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Abstract.—Various stocking rates for triplaid grass carp Clenopharvngodon idella were evaluated
to identify a thresheld rale al which macrophytes were suppressed but not climinated. Eight
southwest Florida vrban impoundments (0.8—45.3 ha) containing macrophyte species preferred by
grass carp were monitored o document changes in macrophyte biomass. chlorophyll o, and total
phosphorus after stocking. Stocking ratcs were determined from empirical estimates of the mac-
raophyle biomass of the entire lake and ranged from 3 to 10 grass carp/melric ton of vegetation
{wet weight}. Stocking rates of 4-8.4 grass carp/metric ton resulted in gradual reductions to zero
macrophyte biemass in 8—17 months. Macrophyte biomass at.two sites stocked with 3 grass carp/
metric ton decreased significantly but did not decline to zero during the 4 or 5 years they were
monitored after stocking., Annual mean chlorephyll-g and wial phosphorus concentrations remained
slable al sites where macrophytes were suppressed but varied greatly at some sites where they
were climinated. Shifts in macrophyte species composition did occur at sites where macrophytes
were suppressed or began to regrow afler a period of zero macrophyie biomass. However, Lhe
number of species present and composing al least 4% by weight of the total macrophyte hiomass

did nol decline.

Since the early |970s grass carp Crenopharya-
godon idefla have been stocked in lakes in the
United States to control aquatic macrophytes.
However, this practice has sometimes been ques-
tioned, often when overstocking and the rapid
elimination of submersed macrophytes occurred.
The predictability of attaining specific plant man-
agement scenarios (i.e., maintcnance control or
suppression) with grass carp is often low, fre-
quently because there is a lack of quantitative in-
formation on the stocking rates needed to achieve
the management objective. Important information
on macrophyte abundance, seasonality, and nutri-
ent dynamics is often difficult to obtain and is
frequently overlooked by resource managers who
contemplate the use of grass carp. Managing
aguatic vegetation with grass carp has generally
resulted in one of two outcomes: complete mac-
rophyte removal or inadequate control {Lembi et
al. 1978; Shireman and Maceina 1981; Leslie et
al. 1983; Martyn et al, 1986; Leslie et al. 1987;
Kirk 1992), Because neither outcome is usually
the management objective, a closer evaluation is
needed of how these fish are used, especially in
muitiuse systems where macrophyte climination is
undesirable. The use of grass carp for suppression
rather than elimination ol submersed macrophytes
is a concept that s receiving more attention. Main-
tuining intermediate levels of submersed macro-
phytes is generally more desirable than eradication
because many forms of aguatic bima depend on
seme level of macrophyte abundance (e.g., phy-

tophilic fish and invertebrates, waterfowl). Main-
tenance of intermediale macrophyte levels has
rarely been achieved because adequate stocking
rates for macrophyte suppression have not been
developed und because it is labor and cost inten-
sive to calculate stocking rates based on an esti-
mate of macrophyte biomass.

Stocking rates are usvally estimated from the
surface area of macrophyte coverage and not from
multidimensional estimates of macrophyte abun-
dance, such as whole-lake biomass or volume of
luke infested. The use of grass carp stocking rates
estimated from macrophyte area coverage reduces
the predictability of the outcome because this ap-
proach does not account for plant biomass, which
can vary with water depth and the plant species
in guestion (Killgore and Payne 1984). Few au-
thors have reported stocking rates determined from
actual estimates of whole-lake macrophyte bio-
mass. Osborne et al. (1982) reported that 14-20
grass carp/metric ton {wet weight) of plants would
dlways eliminate hydrilla Hvdrilla verticitlata and,
at 20 fish/metric ton, in as little ax 4 months. Bonar
{1990) estimated grass carp stocking rates of 4.7—
15.1 fish/metric ton in lakes in the Pacific North-
west, but because climate differences affect the
rale ol plant consumption by grass carp, his resulis
are not applicable to lakes in the southeastern U.S.,
where similar results can be achieved with lower
stocking rates.

References herein to studies involving grass
carp have not been segregated according to the
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TasLL L.—Physical characleristics ot cight small impoundments in South Florida {A—H) used for grass carp stocking
rate assessment, together with data on macrophyle sampling and stocking rate.

