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Strong statement? We believe we
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or even hours to assess results. The
HARVESTER reaches down, cuts
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the bottom line, you can’t beat
aquatic weed harvesting in the cost
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EDITORIAL

Florida has an aquatic weed problem
equal to any in the world which has
necessitated many aquatic weed control
programs within the state. The Florida
Department of Natural Resources, Bureau
of Aquatic Plant Research and Control
has long been the lead agency in aquatic
plant control in Florida. During its early
years the Bureau's primary thrust was
an extension-education-regulatory ap-
proach that generally resulted in a feel-
ing of mutual trust between the aquatic
plant management industry and the
Bureau. This approach also gave the
Bureau a position of strong leadership
within the field. During the past two
years, the Bureau has been undergoing
an apparent philosophic change to a
legalistic-regulatory outlook, which has
resulted in general mistrust.

After working for nearly two years on
16C-20, after several public workshops,
after considerable input from FAPMS
members, it looked like 16C-20 as ap-
proved in December by the Governor
and Cabinet would be a workable docu-
ment. Rule 16C-20 became effective
April 9, 1982 but not without clouds.
DNR has further advised that it will
move to further revise 16C-20 since it is
under scrutiny by the Joint Administra-
tive Procedures Committee.

Florida is looked to internationally to
provide information and lead opera-
tional and research efforts toward safe
biological, chemical and mechanical
weed control. We have done such a
good job that the vast majority of the
people in Florida are unaware of how
serious a problem aquatic weeds can be-
come. Aquatic plant management, the
aquatic plant management industry and
the Bureau cannot effectively move for-
ward in the present mood. Let us hope
that the leadership role in aquatic plant
management is not lost totally as the
Bureau intensifies its regulatory respon-
sibilities. Let us strive for a riew sense of
trust, understanding and cooperation.

PAUL C. MYERS
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The Watermilfoils of
Florida

Yy
Anita Tiller

Graduate Student, Department of Botany
University of Florida
Gainesville, Florida 32611

The watermilfoils belong to the eco-
nomically important, diverse genus My-
riophyllum, and consist of approxi-
mately 50 aquatic, semiaquatic and ter-
restrial species with a cosmopolitan dis-
tribution. Both M. aquaticum (Parrot-
feather) and M. spicatum (Eurasian
Watermilfoil) are internationally nox-
ious aquatic weeds, while at least 10
species are grown worldwide .in aquar-
iums and fishponds. Five species that oc-
cur in Florida have been sold as
aquarium plants throughout the world.
According to Aiken (1981), 13 species of
Myriophyllum occur in North America
and 10 of these species are native to this
continent. Six species including M.
aquaticum, M. spicatum, M. verticilla-
tum, and M. heterophyllum, M. laxum
and M. pinnatum occur in Florida. The
watermilfoils are an excellent spawning
media for fish, give shade and shelter for
fry and provide a substrate for micro-
floral and microfaunal colonization. In
addition these plants have a role in gas
and nutrient cycling, water clarification
and affect water circulation. These at-
tributes are mainly due to the fact that
watermilfoil leaves have the highest sur-
face area to volume ratios of all aquatic
macrophytes.

The exotic M. spicatum (Eurasian
Watermilfoil) crowding out native M.
heterophyllum (Variable-Leaf Water-
milfoil).

Watermilfoils, as their generic name
Myriophyllum implies, possess a
“myriad of leaves” which are finely-
dissected into filiform segments. The
phyllotaxy within the genus is usually
whorled, although several species exhib-
it alternate, opposite or a combination
of these leaf arrangements. Watermil-
foils are typically submersed plants,

Terrestrial form of M. aquaticum
(Parrot-feather) an exotic introduced
from South America.

although their inflorescences are emerg-
ent and possess the definitive taxonomic
characteristics for the group. The upper-
most portion of an inflorescence is sta-
minate, the lowermost is pistillate and
the middle portion is bisexual. All
flowers are inconspicuous, have four
sepals and are subtended by two bract-
lets and a bracteal leaf. Both staminate
and bisexual flowers possess four deci-
duous petals, while the pistillate flowers
lack petals. The staminate flowers
possess four to eight stamens, and the
pistillate flowers possess four plumose,
recurved stigmas. The fruit is four-lobed
and splits into four nutlets that are
released into the water.

Many of the species in Florida are sim-
ilar morphologically and exhibit pheno-
typic plasticity. This phenotypic plasti-
city is evident in Muyriophyllum’s
morphological responses to current
velocity, light, pH, salinity, substrate
and temperature. In addition, several

species form morphologically distinct’

terrestrial forms when stranded. Many
of the taxonomic problems within the
genus are due to this phenotypic plastici-
ty.
The introduction of Myriophyllum
spicatum (Eurasian Watermilfoil) to
North America has augmented the tax-
onomic confusion within the genus. M.
spicatum is morphologically similar to
several watermilfoils in North America,
and is difficult to distinguish from M.
verticillatum in Florida. Although
morphologically similar, M. spicatum is
ecologically more aggressive than all
other species in the genus. M. spicatum
has become a serious weed throughout

.the world and adversely affects recrea-

tion, water supplies, transportation,
flood control, mosquito control and fish
and shellfish production. M. spicatum
successfully outcompetes all other
aquatic macrophytes in Florida's brack-
ish-water habitats and is a problem in
certain fresh-water habitats in the state.
The weediness of this species is ascribed
to its ability to tolerate a wide range of
pH, to withstand varied nutrient and
salinity conditions, and to survive depths
of up to 17 meters. M. spicatum also
forms terrestrial plants when stranded.
M. aquaticum (Parrot-feather), which
was the first exotic Myriophyllum to be
introduced to Florida, also may be a
problem in certain areas of the state. A
native of South America, this am-
phibious Myriophyllum is, however,
not as notorious as M. spicatum. M.
spicatum was first reported in Florida in
1964 in the Crystal-Homosassa River
Basin. In 1966 M. spicatum was reported
in the Spring Creek arm of Lake
Seminole and spread into Florida. Other
areas of infestation in the state now in-
clude Deer Point Lake in Bay County,
the Suwannee River, the St. Johns River,
the Cassahowitzka River and recently
Apalachiola Bay.

M. spicatum’s rapid spread across
Florida is attributed to its ability to pro-
duce new plants not only from the nut-
lets, but also from vegetative fragments
and specialized deciduous axillary buds.
The nutlets, which float temporarily
after being released from the inflores-
cences, soon are dispersed by wind,
water currents or waterfowl. Waterfowl]
also disseminate the slime-covered
deciduous axillary buds which adhere to
their feet. During autumn the inflores-
cences and vegetative branches undergo
fragmentation and are carried along by

Continued on page 19

Submersed vegetative portion of M.
spicatum.
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weeds can foul you up.

ORTHO Diquat Water Weed Killer can clean up
weeds in a hurry. It controls an exceptionally broad
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Diquat won’t leave biologically active residue in
water or soil. Clay particles in mud at
the bottom of water inactivate Diquat
on contact.

