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Abstract

Seedstock-costs of the freshwater prawn Macrobra-
chium rosenbergii can represent 450% of the total
production costs. The purpose of this study was to
evaluate the e¡ect of culture tank colouration on sur-
vival, metamorphosis rate, weight and time required
to reach the postlarval (PL) stage. Newly hatched
prawn larvae were stocked into eighteen16-L plastic
culture tanks at a density of 30 L�1. Tank colours
evaluated were red, black, white, blue, green and yel-
low. Larval prawns were fed brine shrimp (Artemia
franciscana) nauplii and a supplemental diet. Data in-
dicated that larval tank colour had no signi¢cant im-
pact (P40.05) on the ¢nal PL size or days required to
reach PL stage. However, total survival was signi¢-
cantly higher (Po0.05) in red and green tanks (84%
and 78% respectively) than in white and blue tanks
(56% and 44% respectively). Survival in the yellow
and black tanks (71% in both) was not signi¢cantly
di¡erent (P40.05) from the red, green or white treat-
ments, but was signi¢cantly higher (Po0.05) than
the blue treatment. This could have a signi¢cant ¢-
nancial impact on commercial hatchery, and grow-
out production, as most larval tanks currently in use
are blue or black.
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Introduction

Freshwater prawn (Macrobrachium rosenbergii) cul-
ture has become increasingly popular in temperate
regions of the USA, and production is expected to in-

crease (Woods, Murdock & Riggins 1998). Temperate
culture includes three distinct phases of production:
hatchery, nursery and pond growout. The hatchery
phase is the most technically demanding and la-
bour-intensive facet of the production cycle. As a re-
sult, seed-stock costs represent 40^50% of the total
production costs in temperate climates (Woods et al.
1998; Dasgupta & Tidwell 2003). To facilitate contin-
ued growth of the £edgling prawn industry in the
United States, the development of e⁄cient hatchery
production technologies, which improve survival
and e⁄ciency, will be required.
The impact of tank colouration on larval prawn

growth and survival is a topic that remains contro-
versial. Some prawn producers claim that a dark
(black, blue, green) interior colour results in the high-
est survival (C. Upstom, pers. comm., 2003, Craig Up-
strom, Aquaculture of Texas Inc. 4141 Fort Worth
HighwayWeatherford,TX 76087-8610). These produ-
cers suggest that larval prawn can detect their food
more easily against a dark background, and larval
distribution in the tank is more uniform thus ensur-
ing proximity to food. However, others claim that lar-
vae ¢nd their foodmainly bya tactile response, rather
than sight, and that white tanks make it easier to ob-
serve the larvae and the cleanliness of the tank (Ro-
drigues, Rodrigues & Moschen 1998). Lin and Omori
(1993) demonstrated that feeding rate decreased with
lighter tank colours, and that the best results were
achieved using black tanks. However, Aquacop
(1977) obtained their best production when larvae
were produced in tanks with dark green walls. Da-
niels, D’Abramo and Parseval (1992) found that paint-
ing the lower 0.3m of the tank walls and the bottom
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of the tank beige in an 8-mt tank, while leaving the
rest of the tank black, using an indirect light source,
gave a good colour contrast toArtemia, allowing for
more e⁄cient feeding by larval prawns. Rodrigues
and colleagues (1998) reported no evidence that tank
colour a¡ects the capture or ingestion of food; how-
ever, they observed an increased survival of postlar-
val (PL) in black tanks (55%) as opposed to white
tanks (17%). Conversely Juarez, Holtschmit, Salmer-
on and Smith (1987) found that PL reared in black,
blue and white tanks showed only 4% di¡erence in
survival (96%,97% and100% respectively).
The objectives of this study were to evaluate the ef-

fects of tank colouration on survival, metamorphosis
rate, growth and time to metamorphosis of fresh-
water prawn larvae.