Months

Approximate  Number W Fers

Surlace lake ol plant Sampling Macra-

area volume biemass  interval Dxominant Stocking  Month and year phye

Site thay {1000 m) samples®  (months) plam penus rate" stocked hiomass
A {48 12.2 20 2 Nedfeis [E531] Dec [YRS 4
B 1.4 4.1 25 2 Hvdrillu 5.4 O 19KS 13
C 25 535 25 2 Chara, Ruppia 5.0 Jul 1986 12
D 52 fid 30 2 Negjors 5.6 Nov [985 b
E 1.0 8.3 20} 2 Chara 4.0 Mov [988 10
F 224 2731 25 2 Najos 4.0 D 1985 17
i 45.3 STY LW} 2 Chiro, Lrricvlaria 30 Jul 1986 u
H 19.5 7 A 3 Najas, Uricidaria 34 Jan 14984 d

* Numbers of samples per sampling interval (before and afler siocking).
B Number of triploid grass carp (254-305 mm 1otal length) per melric ton of vegetation.
¢ Sampling inlerval was 2 months between 1985 and 1989 and 4 moenths after 1989

4 Macrophyles were nut completely suppressed during the study.

ploidy of the fish {i.e.. diploid versus triploid).
Wiley et al. (1986) found that ““the triploid grass
carp was an extremely close energetic match 1o
the normal diploid grass carp.” but in the labo-
ratory triploid grass carp exhibited a slight re-
duction {10%) in ingestion rate. This reduction
has yet to be documented in a comparative field
study.

We examined the effects of various stocking
rates on macrophyte decline. Gur objectives were
to identify a stocking rate that would result in mac-
rophyte suppression without etimination, to de-
scribe and compare water quality changes at sites
having rapid macrophyte decline versus a gradual
reduction, and to describe changes in macrophyte
species composition after prolonged exposure to
grass carp grazing.

Methods

Eight impoundments, primarily in urban areas
of Lee County, Florida (26°N latitude, 81°W lon-
gitude), were established ay study sites for mon-
itoring changes in macrophyte abundance after
triploid grass carp were stocked at rates of 3-10/
metric tons of vegetation (Table 1). All grass carp
stocked were 25.4-30.5 cm total length. Stocking
rates were determined from an estimate of mac-
rophyte biomass, and stocking occurred within 30
d of the estimate. Macrophyte abundance was es-
timated by rundom sampling with a biomass sam-
pler of the drop-and-cut type with a cutting area
of 0.1 m2, Macrophyte sample locations were de-
termined by random sclection of guadrats from a
grid overlay of the site, in which each quadrat had
a previously assigned number, Field location of a

specific quadrat was done by visual approximation
1o landmarks and the occasional use of a runge
tinder. Equal number of saumples were used 1o es-
timate macrophyte biomass beflore and after stock-
ing (Table 1). Macrophyte samples were separated
by species in the laboratory. spun in a garment
washer to remove excess water, and then weighed
to the nearest 0.1 g. Mean plant density expressed
as wet weight was used to extrapolate whole-lake
macrophyte biomass.

Two water qualily variables used to index lake
trophic state. total phosphorus and chlorophyll a,
were monitored for up to 5 years after triploid
grass carp were stocked. Water samples were col-
lected at each site and analyzed according to the
methods outlined in APHA et al. (1980). Sites F
and G (Table 1) were sampled at two stations, and
results were averaged; the remaining sites were
sampled at one station. The entire water column
profile {sampled at G.5-m intervals} was repre-
sented in a sample by combining subsamples taken
with a Kemmerer sampler. Sampling started 1 or
2 months betore stocking, and sampling frequency
was the same as for macrophyte biomass deter-
minations (Table 13,

The SPSS statistical methods (Norusis 1986)
were used to calculate 95% confidence intervals
tor mean macrophyte biomass estimates and o sta-
tistically (P <2 0.05) separate annual water quality
means (Duncan’s multiple-range test preceded by
a one-way analysis of variance). Water quality data
were log-transformed 1o gain approximate nor-
mality and homogeneity of variance before statis-
tical analyses,
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FIGURE 1.—Mean macrophyte density in impoundments stocked with 5.6-10.0 grass carp/metric lon of vegetation
{wet weight) at sites A-D. Error bars show half the 95% confidence intervals. The macrophyte taxa listed wers
the dominant genera present when grass carp were stocked.

Results

Macrophyte biomass at four sites (A-D) stocked
with triploid grass carp at relatively high rates,
{5.6-10.0 fish/metric ton) declined to zero within
13 months (Figure 1). At a stocking rate of 4.0
triploid grass carp/metric ton {sites E and F), mac-
rophyte decline to zero biomass took 10-17
maonths, and some macrophyte recovery occurred
at site F (Figure 2). Macrophyte biomass at sites
G and H (Figure 2), stocked at 3.0 triploid grass
carp/metric ton, never declined to zero, but a dis-
tinct suppression was evident. Macrophyte bio-
mass samples were not collected during the sixth
year after stocking at site G (1991), but periodic
visual inspections indicated that macrophytes were
still present during this period. Macrophyte de-

cling was more rapid at site G and biomass re-
mained relatively low through the fifth vear after
stocking. At site H macrophyte suppression was
less evident, perhaps because of grass carp mor-
tality.

