
PEST STATUS OF WEED

Salvinia molesta D. S. Mitchell is a floating fern na-
tive to South America that in the last half of the twen-
tieth century spread widely throughout the tropics
and subtropics, moved in part by the trade in orna-
mental plants for fish tanks and ponds. It forms dense
mats over lakes and slow moving rivers and causes
large economic losses and a wide range of ecological
problems to native species and communities. It is of
interest in the United States because of its recent es-
tablishment in east Texas.

Nature of Damage
Economic damage. Mats of S. molesta (referred to
hereafter as salvinia) impede access to and use of wa-
terways for commercial and recreational purposes
and degrade waterside aesthetics (Fig. 1). Mats re-
duce habitats for game birds, limit access to fishing
areas, and probably alter fisheries, all with negative
economic consequences. Salvinia can clog water in-
takes and interfere with agricultural irrigation, water
supply, and electrical generation. It provides habi-

tats for vectors of human disease with serious socio-
economic impacts.

In developing countries, the impact of salvinia
can be devastating because weed mats block the use
of waterways for transportation, cutting off access
to important services, farm lands, and hunting
grounds. The harm from salvinia mats to fisheries also
can be very significant to communities dependent on
fish for local consumption (sometimes as the main
source of protein) or in areas where fish sales are the
main source of cash income (Bennett, 1966; Thomas
and Room, 1986). Salvinia also is a weed of paddy
rice that reduces production by competing for wa-
ter, nutrients and space (Anon., 1987).

Ecological damage. The ability to grow very
quickly (Cary and Weerts, 1983; Mitchell and Tur,
1975; Mitchell, 1978/9; Room, 1986) and blanket wa-
ter bodies makes salvinia an aggressive and competi-
tive weed (Fig. 2). Initially, salvinia forms a single
layer over water, but with continued growth the mats
become multi-layered and can reach up to 1 m in
thickness (Thomas and Room, 1986). Thick mats sup-
port other colonizing plants, and the high biomass
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Figure 1. Salvinia molesta D. S. Mitchell covering
a farm pond in Texas restricts commercial
and recreational use and degrades
aesthetics. (Photograph by T. Center.)

Figure 2. Salvinia molesta D. S. Mitchell covering
a waterbody and supporting the growth of
other plant species in Kakadu National
Park, Australia. (Photograph by M. Julien.)
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and stability of such mats make them difficult to dis-
lodge and destroy (Storrs and Julien, 1996).

Plants and animals dependent on open water to
gain sunlight, oxygen, and space for sustenance and
growth, or for landing, fishing, nest building, or mat-
ing, are displaced by dense salvinia infestations. Wa-
ter under mats of salvinia has a lower oxygen con-
centration (due to reduced surface area of water avail-
able for oxygenation, inhibition of photosynthesis by
submerged plants, and consumption of dissolved
oxygen by decaying salvinia), higher carbon dioxide
and hydrogen sulphide concentrations, lower pH, and
higher temperatures than nearby open water
(Mitchell, 1978; Thomas and Room, 1986).

Through high growth rates and slow decom-
position rates, salvinia reduces the concentration of
nutrients that would otherwise be available to pri-
mary producers and organisms that depend on them
(Sharma and Goel, 1986; Storrs and Julien, 1996).

Mats of salvinia provide ideal habitat for Man-
sonia mosquitoes, a principal vector of rural elephan-
tiasis in Sri Lanka (Pancho and Soerjani, 1978), and
for other mosquito species involved in the transmis-
sion of encephalitis, dengue fever, and malaria
(Creagh, 1991/92). Two species of Mansonia that oc-
cur in the United States, Mansonia dyari Belkin and
Mansonia titillans (Walker), have been implicated in
the transmission of St. Louis encephalitis and Ven-
ezuelan equine encephalitis, respectively (Lounibos
et al., 1990).

Extent of losses. The most detailed assessment
of costs caused by salvinia was conducted in Sri Lanka
using 1987 as the base year (Doeleman, 1989). Paddy
rice losses, fishing losses, other losses (power gen-
eration, transport, washing and bathing, etc.), health
costs, abatement costs, and economic benefits were
considered. No environmental costs were included,
but they were recognized as important. There were
no identified benefits from salvinia. Total costs asso-
ciated with salvinia were estimated to be between 24.7
million and 56.7 million rupees (in Australian dol-
lars, between 0.9 and 2.1 million) for 1987. This in-
formation was used to determine the benefits from
biological control over the following 25 years. The
benefits were 53 rupees or dollars per rupee or dollar
invested, or 1,673 man-hours per man-hour invested.

Using this information as a guide, Room and
Julien (1995) estimated that the annual benefits gained
from successful biological control of salvinia world-
wide were approximately $150 million U.S.

