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Abstract

The effects and interactions of added artificial substrate with different stocking densities
of prawns were evaluated. Juvenile prawns (0.2 = 0.1 g) were stocked into 12 0.04-ha ponds
at 60,000/ha and 120,000/ha with and without substrate. Added substrate consisted of hori-
zontal plastic mesh and strips of “oyster netting” sufficient to increase available surface area
80%. There were no statistically significant (P > 0.05) interactions between stocking density
and presence of added substrate, allowing these main effects to be compared separately.
Increasing stocking density produced a significant increase (P < 0.01) in total production but
a significant decrease (P < 0.01) in average prawn size and production (P < 0.05) of market
size prawns (>20 g, —27%; > 30 g, —56%). Added substrate also produced a significant
increase (P < 0.05) in total production (18%). However, average prawn size was not decreased
and production of marketable shrimp was increased (>20 g, 25%; >30 g, 19%). Feed con-
version ratios were significantly decreased (P < 0.01) by the presence of substrate. Increased
stocking density significantly increased (P < 0.05) the percentage of males which were small
males (SM) and decreased (P < 0.01) the percentage of orange claw males (OC), but had no
impact (P > 0.05) on numbers of reproductive (RF) and virgin (VF) female morphotypes.
Increased stocking density also produced a significant decrease (P < 0.05) in average size of
OC, RF, and VF morphotypes while the addition of substrate had no statistically significant
impact (P > 0.05) on the number or size of different morphotypes. The mathematical rela-
tionship between available surface area and average prawn size should be determined to
produce recommended inclusion rates for added substrate based on desired levels of total

production, stocking rates, and optimum market sizes.

In temperate regions, production of the
freshwater prawn Macrobrachium rosen-
bergii is limited to a single seasonal crop.
To achieve commercial viability, high pro-
duction rates must be attained. Total pond
production can be increased by increasing
stocking densities; however, this decreases
average individual prawn size (Karplus et
al. 1986; D’ Abramo et al. 1989). This can
negatively impact production economics as
the proportion of the crop that reaches mar-
ketable sizes is decreased (Smith et al.
1978). Cohen et al. (1983) reported that
when artificial substrate was added to
ponds, total production was increased 14%
while average size increased 13%. Tidwell
et al. (1998) examined added substrate un-
der temperate conditions and reported that
in prawns stocked at relatively low densi-
ties (59,280/ha), production and average

size were increased 20 and 23%, respec-
tively. Ra’anan et al. (1984) reported that
added substrate was more effective in in-
tensively-stocked systems. This research
was designed to evaluate the effects and in-
teractions of stocking density and added
substrate on growth, survival, and popula-
tion structure of freshwater prawns.

Materials and Methods
Pond Preparation and Stocking

Two weeks prior to the anticipated stock-
ing date, 12 0.04-ha ponds located at the
Aquaculture Research Center (ARC), Ken-
tucky State University, Frankfort, Ken-
tucky, USA were drained and allowed to
dry. Less than one week prior to stocking,
ponds were filled with water from a reser-
voir filled by runoff from the surrounding
watershed. The water-surface area of all ex-
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perimental ponds was 0.04 ha and average
water depth was approximately 1.1 m. A %-
hp aerator operated continuously at the sur-
face of the deepest area of each pond to
aerate and prevent thermal stratification.
Two applications of liquid fertilizer (NPK,
10:34:0) were added to each pond one week
apart, at a rate of 9.0-kg phosphorous/ha, to
achieve an algal bloom. Water to replace
evaporative losses of the ponds was ob-
tained from the reservoir.

Post-larval prawns were shipped by air
from a commercial hatchery (Aquaculture
of Texas, Weatherford, Texas, USA), nursed
in a greenhouse at ARC for 45 d, and
stocked 11 June 1997. On the stocking date
the mean stocking weight was determined
from a sample of 50 prawns that were blot-
ted free of surface water and individually
weighed (0.24 * 0.13 g; ¥ £ SD). Prawns
were hand-counted and stocked into six
ponds at 60,000/ha and six ponds at
120,000/ha. Three replicate ponds per den-
sity were randomly assigned to receive add-
ed substrate, consisting of two multi-level
habitat structures constructed of a PVC pipe
frame with three separate horizontal levels,
each 30 cm apart, composed of 12.7-mm
plastic mesh sheeting. The substrate unit
floated approximately 30 cm above the
pond bottom so that four levels (including
the pond bottom) were actually available.
Within each pond, 60-cm wide strips of
polyethylene “‘oyster netting”’ with 2.5-cm
mesh were also suspended horizontally
across the pond. Based on dimensions of
mesh (length X width), these additions
were calculated to have increased available
surface area in each pond approximately
80%. Open area within the mesh itself was
not subtracted from surface area calcula-
tions.

