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CASTANEA 61(3): 232-243. SEPTEMBER 1996 

Biological Control of Alligatorweed, 
Alternanthera philoxeroides, the World's 

First Aquatic Weed Success Story 

GARY R. BUCKINGHAM 

Agricultural Research Service/United States Department of Agriculture, 
P.O. Box 147100, Gainesville, Florida 32614-7100 

ABSTRACT 

Alligatorweed, Alternanthera philoxeroides (Mart.) Griseb., a South American im- 
migrant, is an aquatic weed in the southern United States where it roots in shallow water 
or on shore. Floating stems grow across the surface of the waterway forming a dense 
interwoven mat. This mat clogs the waterway and outcompetes native plants along the 
shore. Three species of South American insects were released from 1964 to 1971 for biological 
control of this aggressive invader. The flea beetle Agasicles hygophila Selman & Vogt strips 
the leaves from the stems and the moth Vogtia malloi Pastrana bores inside the stems. 
Heavy damage by either species kills the stems thereby causing the mat to break up, 
clearing the waterway. The thrips Amynothrips andersoni O'Neill feeds on the young 
apical leaves. Heavily damaged plants are often stunted. Alligatorweed has been controlled 
or the populations reduced throughout much of its range, especially in Florida and along 
the Gulf Coast. Colder climates, though, from Arkansas to North Carolina along the margin 
of the range preclude establishment of the insects. In some colder areas, for example the 
Lower Mississippi River Valley, the moths and flea beetles immigrate from the warm coastal 
areas and provide local control. 

INTRODUCTION 

Aquatic plants add to man's enjoyment of waterways along with fulfilling 
their natural roles of providing habitat and food to other organisms and of 
cleansing water. Painters through the ages have appreciated the beauty of wa- 
terlilies in a pond or flowering plants along a shore. Mention Monet and a cloud 
of pastels floats through the mind much like the waterlilies floated before him. 
But waterways are not always idyllic. Intruders often enter forcing natives to 
make way or even to exit. One of these intruders is the South American alliga- 
torweed, Alternanthera philoxeroides (Mart.) Griseb. (Amaranthaceae), believed 
to have been a stowaway in ship's ballast (Zeiger 1967). 

Alligatorweed roots in soil along shore or in shallow water but then grows 
across the surface forming a dense interwoven floating mat that often excludes 
other plants (Figure 1). The hollow stems provide great buoyancy and they root 
at closely spaced nodes. Stems often break and float away to begin a new mat 
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elsewhere. Small white flowers grow on a terminal spike, but it is believed that 
all reproduction in North America is asexual. The leaves are glabrous except 
when the plant grows terrestrially, which it often does. 

The genus Alternanthera differs from other aquatic amaranths by the op- 
posite, non-succulent leaves, flowers in short, headlike spikes, and presence of a 
style. Godfrey and Wooten (1981) report only two aquatic species of Alternanth- 
era in the southeastern United States, A. philoxeroides and A. sessilis (L.) R. 
Br. ex DC. Alligatorweed differs from the introduced, pantropical, sessile joyweed 
by its stalked, rather than sessile, flowerheads. The specific epithet philoxeroides 
refers to its similarity to the closely related genus, Philoxerus. Members of that 
genus lack a style and have succulent leaves. One species, silverhead, P. vermi- 
cularis (L.) R. Br., occurs in maritime habitats from the southeastern United 
States to South America and Africa. 

Most species of Alternanthera are terrestrial not aquatic. Kartesz (1994) 
listed 15 species in the United States and Canada including ornamental species. 
Small (1933) listed 6 species in the southeastern United States under the syn- 
onym, Achyranthes L. The synonymy, morphology, and biology of alligatorweed 
have been detailed by Julien and Broadbent (1980). 