Geographical Distribution
The native range of salvinia is an area in southeastern
Brazil (Forno and Harley, 1979). Its first recorded
exotic establishment was in Sri Lanka in 1939 (Will-
iams, 1956). It has since become established in India
(Cook and Gut, 1971), Australia (Room and Julien,
1995), Papua New Guinea (Mitchell, 1979), Cuba,
Trinidad, Guyana, Columbia (Holm et al., 1979),
South Africa (Cilliers, 1991), Botswana (Edwards and
Thomas, 1977), Kenya, Zambia (Mitchell and Tur,
1975), Namibia (Forno and Smith, 1999), Madagas-
car (Room and Julien, 1995), Ghana and Cote
D’Ivoire (M. Julien, pers. obs.), Indonesia (Java,
Borneo, Sulawesi), Malaysia (mainland Sabah,
Sarawak) (R. Chan, pers. comm.), the Philippines
(Pablico et al., 1989), Fiji (Kamath, 1979), and New
Zealand (Randall, 1996).

Salvinia was first reported outside of cultivation
in the United States in 1995 at a pond in southeast-
ern South Carolina (Johnson, 1995). It was eradicated
before spread occurred. It was next found in Hous-
ton, Texas, in May 1998, and then at other sites in
Texas and in Louisiana during 1998. During 1999 it
was found in ponds and rivers in Alabama, Arizona,
California, Florida, Georgia, Hawaii, Mississippi, and
Oklahoma (Jacono et al., 2000; see also Jacono’s web
site). Salvinia is readily available for purchase in the
United States, particularly through the Internet.

BACKGROUND INFORMATION
ON PEST PLANT

Taxonomy
The aquatic fern family Salviniaceae is placed within
the order Hydropteridales and consists of a single
genus, Salvinia. Ten species of Salvinia occur world-
wide (Herzog, 1935; de la Sota, 1962, 1963, 1964, 1982;
Mitchell, 1972). None are native to the United States
(Jacono et al., 2000) although seven species originate
in the Americas (de la Sota, 1976). Salvinia molesta
was given recognition as a species in 1972 (Mitchell,
1972) and is grouped within the Salvinia auriculata
complex, together with Salvinia auriculata Aublet,
Salvinia biloba Raddi, and Salvinia herzogii de la Sota
(Mitchell and Thomas, 1972). Species within this com-
plex are characterized by the presence of divided but
apically joined “basket” hairs on the abaxial surface,
which produce an “egg-beater-like” appearance
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(Fig. 3a) (de la Sota, 1962; Mitchell and Thomas, 1972;
Forno, 1983). Salvinia molesta can be distinguished
from species within the S. auriculata complex by the
arrangement of sporangia, the shape of sporocarps
(Mitchell and Thomas, 1972; Mitchell, 1972), and by
the pattern of leaf venation (Forno, 1983).

The accepted common name is salvinia, but it
also is called Kariba weed, water fern, or African pyle
(in Africa); giant azolla or Australian azolla (in the
Philippines); and giant salvinia, water spangles, or
floating fern (in the United States).

Salvinia minima Baker, the only other Salvinia
species present in the United States also is exotic and
can be distinguished by the presence of divided hairs
on the abaxial leaf surface that are spreading and free
at the tips (Fig. 3b).

Biology
Plant form. Salvinia is a free-floating aquatic fern with
a horizontal rhizome just beneath the water surface
(Bonnet, 1955; Room, 1983). Each plant is a colony
of ramets. Each ramet comprises an internode, a node,
a pair of floating leaves, the submerged ‘root,’ and
associated buds. The ‘root’ is a modified leaf that
looks and functions like a root (Croxdale 1978, 1979,
1981).

Salvinia is morphologically variable, primarily
in response to the level of crowding and availability
of nutrients. These two factors are largely indepen-
dent of one another. There are three growth forms,
with a continuum among them, that are associated
with the degree of crowding experienced by the plant
(Mitchell and Tur, 1975).

The primary form (Fig. 4a) occurs as isolated
plants in the initial ‘invading’ stage of an infestation.
This form has small, oval leaves less than 15 mm wide
that lie flat on the water surface.

The secondary form (Fig. 4b) occurs when plants
have been growing over open water for some time,
either freely or on the edge of stable mats. Intern-
odes are longer, with larger, boat-shaped (slightly
keeled) leaves that have rounded apices and are vari-
able in size, but are normally between 20 mm and 50
mm wide. The entire lower leaf surface is in contact
with the water.

The tertiary form (Fig. 4c) occurs when plants
are growing in crowded mat conditions associated
with mature infestations. Internodes are short with
large heart-shaped, or oblong and deeply keeled
leaves up to 60 mm in width when fully opened. The
undersides of adjacent leaves are in contact with each
other.

Growth and reproduction. Salvinia is pentap-
loid, has a chromosome number of 45, and is inca-
pable of sexual reproduction (Loyal and Grewal,
1966). Each node bears a series of up to three axillary
buds that develop successively under normal grow-
ing conditions (Room, 1988), and up to six in response
to damage (Julien and Bourne, 1986). The number of
axillary buds that grow, the rate of growth, and plant
size are largely dependent on available nutrients.
Growth is apically dominant and progresses by ex-
pansion of apical and axillary buds, the latter form-
ing branches. New plants form when older plants
break apart due to senescence or damage (Room,
1983).

