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Abstract: The hydrographic parameters, nutrient concentrations, plankton abundance and fry density were
monthly investigated from August 2008 to April 2009 in awild Mullet fish fry collection station called El-Kasara
located in the Egyptian Mediterranean coast. This station is dedicated by Mugil cephalus and Liza ramada
fry. Great variations were observed in all measured parameters due to the influence of tides and the mixing of
marine and fresh water in thisarea. pH ( 7-7.9, turbidity (14.35-44.5 NTU), dissolved oxygen (0.86-8.02 mg/L),
salinity (3.26-9.26 ppt) and chlorophyll-a (45.01-159.45 ugm/L). Also the concentrations of nutrients showed
widemonthly variations: 15.17-43.36 ugm/L for silicate, 215-1195 pgmy/L for total phosphorus, 11.66-172.7 ugm/L
for anmoniaand 33.31-309.54 pugmy/L for nitrite. Similarly, the plankton abundance showed pronounced temporal
variability, whereas the monthly phytoplankton production fluctuated between 39 x 10° and 58 x 10° cells/L and
zooplankton between 19.5 x10*-63.5 x 10° organisms/m?. Significant positive correlation ( P< 0.05_) was found
between phytoplankton and both chlorophyll a and temperature; zooplankton and dissolved oxygen; nitrite
with both dissolved oxygen and salinity; on the other hand significant negative correlation was found between
zooplankton and both temperature( P< 0.05 ) and turbidity( P< 0.01 ); phytoplankton with salinity; chlorophyll
a with both salinity and nitrite; dissolved oxygen and the parameters temperature and turbidity; also between
temperature and nitrite. Asfor the fish fry of the two dominant speciesin this station, highly significant positive
correlation ( P< 0.01 ) was found between Liza ramada fry and zooplankton and highly significant negative
correlationwith pH ( P< 0.01) and turbidity( P< 0.05_); while for Mugil cephalus fry no correlation was found
with any of the measured parameters. In conclusion the continuous discharge of agricultural and domestic
waste water into El-Kasara station has caused drastic changes in the hydrographic conditions, but till now the
main environmental factor attracting Liza ramada was the food (zooplankton abundance) which is high all the
year round and for Mugil cephalus no relations were found.
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INTRODUCTION

El-Kasara station, west of Damietta Governorate, is
one of the most ecologically and biologically important
stations along the Mediterranean coast of Egypt. The
ecological importance of this station is attributed to the
fact that it receives various types of agricultural and
domestic wastes which causing continuous changesin its
water quality, also it considered as a highly fertile region
providing a good environment for wild Mullet fry
especially Liza ramada and Mugil cephalus. The two
species considered as important commercial fishes in
Egypt, aso they play an important role in world fishery
and aquaculture [1-3].

Due to its importance as one of the highest
productive Mullet fish fry collection stations in
Egypt, it is necessary to study its water quality
and inhabiting biota. In this context, few investigations
were conducted including water quality [4] and
zooplankton abundance [5], but these studies were
based upon seasonal sampling. Therefore, the
present study was conducted on monthly base to
follow up the temporal pattern in ecological and
biological characteristics of this station, especialy
during the period of collection of this fry, aso to
estimate the main environmental conditions attracting
Liza ramada and Mugil cephalus fry in their natural
habitat.
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MATERIALSAND METHODS

The study area (El-Kasara) is located on the
Mediterranean Sea coast, west of Damietta Governorate
(Fig. 1). This area receives mainly agricultura and
domestic wastes directly through El-Kasara Drain. Also it
is exposed to rapid changes in environmental
characteristics due to the manipulation of tides and the
mixing of marine and fresh water.

The study was carried out monthly from August 2008
to April 2009 on the surface water, this time represented
the time of collection the fry of the two dominant Mullet
species in the studied station, whereas Liza ramada fry
found from November to April and Mugil cephalus fry
from August to January (Fig. 2).

