 3 cmof the threaded base was sawed off and secured to
the plexiglass with hot glue. This arrangenent facilitated
the passage of the adult M dyari nosquitoes through a narrow
OEenlng created by the plastic baffle and into a collection
chanber. A cenent |awn sprinkler head donut with an inside
dianeter of 6 in (15.2 cm was placed over each plexiglass top
to ﬁsep It secured to the enmergence cage during inclenent
weat her.

Bet ween 27 August and 28 December 1993, we added 25 first
and second instar M dyari larvae to each pool twice a week in
order to provide a continuous supply of hosts for the fungus
to infect and also to facilitate recycling. Because of the
magni tude of the number and size requirenents of |arvae needed
(750 small larvae per week), we had to develop a quick yet
efficient technique for collecting larvae of the appropriate
Size on a routine basis. This was acconplished by the
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follomjng procedure. Ten waterlettuce plants were randony
collected in the vicinity of the shoreline of the phosphate
pit. Each plant was gently lifted fromthe surface of the
water and placed in a 5 gal (18.9 liter) bucket containin%_l-z
als (3.8 - 7.6 liters) of filtered pond water. The nsqUito-
aden roots were then vigorously shaken in the water for a few
seconds to dislodge the |arvae and then the plant was held
above the bucket with the root system exposed to facilitate
detachment _of the larvae as the water drained away from the
roots.  This procedure was repeated two or three tines,
depending on the size of individual plants. After the initia
extraction process was conpleted, the contents of the bucket
were poured through a series of sieves with nos. 6, 20 and 40
wire mesh. The nos. 6 and 20 wire nesh effectively separated
extraneous plant material and |arge nosquito larvae (third and
fourth instars), respectively, fromthe snaller larvae (first
and second instars). The latter constituted the principle
contents of the no. 40 nmesh sieve. The 40 nesh sieve was then
i mredi ately rinsed in a another bucket containing filtered
pond wat er. Aliquots of this final rinsate were then
transferred to a 12 in (30.5 cm x 8 in (20.3 cm x 2 in deep
(5.1 cm) white porcelain pan for final sorting and counting.

The supply of larvae was also supplenmented by exam nin
waterlettuce plants in the phosphate pit for egg nasses an
transporting the egg-laden |eaves to the |aboratory for
subsequent devel opnent. _In the laboratory, we placed excised
| eaf sections (ca. 1 cnf) with the eggs firmy attached into
three 12 in (30.5 cm x 9.51in (24.1 cm x 4 in (10.2 cm
acrylic trays until larval eclosion. The trays were half
filled with filtered water fromthe phosphate pit and
contained juvenile water lettuce plants germnated from seeds.
The waterlettuce seedlings provided sufficient root materia
for the larvae to attach and obtain oxygen during the
devel opment. The larvae were also provided with cul tured
Par anmeci um ( Carol i na Bi ol ogi cal SupPIy Co., Burlington, NC) as
a food source (Haeger 1960) until they were mature enough
(second instars) to transfer to the wading pools. The trays
were held in an environmental chanber (Biotronette Mark 11T,
Model 846, Lab-Line Instruments, Inc., Mlrose Park, IL) wth
four 40-watt, rapid-start 48" (121.9 cm) full spectrum "grow
| anp" type fluorescent tubes. The L:chhotopeplod was 14:10
and the thernostat was set at 15.6 This thernostat
setting produced an internal daily tenperature range between
21.1 and 28.9 C.
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WATER QUALITY

Unli ke other mcrobial control agents which have a stable
shelf life (e.g., Bacillus thuringiensis var, israelensis , or
simply Bti), the only formurations of L. giganteum available
at the present time nmintain their viabiliTy for fess than 10
days and nust be used in fairly clean water (Jaronski and
Axtell 1982) with low salinity (Merriamand Axtell 1982).
Because |ow neasurenents of certain water quality paraneters
such as TDS, CaCO;, COD and PO, have been correlated with
fungal efficacy (Kramer 1990), we flushed the test pools, with
filtered water from the phosphate pit twice a week to mnim ze
stagnation and nonitored water quality once a week during the
study period (August through Decenber 1993).