Figure 3a.

Figure 3b.
Figure 3. Salvinia species in the United States

can be distinguished by their leaf hairs. (a)
In Salvinia molesta the hairs form an ‘egg-
beater’ shape at the tips, while in Salvinia
minima (b) the hairs are separated at the tips.
(Photographs by M. Julien [a] and T. Center
[b].)
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Factors affecting growth. Salvinia is a perennial
plant with no seasonal periodicity, although changes
in growth may be related to seasonal variations such
as changes in temperature. Salvinia is well adapted to
growth in low nutrient waters and can take up nutri-
ents quickly when they become available (Room and
Thomas, 1986).

The proportion of axillary buds that develop is
correlated with the nitrogen content of the plant
(Room, 1983; Julien and Bourne, 1986), and the ni-
trogen content increases following removal of buds
by insects or other agents (Room and Thomas, 1985;
Julien and Bourne, 1986; Forno and Semple, 1987).
At low levels of nitrogen leaves are larger, ‘roots’
longer, sporocarps occur more frequently, and rhi-
zome branching is reduced (Room, 1983; Julien and
Bourne, 1986; Room, 1988; Room and Julien, 1995).
The nitrogen content of salvinia ranges from 0.6 to
4.0% dry weight (Room and Thomas, 1986). The
maximum rate of nitrogen uptake, calculated from
rates of growth, is near 8 mg nitrogen/g dry weight
of salvinia/day or about 6,000 kg nitrogen/ha/year
(Room, 1986). Actual measurements at a sewage treat-
ment lagoon indicated an uptake of 1,580 kg nitro-
gen/ha/year (Finlayson et al., 1982).

The optimum temperature for growth is 30°C.
Room (1986) described the effect of temperature,
above and below 30°C, on relative growth rates and
predicted no growth below 10°C and above 40°C.
Temperature does not affect the proportion of axil-
lary buds that expand to initiate new branches (Room,
1988). Exposure to temperatures below –3°C or
above 43°C for more than two hours kills salvinia
(Whiteman and Room, 1991). Leaf temperatures that
exceeded 40°C and sometime approached 50°C for
the hottest parts of days did not obviously affect
growth, but water temperatures remained below 40°C
and probably acted as a heat sink for the plants (Storrs
and Julien, 1996). Plants may be killed by frost but
protected parts and unfrozen buds survive. Water
bodies are normally cooler than the air in summer
and warmer in winter due to thermal inertia. This
helps protect salvinia from temperature extremes.

Mats of salvinia can grow in water bodies with
conductivities ranging from 100 µS/cm to 1,400 µS/
cm (Mitchell et al., 1980; Room and Gill, 1985). In
water with 10% of the salinity of seawater (4,800 µS/
cm), growth was reduced by 25% (Divakaran et al,
1980); at 20% salinity, growth was very slow; while
at 30%, plants died after 30 minutes exposure (Room
and Julien, 1995). Optimum pH for growth is 6.0
(Cary and Weerts, 1984). In the field the plant grows
at pH values from 5.2 to 9.5 (Holm et al., 1977;
Mitchell et al., 1980).

Figure 4a.

Figure 4b.

Figure 4c.
Figure 4. The three growth forms of Salvinia

molesta D. S. Mitchell: (a) the primary form,
(b) the secondary form, and (c) the tertiary
form. (Photographs by M. Julien.)
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Salvinia compensates for the destruction of buds
by initiating growth of dormant buds. Complete
compensation occurs only when high levels of nitro-
gen are available (Julien and Bourne, 1986; Julien et
al., 1987). Destruction of leaves (Julien and Bourne,
1988) and rhizomes (Julien and Bourne, 1986) does
not induce compensatory growth.

Growth rates and density. On Lake Kariba,
Zimbabwe, numbers of leaves (ramets) doubled in
eight to 17 days (Gaudet, 1973; Mitchell and Tur,
1975). In the Kakadu National Park, Australia, dry
weight doubled in five to 30 days (Storrs and Julien,
1996). Under ideal growth conditions, biomass and
numbers of ramets typically double in two to three
days (Mitchell and Tur, 1975; Cary and Weerts, 1983).
Densities from as high as 2,500 large tertiary form
ramets per m2 (in nutrient-poor water) to 30,000 small
tertiary form ramets (in nutrient-rich waters) have
been noted. At these densities, natality is equaled by
mortality (Room and Julien, 1995). Salvinia is 95%
water by weight and biomass of living shoots can
exceed 600 g/m2 of dry weight, while biomass of liv-
ing and dead shoots and ‘roots’ may exceed 1,600 g/
m2 of dry weight or 400 t/ha of fresh weight (Room
and Julien, 1995). Fresh weight biomass in Texas var-
ied through the year, reaching a high in October 1999
of 248 t/ha and a low of 84 t/ha in January 2000 (P.
Tipping, unpub. data).

