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INtrodUctIoN

Floating marshpennywort (Hydrocotyle ranunculoides l.f.; 
araliaceae) is a floating, creeping, rhizomatous wetland 
plant species with deeply lobed leaves and stalked inflores-
cences (crow and hellquist 2000). Floating marshpennywort 
is thought to be native to the southern united states and 
central and south america and has been introduced into 
Belgium, France, italy, the Netherlands, Portugal, spain, the 
united Kingdom, and australia (mcchesney 1994, sheppard 
et al. 2006, EPPo 2010). in the southern united states, float-
ing marshpennywort is a common wetland species and will 
sometimes form floating mats, often entangled with other 
floating invasive species such as giant salvinia (Salvinia molesta 
mitchell), water hyacinth (Eichhornia crassipes [mart.] solms), 
and alligatorweed (Alternanthera philoxeroides [mart.] Griseb.). 

although exceptions exist, floating marshpennywort is 
generally not a problem species in the southern united states 
but can be highly problematic in its European and austra-
lian ranges (mcchesney 1994, sheppard et al. 2006). in these 
cases, the plant can form extensive, monotypic stands that 
may block waterways or shade out native submersed species, 
depleting dissolved oxygen levels in the process (Klemm et 
al. 1993). Floating marshpennywort is capable of reproduc-
ing by seed or vegetatively by fragmentation (mcchesney 
1994), posing problems for mechanical control methods that 
can unintentionally spread viable plant propagules during 
removal (ruiz-avila and Klemm 1996). its aggressive growth 
and potential invasiveness has led to its listing on European 
noxious weed lists (sheppard et al. 2006, EPPo 2010) and 
caused researchers to search for viable management strate-
gies.

traditional techniques for managing floating marshpen-
nywort have been unsuccessful in providing long-term con-
trol. mechanical harvesting tends to be costly and often only 
provides a short-term solution because floating marshpen-
nywort can rapidly recover (Klemm et al. 1993). herbicides 
may be successful if used at high application rates, and suc-
cess has been reported with glyphosate, diquat (Klemm et al. 
1993), and 2, 4-d amine (Newman and dawson 1999). the 
combined use of manual removal with subsequent herbicide 
application has been used with success (Klemm et al. 1993, 

ruiz-avila and Klemm 1996, Kelly 2006). a more sustainable 
approach may be the use of biological control.

Biological control, the use of natural enemies to control 
a pest organism, is based on the premise that a lack of natu-
ral enemies (e.g., herbivores, diseases) in an invaded range 
contributes to success of the invader (williams 1954, hajek 
2004). Floating marshpennywort is often introduced into a 
new area without the herbivores and diseases that limit the 
plant’s growth in its native range. Biological control has been 
successfully used around the world for a number of aquat-
ic weed species, including the introduction of the salvinia 
weevil (Cyrtobagous salviniae calder and sands, coleoptera: 
curculionidae) for control of giant salvinia (Salvinia moles-
ta mitchell) in the united states, zimbabwe, south africa, 
senegal, mauritania, and india (Jayanth 1987, cilliers 1991, 
chikwenhere and Keswani 1997, Pieterse et al. 2003, tipping 
2004, tipping et al. 2008, diop and hill 2009), and the North 
american weevil (Stenopelmus rufinasus Gyllenhal) in south 
africa for control of Azolla filicoloides lamarck (hill 1998, hill 
and cilliers 1999, mcconnachie et al. 2003, 2004). in addi-
tion to insect agents, pathogens, often of an inundative type, 
have been used successfully around the world (charudattan 
2001). implementation of a biological control program be-
gins with the identification of potential insect or pathogen 
biocontrol agents.

