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ABSTRACT

The growth experiment was conducted in fish cultmédoor cement ponds
(5X4X1.2) under controlled conditions and filledtivivater (20 ). The experiment
was carried out through 210 days. Every day, ald&uR0% of water content was
replaced to maintain water quality. Fish in all gerwere fed about 5% of total fish
weight on artificial diet contains 25% fish meakperimental salinities (5, 15, 25,
and 40 %o) in four ponds (triplicate design) werdanted by diluting sea water with
dechlorinated tap water (by passing through aathivarcoal). Fish at salinities 5 %o
and 40 %o exhibited greater growth in length (cm)7Z&0.097, 11.39+0.088 and
weight (gm) 12.3+0.319, 15.02+0.44, respectivelyQP5). Fishes at salinities of 15
%0 and 25 %o represented lower growth in length 90183, 9.1+0.10 and weight
7.41+0.53, 7.83+0.29, respectively (P>0.05). It icasd that salinity does not affect
significantly the condition factor of the individga Condition factor was ranging
from 0.93 to 1.03 and there were no significanfedénces (P<0.05) between fish that
had been subjected to different salinity treatme@isnad somatic index (GSI) was
significantly influenced by salinity (P>0.05). Tt&SI for both males and females
have nearly the same fluctuation trends which redcto the maximum level at
salinity of 40 %o for both sexes; 8.9 for female aRdd for male. The highest
coefficient "b" of length-weight relationship we?e839, 2.847 for fishes at salinities
40 %o and 5 %o, respectively they closed to 3 indi¢ated that isometric growth. The
gonad maturation of salinity 5%. reached to ripgetior male and yolk vesicle stage
for female but it reached to ripe stage at salidifyeo for both sexThese results
suggest thatiza carinata is a suitable candidate for low salinity brackisiater
aquaculture. This could lead to significant cosirsgs when rearing fish inland.
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INTRODUCTION

Family Mugilidae is widely spread and representmgimportant species for
cultivation in fish farms.Liza carinata commonly inhabit tropical and warm-
temperate estuaries (Eisawtyal., 1974; McDowall, 1988; Blaber, 1997; Pomé&o
al., 2005). Laffailleet al., 1998, 2002; Torraset al., 2000; Cardona, 2001; Almeida,
2003 indicated that mugilidae play a crucial ecadalg role where this fish
community appears to be particulate organic mdteamsporter and could play a
significant role in the global energy budgets ofimnment. Although this species
always spawn at sea, they are highly euryhalinetlamek in a wide range of salinities
(McDowall, 1988). Due to their euryhalinity, theyeaoften stocked in brackish
coastal lagoons to improve fisheries yields (Raaagri992) and are introduced into
fresh water lakes and reservoirs to create newefiish (Ben Tuviaet al., 1992).
Growth of euryhaline species is often negativelife@ed by salinity because the
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energy used for osmoregulation is not availablegawth (Brett, 1979; Wootton,
1990). Consequently, this species has an optimuimtgdevel at which the growth
rate is highest and the cost of osmoregulation sowevhich may affect fish
distribution in the wild (Blaber, 1997).

To determine the aquaculture potential of a speeiexeries of growth trials
should be undertaken to help define the culturaditimms for best growth (Deacon,
1997). Several interacting variables, such as teatyes, light intensity, feeding
intensity and feeding frequency can moderate frelwth (Brett, 1979). Salinity has
been chosen for this study as it influences devetyg and growth in marine fish
(Iglesiaset al., 1987; Boeuf and Payan 2001 & Res&twl., 2006) through its effect
on metabolic rate, food intake and food conversiatio (FCR). For example, in a
study testing a range of salinities on juvenile aAtic croaker,Micropogonias
undulatus, growth was improved at salinities below 35%o, Wiistest growth at 5%o
(Petersoret al. 1999). Low salinity may reduce metabolic cost ilomeostasis and
lonic osmoregulation (Morgan and Ilwama, 1996 & Wawd Kelly, 1999), for
example in sea breanfparus sarba, and Atlantic codGadus morhua (Woo and
Kelly, 1999).