Alligatorweed was first authentically recorded in 1897 near Mobile, Ala- 
bama, although it might have been found in Florida as early as 1894 (Coulson 
1977, Mohr 1901). It was present near New Orleans in 1898 (Zeiger 1967), and 
it was recognized as a threat to waterways as early as 1901 (Coulson 1977). Small 
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Figure 1. Alligatorweed grows outward from the shore where it is rooted and often 
covers the surface of small waterways. 
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(1933) equated it with waterhyacinth as a pest in southern Louisiana. Penfound 
(1940) studied its biology and weediness after it invaded Lake Wilson, Alabama, 
in 1935. However, even though it was weedy, its populations were mostly held 
in check by the more aggressive waterhyacinth, Eichhornia crassipes L. (Pon- 
tederiaceae), until modern herbicides arrived in the late 1940's (Coulson 1977). 
Alligatorweed, which was more resistant than waterhyacinth to 2,4-D and other 
herbicides, often replaced waterhyacinth after both were sprayed. By 1963, an 
estimated 65,700 hectares of water from North Carolina south to Florida and 
west to Mississippi were infested (Coulson 1977). Louisiana had the largest in- 
festation, 22,700 hectares, and Mississippi the smallest, 21 hectares (Coulson 
1977, Vogt et al. 1992). 

BIOLOGICAL CONTROL OF WEEDS 

Because of the increasing weediness of alligatorweed and because of its 
interest in biological control, the United States Army Corps of Engineers in 1959 
requested the Agricultural Research Service, United States Department of Ag- 
riculture (ARS/USDA), to begin surveys for alligatorweed insects in South Amer- 
ica (Zeiger 1967). The Corps of Engineers had been controlling aquatic weeds by 
non-biological means for over 60 years, but they became interested in biological 
control because of the success of the Klamathweed or common St. John's Wort, 
Hypericum perforatum L. (Clusiaceae), program along the west coast of the 
United States. Klamathweed, a major pasture weed, was controlled in some areas 
within 10 years by two introduced leaf beetles. The Klamathweed success stim- 
ulated the alligatorweed program as earlier successes against prickly pear cacti, 
Opuntia spp. (Cactaceae), in Australia and elsewhere had stimulated the Kla- 
mathweed program. I believe that a short discussion of these two important 
earlier programs will be informative. 

While alligatorweed was expanding its range at the beginning of this century, 
prickly pear cacti were spreading rapidly across grazing lands in Queensland and 
New South Wales, Australia. By 1924, over 24 million hectares were heavily 
infested and half were so densely infested that the land was considered to be 
useless (Debach 1974). In 1925, the Argentine moth Cactoblastis cactorum Berg 
(Pyralidae) was released and within 5 years it had controlled the major pest 
species Opuntia stricta Haworth. Additional species of Opuntia in Australia and 
in many other countries, including the United States at Santa Cruz Island, Cal- 
ifornia, were controlled by cochineal insects, Dactylopius spp. (Dactylopidae) 
(Julien 1992). This mealybug-like genus includes species that produce the red 
cochineal dye used commercially. Two other early biocontrol successes were 
Koster's Curse, Clidemia hirta (L). David Don (Melastomaceae), in Fiji and 
lantana, Lantana camara L. (Verbenaceae), in portions of Hawaii (Goeden 1978). 

Klamathweed, an European immigrant, infests pastures along the west coast 
of the United States. More than 80,000 hectares were infested in California by 
1944 when two European species of the leaf beetle genus Chrysolina (Chryso- 
melidae) were imported from Australia where they had been released earlier 
(Goeden 1978). By 1954 the infestation had been reduced more than 99% and 
the pastures were again productive. One of the researchers involved in that 
program was J.K. Holloway, ARS/USDA, Albany, California. Enthused by the 
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Klamathweed success, Dr. Holloway convinced the Corps of Engineers to fund 
explorations in South America for alligatorweed insects. 

ALLIGATORWEED PROGRAM 

From 1960 to 1962, George Vogt, an ARS/USDA leaf beetle taxonomist 
(Figure 2), surveyed throughout South America. Although he found many plant 
feeding insects on alligatorweed, three species were especially promising (Vogt 
1973, Spencer and Coulson 1976, Coulson 1977). These were the leaf beetle 
Agasicles hygrophila Selman & Vogt (Chrysomelidae), called the alligatorweed 
flea beetle because of its jumping abilities, the moth Vogtia malloi Pastrana 
(Phycitidae), and the thrips Amynothrips andersoni O'Neill (Thripidae). All 
three were undescribed species when found by Vogt. He noted field biologies and 
host plants, and conducted some preliminary host range tests with the flea beetle 
(Vogt 1973). However, before the insects could be imported into the United 
States, more detailed biologies and host range tests were required. Thus, in 1972, 
Donald Maddox established an ARS/USDA laboratory near Buenos Aires, Ar- 
gentina, which continues to operate today, although at a different site and for 
different programs. The early history of the alligatorweed program has been 
discussed by Coulson (1977) in great detail, including insect release locations and 
results. 

