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ABSTRACT

The Lower Colorado River Giant Salvinia Task Force has tried a series of physical

and chemical activities in an effort to control and eradicate giant salvinia (Salvinia

molesta) since 1999. Because these efforts have not produced satisfactory results,

biological control using the weevil Cyrtobagous salviniae (Coleoptera: Curculionidae)

was applied on the Lower Colorado River by the Animal and Plant Health Inspection

Service, United States Department of Agriculture offices in California and Arizona.

They released the weevil at four sites in the summer of 2003, four sites in 2004, and

eight sites in 2005.

We monitored physico-chemical and biological parameters at release and 10 m

and 1 km down stream from release sites. Weevils established their colony in the field,

but control has not been determined. Integrated pest management (physical, chemical,

and biological methods) will be essential for successful management of salvinia in the

Lower Colorado River.

The low temperature resistance and survival rates of the weevils were tested under

three different diurnal temperature regimes (5 to 15 oC , 10 to 20 oC , and 15 to 25 oC )

and two different salvinia densities. At the low temperature range, the survival rate of

the weevil was sharply decreased. The relationship between low temperature resistance

of weevils and giant salvinia population was tested at the 5 to 15 oC range. The

experiment was conducted at three different giant salvinia populations (0, 1, and 3

salvinia per container). The salvinia density had no significant effect on the survival of

the weevil.
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To examine a more efficient method of biological control, we conducted a

nitrogen fertilizer experiment on the river. Our goal was to demonstrate that plants

fertilized with nitrogen would support a faster growing population of C. salviniae. In

the Lower Colorado River, the weevil successfully survived winter and dispersed down

the river.



12

INTRODUCTION

Over the past 70 years, the free-floating aquatic fern Salvinia molesta (giant

salvinia) has been spread from its native range in Brazil to many tropical and

subtropical regions. In the United States, the plant is established in waterways in at

least 10 states (Figure 1) and is expected to continue to expand its range (McFarland et

al., 2003). Listed as a Federal Noxious Weed since 1984, S. molesta is prohibited from

importation to the United States and from transport across state lines. Dense mats of S.

molesta can suppress growth of native vegetation and degrade water quality, and fish

and wildlife habitat. Notably, massive infestations have occurred in the Swinney Marsh

Complex, Texas, in the Lower Colorado River, Arizona/California, and in Lake Wilson

and Enchanted Lake, Hawaii.

Ecological problems caused by giant salvinia

A single small plant of Salvinia molesta (Figure 1) may grow and form a thick

mat covering more than 100 km2. Within three months of introduction, it has choked

lakes and waterways, and reduced populations of native aquatic plants and animals

(Creagh, 1991). Dense mats of giant salvinia interfere with rice cultivation, clog fishing

nets, disrupt access to water for humans, livestock, and wildlife (Mitchell, 1979), and

interfere with recreation, transportation, irrigation, and hydroelectric generation (Holm

et al., 1977).

Giant salvinia first became established outside its native range in 1939 in Sri

Lanka via the Botany Department of the University of Colombo (Room, 1990). During

the following 60 years, it continued to be spread by anthropogenic processes to Africa,
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India, Southeast Asia, Australia, and the United States. It has been recorded, since 1995,

from over 90 locations in 40 freshwater drainage basins of Texas, Louisiana,

Mississippi, Alabama, South Carolina, North Carolina, Georgia, Florida, Arizona,

California, Virginia, and Hawaii (USGS, 2005). The primary mode of dispersal in the

U.S. was thought to be home water gardeners.

Figure-1. Anatomy of giant salvinia
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Weevils as a biological control agent

Biological control is often viewed as a progressive and environmental-friendly

way to control pest organisms, because it leaves behind no chemical residues that might

have harmful impacts on humans or other organisms. When biological control is

successful, it can provide essentially permanent, widespread control with a very

favorable cost-benefit ratio. Although some biological control programs have resulted in

significant, irreversible harm to non-targeted organisms and to ecological processes.

The introduction of C. salviniae have had no known impacts on non target species

(Forno et al.,1983).

Biological control programs may fail for a variety of reasons. Some biological

control agents never establish, or it may take repeated releases to establish viable

populations. Some biological control agents may become established but then have little

or no detectable impact on the targeted pest (Greathead, 1995).

The studies about C. salviniae life cycle and ecology were well documented

(Forno et al., 1983). The adult male of (1.8 x 0.9 mm) is slightly smaller than the

female (2.2 x 1.2 mm). 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, developing

leaves, rhizomes, and ‘roots’ (actually modified leaves that look and function like roots).

Biological control using the weevil Cyrtobagous salviniae has been successfully

applied in tropical Australia (Room et al., 1981; Room et al., 1984) and some African

countries (Schlettwein and Hamman, 1984)(Figures 2 and 3). Australian researchers

brought three potential natural enemies against giant salvinia from Brazil and decided to

use C. salviniae as a biological agent after a series of investigations. The choice of C.
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salviniae was based on its host specificity. Forno et al. (1983) tested 46 plant species,

but the weevils developed and reproduced only on S. molesta. Successful control with

C. salviniae on giant salvinia was achieved in infested areas of Australia, and this agent

has been introduced to at least 12 countries, including the United States; and its high

level of host-specificity has been confirmed by researchers from several other countries.

Evaluation of C. salviniae, as a control agent in the United States began in 1999

when a strain of C. salviniae originally imported as a biological control agent from

Brazil, was collected from Australia and went through evaluation in the United States.

Figure-2. Biological control agent C. salviniae for giant salvinia
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Figure-3. Feeding damage by weevils

Beginning in October 2001, the weevils were field-released in southeast Texas by the

Plant Protection Lab in Edinburg, Texas. The weevils survived the winter of 2001 and

2002 in eastern Texas and western Louisiana (Tipping and Center, 2003). Post-release

evaluations are still ongoing at the release sites; and after several years of lab and field

environmental assessments, the U.S. Federal Government released the General Permit

for application of Cyrtobagous salviniae as a biological control agent for control of

giant salvinia in early 2003. APHIS (Animal and Plant Health Inspection Service)

USDA conducted host-specificity and plant impact tests with the four most common

native plant species in the Lower Colorado River basin and several locally important

commercial crops (APHIS, 2004). Remote sensing techniques were evaluated for

assessing control of giant salvinia by the salvinia weevil in southeast Texas.
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Application of biological control in the U.S.

In August 1999, the U.S. Fish and Wildlife Service found giant salvinia in the

Imperial National Wildlife Refuge on the Colorado River (Lower Colorado River Giant

Salvinia Task Force, 1999)(Figure 4). Salvinia was traced back to the Palo Verde

Irrigation Drain (PVID), with the initial point of the infestation determined to be in the

north end of the drain. It has spread down to the main channel of the Colorado River

and to many lakes that which are connected to the river. Despite continuous team

efforts to restrict the flow of salvinia into Mexico beyond the Morelos Dam, salvinia has

infested the Mexican part of the Colorado River.

Since its discovery, a series of activities have been implemented in attempts to

control and eradicate giant salvinia in the PVID drain and on the Lower Colorado River.

These have included physical and chemical methods (machine, manual labor, setting

barriers, and herbicide application). However, the Lower Colorado River Salvinia Task

Force was not able to obtain sufficient funds and man-power to perform continuous and

organized river surveys and to support these control activities. These efforts have not

led to successful eradication of giant salvinia, although they have afforded some local

control.

APHIS USDA branches in California and Arizona applied the weevils to four sites

in the summer of 2003, four sites in 2004, and eight sites in 2005. We monitored

physico-chemical and biological parameters to determine insect establishment,

population increase, and impacts on non-target species. The objectives were to measure

the level of biological control and to define natural dispersal of the insects from the

release points.
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Figure 4. The Lower Colorado River Basin

Release points, AZ

Release points, CA
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Biological control of salvinia in temperate and semi-temperate region

The problem areas with giant salvinia in the U.S. are temperate or semi-tropical

regions, whereas both giant salvinia and the weevil originated from tropical areas. We

have learned that giant salvinia can survive over the winter in the southern U.S. (Owens

et al., 2004) and established its low temperature limit. In our current study, we

evaluated the temperature resistance of Cyrtobagous salvinia both in field (Lower

Colorado River) and controlled laboratory environments. The result of this study could

provide some guidance for further application of biological control on giant salvinia in

areas with relatively cold winters in the U.S.