Water temperature was measured directly by a usual
thermometer model 33 S.C.1. graduated to 0.1°C. pH was
measured in situ by using a pocket digital pH meter,
model Orion (Research Model 201). Turbidity was
assessed by using Turbidity meter. Dissolved oxygen was
determined, by Winkler method [6]. Salinity was
determined argent metrically as described by Strickland
and Parsons [6]. Determination of all nutrients and
Chlorophyll a followed the procedures described by
Strickland and Parsons [6]. For phytoplankton, one liter of
water was preserved in 4% neutralized formalin, the
phytoplankton standing crop was estimated by counting
method [ 7] and expressed as cell /liter.

Zooplankton samples were collected by filtering 5
liters of water through a plankton net 55 um mesh size and
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Fig. 1: Egyptian Mediterranean coast including El-Kasara station
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Fig. 2: Monthly abundance of Mugil cephlus and Liza ramada fry collected from El-Kasara Station (August 2008-

April 2009).
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the samples were preserved in situ in 4% formalin. The
zooplankton standing crop was calculated from the
average counts of three aliquots (5 ml each) and estimated
asindividual/m®.

The data of monthly amounts of fish fry of Liza
ramada and Mugil cephalus collected from the studied
location were taken from the General Authority of Fish
Resources Development at Damietta region (Fig. 2). The
relations between the different parameters were analyzed
using product moment (Pearson’s) correlation coefficient.

RESULTS

The study area demonstrated marked temporal
variability in  hydrographic conditions, nutrient
concentrations and plankton abundance. The water
temperature showed the classical seasonal variations
known in the Egyptian coastal water, whereas it varied
between 29.5C° in August and 12.5 C° in January (Fig. 3).
The surface sdinity appeared to be widely variable during
different months reflecting changes in the value of the
discharged waste water. The measured values fluctuated
between 3.26 ppt during August to 9.26 ppt during
January (Fig 3).

The transparency was low during August and
September, whereas the turbidity reached 40 and 44.5
NTU, respectively (Fig. 4). On the other hand,
transparency increased gradualy to reach its maximum
during the period from January to April. The monthly
pattern of dissolved oxygen (Fig. 4) demonstrated high
values during most months (4.97-8.02 mg/L ), except during
August and September whereas it showed minimum
values (0.86 and 1.46 mg/L, respectively).

The pH values of the surface water pointed out
dkaline tendency, varying between aminimum of 7 during
February and a maximum of 7.9 during April Fig. 5).

Chlorophyll a showed wide temporal variations and three
distinguished peaks during August, October and April
(Fig. 5). The highest values was recorded during August
(159.45ugm/L) and the lowest concentration was recorded
during December (45.01 pgmv/L).

The monthly concentrations of nitrite showed
high values (Fig 6). December and January seem to
be the richest months (268.76 and 309.54 pgm/L
respectively).Ammonia showed three levels of
concentrations. The highest one during November
(172.7ugm/L), a moderately high level during August,
October and December-March, (82.3-104.28 ugm/L)
and low one during September and April(11.66 and
17.35 pgm/L), (Fig. 6).

Total phosphorus concentrations ranged from
215 to 1195 pgm/L, except the highest values (1195 and
945 pgm/L) during August and April, respectively
(Fig. 7). Silicate concentrations reflected wide temporal
variations(15.17-43.36 ugm/L). The highest concentration
was found during March (43.36 pgmv/L), aso other 2 small
peaks were noticed during September and January
(32.9 and 26.51 pgm/L respectively). During the other
months its concentration ranged between 16.92 and
20.77 pgm/L (Fig. 7).

The density of phytoplankton was usually high
indicated high primary production during al months,
fluctuated between 39 x 10° and 58 x 10° cells/L. As shown
in figure 8, the peaks of abundance appeared during
September, October and April (52.5, 58 and 51 x 10° unit/L
respectively) and the lowest count was recorded during
November (39 x 10° unit/L), while during the rest of
months the counts ranged between 40 x 10° and 49 x 10°
unit/L. Clear indication of high secondary production
was revealed from the high abundance of zooplankton
during the studied period (19.5 x10*-63.5 x 10°
organisms/m®), whereas the peak was recorded during
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Fig. 3: Monthly variation of water temperature and salinity in El-Kasara station (August 2008-A pril-2009)
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Fig. 4: Monthly variation of turbidity and disssolved oxygen in El-Kasara station (August 2008-April-2009)
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Fig. 6: Monthly variation of nitrite and ammoniain El-Kasara station (August 2008-A pril-2009)
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Fig. 7: Monthly variation of total phosphorus and silicate in El-Kasara station (August 2008-April-2009)

