
Figure 18. A leptocerid caddisfly larva (body length =7.7 mm) and case, Oecetis 
cinerascens (Hagen). Ninety-five larvae and pupae of this species were found in 
36 collections from 6 Florida sites. Oecetis cinerascens larvae feed on aquatic 

vascular plants and detritus. The diet may possibly include hydrilla 

Figure 19. A leptocerid caddisfly larva (body length =10 mm) and case, Oecetis 
inconspicua. Over one hundred larvae and pupae ofthis species were found in 29 
hydrilla collections from 9 Florida sites. Oecetis larvae are omnivores which feed 
in part on aquatic vascular plants. Oecetis inconspicua may possibly feed on 

hydrilla 
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Figure 20. A leptocerid caddisfly in the genus Triaenodes. The body length of 
this mature larva is 9.6 mm. Only two Triaenodes larvae were found in 
association with hydrilla. Both specimens were from rivers in northern Florida. 
Triaenodes larvae are omnivores which feed partially on aquatic vascular 

plants, possibly on hydrilla 

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

e Family PHRYGANEIDAE 

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

e Family POLYCENTROPODIDAE 

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

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

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

eFamilyRHYACOPHIUDAE 

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

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

Undetermined TRICHOPTERA-

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

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

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

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

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

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

In North America, most species in the tribe Argyractini probably feed on algae 
in the larval stage (Munroe 1972) and have no direct impact on hydrilla. Only a 
few specimens belonging to this tribe were found in the present survey. 

81.	 Eoparargyractis species - 3 larvae in 2 collections from Lake Jackson 
and the St. Marks River, Florida (collections 80205 and 80221). These 
specimens may be either Eoparargyractis irroratalis (Dyar) or Eoparar· 
gyractis floridalis Lange, the only species known to occur in Florida. 
Both Munroe (1972) and Habeck (1975) state that Eoparargyractis 
larvae feed on algae. Balciunas (1982) also took a larva on Myriophyllum 
spicatum. The larvae probably feed on the microflora growing on leaf 
and stem surfaces. 

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

Figure 21. The larva (body length = 9 mm) of a rare 
aquatic moth, Oxyelophila callista (Forbes) (Pyralidae: 
Argyractini). Only a few larvae of O. callista were 
taken on hydrilla in Texas. Most argyractines are algal 
feeders but examination of the gut contents of several 
O. callista larvae revealed the presence of some 
vascular plant tissue. Oxyelophila callista larvae may 
therefore feed, at least occasionally, on aquatic 

macrophytes, possibly on hydrilla 
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Undetermined ARGYRACTINI-

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

• Tribe NYMPHULINI 

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

Larval Nymphulini eat a variety of aquatic vascular plants (Habeck 1975) and 
are among the few invertebrate herbivores previously recorded feeding on 
hydrilla. Host records for individual species in the Nymphulini usually include 
several plant genera and species. Although some aquatic pyralids such as 
Synclita obliteralis may be general feeders on aquatic plants, others such as 
Parapoynx diminutalis may preferentially eat only a few host plants (Baloch 
1976). 

* 83. Parapoynx allionealis allionealis (Walker) - 5 larvae in 4 collections 
from Lake Jackson and the Tamiami Canal, Florida (collections 79365, 
80210, 80256, and 80261). Habeck (1975) lists 13 different hosts for this 
species in the genera Brasenia, Eleocharis, Hydrochloa, Mayaca, Myriophyllum, 
Nymphaea, Potamogeton, Sagittaria, Salvinia, and Utricularia. Para
poynx allionealis is recorded from Hydrilla for the first time. Figure 22 
shows a mature P. allionealis larva. 

Figure 22. A mature larva (length = 12.7 mm) of an 
aquatic moth, Parapoynx allionealis Walker (Pyra
lidae: Nymphulini). While Lepidoptera were found at 25 
percent of the sites sampled, only 2 percent of all 
insects found in association with hydrilla were moths. 
Although 13 different host plants have been recorded 

for P. allionealis, hydrilla is a new host record 
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* 84. Parapoynx diminutalis (Snellen) - 179 larvae, pupae, and teneral adults 
in 18 collections from 12 Florida sites: Caloosahatchee Tributary, 
Crystal River Canal, Lake Lochloosa, Lake Trafford, Loop Road Canal, 
Myakka River, Orange Lake, Rodman Reservoir, SR 841 Canal, St. 
Marks River, Tamiami Canal, Tampa Fairground Ponds; and Rio 
Chagres, Panama (collections (Fla.) 78209, 78227, 78251, 79268, 
79348, 79356, 79363, 79366, 79368, 79375, 79383, 79400, 79401, 80202, 
80256, 80275; and (Panama) 80277). This species was the most 
frequently encountered aquatic moth and was taken at 17 percent ofthe 
sites sampled. Parapoynx diminutalis was also the most abundant 
aquatic moth taken representing 50 percent of all Lepidoptera collected. 
This Asiatic species was fust discovered in the United States in 1975 
(Del Fosse, Perkins, and Steward 1976). In previous literature P. 
diminutalis is usually referred to as Nymphula diminutalis. However, 
Nymphula larvae lack gills. Since N. diminutalis larvae have promi
nent gills, it would be more correct to consider them as Parapoynx 
(Figure 23). Balciunas and Habeck (1981) describe the rapid spread of 
this species in Florida. Baloch (1976) records P. diminutalis from 
Hydrilla, Nymphaea, Potamogeton, Najas, and Vallisneria in Pakistan. 
Rao and Sankaran (1974) recorded this species feeding on various 
aquatic macrophytes including hydrilla in India. Varghese and Singh 
(1976) also found this moth species feeding on hydrilla in Malaysia. 
Hydrilla appears to be the preferred host plant in Florida. Feeding 
damage caused by several P. diminutalis larvae is shown in Figure 24. 

Figure 23. A mature larva (length = 12.4 mm) of an 
aquatic moth, Parapoynx diminutalis (Snellen) (Pyra
lidae: Nymphulini). This species was the most abun
dant aquatic moth taken in association with hydrilla, 
representing 50 percent of all Lepidoptera collected. 
Parapoynx diminutalis is an Asiatic species which has 
recently become established in Florida. Although this 
species has been recorded from several plant species in 

he Old World, hydrilla is the preferred host in Florida 
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Figure 24. Parapoynx diminutalis feeding damage on hydrilla. Note the larval
 
cases constructed from hydrilla leaves
 

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

•
 

Figure 25. A mature larva (length = 11.9 mm) of an aquatic moth, Parapoynx 
obscuralis (Grote) (Pyralidae: Nymphulini). Only a few larvae of P. obscuralis 
were found in hydrilla collections from rivers in northern Florida and Texas. 
Although 17 different host plants have been recorded for P. obscuralis, hydrilla 

is a new host record 
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Figure 26. The larva of a Panamanian aquatic moth, Parapoynx probably rugosalis 
Moschler (Pyralidae: Nymphulini). This species was commonly found on hydrilla on the 
Panama Canal in 1980. However, recent expeditions to make further studies of its 

biology have failed to find any additional specimens 

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

Undetermined Parapoynx species-

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

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

including hydrilla 

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

Undetermined Nymphulini-

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

Order Coleoptera (Beetles) 
A total of 660 larval and adult Coleoptera were found in 68 hydrilla collections 

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

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

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

•	 Family CHRYSOMELIDAE (Leaf Beetles) 

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

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

•	 Family CURCULIONIDAE (Weevils) 

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

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

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

Undetermined Curculionidae-

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

•	 Family DYTISCIDAE (Predaceous Diving Beetles) 

Both adult and larval dytiscids are predaceous, hence their common name. 
Usinger (1956) lists aquatic insects, crustaceans, leeches, snails, and vertebrates 
such as tadpoles and small fish among the prey organisms of the larvae. Usinger 
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Undetermined Polypedilum species-

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

186.	 Pseudochironomus richardsoni (Malloch) - 10 larvae and pupae in 7 
collections from 6 Florida sites, Crystal River, Crystal River Canal, 
Lake Jackson, NW 25 St. Canal, SR 839 Canal, and SR 841 Canal 
(collections 78240, 78252, 79268, 79405, 79406, 80219, and 80232). 

Undetermined Pseudochironomus species-

Fifty-three larvae in 22 collections from 11 Florida sites, Broward 
Condo Lake, Crystal River, Crystal River Canal, Holiday Park Canal, 
Lake Jackson, Lake Lochloosa, NW 25 St. Canal, Orange Lake, Salt 
Springs, SR 841 Canal, and SW 76 Ave. Canal (collections 78212, 
78228, 78232, 78243, 78252, 79268, 79311, 79328, 7933~ 79362, 79375, 
79400, 79404, 79406, 79412, 8020~ 80207, 80219, 80222, 80232, 80262, 
and 80267). Cummins and Coffman (1978) list Pseudochironomus 
larvae as collectors-gatherers of detritus and algae. Balciunas (1982) 
collected a few Pseudochironomus larvae on Myriophyllum spicatum. 

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

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

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

190.	 Tanytarsus glabrescens - 76 larvae in 15 collections from 10 Florida 
sites, Crystal River, Crystal River Canal, Inglis Reservoir, Lake 
Jackson, Loop Road Canal, NW 25 St. Canal, Orange Lake, Rodman 
Reservoir, SR 841 Canal, and Wacissa River (collections 78231, 79268, 
79375, 80208, 80209, 80216, 80218, 80219, 80222, 80244, 80250, 8025~ 

80260, 80262, and 80267). Tanytarsus belongs to the tribe Tanytarsini. 
Cummins and Coffman (1978) list Tanytarsus larvae as collectors, 
filters, gathers, and scrapers. Tanytarsus glabrescens was associated 
with Microtendipes species (r =0.556, p =0.0001, n =284). 

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

Fourteen larvae and pupae in 9 collections from 5 Florida sites, Lake 
Jackson, Lake Lochloosa, NW 25 St. Canal, Orange Lake, and Rodman 
Reservoir (collections 78211, 79289, 79338, 79404, 80201, 80218, 
80222, 80258, and 80263). 

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

Undetermined Chironominae-

Twelve larvae and 1 adult in 6 collections from 5 Florida sites, NW 25 
St. Canal, Rodman Reservoir, SR 841 Canal, SW 76 Ave. Canal, 
Wacissa River; and the SR24 Canal, Louisiana (collections (Fla.) 
78211, 78212, 78216, 80258, 80260; and (La.) 78242). These specimens 
were in poor condition and could only be identified to subfamily. 

Undetermined Tanytarsini-

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

Undetermined Chironomidae-

A total of 2528 larvae and pupae in 121 collections from 21 Florida sites, 
Alligator Alley Canal, Big Bass Lodge Canal, Broward Condo Lake, 
Crystal River, Crystal River Canal, Inglis Reservoir, Lake Jackson, 
Lake Lochloosa, Lake Trafford, Loop Road Canal, NW 25 St. Canal, 
Orange Lake, Rodman Reservoir, Salt Springs, SR 837 Canal, SR 841 
Canal, St. Marks River, SW 76 Ave. Canal, Tamiami Canal, Wacissa 
River, 72 Ave. Canal; SR 24 Canal in Louisiana; Fish Hatchery Pond, 
Lake Conroe, and the San Marcos River, Texas (collections (Fla.) 78206, 
78211, 78212, 78215, 78218, 78221, 78224, 78225, 78228, 78231, 78232, 
78234, 78235, 79255, 79257, 79260, 79268, 79269, 7927~ 79272, 79274, 
79278, 79279, 79286, 79288, 79289, 79290, 79296, 79298, 79299, 79301, 
79302, 79303, 79305, 79311, 79313, 79315, 79319, 79320, 79323, 79324, 
79325, 79326, 79327, 79330, 79331, 79332, 79335, 79336, 79337, 79345, 
79346, 79351, 79352, 79353, 79354, 79355, 79362, 79367, 79368, 79373, 
79375, 79385, 79386, 79395, 79396, 79399, 79400, 79401, 79404, 79405, 
79406, 79409, 79410, 79411, 79412, 80202, 80203, 80205, 80207, 80208, 
80209, 80213, 80214, 80215, 80216, 80217, 80218, 80219, 80221, 80222, 
80225, 80229, 80231, 80232, 80234, 80236, 80240, 80241, 80243, 80244, 
80245, 80250, 80252, 80254, 80255, 80258, 80259, 80260, 80262, 80263, 
80266, 80267, 80268, 80274, 80275; (La.) 78242; (Tex.) 79376, 79377, 
79378, and 79379). These 2528 larvae and pupae represented 23 percent 
of all chironomids collected in association with hydrilla. The specimens 
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could not be identified to genus or species because they were early 
instal's or due to poor condition or mounting. 

•	 Family CULICIDAE (Mosquitos) 

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

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

•	 Family EPHYDRIDAE (Shore and Brine Flies) 

* 194. Hydrellia species - 50 larvae and pupae in 22 collections from 11 Florida 
sites, Alligator Alley Canal, Big Bass Lodge Canal, Broward Condo 
Lake, Crystal River, Crystal River Canal, Lake Jackson, Lake 
Lochloosa, Orange Lake, Rodman Reservoir, SR 841 Canal, Wacissa 
River; SR 24 Canal, Louisiana; and Lake Conroe and the San Marcos 
River, Texas (collections (Fla.) 78221, 78225, 78247, 79268, 79304, 
79338, 79362, 79364, 79386, 79404, 79406, 79412, 80214, 80215, 80217, 
80228, 80231, 80245; (La.) 79381; (Tex.) 79378, 80270, and 80275). 
Larvae, pupae, and pupal exuvia of Hydrellia species were collected in 
association with hydrilla. Hydrellia larvae are miners in aquatic 
vascular plants and are commonly found in Potamogeton (Deonier 
1971). Baloch (1976) found a hydrilla-feeding species of Hydrellia in 
Pakistan. Host specificity tests conducted by Baloch showed that these 
larvae sometimes feed on Potamogeton but prefer hydrilla. Since a few 
larvae were found in our hydrilla samples, some North American 
Hydrellia species may occasionally utilize hydrilla as a host plant. Also 
many specimens may have been overlooked because Hydrellia larvae 
are small, inconspicuous, and live within plant tissues. Deonier 
(personal communication) has found that the mature larvae often 
pupate on plants other than the larval host. Several species of 
Hydrellia appear to be represented in the hydrilla collections. Figure 34 
shows a mature Hydrellia larva and a pupa. 

•	 Family PSYCHODIDAE (Moth Flies) 

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

195.	 Psychoda species - 1 adult from Lake Jackson, Florida (collection 
79404). This adult was probably resting on the water surface or topped
out hydrilla when the sample was taken. 

•	 Family STRATIOMYIDAE (Soldier Flies) 

Stratiomyid larvae are usually found in lentic aquatic habitats and feed on 
detritus, algae, and occasionally small invertebrates (Usinger 1956). Soldier fly 
adults are terrestrial. 

196.	 Odotomyia species - 11 larvae in 7 collections from 7 Florida sites, 
Alligator Alley Canal, Caloosahatchee Tributary, Lake Trafford, 
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Figure 34. A shore fly larva (length = 5.4 mm) and pupa (length = 3.3 mm), 
Hydrellia species (Diptera: Ephydridae). Hydrellia larvae are miners in 
aquatic vascular plants and are commonly found in Potamogeton species. 
Hydrilla is recorded as a North American host plant of Hydrellia species for 
the first time. Only 50 immatures were found in 22 hydrilla collections from 
sites in Florida, Louisiana, and Texas. These low numbers reflect the 
difficulty in finding the larvae which spend most of their lives inside hydrilla 

leaves and stems 

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

• Family SYRPHIDAE (Flower Flies) 

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

197.	 Eristalis species - 1 larva from Lake Lochloosa, Florida (collection 
78206). Balciunas (1977) collected a few Eristalis larvae from water
hyacinth roots. 

Undetermined Diptera-

Three larvae in 2 collections from Lake Lochloosa and the Wacissa 
River, Florida (collections 80260 and 80264). Only 3 dipteran larvae 
could not be determined beyond family. These specimens were in very 
poor condition. 
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Order Hymenoptera (Bees and Wasps) 
Only two specimens of two species of wasps were found in association with 

hydrilla. The specimens represented two different families, both of which 
parasitize eggs of other insects. Usinger (1956) lists a few aquatic Hemiptera, 
Coleoptera, and Odonata as hosts. 

• Family MYMARIDAE 

198.	 Anagrus species - 1 adult from the Crystal River, Florida (collection 
79413). 

• Family TRICHOGRAMMATIDAE 

199.	 Prestwichia aquatica Lubbock - 1 adult from Loop Road Canal, Florida 
(collection 79299). This specimen appears to be P. aquatica, although 
the identification needs to be verified. 

DISCUSSION 

Locations and times 
This survey was very ambitious in scope, both geographically and temporally. 

Hydrilla growing in diverse Florida locations and in other states was sampled, 
with many of the Florida sites being visited on a monthly basis. The great 
number of locations and the repeated collections at many of these locations 
provided a good representation of the diversity of habitats in which hydrilla 
occurs, along with the fauna associated with hydrilla in these diverse habitats. A 
total of 267 collections from 58 different Florida locations were made. An 
additional 22 collections from 17 out-of-state locations provided an indication of 
the geographic variability ofthe fauna associated with hydrilla. 

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

of conditions under which hydrilla will grow. During this survey, hydrilla was 
collected from water as shallow as 0.1 m, and as deep as 7.6 m, with the average 
depth for all collections being 1.46 m. The water temperature averaged 22.7°C, 
with a low of 2°C and a high of 35°C. Conductivity, which is a measure of the 
dissolved ions present in the water, averaged 417 J.Lmhos, with a low of 20 J.Lmhos 
at oligothrophic Lake Jackson to a high of 7000 J.Lmhos at the saline Salt Springs. 
When salinity (salt content) of the water is low, the conductivity is highly 
correlated with the nutrient content of the water. Most Florida lakes are 
considered mesotrophic and have conductivity values in the range of 250 to 400 
J.Lmhos. 

Most hydrilla collection sites had zero salinity. However, hydrilla grew well at 
Salt Springs, where the salinity was 3.8 ppt. During several brief investigations 
at Crystal River and Homosassa River, hydrilla was occasionally found growing 
in water with salinities up to 7 ppt. However, only small clumps of hydrilla 
(insufficient amounts for a sample) could be found at these higher salinities. 
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Plant Collection Characteristics 
While hydrilla usually formed a dense mat at, or just below, the water surface, 

at some locations it merely formed a carpet on the bottom. The dry weight 
averaged slightly more than 8 percent ofthe wet weight ofthe samples. The lower 
leaves on a hydrilla plant are frequently sloughed off, but the data did not show 
any significant differences in the damage between the upper, middle, or lower 
leaves or the upper, middle, and bottom portions ofthe stems. 

Insect Species Collected 
A total of 59,130 faunal specimens were collected during this survey. Collecting 

all these specimens required thousands of tedious hours of searching through 
almost 1500 kg (wet weight) of hydrilla under a microscope. The preservation, 
identification, and cataloging of all these specimens was also very time
consumIng. 

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

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

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

made during the course of this survey. A comparison with the number of insect 
species found during similar surveys on other aquatic plant species is of interest. 
These comparisons are facilitated by constructing a species accumulation curve, 
i.e. graphing the number of additional "new" species added by each additional 
collection. A species accumulation curve for all the Florida hydrilla collections is 
depicted in Figure 35. Balciunas (1977) reported 147 aquatic insect species in a 
total of 88 collections from waterhyacinth roots. In comparison, after 90 hydrilla 
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Figure 35. Species accumulation curve for insects collected in association with 
Hydrilla verticilla in Florida. A total of 171 insect species were recorded from 
hydrilla in Florida. As expected, the first collections added substantially more 

insect species than did the later collections 

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

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

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

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

Collecting efficiency 
Species accumulation curves such as Figure 35 are also useful in studying 

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

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

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

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

Insects Damaging Hydrilla 
Many aquatic insects are predatory, feeding on the numerous crustaceans and 

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

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

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

Table 1
 
InBect SpecieB Damaging Hydrll/a verticil/ata
 

SpecleB Number of Number of Type ofDamage 
Imect Group Number· Scientific Name Specimen" ColiectioTU To Hydrilla 

HOMOPTERA: 43 Rhopalos;phum nymphaeae 4 2 Hydrilla feeder 
AphidB (Bop-Bucking on 

emeraed plant parta) 
TRICHOPTERA, 70 LeploceruB americonus 1593 38 Feeds on leaves of 

CaddiBfiieB aquatic v8scular plants 
(McGaha 1952) 

71 NeclopByche lauara 440 32 Hydrilla leaffeeder 
(Haddock and Daigle 1981) 

72 Oeeetis prob. cinerasC'ens 95 36 Aquatic vascular plant 
feeder (McGaha 1952) 

73 Gec-etis prob. incon8picua 106 29 Probable aquatic 
vaBcular plant feeder 

74 Triaenode8 8pp. 2 2 Aquatic vascular plant 
feeder (WigginB 1977) 

LEPIDOPTERA: 82 Oxyelophila callisla 4 3 POBBible hydrilla leaf feeder 
Pyralid MothB 

83 Parapoynx a. altionealis 5 4 Hydrilla leaf and Btem 
feeder 

84 Parapoynx diminutaliB 179 18 Hydrilla leaf and Btem 
feeder 

85 Parapoynx obBcuraU, 6 3 Hydrilla leaf and Btem 
feeder 

86 Parapoynx prob. rusoBoli, 3 1 Hydrilla leaf and Btem 
feeder 

87 Sync/ita oblileralis 150 6 Hydrilla leaf and Btem 
feeder 

D1PTERA: 157-159 Endochironomus spp. .. .. OccaBionally burrow 
MidgeB into hydrilla BlemB 

160-163 Glyplolendipes Bpp. .. .. Occasionally burrow 
into hydrilla BtemB 

ShoreflieB 194 Hydrel/ia BPP_ 50 22 Hydrilla leaf and Bu.m 
miners 

• See Part III for Bpee;eB number data_ 
••	 Although Endochironomull and Glyplolendipes species were among the most abundant insecl.8 Bssociated with 

hydrilla. theBe midgeB were only occaBionally found within hydrilla otemB. 
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caddisfly larvae appear to be opportunistic feeders, and do not seem to exhibit 
any host-specificity in their food preferences. 

Of the moth larvae found on hydrilla, six species probably cause damage by 
feeding on the leaves. Except for Parapoynx diminutalis and Synclita obliteralis, 
these moth larvae were relatively rare. Synclita obliteralis is known to feed on 
numerous aquatic macrophyte species both in the field and in the laboratory. In 
contrast, P. diminutalis, while feeding on a broad range of plants in the 
laboratory, shows a distinct preference for hydrilla in field evaluations. 
Parapoynx diminitulis is the only insect in the United States whose damage to 
hydrilla, when P. diminutalis populations are sufficiently high, will be readily 
noticeable even to untrained observers. Parapoynx diminutalis is an Asiatic 
species accidentally introduced into the United States. If its range continues to 
expand and matches that of hydrilla, it will probably playa significant role in the 
natural control of hydrilla. Parapoynx rugosalis is a Panamanian species whose 
larvae feed on hydrilla. Parapoynx allionealis and P. obscuralis are also found on 
hydrilla infrequently, but both of these Parapoynx species appear to prefer other 
aquatic plants as larval hosts. 

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

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

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

Snails Associated with Hydrilla 
With 28,490 specimens, snails comprised almost half (48.2 percent) of all the 

fauna collected on hydrilla during this study (Appendix M). A single species, 
Goniobasis floridense, was represented by over 12,000 specimens. The majority of 
G. floridense were found at Wacissa River, where collections routinely contained 
hundreds, and sometimes in excess of a thousand, snails of this species, and small 
densities averaged 953 snails/m2

• Other abundant snail species were: Gryaulus 
spp. and Physa spp. (each with over 4000 specimens); Helisoma scalara (3517 
specimens). The first three species in the above list were the most widely 
distributed species, with each species being found in at least 50 percent of the 
collections. 

Snail densities ranged from 82 to a maximum of 3265 snails/m2 at Wacissa 
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River. At most other sites snail densities usually ranged from 50 to 150 snails/m2 

and seldom exceeded 500 snails/m2
• 

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

Other Invertebrates Associated with Hydrilla 
Appendix N lists the 11,791 invertebrates, other than insects and snails, 

collected on hydrilla during this survey. The vast majority-1O,892 specimens
were crustaceans. Approximately half of the crustaceans collected (5,341 
specimens) were shrimp in the genus Palaemonetes. Two species of amphipods, 
Hyallela azteca and Gammarus sp A, with 3,522 and 1,440 specimens, 
respectively, were also common. 

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

Vertebrates Associated with Hydrilla 
Numerous small fish seek shelter and food in hydrilla mats. Although neither 

the quantitative samples nor the other collection methods were designed to 
capture fleeting, mobile fauna such as fish, over 1400 specimens were collected. 
Larger specimens such as black bass (Lepomis macrochirus) and black crappie 
(Pomoxis nigromaculatus) were released immediately, as was a 3-ft eel which had 
the misfortune of getting "collected" in the sampler. The most common fish 
species were the bluefish killifish (Lucania goodei) with 346 specimens, the least 
killifish (Heterandia formosa) with 338 specimens, and the common mosquito fish 
(Gambasia affinis) with 288 specimens. 

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

Quantitative Studies 
Most collections in Florida were made using the quantitative sampler. 

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

six quantitatively sampled study sites 

Lake Jackson. Lake Jackson was the northernmost of the six study areas and 
one of the most unique hydrilla infestations in Florida. There, the standing crop 
(biomass minus roots) ofhydrilla never exceeded 100 g/m2 (dry weight). This was 
the lowest standing crop of the six study sites, as might be expected of a location 
where hydrilla never reached the surface. The cycles of hydrilla (circles), 
associated insects (squares), and snails (diamonds) are shown in Figure 36. The 
data for the quantitative collections at Lake Jackson can be found in Appendix F. 
It is interesting that the peaks in standing crop do not overlap from one year to 
the next, occurring in mid-summer of 1979 and winter of 1979-80. Peak 
abundances of insects began to coincide with peak biomass of hydrilla in late 
1979 and early 1980 reaching a'peak of almost 900 insects/m 2 in February 1980. 
Snails first appeared in the samples in January of 1979, then remained at low, but 
constant level ofless than 100 snails/m2, until January and February when they 
briefly exceeded that level. 

The contribution of each of the 16 Lake Jackson collections to the total of 55 
insect species collected there is shown in the species accumulation curve in Figure 
37. The first 5 collections produced 28 insect species, more than 50 percent of the 
final total. Subsequent collections usually added only one or two "new" insect 
species. However, the December 1979 collection produced a sudden increase of 11 
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Figure 37. Species accumulation curve for insects collected in 
association with Hydrilla verticillata at Lake Jackson, Leon 
County, Florida. A total of 55 insect species were recorded from 

Lake Jackson 

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

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

quantitatively sampled study sites 

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

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

contributed a few additional species to the list 

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

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

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

after just 8 collections 
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collection diversity of 1.21, the next lowest for all the study areas. The overall 
diversity for all the specimens collected at Lake Lochloosa was a moderate 1.92. 