Spread. Salvinia is spread within and between
aquatic systems mainly by people. It is spread acci-
dentally when equipment or boats are moved and de-
liberately when it is used as a pond, aquarium, or
water-garden plant or as a biological weapon
(Gewertz, 1983). It is carried on animals as they move
from infested water bodies (Forno and Smith, 1999).
Dispersal within a water body or catchment is by
wind and water currents (Room and Julien, 1995).
Currents and floods wash mats away and growth is
best in still or slow moving water.

In its native range in southeastern Brazil, salvinia
is a component of floating and emergent plant com-
munities. Salvinia supports a variety of natural en-
emies (Forno and Bourne, 1984), and it normally does
not form the extensive mats prevalent in its exotic
range.

Analysis of Related Native Plants in the Eastern
United States

The Salviniaceae are included within a mono-
phyletic clade of heterosporous genera that also en-
compasses the Azollaceae and Marsileaceae (Pryer
and Smith, 1998; Pryer et al., 1995; Hasebe et al.,
1995), all aquatic leptosporangiate ferns. This clade
includes ten species in the North American flora. The
Azollaceae once were included within the
Salviniaceae, but the relationship is not close and they
have since been separated (Lumpkin, 1993).

Azollaceae consists of the single genus Azolla.
There are three species of Azolla – Azolla caroliniana
Willdenow, Azolla mexicana C. Presl, and Azolla
filiculoides Lamarck – that are native to North
America (Lumpkin, 1993). The Marsileaceae includes
two genera, Marsilea and Pilularia, both of which
occur in North America. Seven species within these
two genera are part of the North American flora
(Johnson, 1993): Marsilea quadrifolia Linnaeus,
Marsilea ancylopoda A. Braun, Marsilea oligospora
Gooding, Marsilea mollis B. L. Robinson and Fernald,
Marsilea macropoda Engelmann, Marsilea vestita
Hooker and Greville, and Pilularia americana A.
Braun. Marsilea quadrifolia, a native of Europe and
Asia, is introduced and M. ancylopoda is extinct, so
only eight native species remain.

HISTORY OF BIOLOGICAL CONTROL
EFFORTS

Area of Origin of Weed

The native range of Salvinia molesta includes a rela-
tively small area (20,000 km2) in southeastern Brazil,
including the states of Sao Paulo, Paraná, Santa
Catarina and Rio Grande do Sul. It occurs between
the latitudes 24005’ S and 32005’ S; at altitudes 0 to
500 meters; and up to 200 km inland (Map 1). Salvinia
occurs in natural lagoons, artificial dams, swamps,
drainage canals, and along margins of rivers (Forno
and Harley, 1979).
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Areas Surveyed for Natural Enemies
The first surveys for potential biological control
agents for S. molesta were conducted in Trinidad,
Guyana and northeastern Brazil from 1961 to 1963
(Bennett, 1966), and in Argentina prior to 1975
(Bennett, 1975), where species in the S. auriculata
complex other than S. molesta occur. At this time the
true identity and the native range of S. molesta were
not known.

Surveys for natural enemies were conducted in
Trinidad, Venezuela, Guyana, Uruguay, Paraguay,
Brazil, and Argentina during 1978 to 1981. In 1978,
the previously unknown range of S. molesta was iden-
tified (Forno and Harley, 1979), permitting surveys
to focus on the relatively small native range of the
target weed rather than the larger range of the S.
auriculata complex (Forno and Bourne, 1984).

Natural Enemies Found
The natural enemies of S. molesta and the related spe-
cies in the S. auriculata complex are listed in Forno
and Bourne (1984), including species collected by
Bennett (1975). Twenty-five phytophagous or pos-
sibly phytophagous species have been recorded from
S. molesta, compared to 49 species from the four spe-
cies of the S. auriculata complex. Four of these spe-
cies have been used as biological control agents
against S. molesta. The first three, Cyrtobagous
singularis Hustache, Paulinia acuminata (De Geer),
and Samea multiplicalis (Guenée) (identified during
the early exploration [Bennett, 1966]) have not been
successful control agents. The fourth, Cyrtobagous
salviniae Calder and Sands, was found during later
work (Sands, 1983) and has been extremely success-
ful.

Origin of  Salvinia molesta
and Cyrtobagous salviniae

Salvinia molesta under
biological control

Salvinia molesta
not under control

?

?

Status of releases
unknown

?

Map 1. Countries where Salvinia molesta has been or is still a serious problem and countries where biological
control by the weevil Cytrobagous salviniae has been successful.
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Host Range Tests and Results
Host range studies on the three unsuccessful species
are summarized in Bennett (1966), Sankaran and
Ramaseshiah (1973), Sands and Kassulke (1984, 1986),
and Knopf and Habeck (1976).

