AD-A151 314  US DEPARTHENT OF RGRICULTURE/CORPS OF ENGINEERS
COOPERATIYE AQUATIC PLANT. . (U) SCIENCE AND EDUCATION
ADMINISTRATION FORT LAUDERDALE FL RQUAT.

UNCLASSIFIED J K BALCIUNARS ET AL. AUG 84 WES/MP/R-84-2 F/G 6/6

=
3

.




m B B a i as i N TR —

ol
"" _——LO S g
el

I
B

o

Iz |
|

oy

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




<

P

™
. = [
:?ﬁ,4
S-S
1 Q
S~ ¢

\“
B

"4*.:.. :

ld e 3
%ﬁ!
R

Lt O 2k Jin S Mindih AAaiicans st g

REPRODUCED AT GOVERNMENT EXPENSE

AQUATIC PLANT CONTROL
RESEARCH PROGRAM

MISCELLANEOUS PAPER A-84-2

US DEPARTMENT OF AGRICULTURE/
CORPS OF ENGINEERS COOPERATIVE AQUATIC
PLANT CONTROL RESEARCH—
ANNUAL REPORT FOR FY 1982
BIOLOGICAL AND CHEMICAL
CONTROL TECHNOLOGIES

by

US Department of Agriculture, Southern Region
Gainesville and Fort Lauderdale, Florida

August 1984
Final Report

Approved for Pubhc Release. Distribution Unhmited

Prepared for DEPARTMENT OF THE ARMY
US Army Corps of Engineers
Washington, DC 20314

Monitored by ENvironmental Laboratory

US Army Engineer Waterways Experiment Station
PO Box 631, Vicksburg, Mississippi 39180-0631

85 02 27 no¢




o . - - 2 o y g e Ade B a4 r—

-, REPRODUCED AT GOVERNMENT EXPENSE

o
e
-
N
-~
'
-~ Destroy this report when ng longer needed. Do not
return 1t to the originator.
3
( The findings in this report are not to be construed as an
. ofticial Department of the Army position uniess so
designated by other authorized documents.

; f: The contents of this report are not to be used for
- advertising, publication, or promotiona. purposes.

Citation of trade names does not constitute an

, ofticial endorsement or approval of the use of such "
-~ commercial products.
-

N ’
(]
¢
" “ v
- . RS
4

PR T R R V'.'\,'\-‘\\".'
PSRN . R
S A DR TSR A WS TN




> — Ty

Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE BEF oA RN RM
T REPORT NUMBER 2. GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER

Miscellaneous Paper A-84-2 D AICLTIY

4. TITLE (and Subtitie) S. TYPE OF REFORT & PERIOD COVERED
US DEPARTMENT OF AGRICULTURE/CORPS OF ENGINEERS Final report
COOPERATIVE AQUATIC PLANT CONTROL RESEARCH—
ANNUAL REPORT FOR FY 1982;
Biological and Chemical Control Technologies 8- PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(®)

3 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT TASK

: AREA & WORK UNIT NUMBE
- US Department of Agriculture, Southern Region R .
- Gainesville and Fort Lauderdale, Florida Aquatic Plant Control

. Research Program

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

DEPARTMENT OF THE ARMY August 1984
US Army Corps of Engineers
Washington, DC 20314

13. NUMBER OF PAGES
227
14. MONITORING AGENCY NAME & ADDRESS(!f different from Controlling Otfice) 1$. SECURITY CLASS. (of this report)

US Army Engineer Waterways Experiment Station Unclassified
o Environmental ‘Laboratory .
¢ PO Box 631, Vicksburg, Mississippi 39180-0631 1Sa. DECL ASSIFICATION/ DOWNGRADING
-4 SCHEDULE
16. DISTRIBUTION STATEMENT (of this Report)
. Approved for public release; distribution unlimited.
.A . 17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, {1 dilferent from Report)
18. SUPPLEMENTARY NOTES
5_. Available from National Technical Information Service, 5285 Port Royal Road,
.. Springfield. Virginia 22161
. F‘S. KEY WORDS (Continue on reverse aide if necessary and identify by block number)
.- ,Aquatic plant control
. Biological control
Chemcontrol , .
Herbicides , N .
Insects ..
- 20. ABSTRACT (Contiaue an reverse side /f nesoesary and ldentify by block number) T
- -
" Chapter 1 !
e ) i .+ purpose of the study reported in this chapter was to compile a list of insects associated with hydrilla in the United States. The [ |
1.1:ima ansociated with hydrilla was surveyed by taking 267 collections of hydrilla from 58 Florida locations and an additional 22 -

collections ot hydrilla from 17 out-of-state locations. Most of the Florida collections were made using a quantitative sampler to
provide data on the density of insects and other fauna and to compare these densities with hydrilla standing crop. The quantitative

. results from six ecologically and geographlcallv different sites are analyzed and discussed. Hydrilla biomaes fluctuated greatly at
- any given site, and these fluctuations in biomass showed definite, predictable seasonal trends 1t enly o few locations. Hydrilla
" hiomass alsu varied greatly from location to location, peaking at 1013 g/m2(standing crop dry weight at a ciear, spring fed river,
- while never exceeding (0 g/m? at an oligotrophic lake.
. (Continued) J
FORM '

] DD  EDITION OF ) NOV 65 IS OBSOLETE b
v, Vi ' Unclassified .
-.' SECURITY CLASSIFICATION OF TH!S PAGE (Wien Deta Entered) K
< N
..' -
- M -I
L} '. -




vt e MWW 3 o V. W - AL N0 SR -Gt et i Shndl Bt haan Jnars Star-odie - dult

. Unclassified
« SECURITY CLASSIFICATION OF THIS PAGE(When Deta Entered)
-

- 20. ABSTRACT (Continued).

Almost half of the 59,130 faunal specimens recorded during this survey were snails, with Goniobasis floridense being the most
. abundant (over 12,000 specimens). Densities of G. floridense exceeded 3200 snails/m? of hydrilla mat at one lotic site. Snail
. densities generally appeared to track biomass density directly. At least 25 species of snails were recorded from hydrilla, but most
. appeared to feed on the epiflora associated with hydrilla.

-, Over 17,000 insects were collected and these comprised almost 200 species. Analysis of a species accumulation curve for the
- insects found in the 267 Florida collections indicated that additional collections would continue to add additional insect species, but
- that only 35 more insect species would be added for every 100 additional Florida collections. Insect densities tended to peak around
. March, but this was highly variable. The peak insect density observed was 2691 insects/m2 at Lake Lochloosa, but almost all of
o these insects were several species of midges (Diptera:Chironomidae). Midges were the most abundant insect group, comprising 57
. percent of all insects collected. Some midge larvae in the genera Endochironomus and Glyptotendipes occasionally caused minor
v damage to hydrilla when they constructed burrows in hydnlla stems. Caddisflies (Trichoptera) comprised almost 25 percentof the
- insects collected. Of the 22 species of caddisflies, 5 species at least occasxonally feed on hydrilla. Of these, Leptocerus americanus
L and Nectopsyche tavara were the most abundant. A half-dozen species of moth larvae feed on hydrilla leaves. Of these Synclita
obliteralis and Parapoynx diminutalis were the most numerous and damaging. Parapoynx diminutalis is the only species of U.S.
' insect which shows a definite preference in the field for feeding on hydrilla.

‘:1 Chapter 2

a This chapter presenta results of a biological control study of the Asian moth, Parapoynx diminutalis Snellen, for use against the
problem aquatic plant, hydrilla. Biology and host range studies were conducted with P. diminutalis, a moth adventive in Panama
and Florida. The eggs were deposited on the leaves and stems of hydrilla plants lying at the water surface. The larvae fed on the
leaves and stems from tubular cases constructed from leaves. The larvae had spotted heads and feathery gills along their sides. The
spotted heads distinguish them from native Parapoynx larvae, which are not spotted. A white cocoon was constructed inside a case
attached to the stem from which the pupa obtained oxygen. Larval development was studied at different temperatures. Adults were
found to mate the first night but not to begin ovipositing until the second night. The laboratory host range was studied in
oviposition tests, larval no-choice development tests, and larval choice tests. There was little discrimination in small containers by
. ovipositing females and the larvae developed on at least 14 plant species. Young larvae, however, preferred hydrilla over most of the
! otl:ier test plants. Even though P. diminutalis was polyphagous in the laboratory, it has been found in the field almost entirely on
hydrilla.

Because of its broad host specificity, it is unlikely that this insect agent would ever be used as a biocontrol agent for hydrilla. No
further work is recommended on importation of this species; this is the final report upon which that decision was based.

Chapter 3

- This chapter presents the results for FY 82 of an ongoing evaluation program of chemical formulations to determine their
.- potential as aquatic weed control herbicides.

During FY 82, 28 chemicals were evaluated in the laboratory, greenhouse, outdoor aquaria, or in the field. Sixteen of these were
experimental including nine controlled release (CR) formulations. Two clay-pellet formulations of Poly (GMA) 2,4-D were subjected
- to advanced evaluations in outdoor aquaria. One of these formulations controlled watermilfoil within 4 weeks, and control was
L maintained throughout the 20-week experiment. Flowing water bi ys were ducted in the laboratory for various CR
formulations of dichlobenil and fluridone. The dichlobenil-alginate granules effectively inhibited hydrilla regrowth from tubers
and rootstocks when concentrations of dichlobeni) in the flowing water were maintained at 0.04 mg/{ or higher. Similar control of
. ” hydrilla regrowth was obtained in treatments with a CR formulation of fluridone to maintain 0.02 mg ¢ of the chemical in the
flowing water.

- The experimental herbicide DPX 5645 continued to give promising results in field evaluations. Complete control of waterhya-
£ cinth was obtained with field treatment rates of 10 or 20 g a.i.- ha. The persistence of the chemical in the aquatic environment is
being investigated in a cooperative study with TJuPont Company. Other experimental herbicides evaluated during the past year

. gave poor control of submersed aquatic plants in laboratory screenings. However, AC-925 showed promising results in greenhouse
F-.- evaluations. Complete control of waterhyacinth and several other floating species was obtained 12 weeks after treatment with 0.11
- kg 'ha AC-925 The chemical AC-925 also gave adequate control of torpedograss at 0.28 kg /ha and alligatorweed at 0.56 kg/ha.

Hygrophila polysperma (Roxb ) Anderson, Bacopa carolinianaWalt.) Robins., and Cabomba caroliniana var. multiparita were
shown to be tolerant to most aquatic herbicides at levels currently being used for hydrilla control. The selectivity in herbicide
- responses appeared to be partly responsible for the recent weed problems with these species in various locations previously infested
e by hydrilla.
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Plant Management Laboratory, USDA, Fort Lauderdale, Fla.
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John Harrison was Chief, Environmental Laboratory, WES.

Commander and Director of WES during preparation of this report was COL
Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.

This report should be cited as follows: -

U.S. Department of Agriculture. 1984. “U.S. Department of Agriculture/
Corps of Engineers Cooperative Aquatic Plant Control Research— %
Annual Report for FY 1982; Biological and Chemical Control Tech-
nologies,” Miscellaneous Paper A-84-2, prepared by USDA for U.S. Army
Engineer Waterways Experiment Station, CE, Vicksburg, Miss.
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CONVERSION FACTORS,
U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be converted to
metric (SI) units as follows:

Multiply By To Obtain
acres 4046.873 square metres
cubic feet per second 0.02831685 cubic metres per second
miles (U.S. statute) 1.609347 kilometres
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Chapter 1

A Quantitative Survey of the Insects and
Other Macrofauna Associated
With Hydrilla

by

Dr. Joseph K. Balciunas, Mr. Marc C. Minno
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Purpose and Scope of Present Study

“The purpose of this study was to complete a list of insects associated with
hydrilla (Hydrilla verticillata (Lf.) Royle) in the United States. The population
dynamics of both the insects and their plant host were also investigated by means
of sequential quantitative sampling at many Florida sites. These studies will aid
in the foreign exploration for natural enemies of hydrilla and will provide data for
assisting in evaluating the impact of aquatic plant management practices on the
fauna associated with hydrilla. ». , - | /. R ';y

Taxonomy

Description. Hydrilla is a perennial, submerged, rooted, vascular plant
(Figure 1). It is placed in the family Hydrocharitaceae. Other members of this
family commonly found in the United States include: Egeria, Elodea, and
Vallisneria.

.g' Hydriiia roots are long, slender, and simple, whitish or light brown in

od Figure 1. A typical hydrilla plant showing growth
habit, roots, stolons, and tubers

..........




appearance. They are usually buried in hydrosoil, but also form adventitiously at
nodes. Stems are long, usually branching, growing from the hydrosoil and
frequently forming dense, intertwined mats at the surface of the water. Detached
portions of hydrilla plants remain viable and are a common mode for infestation
of new areas. Below the hydrosoil, the stems are horizontal, creeping, and
stoloniferous. Leaves are opposite, usually occurring in whorls and normally
numbering three to five per node. Apical portions of the stem usually have the
nodes tightly clustered and bearing up to eight leaves. The leaves are usually
strongly serrated with the teeth visible to the naked eye and each leaf terminates
in a small spine. The midvein is sometimes reddish in color and is usually armed
with an irregular row of spines. Squamulae intravaginales (nodal scales) are
small (ca. 0.5 mm long) paired structures at the base of the leaves; they are
lanceolate, hyaline, and densely fringed with fingerlike, orange-brown structures
which are usually unicellular, although sometimes bicellular. Two types of
hibernacula are produced: a brown, bulblike type at the ends of roots and stolons;
and a green, conical form in axils of branches. In the United States, the former
are usually called tubers and the latter turions.

Flowers are imperfect (unisexual) solitary, enclosed in spathes. The female
flower is white, translucent, with three sepals, broadly ovate, about 1.2-3.0 mm
long; the three petals alternate with the sepals which are much narrower and
slightly shorter; the three stigmas are minute; the ovary is at the base of the long
(1.5-10+ cm) hypanthium. The male flower is solitary in leaf axils. Mature flowers
abcise and rise to surface. Sepals and petals are similar in size and shape to those
of female flowers. Each of three stamens bears a four-celled anther which
produces copeous, minute, spherical pollen. Fruits and seeds have not yet been
observed in the United States.

Pollination. Although the female hydrilla flower has been abundant at many
U.S. locations, it was not until 1982, that the male flower was observed in the
United States (Vandiver, Van, and Steward 1982). Hydrilla plants can be either
divecious, with only flowers of one sex being produced on a particular plant, or
monecious, with flowers of both sexes being on the same plant. The flowers can
only be pollinated in the air. The female flower reaches the water surface by
elongation of the hypanthium (flower “stalk”). The petals and sepals of the
.cmale flower form an inverted bell with an air bubble when growing to the
surface, and if after reaching the surface, the flower becomes submerged, the petal -4
and sepals revert to this position, and enclose an air bubble thus preventing o
wetting of the stigmas and ensuring air-pollution. The male flower lacks a
hypanthium, and reaches the surface by detaching from the plant and floating up
as aripe, air-filled bud. The perianth segments recurve towards the water surface
and eventually the anthers dehisce explosively scattering pollen in a radius of
about 10 cm around the flower. Where male hydrilla flowers are present, the water
surface frequently becomes visibly white due to the floating pollen grains and
discarded male flowers.

el
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Taxonomic and identification difficulties. Hydrilla has been recognized as
a separate species of plant since the early diys of taxonomy. Linnaeus’ son
published a figure of it t(deseribed ae Serpreuda certicillataryin 1781 [n 1839, Royle
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was the first to correctly call it Hydrilla verticillata. However, throughout the
nineteenth century, it was frequently placed in other aquatic genera such as
Udora, Elodea, and Vallisneria and many additional species and *‘varieties” of
Hydrilla were described in the literature. Cook and luond (1982) provide an
excellent, concise synonomy for Hydrilla. Most of the variation in the morphology
of the leaves and stems, which caused the proliferation of Hydrilla species and
variety names, is now known to be due to environmental factors. Thus, even
though the chromosome number is not identical for all populations (i.e.,
polyploidy is evident), Hydrilla is currently considered a monotypic genus,
containing only the species verticillata (Cook and Luond 1982).

Hydrilla is frequently misidentified when it first appears in a new area. When
hydrilla first started becoming a problem in Florida in the early 1960s, it was
called Florida elodea, reflecting the opinion that this was a new species or variety
of Elodea. It has also frequently been confused with still another member of the
family Hydrocharitaceae - Egeria. When flowering, these three genera are easily
distinguished, but botanists will usually refrain from positively identifying sterile
material. Persons with extensive field experience with hydrilla can usually
reliably identify sterile plants even in the field. In the laboratory, the presence of
small spines along the leaf margins, along with fingerlike processes on the nodal
scales, can be used to confirm identifications of sterile hydrilla.

Distribution

The area of origin of H. verticillata is far from clear. Cook and Luond (1982, p
490), along with many other botanists, feel that *“. . . its centre of origin lies in the
warmer regions of Asia.” However, hydrilla has been in central Africa for a long
time (it was collected by Speke during his 1860-1863 expedition to find the sources
of the Nile) and some botanists believe that it originated there (Tarver et al. 1978).
Mahler (1979, p 5) is even more precise, stating . . .with a center of distribution or
origin in southeastern Uganda and northwestern Tanzania.” It has also been
recorded from Australia since the early portion of the nineteenth century, and
some authorities helieve hydrilla’s center of origin to be in Australia.

Regardless of the area of origin of hydrilla, it is now widely dispersed with
Antartica and South America now being the only continents from which it has
not yet been recorded. It is very common on the Indian subcontinent, many of the
Middle East countries, South East Asia, and northern and eastern Australia. In
the southern hemisphere it is found as far south as North Island of New Zealand
at a latitude of approximately 40°. In the northern hemisphere it is found as far
north as Ireland, England, Poland, and Lithuania. The Fithuanian sites, at about
55° latitude, are the furthest from the equator that hydrilla is known to occur.
Since virtually all of the continental United States lies below a latitude of 48°,
hydrilla is climatically suited for growth in almost any of the 48 continguous
states as well as Hawail. Even Alaska cannot be considered entirely safe from
invasion by hydrilla, since places such as Juneau and Ketchikan are at
approximately the same latitude as the hydrilla infestations in Lithuania.

Hartog (1973, p 9) states, “The records from Panama are the first from the
Americas,” but unfortunately does not provide the date. Hydrilla's first US,
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appearance was in Florida during the late 1950s or early 1960s. The earliest
herbarium specimen seen by this author was collected in October 1962 at Big
Lake Conway in Orlando, Fla., and is currently in the University of Florida
Herbarium.

The spread of this plant throughout the United States during the last 20 to 25
years has been explosive. It is currently present in at least nine additional states
(along with the District of Columbia): Alabama, California, Delaware, Georgia,
Louisiana, Maryland, North Carolina, South Carolina, and Texas (Haller 1982).

Ecology

Hydrilla has very wide ecological amplitude, growing in a wide variety of
aquatic habitats. It is usually found in shallow waters, 1/2 m or greater in depth.
In very clear waters it can grow at depths exceeding 10 m. It tolerates moderate
salinity — up to 33 percent of seawater (Mahler 1979). While it flourishes best in
calcareous waters, water quality rarely seems to be limiting since it is found in
both acidic and alkaline waters. It also grows well in both oligotrophic and
eutrophic waters, and even tolerates high levels of raw sewage (Cook and Luond
- 1982). Sediments with high organic content provide the best growth, although
hydrilla is also found growing in sandy and rocky substrates.

While hydrilla does not grow well in deeply shaded areas, it is adapted to grow
under very low light conditions (Bowes et al. 1977) and this may account for its
rapid growth and quick dominance over native vegetation.

LA aaen. aum o)
R

Hydrilla is usually a gregarious plant and frequently forms dense, intertwi- ed
mats at the surface. Approximately 20 percent of the plant’s biomass 1s
concentrated in the upper 10 cm of such a mat (Haller and Sutton 1975). The
plants grow and spread quickly with small fragments of the plant, containing but
a single node, quickly developing adventitious roots and eventually producing an
entire plant. Hydrilla fragments on recreational boat trailers appear to have been
the mode of infestation of many new aquatic systems in Florida.

Economic Importance

Hydrilla has spread rapidly since its introduction into the United States less
than 25 years ago. Burkhalter (1977) states that by 1965, 10,000 acres* were
infested by hydrilla in Florida. This had increased to 50,000 acres by 1970, and to
500,000 acres by 1977. Approximately 200,000 acres out of these half-million acres
were “topped-out” hydrilla.

Severe infestations impede water flow for irrigation and flood control, and
restrict navigation and recreation. Drownings have occurred when swimmers
became intangled in hydrilla. Properties adjoining infested areas have their
values depressed. Guerra (1977) reports that the economic losses due to the
presence of hydrilla in a single, medium-sized Texas lake (Lake Conroe) exceeded
$30 million.

* A table of factors for converting U.S. customary units of measurement to metric (SI) is presented on
page4.
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The most visible of the costs entailed by the presence of hydrilla are the costs
associated in attempting control. In excess of $8 million is spent annually, just in
the state of Florida, on hydrilla control (Mahler 1979). With costs for chemical and
mechanical control usually exceeding $200 per acre, and with several treatments
usually required during the growing season, only high priority waters can be
effectively managed.

ey NN ety W LILFLSL,
)

Control Measures

Chemical. Managers of aquatic systems infested by hydrilla usually need
effective, quick-acting results. For this they usually rely on herbicides. A great
variety of chemicals, including concentrated solutions of sulfuric acid (Phillippy
1967), ammonia (Ramachandran 1960), and hydrogen peroxide (Quimby 1981),
have been tried. Pieterse (1981) provides a thorough review of the extensive
literature on controlling hydrilla with chemicals. Currently, the most commonly
used herbicides for hydrilla control are diquat, diuron, and endothall. These are
frequently combined with copper formulations to increase their efficacy and
various copper complexes are occasionally used by themselves for hydrilla
control.

The drawbacks to the use of herbicides are well known. Serious environmental
consequences may result from placing poisons directly in aquatic systems. Not
only may nontarget organisms, such as fish and invertebrates, be adversely
affected, but also the potability of the water and its use for bathing and
swimming by humans must usually be temporarily impaired. The dead, decaying
plant material may also adversely affect water quality. Although the careful use
of approved herbicides can overcome or at least ameliorate most of these
problems, many countries (and a few states in the United States) severely restrict
or prohibit the use of herbicides in aquatic systems.

Another factor limiting the use of herbicides is their cost. At $200 or more per
acre per treatment, only high-use, high-priority waters can usually be treated.

Mechanical. In most developing countries, hydrilla (along with other nuisance
aquatics such as waterhyacinth) is simply manually removed from the water. In
more developed countries with their high labor costs, specially designed machines
for harvesting submersed vegetation are sometimes employed.

Mechanical harvesting overcomes many of the environmental problems

- encountered when using herbicides. When the use of herbicides is restricted for
¢ legal or environmental reasons, mechanical harvesting is frequently the method
3 of choice for achieving temporary control in small lakes or portions (e.g. fishing
|- trails) of larger lakes. Unfortunately, the cost of mechanical control of hydrilla is

! usually as expensive and frequently more expensive than using herbicides with
the actual cost being highly dependent on the distance the harvested hydrilla
' must be transported for disposal. McGehee (1979) reports costs of $1122 per
hectare ($454./acre) when the hydrilla cuttings were placed back into a different
portion of Orange Lake in north-central Florida. While the area used for disposal
at Orange Lake was virtually 100 percent infested with hydrilla, hydrilla
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fragments might root and form new plants, thus compounding the problem in
aquatic systems with sparser or patchier hydrilla distributions.

Biological. Both chemical and mechanical measures for controlling hydrilla
are costly and usually require multiple treatments during the growing season.
The use of living organisms that consume or otherwise stress hydrilla has
received increased attention. Currently, any such organism would be labeled as a
“biological control agent.”

Insects—Initially, the term ‘“biological control” was more restrictive,
describing the process of establishing introduced, foreign organisms to control an
imported pest. The term “classical biological control” is now used to describe this
traditional approach of reassociating a foreign pest with its natural enemies
(usually insects) from its native range. An ideal biological control agent is highly
specific — damaging only the target pest (and possibly a very limited number of -
other hosts) — and, once established, maintains population levels high enough to
control the target pest.

During the past 100 years, this classical approach to biological control has been
very successful in controlling a wide variety of weeds and insect pests. Classical
biological control programs have also been successful in controlling several
aquatic weeds. Alligatorweed, Alternanthera philoxeroides, has successfully been
controlled in the United States by the beetle Agasicles hygrophila and two other
insect species, all imported from Argentina. It also appears that waterhyacinth,
Eichhornia crassipes, is being controlled by two Argentina weevils, Neochetina
sp., in Louisiana and several other U.S. locations and that the recently released
Argentine moth, Sameodes albiguttalis, is impacting waterhyacinth at some of
its early release sites in Florida. In Australia, along with successes in controlling

the above-mentioned aquatic nuisances, the control of Salvinia molesta by the :L:
South American weevil, Cyrotobagous singularis, has been reported at several B
locations (Room et al. 1981). =

Unfortunately, no foreign insects to control hydrilla are presently available in
the United States. Currently, the only foreign insect damaging hydrilla in the
United States is the Asian moth, Parapoynx diminutalis. A native of tropical
Asia, this moth was first discovered in Florida in the mid-1970s (Del Fosse, .
Perkins, and Steward 1976). It was probably an accidental introduction included o
in a shipment of aquarium plants.

The unavailability of insects for controlling hydrilla appears to be mainly due
to the limited nature of the searches and testing in foreign countries of the natural
enemies of hydrilla. Appendix A presents a chronology of the efforts in foreign
countries to locate an acceptable insect species for use in controlling hydrilla in -
the United States. These searches began in the early 1970s with a U.S.
Department of Agriculture (USDA) sponsored project conducted by CIBC
scientists in Pakistan and a University of Florida sponsored project in Malaysia.
During the mid-1970s, several U.S. scientists made short trips to Southeast Asia
and Africa searching for hydrilla insects. The Pakistan project was the longest
and most thorough and resulted in the most insects (10 species) found to damage
hydrilla. Of these, the tuber-feeding Bagous weevil and the leaf-mining ephydrid
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fly, Hyarellia sp., were found to be highly specific (but, unfortunately, not
completely specific) to hydrilla.

In 1980, tests of a Panamanian moth species damaging hydrilla were conducted
in Panama and this Parapoynx species was found to be fairly specific to hydrilla
(Balciunas and Center 1981). Subsequently, permission to bring this moth into
Gainesville quarantine facilities was obtained, but three subsequent collecting
trips have failed to find this tested species, which was common in 1980,

In 1981 and 1982, Balciunas completed two trips, lasting a total of 10 months, to
Kenya, India, Southeast Asia, and northern Australia in search of hydrilla
insects. The emphasis of these early surveys was on locating the most appropriate
areas which could serve as bases for future intensive studies. Many additional
hydrilla damaging insect species (especially weevils and moths) have already
been collected (Balciunas 1983).

The main drawback to establishing a classical biological control program of
hydrilla is the high cost of the exploration and testing to find a proper insect
species, and the long periods of time necessary to locate, test, release, and
establish the species as a biological control agent. For these reasons, the level of
interest (and funding) for locating an insect to control hydrilla has been low. The
successful programs to find insects to control alligatorweed and waterhyacinth
entailed the establishment of a laboratory in Argentina continuously staffed for
more than 10 years by two scientists. Even with this intensive effort, it took more
than 10 years from the time the first insect for controlling waterhyacinth was
discovered in Argentina, until it was first released into the United States.

Fish—While no insects for controlling hydrilla are yet available, the use of fish
as biological controls for hydrilla has received a great deal of attention. This
concentration of effort has been primarily due to the ready availability of the
grass carp (also called the white amur), Ctenopharyngodon idella Val. This large,
herbivorous fish consumes enormous amounts of aquatic vegetation. While it will
feed on almost any vegetation, including terrestial vegetation, that comes in
contact with water, hydrilla is a preferred food. Grass carp are apparently
effective in keeping small, enclosed aquatic systems free of hydrilla. The fish are
usually considered to be unable to breed successfully in U.S. waters, although this
is a hotly contested point at present.

Sutton (1977) reports that grass carp are banned in Canada and in 26 states of
the United States. Apparently, this is due to fears of the possible impact of this
large, imported fish on native fisheries. There has also been some concern that
phytoplankton “blooms” will occur once the grass carp have consumed the
macrophytes (Ewell and Fontaine 1982). Osborne and Sassic (1979) indicate that
this has not occurred at the release sites they studied.

In order to overcome objections to the possible reproduction in the field by grass
carp, there has been a recent, large amount of research into the hybrid grass carp,
the sterile offspring of crossing a female grass carp and a male bighead carp,
Hypophthalmichthys nobilis Rich. However, it appears that the hybrid is not
nearly as effective as the grass carp. Osborne (1982), in his studies of effects of
releases of the hybrid carp in eight Florida lakes, concluded that it was ineffective
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in controlling hydrilla due to high mortality and extremely low feeding rate.

