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SUMMARY

Oon the Red Sea coast of Saudi Arabia ponds
utilising seawater drawn from wells have an average
salinity of 43% and temperatures ranging from 23-33°C.

The present study has demonstrated that ylelds of
up to 4.3 tonnes ha?* of the Indian white shrimp
Penaeus indicus at 20 g size may be obtained in these
ponds. P. indicus was 1isolated from 1local stocks
(Gizan) and has now been cultured through several
generations at the Fish Farming Centre.

Present work has determined that the optimal
salinity for larval culture is 30% and for nursery
culture 25-30%. The best stage for transfer from
nursery to growout pond (43%) is about PL25.
Comparison with biological data for P. 1indicus
cultured elsewhere indicates that Red Sea populations
may be preadapted to tolerate high salinities.

The potential for artificial feeds to replace
live feeds in P. indicus larval culture from Z1 to PL1l
and PL5 using microencapsulated feeds,Nippai and
Frippak has been investigated. Results reveal that 50%
replacement with Nippai and Frippak is possible giving
comparable growth to the control, but poorer survival.

Also comparative growth trials were conducted
with post larval P. indicus (PL5-PL30) spawned from
Red Sea stock and cultured through larval stages on
five feeds (Chaetoceros, Tetraselmis and Artemia).
Post larvae were reared on commercial feeds:
Taiwanese, Nippai, Frippak and 4 formulated feeds
based on locally available ingredients at 28-30 C and
at 30% and 42% salinities. Feeding trials at 42k
produced poor survival, but at 30% all treatments gave
over 50% survival to PL25, at which stage shrimp are
ready for stocking in growout ponds. Although the
Taiwanese feed produced the overall fastest growth, it
was not significantly better (P>0.05) than two locally
formulated diets (FFCl, 4) or Frippak. Survival rates
of over 60% where achieved on all diets with the
exception of Nippai and Taiwanese feeds. Yields were
significantly higher (P<0.05) on one of the locally
prepared diets (FFC1) than Taiwanese and Nippal, and
Taiwanese than Nippai. All diets yielded significantly
more shrimp biomass at 30% than 42% (P>0.05). The
relative costs of imported and locally produced diets
are discussed and it is concluded that it is possible
to produce cost-effective nursery diets in Saudil
Arabla. _

A growout feeding study for P. indicus Jjuvenile
utilising 4 locally formulated diets compared with a
Taiwanese diet revealed no significant difference
(P.>0.05) in survival nor in growth or yield amongst



all diets. However growth was slow due to low pH and
high ammonia levels.

Finally shrimp density production trials at 20,
40,60 and 80m™ during winter and summer were conducted
in cages placed in a rubber lined pond. For all
densities; yields were significantly higher in summer
than winter with an overall average of 3.41*1.5 tonnes
and 4.04*2.36 tonnes 180 days™ for winter and summer
respectively. Yield at 80m™? was highest but was not
different from vyield at 60m™2. Based on average
harvested size and market price the density of 60w‘was
regarded sultable for growout culture.
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GENERAIL INTRODUCTION

The world's total production of agquatlc species
increased nearlv 100% between 1975 and 1986,from 6.1
million metric tonnes (MT) to 12.1 million MT and 1is
still increasing (Anonymous, 1990). Crustacean
increase during this period was from 16 to 399
thousand MT. The world's total production of crustacean
from culture and capture increased from 2.4 to 3.2
million MT between 1975 and 1985, or 34% (Casvas,
1988). Cultured crustacean production increased from
1.2% of the total crustacean production in 1975 to
8.2% in 1985 and in 1988 accounted for 15% or more of
the total (Casavas, 1988).

Farmed shrimp has reached more than 0.7 million
tonnes in 1992, up from about 0.1 million tonnes 1in
1982 (Rosenberry, 1990; Casvas, 1993). These increases
are driven by market demands from an increasing world
population and decreasing catches. Several earlier
technological breakthroughs supported this success,
primarily in the seed and feed supply (Hudinaga, 1935,
1942; Jones et al., 1979Db).

Until the last two decades, all shrimp supplied
to the world markets was harvested from wild stock in
bays and open seas. Shrimp fisheries production has

not increased but actually declined in the Gulf of
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Mexico, 1increasing the cost of the wild shrimp
fisheries (Tettey and Griffin, 1984). Due to improved
techniques for cultured production, economics
consideration is increasingly favouring this form of
production, making shrimp farming a major source of
shrimp within the 1last decade. In addition,
improvements in processing and marketing have favoured
farmed shrimp production giving advantages for
cultured over captured shrimp.

In terms of production area in 1982, Ecuador was
the leading country in commercial shrimp farming, with
approximately 12,000 ha, and Taiwan with 3,200 ha.

By 1989, the center of shrimp farming in the
world had shifted to the Orient. Presently, China
leads the world in cultured shrimp production with
145000 ha of production, and 29% of total world supply
of cultured shrimp. Indonesia and Thailand each have
16% of total world culture production. Other countries
included are the Philippines, Ecuador, Vietnam, India
and Taiwan. P. chinensis is cultured primarily 1n
china. P. monodon is the popular species cultured in
most of the other Asian countries, while P. vannamei
is the principal species grown in Latin America.

Shrimp farming can be divided into three
categories which are based on management intensity:

extensive, semi-intensive and intensive. The main
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characteristics of the extensive method of shrimp
culture is that production depends entirely on natural
conditions. The semi-intensive farming method utilizes
a nursery phase, carefully laid out ponds, feeding and
water pumping. The intensive culture system introduces
smaller ponds, high stocking densities and continuous
management of feeding, waste removal and aeration
(Rosenberry, 1989)(Table 1).

Table 1 Shows the major categories of shrimp

farming based on intensity.

Culture Extensive | Semi- Intensive
levels intensive

Culture Natural Feeding & High
method condition | water Stocking &

pumping continuous
management

0.1-0.5

Yields kgtha™ E 0.5-5X10° 5-10X10°

Prod.cost kg™ || $ 1-3 $ 3-5 S 5=7

In Saudi Arabia yearly fish and shrimp production
from the Red Sea and the Gulf reached 45.5 thousand
tonnes in 1985, but then declined to a level of around
41 thousand tonnes per year (Fishery statistics
bulletin for Saudi Arabia 1986 and personal
communication with the Fisheries authority). At the

same time the imports exceeded 59 thousand tonnes for



the same year (FAO, 1987) (Table2).

Table 2 Shows the imports of fish products to

Saudl Arabia in tonnes and values in U$S 1000.00 from

1986-1990.

Q&v

Fish,
fresh,

1987

19,862
25,985

1989

24,915
30,393

1988

23,385
29,340

1990

21,550
27,800

Q

chilled
or frozen

Fish,
dried,
salted

or smoked

1,205
2,578

1,041
2,390

1,910
2,942

1,105

345
780

693
3,055

474
1,077

Crustac-
eans and
mollusc

343
2,411

-

Canned
products

Fish oil

16,423 | 14,832 | 15,806
26,614 | 29,048 | 30,197

15,500
29,750

898
377

3,160
1,760

819
360

4,306
2,280

Fish meal

EHHI"HHHIIHHINIIHHHIIIIIHHHIIIIIHIIIIII

II

Quantities in tonnes
Values in US 1000.00

X
<O

and



Table 3 shows the imports of crustacea in Kg, and

values in Saudi Rivyals during the period from 1981-91

(Foreign trade statistics of Saudi Arabia 1992).

Years Imports (kq) Value (SR)

1981
1982
1983
1984
1985
1986

1987
1988

1989
1990
1991

696,652
772,094
655,031
347,291
542,909
367,522
693,132
342,830
474,305
349,374
760,369

10,445,757
17,142,676
10,554,827
3,874,905
9,576,627
8,004,270
11,442,286
9,030,673
4,032,043
4,332,933
10,821,070

Recently aquaculture has been considered in an
attempt to close the gap between production and

importation (Table 4). Table 4 shows Aquaculture Fish
Production in Saudi Arabia in tonnes from 1986 - 1990

(Progress Report of Fish Farming Centre 1991).

1986 | 1987 | 1988 1989 1990

Aqua.Fish 140 331 1240 1491
prod.

saudi Arabia has endeavoured to increase the

utilization of available natural resources in order to

be self sufficient in food production through



development in agriculture and recently aquaculture.

In 1982, the Fish Farming Centre was established
as a unilateral trust fund project between the Saudi
Arabian Ministry of Agriculture and Water and the Food
and Agriculture Organization of the United Nations to
direct and support the development of aquaculture in

the Kingdom. The aim was to apply and adapt the
existing worldwide technologies and production systems
suitable to local environmental conditions.

The Centre has established successful commercial
culture for Tilapia Oreochromis spilurus in seawater
in cages, pens and tanks. The Centre has also
successfully demonstrated the feasibility of éulturing
other brackish and marine fish such as the Rabbit fish
Siganus rivulatus. The tilapia Oreochromis aurea, O.
nilotica, O. spilurus, the Chinese carp Cyprinus
carpio and the freshwater prawn Macrobrachium
rosenbergii are now successfully cultured in Saudil
Arabia.