Materials and methods

Seven advanced berried females were placed into
individual perforated containers and held in a com-
munal 110-L hatch-tank. The hatch-tank was main-
tained at 29 1C using a 110-V bayonet heater (Visa-
Therm Aquarium Systems, Loreggia, Italy). Larvae
were allowed to hatch for 48 h in the hatch-tank,
after which a random larval sample was obtained
and preserved in ethyl alcohol. The culture contain-
ers were then stocked. Sampled larvae were later de-
termined to be 99% stage I, and 1% stage II. Newly
hatched larvae were removed from the hatch tank
usinga100 mmdip net.The larvaewerehand-counted
into culture tanks using 100-mL pitchers. Larvae
were stocked in rotations of100, until the ¢nal density
of 500 prawns per tank (30 L�1) was obtained.
Eighteen 16.7-L plastic culture tanks were used,

with three replicate tanks per colour treatment (red,
black, white, blue, green and yellow), model NRC-90
(NAMPAC Raleigh, NC, USA). Tanks of the six treat-
ment colours were randomized as to their location
in the culture system. Prior to stocking, light inten-
sity measurements (lx) were taken at the bottom of
the tank (without water) and at the level of the water
surface, approximately 10 cm below the top edge of
the tank using a Sper Scienti¢c broad range LUX/FC
meter (Sper Scienti¢c, Scottsdale, AZ, USA).
Each tank had a centre standpipe that was covered

with 250 mm nylon screen for 10 days; after 10 days,
the standpipe screenwas changed to a 500 mm nylon
screen. A settling basin received the e¥uent from all
the tanks. This water was pumped to a common
bio¢lter and then gravity fed back to the rearing

tanks at a £ow rate of 0.5 Lmin�1. One week prior to
stocking, bio¢lter media from an active recirculating
system was introduced to the bio¢lter to inoculate
the ¢lter mediawith nitrifying bacteria.
Feeding rates were based on a feeding chart pre-

sented by D’Abramo, Daniels, Fondren and Brunson
(1995). Based on this chart larval prawn were fed
Artemia nauplii, Artemia franciscana (San Francisco
Bay Brand, Newark, CA, USA) twice daily at 07:00
and16:00 hours. Artemiawere hatched in two 2-LAr-
temia cones and harvested using a 100 mm dip net.
Harvested Artemia were then fed volumetrically
using a100-mL syringe. Beginning on day 6, Artemia
feeding was supplemented by feeding a‘custard’com-
prised of egg, ¢sh and squid as the main ingredients
(Daniels et al.1992). Larvaewere fed the custard every
day at 07:00 hours replacing the ¢rst feeding of Arte-
mia. After day 6 Artemiawere fed at 12:00 and16:00
hours. Incoming water was turned o¡ just prior to
the feeding of Artemia, and remained o¡ for 3 h after
the Artemia had been introduced to prevent them
from being £ushed out of the tank before the prawn
larvae consumed them.
A 1-hp regenerative blower (Metek Rotron Indus-

trial Products, Saugerties, NY, USA) supplied air to
each tank via 1.5-in air stones. Siphoning of solids
was performed as needed. Total ammonia^nitrogen
(TAN), nitrite^nitrogen, and pH were monitored
every 3 days using a Hach Odyssey spectrophot-
ometer (Hach Company, Loveland, CO, USA). Alkali-
nity was monitored every third day using a Hach
digital titrator (Hach Company). Temperature, dis-
solved oxygen, and salinity were monitored daily
using a YSI Model 85 oxygen meter (YSI Industries,
Yellow Springs, OH, USA). Un-ionized ammonia was
calculated based on TAN, temperature, and pH ac-
cording to Boyd (1979).Water temperature was main-
tained between 28 and 31 1C by using an electric
forced air wall heater tomaintain ambient room tem-
perature. Salinity was maintained between 12 and
14 g L�1 using a commercial sea salt mix (Crystal
Seas brand salt mix, Baltimore, MD, USA). Larvae
were exposed to a 12 L:12 D light cycle provided by
two 48-in £uorescent full-spectrum bulbs suspended
18 in above each tank (Daniels et al.1992).
Random samples of ¢ve larvae were collected from