Tilapia zillii (Gervails) also consumes hydrilla (Legner 1979), but this fish is
much smaller and does not damage hydrilla nearly as much as the grass carp.

Other organisms-The snail, Marisa cornuarietis, consumes hydrilla and has
been considered for use as a biological control agent. However, large numbers are
necessary to achieve control, and Marisa is not completely specific, feeding on,
among other things, young rice plants (Blackburn et al. 1971).

Manatee, Trichechus manatus L., consumes enormous amounts of aquatic
vegetation, including hydrilla (Campell and Irvine 1977). However, this is an
endangered species and any direct contact with the animal is illegal, making it
impractical for use in management programs.

Several pathogens have been found on hydrilla, of which Fusarium roseum
‘Colmorum’ has shown the most virulency (Charudattan et al. 1980). However,
this virulence is difficult to demonstrate in larger containers (Charudattan 1983).

METHODS AND MATERIALS

Collection and Identification

From July 1978 through July 1980, a sample of hydrilla, approximately 1 to
4 kg wet weight, was obtained at each collecting area with a rake or by hand from
a dense portion of the mat, usually reached from a boat or an airboat. At sparsely
infested areas, movement from one clump of hydrilla to another was necessary to
obtain sufficient plant material.

Most of the Florida collections were made with a specially constructed sampler
which removed a 0.125-m? portion of mat and associated fauna down to a depth of
4 m (Figure 2). The sampler was basically an aluminum box, open on both ends,
with sharpened stainless steel blades on the bottom edges and a mesh bag over
the top. A trap door with a screen bottom was closed by means of ropes once the
sampler reached the bottom. When the sampler was used, five quantitative
samples were usually taken in order to estimate the variability of both insect
populations and hydrilla biomass.

Each hydrilla sample was placed in a plastic bag which had been marked with
an identifying collection number. Initially the plant samples were immediately
searched in the field for insects. From the end of 1978 onwards, all samples were
searched in the laboratory in order to allow more time for field sampling and
because microscopic examination produced greater numbers and variety of
insects.

The following environmental data were recorded in the field notebook, under
the corresponding collection number: water depth, mat depth (if below the
surface), water temperature, salinity, conductivity, and water transparency. The
depth of the water and mat were measured with a lead-line marked in 0.1-m
intervals. Water temperature, salinity, and conductivity were measured with a
Yellow Springs Instrument Company, Model 33, portable water quality meter.
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a. Quantitative sampler used in this study for collecting
hydrilla and associated invertebrates

b. Hydrilla mat showing a 0.125-m? section removed by the quantitative sampler _q

Figure 2. Sampling techniques
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Water transparency was measured using a 20-cm Secchi disk attached to a line
marked in 0.1-m intervals. Secchi disk transparency readings were difficult to
obtain and of limited value since many sites were too shallow for disappearance
of the disk.

Bagged samples of hydrilla were placed on ice as soon as possible; then they
were frozen at the laboratory in Fort Lauderdale, Fla. As time permitted, samples
were thawed, and a technician inspected each piece of plant material under a
dissecting microscope, removed any fauna, and placed it in 80 percent isopropy!
alcohol in vials marked with the collection number. Twenty-five randomly chosen
strands of hydrilla from each sample were rated for the amount of apparent
feeding damage. L.eaves and stems on each of the 25 strands were rated on a scale
of 1 to 4, with 1 being no damage and 4 being severe damage. It was frequently
difficult to interpret whether damage, especially severe damage, was due to
feeding or to environmental factors such as low temperature, wave action, or
other factors (e.g. toxins or herbicides). Hence, the damage ratings probably
overestimate the amount of insect feeding damage.

The plants were sorted by species (if species other than hydrilla were present),
all the fauna was removed, and the wet weight of each plant species was recorded.
Several plant specimens from each collection were pressed and mounted on
herbarium sheets to serve as voucher specimens. The plant samples were then
dried to a constant weight and their dry weights recorded.

Insects were sorted into groups and identified. Merritt and Cummins (1978) was
useful in identifying aquatic insects, especially the immature stages, to family
level. Many families of insects could be identified to generic level using Pennak
(1978) and Usinger (1956). Wiggins (1977) was excellent for identifying the genera
of caddisfly larvae (Trichoptera). Simpson and Bode (1980), Mason (1973), and
Beck (1977) were useful in identifying midge (Chironomidae) larvae to genus.
Dragonfly (Odonata: Anisoptera) larvae, when large enough, usually could be
identified to species level using Needham and Westfall (1954). This reference was
the only one which had keys to all the U.S. species of this major group of aquatic
insects. Species level determinations for other groups were very difficult.
Regional, localized treatments for some taxa were helpful. Among the most
noteworthy of these were: Berner (1950) for Florida mayflies (Ephemeroptera),
Bobb (1974) for Virginia Hemiptera, Walker (1953) for the Canadian damselflies
(Odonata), and Young (1954) for Florida beetles (Coleoptera). If not covered by
these works, the insect could usually be identified only to genus. Dr. Dale Habeck,
University of Florida, identified the aquatic moth (Lepidoptera) larvae.

The snails were identified to genus using the keys in Pennak (1978). Some
snails from Florida could be identified to species using the descriptions found in
Thompson (1968). Crustaceans and other invertebrates were identified using the
keys in Pennak (1978) and Ward and Whipple (1959). Fish from Florida were
keyed to species using Stevenson (1976).

All data, including species counts, gathered from July 1978 through July 1980
were entered into a computer for statistical analyses. Data from the quantitative
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collections were graphed to show seasonal variation in plant biomass and faunal
populations.

Determination of whether an insect was damaging hydrilla was based
primarily on literature records, which were especially useful in excluding groups.
This was supplemented by personal observation of actual feeding and by

correlations between the density of a particular species and the damage to
hydrilla.

Florida Collection Sites

During this study, 267 collections of hydrilla and its associated fauna were
made at 58 different sites in Florida. These are listed in Appendix B. Most Florida
collections were made using the special, quantitative sampler described earlier.
However, if only a few hydrilla plants were present, or if weather conditions or
bottom configuration prevented the use of the sampler, then the sample was
collected by rake or anchor.

Figure 3 shows the distribution of the Florida collecting sites. Most sites were
sampled several times during the course of the study, and thus each dot on the

Figure 3. Map of Florida showing the collecting locations
surveyed during this study. Fach dot or star may represent
several adjacent collecting locations or multiple collections at
the same locations. Stars indicate locations where repetitive a
quantitative samples were taken Hp-\
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map frequently represents multiple collections. A single dot can also represent
several, closely adjacent collecting sites. Many sites were sampled on a regular
monthly schedule for most of the study period. Of these, six (depicted by stars in
Figure 3) were selected for extensive analysis in this report. Unlike many other
sites, all six sites maintained a significant hydrilla population throughout the
study period (except for seasonal “declines” at some northern sites). These sites
include an estuary (Crystal River); a clear, oligotrophic lake (Lake Jackson); a
deeply colored, “swamp-water” lake (Lake Lochloosa); a recently formed, large,
shallow reservoir (Rodman Reservoir); a spring-fed river (Wacissa River); and a
south Florida drainage canal (SR 841 Canal). Brief descriptions of these six
collecting areas follow, arranged from the northernmost (LLake Jackson) to
southernmost (SR 841 Canal).

Lake Jackson. Located in Leon County, just to the north of Tallahassee, some
10 miles south of the Georgia border, Lake Jackson, during the survey period was
approximately 1100 ha in size with a mean depth of 1.7 m (Langeland 1982). At
the end of 1982, a sinkhole opened and drained all of Lake Jackson (Dr. K.
Langeland, personal communication). This lake, along with being the northern-
most of the monthly samples, was also the most oligotrophic, with exceptionally
clear water with Secchi disk readings beyond the 3 m depth of the deeper portions
of the lake. The hydrilla here never reached the surface during the study period,
with the top strands saying below 1 m of the surface. The hydrilla here also was of
an unusual growth form, having very slender stems with long, linear leaves. A
copy of a herbarium sneet (Figure 4) vividly displays this growth form, especially
when compared to “typical” hydrilla from another area (Figure 5). The sampling
point was located along the western shore, near U.S. Route 27, in approximately
2.5 m of water.

Wacissa River. This medium-sized river in central Jefferson County, about 30
miles east of Tallahassee, is spring-fed and consequently has very clear water.
The average flow is almost 400 cfs, and the water temperature remains a constant
21°C year-round. Hydrilla has become established in this river with the
infestation being especially heavy near the head springs. The sampling site
(Figure 6) was located in midriver, in about 1.5 m of water, about 1/4 mile
downstream from the swimming area at Wacissa Springs.

Rodman Reservoir (Lake Ocklawaha). This large reservoir, over 5200 ha in
surface area with a mean depth of 5.5 m, was formed in the late 1960s when the
Ocklawaha River was dammed to form a pool to allow the operation of locks for -
the now-abandoned Cross-Florida Barge Canal. Although usually listed as Lake
Ocklawaha on maps, to most people in northern Florida it is better known as ’:
Rodman Reservoir, and the latter name will be used throughout this report. The O
sample site was located about 1/4 mile from the Rodman Recreation Area boat
ramp on the northeast side of the reservoir (Figure 7). The transparency of the
water was highly variable ranging from 0.7 m to in excess of 2.5 m with the mode
being 1.2 m.

Lake Lochloosa. Located on the southeast border of Alachua County, around
20 miles from Gainesville, Lake Lochloosa is a large lake with almost 2200
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Figure 4. Photocopy of a hydrilla plant (herbarium

specimen) from Lake Jackson showing the unusual

growth form of this population. Note the thin stems
and narrow leaves

Figure 5. Photocopy of a typical hydrilla plant (herbarium
specimen) from Rodman Reservoir T
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Figure 6. Hydrilla infestation at the Wacissa River in Jeffersun County, Florida
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Figure 7. Rodman Reservoir in Putnam County showing extensive growth of
hydrilla and other aquatic macrophytes
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surface acres (Heath and Conover 1981). Most of the shoreline is cypress swamp
and the water is colored a dark red. The Secchi disk readings of water
transparency ranged from 0.6 m to 1.5 m with a mean of 1.0 m. The collecting site
was located at the southwest corner about 100 m from shore in water about 2.4 m
deep.

Crystal River. Crystal River is a very broad, short river in Citrus County on
Florida’s west coast. It is formed by the combined flow (exceeding 900 cfs) of
numerous freshwater springs, of which Crystal Springs is the largest. Water
temperature is a constant 23°C. Being close to the Gulf of Mexico, most of the
river is estuarine. The sample point was located near the mouth of Miller’s Creek,
in about 0.8 m of water. Salinity here, greatly influenced by the tides, ranged from
0to 1.5 ppt averaging 0.5 ppt.

SR 841 Canal. This shallow (1.2 m deep), 10-m-wide canal (Figure 8) in Collier
County was usually choked by lush growth of hydrilla and southern naiad (Najas
guadalupensis). The sampling point was located at a footbridge, crossing the
canal, 2.8 miles north of Tamiami Trail (U.S. Route 41), about 70 miles west of
Miami. The water temperature here averaged 25.5°C, and at times exceeded 31°C.

Collection Sites OQutside of Florida

In order to determine the effects of geographic variability on the insect fauna
associated with hydrilla, infestations at four other states where hydrilla had been
recorded (in 1979) were sampled. Two infestations near the Mexican border in
California were sampled. In Georgia, five collections were made at Lake Seminole

Figure 8. SR 841 Canal in Collier County, Florida, choked with hydrilla. This
canal was the southernmost site quantitatively sampled for hydrilla and its
associated fauna
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and its vicinity. In southern Louisiana, two sites were sampled, while nine
collections were made from infestations in central and east Texas. (See Appendix
C for a complete list of non-Florida collections.)

Collections of hydrilla insects were also made during two trips to the Panama
Canal, and these are included in the analysis.

Analyses

SAS. Computer files containing all the data from this study were created,
stored, and modified, using a Digital PDP 11 computer at the University of
Florida Agricultural Research and Education Center in Fort Lauderdale, Fla. For
analysis, these files were transmitted via a telephone line to an AMDAHL 470
V/6 computer at the North East Regional Data Center (NERDC) at the main
campus of the University of Florida at Gainesville. NERDC has available various
data management and statistical analysis programs which are collectively
known as SAS (Statistical Analysis System) and are detailed by Barr et al. (1976).
Version 79.6 of SAS was used for the analyses. The most frequently used SAS
procedures were standard descriptive statistics (PROC MEANS), correlation
(PROC CORR), and data rearrangement (PROC SORT). _,_j

Species diversity. Species diversity was compared of the insects collected at N ’
[.ake Jackson, Wacissa River, Lake Lochloosa, Rodman Reservoir, Crystal River,
and SR 841 Canal. The species diversity, as expressed by the Shannon-Weaver
diversity index, was calculated for each collection from each of the six sites. The
Shannon-Weaver diversity index is the most widely used of the many diversity

indices employed in studies of biological communities. This index is sensitive ) ?_4
‘:: both to species richness (the number of species in the collection) and to species 1
X evenness (the distribution of specimens among the species). The Shannon-Weaver N

diversity index H’ is calculated according to the following algorithm (from Pielou

1966): ,_}

S

H=-_3 plogp .~$

1=1 ]

where T
s = total number of species in the collection : ]

p. = proportion of the total specimens comprised by the i species or p, = n//N 2

n, = number of specimens in the i species -ﬂ

N = total number of specimens in the collection

A modification of a Fortran program from Balciunas (1976, Appendix A) was

used to perform the calculations of the diversity indices. This recently modified

f Fortran program is shown in Appendix D. The base for the logarithms used in the

| calculation of Shannon-Weaver index is left to the discretion of the researcher:
this study uses natural logarithms (1, or log.,

Species accumulation. As an indication of sampling efficiency, we
graphically analyzed the species data from each of the six extensively studied
sites and from all the Florida collections, by graphing the number of new species
added by each subsequent collection from that site.
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RESULTS

Appendix B lists the locations and dates for all 267 hydrilla collectious in
Florida, while Appendix C presents the same data for the 22 hydrilla collections
£ from California, Georgia, Louisiana, Texas, and the Panama Canal.

Appendix E presents data describing the collection site parameters and those
delineating the floral sample. Water depth, mat depth, water temperature,
salinity, conductivity, and the wet and dry weights of each aquatic plant species
in the sample are listed. Most earlier samples in 1978 are missing part or all of
these data since test protocol had not been established. Other missing data are
due to lack of measuring instruments when originals were being repaired or
replaced. Also included in this appendix are average damage ratings for both
leaves and stems for top, middle, and lower portions (six different ratings per
collection) of 10 randomly chosen hydrilla strands from each collection.

The quantitative data for the six collection sites selected for more extensive
examination and discussion are presented in Appendices F through K.

A summary of the insect taxa collected is included as Appendix L. A listing of
the 28,490 snails collected and identified during this survey can be found in
Appendix M. Appendix N presents a listing of the more than 11,000 invertebrates,
other than insects and snails, which were collected and identified during this
study. Appendix O lists the identifications of the 1437 fish collected in the Florida
samples.

An annotated list of all 17,398 insects collected during this survey is presented
in the following pages. Information about the relationship of each group to
aquatic plants is noted. The total number of specimens of each species is given.
Collection numbers where each species was collected are listed and the patterns of
distribution noted. The orders of insects are arranged in evolutionary order, the
more primitive insect orders first and the more highly evolved orders last,
following the pattern of Merritt and Cummins (1978). Within the orders, the
families are arranged alphabetically as are the genera and species found in each
family. The species are numbered and an asterisk (*) appears before the species
number if that particular species is thought to feed on hydrilla. An asterisk
followed by a question mark (*?) precedes species considered possible feeders.
Figures of all insects feeding on hydrilla are shown along with figures of the more
abundant or important species in each insect order.

Order Ephemeroptera (Mayflies)

Some 414 mayflies were found in 92 hydrilla collections from 18 different sites ":‘,;.:
in Florida. An additional 14 specimens in 5 collections were from 2 Texas sites r
and 4 specimens in 1 collection were from Rio Chagres, Panama. These 432 "
Ephemeroptera specimens represented only 2 percent of all insects collected. O
However, 34 percent of all collections contained mayflies, and mayflies were "

found at 36 percent of the sites sampled. Although at least 8 species of mayflies
were taken, 96 percent of the specimens were either Callibaetis floridanus Banks
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or Caenis diminuta Walker. Dr. Lewis Berner, Department of Zoology, University
of Florida, confirmed most identifications.

The Ephemeroptera are a diverse group of hemimetabolous insects adapted to a
wide variety of lotic and lentic aquatic habitats. Adult mayflies are short-lived
terrestrial insects which do not feed. A few species are predaceous, but nymphs of
most species feed on detritus and diatoms (Cummins and Edwards 1978).
Pemberton (1980) found a few nymphs of Povilla adusta Navas (Polymitarcyidae)
inside hydrilla stems at Lake Tanganyika in Eastern Africa. The nymphs of
North America polymitarcyids excavate u-shaped burrows in river bottoms and
feed on particles of detritus (Edmunds, Jenson, and Berner 1976). Mayfly nymphs
probably utilize hydrilla plants as a substrate which conceals them from
predators. They may also feed on decaying parts of the plants or on the microflora
growing on leaf and stem surfaces.

e Family BAETIDAE

Baetids occupy a variety of aquatic habitats from hot springs to highly
oxygenated riffle habitats in streams and rivers. Callibaetis species are adapted
to lentic waters and are usually found in lakes and ponds.

1. Callibaetis floridanus Banks - 197 nymphs in 57 collections from 19
Florida sites: Broward Condo Lake, Caloosahatchee Tri.;utary, Crystal
River, Crystal River Canal, Homossasa Springs, Inglis Reservoir, Lake
Jackson, Lake Lochloosa, Lake Trafford, Loop Road Canal, Myakka
River, Orange Lake, Rodman Reservoir, SR 841 Canal, St. Marks River,
SW 76 Ave. Canal, Tamiami Canal, Tampa Fairground Ponds, and
Wacissa River (collections 78206, 78209, 78212, 78227, 78228, 78234,
78248, 78251, 79268, 79274, 79276, 79284, 79287, 79295, 79298, 79301,
79319, 79321, 79322, 79327, 79329, 79336, 79339, 79341, 79342, 79350,
79352, 79356, 79365, 79366, 79367, 79369, 79394, 79399, 79400, 79401,
79404, 79406, 79410, 79411, 79413, 80201, 80202, 80203, 80207, 80212,
80213, 80214, 80217, 80225, 80251, 80254, 80257, 80260, 80262, 80266,
and 80279). This species is often associated with hydrilla in Florida,
comprising 46 percent of all mayflies collected. Balciunas (1977, 1982)
also commonly found C. floridanus among waterhyacinth roots and
Myriophyllum spicatum plants. Callibaetis floridanus was correlated
with Trichocorixa sexcinata (r=0.527, p=0.0001, n=284). Figure 9
shows a nearly mature C. floridanus nymph.

2. Callibaetis species A - 2 nymphs from Rio Chagres, Panama (collection
79312). No references are available to determine neotropical mayfly
nymphs but these specimens are unlikely to be any North American
species.

3. Callibaetis species B - 1 nymph from the San Marcos River, Texas
(collection 80269). This specimen was too damaged to be identified to
species; however, it seems to be distinct from C. floridanus.
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. Figure 9. A mayfly nymph, Callibaetis floridanus
- - Banks (Ephemeroptera: Baetidae). The body
length of this nearly mature nymph is 6.4 mm.
- - Callibaetis floridanus nymphs comprised 46

. percent of the 414 mayflies collected. Mayflies
were found at 36 percent of the collection sites, but
4 comprised only 2 percent of the insects collected
on hydrilla. Most mayfly nymphs feed on detritus

and algae

e Family CAENIDAE

Caenids are usually found in lakes, ponds, and in pools and sluggish areas of
strearns and rivers. Edmunds, Jensen, and Berner (1976) state that Caenis
nymphs are often found on aquatic vegetation and list Ruppia as an example.
Pearson and Jones (1978) collected a few Caentis horaria (L.) from Potamogeton in
England.

4. Caenis diminuta Walker - 216 nymphs in 57 collections from 20 Florida
sites: Broward Condo Lake, Caloosahatchee Tributary, Crystal River,
Crystal River Canal, Holiday Park Canal, Lake Jackson, Lake
Lochloosa, Liake Trafford, Loop Road Canal, Myakka River, NW 25 St.
Canal, Orange L.ake, Rodman Reservoir, SR 841 Canal, St. Marks
River, SW 76 Ave. Canal, Tamiami Canal, Tampa Fairground Ponds,
Wacissa River, and 72 Ave. Canal (collections 78209, 78211, 78212,
TR214, 78217, 78224, 78227, 78228, 78243, 78251, 79260, 79264,
79272, 79274, 79275, 79277, 79279, 79286, 79287, 79290, 79296,
79321, 79331, 79333, 79339, 79348, 79356, 79366, 79369, 79375,
79394, 79401, 79406, 79408, 79410, 79411, 79412, 79413, 80203,
80207, 80210, 80213, 80214, 80215, 80216, 80222, 80223, 80226,
80228, 80229, 80236, 80239, 80249, 80256, 80261, 80267, and 80275).
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Figure 10. A mayfly nymph in the family

Caenidae, Caenis diminuta Walker. This species

comprised 52 percent of all the mayflies found in

association with hydrilla. The body length of this
mature nymph is 4.3 mm

This species is commonly associated with hydrilla in Florida. Fifty-two
percent of the mayflies collected in Florida were C. diminuta. It was the
dominant mayfly found by Balciunas (1977, 1982) among water-
hyacinth roots and Myriophyllum spicatum plants. A mature nymph is
shown in Figure 10.

5. Caenis species A - 2 nymphs from Rio Chagres, Panama (collection
79312). No references are available to determine neotropical mayfly
nymphs but these specimens are unlikely to be any North American
species.

6. Caenis species B - 2 nymphs from Lake Conroe, Texas (collection

79378). The specimens were too decayed to identify beyond genus but
are distinct from C. diminuta.

e Family LEPTOPHLEBIIDAE

7. Leptophlebia bradleyi Needham - 1 nymph from the Wacissa River,
Florida (collection 78244). Leptophlebiids are often abundant on
detritus in sluggish areas of streams and rivers. Dr. Berner (personal
communication) says that L. bradleyi is a rare species and that its
association with hydrilla is unusual.

26




T e Fhadiir) VW Ve . Ll Al A ™

¢ Family TRICORYTHIDAE

8. Tricorythodes species - 11 nymphs in 4 collections from the San Marcos
River, Texas (collections 79377, 80269, 80270, and 80271). Tri-
corythodes nymphs are usually found in large streams and rivers. The
nymphs are similar to Caenis in appearance and habit.

Order Odonata (Dragonflies and Damselflies)

In Florida, 1104 Odonata larvae were found in 173 hydrilla collections from 31
different sites. An additional 74 specimens were collected at 10 sites in California,
Georgia, Texas, and Panama. The 383 dragonfly and 795 damselfly nymphs (1178
Odonata) represented 7 percent of all insects collected; 64 percent of the
collections contained dragonflies or damselflies; and Odonata were found at 55
percent of the sites sampled, making this group the most widely represented
group of all the insect orders.

A high number of Qdonata taxa including 6 families, 23 genera, and
approximately 34 species were collected. At least 22 species of dragonflies and 12
species of damselflies were found. In species richness (i.e., number of different
species), the Odonata ranked second only to the Diptera, of the insect orders
collected. However, the damselflies, Enallagma signatum-pollutum complex and
Ischnura posita (Hagen), constituted 60 percent of all Odonata specimens. Ten
nymphs were either an undescribed Panamian species or were too immature to
identify beyond the family category.

Odonata nymphs are usually found in lentic habitats such as lakes, ponds, and
pools of rivers and streams. Habitats most frequently colonized by Odonata tend
to be permanent, unshaded waters which contain a variety of aquatic and
semiaquatic plants (Corbet 1980). Both adults and nymphs are strictly predaceous
(Cummins and Westfall 1978). Dragonfly and damselfly nymphs are probably
associated with hydrilla because the plants shelter prey organisms and provide
concealment from predators. Pemberton (1980) commonly found damselfly and
dragonfly larvae on hydrilla plants in Eastern Africa. Corbet (1980) states that
some species of Odonata lay their eggs within aquatic plants and that the type
and distribution of aquatic vegetation, i.e. oviposition sites, may thereby
influence Odonata population sizes and distributions. Both nymphal and adult
Odonata may impact hydrilla by reducing populations of herbivores such as
Parapoynx species.

Suborder Anisoptera (Dragonflies)

A total of 18 genera, 22 species, and 383 specimens of dragonflies were collected
in association with hydrili. ompared to damselflies, dragonflies were fewer in
number but richer in generr and species. Thirty-three percent of all Odonata
collected were Anisoptera.

¢ Family AKSCHNIDAE

Aeschnid nymphs are active climbers on aquatic vegetation, branches, logs,
and other underwater supports (Needham and Westfall 1954). However, only 5
specimens from Florida and 3 from Panama were taken in the present survey. The

27

--------------
.......

‘ot . FAPRAS T R PR
4 L A
.'L{. v P PR PCR




Ve m Vo TN RAACIAL AR A A A A R AP N i it~ & g e it hah Bog s Bt Shad Bk Dl L S Tade-m A

family is widely distributed and contains approximately 37 North American
species (Cummins and Westfall 1978).

9. Anax junius Drury - 4 nymphs in 4 collections from Crystal River, Lake
Lochloosa, Rodman Reservoir, and Wacissa River (collections 79324,
79399, 79401, and 79406). A specimen of this species has been recorded
from waterhyacinth roots in Florida (Balciunas 1977).

10. Basiaeschna janata Say - 1 larva taken in the St. Marks River, Florida
(collection 79326).

11. Aeschnidae species A - 2 nymphs in 2 collections from Rio Chagres,
Panama (collections 79312 and 80277). No references are available to
determine neotropical Odonata nymphs but these specimens are
unlikely to be any North American species.

12. Aeschnidae species B - 1 nymph from Rio Chagres, Panama (collection
79312). See Aeschnidae species A comments.

e Family CORDULIIDAE

Among the corduliids, 38 specimens comprising 2 genera and 4 species were
found in our hydrilla collections. Tetragoreuria cynosura Say was the most
abundant and the most frequently encountered corduliid. Corduliid nymphs are
similar to libellulids in habit (Cummins and Westfall 1978).

13. Epicordulia regina Hagen - 10 nymphs in 7 collections from 6 Florida
sites: Holiday Park Canal, Lake Hicpochee, Lake Lochloosa, SR 841
Canal, St. Marks River, and Wacissa River (collections 78222, 78243,
79268, 79300, 79304, 79355, and 80221).

14. Tetragoneuria cynosura Say - 24 nymphs in 16 collections from 6
Florida sites, Broward Condo Lake, Lake Jackson, Lake Trafford,
Rodman Reservoir, SR 841 Canal, St. Marks River; and Lewis Pond,
Georgia (collections (Fla.) 78245, 79292, 79305, 79322, 70325, 79338,
79345, 79357, 79362, 79363, 79366, 79410, 80232, 80257, 80262; and
(Ga.) 79390). This species was one of the more common dragonflies,
representing 6 percent of the Anisoptera collected. Nymphs of 7.
cynosura have also previously been collected among waterhyacinth
roots (Balciunas 1977).

15. Tetragoneuria semiaquez Bermeister - 3 nymphs in 2 collections from
I.ake Jackson, Florida, and Lewis Pond, Georgia (collections (Fla.)
79305; (Ga.) 79390).

16. Tetragoneuria sepia Gloyd - 1 nymph from Lake Jackson, Florida
(collection 80232).

¢ Family GOMPHIDAE

Only 1 species of gomphid was taken in the present survey. The scarcity of
gomphids in the samples was probably due to the habit of the nymphs which,
unlike most other Odonata, bury themselves in soft substrates and do not climb
on vegetation. The family contains many widely distributed North American
species (Cummins and Westfall 1978).
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17.

Aphylla williamsoni Gloyd - 1 nymph fromn Inglis Reservoir, Florida
(collection 78248). This nymph was apparently stirred from the
reservoir bottom when the sample was taken. Balciunas (1977) recorded
a specimen on waterhyacinth.

e Family LIBELLULIDAE

There are more genera and species of Libellulids in North America than any
other dragonfly family (Cummins and Westfall 1978). The family was well
represented in the survey in that 11 genera, 14 species, and 336 specimens were
taken (28 percent of all Odonata). The nymphs of some species are active

climbers,

others lie sprawled on rocks, logs, lake and pond bottoms, and other

substrates (Needham and Westfall 1954). Erythemis simplicicollis Say was the
most abundant libellulid taken. Celithemis species B and E. simplicicollis were
the most frequently collected libellulids.

18.

