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PREFACE

This report presents results of a biological control program being
conducted for the Aquatic Plant Control Research Program (APCRP) by the
U. S. Department of Agriculture (USDA), Agricultural Research Service,
Aquatic Plant Management Laboratory (APML), Fort Lauderdale, Fla. The
purpose of this program is to evaluate insects to determine their poten-
tial for use in aquatic plant control. This particular project in the
overall program involved a survey of insects and other macroinverte-
brates associated with Eurasian watermilfoil in the United States.

Funds for this effort were provided by the Office, Chief of Engineers,
under appropriation number 96X3122, Construction General, through the
APCRP at the U. S. Army Engineer Waterways Experiment Station (WES),
Vicksburg, Miss.

The principal investigator for the work and author of this report
was Dr. Joseph K. Balciunas, University of Florida, on assignment to the
APML. The author extends his appreciation to Ms. Donna Newman, Ms. Mary
Cabot, and Mr. Ken Carraccia for their assistance in processing samples,
to Dr. Dale Habeck for his help in the identification of insects, and to
Dr. Ted Center for invaluable aid provided throughout the study.

The research was monitored at the WES by Dr. D. R. Sanders, Sr.,
and Mr. R. F. Theriot of the Wetland and Terrestrial Habitat Group
(WIHG), Environmental Resources Division (ERD), Environmental Laboratory
(EL). The study was conducted under the direct supervision of Dr. H. K.
Smith, WITHG, and the general supervision of Dr. C. J. Kirby, Jr., Chief,
ERD. Dr. John Harrison was Chief, EL. Manager of the APCRP at WES was
Mr. J. L. Decell.

Commanders and Directors of WES during the study and preparation
of this report were COL John L. Cannon, CE, COL Nelson P. Conover, CE,
and COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.




This report should be cited as follows:

Balciunas, J. K. 1982. "Insects and Other Macroinvertebrates
Associated with Eurasian Watermilfoil in the United States,"
Technical Report A-82-5, U. S. Army Engineer Waterways Experi-
ment Station, CE, Vicksburg, Miss.
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INSECTS AND OTHER MACROINVERTEBRATES ASSOCIATED WITH
EURASTAN WATERMILFOIL IN THE UNITED STATES

PART I: INTRODUCTION

Purpose and Scope

1. The purpose of this study was to compile a list of insects
associated with Eurasian watermilfoil, Myriophyllum spicatum L., in the
United States. Trophic roles of each species were noted and potentially
damaging species were emphasized. Sequential quantitative sampling was
conducted to provide an indication of seasonal fluctuations in the bio-
mass of M. spicatum and the response of insect populations to those

fluctuations.

Description

2. Eurasian watermilfoil (Figure 1) is a submersed macrophyte
with long, narrow, branching shoots that grow to the surface and fre-
quently form dense mats. While the plant roots in almost any substrate,
it most commonly grows in silty muck. The leaves, up to 35 mm long, are
simply pinnate and feathery with 14 to 24 pairs of segments per leaf.
The leaves are usually arranged in whorls of four, spaced 1 cm or more
apart on the stem. Lower leaves are continually sloughed off, giving
stems growing in deeper water a naked appearance. Stem width doubles
below the inflorescence. Flower spikes, 2.5 to 10 cm long when present,
are erected above the water surface from the apical portion of the
shoots. The base of the spike has pistillate flowers arranged in whorls
of four, while the apical portion has whorls of staminate flowers that
mature later, favoring cross-pollination. Bractlets are round or kidney-
shaped and are broader than long; the floral bracts are longer than the
fruits. There are four seeds in the schizocarp and each seed is four-

angled and 2.5 to 3 mm in diameter. Flowering does not necessarily




2cm 5cm

Figure 1. Myriophyllum spicatum. A: Apical portion of

shoot showing flower spikes; B: Closeup of leaf whorl;

C: Tip of flower spike with unopened male flowers;

D: Male flower (opened); E: Female flowers; F: Matur-
ing seeds; G: Mature seeds



occur in every infestation every year. In west-central Florida, flower-
ing begins in late March or early April, soon after new shoots in shal-
low water reach the surface, and progresses outward along the edges of
the M. spicatum mat. Some flowers are usually present in the mat
throughout the season, and a secondary flowering peak begins in late
summer and early fall. In Florida, some flowers are present until
October and November; in more northerly latitudes, flowering may be re-
stricted to late summer and early fall.