Talk to your ORTHO Reseller or
write for the free Diquat Brochure.
Write: CHEVRON CHEMICAL
COMPANY, 1221 LEE ROAD,
ORLANDO, FLORIDA 32810.
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I Hydprilla—Miracle or Migraine
For Florida’s Sportfish

by
Douglas E. Colle

Center for Aquatic Weeds
University of Florida
Gainesville, Florida 32601

The rapid spread of hydrilla through
Florida's waters has caused many heated
arguments among both sportfishermen
and professionals on its actual influence
on our fish populations. Opinions have
ranged on hydrilla coverage from total
elimination to little or no need for hy-
drilla control. The boater and water
skier see only one solution, eradication.
Many avid bass fishermen who have
adapted their fishing styles to fishing
dense vegetation feel hydrilla has been a
definite bonus to our lakes. They are in-
terested in only limited vegetation con-
trol confined to access points and boat
trails, We have been documenting the ef-
fects of various levels of hydrilla cover-
age on Florida’s sport fishes since 1974,
and have been able to determine that it
can cause serious detrimental changes in
our fish populations (Table 1).

Lake Baldwin
and Lake Wales

Our initial studies were conducted
from 1974 to 1978 with the Florida Game
and Fresh Water Fish Commission on
Lakes Baldwin and Wales. Both study
lakes had, at one point in time, dense
stands of hydrilla; vegetation levels were
fluctuated through the years by the use
of grass carp and aquatic herbicides.
Largemouth bass, bluegill and redear
were collected seasonally with electro-
fishing gear, then individually weighed
and measured allowing us to determine
their coefficient of condition or condi-
tion factor. This is a relationship of
weight to length reflecting the fish’s rela-
tive plumpness and indirectly a measure
of fish growth. Hydrilla coverage had to
be in excess of 80% before bluegill or
redear revealed reduced condition fac-
tors. Their diets of small insects and
snails appears well suited to the presence
of hydrilla.

Harvestable largemouth bass (>10
inches) had extremely low condition fac-
tors in both study lakes whenever hy-
drilla exceeded 30% coverage. Juvenile
largemouth bass (<10 inches) did not
reveal any reduction in growth until
hydrilla covered 50% of the lakes. This
difference in impact upon harvestable
versus juvenile bass is directly related to
dietary requirements for optimum

growth. Bass <10 inches can efficiently
utilize a diet of insects, shrimp and small
fish while larger bass require a strict diet
for optimum growth. Hydrilla infesta-
tion eliminates the gradient between
open water and submersed vegetation
that exists within most of our native
aquatic plant communities. Florida
largemouth bass need this open water-
vegetation edge to feed on fish they re-
quire for good growth.

Lake Pearl

Lake Baldwin and Lake Wales showed
reduced sportfish condition will be a
direct result of hydrilla infestation, how-
ever, we did not determine actual

Table 1. Summary of impact of hydrilla on sportfish p

Weed  Fish
level  species Impact
>80% Bluegill stunted population for all species;

Redear skewed to large numbers of nan-

Largemouth bass harvestable individuals characterized
by little or no growth; extremely high
survival of young of year fish due to
lack of largemouth bass predation

No reduction in bluegill or redear
growth; large populations of smail
sunfish present due to lack of bass
predation

Largemouth bass same impact as 80%

20 to  Bluegill no adversg impact
50%  Redear

Largemouth bass good growth for bass <{10 inches:
however, large reduction in growth
once fish reach 10 inches due to in-
ability to effectively capture fish for
food

< 20% Bluegill no detrimental effect on any species;
Redear provides increase cover and
Largemouth bass therefore a potential for increase in
standing crops of sportfish.

50 to  Bluegil
80%  Redear

growth rates of bass or their population
structure. We have intensively moni-
tored bass populations in Lake Pear]
since 1979 by tagging all captured fish
with individually numbered floy dart
tags. This allows both population
estimates and individual growth rates to
be calculated when tagged fish are recap-
tured at a later date. Lake Pearl had hy-

- drilla levels in excess of 80% coverage

and 40% volume infestation during
1979, 1980 and 1981. Grass carp and
herbicides have been utilized to reduce
the hydrilla standing crop and by March
1981 percent cover is less than 50% and
volume infestation is below 20%.

First year bass growth in Lake Pearl
was less than 6.4 inches for the 1978,
1979 and 1980 year classes. First year
growth should approach 8 inches in cen-
tral Florida lakes, but in the presence of
hydrilla it is reduced to 6 inches. QOur
tagging data indicates an even greater
growth reduction occurs in subsequent
years. Lake Pearl bass have taken three
years of growth to attain minimal
harvestable size (10 inches). Other
studies have shown Florida largemouth
bass should reach harvestable size by
their second growth year. Bass growth
in Lake Pearl after 10 inches is best de-
scribed as near maintenance with tagged
individuals not attaining lengths in ex-
cess of 14 inches. Although the total
standing crop of harvestable bass is the-
oretically large (37 fish per acre), the
population is skewed almost entirely
(86%) to fish 10 to 14 inches which are
not growing and exhibit all characteris-
tics of a stunted population. The larger
bass are growing at a higher rate than
the intermediate fish, however; their
populations can be characterized as
static with little or no recruitment occur-
ring. The problem of slow growth for in-
termediate bass is further compounded
by annual recruitment of younger fish
resulting in a population with annual
immigration with very little subsequent
emigration through growth. A tremen-
dous forage base of small fish is present
within the hydrilla, however; the inter-
mediate size bass can not efficiently
utilize the forage due to the physical bar-
rier caused by the plants occupying the
entire water column. Unlike the smaller
fish, they can not maintain adequate
growth rates utilizing a diet of aquatic
insects and vegetation-dwelling fishes.

Summary

Our studies have revealed hydrilla
coverage of 50% and a volume infesta-
tion greater than 20% will cause dramatic
reductions in sportfish growth resulting in
populations skewed to high standing
groups of sub-harvestable individuals
that are not capable of increased growth
until hydrilla levels are reduced (Table 1).
The population of larger harvestable bass
(>14 inches) will become extremely re-
duced due to little or no recruitment from
the stunted stock of 10 to 14 inch interme-
diate sized bass. If a viable population of
harvestable sportfish is a management
goal in a hydrilla infested water body,
some form of aquatic vegetation control
will be mandatory to prevent hydrilla
coverage and volume levels from exceed-
ing 50% and 20% respectively. When
resources are available, target control
levels should be maintained at no more
than 30% coverage and 10% volume in-
festation for maximal fish growth and, in
turn, high standing crops of harvestable
sportfish.
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DUAL HERBICIDE APPI.IGATI(IN S THAT WORK

NalcoTrol® and Nalquatic® are good news
for the aquatic weed control specialist. Bad
news for troublesome aquatic weeds like

hyacinth and hydrilla.

When applying herbicide to terrestrial
or floating weeds, Nalco-Trol drift retar-
dant and deposition aid delivers more
herbicide to the treatment area—better
deposition and coverage, minimum drift,
For submerged weeds, new Nalquatic

Ag Products Div.: Regional Office
Route 3, Box 1328-E

Old Lake Unity Road

Leesburg, Fla. 32748

nacco Trademarks of Nalco Chemical Company

aquatic herbicide carrier puts the herbicide
on the weed surface and sticks it there for
maximum contact effect.