We obtained a water sanple (250 m) fromeight or nine
random y selected test pools (2 or 3 sanples from each
treatment group) per week along with three sanples from the
phosphate pit for conparison. Ve measured acidity
alkalinity, = Nad, chemical oxygen demand (COD), color,
conductivity, CO, dissolved oxygen (DO, hardness, NO;-
nitrogen, pH PQ, total dissolved solids (TDS), turbidity,
and water tenperature. Al water quality paraneters except
for COD, conductivity, DO pH TDS and water tenperature were
measured with a portable water quality test kit (Hach Model
DR-EL 19213B,  Ames | A). The micro-COD test nethod
_§BI oscience, Inc., Bethlenem PA) was used to measure COD
his procedure required the use of a spectrophoneter (Bausch
and Lonmb Spectronic 20, MIton Roy, Rochester, NY ) set at a
wavel ength 440 nm  Conductivity and TDS were neasured with a
conductivity meter (Digital Conductivity Meter Mdel 09-326-2,
Fisher Scientific, Olando, FL), DO with a portable dissolved
oxygen neter (Hach Mdel 16046, Ares, |A) and pH with a
portable neter (Accunet Mdel 1001, Fisher Scientific,
Ol ando, FL).

‘Maxi num and m ni num water tenperatures were recorded
continuously in one of the pools with a maximum m ni mum
thermometer (Taylor Mbdel 5458, Fletcher, NC) from August 1993
to May 1994 (Figure 9).

FUNGAL CULTURE

~ The strain of L. giganteumwe vused in this stud
originated froma culture provided by J. Kerwn, University oY
Washi ngton, Seattle, and formerly of the University of
California. =~ Because it originated in California, ‘this
articular isolate is referred to as the California (CA)

Isolate (ATCC, 12301 Parklawn Drive, Rockville, MDD, 20852,
14
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USA, Accession No. 52675). In this study, L. giganteum was
cultured as a 10 liter batch fernentation in=&a L%L Biolafitte
20 liter steamsterilizable, in-place fernentor (Mdel BL
20.2).  The growth nedia consisted of yeast extract (1.25
gm1l, Difco Laboratories, Detroit M), dextrose (0.85 gm1, J.
T. Baker Chem cal Co., Phillipsburg, NJ), Cal, . HO (0.59
gm | Fisher Scientific, Fairlawn, NJ), Md, . GF%O 0.41
gnm |, Fisher Scientific, Fairlaw, NJ), Tris-HCO buffer (10
m/l, 1 Msolution, pH 8.0, Fisher Scientific, Fairlawn, NJ),

chicken egg yolk (3 per 10 liters). Fernmentati on was
performed at 33° C, pH 6.8, 10 liter air per mn, with 100 rpm
agi tation. The nmedia was inoculated with L. giganteum
zoospore and the culture was harvested 48 hours later as
presporangia for use in this research project. Lageni di um
gi gant eum has been continuously cultured in the |aboratory at
the Lee County Msquito Control District for approxinately
nine years prior to our field testing against M_ dyari.

LABORATCRY  ASSAYS

Eggs and larvae of Ma. dyari were collected from water
| ettuce plants and shipped to Lee County Mdsquito Control

District for bioassays. ggs were hatched in reverse osnosis
(RO water with field-collected giant duckweed, S%irodela
%olyrhlza (L.) Schleiden provided as an attachment substrate.

On the second day follow ng eclosion, we transferred
i ndi vidual giant duckweed plants with [arvae attached to 50 m

prrex beakers containing 30 m of RO water. Ten larvae were
placed in each beaker for the assay. Lagenidi um gi ganteum was
added to the beakers in volunes ranging from1l to 4 nl to
achieve the appropriate assay concentration. Three replicates
were performed and norta it% was evaluated at 24 hrs
posttreatment. The effects of host age on the infectivity of
L. giganteumto Ma. dvyari were also tested by subjecting
field-colTected Third and fourth instar larvae to simlar
assays.