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

other quantitatively sampled Florida sites 

The species accumulation curve for Rodman Reservoir insects, shown in Figure 
43, is very unusual. The first 14 collections contributed 34 insect species in a linear 
manner. However, the final 4 collections added an amazing 25 insect species. 
Thus, the exponential portion of the curve appears at the end rather than at the 
beginning as would normally be expected. This is probably because many new 
insect species appeared after the drawdown to replace the pre-drawdown species. 
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Figure 43. Species accumulation curve for insects collected in association 
with Hydrilla verticillata at Rodman Reservoir, Putnam County, Florida. 
A total of 59 insect species were collected at Rodman Reservoir. The rapid 
increase in the number of additional insect species collected at the end of 
the study period was probably due to new insect species appearing 

following the fall 1979 drawdown 

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

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

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

and snails compared with other quantitatively sampled Florida sites 
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Figure 45. Species accumulation curve for insects collected in 
association with Hydrilla verticillata at the Crystal River, 
Citrus County, Florida. Only 21 insect species were found at 
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collections added 11 insect species. With only 21 insect species, Crystal River had 
the lowest species richness of the 6 study sites. Not suprisingly, the overall 
Shannon-Weaver diversity index for all 12 collections was also the lowest (1.82) as 
was the average diversity index for each collection (1.09). The insect diversity for 
the collections ranged from a very low 0.095 to a moderate 1.76. 

SR 841 Canal. This drainage canal in south Florida was chosen for its 
remoteness, which helped to ensure that this study site would not be perturbed by 
weed control activities routinely performed at most canals in south Florida. The 
quantitative data for SR 841 Canal are displayed in Appendix K and are 
graphically represented in Figure 46. The standing crop of hydrilla at this canal 
was usually moderately high, fluctuating around 400 g/m2 and reaching a high of 
710 g/m 2 in November 1979. The minimum standing crop of less than 20 g/m2 

was reached in March 1980, although the standing crop during the previous 
March had been 370 g/m2• While as many as 568 insects/m2 were recorded 
(February 1979), insect density was usually around 100 insects/m2 (average for 18 
collections of 87 insects/m2). Snail density was moderate, averaging 124 
snails/m2 • 

A total of69 insect species were recorded from SR 841 Canal, the highest species 
richness for any of the 6 study areas. Not surprisingly, the insect diversity index 
(Shannon-Weaver) for all 18 collections at this site was the highest (3.075) for all 
the study areas. However, its average insect diversity of 1.52 for each collection 
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Figure 46. Graph of seasonal changes in the abundance of Hydrilla uerticillata, 
insects, and snails at the SR 841 Canal in Collier County, Florida. Although the SR 
841 Canal had a high mean standing crop of hydrilla, the insect and snail 
abundances at the site were only moderate compared with other quantitatively 

sampled Florida sites 
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APPENDIX K: QUANTITATIVE HYDRILLA RESULTS
 
FOR THE SR 841 CANAL,
 

COLLIER COUNTY, FLORIDA
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79300 19-AI'R-1979 FOOTBRIDGE.2.e HI 1'1 OF US 41 21 56 1 543.6 51.2 
7'1300 19-AF'R-1979 FOOTBRIDGE.2.8 HI 1'1 OF US 41 2 585.8 63.0 
79300 19-AF'R-1979 FOOTBRIDGE.2.8 HI 1'1 OF US 41 3 B06.8 83.4 
79300 19-AF'R-1979 FOOTBRIDGE,2.8 HI 1'1 OF US 41 4 5B8.6 56.3 
79300 19-Af'R-1979 FOOTBRIDGE,2.B HI 1'1 Of US 41 5 444.7 43.6 
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'7 e/311 17-HAY-1979 FOOTBRIDGE.2.B HI 1'1 OF US 41 3 324.6 36.0 
'79:Ul 17-HAY-1979 FOOTBRIDGE,2.B HI 1'1 OF US 41 4 369.0 42.6 
79311 17-HAY-1979 FOOTBRIDGE,2.B HI 1'1 OF US 41 5 430.3 46 . .2 

79322 14-JUN-1979 FOOTBRIDOE.2.e HI 1'1 OF US 41 65 240 1 450.1 42.1 
'79322 14-JUN-1979 FOOTBRIDGE.2.e HI 1'1 OF US 41 2 483.7 44.2 
'1"322 14-JUN-1979 FOOTBRIDGE,2.e HI 1'1 OF US 41 3 492.0 43.3 
""322 14-JlIN-1979 FOOTBRIDGE.2.e HI 1'1 OF US 41 4 515.3 76.5 
79322 14-JUH-1979 FOOTBRIDGE,2.e HI 1'1 OF US 41 5 520.0 42.2 

'79334 le-JUL-1979 FOOTBRIDGE,2.e HI 1'1 OF US 41 69 145 1 234.5 22.9 
79334 IfJ-JUL-1979 FOOTBRIDGE.2.B HI 1'1 OF US 41 2 403.5 42.0 
'7'7:134 lA-JUL-1979 FOOTBRIDGE,2.e HI 1'1 or US 41 3 477.0 4A.l 
79:134 18-JUL-1979 FOOTBRIDGE,2.B HI 1'1 OF US 41 4 571.0 46.5 
79334 18-JUL-1979 FOOTBRI[lOE.2.B HI 1'1 OF US 41 5 694.9 71.0 

79361 13-SEP-1979 FOOTBRIDGE,2.e HI 1'1 OF US 41 9 75 1 713.3 70. [ 
7'1361 13-SEP-1979 FOOTBRIDGE,2.B HI 1'1 OF US 41 2 670.2 76.3 
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'79'!.75 19--0CT-1979 FOOTBFcIDGE.2.e HI 1'1 OF US 41 ;;> 253.4 ;!8.B 
79375 19-0CT-1979 FOOTBRI[lGE,2.8 HI 1'1 or US 41 3 260.1 30.9 
79375 19-0CT-1979 FOOTBRIDGE.2.8 HI 1'1 OF liS 41 4 281.B 32.0 
'7?'!.75 19-0CT-1979 FOOTBRIDGE.2.e HI 1'1 OF US 41 :; 212.8 23.4 

/9398 
79398 

20-NOV-1979 
20-NOV-1979 

FOOTDRIPGE,2.8 
rOOTBRIDGE.2.e 

HI 
HI 

1'1 

1'1 

OF 
Of 

US 
US 

41 
41 

28 4 \ 1 
2 

972.5 
1126. [ 

73.8
8". f, 

7"~W8 20-NOV-1979 rOOTDRIDG~.;;>.8 HI N or us 41 3 [l[3.t. '~fl. [ 

/9398 
7'rI'!8 

:?O--NOV-1979 
?0-NOV-19'l9 

rOOfDRIPGE.;;>.B 
FOOTI'R !ll[;[ • 2 • fj 

HI 
HI 

1'1 or 
N or' 

U5 
liS 

41 
41 

4 
~I 

1141.8 
l24~:;. 1 

",'8. ;~ 

8"/ .1), 
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UILL_NO PATE LOCA'ION lOTi'lL 
INSECTS 

10 r,\L 
SNfHl.S 

~'f1HJ'l.E 

NlIMfJER 
WU 

lJEIGltt 
IU,' , 

Wf. [,.,It 1 

19410 
"'1410 
/'1410 
'1'1410 
79410 

20--[.EC-1979 
20--['E.C-1979 
20--['EC-,1979 
20-['EC-1919 
20-[IEC-1979 

F~OTBRIDG[.2.0 HI 
FOOTBRIDGE,2.8 HI 
FOOTBRIDGE.,2.8 HI 
FOOTBRIDGE.,2.8 HI 
FOOTBRIDGE,2.8 HI 

N OF 
N OF 
N OF 
N OF 
N OF 

US 
US 
US 
US 
US 

41 
41 
41 
41 
41 

=:~~ If, I 
2 
3 
4 
5 

:!4I.l. '1 
199.(l 
122. ~, 

228.9 
200.1 

:' I. / 
I r f • •,' 

10.5 
j 1.7 
IFl .... 

BO:~I :? 
00212 
00212 
IH):.' I 2 
130212 

17-JAN--1980 
17-JAN-1980 
17-JAN-1980 
17-JAN-1980 
17-JAN-1980 

FOOTBRIDGE,2.e 
FOOTBRIDGE,2.8 
FOOTBRIDGE,2.8 
FOOTBRIDGE,2.8 
FOOTBRIDGE,2.8 

HI 
HI 
HI 
HI 
HI 

N OF 
N OF 
N OF 
N OF 
N OF 

US 
US 
US 
US 
US 

41 
41 
41 
41 
41 

23 33 I 
2 
3 
4 
5 

165.4 
226.6 
278.4 
174.0 
150.8 

I~;. 0 
;'0.0 
23. I 
18.6 
14. I 

00225 
130225 

21-FEB-1980 
21-FE~-1geo 

FOOT~RIDGE,2.8 HI 
FOOT~RIDGE,2.8 HI 

N OF 
N OF 

US 
US 

41 
41 

22 12 1 
2 

66.7 
89.2 

6.4 
8.P 

B022~ 

00225 
90225 

21--F[['-1980 
21-FE~-'1980 

21-·FE~-19BO 

FOOTBRIDGE,2.8 HI 
FOOTDRIDGE,2.8 HI 
FOOT~RIDOE.2.8 HI 

N OF 
N OF 
N OF 

US 
US 
US 

41 
41 
41 

3 
4 
5 

41.7 
10:LB 
85.1 

:\./0 
10.1 
7.4 

00:~38 

130238 
130238 
00238 
B023EJ 

20-MAR-1980 
20-/'1AR-1980 
20-/'1AR-1980 
20--HAR--1980 
20-HAR-1980 

FOOTDRIDGE,2.8 HI 
FOOT~RIDGE,2.8 HI 
FOOTBRIDGE,2.8 HI 
FOOT~RIDGE,2.8 HI 
FOOTDRIDGE,2.8 HI 

N OF 
N OF 
N OF 
N OF 
N OF 

US 
US 
US 
US 
US 

41 
41 
41 
41 
41 

2 11 I 
2 
3 
4 
5 

31.5 
62.7 
17.2 
30.4 
2E1.fI 

1.9 
4 .-,

~ 

1.0 
~l '" 
"' ... 
1.8 

eO;!SI 
00251 

17-Af'R-1980 
17--Af'R-1980 

FOOT~RIDGE,2.8 HI 
FOOTDRIDGE,2.8 HI 

N OF 
N or 

US 
US 

41 
41 

15 6 1 
2 

327.9 
3EJ2.fI 

30.9 
.1'1.1 

130251 17-I\F'R-1980 FOOaRIOGE,2.8 HI N OF US 41 3 303.6 .12. fl 

lW251 
00251 

17-Af'R-19BO 
17-AF'R-1980 

FOOTBRIDGE,2.8 
FOOTBRIDGE,2.8 

HI 
HI 

N OF 
N OF 

US 
US 

41 
41 

4 
:; 

320,2 
25~l. 2 

2~'L ~j 

18. ~; 

130257 
lJ0257 
130257 
1)0257 
£10257 

15-HAY-1980 
15-HAY-1980 
15-MAY-1980 
15-/'1AY-1980 
15-HAY-1980 

FOOTBRIDGE.,2.8 HI 
FOOTBRIDGE,2.8 HI 
FOOTBRIDGE,2.8 /'11 
FOOTDRIDGE,2.8 HI 
FOOT~RIDGE,2.8 /'11 

N OF 
N OF 
N OF 
N OF 
N OF 

US 
US 
US 
US 
US 

41 
41 
41 
41 
41 

6 24 1 
2 
3 
4 
5 

307.8 
301. 'I 
327.4 
332.1 
196.8 

3:'.4 
34.0 
:11.1 
2fl. I 
16." 

80262 
1)0262 
00262 
802/,2 
BO;~62 

16-JUN-1980 
16-JUN-1980 
16-JUN-1980 
16-JUN-19!J0 
16--JUN-1980 

FOOTBRIDGE,2.8 
FOOTBRIDGE.,2.8 
FOOTBRIDGE,2.8 
FOOTBRIDGE,2.8 
FOOTBRIDGF,2.8 

/'11 
HI 
/'11 
/'11 
/'11 

N OF 
N OF 
N OF 
N OF 
N OF 

US 
US 
US 
US 
US 

41 
41 
41 
41 
41 

162 55 1 
2 
3 
4 
:; 

440.3 
494.1 
297.3 
291.0 
30El.9 

41. :1 
49.t. 
:B.7 
JJ, (, 
,(J. ~ 

90267 
00267 

18-JUL-1980 
18-JUL-1980 

FOOTBRIDGE,2.0 
FOOTBRIDGE,2.8 

/'11 
HI 

N OF 
N OF 

US 
US 

41 
41 

60 32 1 
2 

21E1.3 
272.4 

33.2 
41.5 

00267 
H0267 
80:'67 

18-JUL-1980 
18-'JUL-1980 
18-JUL-1980 

FOOTBRIDGE,2.8 
FOOTBRI['GE,2.8 
FOOTBRIDGE,2.E1 

HI 
HI 
HI 

N OF 
N OF 
N OF 

US 
LIS 
US 

41 
41 
41 

3 
4 
:; 

260d 
337.7 
271.9 

~fl. I 
/7.:: 
611.9 
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ORDER 

DIPTERA 

TRIOHFTERA 

ODONATA 

COLEOPTERA-01 
~ 

HEMIPTERA 

EPHEMEROPTERA 

LEP IDeFT ERA 

HOM)PTERA 

HYMENeFTERA 

NEUROPTERA 

SPECIMENS 
COLLECTED 

9919 

4265 

1178 

663 

573 

432 

360 

4 

2 

2 

%OF TOTAL
 
SPECIMENS
 
(N=17 ,398)
 

57
 

24
 

07
 

04
 

03
 

02
 

02
 

< 01
 

< 01
 

< 01
 

NLMBER OF 
COLLECTIONS 

187 

159 

185 

71 

94 

98 

38 

2 

2 

2 

%OF TOTAL 
COLLECTIONS 

(N=289) 

65 

55 

64 

25 

33 

34 

13 

< 01 

< 01 

< 01 

NUMBER OF 
SITES 

37 

26 

41 

22 

29 

27 

19 

2 

2 

2 

%OF TOTAl
 
SITES
 
(N=75)
 

49
 

35
 

55
 

29
 

39
 

36
 

25
 

03
 

03
 

03
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NAME 

Class HolllJsca 
Order Gastropoda 
Famil~ AMPULLARIDAE 

Harisa --co rnlJa r i et i s 

Porrlacea 
pal'Jdosa 

Famil~ ANCYLIDAE 
G'Jndlachia 

ispeCles 

Hebetanc':lllJs 
e:·:centricIJs 

Laevape:< 
species 

Famil~ HYDROBIIDAE 
Arrlnicola 

dalli 

Amrticola spp, 

Aphaostracon 
pach~rlotlJS 

STATE 

Florida 

Florida 

Georgia 

Florida 

Florida 

Florida 

LotJisiana 

Florida 

LOIJisiana 

Panarrla 
Te:·:as 

Florida 

SPECIMENS 

11 

27 

.....:. 

1 

103 

99 

1
 

1513
 

163 

16
 
5
 

472
 

COLLECTIONS 

79277 

78211,78248,79261,79277, 
79295,79320,79324,79333, 
79358,79360,79398,80209, 
80255,80256,80262 

78202 

79290 

79256,79286,79288,79290, 
79294,79299,79310,79342, 
79348,79356,79358,79368, 
79374,80214,80229,80240 

79284,79286,79288,79290, 
79299,79315,79332,79353, 
79363,79371,79386,79387. 
79396,79400,79403,79409, 
80203,80204,80228,80240, 
80250,80254,80255,80257, 
80260 

79371 

78205,78207,78208,79273. 
79282,79306,79318,79326, 
79327,79340,79353,79366, 
79367,79369,79385,79402, 
79403,80203,80206,80214, 
80219,80221,80231,80233, 
80234,80240,80243,80247, 
80255,80263 

78242,79381 

80273 
80272 

78211,79309,79320,79332, 
79346,79358,79372,79373, 
79395,79407,79408,80209, 
8021~,80236,80248,80249, 
80256,80261,80266 
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NAME 

H':Idrobia 
species 

Littoridinops 
ITIonroensis 

Littoridirrops 
species 

Notosillia 
wetherb':li 

F'':IrsophorlJs 
plat':lrachis 

F'':I rgopho rlJS 
species 

Fa",il~ LYMNAEIDAE 
L~",rraea 

species 

Fa"'il':l NERITIDAE 
Neritirra 

species 

FalT.il':l PHYSIDAE 
~ 51"1". 

STATE 

Florida 

Florida 

Te:·:as 

Florida 

Florida 

Texas 

Florida 

Florida 

Florida 

SPECIMENS 

8 

379 

2 

17 

16 

19 

3 

1312 

3763 

COLLECTIONS 

79262,80249 

78205,78207,78211,78225, 
79253,79262,79263,79298, 
79307,79319,79329,79341. 
79345,79350,79358,79369. 
79372,79395,79406,79407, 
79413,80207,80209,80215, 
80230,80248,80260 

79377 

78211,79316,79366,80253 

78205,79320 

80270 

80250 

78204,79273,79274,79282, 
79293,79306,79318,79319, 
79326,79340,79341,79353. 
79355,79366,79369,79385. 
79402,80206,80215,8022t. 
80234,80247 

78206.78207,78208.78209, 
78211,78212,78235,79253, 
79263,79264,79265,79266. 
79267,79268,79269,79270, 
79272,79273,79274,79275, 
79277,79282,79283,79284, 
79285.79286.79287,79288, 
79289.79293,79294,79295. 
79296.79297,79298,79299, 
79300,79301,79302.79303. 
79305.79306,79307.79308. 
79309,79311,79313,79317· 
79318.79319,79320,79322, 
79323,79324,79325.79326. 
79327,79328,79329,79330. 
79331.79332.79334.79336. 
79337.79338,79339.79340, 
79341,79342.79343,79345. 
79347,79349,79351,79352. 
79353.79355.79356.79358, 
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NAME STATE SPECIMENS 

F'h\:lsa SF-P, 

<C'"O'nt i rtlJed) 

LOIJ is i aria 
Te}:as 
Georgia 
Panama 

20 
220 
105 

9 

Farnil\:l PLANORBIDAE 
G\:Iraulus spp, Florida 4068 

COLLECTIONS 

79359,79361,79362,79363, 
79364,79365,79366,79368, 
79369,79370,79371,79372, 
79373,79375,79383,79385, 
79386,79388,79393,79394, 
79395,79396,79398,79400, 
79401,79402,79403,79404, 
79405,79406,79407,79408, 
79410,79411,79412,79413, 
80201,80202,80203,80204. 
80205,80206,80207,80208, 
80210,80212,80214,80215. 
80216,80217,80218,80219, 
80220,80221,80223,80225, 
80227,80228,80229,80231, 
80232,80233,80234,80236, 
80239,80240,80241,80242, 
80243,80245,80246,80249, 
80250,80252,80254,80255, 
80256,80257,80259,80260, 
80261,80262,80263,80264, 
80265,80266,80267,80268, 
80275 

79381 
79378,79380,80270,80272 
79389,79390 
79312,80273 

78206,78207,78208,78209, 
78212,78224,79253,79262, 
79263,79264,79265,79267, 
79268,79269,79272,79273. 
79275,79276,79278,79283· 
79284,79287,79288,79289, 
79290,79292,79293,79295, 
79296,79297,79299,79301, 
79302,79305,79306,79307, 
79308,79310,79315,79317, 
79318,79319,79320,79321, 
79322,79323,79325,79326, 
79327,79328,79329,79332, 
79333,79334,79337,79338, 
79340,79341,79342,79345, 
79346,79348,79349,79351, 
79353,79354,79356,79358. 
79360,79362,79363,79366, 
79367,79369,79370,79371, 
79372,79374,79375,79388, 
79393,79394,79395,7939~, 

79400,79401,79402,79403, 
79404,79405,79406,79407, 
79409,79410,79411,79412, 
79413,80202,80203,80204. 
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NAME STATE 

Gr~a'Jlus SF''''. 

(corlt i r"Jed) 

Georgia 
LOIJi siana 
Panama 
Te:·:as 

Hl?lisoll,a Florida 
scalare 

Georgia 
LO'Jisiana 
Panall.a 

159 

SPECIMENS COLLECTIONS 

80205,80206,80207,80208, 
80209,80212,80214,80215, 
80216,80219,80221,80225, 
80228,80229,80231,80232, 
80236,80239,80240,80242, 
80243,80245,80249,80251, 
80252,80253,80256,80257, 
80258,80259,80261,80262, 
80263,80264,80266,80267, 
80268,80275 

68 79389,79390
 
105 79381
 

2 79312
 
71 79379,79380,80272
 

3428 78203,78206,78207,78208, 
78211,78221,78222,78225, 
78248,79261,79264,79265, 
79266,79268,79269,79270. 
79271,79274,79275,79276, 
79278,79279,79282,79284, 
79285,79286,79287,79288, 
79289,79290,79295,79296, 
79297,79298,79300,79301, 
79302,79305,79308,79309, 
79310,79311,79313,79315, 
79316,79317,79318,79320, 
79321,79322,79323,79324, 
79325,79327,79328,79330, 
79331,79332,79334,79335, 
79336,79337,79339,79340, 
79343,79344,79345,79347, 
79348,79349,79350,79351, 
79352,79353,79354,79355, 
79356,79358,79360,79361, 
79362,79363,79364,79366, 
79367,79368,79370,79371, 
79372,79373,79375,79383, 
79387,79393,79395,79396, 
79398,79399,79400,79401, 
79402,79403,79407,79410, 
79411,79412,80201,80202, 
80203,80204,80206,80208, 
80210,80211,80212,80213. 
80214,80216,80217,80218, 
80219,80220,80221,80223, 
80225,80226,80227,80228, 
80229,80231,80233,80236. 
80238,80240,80241,80242, 
80246,80249,80250,80251, 
80252,80254,80255,80256, 
80257,80258,80259,80260, 
80261,80262,80264,80265, 
80266,80267,80268,80275 

49 79390,79391
 
14 79381
 
26 79312,80273,80277
 



NAME 

Helisoma 
~ 

FamilY PLERUOCERIDAE 
Goniobasis 

floriderrse 

Goniobasis 
vanhynirlsi 

Goniobasis 
species 

Family VIVIPARIDAE 
Viviparus 

SilO r9 i anlJS 

Vi viparrJs 
species 

STATE 

Florida 

Louisiana 
Panama 

Florida 

Te>:as 

Florida 

Te:~as 

Pana"ta 

Florida 

Florida 

SPECIMENS 

130 

17 
23 

11227 

894 

69 

2 

., 
"'

6 

3 

COLLECTIONS 

79288,79299,79311,79324, 
79331,79336,79339,79344, 
79352,79364,79371,79387, 
79409,80260,80264,80265 

78242,79381 
79312,80273 

78212,79262,79271,79272, 
79277,79280,79286,79291, 
79293,79304,79305,79316, 
79324,79339,79352,79364, 
79370,79386,79387,79403, 
80204,80220,80233,80246, 
80254,80255,80260,80265 

79377,80269,80270,80271, 
80272 

79268,79277,79300,79309, 
79311,79321,79322,79348, 
79349,79397,79409,80211, 
80250 

79377 

79312 

78211,78248 

78222 
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APPENDIX N: INVERTEBRATES OTHER THAN
 
INSECTS AND SNAILS ASSOCIATED WITH
 

HYDRILLA VERTICILLATA 

161
 



NAME 

Class Hi rlJdinea 
Order Rh~nchobdellida 

Famil~ GLOSSIPHONIIDAE 
Helobdella 

stasr.alis 

Helobdella 
species 

Placobdella 
species A 

F'lacobdella 
sF-ecies B 

Family F'ISCICOLIDAE
 
Ilinobdella
 

11100 rei
 

Myzobdella 
I'Js'Jbr is 

Class Crustaceae 
Order AIlIF-hiF-oda 
Falllil~ GAMMARIDAE 

Gallllllarus 
sF-ecies A 

STATE 

Florida 

Texas 

Florida 

Lou i s i arta 

Florida 

Florida 

Florida 

Florida 

Florida 

SPECIMENS COLLECTIONS 

299 79259,79268,79270,79278, 
79279,79284,79288,79289, 
79290,79297,79301,79302, 
79303,79313,79330,79331, 
79332,79343,79356,79370, 
79371,79399,80201,80203, 
80207,80217,80218,80229, 
80231,80232,80240,80241, 
80249,80259
 

1 79377
 

71 78227,78238,78243,79257, 
79268,79270,79274,79279, 
79283,79284,79287,79288, 
79289,79290,79294,79300, 
79301,79302,79303,79307, 
79310,79311,79319,79329, 
79348,79349,79352,79361, 
79366,79406,79410,79411, 
80246 

1 79381 

63 79256,79257,79270,79272, 
79279,79284,79286,79288, 
79289,79290,79292,79296, 
79300,79302,79303,79310, 
79313,79321,79328,80203, 
80219,80223,80240,80241, 
80250,80252,80259,80264 

1 79321 

3 79370,80241,80252 

1 79288 

1440 78217,78243,78247,78251, 
78252,79256,79257,79258, 
79260,79261,79262,79263, 
79264,79268,79269,79270, 
79271,79272,79273,79274, 
79276,79278,79279,79281, 
79282,79284,79285,79286, 
79288,79289,79290,79291, 
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NAME	 STATE SPECIMENS COLLECTIONS 

GammarU5	 79292,79293,79295,79296, 
species A (continued)	 79298,79299,79301,79302, 

79303,79304,79306,79307, 
79313,79314,79316,79333, 
79337,79338,79343,79345. 
79348,79351,79353,79355, 
79362,79363,79364,79366, 
79367,79369,79370,79372, 
79375,79383,79394,79397, 
79398,79399,79400,79401, 
79402,79404,79405,79406, 
79407,79410,79411,79412, 
79413,80201,80202,80203, 
80205,80206,80207,80212, 
80213,80214,80215,80216, 
80217,80218,80219,80221. 
80225,80226,80228,80229, 
80231,80235,80236,80239, 
80240,80241,80242,80243, 
80249,80252,80254,80255, 
80258,80259,80260,80262, 
80263,80264,80265,80266, 
80267,80275 

LOIJisiana 17 79381 

Gammarus Florida 70 79274,79406,80207,80215, 
species B 80262 

Famil~ TACITRIDAE 
H~allela Florida 3522 78210,78214,78217,78221, 

azteca 78243,78247,78251,78252, 
79253,79256,79257,79258, 
79259,79260,79262,79263, 
79264,79265,79268,79269, 
79270,79271,79272,79273. 
79274,79275,79276,79278, 
79279,79281,79282,79284, 
79285,79286,79288,79289. 
79290,79291,79292,79293, 
79295,79296,79299,79301, 
79302,79303,79306,79307, 
79313,79314,79316,79328, 
79332,79333,79335,79337, 
79338,79341,79342,79343, 
79345,79348,79349,79350, 
79351,79353,79354,79355, 
79356,79357,79362,79363, 
79365,79366,79367,79369, 
79370,79375,79383,79385, 
79388,79394,79399,79400, 
79401,79402,79404,79405, 
79406,79410,79411,79412, 
79413,80201,80202,80203, 
80205,80206,80207,80208. 
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NAME STATE SPECIMENS COLLECTIONS
 

H~allela 

. aztec a (continIJed) 

LOIJisiana 
Texas 

Undete I' IT. i ned Florida 
AmF-hiF"oda 

LOIJisians 

Order Cladocera 
Famil~ SIDIDAE 

Sida Florida 
--Cr~stallirla 

Order DecaF-oda 
Famil~ ASTACIDAE 

F' roc aITlba r'JS Florida 
SF-F". 