Nalco-Trol and Nalquatic — the most
effective herbicide application tools the
professional aquatic weed control specialist
can use. Both can be applied with all types
of aerial or surface equipment. Get com-
plete details and use directions by request-
ing our free Nalco-Trol and Nalquatic
product bulletins.
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NALCO CHEMICAL COMPANY
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J The
" Waterhyacinth

Weevils

NEOCHETINA EICHHORNIAE
AND N. BRUCHI

by
Ted D. Center

Research Entompologist
Agquatic Plant Management Laboratory
USDA, ARS, SR
3205 SW 70th Ave.

Fort Lauderdale, FL 33314

Waterhyacinth is a serious problem
throughout the tropical areas of the
world, although this was not the case a
mere 100 years ago. [t was virtually un-
known outside of the Neotropics until
the 1880’s but, for reasons that can only
be speculated upon, almost simultan-
eous introductions of waterhyacinth oc-
curred throughout the world in the half-
century between 1880 and 1930. By the
end of this period it was established in
such diverse regions as Australia, India,
Southeast Asia, Indonesia, Egypt, South
Africa and the United States. In fact, it
had become adventive in India, Java,
Australia and the U.S. between 1884 and
1896.

Although waterhyacinth was original-
ly imported as an ornamental, it soon
escaped to lakes, rivers, ponds, and
canals and became a serious problem.
This was especially true in underde-
veloped countries where people’s liveli-
hood depended upon access to fishing
grounds. The consequences of waterhy-
acinth infestation became painfully ob-
vious and nearly every conceivable use
of water resources was impaired where
infestations became severe.

Over the past century almost every
means of control imaginable has been at-
tempted including everything from kero-
sene burners to laser beams. One of the
first chemicals used was sodium arsenite,
which proved toxic to a wide variety of
organisms other than waterhyacinth.
The development of 2,4-D in the 1940’s
finally provided a safe and effective
means of control. Unfortunately, chemi-
cals are of little use to the native peoples
in countries where the most serious
problems exist. Also, within the past
decade, these chemicals have become so
expensive that price has begun to restrict
their use.

Biological control of waterhyacinth
was first given serious attention in the
1960’s. At that time a snail (Marisa sp.)
and the West Indian Manatee (Triche-
chus manatus) were even considered as
possible biological control agents. In
1968, Dr. B.D. Perkins was assigned the
task of determining if there were any in-
sects on waterhyacinth in its native

range that might be useful as biological
control agents.

The decision to begin research on the
biological control of waterhyacinth ne-
cessitated a determination of where to
search for natural enemies. In selecting a
search area, several criteria were con-
sidered. First, the area of origin of the
weed species was determined. The area
in which the plant species has existed for
millennia is where it is most likely that
herbivores have had sufficient time to
evolve specific relationships. It is the
area where one would expect herbivores
to have adapted to feed exclusively on
the plant. A second consideration was
the climate of the area where the biologi-
cal control agents were to be used. Ideal-
ly, herbivores are selected from regions
which are climatically similar to the
areas where they are to be introduced.
Other practical considerations include
such things as political stability and the
availability” of goods and services in
countries where the research is to be
conducted. Because waterhyacinth is
native to South America and because the
Buenos Aires region is climatically simi-
lar to the area of distribution of
waterhyacinth in North America, Ar-
gentina was chosen as the site to begin
studies.

Over the course of several years many
potentially useful insect species were
found in South America. Through a
process of elimination, the field of candi-
dates was narrowed to a few species
which seemed to feed exclusively upon
waterhyacinth. One of the most promis-
ing was a small sub-aquatic weevil
thought to be Neochetina bruchi. Subse-
quent taxonomic investigation revealed
that these weevils actually represented
two species, N. bruchi and the previous-
ly undescribed N. eichhorniae. Research
on the biology and host specificity of
these two species was begun in the late
1960’s. Several years of research were re-
quired to insure that these insects would
not damage economically important
crops or beneficial plants if they were re-
leased in the United States. The scientists
responsible for this research were Dr. B.
D. Perkins and Dr. C. J. DeLoach of the
U.S. Department of Agriculture, Agri-
culture Research Service (USDA, ARS).
The project was funded by the U.S. Ar-
my Corps of Engineers, Aquatic Plant
Control Research Program and the
Florida Department of Natural Re-
sources. The culmination of this project
was the release of N. eichhorniae and N.
bruchi in 1972 and 1974, respectively.
Both species are now well established
throughout the range of waterhyacinth
in the southeastern U.S. and plans have
been made to release N. bruchi near
Sacramento, California.

Although N. eichhorniae populations
have been established in Florida for 10
years and N. bruchi for 8, many persons
involved in aquatic weed management
are not familiar with these species.

Although most do recognize the “water-
hyacinth weevils” they are unable to dis-
tinguish between the two species. Fur-
ther, outside of the scientific literature,
no references are available to the aquatic
weed manager that would provide infor-
mation on the identification, biology,
and ecology of these insect species. It is
the purpose of this article to provide
some of this information on these very
important biological control agents.

Taxonomy and
Identification

Beetles comprise the order Coleoptera
of the class of animals known as insects.
One of the most distinctive characteris-
tics of this order is the arrangement and
structure of the two pairs of wings. The
front pair is usually very thick and
leathery and folded over the back to
cover the hind wings. The hind wings
are usually thin and membranous,
longer than the front pair, and folded
under the front pair except when flying.
The front pair of wings are called elytra
(from the Greek for “a cover”) and serve
primarily as protection for the hind
wings. The name of the order, from the
Greek “koleos” meaning sheath and
“pteron” meaning wing, refers to the
elytra. The mouth parts of all beetles are
constructed for chewing and include
well developed mandibles. All beetles go
through four distinct developmental
stages in their life cycle which includes
the egg, larva, pupa and adult.

Weevils comprise a family within the
Coleoptera known as the Curculionidae
or the snout beetles, referring to the
elongation of the front of the head into a
snout. The mandibles are situated at the
end of the snout and the antennae usual-
ly arise at about mid-length on it.

Weevils in the genus Neochetina are
classified into the subfamily Erirhiniae
and the tribe Bagoini. (The implication
of the name of the tribe, which is based
on the genus Bagous, escapes me. It is
derived from the Greek “bagoas” which
means “a eunuch”). Neochetina is com-
prised of six species and their native
range is primarily South and Central
America. All are semiaquatic, are cov-
ered with a layer of very dense, water re-
pellant scales, and feed on species of
plants in the family Pontederiaceae.