The tiger prawn Penaeus monodon was imported to
start penaeid culture in the Kingdom. However P.
monodon presents some technical problems for
commercial culture (Bukhari et al., 1989a), Poor
adaptation to 1local high salinity conditions was
demonstrated by low survival and slow growth which

made the culture period too long and yield too low. In
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addition seed supply was limited due to ©poor
maturation of cultured specimens and unavailability of
local wild seed.

Penaeid shrimp have been known to inhabit the Red
Sea since the last century (de Man, 1882). Penaeus
indicus has been found among other penaeid shrimp in
the Gizan area (Red Sea coast southwest of Saudi
Arablia) by Ghamrawi (1978) when a survey took place to
study the shrimp fishery and spawning grounds in the
Red Sea. Badawi and Cas (1989) collected P. indicus
juveniles which are found abundantly on the
southwestern coast of the Gizan area. These were
brought to the Fish Farming Centre to start
preliminary studies of this species. These studies
have demonstrated that this species could grow up to
20g in captivity when a quality shrimp feed 1s
provided (Bukhari et al., 1992). Survival rates of 76%
and growth of up to 16g have been achieved recently
after 180 days of pond culture at a density of 30m™.
Postlarvae were produced from the Centre’s hatchery
from ablated and unablated (Primavera et al., 1982)
females harvested from rubber lined earthen ponds with
seawater of 43% (Bukhari et al., 1991band 1992).

Table 5 shows a comparison between production in
ponds and tank trials for 1local P. indicus and

imported P. monodon from at the Fish Farming Center
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from 1989-1991 fed on imported standard shrimp feed

(Bukhari et al., 1989[€1990 and 19914).

Trial
NO.

Species

ll
II

indicus indicus

Mala- FI'C FFC
ysia

Tank

monodon monodon

Mala=-
vysia

Seed
source

Tank

L)
9 @
L

Cultu-
re days

140-180 140 180 180

Survi- 50-83 39-45 44-78

val %

Final 16-20 15-18 16-23 18-21

size()

W
O
I N
A
%)

6.8-8.5 6.6-9.1

Yields

tonns™
ha “‘yr™

The life cycle of Penaeus indicus has now been
completed in captivity at the Fish Farming Centre
without the need to collect new broodstock from the
sea (Bukhari et al., 199iD)

Penaeus indicus is one of the species of the
genus Penaeus Fabr. It is characterized by an elevated
rostral crest of 7-9 dorsal teeth and 4-5 ventral
teeth. The adrostral groove is distinct, but close to
the median groove and reaches almost to the middle of

the carapace. The gastro-orbital ridge is well defined
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and hepatic ridge is absent. The telson 1s broadly
triangular and has a median longitudinal groove which
lacks spines (Cheung 1960; Racek and Dall, 1965).

The Indian white shrimp P. indicus is distributed
mainly in the Indian Ocean, but also has been reported
in Australia, Indonesia, Philippines, India, Pakistan,
East coast of Africa (including Madagascar), Gulf of
Aden and the Red Sea (Holthuis and Rosa, 1965), and
has rare occurrence in the Arabian Gulf and the Gulf
of Oman (FAO, 1987; Tseng, 1988).

The species has been recorded from as deep as 43m
to as shallow as 3m, but it is generally common in
water of less than 30m deep. It occurs on both sandy
and muddy bottoms,with slight preference to sand
(Barnard, 1950). Panikkar and Menon (1956) stated that
the species preferred deeper waters for spawning. Eggs
of P. indicus have been reported to occur 1n large
numbers in subsurface plankton in Madras,India waters
and were obtained from 3m below surface (Subrahmanyam,
1965). Larval stages (protozoea and mysis) and
postlarval stages (from 8 to 14mm in total 1length)
have been recorded in areas near Cochin on the south-
west coast of India. They are found in nearshore
subsurface waters and in the estuaries during all
months except June to September (Menon, 1937;

Crosnier, 1965; George, 1962) where they feed and

10



grow. Juvenile P. indicus (from 30 to 120mnm in total
length) spend their life mostly in the estuaries and
backwaters, on the south-west coast of India. These
juveniles support a good commercial fishery in the
backwaters and paddy fields where they live until they
attain a length of 100 to 120mm after which they go
back into the deep sea (Menon, 1955; Menon and Raman,
1961). Crosnier (1965) captured juveniles and adults,
ranging in length from 30 to 200mm, in the intertidal
zone of bays 1in Madagascar in water of 5-10m depth.
Sexually mature adults occur in the sea down to 45n
deep, but are also found on sandy bottoms in shallow
waters of the sea from 3 to 11m where favourable
physical conditions and nutrients occur from the land
and rivers (De Bruin, 1965). The occurrence of this
species in the fishery 1is subject to seasonal

fluctuations (George and Mohamed, 1966) (Table 6).
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Table 6 summarizes the distribution of P.
indicus stages, sizes (total length in mm) and time of

occurrence on the coast of India (from George and

Mohamed, 1966).

Occurrence
time

Feb.

Stage | Area Depth

m

3

Length mm

Surface 0.22-0.27

plankton

Feb.

surface 0.31-5.03

plankton

Larvae

All months
except

Post Estuaries 5.3-34

lavae

June to
sSep.

Throughout | 30-120
the vear

Paddy
fields

Juven
-iles

Adults | Coastal Throughout | 120-210
sea the vear
abundance
from
April-June

Similarly P. indicus postlarvae in the Red Sea
have been observed to be abundant throughout the year
in sandy-muddy shallow lagoons of around 1-2m deep, 1in
the Gizan area (Badawli and Cas, 1989).

Penaeus indicus appears to reach an age of more
than 1 year old in Singapore prawn ponds, Madagascar
intertidal traps and lined ponds at the Fish Farming
Center (Hall, 1962; Crosnier, 1965; Bukhari et al.,
19984) .

The species is heterosexual with morphologically

12



differentiated male and female sex organs. While the
male sex organ, the petasma, is abdominal in position,
on the endopodite of the first pleopod, the female sex
organ, the thelycum, 1is a modification of the last
thoracic sternite. The presence of an appendix
masculina on the endopod of the second pair of
pleopods 1s another male character. The genital
openings of the male are situated on the coxa of the
fifth pair of pereiopods and those of the female are
on the coxa of the third pair of pereiopods. Females
attain relatively larger sizes than mnales.

The sexes of this species in marine and backwater
environments of Indian coastal waters are more or less
equally distributed (Menon, 1957). A lower ratio of
males was reported by Crosnier (1965) which ranged
from 35-55% with an average of 45% obtained from
samples in Madagascar. This sex ratio is similar to
that observed in the culture ponds at the Fish Farming
Center (Bukhari et al., 1990).

Mature individuals normally measure 150mm Oor more
in total length (Menon, 1957). By examining the nature
of the petasmal endopodites, Hall (1962) was able to
find mature females at 134mm total length. However,
Agquacop (1983) report that P. indicus may reproduce
in captivity at a weight of 6-8g. The age of the

species at first maturity has not been precisely
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estimated.

During mating, the sperm packs Kknown as
spermatheca are deposited by the male in the external
genitalia of the female. The female carries the
spermatheca 1in the thelycum and the sperm are
dispensed at the time of spawning. Fertilization 1is
external for as the eggs are extruded from the genital
openings of the female the sperm is dispensed from the
spermatheca. Fecundity has been estimated as 68,000 in
a female of 140mm total length (Rao, 1968).

Penaeus 1indicus may spawn five times during a
normal 1life time with an interval of two months
between successive spawnings (Rao, 1968). During the
prolonged spawning period breeding extended from
October to April in Cochin waters of India (Roa,
1968). This species also has an extended spawning
period in Madagascar waters of East Africa (Crosnier,
1965). It reproduces throughout the year in the Red
Sea with a peak from April to November (Badawli and
Cas, 1989).

Like other penaeids, P. indicus eggs hatch into
a nauplius, with 6 developmental stages, then
metamorphose into 3 zoea, 13 mysis stages and finally
the postlarva ( Subrahmanyam, 1965; Primavera et al.,
1982; Bukhari et al., 199!!,;). Larvae for culture may be

wild caught from the sea or artificially propagated in
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a hatchery. Wild larvae are caught by various methods
such as beach seine net, scissor net, scoop net.. etc.
and then transported in plastic bags containing
oxygenated water (Badawl and Cas, 1989). Hatchery
reared larvae are preferred over wild larvae due to
the greater numbers produced at one time, more uniform
size and minimal handling (Apud et al., 1983).
Hatchery sourced larvae of P. indicus are easily
obtained from ablated and unablated females (Primavera
et al., 1982; Bukhari et al., 199/b). Larval rearing
systems differ in design and size, but are usually
provided with filtered water and, 1light and
temperature control devices (Hudinaga and Kittaka,
1987; Shigueno, 1975; Mock and Neal, 1974; Aquacop,
1975; Planton, 1987 and Mock et al., 1980).