Figure 2. The late George Vogt, ARS/USDA, sampling alligatorweed for biocontrol 
agents. Dr. Vogt, the "father"of the alligatorweed program, conducted the initial field 
surveys in South America and led intensive evaluation studies of the agents in the Mis- 
sissippi Valley region. 
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Alligatorweed Flea Beetle 

The most famous of the three alligatorweed insects is the alligatorweed flea 
beetle (Figure 3). It is small, about 5 mm long, and colorful. The wing covers are 
striped with yellow and black. Like other flea beetles, adults jump readily when 
disturbed and eat small "shot holes" in the leaves (Figure 4). 

Clusters of yellow eggs are deposited on the undersides of the leaves (Mad- 
dox 1968). Newly born larvae are yellow but they gradually darken to black as 
they mature. Larval feeding damage is similar to adult damage except that many 
feeding scars have transparent epidermal windows instead of holes. Large pop- 
ulations strip the leaves from the stems which are also fed upon (Figure 5). 
Mature larvae chew into the hollow stems where they pupate and change to 
adults about 25 days after egg hatch (Maddox et al. 1971). Little feeding and no 
reproduction occurs on terrestrial plants. 

Host range testing prior to release was conducted entirely in Argentina and 
included 14 plant species (Maddox et al. 1971). Maddox et al. (1971) did not list 
the species, but apparently 8 families were represented (Zeiger 1967). From a 
perusal of old USDA records and the preceding publications, it appears that the 
14 species were in 12 genera. Gangstad (1976) listed 19 species, but those species 
were apparently taken from a proposed test plant list and were not all tested. 
Both larvae and adults were tested in no-choice tests. Alligatorweed was the lone 
acceptable host plant. This was the smallest test plant list of any United States 
aquatic weed program, although USDA records indicate that there were also field 

Figure 3. Alligatorweed flea beetle, Agasicles hygrophila, adult. This attractive 
yellow and black beetle was the first agent released against alligatorweed. 
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examinations in Argentina of associated aquatic plants and neighboring crops. 
The small list was due partially to the timing of the testing, i.e., 1950's, and to 
the lack of related plant species in the aquatic habitat to which the flea beetle 
is restricted. I am aware of no reports of this flea beetle on any plant species but 
alligatorweed, even after 32 years. Zielske et al. (1972) isolated a flavone feeding- 
stimulant from alligatorweed, but it was never identified. 

Flea beetle releases were made by personnel from the ARS/USDA quar- 
antine laboratory, Albany, California, with the help of many cooperators in south- 
ern states. Initially, the beetles were released in 1964 in two locations with 
opposite results: in California where they did not establish and in South Carolina 
where they did. Later releases were made in Florida and Mississippi (1965), 
Georgia (1960), Alabama, North Carolina and Texas (1967), Tennessee (1968), 
Arkansas (1969), and Louisiana (1970) (Coulson 1977). All releases after 1965 
were made with beetles collected at other release sites, mostly in Florida. In 1979, 
I collected additional beetles near Necochea, Argentina, the southernmost limit 
of their range. They were released in Alabama, Florida, North Carolina, and 
South Carolina after quarantine colonization and pathogen examination (Buck- 
ingham et al. 1983). This latter collection, made during a survey for parasites of 
crop pests, was in response to a suggestion that the beetles near Necochea might 
be more cold tolerant than those released earlier from collections in the Buenos 
Aires vicinity (Coulson 1977). 

The flea beetle established populations in all release states except Arkansas, 

Figure 4. Fleabeetle feeding is easily recognized by the holes in the leaves. Young 
larvae often create transparent windows when they scrape only one surface leaving behind 
the epidermis. 
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California, North Carolina, and Tennessee. It survives only where the mean 
January temperature is 11.H1C or warmer, which in most states is near the coast 
(Coulson 1977, Vogt et al. 1992). Unfortunately, there has been no evidence that 
the beetles from the Necochea area were more cold tolerant than the original 
beetles. 