65 re 65
—— Phytoplankton 4 Zooplankton ST

60 1 - 60

55 1 - 55
50 50 o
5
a 451 - 45 S
S 3

o

5 401 40§
o N4 c
O 351 L35 5
. o

307 R ~ 30

o

259 - 25

0] o [ 20

15 15

Aug2008 Sep Oct Nov Dec Jan2009 Feb Mar Apr
Months

Fig. 8: Monthly abundance of phytoplankton and zooplankton in El-Kasara station (August 2008-A pril-2009)

Table 1: Correlations of different hydrobiological parameters and fry of Mugil cephalus (M.c.), Liza ramada (L.r.)

Mugil cephalus Lizaramada Phytop-lankton Zoopl-ankton Chl.a D.O Sdlinity  Temp. pH Turbidity  Silicate NO, Total PO, NH,

M.c. 1 -0.430 0.329 -0.282 0181 -0071 -0.37 0.279 0.271 0.450 -0.308 0.021 -0.068 0.284
L.r. 1 -0.679 0.806** -0.201 0482  0.523 -0.614 -0.881**  -0.738* 0.215 0.375 -0.369 0.179
Phytopl. 1 -0.637  0.735* -0517  -0.736* 0.780* 0.658 0.604 -0.115 -0.586 0.437 -0.649
Zoopl. 1 -0.393 0.793* 0524 -0.743* -0.642 -0.926** 0.123 0.500 -0.362 0.091
Chl.a 1 -0.639  -0.722* 0.796* 0.134 0.455 0.044 -0.756* 0.558 -0.49

D.O 1 0.663 -0.81** -0.236 -0.830%* 0.054 0.843** -0.476 0.232
Sdlinity 1 -0.915**  -0.210 -0.639 0.119 0.843** -0.445 0.422
Temp. 1 0.363 0.769* -0.055 -0.849**  0.601 -0.337
pH 1 0.466 -0.238 -0.11 0.391 -0.251
Turbidity 1 0.015 -0.602 0.183 -0.102
Silica 1 -0.098 -0.425 -0.238
NO, 1 -0.516 0.529

Total PO, 1 -0.114
NH, 1

**Correlation is significant at p<0.01, * Correlation is significant at p<0.05

272



World J. Fish & Marine Sci., 1 (4): 268-277, 2009

April (63.5 x 10® organisms/m3 and the low counts (19
x10%-42 x10° organisms/m®) were recorded during the
period from August-December (Fig. 8).

The datistical treatment of data revedled the
occurrence of several significant correlations between
the different parameters (Table 1). Zooplankton showed
positive significant correlation(P< 0.05) with dissolved
oxygen and another negative with temperature and
turbidity; while phytoplankton showed positive
significant correlation(P< 0.05) with chlorophyll a and
temperature and another negative with salinity.
Chlorophyll a showed significant correlation (P< 0.05)
with salinity, temperature and nitrite. Dissolved oxygen
showed high significant (P< 0.01) positive and negative
correlation with temperature, turbidity and nitrite. Also
salinity showed high significant correlation (P< 0.01) with
temperature and nitrite. Asfor the fish fry of Liza ramada
showed high positive correlation (P< 0.01) with
zooplankton and another negative with pH. But Mugil
cephalus showed no correlation with any of the measured
parameters.

DISCUSSION

El-Kasara station is located at the outlet of El-Kasara
freshwater drain towards the Mediterranean Sea. It
receives variable pollutants through the discharged
agricultural and domestic wastes. The variability in the
quantity and quality of these wastes and their dispersion,
the influence of tides and the continuous mixing of marine
and fresh waters, are of great importance on the dynamics
of hydrographic conditions, nutrient concentrations,
plankton density and fish fry abundance in El-Kasara
station.