The adults of N. bruchi and N.
eichhorniae can usually be distinguished
by the color and pattern of the scales
covering the elytra. N. bruchi ranges in
color from uniform tan or brown with
no distinct markings to brown with a
broad, crescent-shaped or chevron-like,
tan band across the elytra. N. eichhorn-
iae never has the tan band and is usually
gray mottled with brown. The color pat-
tern is associated with the scales and
specimens may be difficult to identify if
the scales are missing, or the specimens
are dirty or wet. Both species have two
short, shiny, dark lines on the elytra on

Continued on page 16
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Spring

At last there’s a new
generation aquatic
herbicide that manages a
host of undesirable
vascular plants without
mismanaging the good
life. Sonar® from Elanco.

Weed

management.

One treatment of Sonar S
provides control during

the critical growing season
of many submersed and
emersed aquatic weeds.

of, Weeds controlled include

hydirilla, elodea,
water milfoil,

pond weeds, tor- Z¢

7. pedograss, para-
grass, southern
naiad and nu-
merous other

z troublemakers.

Summer

When you make Sonar
part of your weed control
program, you get effec-

§ tive management of

gz your valuable water

-4 Iresources.

Slow

\
2 but sure.

action. .

Four to six

® Elodea

treatment, Sonar takes its toll
on undesirable vegetation. And
because of its slow action,
there is no rapid oxygen de-
pletion. This makes Sonar
highly compatible with
-, the aquatic environ-
ment and makes
/4 fish kills a thing of
the past. Applied

\‘ I/ -~ as directed, Sona
weeks after N\ -\?N —  will not harm fish, .

Water milfoil ’.
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Winter

Fall

wildlife, or nearby trees equipmentand user preference,
Sonar is available as an Inherent Value'
There are few restrictions

and shrubs.
W, aqueoussuspension
or5% pelletand can after application, and
they are detailed on

Flexible ,
be applied any time
the product label.

application.
. during the year.
Sonar can be applied | Make Sonar part of

For best resuits,
the label recom- your management
mends applying program. It’s the
Sonar when simple, gentle way
weeds are to put nature back
actively growing. . in balance.

to the entire surface
of a pond or up to

’ ten percent of larger
bodies of water.
Depending on existing

Pond weeds Torpedograss
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Sonar® aqueous suspension can be applied to the
water surface or under the water surface or placed
along the bottom of the water just above the

hydrosoil. Any conventional application
equipment can be used.
Sonar 5% pellet can be applied  mmy
to the water surface from the shore or :
from a boat. Refer to the Sonar label for
// complete application instructions.
?7 Always follow label directions. Sonar is
; available in limited quantities under EPA
Experimental Use Permit No. 1471-EUP-67.
For further information write or phone:
David P. Tarver, Aquatic Specialist, 2416 McWest Street,
Tallahassee, FL 32303 (904) 386-8533

Elanco Producis Company, A Division of Eli Lilly and Company,

Indianapolis,

IN 46285, US.A.
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% Herbicide vs.
Grass Carp $

Dr. ]ohnA Osborne

Department of Biological Sciences
University of Central Florida
P.O. Box 25000
Orlando, Florida 32816

Hydrilla is considered one of the most
problematic aquatic plant species within
Florida as evident by the amount of
money, time and effort spent annually
within the state on its control. Of the
nearly 1 million acres of surface water
present in lakes greater than 100 acres
surveyed in 1980 by the Bureau of
Aquatic Plant Research and Control,
Florida Department of Natural Re-
sources, only 3% were infested with hy-
drilla; even so $2,357,900.00 or an aver-
age of $187.64 per acre of hydrilla of
Federal revenue was spent during that
year. Since the distribution of 7,700
lakes (over 10 acres) within Florida is not
evenly distributed among its counties,
the cost of hydrilla control in many Flor-
ida counties is sizable. For example, in
Orange County, its 67,000 acres of
freshwater lakes had a 10.5% infestation
of hydrilla in 1981 with the cost of treat-
ment of $200,000.00 ($120,000.00 coun-
ty funds, $80,000.00 federal matching
funds). Of this amount, 55% was spent
for herbicide while the remaining
amount was for manpower, equipment
and related costs. While the cost of hy-
drilla control from private individuals is
unknown, it would surely add a signifi-
cant amount to the overall cost of hy-
drilla control in Florida. Could expendi-
tures of private, county and federal
funds be reduced if grass carp were em-
ployed in hydrilla control programs?

A three year study conducted at UCF
involving four central Florida lakes in
the Orlando area was funded in 1979 by
the Florida Department of Natural Re-
sources to address this question. The pri-
mary design of the study was to compare
grass carp (Clear Lake) to herbicide
(Lake Mann) and to a grass carp / herbi-
cide combination (Lake Orienta and Lit-
tle Lake Fairview). Grass carp were
stocked into Lake Orienta (18 fish / acre)
at the start of the project (March, 1979).
Herbicide was applied to Little Lake
Fairview during the second year of the
study. Grass carp were stocked into
Clear Lake (25 fish/acre) in March,
1980; the beginning of the second year of
study. After a baseline year, herbicide
was applied to Lake Mann between
April and September, 1980 (258 acres
treated) and again in 1981. Herbicide ap-
plication was made by the Orange

- County Pollution Control Department
in Little Lake Fairview and by OCPCD
and the City of Orlando in Lake Mann;
the funds were provided by the Florida
Department of Natural Resources. The
herbicides used were Hydrothal 191 and

Diquat with Cutrine. The herbicides
were applied using conventional meth-
ods of application and dosage rates in
order that Little Lake Fairview and Lake
Mann would represent lakes treated
chemically to control hydrilla. The grass
carp were removed from Little Lake Fair-
view during the second year (94%) in
October, 1980 and restocked with a
larger number of grass carp in March,
1981. Little Lake Barton (24 fish/acre),
Little Lake Fairview (33 fish/acre) and
Lake Killarney (25 fish/acre) were
stocked in March, 1981 at 20 fish / metric
ton — fresh weight hydrilla. The Orange
County Pollution Control Department
and the Lake Killarney Homeowners
Association supplied the grass carp for
Little Lake Barton and Lake Killarney,
respectively, while the grass carp
stocked into Little Lake Fairview were
supplied by the Florida Department of
Natural Resources. These lakes were not
treated with herbicide after the grass
carp were stocked.

The grass carp eliminated the hydrilla
in Lake Orienta within 6 months. Hy-
drilla biomass was suppressed, but not
eliminated in Little Lake Fairview by the
grass carp during the first year; elimina-
tion was not achieved with the grass
carp / herbicide combination during the
second year. In Clear Lake, the grass
carp eliminated the hydrilla in May,
1981, approximately 14 months after the
fish were stocked. The grass carp stocked
into Little Lake Barton, Little Lake Fair-
view and Lake Killarney eliminated the

hydrilla by October, 1981, 8 months
after the March, 1981 stocking.