LotJisiar.s 
Te:·:as 

Famil~ PALAEMONIDAE 
Palaemonetes Florida 

SF-F-. 

80209,80212,80213,80214, 
80215,80216,80217,80218, 
80219,80221,80223,80225, 
80226,80227,80228,80229, 
80230,80231,80232,80234, 
80236,80239,80240,80241, 
80242,80243,80245,80249, 
80252,80253,80254,80255, 
80258,80259,80260,80261, 
80262,80263,80264,80265, 
80266,80267,80268,80275 

23 79381
 
6 79379,80269
 

78 78205,78243,79262,79263, 
79363,79368,79369,80216, 
80217,80242,80252,80255 

6 79381 

15 80263 

149 78205,78222,78249,78251, 
79253,79261,79262,79266, 
79268,79271,79274,79282, 
79288,79291,79300,79304, 
79308,79316,79321,79322, 
79324,79327,79334,79339, 
79349,79352,79361,79364, 
79366,79398,80233,80236, 
80254,80255,80260,80265 

C' 79381oJ 

1 80269 

5341 78205,78206,78213,78214, 
78217,78218,78221,78222, 
78224,78225,78226,78231, 
78233,78234,78235,78239, 
78240,78244,78246,78248, 
78249,78251,78252,78253, 
79254,79255,79259~79260, 

79261,79265,79266,79267, 
79268,79270,79271,79272, 
79274,79276,79280,79284, 
79285,79286,79287,79288, 
79291,79295,79298,79300, 
79301,79304,79305,79308, 
79309,79310,79311,79315, 
79316,79317,79319,79320, 
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NAME 

Palaelhorletes 
sPP. (cont i nlJed) 

Famil~ PORTUNIDAE 
Callinectes 

sapidlJs 

Famil~ XANTHIDAE 
Rhi thropar,ope'Js 

harrisii 

Order Isopoda 
Famil~ SPHAEROMIDAE 

SphaerolTla 
terebrans 

Order M~sidacea 

FalTlil~ MYSIDAE 
Taphrolh~sis 

lOIJisianae 

Order Ostracoda 
Undete rlT, i ned 

species 

Order Tanaidacea 
Famil~ PARATANAIDAE 

Leptochelia 
savi51n~i 

STATE
 

LOIJisiana 

Florida 

Florida 

Florida 

Florida 

Florida 

Florida 

SPECIMENS COLLECTIONS 

79321,79322,79324,79325, 
79326,79327,79329,79330, 
79332,79333,79334,79336, 
79337,79338,79339,79345, 
79348,79349,79352,79354, 
79355,79356,79361,79362, 
79363,79364,79365,79366, 
79367,79369,79370,79375, 
79383,79385,79388,79394, 
79397,79398,79399,79400, 
79401,79403,79404,79406, 
79408,79409,79410,79411, 
79412,80201,80202,80203, 
80204,80205,80207,80210, 
80211,80212,80213,80214, 
80217,80218,80219,80220, 
80225,80227,80228,80229, 
80232,80233,80237,80238, 
80239,80240,80241,80243, 
80244,80245,80246,80249, 
80250,80251,80252,80254, 
80255,80257,80258,80259, 
80260,80262,80263,80264, 
80265,80267,80275 

1 78242 

2 79246,79275 

15 79274,79319,79329,79406 

78 79262,79263,79274,79319, 
79329,79341,79369,79406, 
80207 

23 79305,79385,79406,80207, 
80215,80246 

75 79362,79363,80259,80263, 
80266,80274,80275 

25 79262,79263,79274 
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NAME STATE SPECIMENS COLLECTIONS
 

Class Arachnida 
Order Acari 
Famil~ ARRENURIDAE 

Ar renlJrlJS 
SF'P •. 

Florida 32 78221,78245,79264,79311, 
79338,79367,79371,79375, 
79394,79396,79397,79404, 
79409,80203,80204,80226, 
80239,80267 

Famil~ HYDRACHNIDAE 
H!:Idrachna 

sF'ecies 
Florida 1 80256 

Famil!:l HYDRODROMIDAE 
H!:Idrodroma 

despiciens 
Florida 110 78247,79262,79263,79264, 

79265,79275,79283,79311, 
79319,79329,79367,79369, 
79370,79394,79406,79410, 
79412,79413,80203,80207, 
80212,80215,80229,80238. 
80240,80257,80258,80262· 
80263,80267 

Famil~ KRENDOWSKIJIDAE 
Gea~ia 

species 
Florida 4 79375,80256,80262 

Famil~ LEBERTIIDAE 
Lebertia 

S??, 
Florida 13 78207,79264,79273,79280, 

79326,79364,79387,80207, 
80220,80255,80265 

Famil!:l LIMNESIIDAE 
Limnesia 

S??, 
Florida 7 78216,79317,79318,79375, 

80226,80249 

Famil~ ORIBATIDAE 
H~dro:::etes 

species 
Florida 

Texas 

94 

5 

78216,79263,79268,79281. 
79293,79311,79318,79338, 
79345,79362,79363,79371, 
79375,79388,79389,79394, 
79402,79406,80207,80216, 
80239,80242,80257 

79378 

Famil!:l SPERCHONIDAE 
Sperchon 

species 
Te}:as .., 

.:. 79377,80272 

Famil!:l TEUTONIIDAE 
Te'Jtoni a 

species 
Florida 1 79319 
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NAME	 STATE SPECIMENS COLLECTIONS 

Famil~ UNIONICOLIDAE 
Koenikea Florida 18 79347,79371,79368,79381, 

species 80213,80236 

Unionicola	 Florida 8 79264,79304,79307,80239 
ispeCles 

Und~termined Mites Florida 9 79329,79375,80207,80260, 
80275 

Cla!ls MolllJsca 
Order Pelec~poda 

Famil~ COR8ICULIDAE 
CorbiclJla Florida 3 78248
 

manilensis
 

Famil~ MYTILIDAE 
Brachidontes Florida 7 79319,79329,79369,79406, 

species 79413 

Famil~ SPHAERIIDAE 
EIJF'era Florida 65 79307,79328,79393,79405, 

CUbensis 80208,80214,80216,80231, 
80243 

LO'Jisianot 30 79381 

E'JPera Panalha ....., 80273
 
species
 

Sphae r i IJrr,	 Florida 46 79253,79260,79287,79290, 
sPP.	 79305,79325,79326,79353, 

79366,79385,79409,80205, 
80219,80228,80232,80242 

California ....., 78236 

Famil~ UNIONIDAE 
Undeterrrdned Florida 3 78248 

sPP. 
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NAME SPECIMENS COLLECTIONS 

Amphibians 
Order Ca'Jdata 
Family SALAMANDRIDAE 

Notophtha IrrJlJs 1 80255 
...,i ridescerls 

Order Salientia 
F anoi I y HYL I DAE 
~ species 10 80260,80265 

Fish 
Order Atheriniformes 
Famil~ CYPRINODONTIDAE 

Fundulus 3 79398 
species A 

F'Jr,dl.llus 4 79334,80212
 
species B
 

F'Jr,d'J I'J s 16 79255,79288,79300,79301, 
speCles C 79315,79319,79336,79369, 

79398,80212,80238 

Fundulus 1 79329
 
species D
 

Jordar,ella 53 79285,79286,79287,79288, 
floridae 79322,79334,79336,79360, 

79361,79375,79398,80212, 
80238,80257,80262 

LIJcaroi a 346 78205,78251,78252,79253, 
900dei 79261,79268,79271,79275, 

79280,79283,79285,79287, 
79288,79291,79295,79300, 
79301,79304,79308,79311, 
79315,79316,79319,79322, 
79324,79327,79329,79334, 
79336,79338,79339,79345, 
79349,79352,79353,79355, 
79361,79362,79364,79366, 
79367,79369,79370,79375, 
79383,79387,79398,79399, 
79403,79406,79410,79411, 
79413,80203,80204,80207, 
80212,80213,80214,80215, 
80220,80225,80233,80238, 
80246,80251,80254,80255, 
80257,80262,80265,80207, 
80274 
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NAME SPECIMENS COLLECTIONS 

Famil~ POECILIIDAE 
Gambusia 288 78251,79253,79265,79268, 

affinis 79277,79280,79286,79287, 
79288,79295,79300,79301, 
79308,79311,79315,79316, 
79327,79334,79336,79337, 
79338,79349,79355,79362, 
79364,79367,79375,79383, 
79398,79411,80202,80203, 
80214,80225,80237,80238, 
80244,80257,80255,80257, 
80260,80262,80265,80267, 
80275 

Heterandria 338 78218,78222,78244,78251, 
formosa 78252,79253,79259,79261, 

79268,79271,79275,79280, 
79286,79288,79301,79316, 
79327,79329,79332,79336, 
79339,79348,79352,79364, 
79365,79369,79370.79375. 
79381,79387,79388,79395, 
79398,79399,79400,79403, 
79406,80202,80203,80 15, 
80217,80218,80220,80 25, 
80233,80246,80251,80 54, 
80255,80257,80260,80 62, 
80265,80267 

Poecilia 105 78244,79253,79259,79271. 
latipinna 79286,79288,79304,79316, 

79321,79348,79352,79360, 
79364,79387,80265 

Xiphophorus 4 79288,79308,80251
 
maculatus
 

Or~er Cwpriniformes 
Famil~ CYPRINIDAE 

Notropis 1 80263 
emlliae 

Order Perciformes 
F~mil~ CENTRARCHIDAE 

Elassoma 106 79259,79271,79280,79291, 
okefenokee 79304,79316,79324,79339· 

79340,79352,79364,79366, 
79387.79388,79403,7 0 40Q, 
80220.80233,80246,80254. 
80255,80260,80265 
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NAME 

Enneaea~thus 

sloriosus 

Lepol1lis 
au r i t,'JS 

Lepol1lis 
gfJlosus 

Lepol1lis 
Il,aeroehi r'JS 

Mieropterus 
sall1loides 

POl1loxis 
nigrOl1laeulatus 

Fal1lil~ PERCIDAE 
Etheostol1la 

parviplnne 

0rder Pereopsiforl1les 
Fal1lil~ APHREDODERIDAE 

Aphredaderus 
sa~anus 

Order Siluriforn,es 
F all,i 1~ ICTALUR I DAE 

leta J.u r'JS 
nebulosus 

I.J n d e t e r 11' i r, e d r 1 s h 

SPECIMENS 

66 

16 

5 

39 

10 

3 

10 

11 

1 

11 

COLLECTIONS 

78252,79253,79272,79~85, 

79288,79301,79305,79308, 
79315,79317,79322,79325, 
79327,79336,79338,79354, 
79365,79367,79388,79401, 
79404,80203,80214,80238, 
80245,80258,80266 

79261,79280,79285,79329, 
79338,79341,79364,79366, 
79367,79385,79404,79406, 
79411,80219 

79329,79375,79401,79404 

79268,79317,79319,79330, 
79337,79354,79355,7936S, 
79366,79383,79388,79399, 
79404,80201,80203,80~05, 

80219,80259,80264 

79315,79327,79329,80251
80252, ,'30259 

80259,80264 

79301,79337,79354,79375, 
79383,79388,79401,79404, 
80259 

79271,79280,79308,79316, 
79324,79339,79387,80220
80254,80255,80265 

79308 

78209-78212,78221,78252, 
79336,79337,79356,80239, 
80262 
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Chapter 2
 

Laboratory Biology and Host Range Studies of
 
Parapoynx diminutalis*
 

by 

Dr. Gary R. Buckingham, Ms. Christine A. Bennett 

*This chapter presents results of a biological control program being conducted to evaluate insects to 
determine their potential for use in aquatic plant control. Specifically, this work involved the study 
of the Asian moth, Parapoynx diminutalis, for use against the problem aquatic plant, 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. 
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INTRODUCTION
 

Aquatic Lepidoptera are of special interest as possible biocontrol agents of 
submersed aquatic plants. Two pyralid genera, Nymphula and Parapoynx, are 
cosmopolitan and together probably include over 100 species. The generic limits 
are not well defined and the genera are best separated by the presence 
(Parapoynx) or absence (Nymphula) of feathery tracheal gills on the larvae. 
Unfortunately, the larvae of very few species have been described and the host 
plants of most species are unknown. 

In May 1979, Mr. Russell Theriot and Dr. Dana Sanders, U.S. Army Engineer 
Waterways Experiment Station (WES), observed dead moths on the water surface 
and larval damage and cases on hydrilla in Gatun Lake, Panama. They collected 
infested stems from which one male Parapoynx rugosalis Moeschler emerged. 
This species is native to the Caribbean and has been reported from Puerto Rico, 
Guyana, and French Guiana (Balciunas and Center 1981). Its native host plant(s) 
is unknown. Hydrilla is a recent introduction into the canal. 

In order to learn more about P. rugosalis, Dr. Joe Balciunas, University of 
Florida (UF), visited the Panama Canal in May 1980. He collected larvae and, 
with the help of Dr. Ted Center, U.S. Department of Agriculture (USDA), 
conducted feeding tests with an array of aquatic plants (Balciunas and Center 
1981). As a result of these tests, permission was obtained to import P. rugosalis 
into quarantine for testing against native plants. Dr. Balciunas returned to 
Panama in November 1980 and collected fertile females, larvae, and pupae from 
heavily damaged hydrilla mats and carried them to the quarantine facility at the 
Biological Control Laboratory, Division of Plant Industry (DPI), Florida 
Department of Agriculture and Consumer Services, Gainesville. Biological and 
host range studies, which are reported herein, were immediately initiated. Later 
we discovered that the species that we were testing was P. diminutalis Snellen, 
not P. rugosalis, and that the species tested in Panama by Balciunas and Center 
(1981) was probably an unidentified or undescribed species, Parapoynx sp., that 
was similar to P. diminutalis. Adults of Parapoynx sp. were collected in mass by 
Balciunas at the same time that he collected larvae for testing and were 
presumably the same species as the larvae; however, no adults were reared to 
confirm this. No adults of P. rugosalis or P. diminutalis were collected at that 
time. Newly emerged adults of P. rugosalis (Figure 1) are distinguished from the 
other two species by the straighter lines on the wings, but if the wings are worn 
they are difficult to distinguish. This is also true for a native U.S. species, P. 
allionealis (Walker), which is almost identical to P. rugosalis. Parapoynx sp. 
adults (Figure 2) differ from P. diminutalis (Figure 3) principally by the absence of 
black mottling on the wings. The larvae tested by Balciunas and Center lacked 
spots on the head that are present on larvae of P. diminutalis. 

Dr. Dale Habeck, UF, collected larvae and adults on hydrilla in the Panama 
Canal during August 1981 and again during May and September 1982. The only 
species observed and collected was P. diminutalis. For some reason the other two 
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Figure 1. Parapoynx rugosa/is Moeschler. Upper 
male, lower - female (photo by D. C. Ferguson) 

~ . 
.. 

Figure 2. Parapuynx sp. female 

176
 



, 

Figure ;3. Parapoynx diminlltaLis Snellen. Upper 
male, lower - female (photo by D. C. Ferguson) 

species appeared to have disappeared from the area or were present In 

undetectable numbers. 

Parapoynx diminutalis is an Asian moth that has been accidentally introduced 
into both Panama and Florida, undoubtedly through the aquarium trade. Agassiz 
(1978, 1981) reported that it, along with several other species of exotic aquatic 
moths, colonized glasshouses at an aquatic plant nursery in England and also in 
Denmark. Two of the species mentioned by Agassiz were North American and the 
others were Asian, none of which have been reported in Florida thus far. The first 
report of D. diminutalis in Florida was by Del Fosse, Perkins, and Steward (1976) 
who reported it feeding on hydrilla in experimental pools in Fort Lauderdale. 
Although it had been studied in Asia as a possible biocontrol agent ofhydrilla, no 
shipments had been made to the United States. Balciunas and Habeck (1981) 
reported that its range now includes most of peninsular Florida. 

Brief studies of the biology and host range of P. diminutalis were reported in 
Malaysia by Varghese and Singh (1976) and in Pakistan by Baloch, Sana-Ullah, 
and Ghani (1980). In Malaysia only hydrilla was an acceptable host plant when it 
was tested along with five other plant species. However, adults were produced in 
the Pakistani tests on three species of Potamogeton and on Vallisneria spiralis L. 
Sankaran and Rao (1972) reported collecting larvae of P. diminutalis in India on 
Potamogeton nodosus Poir., Nymphaea nouchali Burm., and Najas indica 
(Willd.) Cham. When P. diminuta/is was first collected in Florida, limited host 
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range tests were conducted to determine if it was indeed polyphagous or whether 
it was sufficiently specific to be redistributed for control of hydrilla (Habeck, 
personal communication). Those tests indicated that it was polyphagous. 
Surprisingly, it was found only on hydrilla in field studies in Florida (Balciunas 
and Habeck 1981). 

METHODS AND MATERIALS 

All experiments were conducted at the Biological Control Laboratory, Florida 
Department ofAgriculture and Consumer Services, Gainesville. Most experiments 
were conducted in quarantine. 

Test insects were mostly from a laboratory colony established with eggs and 
larvae collected in the Rio Chagres in November 1980 near Gamboa, Panama, by 
J. K. Balciunas. Additional test insects were collected when needed in Orange and 
Lochloosa Lakes, Alachua County, Florida. 

Most of the hydrilla used in the experiments and to maintain the colony were 
collected periodically at Manatee Springs, Levy County, Florida. Additional 
hydrilla was collected at Orange and Lochloosa Lakes or was grown in outdoor 
pools at the laboratory. The test plants in the host range studies were fro 
various sources: field collected, laboratory pools, or aquatic plant dealers. 

The laboratory colony was maintained in a large wooden cage in a greenhouse. 
Basically it consisted of a 2.4-m-square waterproof box that was 0.27 m deep and 
filled with water and hydrilla. A 1-m-high frame covered on the sides with nylon 
organdy was attached to the box, which sat on legs about 0.9 m high. The frame 
was covered on top with a translucent fiberglass panel with sleeve openings on 
the sides to allow access to the cage. Water was slowly added to the box so that 
there was a constant overflow through the organdy. In addition, the colony was 
reared in 3.79-1 jars filled with water and hydrilla and covered on top with nylon 
organdy. The jars were kept in a greenhouse and a temperature- and humidity
controlled rearing room. Plant material was added when necessary. The water in 
the jars was changed periodically and the jars bleached weekly. 

Biological Studies 

Individual larvae were confined in 28.4-ml plastic cups with lids ana were 
examined daily to determine the instar. Measurements were made of the head 
capsules of these living larvae to give estimates for the instars. Exact 
measurements were later made with preserved larvae. All measurements are 
reported as x± SD (range, number). 

Neonate larvae mortality was tested in 28.4-ml plastic cups with lids. Most 
larval rearings were made either in these small cups, in 0.95-1 jars, 3.79-1 jars, or 
266-mt styrofoam cups. Larvae periodically were checked for condition of food 
and water. Counts of live larvae, dead larvae, cases, and pupae and general 
observations were made at this time. Larval developmental times were determined 
at different temperatures with 16-hr photophaaes in environmental chambers. 
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Adult longevity and fecundity were determined by confining newly merged 
adults in Plexiglas cylinders about 42 cm high with a 14.5 cm inside diameter. A 
small amount of water and hydrilla was placed in the enclosed bottom of the 
cylinder. The cylinder was covered on top with nylon organdy. 

Host Range Studies 
Oviposition tests. Oviposition tests were conducted by confining individual 

females in rectangular plastic boxes, 29.8 x 14 x 12 cm, containing shallow water 
and the stems of four test plants. There were five replicates in each test. 

Larval no-choice tests. Eggs ready to hatch containing larvae with 
well-developed head capsules were placed in 0.95- or 3.79-£ jars containing stems 
of single plant species. Various numbers of eggs were added to the jars, which 
were held in temperature-controlled greenhouses. Plant material was added 
whenever needed and the water was changed weekly or more often if necessary. 
The numbers of adults and sometimes pupae produced in the jars were recorded. 
The plant species tested are listed in Table 1. 

A test with larvae confined individually on the test plants was also conducted 
in the greenhouse. Eggs ready to hatch were added initially to 29.6-m£ plastic cups 
but later the medium-sized larvae were transferred to 266-m£ styrofoam cups. 

Larval choice tests. Hydrilla was paired with the test plant species in 0.95-£ 
jars in the greenhouse. Ten eggs ready to hatch were added to each jar and the 
number of larvae were counted on each test plant after various periods. 

RESULTS AND DISCUSSION OF BIOLOGICAL STUDIES 

The eggs of P. diminutalis were deposited in masses on hydrilla plants lying at 
the water surface. The neonate larvae fed on the leaves and some made cases with 
small pieces of leaves. Second and later instars lived in tubular cases similar to 
those of caddisflies. Most feeding was on the leaves but the stems were also eaten. 
The cocoon was tightly attached to the stem. The moths emerged, mated, 
oviposited, and died within a few days. 

Egg Stage 
Description. Eggs were circular at deposition; changing to elliptical as the 

larva developed; dorsoventrally compressed; chorion smooth; bright yellow at 
deposition turning whitish as the embryo developed; transparent at hatching; 
size at hatching: length 0.44 ± 0.22 m (n =10), width 0.34 ± 0.02 mm. 

Deposition. The eggs (Figure 4) were deposited in masses on leaves or stems of 
plants lying at the water surface. They were also placed readily by the females on 
moist filter paper in petri dishes or on the sides of Plexiglas cylinders at the 
waterline. The masses varied greatly in size, with an average of29.66 ± 19.39 eggs 
per mass (n =112) for those deposited on hydrilla. Within a mass the eggs were 
arranged in loose rows. Most of the larvae in a mass were oriented in the same 
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Table 1
 
Summary ofGreenhouse No-Choice Development Tests with
 

Multiple Larvae ofParapoynx diminutalis· 

Test Plants Common Name 

Total 
Eggs 

Tested 

Total 
Number of 
Replicates 

Type 
of 

Tests·· 
-

% Adults 
Mean±SD 

(Range) 

Nymphaea sp. t +N. odoratatt 
Hydrilla verticillata 
Cabomba pulcherrima 
Hygrophila polysperma 
Egeria densa 

Waterlily 
Hydrilla 
Purple fan wort 
Hygrophila 
Egeria 

10 
250 

98 
110 
50 

1 
8 
7 
2 
2 

C 
A,B 
B,C,G 
C,E 
B 

50 
47.75± 21.7(14-68) 
40.7 ± 31.9 «(}'90) 
38.0 ± 45.2 (6-70) 
34.0 ± 25.4 (16-52) 

Vallisneria americana 
Najas guadalupensis 
Ceratophyllum demersum 
Najas minor + 

N. guadalupensistt 

Watercelery 
Southern naiad 
Coontail 
Slender naiad 
Southern naiad 

160 
50 
70 

50 

13 
2 
7 

2 

C,D 
B 
C 

B 

27.3 ± 21.3 «(}'70) 
24.0 ± 33.9 «(}'48) 
22.9 ± 21.4 «(}'84) 

20.0 ± 5.6 (16-24) 

Zanichellia palustris + 
Eleocharis sp.tt 

Eleocharis sp. 
Myriophyllum spicatum 
Mayaca fluvialis 

Homed pondweed 
Dwarf spikerush 
Dwarf spikerush 
Eurasian watermilfoil 
Bogmoss 

60 
100 
120 
100 

3 
2 
4 
2 

D 
A 
A,C 
A 

16.6 ± 28.8 «(}'50) 
13.0 ± 1.4 (12-14) 
7.5 ± 8.6 «(}'20) 
5.0 ± 4.2 (2-8) 

Ruppia maritima 
Polygonum sp. 
Myriophyllum heterophyllum 
Nymphaea odorata 
Utricularia folios a 

Widegeongrass 
Smartweed 
Broadleaf watermilfoil 
Fragrant waterlily 
Bladderwort 

150 
50 

150 
250 
50 

4 
1 
4 
6. 
2 

A,B 
A 
A,B 
A,B 
B 

4.5 ± 5.2 «(}'12) 
4.0 
4.0 ± 4.6 «(}'8) 
0.7 ± 1.6 «(}'4) 
0 

Utricularia biflora Bladderwort 50 2 B 0 
Proserpinaca palustris 
Oryza sativa L. 'Saturn' 
Nuphar sagittifolium 
Nitellasp. 

Mermaidweed 
Saturn rice 
Spatterdock 
Nitella 

20 
220 
210 
20 

2 
3 
3 
2 

C 
C,G 
C,G 
C 

0 
0 
0 
0 

Salvinia rotundifolia Common salvinia 100 2 A 0 
Lemnaminor Common duckweed 100 2 A 0 
Bacopa caroliniana 
Azolla caroliniana 
Nuphar advena 

Bacopa 
Waterfern 
Spatterdock 

179 
150 
170 

4 
4 
4 

A,H 
A,B 
A,D 

0 
0 
0 

Nymphoides aquaticum 
Pistia stratiotes 
Sagittaria subulata complex 
Sagittaria isoeteformis 
Potamogeton illinoensis 

Bananalily 
Waterlettuce 
Arrowhead 
Arrowhead 
Illinois pondweed 

200 
150 
130 
60 

120 

4 
4 
7 
3 
6 

A 
A,B 
C,D 
D 
D 

0 
0 
0 
0 
0 

Marsilea sp. 
Isoetes sp. 
Echinodorus sp.t 
Nasturtium officinale 

Marsilea 
Isoetes 
Burhead 
Watercress 

100 
100 
120 
100 

2 
2 
4 
2 

A 
A 
A,C 
A 

0 
0 
0 
0 

Limnobium spongia Frogbit 70 4 B,C 0 

• All tests were initiated with eggs that had well-developed larvae visible inside; replicates were initiated when 
larvae were available from November 1980 through May 1981. 

