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Background on Giant Salvinia and 
the Salvinia Weevil
Giant salvinia, Salvinia molesta Mitchell, is a floating 
aquatic fern that has become one of the worst invasive 
weeds in the southeastern United States (Figure 1). This 
plant is native to southern Brazil, Argentina and Uruguay 
and is considered an invasive species in several tropical 
and subtropical countries (McFarland et al. 2004). Giant 
salvinia is of great economic and ecological importance 
in Louisiana because of its ability to form extensive mats 
of vegetation in lakes, ponds, reservoirs and bayous. The 
dominant or tertiary growth stage of giant salvinia is a 
densely packed mat of individual plants that can be easily 
spread through fragmentation (Figure 2). The proliferation 
of giant salvinia in water bodies displaces native species 
and changes the water quality in addition to inhibiting 
boating and other aquatic activities. Removal of giant 
salvinia from water bodies is difficult and extremely costly 
and often inadequate to prevent re-infestation and spread. 

Common salvinia, Salvinia minima, is another closely re-
lated species found throughout the southeastern United 
States (Madeira et al. 2006). Common salvinia differs from 
giant salvinia in size and trichome structure. Common 

salvinia leaves are typically about half the size of giant 
salvinia leaves (Figures 3 and 4). Trichomes on giant 
salvinia leaves fuse together to form an egg-beater shape 
(Figure 5), while trichomes on common salvinia leaves do 
not fuse together (Figure 6).

The salvinia weevil, Cyrtobagous salviniae Calder and 
Sands, is a South American beetle that is a specialist 
feeder on salvinia. The salvinia weevil was first intro-
duced into Australia in the 1980s, and it has successfully 
managed giant salvinia infestations (Room et al. 1981). 
Weevils collected from this Australian population were 
released in Texas and Louisiana in 2001 and have result-
ed in successful establishment of the weevil in southern 
regions of the states (Flores and Carlson 2006). Salvinia 
weevil adults are shiny black and about 2 millimeters 
long (Figures 7 and 8), and feed mostly on young leaves 
and buds of Salvinia spp. Female weevils lay eggs directly 
on the plant. Young larvae feed on leaves, buds and roots 
and later tunnel into the rhizome that supplies nutrients 
to the plant (Figure 9; Sands et al. 1983; Knutson and 
Mukherjee 2012). The tunneling action of the larvae ulti-
mately kills the plant by limiting new growth and causing 
the mat to sink (Sands et al. 1983). 

Figure 1. Floating mat of giant salvinia.
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Figure 2. Tertiary stage of giant salvinia.

Figure 4. Common salvinia leaves.

Figure 3. Common salvinia leaves.

Figure 5. Trichomes on giant salvinia leaves.

Figure 6. Trichomes on common salvinia leaves.

Figure 7. Tertiary stage of giant salvinia with weevil on the leaf surface. Figure 8. Salvinia weevil on giant salvinia leaf.
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To maintain control over giant salvinia infestations, it is 
important to have local sources of good quality weevils 
that can be reared year-round, harvested and released in 
areas where they are needed. Although indoor rearing 
facilities can be very effective, they are costly to install 
and maintain (Eisenberg and Johnson 2012). Where the 
climate is suitable, rearing the weevils in outdoor ponds 
can be done successfully and at a fraction of the cost, 
often with low maintenance required once initial condi-
tions are set (Sanders et al. 2012). The goal of this publi-
cation is to describe the steps involved in rearing salvinia 
weevils in open-earthen ponds.

Location, Type and  
Dimension of Pond
In the United States, establishment of the salvinia weevil 
is mostly determined by winter temperatures (Owens 
and Smart 2010). Weevils have successfully overwintered 
in rearing ponds in parts of southern Louisiana and Texas, 
but they cannot survive the winter in northern parts of 
the states without some kind of cold-weather protection 
(Eisenberg and Johnson 2012). A general guideline is to 
build rearing ponds only in areas where minimum winter 

temperatures do not reach below 25°F (-4°C) (Sanders et 
al. 2012). In practice, the weevils have experienced high-
est winter survival rates in areas south of latitude 32°N 
(Mukherjee et al. 2014). 