surveys to identify potential biocontrol agents of floating 
marshpennywort have been few, and nearly all have occurred 
in south america (cordo et al. 1982), in part due to the dis-
covery of Listronotus elongatus hustache, a floating marshpen-
nywort-specific weevil in argentina (cordo et al. 1982). in 
addition to L. elongatus, the agromyzid leaf-miner (Liriomyza 
huidobrensis [Blanchard]; diptera: agromyzidae) and the 
semiaquatic grasshopper (Coryacris angustipennis Bruner; or-
thoptera: romaleidae) are reported to attack Hydrocotyle spp. 
in argentina (salvo and Valladares 1997, capello et al. 2012). 
in the united states, exploration for natural enemies of float-
ing marshpennywort has been limited. there have been re-
ports of herbivory by the grasshoppers Gymnoscirtetes pusillus 
scudder (orthoptera: acrididae), Paroxya atlantica scudder, 
Paroxya clavuliger serville, and Romalea microptera Beauvois on 
a Hydrocotyle sp. in Florida (squitier and capinera 2002); Liri-
omyza munda Frick (diptera: agromyzidae) on H. umbellata 
l. in Florida (stegmaier 1966); and Spodooptera eridania (cra-
mer) (lepidoptera: Noctuidae) on Hydrocotyle spp. in Florida. 
(cuda 1995, minno et al. 1996). 

relatively few pathogens have been identified on float-
ing marshpennywort in the united states. Farr et al. (1989) 
listed only five fungal species infecting the plant, including a 
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chytrid (Physoderma hydrocotylidis Viégas & teix.), a rust (Puc-
cinia hydrocotyles cooke), two smuts (Entyloma fimbriatum G.w. 
Fisch. and E. hydrocotyles speg.), and an asexual hyphomycete 
(Cercospora hydrocotyles Ellis & Everh.). the chytrid, rust, asex-
ual hyphomycete, and the smut E. hydrocotylis are not host spe-
cific to floating marshpennywort but occur on other species 
of Hydrocotyle, both in the united states and other parts of the 
world (Farr et al. 1989). the type species of E. fimbriatum was 
collected in california on floating marshpennywort and has 
not been reported on any other species of Hydrocotyle; howev-
er the chances of it being host specific may be small because 
other species of Entyloma have multiple hosts (Fischer 1953). 

due to problems caused by floating marshpennywort and 
a paucity of reported natural enemies, the objective of this 
study was to survey floating marshpennywort populations in 
the southern united states for potential insect herbivore and 
pathogen species. information presented here should be use-
ful for identifying biocontrol agents of floating marshpenny-
wort to supplement other plant management strategies. 

MaterIaLS aNd MethodS

From 2007 to 2010, floating marshpennywort plants were 
collected from 10 sites in states along the Gulf coast, includ-
ing three sites in texas, five in louisiana, one in mississippi, 
one in alabama, and one in Florida (table 1). sites included 
sheldon reservoir, texas (29°52’53.73”N, 95°9’48.92”w; one 
visit), sheldon slough, texas (29°53’0.11”N, 95°11’19.51”w; 
one visit), lewisville aquatic Ecosystem research Facility 
(laErF), lewisville, texas (33º04’45”N, 96º57’30”w; multi-
ple visits), Golden ranch, Gheens, louisiana (29°39’30.57”N, 
90°25’52.50”w; three visits), Bayou Vacherie, louisiana 
(one visit), an unnamed creek near Gheens, louisiana 
(29°49’51.70”N, 90°35’27.21”w; three visits), a plantation 
pond at tunica, louisiana (30º57’05”N, 91°28›50»w; one 
visit), a pond at the u.s. army Engineer research and de-
velopment center (usaErdc) in Vicksburg, mississippi 
(32°17’52.71”N, 90°51’56.35”w; two visits), a greenhouse at 

the usaErdc (32°18’28.15”N, 90°52’1.19”w; one visit), and 
an irrigation ditch near indiantown, Florida (27°06’10.9”N, 
80º19’07.6”w; one visit). all sites were visited during summer 
months, from June until september. For the duration of this 
work, the first author was stationed at laErF, so multiple col-
lections at this location were possible throughout the growing 
season of floating marshpennywort. Plants were examined 
qualitatively in the field at each location for signs of herbiv-
ory or pathogenic infection, then collected for subsequent 
microscopic examination and rearing in the laboratory. the 
number of plants examined at each site varied according to 
site accessibility and amount of plant material present. some 
sites had large mats of floating marshpennywort while some 
sites only had a few plants present. occasionally, a rake was 
used to collect plants from the shore of waterbodies. 