Alligatorweed Stem Borer 

The alligatorweed stem borer is a small tan moth, about 30 mm wingspan, 
whose lightly striped larvae feed inside the stems. Eggs are laid on the apical 
leaves. Newly born larvae bore into the stem tips which wilt and droop, thus 
revealing the attack. Larvae bore downwards as they grow and enter other stems, 
all of which wilt and turn yellow as they die. The presence of the dead intact 
leaves distinguishes borer damage from the stripped yellow stems with flea beetle 
damage. The life cycle is longer than that of the flea beetle, about 39 days. Aquatic 
alligatorweed plants are preferred, but the moth will also reproduce on terrestrial 
plants. 

Host range tests were conducted both in Argentina and at Albany, Cali- 
fornia, with 30 plant species in 17 genera in 6 families (Maddox 1970). Larvae 
developed only on alligatorweed although they fed moderately on 7 species in 
the Amaranthaceae and the Chenopodiaceae. Field examinations of 51 plant 
species in Argentina covering a 5-yr period yielded records of this moth only on 
the closely related Philoxerus portulacoides St. Hil. (Maddox 1970, Vogt et al. 
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1992) Since their release, a few moths have been reared from our native P. 
vermicularis collected in Louisiana and Texas and in cage tests with that species 
(Vogt et al. 1992). 

Moths were initially released in 1971 in Florida and Georgia (Coulson 1977). 
Later they were released in Alabama, South Carolina, and North Carolina (Brown 
and Spencer 1973) and dispersed by themselves to Arkansas, Louisiana, Missis- 
sippi, and Texas (Vogt et al. 1992). Vogt et al. (1992) suggested possible dispersal 
distances as large as 900-1,000 km. Because of this excellent dispersal ability, it 
is difficult to determine whether the moth is established at a site or if it has flown 
there from elsewhere. This is especially true at sites in the Carolinas and the 
lower Mississippi Valley where winters are colder than near the coast. Without 
doubt, however, it is established in the same coastal areas as the flea beetle (Vogt 
et al. 1992). 

Alligatorweed Thrips 

The alligatorweed thrips is a small, 2 mm long, narrow black insect that 
attacks and deforms the young apical leaves. This damage often stunts the plant. 
Larvae are bright orange and hide along with the adults in the curled margins 
of damaged leaves. A generation takes about 28 days (Maddox and Mayfield 
1979). 

Twenty-one plant species in 13 genera in 6 families were tested in Argentina 
and by a cooperator in Uruguay (Maddox 1973). Development took place only 
on alligatorweed and on Alternanthera hassleriana Chod., which does not occur 
in North America. 

Releases were made from 1967 to 1971 from an ARS/USDA laboratory 
colony at Albany, California. Although thrips were released in Alabama, Cali- 
fornia, Florida, Georgia, Mississippi, South Carolina, and Texas, they established 
initially only at sites in Florida, Georgia, and South Carolina (Coulson 1977). I 
found them still present at two sites in South Carolina in 1981, and a survey in 
1982 by Cofrancesco (1988) confirmed their presence in Alabama, Florida, Lou- 
isiana, Mississippi, and Texas. Although they are the least widespread of the 3 
introduced species, they are the most cold tolerant (Vogt et al. 1992). 

Thrips damage is usually light and found only at scattered small sites. 
However, Vogt et al. (1992) reported an infestation extending over 5 km at one 
Louisiana site. They also reported dead leaves and abscising stems caused by 
thrips damage at another Louisiana site. Predation and the limited dispersal 
ability (i.e., most adults are flightless) might be responsible for the lack of success, 
but no detailed evaluations have been made to confirm this. Early observations 
suggested that only wingless and short-winged adults were present in the United 
States (Coulson 1977). Later, long-winged forms were found in a laboratory colony 
established from field collected Florida thrips (Buckingham 1989) and in field 
collections of Louisiana thrips (Vogt et al. 1992). Thrips attack both aquatic and 
terrestrial plants. 