Location and construction method should be carefully 
considered when creating a new rearing pond. Rearing 
ponds ideally should be sheltered from harsh elements 
such as wind and heavy rain that can result in drift and 
flooding, which can negatively affect both plant and 
weevil survival. Excavating ponds near tree lines can 
provide such shelter and also can moderate temperature 
and light intensity during the summer. Leveed ponds 
with overflow channels require more effort and resourc-
es to construct but can yield greater protection from 
drought and flooding (Figure 10; Sanders et al. 2012). 

When designing a new pond, the dimensions should aim 
to maximize growing area and facilitate pond mainte-
nance (Figure 11). The ideal pond depth is between 18 
and 36 inches, deep enough to withstand water evapora-
tion during the dry summer months and shallow enough 
for wading and weevil harvest (Sanders et al. 2012). Ponds 
that are too deep or too large require greater fertilization 
to meet desired water nutrient levels, which is expen-
sive and adds extra labor. For most purposes the ideal 
pond size is ¼ to ½ of an acre and less than 25 feet wide. 

Figure 9. Closeups of weevil larvae. (A) 3rd, 2nd, and 1st instar weevil lavae. (B,C) weevil larva feeding on 
rhizome. (D) Larva extracted from rhizome.
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40 ft.

40 ft.

40 ft.

Water over�ow control 
using PVC stand pipe

165 ft.

Design of Leveed Rearing Ponds

Pond Dimensions:
•  Waterbody: 165 ft long x 40 ft wide x 3 ft deep.
•  Pond Separation: 40 ft

Figure 10. Leveed salvinia weevil rearing pond with overflow and stand pipes. Figure 12. Colorimeter water quality testing 
instrument.

Figure 11. Dimensions of designed leveed rearing ponds.
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Bigger ponds may require sectioning off to maintain the 
desired volume of giant salvinia. The design must include 
enough space around the pond to allow vehicle access 
for maintenance and harvesting. 

Water Quality and  
Pond Fertilization
Water level and pond depth are very important to pond 
maintenance, and water availability must be carefully 
considered when deciding on pond location. A water 
source should be accessible to supplement rearing ponds 
in the event of drought. Water can be pumped from wells 
or gravity fed by larger water bodies. Ponds located in 
heavily agricultural areas may be subject to contamina-
tion by herbicides or insecticides from surface runoff. 
Well water or ground water should be tested to ensure 
that it contains acceptable levels of salts and possible 
contaminants. Giant salvinia grows best in acidic to neu-
tral water (Owens et al. 2005). Rainwater-fed lakes and 
ponds tend to stabilize at a pH around 6 to 7.

The frequency of pond fertilization depends on water 
and plant quality and time of the year. In winter, plant 
and weevil activity decline and fertilization during this 
time is generally discouraged. During the spring and 
summer months of active growth, adequate fertilization 
is important for the formation of new buds that support 
feeding by weevil adults and larvae. An advantage of 
rearing giant salvinia in ponds is that naturally occurring 
sediments and other biological inputs provide necessary 
minerals and micronutrients that can be absorbed by sal-

vinia’s root-like leaves. Commercially available fertilizers 
include ammonium sulfate, Miracle-Gro Water Soluble 
All Purpose Plant Food (various N-P-K formulations) and 
Scotts Turf Builder Lawn Food. Be careful to avoid “weed 
and seed” formulations, which may contain herbicides.

Water testing should be done on a regular basis during 
the growing season (e.g., monthly or bimonthly) to mon-
itor the pond’s pH, dissolved oxygen, conductivity and 
nitrogen. Water samples may be collected and sent to 
a testing lab, or water quality test kits (Figure 12) can be 
purchased for personal use. Ideal water quality parame-
ters for giant salvinia are pH 5.5-7.5 (Owens et al. 2005), 
nitrogen content 7-16 milligrams/liter, iron concentration 
3 milligrams/liter and water conductivity <1,500 microsie-
mens/centimeter (Knutson 2012). 