Insect herbivores

microscopic examination of the plants was conducted with 
a dissecting microscope and included dissection of stem and 
leaves and removal of tunneling invertebrates. all individuals 
collected in this manner were preserved in 70% ethanol.

in addition to microscopic examination, rearing was ac-
complished for a majority of plant collections. rearing con-
sisted of placing small amounts of damaged plant material 
into 4 l plastic containers fitted with mesh (<500 µm) lids. 
Enough water was added to the containers to submerge the 
plant roots, and the containers were placed under fluorescent 
grow lights (14:10 photoperiod) at 25 c for several weeks, or 
until plant material began to decompose. rearing containers 
were monitored once per day and emerged organisms were 
collected and preserved in 70% ethanol. 

handfuls of plant material were placed in Berlese funnels 
with 60 watt light bulbs for invertebrate extraction. Plants 
were allowed to remain in Berlese funnels until dry, and any 
invertebrates collected in this manner were preserved in 70% 
ethanol for subsequent identification. 

Table 1. InsecT herbIvores assocIaTed wITh floaTIng pennyworT In The souThern unITed sTaTes.1

order
    Family species life stage collection site

coleoptera
curculionidae Bagous lunatoides o’Brien a ditch off citrus Blvd., near indiantown, Fl

Listronotus sp. a Bayou Vacherie, Gheens, la
Listroderes costirostris Klug a lake Guntersville, al

scirtidae Scirtes tibialis Guer.1 a, l Bayou Vacherie, Gheens, la; ditch near highway 90/182, la

diptera
chloropidae Eugaurax floridensis malloch a, l, P ditch off citrus Blvd., near indiantown, Fl; Bayou Vacherie, Gheens, la; 

ditch near highway 90/182, la; laErF, lewisville, tX; lake Guntersville, al; 
tunica, la; Erdc pond, Vicksburg, ms

hemiptera
cicadellidae Draeculacephala sp.2 a Bayou Vacherie, Gheens, la; laErF, lewisville, tX
Pseudococcidae i,a Erdc greenhouse, Vicksburg, ms

lepidoptera
Noctuidae Enigmogramma basigera (walker) l,P,a lake Guntersville, al
crambidae Synclita obliteralis walker l lake Guntersville, al; Erdc pond, Vicksburg, ms

1a = adult, l = larva, P = pupa, i = immatures.
2scirtes spp. adults have unknown diets and were not observed actively feeding. 
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in addition to previously described methods, sweep nets 
were used at sites in louisiana, texas, and Florida to collect 
insects that might be missed through other examination 
techniques. a sweep net was randomly moved back and forth 
through the floating marshpennywort stand for approximate-
ly 30 seconds, and collected insects were preserved in 70% 
ethanol for subsequent sorting and identification. 

 insects from all collection techniques were identified to 
genus and, in some cases to species, by specialists in the re-
spective taxa. Voucher specimens of insects were deposited 
in various museums and collections, including the lymann 
Entomological museum, mcGill university, montreal, Que-
bec; the canadian museum of Nature collection, ottawa, 
ontario; the Elm Fork heritage museum, university of North 
texas, denton, texas; and the Biomanagement team insect 
collection at the usaErdc.