During the nauplius stages N1-N6, larvae depend
on their yolk reserves for feeding. Zoeal stages 21-23
prefer phytoplankton, but start to consume zooplankton
at the last substage. Larvae at zoeal stages are often
weak and mortality may . occur. Mysis stages M1-3 and
postlarvae PL1-PL5 prefer zooplankton (Liao, 1984).
The extensive use of live foods such as microalgae and
zooplankton in shrimp larval rearing, requires
appropriate facilities, high maintenance and trained
intensive labour (Kanazawa et al. 1982). Recent work

has demonstrated the feasibility of the replacement of
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live foods with microparticulate and microencapsulated
diets for crustaceans (Teshima et al., 1984; Amjad and
Jones, 1989; Jones et al., 1989, 1991, 1993). However,
little information 1is available on 1live foods
replacement with microencapsulated diets for P.
indicus (Galgani and Aquacop, 1988).

Gopalakfishnan (1952) observed that P. indicus
does not show any significant difference in food
habits at different times of the year. Analysis of the
food of different sizes also showed no variation.
Vegetable matter and crustaceans formed the bulk of
the food consumed indicating an omnivorous habit
(Gopalakrishnan, 1952). The vegetable matter included
diatoms like Coscinodiscus, Pleurosigma, Rhizosolenia
planktonic alga Trichodesmium and pieces of sea weeds.
The crustaceans included copepods, ostracods,
amphipods and tiny decapods and their larval stages.
In addition molluscs, polychaetes and both animal and
plant detritus that accumulate on the benthos are
eaten (Hall, 1962).

Production of cultured prawn larvae 1in an
intensified <culture system is dependent upon
nutritionally effective and acceptable diets for each
of the different developmental stages (New, 1976). The
past decade has witnessed a rapid increase in the

utilization of artificial feeds to replace live feeds
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in penaeid culture, and a wide range of
nicroparticulate and encapsulated feeds are now
marketed for routine use by hatcheries (Jones et al.,
1993). These encapsulated feeds have potential for P.
indicus larval culture.

For nursery and growout phases of culture, feed
is one of the major inputs in the semi-intensive and
intensive production of prawn (Pascual, 1989,1990). If
this is to be economical it should rely on the use of
local 1ingredients such as squid, fish meal and meat
and bone meal, as well as cheap by-products such as
wheat bran, sesame bran and shrimp head which are now
available in Saudi Arabia as a result of the recent
development in agriculture and animal production
plants.

Prior to any applied study on fish or shrimp
culture, the study of culture conditions must be taken
into consideration for the concerned species. These
studies should optimize physical conditions e.qg.
temperature, salinity and pH and determine effects of
metabolites such as hydrogen sulphide, ammonia and
nitrite which may develop in cultured water (Cole and
Boyd, 1986).

Table 7, presents the physical data for seawater
from wells as well as from the Red Sea at the Fish

Farming Centre during the period (1990-1992).
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Table 7. Water quality from 1990-1992. sourced

from Red Sea and wells at the Fish Farming Centre

(Progress Reports of the Fish Farming Centre 1990,1991

and 1992).
Physic 1990 1991 1992
al

Data

Well Well Well
27-29 27-29 24-31

4:9- 2-5— 3-9- 1-8- 4-0- 1-8_
5 7 5-3 7-3 3-7 7.1 4-4

Salini 41

source

Tenmp.C

DO _\
mg 1

|
ct
Hk‘:

Co, 0-10 0-7 0-17 0-7 0-17

mg’ 1""l

7-7— 7-2- 7-4- 7-1- 7-4_ 6-9-
8.1 7.7 8.4 8.1 8.0 7.8
NH.‘N' 0.0~ 0.0~ 0.0~ 0.0~ 0.0~ 0.0~
ng 1° 0.17 0.04 0.08 0.64 0.05 .1l
NOZ \ 0.0~ 0-1 0-0- O~ 0:0- 0.0~
mg 1° 0.7 1.5 2.17 0.8 l.41

The primary objective of the present study is to
investigate the optimal culture conditions for P.
indicus from the Red Sea as all previous studies are
from regions where salinities are considerably lower.

Chapter 2 investigates the effects of physical

conditions on P. indicus larval and postlarval stages,

by examining their culture at different salinities. It
includes an osmolality experiment on pond cultured

juveniles to determine optimal salinity and salinity
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tolerance for the Red Sea P. 1indicus. Results are
compared to those for the Indian strain of P. indicus.

In Chapter 3, the use of live and artificial
feeds for larval culture of P. indicus from the Red
Sea 1s 1nvestigated. The best available algal
replacements using microparticulate and
microcapsulated diets for larval rearing to PL1 and
PL5 are considered. This chapter also includes a
comparative nursery phase study at salinities of 30%
and 43% for P. indicus postlarvae from PL5-PL30 fed on
different commercial and locally formulated feeds
using ingredients available in the Saudi market. Four
feeds formulated from different sources of protein are
tested for 3juvenile growout and compared with an
imported Taiwanese diet in chapter 4. This 1is to
determine the possibility of culturing this species to
marketable size on a low cost feed.

Chapter 5, examines the growth and survival of P.
indicus at different densities in rubber lined earthen
ponds during winter and summer. This is to determine
the optimal culture density and production per unit
area on a standard feed. Chapter 6 contains general
discussion of the results obtained from this study and
focuses on possible future research areas for P.
indicus as well as other locally available penaeid

species.
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CHAPTER 2

The determination of some
of the optimal physical
conditions for the culture
of Penaeus iIindicus

from the Red Sea

Results of this research were presented at the
Aquaculture technology and investment opportunities
symposium. April 11-14, 1993a(Abstract p. 37). Riyadh,
Saudi Arabia.

Title: Optimal salinities for culture of P. indicus

from the Red Sea.

Authors: Feisal A. Bukhari, D.A. Jones and A.J. Salama




Introduction

One of the most important criteria for successful
aquaculture 1is the ability to sustain regular
production of the species. This requires control over

broodstock to ensure regular seed production, well
tried and successful larval and postlarval culture
methods, and finally, economic growout under locally
prevailing environmental conditions.The desirable
range and levels of water quality factors for penaeid

species are shown 1in Table 1 (Van Olst et al., 1980;

Wickins, 1981,1982, and Kuo, 1988).

Table 1: Ideal physical conditions for culture of

penaeid species.

| D.O. NH,N No,-N |
mg 1 ng 1°? mg 1°* .
[N 15-30 7.8-8.3 | 0.09-0.11 | <0.2-0.25 |
i

Sea temperatures on the Red Sea coast of Saudi

Arabia range from 20-32°C, which are favourable for
penaeid shrimp production, and 12-35°C on the Gulf
coast, which are below optimum, especiélly for a short
period during the winter.

Dissolved oxygen concentrations range from 4-4.5
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n

ng 1 (Robinson, et al., 1979) and are with in the
optimal levels desired by penaeid species. Other water
quality factors recorded by the Fish Farming Centre
are also usually within the acceptable range shown in
Table 1 above with pH and ammonia levels from 7.6-8.2
and 0.03-0.09 mg 1™ respectively.

Higher salinities up to 60% have been measured
inshore waters of the Red Sea during summer when
currents and tidal influences are insignificant
(Robinson et al., 1979). In some coastal lagoons of
the Red Sea, salinity reaches 78% (Leger, 1983).
However even coastal open water salinities at 43% for
the Red Sea and 42-55% for the Gulf coast ©present
problems, as most shrimp have a culture optima of 35%
or below.

With the above criteria in mind, it is possible
to review the culture potential for locally available
penaeid species. These include Penaeus semisulcatus,
which dominates catches on both coasts; P.monodon,
only found in low numbers (< 1%) in the south of the
Red Sea; P. japonicus, again in low numbers on both
coasts; P.indicus in significant numbers in the south
(Gizan) of the Red Sea and Metapenaeus species on both

coasts. Other species and genera are too infrequent to

be considered as possible sources of broodstock

(Sanders and Kedidi, 1981; Shakraporti et al., 1985;
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Badawl and Cas, 1989).

Although P.semisulcatus is an obvious candidate,
all culture trials in Kuwait, Bahrain and Saudi Arabia
have demonstrated poor survival and growth under
culture conditions prevailing in the region (Farmer,
1979). P.japonicus has performed equally badly (Fish
Farming Centre Progress Report, 1990), and the
Metapenaeus species have a smaller size and hence
lower market price.

P.monodon has perhaps the greatest potential,
particularly if the Red Sea race were to be adapted to
high salinities. However, this species is difficult to
mature and spawn, survival in ponds is not good, and
broodstock is difficult to obtain on a regular basis.

Although there is a commercial farm operating in
Saudi Arabia based on this species, there is as yet no
information as to the success of this operation.

