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The Lake Conway project was initiated in
1976 as a U.S. Army Corps of Engineers
Large Scale Operations Management Test
(LSOMT) of the feasibility of managing
hydrilla (Hydrilla verticillata) with grass carp
(Ctenopharyngodon idella) and to delineate
possible collateral effects on aquatic ecology
(see Addor and Theriot 1977). The Florida
Department of Environmental Protection
(FDEP), formerly the Department of Natural
Resources, was contracted to evaluate the ef-
fects of grass carp on hydrilla and nontarget
aquatic vegetation.

Lake Conway is a 737-ha lake located in
Orlando, FL (Nall and Schardt 1977). The
lake is composed of five interconnected pools
consisting of Lake Gatlin, Little Lake Con-
way (east and west pools) and Lake Conway
(middle and south pools). Lake Conway is
an urban representative of the Central Ridge
waters of Florida. Canfield (1981) reported
the following water quality values: pH 7.4 to
7.7; total alkalinity 27 to 31 mg/L CaCOs;
total nitrogen 350 to 517 pg/L; total phospho-
rus 3.7 to 24.2 pug/L; chlorophyll a 1.7 to
6.7 ng/L; color 0 to 5 mg/L as Pt; Secchi
transparency 3.4 to 4.0 m. The typical shore-
line plant species of cattail (Typha latifolia),
maidencane (Panicum hemitomon), and tor-
pedograss (P. repens) had been removed
around much of the lake by homeowners at
the inception of this study (Nall and Schardt
1977). Ilinois pondweed (Potamogeton
illinoensis), nitella (Nitella megacarpa), and
tapegrass (Vallisneria americana) were the
dominant submersed species; however, by
1976, hydrilla was rapidly expanding.

Methods

The Lake Conway system was stocked in
September 1977 with an average of 10.4 mono-
sex (all female, Stanley 1976) grass carp per
hectare (Table 1). This stocking rate repre-
sents approximately 20 fish per hectare of sub-
mersed vegetation and 1.6 fish per metric ton
of vegetation present in the lake at the time of
stocking (Table 1). Stocking rate figures for
each pool were determined by an experimental
stocking rate model that considers vegetation
biomass, grass carp feeding rates, and other
parameters in its computations (Nall and
Schardt 1977). Because the pools are inter-
connected, grass carp can move freely among
them. Such movement is much more re-
stricted between the middle pool and both
south and east pools than between the east
and west pools, which share a 4-m-deep,
50-m-wide connection (Nall et al. 1979).

Random plant biomass sampling

Samples were collected using a 7.7-m length
pontoon barge, with a hydraulic sampling de-
vice that was specifically designed for this proj-
ect. A map of the four major pools (Lake
Gatlin was excluded for logistical reasons) was
overlaid with a numbered grid. Sixty random
samples were chosen for each pool by selecting
numbered squares designated by random num-
ber tables. The 0.25-m” sampling device was
lowered and retrieved hydraulically. Each sam-
ple was separated by species and washed to re-
move mud and detritus. Excess water was
removed by vigorous shaking. Fresh weight
was determined to the nearest gram.

1 Florida Department of Environmental Protection, Tallahassee, FL.
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Table 1

in 1986 and 1988)

Stocking Rates of Monosex Diploid Grass Carp Placed into Lake Conway, Florida,
on September 9, 1977 (Also included are data on stocking of triploid grass carp

Stocking South Middle East West Overall
September 9, 1977
Total grass carp 1,629 3,408 919 1,066 7,022
Grass carp/ha 12.3 12.3 7.4 7.4 10.4
Grass carp/ha veg 17.8 24.2 16.0 16.0 19.9
Grass carp/tonne veg 2.1 1.7 1.2 1.2 1.6
East-West
1986
Total grass carp — — 1,600 1,600
Grass carp/ha _ — 6.0 24
Grass carp/ha veg — —_ 9.9 3.7
Grass carp/tonne veg — —_ 1.7 0.8
1988
Total grass carp —_ — 1,000 1,000
Grass carp/ha - — 3.7 1.5
Grass carp/ha veg — -_ 4.3 2.0
Grass carp/tonne veg - — 0.4 0.2

SCUBA plots

Fifteen permanently marked 0.1-ha plots
were located in selected areas of the four
major pools of Lake Conway. A SCUBA
diver swam in a random underwater pattern in
each plot while making 30 visual observa-
tions. Percent frequency of occurrence for
each species was calculated from these data.