According to the present study El-Kasara station is
characterized by low water transparency (turbidity:14.35-
44.5 NTU) during the studied period, due to the mixing
processes between fresh and seawater, in addition to the
high chlorophyll content. Similar observations were
reported [8-10]. The low transparency is also attributed to
the high counts of zooplankton (average: 470 x 1C°
individual/m?®). Thisisin agreement with Edmondson [11]
who reported that, light could be absorbed by other
substances rather than chlorophyll a.

Dissolved oxygen and chlorophyll a were generaly
high. The dissolved oxygen is important in the metabolic
activities of aguatic organisms and serves as an
indicator of water quality [12]. In the present study a
strong negative correlation was reported between
dissolved oxygen and temperature, while a positive
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correlation was found between dissolved oxygen and the
parameters salinity, transparency and nitrite. This explains
the effect of salinity on the dissolved oxygen variations.
It is to be noted that the values of dissolved oxygen in
El-Kasara station (usually between 5-8 mg/ L) indicate the
well aeration conditions which pronouncedly exceed the
critical levels (3-5 mg/L) for aquatic biota[13].

The concentration of chlorophyll a ranged between
0.5 and 1.0 pgm/L is considered a criteria of acute
eutrophication in the aguatic habitat [14, 15]; relative to
the markedly high concentrations of chlorophyll a in
El-Kasara station (45.01-159.45 ugnv/L) and it is classified
as an acute eutrophic area. Positive significant correlation
was existed between chlorophyll a and temperature, total
phosphorus and low significant negative correlation with
dissolved oxygen, salinity and nitrite. Abdel-Mawla [9]
attributed the high concentration of chlorophyll a in
Nosha Hydrodrome due to high concentration of nutrient
salts persisting during warm months, also the decrease in
salinity asindicator of nutrient enrichment.

Salinity varied monthly (3.26-9.26 ppt) due to the
dispersion of fresh water and the wind action. The
significant correlation of salinity with nitrite, temperature,
phytoplankton and chlorophyll a indicated salinity
variations as one of the major factors influencing several
biotic and abiotic components of the ecosystem in the
study area. Moreover, the significant correlation between
salinity and these parameters is mainly attributed to the
quantity and quality of the discharged wastes, which are
usualy loaded with large amounts of nutrients and
different pollutants.

Significant variability was observed in the monthly
distribution of al measured nutrients with a peak of each
one differed in timing from the others. Such differences
may be attributed to the variability of nutrient levelsin the
discharged waters, which are exposed to seasonal
quantitative and qualitative changes. The increased
nutrient supply led to abnorma flourishing of
phytoplankton and consequently high abundance of
zooplankton which were several times higher than the
values recorded at other Egyptian coastal waters [16-19].
The significant correlation between temperature and both
chlorophyll a and phytoplankton suggests that the
elevated phytoplankton biomass during August-October
can in part be stimulated by the higher water temperature
in the presence of large amount of nutrient salts, which
are mainly brought by the fresh water discharge from El-
Kasaradrain.

Each of phytoplankton density and chlorophyll a
showed two peaks of abundance during October and
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April; and zooplankton showed one peak during April,
while the lowest zooplankton counts recorded during
October. Therefore, two types of relations between
chlorophyll a, phytoplankton and zooplankton could be
expected, a direct one appeared during April and another
reverse relation dominated during October, November,
February and March. Such relations may be explained by
the significant effect of grazing or by the theory of animal
exclusion [20]. Meanwhile, the high chlorophyll a
concentration at El-Kasara station may be caused mainly
by freshwater phytoplankton. In eutrophic waters,
phytoplankton  production  exceeds  zooplankton
consumption, because of the growth of large algae that
are relatively unutilized by filter feeding zooplankton,
while in other situations high zooplankton production is
unrelated to phytoplankton production because of large
influx of detrital allochthonous matter [21].

Phytoplankton had a positive significant correlation
with chlorophyll a, temperature, pH and turbidity, while it
had a reverse correlation with zooplankton, dissolved
oxygen, salinity, nitrite and ammonia. Variaions in
phytoplankton biomass in estuaries and coastal areas
have been linked to a number of factors including light
and macronutrient availability [22-24], temperature [25]
and biological factors such as zooplankton grazing and
competition [9, 26, 27].