each tank on days 4, 7, 10, 13, 16, 19 and 22 of the
study. Sampled prawn larvae were preserved in
100% ethyl alcohol, and examined under magni¢ca-
tion to assess the developmental stage of each larva
(Uno & Kwon 1969). An average larval stage index
(LSI) value, which is a calculated weighted average
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of stage determination (Manzi, Maddox & Sandifer
1977), was calculated for each tank for each sample
date. Tanks were harvested when it was judged by
visual assessment that all planktonic larvae had
metamorphosed into benthic PL. All PL were hand-
counted from each tank, and were weighed in bulk
to determine total weight. Total weight was divided
by total count to establish individual weight. Ran-
dom samples of 50 PL from each tank were also
weighed individually to the nearest milligram.

Statistical analyses

E¡ects of treatments on water quality and prawn
growth and survival were evaluated by analysis of
variance (ANOVA) (Zar 1989) using Statistix version
7.0 (Analytical Software, Tallahassee, FL, USA). If
signi¢cant di¡erences were indicated by ANOVA

(P40.05), means were separated using a least signi¢-
cant di¡erence (LSD) test (Zar1989). Larval stage in-
dex values were compared using an ANOVA (P40.05).
Means were compared using a LSD test to assess
where the di¡erences were found among treatments.
The correlation between light intensity (lx) and sur-
vival between treatments was evaluated using a
Pearson’s correlation test (Zar1989).

Results

Water quality

Over the duration of the study water temperature,
salinity, and dissolved oxygen concentrations did not
di¡er signi¢cantly (P40.05) between treatments.
Average water temperature was 30.1 � 0.1 1C, aver-
age salinity was 13.5 � 0.0 g L�1, average dissolved
oxygen concentration was 5.4 � 0.01mg L�1, and
average alkalinity was 161mg L�1. Un-ionized
ammonia (NH3^N) concentrations averaged
0.110mg L�1 in the recirculating system over the
durationof the study, with the highest concentration,
0.182mg L�1, occurring on day 21. Nitrite (NO2^N)
concentrations averaged 0.678mg L�1 for the dura-
tion of the study with the highest concentration,
1.164mg L�1 being recorded on day 21. The average
pH for the durationof the studywas 8.2.Water quality
parameters were within recommended ranges for
larval prawns (Armstrong, Stephenson & Knight
1976; Valenti, Mallasen & Silva 1998; Zimmermann
1998).

Survival and average weight

Harvest data indicated that larval tank colour had no
signi¢cant impact (P40.05) on the ¢nal PL weight,
which averaged 9mg.Total survival (Table1) was sig-
ni¢cantly higher (Po0.05) in the red and green treat-
ments (84% and 78% respectively) than the white
and blue treatments (56% and 44% respectively). Sur-
vival in the yellow and black treatments (71% and
71%) was signi¢cantly higher (Po0.05) than the
blue treatment (44%), but not di¡erent from the red,
green and white treatment (84%, 78% and 56%
respectively).

Larval development and time
to metamorphosis

Larval development (Table 2) was not signi¢cantly
di¡erent (P40.05) on sample days 4, 7, 10, 16, 19 or
22. However, on day 13, the larvae sampled in the
white treatment had a signi¢cantly lower (Po0.05)
LSI value than the other treatments. There was no
signi¢cant di¡erence (P40.05) in the days required
to reach the ¢nal PL stage (Table1).