Table 1.
Cost of grass carp and herbicide in the six central Flarida lakes.
1979 1980 1981
Lake QOrienta
grass carp $13,932.00
$/acre 108.00 § 5400 $ 27.00
Little Lake Faisview
rass carp 5.760.00 10.846.58
/acre 72.00 135.58
herbicide 13,167.00
application 1,743.00
$/acre 186.38
Clear Lake
grass carp 50,850.00
$/acre 150.00 75.00
$/mt-FW! 69.75 33.46
Lake Killarney
grass carp 20,695.00
$/acre 88.44
Little Lake Barton
rass carp 1.890.00
/acre 142.11
Lake Mann
herbicide 36,880.00  35.649.00
application 22,461.00 20.695.00
total 59,341.00 56,344.00
$/acre 243.20 230.92
$/mt-FW 127.07 505.33

'$/mt-FW = cost of treatment to reduce the annual mean biomass
by 1 metric ton fresh weight hydrilla.

]

Hydrilla biomass was monitored on a
monthly basis in Lake Orienta, Little
Lake Fairview, Clear Lake and Lake
Mann and bimonthly in Lake Killarney
and Little Lake Barton; a submersed
aquatic plant sampler was used to make
vegetation collections. The use of a ran-
dom sampling scheme utilizing paramet-
ric statistics provided a total lake hy-
drilla biomass value per month; these
monthly values were used to determine

the annual mean hydrilla biomass in-

metric tons fresh weight per lake (1
Continued on page 14
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$ Herbicide vs. Grass Carp $ continued from page 13

metric ton = 2,200 lbs). The cost per
treatment based upon the reduction of
hydrilla (amount of control) was stand-
ardized by dividing the cost of the treat-
ment (herbicide and/or grass carp) by
the difference in the annual mean hy-
drilla biomass (in metric tons) between
years, while the cost of treatment per
acre was determined by dividing the
treatment cost by surface acres.

The annual mean hydrilla biomass
within Clear Lake for the baseline year
of 1979 was 1500 metric tons fresh
weight hydrilla. The annual mean bio-
mass for the treatment year was 771
metric tons; this represents a. reduction
of 49% in hydrilla biomass or a reduc-
tion of 729 metric tons between the an-

nual mean metric tons of hydrilla for the

baseline year and the treatment (second)
year. The cost to achieve the reduction
(control) of hydrilla was $69.75/ metric
ton fresh weight hydrilla ($50,850.00 for
grass carp divided by 729 metric tons).
The cost per acre in Clear Lake was
$150.00, Table 1. The annual cost of hy-
drilla control in Clear Lake per acre was
determined by dividing the cost of the
fish by the number of years the fish were
in the lake, thus after two years the an-
nual cost was $75.00/ acre, after three
years, $50.00/ acre and so on. Since the
amount of hydrilla in Clear Lake was re-
duced by 760 metric tons fresh weight
hydrilla between 1980 and 1981,.Table

Combee Airboats Inc.
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1, the treatment cost becomes $33.46/
metric ton fresh weight hydrilla
($50,850.00 for the grass carp divided by
2 years = $25,425.00 divided by 760
metric ton fresh weight hydrilla =
$33.46 / metric ton).

For comparison, the amount of reduc-
tion in hydrilla in Lake Mann by herbi-
cide between 1979 and 1980 was
$127.07/ metric ton fresh weight hydrilla
($59,341.00 for herbicide divided by 467
metric tons fresh weight hydrilla =
$127.07/ metric ton). This is nearly
twice the cost of the treatment with grass
carp in Clear Lake during 1980. The cost
of hydrilla control in Lake Mann during
1981 was $505.33/metric ton fresh
weight hydrilla, Table 1, or nearly 5
times greater than the cost of treatment
with grass carp in Clear Lake during
1980 and nearly 15 times more than the
cost for Clear Lake in 1981. While the
cost per acre using grass carp decreases
exponentially through time, herbicide
treatment costs per acre tend to remain
static (or increase with inflation) with
time. This is due to the fact that even
though the biomass of hydrilla can be re-
duced between years when herbicide is
used, the distribution and regrowth of
hydrilla tends to remain the same year
after year; this requires the same acreage
to be treated annually. In Lake Mann,
the hydrilla biomass was reduced 84 %
over two years, yet the distribution of
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hydrilla remained the same. If one ex-
tends the annual cost of treatment in
Clear Lake (grass carp) and Lake Mann
(herbicide) over a 10 year period, the
average cost for Clear Lake is $5,085.00/
year and $57,842.50/year for Lake
Mann. The total cost for 10 years of hy-
drilla control in Clear Lake would be
$50,850.00, the initial cost of the grass
carp, while the treatment cost for Lake
Mann would be $578,425.00 assuming
no increase or decrease in the annual in-
flation rate.

The cost of the herbicide / grass carp
combination was determined using the
1979 and 1980 data for Little Lake Fair-
view. Since no baseline data was avail-
able for grass carp alone, the cost of the
grass carp (1979) was added to the cost
of the herbicide (1980) and the amount
of hydrilla reduction was determined
between 1979 and 1980, Table 1. In this
case, the cost of hydrilla control was
$143.57/metric ton fresh weight hy-
drilla; a value substantially higher than
when grass carp were used alone, but
not significantly greater than the cost of
herbicide used without grass carp.

The average cost of grass carp to elim-
inate hydrilla within one year was
$125.43 / acre (mean cost for grass carp
stocked into Lake Orienta, Little Lake
Fairview, Little Lake Barton and Lake
Killarney). Grass carp should be stocked
per biomass in large lakes where cost is a
vital concern since fish insufficiently
stocked to obtain control within two
years would prove to be costly, if not
more so, than herbicide. In small im-
poundments where the number of fish
required is minimal, the fish could be
over-stocked with little financial risk.
The average number of grass carp
stocked in the study lakes was 25
fish / acre.

Of the 7,000 acres of hydrilla infested
waters in Orange County in 1981, ap-
proximately 6,000 acres are suitable for
grass carp. To stock these waters with 25
fish/acre would cost $525,000.00
($3.50/1 1b. grass carp), saving
$171,428.00 per year on herbicide treat-
ments. The expense of the grass carp
would be redeemed in three years, with
a savings over the next 7 years of
$1,199,996.00 ($719,998.00 in county
revenue) over herbicide treatments.
Statewide, the savings would approach
$2,000,000.00 per year over herbicide
treatment costs from federal sources
assuming the grass carp could be used in
85% of Florida's infested waters. This
savings would be greater if the annual
inflation rate was considered.

The author would like to thank the
Florida Department of Natural Re-
sources, Bureau of Aquatic Plant Re-
search and Control, and the Orange
County Pollution Control Department
for providing information used in this
article.
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DNR Issues Memorandum on
Section 18 — Scout™

On October 16, 1981, an emergency
exemption was requested pursuant to
Section 18 of the Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA)
by Doyle Conner, Commissioner of the
Florida Department of Agriculture and
Consumer Services, for the use of the
chemical glyphosate to control emergent
aquatic weeds. The filing for the emer-
gency use was justified to prevent severe
flooding and the resultant damage to
property, agriculture lands, human
health and loss of life. The Environmen-
tal Protection Agency (EPA) granted a
specific exemption on April 1, 1982 for
the use of glyphosate (EPA registration
number 524-326) to control emergent
weeds. The product Roundup®, pro-
duced by Monsanto Corporation is not
and will not be permitted for use in
aquatic systems. The glyphosate formu-
lation which received the Section 18
emergency exemption will be marketed
as the Monsanto Product Scout™.