Figure 14. Dispersing concentrated fertilizer liquid throughout the pond.

Figure 13. Dissolving ammonium sulfate in water to make a concentrated 
fertilizer liquid.
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During the growing season (April to October), LSU Ag-
Center ponds are fertilized every six weeks with ammo-
nium sulfate to reach a desired nitrogen concentration of 
~3 mg/L (Knutson 2012). Using a 5-gallon bucket and a 
shovel, the ammonium sulfate is dissolved in pond water 
to make concentrated batches of fertilizer (Figure 13). 
Small volumes from the bucket are then poured at many 
locations within the pond (Figure 14). Before pouring 
the concentrated fertilizer liquid, be sure to clear away 
the salvinia and create an open patch of water. This will 
ensure the fertilizer makes it into the water column and 
does not burn the plants. To maintain the desired nitro-
gen concentration in the pond the following formula is 
used to calculate fertilization rate:

  ( ) ∗   ℎ ( ) =   

 ∗ 2.72 ∗ 3 =      3  

  
First, the surface area of the pond in acres is multiplied 
by the mean water depth in feet which calculates acre-
feet of the pond surface area. This refers to the amount 
of acres the pond surface would cover if the entire pond 
depth is 1 foot. Next, acre feet is multiplied by the weight 
of a substance needed to raise the concentration by 1 
mg/L. In this case, it is a constant of 2.72 pounds per acre-
foot. Finally, this is multiplied by the desired concentra-
tion of nitrogen in the water. In this example, we desire 
3 mg/L of nitrogen. The result is the number of pounds 
of nitrogen required to reach the desired concentration. 
Ammonium sulfate fertilizer contains 21 percent nitrogen 
by weight. Therefore, a 50-pound bag of ammonium 
sulfate contains 10.5 pounds of nitrogen. 

Pest Control In and 
Around the Pond

Samea Moth 
Larvae of the samea moth, Samea multiplicalis (Guenée), 
feed on giant salvinia and could become a serious pest 
if not properly controlled (Figures 15 and 16; Julien and 
Bourne 2009, Wang et al. 2016). Samea may be detected 
by observing adults on leaves and by extracting larvae 
from plant material using Berlese funnels. Biweekly ap-
plications of insecticides containing Bacillus thuringiensis 
(Bt) can reduce Samea larvae without affecting salvinia 
weevils. Bt is most effective on newly hatched larvae 
and therefore should be applied on a schedule as long 
as adults are actively laying eggs. To ensure all regions 

Filgure 16. Salvinia with samea moth larvae feeding damage. 

Figure 15. Samea moth (Samea multiplicalis) larvae. (Photo by Peter 
Room, The Queensland University, Bugwood.org.)
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of the pond are covered with Bt, a gas-powered sprayer 
is used to disperse the product over the pond’s surface 
(Figure 17). 

Fire Ants
Predation by the red imported fire ant, Solenopsis invicta 
Buren, can negatively affect the success of weevils as a 
biocontrol agent (Parys and Johnson 2012). Therefore, 
controlling fire ant populations is needed to properly 
manage giant salvinia ponds. To reduce fire ant abun-
dance, bait granules can be applied directly to ant 
mounds according to the product label instructions. Fire 
ant bait is reapplied every two weeks until ant mounds 
are controlled.

Weed Control
Ponds will be inevitably infested with other aquatic 
plants during inoculation events. Therefore, proper man-
agement is needed to prevent establishment of intro-
duced plants. Prevention is the best strategy to manage 
unwanted aquatic plants. Without proper prevention, 
unwanted plants may establish and compete with sal-
vinia (Figure 18). Common weedy aquatic plants include 
duckweeds, water hyacinth, alligator weed, Cuban 
bulrush and water lilies. Many products are commercial-
ly available to control various aquatic plants; however, 
using these herbicides may have a negative impact on 
giant salvinia production and the aquatic habitat. To 
decrease the abundance of unwanted plants we suggest 
to manually remove plants from the ponds. To facilitate 
pond maintenance, mowing the vegetation around the 
pond is recommended. 