Light intensity

All tanks, although exposed to identical light
sources, showed signi¢cant di¡erences (Po0.05) in
light intensities (lx) at the water surface, as well as
the bottom of the tank (without water). The highest
lux value at the tank bottomwas in the white culture

Table 1 Survival and average weight (mean � SD) and
time to reach metamorphosis of Macrobrachium rosenbergii
larvae grown in di¡erent colour tanks

Treatment Survival
Average
weight (mg)

Time to
metamorphosis
(days)

Red 83.9 � 3.6a 8.9 � 0.3 25

Green 77.6 � 16.2a 8.6 � 0.4 25

Yellow 71.2 � 2.6ab 9.1 � 0.1 25

Black 71.0 � 7.5ab 9.6 � 0.4 25

White 56.4 � 5.7bc 8.4 � 0.3 25

Blue 44.4 � 0.7c 9.5 � 0.8 25

P50.005 P50.165

Means with identical superscripts in common columns are not
signi¢cantly di¡erent (Po0.05).
Means without superscripts in common column have no signi¢-
cant di¡erence (P40.05).
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tanks with average value of1804.5 � 23.3 lx, and the
lowest value at the bottom of the tank was the in
the green culture tanks with an average value of
519.0 � 19.0 lx. The yellow culture tanks had the
highest lux value at the surface of the water with
average value of 3400.0 � 155.24 lx, the lowest value
at the water surface was found in the red culture
tanks with an average value of 2250.0 � 26.5 lx.
However, there existed no correlation (P40.05) be-
tween light intensity and survival (Fig.1).

Discussion

Survival in prawn larvae is assumed to be directly re-
lated to maintenance of good water quality, food
quality and quantity, and the ability of the prawns to
acquire the food (Armstrong et al. 1976; Aquacop
1983). Since all treatments in this study shared the
samewater qualityand feeding regimen, survival dif-
ferences must be related to the ability of the larvae to
acquire food; the most signi¢cant variable tested in

Table 2 Larval stage index (LSI) (mean � SE) forMacrobrachium rosenbergii larvae grown in di¡erent colour tanks

Tank colour Day 4 Day 7 Day 10 Day 13 Day 16 Day 19 Day 22

White 3.3 � 0.18a 4.5 � 0.53a 6.5 � 0.53a 7.1 � 0.07b
�

8.5 � 0.64a 8.5 � 0.64a 11.2 � 0.23a

Blue 3.7 � 0.13a 5.0 � 0.24a 6.6 � 0.40a 7.7 � 0.18a 8.3 � 0.13a 8.3 � 0.13a 9.6 � 1.02a

Black 3.4 � 0.12a 5.2 � 0.20a 7.0 � 0.00a 7.7 � 0.27a 9.3 � 0.24a 9.3 � 0.24a 11.2 � 0.20a

Red 3.7 � 0.13a 5.7 � 0.24a 6.9 � 0.07a 7.9 � 0.07a 9.1 � 0.24a 9.1 � 0.24a 11.1 � 0.37a

Green 3.7 � 0.18a 5.5 � 0.13a 7.1 � 0.13a 8.3 � 0.07a 9.2 � 0.20a 9.2 � 0.20a 11.3 � 0.13a

Yellow 3.7 � 0.12a 5.7 � 0.07a 6.9 � 0.07a 8.1 � 0.29a 9.2 � 0.12a 9.2 � 0.11a 11.5 � 0.13a

Means with identical superscripts in common columns are not signi¢cantly di¡erent.
�Signi¢cant di¡erence (Po0.05).
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this study was tank colouration, suggesting that this
was the factor concerned. Lin and Omori (1993)
found that feeding rates of larval M. rosenbergii de-
creased with the increase in lightness of the rearing
container. Survival in the green culture tanks were
not statistically lower than the red culture tanks
which showed the highest survival; this agrees with
the ¢ndings of Aquacop (1977) who obtained their
best survival in larval tanks with dark green walls.
It has been suggested that the early larval stages of
M. rosenbergii are non-active hunters and that
although they have a good visual power (Daniels
et al. 1992) they seem to capture food by random
encounter (Moller 1978). As larval development
progresses, visual ability and active predatory beha-
viour increases. As larval prawn become active pre-
dators, the ability to see the food item becomes
increasingly critical.The ability to contrast or silhou-
ette food items against a background is important in
an aquatic environment. Ostrowski (1989) found that
dolphin (Coryphaena hippurus) larvae grown in tan
coloured tanks fed a diet of rotifers ^ also tan co-
loured ^ tended to continuously shake their heads
from side to side, apparently in an attempt to focus
on the food item. Larvae grown in black tanks did
not exhibit this behaviour. If a food item does not vi-
sually stand out well against a background, it will be
di⁄cult to capture and consume resulting in a poor
success rate and higher mortalities for the prawn PL.
It may well be that there are certain critical phases