Host range tests to assess feeding by C. salviniae
were carried out in Australia on 46 species from six
families of Pteridophyta (ferns), eleven families of
Monocotyledons, and sixteen families of Dicotyle-
dons (Forno et al., 1983). (This weevil was later found
to be a new species and subsequently descrbed as C.
salviniae Calder and Sands). Test plants were exposed
to mature weevils in three replicates in choice tests.
Adult feeding occurred on Pistia stratiotes L., but the
insect was unable to reproduce on that species. Mi-
nor leaf feeding was observed in choice tests on Ip-
omea batatas (L.) Lam. (sweet potato) when the leaves
were held in contact with water, an abnormal condi-
tion. Adults failed to feed on I. batatas in no-choice
tests in a non-aquatic situation and died within seven
days. Host specificity tests indicated that this weevil
was restricted to S. molesta. It has never been observed
attacking plants other than Salvinia species in the field
in South America, including those that grew in asso-
ciation with S. molesta such as water fern (Azolla sp.),
waterhyacinth (Eichhornia crassipes [Mart.] Solms-
Laubach), and waterlettuce (P. stratiotes) (Forno et
al., 1983). Importantly, this weevil has not been found
to attack any other plants even when huge popula-
tions were starving following population crashes of
salvinia.

Releases Made
The grasshopper P. acuminata, collected from S.
auriculata in Trinidad, was released in Zimbabwe (in
1969 and again in 1971), Kenya and Zambia (1970),
Botswana (1971 and 1975), Sri Lanka (1973 and 1978),
India (1994), and Fiji (1975). It failed to establish in
Botswana, Kenya, and Sri Lanka and does not pro-
vide control in the countries where it established. The
weevil C. singularis, collected from S. auriculata in
Trinidad, was released in Botswana (in 1971 and
1976), Zambia (1971), and Fiji (1976). It is established
in each country but is not providing control. The
moth S. multiplicalis, also collected from S. auriculata
in Trinidad, was released in Zambia (1970), Botswana
(1972), and Fiji (1976). It failed to establish in Fiji
and Zambia and does not control the weed in

Botswana (Julien and Griffiths, 1998). It was later
collected from S. molesta in Brazil and released in
Australia during 1981, where it established widely but
failed to provide control (Room et al., 1984; Forno,
1987).

Releases of C. salviniae from S. molesta in south-
eastern Brazil were made first in Australia in 1980.
This weevil now controls the weed in most tropical
and subtropical areas (Fig. 5) and in some temperate
climates (Fig. 6). It has been released in 15 countries
and controls the weed in at least 12 of these (Table
1). In Cote D’Ivoire, insufficient time has elapsed to
measure success. Information on project results is not
available for the Philippines or Indonesia. Map 1
shows the countries that have or have had serious
salvinia problems and those where biological control
has been successful.

Figure 5. (a) Lake Moondarra, Australia covered
with Salvinia molesta D. S. Mitchell before
the use of biological control; (b) More than
90% of salvinia on Lake Moondarra was
destroyed within 14 months by the salvinia
weevil, Cyrtobagous salviniae Calder and
Sands. (Photographs by P. Room.)

Figure 5a.

Figure 5b.
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HISTORY OF BIOLOGICAL CONTROL
EFFORTS IN THE EASTERN

UNITED STATES

A weevil found attacking S. minima in Florida was
identified as C. singularis (Kissinger, 1966), but Calder
and Sands (1985) listed Cyrtobagous specimens from
Florida as C. salviniae and did not consider the range
of C. singularis to include North America. When S.
molesta was found in the United States and biologi-
cal control was considered, further morphological ex-
amination of weevils from Florida suggested that they
were C. salviniae (C. O’Brien, pers. comm.). This
weevil was collected from S. minima in Florida by
scientists from the USDA, ARS Invasive Plant Re-
search Laboratory and released at sites in Liberty,
Bridge City, and Toledo Bend Reservoir in Texas,
and at Salter Creek in Louisiana during 1999.

When another USDA laboratory planned to re-
lease an Australian population of C. salviniae, a mo-
lecular comparison of the D2 gene was made between
Florida and Australian material to provide a means
of distinguishing between weevils from the two
sources.  Several base pair differences were found but
the taxonomic significance of this is not yet clear.
Further studies utilizing molecular, morphological
and bioassay methods are planned. Until these dif-
ferences are explained, further release of the Florida

Table 1. The Status of Releases of Cyrtobagous
Salviniae Calder and Sands for Each Country
and the Date of Initial Release (Modified
from Julien and Griffiths, 1998)

Country Initial Release
Date Status

Australia 1980

Control in tropical and
subtropical areas;
some control in
temperate areas

Botswana Spread from
Namibia Control in 1 to 5 years

Cote D’Ivoire 1998 Established and
spreading

Fiji 1991 Successful control

Ghana 1996 Control

India 1983 Control at Bangalore
and Kerala

Indonesia 1997 Status is unknown

Kenya 1990 Control except where
affected by herbicide

Malaysia 1989
Control where
released. Needs
redistribution

Namibia 1984 Good control

Papua New Guinea 1982 Good control

Philippines 1989 Established on Panay.
Impact unknown

Republic of South
Africa 1985 Successful control

within 2 years

Sri Lanka 1986 Successful control

Zambia 1990 Excellent control

Zimbabwe 1992 Good control within 2
years

Figure 6. (a) A creek in temperate Australia, near
Sydney, infested with Salvinia molesta D. S.
Mitchell, and (b) three years later after the
salvinia weevil Cyrtobagous salviniae was
released. (Photographs by M. Julien.)