Previous nitrogen fertilization research on giant salvinia suggested that addition of

nitrogen on the target plant accelerates both the initial establishment of weevil

population and its dispersed from the initial point of introduction in Australia and Papua

New Guinea (Room and Thomas, 1985). To evaluate this method enhancing the

establishment of weevil population, we conducted field experiments at infested sites. In

theses trials, we compared establishment of the weevil population in areas with

fertilized plants to those with unfertilized plants. A similar result to previous studies

could help improve biological control on giant salvina.
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RESEARCH APPROACH

Different technologies (i.e. physical, chemical, biological and integrated) applied

to control S. molesta infestations are discussed along with information on the

effectiveness of the biological control method and its need for further study. The

research described here is based on three major studies evaluating the weevil as a

control agent for salvinia in the Lower Colorado River.

Weevil release and monitoring

In the early management stage, we mainly tried both mechanical and chemical

control methods. By applying a biological control method to manage giant salvinia in

the river, we had to be cautious; although it has many successful examples in many

different countries. The adult insects were released in the river in summer of 2003 and

salvinia plants containing all life stages of weevils were released with higher magnitude

and frequency in the summer 2004 and 2005. In this chapter, integrated pest

management method was briefly reviewed and biological control of giant salvinia in the

Lower Colorado River was evaluated.

The evaluation of temperature resistance of a biological control agent (Cyrtobagous

salviniae)

Although this biological agent (Cyrtobagous salviniae) has a successful history in

some tropical countries, we need to clarify appropriateness of this agent before further

application in areas with giant salvinia infestations in U.S. (temperate or semi-tropical
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climate). We also try to determine whether the population size of salvina during the

winter has any impact on survival rate of weevils.

Nitrogen and establishment of weevil population for biological control of Giant Salvinia

When adults and larvae of the weevil destroy buds and tunnel through rhizomes of

Salvinia molesta, the plant respond by producing new growth that contains higher

concentrations of nitrogen than in undamaged plants or in the older parent tissue of the

same plant. C. salviniae feed on the new growth and the higher nitrogen intake appears

to increase its reproductive capacity and enhance its action as a biological control agent

(Room and Thomas, 1985). For more rapid and effective biological control in the field,

we conducted experiments whether salvinia with higher nitrogen could escalate the

efficiency of biological agents.

In Chapter 1, I joined data collection and analysis in collaboration with USDA

agents. In Chapter 2 and 3, I designed and conducted experiments and analyzed data.
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Figure 5. Distribution of giant salvinia in the United States

(http://salvinia.er.usgs.gov/html/distribution_map.html)



23

REFERENCES

Animal and Plant Health Inspection Service, United States Department of Agriculture,

http://www.invasive.org/publications/aphis/gsalvini.pdf Oct.,

2004

Creagh, C. 1991. A marauding weed in check. ECOS 70:26-29.

Forno, I. W., Sands, D. P. A. and Sexton, W. 1983. Distribution, biology and host

specificity of Cyrtobagous singularis Hustache [Coleoptera: Curculionidae] for

the biological control of Salvinia molesta. Bulletin of Entomological Research

73: 85-95.

Greathead, D.J. 1995. The Leucopis spp. (Diptera: Chamaemyiidae) introduced for

biological control of Pineus sp. (Homptera: Adelgidae) in Hawaii: implications

for biological control of Pineus boerneri in Africa. The Entomologist 114: 83-

90.

Holm, L. G., D. L. Plucknett, J. V Pancho, and J. E Herberger. 1977. The World's Worst

Weeds, Distribution and Biology. Honolulu, HI: University Press of Hawaii. 609 p.

Lower Colorado River Giant Salvinia Task Force annual report, 1999

www.lcrsalvinia.org

McFarland,D.G., Nelson,L.S. and Grodowitz, M.J. Smart, R.M. Owens, C.S. 2003,

Salvinia molesta (Giant Salvinia) in the United States: A Review of Species

Ecology and Approaches to Management, US Army Corps of Engineers



24

Mitchell, D. S. 1979. Water hyacinth in Papua New Guinea: a status report, June 1979.

Office of Environment and Consumer Control Government Office, Wardship

Waigaui.

Owens C.S, Smart R.M., and Stewart R.M., 2004. Low temperature limits of giant

salvinia. Journ. Plant Management 42: 91-94.

Room, P. M. 1990. Biological control of the tropical water weed Salvinia. The Rolex

Awards for Enterprise. Nov. 4th, 2006

http://www.invasive.org/eastern/biocontrol/2FloatingFern.html

Room, P. M., Forno, I. W. and Taylor, M. J. 1984. Establishment in Australia of two

insects for biological control of the floating weed Salvinia molesta D.S.Mitchell.

Bulletin of Entomological Research 74:505-516.

Room, P. M., Harley, K. L. S., Forno, I. W. and Sands, D. P. A. 1981. Successful

biological control of the floating weed Salvinia. Nature 294:78-80.

Room, P. M. and Thomas, P. A. 1985. Nitrogen and establishment of a beetle for

biological control of the floating weed Salvinia in Papua New Guinea. Journal of

Applied Ecology 22:139-156.

Schlettwein, C. H. G. and Hamman, P. F. 1984. The control of Salvinia molesta in the

Eastern Caprivi Zipfel. Southwest African Annual Report. pp. 49-51.

http://www.jstor.org/view/00218901/di996044/99p0069l/0

Tipping P.W., and Center T.D., 2003. Crytobagous salviniae (Coleoptera:

Curculionidae) successfully overwinters in Texas and Louisiana. Florida

Entomologist 86: 92-93

United States Geological Survey, http://salvinia.er.usgs.gov Oct. 13th, 2005



25

THE MANAGEMENT OF GIANT SALVINIA BY BIOLOGICAL

CONTROL

ON THE LOWER COLORADO RIVER

Sangho Choi, D. Murray, E. Andress, and K. Fitzsimmons

ABSTRACT

The Lower Colorado River Giant Salvinia Task Force has attempted a series of

activities to control and eradicate giant salvina since 1999. Because these efforts have

not been satisfactory, biological control using the weevil Cyrtobagous salviniae

(Coleoptera: Curculionidae) has been applied on the Lower Colorado River by Animal

and Plant Health Inspection Service, United States Department of Agriculture offices in

California and Arizona. They released the weevil at four sites in the summer of 2003,

four sites in 2004, and eight sites in 2005.

We monitored physico-chemical and biological parameters at release and near

release sites (10m and 1km down stream). Although the weevils successfully over-

wintered in 2003, 2004, and 2005, the dispersal and establishment of a colony has not

been determined. Integrated methods (physical, chemical, and biological methods) will

be essential for successful management of salvinia in the Lower Colorado River.
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INTRODUCTION

Giant salvinia is an exotic aquatic weed, native to Brazil. A single small plant may

grow and form a thick mat covering more than 100 km2. Within three months, it has

choked lakes and waterways, and reduced populations of native aquatic plants and

animals (Creagh, 1991). Dense mats of giant salvinia interfere with rice cultivation,

clog fishing nets, and disrupt access to water for humans, livestock, and wildlife

(Mitchell, 1979) and interfere with recreation, transportation, irrigation, and

hydroelectric generation (Holm et al. 1977).

Many countries have had a problem with giant salvinia since the mid 20th century.

Giant salvinia first became established outside its native range in 1939 in Sri Lanka via

the Botany Department of the University of Colombo (Room, 1990). During the

following 60 years, it continued to be spread by man to Africa, India, South East Asia,

Australia, and United States. In the U.S. , it has been recorded, since 1995, from over 90

locations in 40 freshwater drainage basins of Texas, Louisiana, Mississippi, Alabama,

South Carolina, North Carolina, Georgia, Florida, Arizona, California, Virginia, and

Hawaii (USGS, 2005).

In August 1999, the U.S. Fish and Wildlife Service found giant salvinia in the

Imperial National Wildlife Refuge on the Colorado River (Lower Colorado River Giant

Salvinia Task Force, 1999). Salvinia was traced to the Palo Verde Irrigation District

Drain and was the source of the downstream infestation. Later, it spread down to the

main channel of the Colorado River and into several lakes that are connected with the

river. Despite continuous team efforts to restrict the flow of salvinia into Mexico, past
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the Morelos Dam and other transportation pathways, salvinia infested the Mexican part

of the Colorado River. A series of attempts have been made to control and eradicate the

giant salvinia on the Lower Colorado River (LCR) and small attached water bodies.