Because several key factors pertaining to the strain of
the fungus and its propagation will ultimately affect field
performance (Kerwin and Washino 1987), a final |aboratory
assay was conducted on 6 Sep 1993 with field-collected second
instar larvae. The larvae were collected on 5 Sep 1993 when
the test pools were first inoculated with the fungus. This
final assay was performed in 500 m beakers using water from
t he phosphate pit to ensure the strain of L. giganteumin
culture was still highly infective to M. dyari.
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FUNGUS  APPLI CATI ON

Lageni di um gi ganteum was applied to the appropriate test
pools I1n a liquid suspension of presporangia (Figure 10). A
total of 20 M and 40 m of the suspension was added to ‘each
pool designated as 400 ﬁgﬁland 800 ppmtreatment |evels,
respective?y, on 5 Septenper and again on 5 Novenber 1993.
The liquid suspension was applied to each pool (5
pool s/treatment level) with the aid of a 10 nl di sposable
pipette fitted with a rubber pipette bulb.

SAVPLI NG PROCEDURES

Following the first inoculation of L. giganteuminto the
test pools, we deternined the efficacy of the fungus
indirectly by counting and recording the number of adults
collected in the energence traps. Adult sanples were
collected weekly during the study period.

Larval nortality attributed to L. giganteum was al so
det ermi ned by using sentinel larvae. This technique
facilitated direct nortality counts which woul d have been
difficult if not inpossible because of the habit of Minsonia
| arvae and pupae to remain firmy attached to the roots of
waterlettuce via the air tubes. From 5 Novenber to 21
Decenber, five second instar |arvae were confined in a
floating plastic container placed in each test pool simlar to
that described by Undeen and Becnel (1994) (Figures 11 and
12). The only difference was the size of the corks used for
flotation and method of affixing the corks to the container.
Four equal |l y-spaced holes |arge enough to accommodate # 2
| aboratory corks (Anerican Scientific Products, MGaw Park,
L) were made along the rimof the container. The corks were
inserted into the holes from the outside. In this way, the
corks not only buoyed the container but the protruding corks
exposed on the inside also served as a discernible point of
attachment for the normally cryptic larvae. A standard wooden
golf tee was inserted into the drain hole of each container
when | arvae were added to prevent their escape and renoved
between sanpling dates to facilitate dispersal of the recycled
zoospores into the container. Sentinel larvae constituted 20
% of the total larval sanple added and were collected twice a
week when new | arvae were added to each test pool (see above).
Sentinel larvae (alive and dead) were collected, placed in 2
dram glass vials and returned to the |aboratory where the
were counted and observed mcroscopically to confirm f%ﬂga
I nfection. Before microscopic examnation, larvae were
mounted individually on glass slides with Mcroinvertebrate
Mounting Medium (Pol ysciences, Inc., Warrington, PA).
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STATI STI CAL  ANALYSES

Data were subjected to analysis of variance using the GLM
procedure for water chemstry data (unbalanced) and fhe ANOVA
procedure for the nortality data obtained from sentinel |arvae
(SAS Institute, 1988). Treatnment nortality data for sentinel
| arvae were adjusted for control nortal l/t%/ by Abbott's fornula
(Abbott 1925). The arc sine percent” formula was used to
transform the percent nortality data before analysis. Means
were separated by Tukey's studentized range test. The TEST
Frocedure for paired conparisons was used to analyze the water
ettuce popul ation data. Dosage-nortality data fromthe
| aboratory bioassays were analyzed by probit  analysis (POLO
PCC LeOa Software, Berkeley, CA) to determne optinal
concentration (in ppm for infection by the fungus.
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RESULTS AND DI SCUSSI ON

ABI OTI C  FACTORS

Weat her conditions were nonitored continuously at the
study site prior to and during the actual testinP phase. The
0

mean nonthly tenperatures at the project site for Septenber
and November 1993 when the test pools were inoculated with L.

i gant eum were 25.9° C (range 22-28° O and 17.2° C (range /-
%4zg C), respectively (Figure 13), The nean relative hunidity
during this sane tinme period exhibited very little

variability, ranging fromonly 77.8% to 78.4% (Figure 13).