••	 A-50 eggs/0.95-1 jar D - 20 eggs/3.79-1 jar G -8 eggs/0.95-1 jar 
B - 25 eggs/0.95-1 jar E - 100 eggs/0.95-1 jar H - 29 eggs/0.95-1 jar 
C - 10 eggs/0.95-1 jar F - 200 eggs/3.79-1 jar 1- 5 eggs/0.95-1 jar 

t Ornamental species from aquatic plant dealer. 

tt Test initiated with the first species, but the second species was substituted when the first was no longer 
available. 
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Figure 4. Larvae of P. diminutalis hatching from eggs on a hydrilla stem 

direction. However, often the larvae in a row or portions of rows were oriented in 
the opposite direction, indicating that the female shifted while ovipositing or 
changed the direction of her ovipositor. 

Development. The first sign of development was a change of color from yellow 
to whitish. The position of the head was indicated initially by two small dark 
eyespots near one end. The head later darkened to light brown with dark 
mandible tips. The curled embryo developed lying on its side and within a few 
hours prior to hatching it actively moved within the egg. The time of development 
was 4-6 days at 28°-30°C. Eggs normally developed underwater but those held 
outside of water on moist filter paper also developed. 

Larval Stage 
Description. There are seven instars: 1° - whitish almost transparent; no 

tracheal gills; orange malpighian tubules visible; one pair of long anal setae 
(0.20-0.22 mm); smaller setae in longitudinal rows dorsally and along each side; 
head capsule light brown with dark brown ocelli and epicranial suture; mandibles 
reddish; light brown pronotal shield about equal to width of head; length of 
neonates about 0.95 mm, width of head capsule 0.21 ± 0.01 mm, range =0.20-0.24, 
n =18. I1°-VIIo - whitish to yellowish just before pupation; trachael gills present 
along each side, number increasing in each instar; head capsule light brown with 
scattered small dark spots (Figure 5) which are not present on that of JO instar, 
length increasing with each instar to 11.45 ± 2.5 mm (7.52-14.08, 7) at maturity; 
instars best separated by width of head capsule: 11° - 0.29 ± 0.02 (0.26-0.30, 5), 111° 
-0.42 (1), IVo - 0.62 ± 0.03 (0.60-0.66, 8), VO - 0.81 ± 0.51 (0.75-0.90, 16), VJO - 1.02 ± 
0.02 (0.98-1.06,30), VIIo -1.15 ± 0.04 (2.20-2.30,18). 
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Figure 5. Mature larva of P. diminutalis on hydrilla 

Development. The duration of the larval stage at 26.7°e was 21-35 days. 
Although the number of days for each instar were not determined exactly, they 
were about: 1° - 4 days, IlO - 3, IIlo - 3-5, IVo - 2-3, VO - 2-5, VIc - 3-8, VIlo - 3-9. The 
rate of development was related directly to temperature. The durations of the 
larval stage at various temperatures were: 22.2°e, 32.2 ± 7.3 days (23·48, 29); 
23.3°-25.6°e, 28.0± 2.8 days (21-37,11); 26.7°e, 27.1± 3.8 days (21-35,17); 30.6°e, 
20.8 ± 4.1 days (17-31, 20). 

Behavior. The newly emerged larvae (neonates) were active crawlers and, 
although some began feeding immediately, many wandered about the containers 
before settling on plants. It was not unusual to find that some had crawled out of 
containers that were not covered. These neonates fed on the leaf both by scraping 
the surface so that the leaf was transparent and by eating portions of the leaf. 
Most fed without a case but some made a simple case by cutting a small (ca. 2 mm 
long) piece of leaf and attaching it to the leaf surface. Some second instars fed 
without a case but most made simple cases. All later instars made tubular cases 
by cutting leaves or stems and tying them together (Figure 6). The cases were 
similar to those of some caddisflies. The larvae fed on the leaves from these cases 
which they carried with them. However, larvae were often observed at night in 
the containers crawling without" cases. One night many larvae were observed 
outside their cases clustered together near the surface in an aerated jar that had a 
fluorescent light lying on top. Whether this was a positive response to light or just 
to the heat or some other factor was not determined. Leaves were consumed most 
readily; however, portions ofthe stem were also consumed during heavy feeding. 

Mortality. Although the neonates often crawled out of the containers, they 
were not able to develop outside water. All (30) died within 1 hr in dry conditions 
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Figure 6. Larval cases of P. diminutalis constructed 
ofhydrilla leaves and stem 

at 22.2°C. They survived in moist containers for 2.25 ± 0.6 days (1.3-3, 30) without 
hydrilla and for 4.3 ± 1.2 days (3-5, 30) with hydrilla. In the greenhouse at 
14.4°-26.7°C, 42 percent survived 6 days in water without hydrilla but none 
survived 14 days. 

Early larval mortality (within first 2 weeks) was greater than or equal to 50 
percent in 10 of the 21 tests where individual larvae were monitored. There were 
no obvious causes for this; however, mortality was generally less when eggs ready 
to hatch containing active larvae were transferred rather than neonates. Early 
instal' larval mortality in greenhouse experiments was similar to that in 
laboratory and temperature cabinet experiments; however, later instal' mortality 
was less and more adults were produced in the greenhouse. Aeration of the water 
did not improve survival in the small containers with individual larvae, but it did 
appear to do so in the large jars with multiple larvae and many hydrilla stems. 
The dissolved oxygen in a gallon jar about half-filled with hydrilla stems and 
completely filled with water dropped to 1.4 ppm without light on the jar. 

Cannibalism was not observed, though mortality was generally higher when 
large numbers oflarvae were present, especially in the early instal'S. 

Researchers in Florida occasionally have damaging infestations of P. 
diminutalis in their experimental pools and wish to eliminate the larvae. A 
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commercial preparation of Bacillus thuringiensis, Dipel Hg, at about 10 percent of 
the dosage recommended as a garden spray, produced 80 percent mortality within 
4 days compared to no mortality in the controls. The surviving larvae in the Dipel 
jars had not fed and were dead when observed at 10 days. This microbial pesticide 
is not registered for aquatic environments, so its use is limited to experimental 
pools. 

Pupal Stage 
Description. The pupa was similar to those of other species of Parapoynx. It 

was narrow, elongate, with three distinct spiracular tubercles along each side and 
two strong dark setae on top of the head. The female pupa was differentiated most 
easily from that ofthe male by the length of the antennae. The female's antennae 
ended in the 4th abdominal segment just before the wing tips, whereas the male's 
antennae exceeded the wing tips and ended in the 5th abdominal segment. The 
female pupa was also larger than the male pupa. The abdomen expanded in 
length as the pupa darkened prior to emergence. The pupal measurements were: 
female - length 7.82 ± 0.34 mm (7.14-8.33, 11), width 2.09 ± 0.10 (1.96-2.30, 11), 
width including spiracles 2.31 ± 0.09 (2.21-2.47, 11); male - length 6.63 ± 0.20 
(6.12-6.80, 10), width 1.67 ± 0.11 (1.45-1.79, 10), width including spiracles 1.84 ± 
0.11 (1.62-1.96, 10). The lengths of darkened pupae were: female - 8.97 ± 0.05 
(8.93-9.01,4); male 7.9 (1). 

The pupa was enclosed in a white silken cocoon (Figure 7) that was firmly 
attached parallel to the stern. Some cocoons were attached at only one end of the 
cocoon so that they were perpendicular to the stern. The cocoons were covered 
with leaves as were the larval cases. The pupae obtained oxygen through holes in 
the cocoons that corresponded with one to four excavations of various sizes made 

Figure 7. Cocoon of P. diminutalis on hydrilla stem 
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in the stems by the larvae. Lekic (1970) has illustrated similar holes in the cocoons 
of P. stratiotata, which attack Eurasian watermilfoil in Europe. The size of the 
cocoons varied but generally the female's cocoons were longer than the male's. 
The cocoon lengths were: female -11.50 ± 1.19 mm (9.52-12.53, 9); male -9.47 ± 1.11 
(8.35-11.69,10). 

Development. The mature larva (prepupa) remained immobile for 1.2 days 
inside the cocoon before pupating. The duration of the pupal stage at 26.7°C was 
from a minimum 4-5 days to a maximum 6-10 days (n = 11). It was 6-7 days for 10 
pupae checked daily. Distinct color changes were associated with development. 
The newly formed pupa, changed from white to yellow. The eyes darkened to red 
and then dark brown. The entire pupa was dark and the wing pattern was visible 
shortly before emergence. The pupa actively moved its abdomen when disturbed 
during the first few days but it was immobile during the last few days. If the stem 
section was only a few centimetres long or if it became waterlogged, the pupa 
died. Pupae developed normally when removed from the cocoon to moist 
sphagnum or filter paper in closed containers. From 17 pupae removed from 
cocoons to sphagnum, 14 adults emerged compared to 8 adults that emerged from 
57 pupae left in the cocoons on stems, 10-12 em long, in test tubes. 

Adults 
Description. The adults were white with light brown or tan stripes on the 

wings and body. Variable amounts of black scales masked portions ofthe stripes. 
The female (Figure 8) had a wider wingspread, more pointed forewings, a more 
robust abdomen, and relatively shorter antennae than the male (Figure 9). The 
wing patterns of both sexes were similar although the male generally had more 
black on the wings. In both sexes the amount of black generally varied inversely 
with the temperature at which the larva was reared. The species of host plant also 

Figure 8. Parapoynx diminutalis female 
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Figure 9. Parapoynx diminutalis male 

appeared to influence the amount of black. Both sexes generally held the wings 
outspread and pressed to the substrate while sitting. If disturbed, however, they 
often flew and landed with the forewings facing backward and covering the 
hindwings but not overlapping the body. 

Development and longevity. The time required for development from 
neonates to adults varied greatly with temperature but not with sex. The female 
mean was generally higher than the male's, but it was never significant. The 
developmental times were: 22.2°C, 44 ± 5.1 days (37-58, 21); 30.6°C, 27 ± 3.7 (25-38, 
16); 33.3°C, 25.9 ± 4.1 (22-27, 12); 33.3°C:22.2°C* (LD 16:8), 21.5 ± 2.2 (19-26, 27); 
36.1°C, 21.1 ± 2.8 (17-26, 20). The differences in means were significant except 
between those at 30.6° and 33.3°C and at 33.3°C:22.2°C and 36.1 DC. These latter 
means were not significantly different. Development was favored by lowering the 
nighttime temperature similar to the natural conditions. No adults were obtained 
at 14°C and 38°C. A few adults (15 percent) were obtained at 19.4°C, 59.8 ± 3.1 
days (58-66, 6). 

Although the complete developmental time from newly deposited egg to adult 
was not determined, it should be about 29-44 days at 30°C. This figure was 
obtained by adding the range for egg development, 4-6 days at 30°C, to the range 
for larval-pupal development, 25-38 days at 30.6°",. 

There was no significant difference in the mean longevity of males and females. 
The mean longevities at 22.2°-25.6°C in greenhouses were: males, 5.1 ± 2.2 days 
(1-10, 24); females, 6.3 ± 3.1 (2-17, 20). At a constant 24.4°C in a temperature 
cabinet, they were: males, 4.0 ± 1.4 (3-6,6); females, 4.3 ± 0.6 (4-5,3). 

Fecundity. Newly emerged females reared on hydrilla at different temperatures 
were dissected to determine their egg complements. The results of these 

• Alternating light-dark (LD) temperatures. 
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dissections were: 19.4°C, 119.5 ± 64.0 eggs/female (25-167,4); 22.2°C, 196 (196,1); 
25.0°C, 163.0 ± 116.0 (51-283, 3); 26.7°C, 343.6 ± 87.2 (205-423,7); 30.6°C, 231.5 ± 
59.1 (130-297,11); 30.6°C:22.2°C (LD 16:8),313.4 ± 58.5 (218-419,19); 33.3°C, 263 ± 
52.9 (194-334, 7); 33.3°C:22.2°C (LD 16:8), 332.7 ± 86.9 (234-483,7); 36.1°C, 213.0 ± 
69.1 (143-337, 7); 36.1°C:30.6°C (LD 16:8), 216.5 ± 50.1 (130-289, 12). The females 
were significantly more fecund when the larvae were reared at the constant 
temperature of 26.7°C or at the alternating light-dark temperatures of 
30.6°C:22.2°C and 33.3°C:22.2°C. Those reared at a constant 33.3°C were 
intermediate and were not significantly different from the preceding three 
regimes nor from the 25.0°C, 36.1°C, and 36.1°C:30.6°C regimes. In earlier 
oviposition experiments, 26 mixed females that had been reared at temperatures 
from 21.1°C to 26.7°C deposited a mean 222.9 ± 140.6 eggs/female (3-524, 26). 
Four of the females deposited less than 30 eggs each and, if their totals are 
disregarded, the mean for the remaining 22 females was 261.2 ± 116.3 (108-524). 
Fourteen of these 22 females were dissected at death and had a mean 5.3 ± 13.2 
eggs/female (0-45) remaining in their ovaries. Apparently under our laboratory 
conditions most females that were stimulated to oviposit more than a few eggs 
deposited all or most of their eggs before dying. 

Behavior. The adults began emerging in a large greenhouse cage within 
approximately 30 min after dusk and began flying about 30 min later. They sat on 
the emersed hydrilla stems, the sides of the cage, or the water surface while their 
wings expanded. If disturbed at this time, they ran quickly across the hydrilla or 
the water surface. Even though unable to fly during these first few minutes, they 
would not be easy prey for all predators. Mating was not observed until about 3 hr 
after dusk, although females were observed ovipositing within the first hour after 
dusk. Apparently the ovipositing females were at least 1 day old and had already 
mated. Mating pairs rested facing in opposite directions for at least 30 min, but 
the maximum length of mating was not determined. The ovipositing female sat 
above the water surface and inserted her ovipositor into the water to oviposit on 
leaves or stems as described in the section on the egg stage. Eggs were also placed 
occasionally just above the water surface. No females in our experiments 
oviposited before the second night, although they apparently mated the first 
night. There would probably be heavy mortality ofthese females both in Panama 
and Florida before they could oviposit since the hydrilla mats extend considerable 
distances from shore. In their native habitats they probably evolved in smaller 
water bodies with extensive protective vegetation on the shore nearby. 

Adults that had been held in a refrigerator for several days without free water 
were observed on two occasions apparently imbibing water from the wet surface 
of leaves after their removal to room temperature. The proboscis was short but 
apparently functional. There was no difference in the longevity of adults held 
with sugar water versus those held with water. 

Adults were attracted to both incandescent lights and ultra-violet blacklights 
placed on the side ofthe greenhouse cage, but they did not respond to the red light 
which allowed them to be observed without disturbance. 

Field observations. Populations of P. diminutalis were present in several 
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Figure 10. Surface stems of hydrilla defoliated by P. 
diminutalis larvae at Lochloosa Lake, Florida 

waterways near Gainesville as previously reported by Balciunas and Habeck 
(1981). Noticeable larval damage (Figure 10) was observed in Orange and 
Lochloosa Lakes from about August to November during 1981 and 1982. The 
amount of damage varied among the mats but occasionally as many as 75 percent 
of the surface stems of a mat were leafless. The moth populations appeared to be 
heavily disrupted by the winter decline of hydrilla and probably by low water 
temperatures. Herbicide spraying may have also been a factor since areas heavily 
attacked one year were often sprayed the next. Although the moth populations 
have not controlled hydrilla to any noticeable extent, they have at least added 
stress to the hydrilla plants. This stress may make the plants more susceptible to 
native diseases, as has been observed with waterhyacinth and its weevils, or to 
herbicides. Other species of submersed plants besides hydrilla have been 
searched for P. diminutalis larvae in locations where the moth occurs. Immatures 
have been found near Gainesville only on Potamogeton illinoensis (eight larvae), 
Ceratophyllum demersum (one pupa), and Najas guadalupensis (two larvae). In 
the area near Gainesville, P. diminutalis apparently attacks almost exclusively 
hydrilla. 
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RESULTS AND DISCUSSION
 
OF HOST RANGE STUDIES
 

The host range studies were initiated to determine if "P. rugosalis" was safe for 
introduction. When the specimens were later identified as P. diminutalis, not P. 
rugosalis, the studies in progress were continued in order to more completely 
define the host range ofthis introduced species. 

Oviposition Tests 
When hydrilla was present with Brazilian elodea (see Table 1 for scientific 

names), Illinois pondweed, and southern naiad, there were no significant 
differences in the number of eggs deposited on the first three species. No eggs 
were placed on southern naiad; however, in other nonreplicated tests, that species 
received more eggs than hydrilla. When hydrilla, fanwort, dwarf arrowhead, and 
watercelery were compared, no eggs were placed on dwarf arrowhead, but there 
were no significant differences in the numbers of eggs placed on the other three 
species. In another test there were significantly more eggs placed on coontail than 
on hydrilla and spikerush, but not more than on Eurasian watermilfoil. There 
were no significant differences among the latter three species. When coontail was 
present with fanwort, Illinois pondweed, and Brazilian elodea, there were no 
significant differences. These results, along with the results of additional 
nonreplicated trials, indicate that at least in small containers the females do not 
prefer hydrilla over other potential hosts or else do not discriminate. 

Larval No-Choice Tests 
The results of greenhouse tests with multiple larvae confined to jars of single 

plant species are summarized in Table 1. Complete development to adults took 
place on 14 plant species plus on 3 combinations that included an additional 3 
species. The highest percentage of adults (90 percent) was produced in one 
replicate offanwort but the highest mean was on hydrilla. The single jar that was 
initiated with an Asian waterlily and then completed with a native waterlily 
when the first was no longer available produced many more adults than those 
with only the native waterlily. Waterlily was recorded as a natural host in India 
by Sankaran and Rao (1972); however, no larvae have been found on waterlily in 
Florida. No adults were produced on Illinois pondweed in these jars even though 
larval feeding readily destroyed the plants. Unfortunately, we did not have an 
abundance of plants of this species and the complete lack of successful 
development may have been due to plant condition. Cocoons were formed but the 
pupae did not survive on the damaged plants. This species was a host in other 
tests. Pupal survival was also low on dwarf spikerush and Eurasian watermilfoil. 
Larvae fed and developed on the bladderworts but the plants did not provide air to 
the pupae. In the two replicates on U. {oliosa, 76 and 85 percent of the larvae 
reached medium size and 12 percent in one replicate pupated, but unsuccessfully. 
No larvae pupated in the replicates with U. bi{lora but 76 and 100 percent reached 
at least medium size. In two replicates on rice, 40 percent in each'reached medium 
size but none pupated. 
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The results of a greenhouse test with larvae confined individually on the test 
plants are presented in Table 2. The percentages of adults produced on the test 
plants were mostly equal to or greater than the means in the previous tests with 
multiple larvae. The greatest difference was with Illinois pondweed on which 47.4 
percent of the larvae produced adults compared to none in the tests with multiple 
larvae. When the larvae pupated in these individual containers, the pondweed 
remained in good condition providing air to the pupae. A similar increase in 
survival was obtained with widgeongrass. The larval-pupal developmental period 
was similar on most of the plant species except on watercelery and spikerush 
which had significantly longer periods than hydrilla and some of the others. In 
another test, however, the developmental period on spikerush was similar to that 
on hydrilla. 

Many tests were initiated with large numbers oflarvae confined individually in 
small cups placed at different temperatures in environmental chambers. 
Mortality was extremely high in most of these tests for unknown reasons. In one 
test at 26.7°C with 20 larvae per plant species, 35 percent of the larvae produced 
adults on fanwort, 20 percent on coontail, 10 percent on hydrilla, 5 percent on 
Brazilian elodea, 5 percent on slender naiad, 0 on salvinia, and 0 on waterlettuce. 

Table 2
 

Results of a Greenhouse No-Choice Development Test with
 
Individual Larvae of Parapoynx diminutalis·
 

Total Larval-Pupal Developmental 
Common Egg8 % % Periods (DaY8)·· 

Te8tPIant Name Te8ted Pupae Adult8 Mean ± SD (Range, N) 

Myriophyllum Eurasian 
spicatum watermilfoil 19 63.2 63.2 32.3 ± 4.7 (29-43, 12) 

Cabombasp. Fanwort 19 63.2 57.9 33.3 ± 4.9 (27-41,11) 

Egeria densa Egeria 19 57.9 57.9 44.7 ± 6.4 (37-54, 11) 

Najas guadalupensis Southern naiad 19 63.2 52.6 38.8 ± 3.3 (34-43, 10) 

Potamogeton 
illinoensis lllinois pondweed 19 57.9 47.4 33.4 ± 2.7 (29-37,8) 

Hydrilla verticillata Hydrilla 19 57.9 47.4 35.0 ± 3.4 (29-41,9) 

Hygrophila sp. Hygrophila 19 47.4 47.4 33.8 ± 1.4 (33-37, 8) 

Vallisneria 
americana Watercelery 20 50.0 45.0 42.8 ± 3.6 (36-47,9) 

Ruppia maritima Widgeongrass 19 42.1 42.1 42.0 ± 7.0 (33-49,8) 

Myriophyllum Broadleaf 
heterophyllum watermilfoil 19 31.6 26.3 43.8 ± 8.7 (34-57,5) 

Eleocharis sp. Spikerush 19 36.8 15.7 49.7 ± 3.8 (47-59, 3) 

Ceratophyllum 
demersum Coontail 19 10.5 10.5 41.0 ± 0 (2) 

Mayaca fluvialis Bogmoss 19 5.3 5.3 50.0 (1) 

...	 Mature eggs placed initially in 29.6-mf plastic cups; medium-sized larvae transferred to 266-ml styrofoam 
cups. 

...... Greenhouse temperatures, 24° ± 1°C, except one night when the minimum was 14.4°C. 
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When groups of 10 medium-sized larvae were transferred from the rearing 
containers with hydrilla to jars containing either hydrilla or a test plant, they 
produced adults as follows: hydrilla (4 jars) 60-90 percent adults, dwarf spikerush . 
(2) 40 percent each, parrotfeather (Myriophyllum aquaticum (VeIl. Verde.)) (2) 
20-30 percent, watercress (1) 10 percent, mermaidweed (1) 20 percent, unidentified 
grass (1) O. Apparently the host range for larval development is broader for 
medium-sized larvae than for young larvae. 

Larval Choice Tests 
Plants that had been exposed to females in the oviposition tests were placed 

together without disturbing the eggs. When the larvae were medium sized, they 
and the total attached cases were counted on each plant species. The results were 
as follows: frogbit, 0 larvae, 0 cases; spatterdock, 0 larvae, 0 cases; Illinois 
pondweed, 0 larvae, 13 cases; Brazilian elodea, 35 larvae, 63 cases; hydrilla, 16 
larvae, 23 cases; southern naiad, 10 larvae, 3 cases; coontail, 0 larvae, 8 cases. 

When hydrilla was paired with another plant species in the greenhouse and 
exposed to larvae for 12 days, there were significantly more cases on hydrilla 
than on fanwort and Illinois pondweed but significantly less than on Eurasian 
watermilfoil and coontail. There was no difference between hydrilla and dwarf 
spikerush. The cases were not opened to count the medium-sized larvae. 

Additional pair tests were initiated with the mature eggs in the greenhouse, and 
the larvae on each plant species were counted at 6 days and again at 13 days. 
There were significantly more larvae on hydrilla than on the following: fanwort, 
Illinois pondweed, and dwarf 8pikerush on both days, Brazilian elodea at 6 days, 
and coontail at 13 days. There were no differences with the latter two species on 
the other days nor with southern naiad and Eurasian watermilfoil on both days. 
Other pair tests were checked on various days. Hydrilla had more larvae than 
hygrophila (7, 14 days), southern naiad (7, 14 days), watercelery (6, 13 days), 
fanwort (10 days, not 4 days), and Brazilian elodea (14 days, not 21 days), but not 
more than coontail (4,10 days) and fanwort (12, 19 days, 2nd replicate). 

The results of these choice tests were variable but generally hydrilla was 
preferred. This may explain why P. diminutalis has been found mostly on 
hydrilla in the field. The other plant species that appear to be the best candidate 
for attack by P. diminutalis, based upon both the choice and no-choice tests, are 
Eurasian watermilfoil and Brazilian elodea. Coontail, southern naiad, and 
fanwort are also good candidates and, in fact, larvae have already been found in 
the field on the first two species. Larvae also have been found in the field on 
·111inois pondweed and, even though pondweed supports development, the larvae 
do not accept it as readily as the other species. 

CONCLUSIONS 

Parapoynx diminutalis appears to be well established both in Panama and 
Florida. Its potential to extensively damage or control hydrilla is much greater in 
Panama because of the warm climate. In Florida, at least near Gainesville, the 
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cool water temperatures in autumn and winter and the decline in hydrilla reduce 
the larval populations to almost undetectable levels. The populations near 
Gainesville rebound quickly, however, so that by late summer the defoliation of 
surface hydrilla stems is often extensive. If eggs or adults were released when 
hydrilla reached the water surface, perhaps the population of P. diminutalis 
would increase fast enough to at least slow the surface growth of hydrilla. 
Extensive defoliation might also make the plants more susceptible to herbicides. 

Surprisingly, P. diminutalis has been found almost entirely on hydrilla in the 
field. Only a few individuals have been found on other plant species even though 
the populations of those other plant species were large. The host range studies, 
however, showed that development was possible on a wide range of hosts. 
Perhaps as P. diminutalis extends its range in Florida and increases in 
abundan~e, other plant species, for example Eurasian watermilfoil or Brazilian 
elodea, will be attacked. In any case, these studies indicate the difficulty in 
adequately predicting that an insect is unsafe for introduction based upon 
polyphagy in laboratory experiments. The broad "enforced" host range and the 
apparent lack of survival at cold temperatures suggest that P. diminutalis might 
be able to be manipulated for control of other plant species in cold climates. For 
example, releases might be made in a waterway infested with one or several host 
plants and, even if the larvae destroyed those plants during the summer, winter 
would eliminate the P. diminutalis population. Additional temperature experi
ments should be conducted ifthis technique is ever considered. 
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INTRODUCTION
 

Background 
It is widely recognized that aquatic plants are necessary to the maintenance of 

all other forms of aquatic life and have various favorable effects on the aquatic 
environment. Excessive aquatic plant growths, however, have a detrimental 
effect on water quality and use. They interfere with flow and utilization of water 
for irrigated agriculture; cause severe problems to navigation in streams and 
inland waterways; limit recreational activities such as fishing, swimming, and 
boating; present health hazards by providing breeding sites for mosquitoes and 
other insect pests; and depress values of real estate along canals, streams, and 
lakes. 

Management of aquatic plants is primarily accomplished with herbicides; 
however, the number of chemicals registered nationally for aquatic use and 
available to the water manager has decreased dramatically in recent years. 