Quality Control of  
Weevils Produced
To produce optimal densities of high quality weevils, 
proper management of giant salvinia is required. This 
includes regular assessment of plant quality and weevil 
production by collecting data every six weeks (Grodowitz 
et al. 2014). At the LSU AgCenter ponds, we collect data 
from 10 spots within a pond along two transects; this 
ensures we have adequate representation of the entire 
pond (Figure 19). At each spot, a 10- by 10-inch quadrat 

Figure 17. Gas-powered sprayer used to disperse Bt.

Figure 18. Unwanted plants in rearing pond.
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(Figure 20) is placed flat on the water surface to measure 
percent green salvinia, salvinia mat thickness, presence 
or absence of damage caused by Samea moth and pres-
ence or absence of new buds (Appendix I). Percent green 
salvinia is estimated by eye to the nearest 10 percent. 
Salvinia mat thickness is measured using a modified 
cafeteria tray with a center string, marked in centimeters. 
Handheld water quality meters are used to measure pH, 
conductivity, dissolved oxygen and temperature. Addi-
tional water samples are collected to monitor nitrogen 
concentration. Leaf nitrogen samples are collected twice 
per year in May and September.

Monitoring the weevil population density is critical for a 
successful rearing operation. Examining weevil density 
can help estimate population size and determine if the 
population is reaching its maximum capacity as well as 
determine whether the management techniques are 
being effective. Ten density samples are collected during 
each sampling event. For each sample, approximately 1 
pound (500 grams) of salvinia is drained in a net and then 
placed into a 1-gallon plastic bag labeled with the sam-
ple number.  Samples are placed in a cooler until they can 
be processed using Berlese funnels. If samples cannot be 
processed on the same day, the bags should be stored 
open and in a cool, shady area to reduce weevil mortality. 

Figure 19. Transect ran for a sampling event.

Figure 20. A 10-inch quadrant on the salvinia mat surface.
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Berlese Funnel Extraction
Weevil adults and larvae are extracted from salvinia by 
drying the plant samples in Berlese funnels (Figure 21; 
Nachtrieb 2012). Each sample is drained in a net un-
til dripping stops, then weighed.  The plants are then 
placed inside the funnel for 24-48 hours or until the 
material is dry. A metal grate placed inside the funnel 
holds the plants while allowing insects to pass into the 
collection bag (Figure 22). A clamp light with a 60-watt 
bulb hangs in the top of the funnel and dries the sample 
(Figure 23). At the bottom of the Berlese funnel, a Whirl-
Pak® bag is attached to collect weevils as they leave the 
drying plants. The bags can be filled with ethanol to pre-
serve weevils for future analysis. Once extracted, weevil 
adults and larvae are counted for each sample. Weevil 
density is calculated by dividing the number of weevils 
(either adults or larvae, separately) by the original weight 
(in kilograms) of the sample.  Berlese extraction is also a 
good opportunity to monitor Samea larvae and deter-
mine if control measures are needed.

The Berlese funnel frame is constructed from 2×4 pres-
sure-treated wood, and plywood is used to support the 
funnels (Figure 24). Holes for the base of each funnel 
are made using a 3-inch diameter hole borer or larger. 

Figure 21. Berlese funnel extraction setup.

Figure 22. Inside view of a Berlese funnel.
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Sheet metal is riveted together and placed inside the 
funnel to extend its mouth. The funnel consists of a gal-
vanized tractor funnel of 8 quarts (12 inches high by 9.5 
inches diameter). Metal cattle wire is strung above the 
mouth of the funnel to anchor the clamp lamp. Power 

Figure 23. Closeup of Berlese funnels.