A substantial amount of rainfall occurred in the vicinity
of the project site during 1993 which may have affected
certain water quality paraneters in the test pools (see bel ow
and Hornby et al. 1992). Approximately, 60% of the total
rainfall recorded for 1993 (163.68 cm occurred between the
months of May and October (Figure 14) which coincided with the
Sept ember inoculation of the test pools with the fungus. The
total rainfall for the nonths of June, July, August and
September was 20.27, 25.68, 28.70 and 23.04 cm respectively.

According to Jaronski and Axtell (1983b), the optimal
range of water tenperature for infection of nosquito |arvae by
L. giganteumis 21-29° C. Furthernore, MCray (1985) reportéd
ih E |

that L. % %anteum IS non-infective at water tenperatures above
37° Cand below 16° C. Water tenperatures around 38° C are

|ethal to the zoospore but tenperatures less than 16° C only
delay infection if water tenperatures increase during the day
of application or presumably during the recycling phase.
Water tenperatures in the test pools clearly exceeded the
upper limt for fungal viability before the pools were
inoculated in September (Figure 15). MNaxi mum water
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Figure 13. Monthly means of temperature and relative humidity recorded at the
project site during 1993-1994, Coronet Junction, Florida.



ve

250

200

150

PRECIPITATION (cm)

Figure 14.

B MONTH
~ TOTAL

8

JFMAMUJJASONDUJIFEFMA
1993 | 1994 |

Monthly total and cumulative precipitation recorded by Consolidated
Industries, Inc., during 1993-1994, Coronet Junction, Florida.



T4

50

40

30

20

10

TEMPERATURE (C°)

T 1 1

T U 11 I L L l 1 1 1 I T & T 1 I

- MAXTEMP * MINTEMP

l ] ] : | 1 1 1 I |

-10
JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY

Figure 15.

1993 | 1994

Mont hly maxi num and mini num water tenperature recorded in one test
pool at the project site during 1993-1994, Coronet Junction, Florida.



tenperature ranged fromas high as 40° C in md-August 1993 to
28.9° Cduring the last week of January 1994. Simlarly, the
mni mum water tenperature extremes occurred in Septenber 1993
(22.2° C) and Decenber (-2.2° C) (Figure 15). Previous studies
wth Qulex quinquefasciatus Say showed that a constant water
tenperature of 34° C or a variable water tenperature regine
between 30 and 35°C did not inhibit fungal infection (Patel
et al. 1991). \Water tenperatures in our test pools did not
exceed 35.6° C between Novenber 1993 and March 1994 which

coincided with the second inoculation and recycling phase of
the fungus.

_ The ability of L. giganteum to produce zoospores and
infect nosquito larvae is also affected by the chem stry of
the water in which the [arvae are developlng (Lord and Roberts
1985a, Kraner 1990, Wodring and Kaya 1992). The data on
water chemstry encountered in the water sanples collected
durln?.the course of this study are summarized in Table 1. No
significant differences in the levels of chloride, COD, color
nitrate or turbidity were observed in water sanples collected
fromthe phosphate pit and test pools. However, statistically
significant differences in acidity, alkalinity, conductivity,
CO,, DO hardness, pH phosphate and TDS occurred between the
phosphate pit and test pool sanples. No differences in these
sanme water chemstry parameters were apparent anmong the test
pool sanples. It is noteworthy the values for conductivity,
COD, hardness, nitrate, pH  phosphate TDS for both the
hosphate pit as well as the test pool sanples were bel ow
evels determned to be inhibitory to the fungus (Jaronski and
Axtell 1982, Kramer 1990). Mreover, the [ower values for
some of the water chemstry paraneters observed in the test
pools (e.g., al kalinity, conductivity, CG,  hardness,
phosphate and TDS) may have resulted fromdilution of the

test pool water by the frequent and sonetines heavy rainfall
events between sanpling dates.