In contrast to the above, P.indicus from the Red
Sea appears to show distinct biological advantages.
The most important of these is the ability to close
the life cycle. At the Fish Farming Center in Jeddah
this species has been reared through several seasons
from broodstock selected from culture ponds (Bukhari
et al., 1991). This confirms experience from elsewhere
(Kumlu & Jones, 1993), where this species has been

successfully reared and spawned through several
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generations in recirculation systems in Europe.

Once the 1life cycle is closed, it becomes
possible to obtain broodstock on demand without
reliance upon unpredictable wild stocks. The potential
also exists to exclude disease brought in with wild
stock. Manipulation of maturation 1is possible to
produce seed throughout the growing season, and hence
to ensure harvest coincides with maximum market
denmand.

Finally, and most importantly, domesticated pond
broodstock allows genetic selection for the first
time. Hence it should be possible to select for traits
such as fast growth and tolerance to high salinity.
Higher average size, growth rates and production were
obtained when utilizing saline ground water of 28.5-
30% for prawn and fish farming when compared with
previous studies of Hora and Pillay (1962),
Subrahmanyam (1973), Ranoemihardjo et al., (1975),
Dwivedi and Reddi (1976) and Rao and Raghavalu (1982)
utilizing brackish water with fluctuating salinities.

Whilst the potential for P.indicus 1s
exciting,it should not be forgotten that another
important criterion is "market viability". Although P.
indicus has repeatedly demonstrated potential yields
of 4-5 tonnes per ha over a 180-day growout period

(equivalent to 9-10 tonnes ha™ year™ with 2 crops) in
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lined ponds with 20% daily water change, final average
size at 15-20g individual™ is small (Bukhari et al.,
1993). Hence 1investors are strongly urged ¢to
investigate the market potential for this species,

both within the Kingdom and Europe before proceeding

beyond pilot scale culture.

Present work investigates the ideal salinities
for larval and nursery culture and the best time for

transfer to growout ponds for Red Sea P.indicus.

Results are compared with similar data for P.indicus

originating from elsewhere.

Materials and methods

All larvae used in experiments were obtained
from pond cultured broodstock held at the Fish Farming

Ccenter, Jeddah. These broodstock were bred originally

from wild P.indicus obtained from the Red Sea in the

Gizan region.

Larval Salinity Experiments

These were conducted at the Fish Farming
Center using 2 L round-bottom flasks with 100 Nauplius
6 (N6) L* in U/v-irradiated seawater diluted where

necessary with chlorine free fresh water to 10,15,25,
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30,35,43,50% salinity. All trials were at 28°C and
triplicated, and all flasks were supplied with 50
cells pul-! of mixed Tetraselmis chuii and Chaetoceros
calcitrans until mysis (Ml) stage was reached, when
larvae were fed Artemia (Artemia 90 brand) at 20 ml-™
until postlarva (PL) 5 stage. All flasks were gently
aerated and culture medium changed every second day,
when length measurements (total length in mm, tip
rostrum to end telson), staging and counts of larvae

were made. Larvae placed in 10 and 50% sea water died

within 24h.

Postlarval Salinity Experiments

Postlarvae previously cultured through the early
larval stages at 30% salinity were initially placed at
a density of 50 in 10-litre plastic basins at 10,20,
25,30,35 and 43% salinities with gentle aeration and
fed on a standard Taiwanese PL diet (President
Enterprises Corp.). All trials were at 28°C and water
was exchanged completely when sampling for measurement
every two days. Postlarvae at PL1l, PLS, PL10 and PL15
were tested for survival rate by transfer from 30%
then for survival and growth at 10, 20, 35 and 43%.

In a separate trial the LD50 (time for 50%

mortality) was tested for PL4, 9, 14 and 19 by
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transferring postlarvae into 0 and 55% from culture
salinities of 10,20,35 and 43%.

Finally, postlarvae cultured at 30% until PL15
were transferred into basins with 5, 10, 15, 25, 30,
35, 43 and 50%. Pl-.Yy'Co-cAem'aﬂfactors (Salinity,
Temperature®C, Dissolved oxygen mgl™—™, pH and NH,~N)
were measured (Spotte, 1970) as follows:

Salinity was measured to prepare hew culture
water before every sampling by using an Automatic
Temperature Compensated Hand Refractometer (ARGENT
Laboratories). Salinity was read from a drop or two of
sample, the instrument is self-compensating for
temperatures 60-100 °‘F (15.6-37.8°C) by means of a
hollow glass prism filled with a stable liquid. This
prism is hermatically sealed so that it may completely
immersed 1in 1liquids or cleaned without danger of
leaking or damage to the instrument under prescribed
operating conditions.

Temperature was measured daily using a water
thermometer.

Dissolved oxygen was measured three times each
day using an oxygen meter. To measure dissolved oxygen
the probe was placed in the sample and which was
stirred and the salinity knob was adjusted to the
salinity of the sample. Sufficient time for probe to

stabilize to sample temperature and dissolved oxygen
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was allowed and dissolved oxygen read in mgl-:.

PH was measured on a scale from 0-14 with 7 as
the neutral point, water with pH less than 7 at 25°C
1s acidic and higher than 7 is basic. PH was measured
using an electrode (pH meter). The electrode responds
to hydrogen ions present by developing an electrical
potential at the glass/liquid interface. At constant
temperature, this potential varies linearly with pH of
solution being measured. The potential is then
amplified, translated and displayed as pH reading.

Ammonia in mgl™ is a very important factor for
nmeasurement because it is the most toxic form of
inorganic nitrogen produced in culture water. Ammonia
in culture water originates from mineralization of
organic substances by heterotrophic bacteria and also
by excretion from the animals. Ammonia is the main
form of nitrogen excreted by most aquatic organisnms.
The degree of toxicity of ammonia varies according to
its chemical state, unionized ammonia (NH,) 1s
significantly more toxic than ionized ammonia (NH,+).
The toxicity of ammonia is influenced by the pH of the
water which controls the hydrolysis of NH,+. The
percentage of free ammonia increases in proportion to
ammonium ions with increasing pH. Both NH, and (NH,t+)
can cross tissue barriers but NH, is considered more

toxic at higher values. Ammonia toxicity is
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exacerbated by a low dissolved oxygen level, but the
mechanism is obscure. Elevated levels of ammonia in
the environment interfere with the ability of
haemoemocyesmnto retain oxygen. The effects of sublethal
levels of ammonia to aquatic animals are:

a. to increases the susceptibility of the animals
to other unfavourable conditions (fluctuating
temperature, lack of oxygen, etc.).

b. to inhibit normal growth.

c. to decrease fecundity.

d. to decrease resistance to diseases.

Annonia-nitrogen can be determined
spectrophotometrically by the indophenol method. Kits
(e.g. Hack, Lamotte) are available at the Fish Farming
Centre. Ammonia reacts with phenol and hypochlorite
under alkaline conditions to form indophenol blue, the
colour intensity being proportional to ammonia
concentration. Sodium nitroprusside functions as a
catalyst to facilitate colour development at room
temperature. The blue indophenol formed 1is then
measured at 640 wwm. The ammonia reagents are as
following :

1. Phenol solution. Dissolve 20 g. phenol
crystals in 200 ml 95% v v ethanol.

2. Sodium nitroprusside or nitroferricyanide

solution. Dissolve 1 g. Na,Fe (CN) NO.2H,0 in 200 ml
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NH, - free water.

3. Alkaline reagent. Dissolve 100 g. sodium
citrate and 5g. NaOH in 500 ml NH, - free water.

4. Sodium hypochlorite solution commercial, 1.5
N Chlorox or Purex.

5. Oxidizing solution. 4:1 mixture of alkaline
reagent and sodium hypochlorite solution (to be
prepared as needed).

6. Standard ammonia solutions. Dissolve 0.472 q.
of (NH,) 2SO, 17 in deionised water to give a 100 mg
NH,~-N solution. To 990 ml of deionised water add 10 ml
of the 100 mg solution to give a 1.0 mg NH,-N 17
solution. Use a 1.0 1 volumetric flask. To 45 ml of
deionised water, add 5.0 ml of the 1.0 mg solution to
give a 0.1 mg NH,~-N 1™ solution.

7. NH, — free water. Remove ammonia from distilled
water by passing it through a small column (e.g. 30 cm
long by 1-2 cm internal diameter) of cation exchange
resin just before use and store the water in a tightly
stoppered glass flask. A demineralizer bottle can also
be used (such as the Hach). The procedure for ammonia
analysis is as follows:

1. Add 40 ml of sample to a 50 ml volunmetric
flask.

2. Add 2 ml of phenol-alcohol solution from a

pipette.
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3. Swirl the flask and add in order,2 ml of
sodium nitroferricyanide solution and 5.0 ml of
oxidizing solution. Swirl the flask after each

addition. Fill to mark with deionised water and mix

well.