Pathogens

Floating marshpennywort leaves were washed for approxi-
mately 1 minute under running water to remove any debris 
from the leaf surface. sections of tissue that appeared to be 
diseased were excised and inserted into slits cut into martin’s 
agar (tuite 1969) plates and incubated in the dark at room 
temperature (martin 1950). Fungal isolates that emerged 
from the diseased tissue were transferred to half-strength 
corn meal agar (cma; difco, detroit mi) slants and stored 
at 4 c. cultures grow slowly and can be preserved longer on 
half-strength cma. For identification purposes the isolates 
were retrieved from storage and plated onto potato dextrose 
agar (Pda; difco, detroit mi) and potato carrot agar (Pca; 
dhingra and sinclair 1995). 

reSULtS aNd dIScUSSIoN

Insect herbivores

ten insect species were identified as feeding on, or poten-
tial herbivores of, floating marshpennywort, including one 
marsh beetle (coleoptera: scirtidae), three weevils (coleop-
tera: curculionidae), two caterpillars (lepidoptera), at least 
one grass fly (diptera: chloropidae), two leaf hoppers (he-
miptera: cicadellidae), and one mealybug (hemiptera: Pseu-
dococcidae) (table 1). 

adults of Scirtes tibialis Guerin (coleoptera: scirtidae) were 
collected both by hand and with a sweep net from plants at 
sites in louisiana and texas. in the field, S. tibialis adults of-
ten were observed on marshpennywort leaves near apparent 
feeding damage and have been suspected by the authors to 
feed on other aquatic plant species such as american sponge-
plant (Limnobium spongia [Bosc] rich. Ex steud.; harms and 
Grodowitz 2010). larvae also were collected, often from the 
roots of floating marshpennywort. the larvae have been re-
ported to feed on plant tissue (Kraatz 1918), but they more 
likely feed on epiphyton (Beerbower 1943). Because the spe-
cies is widespread and has not been definitively reported to 
feed on aquatic plants, we report S. tibialis as a floating marsh-
pennywort herbivore with caution; further work is necessary 
to confirm dietary habits. 

three weevil species were collected from floating marsh-
pennywort. adult Bagous lunatoides o’Brien were collected 
from floating marshpennywort leaves at a site near indian-
town, Florida, and are known from american spongeplant 
(o’Brien and marshall 1979, haag et al. 1986, harms and 
Grodowitz 2010) and denseflower knotweed (Polygonum gla-
brum willd; o’Brien and marshall 1979). adult Listroderes 
costirostris schoenherr (coleoptera: curculionidae) were col-
lected from Guntersville reservoir, alabama, and were ob-
served feeding on floating marshpennywort stolons, stems, 
and leaves. unfortunately, we were unable to recover many 
specimens, so little was determined about the feeding habits 
of this species on floating marshpennywort. Listroderes costiros-
tris, commonly known as the vegetable weevil, is of south 
american origin and is adventive in North america, aus-
tralia, New zealand, south africa, Japan, and Europe (mor-
rone 1993). it is considered a serious pest in these countries 
(marvaldi 1998), feeding on many plant species in several 
families (high 1939, Jenkins 1944). Based on other reports 
of Listroderes, it is unclear whether the larvae would be likely 
to feed on floating marshpennywort as well. apparently, the 
larvae remain in the soil during the day and emerge to feed 
on foliage at night (marvaldi 1998). Because floating marsh-
pennywort and adult L. costirostris were collected near a shore-
line, it is possible that larvae could have had access to these 
plants. in addition, a Listronotus sp. was collected from Bayou 
Vacherie, near Gheens, louisiana. only one specimen was 
recovered and was unidentifiable to species due to damage 
likely incurred during collection. we were unable to recover 
additional specimens due to subsequent lack of access to the 
site, although L. lodingi Blatchley and L. latinasus Blatchley 
have been recovered from the same area and similar habitat 
since our original sampling trips. Because L. lodingi and L. 
latinasus are lacking host records in the literature, it is un-
clear whether the individual collected in our survey might 
have been either of these species. additional collections are 
needed to make a positive identification and to determine 
host plant and niche. 