These included the use of both physical and chemical methods (machine, manual labor,

setting barriers, and herbicide application). The LCR Salvinia Task Force, however,

was not able to provide sufficient funding and man-power to support river surveys and

eradication activities. These efforts have not been successful in either control or

eradication of giant salvinia, although they have afforded some temporary localized

control.

Biological control using the weevil Cyrtobagous salviniae Calder and Sands

(Coleoptera: Curculionidae) has been successfully applied in tropical Australia (Room

et al., 1984) and some African countries (Room 1981; Schlettwein and Hamman 1984).

Australian researchers brought three potential natural enemies against giant salvinia

from Brazil and they decided to use C. salviniae as a biological agent after the series of

investigations.

The choice of C. salviniae was based on its host specificity. Forno, et al. (1983)

tested 46 plant species, but the weevils developed and reproduced only on S. molesta.

Successful control with C. salviniae on giant salvinia was achieved in infested areas of

Australia, and this agent has been introduced to at least 12 countries, including the

United States. Researchers from several other countries have confirmed its high level

of host-specificity (Frorno, et al., 1983). Evaluation of C. salviniae, as a control agent

in the United States began in 1999 when a strain of C. salviniae originally imported as a

biological control agent from Brazil, was collected from Australia and went through

evaluation in the United States. Beginning in October 2001, the weevils were field-
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released in southeast Texas by the Plant Protection Lab in Edinburg, Texas. Post-

release evaluations were still ongoing at the release sites in 2006. After several years of

lab and field environmental assessments, the U.S. Federal Government released the

General Permission for application of Cyrtobagous salviniae as a biological control

agent for control of giant salvinia in early 2003. APHIS (Animal and Plant Health

Inspection Service) USDA conducted host-specificity and plant impact tests with the

four most common native plant species in the LCR basin and several locally important

commercial crops (APHIS, 2004).

In the Lower Colorado River, APHIS USDA branches in California and Arizona

applied the weevils to four sites in the summers of 2003, four sites in 2004, and eight

additional sites in 2005. We monitored physico-chemical and biological parameters to

determine insect establishment, population increase, the impact on non-target native

species, the level of biological control, and the natural dispersal of the insects from the

release points.

This study provides a brief review of various control efforts by the LCR Giant

Salvinia Task Force over the past five years and suggestions for wise and sustainable

management to control giant salvinia, especially with biological control on the Lower

Colorado River.

MATERIALS AND METHODS

Selection of Field Insectary Sites

Criteria for release sites were relatively still water and exclusion from other giant

salvinia control methods (chemical or mechanical method). Surveys have been
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conducted throughout the river (from the Palo Verde Drain to Morales Dam and part of

the Mexican channel) and backwaters to monitor the growth and range expansion of

giant salvinia and to select release sites. A total of sixteen locations (Figure 7, 8, 9, 10,

11, and 12) were selected to serve as biological release sites.

Biological control agents (Cyrtobagous salviniae) were released at four sites (Coco

Palms, Walter’s Camp, Squaw Lake, and Morales Dam) in the summer of 2003 (Fig. 7).

Another four sites were set up in the summer of 2004 near Yuma, AZ and near Palo

Verde, CA. In 2005, eight release sites were set up at near Yuma, AZ.

The C. salviniae hatchery was set up in Brawley, CA. The insects were released

inside PVC quadrates (1 by 1m), which were floated on the surface of giant salvinia

patches and fixed with rope. In 2003, we released only adult weevils into the river.

Starting in 2004, all stages of weevils (larvae, pupae, eggs and adults) were introduced

with salvinia into the river in 2004 and 2005. The number of weevils released was

between 500 – 5000 per site.

Biological and Physico-chemical Analyses

Biweekly (when weevils were first released to river for the first month) and

bimonthly sampling was conducted at four release sites and two sub-sampling sites

(10m and 1km downstream) from each release site to monitor subsequent population

dispersal. Pictures were taken at each site to document changes at the release location.

Five samples of giant salvinia were collected from inside and outside of the PVC

quadrate at each sampling site and sub-sampling sites (10 m and 1 km downstream).

Each salvinia sample was taken by dipping a 20 cm diameter food strainer into the

water. We brought the plant samples to the lab in resealable plastic bags for screening.
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To determine the number of C. salviniae eggs, larvae, pupae, and adults, the following

methods for counting were used; 1) count the total number of giant salvinia strands per

sample; 2) randomly select five giant salvinia strands from the sample; 3) Screen the

five strands for eggs, larvae, pupae, and adults.

Physico-chemical parameters of water were measured at most samplings. Water

temperature, dissolved oxygen concentration, pH, turbidity, conductivity, and salinity

were measured in the field with a Horiba U-10 Multi-parameter meter.
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Figure 6. Life cycle of Cyrtobagous salviniae (Dewey Murray : APHIS, USDA AZ)
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Figure 7. Map of the release sites on the Lower Colorado River

Figure 8. Map of the release sites on the Lower Colorado River

CA01

CA02
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Figure 9. Map of the release sites on the Lower Colorado River

Figure 10. Map of the release sites on the Lower Colorado River

AZ01
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Figure 11. Map of the release sites on the Lower Colorado River

Figure 12. Map of the release sites on the Lower Colorado River

AZ09

AZ07
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RESULTS

Physico-chemical characteristics of the river

Basic water quality parameters were measured at each site (Table 1). Water

temperature exceeded 31oC during the summer time (May~ Sep.) and decreased to

11.3 oC in winter (Dec. ~ Feb.). Since most of water quality parameters were measured

in the morning, the actual maximum and minimum temperatures in the field may have

been different from measured values. Based on weather data, maximum air temperature

was over 40 oC and minimum was below 0 oC (The Arizona Meteorological Network).

There was no distinctive difference in pH and dissolved oxygen concentration

among the sampling sites. The minimum values of pH at Arizona sites 03, 04, 05 and

06 were relatively lower than those of the other sites (Table 2). The optimum pH for

salvinia growth is 6.0 (Cary and Weerts, 1984), in this river the average pH is over 7.0.

Table 1 The average of basic water chemistry data (+: Standard deviation, n: number of

sample) at the release sites

Site ID #
Temperature

(oC) pH Dissolved O2
(mg/L)

Salinity
(dS/m)

AZ01 (n=5) 20.2 + 6.94 7.5 + 0.40 4.3 + 1.80 0.1 + 0.01
AZ02 (n=14) 23.5 + 5.69 7.8 + 0.29 3.3 + 2.81 0.1 + 0.01
AZ03 (n=22) 22.3 + 5.47 7.6 + 0.59 0.8 + 0.25 0.2 + 0.27
AZ04 (n=13) 24.2 + 3.95 7.7 + 0.48 0.7 + 0.21 0.1 + 0.02
AZ05 (n=25) 23.3 + 4.17 7.7 + 0.57 0.7 + 0.24 0.1 + 0.03
AZ06 (n=20) 23.4 + 3.83 7.8 + 0.54 1.3 + 1.98 0.1 + 0.21
AZ07 (n=7) 24.9 + 4.38 7.9 + 0.14 0.6 + 0.13 0.1 + 0.0
AZ08 (n=9) 27.0 + 2.74 8.1 + 0.23 0.7 + 0.25 0.1 + 0.0
AZ09 (n=4) 26.0 + 4.62 8.1 + 0.39 0.4 + 0.38 0.1 + 0.0
AZ10 (n=2) 25.0 + 8.06 7.5 + 2.68 0.7 + 0.28 0.1 + 0.04
AZ11 (n=2) 21.0 + 6.56 8.1 + 2.08 0.6 + 0.15 0.1 + 0.03
AZ12 (n=4) 26.3 + 6.89 7.8 + 2.08 0.7 + 0.19 0.1 + 0.03
CA01 (n=9) 23.4 + 4.47 8.1 + 0.37 5.1 + 0.44 0.1 + 0.01
CA02 (n=25) 22.7 + 4.58 7.9 + 0.28 2.5 + 2.34 0.1 + 0.01

CA03 (n=3) 24.7 + 1.15 7.8 + 0.17 0.7 + 0.25 0.1 + 0.06
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The concentration of dissolved oxygen was low throughout the season. During the

summer, some sampling sites showed nearly complete oxygen depletion (Table 1 and 2).

The light inhibition by salvinia on the water surface and early morning sampling time

might be the reasons for low dissolved oxygen concentration. Salinity and conductivity

were relatively constant throughout the years at each site (Table 1).