4. Prepare a blank with 40 ml of ammonia free or
deionised water and do again steps 2 and 3.

5. Pipette in 40 ml of standard containing 0.1 mg
NH,-N 1. Do again steps 2 and 3.

6. Cover the flask to prevent contamination by
atmospheric ammonia and let stand for 1 hour.

7. Fill a sample cell of thickness greater than
1.0 cm with blank and set the absorbance at 0.00 for

640 mm. The turbidity blank contains 40 ml of sample

diluted to 50 ml with deionized water. Use this blank
if necessary.

8. Read the absorbances of the standard, unknown
and turbidity blank.

9. Calculate the concentration of total NH,~-N as

follows;
Cs Vs (Au -At)
Cl = ———=mecccccccc———-
Vu As
'Where; Cu = concentration of the unknown in ng
NH,-N 17,
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NH,~N 1-%.

Vu = volume of unknown pipetted in ml.
Au = absorbance of unknown.
As = absorbance of the standard.

At = absorbance of the turbidity blank.

10. If the absorbance of the unknown is too high,
a new sample solution and turbidity blank can be
prepared using a small volume.

Survival and length of shrimp were also measured
over 60 days at PL20, PL25, PL30, PL40, PL50 and PL60.
Yields were calculated by multiplying mean survival by
length in each treatment.

All results were analyzed for significance using
ANOVA and the appropriate statistical tests (Fisher
PLSD, Scheffe F-test with MacIntosh statistical
package, Statview 512 TM).

Adult Osmolality Experiments

P.indicus of a mean length of 11.65cm and 10.50g
weight were taken from culture ponds (salinity 43% at
the Fish Farming Center, Jeddah and 5 each placed in
o, 10, 20, 35, 43, 55, 60 and 65% salinity seawater
for 24h at 28°C. Total mortality‘occurred after 315
min in 0% and 465 min in 65%. After 24h haemolymph
samples were taken from all other animals and

osmolality (milliosmoles) measured using an advanced
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digimatic osmometer model 3D11 at the Faculty of

Medicine, King Abdulaziz University, Jeddah, Saudi

Arabia.
Results
Larval Salinity Tolerances

Tables 1 a,b and Figqures 1la,b and 2a,b show
results of P. indicus larvae cultured from PZ1 to PL5
at different salinities. From both experiments best
survival rates ranged from (25.7%+7.42 to 41.05%%23)
and (26.2%+8.81 to 39.0% +11.17) at PL1 obtained from
25% and 30% respectively, followed by (6.3%+1.76 to
38.3%15.92) cultured at 35%,(1.80%+0.56 to 36.5%+40)
and the lowest survival rate averaged (9.3%%3.40)
cultured at 15%.

Similarly from both experiments at the PL5 stage
best survival rates ranged from (11.3%%+5.06 to 24.20%
+11.93) and (8.8%*3.25 to 21.0%+17.09) cultured 30%
and 25% respectively, followed by (3.0%+2.29 to 8.8%%
9.78) cultured at 35%w, (0.6%*0.12 to 19.5%%+1.80) and
the lowest survival rate averaged (2.30%t 2.40) for
15%.

From both experiments best length in mm ranged

from (5.23%0.34 to 6.30%+1.76) and (5.17%0.26 to
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5.60+0.28) at PL1 obtained from 35% and 30%
respectively, followed by (4.77%0.38 to 5.6010.02) for
25%,(4.40+0.31 to 4.85%0.42) and length 1n mm averaged
(4.9010.19) at PL1 for culture at 15%.

Similarly from both experiments at the PL5 stage
best length in mm ranged from (7.20%0.61 to 7.2110.38)
and (6.26%0.20 to 6.56%0.16) at PLS5 obtained from 30%
and 25% respectively, followed by (6.56+0.38 to 6.96
+0.28) for 25%,(5.5710.0.47 to 7.110.25) and length in
mm averaged (6.50X0.29) for PL’ cultured at 15%.

Statistical analysis shows that; at PL1 and PL5
stages survival rate and length were significantly
better at 25 and 30% than at 15, 35 and 43% (p<0.05)
(Tables 1 a,b and Figures 1la,b.) (Appendix 2a).

Size at PL1 (total 1length 5.5 mm) at the
salinities of 25 and 30% is similar to growth achieved
elsewhere with other Indian Ocean strains of
pP.indicus. Survival was significantly better at 25%
than 15, 35 and 43% but not 35% and no significant
difference occurred between 25,30% or 30,35% nor
between 35 and 43% (p>0.05) (Kumlu et al., 1993)
(Appendix 2a).

Poor overall survival was due to over handling
when sampling took place. Sampling mortality was
estimated to be 25% higher than mortality obtained

during mass culture in large tanks at the hatchery of
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the Fish Farming Center. From the above results
salinities of 25 and 30% appear to be best for P.

indicus larval rearing from N6-PLS.

Postlarval salinity tolerances

Postlarvae previously cultured through the early
larval stages at 30% salinity were transferred to
salinities of 10%-42% in a series of nursery trials
(Tables 2,3, and Figures 3a,b, 4a,b, 5a,b,c).

Survival rates at PL10 for P. indicus postlarvae
reared from PL2-PL10 averaged 33.3%+3.1, 24.0%*7.2 and
18.018.7% for 20, 35 and 42% salinities respectively
(Table 2 and Figure 3a). No survival was obtained from
salinity of 10%, at this postlarval stage. Likewise
for other postlarvae that were obtained at stage 10
sourced from same culture and reared upto PL20 at the
same density of 50 postlarvae basin "* and in the same
10 litre plastic basins, survival rates at PL20
averaged 52.0%%*11.1, 26.7%%+18.15 and 23.3%19.24 for
20%, 35% and 42% salinities respectively (Table 2 and
Figure 4a). Survival rate at 10% was as low as
0.04%+0.8. In the other postlarval salinity trial, P.
indicus postlarvae reared from PL2 through to PL20,
survival at PL 20 averaged 28.7%+21.6, 13.3%t7.57,

12.0%*17 and 5.3%%2.31 for 25, 30, 35 and 42Wm
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salinities respectively (Table 3 and Figure 5a). From
the first trial survival rates at PL10 for all higher
salinities of 20, 35 and 42% were significantly better
than in 10% salinity (p<0.05), and no significant
difference in survival at PL10 among the salinities of
20% and 35%, 35% and 42% was found, but survival rate
in 20% salinity was significantly higher than in 42%
salinity (p<0.05) (Appendix 2b). Likewise from the
trial of ©PL10-20 survival rate at PL20 was
significantly higher in 20% than in salinities of 10%,
35% and 42% (p<0.05) (Appendix 2b).

From the second trial, P. indicus survival rates
at PL17 when reared form PL5 through to PL17 were
significantly higher in salinity of 25% than survival
in 42% (p<0.05) (Appendix 2c), At PL20 no significant
differences in survival were seen when animals were in
salinities of 43% in comparison with the lower
salinities of 35%, 30% and 25% (Figure 5a) (p<0.05)
(Appendix 2cC).

Length in mm at PL10 of P. indicus from the first
trial averaged 6.47+0.25, 6.33+0.12 and 6.2610.13 for
the salinities 20%, 35% and 43% respectively (Table 2
and Figure 3b). No length was recorded at PL1lO in 10%
salinity because complete postlarval mortality
occurred in this salinity at PL4. Average final length

in mm for postlarvae reared from PL10-PL20 at PL20
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were 9.50%0.00, 10.34%*1.00, 8.84*0.32 and 8.82%0.27
for the culture salinities 10%, 20%, 35% and 43%
(Table 2 and Figure 4b). In the second postlarval
salinity trial where P. indicus postlarvae were reared
from PL2 through to PL20, lengths in mm at PL 20 were
9.86x0.91, 8.46+0.18, 9.95%+1.12 and 10.44%0.33 for the
culture salinities 25%, 30%, 35% and 43% (Table 3 and
Figure 5b).

Length measurement results showed no significant
difference at PL5 nor at PL7, but length of PL10 was
significantly better at the higher salinity of 43% in
comparison with the lower salinities of 35, 30 and
25%. Similar results were achieved at PL14 (p<0.05)
(Appendix 2c).

Length for PL17 was significantly better at 43%
salinity in comparison to the postlarval length for
PLL17 at 30% salinity, there were no significant
differences in lengths among other salinities at this

stage. For PL20 lengths were significantly better in

as compared to 30%

salinities of 43% and 25%
salinities (p<0.05) (Appendix 2cC).

