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Summary 
Grass carp (white amur) were introduced to the United States in 1963 for aquatic weed control.  Through escapes, legal and illegal introductions, and dispersal grass carp are now found 45 states (but not all are reproducing populations). Triploid, sterile grass carp were first produced in the 1980s, and most states now prohibit the use of fertile fish.  Grass carp can be effective in controlling aquatic weeds, but potential adverse impacts may be severe.  Grass carp are voracious consumers of aquatic macrophytes, and may eliminate desirable vegetation, compete with native fish and invertebrates, and alter food webs and trophic structure of aquatic ecosystems.  Although they don't reproduce, triploid carp can live for many years.  Risks and benefits of carp use should be carefully weighed on a case by case basis, and if released, carp should be strictly contained in the area where weed control is desired. 

Introduction

Grass carp, also known as white amur, (Ctenopharyngodon idella), is a large (125-cm) herbivorous fish native to eastern Asia which has been introduced to more than 50 countries for aquatic weed control and aquaculture (Sutton and Vandiver Jr. 2000).  This species was first imported to the United States in 1963, to aquaculture facilities in Arkansas and Alabama from which it escaped into open water (Nico and Fuller 2001). Through legal and illegal introductions, escapes and dispersal, it expanded its range to at least 35 states by the 1980s (Guillory and Gasaway 1978, Clugston and Shireman 1987).  As of 2001 grass carp are known in from 45 states; there are no reports of introductions in Alaska, Maine, Montana, Rhode Island and Vermont (Nico and Fuller 2001).  Because of the potential for negative impacts on aquatic ecosystems, many states have prohibited or restricted the use of fertile grass carp (Nico and Fuller 2001). Only Hawaii, Iowa, Kansas, Missouri, Oklahoma, Arkansas, Mississippi and Alabama had no restrictionson, or permit requirements for, use of carp, diploid or triploid, as of 2001 (Nico and Fuller 2001).

Triploid, sterile grass carp were first produced in the 1980s by treating fertilized eggs with heat, cold or hydrostatic pressure, which resulted in "...retention of a set of chromosomes that that would normally be expelled during cell division" (Sanders et al. 1987, citing Clugston and Shireman 1987, Cassani and Caton 1986, Allen and Wattendorf 1967).  Triploid carp are considered to be functionally sterile, although males might produce limited sperm (Chilton and Muoneke 1992).  Although treated eggs are supposedly 100% triploid (Cassani and Caton 1980), each fish produced from treated eggs must be individually tested to verify triploidy before they can be used for stocking water bodies. This concern appears to be well-founded, at least for black carp, as Tillitt (unpub.) has found that 0.2 to 0.5% of treated black carp eggs are actually diploid and thus capable of reproduction.  

Use for aquatic nuisance plant control

Small (<400 mm) grass carp can eat up to 200% of their body weight daily, decreasing to 75% as the fish grow (Clugston and Shireman 1987).  Carp are usually stocked in spring when problem aquatic plants begin to emerge.  Typical stocking densities are 25 - 60 fish per hectare, using fish ~300 mm long (0.5 kg/fish) (Allen and Wattendorf 1987).  However, in New York, densities of <37 fish/ha are recommended in order to avoid elimination of desirable macrophytes (Guthrie, pers. comm).  In Florida, 13 fish per hectare have controlled hydrilla regrowth following the use of herbicides (Suton and Vandiver Jr. 2000).

Grass carp feeding is influenced by water temperature, size of the fish, and vegetation composition (Bowers et al. 1987).  Carp prefer low-fiber plants (Table 1). 