Plant species compositions at sites E G, and H
shifted following the stocking of triploid grass
carp (Figure 3). The comparison at site F repre-
sents plant species composition before stocking
and after macrophytes began to regrow after a pe-
riod ot zero biomass. Before stocking, macrophyie
composition at site F was a monoculture of Majas
guadalupensis, but Nitella sp. became codominant
after the period of zero macrophyte biomass. The
shifts in plant composition at sites G and H took
place without a period of zero macrophyte bio-
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FiGURE 2.—Mean macrophyte density in impoundments stocked with 3 0—4.0 grass carp/metric ton of vegetation
(wet weight) at sitcs E-H. Error bars show half the 95% confidence intervals. The mucrophyte taxa listed were
the dominant genera present when grass carp were stocked. No samples were taken during 1991 at site G and

during Jonuary 1993 ar site H.

mass. At site G, Chara sp., which was the domi-
nant macrephyte (81% by weight) before grass
carp were stocked. was almost entirely replaced
by Nitella sp. 6 yeurs later, Macrophytes at site H
were suppressed the least and the species com-
position showed only minor changes 4.5 years af-
ter stocking, with Nujus constituting at least 75%
of the samples. Presumably other factors (e.g.. wa-
ter quality changes) may affect plant species com-
position over time as well. Itis apparent that major
shifts in plant species composition may occur (e.z.,
site (3}, but macrophyte communities were no less
diverse (total species present) after a long exposure
to triploid grass carp compared with conditions
before stocking,

At sites G and H, where macrophytes were not
eliminated, chlorophyll-a and total phosphorus
concentrations remained relatively stable for the
duration of the poststocking period (Table 2). Be-
tween-year differences in mean chlorophyll ¢ and
total phosphorus at sites A-F where macrophytes
were eliminated, were quite variable but few of
the differences were statistically significant, pos-
sibly due to seasonal influences (Table 2).

Discussion
Variability in macrophyte decline within cer-
tain stocking rate ranges (i.e.. 4.0-10.0 triploid
grass carp/metric ton) was likely due to several
factors. Varialions between sites in target plant
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FiGure 3.—Macrophyle species composition before and afier triploid grass carp were stocked al sites F=H.

species may affect triploid grass carp feeding
preference and, therefore. their rate of consump-
tion, All dominant plant species in the test im-
poundments (Chare sp., Hydritla verticillata, Na-
Jus guadalupensis, and Ruppia sp.) have been re-
ported as plants readily consumed or preferred by
gruss carp (Sutton and Vandiver 1986; Wiley ct
al. 1986: Leslie et al. 1987), but slight differences
in chemical composition of different populations
of the saume plant species cun potentially affect
preference and consequently consumption rates.

According to Bonar et al. (1990} grass carp con-
sumplion was positively correlated with the con-
centrations of calcium and lignin and negatively
correlated with the concentrutions of iron and cel-
lulose. Variability in grass carp survival may also
reduce the predictability of macrophyte decline.
Predation from birds and piscivorous fish may
have been lower at sites where macrophyte de-
cline was more rapid than expected (i.e., site D,
Figure 1). Kirk (1992) found that survival (]
month after stocking) for relatively small triploid
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TabLE 2.—Annual mean chlorophyll @ {Ca, mg/m?} and total phosphorus (TF, mg/T.} for sites A—H after grass carp
were stocked. Values in parentheses are SD. Means followed by the same letter in each row are nol significantly different