Table 2 The range of basic water chemistry data at the release sites

Site ID #
Temperature

(oC) pH Dissolved O2
(mg/L)

Salinity
(dS/m)

AZ01 (n=5) 11.3 - 25.3 7.1 - 8.0 1.0 - 5.3 0.05 - 0.08

AZ02 (n=14) 14.2 - 29.6 7.2 - 8.4 0.6 - 7.1 0.06 - 0.08

AZ03 (n=22) 15.7 - 31. 0 6.2 - 8.3 0.5 - 1.3 0.1 - 1.0

AZ04 (n=13) 17.3 - 30.0 6.9 - 8.8 0.4 - 1.1 0.06 – 0.1

AZ05 (n=25) 18.1 - 30.0 6.3 - 8.6 0.5 - 1.6 0.04 - 0.14

AZ06 (n=20) 16.5 - 29.0 6.2 - 8.3 0.5 - 7.2 0.07 – 1.0

AZ07 (n=7) 20.0 - 31.0 7.8 - 8.1 0.3 - 0.7 0.10

AZ08 (n=9) 24.0 - 30.0 7.8 - 8.5 0.5 - 0.8 0.10

AZ09 (n=4) 22.0 - 30.0 7.6 - 8.4 0.1 - 0.9 0.10

AZ10 (n=2) 25.00 7.4 - 7.5 0.6 - 0.7 0.10

AZ11 (n=2) 21.00 8.10 0.60 0.10

AZ12 (n=4) 25.0 30.0 7.6 - 8.1 0.70 0.10

CA01 (n=9) 17.5 - 24.9 7.8 - 8.6 4.2 - 5.8 0.11 - 0.12

CA02 (n=25) 13.5 - 28.6 7.6 - 8.5 0.5 - 8.9 0.11 - 0.12

CA03 (n=3) 24.0 - 26.0 7.6 - 7.9 0.5 - 1.0 0.1 - 0.2

Biological control of giant salvinia

The weevils on the river survived during the winter and reproduced successfully.

In the summer of 2004, we found all stages (adult, larvae, pupae, and egg) of weevils on

samples from the 2003 release sites (Fig 16). However, the number of weevils observed

was very low (less than 50 ind./m2)(Figure 15 and 16). Higher numbers of weevils were

observed on the samples from fall of 2004 and the samples from 2005. It is presumably
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because we released all stages of weevils with salvinia from summer of 2004 and

increased numbers of released weevils.

The weevils successfully dispersed to the other salvinia populations in the river.

The weevils were found at most sub-release (10 m and 1 km down stream from release

site) sites. In summer of 2004, we found adult weevils at two non-release sites located

over 2 km away from the nearest release sites (CA 01 and 02)(Figure 7).

Regarding seasonal changes of the weevil population, the total number of weevils

(all life stage of weevils) was relatively lower in the spring than that of the other

seasons. The total number of weevils gradually increased from 2004 to 2005

(Figure 16).

Figure 13. The number of weevils released on the river (by year)
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Figure 14. The number of weevils released on the river (by month)

Figure 15. The number of weevils recovered from the site (CA 02)
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Figure 16. The seasonal changes of weevil recovery

C. salviniae Recoveries from Release and
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DISCUSSION

Physico-chemical environment in the Lower Colorado River was favorable to both

giant salvinia and weevils. Optimal water temperature and total nitrogen for growth is

30°C and over 0.5 mg /L and these two parameters are limiting factors for both plant

and insect (Cary and Weerts, 1983). Due to the relatively mild winter weather in this

area, both giant salvina and weevils could survive over the winter. Although the air

temperature dropped to below 0 oC during the winter, it did not last for a long period.

Unlike other freshwater plant species, giant salvinia’s limiting factor is typically

nitrogen instead of phosphorous (Cary and Weerts, 1983). In this river system, total

nitrogen concentration in the water is high enough (average of 0.7 mg/L) to encourage

proliferation of salvinia (BOR, 2004)

The density of weevils per salvinia plant was higher in the winter than that of

spring. In winter, the population of salvinia also decreased sharply which might have

caused the increase of weevil density on the salvinia. This is because the weevils might

have to find a place to reside during the low salvinia population period. The density

decrease in spring might be caused by hydrologic change (water level change) and/or

the decrease of the giant salvinia population during that period. During that period,

water level changed artificially for irrigation purposes. Water level below PVID

increased from 5 to 6 feet in Jan. and Feb. to 9 to 10 feet in Mar. through May (USGS,

2005). Discharge of water from upper portions of the river causes the increase of water

level and flushes out salvinia populations to downstream.

In 2006, we found weevils at many non-release sites throughout the river and the

population of salvinia in the river was lower than that of past 5 years (personal
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communication with USDA agents from AZ and CA). This indicates that the weevils

dispersed throughout the river, but the weevils still need some time to catch up to the

population of salvinia at the areas with newly developing salvinia populations. This is

because the population of salvinia and weevils is not continuous and stable on the

surface of the river.

USDA AZ and CA are planning on continuous monitoring on the river for at least

2006 and 2007. They are transferring weevils on inoculated salvinia (field hatchery) to

areas with newly developed salvinia populations in the river.
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LOW TEMPERATURE TOLERANCE OF THE

BIOLOGICAL CONTROL AGENT CYRTOBAGOUS

SALVINIAE (COLEOPTERA: CURCULIONIDAE)

Sangho Choi and Kevin Fitzsimmons

ABSTRACT

The low temperature tolerance and survival of the biological agent (Cyrtobagous

salviniae) were tested under 3 different diurnal temperature regimes (5 to 15 oC, 10 to

20 oC , and 15 to 25 oC ). At low temperature (5 to 15 oC), survival of the weevil was

sharply decreased. Survival at low temperature was influenced by the presence of

salvinia. Weevil survival experiments with zero, one, and three salvinia per container

were conducted. The weevils without salvinia had lower survival than those with one or

three salvina present. However, the difference of weevil survival between 1 and 3

salvinia was not significant.
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INTRODUCTION

The giant salvinia, also known as Kariba Weed, damages aquatic ecosystems by

overgrowing and replacing native plants that provide food and habitat for native animals

and waterfowl (Mitchell, 1979). Additionally, salvinia blocks out sunlight and decreases

dissolved oxygen in the water to the detriment of fish and other aquatic species

(Abbassi et al., 1987). When the plant masses die, decomposition accelerates the

depletion of dissolved oxygen (Panneerselvam et al., 1979).

The giant salvina has become a serious problem in some aquatic systems in the

United States. The potential distribution of giant salvinia in North America is the

Atlantic coastal plain, from southeastern Virginia to southern Florida; the Gulf coast

states; central and southern California; southern Arizona and Mexico (USGS, 2005).

Since the introduction of giant salvinia, there have been attempts to control or eradicate

it. However, neither physical nor chemical methods have been successful, since the

giant salvinia exhibits a fast growth rate and doubles within a couple of months.

Biological control is often viewed as a progressive and environment-friendly

method to control pest organisms, because it leaves behind no chemical residues that

might have harmful impacts on humans or other organisms. When it is successful, it can

provide essentially permanent, widespread control with a very favorable cost-benefit

ratio. However, some biological control programs have resulted in significant,

irreversible harm to non-targeted organisms and to ecological processes. The host

specificity of C. salviniae was documented by Forno et al. (1983), who tested 46 plant

species. The weevils developed and reproduced only on S. molesta. Biological control

using the weevil C. salviniae (Coleoptera: Curculionidae) has reduced the giant salvinia

problem in subtropical Australia and Papua New Guinea (Room 1981; Room et al.,
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1984), and good progress has been achieved in India and southern Africa (Schlettwein

and Hamman, 1984).

Biological control programs may fail for a variety of reasons. Some biological

control agents never establish, or it may take repeated releases to establish viable

populations. Some biological control agents may become established but then have little

or no detectable impact on the targeted pest (Greathead, 1995). Although C. salviniae

has a successful history as a biological control agent in some African countries and

Australia (tropical region), we may need more time to draw a conclusion of its success

in the US. Classical biological control is not expected to eliminate the pest species

completely, as it often takes years or even decades after the initial release of control

agents before their effects are obvious.

Biological control for giant salvinia was initiated in the United States in 2000. The

weevils have been field-released since October 2001 in salvinia-infested locations in

southeast Texas by the Plant Protection Lab in Edinburg, Texas. Evaluations of

preliminary results are still ongoing in the release sites. After two years of field and lab

environmental assessments, the U.S. Federal Government released a General

Permission for application of this biological control agent in the summer of 2003. In

the Lower Colorado River, APHIS USDA offices in California and Arizona released the

weevils at four sites in the summer of 2003, at another four sites in the summer of 2004,

and at six additional sites in 2005.