of larval development when tank colour is most im-
portant, such as the period or transition from ran-
dom encounter feeders to visual predators. After this
transition period, background colour may play less of
a role. If this theory holds true, larval prawns in cer-
tain coloured tanks (white and blue) could not detect
su⁄cient food for a short period resulting in the star-
vation or cannibalization of smaller weaker animals.
After this critical period, those prawns that survived
would grow and mature at a normal rate. This may
explain why time to ¢nal metamorphosis and aver-
age weights were not signi¢cantly di¡erent among
treatments, although survivals were.
Another theory is that some background colours

may represent chronic stressors for larval prawn.
Lin and Omori (1993) found that swimming beha-
viour of M. rosenbergii larvae di¡ered signi¢cantly
with the colouration of culture containers. They
found that the speed and distance of horizontal
movement of the larvae increased by three times in
white containers, as compared with those grown in
the control containers (black). They concluded that

excess ‘excitation’ in lighter coloured containers may
be responsible for decreased feeding rates.This would
also suggest an increased consumption of energy, re-
sulting in a smaller ‘scope for growth’. In some ¢sh,
the presence of certain colours or light intensities
can cause a chronic stress reaction. Fanta (1995)
found that Nile tilapia (Oreochromis niloticus) grown
in white tanks showed increased respiratory rates,
swimming speed, and aggressive behaviour com-
pared with ¢sh grown in green tanks. Papoutsoglou,
Mylonakis, Miliou, Karakatsouli and Chadio (2000)
found that carp (Cyprinus carpio) grown in white
tanks exhibited less stress, better growth and a lower
plasma cortisol level, an accepted indicator of ¢sh
stress (Barton & Iwama 1991), than carp grown in
green or black tanks. Tank colouration may serve as
a calming agent allowing the prawn to feed more
readily, as well as reducing cannibalistic behaviour.
Tank colours that most mimic the natural environ-
ment (green, tan, brown, grey and orange) in which
the species evolved may be more productive than
tank colours that are rarely found in a natural envir-
onment (blue, white, violet, yellow, pink and silver).
This appears to be the trend that the data from this
study follows.
The role of light intensity (lx) and its interaction

with colour did not appear to be important in survi-
val of larval prawn. This agrees with Rodrigues and
colleagues (1998) who reported that light intensities
ranging from 250 to 2500 lx yielded good survival. In
this study all tanks were exposed to identical light
sources, but showed varying light intensities, be-
cause of the di¡erent re£ective values of the various
colours. However, no signi¢cant correlation (P40.05)
between light intensity and survival was indicated
(Fig.1). In conclusion, tank colour had no signi¢cant
impact on metamorphosis rate, growth or time to
metamorphosis. However, survival was signi¢cantly
(P40.05) impacted by tank colour.
These data indicate that tank colour plays a signif-

icant role in the survival of larval prawns grown in
indoor recirculating systems. Based on these data,
the use of red and green tanks is recommended,
while white or blue tanks are not suggested. Further
research avenues might include evaluating di¡erent
hues of the best performing tank colours, the use of
coloured lighting and its e¡ect on the ability of the
larval prawns to capture and consume food items,
and the identi¢cation of critical periods in larval
development.
This data mayallow commercial prawn hatcheries

to increase survival and decrease hatchery produc-
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tion costs, which could translate to increased pro¢t-
ability for commercial growout facilities.
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