Bl OT1 C FACTORS

Clearly, if the population of waterlettuce plants
declined appreciably in the test pools during the course of
this study, then the experinental population of M.
mosqui t oes developing in each test pool also would have been
conpromsed due to the loss of suitable habitat, i.e., plant
roots for attachment of l|arvae and pupae. \When we assessed
the plant population in each test pool in April 1994 at the
end of the study (Tab!e.%), we discovered the water lettuce
popul ation increased signi |cantIX fromthe original 30 plants
placed in the test pools in August 1993 (paired t-test,
t=4.38, df=14, p < 0.001). Because the plant popul ations were
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Table 1. Water quality parameters of experimental pools and inactive phosphate pit, Coronet Junction, Hillsborough County, Florida.

Treatments (% £SD)!

Parameter (Unit) N Pit N Control N 400 ppm N 800 ppm

ACIDITY (mg/1) 47 0.26(1.05) a 48 1.46(2.24)b 46 1.482.17) b 44 1.06(2.03) ab
ALKAL INITY (mg/1) 41 31.71(5.20) a 44 20.11(5.95) be 40 18.50(4.56) ¢ 38 20.79(6.93) b
CHLORIDE (mg/1) 43 8.66(2.90) a 45 8.243.94)b 42 6.98(3.61) a 41 8.60(5.06) a
COD (mg/1) 42 66.30(22.28)a 47 75.31(21.72)a 45 75.08(19.86) a 43 74.30(19.40)a
COLOR (units) 47 64.04(19.38)ab 48 62.4021.14)b 46 67.07(25.96) ab 44 73.98(26.73)a
CONDUCTIVITY (umhos/cm) 43 116.69(23.81)a 42 79.69(26.29)bc 41 70.71(23.61) ¢ 41 85.00(38.10)b
CO, (mg/1) 47 17.02(6.17) a 48 6.83(2.221)b 46 6.78(2.17) b 44 6.86(1.90) b
DO (mg/1) 43 4.16(3.90) a 48 6.92(1.02)b 46 6.69(1.07) b 43 6.38(1.32) b
HARDNESS (mg/1) 42 34.40(7.09) a 43 20.88(8.18) be 40 19.88(6.65) ¢ 38 23.29(10.35)b
NO; (mg/1) 41 0.07(0.07) a 44 0.09(0.08)a 41 0.11(007) a 38 0.08(0.07) a
pH 44 6.40(0.17) a 48 6.60(0.35)b 46 6.45(0.49) ab 44 6.51(0.36) ab
PO, (mg/1) 40 2.71(0.24) a 42 1.69(0.70) ¢ 39 1.93(0.68) be 37 2.03(068) b
TDS (gm/1) 43 77.27(15.33)a 42 53.32(17.95)bc 41 47.20(15.66)c 41 56.48(25.48)b
TURBIDITY (NTU) 44 15.79(7.13) a 47 13.89(7.68) a 46 14.10(947) a 44 16.00(9.50) a

'Means within a row followed by the same letter are not significantly different (p=0.05, Waller-Duncan Test, [SAS Institute 1988]).
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Table 2. Productivity of water lettuce, Pistia stratiotes L., in test poo}s bet ween
August 1993 and April 1994, Coronet Junction, Hillsborough County, Florida.

Vari abl e N X (+SD) M n Max

Pool 0 -

Tr eat ment 0 - - -

Pret est 15 30.0(0) 30.0 30.0
Post test 15 53.9(19.7) 21.0 85.0
Di f f erence? 15 23.9(19.7) -9.0 55.0

"A total of 30 plants was placed in each test pool approxinately one month prior to
field tests wth Lageni dium gi ganteum Couch.