3. Myriophyllum spicatum is a member of the Haloragaceae
(=Haloragidaceae) family and is placed in the order Onagrales. It grows
in almost any aquatic situation, both fresh and brackish, in depths up
to 10 m but is most common at 1 to 3 m. It most frequently becomes a
problem in impoundments, both large reservoirs and small farm ponds, and
in estuaries. While it is most common in cooler climates, it also

thrives in the warmer waters of the southern United States.

Taxonomic Difficulties

4. In 1919 Fernald, noting differences between European and
American specimens of M. spicatum, established a new species, M.
exalbescens, for the American material (Fernald 1919). After that bot-
anists usually called all specimens from America, American watermilfoil,
M. exalbescens Fernald, or treated it as a variety or subspecies of
Eurasian watermilfoil, i.e., M. spicatum var. exalbescens. Reed (1970)
became the first to treat both as species occurring in North America.
The two species are very similar in appearance (see Figure 2); they are
usually separated on the basis of M. exalbescens having: (a) fewer
pairs of divisions per leaf (less than 12); (b) bracts seldom exceeding
the fruits in length; and (c¢) a stem which is not enlarged below the
inflorescence. However, except for the last characteristic, there is a
great deal of variability in these features. The number of leaf divi-
sions in M. spicatum, for instance, can vary from 5 to 24, or the leaf
may even lack divisions (Aiken et al. 1979). Positive identification

of sterile specimens may depend on newly developed chromatographic
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Figure 2. Comparison of float-
ing strands of M. exalbescens
(left) and M. spicatum (right)
found growing 5 m apart in
Seneca Lake, New York

techniques for separating these species (Ceska 1977). Another character-
istic often used in the field for identifying M. spicatum is its fre-
quently weedy nature. Since M. exalbescens seldom becomes weedy, large
infestations are generally considered to be M. spicatum.

5. However, intergrades are not rare and, as mentioned earlier,
some authorities consider M. exalbescens a subspecies of M. spicatum
(Patten 1954a, 1954b; Amundsen 1977). This author tends to consider M.
exalbescens a ''good" species, having seen it growing side by side with

""good" M. spicatum in Lake Ontario and New York's Finger Lakes.

Distribution

6. Eurasian watermilfoil, as its common name implies, is found
throughout Europe and most of Asia. It also occurs in parts of Africa

(Guillarmod 1977).
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7. Eurasian watermilfoil was introduced in North America as early
as 1848 (Gray 1848). However, Reed (1977) suspects this and other early
references are actually M. exalbescens. He states that the first Ameri-
can record of M. spicatum authenticated by a herbarium specimen is
Ward's 1881 record from the Potomac River. Reed (1970) shows the dis-
tribution of M. exalbescens (Figure 3) to be quite broad, while his map
of the distribution of M. spicatum (Figure 4) shows it to be spotty.
This author has collected M. spicatum from numerous locations (indicated
by triangles in Figure 4) in the West and South which are shown by Reed
to be uninfested. Myriophyllum spicatum is probably much more common,
especially in the Southwest and Midwest, than Reed's distribution

indicates.

Reproduction

8. While M. spicatum produces copious numbers of seeds, most of
which are viable, seedlings are rarely observed by experimenters in the
field (Patten 1954a, 1954b; Aiken et al. 1979; and Goldsby, personal
communication). Spring regrowth usually initiates from rootstock buried
in the hydrosoil or from dormant plant fragments. Any plant fragment
containing a dormant lateral bud can develop into a new plant, and this
is the chief mode for infesting new areas. This is aided by a propens-
ity toward autofragmentation, especially by older plants that have al-
ready flowered, and which is followed by lush regrowth from the root-
stalks. Turions or winter buds, while present in M. exalbescens, are
usually considered absent in M. spicatum (Sculthorpe 1967; Aiken and
McNeill 1980), but Patten (1954a, 1954b) reports occasional small

turions in material from New Jersey.