two moth species were collected from floating marshpen-
nywort at sites in alabama and mississippi. Synclita obliteralis 
walker (lepidoptera: crambidae) larvae were collected and 
reared from distinctive leaf cases made from floating marsh-
pennywort leaves, which they use as protection while feeding 
on the plant. however, Synclita are known to feed on more 
than 60 aquatic plant species, including water stargrass (Het-
eranthera dubia michx.), watershield (Brasenia schreberi J.F. 
Gmel.), duckweed (Lemna spp.), spatterdock (Nuphar spp.), 
blue waterlilly (Nymphaea odorata aiton), smartweed (Polygo-
num spp.), and floating pondweed (Potamogeton natans l.; 
center et al. 1999, harms and Grodowitz 2009, harms et al. 
2011). additionally, Enigmogramma basigera (walker) larvae 
(lepidoptera: Noctuidae) were collected and reared from 
plant material collected at Guntersville reservoir, alabama. 
the caterpillar of this moth was observed feeding on floating 
marshpennywort stems and leaves in the laboratory, where it 
seemed to prefer leaf tissue over stems. Plants were complete-
ly defoliated in the laboratory, leaving bare stems emerging 
from the water’s surface. Pupation occurred on the lid of the 
rearing container; in the field, pupation probably occurs on 
the underside of a floating marshpennywort leaf or on other 
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emergent vegetation. host-specificity of E. basigera is unclear; 
schweitzer (2007) reports that E. basigera is likely a special-
ist on Lobelia, and that Hydrocotyle is unlikely a suitable food 
plant, despite a previous report to the contrary (laFontaine 
and Poole 1991). Food-choice tests were not conducted dur-
ing our surveys, but floating marshpennywort seemed to be 
a suitable host plant because early instars were able to com-
plete development, pupate, and eclose. however, we cannot 
discount the importance of Lobelia in the diet of E. basigera 
because L. cardinalis is a common and widespread shoreline 
plant at Guntersville reservoir where specimens of E. basigera 
were collected; however, none were observed in close proxim-
ity to our collection sites. in addition, the native range of E. 
basigera seems to overlap with both floating marshpennywort 
and L. cardinalis (lafontaine and Poole 1991, usda-Nrcs 
2010). unless future work shows E. basigera to be a generalist 
herbivore, this species may have some value in the manage-
ment of floating marshpennywort due to the extensive dam-
age it can cause and its ability to complete its life cycle on the 
plant. 

Eugaurax floridensis malloch (diptera: chloropidae) were 
reared from floating marshpennywort collected from all Gulf 
coast states and were the most commonly encountered spe-
cies. larvae were commonly recovered from leaf mines and 
stems through plant dissection and Berlese extraction of 
plant material. late-instars recovered from stems were likely 
preparing for pupation; pupae were exclusively recovered 
from stem tissue, and oftentimes several pupae were found in 
close proximity within the stem. another species of Eugaurax 
has recently been discovered feeding on floating marshpen-
nywort in south america, although it seems to feed primarily 
in the stem as opposed to the leaves. Eugaurax floridensis eggs 
were collected from mines within stems of the plants. it is not 
clear whether female E. floridensis created cavities in the stem 
prior to oviposition, but clusters of eggs were recovered from 
what appeared to be previous larval excavations in the stem. 
First instars also were collected from within and external to 
the stem near the sites of oviposition. 

a single parasitoid specimen, Chaenusa sp. (hymenoptera: 
Braconidae), was apparently reared from floating marsh-
pennywort collected in a ditch near indiantown, Florida. 
Chaenusa spp. thus far are known exclusively from Hydrellia 
(diptera: Ephydridae) hosts, so additional collections and 

rearings need to be made to determine the association with 
Eugaurax. No Hydrellia spp. were reared, and E. floridensis was 
the only dipteran species reared from plants in this study, so 
it is unclear what species Chaenusa sp. parasitized in this case. 
in addition, another parasitoid, Polynema needhami ashmead 
(hymenoptera: mymaridae), was reared from plant material 
at sites in louisiana, texas, and alabama. although an egg 
parasitoid, it is unlikely that it was parasitizing E. floridensis 
eggs because P. needhami is known only from odonate hosts. 