2Paj red- conparisons t test (t=4.38, p=0.0009, [SAS Institute 19881).




actual ly increasing during the field testing of the fungus and
since predators were effectively excluded by filtration and
ul trasound techniques, then it would be reasonable to assune
that any neasurable decline in energence of M. dyari in the
400 and 800 ppm treatment pools should be attributable only to
the effects of L. giganteum when conpared to the untreated

control pools.
Bl OASSAYS

A total of 95 egg masses and approximately 4,000 |arvae
(al'l instars) of M ~dyari collected between January and
Novenber 1993 were used in |aboratory strain selection and
dosage-response studies.  Conparisons of |ethal concentrations
of L. giganteum in three replicates showed nortality of two-
day-0ld neonafe larvae in RO water was the sanme and the
sl oges were parallel at the 95 % confidence level (g= .144,
.145; sane, parallel; respectively). The LGy of the conbined
repllcaltgzs was 107.7 ppm (91.8 - 125.4 ppm 95 % confidence
interval).

Following the inoculation of the test pools on 5
Septenber, a final assay was performed on 6 Septenber at the
Lee County Msquito Control District with second instar |arvae
in field water collected-fromthe phosphate pit to confirm
infectivity of the laboratory selected isolate of fungus
against M dyari. The results of this bhioassay are shown in
Figure 16. cond instar larvae were highly susceptible to
the Lee County strain of L. qi sgant eum (1g-pc3 f4 8-28). The
average % nortality was 99.6% across the full range of
treatnment concentrations. Furthernore, a series of |aboratory
bi oassays performed with third and fourth instars indicated
that mature larvae of M dyari were either not infected or
were susceptible to infectiom by the fungus only at very high
aﬁpllcatlon rates (>200 ppnz. This finding is consistent with
that of other researchers (Umphlett and Huang 1972, MCray et
al. 1973, Quzman and Axtell 1987, Kerwin and Vashino 1987,
Lord and Roberts 1987, Wodring and Kaya 1992) who observed
that later instars of normally susceptible mosquito species
are nore or less immne to infection by the fungus, possibly
due to changes in chemcal cues required for host recognition
or an increase in cuticle thickness that occurs during |arval
devel opment (Wodring and Kaya 1992).
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PHENOLOGY OF MANSONIA DYAR

Slaff and Haefner (1985) observed the follow ng seasona
di stribution pattern of Ma. dyari in the central Florida
phosphate nining region of Polk County: Peak popul ations of
mosqui toes occur in |late sunmer and early fall with adult
energence declining by December. Ma. dyari is not abundant in
the springtine which reflects the Tnability of this
neotropi cal species to undergo obligatory diapause in the
larval stage. Cessation of development in the larval stage is
apparently due to | ow water tenperatures. An increase in
met abolic activity and subsequent devel opnent in the spring is
associated with a concomtant increase in water tenperature.

. The enmergence pattern of M. dyari observed in this study
is shown in Figure 17. Adul ' emergence occurred from
Septenber to Decenmber 1993 and again in March 1994 with peak
emergence occurring in Cct ober. Qur data are simlar to that
of other researchers (Bidlingmayer 1968, Slaff and Haefner
1985) except we used the frequency of energence events rather
t han absolute nunbers of adults to illustrate the tenpora
distribution of M. dyari. The actual number of adults that
energed successfully Tromthe test pools was |ess than
expected (approxinmately 100 nosquitoes) given the number of
second/third instar |arvae added to each pool (n = 1000)
between August and Decenber 1993.  Perhaps the |ow rate. of
emergence (< 1.0 % may have resulted fromthe extremely high
water tenperatures observed in the test pools from August to
Novenber which could have adversely affected |arval survival
Anot her factor may sinply have been an artifact of the
experinental design. According to Provost (1949), larval
density and survival of M. dyari is substantially greater on
waterlettuce when the aerral ~portion of the plant exceeds 6
in. (15.2 cm) in height. Qur small test pools would not have
been able to accommodate plants of this size because they have
a root system which extends 2 to 3 feet (61 to 91 cm below
the surface of the water.