Figure 6a.

Figure 6b.
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population will be suspended. No release of Austra-
lian material has been done yet.

BIOLOGY AND ECOLOGY
OF KEY NATURAL ENEMIES

Salvinia weevils, Cyrtobagous salviniae and 
C. singularis (Coleoptera: Curculionidae)

The genus Cyrtobagous Hustache was originally
thought to be monotypic, containing only the spe-
cies C. singularis. This weevil was known to feed on
various South American Salvinia species and had been
used unsuccessfully as a biological control agent for
salvinia during the 1970s (Julien and Griffiths, 1998).
Discovery of the native range of S. molesta in the late
1970s allowed surveys for natural enemies to con-
centrate on the target weed. A weevil thought to be
C. singularis was collected from S. molesta and sub-
sequently released in Australia, where it controlled
the weed. Comparative studies determined that this
was a new species, subsequently named C. salviniae
(Fig. 7). Differences in the biology between the two
species explained why one species failed to cause sig-
nificant damage to the weed while the other proved
to be an excellent control agent. Larvae of C. salviniae
tunnel within the rhizomes causing them to disinte-
grate. Larvae also tunnel in the buds and adults eat
buds, thus suppressing growth and vegetative propa-
gation of this sterile weed. Larvae and adults of C.
singularis feed on leaves and other tissues but don’t
affect the rhizomes or meristems. This research pro-
vided a classic example of the importance of careful
taxonomic study of both the weed and the insects
for successful biological control (Thomas and Room,
1986). Other important differences between the two
species are that C. salviniae has a higher intrinsic rate
of increase, lays seven times more eggs, and ovipos-
its with greater frequency. Furthermore, this species’
oviposition is less affected by changes in the nutrient
status of the host plant, and larval and pupal survival
rates are higher (Sands et al., 1986).

C. salviniae. The adult male of C. salviniae (1.8
x 0.9 mm) is slightly smaller than the female (2.2 x
1.2 mm). Newly emerged adults are brown, darken-
ing to black in about five days. Detailed descriptions
are given in Calder and Sands (1985) of the features
that distinguish this species from C. singularis. Adults
are found on or beneath young leaves, on or inside
the developing leaves or among ‘roots’. When under

water, adults respire by means of an air bubble (called
a plastron) that adheres to their ventral surface (Forno
et al., 1983). Multiple matings occur five to 26 days
after emergence. At 25.5ºC, oviposition begins after
six to 14 days. Eggs (0.5 x 0.24 mm) are laid singly in
cavities excavated by adults in lower leaves, develop-
ing leaves, rhizomes, and ‘roots.’ At 25.5ºC, females
lay one egg every two to five days for at least 60 days
(Forno et al., 1983). Eggs hatch in 10 days at this tem-
perature. Newly emerged larvae (1 mm) are white.
They feed initially on ‘roots’ in or on the small buds,
and later inside rhizomes, completing three instars
in approximately 23 days (Forno et al., 1983). Devel-
opment rate is dependent on temperature and the
nutrient status of the host plant, larval development
taking 13.4 days at 31ºC on ‘high’ nitrogen plants.
Larvae prefer to tunnel in young rhizomes and more
tunneling occurs if plants are low in nitrogen. Larvae
do not survive below 16.3oC (Sands et al., 1983). Pu-
pation occurs in a cocoon (2 x 2.6 mm), which is
woven from ‘root hairs’ and attached underwater to
the ‘roots,’ rhizomes or leaf bases. At 25.5ºC, pupae
require 12.6 days for full development. Pupal dura-
tion is not affected by plant quality (Forno et al., 1983;
Sands et al., 1983). Oviposition does not occur be-
low 21ºC,and eggs fail to hatch below 20ºC or above
36ºC. Adults feed between 13ºC and 33ºC (Forno et
al., 1983). The lower lethal temperature at which 50%
of the adult population would be expected to die is -
5.2ºC (Reaney 1999).

Population densities of C. salviniae are capable
of reaching 300 adults and 900 larvae per m2, levels
estimated as necessary for control (Room, 1988, 1990;
Room and Thomas, 1985).