(P = 0.05).
. Years after stocking
Vari- -
Site able | 2 3 4 5 6
A Ca B3I E308) 2131 £ (1265
TP L0935 y (ILIGR) 0.205 7 (0.5
B Ca 33706.3) 672030 6.0 2{58) 6.4 2{4.6)
TF (012 y (D0K5) 0021 2 (IK¥7) DAOTE yr (0007 0.020 7 (0.008)
C Ca #2001 S5 av(5W 08y (02
TP 002002 (h005) 0.008 7 (0.002) 0,007 2 (0.004)
» Ca 114884 S2Mzi4THy 425 #1421} 20z{16.6)
TP G050y (D018 D105 2 (0.070) 0271 £ 10,147 ez 0051
E Ca 7.7 2(8.5) 23280 22520125
TP 0.0124 y (0014} Q038 2 (0.008) (1036 vz 10L09)
F Ca 29z¢l.1}) 4.9 702.1) 4372013 4.8 7 ({19} 432004
TP Q01T ye (U 0013 2 (0LO0S) 0008 y (HLIKFT) 04315 # (0.005) (A3 2 (D005
G Cu 457{34h 562125 7.1 £13.2) 6.221(2.7) T2 {28y
TF 04207 0015 Q0158 2 (0007} {022 £ 00.007) 0018 2 ((LOU7) (L0200 7 (LI )
H Ca 25zi(2 2.4 £{(0.8) 3z {1 TY (61}
TP 001 (0402} XSO WPRTIA LT Y 04014 £ (0.010) QN3 2 (0.00%)

grass carp (20-28 ¢m total length) ranged from
57 to 72% in South Carolina tarm ponds, which
contributed to the variable efficacy of the use of
triploid grass carp as the only method of mac-
rophyte control. 1f a stocking rate of 3 triploid
prass carp/metric ton is a realistic threshold for
macrophyte suppression in the scutheastern Unit-
ed States, then low survival and a relatively low
stocking rate may explain the gencral lack of con-
trol reported by Kirk (1992). whose highest stock-
ing rate was equivalent to only 3.6 triploid grass
carp/metric ton {wet weight).

Evaluating whole-lake macrophyte biomass es-
timates (after stocking) should be done with a con-
sideration for variable macrophyle distribution.
This type of estimate is subject to error especially
when macrophytes are unevenly distributed or dur-
ing periods of relatively low overall abundance,
such as in site G, December 1988-June 1992, Dur-
ing this period, Nitella sp. und Chara sp. were
locally abundant, perhaps because triploid grass
carp avoided relatively shallow or confining arcas
{Cassani and Maloney 1991). However, hetero-
genecus distribution of mucrophytes may provide
a preferred habitat for sport fish compared with a
aniform plant distribution (Engel 1984 Killgore
et al. 1987; Morrow et al. 1991).

Water quality variables, such as those compared
here, are generally of limited value because it is
impossible to isolate the effects of decreasing or
absent macrophyte populations from other lake

processes, such as the rate of allochthonous nu-
trient toading or watershed disturbances, without
a control reference (Carpenter and Lodge 1986).
Our water quality informatien, however, demon-
strates that algal biomass does not necessarily in-
crease when macrophytes are reduced or elimi-
nated. The rate of macrophyte reduction und the
level of autrient loading arc probably the key fac-
tors regutating shifts in primary productivity dom-
inance from macrophytes to algae. Site A is a good
examgple of a rapid shift, whereas sites F G, and
H are examples of a gradual macrophyte reduction
that resulted in little or no overall change in algal
abundance. Canfield and Hoyer (1992) found that
lukes in Florida where macrophytes were elimi-
nated by grass carp functioned like other Florida
lakes and were at trophic levels expected for their
aguatic ecoregions.

The basic premises of this study are that triploid
grass carp are the only macrophyte controls used
and that stocking rates are calculated for a single
stocking. This approach is still appropriate for
those situations in which other control methods
are impractical or inappropriate due 1o economic
considerations or resirictions on herbicide use.
However, since this study was initiated in 1985,
two other macropbyte control strategies have come
to be more widely used. The first is an integrated
approach, in which grass carp are stocked at a very
low rate, usually after macrophytes have been re-
duced by chemical treatment. Sutton and Vandiver



406

(1986) suggested, as an optimal approach, stock-
ing 3-8 triploid grass carp/ha in small ponds after
hydrilla was reduced with a herbicide. In the sec-
ond strategy, a relatively low rate is used for an
initial stocking, and, after the effectiveness of con-
trol is assessed, the rate is increased if necessary
(Wiley et al. 1986). This method attempts to avoid
stocking too many grass carp and permits re-
sponses to potentially unknown vartables, such as
predation pressure and water quality changes.

Our methodelogy and results should provide a
basis for calculating grass carp stocking rates in
small warmwater impoundments that contain mac-
rophyle species preferred by the fish and where
macrophyte suppression or gradual reduction is the
management goal. The predictability of achieving
similar results depends on several complex vari-
ables that are often difficult to measure, Thus we
suggest further research with stocking rates of 2.0~
4.0 triploid grass carp/metric ton, with fish larger
than 25 ¢m in total length.
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