Several studies investigated the accumulatory respof marine fish species
to salinity regimes lower than full-strength seavafhose authors such as Lambert
et al., (1994), Gaumett al., (1995), Woo and Chung (1995) and Imslasdl.,
(2001& 2003) indicated to the growth rate of marfish species was better at lower
salinities than in full-strength seawater. The présstudy was conducted to compare
growth and gonad maturation biza carinata at four different salinities throughout
farming period.

MATERIAL AND METHODS

Liza carinata fry were collected from Suez Bay. They were transd to the
National Institute of Ocenography and Fisherie®z3uwranch. The growth experiment
was conducted in fish culture outdoor cement pof#¥5X1.2) under controlled
conditions and filled with water (20 %n Every day, about 15-20% of water content
was replaced to maintain water quality. Fish inpalhds were fed about 5% of total
fish weight on artificial diet contains 25% fish aheExperimental salinities (5, 15,
25, and 40 %o) in four ponds (triplicate design) evebtained by diluting sea water
with dechlorinated tap water (by passing througiivaccharcoal). Temperature, pH,
salinity and dissolved oxygen (DO) concentratiomsevmeasured three times a week
in all ponds. The dissolved oxygen was measuredrdey to (Winkler, 1976).
Salinity was adjusted using a Metter Toledo congiigt meter and the pH was
measured using a Jenway 3505 pH meter. Sampledigeolved inorganic nutrient
(Ammonia, Phosphate, Nitrate and Nitrite) analysesre collected weekly and
analyzed immediately according to Parsenal. (1984) using a Beckman DU-6 UV
VIS spectrophotometer with blanks and standards.

Liza carinata fingerlings (25 fish/m) was used in this experiment with mean
initial total length 4.3+0.7 cm; mean initial weigh.6 + 0.15g. At the end of the
study, all fish were sacrificed to determine sed araturity stage. Gonads were fixed
in Bouin’s solution for 24 hours and transferredcatcohol (70%). After conventional
histological processing, sections ofub thick were stained with haematoxylin and
eosin and observed under a light microscope (LB&00). Assessment of gonadal
development followed the description of Elhalfagnal. (2007).
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The condition factor (CF) was calculated usingfdrenula: CF=W/L> X 100
Where w= Total weight in g and E total length in cm.

Length/weight relationship was calculated as W #+ba where a is the
constant and b is the exponent of growth.

Gonadosomatic index (GSI) was calculated as GSh#t GT.wt X 100

Where G. wt = gonad weight and T.wt. = Total weigh

Where appropriate, one-way analysis of variandevi@d by Tukey’s test was
used, with significance level acceptedPat 5%.

RESULTS AND DISCUSSION

Chemical analysis

The physico-chemical variations of water in differesalinities of fish ponds
are shown in Table 1. The source of the dominaftriant in the ponds was the fish
food and possibly fish excretion. Ammonia-N was gyafly below 40 pg-at N/I and
ranged between 14.06 and 35.85 pg-at N/I througtheusampling period. Maximum
allowable concentration of ammonia is 70 mg-at Ngf aquaculture water
(Macdonald, 1994). Nitrate-N and nitrite —N coneatibns in ponds did not exceed 5
and 2 pg-at N/, respectively at any time during ttudy period. Phosphate-P
concentrations were below 4 pg-at P/l and did methso much fluctuation between
ponds. The flow in the ponds was adjusted to cbh concentrations of nutrients
and minimize the eutrophication process (Krom arah YRijn, 1989). This process
which results from re-mineralization of detrituscamulated at the bottom of the
ponds, it is often followed by unstable water giyahat may retard fish growth and
occasionally cause mass mortalities (Rimon ancbSh#82). After mentioned before,
it can conclude that the water quality during tearing period was suitable and had
no harmful effect for all ponds.

Table 1: physico-chemical variations of water iffedent salinities of fish ponds.