Economic Importance

9. Smith (1971) reported that one plant, by repeated fragmenta-
tion, could produce 250 million plants. Shoots generally grow to

the surface and, if numerous, form dense mats that crowd out native

12
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Figure 3. Map of U. S. distribution of M. exalbescens
(from Reed 1970)

Figure 4. Map of U. S. distribution of M. spicatum (from
Reed 1970). Triangles indicate M. spicatum (collection
sites in areas shown uninfested by Reed)
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vegetation. These mats can severely restrict the use of bodies of water,
especially recreational use by sportsmen. Although Eurasian watermil-
foil has been in this country for a long time, it became a problem only
around the 1930's. 1t was first collected in the vicinity of Chesapeake
Bay in 1902 (Nichols and Mori 1971), became a minor problem there in the
early 1930's, then declined to a low level. 1In the late 1950's, it once
again became a problem, and, by 1959, 20,000 hectares (50,000 acres) of
Chesapeake Bay had been infested (Steenis 1968). By 1960, this had in-
creased to 40,000 hectares (100,000 acres), and, by 1962, the infested
area totaled almost 80,000 hectares (200,000 acres) (Steenis 1968). At
Currituck Sound in North Carolina, 40 heavily infested hectares (100
acres) in 1965 had, by the end of 1968, become 3,200 heavily infested
hectares (8,000 acres) with an additional 26,800 hectares (67,000 acres)
in the initial stages of establishment (Crowell and Steenis 1968).

Chemical Control Measures

10. Managers of aquatic systems that have become infested with
Eurasian watermilfoil usually use herbicides to achieve some control.
Newroth (1974) gives an exhaustive review of the literature on the her-
bicidal control of aquatic plants and indicates that 2,4-D (2,4-dichlor-
ophenoxy acetic acid), diquat, paraquat, and endothall are effective in
controlling Eurasian watermilfoil. Myriophyllum spicatum is very sus-
ceptible to 2,4-D (Smith 1971, Aiken et al. 1979), making 2,4-D the

usually preferred herbicide.

Other Control Measures

11. Mechanical harvesting of Eurasian watermilfoil has been tried
at a variety of locations with mixed results. Some claim that the ex-
tent and degree of infestation are increased because of fragmentation
caused by harvesting operations (Newroth 1974). However, harvesting
appears to have been effective in Wisconsin (Nichols and Cottam 1972,

Nichols 1972).
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12. Water level manipulations can also be used to control this
noxious weed. Goldsby (1977) indicates that drawdowns as brief as
3 weeks can achieve substantial control in Tennessee Valley Authority
(TVA) reservoirs. Hirst and Bank (1971) found that raising the water
level by 15 ft* will kill Myriophyllum in shallow water.

13. Other manipulative measures, such as dredging and use of
plastic film, while occasionally effective, are too costly for wide-
spread application (Newroth 1974).

14. Several pathogens have been reported to affect M. spicatum.
Lake Venice disease, characterized by a light-brown coating on the
leaves that increases in thickness, eventually kills the plant. This
pathogen was discovered in Maryland in 1962, but the causative agent
was not found (Elser 1969). Northeast disease, first observed in 1964,
is characterized by rigidity of leaves and stems, broken leaf divisions,
and reduced leaf size (Elser 1969). The pathogen causing this disease
was not identified either and laboratory transmission was unsuccessful
(Bayley 1970).

15. The white amur, Ctenopharyngodon idella Val., eats M.
spicatum, and the release of this fish appears to have controlled M.
spicatum in Deerpoint Reservoir in northwest Florida (Kobylinksi et al.
1980). However, the fish prefers other aquatic macrophytes, and 4 years

elapsed before an impact on M. spicatum density was noted.

Foreign Searches for Possible Biological Control Agents

16. Most of the control measures discussed thus far are costly
and their effects are short-lived and require frequent retreatment.
Since the mid-1960's there has been an interest in finding and establish-
ing insect species or other organisms which, through their feeding or
other activities, would reduce M. spicatum infestations. An ideal bio-

logical control agent, while difficult and expensive to discover,

ot

A table of factors for converting U. S. customary units of measure-
ment to metric (SI) is presented on page 7.
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evaluate, and establish, would, once it becomes established, maintain
and disperse itself with little additional effort and expense. It
should result in new, lower levels of the pest, although complete
eradication is neither expected nor hoped for.

17. Table 1 presents a chronological list of the efforts to find
biological control agents on Eurasian watermilfoil. Of 25 species of
insects discovered feeding on M. spicatum in Europe (Spencer 1974;
Spencer and Lekic 1974), 3 appeared most promising: the aquatic pyralid
moths Acentria nivea (Olivier) and Parapoynx stratiotata L., and the
weevil Litodactylus leucogaster (Marshan). Acentria nivea was already
present in the United States. Populations of A. nivea were tested in
the laboratory by Batra (1977) and Buckingham (1979), who found that it
had a relatively wide host range and that its developmental time prob-
ably precluded it from reaching population densities that would cause
significant damage.