The reduction in the number of available chemicals is due to the loss of 
registration of older chemicals, usually because of adverse environment impact, 
and to the reduction in number of new chemicals being developed by industry. 
With the assistance of government, industry, and university laboratories, the 
search for new chemicals and new technology should be expanded. 

Safer and more effective herbicides and growth regulators need to be developed 
for selective removal and for inhibition of regrowth of noxious aquatic species at a 
lower cost. Techniques of formulating chemicals used in water which will reduce 
environmental impact, as well as increase efficacy, also need to be evaluated. 

The evaluation of controlled release (CR) herbicide formulations for use in 
aquatic plant management has been one of the major objectives of our program 
during the last few years. The concept of CR formulations is to allow a prolonged 
exposure of the target plants to a sustained low concentration of a given 
herbicide. The effective use of CR herbicides appears to hold great potential for 
long-term management of aquatic plant growth with much less chemical required 
for the same period of activity. 

Hydrilla (Hydrilla verticillata Royle) is presently one of the most troublesome 
aquatic weeds in many southeastern states and is spreading at an alarming rate 
to other areas of the country. One major problem encountered in controlling 
hydrilla is the fast regrowth of the plant from vegetative propagules, i.e., tubers 
and turions. Hydrilla tubers are buried in the hydrosoil and are therefore immune 
to conventional control techniques. For extended hydrilla control, it would be 
necessary to find chemicals that are translocated to regenerative tissues and 
inhibit regrowth, or chemicals that could be applied preemergence and attack 
emerging new growth. 

Dichlohenil (2,6-dichlorobenzonitrile) has been shown to have herbicidal 
activity toward germinating seedlings of many weed species. The effect of this 
herbicide on aquatic plants was first reported by Bamsley (1960) who found that 
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Salvinia auriculata Aubl. exhibited severe sprout inhibition after treatment of 1 
ppm dichlobenil. Later studies showed high activity of dichlobenil against many 
other aquatic species (Walker 1964; Hiltibran 1966; Taylor 1968; Weldon, De Rigo, 
and Blackburn 1968; Durden and Blackburn 1972). In recent field tests conducted 
by Steward (1980), hydrilla regrowth was controlled over 48 months in one of the 
three replicates treated with 11 kg/ha dichlobenil. Regrowth was associated with 
disappearance of the herbicide in the water. Various studies have been conducted 
in our laboratory during FY 82 to evaluate the potential of several CR 
formulations of dichlobenil to maintain inhibitory levels ofthe chemical in water 
for long-term control ofhydrilla regrowth from propagules. 

Fluridone (1-methyl-3-phenyl-5-[3(trifluoromethyl)phenyl] - 4(1H)-pyridinone) is 
a relatively new preemergence herbicide for use on cotton (Waldrep and Taylor 
1976). The chemical was later found to possess high activity against new growth 
of hydrilla and other aquatic vascular plants at low application rates (Arnold 
1979). Results of our studies with 14C-fluridone, however, indicated a sigmoid
shape uptake curve by hydrilla, with very slow uptake rates during the first few 
days after treatment. The slow initial uptake may present a problem in the control 
of submersed aquatic plants with this herbicide in flowing waters, such as in 
irrigation and drainage canals. One logical approach to improving the uptake 
characteristics offluridone is by incorporating the herbicide in a CR formulation. 
The CR formulation would be designed to provide adequate plant contact through 
timed release of the herbicide, thereby increasing the chances for plant uptake. 
During FY 82, a monolithic fiber containing fluridone was evaluated for control of 
hydrilla regrowth in flowing water. 

The evaluation of various CR formulations of 2,4·D for use on watermilfoil 
(Myriophyllum spicatum L.) has also been a high-priority item of our program. 
The uptake and translocation of 2,4-D in plants have been reviewed extensively 
(Richardson 1977). At relatively low doses, 2,4-D is translocated throughout the 
plant tissues and is therefore able to kill the entire plant. 

A protocol for evaluating CR herbicide formulations has been developed and 
involves determinations of: (a) chemical release rates; (b) stability of the released 
chemicals (degradation rate); (c) constancy of chemical release from the 
formulation (reliability); and (d) efficacy of the formulation in managing or 
eliminating aquatic plant problems. All four of the above evaluation phases are 
initially conducted in the laboratory. Confirmation of findings from the last two 
phases is attempted in outdoor studies conducted in large aquaria under 
environmental conditions more closely approximating those in the field. 

The major emphasis ofour investigations on this project has been to implement 
the protocol for evaluating various CR herbicide formulations provided us by 
different cooperating formulators. Progress on the implementation ofthe protocol . 
as well as the results of the conventional herbicide evaluation program are 
discussed in this report. 

Aquatic weeds treated in;FY 1982 are: 
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Alligatorweed Alternanthera philoxeroides (Mart.) Griseb. 
Cabomba Cabomba caroliniana, var. multiparita 
Chara Chara spp. 
Coontail Ceratophyllum demersum, L. 
Duckweed Lemna spp. 
Egeria Egeria densa Planch. 
Hydrilla Hydrilla verticillata Royle 
Hygrophila Hygrophila polysperma (Roxb.) Anderson 
Lemon bacopa Bacopa caroliniana (Walt.) Robins. 
Sago pondweed Potamogeton pectinatus L. 
Southern naiad Najas guadalupensis (Spreng.) Magnus 
Torpedograss Panicum repens L. 
Waterhyacinth Eichhornia crassipes (Mart.) Solms 
Waterlettuce Pistia stratiotes L. 
Watermilfoil Myriophyllum spicatum L. 

The names and sources of chemical compounds evaluated in FY 1981 are listed 
in Table 1. 

Table 1 
Names and Sources ofChemicals Evaluated in Fiscal Year 1981 

Common Name Chemical Name Source 

AC214 
AC925 

CasoronG 
CasoronGSR 

CideKick 

Copper EDA 

Dicamba 

Dichlobenil 

Dichlobenil-alginate 
granules 

Dl 
D2 

Diquat 

Confidential 

Slow release formulation of dichlobenil 

d-limonene and an unspecified mix 
of em ulsifiers 

Copper-Ethylenediamine Complex 

3,6-dichloro-o-anisic acid 

2,6-dichlorobenzo-nitrile 

Controlled release formulations of 
dichlobenil 

Controlled release formulations of 
dichlobenil 

6,7-dihydrodipyrido (1,2-a:2', 1'c) 
pyrazinediium dibromide 

(Continued) 
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American Cyanamid Co. 
P.O. Box 400 
Princeton, N. J. 08540 

Duphar B.V., Crop Protection 
Division, P.O. Box 632 
1000 AP Amsterdam, Netherlands 

JLB International Chemicals, Inc. 
P.O. Box 457 
Hialeah, Fla. 33010 

Sandoz, Inc., Crop Protection 
Komeen 480 Camino Del Rio South 
San Diego, Calif. 92108 

Vesicol Chemical Corp. 
341 East Ohio St. 
Chicago, Ill. 60611 

Thompson Hayward Chemical Co. 
P.O. Box 2383 
Kansas City, Kan. 66110 

Southern Regional Research Center 
USDA, ARS, P.O. Box 19687 
New Orleans, La. 70179 

Unique Technologies, Inc. 
71 S. Cleveland Ave. 
Mogadore, Ohio 44260 

Chevron Chemical Co. 
Ortho Division 
940 Hensley St. 
Richmond, Calif. 93710 



Table 1 (Concluded) 

Common Name Chemical Name Source 

Diuron 3-(3,4-dichlorophenyI)-I, l·dimethylurea E.!. DuPont de Nemours & Co. 
Biochemicals Department 
Wilmington, Del. 19898 

DPX-5648 MethyI2-(4,6-di-methyl-2-pyrimidinyl) E.!. DuPont deN emours & Co. 
aminol·carbonyl]amino sulfonylbenzoate Wilmington, Del. 19898 

Endothall Salts of7-oxabicyclo (2.2.1)heptane-2,3 Pennwalt Corp. 
dicarboxylic acid Agricultural Chemical Division 

1630 East Shaw Ave. 
Fresno, Calif. 93710 

Fenac Salts of 2,3,6-tri-chlorophenylacetic acid Union Carbide 
Agricultural Products Co., Inc. 
300 Brookside Ave. 
Ambler, Pa. 19002 

FL-3·22-82 Controlled release formulation Dr. Curt Thies, Washington Univ. 
of dichlobenil St. Louis, Mo. 63130 

Fluridone 1-methyl-3-phenyl-5-[3-(trifluoromethyl) Lilly Research Laboratories 
phenyl}4(1H)·pyridinone Division of Eli Lilly and Co. 

P.O. Box 708, 
Greenfield, Ind. 46140 

Fluridone Dr. Richard Dunn 
monolithic fiber Southern Research Institute 

2000 Ninth Ave. 
South Birmingham, Ala. 35205 

Glyphosate N-(phosphonomethyl)-glycine Monsanto Co., Agricultural Products 
St. Louis, Mo. 63166 

N-252 Confidential Uniroyal Chemical 
S·734 74 Amity Road 

Bethany, Conn. 06525 

P·333 Confidential ICI Americas Inc. 
P.O. Box 208 
Goldsboro, N.C. 27530 

Simazine 2-chloro-4,6,bis(ethyl Ciba-Geigy Corp_ 
amino)-s-triazine Agricultural Division 

P.O. Box 11422 
Greensboro, N.C. 27409 

Terbutryn 2-(tert-butylamino)-4-ethylamino-6 Ciba·Geigy Corp. 
(methylthio)·s·triazine(2-methylthio·4
ethylamino·6·tert-butylamino-s-triazine) 

2,4-DDMA Dimethylamine salt of2,4-dichlorophenoxy Union Carbide 
acetic acid 

Poly (GMA) 2,4-0 2,4-dichlorophenoxyacetate/ Dr. Frank Harris 
glycerylmethaerylate Wright State Univ. 

Dayton, Ohio 44231 
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MATERIALS AND METHODS
 

Evaluation ofControlled Release Formulations 
Controlled release formulations. Two CR formulations of 2,4-0 were 

provided by Dr. Frank Harris, Wright State University, Dayton, Ohio. The 
formulations are of a second generation of the clay pellets Poly (GMA) 2,4-0 (12.5 
percent a.e. *) and designed to give constant release rates of 3.0 mg (Lot 2) and 1.5 
mg 2,4-D/g polymer/day (Lot 3). 

The clay-filled alginate granules containing dichlobenil (7.1 percent a.i.**) were 
developed by the Southern Regional Research Institute (SRRC), U.S. Department 
of Agriculture, New Orleans, La. The release profile of the formulation was 
previously determined in static reconstituted water by the SRRC. The results 
indicated that the duration of action of the system was about 150 days. Release 
appeared to be first order with rates slowly declining with time. An average 
release of 0.45 mg dichlobenillg granules/day was calculated for the system by 
averaging all rates over the 150-day activity ofthe formulation. 

The monolithic fiber of fluridone (40 percent a.i.) was provided by Dr. Richard 
Dunn ofthe Southern Research Institute, Birmingham, Ala. The fiber formulation 
was expected to release all of its fluridone within approximately 1 month after 
treatment. 

Determination of release rate in static water. Release rates of the CR 
herbicide formulations were determined first in static water tests under controlled 
laboratory conditions at 28° ± 2°C. 

Treatments were made to 3.7 1 of water with amounts of CR formulations 
calculated to produce a given herbicide concentration based on estimated release 
rates specified by the cooperating formulators. Treatments were replicated four 
times. 

Natural water from a dug pond on the Agricultural Research Center grounds 
was used. Water quality was monitored monthly (Table 2). 

For interlaboratory comparisons, release rate data were also determined in 
reconstituted lake water, pH 8.0, containing 192 mg NaHCOa, 120 mg CaS04'2H20, 
120 mg MgS04, and 8 KCI per litre of distilled water. 

Water samples were taken from each container at various times throughout the 
experiment; herbicide concentrations were determined by high-pressure liquid 
chromatography (see Appendix A). 

Determination of release rate in flowing natural water. Treatments of 
the CR formulations to maintain various herbicide concentrations were made to 
19 1 of flowing natural water in glass, flow-through culture vessels, with and 
without plants and soil. Natural pond water was used and treatments were 
replicated four times. 

* a.e. = acid equivalent. 
** a.i. = active ingredient. 
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Table 2
 
Water Quality Control Analysis
 

Date 

Oxygen 
ppm 

Conductivity 
p. mhos pH 

Alkalinity 
mg/fCaCOs 

Hardness 
mg/fCaCOs 

Air Temp 
DC 

Water Temp 
DC 

Mar 82 
Jun 82 
Sep82 

Dec82 

2.80 
4.10 
2.56 
3.0 

319 
348 
340 
327 

7.61 
7.74 

7.39 
7.53 

152.0 
150.0 
153.0 
165.0 

182.0 
172.0 
182.0 

179.0 

25.0 
32.0 

30.0 
17.0 

25.0 

30.0 
28.0 
20.0 

Solids 

Date 
Phosphate 

mgll 
Nitrate 
mgll 

Ammonia 
mgll 

K 
mgll 

Total 
mgll 

Suspended 
mgll 

Mar82 

Jun 82 
Sep82 

Dec82 

BDL 

BDL 
BDL 

BDL 

1.21 

1.90 

0.19 
BDL 

0.29 

0.13 
0.42 

0.43 

-
0.56 

250 

252 

292 

340 

4.0 

4.0 

3.0 
20.0 

Regulated flowing water provided by a multichannel tubing pump (Eldex 
Laboratories Inc., 3551 Heaven Ave., Menlo Park, Calif.) was delivered to the 
bottom of individual culture vessels at a rate to provide one volume change in 24 
hr. Water flow was checked at least once a week and adjusted when necessary. 

Wastewater flowed out through side arms near the top of the vessels and was 
carried outside. Residual herbicide in solution was removed by passage of the 
wastewater through three series-connected containers filled with activated 
charcoal. 

Fifty-millilitre water samples were taken from each vessel at various times 
throughout the experiment. The samples were concentrated on SEP PAK® C18 

cartridges and analyzed for herbicide residues (see Appendix A). 

Evaluation of efficacy against watermilfoil and hydrilla in flowing 
water. Mature plants of watermilfoil were obtained from Lake Seminole, 
Georgia. The plants were maintained as a stock culture in an outdoor aquarium 
until use. Mature plants and tubers ofhydrilla were collected locally. 

The two formulations of Poly (GMA) 2,4-D were evaluated for control of 
watermilfoil in the laboratory. Apical stem sections 15 em long were planted in 
standard soil mix (70 percent sand and 30 percent organic peat) in 250-ml glass 
beakers. Five beakers, each containing three plant sections, were placed in the 
culture vessels and allowed to establish for 4 weeks before chemical treatment 
was applied. Culture vessels were subjected to 14-hr days of 150 J..L E/m2/sec from 
a combination of fluorescent and incandescent lamps. Temperature was 
maintained at 28° ± 2°C. 

Treatments were applied to vessels containing watermilfoil and to vessels 
without plants in order to determine the effect of plants and soil on herbicide 
concentrations. Culture vessels with plants to which treatments were not applied 
served as plant controls. 

202 



Response of watermilfoil plants to chemical treatments under flowing water 
conditions was evaluated closely throughout the experiment. The plants were 
harvested 10 weeks after treatment and evaluated for percent survival. Stem 
lengths and plant weights were measured. 

The CR formulations of dichlobenil and fluridone were evaluated for control of 
hydrilla regrowth from rootstocks and from germinating tubers. Hydrilla tubers 
were pregerminated in pond water in the laboratory. The new shoots emerging 
from tubers were selected for uniformity (3 cm long) and planted in 250-ml 
beakers. Three beakers each containing three germinating tubers were placed in 
the culture vessels, and regrowth was observed with or without CR herbicide 
treatments. 

For studies of regrowth from rootstocks, apical stem sections of hydrilla were 
planted in 250-ml beakers and allowed to establish for 3 to 4 months in an outdoor 
pool. The plants were then clipped to 3 cm above the hydrosoil and the beakers 
transferred into the culture vessels 1 week before chemical treatment was applied. 

Outdoor evaluation of CR 2,4-D. The outdoor evaluation of Poly (GMA) 
2,4-D against watermilfoil was conducted from April through August 1982. A 
system of 24 concrete, flow-through aquaria was used. The dimensions of the 
aquaria were 77 cm wide x 219 cm long (1.7 x 10-4 ha) with depth varying from 50 
to 56 cm. The normal volume of these containers after adding soil was 850 to 9501. 
A shelter with clear fiberglass roofing panels was constructed over the system to 
prevent rainwater from entering the aquaria. The aquaria were filled with natural 
pond water. Uniform low water pressure was maintained by constant overflow in 
a standpipe, and flow to individual aquaria was regulated by small pet cock 
valves to provide one volume change every 24 hr. 

Watermilfoil plants were established in 30- by 30-cm-square aluminum trays, 15 
cm deep. Twelve trays were placed in each culture aquaria and allowed to grow for 
6 months before chemical treatment was applied. 

Evaluation ofConventional Formulations 
Laboratory evaluation techniques for submersed aquatic plants. Apical 

sections of submersed plants were planted in a standard soil mix in small plastic 
pots and placed in 3.8- or 19-1 jars filled with pond water. Plants were then allowed 
to become established for approximately 1 week under controlled conditions of 
temperature (25°C) and light (25 to 40 J.L E/m2/sec, from Gro-lux fluorescent tubes, 
14-hr photoperiods). The plants were treated by injecting treatment solutions into 
the water with a hypodermic syringe. The treatments were then evaluated 
biweekly for phytotoxicity for a period of 8 to 14 weeks, depending on the 
herbicide. 

Laboratory evaluations of chemicals for growth inhibition of hydrilla 
propagules. Vegetative propagules (tubers) ofhydrilla were planted in four 5-cm 
pots (five tubers per pot). These pots were placed in a 3.8-1 jar filled with water. 
Chemical treatments were applied at the time of planting. Effects on germination 
were recorded along with phytotoxic response of sprouted plants. These tests were 
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conducted in a growth lab under conditions of controlled light and temperature as 
described above. 

Herbicides were also bioassayed for efficacy against new growth emerging 
from germinated tubers planted in soil. In these tests, tubers were pregerminated 
in pond water in the laboratory. The new shoots emerging from tubers were 
selected for uniformity (3 cm long) and planted in 5-cm pots, three tubers per pot. 
Four pots were placed in a 3.8-1 jar filled with pond water, and chemical treatment 
was applied. The plants were harvested 10 weeks after treatment, and percent of 
surviving plants, percent injury, shoot length, and shoot and root dry weights 
were determined. 

Greenhouse evaluation techniques for emergent and floating aquatic 
plants. Plants to be treated were grown in polyethylene-lined, 12-1 capacity 
plastic containers, and allowed to become established in a screenhouse for a 
period of approximately 2 to 4 weeks prior to treatment. Each replicated treatment 
was applied by placing the container in a 929-cm 2 enclosure with an open top. The 
plants were then uniformly sprayed with a small atomizer. The total spray 
volume was equivalent to 935 !/ha. Following application of the chemicals, the 
plants were moved to the screenhouse where treatments were periodically 
evaluated for phytotoxicity. 

Evaluation techniques in outside aquaria. Evaluations were conducted in 
aquaria of two sizes and types. One type consisted of circular, vinyl-lined 
containers manufactured for use as swimming or wading pools. The dimensions 
were 3.05 m in diameter (7.3 x 10-4 ha) with a maximum depth of 60 cm. The 
maximum volume was 4400 1. The pools were filled to a 53-cm depth, which 
resulted in a volume of 3870 1. 

The second type of aquarium consisted of rectangular-shaped concrete boxes. 
The interior of each box was covered with two coats of white epoxy paint. The 
dimensions were 77 cm wide by 219 cm long (1. 7 x 10-4 ha) with depth varying 
from 56 to 65 cm. The maximum capacity of these containers ranged from 945 to 
10951 and the normal volume after adding soil was 850 to 950 1. 

When these aquaria were used to evaluate herbicide efficacy on submersed 
plants, apical cuttings of individual species were established by planting 15 
cuttings 15 cm long in 30- by 30- by 15-cm aluminum trays. The trays were filled 
with standard soil mix (70 percent sand and 30 percent organic peat) 
supplemented with 5 percent (v/v) manure. Twelve trays were placed in each of 
the aquaria. The plants were subjected to a continuous water flow until 
treatments were applied. For evaluation of herbicide efficacy on floating plant 
species, field-collected plants were established in the aquaria and allowed to 
completely cover the water surface before treatment. 

All chemical treatment rates were replicated a minimum of three times and 
were applied on an area (kilograms per hectare) or volume (milligrams per litre) 
basis. Phytotoxicity ratings, determined at various times after treatment, were 
made on a scale of 0 to 100 percent injury: 0 percent being no injury, and 100 
percent being complete elimination of live plant tissue. 
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Field Evaluations 
Several finger canals uniformly infested with waterhyacinth located in the Fort 

Lauderdale, Fla., area, north of State Road (SR) 84 and just west of SR 27, were 
selected in September 1982 to evaluate the effects of glyphosate (Scout®), 
DPX-5648, and AC-925 on waterhyacinth. The canals were 18 m wide and had an 
average depth of about 3 m at high tide. A plot about 30 to 35 m long was treated 
in each of the canals. 

The plot in Canal 1 was treated with 10 g a.i.lha DPX-5648, Canal 2 with 20 g 
a.i.lha DPX-5648, Canal 3 with 3.36 kg a.e.lha glyphosate, and Canal 4 with 0.28 
kg a.i.lha AC-925. These rates were chosen based on earlier results of evaluations 
under greenhouse conditions and/or in outdoor aquaria. The surfactant X-77 was 
used at 0.25 percent concentration in the spray solution. 

The herbicides were treated from an airboat which contained a 400-' fiberglass 
tank mix system with mechanical agitation calibrated to deliver 1870 lIha 
through a Bean®rotating handle spray gun equipped with a No. 11 orifice disc. 

Phytotoxicity ratings, determined at various times after treatment, were made 
on a scale of 0 to 100 percent injury: 0 percent being no injury, and 100 percent 
being complete elimination oflive plant tissue. 

The persistence of DPX-5648 in the aquatic environment after chemical 
treatment of waterhyacinth was investigated in a cooperative study with DuPont 
Company. 

The study was conducted in August 1982 on a 0.07-ha dug pond on the Fort 
Lauderdale Agricultural Research and Education Center (AREC) grounds. The 
pond had a mean depth of 1.2 m and was about 80 percent covered with 
waterhyacinth at the time of treatment. The waterhyacinth appeared free of any 
disease, but did exhibit evidence of moderate feeding by waterhyacinth weevils, 
Neochetina spp. 

The herbicide DPX-5648 (20 g a.i.lha) was applied from the bank with a 
rotating handle spray gun calibrated to deliver 1400 Uha. The surfactant X-77 at 
0.25 percent was used. 

Water and hydrosoil samples were taken from two different sites in the pond 
before treatment and at various times after treatment. Water samples were 
collected at three different depths from each site in 1-t polyethylene bottles fitted 
into a specially designed housing that allowed the cap to be removed and replaced 
at any desired depth. A liner-type core sampler fitted to a 3.4-m galvanized pipe 
handle was used to collect hydrosoil samples. Each core was 20 cm deep and 5 cm 
in diameter. 

Bluegills (Lepomis macrochirus) and catfishes (lctalurus punctatus) were also 
collected at various times before and after treatment for residue analyses. 

The water, hydrosoil, and fish samples were shipped to E. 1. DuPont de 
Nemours and Company, Wilmington, Del., to be analyzed for chemical residues. 
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RESULTS AND DISCUSSION
 

Evaluation ofControlled Release Formulations 
Release of 2,4-D from clay pellets of poly(GMA) 2,4-D static water. 

Figure 1 illustrates the cumulative release of 2,4-D from the two formulations of 
Poly(GMA) 2,4-D in static reconstituted water. The increasing levels of herbicide 
in the water with time indicated that release from the formulations had occurred. 
Release rates in both formulations appeared fairly constant, except that the rate 
appeared to slow slightly in Lot 2 after 68 days, when approximately 70 percent of 
the chemical had been released. The rates of release in reconstituted water were 
estimated to be 5,4 mg and 0.9 mg 2,4-D per gram polymer per day for Lot 2 and 
Lot 3, respectively. Regression equations of the release rate data from Day 0 to 
Day 112 were Y=3.6 +5,4X, R=0.98 for Lot 2, and Y=4.5 +0.9X, R=0.95 for Lot 3. 

The results of cumulative 2,4-D release in natural pond water are presented in 
Table 3. Considerable variability among the replicated samples was observed. 
Between Day 14 and Day 20, levels of 2,4-D in treatments with both formulations 
actually dropped as compared to levels from previous measurements, suggesting 
that some degradation of the released chemical had occurred. 
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Figure 1. Release of 2,4-D from clay pellets of Poly(GMA) 2,4-D in static 
reconstituted water. Each point is the mean offour replicates ± S.E. 
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Table3
 
Release of 2,4-D from Clay Pellets Poly (GMA) 2,4-D in Static Natural Pond Water
 

Days Posttreatment 

n-eatment* 1 2 5 7 14 20 28 85 55 68 112 

Lot2 
A 2.2 3.7 6.0 8.6 2.5** 2.2** 12.8 33.6 74.0 174.7 185.3 
B - 4.3 7.2 10.5 12.4 16.8 50.5 84.2 118.8 195.1 252.7 
C 1.6 3.6 6.9 11.5 6.3** 1.4** 4.9 19.8 80.1 199.6 302.1 
D 2.4 4.6 6.5 8.1 6.1 ** 2.4** 12.9 25.7 86.1 175.1 278.4 

Average 2.1 4.1 6.7 9.7 6.8 5.7 20.3 40.8 89.8 186.1 254.6 

Lot 3 
A 1.8 3.3 4.2 6.5 2.0** 2.5 0.6** BDL BOL 13.9 34.2 
B - 2.4 3.7 7.4 5.8** 0.8** 1.8 BDL BOL 11.9 95.0 
C 1.6 3.3 4.5 7.2 3.4** 3.3** 1.2** BDL BOL 13.9 131.1 
D - 4.0 4.9 7.4 o ** 2.2** 1.2** BDL BOL 11.9 142.5 

Average 1.7 3.3 4.3 7.1 2.4 2.2 1.2 BDL BOL 12.9 100.7 

NOTE: Units in mg/g polymer. 
*	 Treatments of clay pellets Poly(GMA) 2,4·D made to pond water with amounts calculated to produce a 

cOI)centration of 0.10 mg/I herbicide every 24 hr, based on estimated release rates of 3.0 and 1.5 mg/g 
polymer for Lot 2 and Lot 3, respectively. 

**	 A decline of 2,4·D levels as compared to those from previous measurements indicates partial 
disappearance of the released chemical, probably by degradation. 