Weevils in the genus Cyrtobagous were first re-
corded from the United States in Florida at the

Figure 7. The salvinia weevil Cyrtobagous
salviniae Calder and Sands. (Photograph by
R. Chan.)
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Archbold Biological Station (Highlands County) in
1962 (Kissinger, 1966). It is assumed that these wee-
vils were accidentally introduced from South
America, because of the lack of any earlier U.S.
records and the adventive status of its host plant, S.
minima. Kissinger (1966) considered the Florida wee-
vils to be C. singularis, but this was before C. salviniae
was recognized as a separate species. Calder and Sands
(1985) later classified the Florida specimens as C.
salviniae, but noted that the C. salviniae from S.
minima in Florida were significantly smaller than
those from S. molesta in Brazil. Based solely on mor-
phological features, the weevils from Florida (later
released in Texas) seem to be C. salviniae (C. O’Brien,
pers. comm.). However, recent DNA assessments
suggest that that the Florida material differs from C.
salviniae from Australia in some respects (Goolsby
et al., 2000). Whether these differences imply sepa-
rate species status is under investigation.

C. singularis. The biology of C. singularis is less
well known and it is presumably similar to C.
salviniae. For morphological differences between
adults of this species and those of C. salviniae see
Calder and Sands (1985), and for larvae, May and
Sands (1986). Feeding differences between the spe-
cies are outlined in Sands and Schotz (1985), and other
differences in life history and intrinsic rates of in-
crease are discussed in Sands et al. (1986). Adults are
small (2 to 3 mm), black, sub-aquatic weevils that re-
side on or beneath leaves. While under water they
respire using a plastron. Adults preferentially feed
on apical leaves but also on the second to fifth pair of
leaves, buds, and petioles (Sands and Schotz, 1985).
Eggs are laid singly in cavities made by females in
leaves. Unlike C. salviniae, whose larvae feed inter-
nally, those of C. singularis feed on the outer sur-
faces of submerged buds, rhizomes, and petioles.
Feeding results in bud destruction, but not rhizome
disintegration, and plants retain their capacity for
regrowth (Sands and Schotz, 1985). Field population
densities of C. singularis do not exceed 50 adults per
m2 (Schlettwein, 1985), a level that is insufficient to
significantly damage salvinia (Room, 1990). This in-
sect has not been a useful biological control agent
(Julien and Griffiths, 1998).

Waterlettuce moth, Samea multiplicalis
(Lepidoptera: Pyralidae)

Larvae and adults of S. multiplicalis are very similar
to the closely related species, Niphograpta (Sameodes)

albiguttalis (Warren) (waterhyacinth moth,
Pyralidae). Center et al. (1982) give characters to sepa-
rate larvae of these species. Samea multiplicalis was
originally described from Brazil where it was ob-
served feeding on waterhyacinth. It is widely distrib-
uted throughout warmer regions of North and South
America. In Florida, it is most commonly found on
waterlettuce but also is present on A. caroliniana and
S. minima. It is occasionally abundant on small
waterhyacinth plants, feeding within inflated leaf
petioles (Knopf and Habeck, 1976). This species was
introduced into Australia for biological control of
both S. molesta and P. stratiotes (Sands and Kassulke,
1984).

Adults (Fig. 8) are 6.5 to 10.5 mm long (Sands
and Kassulke, 1984), tan, with brown and cream
markings on both fore and hind wings. Females lay
approximately 300 eggs during their four-to-seven-
day life span (Knopf and Habeck, 1976; Sands and
Kassulke, 1984; Taylor, 1984). Moths prefer to lay
eggs on undamaged salvinia plants with high nitro-
gen content (Taylor and Forno, 1987). Most eggs are
laid singly among the epidermal plant hairs on the
lower surfaces of waterlettuce leaves, on the upper
surfaces of Salvinia leaves, or lodged between the
leaves of Azolla species. Eggs hatch in about four days
at 26ºC. Larvae (Fig. 9) may feed from within a ref-
ugium (made of silk and plant hair) attached to the
external leaf surface or, for waterlettuce, within gal-
leries in the leaves. Larvae periodically extend the
refugium to reach fresh leaf material (Knopf and
Habeck, 1976). Larger larvae feed on the buds of
plants, often killing the growing apex. Larvae also
will eat mature waterlettuce fruits and consequently
destroy enclosed seeds.

On salvinia, temperature and plant quality in-
teract to determine rates of insect growth, number of
larval instars, fecundity, and survival (Taylor and
Sands, 1986; Taylor, 1984, 1988, 1989). Optimum
temperature for development for all stages is 28 to
30ºC. Fecundity is greatest at 20 to 22ºC and egg sur-
vival highest at 25 to 26ºC (Taylor, 1988). Larvae
complete development in 17 to 35 days on salvinia
(Sands and Kassulke, 1984; Taylor, 1984). Develop-
ment on waterlettuce and other salvinia species is
described in Bennett (1966) and Knopf and Habeck
(1976).