Results and Discussion

Baseline sampling showed that submersed
plants were rarely encountered at depths
below 6 m. Approximately 35 percent of
south, west, and middle pools and 17 percent

of east pool are deeper than 6 m (Nall and
Schardt 1977).

A summary of average percent frequency of
occurrence of hydrilla versus all other aquatic
plant species from SCUBA plots monitored
from July 1976 to August 1980, then bimonthly
to August 1981, is presented in Figure 1. Also
included in Figure 1 is the total number of
species encountered. These data show that
the impact of the grass carp was relatively
slow in this study—no overt changes were
noted until the second summer after stocking.
Two years after stocking 10.4 grass carp/ha,
hydrilla was greatly reduced with no discern-
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able effect on frequency of occurrence of other
species. Total number of species was slightly
higher during the poststocking period.

Hydrilla, Illinois pondweed, and nitella are
highly preferred foods for grass carp, but
tapegrass is nonpreferred (Nall and Schardt
1977; Leslie et al. 1987). Data from SCUBA
plots showed that tapegrass increased dramati-
cally as the pressure of herbivory reduced the
competitiveness of the other species (Figure 2).
The expansion of tapegrass was considered
desirable because it is considered to be an eco-
logically valuable native plant (Duke and
Chabreck 1976). If instead this had been an
unpalatable, canopy-forming, nonnative species,
such as Eurasian watermilfoil (Myriophyllum
spicatum), such expansion would be highly
undesirable, altering the fishery and the tradi-
tional uses of this water body (Van Dyke,
Leslie, and Nall 1984; Colle et al. 1987;
Leslie et al. 1987). During this time period,
nitella remained relatively stable. Illinois
pondweed increased initially until hydrilla
became scarce, then the grass carp began to
feed on Illinois pondweed and reduced its
abundance.

SCUBA monitoring resumed in 1984 with

FDEP funds upon completion of the U.S.
Army Corps of Engineers contract period.
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Figure 1. Average percent frequency of occurrence of hydrilla (HVA ) and all-other-submersed aquatic
plants in fifteen 0.1-ha SCUBA plots located throughout the Lake Conway chain (east, west, middle,
and south pools), Florida. Thirty random observations were made per plot each month (bimonthly
in 1981). NO. SPP = total number of species observed each sampling date. Error bars represent
one standard error of the mean 1977. Monosex (female) grass carp (10.4)/ha were stocked
in September 1977
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Figure 2. Average percent frequency of occurrence of the four predominant submersed aquatic plants
in fifteen 0.1-ha SCUBA plots located throughout the Lake Conway chain (east, west, middle, and
south pools), Florida. Thirty random observations were made per plot each month (bimonthly
in 1981). HVA = hydrilla, NIT = nitella, POT = Illinois pondweed, VAL = tapegrass. Monosex
(female) grass carp (10.4)/ha were stocked in September 1977
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SCUBA plots have since been monitored
annually in late summer. An additional 2.4
and 1.5 triploid grass carp/ha were stocked in
1986 and 1988, respectively, in response to
the increased frequency of occurrence of
hydrilla (Figure 3). These stockings reduced
hydrilla by 1989, and hydrilla frequency of oc-
currence has remained low to date. There has
been little discernable effect on frequency of
occurrence of other submersed species; but a
drop in the number of species was detected.

The dynamics of the four major species
on SCUBA plots over the last 17 years are
shown in Figure 4. The percent frequency of
occurrence of tapegrass increased from about
10 percent in 1979 to an average of more than
50 percent over the last 10 years. Illinois
pondweed and nitella, both highly palatable
species, have remained fairly abundant
throughout the study. Filamentous algae are
increasing in the Lake Conway system and
are indicative of increased urbanization in
the watershed.

Figure 5 depicts the results of random plant
biomass sampling conducted in late summer
each year. Note that in Lake Conway, hydrilla
was not a dominant component of the aquatic
plant community at any time during the study.
As seen with the SCUBA data, hydrilla bio-
mass was reduced by more than 99 percent in
2 years without reducing the overall biomass of
other species. By 1984, hydrilla biomass began
to rebound, but was again reduced by the stock-
ing of additional triploid grass carp in 1986 and
1988. These stockings resulted in no apparent
reduction in overall biomass of other submersed
species. Percent frequency of occurrence of
plants other than hydrilla in the biomass sam-
ples (Figure 6) shows an increasing trend not
seen in the SCUBA data (Figure 1).