Other Agents 

Another flea beetle, Disonycha argentinensis Jacoby (Chrysomelidae), was 
studied in Argentina (Cordo et al. 1984) and in an Australian quarantine labo- 
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ratory (Sands et al. 1982) for its safety and potential as a biological control agent 
of terrestrial alligatorweed. Releases were made in Australia, but they did not 
establish (Julien and Chan 1992). Laboratory feeding on beets, Beta vulgaris L. 
(Chenopodiaceae), prevented their release in the United States. Native North 
American species of Disonycha occasionally attack terrestrial alligatorweed (Vogt 
et al. 1979). Some native species are striped like the alligatorweed flea beetle and 
can be confused with it. For example, I received a call in Florida claiming non- 
host feeding by the alligatorweed flea beetle, but the culprit turned out to be the 
native Disonycha pennsylvanica (Illiger) feeding on a cultivated species of Amar- 
anthus (Amaranthaceae). Native pathogens have been reported on alligatorweed, 
but none have been developed for use (Buckingham 1994, Charudattan 1990, 
Zettler and Freeman 1972). 

Control 

The alligatorweed program is considered one of the major biological control 
successes. Initial fleabeetle damage was spectacular. Old photographs depict vast 
areas of alligatorweed turning yellow as the leaves were eaten and as the bare 
stems died. Mats became less aggressive allowing other plant species to compete 
along the shore and opening the waterways away from shore. Cofrancesco (1988) 
conducted a survey of 102 sites in 10 states and stated "Alligatorweed was not 
a major problem throughout the southeastern states in 1982," although there 
were locally serious problems. Without doubt, the program is a success in Florida 
and in coastal areas where the agents overwinter. Fortunately, that is generally 
the area where alligatorweed grows best. However, in the colder climates along 
the margin of alligatorweed's range, there has been little to no control reported 
except in the lower Mississippi Valley. There, the moth and flea beetle arrive 
during spring and summer after migrating from coastal areas. Vogt et al. (1992) 
reported major impact annually by the moth near Stoneville, Mississippi (7.80C 
mean January temperature) and by the flea beetle and moth near Monroe, Lou- 
isiana (8.90C mean January temperature). The flea beetle had a major impact 
during one summer near Stoneville, but Vogt et al. (1992) hypothesized that 
insecticidal drift hindered populations in that area. 

Terrestrial alligatorweed is rarely attacked by the alligatorweed flea beetle 
and Vogt et al. (1992) reported no major impact by the moth, although it does 
attack it. One year at Grand Isle, Louisiana, and two years at Lake George, 
Mississippi, there was nearly major impact by the moth (Vogt et al. 1992). The 
native flea beetles, Disonycha xanthomelas Dalman and D. collata (F.), quite 
commonly had major impacts on terrestrial alligatorweed at sites in the Lower 
Mississippi Valley during Vogt et al.'s (1992) study. In addition to direct feeding 
damage, native flea beetle feeding contributed to vegetational replacement of 
terrestrial alligatorweed by native plant species, although replacement was com- 
mon even without insect feeding (Vogt et al. 1992). 

Langeland (1986) reported that alligatorweed was a problem in the Coastal 
Plain of North Carolina and that it was not controlled biologically. Late summer/ 
autumn attack by the moth had little effect and flea beetles were absent although 
they had been released extensively over the years (Langeland et al. 1984). When 
flea beetles were released in June, they were unable to provide control at the 

240- CASTANEA VOLUME 61 

This content downloaded from 158.135.136.72 on Wed, 10 Sep 2014 12:02:03 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


release sites. For many years, however, flea beetles were collected in Florida by 
the U.S. Army Corps of Engineers, Jacksonville District, and sent to cooperators 
in other states (i.e., 80,000 beetles in 1988 [Zattau 1989]). If properly conducted, 
this technique should be successful at many sites throughout the south where 
the flea beetles have been unable to persist and where summers are humid. Moths 
could also be reared or collected and released. An instruction manual prepared 
by the U.S. Army Engineer Waterways Experiment Station is helpful for man- 
agement of the insects (Anonymous 1981). 