Table 1. Grass Carp Feeding Preferences (Sanders et al. 1991)

Plants consumed preferentially or controlled
Plants sometimes preferred or controlled 
Plants not preferred and sometimes not controlled
Cabomba caroliniana, fanwort
Azolla caroliniana, azolla or water-fern
Najas flexilis, stonewart
Chara spp., muskgrass
Bacopa spp., water hyssop
Ceratophyllum dermersum, coontail
Egeria densa, Brazilian elodea
Eleocharis, slender spikerush
Typha spp., cattail
Elodea canadensis, elodea 
Nasturtium officinale, watercress
Nuphar spp., spatterdook
Hydrilla verticillata, hydrilla
Potamogeton spp., pondweeds
Nymphaea spp., water lily
Lemna spp. and Spirodela spp., duckweeds
Spirogyra spp., algae
Myriophyllum spicatum, Eurasian watermilfoil
Najas quadalupensis, southern naiad

Vallisneria americana, tapegrass or eel-grass
Sagittaria graminea, coastal arrowhead

Myriophyllum aquaticum, parrot-feather
Utricularia gibba, eastern bladderwort

Eichhornia crassipes, water hyacinth
Wolffia spp., watermeal 

Hydrocharis morsus-ranae, frogbit


Carex pseudo-cyperus, sedge


Scirpus spp., bulrush


Ludwidgia repens, water primrose


Myriophyllum heterophyllum, variable leaf milfol


Potential problems

As grass carp grow and mature, they migrate and can disperse long distances (Sanders et al. 1991). Thus the fish may not stay in the area where aquatic plant control is desired, and restocking may be necessary.  Unless the carp are well-contained in the water body of introduction, they may escape into other ponds, lakes or streams.  Carp are known to leap over fish barriers (Sutton and Vandiver Jr. 2000).  In New York, carp introductions are allowed only into isolated water bodies or water bodies where outlet has been screened to prevent escape (Guthrie, pers. comm.). 

Impacts caused by grass carp introductions are complex, and contradictory results are reported in the  literature.  Because grass carp are voracious feeders, they may consume all of the palatable aquatic macrophytes present in a water body, especially if they are overstocked.  For this reason Texas has banned the use of grass carp (Nico and Fuller 2001).  Carp also may disturb sediment, muddying lake waters (Johnson, pers. comm.).  Carp compete for food with inveretebrates (e.g. crayfish) and other fish, alter habitats by reducing macrophyte cover, eliminate spawning substrates, enrich water with nutrients in expelled fecal matter, and promote algal blooms (Taylor et al. 1984, Chilton and Muoneke 1992).  As a result, food webs and trophic structure of aquatic ecosystems may be drastically altered (Bain 1993).  On Long Island, New York, grass carp introductions have resulted in ponds becoming dominated by native milfoil (Myriophyllum sp.), moss (Fontinalis sp.) and algae; formerly clear water ponds have become green (Guthrie, pers. comm.).  Adverse impacts may last a long time, since carp can live for many years (Nico and Fuller 2001). The risks of breeding by non-sterile carp are greatest for streams, since grass carp require flowing water to keep eggs suspended, and are not believed to breed in still waters (Guthrie, pers. comm.).

In addition, grass carp may carry parasites and diseases that are transmissible to native fishes, and may be responsible for introduction of the Asian tapeworm (Bothriocephalus opsarichthydis) (Hoffman and Schubert 1984), which has infected the endangered woundfin Plagopterus argentissimus (Moyle 1993). 

Conclusions

Grass carp can be effective in controlling aquatic weeds, but potential adverse impacts to aquatic ecosystems may be severe.  Risks and benefits of carp use should be carefully weighed on a case by case basis.  Some guidelines and cautions include the following; this list is not exhaustive:

1.	Fertile, diploid carp should never be deliberately introduced to any water body.  
2.	Every grass carp intended for release should be genetically tested to verify that they are triploid. 
3.	Triploid carp should only be introduced into contained, isolated water bodies where their escape is impossible; fish barriers should be adequate and rigorously maintained. 
4.	Stocking densities of carp should be kept as low as possible to achieve desired effects.  
5.	Carp densities should be reduced to a minimum once undesirable aquatic macrophytes have been controlled.  In practice, it is almost impossible to remove carp by mechanical means once they have been introduced.
6.	Adequate monitoring should be conducted to ensure that significant negative impacts of carp will be detected.   
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