Temperature tolerance of the weevil is a concern for use of this biological control

agent on the United Stats. The problem areas with giant salvinia in U.S. are temperate

or semi-tropical regions whereas both giant salvinia and the weevil originate from
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tropical areas. Giant salvinia can survive the winter in the southern U.S., and the weevil

should also be able to over-winter in this area.

This study evaluated whether there is any difference of survival of Cyrtobagous

salvinia among three different temperature regimes and among three different habitats.

The result of this study provides information critical to application of biological control

of giant salvinia in areas in the U.S. with relatively cold winter.

MATERIALS AND METHODS

The experiments were conducted at the Environmental Research Laboratory (ERL)

in Tucson, Arizona, during June through December in 2004. About five hundred C.

salviniae on giant salvinia plants were shipped to the ERL from the insect hatchery in

Brawley, CA. Populations of salvinia and weevils were multiplied in the greenhouse at

the ERL (Figure 17). The secondary stage (medium size with 6-10 leaves) of giant

salvinia was used in all experiments, since the adults prefer to feed on this stage. The

insects were acclimated for a week at 25 C o before the experiments. No insects were

reused in consecutive experiments. A dual controlled environmental chamber was used

to maintain the diurnal temperature change (Figure 18).

Low temperature tolerance

Temperature tolerance experiments were conducted at three different temperature

regimes (High Temp.: 15 to 25 oC, Mid Temp.: 10 to 20 oC, and Low Temp.: 5 to 15 oC)

(Fig 19). Each temperature treatment had fifteen semi-transparent plastic containers

(capacity of 500 ml), and each container had five adult insects and three giant salvinia

plants. Each treatment was conducted with 12 hours of minimum temperature and 12
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hours of maximum temperature daily for four weeks. Each container was filled with

400 ml of aged tap water. The survival of the insects was determined every 12 hours

for the first seven days and each day over the last 21 days. The number of "bullet

holes" (black rounded holes, made by adult feeding activity) was determined to compare

the feeding activity of insects at three different temperature regimes. Survival of weevil

was determined by taking the weevils out of chamber and wait for 15 to 20 minute for

weevils to become active.

Single factor Anova was used to compare the difference of insect’s survival among

three temperature regimes of level of p=0.05. Single factor Anova was also used

compared to feeding activity (number of bullet holes) among three temperature regime

at the end of the trial.

Relationship between low temperature resistance and giant salvinia population

To evaluate the relation between over-wintering of weevil and salvinia

populations, the low temperature (5 to 15 oC) experiment was conducted at 3 different S.

molesta densities (zero salvinia, one salvinia, and three salvinia per container). Each

treatment (S. molesta population) used ten containers, each treatment with a total of 50

adult insects (five weevils per each container). In a treatment with no S. molesta, two

plastic substrates were floated to provide a habitat for the insects. The temperature of

the environmental chamber was fixed at 5 oC and 15 oC for 12 hours each day. The

survival of the insects was determined every 24 hours for 28 days.

Single factor Anova was used to analyze the difference of weevil survival among

three treatments at the end of the trial. Statistical significance was determined at a value

of p=0.05.
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Fig. 17. Salvinia and weevil hatchery in the greenhouse (Environmental Research Lab)

Fig. 18. Environmental chamber
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Fig. 19. Diagrams of experiments

Ex. I. Low temperature tolerance

Ex. II. Relationship between low temperature tolerance and salvina density

Low Treat. Light 15 o C Dark 5 o C
Mid Treat. Light 20 o C Dark 10 o C
High Treat. Light 25 o C Dark 15 o C

12 hours 12 hours

weevil
salvinia

Plastic substrate

Zero salvinia One salvinia Three salvinia
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RESULTS

Low temperature resistance experiments

After four weeks of experiment, the survival rates of C. salviniae at three different

temperature ranges were different (F= 159.565, df=2, p < 0.0005). The low

temperature treatment showed substantial decrease of survival. Survival at High and

Mid temperature treatments were similar (Table 3). During the first 72 hours, High and

Mid treatments had low mortality rates (below 10%), whereas the Low treatment groups

had over 35 % mortality rate. The mortality rate of Low treatment was low in the early

experimental period (within 72 hrs). However, mortality in the Low treatment

gradually increased as the experiment continued.

Table 3. Average survival of weevils (+ standard deviation) at three temperature regimes

(each treatment had 15 containers with 5 weevils each)

Survival
by time

Temp
(oC) 

Day 0 Day 3 Day 7 Day10 Day 14 Day 21 Day 28

15 to 25 oC

(n=15)
5.0 + 0 4.93+0.26 4.8+-0.41 4.8+0.41 4.73+0.46 4.73+0.46 4.73+0.46

10 to 20 oC

(n=15)
5.0 + 0 4.87+0.35 4.73+0.46 4.53+0.52 4.53+0.52 4.53+0.52 4.53+0.52

5 to 15 oC

(n=15)
5.0 + 0 4.27+0.70 2.73+0.80 2.07+0.70 1.87+0.64 1.40+0.51 0.80+0.77
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The bullet hole damage, which was made by adult weevil’s feeding activity, did

not show statistically significant difference among three different treatments (F=0.533,

df=2, p>0.05) (Table 4). In all three treatments, bullet hole damages were made in the

early portion of experiments. After the first week of the experiment, the increase in

bullet hole number was very slow.

Table 4. Average number of bullet holes (+ standard deviation) per plant at three

temperature regimes (each treatment had 15 containers with 5 weevils each)

# of
hole
by
time

Temp
(oC) 

Day 0 Day 3 Day 7 Day10 Day 14 Day 21 Day 28

15 to 25 oC

(n=15)
0+0 2.4+0.23 2.9+0.41 3.3+0.45 3.6+0.56 3.8+0.67 4.0+0.57

10 to 20 oC

(n=15)
0v0 2.6+0.27 3.1+0.32 3.4+0.56 3.6+0.46 3.7+0.53 3.8+0.62

5 to 15 oC.

(n=15)
0+0 1.8+0.14 2.5+0.36 2.7+0.42 2.9+0.62 3.1+0.65 3.1+0.64

Relationship between low temperature tolerance and salvinia population

Weevils’ survival was affected by habitat. During the first 72 hrs. of experiment

all three treatments had over 40% of mortality. The highest mortality rates were

observed in the containers without salvinia (with plastic bars), whereas similar mortality

was observed between the treatment with one and three salvinia plants at the end of trial

(F = 3.112, df=2, p <0.05) (Table 5).
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Early in the experiment, all the treatments demonstrated similar survival, however

the mortality of the groups without salvinia increased gradually and it reached nearly

100% mortality within a month. The number of bullet holes both in one and three

salvinia treatments was low throughout the experiment.

Table 5. Average survival of weevils at different salvinia population densities with

diurnal range of 5 to 15 oC (each treatment had 10 containers with 5 weevils each)

Survival
by
time

Treatment

Day 0 Day 3 Day 7 Day10 Day 14 Day 21 Day 28

Zero salvinia
(n=10) 5+0 3.0+0.6 1.7+0.34 0.8+0.16 0.6+0.12 0.1+0.02 0.1+0.02

One salvinia.
(n=10) 5+0 2.8+0.56 1.8+0.36 1.4+0.28 1.2+0.24 0.9+0.18 0.7+0.14

Three
salvinia
(n=10)

5+0 3.0+0.6 2.3+0.46 1.8+0.36 1.7+0.34 1.1+0.22 1.1+0.22
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DISCUSSION

Mortality of C. salviniae was high at the lowest diurnal temperature range. This

might be because this weevil is native to a tropical climate (Brazil). The weevil’s

optimum temperature range is 30 to 35 oC (Room, 1988). In the Lower Colorado River,

the weevil has an optimal temperature environment during the summer, however the

temperature decrease in winter may have caused weevil mortality.

For successful biological control, the weevil population should be maintained

from late fall until the following spring. Then, the weevil is able to reestablish its

colony in the following spring and summer without the need for human releases every

summer. In the U.S., some areas with giant salvinia infestation, such as the state of

North Carolina, have normal monthly minimum temperatures that are below 5 oC from

Dec. to Feb (State Climate Office of North Carolina, 2006). Applying physical or

chemical control methods instead of biological control might be a better decision for

areas with cold winters.