There is probably little chance to find more cold tolerant insects in South 
America because alligatorweed has a greater geographic range, including colder 
climates, in North America than in South America. However, the foreign phase 
of this program ended many years ago which suggests that the program might 
benefit from a new survey by current researchers of the insect and pathogen 
complexes in South America and from a survey in Asia of related Alternanthera, 
as suggested by Vogt et al. (1992). Efforts should be made to redistribute the 
thrips more widely, to evaluate their impact, and to re-evaluate the potential of 
D. argentinensis for control of terrestrial alligatorweed, which rapidly reinvades 
waterways after dry periods. 

Alligatorweed infestations should never again be the problem throughout 
the south that they once were or that they would have become if the insects had 
not been released. The success of the biological control program, even though 
not complete, demonstrated the potential that insects have for controlling im- 
migrant aquatic weeds. It also stimulated later U.S. programs against hydrilla, 
waterhyacinth, waterlettuce, and watermilfoil (Buckingham 1994, Center 1994). 

ACKNOWLEDGMENTS 

I wish to thank Julio Medal and P.C. (Chuck) Quimby, Jr. for kindly 
reviewing the manuscript and Jack Coulson and Jack Drea for supplying old 
USDA records. 

LITERATURE CITED 
ANONYMOUS. 1981. The use of insects to manage alligatorweed. U.S. Army Engineer 

Waterways Experiment Station, Vicksburg, Mississippi, Instruction Rpt. A-81-1. 
33 p. 

BROWN, J.L. and N.R. SPENCER. 1973. Vogtia malloi, a newly introduced phycitine moth 
(Lepidoptera: Pyralidae) to control alligatorweed. Environ. Entomol. 2:519-523. 

BUCKINGHAM, G.R. 1989. Macropterous adults of alligatorweed thrips, Amynothrips an- 
dersoni O'Neill, found in Florida. Florida Entomol. 72:221-223. 

BUCKINGHAM, G.R. 1994. Biological control of aquatic weeds. Chapter 22, p. 413-479. In: 
Rosen, D., F.D. Bennett, and J.L. Capinera (eds.). Pest management in the sub- 

tropics: biological control-the Florida experience. Intercept Ltd., Andover, Hamp- 
shire, United Kingdom. 

BUCKINGHAM, G.R., D. BOUCIAS, and R.F. THERIOT. 1983. Reintroduction of the alliga- 
torweed flea beetle Agasicles hygrophila Selman & Vogt) into the United States 
from Argentina. J. Aquat. Plant Manage. 21:101-102. 

CENTER, T. 1994. Biological control of weeds: waterhyacinth and waterlettuce. Chapter 
23, p. 481-521. In: Rosen, D., F.D. Bennett, and J.L. Capinera (eds.). Pest manage- 
ment in the subtropics: biological control-the Florida experience. Intercept Ltd., 
Andover, Hampshire, United Kingdom. 

SEPTEMBER 1996 241 

This content downloaded from 158.135.136.72 on Wed, 10 Sep 2014 12:02:03 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


CHARUDATTAN, R. 1990. Biological control of aquatic weeds: (c) Biological control of 
aquatic weeds by means of fungi. Chapter 9, p. 186-201. In: Pieterse, A. H. and K. 
J. Murphy (eds.). Aquatic weeds: the ecology and management of nuisance aquatic 
vegetation. Oxford University Press, New York. 

COFRANCESCO, A.F., JR. 1988. Alligatorweed survey of ten southern states. U.S. Army 
Engineer Waterways Experiment Station, Vicksburg, Mississippi, Misc. Paper A-88- 
3, 69 p. 

CORDO, H.A., C.J. DELOACH, and M. FERRER. 1984. Biology and larval host range of the 
flea beetle Disonycha argentinensis (Coleoptera: Chrysomelidae) on alligatorweed 
in Argentina. Ann. Entomol. Soc. America 77:134-141. 

COULSON, J.R. 1977. Biological control of alligatorweed, 1959-1972. A review and evalu- 
ation. USDA Tech. Bull. 1547. 98 p. 

DEBACH, P. 1974. Biological control by natural enemies. Cambridge University Press, 
London, Great Britain. 323 p. 

GANGSTAD, E.O. 1976. Biological control operations on alligatorweed. J. Aquat. Plant 
Manage 14-50-53. 

GODFREY, R.K. and J.W. WOOTEN. 1981. Aquatic and wetland plants of southeastern 
United States. Dicotyledons. University of Georgia Press, Athens. 933 p. 