A study of the accountability of 2,4-D in treatments with reconstituted water 
and natural pond water was conducted at the conclusion of the experiment on 
Day 112. The treatments were stirred vigorously to obtain a homogeneous 
mixture, and two 100-ml samples were taken immediately after stirring. 
Suspended particulate matter containing 2,4-D was collected by filtering the 
sample through a combination of Reeve-Angel® glass microfiber and Gelman 
Metrigard® filter (0.2 J..L pore size). The portion of 2,4-D that had been hydrolyzed 
and adsorbed onto clay particles was recovered by first eluting with 10 ml ethanol 
(95 percent) and finally desorbing with another 10 ml ethanol (95 percent). The 
remaining 2,4-D polymer collected on the filter was then dissolved in acetone and 
subjected to complete hydrolysis at pH 2. However, no 2,4-D acid was recovered 
from the final acid hydrolysis step, suggesting that all 2,4-D had been released 
from the polymer in both treatments in reconstituted water and in natural water. 
The results of analyses for 2,4-D in the ethanol fractions and the aqueous filtrate 
are presented in Table 4. 

It appears that all of the available 2,4-D was recovered from treatments in 
reconstituted water. About 76 percent was measured in the aqueous filtrate, 14 
percent in the ethanol eluent, and 12 percent in the ethanol desorption mixture. 
On the other hand, total 2,4-D recovered from treatments made to natural water 
averaged only 73 percent. About 48 percent was recovered in the aqueous filtrate, 
25 percent recovered from the ethanol fractions, and 27 percent was not accounted 
for. Higher microbial activity and algal growth were observed in treatments with 
natural pond water. These factors may have been partly responsible for the loss of 
the released 2,4-D in natural water. 
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Table 4
 
Accountability of2,4-0 Released in Static Reconstituted and Natural Water
 

Total2,4-D 
2,4-D Recovered 5 Months After Treatment, mg* 

Applied Aqueous EtOH EtOH Total Percent 
mg Filtrate Eluent Desorption Recovery Recovery 

Reconstituted Water 
(187) 142.9 26.5 22.7 192.0 102 

±7.6 ±0.4 ±3.2 ±4.1 
Natural Pond Water 

(187) 89.0 24.4 22.8 136.2 73 
±6.0 ±3.2 ±0.5 ±8.8 

* Means of three replicates ± standard error. 

Releal!te of 2,4-D from clay pellets of Poly (GMA) 2,4-D in flowing 
natural water and efficacy against watermilfoil. Treatments ofthe two clay 
pellets Poly (GMA) 2,4-D were made to 191 of flowing water in glass, flow-through 
culture vessels with and without Eurasian watermilfoil. Rates of treatment were 
calculated to maintain 0.05 and 0.10 mg/! 2,4-D concentrations in the culture 
vessels, based on the estimated release rates specified by the cooperating 
formulator (3.0 mg and 1.5 mg 2,4-D/g polymer/day for Lot 2 and Lot 3, 
respectively). 

Results of measurements of 2,4-D concentrations in the flowing water at 
various sampling times after treatment are presented in Table 5. Based on these 
concentrations, release rates of 2,4-D from the formulations were calculated. 
During the first week after treatment, average release rates for Lot 2 were 5.6,3.9, 
and 3.4 mg 2,4-D/g polymer/day on Days 1, 3, and 7, respectively. Corresponding 
values for Lot 3 were 4.0,1.9, and 0.4 mg 2,4-D/g polymer/day. 

Treatments with both Lot 2 and Lot 3 to maintain 0.10 mg/! 2,4-D were applied 
to vessels containing watermilfoil and to vessels without plants in order to 

Table 5
 
Release of2,4-0 from Clay Pellets Poly (GMA) 2,4-0 Lot 2 and
 

Lot 3 in Flowing Natural Water Under Controlled Laboratory Conditions
 

2,4-D 
Treatment 1 

Concentration of2,4-D (mg / l) at Days Posttreatment* 

3 7 14*· 21 35 49 63 

0.05 mg/!, Lot 2 
with plants 

0.10 mg/!. Lot 2 
with plants 

0.10 mg/!, Lot 2 
no plants 

0.10 mg/!, Lot 3 
with plants 

0.10 mg/!, Lot 3 
no plants 

0.08 
±0.02 

0.19 
±0.04 

0.21 
±0.08 

0.26 
±0.08 

0.26 
±0.08 

0.07 
±0.02 

0.16 
±0.03 

0.09 
±0.03 

0.15 
±0.04 

0.10 
±0.01 

0.08 
±0.Ql 

0.14 
±0.02 

0.04 
±0.02 

0.03 
±0.Ql 

0.02 
±0.Ql 

-

0.55 
±0.07 

0.94 
±0.08 

0.16 
±0.07 

0.23 
±0.11 

0.07 
±0.05 

0.29 
±0.13 

0.35 
±0.12 

0.02 
±0.02 

0.17 
±0.07 

BDL 

BDL 

0.08 
±0.03 

BDL 

0.11 
±0.08 

BDL 

0 

0.09 
±0.04 

BDL 

0.13 
±0.04 

0 

0 

0.11 
±0.02 

0 

0.10 
±0.03 

* Means of four replicates ± standard error. 
** Power failure resulting in stop of flow. 
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determine the effects of plants and soil on herbicide concentrations. In the 
absence of plants and soil, concentrations of 2,4-D appeared to be maintained 
around the expected level (0.10 mg/12,4-D) until the end ofthe 63-day experiment 
(Table 5). In all treatments with watermilfoil, however, 2,4-D concentrations 
decreased rapidly and disappeared from the flowing water after 35 days 
posttreatment. Similar losses of2,4-D were previously reported (Van and Steward 
1981), and were probably due to the various components in the experimental 
system acting as sinks in taking up the released 2,4-D. 

On 30 April and 01 May 1982, water flow through the experimental vessels was 
stopped because of power failure, resulting in exceedingly high levels of 2,4-D in 
the culture vessels, as reflected in results of residue analyses on Day 14. 

These high residue levels in the flowing water were probably responsible for the 
severe plant injuries observed in all treatments after 14 days (Table 6). However, 
regrowth began as early as 42 days after treatment, and appeared to be much 
more vigorous in the treatment with Lot 3. All plants were harvested 10 weeks 
after treatment, and percent of surviving plants, stem length, and plant dry 
weights were measured (Table 7). The dry weights as well as growth in stem 
length were significantly inhibited in all treatments with the 2,4-D polymers. 

Table 6
 
Phytotoxicity of2,4·D Released from Clay Pellets Poly (GMA) 2,4·D
 

Toward Watermilfoil in Flowing Water Under Controlled Laboratory Conditions
 

2,4-D 
Percent Injury at Days Posttreatment'" 

Treatment 7 14 28 42 56 70 

Control 0 0 5 8 11 15 
0.05 mg/I, Lot 2 20 62 81 76'  55 38 
0.10 mg/I, Lot 2 26 68 88 91 ...... 74 78 
0.10 mg/I, Lot 3 26 70 78 78...... 58 30 

... Average of four replicated jars. 

...... Reduction in injury rating indicates plant recovery and regrowth. 

Table 7
 
Effect of2,4-D Released from Clay Pellets Poly (GMA) 2,4-D
 

on Watermilfoil after 10 Weeks in Flowing Water·
 

Shoot Root 
2,4-D Percent Stem Length Dry Weight Dry Weight 

Treatment Surviving Plants cm g g 

Control 95" 61.0" 1.10" 0.16" 

0.05 mg/I, Lot 2 20b 11.5be 0.06 be 0.03b 

0.10 mg/I, Lot 2 12b 6.0e 0.02' 0.02b 

0.10 mg/I, Lot 3 33b 17.4b 0.14 b 0.03b 

...	 Values in a column followed by the same letter are not significantly different at P = 0.05 as determined by 
Waller-Duncan Test. Each value is the mean of four replicates. 
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Outdoor evaluation ofPoly(GMA) 2,4-D. Treatments of the two clay pellets 
Poly(GMA) 2,4-D were applied to maintain 0.05, 0.10, and 0.20 mg/l 2,4-D in 
outdoor aquaria previously established with watermilfoil. Results of 2,4-D 
analyses in the flowing water at various times during the experiment are 
presented in Table 8. After 7 days, the measured concentrations of 2,4-D in the 
flowing water were close to the expected levels. The 2,4-D concentrations then 
declined gradually in all treatments, and disappeared from the flowing water 
during the last several weeks of the experiment. 

Because of several power failures resulting in chemical buildups in the aquaria 
around Day 3 posttreatment (Table 8), severe plant damage occurred in all 
treatments as observed in the 4-week evaluation (Table 9). Plant injury ratings 20 

TableS
 
Release of2,4-D from Clay Pellets Poly (GMA) 2,4-D in
 

Flowing Natural Water in Outdoor Aquaria
 

Weight 
Treat
ment 2,4-D 

Pellets 
Applied 

Concentration of2,4-D (mg /1) at Days Posttreatment" 

No. Treatment g. 1 3t 7 14 21 85 49 83 120 

0.05 mg/I, Lot 2 60.2 0.06 0.26 0.06 0.12 0.01 0.01 0.01 0 0 
±0.03 ±0.06 ±0.03 ±0.03 ±O.o1 ±0.01 ±0.01 

II 0.10 mg/I, Lot 2 120.4 0.09 0.63 0.11 0.21 0.03 0.01 0.02 0 0 
±0.04 ±0.17 ±0.06 ±0.Q7 ±0.01 ±0.01 ±0.02 

III 0.20 mg/I, Lot2 240.8 0.21 0.64 0.20 0.23 0.01 0.04 0.02 0 0 
±0.06 ±0.18 ±0.01 ±0.08 ±0.01 ±0.02 ±0.02 

IV 0.05 mg/I, Lot 3 120.4 0.07 0.09 0.02 0.03 0.02 0.01 0.01 0 0 
±O.OO ±0.02 ±0.02 ±0.02 ±0.01 ±0.02 ±O.o1 

V 0.10 mg/I, Lot 3 240.8 0.11 0.16 0.08 0.04 0.06 0.01 0.03 0 0 
±0.02 ±0.03 ±0.03 ±0.03 ±0.04 ±0.01 ±0.02 

VI 0.20 mg/I, Lot 3 481.6 0.26 0.39 0.11 0.15 0.04 0.04 0.06 0.02 0 
±0.03 ±0.06 ±0.04 ±0.06 ±0.06 ±0.03 ±0.04 ±0.02 

•	 Total treatment, assuming complete release, equals to: 8.2,16.3, and 32.7 mg/12,4-D with Lot 2 in treatments 
I, II, III; and 16.3,32.7, and 65.3 mg/12,4-D with Lot 3 in Treatments IV, V, and VI, respectively. 

••	 Means of three replicates ± standard error. 
t Power failure resulting in stop of flow. 

Table 9
 
Phytotoxicity of2,4-D Release from Clay Pellets Poly (GMA) 2,4-D
 

on Watermilfoil in Flowing Water in Outdoor Aquaria
 

Percent Injury at Weeks Posttreatment· 
2,4-D 

Treatment 1 2 4 6 8 10 12 16 20 

Control 0 2 0 2 2 2 3 5 7 
0.05 mg/I, Lot 2 22 43 75 88 87 83·· 80 72 60 
0.10 mg/I, Lot 2 23 50 80 92 93 93 93 90 98 
0.20 mg/I, Lot 2 13 37 82 92 93 88 88 85** 82 
0.05 mg/I, Lot 3 20 27 70 63** 63 43 40 40 37 
0.10 mg/I, Lot 3 15 35 65 60·· 57 48 48 45 43 
0.20 mg/I, Lot 3 23 50 85 90 90 90 90 88 93 

• Mean values of three replicates.
 
•• Reduction in injury rating indicates recovery and regrowth.
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weeks after treatment, however, reflected the difference in regrowth in the various 
treatments. Treatments of Lot 2 to maintain 0.10 mg/12,4-D in the flowing water 
appeared adequate for control of regrowth in these tests. 

Lot 3 at the same treatment rates was much less effective, judging from the 
amounts of regrowth and plant dry weights at the end of the 20-week experiment 
(Table 10). Complete plant control was obtained, however, with treatment of Lot 3 
calculated to maintain 0.02 mg/! 2,4-D in the flowing water. 

Release of dichlobenil from clay-filled dichlobenil-alginate granules 
in flowing water and efficacy against hydrilla regrowth. In these studies, 
the clay-filled alginate granules containing dichlobenil were evaluated for 
reliability of maintaining low levels of dichlobenil in flowing water to control 
hydrilla regrowth from germinating tubers and from rootstocks. Based on the 
average release rate of 0.45 mg dichlobenillg granules/day previously observed 
in static water, treatments were made to maintain various levels of dichlobenil in 
culture vessels with or without hydrilla. Residue levels in the flowing water and 
efficacy of the formulation in controlling plant regrowth were determined. 

Table 11 shows the actual dichlobenil concentrations in the flowing water at 
various times during the experiment. A gradual decline of the herbicide 
concentrations with time was observed in all treatments, with or without plants 
and soil-suggesting that release from the dichlobenil-alginate system was 
first-order, as it was previously shown in static water tests. No significant 
difference in herbicide concentrations was observed between treatments with and 
without plants and soil. 

Regrowth from both germinating tubers and rootstocks (Table 12) was 
completely inhibited in treatments where dichlobenil concentrations in the 
flowing water were maintained at levels above 0.04 mg/t. Regrowth was observed 
only at the lowest treatment rate where dichlobenillevels dropped to 0.03 and 0.01 
mg/l after 4 and 6 weeks posttreatment, respectively. Both shoot growth and root 
growth were affected by the dichlobenil treatments. 

Release of dichlobenil from various CR formulations in static water. 
Various CR formulations containing dichlobenil were evaluated in the laboratory 
in static reconstituted water and natural pond water. Treatments of the 
formulations were made to 1-t Erlenmeyer flasks with amounts calculated to 
provide a concentration of 10 mg/t dichlobenil in the flask, assuming complete 
chemical release. The flasks were tightly capped to minimize loss of herbicide 
through volatility. 

Table 13 presents results of evaluation ofthe dichlobenil formulation FL-3-22-B2 
(l percent a.i.). The commercial formulations Casoron-G (6.75 percent a.i.) and 
Casaron-GSR (20 percent a.i.) were included for reference. 

Casoron-G was found to release about BO percent of its dichlobenil 1 week after 
treatment, and 100 percent within 2 weeks. On the other hand, complete release of 
dichlobenil from Casoron-GSR was obtained in about 4 weeks. 

Release of dichlobenil from the formulation FL-3-22-82 also was completed in 
about 4 weeks after treatment, and, therefore, represents no significant 
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Table 10
 
Effectof2,4-D Released from Clay Pellets Poly (GMA) 2,4-D on Watermilfoil
 

after 20 Weeks in Flowing Water in Outdoor Aquaria·
 

Lot2	 Lot3 

Shoot Root Shoot Root 
2,4-D Dry Weight Dry Weight Dry Weight Dry Weight 

Treatment g g g g 

Control 227.3" 37.9" 227.3" 37.9" 
0.05mg/l 47.4 b 11.5b 100.6b 17.9"b 
0.10 mg/l 0.1 c 12.0b 136.5b 16.7"b 
0.20 mg/I 9.3c 10.7b 0.1 ' 3.3b 

•	 Values in a column followed by the same letter are not significantly different at P =0.05 as determined by 
Waller-Duncan Test. Each value is the mean ofthree replicates. 

Table 11
 
Measured Release ofDichlobenil from Clay-Filled Alginate
 

Granules in Flowing Water
 

Treat-
Dichlobenil (mg/l) at Days Posttreatment'" 

ment 
No. 

Dichlobenil 
Treatment" 

Weight Granules 
g 7 21 28 42 

0.01 mg/l, 0.3973 0.07 0.04 0.03 0.01 
with plants ±0.01 ±0.01 ±0.01 ±O.OO 

II 0.025 mg/I, 0.9911 0.16 0.12 O.OS 0.04 
with plants ±0.Q1 ±0.01 ±0.01 ±0.02 

III 0.05 mg/I, 1.9S37 0.32 0.22 0.24 0.06 
with plants ±0.05 ±0.02 ±O.OS ±0.Q1 

IV 0.10 mg/l, 3.95S2 0.50 0.41 0.21 0.11 
with plants ±0.1O ±0.01 ±0.02 ±0.01 

V 0.10 mg/l, 3.960S 0.39 0.34 0.23 0.13 
no plants ±0.11 ±0.02 ±0.03 ±O.OS 

• Total treatment, assuming complete chemical release, equals to 1.6, 4.0, 7.9, 15.S, and 14.9 mg/I dichlobenil in 
treatments I, II, III, IV, and V, respectively . 

•• Means of four replicates ± standard error. 

Table 12
 
Effect ofDichlobenil-Alginate Granules on Hydrilla Regrowth from
 

Germinating Tubers and from Rootstocks after 6 weeks in Flowing Water·
 

Regrowth from Tubers Regrowth from Rootstocks 

Shoot Shoot Root Root! Shoot Shoot Root Root! 
Dichlobenil Length Weight Weight Shoot Length Weight Weight Shoot 
Treatment cm g g Ratio cm g g Ratio 

Control 
0.010 mg/I 
0.025mg/1 
0.050 mg/I 
0.100 mg/I 

50" 
lSb 

5c 

4' 
5c 

1.44" 
0.20b 

0.06' 
0.03' 
0.04' 

O.lSS" 
0.024 b 

0.004' 
0.003' 
0.002' 

0.13" 
0.12" 
0.07b 

O.OSb 
0.06b 

3S" 
17b 

5' 
4c 

6' 

0.44" 
O.lSb 

0.16b 

0.13b 

O.lSb 

0.OS7" 
0.036b 

0.024' 
0.030bc 

0.034 bc 

0.20 
0.20 
0.14 
0.23 
0.19 

•	 Values in a column followed by the same letter are not significantly different at P = 0.05 as determined by 
Waller-Duncan test. Each value is the mean of four replicates. 
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Table 13
 
Release of Dichlobenil from Various Formulations in Static Water
 

Dichlobenil (mg) Released at 
Days Posttreatment 

Formulation Dichlobenil 
Sample- g/I mg/I 1 8 7 14 28 

Casoron-G (6.73% a.i.) 

Weight Weight 

RCW 1 0.1487 10.04 2.06 6.82 7.89 10.83 12.23 
2 0.1487 10.04 4.13 7.54 8.05 9.35 11.12 
3 0.1510 10.19 2.08 7.39 7.71 9.38 11.31 
4 0.1486 10.03 2.11 5.44 6.24 8.91 10.47 

-  - -  - 
Average 10.07 2.60 6.80 7.47 9.62 11.28 

PW 5 0.1552 10.48 2.24 8.49 8.38 10.61 12.82 
6 0.1514 10.22 3.19 7.75 8.32 10.43 10.64 
7 0.1520 10.26 2.94 8.48 9.34 10.85 12.02 
8 0.1502 10.14 2.44 7.76 8.13 10.47 11.15 

-  - - -  - 
Average 10.28 2.70 8.12 8.54 10.59 11.66 

Casoron-GSR (20% a.i.) 
RCW 9 0.0603 12.06 1.59 4.09 5.15 7.23 8.71 

10 0.0555 11.10 1.15 2.47 4.93 6.69 9.11 
11 0.0592 11.84 1.34 3.46 5.15 6.63 8.93 
12 0.0624 12.48 1.60 3.58 5.77 8.22 10.90 

-  - - -  - 
Average 11.87 1.42 3.40 5.25 7.19 9.41 

PW 13 0.0561 11.22 1.51 2.67 4.97 7.93 10.64 
14 0.0589 11.78 1.62 3.33 4.18 6.85 9.59 
15 0.0601 12.02 1.82 3.35 5.94 6.91 9.78 
16 0.0567 11.34 1.88 3.74 3.82 7.10 9.63 

- - -  - 
Average 11.59 1.71 3.27 4.73 7.20 9.91 

FL-3-22-82 (1% a.i.) 
RCW 17 1.0116 10.12 1.22 2.74 5.63 7.75 9.67 

18 1.0043 10.04 1.01 3.24 4.07 7.66 8.72 
19 1.0020 10.02 2.12 3.32 4.49 7.09 7.75 
20 1.0039 10.04 1.97 3.26 4.79 8.93 13.04 

- -  - 
Average 10.05 1.58 2.89 4.75 7.81 9.79 

PW 21 1.0050 10.05 1.41 2.17 3.86 7.12 8.84 
22 1.0099 10.10 1.34 2.02 3.58 7.80 10.37 
23 1.0007 10.01 1.74 2.19 4.16 9.84 12.49 
24 1.0074 10.07 2.79 3.30 4.28 8.16 10.40 

-  -
Average 10.06 1.82 2.42 3.97 8.23 10.53 

• RCW = reconstituted water; PW = pond water. 

improvement over the reference commercial formulation Casoron-GSR. 

Much slower release rates were obtained with two CR formulations Dl (10 
percent a.i.) and D2 (10 percent a.i.) The release appeared to be first-order (Figure 
2), with about 54 percent and 36 percent dichlobenil released over a period of 3 
months for Dl and D2, respectively. 

The reference formulation Casoron-GSR was found again to release all of its 
dichlobenil in about 30 days (Figure 2). 

Monolithic fiber containing fluridone in static water. Figure 3 illustrates 
the cumulative release ofthe monolithic fiber containing fluridone in reconstituted 
water and natural pond water. 
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Figure 2. Release of dichlobenil from various CR formulations in static 
reconstituted water and natural pond water. Each point is the mean of four 

replicates ± S.E. 
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In reconstituted water, release rates appeared fairly constant during the first 3 
weeks after treatment (Y =18.2 + 9.0X, R =0.97), but slowed down significantly 
during the next 7 weeks (Y =134.8 + 3.3X, R =0.95). About 60 percent of total 
fluridone in the formulation was released by 1 month after treatment, and 
another 30 percent released during the second month. No further release was 
observed after 70 days posttreatment when approximately 90 percent of total 
fluridone had been released. 

Release rates appeared somewhat slower in natural pond water than in 
reconstituted water. However, the cumulative levels of fluridone were not 
significantly different until after 56 days posttreatment. Again, no further release 
was observed after 70 days when 84 percent of the fluridone had been released 
into natural pond water. 

The amounts of fluridone remaining in the fiber formulation at the end of the 
experiment on Day 104 were determined by extracting the fiber in methanol. A 
total recovery of 96 percent and 98 percent was obtained for treatments in 
reconstituted water and in natural water, respectively, indicating that degrada
tion of fluridone was minimal under our experimental conditions. The amount of 
fluridone remaining in the fiber formulation was significantly higher in 
treatments with natural water (14 percent in treatments with natural water 
versus 6 percent with reconstituted water), suggesting that the difference in 
release rates observed in the two types of water (Figure 3) may be real. 

Fluridone fiber in flowing water and efficacy against hydrilla. An 
average release rate of 4.3 mg fluridone/g fiber/day was calculated for the 
fluridone formulation based on results of cumulative release in static tests (Figure 
3). Treatments were then made to maintain levels from 0.01 to 0.10 mg/l fluridone 
in the flowing water in culture vessels previously established with hydrilla. The 
experiment was conducted in a glass greenhouse under 80 percent sunlight. 

Concentrations of fluridone in the flowing water stabilized around the desired 
treatment levels by 7 days posttreatment; however, levels continued to decline in 
later sampling periods (Table 14). By Day 42, fluridone concentrations were about 
half of the expected levels. The presence of plants and soil in the experimental 
system had no significant effect on the herbicide concentrations in the flowing 
water. 

Typical discoloration of the hydrilla tips was observed as early as 3 days after 
fluridone treatment; however, mature plant tissues remained healthy and injury 
ratings stayed below 30 percent through the end of the 7-week experiment. 
Previous studies indicated that fluridone has slow activity, and weed control was 
not achieved until after 12 weeks posttreatment under our experimental 
conditions. 

Regrowth from rootstocks was observed in all treatments and the emerging 
shoots continued to elongate in vessels receiving low treatment rates (Table 15). 
However, the young shoots emerging from rootstocks never grew more than 4 cm 
long in treatments where fluridone concentrations were maintained at levels of 
0.04 mg/l or higher. Significant reductions in both shoot and root dry weights 
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Table 14 
Measured Release of Fluridone from Monolithic Fibers 

in Flowing Natural Water 

Treat-
Fluridone (mg/I) at DaYB POBttreatment'*'" 

ment Fluridone 
No. Treatment" 1 8 7 14 21 28 42 

0.01 mg/', 0.016 0.022 0.012 0.008 0.004 0006 0.005 
with plants ±0.002 ±O.OOl ±0.002 ±o.ooa ±0.002 ±0.001 ±0.001 

II 0.02 mg/', 0.032 0.050 0.027 0.016 0.008 0.010 0.007 
with plants ±0.004 ±0.003 ±0.002 ±0.002 ±0.001 ±0.OO3 ±O.OOI 

III 0.05 mg/', 0.100 0.109 0.054 0.035 0.020 0.026 0.026 
with plants ±0.004 ±0.010 ±0.002 ±0.004 ±0.006 ±O.OOI ±0.004 

IV O.lOmg/', 0.202 0.293 0.105 0.073 0.041 0.043 0.054 
with plants ±0.012 ±0.052 ±0.OO5 ±O.OO7 ±0.005 ±O.006 ±0.018 

V 0.10 mg/', 0.197 0.283 0.118 0.057 0.028 0.035 0.049 
no plants ±0.028 ±0.014 ±0.005 ±0.OO2 ±0.OO3 ±0.004 ±0.006 

.. Total treatment, assuming complete chemical release, equals to 0.42, 0.82, 2.05, 4.07, and 3.81 mg/l fluridone 
in treatments I, II, III, IV, and V, respectively. 

.... Means offour replicates ± standard error. 

Table 15
 
EffectofFluridone Released from Monolithic Fibers on Mature
 

Hydrilla and on Regrowth from Rootstocks after 7 weeks in Flowing Water-


Mature PlantB	 Regrowth {rom RootBtocks 

Shoot Shoot Root Root! Shoot Shoot Root Root! 
Fluridone Length Weight Weight Shoot Length Weight Weight Shoot 
Treatment em M II Ratio em II g Ratio 

Control 65" 9.93" 0.41" 0.04 27" 1.06" 0.10" 0.10 
0.01 mg/l 80" 5.86b 0.02b 0.03 18·b 0,44b 0.08"b 0.18 
0.02 mg/l 99· 5.10b 0.23b 0.05 15b 0.42b 0.06be 0.14 
0.05 mg/l 63" 5.76b 0.I5b 0.03 17"b 0.50b 0.06"be 0.12 
0.10 mg/l 59" 5.86' 0.17b 0.03 4' O.Sl b 0.05< 0.11 
-_. 