The results of the experiments with salvinia density suggest that the presence of

salvinia plant is a critical factor for the weevil’s successful over-wintering. However

the population density of salvinia does not seem to be a critical factor as long as they

have some salvinia to reside on during the winter. In all three temperature regimes, the

weevils produced a low number of bullet holes and showed sluggish activity. It took

over ten minutes to determine, whether they were alive at the low temperature range.

Their low feeding activity supports the hypothesis that they do not need a large salvinia

population to survive the winter in the river.
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NITROGEN AND ESTABLISHMENT OF WEEVIL

POPULATIONS FOR BIOLOGICAL CONTROL OF

GIANT SALVINIA

S. CHOI, E. ANDRESS, AND K. FITZSIMMONS

ABSTRACT

The salvinia weevil Cyrtobagous salviniae has been introduced to the Lower

Colorado River as a biological control for giant salvinia (Salvinia molesta), the invasive

aquatic weed. As part of the program of introduction, the University of Arizona has

coordinated with the Bureau of Reclamation and APHIS to establish additional colonies

of salvinia weevils and to conduct a trial to determine if extra fertilization of the salvinia

might increase the degree of success of the biological control. Nitrogen fertilization and

establishment of weevil populations were conducted from June through October 2005.

Due to an unintended disturbance of the first trial, a second trial was conducted several

kilometers downstream of the first trial. The first experiment did not demonstrate

significant effect of nitrogen fertilization of salvinia on early establishment of the

weevil population. Higher early population growth was observed in the second trial (p

< 0.05) in response to nitrogen experiment. Additional sampling in January 2006 also

discovered adult weevils at the first site. An over-wintered population at the most

northern point is a good sign that the population of the biological control agent should

continue to spread from that point southward.
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INTRODUCTION

The salvinia weevil Cyrtobagous salviniae has been introduced to the Lower

Colorado River as a biological control agent against the invasive aquatic fern giant

salvinia (Salvinia molesta). As part of the program of introduction, the University of

Arizona has coordinated with the Bureau of Reclamation and APHIS to establish

additional colonies of salvinia weevils and to conduct a trial to determine if extra

fertilization of the salvinia might improve the initial establishment. Room and Thomas

(1985) showed that in Papua-New Guinea fertilization of S. molesta with increasing

levels of nitrogen fertilization accelerated the establishment of weevil populations and

their movement out of initial points of release. The higher nitrogen content in the ferns

leads to acceleration of early larvae development of the weevil.

The life cycle and ecology of C. salviniae are well documented. The adult male

(1.8 x 0.9 mm) is slightly smaller than the female (2.2 x 1.2 mm). 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, developing leaves, rhizomes, and ‘roots’ (actually

modified leaves that look and function like 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

temperature. Newly emerged larvae (1 mm) are white. They feed initially on ‘roots’, or

on the small buds, and later, inside rhizomes, completing three instars in approximately

23 days (Forno et al., 1983). Development 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 16.3°C (Sands et al., 1983).
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Pupation 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 duration is not affected by plant quality (Forno et al.,

1983; Sands et al., 1983). Oviposition does not occur below 21ºC, and eggs fail to

hatch below 20ºC or above 36ºC. Adults feed between 13ºC and 33ºC (Forno et al.,

1983). To determine the nitrogen fertilization of the salvinian would effect the

establishment of weevil colony, we conducted two field experiments

To determine a more efficient method to achieve biological control, we conducted

two nitrogen fertilizer experiments in the PVID drain. The first experiment was

conducted near the 32nd Ave. bridge over the PVID (Palo Verde Irrigation District,

Blythe, CA) main drain from June 14 to July 5 2005. A complete data set was not

collected from this experiment, as the study site was disturbed by a mechanical control

team. Although we did not have a full data set, it was sufficient for comparison with the

following field experiment. We conducted a similar experiment at the nearby Coco

Palms area from Aug. 18 to Oct. 29. This study was performed to evaluate whether

there is any difference of total weevil population (adult, larvae, pupae, and eggs)

between two different nitrogen fertilization levels of salvinia after two months.

MATERIALS AND METHODS

First Trial

We selected an approximately 100 square meter patch of salvinia at the 32nd Ave.

lagoon off the main drain on June 15th, 2005 and arranged eight 1m by 1m square PVC

quadrates. The salvinia ferns from within the quadrates were pulled from the water and

split into two small plastic pools, which had been filled with lagoon water. At this point
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equal amounts of salvinia containing weevils were added into each of the pools.

Salvinia with weevils were grown in a greenhouse at the APHIS (Animal and Plant

Health Inspection Service) facility in Brawley, CA. The greenhouse salvinia contained

a population with all stages of weevils (adult, larvae, pupae,and eggs). In the weevil

hatchery in Brawley, CA, we used Peter's fertilizer as a nitrogen source for the salvinia.

Peter's was selected by APHIS after several trials with other fertilizers. One pool was

fertilized with nitrogen (Peter’s, 20:20:20, 0.29g/L) for three hours while the other pool

was not fertilized and the ferns were just left in the pool for three hours. At the end of

the three hours, the salvinia were put back inside quadrates, four fertilized and four

controls. Thus each quadrate was filled with roughly half salvinia from the river and

half salvinia from the stock green house (with weevils). The number of all life stage of

weevils from the final sampling was compared between treatments with paired sample

t- test.

Second trial

A second field experiment was conducted in the Coco Palms lagoon with the same

treatments as performed in the first experiment (eight PVC pipe quadrates, three hours

of fertilization, salvinia weevils on ferns split between the controls and treated

replicates) on Aug. 18, 2005.

The sampling plan was designed to collect samples from the replicates after one

week, three weeks and six weeks. We also collected samples just outside a one meter

circumference from each replicate to monitor population dispersal. Pictures were taken

at each site to document the change in salvinia populations. The first samples of S.

molesta were collected at each quadrate and 4 outside samples (at 1 m from the
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quadrates) after the first week of release. Subsequent samplings were conducted at

three weeks and six weeks from the release date. Each sample was taken by dipping a

20 cm diameter food strainer into the water. To collect salvinia sample, we placed the

samples in re-sealable plastic bags, and returned to the lab for screening. To determine

the number of C. salviniae eggs, larvae, pupae, and adults, visual screening was

conducted with a dissecting microscope. The number of weevils in one square meter is

extrapolated from the area of food strainer.

The number of all life stages of weevils from the final sampling was compared

between treatments with paired sample t- test, sample paired by quadrate. Statistical

significance was determined at a value of p=0.05.
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Figure 20. The diagram of nitrogen fertilization procedure
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Figure 21. The diagram of experimental setting
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RESULTS

Basic water quality parameters were measured at each experimental site (Table 6).

In the first trial, we measured sites (with and without nitrogen fertilization), which were

separated by about 10m distance. All physico-chemical parameters were at similar

levels. Dissolved oxygen values were relatively low considering time of day (13:00 –

13:30), probably because most of areas were covered by salvinia (Table 6). Physico-

chemical parameters in the second trial showed similar results to the first trial.

Table 6. Basic water quality data in PVID drain

Water
Temperature

(oC)
p.H. D.O.

(mg/L)
Conductivity

(µS/cm)
Salinity
(µS/cm)

Turbidity
(NTU)

TN
(mg/L)

TP
(mg/L)

6/14/05
(nitrogen) 28.6 8.30 2.50 2.46 120 9 4.1 3.2

32nd

Ave
6/14/05

(control) 28.3 8.51 3.87 2.44 110 21 4.0 3.5
8/18/05

(nitrogen) 25.3 7.63 3.01 2.26 100 13 3.8 3.4
Coco
Palm

8/18/05
(control) 25.3 7.78 4.06 2.3 110 18 3.7 3.4

First trial (32nd Ave.)

Due to the disturbance by a mechanical control team, we could not obtain a whole

cycle (8-9 weeks) of data. However we analyzed the data that we had up to the

disturbance. We also have a couple of more data collections from this site after the

trials (Oct. 2005 and Jan. 2006). In after-trial sampling, we found some adult weevils

(Jan. 2006), which means weevils have survived disturbance and winter.
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The total number of weevils between two treatment at the last samples on two

treatment was not significantly different (t= 1.012, df=7, p=0.352). The numbers of

adult weevils increased gradually both with and without nitrogen fertilization (Table 7).

The sum total of the other stages (pupae, larvae, and egg) was decreased in week one

sampling and then increased in week two sampling. This might have been caused by

stress to the C. salviniae of moving and adaptation to new environment. We did not

observe any stage of the weevil outside of quadrate samples until the third sampling.