18. It was later learned that L. leucogaster also had been col-
lected in the United States, but had been known as Phytobius griseo-
micans until its synonymization by Dieckmann (1972). Buckingham (1979)
evaluated populations of L. leucogaster originally collected in Cali-
fornia. He found it relatively specific to M. spicatum, but its damage
was confined to the flowers and seeds. Since reproduction from seed is
considered of minor importance in the United States, this weevil's im-
pact as a biological control agent probably would be negligible.

19. Habeck (1979), after field studies of Parapoynx stratiotata
near Rome, Italy, concluded that its feeding range is too broad to con-
sider it for introduction into the United States. However, he noted
that the literature indicates this species is more specific in other
parts of Europe.

20. Other foreign workers, while not directly looking for ene-
mies of M. spicatum, have incidentally reported on organisms feeding on
this widespread plant. Gaevskaya (1969), in his exhaustive summary of
world literature dealing with animals feeding on aquatic macrophytes,
lists many organisms, including snails, crustaceans, and birds, along

with a variety of insects, that feed on M. spicatum and other milfoils.
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However, it is usually difficult to determine from his brief accounts of
other experimenters' works whether the organisms, especially the insects,
are feeding on dead plant tissue, on algae and other epiphytes attached
to the plants, or on the actual living plant tissue. This researcher
believes that organisms feeding on living plant tissue are much less
common than Gaevskaya's lists would indicate.

21. Bownik (1970), Soszka (1975), and Urban (1975) studied the
organisms associated with four species of aquatic plants in Polish
lakes; all found that various species of Chironomidae (midge) larvae
were the most common insects on M. spicatum and that M. spicatum usually
had the least fauna of the four submersed macrophytes studied. Urban
(1975) noted that insect mining activity, primarily that of the Chiron-

omidae, caused only 0.3 percent loss of biomass in M. spicatum.

Domestic Insects

22. The fauna associated with M. spicatum in the United States is
very poorly known. This researcher is aware of only a single published
work dealing specifically with the subject. Menzie (1980) recently pub-
lished the results of his studies of fauna associated with M. spicatum
in the lower Hudson River. He found that Chironomidae larvae were the
dominant organisms associated with the plant, and, of these, Cricotopus
sylvestris was dominant. Kobylinski et al. (1980) noted the macroin-
vertebrates affected by the use of white amur to control M. spicatum.

23. One probable reason for the paucity of records of organisms
associated with M. spicatum is the very localized distribution this
species had until the mid-1950's. There are a few records of insects
associated with M. exalbescens, which is considered more widespread.
McGaha (1952) mentions that in Michigan seven species of insects, pri-
marily caddisfly (Trichoptera) and midge (Diptera:Chironomidae) larvae,
obtained at least a portion of their nutritive requirements from M. exal-
bescens. Scheiring and Foote (1973), in studying shore flies (Diptera:
Ephydridae) of Ohio, noted some species were common in aquatic vegeta-

tion, which included M. exalbescens.

17



24. Since the insects associated with M. spicatum in the United
States are poorly known, it is possible there are species present that
could aid in controlling this pest. A thorough knowledge of the
domestic insect fauna associated with M. spicatum is necessary if for-
eign studies to locate a biological control agent are to be effective.
Had the presence of A. nivea and L. leucogaster been known in the United
States, the emphasis of foreign studies, especially of these insects,

probably would have been shifted.
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PART II: METHODS AND MATERIALS

Sampling Areas

25. Since Eurasian watermilfoil is widespread throughout North
America, sampling areas were selected on the basis of one or more of
the following criteria: (a) presence of large infestations of Eurasian
watermilfoil in the area; (b) availability of reservoir managers, coop-
erating scientists, or other personnel to guide researchers to exact
locations of infestations; (c) indications from the literature and/or
from other scientists of the presence in the locality of insect species
that might be stressing Eurasian watermilfoil; and (d) anticipated costs

in time and finances to sample in the area.

