3.6.2 Grass Carp for Biocontrol of Aquatic Weeds
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The grass carp (Ctenopharyngodon idella Cuvier and Valenciennes), is native to rivers in eastern Russia and China that
flow into the Pacific Ocean, but the fish has been introduced to approximately 70 countries including the US, Taiwan,
Japan, Mexico, India, Malaysia and several European countries. It has been introduced for use as both a food fish and
for biological control of aquatic weeds. Although the grass carp is highly adaptable and can survive in a variety of

conditions, the natural grass carp life cycle has not been observed to occur many times outside of the native range. The
restriction is related to reproduction since the fish requires large and long low gradient, turbid rivers and cannot
reproduce in confined water bodies. Of all the countries where the fish were introduced, they have established
populations in only few countries, primarily in Asia and Europe. However, there have been reports of breeding
populations including in the Atchafalaya, Mississippi (and major tributaries) and the Trinity rivers in the US.
Grass carp were imported to the US in 1963 as a possible biological control agent for hydrilla (Section 2.2) and other
aquatic plants. Their arrival caused an explosion of research on their use as an aquatic plant management tool. Efficacy
experiments were conducted in Florida in the 1970s by the United States Department of Agriculture and the University
of Florida. Use of the “diploid” fish was limited from 1970 until 1984 due to tight regulations developed to address
their possible escape and reproduction, which could potentially impact native flora and fauna. These concerns led to
research that developed a sterile (non-reproductive) triploid fish, which was equally effective in controlling hydrilla.
Sterile fish were developed by subjecting fertilized eggs to stress, such as temperature (hot or cold) or pressure. The
stress causes each egg to retain an extra set of chromosomes and become triploid instead of diploid. Although triploid
fish are sterile, this does not affect their aquatic plant herbivory.
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Grass carp are so effective at controlling aquatic plants that in 2009 the use of grass carp was recorded in 45 states, the
exceptions being Alaska, Maine, Montana, Rhode Island and Vermont. Most states currently require that only artificially
produced sterile triploid grass carp be stocked to prevent further natural reproduction in our large river systems. The
use of grass carp for aquatic weed control is governed by individual states; some require permits, site inspections and
use of sterile fish, whereas others have no restrictions. Several states in the northern US actually prohibit the possession,
sale or transportation of grass carp. As a result, you must consult the appropriate state agencies before considering grass
carp for weed control to determine whether their use is restricted or prohibited in your state
Consumption rates and aquatic plant preferences
Grass carp consumption rates (measured as the daily percentage of body weight eaten) are affected by size of the fish
and by environmental characteristics such as temperature, salinity and oxygen content of the water. Also, grass carp
consumption rates decrease as fish become larger and reach sexual maturity (which occurs even in sterile fish) at 2 or 3
years of age. Large grass carp (over 15 pounds) consume up to 30% of their body weight daily, whereas smaller fish
(less than 10 pounds) can consume as much as 150% of their body weight each day. Maximum consumption occurs
when water temperatures range from 78 and 90 °F and is greatly reduced when temperatures are below 55 °F.
Consumption is reduced by 45% when oxygen levels in the water drop to 4 ppm and fish stop feeding completely if the
oxygen level drops below 2 ppm. Although grass carp can tolerate salinities up to 10 parts per thousand, they will not
feed if salinity levels are higher than 6 parts per thousand.
The grass carp is a general herbivore
and feeds on vegetation mostly near the
surface of the water. Many plant
palatability studies have been conducted
to determine grass carp plant
preferences. Plant preference is
determined primarily by the aquatic
plant’s structural firmness as well as the
secondary metabolites produced by a
particular plant species. However, the
grass carp is a generalist, and in the
absence of the preferred plant, will feed
on most other types of aquatic
vegetation. Grass carp even have been
observed to feed on terrestrial plants that
are hanging over the water. In general,
the five most-preferred species in order
of preference are hydrilla, musk grass
(Chara spp.), pondweeds (Potamogeton spp.), southern naiad (Najas guadalupensis) and egeria (Section 2.5). Grass
carp rarely provides good control of filamentous algae (Section 2.18), Eurasian watermilfoil (Section 2.3), spatterdock
(Nuphar advena), fragrant waterlily (Nymphaea odorata), sedge (Cladium sp.), cattail (Typha sp.) or other firmstructured aquatic plants.
Stocking rates and duration of aquatic plant control
Symposia held during 1979 and 1994 (Grass Carp Symposia), 2004 (Hydrilla Management in Florida) and 2008
(Triploid Grass Carp Risk Analysis) summarized hydrilla management strategies as well as the potential of using grass
carp as a management tool. Additional studies that evaluated methodologies, impacts or controversies associated with
grass carp were conducted in Lake Conroe TX, Lake Guntersville AL and the Santee Cooper reservoirs in South
Carolina. Most of these studies determined that introducing triploid grass carp is the most cost-effective method for
long-term control of hydrilla but with a major limitation: triploid grass carp are best used where the loss of all palatable
submersed vegetation is an acceptable outcome for an extended period of time.