Figure 24. Frame for Berlese funnel set up with a single extraction funnel.

strips with 12 plugs are used to supply electricity to 
each lamp. To support the Whirl-Pak® bag, small holes 
are drilled in the bottom of the funnel, and cattle wire is 
run through the holes. 
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Pond Maintenance
Weevil-rearing ponds can be harvested during spring or 
fall. The maintenance schedule for the pond will vary de-
pending on the time of year the rearing pond is harvest-
ed. If a pond is to be harvested in the spring, inoculation 
of salvinia will take place during the spring of the previ-
ous year. If a fall harvest date is preferred, an inoculation 
of salvinia will take place during late summer/early fall of 
the previous year. In this guide we will discuss a rearing 
operation with an anticipated harvest date during the 
spring (Figure 25). 

Salvinia Inoculation
To properly rear salvinia weevils, ponds first must be 
established with giant salvinia and later colonized with 
weevils. Giant salvinia ponds are inoculated with salvinia 
from the field or another weevil-rearing operation (Figure 
26). In the beginning, weevil-free giant salvinia or giant 
salvinia with low weevil density is required. Ideally, ponds 
are inoculated with giant salvinia during the spring and 
summer. This allows the plant to establish when pho-
toperiod and light intensity are high and gives it ample 
time to grow. Inoculating weevils during fall may result 

Salvinia Pond Maintenance
Yearly Schedule

Pond Maintenance after
salvinia inoculation:
•  Fertilize every 6 weeks
•  Apply BT biweekly
•  Sample every 6 weeks
•  Apply insecticide to reduce   

weevil abundance
•  Constantly monitor air and   

water temperature
•  Inoculate additional salvinia

as needed
•  Monitor for fire ants, unwanted 

plants as needed

Pond Maintenance after
Winter:
•  Fertilize every 6 weeks
•  Apply BT biweekly
•  Sample every 6 weeks
•  Constantly monitor air

and water temperature
•  Monitor for fire ants,

unwanted plants as 
needed

Pond Maintenance after Fall
•  Sample every 6 weeks
•  Constantly monitor air

and water temperature
•  Stop application of fertilizer, BT, 

ant bait

Pond Maintenance after weevil 
inoculation:
•  Fertilize every 6 weeks
•  Apply BT biweekly
•  Sample every 6 weeks
•  Constantly monitor air and water 

temperature
•  Inoculate additional salvinia as needed
•  Monitor for fire ants, unwanted plants as 

needed

Spring Year 2
Harvest

weevils and
salvinia from

pond

Late Spring 
Year 1

inoculate
with salvinia 

Early Spring
Year 2

Resume growing 
season 

maintenance

Late Fall
Year 1

Stop growing 
season 

maintenance

Summer
Year 1

Inoculate with 
weevils

in slower colonization and a longer time for the plant to 
form a thick mat. After inoculation with salvinia, an initial 
insecticide application may be required to remove wee-
vils to allow for optimal salvinia growth.

Giant salvinia can be collected with a pitch fork or net, 
placed into 20-gallon plastic totes and transported to 
the rearing pond (Figure 27). The totes must have holes 
drilled along the sides and bottom to allow water to run 

Figure 25. Yearly maintenance schedule for managing rearing ponds.

Figure 26. Collecting salvinia from field site for inoculation into rearing pond.
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out to reduce weight and to allow pressure to escape 
during transport. When introducing giant salvinia into 
the pond, it is ideal to cover approximately 25 percent 
of the pond’s surface area. This provides a good starting 
abundance and allows room for growth. In practice, giant 
salvinia does best when it is crowded into a dense mat. 
To promote continued growth, we recommend con-
taining plants within a smaller area of the pond using a 
boom and expanding the area periodically as the plants 
become established.