EFFI CACY of LAGEN DI UM G GANTEUM

V& assessed the effect of L. giganteum on the survival of
Ma. dyari indirectly by nmoniforing the 1requency of adult
emergence follow ng treatment of the test pools with the
fungus (Figure 18). The adjusted nortality rates (Abbott
1925) observed in the 400 ppmand 800 ppmtest pools were 81.8

% and 72.7 % respectively. The conbined rate of adult
energence was reduced by nmore than 77 % for both treatnent

| evel' s when conpared to the untreated controls.

31


Gary Albarelli


Gary Albarelli


Gary Albarelli



ce

FREQUENCY
N W H 141 -2 ~l
.. & © © o o

-
QL

0
" AUG SEP OCT NOV DEC JAN FEB MAR APR
| 1993 | 1994 |

Figure 17. Seasonal emergence pattern of adult Mg; dyari produced in cages test
pools during 1993-1994, Coronet Junction, Florida.



€e

80

70

FREQUENCY
8 &8 & 8

N
=]

10} -

CONTROL 400 PPM 800 PPM

Figure 18. Frequency of emergence of adult M. dyari produced in test pools
treated with L. giganteum conpared to untreated test pools.



Gary Albarelli


Gary Albarelli



The data on the sentinel |arvae provided a nore direct
assessment of the fungus and confirned the results obtained by
adul't emergence. Percent nortality of sentinel larvae in the
treated pools was significantly higher (ANOVA; df= 2, p =
0.05) than in the untreated controls (Figure 19). Mean
adjusted nortality of sentinel larvae in the 400 ppm and 800
ppm treated pools over a six week period was 59.4 and 87.8 8,
respectively. Larval nortality averaged 73.6 % for both
treatments. No significant differences were detected in the
|l evel of larval nortality obtained with either the 400 or 800
ppm treatnent rates (Table 3).

VW observed evidence of recycling of the fungus seven
days after inoculation of the pools and approximately every 14
days thereafter (Figure 19) until we stopped adding first and
second instar |arvae to the pools I n Decenber 1993
Continuous nortality in the treatment pools was apparent for
a period of 46 days posttreatnent and resulted from the fungus
being recycled through dead larvae and reinfecting new hosts.
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Table 3. Percentage nortality conparisons of sentinel [arvae of Mnsonia dyari
Bel ken, Heinemann and Page exposed to Lagenidium gi ganteum Couch in test
pool s, Coronet Junction, Hllsborough County, Florida, Novenber-Decenber

1993.
Lower Difference Upper
Treatnent | Confidence Bet ween onfi dence
Conpari sons Limt Means Limt
800 ppm 400 ppm -0. 39 16. 65 33. 68
800 ppm Contr ol 22.13 39. 16, 56.20 *
400 ppm 800 ppm  -33.68 -16. 65 0.39
400 ppm Contr ol 5.48 22.52 39.55 *
Control -800 ppm  -56.20 -39. 16 -22.13 ¢
Control -400 ppm  -39.55 -22.52 -5.48 ¢

'Signi ficant comparisons are indicated by ﬁf), one-way ANOVA, Tukey's range test,
=0.05, df=15, (SAS Institute 1988). Mrtality data transformed (arcsin sqrt [% 100])
efore anal ysis.
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CONCLUSI ONS  AND  RECOMMENDATI ONS