Positive significant correlations was existed between
zooplankton with dissolved oxygen, salinity and nitrite
and a negative significant correlation was evident with
turbidity and low negative significant correlation with
temperature and pH. Hydrology and nutrient enrichment
may exert a strong influence on the species composition
and size distribution of the zooplankton, as shown in
other shallow Mediterranean waters [28-30].

In the Mediterranean sea, there has been adeclinein
fry availability of some mullet species in recent years
due to pollution and over fishing of parent stocks:
Mugil cephalus, for instance, has shown a decrease in
number, whereas Liza ramada, which is more tolerant to
coastal organic pollution and eutrophication, is still
abundant despite massive fishing [3]. The spatial
distribution of larvae of the different fish species is
conditioned by environmenta heterogeneity, the
processes enhancing productivity and their behavior
throughout the seasonal cycle [31]. El-Kasara location is
dedicated by fry of Mullet species (Mugil cephalus and
Liza ramada). Not all estuaries and coastal waters are
equal and the quantity or quality of their available
habitats for juveniles of marine fish species is not
necessarily the same [32-34].
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Distribution of Liza ramada fry is affected by salinity
during the study period (5-9 ppt). Different studies have
reported high concentrations of fish eggs and larvae
associated with low salinity waters[35, 36]. Their ability
to adapt to fresh water at agradual decrease [37, 38]or an
abrupt decrease of salinity [39] is manifested at an early
larval age. Salinity are also involved in ichthyoplankton
distributions [40-45].

A negative correlation existed between Liza ramada
and phytoplankton, pH, temperature and turbidity and
another highly positive with zooplankton. Environmental
factors influencing growth rate include temperature
[46-48] and food availability [46, 49]. Mugilidae larvae and
post-larvae feed mostly on zooplankton [50]. Therefore,
zooplankton is now generally acknowledged to be an
excellent indicator for the detection of changes in marine
ecosystems[51]. Studied biotic and abiotic factors had no
significant correlations with the distribution of Mugil
cephalus Juveniles in estuarine nursery areas tolerate
and overcome some of the occurring environmental
constraints, benefiting from favorable conditions for
growth, such as high food availability, water temperature
and refuge from predators [51-53].

At El-Kasara a fluctuation in different ecological
factorsisamajor factor attract fish fry. Hydrodynamicsis
a key factor for the recruitment success of marine fishes
[54]; given the natural variability in current speeds and
direction, the potential for drift into nursery environments
of varying quality might be expected to result in high
recruitment variability.

In conclusion, the continuous discharge of
agricultural and domestic waste water into El-Kasara
station has caused drastic changes in the hydrographic
conditions with abnormal increase of nutrients, high
plankton production and acute degree of eutrophication.
Theinhibitory effect of these wastes on oxygen is still not
clear. The main environmental factor attracting Liza
ramada was the food (zooplankton abundance), but for
Mugil cephalus no relations were found.

ACKNOWLEDGMENT

The author thanks Prof. Dr. Nagwa Abdel-Aziz at
National Institute of Oceanography and Fisheries,
Alexandria, Egypt, for her assist in completing this work.

REFERENCES

1. Capanna, E., S. Cataudella and G. Monaco, 1974.
The pharyngeal structure of Mediterranean

mugilidae. Monitore Zoal. Ital., 5(8): 29-46.



10.

11

12.

13.

14.

World J. Fish & Marine Sci., 1 (4): 268-277, 2009

Mariani, A., S. Panella, G. Monaco and S. Cataudella,
1987. Size anaysis of inorganic particles in the
adimentary tracts of Mediterranean mullet species
suitable for aquaculture. Aquaculture, 62: 123-129.
Crosetti, D. And S. Cataudella, 1995. Grey mullet
culture. In: Nash, C.E. (Ed.), World Animal Science.
34B: Production of Aquatic Animals’ Elsevier,
pp: 271-288.

Shakweer, L., H. Hemaida and A. Al-Sayes, 2008.
Some water quality parameters at fish fry collection
sites along the Mediterranean coast of Egypt.
Egyptian J. Aquatic Research. National Institute of
Oceanig. and Fisher., 34: 4.

Abdel-Aziz, N.E., 2009. State of plankton in fish fry
collection station Damietta, Egypt, Egyptian Journal
of Aquatic Research. National Institute of Oceanig.
(in press).