Sample Collection

26. At each collecting area, a sample of Eurasian watermilfoil,
approximately 2 to 4 kg wet weight, was obtained with a rake or by hand
from a dense portion of the mat, usually reached from a boat or an air-
boat. At sparsely infested areas, movement from one clump of milfoil to
another was necessary to obtain sufficient plant material. Most of the
Florida collections were made with a specially constructed sampler that
removed a O.125—m2 portion of mat and associated fauna down to a depth
of 4 m (Figure 5). The sampler is 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 is closed by
means of ropes once the sampler reaches the bottom. Five quantitative
samples are usually taken to estimate the variability of both insect and
M. spicatum biomass.

27. Each Eurasian watermilfoil sample taken was placed in a plas-
tic bag marked with an identifying collection number. Initially, the
plant samples were immediately searched in the field for insects. How-

ever, by the end of 1978, samples were searched in the laboratory to
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Figure 5. Quantitative sampler for submersed aquatic
vegetation and associated fauna
allow more time for field sampling and because microscopic examination
was more thorough.

28. Environmental data recorded in the field notebook, under the
corresponding collection number, included: 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 conduc-
tivity were measured with a Yellow Springs Instrument Company Model 33
portable water quality meter. 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 most sites were too shallow for disappearance of the disk.

29. Bagged samples of Eurasian watermilfoil were placed on ice
as soon as possible and shipped air-freight to the laboratory in Fort

Lauderdale, Fla., where they were frozen. As time permitted, samples
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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 milfoil 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 inter-
pret 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
overestimated the amount of insect feeding damage.

30. The plants were sorted by species (if species other than M.
spicatum 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.

31. Insects were sorted into groups and identified. The work of
Merritt and Cummins (1978) was useful in identifying aquatic insects,
especially the immature stages, to family level. Many families of in-
sects could be identified to generic level using Pennak (1978) and
Usinger (1956). Wiggins and MacKay (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 (Chiron-
omidae) 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 that 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 note-
worthy of these were: Berner (1950) for Florida mayflies (Ephemer-
optera), Bobb (1974) for Virginia Hemiptera, Walker (1953) for the Cana-
dian damselflies (Odonata), and Young (1954) for Florida beetles (Cole-

optera). If not covered by these works, the insect could usually be
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identified only to genus. Dr. Dale Habeck, University of Florida,
identified the aquatic moth (Lepidoptera) larvae.

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

33. Determination of whether an insect species was damaging
Eurasian watermilfoil 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 Eurasian watermilfoil.

Site Descriptions

34. Table 2 provides the exact locations and dates for all
Eurasian watermilfoil collections. General comments about the collec-
tion sites in each state are provided below. Figure 6 shows a typical
infestation.

Alabama

35. Five sites were visited in the backwaters and main body of
Guntersville Reservoir. This shallow impoundment is the most seriously
infested of all of the TVA system of reservoirs (T. Goldsby, personal
communication).

California

36. A collection was taken from points along the shoreline of
Pilarcitos Reservoir, near San Francisco. This is where the weevil L.
leucogaster was collected and sent to Dr. Gary Buckingham, who studied
its biology and potential as a biological control agent on M. spicatum.
A sample was also taken from the South Alamo Canal in Imperial County,
approximately 10 miles north of the Mexican border.

Florida

37. Eurasian watermilfoil is not widespread in Florida. However,

there are many thousands of acres infected with M. spicatum along the

Homosassa River and Crystal River estuaries. Crystal River was sampled
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Figure 6. Typical M. spicatum infestation, St. Lawrence Lake
near Robert Moses State Park, New York, collection site 78503

on a monthly basis and 18 collections were made there. Myriophyllum
spicatum is also present in widely dispersed clumps at Salt Springs Run,
where two collections were made.
Georgia

38. Lake Seminole, which is at the junction of the borders of
Florida, Georgia, and Alabama, has many thousands of acres infested with
M. spicatum, primarily in Georgia, where two collections of Eurasian
watermilfoil and associated insects were made.
Louisiana