Samples

A 3.2-mm seine was used to collect a
sample of prawns from each pond every 3
wk. Structures were not removed and only
open areas were seined. Prawns in the sam-
ple were group-weighed (drained weight) to
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the nearest 0.1 g, counted, and returned to
the pond. Prawns in the last sample ob-
tained prior to harvest were also individu-
ally weighed and classified into either one
of three female morphotypes—berried (egg
carrying; BE), open (previously egg carry-
ing; OP), and virgin (VF)—or one of three
male morphotypes—blue claw (BC), or-
ange-claw (OC), and small (<20 g; SM) as
described by D’Abramo et al. (1989) and
modified from Cohen et al. (1981). For data
presented here BE and OP females were
combined into a composite group of mature
females termed reproductive females (RF).

Feeds and Feeding

Prawns were fed a 32% protein prawn
diet processed into 5-mm sinking pellets.
The formulation is described in Tidwell et
al. (1997). One-half of the daily ration was
distributed over the entire surface of each
pond twice daily between 0900 and 1000 h
and between 1500 and 1600 h. Prawns were
initially fed at a set rate of 25 kg/ha per day
until an average individual weight of 5 g
was achieved. For weights greater than 5 g,
prawns were fed a percentage of body
weight based on a feeding schedule report-
ed by D’Abramo et al. (1995). Feeding
rates were adjusted weekly based on a feed
conversion ratio of 2.5 and survival was as-
sumed to be 100%.

Water Quality Management

Dissolved oxygen (DO) and temperature
of all ponds were monitored twice daily
(0900 h and 1530 h) using a YSI Model 57
oxygen meter (Yellow Springs Instruments,
Yellow Springs, Ohio, USA). Levels of to-
tal ammonia-nitrogen (TAN) and nitrite-ni-
trogen in water samples collected from each
pond at approximately 1300 h were deter-
mined weekly, according to outlined pro-
cedures for a HACH DR/2000 spectropho-
tometer (Hach Co., Loveland, Colorado,
USA). The pH of each pond was deter-
mined daily at 1300 h using an electronic
PH meter (Hanna Instruments, Ltd., Maur-
itius).
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TABLE 1.

TIDWELL ET AL.

Main effect means for prawns raised at two stocking densities in ponds with and without added

substrate. Means (* SE) of six replicate ponds; means within a column within a main effect followed by
different single letters are significantly different at P < 0.05, double letters indicate P < 0.01.

Final weight Total yield Yield =20 g Yield =30 g Survival

Main effect ) (kg/ha) (kg/ha) (kg/ha) (%) FCR
Density

(prawns/ha)

60,000 25.0 £ 3.9= 1,156 * 80 687 £ 157¢ 339 £ 119° 78.3 * 10.6° 2.6 = 04°

120,000 18.2 £ 3,58  [,557 £ 242= 504 * |45° 150 £ 99® 732 * 15.6° 277 * 04
Substrate

Without 203 * 4,00 1,243 + |55b 531 = 148 222 £ 115 745 = 14,72 29 *x (.3=

Added 229 + 59 1,469 + 3340 661 * 183 267 £ 175° 77.0 £ 12.32 2.4 * Q2%

Harvest

Prawns were cultured for 95 d. Begin-
ning one day prior to harvest, 14 September
1997, the water levels in each pond were
lowered to approximately 0.9 m at the drain
end. On the following day, substrates were
removed and each pond was seined three
times, with a 1.3-cm square mesh seine, and
then completely drained. Remaining prawns
were manually harvested from the pond
bottom and purged in clean water. Total
bulk weight and number of prawns from
each pond were recorded. All prawns in
each pond were then individually classified
into one of the six previously described sex-
ual morphotypes. Prawns, in each morpho-
type within each pond, were bulk weighed
and counted.