Weevil Inoculation
After thick mats of giant salvinia are established, ponds 
are inoculated with weevils previously collected in the 
field or from other rearing operations. Salvinia infested 
with weevils is collected in the same manner as de-

Figure 27. A 20-gallon storage tote used for giant salvinia transportation.

scribed above. When releasing weevils into the pond, it 
is critical to spread out the weevil-infested salvinia across 
the salvinia mat. From a single 20-gallon tote, place four 
handfuls of giant salvinia at a single location in the mat 
and then move to another spot. Inoculation of weevils 
into the ponds typically occurs during spring and sum-
mer. This allows the weevil population to increase as the 
food source increases in biomass. If salvinia in the pond is 
not growing well or weevil densities are low, fresh salvin-
ia and weevils can be introduced to the pond at any time 
after inoculation.  

 

Weevil Pond Harvest
Once weevil density has reached a desired number, the 
pond should be harvested. The pond can be harvested 
when weevil density is more than 30 adults per kilogram 
of wet salvinia, or roughly 15 adults per pound. In the 
field, populations may reach more than 100 adults per 
kilogram salvinia; however, we recommend to avoid 
reaching such high densities due to the risk of plants 
sinking and poor weevil quality. Depending on geo-
graphic location, the pond can be harvested at different 
times of the year. Ideally, ponds are harvested during the 
spring or early summer to allow enough time for popula-
tion increase during the warm summer months.  

During the harvest, salvinia is collected from the pond 
surface, loaded onto a conveyor belt and dispensed into 
storage totes (Figure 28). A generator-powered convey-
or belt is placed at the pond’s edge and tilted into the 
pond. Giant salvinia is pushed toward the conveyor belt 

Figure 28. Harvesting salvinia from rearing pond.
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using 3-inch diameter PVC that is capped at both ends to 
provide flotation. Once salvinia collects at the mouth of 
the conveyor belt, it is loaded onto the conveyor using a 
pitchfork. The 20-gallon plastic storage totes are placed 
at the end of the conveyor belt and collect the salvinia 
as it falls off the conveyor (Figure 29). The entire pond 
can be harvested or some salvinia can be left behind to 
jump-start the rearing operation for the following year. 
Approximately 25 percent of the pond’s surface area 
should be retained after harvest. This percentage may 
vary depending on weevil density and plant quality. We 
recommend spraying insecticide on the remaining salvin-
ia to reduce weevil density and allow the plant to recover. 
Additional inoculation of salvinia may be required.

Postharvest Transport and Release

Weevil Transportation
When transporting weevils from the rearing pond to field 
sites, it is important to reduce sources of stress on the 
weevils. Temperatures inside the totes can rise well above 
outdoor temperatures. Providing shade with a shade 
cloth or tarp can reduce temperature and increase weevil 
survivorship. To reduce weevil mortality, weevils should 
be released on the same day they were harvested from 
the rearing pond. If weevils cannot be dispersed on the 
same day, the totes must be stored in the shade to keep 
temperatures down. 

Weevil Field Release
When releasing weevils in the field you want to con-
centrate them is a small area. Adult weevils can fly and 
eventually will colonize the entire salvinia infestation. We 
recommend spacing out weevil release sites by approxi-
mately 5 feet. Collect two large handfuls of salvinia from 
the tote and placed them at one site, and then move to 
another site. Press the plants in the salvinia mat.  

Conclusion
This guide is intended to provide a basic understanding 
of salvinia weevil-rearing operations along with a prac-
tical set of guidelines that can be followed to construct 
and maintain weevil-rearing ponds in the southeastern 
United States. We hope this information may be applied 
to increase the number of local weevil nurseries and con-
tribute toward greater control of giant salvinia. Addition-
al information about weevil rearing and biology may be 
found in the sources listed below.
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 Datasheet used when sampling salvinia pond.

Salvinia Pond Sampling Date: 

Pond:  Time: 

Location pH DO Conductivity
Water 
Temp 

(˚C)

Water 
Depth 

(m)

Mat 
Thickness 

(cm)
% Green Samea 

(Y/N)

New 
Buds
(Y/N)

Sample 
Weight 

(kg)

1

2

3

4

5

6

7

8

9

10

Comments: 
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Exceptions: Salvinia weevil on cover and back cover: Katherine Parys 
Figure 15. Peter Room, The Queensland University, Bugwood.org 
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