19.

20).

21.

22.

Cannacria gravida Calvert - 12 nymphs in 12 collections from 8 Florida
sites: Broward Condo Lake, Crystal River Canal, Lake Lochloosa, Lake
Trafford, Orange L.ake, Rodman Reservoir, SR 841 Canal, and SW 76
Avenue Canal (collections 79264, 79268, 79277, 79300, 79303, 79322,
79357, 79399, 79411, 79414, 80201, and 80252).

Celithemis species A - 2 larvae in 2 collections from 2 Florida sites:
Orange l.ake and Tamiami Canal (collections 79356 and 80256).
Needham and Westfall (1954) state that the nymphs of this genus live
in submersed vegetation.

Celithemis species B - 56 nymphs in 30 collections from 8 Florida sites,
Alligator Alley Canal, Broward Condo [.ake, Crystal River Canal, Lake
Johnson, Lake Trafford, Rodman Rservoir, SR 841 Canal, Tamiami
Canal; and Lake Conroe, Texas (collections (Fla.) 78216, 78225, 79264,
79268, 79287, 79292, 79300, 79305, 79308, 79309, 79311, 79315,
79317, 79322, 79323, 79325, 79334, 79338, 79349, 79351, 79362,
79363, 79375, 79394, 79419, 80219, 80225, 80262, 80267; and (Tex.)
79378). This species was a common hydrilla associate, representing 15
percent of all dragonflies collected. See Celithemis species A discussion
for nymphal habitat preferences. Celithemis species B was associated
with Erythemis simplicicollis Say (r = 0.545, p = 0.0001, n = 284).

Dythemis rufinervis Burmeister - 8 nymphs in 8 collections from 6
Florida sites, Alligator Alley Canal, Crystal River Canal, Lake
Jackson, Loop Road Canal, SR 841 Canal, SW 76 Avenue Canal; and
Lewis Pond, Georgia (collections (Fla.) 78225, 79277, 79321, 79322,
79368, 80232, 80245; (Ga.) 79390).

Erythemis simplicicollis Say - 179 nymphs in 35 collections from 17
Florida sites, Alligator Alley Canal, Big Bass L.odge Canal, Broward
Condo l.ake, Crystal River, Crystal River Canal, Holiday Park Canal,
Inglis Reservoir, Lake I.ochloosa, l.ake Trafford, [.oop Road Canal,
NW 25 Street Canal, Orange L.ake, SR 841 Canal, St. Marks River,
Tamiami Canal, Tampa Fairground Ponds, 72 Avenue Canal; the SR
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Figure 11. A dragonfly nymph, Erythemis simplicicollis
Say (Odonata: Libellulidae). This nymph has a body
length of 32.5 mm. While dragonflies and damselflies
were found at 55 percent of the sites sampled, only 7
percent of all insects found in association with hydrilla
were Odonata. The most abundant dragonfly was E.
simplicicollis which comprised 47 percent of the 383
nymphs collected. Both immature and adult dragonflies
are predaceous

24 Canal in Louisiana; and Fish Hatchery Pond, Texas (collections
(Fla.) 78206, 79210, 78211, 78214, 78217, 78221, 78224, 78225,
78231, 79255, 79264, 79286, 79288, 79290, 79311, 79322, 79326,
79332, 79334, 79345, 79348, 79349, 79356, 79362, 79363, 79366,
79369, 79375, 79398, 79410, 79412, 80212, 80275; (La.) 79381; and
(Tex.) 79376). This was the most numerous dragonfly collected
representing 47 percent of all Anisoptera. This species is also common
in waterhyacinth roots (Balciunas 1977) and Myriophyllum spicatum
plants (Balciunas 1982). Erythemis simplicicollis was associated with
undetermined Tanypodinae species B (r = 0.564, p = 0.0001, n = 284),
Celithemis species B (r = 0.545, p = 0.0001, n = 284), and Liodessus
flavicollis (r = 0.517, p =0.0001, n = 284). Figure 11 shows an E.
simplicicollis nymph.
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23. Erythemis species A - 2 nymphs from Rio Chagres, Panama (collection o
79312). These specimens appeared to belong to the genus Erythemis, o
but no references were available to identify them to species. - q
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24. Erythrodiplax species - 6 nymphs in 5 collections from 4 Florida sites,
Holiday Park Canal, L. Lake, NW 25 St. Canal, and SR 841 Canal
(collections 78211, 78217, 78229, 79268, and 79334). Needham and
Westfall (1954) state that the nymphs live in submersed vegetation.

25. Libellula vibrans Fabricius - 2 nymphs in 2 collections from 2 Florida
sites, Loop Road Canal and SR 841 Canal (collections 79286 and 80251).
The nymphs of this species lie sprawled on the bottoms of lakes and
ponds (Needham and Westfall 1954).

26. Macrodiplax balteata Hagen - 9 nymphs in 7 collections from 4 Florida
sites, Lake Trafford, Rodman Reservoir, SR 841 Canal, and St. Marks 7
River (collections 78226, 79295, 79300, 79326, 79349, 79398, and oo
80212). Needham and Westfall (1954) state that the nymphs are
sometimes found in slightly brackish waters.

27. Miathyria marcela Selys - 4 larvae in 4 collections from 3 Florida sites,
Lake Trafford, NW 25 St. Canal, SR 841 Canal; and Rio Chagres,
Panama (collections (Fla.) 78252, 79351, 79375; and (Panama) 80277).
Balciunas (1977) collected this species from waterhyacinth roots.

28. Pachydiplax longipennis Bermeister - 46 nymphs in 15 collections from
6 Florida sites, Lake Hicopochee, Lake Jackson, Loop Rd. Canal, .
Orange Lake, SR 841 Canal, Turnpike Stream at 155-m marker; and Rio =
Chagres, Panama (ccollections (Fla.) 78222, 79254, 79290, 79300, o
79305, 79310, 79317, 79344, 79348, 79398, 79409, 80205, 80232,

80262; and (Panama) 79312). This species comprised 12 percent of all
Anisoptera collected. Balciunas (1977) commonly found it on water- '
hyacinth roots. ~

29. Libellulidae species A - 6 nymphs in 2 collections from Rio Chagres,
Panama (collections 79312 and 80277). No references were available to
determine neotropical Odonata nymphs, but these specimens are
unlikely to be any North American species.

30. Libellidae species B - 2 nymphs from Rio Chagres, Panama (collection .
79312). See Libellulidae species A. N

Undetermined Libellulidae— .
Two nymphs in 2 collections from 2 Florida sites, Lake Trafford and v

Tamiami Canal (collections 79332 and 79363). These specimens were
too immature to identify beyond the family category.

Suborder Zygoptera (Damselflies)

A total of 5 genera, 12 species, and 795 specimens of damselflies were collected. D
Sixty-seven percent of all Odonata specimens collected were damselflies. 2
Compared to dragonflies, damselflies were more abundant but represented fewer B
genera and species.

¢ Family CALOPTERYGIDAE

<

. «
Only a few species of calopterygids occur in North America. The nymphs of _ S
most species occur in lotic habitats (Cummins and Westfall 1978). %




31. Hetaerina americana (Fabricius) - 2 nymphs in 2 collections from the
All American Canal, California, and the San Marcos River, Texas
(collections (Calif.) 78236 and (Tex.) 79377).

¢ Family COENAGRIONIDAE

Approximately 93 species of coenagrionids are found in North America. The
nymphs of most species are active climbers and are frequently associated with
aquatic vegetation (Cummins and Westfall 1978). A total of 4 genera, 11 species,
and 793 specimens (mostly of just 2 species) were found in the present survey.

32. Argia apicalis (Say) - 3 nymphs in 3 collections from 2 Florida sites,
Caloosahatchee Tributary and St. Marks River (collections 78227,
79261, and 79326).

33. Argia species A - 1 nymph from the All American Canal, California
(collection 78236).

34. Argia species B - 1 nymph from the All American Canal, California
(collection 78236).

35. Enallagma carunculatum Morse - 6 nymphs in 2 collections from
California, All American Canal and Sheldon Reservoir (collections
78236 and 78237).

36. Enallagma signatum-pollutum complex - 356 nymphs in 110 collections
from 20 Florida sites, Broward Condo Lake, Crystal River, Crystal
River Canal, Holiday Park Canal, Lake Hicpochee, Lake Jackson, Lake
Lochloosa, Lake Trafford, Loop Road Canal, Myakka River, NW 25 St.
Canal, Orange Lake, Rodman Reservoir, Salt Springs, SR 841 Canal,
St. Marks River, Suwannee River, SW 76 Avenue Canal, Tamiami
Canal, Wacissa River; from Lake Seminole and Lewis Pond, Georgia;
and Lake Conroe, Texas (collections (Fla.) 78205, 78206, 78211, 78212,
78217, 78218, 78222, 78228, 78230, 78241, 79249, 78251, 79257,
79261, 79264, 79265, 79266, 79268, 79269, 79270, 79271, 79272,
79274, 79276, 79278, 79279, 79283, 79286, 79287, 79289, 79290,
79293, 79295, 79296, 79299, 79300, 79301, 79302, 79303, 79306,
79319, 79321, 79322, 79324, 79329, 79331, 79333, 79334, 79337,
79339, 79343, 79346, 79348, 79349, 79353, 79354, 79355, 79356,
79362, 79363, 79364, 79366, 79368, 79369, 79375, 79398, 79399,
79401, 79402, 79406, 79410, 79411, 79412, 80202, 80203, 80206,
80207, 80208, 80212, 80213, 80215, 80216, 80217, 80218, 80219,
89221, 80223, 80225, 80226, 80228, 80231, 80232, 80234, 80236,
80238, 80240, 80243, 80251, 80252, 80256, 80257, 80260, 80262,
80263, 80265, 80267, 80275; (Ga.) 78202, 79390; and (Tex.) 79378).
Both Enallagma signatum (Hagen) and Enallagma pollutum (Hagen)
were collected by Balciunas (1977) on waterhyacinth roots. These
species are also likely to be associated with hydrilla. The nymphs differ
only in minor characters and even mature nymphs are extremely
difficult to identify. The collections listed above may contain either E.
signatum, E. pollutum, or both species. This species complex
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37.

38.

39.

40.

Figure 12. A damselfly in the family Coenagrionidae,
Enallagma signatum-pollutum complex. The body length
of this immature nymph is 19.7 mm. Nymphs of this
species complex and those of another damselfly, Ischnura
posita (Hagen), were equally abundant on hydrilla and
together represented about 60 percent of all Odonata
collected. Damselflies are strictly predaceous

represented 30 percent of all Odonata collected. An E. signatum-
pollutum nymph is shown in Figure 12.

Enallagma species A - 3 nymphs from Rio Chagres, Panama (collection
79312). These specimens appear to belong to the genus Enallagma, but
no references were available to identify them to species.

Enallagma species B - 3 nymphs in 3 collections from 2 Florida sites, St.
Marks River and Wacissa River (collections 80221, 80233, and 80234).

Enallagma species C - 56 nymphs in 14 collections from 2 Florida sites,
Lake Jackson and SR 841 Canal (collections 79272, 79281, 79292,
79305, 79338, 79354, 79365, 79388, 79404, 80205, 80219, 80232,
80245, and 80262). All but 1 of these specimens were from Lake
Jackson. Enallagma species C was associated with Dicrotendipes
species (r = 0.74, p = 0.0001, n = 284), Dicrotendipes Ieucoselis (r = 0.776,
p =0.0001, n =284), Ablabesmyia parajanta (r = 0.675, p = 0.0001,
n = 284), and Dicrotendipes modestus (r = 0.540, p = 0.0001, n = 284).

Ischnura posita (Hagen) - 357 nymphs in 96 collections from 21 Florida
sites, Big Bass Lodge Canal, Broward Condo Lake, Crystal River,
Crystal River Canal, Holiday Park Canal, Lake Jackson, Lake
Lochloosa, Lake Trafford, Loop Road Canal, Marshy Lake 1 mile west
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of U.S. 98 Junction, Myakka River, NW 25 St. Canal, Orange Lake,
Rodman Reservoir, SR 841 Canal, St. Marks River, SW 76 Avenue
Canal, Tamiami Canal, Tampa Fairground Ponds, Wacissa River, 72
Avenue Canal; from SR 24 Canal in Louisiana; Lake Conroe and Lake
Livingston, Texas; and Rio Chagres, Panama (collections (Fla.) 78206,
78209, 78211, 78212, 78217, 78220, 78221, 78224, 78228, 78251,
79256, 79261, 79264, 79265, 79268, 79269, 79270, 79274, 79276,
79277, 79278, 79284, 79285, 79286, 79287, 79288, 79289, 79290,
79295, 79296, 79300, 79301, 79302, 79314, 79315, 79317, 79319,
79320, 79322, 79329, 79330, 79334, 79337, 79338, 79343, 79345,
79349, 79355, 79356, 79361, 79362, 79263, 79369, 79370, 79375,
79383, 79394, 79398, 79399, 79400, 79401, 79405, 79406, 79409,
79413, 80201, 80202, 80203, 80205, 80207, 80208, 80212, 80213,
80215, 80216, 80217, 80218, 80219, 80225, 80226, 80228, 80239,
80240, 80242, 80248, 80249, 80252, 80259, 80262, 80265, 80267,
80275; (La.) 79381; (Tex.) 79378, 79380; and (Panama) 79312). This
species represented 30 percent of all Odonata collected. Balciunas
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(1977) found I. posita to be one of the most abundant and most D
frequently encountered insects on Waterhyacinth roots. Ischnura -3

both were frequently collected in the present survey. These species were
among the insects most frequently associated with hydrilla. Ischnura
posita was associated with Parachironomus monochromus (r = 0.548,
p = 0.0001, n = 284).

41. Nehalennia species A - 2 larvae in 2 collections from 2 Florida sites, St.
Marks River and Suwannee River (collections 78205 and 79273).

42. Nehalennia species B - 5 larvae from 2 collections on the San Marcos
River, Texas (collections 79377 and 80269).

posita and E. signatum-pollutum complex were of equal abundance and |
:
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Order Homoptera ﬂ
e Family APHIDAE (Aphids)

* 43. Probably Rhopalosiphum nymphaeae (Linnaeus) - 4 adults in 2
collections from the Wacissa River, Florida, and the SR 24 Canal in
Louisiana (collections (Fla.) 80254 and (La.) 79381). Aphids are
terrestrial insects which feed on plant juices. Rhopalosiphum nymphaeae
feeds on a wide variety of aquatic plants (Gaevskaya 1969) including
emersed parts of Myriophyllum spicatum (Balciunas 1982) and
hydrilla. Although aphids do little direct damage to hydrilla, their
feeding punctures may serve as entrances for pathogenic plant fungi
and bacteria. Positive identification of these adults could not be made
due to the poor condition of the specimens.

Order Hemiptera (True Bugs)

A total of 573 Hemiptera represented 3 percent of all insects collected; 33 percent
of the collections contained Hemiptera; and Hemiptera were found at 39 percent
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of the sites sampled. Five hundred and sixty-one immature and adult Hemiptera
were found in 91 hydrilla collections from 26 Florida sites. Another 5 specimens
were from 2 collections at 2 Texas sites and 7 specimens were from Rio Chagres,
Panama.

Nine families, 11 genera, and 14 species of Hemiptera were collected in
association with hydrilla. Most of the corixids were identified by Dr. Reece I.
Sailer, Department of Entomology, University of Florida. Dr. T. J. Henry,
Systematic Entomology Laboratory, Insect Identification and Beneficial Insect
Introduction Institute, USDA, confirmed the identifications of a few species and
all genera of the remaining families. Trichocorixa species and Pelocoris
femoratus (Palisot de Beauvois) were the most abundant and frequently
encountered species.

Typically, both mature and immature stages of the Hemiptera occupy the same
habitats and utilize similar or the same food resources. Thus, both nymphal and
adult stages were represented in our collections. Nearly all species of aquatic and
semiaquatic Hemiptera are predaceous (Cummins and Polhemus 1978), but at
least a few North American corixid species are known to feed, in part, on diatoms
L and the cellular contents of filamentous algae (Usinger 1956). Since semiaquatic
Hemiptera generally occupy the water-air interface of lentic habitats, these
species can only associate with topped-out hydrilla or floating pieces of the plant.
Under such circumstances, hydrilla may harbor prey organisms on which these
insects feed and offers a solid support on which to rest, mate, or oviposit. Aquatic
species, which spend much of their lives totally submersed, may also find food
and shelter on submerged hydriila.

¢ Family BELOSTOMATIDAE (Giant Water Bugs)

Belostomatids are large, aquatic hemipterans usually found in ponds, lakes,
and lentic habitats of streams and rivers. Their diet includes aquatic insects,
other arthropods, amphibians, and fish (Usinger 1956). These predaceous insects
may impact hydrilla by reducing populations of herbivorous aquatic arthropods
and fish. Belostomatids represented 5 percent of all Hemiptera collected.

o 44. Belostoma lutarium (Stal) - 27 nymphs and adults in 21 collections from
[ 14 Florida sites, Alligator Alley Canal, Big Bass Lodge Canal, Crystal
S River, Holiday Park Canal, Lake Hicpochee, Lake Trafford, Loop Road

Canal, NW 25 St. Canal, Orange Lake, Rodman Reservoir, SR 841

Canal, St. Marks River, Tamiami Canal, Wacissa River; and Fish
- Hatchery Pond, Texas (collections (Fla.) 78221, 78222, 78225, 78235,
PS 78243, 79217, 79288, 79291, 79300, 79320, 79336, 79339, 79348, 79349,
' 79353, 79369, 79375, 79395, 80260, 80265; and (Tex.) 79376). Balciunas
(1977) took specimens of this species and Belostoma testaceum (Leidy)
on waterhyacinth roots. Eight of the belostomatids associated with
hydrilla were adult B. lutarium. No references are available to identify
'.”‘ nymphs. Our nymphs may be either B. lutarium or B. testaceum. Only a
' few belostomatids were taken by Balciunas (1982) on Myriophyllum.

5. PRI ) OOTRR
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¢ Family CORIXIDAE (Water Boatmen)

A total of 2 genera, 3 species, and 376 specimens of corixids were found in
association with hydrilla. Sixty-seven percent of all Hemiptera in the collections
were Trichocorixa species. Thirty-five nymphs could not be identified to species
and two specimens could only be determined to family.

Balciunas (1977, 1982) took a few corixids on waterhyacinth roots and
Myriophyllum spicatum plants. Hungerford (1948) and Usinger (1956) state that
corixids feed on filamentous and unicellular algae, as well as small animals such
as protozoans, rotifers, and early instar culicids and chironomids. Some species of
corixids prefer habitats rich in aquatic vegetation, whereas others inhabit open
water (Bobb 1974).

45. Sigara sigmoidea (Abbott) - 1 adult from SR 841 Canal, Florida
(collection 79300). Hungerford (1948) places this species in the subgenus
Phaeosigara. Cummins and Polhemus (1978) list Sigara species as
piercers - herbivores (on algae?).

Undetermined Sigara species—

Only 2 nymphs in 2 collections from 2 Florida sites, Lake Trafford and
Rodman Reservoir (collections 79401 and 79411).

46. Trichocorixa minima (Abbott) - 15 nymphs and adults in 22 collections
from 7 Florida sites, Inglis Reservoir, Lake Lochloosa, Lake Trafford,
Orange Lake, Rodman Reservoir, SR 841 Canal, and Wacissa River
(collections 78206, 78218, 78226, 78231, 79265, 79276, 79284, 79295,
79311, 79322, 79324, 79334, 79349, 79356, 79361, 79400, 79411, 80202,
80214, 80217, 80218, and 80262). This species constituted 26 percent of
all hemipterans collected. Cummins and Polhemus (1978) note that
Trichocorixa species are predaceous and often occur in saline waters.

47. Trichocorixa sexcincta (Champion) - 187 nymphs and adults in 26
collections from 8 Florida sites, Crystal River, Crystal River Canal,
Lake Lochloosa, Lake Trafford, Orange L.ake, Rodman Reservoir, SR
841 Canal, and Wacissa River (collections 79264, 79265, 79268, 79276,
79284, 79295, 79322, 79324, 79334, 79339, 79352, 79364, 79387, 79400,
79403, 79406, 79410, 79411, 80202, 80218, 80228, 80246, 80254, 80260,
80264, and 80265). Trichocorixa sexcincta was the most abundant
hemipteran in the hydrilla collections, representing 33 percent of all
true bugs found. This species was associated with Callibaetis floridanus
(r=0.527, p=0.0001, n =284). An adult T. sexcincta is shown in Figure
13.

Undetermined Trichocorixa species—

A total of 33 nymphs and adults in 15 collections from 7 Florida sites,
Broward Condo Lake, Lake Trafford, Myakka River, Orange Lake,
Rodman Reservoir, SR 841 Canal, and Wacissa River (collections
78250, 78251, 78259, 79287, 79322, 79356, 79375, 79387, 79400, 79401,
79403, 79411, 80213, 80265, and 80267). No references were available
to identify corixid nymphs.
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Figure 13. An adult water boatman, Tri-
chocorixa sexcincta (Champion) (Hemiptera:
Corixidae). This water boatman has a body -
length of 4.5 mm. Hemiptera were found at 39 A
percent of the sites samplied but represented X
only 3 percent of all insects collected. Tri- o
chocorixa sexcincta was the most abundant =
hemipteran taken, comprising 33 percent of -
all true bugs found in association with o
hydrilla. Most aquatic and semiaquatic

Hemiptera are predaceous, although a few

corixids may feed on algae

Undetermined Corixidae—

Only 2 nymphs in 2 collections from the SR 841 Canal and the Wacissa
River, Florida (collections 79324 and 79334), were too immature to
identify to genus.

e Family GERRIDAE (Water Striders)

Gerrids are semiaquatic, predaceous Hemiptera that skate on the surface of

lentic waters. Only 2 genera, 2 species, and 17 specimens were found in
association with hydrilla.

48. Limnogonus hesione (Kirkaldy) - 5 adults in 3 collections from the SR
‘ 841 Canal, Florida (collections 79334, 79349, and 80251). Balciunas
- (1977) took 1 specimen on waterhyacinth. Bobb (1974) says that L.
- hesione prefers sheltered places near the shore of ponds and lakes. This

is the only North American species in the genus (Cummins and
Polhemus 1978).

k‘ 49. Trepobates species - 12 nymphs and adults in 5 collections from 2
Florida sites, SR 841 Canal and Tamiami Canal (collections 79322,
79349, 79373, 79398, and 80251). Eight species of Trepobates occur in
North America and more than one species may be represented in the
collections listed above. Balciunas (1977) took a specimen on water-
hyacinth. This genus prefers habitats similar to those used by L.
hesione (Bobb 1974).
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o Famly HEBRIDAE (Velvet Waterbugs)

M. Merragata brunnea Drake - 20 nymphs and adults in 7 collections from
6 Florida sites, Big Bass Lodge Canal, Broward Condo Lake, Lake
Trafford, SR %37 Canal, SR 841 Canal, and Tampa Fairground Ponds
(collections 78200, 78210, 78215, 78221, 79322, 79345, and 79351).
Merragata s a small put widely distributed genus of predaceous,
semiaquatic insects. Most species are found near the shores of lakes
and ponds (Cummins and Polhemus 1978). Balciunas (1977) took a few
specimens on waterhyacinth roots.
e [Family MESOVELIIDAE (Water Treaders)
A small group of semiaquatic Hemiptera, this family is represented in North
America only by the Genus Mesovelia. These predaceous insects live on floating
and emergent vegetation growing in ponds and lakes (Bobb 1974).

51, Mesovelia amoena Uhler - 1 nymph from the Wacissa River and 1 adult
from Lake Lochloosa, Florida (eollections 80265 and 80275). Dr. Henry
confirmed identification of this species. Balciunas (1977) took nymphs
ol this species on waterhyacinth.

Ut
N

52. Mesovelia muilsanti bisignata Uhler - 10 adults in 7 collections from 6
Florida sites, Broward Condo Lake, Caloosahatchee Tributary, Holiday
Park Canal, Rodman Reservoir, SR 841 Canal, and Wacissa River
(collections TRZ27, 78243, 79268, 79336, 79339, 79362, and 80265).
Three specimens were confirmed by Dr. Henry. This species has also
heen taken on waterhvacinth (Balelunas 1977).

o Family NAUCORIDAE (Creeping Water Bugs)

Two spectes and 39 specimens of Pelocoris were taken in the present survey.
Pelocoris foenoratvs represented 16 percent of all Hemiptera in the hydrilla
collections. These insects are aquatic predators (Merritt and Cummins 1978).

53, Pelocorts balius La Rivers - 4 nvmphs and adults in 2 collections from 2
Texas sites, Fish Hatchery Pond and San Marcos River (collections
79476 and 79377). This taxon is usually treated as a subspecies of P.
femoratus; however. Balciunas (1977) often collected both taxa together
on waterhvacinth which suggests that these taxa may be distinct
SPeCIes.

Sb Pelocoris femoraius (Palisot de Beauvois) - 95 nymphs and adults in 37
colleciinns from 10 Florida sites, Holidavy Park Canal, Homossasa
Springs, Lake Lochloosa, Lake Trafford, Loop Road Canal, Orange
ake, Rodman Reservoir, SR 841 Canal, Tamiami Canal, Wacissa
iiver, and Rio Chagres, Panama (collections (Fla.) 78206, 78217,
TRIVRTN2ZG, TR TU253, TO286, TOZ28R, 79290, 79297, 79300, 79301,
TO304, TH309. TN, TO36, TY32Y, T9324. 79327, T933T. 79339, 793443,

TORIR, TANAY TN, TORNT, TO3D2. THIHNH, TUA6SE, TO364. T937H, 79398, Ty
KU ROUHY seUsG %0262 and (Panamin 793120 A few of these _
specimens mav he Pobaliis. Pelocoris femoratus was one of the most |
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Figure 14. An adult creeping water bug, Pelocoris

femoratus (Palisot de Beauvois) (Hemiptera: Naucoridae);

body length = 2.3 mm. This species represented 16 percent
of all true bugs associated with hydrilla

‘abundant and frequently collected hemipterans on hydrilla. Figure 14
shows an adult P. femoratus.
e Family NEPIDAE (Water Scorpions)

Only one species of water scorpion was found in association with hydrilla.
Balciunas (1977) also found Ranatra australis Hungerford and Ranatra nigra
Herrich-Schaeffer on waterhyacinth. Nepids are aquatic, predaceous insects that
occur in detritus and aquatic vegetation (Bobb 1974).

55. Ranatra buenoi Hungerford - 15 nymphs and adults in 9 collections
from 6 Florida sites, Lake lL.ochloosa, L.ake Trafford, Loop Road Canal,
Orange Lake, Rodman Reservoir, and SR 841 Canal (collections 78206,
78226, 78235, 79268, 79290, 79299, 79302, 79337, and 80214). Five
specimens of this species were confirmed by Dr. Henry.

e Family PLEIDAE (Pigmy Back Swimmers)

Pleids are small, aquatic hemipterans usually found among aquatic plants in
lentic waters (Bobb 1974), Cummins and Polhemus (1978) state that the preferred
prey are microcrustacea.

56. Neoplea striola Fieber - 1 adult from the Tampa Fairground Ponds,
Florida (collection 78209). The specimen identification was confirmed
by Dr. Henry. Balciunas (1977, 1982) took this species on waterhyacinth
and Myriophyllum.
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e Family VELIIDAE (Broad-Shouldered Water Striders)

Veliids are predaceous, semiaquatic Hemiptera which resemble gerrids in habit
and appearance.

57. Microvelia hinei Drake - 2 adults from the SW 76 Avenue Canal, Florida
(collection 78212). Bobb (1974) states that this species is found near the

- shores of ponds and lakes.
i Order Neuroptera
o e Family SISYRIDAE (Spongillaflies)

58. Climacia species - 2 larvae in 2 collections from the St. Marks River and
Tamiami Canal, Florida (collections 79282 and 79373). Spongillaflies
are a small, widespread group of aquatic Neuroptera. The larvae
usually feed on freshwater sponges although Usinger (1956) states that
they have been observed feeding on Bryozoa and algae in the vicinity of
sponges. These specimens may have been dislodged from sponge
colonies when the hydrilla collections were taken.

Order Trichoptera (Caddisflies)

A total of 4261 larvae, pupae, and teneral adults were found in 150 hydrilla
collections frem 20 Florida sites. Additionally, 1 specimen was taken at the All
American Canal, California; 3 specimens were from 2 collections at 2 Georgia
sites; and 20 specimens were from 6 collections at 3 Texas sites. A total of 4265
caddisflies represented 24 percent of all insects collected; 55 percent of the
collections contained caddisflies; and Trichoptera were found at 35 percent of the
sites sampled.