GOEDEN, R.D. 1978. Part II. Biological control of weeds. p. 357-414. In: Clausen, C.P. 
(ed.). Introduced parasites and predators of arthropod pests and weeds. USDA Agric. 
Handbook 480. 545 p. 

JULIEN, M.H. 1992. Biological control of weeds: a world catalogue of agents and their 
target weeds, 3rd ed. CAB International, Wallingford, United Kingdom. 186 p. 

JULIEN, M.H. and J.E. BROADBENT. 1980. The biology of Australian weeds. 3. Alter- 
nanthera philoxeroides (Mart.) Griseb. J. Australian Inst. Agric. Sci. 46:150-155. 

JULIEN, M.H. and R.R. CHAN. 1992. Biological control of alligator weed: unsuccessful 
attempts to control terrestrial growth using the flea beetle Disonycha argentinensis 
[Col.: Chrysomelidae]. Entomophaga 37:215-221. 

KARTESZ, J.T. 1994. A synonymized checklist of the vascular flora of the United States, 
Canada, and Greenland. Volume 1. Checklist. Timber Press, Portland, Oregon. 622 p. 

LANGELAND, K.A. 1986. Managemenit program for alligatorweed in North Carolina. Water 
Resources Research Institute, University of North Carolina, Raleigh. UNC-WRRI- 
86-224. 34 p. 

LANGELAND, K.A., C.A. NALEPA, and K.G. WILSON. 1984. Status of alligatorweed control 
in North Carolina. Proc. 18th Ann. Meet. Aquat. Plant Contr. Res. Prog., 14-17 Nov. 
1983, Raleigh, North Carolina, U.S. Army Engineer Waterways Experiment Station, 
Vicksburg, Mississippi, Misc. Paper A-84-4:172-178. 

MADDOX, D.M. 1968. Bionomics of an alligatorweed flea beetle Agasicles sp., in Argentina. 
Ann. Entomol. Soc. America 61:1299-1305. 

MADDOX, D.M. 1970. The bionomics of a stem borer, Vogtia malloi (Lepidoptera: Phy- 
citidae) on alligatorweed in Argentina. Ann. Entomol. Soc. America 63:1267-1273. 

MADDOX, D.M. 1973. Amynothrips andersoni (Thysanoptera: Phlaeothripidae), a thrips 
for the biological control of alligatorweed. 1. Host specificity studies. Environ. En- 
tomol. 2:30-37. 

MADDOX, D.M. and A. MAYFIELD. 1979. Biology and life history of Amynothrips andersoni, 
a thrip for the biological control of alligatorweed. Ann. Entomol. Soc. America 72: 
136-140. 

MADDOX, D.M., L.A. ANDRES, R.D. HENNESSEY, R.D. BLACKBURN, and N.R. SPENCER. 1971. 
Insects to control allegatorweed: An invader of aquatic ecosystems in the United 
States. BioScience 21:985-991. 

242 CASTANEA VOLUME 61 

This content downloaded from 158.135.136.72 on Wed, 10 Sep 2014 12:02:03 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


MOHR, C.T. 1901. Plant Life of Alabama. Contrib. U.S. Nat. Herbarium 6. (Geological 
Survey of Alabama. Monograph 5. Montgomery, Alabama.) 

PENFOUND, W.T. 1940. The biology of Achyranthes philoxeroides (Mart.) Standley. Amer. 
Midl. Naturalist 24:248-252. 

SANDS, D.P.A., R.C. KASSULKE, and K.L.S. HARLEY. 1982. Host specificity of Disonycha 
argentinensis [Col: Chrysomelidae], an agent for the biological control of Alter- 
nanthera philoxeroides (alligator weed) in Australia. Entomophaga 27:163-172. 

SMALL, J.K. 1933. Manual of the southeastern flora. University of North Carolina Press, 
Chapel Hill. 1,554 p. 

SPENCER, N.R. and J.R. COULSON. 1976. The biological control of alligatorweed, Alter- 
nanthera philoxeroides, in the United States of America. Aquat. Bot. 2:177-190. 