Pupation occurs within a silken cocoon. On
waterlettuce, this cocoon is usually formed within the
spongy portion of a leaf but on S. molesta it is
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constructed among old leaves. Pupal development re-
quires four to seven days at 28ºC on waterlettuce and
S. minima (Knopf and Habeck, 1976) and eight to
nine days at 26ºC on S. molesta (Sands and Kassulke,
1984). Total development (egg to adult) requires 24.6
(Knopf and Habeck, 1976) to 42 days (Sands and
Kassulke, 1984).

Intrinsic rates of increase are highest in autumn
and decline in summer and winter (Room et al., 1984;
Taylor, 1988). Levels of parasitism (24%) and dis-
ease in Australian populations on salvinia do not ex-
plain the seasonal variation in population growth
rates (Semple and Forno, 1987); rather, field popula-
tion densities are strongly determined by tempera-
ture and the nutritional quality of the plant (Taylor,
1988).

Salvinia grasshopper, Paulinia acuminata
(Orthoptera: Pauliniidae)

This semi-aquatic grasshopper (Fig. 10) is adapted to
living on floating mats of host plants where humid-
ity is constantly high. Paulinia acuminata can com-
plete its development on Salvinia spp., P. stratiotes,

Azolla sp., and Hydromystria sp. and will feed on a
range of other plant species (Bennett, 1966; Sands and
Kassulke, 1986). It feeds on all species in the S.
auriculata complex from Trinidad to northern Ar-
gentina and Uruguay (Bennett, 1966). Eggs of P.
acuminata, in an ootheca, are attached underwater to
the undersides of leaves and hatch in 19 to 21 days.
Out of water, eggs fail to hatch (Bennett, 1966). There
are five or six nymphal stages, six being common
when temperatures are lower (Thomas, 1980). Eggs
take 17 to 20 days to hatch; six nymphal instars com-
plete development after 47 days; the pre-ovipositional
period takes eight to 10 days; and duration from egg
to adult is 67 days on average (Sands and Kassulke,
1986).

Figure 8. Adult Samea multiplicalis (Guenée).
(Photograph by R. Chan.)

Figure 9. Larva of Samea multiplicalis (Guenée).
(Photograph by P. Room.)

Figure 10. The salvinia grasshopper Paulinia
acuminata (De Geer). (Photograph by P.
Room.)

Females live 50 days or more and lay 200 or
more eggs. Adults usually are brachypterous but mac-
ropterous forms occasionally occur in the field and
are frequent in laboratory cultures (Bennett, 1966).
Adults and nymphs feed on all plant parts above the
water level when food is scarce. Grasshoppers prefer
to feed on new growth and oviposition is reduced
when the weed is matted (Mitchell and Rose, 1979).
Under extremely hot conditions adults shelter in the
water with their heads exposed (Thomas, 1980). In
the field at Lake Kariba, where the mean annual tem-
perature was 24 to 28ºC, it was estimated that P.
acuminata could complete three generations per year
(Thomas, 1980).

A significant reduction in salvinia on Lake
Kariba occurred in 1972/3, following the release of
P. acuminata in 1970. However, the decline of the
weed at this location has been attributed to other fac-
tors such as nutrient stress on the weed (Mitchell and
Rose, 1979; Marshall and Junor, 1981). Chisholm
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(1979) demonstrated that densities of more than 85
P. acuminata per m2 feeding for 24 days were required
to reduce production of new leaves. On Lake Kariba
during the period when salvinia was a problem the
maximum grasshopper density recorded was 27 per
square meter (Marshall and Junor, 1981), suggesting
that the insect might not have been a primary cause
of decline in the weed. Sands and Kassulke (1986)
noted that field populations in Africa of 45 to 54 P.
acuminata per m2  grazed up to 87% of leaves with-
out affecting apical or lateral growth or killing plants.

EVALUATION OF PROJECT OUTCOMES

In the United States, S. molesta is a new problem so
evaluations are premature. As mentioned previously,
C. salviniae, a naturalized species on S. minima in
Florida, was released in Texas in 1999. It will take
another year to determine if establishment has oc-
curred.

RECOMMENDATIONS
FOR FUTURE WORK

Currently, three release sites and three insect-free
control sites are being monitored monthly in water
bodies in eastern Texas and western Louisiana in-
fested with S. molesta using standard protocols. In
addition, molecular techniques are being utilized to
identify and compare at least six salvinia species, in-
cluding those outside of the S. auriculata complex.
This will provide a means of identifying Salvinia spe-
cies should any new invasions occur in the United
States or elsewhere. Similar molecular testing of
Cyrtobagous sp. collected from different salvinia spe-
cies may provide insights to the taxonomy of this
group and their associated host ranges.

We anticipate that the same favorable results as
obtained in at least 12 countries on three continents
can be repeated in the United States, namely, reduc-
tions in the density and abundance of S. molesta to
acceptable levels. Reductions may range from local
extinctions to maintenance of small populations of
the weed along the fringes of ponds, lakes, and rivers.
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