Eight families, 16 genera, and approximately 22 species of caddisflies were
taken in the present survey. Hydroptilids and leptocerids represented 99 percent
of all Trichoptera collected. Orthotrichia species and Leptocerus americanus
(Banks) were the most abundant species found in the hydrilla collections. The
most frequently collected caddisfly was Orthotrichia species. Only six adults and
pupae could not be identified to genus or species. Eight immature larvae and
pupae could not be determined to family.

Larval and pupal Trichoptera are found in both lotic and lentic aquatic
habitats. The larvae often construct protective cases of vegetation, sand, and
other materials. The last instar case often serves as a cocoon after slight
modification and attachment to a substrate. Depending on the species,
Trichoptera larvae may be herbivorous on algae and vascular plants, predaceous
on small arthropods, or omnivorous, feeding on both plant and animal material.
Herbivorous species taken in the present survey that may feed on hydrilla include
Leptocerus americanus, Nectopsyche tavara, QOecetis species, and Triaenodes
species. Although adult Trichoptera are terrestrial, our collections contained
some specimens of teneral adults which emerged from pupae after these samples
had been taken.
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¢ Family HELICOPSYCHIDAE
59.

Helicopsyche species - 4 larvae from the San Marcos River, Texas
(collection 80272). Helicopsychids build distinctive cases which
resemble snail shells. The larvae are usually found in lotic aquatic
habitats. Larval feeding observations are few, but some species feed on
algae, detritus, and animal materials (Wiggins 1977).

e Family HYDROPSYCHIDAE

60.

Cheumatopsyche species - 1 larva from a tributary of the Caloosahatchee
River, Florida (collection 78227). Hydropsychids are usually found in
running waters, although Marcus (1981) found a few Hydropsyche
species in submerged weeds at Conesus Lake, New York. Unlike most
caddisflies, the larvae do not build cases but live in sheltered places
such as in the cracks between rocks, under loose bark of logs, etc.
Detritus, algae, and small aquatic invertebrates are filtered from the
water with nets spun by the larvae (Wiggins 1977).

e Family HYDROPTILIDAE

Hydroptilids are very small caddisflies which inhabit lentic and lotic aquatic
habitats throughout North America. The last instar larvae construct purselike
cases of silk (Cummins and Wiggins 1978). Many species have been reported to
feed on filamentous algae (Wiggins 1977). Approximately 4 genera and 8 species
of hydroptilids were found in association with hydrilla. Hydroptilids represented
47 percent of all caddisflies collected.

61.

62.

63.

64.

Hydroptila species - 1 larva from Rodman Reservoir, Florida (collection
80263). Balciunas (1982) took 1 specimen of Hydroptila from the Crystal
River. Blickle (1962) found 8 species of Hydroptila in Florida of which
H. maculata (Banks), H. wakulla Denning, and H. waubesiana Betton
were the most common.

Ochrotrichia species A - 23 pupae in 2 collections from the San Marcos
River, Texas (collections 80269 and 80272). Ochrotrichia larvae live in
lotic waters. Some species feed on diatoms (Wiggins 1977). The genus is
mainly western in distribution.

Ochrotrichia species B - 1 pupa from the San Marcos River, Texas
(collection 80272). See Ochrotrichia species A for discussion of larval
habits.

Orthotrichia species - 1770 larvae, pupae, and teneral adults in 89
collections from 17 Florida sites, Broward Condo Lake, Crystal River,
Crystal River Canal, Homossasa Springs, Lake Jackson, Lake
Lochloosa, Lake Trafford, Loop Road Canal, Myakka River, NW 25 St.
Canal, Orange Lake, Rodman Reservoir, SR 841 Canal, St. Marks
River, Tamiami Canal, Wacissa River, 72 Ave. Canal; and Lake
Seminole, Georgia (collections (Fla.) 78208, 78218, 78224, 78230,
78234, 78235, 78247, 78250, 78251, 79255, 79257, 79259, 79260, 79268,
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Figure 15. A microcaddisfly larva (body length = 2.3 mm) and case,

Orthotrichia species (Trichoptera: Hydroptilidae). Caddisflies were found

at 35 percent of the sites sampled and comprised 24 percent of all hydrilla

insects. Orthotrichia species was the most abundant caddisfly taken

comprising 42 percent of the 4265 splecimens collected. Hydroptilids feed
on algae

79278, 79279, 79281, 79283, 79289, 79291, 79292, 79294, 79296, 79302,
79303, 79307, 79313, 79314, 79315, 79333, 79337, 79339, 79341, 79342,
79243, 79350, 79351, 79352, 79354, 79355, 79356, 79363, 79368, 79369,
79372, 79375, 79394, 79399, 79400, 79401, 79404, 79405, 79412, 80201,
80205, 80207, 80208, 80209, 80213, 80214, 80215, 80216, 80217, 80218,
80219, 80221, 80227, 80228, 80229, 80234, 80235, 80239, 80240, 80241,
80242, 80243, 80245, 80252, 80253, 80255, 80259, 80260, 80262, 80263,
80264, 80266, 80274, 80275; and (Ga.) 79389). Wiggins (1977) reports
that the larvae occur in lentic waters in beds of aquatic plants and feed
on filamentous algae. Orthotrichia species was the most numerous and
frequently collected caddisfly associated with hydrilla representing 42
percent of all Trichoptera collected. Balciunas (1982) found Orthotrichia
species to be the most abundant and frequently collected caddisfly on
Myriophyllum spicatum as well., Blickle (1962) found 6 species of
Orthotrichia in Florida of which O. americana Banks was the most common.
Orthotrichia species was associated with Parachironomus species
(r=0.501, p=0.0001, n =284) in the present survey. A mature larva is
shown in Figure 15.

. Oxyethira species A - 10 larvae and pupae in 3 collections from Lake

Lochloosa and Orange Lake, Florida (collections 79400, 80217, and
80275). Oxyethira larvae are usually found in beds of aquatic plants in
lentic habitats. Filamentous and unicellular algae are the reported
larval hosts (Wiggins 1977). Balciunas (1982) found a few Oxyethira
larvae on Myriophyllum spicatum plants in Texas. Kobylinski (1980)
also found Oxyethira larvae on Myriophyllum in Florida. Blickle (1962)
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took 9 species of Oxyethira in Florida of which O. glasa Ross and O.
walteri Denning were the most common, Four species of Oxyethira
were taken in the present survey. The bottle-shaped cases of each of
these species are distinct.

66. Oxyethira species B - 63 larvae and pupae in 15 collections from 7
Florida sites, Broward Condo Lake, Crystal River Canal, Loop Rd.
Canal, NW 25 St. Canal, Rodman Reservoir, SR 841 Canal, and
Tamiami Canal (collections 79328, 79405, 79410, 80208, 80209, 80213,
80216, 80222, 80223, 80231, 80235, 80239, 80250, 80262, and 80263).

67. Oxyethira species C - 3 pupae from Lake Conroe, Texas (collection
79379).

68. Oxyethira species D - 121 larvae and pupae in 18 collections from 3
Florida sites, Lake Jackson, Sk 841 Canal, Tamiami Canal; Lewis
Pond, Georgia; and the San Marcos River, Texas (collections (Fla.)
79260, 79268, 79272, 79281, 79285, 79338, 79354, 79365, 79388, 79404,
80205, 80212, 80219, 80232, 80249, 80256; (Ga.) 79390; and (Ter.)
80272). This species of Oxyethira was associated with Dicrotendipes
modestus (4 = 0.695, p = 0.0001, n = 284), Oecetis inconspicua (r = 0.660,
p = 0.0001, n = 284), Enallagma species C (r = 0.660, p = 0.0001, n = 284),
Dicrotendipes species (r = 0.559, p = 0.0001, n = 284), and Ablabesmyia
parajanta(r = 0.557, p = 0.0001, n = 284) in the present survey.

Undetermined Hydroptilidae—

Six pupae and teneral adults in 6 collections from 3 Florida sites, Lake
Jackson, Rodman Reservoir, Suwannee River; the All American Canal,
California; Lake Seminole, Georgia; and the San Marcos River, Texas
(collections (Fla.) 78204, 79281, 79401; (Calif.) 78236; (Ga.) 79389; and
(Tex.) 80272. ~o-

e Family LEPTOCERIDAE “

Letocerids are medium-sized caddisflies commonly found in lakes, ponds, and K84
lentic areas of streams and rivers (Wiggins 1977). The larvae build cases from a X
variety of materials. Some species feed, at least in part, on aquatic plants oG
(McGaha 1952). Five genera, 6 species, and 2240 specimens of leptocerids
representing 52 percent of all Trichoptera collected were found in association with
hydrilla. Leptocerus americanus (Banks) was the most abundant leptocerid "
taken. The most frequently collected leptocerids were Leptocerus americanus, '_;l‘_:‘
Nectopsyche tavara, and QOecetis species near cinerascens (Hagen). -

69. Ceraclea species—4 larvae in 4 collections from 3 Florida sites: Rodman
Reservoir, SR 841 Canal, and Tamiami Canal (collections 80210, 80214,
80251, and 80262). Larvae of many species of Ceraclea reportedly feed
on detritus although some species eat freshwater sponges (Wiggins
1977).

*? 70. Leptocerus americanus (Banks) - 1593 larvae, pupae, and teneral adults
in 38 collections from 9 Florida sites, Lake Jackson, Lake Lochloosa,
Orange LLake, Rodman Reservoir, SR 841 Canal, St. Marks River, SW 76
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Figure 16. A leptocerid caddisfly larva (body length = 8.4 mm) and case,
Leptocerus americanus (Banks). This species represented 37 percent of all
caddisflies found in association with hydrilla. Larvae of L. americanus feed in

part on aquatic vascular plants, possibly including hydrilla

Ave. Canal, Tamiami Canal, and Wacissa River (collections 78250,
79265, 79272, 79276, 79277, 79279, 79284, 79291, 79295, 79296, 79302,
79303, 79305, 79308, 79315, 79327, 79336, 79338, 79366, 79367, 79394,
79401, 79403, 79404, 80203, 80205, 80214, 80219, 80221, 80228, 80229,
80232, 80240, 80245, 80253, 80258, 80262, and 80266). This species
represented 37 percent of all caddisflies found in- association with
hydrilla. Balciunas (1982) took larvae of L. americanus on Myriophyllum
in Wisconsin and Wiggins (1977) noted that the larvae are often
abundant on Ceratophyllum. Wiggins also mentions that L. americanus
larvae have modified mesothoracic legs which may aid in grasping
aquatic plants. The larvae from some populations are known to feed on
aquatic vegetation (McGaha 1952); however, Wiggins (1977) found fine
particulate matter (detritus?) in the guts of 3 larvae. Leptocerus
americanus larvae may at least partially eat hydrilla although this
species is likely to be omnivorous in feeding habit. The trumpet-shaped
larval case is composed entirely of silk. Figure 16 shows a mature L.
americanus larva and case.

Nectopsyche tavara (Ross) - 440 larvae and pupae in 32 collections from
8 Florida sites, Crystal River, Crystal River Canal, Lake Jackson, Lake
Trafford, Rodman Reservoir, SR 841 Canal, St. Marks River, and
Tamiami Canal (collections 78245, 78250, 79263, 79265, 79273, 79275,
79276, 79282, 79283, 79284, 79295, 79296, 79301, 79315, 79323, 79326,
79327, 79366, 79367, 79394, 79401, 79410, 79411, 80203, 80214, 80229,
80240, 80253, 80256, 80258, 80263, and 80266). Ten percent of all
caddisflies collected were Nectopsyche tavara. The larvae feed on a
wide variety of aquatic macrophytes, including hydrilla (Daigle and
Haddock 1981). The trumpet-shaped larval case is composed of sand
grains and silk and usually has a long piece of plant stem attached
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Figure 17. A leptocerid caddisfly larva (body length = 9.7 mm) and case,

Nectopsyche tavara (Ross). Ten percent of all caddisflies found in association

with hydrilla were N. tavara. Larval Nectopsyche species are omnivores that

feed on detritus, aquatic vascular plants, and small invertebrates. Nectopsyche
tavara feeds, in part, on hydrilla (Daigle and Haddock 1981)

longitudinally to one side. A N. tavara larva and case are shown in
Figure 17.

*? T72. Oecetis species near cinerascens (Hagen) - 95 larvae and pupae in 36 -
collections from 6 Florida sites, Lake Jackson, Lake Lochloosa, Orange o
Lake, Rodman Reservoir, SR 841 Canal, and Tamiami Canal (collections =2
78235, 79268, 79269, 79270, 79272, 79278, 79279, 79285, 79290, 79292,
79302, 79313, 79314, 79317, 79322, 79325, 79394, 79404, 79410, 80203,
80210, 80212, 80214, 80217, 80219, 80223, 80228, 80236, 80249, 80251,
80252, 80256, 80257, 80259, 80263, and 80275). Balciunas (1977, 1982)
found a few larvae of this species on waterhyacinth and many larvae on g
Myriophyllum spicatum plants. McGaha (1952) observed O. cinerscens S
feeding on Myriophyllum heterophyllum but Wiggins (1977) thought
that the larvae of this species are more predaceous than herbivorous. )
Oecetis cinerascens larvae are most likely omnivores that may '_j:'i
partially feed on hydrilla. The larval case is composed of silk, leaves, 4
and plant stems. Figure 18 shows a mature larva and case. ]

*? 73. Oecetis species near inconspicua - 106 larvae and pupae in 29
collections from 9 Florida sites: Caloosahatchee Tributary, Crystal
River Canal, Lake Jackson, Lake Trafford, Orange Lake, SR 841 O
Canal, St. Marks River, SW 76 Ave. Canal, Wacissa River; and Lake _%
Conroe, Texas (collections (Fla.) 78227, 78228, 79270, 79272, 79281,
79292, 79294, 79301, 79311, 79325, 79328, 79334, 79338, 79339, 79349,
79365, 79375, 79402, 79404, 79410, 79411, 80205, 80212, 80219, 80225,
80232, 80245, 80251; and (Tex.) 79379). The larval case is usually
composed of sand grains and silk. See Oecetis species near cinerascens
for discussion of feeding habits. A mature larva and case are shown in
Figure 19.
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Figure 18. A leptocerid caddisfly larva (body length = 7.7 mm) and case, Oecetis

cinerascens (Hagen). Ninety-five larvae and pupae of this species were found in

36 collections from 6 Florida sites. Oecetis cinerascens larvae feed on aqguatic
vascular plants and detritus. The diet may possibly include hydrilla

Figure 19. A leptocerid caddisfly larva (hody length = 10 mm) and case, Oecetis

inconspicua. Over one hundred larvae and pupae of this species were found in 29

hydrilla collections from 9 Florida sites. Qecetis larvae are omnivores which feed

in part on aquatic vascular plants. Oecetis inconspicua may possibly feed on
hvdrilla
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Figure 20. A leptocerid caddisfly in the genus Triaenodes. The body length of

this mature larva is 9.6 mm. Only two Triaenodes larvae were found in

1 association with hydrilla. Both specimens were from rivers in northern Florida.

1 Triaenodes larvae are omnivores which feed partially on aquatic vascular
plants, possibly on hydrilla

*? 74. Triaenodes species - 2 larvae in 2 collections from the Crystal and .y
Wacissa Rivers, Florida (collections 79263 and 79316). Triaenodes -!'
larvae are often found in association with aquatic plants (Wiggins '
1977). Wiggins also noted that the larvae feed on vascular plants and ]
fine organic particles (detritus?). This species may partially feed on
hydrilla. Figure 20 shows a mature Triaenodes larva.

¢ Family PHRYGANEIDAE

75. Ptilostomis species - 1 pupa from Rodman Reservoir, Florida (collection
79295). Wiggins (1977) states that the larvae are mostly predaceous.

¢ Family POLYCENTROPODIDAE

76. Cyrnellus fraternus (Banks) - 1 larva from Crystal River, Florida
(collection 79274). This species is usually found in large rivers. The
larvae feed on invertebrates and fine organic particles (detritus?)
(Wiggins 1977). The genus has only one North American species.

77. Polycentropus series A - 7 larvae in 4 collections from Lake Jackson
and the SR 841 Canal, Florida (collections 78216, 78241, 79272, and
80262). Balciunas (1977) took several Polycentropus larvae on water-
hyacinth roots. Wiggins (1977) states that the larvae are mostly
predaceous.

78. Polycentropus species B - 1 larva from Lake Conroe, Texas (collection
79378). This specimen appears to be distinct from those taken in
Florida.

¢ Family RHYACOPHILIDAE

79. Atopsyche species - 1 larva from the San Marcos River, Texas
(collection 79377). Only 3 or 4 species of Atopsyche are known from the ~.,
United States and all are probably predaceous in the larval stage '
(Wiggins 1977).
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¢ Family SERIOCOSTOMATIDAE

80. Agarodes species - 3 pupae from two collections on the San Marcos
River, Texas (collections 79377 and 80272). The pupal cases of these
specimens suggest that they are an Agarodes species. The larvae
probably feed mostly on detritus (Wiggins 1977).

Undetermined TRICHOPTERA—

Eight larvae were collected in 8 collections from 6 Florida sites,
Broward Condo Lake, Lake Lochloosa, Rodman Reservoir, SR 841
Canal, Tamiami Canal, Wacissa River; and Lake Livingston, Texas
(collections (Fla.) 79268, 79289, 79295, 79352, 79362, 79396, 80201,
and (Tex.) 79380). These specimens could not be identified because they
were either pupae or immature larvae without cases.

Order Lepidoptera (Moths and Butterflies)
e Family PYRALIDAE (Snout Moths)

Three hundred and eighteen Lepidoptera larvae, pupae, and teneral adults were
found in 31 hydrilla collections from 16 Florida sites. Another 23 specimens were
from the SR 24 Canal in Louisiana, 10 specimens were from the San Marcos River
in Texas, and 9 specimens were from Rio Chagres, Panama. The total 360
Lepidoptera represented 2 percent of all insects collected; 13 percent of the
collections contained Lepidoptera; and Lepidoptera were found at 25 percent of
the sites sampled.

Approximately 5 genera and 8 species of pyralids were collected. Parapoynx
diminutalis (Snellen) and Synclita obliteralis (Walker) were the most abundant
aquatic moths found in association with hydrilla. These species represented 91
percent of all Lepidoptera collected. Parapoynx diminutalis was the most
frequently encountered aquatic moth. Four species of aquatic pyralids were
recorded from hydrilla for the first time. However, of these, only Parapoynx
allionealis Walker and Parapoynx obscuralis (Grote) definitely ate hydrilla while
Oxyelophila callista (Forbes) was a probable feeder and Eoparargyractis species
most likely ate algae. Dr. Dale H. Habeck, Department of Entomology, University
of Florida, identified most of the specimens.

Of the few Lepidoptera adapted to aquatic habitats, pyralids are generally the
most diverse, widespread, and abundant such group. The family Pyralidae is
itself largely terrestrial but some species in the subfamilies Schoenobiinae,
Crambinae, and Pyraustinae have aquatic or semiaquatic stages. However, most
species in the subfamily Nymphulinae are aquatic. Only nymphulines were taken
in the present survey. Populations of aquatic Lepidoptera are probably highly
limited by predaceous insects and vertebrates such as fish and birds.

The North American Nymphulinae can be subdivided into the tribes Ambiini,
Argyractini, and Nymphulini. All life stages of the Ambiini are terrestrial but the
Argyractini and Nymphulini consist of species which are aquatic or semiaquatic
as immatures and occasionally as adults. Munroe (1972) elaborates on the
taxonomy and biology of aquatic pyralids.
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e Tribe ARGYRACTINI

Y
2

In North America, most species in the tribe Argyractini probably feed on algae
in the larval stage (Munroe 1972) and have no direct impact on hydrilla. Only a
few specimens belonging to this tribe were found in the present survey.
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81. Eoparargyractis species - 3 larvae in 2 collections from Lake Jackson
and the St. Marks River, Florida (collections 80205 and 80221). These
specimens may be either Eoparargyractis irroratalis (Dyar) or Eoparar-
gyractis floridalis Lange, the only species known to occur in Florida.
Both Munroe (1972) and Habeck (1975) state that Eoparargyractis
larvae feed on algae. Balciunas (1982) also took a larva on Myriophyllum
spicatum. The larvae probably feed on the microflora growing on leaf
and stem surfaces.

: L . )
a4 0

*? 82. Oxyelophila callista (Forbes) - 4 larvae in 3 collections from the San
Marcos River, Texas (collections 80269, 80270, and 80271). This species
has not been recorded since it was first described in 1922 (Munroe 1972).
While the larva of O. callista is unknown, Dr. Habeck believes that
these specimens are this species based on unique characteristics which
separate them from the known genera of aquatic moth larvae and
because they were collected in the same area as the type specimens. The
feeding habits of O. callista are unknown, but they probably, at least
occasionally, feed on aquatic macrophytes. Examination of the gut
contents of several larvae revealed the presence of some vascular plant
tissue. Balciunas (1982) also collected 2 of those larvae on Eurasian
watermilfoil. An O. callista larva is shown in Figure 21.
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Figure 21. The larva (body length = 9 mm) of a rare -—%
aquatic moth, Oxyelophila callista (Forbes) (Pyralidae: e
Argyractini). Only a few larvae of O. callista were
taken on hydrilla in Texas. Most argyractines are algal
feeders but examination of the gut contents of several
0. callista larvae revealed the presence of some
vascular plant tissue. Oxyelophila callista larvae may
therefore feed, at least occasionally, on aquatic

macrophytes, possibly on hydrilla
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Undetermined ARGYRACTINI—

One larva from Rio Chagres, Panama (collection 80277). Dr. Habeck
. determined that this specimen belonged to the Argyractini; however,
7 o not enough is known about neotropical aquatic pyralids to identify the
' species.

e Tribe NYMPHULINI

Most of the Lepidoptera found in association with hydrilla in the present survey
belong to this tribe. The larvae usually build cases from host plant tissue in which
they hide while moving and feeding. The cases may aid in concealing the larvae
from predators. The larvae may or may not have gills (Munroe 1972).

Larval Nymphulini eat a variety of aquatic vascular plants (Habeck 1975) and
. are among the few invertebrate herbivores previously recorded feeding on
hydrilla. Host records for individual species in the Nymphulini usually include
: several plant genera and species. Although some aquatic pyralids such as
Synclita obliteralis may be general feeders on aquatic plants, others such as
Parapoynx diminutalis may preferentially eat only a few host plants (Baloch

1976).

* 83. Parapoynx allionealis allionealis (Walker) - 5 larvae in 4 collections

® from Lake Jackson and the Tamiami Canal, Florida (collections 79365,
s 80210, 80256, and 80261). Habeck (1975) lists 13 different hosts for this
species in the genera Brasenia, Eleocharis, Hydrochloa, Mayaca, Myriophyllum,
Nymphaea, Potamogeton, Sagittaria, Salvinia, and Utricularia. Para-
poynx allionealis is recorded from Hydrilla for the first time. Figure 22
shows a mature P. allionealis larva. =
3
3 . "t_i
. o
-
L o

Figure 22. A mature larva (length = 12.7 mm) of an

aquatic moth, Parapoynx allionealis Walker (Pyra-

lidae: Nymphulini). While Lepidoptera were found at 25

percent of the sites sampled, only 2 percent of all

: insects found in association with hydrilla were moths.

e Although 13 different host plants have been recorded _
for P. allionealis, hydrilla is a new host record
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* 84. Parapoynx diminutalis (Snellen) - 179 larvae, pupae, and teneral adults
in 18 collections from 12 Florida sites: Caloosahatchee Tributary,
Crystal River Canal, Lake Lochloosa, Lake Trafford, Loop Road Canal,
Myakka River, Orange Lake, Rodman Reservoir, SR 841 Canal, St.
Marks River, Tamiami Canal, Tampa Fairground Ponds; and Rio
Chagres, Panama (collections (Fla.) 78209, 78227, 78251, 79268,
79348, 79356, 79363, 79366, 79368, 79375, 79383, 79400, 79401, 80202,

80256, 80275; and (Panama) 80277). This species was the most
i frequently encountered aquatic moth and was taken at 17 percent of the
; sites sampled. Parapoynx diminutalis was also the most abundant
h

aquatic moth taken representing 50 percent of all Lepidoptera collected.
This Asiatic species was first discovered in the United States in 1975
. (Del Fosse, Perkins, and Steward 1976). In previous literature P.
) diminutalis is usually referred to as Nymphula diminutalis. However,
Nymphula larvae lack gills. Since N. diminutalis larvae have promi-
nent gills, it would be more correct to consider them as Parapoynx
5 (Figure 23). Balciunas and Habeck (1981) describe the rapid spread of
this species in Florida. Baloch (1976) records P. diminutalis from
Hydrilla, Nymphaea, Potamogeton, Najas, and Vallisneria in Pakistan.
Rao and Sankaran (1974) recorded this species feeding on various
aquatic macrophytes including hydrilla in India. Varghese and Singh
(1976) also found this moth species feeding on hydrilla in Malaysia.
Hydrilla appears to be the preferred host plant in Florida. Feeding
damage caused by several P. diminutalis larvae is shown in Figure 24.

Figure 23. A mature larva (length = 12.4 mm) of an
aquatic moth, Parapovnx diminutalis (Snellen) (Pyra-
lidae: Nymphulini). This species was the most abun-
dant aquatic moth taken in association with hydrilla,
representing 50 percent of all Lepidoptera collected.
Parapoynx diminutalis is an Asiatic species which has
recently become established in Florida. Although this
species has been recorded from several plant species in
the Old World, hydrilla is the preferred host in Florida
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Figure 24. Parapoynx diminutalis feeding damage on hydrilla. Note the larval
cases constructed from hydrilla leaves

* 85. Parapoynx obscuralis (Grote) - 6 larvae in 3 collections from the St.
Marks River, Florida, and the San Marcos River, Texas (collections (Fla.)
79385, and (Tex.) 80271 and 80272). Sixteen species of plants in the
genera Ludwigia, Myriophyllum, Najas, Nasturtium, Nuphar, Nymphaea,
Nymphoides, Orontium, Polygonum, Potamogeton, Sagittaria, Spar-
ganium, and Vallisneria are listed as hosts of P. obscuralis by Habeck
(1975). Parapoynx obscuralis is recorded from hydrilla for the first time.
Balciunas (1982) found this species feeding on Eurasian watermilfoil.
Figure 25 shows a mature larva.

Figure 25. A mature larva (length = 11.9 mm) of an aquatic moth, Parapoynx

obscuralis (Grote) (Pyralidae;: Nymphulini). Only a few larvae of P. obscuralis

were found in hydrilla collections from rivers in northern Florida and Texas.

Although 17 different host plants have been recorded for P. obscuralis, hydrilla
is a new host record
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Figure 26. The larva of a Panamanian aquatic moth, Parepoynx probably rugosalis

Moschler (Pyralidae: Nymphulini). This species was commonly found on hydrilla on the -

Panama Canal in 1980. However, recent expeditions to make further studies of its .
biology have failed to find any additional specimens

* 86. Parapoynx probably rugosalis (Moschler) - 3 larvae from Rio Chagres, S
Panama (collection 80277). Balciunas and Center (1981) studied the -
host specificity of this species in Panama. Larvae (Figure 26) were »
found only on hydrilla and Najas in the field and these plants were the )
preferred hosts in the laboratory as well.

Undetermined Parapoynx species—

Four larvae, pupae, and teneral adults in 4 collections from 3 Florida
sites, Loop Road Canal, St. Marks River, and Tampa Fairground
Ponds; and the San Marcos River, Texas (collections (Fla.) 78208,
79385, 80250, and (Tex.) 79377). These specimens were either too
immature or damaged for Dr. Habeck to determine them to species.

* 87. Synclita obliteralis (Walker) - 150 larvae, pupae, and teneral adults in 6
collections from 4 Florida sites, Lake Lochloosa, Rodman Reservoir, SR -
841 Canal, Wacissa River; and the SR 24 Canal in Louisiana o
(collections (Fla.) 79268, 79355, 79387, 79394, 80275; and (La.) 79381). S
Although this was the second most abundant aquatic moth collected,
the species was present in just 6 collections. Habeck (1975) says that it
is the most common nymphuline in Florida. He lists 32 species of host
plants in the genera Azolla, Bacopa, Brasenia, Eichhornia, Egeria, Hydrilla,
Hydrocotyle, Lemna, Limnobium, Lindernia, Ludwigia, Myriophyllum,
Nelumbo, Nasturium, Nuphar, Nymphaea, Nymphoides, Orontium,
Pistia, Polygonum, Pontederia, Potamogeton, Sagittaria, Salvinia, and
Spirodela. In combination with Parapoynx diminutalis, this species
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Figure 27. A mature larva (length = 13.6 mm) of an
aquatic moth, Synctita obliteralis (Walker) (Pyralidae:
Nymphulini). Although S. obliteralis was the second
most abundant moth found in association with hydrilla,
it was taken in only six collections. Some 32 different
host plants have been recorded for S. obliteralis
including hydrilla

has been observed to severely damage hydrilla at Lake Lochloosa,
Florida (Balciunas and Habeck 1981). A mature S. obliteralis larva is
shown in Figure 27.