Pond Parameter Pond 140%. Pond 1125%. Ponii31%. | Pond IV 5 %o
Temperature °C 23-31 23-31 22-32 23-31
pH 7.82-8.30 8.08-8.54 8.05-8.52 7.89-8.48
Dissolved Oxygen mg/l 6.55-7.65 6.00-6.68 7.77-8.5% 7.53-7.83.
Ammonia pg-at/l 14.06-35.85 16.36-23.99 14.5835.| 15.07-18.18
Phosphate pg-at/l 2.02-2.16 2.90-3.14 2.80-3.04 82-3.04
Nitrite pg-at/l 1.00-1.11 1.00-1.04 0.95-1.11 1186
Nitrate pg-at/l 3.86-4.31 4.77-4.81 4.31-4.66 34928
Growth

Average total weight and total length of théfeg the start of the study were
0.61 £0.19 g and 4.3 £ 0.54 cm, respectively.riglsignificantly affected growth of
Liza carinata (Fig. 1). Fish reared at salinities 5 %o and 40 %&ileited greater growth
in length (cm) 10.77+0.097, 11.39+£0.088 and weigm) 12.3+0.319, 15.02+0.44,
respectively (P<0.05). While, fishes at salinitidsl5 %o and 25 %0 represented lower
growth in length 9.15+0.23, 9.1+0.10 and weightl#@.53, 7.83+0.29, respectively
(P>0.05).
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Fig. 1: Growth in total length (cm) and total wietiggm) ofLiza carinata reared at four salinities
degrees (5, 15, 25 and 40%o) for 210 days. Theoattiars represented 95% confidence
intervals of average value per pond.

Our results demonstrated that the suitable sasitor growth in length and
weight forLiza carinata was 40%. and 5%.. Salinity of 40%. represented theirah
habitat of fish. While the low salinity (5%o) perfoed a considerable growth because
of energy saving in osmoregulation process. Thiglamation was supported by
Ferreiraet al., 2008. This refers to the reduction of energyhasresponse of marine
fish towards changes in salinity has not been stersi amongst species (Morgan and
lwama, 1996), the importance of salinity shouldde¢ermined for each aquaculture
species. Woo and Kelly (1999) and Boeuf and Pag801) suggested that at an iso-
osmotic salinity of 15%., growth is enhanced in steadine fish species, a group of
marine species including silver kob. However, theffects are species-specific and
need to be evaluated for each species or for fsim fdifferent origins. Euryhaline
species can be reared at salinities below 35%. duieir ability to move across
salinity gradients (Deacon, 1997). Reduced salio#ty decrease the energy demand
for osmoregulation in some species and it may playrecting role for the growth of
fish by improving their ability to digest and usié food more efficiently (Reslest
al., 2006). TurbotScophthalmus maximus, grew faster and their food conversion ratio
improved when they were reared at salinities of1B2%. as compared to the 35%o
salinity of seawater (Lambeet al., 1994, Boeuf and Payan, 2001 & Imslastdl.,
2001). Similarly, red drumSciaenops ocellatus, commercially produced under iso-
osmotic conditions, grew better at a salinity ofed than in seawater (Craig al.,
1995). In the stenohaline Atlantic co@adus morhua, growth at 14%. salinity was
better than at 28%. salinity (Lambegt al., 1994) and wild juvenile whitemouth
croaker, Micropogonias furnieri (Sciaenidae), required relatively more metabolic
energy at salinities above 20%. when moving throaglwide range of salinities
(Aristizabal-Abud, 1992). Brown spotted groupéipinephelus tauvina, (Akatsu
et al., 1983) and European seab&ssentrarchus labrax, grew best at a salinity of
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25%0 (Dendrinos and Thorpe, 1985). Ferradtral., (2008) suggested that silver kob
can be reared at this salinity (of 25%.) without aiiage effects on growth. Also,
Saillantet al., (2003) who reported that sea bass growth is &idgbw salinities.
Condition Factor

At the end of the rearing period (210 day) the agercondition factor did not
differ among treatments over all ponds (Table Z)ndition factor was ranging from
0.93 to 1.03. Condition factor of fish was deteredinas this variable may reflect
recent feeding conditions (Da Costa and Araujo,3200his has been suggested as a
way to assess the health status of a fish speBaggr and Connolly, 1989). Since
there were no significant differences (P<0.05)andition factor of fish that had been
subjected to different salinity treatments, it igpbthesised that fish from all
treatments consumed and utilized the artificiadfegually well at all salinities.