two species of leafhopper were collected from floating 
marshpennywort leaves. Draeculacephala sp. was collected 
from sites in mississippi, texas, and louisiana. Draeculaceph-
ala spp. are common on grasses in the united states (young 
1959) and have been previously reported from aquatic plants 
(mcGaha 1952, haag et al. 1986). the other leafhopper was 
not identified because it was a nymph, and distinguishing 
characters were not fully developed. 

mealybugs (hemiptera: Pseudococcidae) were collected 
from the underside of floating marshpennywort leaves in 
greenhouse cultures. mealybugs are a common pest of green-
house plant cultures so it was not unexpected to find them on 
floating marshpennywort. identifications were not made be-
cause the specimens were immature, and no mealybugs were 
observed at any field sites; they probably colonized the plants 
in the greenhouse. 

in addition to the above, several pygmy grouse locusts (or-
thoptera: tetrigidae) were collected with a sweep net from 
floating marshpennywort in louisiana. although the ecology 
of these insects is mostly unknown, they are generally consid-
ered to be algivorous (Kočárek et al. 2008) and were probably 
only using the plants as resting or breeding sites. as such, 
tetrigid specimens were not identified and are excluded from 
discussion here. 

Pathogens

None of the fungi listed in Farr et al. (1989) were found 
on floating marshpennywort in our study (table 2). Fungi 
isolated from plant material included Alternaria alternate (Fr.: 
Fr.) Keissl., A. tenuissima (Nees & t. Nees : Fr.) wiltshire, Pesta-
lotiopsis guepinii (desm.) steyaert, Trichoderma harzianum ri-
fai, Colletotrichum gloeosporioides (Penz.) Penz. & sacc., a Phoma 
sp., a Septoria sp., and two moniliaceous ascomycetes. most 

Table 2. fungI assocIaTed wITh floaTIng marshpennyworT In The souThern unITed sTaTes. 

class 
    species

Potentially  
pathogenic?  collection site

hymenoascomycetes
Colletotrichum gloeosporioides Penz. y Golden ranch, houma, la
Pestalotiopsis maculans (corda) Nag raj y sheldon slough, tX; tunica, la; Erdc pond, Vicksburg, ms
Trichoderma harzianum rifai N sheldon slough, tX

loculoascomycetes
Alternaria alternata (Fr. : Fr.) Keissl. N Golden ranch, houma, la; tunica, la; Erdc pond, Vicksburg, ms, 

lake Guntersville, al
Alternaria tenuissima (Nees & t. Nees : Fr.) wiltshire y sheldon slough, tX
 Septoria sp.1 y Golden ranch, houma, la
 Phoma sp. y Golden ranch canal, houma, la; lake Guntersville, al

1septoria was observed sporulating on leaf lesions but a pure culture could not be obtained.
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of the isolates do not qualify as potential classical biological 
control agents because they lack host-specificity, occurring 
on numerous plant species as saprophytes or secondary in-
vaders. although it is unknown if the two moniliaceous asco-
mycetes are host-specific, it seems unlikely considering none 
of the other species mentioned above are host-specific. they 
seemed to be secondary invaders in the leaf lesions. comple-
tion of Koch’s postulates in the future would provide a more 
complete picture of the potential pathogens and the type of 
damage they cause to the plant. 

in all, nine insect and eight fungal species were found to 
be potentially harmful to floating marshpennywort in our 
surveys of the southeastern unites states. in instances where 
floating marshpennywort can become problematic in the 
united states, surveys should be conducted to identify which 
of these insects or pathogens, if any, are present. if absent, 
for instance with a recent spread of the plant to a new wa-
terbody, insect agents could be introduced ahead of their 
natural spread, thus reducing the lag time between plant 
introduction and natural enemy colonization, although this 
may be unnecessary in many cases, particularly where herbi-
vores such as E. floridensis are known to be present and would 
likely colonize naturally very quickly. For instance, floating 
marshpennywort appeared in 2010 after being previously ab-
sent from a pond at the usaErdc. our initial surveys of the 
plants in this pond revealed the presence of both E. floridensis 
and S. obliteralis, indicating that the insect species either colo-
nized very quickly after introduction of floating marshpen-
nywort or were introduced simultaneously as infested plant 
material. 