39. Three collections were made at Toledo Bend Reservoir, a
recent impoundment of the Sabine River. The reservoir, with its
1250 miles of shoreline, much of which is fringed with M. spicatum, is
one of the major Eurasian watermilfoil infestations in the United
States. False River Lake, in central Louisiana, where M. spicatum grows
in widely scattered clumps intermixed with other aquatic vegetation, was

also sampled.
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New York

40. Several days were spent collecting at St. Lawrence Lake in
northern New York's Robert Moses State Park (Figure 6). Some of the
large patches of M. spicatum in this area had previously been found to
harbor relatively dense populations of the aquatic moth A. nivea, which
has been considered for use as a biological control agent on M. spicatum.
Three of the Finger Lakes in western New York were also sampled. The
infestation at Cayuga Lake was quite severe, especially at the north
end, while the infestations at Seneca Lake and Owasco Lake were not as
bad. An infested bay of Lake Ontario and a stream feeding into the lake
were also sampled.
Oklahoma

41. Samples were taken from the Illinois River, a generally
shallow, cool stream stocked with trout, and from Robert S. Kerr Reser-
voir, probably Oklahoma's best-known Eurasian watermilfoil infestation.
Tennessee

42. Three TVA reservoirs (Nickajack, Chicamauga, and Ft. Loudon)
were sampled. The milfoil infestations in these reservoirs were much
smaller than that at TVA's Guntersville Reservoir in Alabama. Infesta-
tions along the Tennessee and Clinch Rivers were also sampled, as were
several ponds near these rivers.
Texas

43. Infestations in a spring run and a lake within the city lim-
its of Austin were sampled. Infestations in the spring-fed San Marcos
River, about 50 miles south of Austin, and at Lake Conroe about 60 miles
north of Houston, were also sampled, as were several locations on the
Texas side of Toledo Bend Reservoir.
Washington

44. Infestations along the north and south shore of Lake
Washington's Union Bay in Seattle were sampled. Myriophyllum spicatum
has become a problem in the state of Washington only in the last few
years.
Wisconsin

45. Several areas within the city limits of Madison on and near
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Lake Wingra and Lake Mendota were sampled. The infestation at Lake
Wingra is longstanding and well documented, primarily by researchers
from the nearby University of Wisconsin. During 1979, the infestation
was at a low level compared to previous years. Myriophyllum spicatum,
well interspersed among eelgrass, Vallisneria sp., and pondweeds,
Potamogeton spp., was also collected from the large but very shallow

Buffalo Lake about 50 miles north of Madison.
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PART III: RESULTS

46. The locations and dates for all 69 Eurasian watermilfoil col-
lections are listed in Appendix A, which also lists the collection
method and the number of samples comprising each collection. Three col-
lections of M. exalbescens are included in Appendix A for comparison.

47. Appendix B presents data describing the collection site
parameters and those delineating the floral sample. Water depth, mat
depth, temperature, salinity, conductivity, Secchi disk transparency,
and the wet and dry weights of each aquatic plant species in the sample
are listed. Most earlier samples 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 table are average damage ratings for
both leaves and stems for top, middle, and lower portions (six different
ratings per collection) of 10 randomly chosen plant specimens from each

collection.

Annotated List Explanations

48. All insect species collected are listed 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 number of specimens from
Crystal River is noted separately. Since 20 collections came from
there, any species abundant at Crystal River would tend to exaggerate
that species' commonness on a national scale. 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 ar-
ranged alphabetically as are the genera and species found in each family.
The species are numbered and an asterisk (*) appears if that particular

species is thought to feed on M. spicatum. An asterisk followed by a
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question mark (*?) precedes species considered possible feeders.
49. Appendix C presents the data from the quantitative samples at
Crystal River.
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Annotated List of Insects Collected on
Myriophyllum Spicatum

Ephemeroptera (Mayflies)

Although not numerous, the nymphs of mayflies were fairly fre-
quently encountered, with 248 specimens found in 18 of the 46 non-
Florida collections and 10 of the 23 Florida collections. Mayfly nymphs
are usually considered opportunistic omnivores (Edmunds et al. 1976),
although some consider them primarily herbivorous (Pennak 1978).
Detritus, diatoms, and other algae are the preferred plant material
(Edmunds et al. 1976), although Pemberton (1980) noted an African spe-
cies feeding on the leaves of Hydrilla. Five specimens were too deteri-

orated for identification.

Family BAETIDAE

1. Callibaetis spp. - 14 specimens in 7 collections from Georgia,
Louisiana, New York, Oklahoma, and Tennessee (collections
78503, 78514, 78517, 78518, 78519, 79541, and 79552). The
nymphs of this genus are known to be associated with aquatic
macrophytes, especially in lentic habitats (Edmunds and
Cummins 1978). The nymphs are herbivorous, feeding on algae
and diatoms found on the plants (Edmunds et al. 1976). Ap-
proximately 24 species are known from the United States; only
the specimens from Florida were identified to species level.
Kobylinski et al. (1980) reported Callibaetis on M. spicatum

in northern Florida.