..	 Values in a column followed by the same letter are not significantly different at P =0.05 as determined by 
Waller-Duncan test. Each value is the mean offoUT replicates. 

were obtained after 7 weeks (Table 15); however, no differences in dry weights 
were observed among the different treatment rates. 

Evaluation ofConventional Formulations 
Hydrilla tuber germination, tuber formation. Several herbicides were 

evaluated in the laboratory for inhibition ofhydrilla tuber germination, as well as 
for phytotoxicity towards any new sprouts emerging from the germinated tubers. 

Dichlobenil applied up to 1.0 mg/l did not inhibit hydrilla tuber germination 
(Table 16). However, growth and development of the newly germinating sprouts 
were severely retarded by a treatment of 0.05 mg/! dichlobenil. Furthermore, 
treatments of 0.10 mg/l or higher produced 87 percent or greater injury ratings to 
the germinated plants. 
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Table 16 
EffectofDichlobenil on HydrillaRegrowth from Tubers* 

Treatments 
mgt! 

Germination 
% 

Slwot Length 
em 

Plant 
Dry Weight 

g 
Injury 

% 

Experiment 1 
Control 44" 31.0" - 3 

0.25 66' Ob - 100 

0.5 56" Ob - 100 

1.0 44" Ob - 100 

Experiment 2 

Control 52· 25.1" 0.602" 0 

0.05 37" 6.5b 0.258b 33 

0.10 42" 4.9< 0.030' 87 

0.25 37· 3.3' 0.009' 97 

0.50 33 2.3' 0.003' 98 

* Values in a column followed by the same letter are not significantly different at P = 0.05 as determined by 
Waller-Duncan test. Each value is the mean of four replicated jars. 

Fluridone effectively retarded hydrilla regrowth at the 0.01 mg/! treatment rate 
(Table 17). However, concentrations up to 0.10 mg/! produced less than 57 percent 
injury ratings to the germinated plants after 8 weeks. There was a sustained loss 
of chlorophyll in the young meristematic tissues from the beginning of the test 
through termination, but no other injury was evident. Tuber germination was not 
affected by fluridone treatments up to 0.10 mg/1. 

Hydrilla regrowth appeared most sensitive to treatments with DPX-5648. 
Concentrations of 0.001 mg/! or higher effected significant reductions in growth 

Table 17
 
Effect ofFluridone on Hydrillll Regrowth from Tubers*
 

Plant 
Treatments Germination Shoot Length Dry Weight Injury 

mgt! % em g % 

Experiment 1 
Control 52" 24.3" 0.700" 0 

0.01 47" 20.2"b 0.181 b 37 

0.025 38' 16.0·b 0.119b 50 

0.05 45" 13.2b 0.139b 40 

0.10 45" 1O.5b 0.123b 57 

Experiment 2 
Control - 24.6"b 0.702" 0 

0.001 - 30.0· 0.760· 7 

0.005 - 19.3"" 0.110b 50 

0.010 - 22.7"b" 0.067b 50 

0.050 - 14.0' 0.050b 53 

* Values in a column followed by the same letter are not significantly different at P =0.05 as determined by 
Waller·Duncan test. Each value is the mean offouI replicated jars. 
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in stem lengths as well as in dry weights (Table 18). Root growth was severely 
inhibited by the DPX-5648 treatments, suggesting that the chemical might be 
translocated readily throughout the plant tissues. DPX-5648 produced little 
phytotoxic effect, however, to the new shoots emerging from germinated tubers. 

The growth retardant PP-333 also produced little evidence of phytotoxicity 
toward hydrilla regrowth. The highest treatment rate (2.0 mg/!) did not effect 
injury to the test plants. However, concentrations of 1.0 mg/! or higher 
significantly retarded hydrilla regrowth from tubers (Table 18). 

In a comparative study, the effects of several herbicides on new growth 
emerging from germinated tubers of hydrilla and sago pondweed were 
investigated. From these evaluation results (Tables 19 and 20) and results of other 
studies (Tables 16-18), the minimum herbicide concentrations required for control 
of regrowth in hydrilla and sago pondweed were determined. 

For dichlobenil, a threshold level between 0.05 and 0.10 mg/! appeared to be 
required for control of regrowth from hydrilla tubers (Table 19). Also, regrowth 
from sago pondweed tubers was effectively controlled at 0.10 mg/! dichlobenil 
(Table 20). 

Similarly, a minimum concentration of 0.01 to 0.05 mg/! fluridone was required 
to control regrowth from tubers in both hydrilla and sago pondweed. 

Significant increases in phytotoxicity to the young hydra sprouts were 
observed when treatments of fluridone were made under higher light intensities. 
Injury ratings of 93 percent for hydrilla (Table 19) and 97 percent for sago 
pondweed (Table 20) were obtained when 0.05 mg/t fluridone was applied under a 
radiant flux of 200 j.LE/m2/sec. Similar fluridone treatments made under 
40 j.LE/m2/sec produced only 40 to 53 percent injury ratings (Table 17). 

DPX-5648 appeared to be effective against regrowth of both hydrilla and sago 
pondweed at treatment rates as low as 0.001 to 0.005 mg/t. 

Submersed weeds. N-252 and S-734 were evaluated in the laboratory for 
efficacy in controlling hydrilla, watermilfoil, naiad, and chara (Tables 21 and 22), 
cabomba, coontail, lemon bacopa, and hygrophila (Tables 23 and 24). 

Treatments of S-734 at rates up to 5.0 mg/! produced little damage to the test 
plants. The results of evaluation against watermilfoil and cabomba were 
confounded by high injury ratings of control plants. 

In contrast, N-252 was effective against most of the submersed aquatic species 
tested after 8 weeks at treatment rates of 1.0 mg/! or higher. Control of lemon 
bacopa and hygrophila was not achieved, however, until an impractical 
treatment rate of 5.0 mg/t was applied. These two species were found previously 
to be more tolerant to most aquatic herbicides currently available. 

The evaluations of AC·925 and AC-214 for potential use in management of 
aquatic plants are complete. The two chemicals are generally not effective 
against submersed aquatic weeds (Tables 25 and 26). In the tests they produced 
moderate control of coontail, naiad, hygrophila, watermilfoil, and hydrilla at the 
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Table 18
 

Effect of DPX-5648 and PP-333 on Hydrilla Regrowth from Tubers-


Dry Weight 

Treatments Germination Shoot Length Shoot Root Injury 
mgll % em g g % 

Control 
0.001 DPX-5648 
0.005 DPX-5648 
0.010 DPX-5648 
0.025 DPX-5648 
0.050 DPX·5648 

538 

408 

548 

448 

508 

528 

Experiment 1 
34.58 

8.1b 
4.4b 

4.6b 

4.4 b 

4.2b 

0.7508 

0.265b 

0.260b 

0.255b 

0.237b 

0.222b 

0.1308 

O.OlOb 

0· 
Ob 
Ob 
Ob 

10 
23 
20 
18 
17 
20 

Experiment 2 

Control 
0.25 PP-333 
0.5PP-333 
1.0PP-333 
2.0PP-333 

538 

478 

678 

538 

438 

34.58 

15.4b 

9.3' 
6.7d 

4.6d 

0.7508 

0.7488 

0.6558 

0.496b 

0.345e 

0.1308 

0.1078b 

0.091 8b 

O.077bc 

0.039' 

10 
10 
20 
13 
20 

- For each chemical, values in a column followed by the same letter are not significantly different at P =0.05 as 
determined by Waller-Duncan test. Each value is the mean of four replicated jars. 

Table 19
 
Effects of Vmous Chemicals on Hydrilla Regrowth from Tubers-


Dry Weight 

Treatments 
mgll 

Survival 
% 

Shoot Length 
em 

Shoot 
g 

Root 
g 

Injury 
% 

Dichlobenil 

Control 
0.025 
0.05 
0.10 
0.25 

1008 

1008 

968 

1008 

54b 

24.08 

23.38b 

18.78b 

16.3b 

4.0e 

0.6608 

0.5978 

0.403b 

0.327' 
0.038d 

0.0608 

0.0528 

0.035b 

0.013e 

0 

0 
3 

17 
77 
95 

Control 
0.001 
0.005 
0.010 
0.050 

100" 
96"b 
88"b 
50' 
66bc 

Fluridone 
24.0·b 

30.0" 
19.3bc 

22.7"bc 
14.0' 

0.660" 
0.1178 

0.095b 

0.060b 

0.044b 

0.060· 
0.045b 

0.016' 
0.007e 

0.006e 

0 
7 

50 
70 
93 

DPX-5648 
Control 
0.0002 
0.0005 
0.001 
0.005 

1008 

100" 
100" 
1008 

1008 

24.0·b 

27.3" 
27.38 

19.7bc 

13.0' 

0.6608 

0.6528 

0.6308 

0.5468b 

0.292b 

0.060" 
0.063" 
0.0528 

0.020b 

O.OlOb 

0 
0 
0 

17 
17 

Control 
0.025 
0.05 
0.10 
0.25 

1008 

1008 

1008 

1008 

91 8 

Fenac 

24.08b 

28.78 

25.7" 
21.7b 

2.3' 

0.6608b 

0.6948 

0.6778 

0,474b 

0.028' 

0.060b 

0.051 b 
0.068b 

0.1408 

0.1498 

0 
0 
0 

30 
73 

- For each chemical, values in a column followed by the same letter are not significantly different at P =0.05 as 
determined by Waller-Duncan test. Each value is the mean of four replicated jars. 
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Table 20
 
Effect ofVarious Chemicals on Sago Pondweed Regrowth from Tubers·
 

Dry Weight 

Treatments Survival Shoot Length Shoot Root Injury 
mg/l % em g g % 

Dichlobenil 
Control 100" 47.3" 0.353" 0.025b 0 

0.025 83" 35.0" 0.334"	 0.048" 3 

0.05 83" 35.7" 0.279"	 0.025b 17 

0.10 8b 3.3b 0.006b	 Oc 88 
Ob Ob Ob Oc0.25	 93 

Fluridone 
Control 100" 47.3" 0.353"b 0.025"b 0 

0.001 93" 44.7" 0.351"b	 0.0398 0 

0.005 938 38.08 0.446"b	 0.0288 60 

0.010 75b 34.08 0.182 bc	 0.006bc 60 
Ob Ob0.050 0'	 0' 97 

DPX-5648 
Control 100" 47.3" 0.3538 0.025" 0 

0.0002 93" 33.7"b 0.3748 0.008b 0 
oc0.0005 75" 26.7bc 0.3028	 17 

0.0001 1008 15.7bc 0.330"	 0.002c 20 

0.005 1008 13.7c 0.191 b	 oc 17 

Fenac 
Control 100" 47.38 0.353" 0.0258 0 

0.025 100" 32.38b 0.412"	 0.018" 0 

0.05 75"b 26.3b 0.243b	 0.025" 0 

0.10	 68b 26.3b O.OW Ob 50 
Ob0.25 33' 2.7' 0.016'	 88 

•	 For each chemical, values in a column followed by the same letter are not significantly different at P =0.05 as 
determined by Waller-Duncan test. Each value is the mean of four replicated jars. 
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Table 21
 
Laboratory Evaluations ofN-252 for Phytotoxicity
 

Toward Hydrilla (H), Watermilfoil (W), Naiad (N), and Chara (CR), 3 June 1982
 

Posttreatment Control,percent

1 week 2weekB 4weekB
Chemical Company Rate 

Designation or Source mg/l H W N CR H W N CR H W N CR 

N-252 Uniroyal 0.25 3 5 0 0 5 7 2 0 5 40 5 7 
0.5 0 3 0 0 0 7 2 0 0 10 8 7 
1.0 0 23 0 0 17 75 25 2 37 75 70 63 
5.0 20 50 20 7 90 90 83 70 100 100 100 100 

Control 0 10 0 7 10 30 0 5 10 37 0 10 

6weekB 8weekB lOweekB 

H W N CR H W N CR H W N CR 

N-252 Uniroyal 0.25 5 40 5 8 20 67 20 33 20 57 20 40 
0.5 10 13 30 20 13 30 23 53 13 37 23 57 
1.0 67 90 90 98 97 100 98 98 95 100 100 100 
5.0 100 100 100 100 100 100 100 100 100 100 100 100 

Control 7 33 0 10 3 40 0 10 0 43 0 13 

* Average ofthree replicates. 

Table 22
 
Laboratory Evaluations ofS-734 for Phytotoxicity
 

Toward Hydrilla (H), Watermilfoil (W), Naiad (N), and Chara (CR), 3 June 1982
 

Posttreatment Control, percent

1 week 2weekB 4weekB
Chemical Company Rate 

Designation or Source mg/l H W N CR H W N CR H W N CR 

8-734 Uniroyal 0.25 0 0 0 0 0 3 0 0 7 30 10 17 
0.5 0 0 0 3 3 5 3 0 8 20 7 8 
1.0 0 0 2 0 0 5 0 0 0 5 0 0 
5.0 3 0 3 2 0 13 5 0 3 47 7 3 

Control 0 10 0 7 10 30 0 5 10 37 0 10 

6 weeks 8weekB lOweekB 

H W N CR H W N CR H W N CR 

8-734 Uniroyal 0.25 7 47 7 17 18 40 8 17 20 42 12 20 
0.5 12 57 7 15 10 53 12 13 13 53 13 15 
1.0 3 17 3 3 3 37 12 3 3 37 10 17 
5.0 7 100 13 3 17 100 33 3 13 100 33 10 

Control 7 33 0 10 3 40 0 10 0 43 0 13 

* Average ofthree replicates. 
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Table 23
 
Laboratory Evaluations ofN-252 for Phytotoxicity Toward
 

Cabomba (CA), Coontail (CT), Bacopa (B), and Hygrophila (lIP), 3 June 1982
 

P08ttreatment Control, percent-

Chemical Company Rate 
1 week 2week8 4 weeks 

De8ignation or Source mg/I CA CT B HP CA CT B HP CA CT B HP 

N-252 Uniroyal 0.25 7 2 0 0 8 5 10 7 23 10 10 10 
0.5 0 2 0 0 25 5 10 10 40 17 10 10 
1.0 5 5 0 2 50 18 17 15 87 33 17 12 
5.0 67 30 0 27 98 48 73 43 100 57 100 60 

Control 17 0 0 0 20 2 5 10 43 3 7 10 

6 weeks 8 weeks 10 weeks 
-

CA CT 8 HP CA CT B HP CA CT B HP 

N-252 Uniroyal 0.25 37 18 10 10 37 25 10 10 43 27 10 10 
0.5 50 22 10 10 50 42 13 8 47 28 10 8 
1.0 100 72 20 27 100 72 22 27 100 70 27 43 
5.0 100 93 100 97 100 98 100 100 100 98 100 100 

Control 43 5 7 10 43 5 7 10 43 5 7 10 

.. Average of three replicates. 

Table 24 

Laboratory Evaluations of8-734 for Phytotoxicity Toward 
Cabomba (CA), Coontail (CT), Bacopa (B), and Hygrophila (HP), 3 June 1982 

P08ttreatment Control, percent

1 week 2week8 4 weeks
Chemical Company Rate 

De8ignation or Source mg/I CA CT B HP CA CT B HP CA CT B HP 

8-734 Uniroyal 0.25 3 0 0 0 3 0 0 10 0 0 0 20 
0.5 8 0 0 0 17 3 2 8 47 3 3 13 
1.0 13 0 0 3 33 0 5 13 40 7 2 10 
5.0 0 3 0 7 33 0 7 12 40 7 5 20 

Control 17 0 0 0 20 2 5 10 43 3 7 10 

6week8 8week8 10 weeks 

CA CT 8 HP CA CT B HP CA CT B HP 

8-734 Uniroyal 0.25 7 0 0 23 13 7 3 30 33 8 3 37 
0.5 90 5 5 12 80 3 5 25 93 3 0 30 
1.0 47 7 3 8 70 3 3 8 67 a 0 20 
5.0 50 7 5 37 77 7 5 42 90 7 5 43 

Control 43 5 7 10 43 5 7 10 43 5 7 10 

.. Average of three replicates. 
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Table 25 
Laboratory Evaluations ofAC-925 and AC-214 for Phytotoxicity
 

Toward Combined Hydrilla (H), Watermilfoil (W), Bacopa (B), and Chara (CR), 17 March 1982
 

Posttreatment Control, percent-

Chemical 
Designation 

Company 
or Source 

Rate 
mgl' H 

2weekB 

W B CR H 

4weekB 

W B CR H 

6weekB 

W B CR 

AC-925 American 
Cyanamid 

0.25 
0.50 

1.0 
5.0 

3 
0 

5 
15 

3 
3 

7 

23 

0 
0 

0 
0 

0 

0 
0 

0 

3 
2 

10 

23 

3 
25 

13 

40 

0 
0 

0 

0 

0 

0 

0 
0 

3 
2 

13 

30 

8 
57 

20 

53 

0 

0 

0 

0 

0 
5 

3 

0 

Control 0 2 0 0 0 2 0 0 2 5 0 3 

BweekB 10weekB 12weekB 

H W B CR H W B CR H W B CR 

AC-925 American 

Cyanamid 

0.25 

0.50 

1.0 
5.0 

10 

7 

17 
52 

17 

57 

37 

63 

2 

0 
0 

0 

10 

12 

10 
8 

13 

10 
22 

73 

20 

70 

60 

80 

2 

0 
3 

0 

18 

17 

20 

12 

17 

13 
23 

70 

20 
77 

75 

90 

2 

0 
3 

0 

27 

17 

23 

17 

Control 7 8 0 8 13 5 0 13 20 7 0 13 

2weekB 4weekB 6weekB 

H W B CR H W B CR H W B CR 

AC-214 American 

Cyanamid 
0.25 

0.50 

1.0 
5.0 

0 

5 
7 

10 

2 

17 

10 

30 

0 

0 

0 

0 

0 
0 

0 

0 

2 

3 

10 

10 

7 

30 

33 

43 

2 

0 

0 

0 

0 
2 

0 

0 

3 
7 

30 
22 

37 
40 

62 

67 

0 

0 

0 

2 

3 

3 
0 

5 

Control 0 2 0 0 0 2 0 0 2 5 0 3 

BweekB 10weekB 12weekB 

H W B CR H W B CR H W B CR 

AC-214 American 

Cyanamid 
0.25 

0.50 

1.0 
5.0 

3 
12 
33 

90 

37 

40 
80 

67 

0 

0 
0 

20 

13 

5 

5 

10 

12 

13 

50 
92 

38 
50 

90 

73 

0 
0 
7 

27 

13 
20 

13 

13 

13 

13 

53 

93 

35 

53 
88 

77 

0 

0 

37 
30 

18 
13 

13 
13 

Control 7 8 0 8 13 5 0 13 20 7 0 13 

• Average of three replicates. 
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Table 26
 
Laboratory Evaluations of AC-925 and AC-214 for Phytotoxicity
 

Toward Combined Cabomba (CA), Coontail (CT), Naiad (N). and Hygrophila (HP). 17 March 1982
 

P08ttreatment Control,percent· 

Chemical 
De8ignation 

Company 
or Source 

Rate 
mg/f CA 

2week8 

CT N HP 

4weekB 

CA CT N HP 

6week8 

CA CT N HP 

AC-925 American 
Cyanamid 

0.25 

0.50 

1.0 
5.0 

2 

8 
2 

5 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 

3 

28 

53 
18 
27 

0 

0 
7 

20 

0 

3 

0 
2 

10 

10 

10 

17 

43 
70 

37 
32 

0 

8 

33 
33 

3 
0 

13 

8 

10 
13 

30 

43 

Control 2 0 0 0 10 0 0 0 12 0 0 0 

CA 

BweekB 

CT N 
-
HP 

10weekB 

CA CT N HP 

12week8 

CA CT N HP 

AC-925 American 

Cyanamid 

0.25 

0.50 

1.0 

5.0 

50 
73 

37 

40 

7 

17 

33 

50 

13 

5 
17 

27 

13 
17 

37 

60 

50 

70 

57 

63 

17 

30 

55 
82 

17 

8 
23 

60 

23 

20 

57 

83 

57 

60 

63 

80 

20 

40 

68 

92 

23 

8 
42 

93 

30 

23 

57 
92 

Control 18 0 0 17 30 0 3 20 40 0 0 23 

2weekB 4weekB 6week8 

CA CT N HP CA CT N HP CA CT N HP 

AC-214 American 

Cyanamid 
0.25 

0.50 

1.0 

5.0 

0 
2 

8 
0 

0 

0 

7 

0 

0 

0 

3 

0 

0 
3 

0 

0 

13 

10 

27 

43 

2 

8 

23 

13 

0 

0 

10 

2 

10 

10 

8 
20 

20 

17 

23 

60 

8 
18 

43 

23 

3 

0 

33 
25 

20 

23 

20 

27 

Control 2 0 0 0 10 0 0 0 12 0 0 0 

BweekB 10weekB 12week8 

CA CT N HP CA CT N HP CA CT N HP 

AC-214 American 
Cyanamid 

0.25 

0.50 

1.0 

5.0 

22 
27 

43 

60 

20 

25 

60 

55 

3 
2 

40 

55 

20 

20 

33 

60 

33 
45 

77 

55 

23 

47 

75 

85 

3 
10 

47 

63 

17 
23 

40 

85 

40 

42 

77 

55 

30 

50 

88 

93 

7 
15 

65 

90 

20 

23 

40 

95 

Control 18 0 0 17 30 0 3 20 40 0 0 23 

* Average ofthree replicates. 
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treatment rate of 5.0 mg/t. This rate is generally considered to be economically 
infeasible for field application. Chara was not controlled by either chemical at 
treatment rates up to 5.0 mg/t. 

PP·333 was not effective as an aquatic herbicide when evaluated against 
mature, established submersed aquatic plants (Table 27). The highest treatment 
rate (5.0 mg/t) did not effect significant injury to any of the test species. PP-333 
acts, however, as a growth retardant which significantly reduced hydrilla 
regrowth from tubers (Table 8) and waterhyacinth biomass. 

Table 27
 

Laboratory Evaluations ofPP-333 for Phytotoxicity Toward
 
Combined Hydrilla (H), Watermilfoil (W), Bacopa (B), and Chara (CR), 29 June 1982
 

Posttreatment Control, percent" 

Chemical Company Rate 
1 week 2 weeks 4 weeks 

Designation or Source mg/l H W B CR H W B CR H W B CR 

PP-333 ICI 0.5 0 0 0 0 0 0 0 0 0 0 7 0 

1.0 0 0 0 0 0 0 0 0 0 0 0 0 

2.0 0 0 0 0 0 0 0 0 0 0 0 0 

5.0 0 0 0 0 0 0 0 0 0 0 0 0 

Control 0 0 0 0 0 0 0 0 0 0 0 0 

6 weeks 8 weeks 10 weeks 

H W B CR H W B CR H W B CR 

PP-333 ICI 0.5 0 0 7 0 0 0 7 0 0 3 10 0 

1.0 0 0 0 0 0 0 0 0 0 10 0 0 

2.0 0 0 0 0 0 0 0 0 3 7 0 7 

5.0 7 3 7 10 10 17 20 70 17 17 17 72 

Control 0 0 0 0 0 0 0 0 7 7 0 0 

1 week 2 weeks 4 weeks 

CA N E HP CA N E HP CA N E HP 

PP-333 ICI 0.5 0 0 0 0 0 0 0 3 0 0 0 0 

1.0 0 0 0 0 0 0 0 7 0 0 0 0 

2.0 0 0 0 0 0 0 0 7 0 0 0 0 

5.0 0 0 0 3 0 0 0 3 0 0 0 3 

Control 0 0 0 0 0 0 0 7 0 0 0 3 

6 weeks 8 weeks 10 weeks 

CA N E HP CA N E HP CA N E HP 

PP-333 ICI 0.5 7 0 0 0 40 0 7 0 43 0 0 7 

1.0 0 0 0 0 17 0 0 0 33 0 0 10 

2.0 7 0 0 0 13 0 3 0 17 0 3 7 

5.0 7 7 3 7 40 10 17 37 50 20 17 30 

Control 7 0 0 0 17 3 0 0 53 3 0 3 

- 

* Average ofthree replicates. 
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The response of hydrilla to combinations of diquat and Cide Kick was not 
different than to diquat alone after 10 weeks posttreatment (Table 28). Cide Kick 
appeared, however, to speed up the phytotoxic response to diquat as reflected by 
increased injury ratings at 4 to 6 weeks after treatments. There was no difference 
in hydrilla response to the diquat and Cide Kick combinations, when 
concentration of Cide Kick was increased from 1 to 3 ppm. 

Lemon bacopa. Susceptibility of lemon bacopa to aquatic herbicides now 
available or under development was determined (Table 29). 

Lemon bacopa was most sensitive to diquat and terbutryn with complete 
control obtained at all treatment rates from 0.63 to 5.0 mg/l after 4 weeks 
posttreatment. 

Diuron and fenac produced 100 percent control at a treatment rate of 1.25 mg/l 
after 6 weeks and 10 weeks, respectively. 

Dichlobenil appeared effective in lemon bacopa at a treatment rate of 1.25 mg/l, 
which produced 97 percent control after 10 weeks. 

Simazine effected 100 percent control of lemon bacopa after 8 weeks at a 
treatment rate of 2.5 mg/! or higher. 

On the other hand, lemon bacopa appeared to be tolerant to many herbicides 
now widely used for control of BU bmersed aquatic plants. 

Both copper ethylenediamine complex (Komeen®) and potassium endothall 
were found ineffective at treatment rates up to 5.0 mg/I. 

The liquid endothall amine was effective at rates between 2.5 and 5.0 mg/t 4 
weeks after treatment. However, high fish toxicity may present a problem at these 
treatment rates. 

Floating weeds. Both the experimental herbicides N-252 and S-734 were 
effective against waterhyacinth at the treatment rate of 5.6 kg/ha (Table 30). 

Water lettuce was more sensitive to N-252 and S-734, with complete control 
abtained at treatment rates of 2.24 and 1.12 kg/ha, respectively (Table 30). 

Efficacy tests for AC·925 and AC·214 were conducted against several floating 
and emergent species. Complete control of waterhyacinth and water lettuce was 
obtained with all treatment rates from 0.56 to 5.6 kg/ha of AC-925 and AC-214 
(Table 31). 

In a second series of tests with lower treatment rates (Table 32), AC-214 
produced 100 percent control of waterhyacinth and water lettuce at 0.28 kg/ha 
and 0.112 kg/ha, respectively, after 10 weeks posttreatment. AC·925 appeared 
equally effective against waterhyacinth and water lettuce at approximately the 
same treatment rates (Table 32). 

PP-333 acted as a growth retardant and significantly reduced plant biomass 
after 6 weeks at the treatment rate 1.112 kg/ha (Table 33). 

