
Aquatic Plant Control
Research Program

Vol A-92-4 October 1992

US Army Corps
of Engineers
Waterways Experiment
Station

Collection techniques and
growth of triploid grass carp
in the Santee-Cooper System,
South Carolina
by
James P. Kirk, K. Jack Killgore, Larry Sanders,
and James V.Morrow

The Santee-Cooper system in
South Carolina includes al-

most 70,000 hectares of im-
pounded water consisting of Lake
Marion, Lake Moultrie, and the di-
version canal connecting the two
lakes. During the last decade,
hydrilla (Hydril/a verticil/ata) be-
came established throughout the

upper reaches of Lake Marion (In-
abinet 1985). The extent of
hydrilla was such that chemical
control became impractical.

Starting in 1989, triploid grass carp
Ctenopharyngodon idel/a were
stocked as a biological control
agent. The stocking rates were
100,000 per year through 1992

Boat with generator-powered lights used for bowfishing

with a goal of achieving a stocking
density of approximately 50 fish
per vegetated hectare. Triploid
grass carp, legal for use in South
Carolina since 1985, were chosen
because of feeding habits similar
to diploid grass carp (Wattendorf
and Anderson 1984, Sutton 1985,
and Allen and Wattendorf 1987),
they are sterile, and they are less
costly and provide longer control
than herbicides.

This article summarizes a grass
carp collection technique, length-to-
weight relationships of grass carp,
information on age distribution,
and rates of growth. The informa-
tion on growth rates will eventually
be used to update the grass carp
stocking model developed at the
U.S. Army Engineer Waterways
Experiment Station.

Collection
techniques
An initial problem in this research
was collecting adequate numbers
of triploid grass carp using tradi-
tional sampling gears. As part of a
grass carp monitoring program
(Morgan and Killgore 1990), vege-
tated areas of Lake Marion were
extensively electrofished. In addi-
tion, the South Carolina Wildlife
and Marine Resources Depart-
ment (SCWMRD) regularly con-
ducted gillnet, cove rotenone, and
electrofishing sampling of the



Santee-Cooper system. Although Length-to-weight relationships are
some grass carp were collected by used to indicate the condition or
each of these methods, the num- "plumpness" of a fish population.
bers collected were inadequate for Another use is to predict weights
research needs. of fish of a given length deter-
Many triploid grass carp were acci- mined by backcalculations using
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mg tournaments in 1990. As a re- Total lengths to the nearest milli-
suit, bowfishermen were used in a meter and weights to the nearest
final attempt to collect triploid gram were collected on 87 triploid
grass carp. The collection was or- grass carp. Eighteen measure-
ganized and permitted by ments were taken on triploid grass
SCWMRD. Bowfishing teams fa- carp as they were stocked into
miliar with the reservoirs and who Lake Marion in April 1989, and 69
had consistently won local bowfish-
ing tournaments were recruited.
The most successful team was
guaranteed payment of $500 for
their efforts even if they failed to
collect grass carp. If successful,
they would be paid $25 per fish
until approximately 70 fish were
collected.

The bowfishermen hired by
SCWMRD were successful in col-
lecting 69 triploid grass carp. The
collection efforts took place at
night using a boat with five lights
powered by a small gasoline-
powered generator. The first five
attempts to collect fish were unsuc-
cessful, but successful techniques
were developed. Bowfishermen
stood on the bow and moved into

Collecting grass carp

coves and along shallow flats look-
ing for grass carp. Fish were
generally collected in coves and
other confined areas as they
swam by the boat. Fish had to be
quickly identified and shot in
depths up to 2 meters. Once a
fish was shot with a conventional
bowfishing arrow, it was played on
a line using a reel attached to the
front of the bow. After the fish
tired, it was reeled near the boat,
shot a second time to prevent es-
cape, and then gaffed. The ele-
ment of skill proved to be import-
ant; the other, less skilled teams of
bowfishermen were unable to col-
lect even a single grass carp.

Length-to-weight
relationships

fish were collected by bowfisher-
men in April and May 1992.

The length-to-weight relationship
was computed using a power func-
tion (Ricker 1975):

weight = intercept x lengthSlope

The relationship was determined
by regressing the log (base 10) of
the weight as the dependent vari-
able against the log (base 10) of
the length as the independent
variable.

The relationship that was derived
was:

weight = 0.0000027 x length3.25

The coefficient of determination
(r2) was 0.99 and indicated a rea-
sonably good fit for a length-to-
weight relationship (Figure 1).