Undetermined Nymphulini—

Five larvae in 4 collections from Broward Condo Lake and Lake
Lochloosa, Florida (collections 79362, 79399, 80201, and 80275). These
specimens were too immature to identify even to genus.

Order Coleoptera (Beetles)

A total of 660 larval and adult Coleoptera were found in 68 hydrilla collections
from 19 Florida sites. Another specimen was found at the SR 24 Canal in
Louisiana and 2 specimens were from the San Marcos River and Lake Livingston,
Texas. The 663 Coleoptera represented only 4 percent of all insects collected; 25
percent of the collections contained Coleoptera; and beetles were found at 29
percent of the sites sampled.

Seven families and approximately 23 genera and 29 species of beetles were
found in association with hydrilla. Usually only a few specimens of each species
were found although Liodessus flavicollis (LeConte) was very abundant,
representing 87 percent of all Coleoptera collected. This species was also the most
frequently encountered beetle but specimens were taken at only 7 different sites.
Dr. Charles W. Obrien, Department of Entomology, Florida A&M University,
identified the curculionid adults. Dr. Paul J. Spangler, Smithsonian Institution,
Department of Entomology, identified most of the other beetle larvae and adults.

Of the beetles collected, at least 90 percent of the specimens and 40 percent of
the species are predaceous. Chrysomelids, curculionids, elmids, haliplids, and
some hydrophilids are herbivorous (Cummins and Doyen 1978) but many of these
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feed on algae or plants other than Hydrochartaceae species (Usinger 1956).
Predaceous Coleoptera may associate with hydrilla because the plants shelter
prey organisms. Hydrilla may also attract some beetles that feed on algae or
detritus because algae and detritus are often associated with this plant. The
relatively high number of beetle species and low number of specimens taken in
the present survey probably indicate that most Coleoptera were only
coincidentally associated with hydrilla. Predaceous beetles may impact hydrilla
by reducing populations of herbivorous invertebrates.

¢ Family CHRYSOMELIDAE (Leaf Beetles)

Chrysomelids are mostly terrestrial beetles but a few taxa such as Donacia
have aquatic stages.

88. Donacia species - 1 larva from Lake Jackson, Florida (collection 79305).
Usinger (1956) lists Myriophyllum, Nuphar, Nymphaea, Potamogeton,
Sagittaria, and Sparganium as host plants of Donacia species. Both
adults and larvae usually feed on the same host species but on different
parts of the plants. The larvae are aquatic and feed mostly on
submersed portions of the host plant whereas adults usually eat the
emergent plant parts. This specimen may have been feeding on
hydrilla but more likely was dislodged from some other plant when the
sample was taken. Usinger says that some species are often very host
specific.

e Family CURCULIONIDAE (Weevils)

The family is mostly terrestrial but a few taxa in a few tribes have aquatic or
semiaquatic stages. Both Brachybemus and Stenopelmus are in the tribe
Hydronomini (Arnett 1968). Curculionid larvae usually bore into the host plant.
Only 2 species and 5 specimens of curculionids were taken in the present survey.

89. Brachybamus electus Germ. - 1 adult from SR 841 Canal, Florida
(collection 79349). Dr. Obrien (personal communication) thinks that the
larval host of B. electus is probably Carex but adults can be found on
many different semiaquatic plants. Electus is the only known species of
Brachybamus.

90. Stenopelmus rufinasus (Gyllenhal) - 2 adults in 2 collections from 2
Florida sites, Crystal River and Wacissa River (collections 79291 and
79369). The host plant is Azolla (Obrien, personal communication) but
adults are often found on other aquatic plants. This is the only known
species in the genus.

Undetermined Curculionidae—

Two larvae from the Wacissa River, Florida (collection 79291). No keys
were available to identify aquatic curculionid larvae.

e Family DYTISCIDAE (Predaceous Diving Beetles)

Both adult and larval dytiscids are predaceous, hence their common name.
Usinger (1956) lists aquatic insects, crustaceans, leeches, snails, and vertebrates
such as tadpoles and small fish among the prey organisms of the larvae. Usinger
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also comments that these beetles are more often found in shallow water with
aquatic vegetation than in habitats without aquatic plants. Approximately 7
species and 581 specimens of dytiscids were taken in the present survey.

91. Bidessonotus longovalis (Blatchley) - 1 adult from Rodman Reservoir,
Florida (collection 79394). Balciunas (1977) took a specimen of B.
longouvalis on waterhyacinth roots.

92. Brachyvatus apicatus (Clark) - 1 adult from Lake Trafford, Florida
(collection 79288). Balciunas (1977) took specimens of Brachyvatus
seminulus (LeConte) on waterhyacinth roots but not this species.

93. Cybister fimbriolatus crotchi (Walker) - 1 larva from the Wacissa River,
Florida (collection 79316). Balciunas (1977) also collected a larva of C.
fimbriolatus on waterhyacinth roots.

94. Hydroporus clypealis (Sharp) - adult from the Wacissa River, Florida
(collection 78244). Balciunas (1977) found 4 different species of
Hydroporus on waterhyacinth roots, but not H. clypealis.

95. Hydrovatus species - 1 larva from Orange Lake, Florida (collection
79343). Balciunas (1977) collected specimens of Hydrovatus compressus
Sharp, Hydrovatus inexpectatus Young, and Hydrovatus peninsularis
Young on waterhyacinth roots. This larva may be one of these species.

96. Hygrotus marginipennis (Blatchley) - 1 adult from Myakka River,
Florida (collection 78251).

97. Liodessus flavicollis (LLeConte) - 575 larvae and adults in 35 collections
from 7 Florida sites, Lake Jackson, Lake Lochloosa, Lake Trafford,
Orange Lake, Rodman Reservoir, SR 841 Canal, and Tampa Fair-
ground Ponds (collections 78208, 78209, 78210, 78250, 79265, 79268,
79281, 79284, 79288, 79295, 79296, 79301, 79303, 79313, 79314, 79315,
79337, 79343, 79351, 79355, 79363, 79367, 79383, 79399, 79401, 80203,
80214, 80218, 80228, 80240, 80242, 80259, 80263, 80274, and 80275).
Only a few specimens of this species were found on Myriophyllum by
Balciunas (1982) but L. flavicollis (Figure 28) was the most abundant
and frequently collected beetle associated with hydrilla. Liodessus
flavicollis was associated with undetermined Libellulidae species
(r=0.698, p =0.0001, and n = 284) and Erythemis simplicicollis (r = 0.517,
p =0.0001, and n = 284).

e Family ELMIDAE (Riffle Beetles)

Larval and adult elmids are herbivorous and are reported to feed on algae,
moss, and roots of vascular aquatic plants (Usinger 1956). Cummins and Doyen
(1978) list riffle beetles as detrivores or herbivores on algae. These beetles
probably do not feed on hydrilla but 18 specimens of about 4 species were
associated with this plant.

98. Dubiraphia dietrichi (Musgrave) - 1 adult from the Crystal River Canal,
Florida (collection 79307).
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Figure 28. An adult aquatic beetle (length = 1.7 mm), .
Liodessus flavicollis (Coleoptera: Dytiscidae). Although -

beetles were found at 29 percent of the sites sampled, -
only 4 percent of all insects found in association with
hydrilla were beetles. Liodessus flavicollis was the
most abundant beetle taken, representing 87 percent of
the 660 Coleoptera collected. Both larvae and adults of

L. flavicollis are predaceous

99. Dubiraphia quadrinotata (Say) - 1 adult from the St. Marks River,
Florida (collection 80206). Balciunas (1977) took a few D. quadrinotata
on waterhyacinth roots. -
Undetermined Dubiraphia species— o
Fourteen larvae in 2 collections from the St. Marks River, Florida ’g

(collections 79318 and 80234). These larvae may be either D. dietrichi or : )
D. quadrinotata. -

100. Phanocerus clavicornis (Sharp) - 1 larva from the San Marcos River,
Texas (collection 80269). This is the only known species in the genus.

101. Stenelmis species - 1 larva from the St. Marks River, Florida (collection
79318).

» Family HALIPLIDAE (Crawling Water Beetles)

‘ The adults and larvae supposedly feed on vascular plants (Cummins and
¢ Doyen 1978) but Usinger (1956) states that filamentous algae are commonly s
' eaten. Haliplids probably do not feed on hydrilla. Only 16 specimens in 4 species T
of crawling water beetles were found on hydrilla.

102. Haliplus punctatus (Aube) - 2 adults in 2 collections from the SR 841
and Tamiami Canals, Florida (collections 79322 and 79347).
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103. Peltodytes floridensis (Matheson) - 6 adults in 5 collections from 5 =
Florida sites, Alligator Alley Canal, Loop Road Canal, Myakka River,
SR 841 Canal, and Tampa Fairground Ponds (collections 78208, 78225,
78251, 79299, and 79322). Balciunas (1977) took a few specimens of P. ,q
floridensis on waterhyacinth roots. Usinger (1956) says that adult
Peltodytes often lay their eggs on aquatic vascular plants such as
Elodea and Ceratophyllum but that the larvae usually feed on
filamentous algae.

104. Peltodytes oppositus (Roberts) - 2 adults in 2 collections from the Big
Bass Lodge Canal and a small stream crossing the Florida Turnpike at
155 mile marker (collections 78221 and 79344). Balciunas (1977) took a
few P. oppositus on waterhyacinth roots.

105. Peltodytes sexmaculatus (Roberts) - 2 adults from Orange Lake, Florida
and the SR 24 Canal in Louisiana (collections (Fla.) 80228 and (La.)
79381).

Undetermined Peltodytes species—

Four larvae in 4 collections from 3 Florida sites: Lake Lochloosa,
Orange Lake, and Tampa Fairground Ponds (collections 78206, 78209,
79343, and 80242). No keys were available to determine haliplid larvae
but these specimens probably belonged to one or more of the Peltodytes
species listed above.

e Family HYDROPHILIDAE (Water Scavenger Beetles)

Most hydrophilids are aquatic in both the adult and larval stages although a
few species are terrestrial. The larvae of many species are predaceous (Usinger
1956) but adults may feed on detritus, algae, and perhaps vascular plants
(Cummins and Doyen 1978). Approximately 7 species and 23 specimens of
hydrophilids were associated with hydrilla. None of these species are expected to
eat hydrilla.

106. Berosus infuscatus (LeConte) - 1 adult from Orange Lake, Florida
(collection 78218). Balciunas (1977) took Berosus exiguus Say on
waterhyacinth roots. Usinger (1956) says that Berosus species probably
feed on algae.

107. Berosus species - 1 larva from Lake Livingston, Texas (collection
79380). This larva is probably not B. infuscatus. Balciunas (1982) found
a few Berosus larvae on Myriophyllum spicatum plants.

108. Derallus altus (LeConte) - 1 adult from the SR 841 Canal, Florida
(collection 79322). Balciunas (1977) found a few adult D. altus on
waterhyacinth roots as well.

109. Enochrus pygmaeus complex - 12 adults in 5 collections from 4 Florida
sites, Alligator Alley Canal, Big Bass Lodge Canal, Broward Condo
Lake, and Lake Hicpochee (collections 78221, 78222, 78225, 79345, and
79362).

110. Enochrus species A - 1 adult from the SR 841 Canal, Florida (collection
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79287). Balciunas (1977) found Enochrus blatchleyi (Fall), Enochrus
ochrauus Melsheimer, and Enochrus perplexus (L.eConte) on water-
hyacinth roots. This specimen may be one of these species.

Undetermined Enochrus species—

111.

112.

113.

Three larvae in 2 collections from Alligator Alley Canal and Lake
Trafford, Florida (collections 78225 and 78226).

Paracymus species A - 1 adult from Loop Road Canal, Florida
(collection 79299). Balciunas (1977) found a specimen of Paracymus
despectus (LeConte) on waterhyacinth roots.

Paracymus species B - 1 adult from the SR 841 Canal, Florida
(collection 79300).
Tropisternus species - 2 larvae from Orange Lake, Florida (collection

78218). Balciunas (1977) also found a few Tropisternus larvae on
waterhyacinth roots.

e Family NOTERIDAE (Burrowing Water Beetles)

Noterid larvae burrow into soft substrates around the roots of aquatic plants
where they probably feed on detritus and small invertebrates. The adults are
predaceous (Cummins and Doyen 1978). Only 4 species and 16 specimens of
Noterids were found in association with hydrilla.

114.

115.

116.

117.

Hydrocanthus oblongus (Sharp) - 8 adults in 3 collections from Orange
Lake and the SR 841 Canal, Florida (collections 78218, 79311, and
79343). Many specimens of this species were taken by Balciunas (1977)
on waterhyacinth roots.

Hydrocanthus regius (Young) - 5 adults in 4 collections from 3 Florida
sites, Loop Road Canal, Orange Lake, and SR 841 Canal (collections
79321, 79331, 79371, and 79398). Many specimens of H. regius were
taken on waterhyacinth roots by Balciunas (1977).

Suphis inflatus (Leconte) - 1 adult from Orange Lake, Florida
(collection 78218). Balciunas (1977) took many specimens of S. inflatus
on waterliyacinth roots.

Suphisellus gibbulus (Aube) - 2 adults from Loop Road Canal, Florida
(collection 79348). Many specimens were taken on waterhyacinth roots
by Balciunas (1977).

Undetermined Coleoptera—

Three larvae in 3 collections from 3 Florida sites, Lake Lochloosa, Lake
Trafford, and Tamiami Canal (collections 79288, 80266, and 80275).
These larvae were too badly damaged to identify.

Order Diptera (True Flies)

A total of 9762 larval, pupal, and adult Diptera were found in 174 hydrilla
collections from 30 Florida sites. Another 48 specimens were from Lewis Pond in
Georgia; 15 specimens in 2 collections were from the SR 24 canal in Louisiana; 1
specimen was found at Lake Gatun, Panama; and 93 specimens were taken in 8
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collections from a fish hatchery pond, Lake Conroe, Lake Livingston, and the San
Marcos River, Texas. These 9919 Diptera represented 57 percent of all insects
collected; 65 percent of the collections contained Diptera; and Diptera were found
at 49 percent of the sites sampled. Eight families and approximately 51 genera
and 89 species of aquatic Diptera were collected in association with hydrilla. Only
3 dipteran larvae were in such poor condition that they could not be determined to
family. Dr. Annelle R. Soponis, Laboratory of Aquatic Entomology, Florida A&M
University, identified representative specimens of the chironomid pupae and
adults. Dr. William M. Beck of Jacksonville, Fla., and Jerrell Daigle, Department
of Environmental Regulation, Tallahassee, Fla., determined representative
chironomid larvae.

Al

Most adult dipterans are terrestrial. Adults found in the hydrilla collections
were usually teneral and probably emerged from pupae after the samples had
been taken, although a few of the specimens may have been resting on the water
surface or topped-out hydrilla. Immature stages of aquatic Diptera typically
frequent substrates such as bottom sediments, aquatic vegetation, and detritus in
lentic and lotic habitats. Larvae of many species feed on detritus, algae, or
invertebrates, but filtering fine organic particles and microinvertebrates from the ’4

A‘Li "" ‘e '.’

water is also a common feeding adaptation. Some larval Diptera may impact
hydrilla by providing entrances for plant pathogens and by direct feeding. A few
filter-feeding chironomids frequently excavate burrows in aquatic vegetation and
although they may do little direct damage, the burrows can provide access points
for pathogenic plant fungi and bacteria. Shore fly (Ephydridae) larvae in the
genus Hydrellia are herbivorous and feed within the stems and leaves of aquatic
vascular plants. Hydrellia are herbivorous and feed within the stems and leaves
of aquatic vascular plants. Hydrellia and some chironomid larvae were
occasionally found within hydrilla stems in the present survey.

e Family CERATOPOGONIDAE (Biting Midges)

Three genera, 4 species, and 42 specimens of biting midges were collected in
association with hydrilla. Most of the specimens were pupae. Except for the head
capsule, the larvae are nearly transparent and may have been largely overlooked.
All of the taxa found are predaceous in the larval stage (Cummins et al. 1978).
Balciunas (1977) collected a few ceratopogonids on waterhyacinth roots.

118. Bezzia species - 9 larvae and pupae in 6 collections from 5 Florida sites,
Lake Jackson, NW 25 St. Canal, Orange Lake, Rodman Reservoir, and
SW 76 Ave. Canal (collections 78211, 78212, 78228, 79367, 80228, and
80245).

119. Palpomyia species - 1 pupa from the Wacissa River, Florida (collection
80255).

120. Stilobezzia species A - 29 pupae in 2 collections from Broward Condo
Lake and the Wacissa River, Florida (collections 79324 and 79345).

121. Stilobezzia species B - 1 pupa from the SR 841 Canal, Florida (collection
79322).
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Undetermined Stilobezzia species—
One adult from the Wacissa River, Florida (collection 80255).
Undetermined Ceratopogonidae—
One adult from Rodman Reservoir, Florida (collection 79284).
e Family CHAOBORIDAE (Phantom Midges)

122. Chaoborus species - 2 larvae in 2 collections from Lake Lochloosa,
Florida (collections 79399 and 80217). Chaoborus larvae are predaceous
and feed mostly on microcrustacea (Cummins et al. 1978). Balciunas
(1977) found a few specimens among waterhyacinth roots.

e Family CHIRONOMIDAE (Midges)

Approximately 36 genera, 72 species, and 9808 specimens of chironomids were
taken in the present survey. Chironomids represented 98 percent of all Diptera
taken. The midges Glyptotendipes seminole and Endochironomus nigricans
(Johannsen) were the most abundant insects taken. These two species represented
42 percent of the chironomids and 24 percent of all insects collected. The most
frequently encountered Diptera were the midges Dicrotendipes modestus (Say)
and G. seminole which were both found in 21 percent of the collections. The
subfamilies, Tanypodinae, Orthocladiinae, and Chironominae, include the
majority of chironomid species (Oliver 1971). Each of these subfamilies is
composed of several tribes. Generally the Tanypodinae and Chironominae prefer
warmer aquatic habitats than the Orthocladiinae.

The larvae of many chironomids have not yet been associated with the adults.
In order to be identified, the larvae of the known species must be mounted on
microscopic slides. Only key characters of last instars are used in identification,
and many of these characters, such as hairs and gills, are fragile and are
therefore not present on every specimen. Twenty-three percent of the chironomids
collected during this study could not be identified to genus or species because they
were too immature or due to poor specimen condition or mounting.

O Subfamily TANYPODINAE

Eight genera, 11 species, and 160 Tanypodinae specimens were associated with
hydrilla. Most species were uncommon and were infrequently taken. Forty-seven
percent of the Tanypodinae collected were Ablabesmyia parajanta Roback. This
species was also the most frequently collected midge in this subfamily. Most
Tanypodinae larvae are active predators or omnivores (Cummins and Coffman
1978). Oliver (1971) states that larval Tanypodinae frequently feed on algae and
detritus and that few species may be completely predaceous. However,Bryce and
Hobart (1972) point out some morphological adaptions of larval Tanypodinae for
predaceous feeding. Living Tanypodinae larvae vary in color but are often red.

123. Ablabesmyia mallochi (Walley) - 2 larvae in 2 collections from Lake
Jackson and the SR 839 Canal, Florida (collections 78240 and 80219).
Ablabesmyia belongs to the tribe Pentaneurini. Beck (1977) lists A.
mallochi as a predator found on bottom substrates and aquatic plants
in lotic and lentic aquatic habitats.
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125.

Figure 29. A midge larva (length = 5
mm) in the subfamily Tanypodinae,
Ablabesmyia parajanta Roback (Dip-
tera: Chironomidae). Diptera, especially
midges, were the most abundant inver-
tebrates found in association with
hydrilla, representing 57 percent of all
insects collected. True flies were also
found at 49 percent of the sites sampled
and 65 percent of the 289 collections.
However, only 160 specimens in the
subfamily Tanypodinae were collected,
about half of which were A. parajanta.
Most Tanypodinae midge larvae are

Ablabesmyia ornata - 1 larva from the NW 25 St. Canal, Florida
(collection 78211). This species is a predator or omnivore found on
aquatic vegetation in lotic and lentic habitats (Beck 1977).

Ablabesmyia parajanta Roback - 75 larvae in 24 collections from 11
Florida sites, Broward Condo Lake, Homossasa Springs, Lake Jackson,
Lake Lochloosa, Lake Trafford, NW 25 St. Canal, Orange Lake, SR 841
Canal, SW 76 Ave. Canal, Wacissa River, 72 Ave. Canal, and Lake
Conroe, Texas (collections (Fla.) 78211, 78212, 78224, 78252, 79268,
79272, 79314, 79323, 79335, 79346, 79350, 79351, 79356, 79362, 79400,
79404, 80213, 80219, 80260, 80262, 80267, 80268, 80275; and
(Tex.) 79378). Ablabesmyia parajanta was the most abundant and most
frequently encountered tanypodine collected. Beck (1977) lists A.
parajanta as a predator or omnivore. Simpson and Bode (1980) also
found this species to be predaceous. Ablabesmyia parajanta was
associated with Enallagma species C (r = 0.675, p = 0.001, n = 284),
Dicrotendipes species (r =0.657, p =0.001, n =284), Dicrotendipes
leucoselis (r = 0.578, p =0.0001, n = 284), and Oxyethira species D
(r = 0.557, p = 0.0001, n = 284). Figure 29 shows the head capsule of a
mature larva.

predaceous
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126. Clinotanypus species - 12 larvae in 3 collections from the Crystal River
and Lake Lochloosa, Florida (collections 79274, 80201, and 80275).
Clinotanypus belong to the tribe Coelotanypodini. Beck (1977) lists this
genus as occurring in bottom sediments and on aquatic plants in lotic
and lentic habitats. Clinotanypus larvae are predaceous.

127. Coelotanypus concinnus (Coquillett) - 1 larva from Lake Lochloosa,
Florida (collection 80217). Coelotenypus concinnus is found on bottom
sediments in lotic and lentic aquatic habitats. This species is a predator
and a scavenger (Beck 1977).

128. Coelotanypus tricolor (Lowe) - 18 larvae in 7 collections from Lake
Lochloosa, Florida (collections 79399, 80201, 80217, 80227, 80241,
80252, and 80275). Beck (1977) lists C. tricolor an an omnivore occurring
on bottom sediments in lotic and lentic aquatic habitats.

Undetermined Coelotanypus species—

Twelve larvae in 3 collections from Lake Lochloosa, Florida (collections
79399, 80201, and 80241).

129. Labrundinia pilosella (Loew) - 1 larva from the SR 841 Canal, Florida
(collection 79375). Labrundinia belongs to the tribe Pentaneurini. This
species is found on bottom sediments and aguatic plants in lotic and
lentic habitats. Beck (1977) lists L. pilosella as a herbivore but both
Simpson and Bode (1980) and Cummins and Coffman (1978) state that
this species is predaceous.

130. Natarsia baltimoreus (Macquart) - 1 larva from the SW 76 Ave. Canal,
Florida (collection 78212). Balciunas (1982) found a few specimens of
this species on Myriophyllum spicatum. Natarsia belongs to the tribe
Macropelopiini. Simpson and Bode (1980) state that N. baltimoreus
feeds on unicellur algae, microcrustacea, and other invertebrates.

131. Pentaneura species - 2 larvae from the SW 76 Ave. Canal, Florida
(collection 78212). Pentaneura belongs to the tribe Pentaneurini. Beck
(1977) lists P. inconspicua (Mallock) as a predator. Simpson and Bode
(1980) also found a Pentaneuria species from New York to be predeous.

132. Procladius sublettei Roback - 9 larvae in 6 collections from 5 Florida
sites: Crystal River, Lake Jackson, Lake Lochloosa, SR 841 Canal, and
St. Marks River (collections 79337, 80207, 80219, 80234, 80262, and
80267). Balciunas (1982) found a few P. sublettei larvae on Myrio-
phyllum spicatum. The genus belongs to the tribe Macropelopiini.
Menzie (1980) also found P. sublettei on M. spicatum and noted that the
larvae are detrivores and predators that occur mostly on bottom
sediments under the plants.

133. Zavrelimyia species - 1 larva from Broward Condo Lake, Florida
(collection 79362). This genus belongs to the tribe Pentaneurini. The
larvae are predaceous (Cummins and Coffman 1978).
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Undetermined Tanypodinae—

Twenty-five larvae and 1 pupa in 14 collections from 9 Florida sites,
Broward Condo Lake, Crystal River, Crystal River Canal, Inglis
Reservoir, Lake Jackson, Lake Lochloosa, Rodman Reservoir, SR 841
Canal, and SW 76 Ave. Canal (collections 78212, 78248, 79307, 79319,
79330, 79345, 79362, 79370, 79383, 80201, 80217, 80219, 80240, and
80262). These specimens were either in poor condition or were mounted
so that key taxonomic characters could not be seen. Tanypodinae
larvae were associated with Erythemis simplicicollis (xr=0.564,
p = 0.0001, n = 284).

O Subfamily ORTHOCLADIINAE

Walshe (1951) mentions that the larvae of some European Orthocladiinae such
as Cricotopus species are leaf miners on aquatic vascular plants. Cummins and
Coffman (1978) list North American Cricotopus species as feeding on aquatic
vascular plants, detritus, and algae. Additionally, Beck (1977) lists some
Cricotopus species as predaceous. The Cricotopus species found in this survey
probably do not feed on hydrilla. Bryce and Hobart (1972) state that
Orthocladiinae larvae usually feed on algae. The larvae are usually green in color
and occur in well-oxygenated waters.

Only 6 genera, 12 species, and 149 specimens of Orthocladiinae were collected
in the present survey. Cricotopus sylvestris (Fabricius) was the most abundant
and frequently encountered midge in this subfamily, representing 62 percent of
all the Orthocladiinae. Other Orthocladiinae associated with hydrilla were
generally not abundant and infrequent in occurrence. Most of the following taxa
belong to the tribe Orthocladiini.

134. Cricotopus bicinctus (Meigen) - 7 larvae and pupae in 5 collections from
4 Florida sites: Crystal River, Crystal River Canal, Rodman Reservoir,
and SR 841 Canal (collections 79375, 79405, 79406, 80258, and 80262).
Beck (1977) lists C. bicinctus as a herbivore found on bottom sediments
and aquatic plants in lotic and lentic habitats. Balciunas (1982) and
Menzie (1980) both found larvae of this species on Myriophyllum
spicatum. Cricotopus bicinctus larvae probably feed on algae growing
on the leaves and stems of aquatic plants.

135. Cricotopus remus Sublette - 2 larvae in 2 collections from Rodman
Reservoir, Florida (collections 78234 and 80258). Larvae of this species
occur in or on bottom sediments and on aquatic vegetation. Beck (1977)
lists C. remus as a herbivore but the larvae probably eat algae, not
vascular plants.

136. Cricotopus sylvestris (Fabricius) - 93 larvae and pupae in 12 collections
from 5 Florida sites, Broward Condo Lake, Lake Lochloosa, NW 25 St.
Canal, Orange Lake, and Rodman Reservoir (collections 78235, 79399,
79400, 80201, 80202, 80217, 80218, 80222, 80239, 80258, 80263, and
80274). Menzie (1980) and Balciunas (1982) took C. sylvestris larvae on
Myriophyllum species. Menzie feels that the larvae feed mostly on
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138.

139.

M

Figure 30. A midge larvae (length = 6.5 mm) in the subfamily
Orthocladiinae, Cricotopus sylvestris (Fabricius) (Diptera:
Chironomidae). Orthocladiinae midges were not abundant and
only 149 specimens were found in association with hydrilla.
Cricotopus sylvestris larvae comprised 62 percent of these
specimens. Most larval Orthocladiinae feed on algae and detritus,
although a few may feed on aquatic vascular plants and some are
predaceous

detritus. Beck (1977) lists C. sylvestris as a herbivore-predator
occurring on aquatic plants in lentic habitats. Cricotopus sylvestris
was associated with Parachironomus abortivus (r =0.650, p =0.0001,
n = 284) and Glyptotendipes species (r = 0.559, p =0.0001, n = 284). The
head capsule of a mature larva is shown in Figure 30.

Cricotopus tremulus (Linnaeus) complex - 2 larvae in 2 collections from
Lake Lochloosa and Rodman Reservoir, Florida (collections 80217 and
80263). Current larval keys may include more than one species under
the name C. tremulus (Simpson and Bode 1980); thus, this species is
listed as a complex.

Cricotopus trifasciatus (Meigen) - 1 adult from the SR 841 Canal,
Florida (collection 79410).

Undetermined Cricotopus species—

Eight larvae in 3 collections from 3 Florida sites, Crystal River, Lake
Lochloosa, and Rodman Reservoir (collections 80215, 80217, and
80258).