VOGT, G.B. 1973. Exploration for natural enemies of alligator weed and related plants in 
South America. Appendix B. p. 1-66. In: Gangstad, E.O., R.A. Scott, Jr. and R.G. 
Cason. Biological control of alligatorweed. U.S. Army Engineer Waterways Exper- 
iment Station, Aquatic Plant Control Program, Tech. Rpt. 3. 

VOGT, G.B., J.U. MCGUIRE, JR., and A.D. CUSHMAN. 1979. Probable evoluation and mor- 
phological variation in South American disonychine flea beetles (Coleoptera: Chrys- 
omelidae) and their Amaranthaceous hosts. USDA Tech. Bull. 1593. 148 p. 

VOGT, G.B., P.C. QUIMBY, JR., and S.H. KAY. 1992. Effects of weather on the biological 
control of alligatorweed in the lower Mississippi Valley region, 1973-83. USDA Tech. 
Bull 1766. 143 p. 

ZATTAU, W.C. 1989. Aquatic plant control operations support center. Proc. 23rd Ann. 
Meet. Aquat. Plant Contr. Res. Prog., 14-17 Nov. 1988, West Palm Beach, Florida. 
U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi, Misc. 
Paper A-89-1:24-27. 

ZEIGER, C.F. 1967. Biological control of alligatorweed with Agasicles n. sp. in Florida. 
Hyacinth Control J. 6:31-34. 

ZETTLER, F.W. and T.E. FREEMAN. 1972. Plant pathogens as biocontrols of aquatic weeds. 
Ann. Rev. Phytopathol. 10:455-470. 

ZIELSKE, A.G., J.N. SIMONS, and R.M. SILVERSTEIN. 1972. A flavone feeding stimulant in 
alligatorweed. Phytochem. 11:393-396. 

SEPTEMBER 1996 243 

This content downloaded from 158.135.136.72 on Wed, 10 Sep 2014 12:02:03 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 232
	p. 233
	p. 234
	p. 235
	p. 236
	p. 237
	p. 238
	p. 239
	p. 240
	p. 241
	p. 242
	p. 243

	Issue Table of Contents
	Castanea, Vol. 61, No. 3 (Sep., 1996), pp. 201-322
	Front Matter [pp. 320-321]
	1996 Elizabeth Ann Bartholomew Award Recipient: John M. Herr, Jr. [pp. 201-202]
	The Elizabeth Ann Bartholomew Award [pp. 203-204]
	1996 Richard and Minnie Windler Award Recipient: Paul R. Cabe [pp. 205-206]
	The "Castanea" Endowment [pp. 207-208]
	Invasion of the South: The Ecological Impact and Control of Exotic Weeds in the Southeastern United States: Symposium Given at the University of Tennessee, Knoxville. April 20, 1995
	Invasion of the South: The Ecological Impact and Control of Exotic Weeds in the Southeastern United States: Symposium Given at the University of Tennessee, Knoxville. April 20, 1995: Preface [pp. 209-213]
	Environmentally Friendly Methods for Reducing the Damage Caused by Exotic Weeds in Natural Habitats: Conflicts of Interest, Safeguards and National Policy [pp. 214-225]
	The Invasive Potential of Chinese Tallow-Tree (Sapium sebiferum Roxb.) in the Southeast [pp. 226-231]
	Biological Control of Alligatorweed, Alternanthera philoxeroides, the World's First Aquatic Weed Success Story [pp. 232-243]
	Mile-a-Minute Weed (Polygonum perfoliatum L.), an Invasive Vine in Natural and Disturbed Sites [pp. 244-251]
	The Exotic Pest Plant Councils [pp. 252-254]
	Tropical Soda Apple (Solanum viarum Dunal), a Biological Pollutant Threatening Florida [pp. 255-260]
	The Role of United States Department of Agriculture, Agricultural Research Service in the Control of Introduced Weeds [pp. 261-270]
	Parasitic Weeds in the Southern United States [pp. 271-292]
	Hydrilla verticillata (L.F.) Royle (Hydrocharitaceae), "The Perfect Aquatic Weed" [pp. 293-304]
	Regulatory Exclusion of Harmful Non-Indigenous Plants from the United States by USDA APHIS PPQ [pp. 305-312]
	The Potential of Biological Control for the Suppression of Invasive Weeds of Southern Environments [pp. 313-319]

	Book Review
	Review: untitled [p. 322]

	Back Matter