although not common, we have observed floating marsh-
pennywort forming extensive waterway-clogging mats in the 
united states, even in areas where natural enemies may be 
found. this typically takes place early in the growing season, 
probably before herbivore species populations have had a 
chance to increase and impact plants. as with another creep-
ing wetland plant, floating primrose willow (Ludwigia peploi-
des [Kunth] P.h. raven), temporal and spatial partitioning 
of resources likely allow multiple herbivore species to feed 
on floating marshpennywort (harms and Grodowitz 2012). 
in the case of floating primrose willow, the authors observed 
lush, dense plant growth early in the growing season followed 
by the appearance of large numbers of insect herbivores, 
which reduced plant biomass to defoliated stems within a few 
months (unpubl. data). although we were unable to docu-
ment similar phenomena on floating marshpennywort due to 
our sampling schedule, there may also be temporal partition-
ing of resources among floating marshpennywort herbivore 
species. in the case of releasing agents for control of floating 
marshpennywort, it would be beneficial to make releases of 
biocontrol agents early in the season before plant popula-
tions become problematic. this would allow insects to feed 
on actively growing, highly nutritious plant tissue and likely 
provide the best opportunity for control.

currently, the intricate and probably complex relation-
ship between floating marshpennywort herbivores and their 
parasitoids and predators is not well understood, so any do-
mestic biological control program should take care during 
agent introduction to not also introduce their natural biotic 
limiting factors. domestically, it might be prudent to allow 

natural colonization of natural enemies, at least in the south-
east, where they are common. in other regions of the coun-
try where floating marshpennywort has been reported as a 
nuisance, it will be important to not purposefully spread an 
insect species or pathogen to a geographic area where they 
are not likely to occur naturally (such as those found in the 
southeast that may not occur in the western united states), 
at least without prior host-range assessment. Further research 
is needed to fully understand the ecological associations of 
floating marshpennywort and its natural enemies. with sev-
eral of the insect species apparently possessing polyphagous 
diets, it would be ecologically disruptive to artificially increase 
their populations at sites where other, potentially more palat-
able plant species are present. this domestic consideration 
is substantially more complicated than in foreign countries 
where it is less likely to have such complex interactions be-
cause both the plant and natural enemies did not co-evolve 
there. 

although foreign research is currently focused in south 
america, there is some potential to further explore species 
identified in this current study for use as biocontrol agents 
overseas. Both E. floridensis and E. basigera exhibited the abil-
ity to severely damage plants in the laboratory, although their 
effect on field populations of floating marshpennywort is not 
yet known. we have observed that plants infested with high 
levels of E. floridensis in the field tend to appear “droopy” and 
yellow, similar to senescing plants late in the season (unpubl. 
data). additional collections of related Hydrocotyle should be 
accomplished in the united states to explore the field host 
range of E. floridensis, in addition to laboratory host range 
testing of E. basigera to determine its host specificity and feed-
ing habits. currently, so little is known of the insect herbi-
vores that it is not possible to speculate on the degree of spe-
cialization in diets.

the lack of fungal pathogens collected in our surveys 
could be explained several ways. it is possible that an insuf-
ficient number of samples were collected to identify special-
ized pathogenic fungi; additional surveys may yet discover 
pathogenic species. another explanation may be that float-
ing marshpennywort is a more recent introduction to the 
united states than previously thought. if the plant evolved in 
central or south america and was recently introduced into 
the united states, it would be expected to find few or no host-
specific pathogenic fungi. 
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