The active ingredient in Scout™, gly-
phosate, is identical to that in Roundup;
however, Scout™ does not contain the
surfactant. Therefore, to achieve control
on emergent plants, Monsanto is recom-
mending the use of the surfactant X-77®
produced by the Chevron Corporation.
Scout™ will contain 4 pounds of the
acid, glyphosate per gallon compared to
3 pounds in Roundup®. Scout™ will be-
come available in early June 1982.

Fourteen thousand five hundred gal-
lons of Scout™ will be made available
by Monsanto to treat 19,400 acres at a
rate of 4%: to 7Y pints per acre. Since
the request for a Section 18 for glypho-
sate was made for use in emergency
flooding situations, and since the spe-
cific exemption was granted from the
Code of Federal Regulations where Sec-
tion 166.1 requires an emergency situa-
tion to exist with no alternative methods
of control available, and since only
19,400 acres can be treated with Scout™
in Florida, the Department of Natural
Resources will permit the use of Scout™
under the Section 18 label for emergency
situations only. These areas will be de-
termined by the Department and will in-
clude rivers, canals, and ditches with

standing or flowing water as well as lake
and pond outfalls and inflow areas
where emergent plants could cause
water to back up and create flooding
conditions. The EPA has specifically ex-
cluded glyphosate from streams on Eglin
Air Force Base, Atlantic Seaboard Riv-
ers, and their immediate tributaries, and
from use within one mile of domestic
water intakes. Any permitted uses of
Scout™, as with all other aquatic herbi-
cides, must be reported to the Depart-
ment of Natural Resources on the quar-
terly report forms which have been in ef-
fect since April 9, 1982.

Please refer any questions regarding
use restrictions of Scout™ to Jeff
Schardt at (904)488-5631.

Roundup® is a registered trademark of Monsanto Company

Scout TM is a trademark of Monsanto Company
X-77 ® is a registered trademark of Chevron Company

IFAS Aquatic

Weed Short Course

An IFAS Aquatic Weed Short Course
will be held at Reitz Union on the
University of Florida Campus, Gaines-
ville, Florida, June 21-25. Pre-registra-
tion is requested but not required. The
pre-registration fee will be approximate-
ly $40.00.

Topics to be covered during the train-
ing will include: biological, mechanical
and chemical control; plant identifica-

tion and biology; herbicide application
equipment calibration; aquatic herbi-
cides; aquatic weed harvesting equip-
ment; limnology and more. Contact Dr.
Vernon Vandiver, Jr., AREC Ft. Lauder-
dale, 3205 S.W. College Avenue, Ft.
Lauderdale, FL 33314 (305)475-8990.

“Tour” Package to Las Vegas

Tom Wiley is looking for anyone in
the south Florida area who may be inter-
ested in participating in a “Tour” pack-
age to the A.P.M.S. Convention in Las
Vegas July 11-14. 15 or more parties qual-
ify for tour rates. For further informa-
tion contact Tom Wiley at 305/564-5981
(home) or 305/472-5251 (office).

Call for Papers

As you are aware, the FAPMS annual
meeting is only a few months away.
There has never been a better opportuni-
ty to become active and participate in
the society. Share your experiences, new
control methods, new techniques, re-
search projects and other bits of wisdom
with your fellow society members by
giving a presentation at the annual
meeting. If you have never presented a
paper at the meeting, this is your year.

Please send the title of your presenta-
tion to: Michael ]J. Mahler, 3033 Hunt-
ington Woods Blvd., Tallahassee,
Florida 32303.

1. Microfoil boom for low
drift liquid applications.

AQUATIC WEED
CONTROL
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2. Specially designed mechani-
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The Waterhyacinth Weevils continued from page 8

either side of the mid-line. This short
line is actually a tubercle or ridge and its
position varies between the two species.
On N. bruchi the tubercles are situated
very near mid-length. Although the pos-
ition of the tubercles is more variable on
N. eichhorniae they are usually situated
further forward, in front of mid-length.
A more subtle character separating these
two species concerns the lines (striae)
which run lengthwise and nearly parallel
to one another on the elytra. These
striae are actually shallow grooves. On
N. bruchi the striae are relatively fine
whereas on N. eichhorniae they are rela-
tively coarse. This gives N. bruchi an
overall smoother textural appearance
than N. eichhorniae.

Other characters exist which may be
more reliable but are generally not use-
ful to a non-entomologist. For more in-
formation on taxonomy and identifica-
tion of the adults see the papers by R. E.
Warner (1970. Proc. Entomol. Soc.
Wash. 72 (4):487-496), C. J. DelLoach
(1975. Coleop. Bull. 29(4):257-265), and
C. W. OBrien (1976. Ann. Entomol.
Soc. Am. 69(2):165-174).

The eggs, larvae, and pupae of both
species are very similar and virtually in-
distinguishable from one another. Iden-
tification of the immature stages is dif-
ficult, even for an expert.

Eggs are whitish, ovoid, and about
¥amm (ca. 1/30 in.) in length. Since
they are embedded in the plant tissue,

v
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they can usually only be found by dis-
secting the plant under a microscope.

Larvae are white or cream-colored,
with a yellow-orange head. They have
no legs or prolegs, only enlarged swell-
ings with setae (small hairs) where the
legs should be. The posterior end of the
abdomen is blunt and a pair of spiracles
(breathing tubes) project upward, some-
what spur-like, on the last abdominal
segment. These spur-like spiracles pre-
sumably allow the larva to obtain oxy-
gen by inserting them into the plant
tissue. When the larvae first emerge
from the egg they are very small (ca.
2mm in length) and cylindrical in shape.
The fully-grown third instar larva is
somewhat grub-like, C-shaped, and ca.
8-9mm in length.

Pupae are white and resemble the
adults. The pupa is enclosed in a cocoon
formed among the lateral rootlets and
attached to the main root axis below the
water surface. These appear as small
balls or nodules ca. 5mm in diameter on
the roots usually near the rhizome.

Biology
and
Life History

Eggs of both species of Neochetina are
deposited directly in the plant tissue.
The female chews a hole into the lamina
or petiole in which to lay eggs. N. eich-

CITIES SERVICE COMPANY

INDUSTRIAL CHEMICALS DIVISION

P.0. Box 105062, Atlanta, Georgia 30348

Telephone (404) 261-9100

hornia deposits only one egg in each
hole whereas N. bruchi deposits several.
Either species may also place the eggs
around the edge of leaf abrasions created
by the feeding of the adults. DeLoach re-
ported that N. bruchi preferred to ovi-
posit in leaves with inflated petioles and
especially those at the periphery of the
plant while N. eichhorniae preferred the
tender central leaves or the ensheathing
stipules at the leaf bases. We have found
that eggs of N. eichhorniae are rare in
the youngest leaves and are usually
found in those of intermediate age. Eggs
are most prevalent in the basal portion
of the petioles where the stipules are
somewhat open and a space is available
for the adults to congregate.