Grass carp should not be stocked in open systems that are connected to a stream or river because they migrate with
moving water and will leave the stocked water body, thus not providing any plant control. Grass carp stocking rates in
closed systems typically range from 2 to 50 fish per acre. Most biologists agree that there is no “magic stocking number”
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of grass carp to achieve a specific percentage of submersed weed control. Both growth rates of aquatic plants and
consumption rates of grass carp are moving targets that are dependent on many factors including but not limited to the
type and quantity of aquatic plants present, water clarity, oxygen content and nutrient concentration of the water. If the
consumption rate of the grass carp exceeds the growth rate of the aquatic plants, then plant control can be achieved;
otherwise, plant abundance generally remains a problem.
Nationally, because grass carp feeding rates are reduced in cooler water, stocking rates in northern temperate climates
may need to be higher than in southern subtropical climates to achieve similar plant control. The mortality rate of grass
carp immediately after stocking varies tremendously and can impact the success or failure of the plant management
action. Once grass carp are stocked,
predation by fish-eating predators can
be a problem because grass carp
typically feed near the water surface
and are commonly targeted by osprey,
otters and other fish. For example,
studies in research ponds in Florida
revealed that the number of grass carp
lost to predation ranged from 7 to 70%
one year after stocking. Predation can
be especially problematic in water
bodies with large fish predators such as
striped bass or largemouth bass. Grass
carp that are larger than 12 inches
should be used in these systems to
avoid losing the majority of the stocked
grass carp to predation and to ensure adequate aquatic weed control. Overstocking or excellent survival of stocked grass
carp often results in the depletion of almost all submersed aquatic plants, whereas understocking or excessive mortality
of grass carp results in no noticeable plant control. The proper balance of grass carp and weed growth is
difficult/impossible to achieve and only a few cases of this type of success have been reported.
If complete elimination of aquatic plants by grass carp is an outcome, it can last for as long as 10 to 15 years. It is
important to understand that the use of grass carp as biocontrol agents is a long-term strategy because grass carp grow
to an extremely large size, live up to 20 years and cannot easily be removed from a water body once they are stocked.
It is almost impossible to remove significant numbers of grass carp (approximately 90% of population) from large lakes
to allow the growth rate of aquatic plants to exceed the consumption rate of the carp, thus allowing an increase in aquatic
plant abundance. Many studies have examined dozens of grass carp removal methods from lakes and none were efficient
enough to remove a significant number from a lake and/or canal. However, a few management agencies are still
experimenting with removal techniques and in some cases bowfishing tournaments show promise as a means of
removing grass carp from lakes (see https://fishgame.com/2016/10/bowfishing-grass-carp-solving-overpopulationproblem/). Additionally, it may take five to 20 grass carp per acre to achieve aquatic plant control but it only takes
approximately one carp per acre to maintain control.
Effects on water quality and fish populations
Most changes in water quality and plankton abundance associated with grass carp are not caused directly by the fish but
are due to the removal of aquatic plants and associated periphyton (algae attached to the plant material). When aquatic
plants are controlled in a lake with grass carp, herbicides (Section 3.7.1) and/or mechanical cutting (Section 3.5), all of
which leave dead plant material in the lake, nutrient and algal abundance tends to increase and water clarity tends to
decrease (Section 1.1). These whole-lake changes in water quality only occur when large amounts of plants (greater
than 15 to 30% coverage of aquatic plants) are controlled and the changes are related to three primary mechanisms: 1)
by ingesting plant material and associated periphyton, nutrients incorporated into plant tissue are released, which
increases ambient nutrient concentrations, causes more algal growth and fills the water column with algal cells while
decreasing water clarity as measured by Secchi depth readings, 2) aquatic plants also tend to stabilize the water column
not allowing wind to re-suspend sediments and nutrients, and 3) the stabilized water allows the sedimentation of algal
cells and other detritus, which results in a low-nutrient and clear-water state.
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Similar to water quality, changes in fish population characteristics associated with grass carp are not caused directly by
the fish, but are due to the removal of aquatic plants. Canfield and Hoyer (1992) examined fish populations in 60 Florida
lakes that varied in lake trophic status and abundance of aquatic macrophytes with the goal of determining the optimum
abundance of aquatic macrophytes for a healthy fish population. They reported that fish populations functioned normally
in lakes with aquatic plant coverage of 15 to 85% and that fish populations in lakes with less than 15% or greater than
85% plant coverage were more likely to be depressed. Therefore, if grass carp reduce aquatic plant abundance to zero,
there is an increased likelihood of having a depressed fish population. However, there are many emergent and floatingleaved aquatic plants that grass carp cannot or will not consume, so most lakes with grass carp always maintains some
habitat that is sufficient for some sportfish, especially in smaller lakes (approximately 500 acres or less).
Summary
Grass carp can be an effective, cost-efficient tool for long-term aquatic plant removal and management in closed
systems. However, management agencies and stakeholders that use the system targeted for stocking with grass carp
must be willing to accept the probability that all submersed aquatic vegetation may be eliminated and with the
elimination of the submersed aquatic vegetation will also come changes in water quality and fish populations.
Additionally, until new removal techniques are developed the users must accept that there is no way to affectively
remove the carp once they are stocked.
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