An examination of the biomass data for the
four major plant species in Lake Conway over
time reveals that tapegrass has increased,
nitella has declined slightly, and that Illinois
pondweed (a preferred food species for grass
carp) showed initial declines, but has increased
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Figure 3. Average percent frequency of occurrence of hydrilla (HVA) and all-other-submersed plants
in fifteen 0.1-ha SCUBA plots located throughout the Lake Conway chain (east, west, middle, and
south pools), Florida. Thirty random observations were made in each plot in late summer each year.
NO. SPP = total number of species encountered per sampling date. Error bars represent one
standard error of the mean. Monosex (female) grass carp (10.4)/ha were stocked
in September 1977. In December 1986 and 1988, 6.0 and 3.7 triploid grass carp/ha,
respectively, were stocked into east-west pool
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Figure 4. Average percent frequency of occurrence of five submersed aquatic plants in fifteen 0.1-ha
SCUBA plots located throughout the Lake Conway chain (east, west, middle, and south pools), Florida.
Thirty random observations were made per plot in late summer each year. NIT = nitella, HYD = hydrilla,

POT = lllinois pondweed, VAL = tapegrass, FAL = filamentous algae. Monosex (female) grass
carp (10.4)/ha were stocked in September 1977. In December 1986 and 1988, 6.0 and
3.7 triploid grass carp/ha, respectively, were stocked into east-west pool
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Figure 5. Fresh weight biomass (g/m2 ) of hydrilla and all-other-submersed aquatic plants collected in
random biomass samples in the Lake Conway chain (east, west, middle, and south pools), Florida.
Sixty random samples were collected in each pool in late summer each year. Error bars represent
one standard error of the mean. Monosex (female) grass carp (10.4)/ha were stocked in September
1977. In December 1986 and 1988, 6.0 and 3.7 triploid grass carp/ha, respectively, were stocked
into east-west pool
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Figure 6. Percent frequency of occurrence of hydrilla and all-other-submersed aquatic plants collected
in random biomass samples in the Lake Conway chain (east, west, middle, and south pools), Florida.
Sixty random samples were collected in each pool in late summer each year. Error bars represent
one standard error of the mean. Monosex (female) grass carp (10.4)/ha were stocked in
September 1977. In December 1986 and 1988, 6.0 and 3.7 triploid grass carp/ha,
respectively, were stocked into east-west pool

over the latter years of the study (Figure 7).
Grass carp have been able to maintain hydrilla
at low biomass for over 15 years with mini-
mal impact on other submersed species.

In many instances, plant management with
grass carp has resulted in total (or near-total)
elimination of vegetation or has had little im-
pact at all. This all-or-none response has not
been the case in Lake Conway. But we have
not been able to duplicate these results in
other lakes over the long term. Reasons are
elusive but some factors to consider include
the following: (a) although perhaps locally
abundant, hydrilla was a relatively minor com-
ponent of the submersed plant community in
Lake Conway at the onset of this LSOMT;

(b) the lake, which was treated with endothall
herbicide 1 year prior to the onset of this proj-
ect, historically had an abundant and diverse

126

Lesiie et al.

submersed native plant community; (c) there
were at least three abundant highly palatable
plant species present, including hydrilla;

(d) there were less palatable native species,
like tapegrass, poised to fill vacant space;
and (e) the lake is relatively large, clear, and
deep.

Figure 8 depicts three central Florida lakes
that, while submersed plants dominated, were
so because of a dense, near-monoculture of
hydrilla (Van Dyke, Leslie, and Nall 1984).
Under these conditions, perhaps any stocking
rate that affected hydrilla or even use of inte-
grated methods with low stocking rates would
result in lakes devoid of submersed vegetation.
In Lake Conway, however, grass carp have
maintained hydrilla at low levels, while an
abundant and diverse native submerged flora
has continued to flourish.
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Figure 7. Fresh weight biomass (g/n12 ) of the four predominant submersed aquatic plants collected

in the Lake Conway chain (east, west, middle, and south pools), Florida. Sixty random samples
were collected in each pool in late summer each year. POT = lllinois pondweed, VAL = tapegrass,
NIT = nitella, HYD = hydrilla. Monosex (female) grass carp (10.4)/ha were stocked in September
1977. In December 1986 and 1988, 6.0 and 3.7 triploid grass carp/ha, respectively, were stocked

into east-west pool
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Figure 8. Average percent frequency of occurrence of hydrilla and all-other-submersed aquatic plant

species on transects monitored quarterly in three central Florida lakes. Lakes Bell, Clear, and

Holden were stocked with 50 diploid grass carp/ha in October 1974. Error bars represent
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