The eggs hatch within 7-10 days at
75°F. The first stage (instar) larvae are
very small with a head diameter of ca.
Yamm (1/75 in.). They begin to burrow
under the epidermis and work their way
toward the base of the leaf. They feed
and grow and shed their skin twice to
pass through a total of three larval in-
stars. The first molt occurs when the lar-
vae are about 10 days old and the second
about 2 weeks later. As they grow larger
the galleries or feeding burrows become
larger. Third instars are generally lo-
cated at the petiole bases and may enter
the stem (rhizome) and excavate small
pockets at the point of insertation of the
leaf. They occasionally burrow up the
stem to enter the base of younger petioles
and sometimes reach the stem apex and
destroy the apical bud. The larval period
probably requires 30-45 days with N.
bruchi developing somewhat faster than
N. eichhorniae.

The fully developed larvae burrow
out of the stem and move to the upper
root zone just under the surface of the
water. They cut off the small lateral
rootlets and form a spherical parchment-
like cocoon around themselves. This co-
coon is attached to one of the roots.
Curiously, at the point of attachment,
the larva chews a notch into the root.
This notch supposedly functions in gas
exchange between the hollow inside of
the cocoon and the vascular tissue of the
plant. After the cocoon is formed the
larva molts a third time and becomes a
pupa. This is the inactive stage when the
transition from larva to adult occurs. It
is not known with certainty how long
this stage lasts, but best estimates indi-
cate about 30 days.

We have observed a few adults emerg-
ing from the cocoon but we are not cer-
tain of the mechanics involved. The
emerging adults appear to split the co-
coon, push the opening wider with their
legs and pull themselves out through the
split. Once they are out, they climb up
onto the emergent leaves of the plant to
feed and mate. The female weevils begin
to lay eggs within a few days after
emerging from the pupa and most are
deposited within the first week. A single
female N. bruchi will deposit up to 300
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The Waterhyacinth Weevils continued from page 16

eggs but N. eichhorniae deposits only
about 60. Deloach noted that about
90% of the eggs are deposited within a
month after the female emerges although
the adults may live over 9 months. For
further details on the biology of these
species, see the articles by C. J. Deloach
and H. A. Cordo (1976. Ann. Entomol.
Soc. Amer. 69:643-652 and 1976. Jour.
Aquat. Plant Manag. Soc. 14:53-59).
Both species of Neochetina tend to be
very host specific, that is, their diet is
relatively restricted to waterhyacinth
and the larvae are generally unable to
develop on other plant species. In Flor-
ida, however, Neochetina eichhorniae
adults have caused minor feeding dam-
age to ornamental species of Canna,
although this damage is generally of no
consequence and certainly not economi-
cally important. Although Gary Buck-
ingham (USDA, Gainesville) has found
that the adults will also feed to some ex-
tent on pickeralweed (Pontederia), thus
far the larvae are not known to feed on
anything other than waterhyacinth.

Population Biology

Two distinct peaks in the populations
of N. eichhorniae appear to occur per
year in north Florida. Larvae, pupae,
and adults over-winter in waterhyacinth
stands although the numbers are very
low. During cold periods the larvae bur-
row deep within the stem to several
centimeters below the water. If plants
survive during the winter, adults and
pupae can usually be found on them. In
late March or April an increase in the
number of adults becomes apparent.
This is followed by a dramatic increase
in the number of larvae by April or May
and in the number of pupae in May or
June. By late June the number of adults
begins to increase rapidly and by August
the adult population reaches its highest
peak of about 250 per square meter
(three to four per plant). This is followed
by a second larval peak in September
and a second peak of pupae in October.
All stages decline in number rapidly dur-
ing the latter part of the year and by the
onset of the first frosts (usually mid-
December) populations are again very
low.

It is curious that this population
decline is so dramatic during the fall. It is
a very predictable, annual occurrence.
In mid-August 1980 in southern Louisi-
ana tremendous numbers of adult N.
eichhorniage congregated at lights around
buildings and became somewhat of a
nuisance for a while. When we investi-
gated we found that the weevils were be-
ing attracted tp mercury vapor lamps
and that this was happening in areas
very near massive acreages of waterhya-
cinth., We would speculate then, that
this was a dispersive phase in the popu-
lation cycle associated with the annual
decline in the population density.

Whether this is triggered by the presence
of large populations, by photoperiod,
by deterioration of the plants, by tem-
perature, or by other factors, we don't
know.

There have been no thorough studies
done in the U.S. on the natural enemies

of Neochetina although we have found a
small mymarid wasp (Patasson sp.)
which parasitizes the eggs. These have
been found both in Gainesville and Fort
Lauderdale but the percentage of the
eggs parasitized is very small.

Continued on page 19

WATERHYACINTH WE
STANDING CROP
(1974)

FIG 9 A,

EVIL
POPULATION
INDEX
(1977)

B
WATERHYACINTH
STANDING CROP
1977)

15 FIG 11

ACRES (MILLIONS)

| [

T T T T T T T T T T T
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

FIG. 1. A comparison of dorsal and lateral views of
NEOCHETINA BRUCHLI (left and bottom) and N.
EICHHORNIAE (right and top) adults. (This and all
following illustrations are by B. Benner.) FIG. 2. A
stylized illustration of a section of a waterhyacinth
petiole split open to show the hole made by a female
weevil by chewing into the tissue with her snout in
order to create an oviposition site. An egg is shown
within the tissue at the end of the hole. FIG. 3. The

mature third instar larva of NEOCHETINA BRUCHI.

Note the blunt tail end with the dorsal spur-like
spiracles, and the lack of legs. The head is yellowish
orange and the body is whitish or cream-colored.
FIG. 4. Ventral (left) and lateral (right) views of a

NEOCHETINA BRUCHI pupa which has been removed

from its cocoon. FIG. 5. A NEOCHETINA BRUCHI

cocoon formed among the lateral rootlets and attached

to the main axis of a waterhyacinth root. FIG. 6. An
adult NEOCHETINA sp. emerging from the cocoon.

FIG. 7. A cutaway view of a waterhyacinth stem show-

ing larval galleries within the petioles and a larva in

an excavated pocket at the point of insertion of a leaf

1974 1975 1976 1977 1978 1979 1980 1981
YEAR

petiole (middle right). Also shown are the small, ball-
like cocoons on the roots in spatial relationship to the
rest of the plant. FIG. 8. The typical appearance of a
waterhyacinth plant heavily damaged by NEO-
CHETINA adults and larvae. FIG. 9. An example of
data from a site in north Flovida showing the shift in
the seasonal abundance of waterhyacinth which oc-
curred after NEOCHETINA EICHHORNIAE was in-
troduced in 1974 (compare lines A and B). Also shown
is the pattern of season abundance of the adults as evi-
denced by the number of feeding lesions on the leaves
during 1977 (line C). FIG. 10. An adult NEO-
CHETINA BRUCHL! shown next to a feeding lesion on
a waterhyacinth leaf. FIG. 11. Data from Louisiana
showing the trend over the past several years in the
total statewide acreage of waterhyacinth. Weevils
were first released in Louisiana in 1974. Data were
gathered by the Louisiana Wildlife and Fisheries Com-
mission and provided by the courtesy of the U.S.
Army Engineers Aquatic Plant Control Research Pro-
gram, Vicksburg, MS.



