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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/m?2 at Lake Lochloosa, but almost all of
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
damage to hydrilla when they constructed burrows in hydrilla stems. Caddisflies (Trichoptera) comprised almost 25 percent of the
insects collected. Of the 22 species of caddisflies, 5 species at least occasionally feed on hydrilla. Of these, Leptocerus americanus
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.

Chapter 2

This chapter presents 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. diminutelis, 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 theirsides. The
spotted heads distinguish them from native Parapoynxlarvae, 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. Younglarvae, however, preferred hydrilla over most of the
other 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 aguaria, 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 aguaria. One of these formulations controlled watermilfoil within 4 weeks, and control was
maintained throughout the 20-week experiment. Flowing water bioassays were conducted 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 dichlobenil 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-5648 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 DuPont Company. Other experimental herbicides evaluated during the past year
gave poor control of submersed aquatic plantsin laboratory screenings. However, AC-925 showed promising results in greenhouse
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 caroliniana (Wait.) Robins,, and Cebomba 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
by hydrilla.
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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 secorid
miles (U.S. statute) 1.609347 kilometres




Chapter 1

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

by

Dr. Joseph K. Balciunas, Mr. Marc C. Minno



INTRODUCTION

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.

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.

Hydrilla roots are long, slender, and simple, whitish or light brown in

Figure 1. A typical hydrilla plant showing growth
habit, roots, stolons, and tubers
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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
dioecious, 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
female 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
and sepals revert to this position, and enclose an air bubble thus preventing
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.

Taxonomic and identification difficulties. Hydrilla has been recognized as
a separate species of plant since the early days of taxonomy. Linnaeus’ son
published a figure of it (described as Serpicula verticillata) in 1781. In 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 (T'arver et al. 1978).
Mabhler (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 believe 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 Lithuanian 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 Hawaii. 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 U.S.
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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.

Hydrilla is usually a gregarious plant and frequently forms dense, intertwined
mats at the surface. Approximately 20 percent of the plant’s biomass is
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.

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
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.”

Insecis—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
South American weevil, Cyrotobagous singularis, has been reported at several
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
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, Hydrellia 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-m2 section removed by the quantitative sampler

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 isopropyl
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. Leaves 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
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Figure 3. Map of Florida showing the collecting locations ‘ ,
surveyed during this study. Each dot or star may represent
several adjacent collecting locations or multiple collections at i
the same locations. Stars indicate locations where repetitive , e’
quantitative samples were taken ng& X
o
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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 (LL.ake 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 (Lake 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 sheet (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
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
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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
Oto 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 Outside 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 immanagement 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).

Species diversity. Species diversity was compared of the insects collected at
Lake 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
both to species richness (the number of species in the collection) and to species
evenness (the distribution of specimens among the species). The Shannon-Weaver
diversity index H’ is calculated according to the following algorithm (from Pielou
1966):

s
H=- 3 plog p
1=1
where
s = total number of species in the collection

pi = proportion of the total specimens comprised by the i species or p; = ni/N
n; = number of specimens in the i'" species
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
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 collections 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
and 4 specimens in 1 collection were from Rio Chagres, Panama. These 432
Ephemeroptera specimens represented only 2 percent of all insects collected.
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 Trisutary, 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.
§y S+ 8 Callibaetis floridanus nymphs comprised 46
4 “ - percent of the 414 mayflies collected. Mayflies
A were found at 36 percent of the collection sites, but
’ 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
streams 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 Caenis 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, Lake Trafford, Loop Road Canal, Myakka River, NW 25 St.
Canal, Orange Lake, 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,
78214, 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.
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e 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 Odonata 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 hydrilla. Compared to damselflies, dragonflies were fewer in
number but richer in genera and species. Thirty-three percent of all Odonata
collected were Anisoptera.

e Family AESCHNIDAE

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

9.

10.

11.

12.

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).

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

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.

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. Tetragorneuria 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.

14.

15.

16.

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).

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 T.
cynosura have also previously been collected among waterhyacinth
roots (Balciunas 1977).

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

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

e 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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1%,

Aphylla williamsoni Gloyd - 1 nymph from 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 Lake, 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 Lake 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 Lake, 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 Lodge Canal, Broward
Condo Lake, Crystal River, Crystal River Canal, Holiday Park Canal,
Inglis Reservoir, Lake Lochloosa, Lake Trafford, Loop Road Canal,
NW 25 Street Canal, Orange Lake, SR 841 Canal, St. Marks River,
Tamiami Canal, Tampa Fairground Ponds, 72 Avenue Canal; the SR
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23.

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; (L.a.) 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.

Erythemis species A - 2 nymphs from Rio Chagres, Panama (collection
79312). These specimens appeared to belong to the genus Erythemis,
but no references were available to identify them to species.
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24,

25.

26.

217.

28.

29.

30.

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.

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).

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

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.

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 (collections (Fla.) 78222, 79254, 79290, 79300,
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.

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.

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

Undetermined Libellulidae—

Two nymphs in 2 collections from 2 Florida sites, Lake Trafford and
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.
Sixty-seven percent of all Odonata specimens collected were damselflies.
Compared to dragonflies, damselflies were more abundant but represented fewer
genera and species.

¢ Family CALOPTERYGIDAE

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

e 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.

33.

34.

35.

36.

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

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

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

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

Enallagma signatum-pollutum complex - 356 nymphs in 110 collections
from 20 Florida sites, Broward Condo Lake, Crystal River, Crystal
River Canal, Holiday Park Canal, LLake 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 Le<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>