Table 2: Condition factors (K) dfiza carinata, reared at different salinities for 210 days. Daa

means+SE.
Pond salinity (%o) Number of fish K (g/cnt)
5 44 0.98+0.016
15 25 0.93+0.012
25 36 1.034£0.011
40 25 1.01+0.011

Gonadosomatic Index (GSI)

It is obvious that GSI differs among treatments figale and femald.iza
carinata. Gonadosomatic index was significantly influentgdsalinity (P<0.05). The
GSI for both males and females have nearly the stnwtuation trends which
reached to the maximum level at salinity of 40 % lfoth sexes 8.9 for female and
2.1 for male. The variation of GSI is generallyeddo indicate the maturity stages
and spawning of the fish (Fig. 2). When GSI readteemaximum value, this gives a
perfect indication about the time of spawning. ®aons in GSI values were
previously detected by Salem and Mohamed (198%ke Timsah, El-Boray (1993)
in Suez bay, Mahmoud (1997) and El-Halfawy (2004different fish farms.
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Fig. 2: Gonad somatic index (GSI) of male and fenhata carinata reared in different saline waters
(5,15, 25 & 40%o).



112 Kamal F. Elboray et al.

Length-weight relationship

Length—weight relationships of fishes are cruamthe fisheries biology and
assessment .The sample size, minimum and maximuogthl@nd weight, parameters
of length-weight relationship (a&b) and coefficieftdetermination R, + 95%CI of
"b", values are shown in Table (3) and Figure Bhm this table it is evident that
highest coefficient "b" were 2.839, 2.847 for gshat salinities 40 %o and 5 %o,
respectively they closed to 3 it is indicated flsatmetric growth, while "b" less than 3
at salinities 25 %0 and 15 %o, values of "b" werglP. and 2.323, respectively that is
allometric growth. It is well known that the furmti of "b" value represents the body
form and it is directly related to the weight atlt by ecological factors ,such as
temperature, food supply, spawning conditions athgbrofactors, such as sex, age,
fishing time and area and fishing vessel (Rickef3)9 In this experiment we
established all factors only salinity was changemsy be change in "b" value due to
change in salinity and in range of total length amight between ponds. This result
coincides with Salem and Mohamed (1982) and Mahm@e®7) as they found
variations for b values of length weight relatioipskvith different source of water
salinity. Also, Sampaiet al., 2001, found that the values of b for the lengtight
relationship of Brazilian flounder were always neéarwhich reared at different
salinities.

Table 3: Length weight relationship of Liza carmadt different salinities during 210 day.

Pond parameter Log T.L oglT.wt Regression

Min - Max  Min - Max Lna b S.Eof'b" 95%of ClI ’R
Pond | 40%o 7.3-12.8cm 328571gm -1.8207 2.839 0.062 2.714-2.964 0.958
Pond Il 25%o 4.7-11.3cm 723Bgm -0.577 1.512 0.181 1.152-1.872 0.410
Pond 111 15%o 4.5-11.5cm 0M11gm -1.369 2.323 0.119 2.086-2.560 0.800
Pond IV 5%o 5.9-12.4cm 28I gm -1.844 2.847 0.042 2.764-2.930 0.975

n= number of sample, Min=minimum, Max= maximum,iatercept of regression line, b= slope of regien
line, S.E = Standard Error, Cl= confidence leuRI= regression coefficient.
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Fig. 3: Length-weight relationship &fza carinata reared in different salinities
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Histological features of gonad maturation
The female:
1- Perinucleolar stage (Pond Ill, 15 %o):

At the beginning of this stage, the oocytes arellsara spherical or oval in
shape. The cytoplasm increase and becomes greateslume than the nucleus.
Oocytes by the end of this stage vary betweengetra and polygonal in shape. The
nucleoli move to the peripheral position adjacenthie nuclear membrane (Table 4 &
Fig. 4 A).

2- Yolk vesicle stage (Pond 1V, 5% & Pond I, 25%):

The oocytes were characterized by the appearangmlkfvesicles. As the
oocytes develop, the yolk vesicles increase in rermaind size, gradually filling the
cytoplasm from the periphery of the oocyte towdrd tenter and arranged in raws
(Table 4 & Fig. 4 B).

3- Ripe stage (Pond I, 40 %o):

The yolk globules first appear in the outermostt pair the ooplasm and
gradually increased in number and size as the eogybws and the yolk layer
continues to become thicker in proportion to thgaeeht layer of the cytoplasm.
Finally, the larger yolk spheres are apparentlynied by the fusion of smaller yolk
globules. Moreover, numerous lipid droplets remaithe peripheral part of the yolk
mass (Fig. 4 C).