Statistical Analyses

Water quality data, interim sample
weights, and harvest data were analyzed as
a 2 X 2 factorial and tested for significant
interactions (P =< 0.05) between main ef-
fects (stocking density and presence of sub-
strate) and between levels within main ef-
fects (Steel and Torrie 1980) using Statistix
Version 4.1 (Statistix Analytical Software
1994). Percentage and ratio data were con-
verted to arc sin values prior to analysis
(Zar 1984).

Results and Discussion

There were no significant interactions or
differences (P > 0.05) in measured water

quality variables. Overall means for water
quality variables were: afternoon tempera-
ture, 26.9 C; morning dissolved oxygen, 7.5
mg/L; afternoon pH, 8.8; total ammonia-ni-
trogen, 0.81 mg/L; and nitrite-nitrogen,
0.04 mg/L.

Analyses indicated no significant inter-
actions (P > 0.05) between stocking den-
sity and presence of added substrate on any
of the measured production variables.
These data differ from R’anan et al. (1984)
who reported that the effects of added sub-
strate were increased at higher stocking
rates. Based on this lack of significant in-
teractions, main effects (stocking density
and added substrate) may now be consid-
ered separately (Dowdy and Wearden
1983).

Density

There was no significant difference in
survival or feed conversion ratio (P > 0.05)
in prawns stocked at the two densities, av-
eraging 76% and 2.7 overall (Table 1). In
prawns stocked at high density, production
was significantly greater (P < 0.01) than in
those stocked at low density (1,587 and
1,156 kg/ha, respectively). However, aver-
age individual prawn weight was signifi-
cantly decreased (P < 0.01) in prawns
stocked at high density. These data agree
with previous studies indicating increased
production, but reduced average sizes, at
higher stocking rates (Karplus et al. 1986).
Not only is total production important, the
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TABLE 2.
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Percent distribution (% of sex) according to number of each male and female morphotype for prawns

raised at two stocking densities in ponds with and without added substrate. Means (* SE) of six replicate
ponds; means within a column within a main effect followed by different letters are significantly different at

P < 0.05, double letters indicate P < 0.01.

Male Female
Blue claw Orange claw Small Reproductive Virgin
Main effect (BO) (00) (SM) (RF) (VF)
Density
(prawns/ha)
60,000 3.1+ 1.8 49.4 * 3.9= 474 = 3.9° 11.0 £ 5.22 89.0 = 5.22
120,000 22 %13 32.8 + 10.0* 65.0 = 11.12 11.5 £ 4.9° 88.5 * 4.92
Substrate
Without 1.9 + 1.42 40.5 = 12,92 57.5 + 13.8* 9.3 * 432 90.7 = 4.3
Added 34 + 142 41.8 = 10.6* 549 * 11.4 132 + 4.8 86.8 * 4.8*
proportion of a crop that attains harvestable Substrate

weight also has a strong effect on commer-
cial viability (Smith et al. 1978). If 20 g is
used as the minimum harvestable weight
(Maclean et al. 1989), prawns stocked at
high density actually produced significantly
less (P < 0.05) harvestable prawns than
ponds stocked at low density (504 and 687
kg/ha, respectively). If 30 g is used as a
minimum harvestable weight (D’ Abramo et
al. 1989), there was again a statistically sig-
nificant difference (P < 0.05) with ponds
stocked at high density actually producing
56% less harvestable prawns (Table 1).

Population structures were significantly
affected by stocking density. The propor-
tion of OC males in high density ponds (Ta-
ble 2) was significantly lower (P < 0.01)
than in low density ponds (33 and 49%, re-
spectively). Average weight of OC was also
significantly lower (P < 0.05) at high den-
sity (Table 3). The number of SM as a per-
centage of total males was significantly
higher (P < 0.05) in high density ponds.
Average weights of RF and VF were sig-
nificantly higher (P < 0.05) in ponds
stocked at the lower density. These results
are in agreement with those reported by
Karplus et al. (1986). Data also agree close-
ly with those reported previously by Tid-
well et al. (1998) for ponds with added sub-
strate reacting as if stocked at reduced den-
sity.