Sometime after July 5th, 2005, a mechanical control team cleaned the site and quadrates

were disturbed.

Second trial (Coco Palms)

The difference of total animal number of weevils between treatments was

significant (t= 3.134, df= 7, p=0.02) with higher numbers on the fertilized group. In this

trial, the numbers of adult weevils increased gradually both with and without nitrogen

fertilization (Table 8). The total of the other stages (pupae, larvae, and egg) decreased

in week one and by week two it had increased. The initial decrease of reproduction and

larval recruitment may have been caused by stress of moving and adaptation to new

environment.
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Table 7. Average number of weevils at each replicate at 32nd Ave. (inds./1 scoop)

With Fertilization

I II III IV Outside
(within 1m)

mean Standard
deviation

adult N/A N/A N/A N/A 0 N/A N/A

pupae N/A N/A N/A N/A 0 N/A N/A

larvae N/A N/A N/A N/A 0 N/A N/A
6/14/2005

egg N/A N/A N/A N/A 0 N/A N/A

adult 48 54 52 57 0 53 +4.1

pupae 39 42 48 51 0 45 +5.3

larvae 41 39 42 39 0 40 +1.5
6/21/2005

egg 32 39 35 35 0 35 +2.7

adult 63 68 64 61 8 64 +2.6

pupae 46 49 52 58 0 51 +5.3

larvae 48 52 52 55 0 52 +3.1
7/5/2005

egg 39 36 33 33 0 35 +2.7

Without Fertilization

I II III IV Outside
(within 1m)

mean Standard
deviation

adult N/A N/A N/A N/A 0 N/A N/A

pupae N/A N/A N/A N/A 0 N/A N/A

larvae N/A N/A N/A N/A 0 N/A N/A
6/14/2005

egg N/A N/A N/A N/A 0 N/A N/A

adult 48 51 52 45 0 49 +3.2

pupae 52 48 39 48 0 47 +5.6

larvae 41 38 35 34 0 37 +3.5
6/21/2005

egg 31 27 20 24 0 25 +4.4

adult 55 61 62 63 5 60 +3.7

pupae 55 58 49 52 0 54 +4.1

larvae 46 52 52 58 0 52 +5.1
7/5/2005

egg 35 32 27 31 0 31 +3.5
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Table 8. Average number of weevils at each replicate at Coco Palm (inds./1 scoop)

With Fertilization
I II III IV Outside

(within 1m)
mean Standard

deviation
adult N/A N/A N/A N/A 0 N/A N/A

pupae N/A N/A N/A N/A 0 N/A N/A

larvae N/A N/A N/A N/A 0 N/A N/A8/18/2005
egg N/A N/A N/A N/A 0 N/A N/A

adult 42 45 51 41 0 45 +4.3

pupae 38 41 40 41 0 40 +1.7

larvae 27 31 32 28 0 29 +2.48/28/2005

egg 20 27 24 28 0 25 +3.5

adult 47 48 52 46 6 48 +2.6

pupae 39 40 35 39 0 38 +2.0

larvae 18 27 27 23 0 24 +4.310/9/2005

egg 27 31 24 21 0 26 +4.1

adult 49 46 59 49 0 51 +5.4

pupae 30 38 32 32 13 33 +3.3

larvae 20 28 31 27 0 27 +4.4

10/29/2005

egg 31 33 31 27 1 30 +2.7

Without Fertilization
I II III IV Outside

(within 1m)
mean Standard

deviation
adult N/A N/A N/A N/A 0 N/A N/A

pupae N/A N/A N/A N/A 0 N/A N/A

larvae N/A N/A N/A N/A 0 N/A N/A8/18/2005
egg N/A N/A N/A N/A 0 N/A N/A

adult 41 42 45 42 0 42 +1.7

pupae 39 32 38 31 0 35 +3.9

larvae 24 30 27 31 0 28 +2.98/28/2005

egg 18 26 27 25 0 24 +4.3

adult 43 39 49 39 3 43 +4.7

pupae 36 30 22 25 0 28 +6.3

larvae 20 28 25 28 0 25 +3.610/9/2005

egg 18 25 28 22 0 23 +4.2

adult 46 42 49 45 7 45 +3.2

pupae 32 27 24 28 0 28 +3.5

larvae 24 30 27 30 0 28 +3.0

10/29/2005

egg 20 24 28 24 1 24 +3.0
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DISCUSSION

Available nitrogen is one of the main factors limiting growth of giant salvinia and

also of the weevils. Room and Thomas (1985) reported that the rate of insect

population increase could be manipulated by application of nitrogen to the host plant.

In addition, laboratory studies have found higher rates of development by weevil larvae

fed with salvinia containing higher levels of nitrogen (Sands et al. 1983), and Taylor

(1984) similarly demonstrated the importance of plant nitrogen concentration for insect

herbivores of S. molesta.

We found in both trials that the weevil population grows more rapidly on fertilized

plants. This indicates that establishment of the weevil population would be enhanced in

the river areas with higher nitrogen, such as those affected by agricultural run off. Also,

addition of nitrogen to infested salvinia before release to the field could lead to better

initial establishment of weevil colonies in the field.

Post-release sampling demonstrated that the weevils were reproducing and

beginning to spread beyond the release site. January 2006 samples indicated that the

insects had over-wintered and could be expected to further expand their population in

2006. Nitrogen fertilization has demonstrated that it will support an early increase in

introduced weevil populations.
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SUMMARY

Integrated pest management has been applied to control giant salvinia since giant

salvnia was found in this system. Until biological control method was introduced,

physical and chemical methods were used to control the salvinia and river surveys have

been performed regularly by the Lower Colorado River Task Force. I first attended the

LCR salvinia task force meeting in the fall of 2001. Since then I have attended most of

the meeting and participated in various activities to manage and control giant salvinia,

such as river survey and website management.

I was involved in biological control trials for giant salvinia from the very

beginning. In the fall of 2002, Mr. Earl Andress (APHIS, AZ) who was in charge of

biological control method in the Lower Colorado River, and I went to APHIS office in

Mission Texas to learn basic protocols and to tour their hatchery and facilities. I

worked closely with APHIS USDA both CA and AZ and participated in most of the

early sampling trips and data analysis.

In the early period of biological control, we worried about survival of weevils in

the river and this idea lead me to conduct temperature tolerance experiments on the

biological control agents. After the successful over-winter of weevils in the river, we

came up with another concern that the population growth of weevils took more time to

catch up to that of salvinia. Which lead us to conduct fertilization of infested salvinia

experiment, which may accelerate the population growth of weevils in the river.

It has been almost 8 years since the giant salvinia was discovered in the Colorado

River basin, in 1999. Tightly regulated water levels and relatively high nutrient

concentrations in this aquatic environment are considered to be primary reasons for
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rapid infestation of this nuisance aquatic plant. An integrated pest management

program has been applied to control the giant salvinia on the Lower Colorado River and

small attached water bodies. Due to these efforts, the population of giant salvinia has

decreased in recent years. It appears that the plant may now be under control.
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The management of giant salvinia by biological control on The Lower Colorado River

Physical and chemical methods were applied to control salvinia weed in the PVID

and the Lower Colorado River starting in 1999. A biological control (Cyrtobagous

salviniae) has been applied since the summer of 2003 and it became the most effective

control method among three integrated methods. In the early period of biological

control some release sites were washed away or interrupted by people. We should have

been more careful to designate release sites considering the hydrologic regime and

recreation activity in the areas. In 2003, we released only adult weevils to the salvina in

the drain or on the river with numbers around 500 – 600 individuals per release site.

Slow adaptation to the new environment and relatively low numbers of weevils might

be the main reason for low effectiveness in the first year.

What if we had applied weevil’s resident on infested salvinia from the first year

(summer of 2003) instead of releasing only adult weevils in the river? Perhaps, we

could have saved more money and efforts. What if we had a biological control method

with physical and chemical methods in the beginning of salvinia management.

In 2003, LCR Giant Salvinia Task Force applied a biological control method to

salvinia populations in the PVID and the river, and the biological control agent

successfully adapted to the environment and contributed to the decrease of giant

salvinia populations on the river. After the larger releases of weevils in 2005, no further

releases were conducted on the river. However, continuous monitoring on the

population of the weevil and giant salvinia is scheduled for at least two more years.
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Temperature tolerance of a biological control agent (Cyrtobagous salviniae)

: Both salvinia and weevils are native to Brazil, so we had to consider their ability to

over-winter in the field. Salvina has proved it could successfully survive a cold winter

in the river. I want to determine out how well the weevils can resist low diurnal

temperatures. Since some of the areas in U.S. with salvinia problem have relatively

cold weather, low temperatures may affect biological control to those areas. In this

experiment, we could improve statistical power if we had more weevils available at the

time. It would also be beneficial to determine the weevil's reaction to a wider diurnal

temperature change. In the field, we have documented low numbers of the salvina and

weevil populations in Mar. through April in 2004 and 2005.