In separate experiments postlarvae at PL4, 9, 14
and 19 were transferred from the above culture
salinities of 10, 20, 35 and 43%, where they had been
kept for 4 days in 10-litre plastic basins, into 0 and

55% (Table 4 and Figure 6).
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Time taken for 50% mortality to occur was

monitored (LD50). At O% salinity, when postlarvae were
transferred from salinities of 43, 35, 20 and 10%,
LD50s for PL4s were 28, 16, 9 and 26 nin.
respectively. For PL9 they were 14, 19, 81 and 85 nin.
respectively. For PL14 they were 15, 17, 135 min. and
13 hrs. and 49 min. respectively and finally for PL19
they were 14, 44, 174 min. and 22 hrs. and 25 min.
respectively (Table 4 and Figure 6). At 55.0%
salinity, when postlarvae were transferred from
salinities of 43, 35, 20 and 10%, the LDSO0s for PL4s
were 72, 35, 25 and 35 min. respectively. For PL9 they
were 61, 33 and 24 min. from salinities of 35, 20 and
10% respectively. Postlarvae were surviving from 43%
salinity at 55% for more than 2 days when experiment
was terminated. For PL14 survivals were 58, 31 and 16
min. from salinities of 35, 20 and 10% respectively,
but postlarvae from 43% survived at 55% for more than
2 days until the experiment was terminated. Finally
for PL19 survivals were 168, 51 and 31 min. from
salinities of 35, 20 and 10% respectively, but
postlarvae from 43% survived for more than 2 days when
the experiment was terminated (Table 4 and Figure 6).
In a further set of experiments postlarvae
obtained from the hatchery at PL5 stage (by which time

they had been transferred from 30 to 43% salinity),
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were further acclimated over a 10 day period to
salinities of 50, 43, 35, 30, 25, 15, 10 and 5%. These
animals at PL15 were then grown over a 45 day period
at each of these salinities. Physical data including
temperature, dissolved oxygen, pH and ammonia are
recorded at each of the above salinities (Table 5).
For all salinities, temperature, dissolved oxygen, pH
and NH,~H ranged from 26-28 ‘C., 3.5-6.6 mgl™, 7.3-8.0
and 0.10-0.80 mgl™ respectively. Sampling incorporated
records of survival rates (%), length measurements in
(mm) and ylelds in grammes per 1000 postlarvae for
stages PL20, PL25, PL30, PL40, PL50 and PL60 (Table 6
and Figure 7a,b,c).

At PL60, survival rate was highest in 50%
(83.4%+15.3) followed by 50.2%%+10.31, 47.9%18.62,
45.9%+10.04, 30.1%%+4.35, 11.0%+10.99 and 9.6%%9.41 for
salinities of 43%, 35%, 30%, 25%, 15% and 10%
respectively (Table 6 and Figures 7a). No survival
occurred for this postlarval stage in 5%. Survival
rate in 50% was significantly higher than in all other
lower salinities of 43%, 35%, 30%, 25%, 15%, 10% and
5% (p.<0.05) (Appendix 24).

At PL60, length in mm for all salinities ranged
from 28.5+0.58 - 41.0%24.88 (Figure 7b), with no
significant difference among all the salinitiles

mentioned above.
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25, 30, 35, 43 and 50% contrast to results for PL2-20.
Highest yields were obtained at the higher salinities
of 35-50% (Figure 7c), although there 1is no
significant difference between yields in 43 and 50%
(P.<0.05) (Figure 7c¢) (Appendix 2d) in these ongrow
experiments. Statistical analysis revealed
significantly better yields at 50% than 35%, but not
significantly different from yields at 43% (p<0.05)
(Figure 7c) (Appendix 2d).

Table 7 and Figure 8 show the results of
haemolymph osmolality in milliosmoles for adult Red
Sea P. indicus Kept in the following salinities for
24 h: 0, 5.0, 10.0, 20.0, 35, 43, 55, 60 and 65%.
Complete mortality occurred only at 0% after 315 mins.
and 65% at 465 mins. No mortality was observed at

salinities of (10-55%).

Discussion

From present work it appears that optimum
salinity for larval culture of P. indicus from the Red
Sea is 25-30%, as any deviation from this salinity
range results 1in reduced growth and survival.

Previous studies have shown that optimum larval
culture temperature range is 26-30°C (Kuopli2#;Van Olst

et al., 1980; Wickins, 1981,1982) and it is likely
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that any deviation from this temperature range will
result in an even narrower salinity tolerance range
(Mantel and Farmer, 1983).

From the experiments with postlarvae it is clear
that during early PL stages (2-20) there 1is a
preference for lower salinities with survival rapidly
decreasing to below 20% at ambient Red Sea salinities
of 42w (Figure 5a,b). Although growth appears to be
best at this salinity, this is due to the faster
growth achieved by the few survivors at this salinity.
Hence salinities of 25-30% should be maintained at
least until PL20.

However from Figure 6 it is clear that some
acclimation to higher salinities is achieved before

acclimation to lower salinities. This resistance is

seen as early as PL9 where postlarvae from 43%
acclimate to 55%, but postlarvae from 10% do not
survive in 0%. By PL14 stage acclimation to both high
and low salinities is seen (Figure 6). This adaptation
to a wide range of salinities,even for a short period,
would be very important in the coastal waters of the
Red Sea where lagoon and pool salinities may reach
78%.

As expected, later stage postlarvae showed better
resistance to salinity stress with acclimation first

occurring at PL9. These trials also demonstrate that
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acclimation to higher salinity (PL9) occurs before
acclimation to lower salinity (PL14).

Physical data from the longer term salinity trial
show that similar levels of ammonia, oxygen and pH
were found in all triplicated trials, hence salinity
was the sole factor influencing survival and growth
(Table 5).

Therefore survival and growth results in which
postlarvae were cultured in a range of salinities for
45 days (Figure 7a,b) confirm the euryhaline ability
of P. indicus, but in contrast to early PL stages
(PL2-20) demonstrate increasing tolerance of
salinities in the higher range.

By PL40 stage survival at the highest salinity of
50 was better than at all other salinities and final
survival at PL60 was significantly better at this
salinity (p<0.05)(Appendix 2d). There was no
difference in survival at 30%, 35% and 43% salinities,
but salinities of 5-25% produced the lowest survival
rates (Figure 7a). Length was apparently best at the
lower salinities (Figure 7b), but this is possibly due
to lower stocking densities resulting from higher
mortality.

Yields were significantly better at 50% than at
35%, but not significantly different from yields at

43% (p<0.05)(Figure 7)(Appendix 2d), demonstrating
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that the Red Sea P. indicus prefer full strength or
even higher salinity water once juvenile stages are
reached. From Figure 72z it can be seen that this
preference is first exhibited at the PLX -40 stage.
Overall yields decreased with decrease in salinities,
due to poorer survival at lower salinities.

From a physiological standpoint it is difficult
to explain why cultured postlarvae at 50% (Figure 7c).
gave greater yields than at 35%. The Red Sea P.
indicus show osmoconformity at 30% (Figure 8) and
hence in hyperosmotic external media may be expected
to expend energy to maintain a hypoosmotic haemolymph,
this expended energy should ultimately be reflected in
a reduction in length.

When present 1length and survival rates for
postlarvae are compared to those obtained by Raj and
Raj (1982) for Indian Ocean P. indicus (Table 8), it
is clear that the Red Sea P. indicus show
physiological adaptation to higher salinity. Survival
rates of over 90% were obtained during 60 days of
nursery culture in India for salinities of 5-30% and
survival only dropped at higher salinities of 35-43Wh.

Nair and Krishnankutty (1975) reported that
growth rate of P. indicus was significantly higher at
a salinity of 10% for postlarval stages and the

optimal salinity for juvenile prawn was 36%. In
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contrast, Red Sea P. indicus showed high mortalities

at lower salinities and best survivals at salinities

in excess of 35%.

Larval culture results up to PL1 for P. 1indicus
from India reveal that the growth, best survival rate
of 90% and final length of 6.0mm were obtained at 25%
(Kumlu et al. 1993). Similar results were achieved
from the present study on Red Sea P. indicus with
41.0% survival rate and 5.6 mm growth, therefore P.
indicus larvae from Red Sea appear not to adapt for
Red Sea high salinity conditions and still show a
preference to lower salinities.

Results of postlarval culture trials for P.
indicus from India by Kumlu et al. (1993) agree with
Raj & Raj (1982), but contradict results of the
present study. The highest survival rate of 70% at
PL60 was obtained at 20%, which was significantly
better than the 20% survival rate obtained at the same
salinity and stage for P. indicus from the Red Sea.
Also at 50% the PL60 survival rate of 50% was
significantly lower for P. indicus from India when
compared to survival rate of 83.4% for P. indicus the
Red Sea.

The highest daily growth rate obtained by Kumlu
et al. (1993) in their trial for P. indicus from India

was 0.43 mm at 20%, which was almost in the same range
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of P. indicus from Red Sea daily growth of 0.65 mn.
However both rates of growth were less than 0.93 mn
daily growth rate of Raj & Raj (1982) (different
larval source) at the same salinity.

The lowest daily growth rate of 0.15 mm was
obtained by Kumlu at 50% and lowest daily growth rate
obtained by Raj & Raj was 0.47 mm at 45%. The daily
growth rate of 0.50 mm does not change much with
different salinities in the present study of P.
indicus from the Red Sea.

Daily rate of growth ranged from 0.45-0.65 mm day-
' and was within the same range for all salinities
experimented on with the Red Sea P. indicus.

When Grajcer and Neal (1972) obtained a better
growth rate for P. aztecus at 50% he attributed this
to the poor consumption of food at this salinity.
Although data on food intake was not recorded, a
similar trend of poor consumption of food at 45% was
observed during experiments by Raj (1982).