Eukiefferiella species - 1 larva from Rodman Reservoir, Florida
(collection 80263). Balciunas (1982) took one larva on Myriophyllum.
Beck (1977) lists a Eukiefferiella species as a herbivore occurring on
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aquatic vegetation in lotic habitats. Simpson and Bode (1980) found
larvae in the Eukiefferiella discoloripes group to feed on algae.

140. Nanocladius crassicornus Saether - 3 larvae in 2 collections from Lake
Jackson and Orange Lake, Florida (collections 79404 and 80218).

141. Nanocladius distinctus (Malloch) - 5 larvae and 1 pupa in 2 collections
from Lake Jackson and Rodman Reservoir, Florida (collections 79404
and 80253). The larvae of this species are probably omnivores that feed
on both plant and animal tissues (Simpson and Bode 1980).

142. Nanocladius rectinervis (Kieffer) - 8 larvae in 3 collections from 3
Florida sites, Lake Jackson, Orange Lake, and Rodman Reservoir
(collections 79404, 80218, and 80274). Simpson and Bode (1980) state
that N. rectinervis is probably an omnivore.

Undetermined Nanocladius species—

Three larvae in 3 collections from 3 Florida sites, Crystal River, Lake
Jackson, and Orange Lake (collections 79404, 80207, and 80218).

143. Parakiefferiella species - 1 larva from the SR 841 Canal, Florida
(collection 80262).

144. Psectrocladius species - 1 larva and 1 pupa in 2 collections from
Broward Condo Lake and Lake Jackson, Florida (collections 79404 and
80239).

145. Thienemanniella species - 1 larva from Rodman Reservoir, Florida
(collection 80263). This genus belongs in the tribe Corynoneurini.
Simpson and Bode (1980) found T. xena Roback to feed on unicellular
algae.

Undetermined Orthocladiinae—

Eleven larvae in 6 collections from 4 Florida sites, Crystal River, Lake
Lochloosa, Rodman Reservoir, and SR 841 Canal (ccllections 79330,
80207, 80217, 80258, 80263, and 80267).

O Subfamily CHIRONOMINAE

Twenty-two genera, 47 species, and 7271 Chironominae specimens were
collected in association with hydrilla. Seventy-four percent of all chironomids
taken belong to the Chironominae. The most abundant and frequently collected
species in this subfamily were G. seminole, E. nigricans, and D. modestus. Bryce
and Hobart (1972) state that Chironominae larvae are usually red in life and are
often tolerant of low dissolved oxygen levels. Feeding adaptions in the
Chironominae are variable but many species are filter feeders. Some filter feeders
shelter themselves by excavating burrows in vascular plants (Walshe 1951). Most
of the following species belong to the tribe Chironomini. TR

146. Chironomus attenuatus Walker - 17 larvae in 8 collections at 6 Florida -
sites, Crystal River, Lake Jackson, Lake Lochloosa, Loop Road Canal, s

Orange Lake, and Salt Springs (collections 78232, 79289, 79354, 79399, ‘4
80228, 80232, 80244, and 80250). Balciunas (1977) took larvae of C. _ ﬂ
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attenuatus on waterhyacinth roots. Beck (1977) lists this species as a o
predator-scavenger found in or on bottom sediments in lentic end lotic ot

aquatic habitats.

147. Chironomus decorus Johannsen - 18 larvae in 5 collections at 3 Florida @
sites, Lake Jackson, Orange Lake, and Rodman Reservoir (collections L
79260, 79272, 79303, 79305, and 80240). Menzie (1980) collected C. e
decorus on Myriophyllum but thought the species was mostly a bottom Z _:'
dweller that probably feeds on detritus. A

148. Chironomus riparius (Meigen) - 8 larvae in 4 collections at 3 Florida -4

sites, Broward Condo Lake, Lake Jackson, and Loop Road Canal S
(collections 78245, 79409, 79412, and 80219). This species is a
scavenger found in or on bottom sediments in lentic and lotic aquatic 0y
habitats (Beck 1977). ( ]
P Undetermined Chironomus species—

Thirty-six larvae in 13 collections at 9 Florida sites, Broward Condo
L Lake, Lake Jackson, Lake Lochloosa, Lake Trafford, Loop Road Canal,
4 Rodman Reservoir, small stream crossing Turnpike at 155-mile marker, o
: St. Mark’s River, and SW 76 Ave. Canal (collections 78212, 79288, o
t‘ 79296, 79305, 79337, 79344, 79385, 79409, 79411, 80213, 80219, 80232, —r
and 80245). wh
149. Cladotanytarsus species - 1 larva from Broward Condo Lake, Florida -Z'::
(collection 79412). Cladotanytarsus belongs to the tribe Tanytarsini.
The larvae occur on aquatic vegetation in lentic and lotic habitats -
(Beck 1977) and probably feed on detritus and algae (Cummins and KX
Coffman 1978). s

150. Cryptochironomus fulvus Johannsen - 2 larvae in 2 collections from j-j::
Rodman Reservoir and the SR 841 Canal, Florida (collections 80240 :Z-j:.
and 80262). Balciunas (1982) collected a larva of C. fulvus on =
Myriophyllum spicatum. Beck (1977) lists this species as a predator- =
omnivore found on or in bottom sediments in lotic and lentic aquatic L
habitats. Simpson and Bode (1980) also found C. fulvus to be
predaceous.

[ ]
A
N

151. Dicrotendipes incurvus (Sublette) - 9 larvae and pupae in 6 collections
from 4 Florida sites, Lake Jackson, L.ake Lochloosa, Rodman Reservoir,
and SW 76 Ave. Canal (collections 78212, 79281, 79295, 79354, 80241,
and 80258). This species occurs on bottom sediments in lentic aquatic Ry
habitats (Beck 1977) and probably feeds on algae and detritus e
(Cummins and Coffman 1978).

152. Dicrotendipes leucoselis (Townes) - 299 larvae in 10 collections from 6
Florida sites, Crystal River Canal, Lake Jackson, Lake Lochloosa,
Loop Road Canal, Orange Lake, and SR 841 Canal (collections 79260,
79268, 79333, 79354, 79388, 79400, 80201, 80216, 80218, and 80219).
Balciunas (1977) took a larva of D. leucoselis on waterhyacinth roots.
This species occurs on bottom sediments in lentic and lotic aquatic NG
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153.

habitats (Beck 1977). Dicrotendipes leucoselis was associated with
Enallagma species C (r=0.776, p =0.0001, n =284) and Ablabesmyia
parajanta (r = 9.578, p =0.0001, n = 284).

Dicrotendipes modestus (Say) - 445 larvae and pupae in 62 collections
from 17 Florida sites, Broward Condo Lake, Caloosahatchee Tributary,
Crystal River, Crystal River Canal, Homossasa Springs, Lake Jackson,
Lake Lochloosa, Lake Trafford, L.oop Road Canal, NW 25 St. Canal,
Orange Lake, Rodman Reservoir, SR 841 Canal, St. Marks River, SW 76
Ave. Canal, Tamiami Canal, and Wacissa River (collections 78211,
78212, 78216, 78227, 78228, 78234, 79260, 79264, 79267, 79268, 79272,
79286, 79299, 79301, 79305, 79317, 79321, 79325, 79328, 79333, 79337,
79348, 79350, 79356, 79368, 79373, 79399, 79400, 79404, 79412, 80201,
80202, 80203, 80205, 80208, 80209, 80213, 80214, 80217, 80218, 80219,
80221, 80226, 80232, 80234, 80239, 80240, 80241, 80242, 80244, 80249,
80250, 80252, 80253, 80254, 80258, 80259, 80260, 80263, 80266, 80274,
and 80293). Beck (1977) lists this species as an omnivore which occurs
on bottom sediments in lentic and lotic aquatic habitats. Menzie (1980)
collected D. modestus on Myriophyllum but considered the larvae to be
detrivores. Dicrotendipes modestus was associated with Oxyethira
species D (r=0.695, p=0.0001, n=284) and Enallagma species C
(r=0.539, p=0.0001, n =284). Figure 31 shows the head capsule of a

mature larva.
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Figure 31. A midge larva (length = 7.2 mm) in the

subfamily Chironominae, Dicrotendipes modestus (Say)

(Diptera: Chironomidae). Several midges in this sub-

family, including D. modestus, were among the most

abundant insects found in association with hydrilla.

The larvae of D. modestus are omnivores that feed
mostly on detritus and algae
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Dicrotendipes neomodestus (Malloch) - 5 larvae in 3 collections from
Lake Jackson and Rodman Reservoir, Florida (collections 78234,
79404, and 80258). Balciunas (1982) took many larvae of D. neomodestus
on Myriophyllum spicatum plants. This species occurs in bottom
sediments in lotic aquatic habitats (Beck 1977). Simpson and Bode
(1980) often found high numbers of D. neomodestus larvae together
with those of G. lobiferus and D. nervosus.

Dicrotendipes nervosus (Staeger) - 26 larvae in 6 collections from 4
Florida sites, Lake Jackson, Orange Lake, Rodman Reservoir, Wacissa
River; Lake Livingston, Texas; and Lake Gatun, Panama (collections
(Fla.) 79352, 79404, 80202, 80258; (Tex.) 79380; and (Panama) 80273).
Beck (1977) lists D. nervosus as an omnivore which occurs on and in
bottom sediments in lotic and lentic aquatic habitats. Balciunas (1982)
took a few larvae of this species on Myriophyllum spicatum. Simpson
and Bode (1980) often found high numbers of D. nervosus larvae
together with those of G. lobiferus and D. neomodestus.

Undetermined Dicrotendipes species—

156.

*? 157.

A total of 113 larvae and pupae in 19 collections from 12 Florida sites,
Caloosahatchee Tributary, Crystal River Canal, Lake Jackson, Lake
Trafford, Loop Road Canal, NW 25 St. Canal, Orange Lake, Rodman
Reservoir, Salt Springs Canal, SW 76 Ave. Canal, Tamiami Canal, and
Wacissa River (collections 78211, 78227, 78228, 78232, 79332, 79333,
79335, 79342, 79354, 79404, 80205, 80209, 80218, 80219, 80254, 80258,
80260, 80263, and 80266). These Dicrotendipes larvae were associated
with Enallagma species C (r =0.874, p=0.001, n =284) and Oxyethira
species D (r =0.559, p = 0.0001, n = 284).

Einfeldia species - 2 larvae from 2 collections at Lake Trafford and SW
76 Ave. Canal, Florida (collections 78212 and 79301). Two species of
Einfeldia are listed by Beck (1977) as scavengers. Cummins and
Coffman (1978) also consider the larvae to feed on detritus.

Endochironomus nigricans (Johannsen) - 1483 larvae in 21 collections
at 6 Florida sites, Lake Jackson, Lake Lochloosa, NW 25 St. Canal,
Orange Lake, Rodman Reservoir, SR 841 Canal; Lewis Pond, Georgia;
and Lake Conroe, Texas: (collections (Fla.) 79268, 79269, 79289, 79292,
79296, 79314, 79330, 79337, 79355, 80201, 80205, 80217, 80219, 80222,
80241, 80252, 80258, 80259, 80257; (Ga.) 79390; and (Tex.) 79378). Endo-
chironomus nigricans was one of the most abundant and frequently
collected dipterans associated with hydrilla. Balciunas (1977, 1982)
only took a few specimens on waterhyacinth roots and Eurasian
watermilfoil. Beck (1977) lists E. nigricans (Figure 32) as a herbivore
occurring in and on bottom sediments and aquatic plants in lotic and
lentic habitats. Endochironomus species are filter feeders which may
occasionally excavate burrows in aquatic vascular plants (Walshe
1951).
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Figure 32. A midge larva (length = 5.8 mm) in the
subfamily Chironominae, Endochironomus nigricans - g

(Johannsen) (Diptera: Chironomidae). This species
comprised nearly 15 percent of the 9919 Chironomids
taken on hydrilla but it was found at only 8 different )
sites. The larvae of Endochironomus species are filter ST
feeders that often excavate burrows in aquatic vascular -
plants in which to hide. The burrows can provide
entrances for pathogenic plant fungi and bacteria

*? 168. Endochironomus subtendens (Townes) - 99 larvae in 9 collections at
Lake Lochloosa and Rodman Reservoir, Florida, and Lake Conroe,
Texas (collections (Fla.) 79330, 79337, 79355, 80227. 80241, 80258,
80259, 80275; and (Tex.) 79378). Balciunas (1982) collected many larvae

of E. subtendens on Myriophyllum spicatum. 1
*? 159. Endochironomus tendens (Fabricius) - 6 larvae in 4 collections from _“4
lL.ake Lochlonsa and Rodman Reservoir, Florida (collections 79302, ] _q

79337, 80258, and 80263).
Undetermined Endochironomus species—

Fifty-eight larvae in 8 collections from 3 Florida sites, Lake Lochloosa,
NW 25 St. Canal, Rodman Reservoir; and Lake Conroe, Texas
(collections (Fla.) 78211, 79330. 79337, 79355, 80258, 80259, 80275;
and (Tex.) 79378).
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Glyptotendipes lobiferus (Say) - 220 larvae in 27 collections from 5
Florida sites, Lake Jackson, Lake Lochloosa, Orange Lake, Rodman
Reservoir, SR 841 Canal; and Lake Conroe and Lake Livingston, Texas
(collections (Fla.) 78206, 79257, 79268, 79269, 79270, 79278, 79287,
79292, 79296, 79302, 79313, 79337, 79399, 79404, 80203, 80217, 80227,
80240, 80241, 80242, 80245, 80252, 80258, 80259, 80275; and (Tex.)
79379, 79380). Beck (1977) lists G. lobiferus as a scavenger occurring in
and on bottom sediments and aquatic plants in lotic and lentic
habitats. This species is a filter feeder that occasionally excavates
burrows in aquatic vascular plants (Leathers 1922). Balciunas (1977,
1982) collected a larva on waterhyacinth roets and many larvae on
Myriophyllum spicatum plants. Simpson and Bode (1980) often found
high numbers of G. lobiferus larvae together with those of D.
neomodestus and D. nervosus.

Glyptotendipes paripes (Edwards) - 64 larvae in 18 collections from 3
Florida sites, Lake Lochloosa, Orange Lake, Rodman Reservoir; Lewis
Pond, Georgia; and Lake Conroe, Texas (collections (Fla.) 78235, 79269,
79296, 79302, 79313, 79337, 79399, 79401, 80201, 80217, 80228, 80252,
80253, 80258, 80259, 80275; (Ga.) 79390; and (Tex.) 79379). Glypto-
tendipes paripes is a scavenger occurring in and on bottom sediments
in lentic aquatic habitats (Beck 1977).

Glyptotendipes seminole - 2641 larvae in 61 collections from 10 Florida
sites, Crystal River Canal, Lake Hicpochee, Lake Jackson, Lake
Lochloosa, Lake Trafford, Orange Lake, Rodman Reservoir, SR 841
Canal, Tamiami Canal, 72 Ave. Canal; Lewis Pond, Georgia; and Lake
Conroe, Texas (collections (Fla.) 78206, 78218, 78222, 78224, 78226,
78235, 79256, 79257, 79268, 79269, 79270, 79272, 79278, 79281, 79289,
79292, 79296, 79301, 79302, 79303, 79305, 79307, 79309, 79311, 79313,
79314, 79315, 79330, 79337, 79355, 79356, 79388, 79399, 79400, 79401,
79404, 80201, 80202, 80203, 80214, 80217, 80218, 80219, 80227, 80228,
80229, 80240, 80241, 80242, 80252, 80253, 80258, 80259, 80263, 80264,
80268, 80269, 80275; (Ga.) 79390; and (Tex.) 79379). Glyptotendipes
seminole (Figure 33) was the most abundant insect associated with
hydrilla. This species accounted for 15 percent of all insects taken.
Glyptotendipes seminole is probably a filter feeder that may occasion-
ally excavate burrows in aquatic vascular plants.

Glyptotendipes senilis Johannsen - 13 larvae in 5 collections from 4
Florida sites, L.ake Hicpochee, Lake Lochloosa, Orange Lake, and
Rodman Reservoir (collections 78222, 79270, 79302, 79399, and 80240).

Undetermined Glyptotendipes species—

A total of 562 larvae, pupae, and adults in 42 collections from 7 Florida
sites, Broward Condo Lake, Lake Jackson, Lake Lochloosa, Orange
Lake, Rodman Reservoir, SR 841 Canal, Wacissa River, Lake Conroe,
Lake Livingston, and San Marcos River, Texas; and Lewis Pond,
Georgia (collections (Fla.) 78235, 79257, 79268, 79269, 79270, 79278,
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Figure 33. A midge larva (length = 6.2 mm) in the
subfamily Chironominae, Glyptotendipes seminole
(Diptera: Chironomidae). Glyptotendipes seminole was
the most abundant insect associated with hydrilla
comprising 15 percent of all insects collected. The
larvae of Glyptotendipes species are filter feeders that
often excavate burrows in aquatic vascular plants in
which to hide. Such burrows can provide entrances for
pathogenic plant fungi and bacteria

79279, 79281, 79289, 79290, 79296, 79302, 79313, 79337, 79343, 79356,
79399, 79400, 79401, 80201, 80217, 80218, 89219, 80227, 80239, 80240,
80241, 80242, 80252, 80253, 80254, 80258, 80259, 80262, 80263, 80264,
80268, 80275; (Ga.) 79390; (Tex.) 79379, 79380, and 80269).

Goeldichironomus species - 8 larvae in 5 collections from 3 Florida sites,
Broward Condo Lake, Lake Lochloosa, NW 25 St. Canal; and the SR 24
Canal, Louisiana (collections (Fla.) 79395, 79412, 80252, 80259; and
(La.) 78242). Beck (1977) lists G. holoparsinus (Goeldi) as a predator or
scavenger. Balciunas (1977) found several G. holoprasinus larvae on
waterhyacinth roots.

Harnischia species - 1 larva from the SW 76 Ave. Canal, Florida
(collection 78212). Beck (1977) lists 2 species of Harnischia as
herbivores and 1 as a scavenger. The larvae of Harnischia species
probably feed on algae and detritus (Cummins and Coffman 1978).
McGaha (1952) collected 2 species of Harnischia on Myriophyllum
exalbescens and Balciunas (1977) took a few on waterhyacinth roots.
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166. Kiefferulus species - 12 larvae in 6 collections from 3 Florida sites:
> Alligator Alley Canal, Lake lLochloosa, and Rodman Reservoir
5 (collections 79225, 79269, 79296, 79399, 80241, and 80259). Kiefferulus
ﬁ dux (Johannsen) is listed by Beck (1977) as a scavenger.

3 167. Micropsectra species - 10 larvae in 4 collections at 4 Florida sites,
[ Crystal River, NW 25 St. Canal, Rodman Reservoir, and Wacissa River
, (collections 80222, 80240, 80244, and 80260). Micropsectra belongs to
: the tribe Tanytarsiinae. Beck (1977) lists a Micropsectra species as a
. scavenger occurring in and on bottom sediments in lotic aquatic
‘ habitats.

168. Microtendipes caelum Townes - 22 larvae in 7 collections at 7 Florida
L sites, Big Bass Lodge Canal, Broward Condo Lake, Lake Jackson, Lake
A Trafford, NW 25 St. Canal, SR 841 Canal, and Wacissa River
: (collections 78221, 79335, 79352, 79362, 80219, 80222, and 80262).

Undetermined Microtendipes series—

A total of 284 larvae in 27 collections at 11 Florida sites, Broward
Condo Lake, Crystal River Canal, Holiday Park Canal, Inglis
Reservoir, NW 25 St. Canal, Rodman Reservoir, SR 837 Canal, SR 839
Canal, SR 841 Canal, Tamiami Canal, Wacissa River; and Lewis Pond,
Georgia (collections (Fla.) 78211, 78215, 78216, 78217, 78231, 78240,
78241, 79264, 79268, 79315, 79324, 79362, 79375, 79405, 79412, 80208,
80209, 80213, 80216, 80222, 80226, 80243, 80260, 80262, 80266, 80267,
and (Ga.) 79390). Microtendipes larvae are filter feeders (Cummins and
Coffman 1978).

169. Nilothauma babiyi (Rempel) - 7 larvae in 5 collections from 3 Florida
sites, Crystal River Canal, Lake Jackson, and Rodman Reservoir
(collections 78234, 79325, 79328, 80219, and 80263).

170. Nilothauma bicornis - 2 larvae in 2 collections from Rodman Reservoir
and the SR 841 Canal, Florida (collections 80262 and 80263).

171. Pagastiella species - 2 pupae in 2 collections from Broward Condo Lake
and the SR 841 Canal, Florida (collections 80212 and 80213). Beck
(1977) lists Pagastiella orophila (Edwards) as a scavenger.

172. Parachironomus abortivus (Malloch) - 28 larvae in 13 collections from 6
Florida sites, Alligator Alley Canal, Broward Condo Lake, Lake
Lochloosa, Rodman Reservoir, SR 841 Canal, and 72 Ave. Canal
(collections 78224, 78225, 79296, 79301, 79337, 79355, 80213, 80217,
] 80227, 80241, 80252, 80258, and 80262). Cummins and Coffman (1978)
¢ state that Parachironomus larvae feed on deritus, algae, and inverte-
' brates. Balciunas (1982) collected a specimen of this species on KN
Myriophyllum spicatum. Parachironomus abortivus was associated
with Cricotopus sylvestris (r=0.650, p =0.0001, n =284) and Glypto-

tendipes species (r =0.522, p = 0.0001, n = 284).
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173. Parachieonomus alatus (Beck) - 4 larvae in 2 collections from Lake
Lochloosa and the NW 25 St. Canal, Florida (collections 80201 and
80209). Beck (1977) lists P. alatus as an omnivore occurring on aquatic
plants.

174. Parachironomus carinatus (Townes) - 22 larvae in 4 collections from 4
Florida sites, Lake Lochloosa, Loop Road Canal, Orange Lake, and SW
76 Ave. Canal (collections 78212, 79314, 79333, and 80201). Para-
chironomus carinatus is an omnivore that occurs on bottom sediments
and aquatic plants in lotic and lentic habitats (Beck 1977).

175. Parachironomus hirtalatus (Beck and Beck) - 89 larvae in 18 collections
from 8 Florida sites, Broward Condo Lake, Lake Jackson, Lake
Lochloosa, Loop Road Canal, NW 25 St. Canal, Orange Lake, Rodman
Reservoir, and Tamiami Canal (collections 78211, 79281, 79333, 79362,
79373, 79407, 80201, 80209, 80217, 80218, 80222, 80223, 80227, 80241,
80249, 80250, 80258, and 80261). Beck (1977) lists P. hirtalatus as an
omnivore that occurs in lentic and lotic aquatic habitats. Balciunas
(1977) took a larva on waterhyacinth roots.

176. Parachironomus monochromus (Van der Wulp) - 56 larvae and pupae in
12 collections at 6 Florida sites, Lake Jackson, Lake Lochloosa, Loop
Road Canal, NW 25 St. Canal, Rodman Reservoir, and SR 841 Canal
(collections 78211, 79268, 79289, 79292, 79302, 79333, 79370, 80217,
80227, 80258, 80259, and 80275). This species is an omnivore that
occurs on bottom sediments and aquatic plants in lotic and lentic
habitats (Beck 1977). Parachironomus monochromus was associated
with Ischnura posita (r = 0.548, p = 0.0001, n = 284).

177. Parachironomus richardsoni - 5 larvae in 3 collections from Lake
Lochloosa, Florida (collections 79399, 80201, and 80217).

178. Parachironomus sublette - 1 larva from Lake Jackson, Florida
(collection 79388).

Undetermined Parachironomus species—

Twenty larvae in 11 collections from 6 Florida sites, Crystal River
Canal, Lake Lochloosa, Loop Road Canal, NW 25 St. Canal, SR 841
Canal, St. Marks River; and the San Marcos River, Texas (collections
(Fla.) 79267, 79289, 79337, 80.201, 80208, 80217, 80221, 80222, 80241,
80267; and (Tex.) 80271). These Parachironomus larvae were associated
with Endochironomus nigricans (r=0.516, p=0.0001, n=284) and
Orthotrichia species (r = 0.501, p = 0.0001, n = 284).

179. Paratanytarsus species - 29 larvae and pupae in 13 collections from 7
Florida sites, Caloosahatchee Tributary, Crystal River, Lake Jackson,
Lake Lochloosa, Rodman Reservoir, SR 841 Canal, and Suwannee
River (collections 78205, 79227, 79272, 79289, 79292, 79375, 79388,
79404, 80203, 80205, 80207, 80240, and 80258). Paratanytarsus
belongs to the tribe Tanytarsini. Balciunas (1982) collected many
Paratanytarsus larvae on Myriophyllum spicatum plants.
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180. Phaenopsectra dyari (Townes) - 4 larvae from Lake Lochloosa, Florida
(collection 79337). The larvae of Phaenopsectra species feed on detritus e
and algae (Cummins and Coffman 1978). e

18i. Phaenopsectra flavipes (Meigen) - 70 larvae in 9 collections from 5 q
Florida sites, Lake Jackson, Lake Lochloosa, St. Marks River, Tamiami ”\"
Canal, and Wacissa River (collections 79272, 79387, 79404, 80205, 2
80217, 80219, 80221, 80236, and 80260). e

Undetermined Phaenopsectra species—

Four larvae in 4 collections from 4 Florida sites, Lake Jackson, Lake
Lochloosa, St. Marks River, and Wacissa River (collections 79272,
79337, 80221, and 80260). Balciunas (1977, 1982) found a few
Phaenopsectra larvae on waterhyacinth roots and Myriophyllum
spicatum plants. Beck (1977) lists Phaenopsectra larvae as scavengers
that occur on bottom sediments in lotic aquatic habitats.

182. Polypedilum fallax (Johannsen) - 3 larvae in 2 collections from the SW
75 Ave. Canal and the 72 Ave. Canal, Florida (collections 78212 and
78224). Balciunas (1977) found a few P. fallax larvae on waterhyacinth
roots. This species has been reported as a scavenger found in and on
bottom sediments and on aquatic plants in lentic and lotic habitats.
However, McGaha (1952) notes that the larvae are filter feeders that
occasionally excavate burrows in Nuphar petioles.

183. Polypedilum halterale (Coquillett) - 1 larva from the Wacissa River,
Florida (collection 78203).

184. Polypedilum illinoense (Malloch) - 96 larvae in 22 collections from 11
Florida sites, Alligator Alley Canal, Broward Condo Lake, Lake
Jackson, Lake Lochloosa, I.ake Trafford, Loop Road Canal, NW 25 St.
Canal, SR 841 Canal, St. Marks River, Wacissa River, 72 Ave. Canal;
and Lewis Pond, Georgia (collection (Fla.) 78224, 78225, 78226, 78245,
79260, 79268, 79326, 79333, 79362, 79385, 80217, 80219, 80221, 80222,
80227, 80232, 80250, 80254, 80260, 80262, 80267; and (Ga.) 79390).
Beck (1977) lists this species as an omnivore found on bottom sediments
and aquatic plants in lotic and lentic habitats. Menzie (1980) found the
larvae mostly on Myriophyllum plants but thought that they fed on
detritus. McGaha (1952) notes that the larvae are filter feeders that
occasionally excavate burrows in Nymphaea leaves. Balciunas (1977,
1982) took many P. illinoense larvae on waterhyacinth roots but only a
few on Myriophyllum spicatum plants.

LD

185. Polypedilum scalaenum (Schrank) - 89 larvae in 14 collections from 13
Florida sites, Alligator Alley Canal, Broward Condo Lake, Caloosa-
hatchee Tributary, Holiday Park Canal, Inglis Reservoir, Lake
Lochloosa, Lake Trafford, Salt Springs, SR 841 Canal, St. Marks River,
SW 76 Ave. Canal, Wacissa River, and 72 Ave. Canal (collections 78224,
78225, 78226, 78227, 78228, 78231, 78232, 78243, 79326, 79337, 79362,
80221, 80238, and 80260). Balciunas (1982) took a few P. scalaenum
larvae on waterhyacinth roots.
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Undetermined Polypedilum species—

Forty-two larvae in 5 collections from 5 Florida sites, Alligator Alley
- Canal, NW 25 St. Canal, SR 841 Canal, St. Marks River, 72 Ave. Canal
% (collections 78224, 78225, 80221, 80222, and 80267). The larvae of some
. Polypedilum species are herbivores that usually feed on algae but a few
r_-_;. are miners in aquatic plants (Cummins and Coffman 1978).

186. Pseudochironomus richardsoni (Malloch) - 10 larvae and pupae in 7
collections from 6 Florida sites, Crystal River, Crystal River Canal, s

Lake Jackson, NW 25 St. Canal, SR 839 Canal, and SR 841 Canal :"'
(collections 78240, 78252, 79268, 79405, 79406, 80219, and 80232). q
Undetermined Pseudochironomus species— o
Fifty-three larvae in 22 collections from 11 Florida sites, Broward : R
Condo Lake, Crystal River, Crystal River Canal, Holiday Park Canal, - 3
Lake Jackson, Lake Lochloosa, NW 25 St. Canal, Orange Lake, Salt 7 d

Springs, SR 841 Canal, and SW 76 Ave. Canal (collections 78212,
78228, 78232, 78243, 78252, 79268, 79311, 79328, 79337, 79362, 79375,
79400, 79404, 79406, 79412, 80205, 80207, 80219, 80222, 80232, 80262,
and 80267). Cummins and Coffman (1978) list Pseudochironomus
larvae as collectors-gatherers of detritus and algae. Balciunas (1982) 'a
collected a few Pseudochironomus larvae on Myriophyllum spicatum.