2. Callibaetis floridanus Banks (Figure 7) - 76 specimens in
10 collections from Crystal River, Florida (collections 78508,
78510, 79525, 79526, 79548, 79559, 79560, 80501, 80506, and
80507). Berner (1950) recorded this species from a

1"

Myriophyllum-infested lake in Florida. This species
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Figure 7. Callibaetis floridanus (Banks) nymph
(Ephemeroptera:Baetidae)

is the only mayfly in North American which is known to inhabit

brackish water" (Berner 1950, p 198).

Family CAENIDAE

By

Caenis spp. - 114 specimens in 12 collections from Alabama,
Georgia, New York, Tennessee, Texas, and Wisconsin (collec-
tions 78501, 78508.3, 79530, 79533, 79535, 79536, 79539,
79540, 79541, 79544, 79545, and 79556). Members of this
genus were widely distributed and occasionally fairly
abundant (0.18 specimens/g dry weight at collection 79539 in
Alabama). This genus contains 13 U. S. species, but species
level determination could be made only for Florida material.

Kobylinski et al. (1980) reported Caenis on M. spicatum.

Caenis diminuta Walker (Figure 8) - 39 specimens in 10 collec-

tions, all from Crystal River, Florida (collections 79521,
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79525, 79548, 79560, 80501, 80502, 80503, 80505, 80506, and
80507). These nymphs were frequently collected at Crystal
River, although their numbers were usually low, well under the
maximum of 21 nymphs/m2 found in the July 1980 collections.
Nymphs are known to prefer submersed vegetation and they feed
on plant material, including the epidermis of macrophytes
(Berner 1950). There is no indication that they damage living

M. spicatum.

Figure 8. Caenis diminuta (Walker) nymph
(Ephemeroptera:Caenidae)
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Odonata (Dragonflies and Damselflies)

Suborder Anisoptera (Dragonflies)

Only 26 dragonfly nymphs were collected during this study. Most
dragonfly nymphs live on or in bottom sediments and it appears that few
use M. spicatum as a base for their activities. All dragonflies, both
adults and immatures, are predacious. They have little impact on the
growth of aquatic macrophytes, except indirectly by preying on other

organisms such as midge or moth larvae that might damage aquatic plants.

Family CORDULIDAE
5. Tetragoneuria sp. - a single specimen from Texas (collection

78520).

Family LIBELLULIDAE
6. Erythemis simplicicollis Say (Figure 9) - 24 specimens in 5
collections from Alabama, Louisiana, Tennessee, and Texas
(collections 78518, 79535, 79539, 79543, and 79555). This
species appears to be the dragonfly most often invading M.
spicatum. It is one of the more abundant Anisoptera species

in waterhyacinth roots (Balciunas 1977).

7. Unindentified libelludid species - 1 specimen from Tennessee
(collection 79544). This single specimen, while not an
Erythemis, was too small to be accurately identified even to

genus.

Suborder Zygoptera (Damselflies)

Unlike the Anisoptera, damselfly nymphs are frequently associated
with aquatic vegetation and have adapted well to M. spicatum mats. Al-
most 400 specimens were collected from 10 states. Like dragonflies,

damselflies are predacious and do not feed on plant material. Many
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Figure 9. Erythemis simplicicollis Say
nymph (Odonata:Libellulidae)

species, however, oviposit on or in plants, both above and below the
water surface, and their oviposition sites may serve as entry points for
pathogens. Like other generalized predators, damselfly nymphs may re-
duce population levels of prey organisms, some of which might cause in-

jury to M. spicatum.

Family COENAGRIONIDAE

Nymphs of this family were second in abundance only to midge
(Chironomidae) larvae. However, they were more frequent (i.e., found
in more collections) than any other group, appearing in over two thirds
of the collections. In the keys, generic and species level identifica-

tions are based on characteristics of the caudal gills or lamellae, and
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less than 20 percent of the current specimens still had their gills in-

tact:

Of the damselflies collected, 92 were too badly damaged or too

small for identification even to genus level.

8.

Argia sp. - 1 specimen from Louisiana (collection 78315).

Enallagma spp. (Figure 10) - 166 specimen<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>