Age and growth
Generally ages are determined for
fish by examining annual marks on
scales, otoliths, or other bony struc-
tures. An extensive review of the

"-lTterature fai1eB-to proBuce usabm-
information dealing with tech-
niques to determine ages of grass
carp using otoliths or length-to-
weight relationships in North Ameri-
can reservoirs.
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Figure 1. Length-to-weight relationship for triploid grass carp in the
Santee-Cooper system
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During spring and summer 1991,
attempts were made to determine
the ages of grass carp collected in
gill nets and rotenone samples
from Lake Marion, South Carolina,
and Lake Guntersville, Alabama,
respectively. Whole and sectioned
otoliths were examined but no an-
nuli were distinguishable. Victor
(1982) stated that sagittal otoliths
were unsuitable for determining
age in cyprinids (the same family
as the grass carp) but that the
utricular otoliths could be used.
This pair of otoliths is quite small
and difficult to locate, even in
larger grass carp. Researchers
are studying the anatomy of grass
carp so that utricular otoliths can
be readily located. Future re-
search efforts will attempt to vali-
date annuli by examining struc-
tures of known age fish, examining
daily growth rings on otoliths, and
by comparing otolith annuli to
marks on different structures.

Age and growth information pre-
sented in this article was obtained
by examining scales. The scales
appeared to have consistently rec-
ognizable annuli except for two
samples that contained only regen-
erated scales. Scales were exam-
ined by projecting their image on a
microfiche projector. Distances to
each annuli and distance to the
margin of the projected image
were measured using a GP-7
graphbar digitizer and a personal
computer. The computer was
equipped with a series of basic pro-
grams used to measure structures
and backcalculate lengths of fish.
Backcalculated lengths were esti-
mated using the Fraser-Lee
Method (Carlander 1982) which
uses the formula:

Li = a + (Lc - a/Sc) Si

where
Li = calculated length at age i
a = intercept of the body scale

regression
Sc = diameter or radius of scale at

capture
Lc = length of the fish at capture

Us.eof ~igit~zer, microfiche projector, and computer for backcalculations
usmq trlplold grass carp scales

Si = scale measurement at annu-
lus i

The greatest growth of triploid
grass carp collected in the Santee-
Cooper system in 1992 was from
age 1 to 2 years where fish grew
from an average of 574 to 4,894
grams (Figure 2). From age 2 to
age 3, growth was still substantial
to an average weight of 8,294 '

grams, but growth in length was
less, about 123 millimeters.
Growth in length from age 3 to age
4 was approximately 87 millime-
ters, but the growth in weight was
approximately the same as ages 2
to 3. The instantaneous rates of
growth, G (Ricker 1975), were
2.143, 0.528, and 0.328 for ages 1-
2, 2-3, and 3-4 years, respectively.
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Summary
Skilled bowfishermen proved to be
an efficient and cost-effective tech-
nique for collecting triploid grass
carp when electrofishing and other
collection techniques failed. Sixty-
nine triploid grass carp in the
Santee-Cooper system, South Car-
olina, were collected during April
and May 1992. A length-to-weight Grass carp usually need to be shot twice for collection
relationship was developed from
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Figure 2. Age-specific lengths and weights for triploid grass carp collected in 1992 from the
Santee-Cooper system using scales and backcalculation (standard errors for length are given in
parentheses)

Age 4 fish were those stocked in
1989 at age 1. Most of the triploid
grass carp were ages 2 or 3 and
no fish stocked in 1992 at age 1
were collected. The sample was
inadequate to generate age-spe-
cific mortality estimates, although
oxygen depletions associated with
Hurricane Hugo in 1989 may ac-
count for the lack of age 4 fish.
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fish collected by bowfishermen
and fish measured at initial stock-
ing. Scales appeared to have con-
sistently recognizable annuli allow-
ing backcalculation of length at
age. Triploid grass carp grew
about 4 kilograms per year in the
years after stocking. Ongoing re-
search efforts will attempt to locate
new aging structures and validate
the use of scales.
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AQUATIC
PLANT CONTROL

RESEARCH PROGRAMTriploid grass carp were stocked in 1989 in the
Santee-Cooper System, South Carolina, as a bio-
logical control agent for hydrilla. Traditional
sampling techniques for triploid grass carp did
not produce enough numbers for research pur-
poses. This article reports on the use of bow hunt-
ing as a collection technique.

This bulletin is published in accordance with AR 25-30 as one of the
information dissemination functions of the Environmental Laboratory of
the Waterways Experiment Station. It is principally intended to be a
forum whereby information pertaining to and resulting from the Corps
of Engineers' nationwide Aquatic Plant Control Research Program
(APCRP) can be rapidly and widely disseminated to Corps District and
Division offices and other Federal and State agencies, universities,
research institutes, corporations, and individuals. Contributions are
solicited, but should be relevant to the management of aquatic plants,
providing tools and techniques for the control of problem aquatic plant
infestations in the Nation's waterways. These management methods
must be effective, economical, and environmentally compatible. The
contents of this bulletin are not to be used for advertising, publication,
or promotional purposes. Citation of trade names does not constitute
an official endorsement or approval of the use of such products. This
bulletin will be issued on an irregular basis as dictated by the quantity
and importance of information to be disseminated. Communications
are welcomed and should be addressed to the Environmental Labora-
tory, ATTN: J.L. Decell, US Army Engineer Waterways Experiment
Station, 3909 Halls Ferry Road, Vicksburg, MS 39180-6199, or call
AC 601/634-3494.
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