Survival and average weight of prawns
were not significantly affected (P > 0.05)
by the presence of added substrate (Table
1). Addition of added substrate had a highly
significant effect (P < 0.01) on feed con-
version ratios (FCR). In ponds with added
substrate FCR’s were 2.4, while in ponds
without substrate they averaged 2.9, an
18% difference. It may be that the increased
surface area in substrate ponds allows in-
creased periphyton development. Periphy-
ton communities have a high photosynthet-
ic yield, and increased surface area could
increase the production of natural forage
items (Milstein 1997). The organisms com-
monly composing periphytic communities
(Klots 1966) closely match organisms
found to be preferred prey items for prawns
in ponds (Tidwell et al. 1997). This concept
has been utilized in marine shrimp produc-
tion by anchoring mesh balls in ponds to
provide additional substrate for prey organ-
isms (Jory 1995).

Total prawn production was significantly
increased (P < 0.05) by the presence of
added substrate (Table 1). In ponds without
substrate, total production averaged 1,244
kg/ha compared to 1,469 kg/ha in ponds
with added substrate, an 18% increase. Pro-
duction of marketable prawns =20 g and
=30 g was 25% and 20% greater, respec-
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TABLE 3. Average weight (g) of each male and female morphotype for prawns raised at two stocking densities
in ponds with and without added substrate. Means (* SE) of six replicate ponds; means within a column
within a main effect followed by different letters are significantly different at P < 0.05.

Male Female
Blue claw Orange claw Small Reproductive Virgin
Main effect (BC) (00) (SM) (RF) (VF)
Density
(prawns/ha)
60,000 555 £ 6.3 36.3 * 5.2¢ 13.0 £ 2.7° 35.5 + 3.8 229 + 4.3
120,000 453 * 8.2¢ 30.1 £ 2.9° 119 =+ 39 283 * 5.1° 16.9 = 1.8°
Substrate
Without 50.2 £ 9.1¢ 323 2.7 11.9 = 4.12 313 £ 5.7 18.6 = 3.0°
Added 50.7 + 9.3¢ 41.8 * 10.6 12.9 + 2.6® 32,5 + 622 212 = 54°

tively, in ponds with added substrate,
though differences were not statistically
significant (P > 0.05) due to high within
treatment variation.

The population structure of prawns
(number and average size of sexual mor-
photypes) was not significantly impacted (P
> 0.05) by the presence of added substrate
(Tables 2, 3). These results differ from Tid-
well et al. (1998) who found that added
substrate significantly decreased (P < 0.05)
the number of SM and significantly in-
creased (P < 0.05) the number of OC males
and average sizes of BC, OC, RF, and VE
This may be due to the different stocking
rates used.

1000

[=60,000ma
800 a [60+sub
£1120,000/ha
1120+sub
600 ab = 3
g b
x ! a
400 | e
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200 L b
] b
0 = B . |
=209 230g
FIGURE 1. The percentage of prawns reaching mini-

mum marketable size of 20 g or 30 g at harvest from
ponds stocked at 60,000 or 120,000/ha, with or
without added substrate. Each bar represents a
mean of three replicate ponds per treatment com-
bination. Bars with different letters were signifi-
cantly different (P < 0.05) as analyzed by ANOVA.

In summary, increasing stocking density
increased total production, but actually de-
creased marketable production by decreas-
ing average weights. Added substrate in-
creased total production, increased market-
able production, and improved feed effi-
ciency. Although there was no statistically
significant interaction, the highest yields of
marketable product were obtained in the
treatment combination of 60,000/ha stock-
ing density with added substrate (Figure 1).
Future research should examine the rela-
tionship between average prawn size and
surface area available per animal, to allow
recommendations to be developed as to the
amount of added substrate needed to pro-
duce target size animals under different
conditions of pond size and stocking rate.

Acknowledgments

We thank Daniel Yancey and James
Johnson for daily management of culture
ponds and Karla Richardson for typing the
manuscript. This research was funded by a
grant from the Southern Region Sustainable
Agriculture Research and Education Pro-
gram (SARE) funded jointly by the United
States Department of Agriculture and the
Environmental Protection Agency under
SARE Grant Number L597-89 and a
USDA/CSREES grant to Kentucky State
University under agreement KYX-80-91-
04A.