Although the food consumption was not recorded in
the present study; it can be seen from the above
results (Figure 7b) that no change in daily rate of
growth occurred at salinities exceeding 35% for P.
indicus from the Red Sea.

This confirms that these prawns are extremely

good hyperregulators 1in dilute seawater ang

45



hyporegulators in high salinity media.

Although 100% mortality was observed in 0% after
315 min and in 65% after 465 min, at all other
salinities there was no mortality over the 24h period
of immersion.

The results of this study demonstrate the
adaptation of P. indicus PL30 and older postlarvae to
the high saline environment of Red Sea and it is
recommended that future investigations concentrate
upon the culture potential of Red Sea P. indicus,
rather than considering importations. Similar research

is required on local races of P. monodon, providing

sufficient broodstock can be located.
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Table 2: P. indicus average postlarval length in (mm) anq survix{al rates from
(PL2-10) and from (PL10-20) at different salinities. Initial survival
rate were 100% and length were 5.65%10.25 and 7.01¥0.36mm at PL2 and

PL10O respectively.(Experiment 1)
Salinities %

Stage 10 20 33 43
Survival Length Survival Length Syrvival Length Syrvival Length
% mm % mm p 4 mm % mm
PL, 100.0 5.65 100.0 5.65 100.0 5.65 100.0 5.65
. 100.0  5.90 100.0 5.90 100.0 5.90 100.0 5.90
. 100.0  5.40 100.0 5.40 100.0 5.40 100.0 5.40
Average PL, 100.0  5.65 100.0 5.65 100.0 5.65 100.0 5.65
2000 20.25 200.0 .25 200.0 .25 0.0 L0.25
PLY 00.0  -- 84.0 6.10 90.0 5.65 72.0 5.70
. e - 72.0 6.20 63.0 5.70 74.0 5.76
.o . -- 98.0 6.10 70.0 5.90 82.0 5.60
Average PL4 -- L 347 6.13 76.0 5.80 76.0 5.67
Z13.01 10.06 Z12.17 0.1 25.29 20.06
PL6 . - 64.0 6.27 52.0 6.00 52.0 6.00
. . -- 70.0 6.29 36.0 5.70 54.0 6.00
. : -- 74.0 6.34 66.0 6.20 64.0 6.00
Average PL6 -~ §9.3 6.30 51.3 6.57 56.7 6.00
Z5.03  H.ou 215.01  20.25 *6.43 20.00
PL8 .“ -- 52.0 6.48 28.0 6.19 28.0 6.01
. .- -- 43.0 6.3) 26.0 6.24 32.0 6.04
.. . -- 36.0 6.28 48.0 6.07 44.0 6.19
Average PL3 . -- 25.3 6.37 34.0 6.17 34.7 6.08
Z8.32 . 21217 20.09 *8.33 X0.10
PL10 -- 36.0 6.70 18.0 6.40 28.0 6.23
. -- 34.0 6.50 22.0 6.20 14.0 6.14
.. . -- 30.0 6.20 32.0 6.40 12.0 6.40
Average PL10 . - 33.3 6.47 24.0 6.33 18.0 6.26
23.06 Y0.25 27.21  20.12 *g.72  20.13
PL10 100.0 7.37 100.0 7.37 100.0 7.37 100.0 7.37
. 100.0 7.0l 100.0 7.0t 100.0 7.01 100.0 7.37
.. 100.0 6.65 100.0 6.65 100.0 6.65 100.0 6.65
Average PL10 100.0 7.6} 100.0 7.01 100.0 7.0% 100.0  7.01
200.0 .36 Z00.0 10.36 Z00.0 =0.36 200.0 Z0.36
PL13 6.0 8.60 50.0 7.22 76.0 7.10 84.0 7.62
. 4.0 9.90 72.0 7.53 100.0 7.50 42.0 7.46
.. 4.0 7.50 58.0 7.93 96.0 7.63 90.0 7.71
Average PL13 4.7  8.67 60.0 7.56 90.7 7.4 72.0  7.60
15 41220 Zitae .36 212.86 0.28 ¥26.15 *0.13
PL16 00.0 8.27 46.0 7.96 44.0 7.37 70.0 8.24
.. 00.0 8.27 638.0 7.96 62.0 7.96 36.0 8.30
. 2.0  8.27 56.0 9.01 60.0 2.06 62.0 7.70
Average PL16 , 0.7 8.27 56.7 8.31 55.3 .00 6.0  3.08
2115 0.00 211.02 .61 29.87 20.37 X17.78 20.33
PL1S 00.0  8.60 44.0 8.89 52.0 8.42 48.0 3.38
.. 00.0 8.60 66.0 9.73 16.0 8.19 32.0 3.03
. 1.3 8.60 52.0 9.66 54.0 8.29 gg.% g-z;
e PL18 0.4  8.60 54.0 9.43 40.7 8.30 . .
Aversg 0.75 20.00 *tiae 20047 ¥21.39 20.12 *11.37  20.43
PL20 00.0 9.50 40.0 9.86 6.0 8.73 34.0 .87
. 00.0  9.50 62.0 9.67 40.0 8.58 18.0 2.06
. 1.3 9.50 54.0 11.49 34.0 9.20 18.0 8.52
Average PL20 0.4 9.50 52.0 10.34 26.7 8.84 ,23.3 8.82
£0.75 20.00 e L1000 21815 20.32 -9.24  -0.27



€€°0< 1§25 1015 L1Z15 31°0; 13~ 16°0% [6°12=
hh01 €°¢ 66 0'Z1 98 €t 98°6 132 0Z1d  °3AV
0n'01 0°8 01°01 0h e'g 022 00°L | 000 ..
601 0'h €¢°8 0°9 <h'S 0°8 61°6 0 2
001 | 04 149°0 | 0'92 0/'8 001 1€°01 08¢ 021d
€7°0— . h6"0~ hehi— £€°0 = £0°0 1= 08" €9°1 22
06 _m.m; 16°8 1N oR°L ¢¢Z S.m 0°2€ [11d oAV
€¢"6 0°8 48 0°9 €0'8 0'9¢ €16 0°30
0€°6 04 9°1 0°Z1 0h" ¢ 091 €9°¢ 0°0¢
i€ 04 79°6 0°fi€ 90°8 0°hZ 3% 08¢ £11d
820~ 162~ 16°0; 6hZ 1~ 19°0 = 968 1 01°07 hhE 2
69°8 £°9 0L 0°0¢ 269 204 98¢ Lh¢ h11d AV
02'8 0°8 218 0°0Z 22°L 0'29 88"/ 0'80 .-
0¢"8 0°S g1/ 0'9Z 1€°9 0'82 96°L 0°ZS .-
€06 04 10°8 0'hh €zt 0°2¢ 121 0*hh n11d
260 het i ¢1°0+ [8°6 90°0 - 6€°1 Z; ¢1°03 hLTT
929 001 10°9 €°CH 11°9 L4 82°9 €°L€ 011d "oV
£9°9 01 $6° 0'h¢ 60°9 082 8h°9 0Z1 .
89 021 68°¢ 0°0¢ 90'9 0°0¢ 22°9 0°9¢ .-
0¢°L 041 21°9 0°Z¢ 21'9 0°9¢ 1Z°9 0t 011d
0€°0z L1767 80°0< 0'Z: £0°0; 96017 Z1°0; 0°Z<
L. 0°0Z ¢9°¢ 0°9¢ 28" 0°99 €8° 07 [1d oAV
65" 0°0€ 8¢ 0°8¢ 28" 0'8¢L 12°¢ ey X
68°¢ 08 €9° 0°9¢ 08¢ 08¢ h6"C 0L .-
21°9 0°21 €1°¢ 0 h¢ €6°C 0°Z9 28° 0°9/ £1d
16°0°; 0¢ "L 81°0;; L6115 Z1°0; L€ 17 20°0; 203>
g€ 0°0% $z*¢ £99 €1 ¢¢8 2€°¢ 08 (1d oAV
€2° 0°0Z 9€°¢ 97 22°¢ 0°96 €€ 0'88 X
h9° 4 0°hE €€ 0L 00°¢ 0L 62°¢ 0t .
9% 0°91 <0 he 1€ 0°08 €€ 0'06 ¢1d
(Ww) (%) (wu) (%) (wuw) (%) (tw) (%)
yabuag IPAIAING uabua |[BAIAING uabua IRPAIAING yabua [BATAING
tn KSR “0¢ YA 93e18

% S2JITUTLeS

(2 Juawtaadxd ) cuwge r o516 v yabust

PU®B 00T Sem 3jea TeATAINS TeTJITUI °*SIBFJTUITES JUBALIITIP e (0z-21d) .
woxy (%) @23ex TeAtaans pue (ww) ut YzbusT Teaaerysod sbeasae SnOTpUT *d ¢ a1qel