The male:
1- Immature stage (Pond lll, 15 %.):

The completely immature or infantile testes consistsmall closely packed
cysts or nests of spermatogonia with different ditars. The testes were separated
into lobules. The spermatogonia were rounded ipelaad varied in number (Table 4
& Figure 5 A).

2- Mature stage (Pond II, 25 %o):

This stage was characterized by the predominanap@&imatozoa overall the
earlier cell stages (spermatogonia, primary speyayéts, secondary spermatocytes
and spermatids) present in the lobules. The luminthe lobules contained a fair
amount of sperms and the spermatic duct was fidpefms (Table 4 & Fig. 5 B).

3- Ripe stage (Pond IV, 5 %0 & Pond I, 40 %o):

At this stage the lobules and ducts were packeld miture spermatozoa, but
the earlier germ cells were fewer and embeddechénlobule walls. The tunica
albuginea appeared thin and stretched and thedshiistended to their maximum
diameter, and their walls also become thin andcdtesl. In addition, the seminiferous
lobules were separated by thin layer of interlobatannective tissue (Table 4 & Fig.
50C).

Table 4: Maturity stages of rearktka carinata in different salinities at the end of experiment.

Stage | Stage Il Stage lll Stage IV
g 3 3 3 3 3 3 3
5 %o + + +
15 %o + +
25 %o + + +
40 %o + + + +

It can be concluded that, the maximum gonadal ratitur at salinity 40%o
(represents the natural environment of this figgched to ripe stage for male and
female. Gonadal maturation of salinity 5%. reachedipe stage for male and yolk
vesicle stage for female (may be attributed to smergy in osmoregulation process).
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Many authors have reported the influence of waddinisy on fish development. In
Mullet (Mugil sp.) larvae, growth was estimated at 3 to 24 %o, andotst results in
terms of weight increase were recorded 17%o (Petestsal., 1999).

There is a wide range of results, but no definitag@lanation of the reasons
leading to higher or lower growth in different sdties. This conclusion coincides
with several studies reported the effects of dglioh growth of fishes (Sampagh
al., 2001). It has been proposed that high ratesrofeim turnover can result in
reduced growth, which can be detected by higheogain excretion rates (Carter
al. 1998).

Thus, in marine fishes like as sea bass larvalopmdnces appear to be
significantly improved under isotonic conditions has also been reported in the
rearing of other marine species sucl8aarus aurata (Tandleret al., 1995) andVugil
cephalus (Hareet al., 1998). The decreased performances recordedyhtdalinity
during early development may be linked to limitstire osmoregulation capacity
during early larval development.

The effects of salinity on growth are complex, vamgong species and are not
readily predicted (lwama, 1996). While it is widelgcepted that rearing of fish near
their iso-osmotic point has an energy saving ef{€aumetet al., 1995; Boeuf and
Payan, 2001), few studies have addressed the £édhcreased salinity on growth
in true freshwater species. In marine fish, dedngashe salinity towards iso-
osmolality often increases growth, which is commgogkplained by a reduction in
energy expenditure associated with ion regulatiretf, 1979; Jobling, 1995).

CONCLUSION

It can be concluded thatza carinata could be reared in low saline conditions
(5%0). It performs the maximum gonadal maturatiorsaltnity 40%. (represents the
natural environment of this fish) reached to rifgge for male and female. At salinity
5%o0, gonadal maturation reached to ripe stage fderaad yolk vesicle stage for
female (may be attributed to the saving of enengysmoregulation process).
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Fig. 4: Photomicrographs of transverse sectionth@fovary (at maximum maturation stage) lofza
carinata reared in different water salinities:
A- Perinucleolar stage (15%). H. & E., X 80.
B- Yolk vesicle stage (5% & 25 %). H. & E., X 20.
C- Ripe stage (40 %). H. & E., X 40.

Fig. 5: Photomicrographs of transverse sectionth@ftestis (at maximum maturation stage) tfza
carinata reared in different water salinities:
A- Immature stage (15%). H. & E., X 100.
B- Mature stage (25 %). H. & E., X 80.
C- Ripe stage (5% & 40 %). H. & E., X 40.
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