EFFECTS OF DENSITY AND SUBSTRATE ON PRAWN PRODUCTION

Literature Cited

Cohen, D., Z. Ra’anan, and T. Brody. 1981. Popu-
lation profile development and morphotypic dif-
ferentiation in the giant freshwater prawn Macro-
brachium rosenbergii. Journal of World Maricul-
ture Society 12:213-234.

Cohen, D., Z. Ra’anan, U. Rappaport, and Y. Ar-
ieli. 1983. The production of the freshwater prawn
Macrobrachium rosenbergii in Israel: Improved
conditions for intensive monoculture. Bamidgeh
35:31-37.

D’Abramo, L. R., W. H., Daniels, M. W. Fondren,
and M. W. Brunson. 1995. Management practic-
es for culture of freshwater shrimp (Macrobrach-
ium rosenbergii) in temperate climates. Bulletin
1030. Mississippi Agricultural Forestry Experi-
mental Station, Mississippi State University, Mis-
sissippi, USA.

D’Abramo, L. R., J. M. Heinen, H. R. Robinette,
and J. S. Collins. 1989. Production of the fresh-
water prawn Macrobrachium rosenbergii stocked
as juveniles at different densities in temperature
zone ponds. Journal of the World Aquaculture So-
ciety 20:81-89.

Dowdy, S. and S. Wearden. 1983. Statistics for re-
search. John Wiley and Sons, New York, New
York, USA.

Jory, D. E. 1995. Management of natural productivity
in marine shrimp: Semi-intensive ponds. Aqua-
culture Magazine 21(6):90-100.

Karplus, 1., G. Hulata, G. W. Wohlfarth, and A.
Halevy. 1986. The effect of density of Macro-
brachium rosenbergii raised in earthen ponds on
their population substrate and weight distribution.
Aquaculture 52:307-320.

Kleots, E. B. 1966. The field book of freshwater life.
G.P. Putnam’s Sons, New York, New York, USA.

Maclean, M. H., K. J. Ang, J. H. Brown, and K.

179

Jauncey. 1989. The effect of organic fertilizer and
formulated feed in pond culture of the freshwater
prawn Macrobrachium rosenbergii (de Man):
prawn production. Aquaculture and Fisheries
Management 20:399—-406.

Milstein, A. 1997. Do management procedures affect
the ecology of warmwater polyculture ponds?
World Aquaculture 28(3):12-19.

Ra’anan, Z., D. Cohen, U. Rappaport, and G. Zo-
har. 1984. The production of the freshwater
prawn Macrobrachium rosenbergii in Israel. The
effect of added substrates on yields in a mono-
culture situation. Bamidgeh 36:35-40.

Smith, T. L J., P. A. Sandifer, and M. H. Smith.
1978. Population structure of Malaysian prawns.
Macrobrachium rosenbergii, (de Man) reared in
earthen ponds in South Carolina, 1974—1976. Pro-
ceedings of World Mariculture Society 9:21-38.

Statistix Analytical Software. 1994. Statistix user’s
manual, version 4.1. Analytical Software, Talla-
hassee, Florida, USA.

Steel, R. G. D. and J. H. Torrie. 1980. Principles and
procedures of statistics, 2nd edition. McGraw-
Hill, New York, New York, USA.

Tidwell, J. H., S. D. Coyle, and G. Schulmeister.
1998. Effects of added substrate on the production
and population characteristics of freshwater
prawns Macrobrachium rosenbergii in ponds.
Journal of the World Aquaculture Society 29:17-
22,

Tidwell, J. H., S. D. Coyle, J. D. Sedlacek, P. A.
Weston, W. L. Knight, S. J. Hill, L. R.
D’Abramo, and M. J. Fuller. 1997. Relative
prawn production and benthic macroinvertebrate
densities in unfed, organically fertilized, and fed
pond systems. Aquaculture 149:227-242.

Zar, J. H. 1984. Biostatistical analysis. Prentice Hall,
Englewood Cliffs, New Jersey, USA.