Watermilfoils continued from page 4

water currents to new habitats. In addi-
tion to these natural dispersal agents,
watermilfoils may be transferred by
boats and by aquatic plant collectors.

Control of M. spicatum in Florida pri-
marily is accomplished by the applica-
tion of 2,4-D. Biological control
methods including the use of parasitic
insects and herbivorous fish are being
tested. In 1975 grass carp (Ctenopharyn-
godon idella) were used as a biological
control for watermilfoil in Deer Point
Lake and subsequently brought the in-
festation under control. However, the
carp prefers other aquatic plants over
M. spicatum, and as a result has
decimated Deer Point Lake’s native
aquatic plant populations as well. Cur-
rently no single method of control does
result in the total eradication of Eurasian
Watermilfoil in Florida. Therefore, early
detection, integrated control methods
and continued research are necessary for
coping with this serious aquatic weed
problem in the state.

The Waterhyacinth Weevils continued from page 18

Effects of
Neochetina spp.
on Waterhyacinth

Damage caused to waterhyacinth by
the adults of both species of weevils is
very distinctive and conspicuous. Adults
move their snout across the surface
scraping off a line of epidermis with
their mandibles. As they finish one line
they move slightly and begin another
parallel to the first. They continue
feeding in this fashion until a small rec-
tangular area of epidermis is removed
leaving a very distinctive lesion or
feeding scar. These vary in length
depending upon the time spent feeding.
A characteristic pattern of parallel ridges
is often apparent within the scar.
Feeding occurs primarily on the lamina
of the leaf and N. eichhorniae adults
prefer the youngest leaves.

As the larvae burrow within the
petioles, a great deal of damage is done
to the leaf. The feeding galleries become
waterlogged and necrotic and evident as
long, brown lines visible on the outside
of the petiole. When several of these gal-
leries converge at the petiole base, the
extensive damage to the vascular tissues
may cause the leaf to wilt. In extreme
cases the petiole breaks or rots through
and is severed from the stem. In less ex-
treme cases the larval gallery collapses
causing a sunken line of scar-like tissue.

As the larvae mature and enter the
stem, the damage caused is superficial.
However, when many larvae are present
this damage may become substantial
and cause the stem to fragment and the
shoot to fall apart. When large numbers
are present, the chance of one reaching
the apical bud increases. If it is de-

stroyed the shoot dies. The entry of the
larvae into the stem seems to be accom-
panied by the entry of microbial organ-
isms. These cause the stem to soften, rot
and turn black.

The effects of the weevil damage are
rarely visible as a sudden collapse of the
waterhyacinth population. Subtle changes
occur which are difficult to observe over
the short term. The first effect is a de-
crease in the size of the plants. In 1974,
before the weevils were released at one
study site, the plants attained average
heights of 100 cm. or more. As the wee-
vil populations increased, the plants be-
came progressively smaller over the
years and in 1978 the average height
failed to exceed 65 cm. The second effect
is an inhibition of the growth of the mat.
Areas that were cleared remained clear
longer. Annual fluctuations in plant
density were dampened and numbers re-
mained more stable. The plants would
not regrow into holes left in the mat
when we removed samples. The rapid
period of spring growth was delayed and
biomass tended to peak in the fall rather
than late spring. Peak standing crop
declined from 2.5 kg to about 1.5 kg.
(dry weight per square meter). Water-
hyacinth coverage of this study site
declined from over 90% in 1974 to about
25% in 1980.

Much more dramatic changes have
occurred in some areas. By 1976, Dr.
David Perkins was able to demonstrate
that waterhyacinth had disappeared at
some sites in southern Florida. In Aus-
tralia, Mr. Tony Wright of the Com-
monwealth Scientific and Industrial Re-
search Organization has reported on the
rapid collapse of waterhyacinth popula-
tions following establishment of N.
eichhorniae in several parts of Queens-
land. Dr. Al Cofrancesco of the U.S.
Army Corps of Engineers Aquatic Plant
Control Research Program has reported
on the dramatic reduction of waterhya-
cinth acreage in Louisiana. His data are
based on annual surveys conducted by
the Louisiana Wildlife and Fisheries
Commission and was provided through
the courtesy of James Manning. Accord-
ing to these data, the acreage of water-
hyacinth in the state averaged about 1.2
million acres prior to the 1974 releases of
N. eichhorniae. About 4 years after the
release of the weevils the acreage began
to decline and in 1979 and 1980 it was
down to less than 350,000 acres. Because
biological control does not occur rapidly
the effects are not easily documented.
Evidence now indicates that the biologi-
cal control of waterhyacinth has become
effective.

Conservation of
Neochetina spp.

At the time N. eichhorniae was first
released there was tremendous interest
and support by federal, state, and local

agencies. Everyone seemed to want wee-
vils for release and there was a great deal
of cooperation involved in the dissemi-
nation of these insects throughout the
Southeast. As a result, N. eichhorniae is
now present virtually throughout the
range of the waterhyacinth in the south-
ern states. It is disturbing that after the
insects were released and became estab-
lished there was no similar interest to
conserve the established populations.

Because the eggs, larvae, and pupae
are relatively immobile and within or at-
tached to the plant, they are unlikely to
move to other plants if the one they are
in should die. The adults are the only
stage capable of moving more than a few
feet. When extensive acreages of water-
hyacinth are treated with relatively fast
acting herbicides, all of the immature
stages of the insects are eliminated along
with the plants. When plant regrowth
occurs, few insects are present to sup-
press it and reinvasion occurs rapidly. A
few adult weevils may find these plants
and begin to feed and lay eggs but, be-
cause the plants grow so quickly and the
weevil population so slowly, the plants
are again a problem before sufficient
numbers or weevils are present to have
an effect. It then becomes necessary to
use the herbicide again and again the in-
sects are eliminated. This repetitive cycle
is the primary reason that the weevils
have not been effective at highly man-
aged sites.

One must be pragmatic however, and
recognize that control operations must
be maintained and that immediate needs
preclude “waiting” for the insects to be
effective. The conflict between the need
to conserve biocontrol agents and the
need to control aquatic weeds is problem-
atic and only beginning to be examined
by way of research. Herbicide application
may be timed so as to minimally interfere
with the insects. Slowly acting com-
pounds may be used which would allow
a majority of the insects to complete
development before the plants die. A
pattern of herbicide application may be
implemented which would leave some of
the insect populations available to at-
tack subsequent regrowth. Growth re-
tardants may be used which would slow
plant growth sufficiently for the insects
to overtake them. Many possible alter-
natives must be examined if waterhy-
acinth control is ever to become a truly
integrated strategy. It will require a great
deal of time and research to fully in-
vestigate these alternatives. For now,
however, the best way for the aquatic
plant manager to promote biological
control of waterhyacinth is to protect
some plants from control operations and
thereby provide a reserve of insects for
infestation of subsequent regrowth.
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