187. Rheotanytarsus distinctus - 1 larva from Lake Jackson, Florida
(collection 79404). Rheotanytarsus belongs to the tribe Tanytarsini.
The larvae are filter feeders which construct distinctive cases (Walshe
1951). _' Q

188. Rheotanytarsus exiguus (Johannsen) - 39 larvae in 8 collections from 5 -
Florida sites, Caloosahatchee Tributary, Lake Jackson, Lake Loch- ]
loosa, Rodman Reservoir, and Wacissa River (collections 78227, 79260,
79404, 80205, 80217, 80219, 80258, and 80260). Beck (1977) lists R.
exiguus as an omnivore that occurs on aquatic vegetation in lotic and
lentic habitats. Balciunas (1982) collected R. exiguus from Myrio-
phyllum spicatum.

189. Rheotanytarsus niguus - 1 larva from Lake Jackson, Florida (collection
79404).

190. Tanytarsus glabrescens - 76 larvae in 15 collections from 10 Florida
sites, Crystal River, Crystal River Canal, Inglis Reservoir, Lake
Jackson, Loop Road Canal, NW 25 St. Canal, Orange Lake, Rodman
Reservoir, SR 841 Canal, and Wacissa River (collections 78231, 79268,
79375, 80208, 80209, 80216, 80218, 80219, 80222, 80244, 80250, 80258,
80260, 80262, and 80267). Tanytarsus belongs to the tribe Tanytarsini.
Cummins and Coffman (1978) list Tanytarsus larvae as collectors,
filters, gathers, and scrapers. Tanytarsus glabrescens was associated
with Microtendipes species (r = 0.556, p = 0.0001, n = 284).

191. Tanytarsus guerlus - 1 larva from the NW 25 St. Canal, Florida
(collection 80209).
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Undeterined Tanytarsus species—

Fourteen larvae and pupae in 9 collections from 5 Florida sites, Lake
Jackson, Lake Lochloosa, NW 25 St. Canal, Orange Lake, and Rodman N
Reservoir (collections 78211, 79289, 79338, 79404, 80201, 80218, -

80222, 80258, and 80263).

192. Tribelos jucundus (Walker) - 3 larvae in 3 collections from Lake
Lochloosa and the St. Marks River, Florida (collections 79330, 79385,
80259). Beck (1977) lists T. jucundus as an omnivore that occurs on
bottom sediments in lotic aquatic habitats.

Undetermined Chironominae—

Twelve larvae and 1 adult in 6 collections from 5 Florida sites, NW 25
St. Canal, Rodman Reservoir, SR 841 Canal, SW 76 Ave. Canal, _
Wacissa River; and the SR 24 Canal, Louisiana (collections (Fla.) .
78211, 78212, 78216, 80258, 80260; and (La.) 78242). These specimens
were in poor condition and could only be identified to subfamily.

Undetermined Tanytarsini—

Fifteen larvae and 1 adult in 8 collections from 6 Florida sites, Crystal -
River, Crystal River Canal, Loop Road Canal, NW 25 St. Canal, --
Rodman Reservoir, and SR 841 Canal (collections 79264, 80203, 80207, '
80208, 80222, 80244, 80250, and 80262). These specimens were in poor
condition and could only be determined to tribe.

Undetermined Chironomidae—

Alligator Alley Canal, Big Bass Lodge Canal, Broward Condo Lake,
Crystal River, Crystal River Canal, Inglis Reservoir, Lake Jackson,
Lake Lochloosa, Lake Trafford, L.oop Road Canal, NW 25 St. Canal,
Orange Lake, Rodman Reservoir, Salt Springs, SR 837 Canal, SR 841
Canal, St. Marks River, SW 76 Ave. Canal, Tamiami Canal, Wacissa
River, 72 Ave. Canal; SR 24 Canal in Louisiana; Fish Hatchery Pond,
Lake Conroe, and the San Marcos River, Texas (collections (Fla.) 78206,
78211, 78212, 78215, 78218, 78221, 78224, 78225, 78228, 78231, 78232,
78234, 78235, 79255, 79257, 79260, 79268, 79269, 79270, 79272, 79274,
79278, 79279, 79286, 79288, 79289, 79290, 79296, 79298, 79299, 79301,
79302, 79303, 79305, 79311, 79313, 79315, 79319, 79320, 79323, 79324,
79325, 79326, 79327, 79330, 79331, 79332, 79335, 79336, 79337, 79345,
79346, 79351, 79352, 79353, 79354, 79355, 79362, 79367, 79368, 79373,
79375, 79385, 79386, 79395, 79396, 79399, 79400, 79401, 79404, 79405,
79406, 79409, 79410, 79411, 79412, 80202, 80203, 80205, 80207, 80208,
80209, 80213, 80214, 80215, 80216, 80217, 80218, 80219, 80221, 80222, NS
80225, 80229, 80231, 80232, 80234, 80236, 80240, 80241, 80243, 80244,
80245, 80250, 80252, 80254, 80255, 80258, 80259, 80260, 80262, 80263,
80266, 80267, 80268, 80274, 80275; (La.) 78242; (Tex.) 79376, 79377,
79378, and 79379). These 2528 larvae and pupae represented 23 percent
of all chironomids collected in association with hydrilla. The specimens -
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A total of 2528 larvae and pupae in 121 collections from 21 Florida sites, -8
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could not be identified to genus or species because they were early
instars or due to poor condition or mounting.

¢ Family CULICIDAE (Mosquitos)

Most mosquito larvae are filter feeders (Cummins and Newson 1978). Only one
pupa was taken in association with hydrilla. Balciunas (1977) collected 5 genera
and 6 species of mosquitos from waterhyacinth roots.

193. Undetermined species - 1 pupa from Lake Lochloosa, Florida (collection
80264).

' ¢ Family EPHYDRIDAE (Shore and Brine Flies)

* 194. Hydrellia species - 50 larvae and pupae in 22 collections from 11 Florida
sites, Alligator Alley Canal, Big Bass Lodge Canal, Broward Condo

Lake, Crystal River, Crystal River Canal, Lake Jackson, Lake
Lochloosa, Orange Lake, Rodman Reservoir, SR 841 Canal, Wacissa

River; SR 24 Canal, Louisiana; and Lake Conroe and the San Marcos

River, Texas (collections (Fla.) 78221, 78225, 78247, 79268, 79304,
79338, 79362, 79364, 79386, 79404, 79406, 79412, 80214, 80215, 80217,
80228, 80231, 80245; (L.a.) 79381; (Tex.) 79378, 80270, and 80275).
Larvae, pupae, and pupal exuvia of Hydrellia species were collected in

q association with hydrilla. Hydrellia larvae are miners in aquatic
X vascular plants and are commonly found in Potamogeton (Deonier
1971). Baloch (1976) found a hydrilla-feeding species of Hydrellia in
Pakistan. Host specificity tests conducted by Baloch showed that these
larvae sometimes feed on Potamogeton but prefer hydrilla. Since a few
larvae were found in our hydrilla samples, some North American
Hydrellia species may occasionally utilize hydrilla as a host plant. Also
many specimens may have been overlooked because Hydrellia larvae
are small, inconspicuous, and live within plant tissues. Deonier
(personal communication) has found that the mature larvae often
/ pupate on plants other than the larval host. Several species of
' Hydrellia appear to be represented in the hydrilla collections. Figure 34

shows a mature Hydrellic larva and a pupa.

e Family PSYCHODIDAE (Moth Flies)

: Larval moth flies usually feed on detritus and occur in lentic aquatic habitats
' (Cummins 1978).

195. Psychoda species - 1 adult from Lake Jackson, Florida (collection

- 79404). This adult was probably resting on the water surface or topped- \\1
" out hydrilla when the sample was taken. : :‘.:
] e Family STRATIOMYIDAE (Soldier Flies) o

Stratiomyid larvae are usually found in lentic aquatic habitats and feed on 'f'?

detritus, algae, and occasionally small invertebrates (Usinger 1956). Soldier fly
adults are terrestrial.

196. Odotomyia species - 11 larvae in 7 collections from 7 Florida sites. 'k;-:!

[] Alligator Alley Canal, Caloosahatchee Tributary, lL.ake Trafford. -4
o]
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Figure 34. A shore fly larva (length = 5.4 mm) and pupa (length = 3.3 mm),

Hydrellia species (Diptera: Ephydridae). Hydrellia larvae are miners in
aquatic vascular plants and are commonly found in Potamogeton species. e
Hydrilla is recorded as a North American host plant of Hydrellia species for
the first time. Only 50 immatures were found in 22 hydrilla collections from
sites in Florida, Louisiana, and Texas. These low numbers reflect the
difficulty in finding the larvae which spend most of their lives inside hydrilla

leaves and stems

T

Rodman Reservoir, SW 76 Ave. Canal, Wacissa River, and 72 Ave.
Canal (collections 78212, 78224, 78225, 78227, 79324, 79351, and
79394). Several species of Odontomyia appear to be represented by
these specimens. Balciunas (1977) collected many stratiomyid larvae
on waterhyacinth roots.

¢ Family SYRPHIDAE (Flower Flies)

Aquatic syrphid larvae are usually found in lentic aquatic habitats and feed on
detritus (Cummins 1978). The larvae breath air directly from the atmosphere
through a pair of spiracles located on an extendable tube attached to the posterior o
end of the body. Thus, the larvae are known as rattailed maggots. Syrphid adults K
are terrestrial. o

78206). Balciunas (1977) collected a few Eristalis larvae from water-

E ' 197. Eristalis species - 1 larva from Lake Lochloosa, Florida (collection
b .
4 hyacinth roots. =

v .
-

. Undetermined Diptera— "

! Three larvae in 2 collections from Lake Lochloosa and the Wacissa
River, Florida (collections 80260 and 80264). Only 3 dipteran larvae
, could not be determined beyond family. These specimens were in very
@ poor condition. (
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=y Order Hymenoptera (Bees and Wasps)

Only two specimens of two species of wasps were found in association with
hydrilla. The specimens represented two different families, both of which
parasitize eggs of other insects. Usinger (1956) lists a few aquatic Hemiptera,
Coleoptera, and Odonata as hosts.

‘ ¢ Family MYMARIDAE
L};: 198. Anagrus species - 1 adult from the Crystal River, Florida (collection

L 79413).
b e Family TRICHOGRAMMATIDAE
: 199. Prestwichia aquatica Lubbock - 1 adult from Loop Road Canal, Florida

LI'-_:._ (collection 79299). This specimen appears to be P. aquatica, although
2 the identification needs to be verified.

DISCUSSION

Locations and times

A This survey was very ambitious in scope, both geographically and temporally.
° Hydrilla growing in diverse Florida locations and in other states was sampled,
- with many of the Florida sites being visited on a monthly basis. The great
: number of locations and the repeated collections at many of these locations
R provided a good representation of the diversity of habitats in which hydrilla
T occurs, along with the fauna associated with hydrilla in these diverse habitats. A

total of 267 collections from 58 different Florida locations were made. An

additional 22 collections from 17 out-of-state locations provided an indication of

'l;-:.j the geographic variability of the fauna associated with hydrilla.
.j-‘f: ' Characteristics
of conditions under which hydrilla will grow. During this survey, hydrilla was

collected from water as shallow as 0.1 m, and as deep as 7.6 m, with the average
depth for all collections being 1.46 m. The water temperature averaged 22.7°C,
with a low of 2°C and a high of 35°C. Conductivity, which is a measure of the
dissolved ions present in the water, averaged 417 yumhos, with a low of 20 umhos

' Inspection of the values listed in Appendix E clearly illustrates the wide range

= Most hydrilla collection sites had zero salinity. However, hydrilla grew well at

' Salt Springs, where the salinity was 3.8 ppt. During several brief investigations

p at Crystal River and Homosassa River, hydrilla was occasionally found growing
in water with salinities up to 7 ppt. However, only small clumps of hydrilla
(insufficient amounts for a sample) could be found at these higher salinities.

Sh at oligothrophic Lake Jackson to a high of 7000 umhos at the saline Salt Springs. .
When salinity (salt content) of the water is low, the conductivity is highly -
s correlated with the nutrient content of the water. Most Florida lakes are -
-j::l " considered mesotrophic and have conductivity values in the range of 250 to 400 N
- pmhos. -
° |

]
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Plant Collection Characteristics

: While hydrilla usually formed a dense mat at, or just below, the water surface, .
# at some locations it merely formed a carpet on the bottom. The dry weight o

el

,-'_.,
L e,
. o

averaged slightly more than 8 percent of the wet weight of the samples. The lower
leaves on a hydrilla plant are frequently sloughed off, but the data did not show S
any significant differences in the damage between the upper, middle, or lower 3
leaves or the upper, middle, and bottom portions of the stems.

Insect Species Collected

A total of 59,130 faunal specimens were collected during this survey. Collecting =S
all these specimens required thousands of tedious hours of searching through -
almost 1500 kg (wet weight) of hydrilla under a microscope. The preservation, 00,
identification, and cataloging of all these specimens was also very time-
consuming.

Of these specimens, 17,398 (29.4 percent) were insects. Each of the 199 insect
species collected was briefly discussed in Part III. Part III also discussed the
feeding habits of each of these 199 insect species. True flies (Diptera), with 9,919
specimens, were the most abundant of the insect orders represented and
comprised 57 percent of all the insect specimens. Almost 99 percent of these flies
were members of the midge (Chironomidae) family. Flies were found in 65 percent
of the collections. The larvae and pupae of caddisflies (Trichoptera) were the next oo
most abundant insect order with 4,265 specimens, and these were found in 55 :
percent of the collections. The larvae of damselflies and dragonflies (Odonata)
were the third most abunidant order, but with 1,178 specimens, comprised only 7 .
percent of all the insects collected during this study. The Odonata, especially the N
damselflies, were, however, well represented with 64 percent of the collections O\
containing at least one Odonata. :

-

The remaining insects (7 additional orders) were not abundant, with no single
order comprising more than 4 percent of the insects collected. However, the
beetles (Coleoptera), the true bugs (Hemiptera), the mayflies (Ephemeroptera), -
and the moths (Lepidoptera) were not uncommon in that they were found, '
respectively, in 25, 33, 34, and 13 percent of the collections. The other three orders .
(Hymenoptera, Homoptera, and Neuroptera) totaled only 8 specimens among all 3 e
groups. A detailed summary of the distribution of specimens among the insect -
taxa is provided in Appendix L.

Species Richness Ras
At least 171 insect species were represented in the 267 collections of hydrilla S

made during the course of this survey. A comparison with the number of insect o

species found during similar surveys on other aquatic plant species is of interest.

These comparisons are facilitated by constructing a species accumulation curve,

i.e. graphing the number of additional “new” species added by each additional

collection. A species accumulation curve for all the Florida hydrilla collections is

depicted in Figure 35. Balciunas (1977) reported 147 aquatic insect species in a =

total of 88 collections from waterhyacinth roots. In comparison, after 90 hydrilla
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Figure 35. Species accumulation curve for insects collected in association with

Hydrilla verticilla in Florida. A total of 171 insect species were recorded from

hydrilla in Florida. As expected, the first collections added substantially more
insect species than did the later collections

collections, only 96 insect species had been recorded. Balciunas (1982) also found
a total of 64 insect species in 69 collections of Eurasian watermilfoil. The hydrilla
collections yielded over one third more insect species, with 88 species being found
after 70 collections.

Thus, hydrilla has a substantially lower richness (number of species) of insects
than waterhyacinth root communities. However, hydrilla communities appear to
be substantially richer in insect species than a similar submerged plant, Eurasian
watermilfoil. The differences in richness of insect species between Eurasian
watermilfoil and hydrilla are even greater than the previous comparison
suggests. The watermilfoil total of 64 insect species includes those from 48 out-of-
state collections. It is usually far easier to record additional species by collecting
at new, distant locations, than by repeatedly collecting in the same location. For
example, when the 22 out-of-state hydrilla collections were included, an
additional 28 insect species were added to the 171 Florida species. Thus, the
species richness of insects associated with hydrilla is much greater than that of
Eurasian watermilfoil insects.

There are probably at least three reasons why the floating waterhyacinth had a
much greater variety of aquatic insects associated with it than did hydrilla. First,
waterhyacinth has been in Florida for almost 100 years, while hydrilla has been
here less than 25 years, and native insects have therefore had substantially more
time to “adapt” to waterhyacinth. Second, the fine structure and close proximity
of waterhyacinth roots possibly provides more and better hiding places for insects
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and their prey, i.e.,, waterhyacinth roots allow for “tighter” niche-packing.
Thirdly, the water-air interface plays a more important role in waterhyacinth
communities, and specialized, surface-film insect species are better represented in
waterhyacinth communities.

The reasons for Eurasian watermilfoil’s low insect species richness are far from
clear. Eurasian watermilfoil has been in the United States for at least 100 years
and is relatively common and widely distributed. However, the majority of the
sites sampled in the milfoil survey had been infested for less than 20 years, and
thus “climax” insect communities were probably not being sampled, which may
have resulted in less species being recorded. However, probably none of the
hydrilla infestations sampled during the present survey were older than 20 years;
therefore, the age of the weed infestations sampled was not the only (or most
important) factor determining the number of insect species collected.

Collecting efficiency

Species accumulation curves such as Figure 35 are also useful in studying
collecting efficiency and sampling effort. An ideal species accumulation curve is
an exponental curve, rising rapidly as the first few collections each add many
additional species. After most of the common species are collected, each
additional collection would add only a few of the rarer species and the curve
would begin to flatten out. Continued collecting would result in only a few,
extremely rare species remaining uncollected, and each of these species would
only be collected with great effort (i.e., a large number of additional collections).
The curve would then become asymptotic at a level corresponding to the total
number of species in the community being sampled.

In many ways, the curve in Figure 35 resembles the ideal species accumulation
curve. Almost 46 percent of the eventual 171 insect species were recorded in the
first 50 collections. The slope of the curve then decreases, i.e. the curve becomes
flatter, and the next 50 collections resulted in only an additional 14 percent of the
species being added.

However, unlike the ideal species accumulation curve, there is no indication of
an asymptote. The curve continues to rise in a linear manner with approximately
35 additional species being added for each additional 100 collections. Thus,
additional collecting would almost surely add additional species, although the
predicted rate would be around one “new” insect species for every three additional
collections.

The lack of an asymptote is not surprising nor even unusual. The ideal species
accumulation curve assumes a stable community, where, among other assump-
tions, no immigration or replacement of species occurs between the first and last
collection. This is definitely not the case for hydrilla communities in Florida.
Even in mature hydrilla communities, replacement and immigration of species
appear to occur regularly. Continued collecting at the same site for several years
results in these immigrant species being recorded. Many hydrilla infestatians,
especially in northern and central Florida, disappear entirely for some months (or
years), then reappear with another similar, but not identical community of
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associated insects. It is also assumed that a single community is being sampled
repetitively. The lumping together of Florida’s diverse hydrilla communities into
one community almost surely violates this assumption.

Insects Damaging Hydrilla

Many aquatic insects are predatory, feeding on the numerous crustaceans and
other small fauna in the water. Of the herbivorous aquatic insects, many feed on
dead or decaying plant material. Many of the remaining aquatic insect species
feed on algae or diatoms, and seldom damage hydrilla. Thus, relatively few of the
insect species collected actually feed on living macrophytes. Hydrilla probably
possesses feeding inhibitors which help limit the number of insects that might
damage it.

Table 1 presents a list of insect species collected during this study which feed (or
are thought to occasionally feed) on living hydrilla. Photographs of repre-
sentative specimens of each of these species can be found in Part III.

The most numerous and frequently collected of the insects damaging hydrilla
were the larvae of five species of caddisflies (Trichoptera), with Leptocerus
americanus and Nectopsyche tavara being the most abundant. Nectopsyche
tavara is known to feed on hydrilla (Daigle and Haddock 1981) and the other
species probably will at least occasionally feed on hydrilla. These species of

Table 1
Insect Species Damaging Hydrilla verticillata

Species Numberof Numberof Type of Damage
Number® ; ollecti

Insect Group tifie Name Sp Coll To Hydrilla
HOMOPTERA: 43 Rhopalosiphum nymphaeae 4 2 Hydrilla feeder
Aphids (sap-sucking on
emersed plant parts)
TRICHOPTERA: 70 Leptocerus americanus 1593 38 F.v aon leaves of
Caddisflies ,uatic vascular plants
(McGaha 1952)
n Nectopsyche tavara 440 32 Hydrilla leaf feeder
(Haddock and Daigle 1981)
72 Oecetis prob. cinerascens 95 36 Aquatic vascular plant
feeder (McGaha 1952)
3 Oecetis prob. inconspicua 106 29 Probable aquatic
vascular plant feeder
14 Trigenodes spp. 2 2 Aquatic vascular plant
feeder (Wiggins 1977)
LEPIDOPTERA: 82 Oxyelophila callista 4 3 Possible hydrilla leaf feeder
Pyralid Moths
83 Parapoynx a. allionealis 5 4 Hydrilla leaf and stem
eeder
84 Parapoynx diminutalis 179 18 !zgrilln leaf and stem
er
85 Parapoynx obscuralis [} 3 Hydrilla leaf and atem
feeder
86 Parapoynx prob. rusosalis 3 1 Hydrilla leaf and stem
feeder
87 Synclita obliteralia 150 [] Hydrilla leaf and atem
feeder
DIPTERA: 1571589  Endochironomus spp. A o Occasionally burrow
Midges into hydrilia stems
160-163  Glyptotendipes app. se had Occasionally burrow
into hydrilla stems
Shoreflies 194 Hydrellia spp. 50 22 Hydrilla leaf and stem
miners
@ See Part [[] for apecies number data.
** Although Endochironomus and Glyptotendipes species were among the most abundant i iated with

hydrilla, these midges were only ily found within hydrilla stems.
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caddisfly larvae appear to be opportunistic feeders, and do not seem to exhibit - J

any host-specificity in their food preferences. o
Of the moth larvae found on hydrilla, six species probably cause damage by I:'_-Z-‘.
feeding on the leaves. Except for Parapoynx diminutalis and Synclita obliteralis, j
these moth larvae were relatively rare. Synclita obliteralis is known to feed on e
numerous aquatic macrophyte species both in the field and in the laboratory. In By
contrast, P. diminutalis, while feeding on a broad range of plants in the A
laboratory, shows a distinct preference for hydrilla in field evaluations. o
Parapoynx diminitulis is the only insect in the United States whose damage to -
hydrilla, when P. diminutalis populations are sufficiently high, will be readily T“ﬁ
noticeable even to untrained observers. Parapoynx diminutalis is an Asiatic ‘j-f:_j

species accidentally introduced into the United States. If its range continues to
expand and matches that of hydrilla, it will probably play a significant role in the o
natural control of hydrilla. Parapoynx rugosalis is a Panamanian species whose _—a
larvae feed on hydrilla. Parapoynx allionealis and P. obscuralis are also found on

hydrilla infrequently, but both of these Parapoynx species appear to prefer other ]
aquatic plants as larval hosts.

The ephydrid flies, Hydrellia spp., have larvae which mine the leaves and stems L ]
of hydrilla. While only 50 immatures of Hydrellia were collected during this R
survey, they are probably much more common. Their tiny size and the necessity -!
of dissecting hydrilla leaves and stems in order to locate the larvae made :
Hydrellia larvae very difficult to locate in a hydrilla sample, even under a o
microscope. T

The sap-sucking aphids, probably Rhopalosiphum nymphaeae, were rare on
hydrilla, probably since these insects are ill suited for aquatic existence, and
could only utilize hydrilla exposed above the water surface, as sometimes occurs
in mature mats.

Noticeably absent from this list are any aquatic weevils which feed on hydrilla.
Apparently, none of the numerous native United States species of aquatic weevils
have yet been able to “switch over” to this newly introduced plant and begin to
feed on this now abundant resource. This is additional evidence for the presence
of feeding inhibitors in hydrilla tissues.

Snails Associated with Hydrilla

With 28,490 specimens, snails comprised almost half (48.2 percent) of all the
fauna collected on hydrilla during this study (Appendix M). A single species,
Goniobasis floridense, was represented by over 12,000 specimens. The majority of
G. floridense were found at Wacissa River, where collections routinely contained
hundreds, and sometimes in excess of a thousand, snails of this species, and small
densities averaged 953 snails/m?. Other abundant snail species were: Gryaulus
spp. and Physa spp. (each with over 4000 specimens); Helisoma scalara (3517
specimens). The first three species in the above list were the most widely
distributed species, with each species being found in at least 50 percent of the
collections.

Snail densities ranged from 82 to a maximum of 3265 snails/m? at Wacissa
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River. At most other sites snail densities usually ranged from 50 to 150 snails/m?®
and seldom exceeded 500 snails/m?,

A total of 25 snail species were recorded on hydrilla during this survey. Most of
these snail species were phytophagous. However, their diet appeared to usually
consist of algae and other microflora. For example, G. floridense appeared to
scour the leaf and stem surfaces of hydrilla, apparently feeding on the epiflora.
This feeding action did not appear to harm hydrilla. In fact, by increasing the
amount of light (previously blocked or utilized by the epiflora) striking
photosynthetic tissue, the growth of hydrilla may be increased. The role of
hydrilla’s epiflora (and of the grazers feeding on the epiflora) remains to be
studied.

Other Invertebrates Associated with Hydrilla

Appendix N lists the 11,791 invertebrates, other than insects and snails,
collected on hydrilla during this survey. The vast majority—10,892 specimens—
were crustaceans. Approximately half of the crustaceans collected (5,341
specimens) were shrimp in the genus Palaemonetes. Two species of amphipods,
Hyallela azteca and Gammarus sp A, with 3,522 and 1,440 specimens,
respectively, were also common.

Leeches (Hirudinea) were represented by 440 specimens in 6 species. With only
304 specimens, the mites (Acari) were not very abundant, but represented at least
11 species. A small assortment of clams—158 specimens, 5 species—collected with
hydrilla roots completes this list.

Vertebrates Associated with Hydrilla

Numerous small fish seek shelter and food in hydrilla mats. Although neither
the quantitative samples nor the other collection methods were designed to
capture fleeting, mobile fauna such as fish, over 1400 specimens were collected.
Larger specimens such as black bass (Lepomis macrochirus) and black crappie
(Pomoxis nigromaculatus) were released immediately, as was a 3-ft eel which had
the misfortune of getting “collected” in the sampler. The most common fish
species were the bluefish killifish (Lucania goodei) with 346 specimens, the least
killifish (Heterandia formosa) with 338 specimens, and the common mosquito fish
(Gambasia affinis) with 288 specimens.

A few tree frog tadpoles (Hyla spp.) and a single central newt (Notophthalmus
vividescens) were also collected in hydrilla.

Quantitative Studies

Most collections in Florida were made using the quantitative sampler.
However, only six ecologically differing and geographically separated sites will
be discussed in detail. All six of these were sampled on a monthly basis, and at
least 15 collections were made at each site (except Crystal River, which had only
11 collections due to the loss of the original study site because of continuing
herbicidal control activities). A description of the physical and ecological
characteristics of each site can be found in Part II.
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Figure 36. Graph of seasonal changes in the abundance of Hydrilla

verticillata and associated insects and snails at Lake Jackson, Leon

County, Florida. Lake Jackson had the lowest mean standing erop of the
six quantitatively sampled study sites

Lake Jackson. Lake Jackson was the northernmost of the six study areas and

one of the most unique hydrilla infestations in Florida. There, the standing crop

,— (biomass minus roots) of hydrilla never exceeded 100 g/m? (dry weight). This was
i the lowest standing crop of the six study sites, as might be expected of a location
5 where hydrilla never reached the surface. The cycles of hydrilla (circles),
associated insects (squares), and snails (diamonds) are shown in Figure 36. The
data for the quantitative collections at Lake Jackson can be found in Appendix F.
It is interesting that the peaks in standing crop do not overlap from one year to
the next, occurring in mid-summer of 1979 and winter of 1979-80. Peak
o abundances of insects began to coincide with peak biomass of hydrilla in late
oy 1979 and early 1980 reaching a peak of almost 900 insects/m? in February 1980. T3
Snails first appeared in the samples in January of 1979, then remained at low, but A
constant level of less than 100 snails/m2, until January and February when they

. briefly exceeded that level,

The contribution of each of the 16 Lake Jackson collections to the total of 55

insect species collected there is shown in the species accumulation curve in Figure .

o 37. The first 5 collections produced 28 insect species, more than 50 percent of the .
6 final total. Subsequent collections usually added only one or two “new” insect -
o species. However, the December 1979 collection produced a sudden increase of 11
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Figure 37. Species accumulation curve for insects collected in

association with Hydrilla verticillata at Lake Jackson, Leon

County, Florida. A total of 55 insect species were recorded from
Lake Jackson

additional insect species, 10 of which were midge (Chironomidae) larvae. These
midge larvae had probably previously been living on the American lotus
(Nelumbo lutea) which grew adjacent to, and on top of, the hydrilla being
sampled. A hard freeze had killed the Nelumbo leaves, and these chironomid
larve probably simply dropped off and floated down on the hydrilla, or were
feeding on dead Nelumbo fragments intermixed with the hydrilla. With 55 insect
species, Lake Jackson ranked in the upper half for insect species richness among
the six study sites. The overall diversity (Shannon-Weaver) of insect species at
Lake Jackson was 2.88, the second highest overall diversity for the six study sites.
However, the average diversity index for each collection was 1.88, the highest for
all study sites. Thus, while only moderate numbers of insects were collected at
Lake Jackson, many insect species were represented, and the specimens were well
distributed among the species, i.e., high species evenness.