Glyphosate (Scout®) was found effective against waterhyacinth after 4 weeks 
at treatment rates 2.8 kg a.e.lha or higher in an outdoor pool experiment (Table 
34). 
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Table 28
 

Herbicidal Activity ofDiquat on Hydrilla Applied
 
With and Without the Additive Cide Kick
 

Percent Injury at Weeks Posttreatment" 

Treatment Rate,mgll 1 2 4 6 8 .10 

CideKick 1.0 1O±6 7±3 17±3 15±0 15±0 1O±0 
CideKick 2.0 20± 10 15±4 25±4 25±4 23±2 18 ±2 
Cide Kick 3.0 7±3 1O±0 23±9 15±0 13 ±2 7±3 
Diquat 0.2 17 ±7 13 ±9 47±3 55±8 80±3 82±2 
Diquat + Cide Kick 0.2 + 1.0 20±0 37± 17 63 ± 13 83±7 88±3 85±9 
Diquat+ Cide Kick 0.2+ 2.0 20±6 20±6 60±6 85±5 87 ±4 83±3 
Diquat + Cide Kick 0.2+3.0 23±7 20±0 67 ±3 85±3 88±3 85±3 
Control 0 O±O 3±3 17 ±3 17 ±3 17 ±3 13 ±2 

• Average ofthree replicates ± S.E. 

Table 29
 
Laboratory Evaluations ofSeveral Aquatic Herbicides
 

for Efficacy Towards Lemon Bacopa
 

Chemical	 Percent Injury at Weelu POBttreatment" Percent Injury at Weelu POBttreatment" 
Treatment Rate 

Chem/col 
Treatment Rate
 

ml/II :I 3 4 6 8 10
 mll/l	 :I 3 4 6 8 10 

CopperEDA" Endothallamlne(System L) 
1.26 0 7 13 20 10 1.26 20 20 23 33 17 23 
250 0 23 30 30 35 2.50 24 30 30 30 37 27 
5.00	 0 20 30 53 62 5.00 6 13 23 33 23 18 

Dlcamba + 2,4-D Pota••ium Endothal1 
1.25 30 30 37 2'7 2'7 23 1.26 7 13 10 12 6 
2.50 27 27 33 47 43 50 2.50 10 13 17 8 9 
5.00	 27 40 65 90 92 92 5.00 7 23 20 23 26 

Dichlobenil FenBc 
1.26 15 17 23 73 93 97 1.26 8 22 63 B5 98 100 
2.50 12 18 58 75 92 95 2.50 17 57 98 100 100 100 
5.00	 8 8 28 88 97 97 5.00 20 70 97 100 100 100 

Diquat Fluridone 
0.63 10 100 100 100 100 1.25 22 22 26 22 28 26 
1.25 17 100 100 100 100 2.50 8 8 15 12 12 15 
2.50 10 100 100 100 100 5.00 17 17 20 20 23 28 
5.00 20 100 100 100 100 Simazine 

Dluron 1.25 10	 20 23 48 53 63 
1.26 17 47 97 100 100 100 2.50 17 30 88 98 100 100 
250 40 53 97 100 100 100 5.00 37 47 96 100 100 100 
5.00	 13 60 100 100 100 100 Terbutryn 

Endothallamine (pellet) 0.63 15 63 100 100 100 100 
0.63 10 20 20 17 33 1.26 37 77 100 100 100 100 
1.26	 7 17 17 18 20 2.50 83 93 100 100 100 100 
2.50 10 23 23 20 23 5.00 20 67 100 100 100 100 
5.00	 10 73 80 73 75 2,4-DDMAt 

Endothallamine (liquid) 1.26 13 13 13 13 12 10 
0.63 27 27 37 37 30 23 2.50 23 40 78 98 92 87 
1.25 30 33 65 70 60 52 5.00 20 43 83 63 90 80 
2.50 20 60 97 93 87 63 Control 22 17 18 15 13 7 
5.00 43 87 100 100 100 100 

• Average of three replicates.
 
.. Ethylene diamine complex.
 
t Dimethylamine .alt.
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Table 30
 
Greenhouse Evaluation ofN-252 and S-734 for
 

Phytotoxlclty Toward Floating Weeds, 2 August 1982
 

Percenllnjury 01
 
Weeka Posttrealment·
 

Ch..mlcal Company Rate 
Designation orSouree kg/ha 1 2 .. 6 8 10 

Waterhyaclnth 

N·252	 Uniroyal 0.56 20 10 10 7 13 23 

1.12 23 20 18 30 43 53 

2.24 43 63 63 40 60 60 
5.60 72 92 97 90 87 100 

8-734	 Uniroysl 0.56 3 3 7 7 10 0 

1.12 7 12 25 33 47 27 

2.24 10 23 52 70 60 82 

5.60 13 18 57 83 85 95 

Control	 0 10 10 0 0 0 

Water Lettuce 

N·252	 Uniroyal 0.56 17 10 7 7 7 10 
1.12 38 57 53 47 37 57 
2.24 85 100 100 100 100 100 
5.60 100 100 100 100 100 100 

8-734	 Uniroyal 0.56 13 23 53 57 60 63 
1.12 18 33 88 93 98 100 

2.25 18 35 92 95 90 90 
5.60 18 43 95 98 100 100 

Control	 0 0 0 0 0 0 

• Average of three replicates. 

Table 31
 
Greenhouse Evaluation of AC-925 and AC-214 for
 

Phytotoxicity Toward Floating Weeds, 22 March 1982
 

Percenllnjury 01 
Week. Posttreatment· 

Ch..mlcal Company Rote 
DesigntJl.ion or Source kg/lin 1 2 .. 6 8 

Waterhyacinth 

AC·925	 American 0.56 8 20 83 95 97 
Cyanamid 1.12 10 25 83 95 97 

2.24 8 22 87 97 97 
5.60 13 25 82 93 100 

AC·214	 American 0.56 7 13 45 88 88 
Cyanamid 1.12 10 13 88 95 97 

2.24 10 25 93 98 100 
5.60 20 35 95 100 100 

Control	 3 5 13 22 13 

Water Lettuce 

AC·925	 American 0.56 7 25 93 100 100 
Cyanamid 1.12 13 28 97 100 100 

2.24 12 23 93 95 100 
5.60 22 30 95 100 100 

AG-214	 American 0.56 13 15 83 98 100 
Cyanamid 1.12 7 15 93 97 100 

2.24 18 22 83 98 100 
5.60 20 25 100 100 100 

Control	 2 2 2 0 15 

• Average of three replicates. 

228
 



Table 32
 
Greenhouse Evaluation ofAC-9215 and AC-214 for
 

Phytotoxicity Toward Floating Weeds, 22 July 1982
 

Percent Injury at 
Weeks Posttreatment-

Chemical Company Rate 
Designation or Source kg/ha 1 2 4 6 8 10 

Waterhyacinth 

AC-925	 American 0.056 13 13 27 62 68 80 

Cyanamid 0.112 17 30 67 93 95 97 

0.280 25 28 73 95 98 100 

0.560 25 33 73 97 98 100 

AC-214	 American 0.056 12 17 35 83 85 95 
Cyanamid 0.112 20 27 65 90 88 90 

0.280 33 43 83 97 98 100 
0.560 27 35 70 97 98 100 

Control	 10 10 10 10 10 0 

Water Lettuce 

AC-925	 American 0.056 50 90 100 100 100 100 
Cyanamid 0.112 40 67 92 95 92 75 

0.280 67 90 98 100 100 100 

0.560 37 70 97 100 100 100 

AC-214	 American 0.056 73 77 80 80 73 70 
Cyanamid 0.112 43 60 85 95 100 100 

0.280 23 67 93 100 100 100 
0.560 23 65 93 98 100 100 

Control	 27 10 10 10 7 6 

.. Average of three replicates. 

Table 33 
Greenhouse Evaluation ofPP-333
 

for Phytotoxicity Toward Waterhyacinth, 8 June 1982
 

Wet 
Weight 

Percent Injury at 
Weeks Posttreatment-

Chemical Company Rate After 6 
Designation or Source kg/ha 1 2 4 6 Weeks-

PP-333 ICI 0.112 12 13 13 13 438'b 

(WP50) 0.280 12 12 12 13 425'b 

0.560 10 13 15 15 470'b 

1.120 22 28 27 25 361b 

PP·333 ICI 0.112 13 20 18 23 450b 

(G·1) 0.280 18 22 17 17 448b 

0.560 15 23 27 28 425b 

1.120 12 17 13 13 375b 

Control	 8 10 10 10 553' 

.. Average of three replicates. 
.... Values followed by the same letter are not significantly different at P =0.05 as determined by Waller-Duncan 

test. 
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Table 34
 

Percent Control of Waterhyacinth Following Treatment with
 
Glyphosate (Scout®) in Outdoor Pools
 

Glyphosate Percent Control at Weeks Posttreatment" 
Treatment 
kga.e.lha 1 2 4 6 8 10 12 

Control 0 0 0 7±3 0 0 0 

2.24 57± 3 53±3 68±6 73 ±4 73±4 72±6 65±8 

2.80 73± 7 77±3 93±2 93±2 93 ± 2 92 ± 2 93±2 

3.36 75±3 80±5 93± 2 92 ±2 93± 2 95±O 95±O 

3.92 82 ± 2 85±3 93±2 93 ±2 95±3 95±3 95±O 

4.48 88±2 88 ± 2 95±O 95±O 95±O 95±O 97 ±2 

NOTE: Experiment was initiated on 14 September 1982. 

* Values are means of three replicates ± S.E. 

Emergent weeds. Both N-252 and 8-734 were not effective on torpedograss or 
alligatorweed at treatment rates up to 5.6 kg/ha (Table 35). 

The threshold injury level for AC-925 against alligatorweed appeared to be 0.56 
kg/ha treatment rate, which produced 92 and 100 percent injury ratings in two 
separate experiments (Tables 36 and 37). 

AC-214 produced 97 percent control of alligatorweed at 2.24 kg/ha (Table 36). 
Lower treatment rates were not effective (Table 37). 

No evidence of phytotoxicity was shown by torpedograss to treatments of AC
214 up to 5.6 kg/ha (Table 36). 

On the other hand, AC-925 effected 95 percent control of torpedograss 10 weeks 
after treatment at the rate 0.28 kg/ha (Table 37). 

Field evaluations. The herbicide DPX-5648 continued to give promising 
results in field evaluations. Complete control of waterhyacinth was obtained with 
field treatment rates of 20 or 20 g a.i/ha DPX-5648. 

The herbicide action was slow. The plants treated with DPX·5648 did not 
appear to be affected by the chemical during the first 3 weeks, but during the next 
several weeks the leaves gradually turned brown and the plants slowly died. 
Early plant responses to DPX-5648 included complete inhibition of daughter 
plant production, discoloration as mild chlorosis starting in the youngest tissues, 
and a purpling or anthocyanin expression that developed in the vascular stem 
tissues. 

The maximum effects of DPX-5648 took about 10 to 12 weeks to develop, but 
reinfestation after treatment appeared to be minimal. In fact, the treatment of 20 
g a.i.lha on the 0.07-ha pond at Fort Lauderdale AREC completely eliminated 
waterhyacinth in the pond. No regrowth either of vegetative offshoots (daughter 
plants) or from seedlings has yet been observed after 6 months posttreatment. 

Glyphosate (8cout®) gave complete control of waterhyacinth at the field 
treatment rate of 3.36 kg a.e.lha. The treated plants started to become necrotic as 
early as 1 week after treatment, and an injury rating of about 90 percent was 
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Table 315
 
Greenhouse Evaluation orN-252 and 8-734 ror Phytotoxicity
 

Toward Emergent Weeds, 2 August 1982
 

Percent Injury at 
Weelu P03ttreatment· 

Chemical Company Rate 
Designation or Source kg/ha 1 2 4 6 8 10 

Alligatorweed 

N·252 Uniroyal 0.56 23 40 30 'l:7 23 23 
1.12 43 40 37 32 28 18 
2.24 50 57 57 60 50 27 
5.60 60 72 73 78 72 67 

8-734 Uniroyal 0.56 0 0 0 7 20 30 
1.12 0 0 0 10 27 23 
2.24 3 0 3 10 10 10 
5.60 3 0 0 10 37 40 

Control 0 0 0 0 3 3 

Torpedograss 

N·252 Uniroyal 0.56 20 25 25 23 17 17 
1.12 28 37 37 37 27 23 
2.24 28 47 47 50 27 27 
5.60 40 47 53 53 40 37 

8-734 Uniroyal 0.56 13 7 10 13 17 22 
1.12 3 5 12 17 17 15 
2.24 7 7 10 10 12 12 
5.60 0 3 12 12 8 13 

Control 0 0 10 13 15 17 

• Average orthree replicates. 

Table 36 
Greenhouse Evaluation or AC-925 and AC-214 ror 

Phytotoxicity Toward Emergent Weeds. 22 March 1982 

Percent Injury at 
Weeks Posttreatment' 

Chemical Company Rate 
Designation or Source kg/ha 1 2 4 6 8 10 

Al1Igatorweed 

AC·925 American 0.56 32 88 97 100 100 100 
Cyanamid 1.12 18 78 93 100 100 100 

2.24 42 87 100 100 100 100 
5.60 38 87 100 100 100 100 

AC·214 American 0.56 13 22 30 48 55 83 
Cyanamid 1.12 15 35 48 45 37 75 

2.24 13 45 60 93 100 97 
5.60 25 58 65 85 97 100 

Control 2 3 7 10 7 18 

Torpedograss 

AC·925 American 0.56 18 20 50 60 70 90 
Cyanamid 1.12 13 25 60 60 85 90 

2.24 10 27 70 63 85 95 
5.60 18 30 58 65 93 95 

AC·214 American 0.56 0 0 8 10 10 10 
Cyanamid 1.12 8 8 20 30 25 25 

2.24 4 4 10 20 10 10 

5.60 4 5 23 30 25 30 

Control 0 0 13 10 15 25 

• AveraRe of three replicates. 
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Table 37
 
Greenhouse Evaluation of AC-925 and AC-214 for
 

Phytotoxicity Toward Emergent Weeds, 22 July 1982
 

Percent Injury at 
Weeks Posttreatment" 

Chemical Company Rate 
Designation or Source hg/ha 1 2 4 6 8 10 

Alligatorweed 

AC-925	 American 0.056 0 7 7 10 13 20 

Cyanamid 0.112 10 25 47 43 47 57 

0.280 12 32 60 75 88 88 

0.560 10 32 70 85 90 92 

AC-214	 American 0.056 0 0 0 0 3 10 

Cyanamid 0.112 0 0 0 0 3 3 

0.280 0 3 3 0 7 10 

0.560 0 7 7 7 20 25 

Control	 0 0 0 0 0 3 

Torpedograss 

AC-925	 American 0.056 10 15 28 33 33 30 

Cyanamid 0.112 10 15 33 47 52 50 

0.280 12 18 50 67 90 95 

0.560 20 23 43 70 93 95 

* Average of three replicates. 

obtained within 1 month. The mat then sank giving over 90 percent open water in 
the treated plot by 3 months after treatment. 

Evaluations of the field treatment of 0.28 kg/ha AC-925 on waterhyacinth are 
still in progress, but after 4 weeks the chemical produced only 50 percent control. 
AC-925 was observed to have slow activity in previous laboratory tests. 
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Herbicide Analyses Methods Development 
Method development for evaluating controlled release formulations offluridone, 

dichlobenil, and 2,4-D included sample preparation and quantitation of herbicide 
content by high pressure liquid chromatography (HPLC). 

a.	 Determination of chromatographic conditions for analytical standards 
brought to volume in reconstituted water and in natural pond water. 

b.	 Development of procedures for water sample preparation. 
c.	 Determination of chromatographic conditions for the quantitation of 

herbicide release from various controlled release formulations. 

d.	 Verification of identity of the herbicides recovered from controlled release 
formulations of dichlobenil, 2,4-D, and fluridone by thin layer chroma
tography, absorbance ratios, and/or method of addition. 

APPARATUS: 
•	 Liquid chromatograph (HPLC). Perkin Elmer Model Series 3B pump system 

with Rheodyne 7125 Injector and Perkin Elmer/HS-5 C-18 (reverse phase) 
column. Perkin Elmer LC 75 Variable wavelength detector and auto control 

•	 Recorder integrators. Houston Instruments Omni Scribe strip chart recorder. 
Perkin Elmer Sigma 10 Data Station 

•	 Thin Layer Chromatography (TLC). Ultra Violet Products, Inc., Chromat 
Vue Model C-70 

REAGENTS: 

•	 Water, acetonitrile, acetone, methanol, and ethanol for HPLC mobile phase 
and for preparing standards and solutions were HPLC grade. All chemicals 
used were ACS Reagent grade 

•	 Dichlobenil (2,6-dichlorobenzonitrile) 97 percent Aldrich Chemical Co. 
Fluridone, (1-methyl-3-phenyl-5-[3-(trifluoromethyl)phenyl]-4(lH)-pyridinone) 
97 percent Lilly Lot No. X-36950 

• 2,4-D (2,4-dichlorophenoxy acetic acid) PolyScience Corp. 

Determination ofChromatographic 
Conditions for Fluridone Standards 

Published methods for the determination of fluridone in aqueous samples were 
evaluatedy,2,3) The chromatographic conditions described by West and Day(2) 
using a mobile phase of methanol and water (65:35), 1-ml samples, and a fixed 
wavelength detector (254 nm) were unsuitable for the determination of fluridone 
in hard water samples with the equipment available. Excessive pressure 
developed in the system when methanol eluent was used. This problem was 
attributed to precipitation of salts, particularly CaS04 and MgS04, by the 
methanol. Both natural pond water and reconstituted water have a relatively 
high concentration of sulfate ions, and hardness was in the range of 160-180 mg/f 
CaC03. It was determined that an acetonitrile:acetic acid eluent afforded 
separation with reduced adverse effects. 

* This appendix was written by Ms. A. O. Jones, USDA, Fort Lauderdale, Fla. 
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Optimum chromatographic conditions for the analysis of fluridone standards 
using 2,4-D as internal standards are as follows: 

• Mobile phase: Acetonitrile: 1 percent acetic acid in hydro water (1:1) 

• Flow rate: 2.1 mllmin 
• Detection: UV 238 nm 0.04 AUFS 

A series of standards in natural pond water was used to determine the 
detectable limit and linearity from 0.05 to 10.0 mg/f. Fluridone in natural water 
can be reliably measured from 2.0 to 480 ng (40-p.f injections of 0.05 to 12 mg/!). 
Linearity was observed throughout the whole range. 

Preparation ofWater Samples 
for Fluridone Analysis 

Natural water samples were observed to have a significant amount of 
particulate matter which collected on the columns, resulting in interference in the 
analysis and frequent delays to allow column cleanup. When the natural water 
samples fortified with fluridone standard were filtered through a Metricel® GA-6 
(0.45 p.) system, ca. 75 percent fluridone was recovered. Fluridone in the low rates 
of treatment « 0.1 mg/!) used in the evaluation program could not be reliably 
measured. A concentration and cleanup procedure was developed, omitting 
filtration, using C-18 SEP PAK® cartridges. Accurate quantitation of 0.005 mg/f 
fluridone was made for 50-ml samples prepared by the following method: 

• Acidification with 5 percent H2S04 to pH 3. 
• Concentration offluridone on SEP PAK® CI8 (reverse phase) cartridges. 
• Elution with 2 ml acetonitrile. 
• Quantitation of 30-p.1 samples by HPLC.
 
Samples from the flowing water study were prepared by this method.
 

Verification ofFluridone Content in 
Monolithic Fiber Formulation 

The total amount of fluridone available in the monolithic fiber formulation was 
verified prior to determining release rates. Fluridone was recovered from the 
fibers by extraction with ethyl acetate or methanol and by dissolution ofthe fiber 
in acetone. The fluridone recovered was measured by HPLC and found to be 100 ± 
1 percent of the theoretical amount available. 

Verification of the fluridone recovered was accomplished by the following 
methods: 

• Thin layer chromatography (TLC) 
• Method of additions 
• Absorbance ratios 

Fluridone was separated and identified using TLC plastic plates precoated with 
silica gel 60 F254 (E. Merck). Methanol and acetone extracts of the fiber 
formulation were co-chromatographed with a fluridone standard using a solvent 
system of toluene, acetonitrile, and acetic acid (65:35:1 vIv). The separated 
substances were visualized by UV light at 254 nm. 
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Verification by method of additions was accomplished by dilution of three 10
mg/! sample aliquots as follows: 

• With water (1:1) 
• With 10 mg/l fluridone standard (1:1) 
• With 20 mg/l fluridone standard (1:1) 

Quantitation with HPLC was made by measuring peak heights and by 
integration of areas. 

Verification by absorbance ratios was made by HPLC and a Perkin Elmer Auto 
Control LC 75.(4) Absorbances were measured on the leading edge, the crest, and 
the trailing edge of the peak at 238, 254, and 285 nm. Ratios of absorbances for 
fluridone standards at 238 and 285 nm were used for comparison. It was 
determined that the absorbance ratio of the compound extracted from the fiber 
corresponded to that ofthe fluridone standard and was a single substance. 

Accountability of fluridone in the monolithic fibers used to determine release 
rates in static water was made by quantitating fluridone in solution and in the 
methanol extract of the fibers. Approximately 95 percent of the theoretical 
available fluridone was recovered from both natural pond water and reconstituted 
water treatments. 

Determination ofChromatographic 
Conditions for the Analysis of 
Dichlobenil- HPLC 

Chromatographic conditions described by Connick and Simoneaux(5) for the 
determination of dichlobenil were evaluated and modified using standards of 0.1 
to 10 mg/! in deionized and natural pond water. Optimum conditions for 
separation and quantitation of dichlobenil using 2,4-D as internal standard were 
found to be the same as those used for 2,4-D and fluridone: 

• Mobile phase: acetonitrile: 1 percent acetic acid in hydro water. 
• Flow rates: 2.1 mt/min 
• Detection: UV 238 nm 0.04 AUFS
 

The detection limit for neat samples of dichlobenil is 5 ng (50 pJ of 0.1 mg/!).
 
The lower detection limit for samples concentrated by extraction into hexane is 
undetermined but is < 0.005 mg/!. 

Determination of Dichlobenil 
Available in Various Controlled 
Release Formulations 

The total amount of dichlobenil available in the formulations Casoron GSR, 
D1, and D2 was determined by extraction with methanol. The mixture was 
sonicated, allowed to stand 72 hr, and sonicated again prior to sampling. 
Quantitation on diluted samples was made by HPLC. The internal standard used 
was 10 mg/l 2,4-D. The amount of dichlobenil recovered after 72 hr was ca. 100, 
70, and 30 percent, respectively, of the theoretical amount. When the methanol 
extracts were sampled after 39 days, dichlobenil recovered was 100, 88, and 66 
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,rcent, respectively. Verification of dichlobenil was made by the method of 
additions described above. 

Determination of2,4-D in Water Sample 
The methods used for water sample preparation and 2,4-D quantitation are 

described in an earlier report.(6) Chromatographic conditions were modified for 
use with the high speed column and are as follows: 

• Mobile pha'Je: acetonitrile: 1 percent acetic acid in hydro water (50:50) 
• Flow rate: 2.1 mt/min 
• Detection: UV 285 nm 0.04 AUFS 

Determination of2,4-D in 
Clay Pellet Poly (GMA) 2,4-D 

Available 2,4-D in the clay pellet formulations and in the polymer Poly (GMA) 
2,4·D was determined by the following procedures: 

a.	 Extraction of 2,4·D from clay pellet formulations Lot 2 and Lot 3 with 
ethanol, methanol, acetone, and water. 

b.	 Extraction of 2,4-D from the polymer Lot 2 by sonication with methanol, 
acetone, and water. 

c.	 Verification of the 2,4-D exu"acted by methods of additions, TLC, and 
absorbance ratios. 

In a above 2,4·D was extracted from clay pellet formulation Poly (GMA) 2,4-D 
Lot 2 by sonication with anhydrous methanol, ethanol, acetone, and water. The 
solutions were sampled immediately and analyzed by HPLC for 2,4-D content. 
About 15 percent (w/w) of the theoretical amount of 2,4-D was recovered by 
extraction with methanol, ethanol, or acetone, and 2 percent with water. The 
2,4-D methyl ester, ca. 10 percent, was recovered in the methanol extract. When 
the methanol mixture was acidified (pH 2), hydrolysis and esterification were 
observed to proceed to completion within 48 hr, as indicated by an increase in 
2,4-D methyl ester. The amount of 2,4-D from clay pellet formulation Lot 3 
recovered by extraction with the four solvents was ca. 2 percent. When the 
methanol extraction mixture was acidified (pH 2), hydrolysis and esterification 
were observed to proceed more slowly and incompletely than with Lot 2. A 
mixture of four compounds eluted close to 2,4-D when separated by HPLC. 
Verification of2,4-D was made by method of additions and absorbence ratios. 

In b above 2,4-D was extracted from the polymer Poly (GMA) 2,4-D Lot 2 by 
sonication with acetone and anhydrous methanol. There was no significant 
difference in the amount recovered, ca. 2 percen t, from the polymer by either 
solvent. A significant amount of several compounds, one identified as 2,4-D 
methyl ester, was measured immediately after mixing the polymer with 
methanol. The amount of 2,4-D methyl ester was observed to increase with time 
through 48 hr. The amount of 2,4-D extracted with water was ca. 2 percent of the 
theoretical amount available. No ester was observed in either acetone or water 
extractions. When the acetone extraction was dried under nitrogen and brought to 
volume with methanol (acidified to pH 2 with 5 percent sulfuric acid), hydrolysis 
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and methylation were observed. The amount of 2,4-D increased to a constant of 
ca. 10 percent of the theoretical amount available. The amount of methyl ester 
increased to ca. 88 percent in 48 hr. 

Procedures, in c above, followed to verify the extracted 2,4-D by method of 
additions and by absorbance ratios were described earlier. Verification of 2,4-D 
and 2,4-D methyl ester by thin layer chromatography was performed using 2,4-D 
and 2,4-D methyl ester standards as references. TLC plastic plates precoated with 
Silica gel 60 F 254 (E. Merck) were spotted with ca. 5 mg (50 pJ) samples and 
standards and developed with a mobile phase of petroleum ether: acetone: acetic 
acid (50:50:1). Visualization was accomplished with UV light at 254 nm. 

The accountability of 2,4-D in the clay pellet Poly (GMA) 2,4-D Lot 2 treatments 
to static water was made by residue analysis of 2,4-Din: 

•	 The unfiltered aqueous phase 
•	 The filtered aqueous phase 
•	 An ethanol wash through the filter 
•	 An ethanol extraction of filter and sediment 
•	 An acetone extraction of filter and sediment, followed by drying and 

hydrolysis with methanol (pH =2) 

Approximately 100 percent of 2,4-D was recovered from reconstituted water 
treatments and ca. 73 percent from pond water treatments. 
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