The purpose of this Eroj ect was to assess the potential
of the mcrobial pathogen L. giganteum as a biological control
agent of Mansonia nosquitoes in tThe phosphate mning region of
central Florrda.  Because Mansonia nosquitoes are significant
pests in Florida, and especially in phosphate mining areas
(Mrris et al. 1986), this study provided us with the first
opportunity to evaluate the inpact of the fungus on immture
and adult populations of M. dyari under seni-natural
conditions. Mansonia dyari was Sel'ected as the target species
for this investigation because the inmmature stages occur
preferentially on waterlettuce, a free-floating macrophyte
commonly found in inactive phosphate pits. According to
Mrris et al. (1986), an acre of waterlettuce can yield as
many as 30 mllion adults of Ma. dyari. Cearly, Ma. dyari is
of considerable inportance to the phosphate industry Dbecause
of its aggressive biting behavior, its ability to transmt St.
Loui s and Venezuel an encephalitis viruses {Gorgas Menori al
LaboratorY 1977) and its capacit)é to mgrate many mles from
its larval habitat to plague nearby commercial and residential
devel opnent s.

Of particular interest was the extent of adult and |arval
popul ation reduction of Ma. dyari caused by inocul ative
releases of L. giganteum during an entire breeding season.

é That

Qur research "Showe emergence of adult M. dyari between
August 1993 and March 1994 was reduced bK more than 77%
conpared to untreated controls. Furt hernore, ercent

nortality of sentinel larvae in the treated pools was
significantly higher than in the untreated pools. Evidence of
recycling of L. giganteum was also apparent via the sentinel
| arvae. These research findings are consistent with that of
other researchers (Guzman and Axtell 1987, Hornby et al. 1992,
and Mulla et al. 1992) who observed reduction in host nosquito
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popul ations following inoculative treatments wth this
ent onopat hogeni ¢ fungus.

Water quality appears to be an inportant factor for
transm ssion of L. giganteum Fresh water with [ow |evels of
or%anic pol lution is essential for optimal infection (Lord and
Roberts 1985, Guzman and Axtel|l 1987, Kraner 1990, odrin
and Kaya 1992). Qur study showed that the phosphate pi
environment had levels of total dissolved solids, hardness,
conductivity, chemcal oxygen demand, nitrate and phosphate
| ow enough to support high infection rates of |arval M.
dyari . It is unclear from this wading pool study how water
depth may affect applications of L. giganteumin waterlettuce-
infested unreclainmed phosphate fits, where the depth of the
pits may exceed 40 feet (F. Sweat, Consolidated Mnerals Inc.

pers. comm) .  However, the tendency of the free-sw ming
Infective stage of the fungus, or zoospore, to mgrate upwards
in the water colum (Domas et al. 1982) where it actively
seeks out its host should produce high infection rates among
larvae of Ma. dyari. Infected |arvae apparently remain firnly

attached to the roots of water |ettuce even after they succunb
to the nutrition-depleting effects of the fungus (J. A
Hornby, unpublished data).  In this scenario, new y
differentiated zoospores can exit the root-attached cadavers
and search for new hosts in the root zone before energy
reserves are depleted. [Infection of new hosts should continue
indefinitely because mld wnters and an abundance of water-
lettuce permit alnost continuous breeding of M. dyari
(Louni bos et al.1992). Further research will be required to

fully elucidate the epizootiology of L. giganteumin this
system

In addition to Ma. dyari, the phosphate mning region of
central Florida produces enormus popul ations of the closely-
related Ma. titillans (Wil ker) and Coquillettidia perturbans
(Vﬂlker)TNBrrls et al. 1986). The hiologies of these species
are simlar to Ma. dyari in that the |arvae develop on the
root systems of the massive stands of emergent and floating
veget ation %{OMAng in the mned areas (Mrris et al. 1986).
Waterhyacinth and floating cattail mats, Iypha spp., produce
large nunbers of M. titillans whereas larvae o da. pert ubans
are found only on rooted cattails (S aff and Haefner 1985).
It would be worthwhile to know whether L. giganteum would be
a nore practical alternative to chemcal herbicides currently
being used to control the aquatic vegetation which supports
| arval devel opnent of these species.
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