Nitrogen and establishment of a weevil population for biological control of Giant

Salvinia

: In the early biological control period, we had relatively slow weevil population growth

comparing with that of salvinia. There was a general desire to escalate the

establishment of the weevil populations in the field. The first experiment was disturbed

by our collaborators own crew (physical control team), because of miscommunication.

In the experiment design, I did not use a randomized block, since I wanted to determine

the weevils dispersal speed from different treatments. If we had a much larger salvina

patch, I would design this as a randomized block.
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Savinia biological control in TX and LA

The weevils were originally imported from Australia and massively produced in

the APHIS Lab in Mission, Texas. Weevils were transferred from Mission, TX, to

Brawley, California. In Texas and Louisiana, more than 1 million insects have been

released to over 20 release sites since Oct. 2001. It has been successfull in most of

release sites.

Through the application of airborne videography, global positioning systems and

geographic information systems technologies, giant salvinia were detected in infested

waterways and the distribution mapped. Giant salvinia could be distinguished in

reflectance measurements made on multiple dates and at several locations in southeast

Texas (Everitt et al., 1995). Implementation of remote sensing technologies will enable

us to expedite biological control assessments over large areas that are infested as well as

hard to access areas.

Thanks to Ben Ladaire and Jennifer Green, BLM for conducting the surveys and

providing the maps. Giant salvinia distribution map for the Lower Colorado River is

available in our website (lcrsalvinia.org).
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LCR Salvinia Task Force and Web-site

It has been seven years since the Lower Colorado River Savinia Task Force was

established. It consists of several Federal Agencies (Fish and Wildlife Service, APHIS,

Bureau of Reclamation, and Bureau of Land Management), States Agencies (AZ Game

and Fish, CA Fish and Game, AZ Dept. of Ag., and CA Dept. of Ag.), and Mexican

governmental agencies. Task force serves to manage not only salvina, but also the other

nuisance aquatic plants in the river. There had been a little bit of miscommunication

that leads to inefficient research efforts earlier, although we had several regular

meetings in every year. Since it is a multi-governmental and states task force,

organized communication is required. The website below (www.lcrsalvinia.org) has

been set up and managed by University of Arizona, since then we had more efficient

communication and could more easily share the information.
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Figure 22. The main webpage of LCR Task Force



77

REFERENCES

Abbasi, S. H., J. L. Weigle and E. R. Hart. 1987. Biological interactions between New

Guinea Impatiens and the twospotted spider mite (Acari: Tetranychidae):

Journal of Economical Entomology. 80: 47-50.

Animal and Plant Health Inspection Service, United States Department of Agriculture,

http://www.invasive.org/publications/aphis/gsalvini.pdf Oct.,

13th, 2005

Bureau of Reclamation, 2004. Water quality sampling in the Lower Colorado River

Cary, P. R. and Weerts, P. G. J. (1983). Growth of Salvinia molesta as affected by water

temperature and nutrition. I. Effects of nitrogen level and nitrogen compounds.

Aquatic Botany 16:163-172.

Cary, P. R. and Weerts, P. G. J. 1984. Growth of Salvinia molesta as affected by water

temperature and nutrition. III. Nitrogen-phosphorus interactions and effect of pH.

Aquatic Botany 19:171-182.

Creagh, C. 1991. A marauding weed in check. ECOS 70:26-29.

Everitt, J.H., Flores, D., Yang C, Davis M.R. 2005. Assessing biological control

damage of giant salvinia with field reflectance measurements and aerial

photography. Journ. Aquat. Plant Management 43: 76-80.

Forno, I. W., Sands, D. P. A. and Sexton, W. 1983. Distribution, biology and host

specificity of Cyrtobagous singularis Hustache [Coleoptera: Curculionidae] for

the biological control of Salvinia molesta. Bulletin of Entomological Research

73: 85-95.



78

Forno, I. W. 1987. Biological control of the floating fern Salvinia molesta in north-

eastern Australia: plant-herbivore interaction. Bulletin of Entomological Research

77: 9-17.

Greathead, D.J. 1995. The Leucopis spp. (Diptera: Chamaemyiidae) introduced for

Biological control of Pineus sp. (Homptera: Adelgidae) in Hawaii: implications

for biological control of Pineus boerneri in Africa. The Entomologist 114: 83-

90.

Holm, L. G., D. L. Plucknett, J. V Pancho, and J. E Herberger. 1977. The World's Worst

Weeds, Distribution and Biology. Honolulu, HI: University Press of Hawaii. 609 p.

Lower Colorado River Giant Salvinia Task Force annual report, 1999

McFarland, D.G., Nelson, L.S., Grodowitz, M.J. Smart, R.M., and Owens, C.S. 2003,

Salvinia molesta (Giant Salvinia) in the United States: A Review of Species

Ecology and Approaches to Management, US Army Corps of Engineers

Mitchell, D. S. 1979. Water hyacinth in Papua New Guinea: a status report, June 1979.

Office of Environment and Consumer Control Government Office, Wardship

Waigaui.

Owens C.S., Smart R.M., Stewart R.M., 2004. Low temperature limits of giant

salvinia. Journal of Plant Management 42: 91-94.

Panneerselvam, A., L. Kannan and K. Krishnamurthy, 1979. Photosynthetic pigments in

coastal ecosystems. Indian Journal of Marine Science, 8:109-111.

Room, P. M. 1981. The potential for biological control of Salvinia molesta in Papua

New Guinea. A report to the Papua New Guinea Government.

Room, P. M., Harley, K. L. S., Forno, I. W. and Sands, D. P. A. 1981. Successful

biological control of the floating weed Salvinia. Nature 294:78-80.



79

Room, P. M., Forno, I. W. and Taylor, M. J. 1984. Establishment in Australia of two

insects for biological control of the floating weed Salvinia molesta D.S.Mitchell.

Bulletin of Entomological Research 74:505-516.

Room, P. M. 1988. Effects of temperature, nutrients and a beetle on branch

architecture of the floating weed Salvinia molesta and simulations of biological

control. Journal of Ecology 76:826-848.

Room, P. M. 1990. Biological control of the tropical water weed Salvinia. The Rolex

Awards for Enterprise. Nov. 4th, 2006

http://www.invasive.org/eastern/biocontrol/2FloatingFern.html

Room, P. M. and Thomas, P. A. 1985. Nitrogen and establishment of a beetle for

biological control of the floating weed salvinia in Papua New Guinea. Journal of

Applied Ecology 22:139-156.

Sands, D. P. A., Schotz, M. and Bourne, A. S. 1983. The feeding characteristics and

development of larvae of a salvinia weevil Cyrtobagous sp. Entomologia

Experimentalis et Applicata 34:291-296.

Schlettwein, C. H. G. and Hamman, P. F. 1984. The control of Salvinia molesta in the

Eastern Caprivi Zipfel. Southwest African Annual Report. pp. 49-51.

Taylor, M. F. J. 1984. The dependence of development and fecundity of Samea

multiplicalis on early larval nitrogen intake. Journal Insect Physiology 30:779-

785.



80

Tipping PW, Center TD. 2003. Crytobagous salviniae (Coleoptera:

Curculionidae) successfully overwinters in Texas and Louisiana. Florida

Entomologist 86: 92-93

State Climate Office of North Carolina, 2006,

http://www.nc-climate.ncsu.edu/office/newsletters/2004Spring/

The Arizona Meteorological Network http://ag.arizona.edu/azmet/

United States Department of Agriculture, Jan., 2006

http://www.invasivespeciesinfo.gov/aquatics/salvinia.shtml

United States Geological Survey, http://salvinia.er.usgs.gov Oct., 2005

United States Geological Survey, 2005 Surface-Water Monthly Statistics for Arizona

http://waterdata.usgs.gov/az/nwis/monthly/?referred_module=sw&site_no=09429

100&por_09429100_2=19453,00060,2,1956-03,2005-

09&site_no=09429100&por_09429100_6=19453,00065,6,2001-02,2005-

09&format=html_table&date_format=YYYY-MM-

DD&rdb_compression=file&submitted_form=parameter_selection_list