(%S L+°%69) °%G S 1BY) sa131uIles Y31y 1B PIIS] uaym paAldsqo Q¢ g pue sAep M3] J0] PIAIAING .,

Ul g Tuw | ¢ Tuld g9 WAV « ulw ¢z+  CUlW f/| Ul e TUTW 4 6171d : sede1g
"sdy Z¢

ulw 91 Cutw j g Cutlld R "WHOOY « Ul gH+  CUtW g Cutw /] tutld ¢ h11d 2 s33e1s
., "SdYy ¢ |

w4z Ul gg Ul |9 "WIOOY » Ul ¢3 ulw |g Ut g Ul 4 671d * sedeig

uw ¢g Cutw ¢z Tulll ¥ "utlld z2/ utl 9¢ ‘Ut 6 utw 91 Ut g h71d ¢ sed®mi§

°%0 | %02 °%S ¢ %Lt °%0 | °%0¢ %S ¢ %E N SSNIUIBS ' Pl0I9y

(INUIW) (31INUIN)
Ul °%C¢ 1@ ur e( 1%© SBAJE
ooue])SIsay JO sWl] 3OUR]ISISAY JO Swtl SNIIpul °d

*SOTATUTITES %GS pue %0 UT 6T Pue ¥1’6’¥1d 3 paoerd
pue siep ¥ 1037 wecy pue G€’0Z'0T 3@ pPaanlInd aeaaeyzsod m:oﬂWc.n mm : vy 9IqelL



Table: 5 Physical data analysis of P. indicus

Postlarval culture (PL15-60) at different
salinities.

Salinities Temp. Do. pH NHY4
0/00 C _mg/l mg/|
5> o/oo 26-28 5.3-6.2 7.7-7.9 0.16-0.19

10 o/oo " 5.3-6.2 7.7-7.9 0.12-0.28
15 0/00 " 4.8-6.6 7.5-7.7 0.23-0.30
25 ofoo " 4.4-6.2 7.7-7.8 0.25-0.32
30 o/oo " 2.3-6.2 7.4-7.6 0.10-0.30
35 o/foo0 " 5.3-6.2 7.7-7.9 0.15-0.50
43 o/oo " 3.5-6.2 7.6-8.0 0.12-0.53
50 ofoo " 4.1-5.5 7.3-8.0 0.33-0.30



Table 6: P. indicus average postlarval survival rate (%),length in (mm) and
yields (PL15-60) at different salinities. (Experiment 3)

Stage Salinity Ave. Survi, Ave. Length Yields/1000 L
o/oo0 Rate (%) (mim) (g)
e .

PL20 5 100.0 15.5 24.3
. . 100.0 15.5 24.3
100.0 15.5 24.3

PL20 5 100.0-0.00 15.520.00 24.320.00
PL20 10 {00.0 15.2 23.0
.. 100.0 12, i 1.4
100.0 13.3 15.4

PL20 10 100.020.00 13.521.56 16.6X5.89
PL20 1S 100.0 17.2 32.8
. .. . 14.9 21.7
g 15.4 23.9

PL20 15 100.0%0.00 15.8%1.21 26.125.38
PL20 25 100.0 15.7 25.2
_ - 14.6 20.4
. 14.7 20.8

PL20 25 100.020.00 15.020.61 22.122.66
PL20 30 100.0 14.4 19.6
3 .. . 13.6 16.5
I '3 l9|~2

PL20 30 100.020.00 14.120.6 4 18.6%1.69
PL20 35 100.0 UR 18.4
3 . . 12.8 13.6
13.6 16.5

PL20 35 100.020.00 13.5-0.66 16.222.42
PL20 43 100.0 14.3 19.2
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Table 7:

Haemolymph osmolality (milliosmoles) of Red Sea P. indicus* obtained
from five individuals at each salinity after 24 h in a range of 10-55%.

Salinities % Iso Osmotic line P. indicus Osmolality
0 44.7 503.7
5 184.0 653.5
10 352.0 599.7
20 615.6 744.3
35 1091.4 966.2
43 1309.6 1099.9
55 1806.9 1385.6
60 1919.3 1538.7
65 2726.3 1791.0

*The shrimp samples were supplied by the Fish Farming
Center,averaged 11.95cm and 10.50g. Complete mortality
occurred only at 0% after 315 mins and at 65% after
465 mins. No mortality was observed at salinities of
(10%-55%) .
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Figure 1 a: P. indicus average larval survival rate (%)
from 21-PLS at different salinities (Experiment 1)
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CHAPTER 3

Development of artificial

feecds for lLarval anda

nNursery culture of Penacus

Iindicus ffrom the Red Sea

Part of these research (postlarval) results were
presented at the Aquaculture technology and investment
opportunities symposium. April 11-14, 1993l (Abstract
p. 38). Riyadh, Saudi Arabia.

Title: Development of nursery feeds for Penaeus
indicus cultured in Saudi Arabia.

authors: Feisal A. Bukhari, D. A. Jones and A. J.

Salama



Introduction

In 1934, Dr. Fujinaga, the world's acknowledged
father of shrimp culture, successfully spawned and
partially reared larvae of Penaeus japonicus in Japan
(Hudinaga, 1942). In 1963, Mr. Harry Cook of the
Galveston Laboratory in Texas, U.S.A. in collaboration
with Dr. Fujinaga, successfully spawned and reared the
larvae of two American speclies, P. setiferus and P.
aztecus (Cook and Murphy, 1966). Since this time
reproduction and culture has been widely practised,
especially for the penaeids: P. semisulcatus (AQUACOP,
1975), P. vannameli (Chamberline ed a,é. ~, 1981)
and P. indicus (Muthu and Laxminarayana, 1977;
Alikunhi and Hameed Ali, 1978; Emmerson, 1980). Larval
production techniques have been adopted in Taiwan,
Philippines, Thailand and Malaysia for Asian species
‘such as P. monodon, P. merquiensis, P. indicus and P.
orientalis ( Kungvankij, 1984) and in the Americas for
pP. vannamei and P. stylirostris (Fast & Lester 1992).

P. indicus from the Red Sea was spawned and
larvae cultured upto PL30 successfully for the first
time at the Fish Farming Centre, Jeddah (Bukhari et
al., 1991).

Live foods such as microalgae and zooplankton

have been extensively used in shrimp larval rearing,
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but these practices require large facilities, high
maintenance expenses and trained intensive labour to
produce the live food organisms (Kanazawa et al.,
1982). Further more, the quantity and quality of live
food produced may vary greatly and is often unreliable
( Teshima et al. 1982; Langdon et al., 1985; Kanazawa,
et al., 1990; Fegan, 1992).

The development of artificial 1larval feeds,
including microparticulate and microencapsulated diets
for crustaceans and other suspension feeders is a
significant advancement for aquaculture during the
last decade (Jones et al., 1974; Latscha, 1990; Lee
and Wickins, 1992).

Recent work has demonstrated the replacement of
live foods with microparticulate diets in laboratory
scale penaeld larval rearing (Teshima et al., 1982;
Kurmaly et al. 1989b), and also at the hatchery level
(Jones et al.,1987; Kanazawa, 1990). Microcapsules are
readily accepted by penaeid larvae (Kurmaly et al.,
1989b), highly stable (Amjad and Jones, 1989) and
nutritionally adequate (Jones et al., 1991). However
for all penaeld larvae tested including P. monodon,
the total replacement of live food by
microencapsulated diets has always produced slower
growth than controls fed on microalgae and Artemia

nauplii (Amjad et al., 1989; Jones et al., 1989,1991).
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However 1little information 1is available on
survival and growth of P. indicus when live foods are
replaced with mnicroencapsulated diets (Galgani and
AQUACOP, 1988).

The first part of this chapter aims to
investigate the possibility of algal replacement by
artificial microencapsulated diets fed to Red Sea P.
indicus larvae up to PLS.

The second part of the chapter attempts to
replace commercial nursery feed with locally produced
feeds. Nutritional studies on shrimp were initiated in
the early 1970‘s as feed must be nutritionally adequate
and economical for successful culture (Fast and Lester
1992). The most researched area in shrimp nutrition
has been proteins, and recommended protein levels vary
from 30-57% depending on species and size of marine
shrimp. Shrimp will utilize not only protein but
lipids and carbohydrates as energy sources, because
the use of protein for energy is not economically
efficient. Therefore, adequate nonprotein energy
sources must be maintained in shrimp feeds.

Dietary and tissue lipids are important in the
nutrition of shrimp, as they form a concentrated and
highly digestible source of energy, and supply
essential fatty acids necessary for normal growth and

survival of all animals. Dietary 1lipid serves also to
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act as an attractant and can affect the texture of the

feed. The following table shows the recommended levels |

of protein, lipid and cholesterol in commercial shrimp

feeds (Fast and Lester, 1992).

Protein % Cholesterol %

Lipid %
7.5
6.7

Shrimp size

3.0-15:0 38

1510-40-0

- - . ——— * - - - aar

Four fatty acids have been demonstrated to be

e . - - L, ', Y

essential for shrimp (Ka