Wacissa River. This study site in north Florida has a constant, moderate
current and is the only river location among the six study sites. Appendix G
presents the Wacissa River quantitative data while Figure 38 shows the standing
crop and faunal cycles at Wacissa River. The hydrilla biomass at Wacissa River
was routinely higher than at any of the other five study sites, dropping to the
100-g/m2 (dry weight) level only in the winter and exceeding 1000 g/m? in June of
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Figure 38. Graph of seasonal changes in the abundance of Hydrilla verticillata and

associated insects and snails at the Wacissa River, Jefferson County, Florida. This

site had the highest mean standing crop and the highest snail industry of the six
quantitatively sampled study sites

1980. Biomass of hydrilla ai Wacissa River showed a regular cycle peaking in
summer with another smaller peak in March. The snail densities at Wacissa
River were very, very high and exceeded 3200 snails/m2? in May of 1980.
Approximately 99 percent of these snails were Goniobasis floridense. Unlike the
snails, insect densities were low, seldom exceeding 100 insects/m2, and usually
about 5 insects/m?, averaging 21 insects/m?2.

Figure 39 presents the species accumulation curve for the Wacissa River
insects. This curve bears little resemblance to the ideal, exponential species
accumulation curve. Each of the 20 collections contributed additional insect
species in a linear manner. The first 5 collections produced only 8 species while
the final 5 collections recorded an additional 11 species. This linear increase is
probably due to additional species drifting downstream onto the hydrilla at a
slow, but constant rate. With a total of only 37 species, the second lowest of the 6
study sites, Wacissa River’'s richness of insect species reflected the general
paucity of insects at this site. The general scarcity of insects indicates the effect of
the moderately strong current. However, the overall diversity of insect species
here was a moderate 2.59, as was the average collection diversity of 1.21,
indicating an even distribution of specimens among the insect species.
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Figure 39. Species accumulation curve for insects collected in
association with Hydrilla verticillata at the Wacissa River,
Jefferson County, Florida. Only 37 insect species were collected at
Wacissa River. Each collection, including the early ones,
contributed a few additional species to the list

Lake Lochloosa. Appendix H lists the results of the quantitative collections at
Lake Lochloosa, a large ‘“swampwater” lake in central Florida. Figure 40
graphically displays these results. The hydrilla standing crop at this site was
moderate, usually between 125 and 225 g/m? (dry weight), with a dip down to 60
g/m? in March and April of 1980. Thus, even during months when hydrilla was
not visible from the surface, the standing crop of hydrilla here exceeded the
average hydrilla standing crop at Lake Jackson. There is little evidence for a
regular cycle in biomass, with the standing crop peaking in October of 1979 and
in July of 1980. Insects were very abundant here reaching a high of 3565
insects/m? in April 1979 (not shown in Figure 40). However, over 95 percent of the
insects were midge (Chironomid) larvae, dominated by a few species such as
Dicrotendipes modestus, Endochironomus nigricans, and Glyptotendipes spp.
Snail densities were low to moderate, averaging 82 snails/m2,

The species accumulation curve for Lake Lochloosa, shown in Figure 41, shows
an excellent exponential rise, similar to an idealized species accumulation curve.
The first 8 collections contribute an astonishing 46 (85 percent) of the final 54
insect species collected. The curve then abruptly flattens out, and the final 7
collections contribute only 8 additional insect species. In richness of insect
species, Lake Lochloosa, with 54 species, ranked around the mode for the 6 study
sites. However, the dominance of midges in the collections resulted in an average
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Figure 40. Graph of seasonal changes on the abundance of Hydrilla verticillata and
associated insects and snails at Lake Lochloosa, Alachua County, Florida. Lake
Lochloosa had the highest mean number of insects per square metre of the six

Figure 41. Species accumulation curve for insects collected in
association with Hydrilla verticillata at Lake Lochloosa, Alachua
County, Florida. Similar to the idealized species accumulation
¢ curve, most (85 percent) of the insect species had been recorded

psA




CabEONCEAS et Al et ™0 Al e

collection diversity of 1.21, the next lowest for all the study areas. The overall
diversity for all the specimens collected at Lake Lochloosa was a moderate 1.92.

Rodman Reservoir (Lake Ocklawaha). Lake Ocklawaha, more popularly
known as Rodman Reservoir, is a large shallow reservoir in central Florida. The
quantitative data for Rodman Reservoir are listed in Appendix I and graphically
displayed in Figure 42. Analysis of population cycles at Rodman Reservoir is
difficult since the reservoir underwent a drawdown of 1.2 m beginning 30 Aug
1979 and ending 21 Nov 1979 and another 1.2 m drawdown from 11 Jan to 20 Feb
1980. This rapid lowering of the water level destroyed a large portion of the
hydrilla in the reservoir. In general, there appears to be a peak in hydrilla
biomass in summer and a low in February or March. Insect abundances were
sometimes high (1158 insects/m?2 in April of 1980) but fluctuated dramatically.
Snail densities were usually low, but reached a level of 474 snails/m2 in February

1980.
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Figure 42. Graph of seasonal changes in the abundance of Hydrilla verticillata and

associated insects and snails at Rodman Reservoir, Putnam County, Florida. This

site had an intermediate abundance of hydrilla, insects, and snails compared with
other quantitatively sampled Florida sites

o The species accumulation curve for Rodman Reservoir insects, shown in Figure -]
;j 43, is very unusual. The first 14 collections contributed 34 insect species in a linear 1
;:-Lf manner. However, the final 4 collections added an amazing 25 insect species. o
- Thus, the exponential portion of the curve appears at the end rather than at the Ty
. beginning as would normally be expected. This is probably because many new -9
- insect species appeared after the drawdown to replace the pre-drawdown species. o
» 92

e L L T 3
AR i T ASASAN Y e .



701

a
Q

w
(o]

8

n
O

o

-
e
/‘/

\

NUMBER OF INSECT SPECIES
AT RODMAN RESERVORR (CUMULATIVE)
<]

2 4 & 8 o 12 4 . 18 20
NUMBER OF RODMAN RESERVOIR COLLECTIONS

(CUMULATIVE)

0

Figure 43. Species accumulation curve for insects collected in association

with Hydrilla verticillata at Rodman Reservoir, Putnam County, Florida.

A total of 59 insect species were collected at Rodman Reservoir. The rapid

increase in the number of additional insect species collected at the end of

the study period was probably due to new insect species appearing
following the fall 1979 drawdown

With 59 insect species, Rodman Reservoir ranked second in insect species
richness among the 6 study sites. Both the overall insect diversity (1.86) and the
average insect diversity for each (1.29) were in the median range for the 6 study
sites, indicating some dominant insect species.

Crystal River. While technically a river, Crystal River was so broad and so
close to the Gulf of Mexico that the speed and direction of the current was
primarily dependent on the tide. The quantitative data for this site are presented
in Appendix J while Figure 44 presents a graphical compilation of these data. The
hydrilla standing crop peaked in July at 331 g/m?2. Standing crop minima were
reached during the winter (January 1979 and February 1980) when only minute
amounts of hydrilla could be collected. Insect density was very low, averaging 33
insects/m? and never exceeding 82 insects/m2. Snail density was also low,
averaging 71 snails/m? with a maximum of 149 snails/m? in December 1980.

The low insect populations consisted of relatively few species with only 21
insect species being recorded from Crystal River. The low number of insect species
is an indication of the harsh environment of Crystal River, where only a few
species have been able to adapt to the salinity and the constant flux of tidal
currents. The species accumulation curve for Crystal River insect species is
shown in Figure 45. As at Wacissa River, the curve is essentially linear rather
than exponential. The first 5 collections produced 10 species while the last 5
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Figure 44. Graph of seasonal changes in the abundance of Hydrilla

verticillata and associated insects and snails at the Crystal River, Citrus

County, Florida. Crystal River had low abundances of hydrilla, insects,
and snails compared with other quantitatively sampled Florida sites
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Figure 45. Species accumulation curve for insects collected in

association with Hydrilla verticillata at the Crystal River,

Citrus County, Florida. Only 21 insect species were found at

Crystal River, the lowest insect species richness at any of the
6 study sites
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collections added 11 insect species. With only 21 insect species, Crystal River had
the lowest species richness of the 6 study sites. Not suprisingly, the overall
Shannon-Weaver diversity index for all 12 collections was also the lowest (1.82) as
was the average diversity index for each collection (1.09). The insect diversity for
the collections ranged from a very low 0.095 to a moderate 1.76.

SR 841 Canal. This drainage canal in south Florida was chosen for its
remoteness, which helped to ensure that this study site would not be perturbed by
weed control artivities routinely performed at most canals in south Florida. The
quantitative data for SR 841 Canal are displayed in Appendix K and are
graphically represented in Figure 46. The standing crop of hydrilla at this canal
was usually moderately high, fluctuating around 400 g/m? and reaching a high of
710 g/m? in November 1979. The minimum standing crop of less than 20 g/m?
was reached in March 1980, although the standing crop during the previous
March had been 370 g/m2 While as many as 568 insects/m2? were recorded
(February 1979), insect density was usually around 100 insects/m? (average for 18
collections of 87 insects/m?). Snail density was moderate, averaging 124
snails/m?2

A total of 69 insect species were recorded from SR 841 Canal, the highest species
richness for any of the 6 study areas. Not surprisingly, the insect diversity index
(Shannon-Weaver) for all 18 collections at this site was the highest (3.075) for all
the study areas. However, its average insect diversity of 1.52 for each collection
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Figure 46. Graph of seasonal changes in the abundance of Hydrilla verticillata,

insects, and snails at the SR 841 Canal in Collier County, Florida. Although the SR

841 Canal had a high mean standing crop of hydrilla, the insect and snail

abundances at the site were only moderate compared with other quantitatively
sampled Florida sites
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1 Figure 47. Species accumulation curve for insects collected in association 1;'.;:
A with Hydrilla verticillata at the SR 841 Canal, Collier County, Florida. o
With 69 species, this canal had the highest insect species richness of the six < 4

study sites. The contribution of additional insect species by succeeding
collections approximates the expectations from an idealized species
accumulation curve

ranked it after Lake Jackson, where the collections averaged a Shannon-Weaver

insect diversity index of 1.83. Since species richness was lower at Lake Jackson, ]
species evenness, i.e. equal distribution of specimens among the species, must
have been lower at SR 841 Canal, indicating a greater dominance of a few species

in the collections.

The species accumulation curve for SR 841 insects (Figure 47) shows an X
excellent, exponential increase in the number of insect species added by the first kK
collections. The first 6 collections produced 48 insect species (70 percent of the final ‘%
69 species), but then the next 10 collections added only 13 more insect species. f:Z:"

"".' DR

Comparison of Six Study Sites =)

Table 2 summarizes the quantitative results at the six study sites. With an
average standing crop at 454 g/m2, Wacissa River maintained a substantially
higher hydrilla biomass than any of the other study areas. The hydrilla biomass
at oligothrophic Lake Jackson was the lowest by far, averaging only 46 g/m? and
never exceeding 96 g/m2. The five 0.125-m? subsamples which made up each
quantitative collection were frequently highly variable, reflecting the variability
of biomass distribution in hydrilla mats. The standard errors (SE) were
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Table2
Comparison of Quantitative Results of the Six Study Sites

Lake Wacissa Lake Rodman Crystal SR&8¢!1
Parameter Jackson River Lochloosa  Reservoir River Canal

Average sample depth, m 25 15 24 14 0.8 1.2
Number of quantitative 15 20 15 17 11 18

collections
Hydrilla standing crop,

g/m‘dry wt

Mean + avg SE 4619 454 £ 30 187+ 22 159 £23 17L1€ 320+ 33

Min - Max 7-96 46-1013 47-229 10-575 14-331 18-710
Insect density, insects/m’

Mean 134 21 485 285 3 87

Min - Max 10-867 0-162 0-2691 19-1158 2-82 3-568
I ts, speci peci 55/1090 37/264 54/3565 59/2709 21/305 69/867
Shannon-Weaver Insect

Diversity

Avg. collection t avg SE 1.83 £0.09 0.77+0.15 1.21 £0.15 1.29+0.10 1.01£0.18 1.5210.14
Insect diversity/

combined collections 28/16 2.59/22 1.92/15 1.86/18 1.82/12 3.07/18
Snail density, snails- m*

Mean 45 953 82 151 n 124

Min - Max 2-139 82- 3265 13-218 14-747 6-149 10-384
Snails, species/apecimena 5/367 10711444 4/688 8/1261 8/594 871325

accordingly large. There was also great variability in the average hydrilla
standing crop for the monthly samples at each study area. Peak standing crop of
hydrilla was frequently 20, 30, or even in excess of 50 times the value of the
minimum. The annual peak in biomass usually occurred during summer or early
fall, but at some sites peak biomass was reached in the winter. A particular site
might have a peak standing crop in the summer one year, and then in the winter
during the following year. A regular seasonal pattern in hydrilla biomass peaks
and declines was most evident at Wacissa River. Sharp declines of hydrilla
biomass occurred at all six sites, usually in winter or early spring. However, the
population of hydrilla at SR 841 Canal did not collapse during 1979. The variation
of hydrilla biomass cycles between sites and between years at the same site was
very great and this sort of variability should be considered in any program of
hydrilla control.

Insect densities varied greatly between sites and between collections at the
same site. The abundance of insects at a particular site generally seemed to be
independent of the amount of hydrilla present, with high numbers being present
during winter. Lake Lochloosa’s average insect density of 485 insects/m? was
substantially higher than at any other study site. However, most of these insects
belonged to a few chironomid species and, with a total of 54 insect species, Lake
Lochloosa ranked only fourth among the six sites for insect species richness.
Wacissa River had the lowest average insect density (21 insects/m?) and the other
lotic site, Crystal River, also had very low numbers of insects, averaging 33
insects/m2.

The Shannon-Weaver Diversity Index for the insects found in each collection
was calculated. This index is sensitive to both species richness (number of
species) and species evenness (equality of distribution of specimens among the
species). Not surprisingly, the sites richest in insect species had the highest
diversity index. With 69 total insect species, SR 841 Canal had the highest overall
(combined collection) diversity index of 3.07, and the second highest average
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collection diversity index of 1.52. Lake Jackson had the highest average collection
diversity of 1.83 and the second highest overall diversity at 2.88. Since only 55
insect species had been recorded at Lake Jackson, the consistently high diversity
indices at that location indicate high species evenness. Wacissa River had the
lowest average diversity index per collection, 0.77, while Crystal River had the
lowest overall diversity index, 1.82.

Snail density seemed to track hydrilla biomass in a very general way. Wacissa
River had the greatest average snail density — 953 snails/m2 — and the greatest
snail species richness with 10 species. Lake Jackson averaged only 45 snails/m?
and only 5 species of snails were recorded from there.

SUMMARY

This survey of the insects and other macrofauna associated with hydrilla is the
most intensive insect survey yet conducted for a single aquatic plant species. A
total of 267 collections of hydrilla and its associated fauna were made at 58
Florida locations. An additional 22 collections from 17 out-of-state hydrilla
infestations were also made. Most of the Florida collections (51 percent) were
made quantitatively, using a specially designed and constructed sampler which
would remove in a vertical section extending from the water’s surface down to the
hydrosoil, a 0.125-m? portion of the hydrilla mat and its associated fauna.

Consequently, this insect survey is also the most extensive field study of
hydrilla growth and biomass cycles conducted to date. Six Florida sites,
intensively sampled from 1978 through 1980, were selected for analysis and
discussion in this report. These six sites included a clear oligotrophic lake, a
“swampwater”’ lake, a mesotrophic reservoir, a drainage canal, and two spring-
fed rivers, one of which was estuarine. Of these six study sites, the northernmost
site, Lake Jackson in Leon County, was almost 400 airmiles from the most
southerly site, a canal in Collier County. Most of the previously published field
studies of hydrilla growth and biomass have concentrated on lakes. The few
multilake field studies have usually been restricted geographically, and the lakes
studied were usually ecologically similar.

Hydrilla has great ecological amplitude, and this is demonstrated by the
diversity of locations at which hydrilla was collected during this survey. No
statistically significant correlation of hydrilla biomass to specific conductivity
(an indirect measure of nutrient content of the water), water depth, or water
temperature (or any of the other physical or limnological collection parameters
recorded during this survey) was found when the data from all collections were
considered together. In estuarine areas, hydrilla could not be found at locations
where salinities exceeded 7 ppt. Hydrilla standing crop (total biomass minus root
biomass) fluctuated greatly at any given location, with peak hydrilla biomass
density at a given location sometimes being in excess of 50 times the lowest
biomass density recorded from the same location. While these fluctuations in
standing crop showed seasonal trends at some locations, at most sites this
seasonal relation was tenuous at best. Although hydrilla biomass maxima
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generally seemed to be observed during the summer or early fall, this
generalization is not safely applied to particular locations. For example, at Lake
Lochloosa, hydrilla biomass peaked in October during 1979, but in July during
1980.

Hydrilla biomass was also highly variable at different sites. Hydrilla standing
crop (dry weight) reached a maximum of 1013 g/m?2 at Wacissa River, but never
exceeded 100 g/m? at Lake Jackson. At “typical” Florida hydrilla infestations
such as Rodman Reservoir and Lake Lochloosa, hydrilla standing crop averaged
around 160 g/m? over the course of 1-1/2 to 2 years.

A total of 59,130 faunal specimens associated with hydrilla were collected
during this survey. Their collection, sorting, identification, and cataloging
consumed enormous amounts of time. Almost half (48.2 percent) of those
specimens were snails. Snail abundance generally seemed to be related to hydrilla
biomass. Snails were extremely abundant at one of the lotic study sites (Wacissa
River) with their numbers at one time exceeding 3200 snails/m2. Typical densities
at most other locations were usually in the range of 50 to 100 snails/m?2. At least
25 species of snails were recorded. Most appeared to feed on the epiflora associated
with hydrilla and little direct damage to living hydrilla tissues was observed.

Over 17,000 insects, belonging to at least 199 species, were recorded during
this survey. Of them, 57 percent of the insects collected were midges (Diptera:
Chironomidae) and 24.5 percent were caddisflies (Trichoptera). Dragonflies
(Odonata), true bugs (Hemiptera), beetles (Coleoptera), and moths (Lepidoptera)
were collected at many locations but were not very abundant. Insect densities
were highly variable, ranging from no insects in collections from Wacissa River,
to 2691 insects/m? of hydrilla mat in one Lake Lochloosa collection. Peak insect
abundance usually occurred around March, but this was also highly variable.
High abundances of insects did not necessarily mean high numbers of insect
species. Lake Lochloosa produced 3565 insect specimens, but these included only
55 species. At a drainage canal in south Florida, only 867 insects were collected,
but these comprised 69 species.

The richness of insect species associated with hydrilla is far lower than that of
aquatic insects associated with waterhyacinth roots, but is substantially higher
than that of the insects associated with Eurasian watermilfoil. Analysis of a
species accumulation curve constructed from the data for all Florida collections
indicates that many additional hydrilla insect species would be recorded, if
additional collections continued to be made. However, collecting efficiency would
be low, with a predicted species accumulation rate of three additional insect
species being found for every ten additional collections in Florida.

Of the almost 200 insect species recorded, probably only 10 percent or so
damage hydrilla by their teeding activities. Of these, 5 species of caddisfly
(Trichoptera) were the most widespread and abundant. These caddisfly larvae
can feed on a wide variety of aquatic vegetation and seem to exhibit little
preference for hydrilla. A half-dozen species of moths whose larvae probably feed
on hydrilla were recorded in this survey. Of these, Parapoynx diminutalis, a
recently introduced Asiatic species, is the most abundant. Parapoynx diminutalis
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appears to prefer hydrilla (at least in the field) and it causes extensive damage to
hydrilla. When populations of P. diminutalis are high enough, the damage is
easily visible, even to untrained observers, and probably negatively impacts on
hydrilla’s growth and spread. Small numbers of the ephydrid fly, Hydrellia spp.,
were collected. The larvae of Hydrellia mine the leaves and stems of hydrilla. This
feeding habit made them extremely hard to discover in frozen hydrilla samples,
and their relative abundances are probably much higher.

This study clearly illustrates the variability of hydrilla infestations and the
aquatic insect and snail communities associated with them. In planning any
hydrilla control program, this variability should be considered. It is unrealistic to
consider all hydrilla infestations, even in a limited geographic area, as
representing a single homogeneous hydrilla community.
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APPENDIX A: CHRONOLOGY OF FOREIGN
SEARCHES FOR INSECT ENEMIES OF HYDRILLA
(HYDRILLA VERTICILLATA)
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1971

1973

1973

1975

1975

1976

1976

1976

1978

1979

1980

1981

1981

1982

1982

CIBC initiates search for insect enemies of hydrilla in Pakistan.
Varghese begins studies of insect enemies of hydrilla in Malaysia.

Baloch and Sana-Ullah present preliminary report on natural enemies of
hydrilla in Pakistan. Of the eight insect species and two snail species
found, only the ephydrid fly Hydrellia sp., the moth Parapoynx diminutalis,
and the weevil Bagous sp. nr. limosus are considered to be promising
biocontrol agents and are being studied further.

Del Fosse et al. discover Parapoynx diminutalis in Fort Lauderdale,
Florida. This Asian species probably accidentally introduced in a
shipment of aquarium plants.

Allen searches in Africa and Indonesia for insect enemies of hydrilla.
Results not reported.

Varghese and Singh present final report on studies in Malaysia. Only two
insect enemies recorded. One, an aphid species, attacked hydrilla only in
greenhouse culture. The other species, a moth, probably Parapoynx
diminutalis, appears to be fairly specific to hydrilla.

Baloch and Sana-Ullah submit final report on insect enemies of hydrilla in
Pakistan. The biology and host-specificity of the three most promising
biological control candidates have been studied. A Bagous species weevil
which feeds on hydrilla tubers is fairly specific. Parapoynx diminutalis
feeds and reproduces on several aquatic plant species. The leaf-mining
Hydrellia sp. appeared to be quite specific to hydrilla, but it also fed on
Potamogeton spp.

Pemberton and Lazor conduct search in Africa for insect enemies. Hydrilla
not found until late in 3-month survey and only one possible enemy, the

larvae of a midge (Chironomidae), probably in the genus Polypedilum,
is recorded.

Sanders and Theriot discover a moth, later identified as Parapoynx
rugosalis, damaging hydrilla in the Panama Canal Zone.

Balciunas and Center study Parapoynx prob. rugosalis in Panama and
find that it feeds primarily on hydrilla and Najas.

Buckingham receives permission to bring Panamanian Parapoynx into
quarantine facilities in Gainesville for further testing. However, the species
tested by Balciunas and Center can no longer be located in Panama.

CIBC begins search for insect enemies of hydrilla in East Africa. As of end
of 1982, hydrilla had still not been located in Kenya.

Balciunas spends 4 months searching for natural enemies of hydrilla in
tropical Asia. Most of the insects previously recorded on hydrilla in Asia
are found. Several species of Bagous weevils are found damaging hydrilla
in India.

Habeck and Bennet make two unsuccessful trips to Panama searching for
Parapoynx rugosalis and the Parapoynx sp. tested by Balciunas and Center.

Balciunas spends 6 months searching for natural enemies of hydrilla in
Kenya, India, Southeast Asia, and northern Australia. Several new moth
species are found damaging hydrilla, along with approximately 15 species of
Bagous weevils.
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APPENDIX B: FLORIDA HYDRILLA COLLECTIONS




]
'

~

Ly y Y,

Conk lu Yed el

CUUNT Y

A ACHA
AL ACHUA
M ACHUA
ALACHUA

ALACHUA
AL ACHUA
ALACHUA
ALACHUA
AL ACHUA
ALACHUA
ALACHUA
ALACHUA
ALACHUA
AL ACHUA
AL ACHUA
ALACHUA
AL ACHUA
ALACHUA
ALACHUA
ALACHUA
ALACHUA
AL.ACHUA
ALACHUA

ALACHUA
ALACHUA
ALACHUA
ALACHUA
ALACHUA
ALACHUA
ALACHUA
ALACHUA
ALACHUA
ALACHUA
ALACHUA

ALACHUA

ALACHUA
ALACHUA
ALACHUA
ALACHUA
ALACHUA
ALACHUA

BROWAKD

BROWARD
RROWARD
KROWARD
RROWARD
BROWARD
BROWARD
EROWAKT

[
Co.
co.
co.

Cco.
co.
co.
co.
co.
Co.
co.
co.
co.
co.
co.
co.
co.
co.
co.
co.
co.
co.
co.

co.
co.
€0.
co.
co.
co.
co.
co.
co.
co.
co.

co.

co.
co.
co.
co.
co.
co.

co.

co.
co.
0.
co.
co.
co.
r.n.

5

LANE LO
LANE LO
LANE LO
LLAKE LO

LANE LD
LANE LO
LANE LO
LANE LO
LANE LO
LANE LO
LAKE LO
LANE LO
LAKE LO
LANE LO
LANE LD
LANE LO
LAKE 1.0
LAKE LO
LANE LO
LAKE LO
LANE LO
LANE LO
LAKE LO

ORANGE
ORANGE
ORANGE
ORANGE
ORANGE
ORANGE
ORANGE
ORANGE
ORANGE
ORANGE
ORANGE

ORANGE

ORANGE
ORANGE
ORANGE
ORANGE
ORANGE
ORANGE

ALLIGATOR ALLEY CANAL

BROWARD
BROWARD
HBROWARD
BROWARD
EROWARD
EROWARD
KROWARD

1TE

CHLOOSA
CHL 005A
CHLOOSA
CHLUO0SA

CHLODUSA
CHLOOSA
CHL.O0SA
CHLOOSA
CHLOOSA
CHLOOSA
CHL O0SA
CHLOOSA
CHLOOSA
CHLOOSA
CHLOOSA
CHLOOSA
CHLOOSA
CHL 00SA
CHLOOSA
CHLOOSA
CHLOOSA
ICHL00SA
CHLOOSA

LANE
LAKE
LAKE
LANE
LAKE
LAKE
LAKE
LANE
LANE
LAKE
LAKE

LAKE

LANE
LAKE
LAKE
LAKE
LANE
LANE

CONDO LAKE
CONDO L AKE
CONDO LAKNE
CONDO LANE
CONDO LAKE
CONUD LAKE
CONDO) LAKE

LOCH 00sA !
1 OLHLOOSA |
LOCHLOUSA T
LOCHLODSA |

500 METERS
500 METERS
500 MEVERS
500 METERS
500 METERS
500 METERS
500 METERS
500 METERS
500 METERS
500 METEKS
500 METERS
500 METERS
500 METERS
500 METERS
500 MEIERS
500 METEKRS
500 METERS
500 METERS
500 METERS

MK RAWLING
M. K. RAWL ING
M.K.RAWL ING
M.h «RAWL ING
M.K.RAWL ING
M.K.RAWL ING
M.K.RAWL ING
M.K.RAWL ING
H.K  RAWL ING
H.N.RAWLING
M.K.RAULING

M.N.RAWL ING

NEAR CKOSS
NEAR CROSS
NEAR CROSS
NEAR CROSS
NEAR CKOSS
NEAR CROSS

7.2 HILE M

NE OF BROWA
NE OF RROWA
NE (F EROWA
NE OF BROWA
NE OF EROWA
NE OF FROWA
NE OF BROWA

CIR DI

OWH kN
OWH R,
OUN B
OWN KO

FROM SOUTHWEST
FROM SOUTHUWES!
FROM SOUTHWEST
FRUOM SOUTHWEST
fFROM SOUTHWES!
FRUM SOUTHUWEST
FROM SOUTHWEST
FROM SOUTHWEST
FROM SOUTHWEST
SOUTHUES
SOUTHWE S
SOUTHWES!