Strickland, J.D.H. and T.R. Parsons, 1972. A practical
handbook of seawater analysis, 2 ®edn., 176: 1-310:
Fish. Res. Bd. Can. Bull.

Utermohl, H., 1936. Quantitative Methoden
Utersuchung des Nannoplankton in
Adderheldens. Handbuch der Biolog. Arb.

Methoden Abt. IX (L).

Whitman, R.L., B. Davis and M.L. Goodrich, 2002.
Study of the application of limnetic zooplankton as a
bioassessment tool for lakes of sleeping bear dunes
national lakeshore, USGS Lake Michigan Ecological
Research Station Porter, India, July, pp: 75.
Abdel-Mawla, EM., 2004. Phytoplankton
consumption by grazing zooplankton communitiesin
the Nozha Hydrodrome fish farm and its application
in aguaculture. Ph.D.Thesis., Fac. Sci. Alexandria
Univ.

Dorgham, M.M., N.E.M. Abdel-Aziz, K.Z. El-Deep
and M.A. Okbah, 2004. Eutrophication problems
in the Western Harbor of Alexandria, Egypt.
Oceanologia, 46: 25-44.

Edmondson, W.T., 1980. Secchi disc and chlorophyll.
Limnol. Oceanogr., 25: 378-379.

Wetzel, R.G., 2001. Limnology: Lake and river
ecosystems, vol.3. pp: 429, New York,NY.
Bartholomew, W.G., R. David and E.B. Claude, 2000.
Water exchange to rectify low dissolved oxygen. In
17 2 Ann. Tech. Rep. Pond Dynamics / Aquaculture
CRSP Oregon State University, (ed.K. McEleee D.
Barke M. Niles X. Cummings and H. Egna), pp: 101-
103. Vorvallis, Oregon.

Carlson, R.E., 1977. A trophic state index for lakes.
Limnol. Oceanogr., 22: 361-369.

275

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Friligos, N., 1988. Eutrophication of the Saronikos
Bay, pp: 123-132. Athens: UNEP/UNESCO/FAO.
Abdel-Aziz, N.E., 1997. Zooplankton production
aong the Egyptian Mediterranean coast of
Alexandria, with special reference to life history of
one copepod species. Ph.D. Thesis, Fac. Sci.
Mansoura Univ., pp: 384.

Abdel-Aziz, N.E., 2000. Zooplankton dynamics
and ecology of an eutrophic area. Egypt. Arab Gulf
J. Scient. Res,, 18(2): 110-121.

Abdel-Aziz, N.E., 2001. Zooplankton in beach waters
of the southeastern Abu Qir Bay. Journal of Egyptian
Academic Society for Environmental Development,
2(4): 31-53.

Abdel-Aziz, N.E., 2004. The changes of zooplankton
community in a chronic eutrophic bay on Alexandria
coast, Egypt, Egypt. Bull. Fac. Sci. Alex. Univ., 43:
1-2: 203-220.

Raymont, J.E.G., 1980. Plankton and productivity in
the oceans.(2™ ed.), Pergamon Press.

Welch, E.B., 1980. Ecological effects of wastewater.
Cambridge Univ.Press. Wetzel ,R.G. (983 Limnology
2 ed. Sounders College Publishing, Philadelphia:
66-98.

Campbell, E.E., W.T. Knoop and G.C. Bate, 1991. A
comparison of phytoplankton biomass and primary
production in three eastern Cape estuaries, South
Africa. South African J. Sci., 87: 259-264.

Mallin, M.A. and HW. Paerl, 1992. Effects of
variable irradiance on phytoplankton productivity
in shallow estuaries. Limnol. Oceanogr, 37: 54-62.
Mallin, M.A., H.W. Paerl, J. Rudek and P.W. Bates,
1993. Regulation of estuarine primary production by
watershed rainfall and river flow. Mar. Ecol. Prog.
Ser., 93: 199-203.

Fogg, G.E., 1991. The phytoplanktonic ways of life.
New Phytologist, 118: 191-232.

Grange, N., A.K. Whitfield, C.J. De Villiers and
B.R. Allanson, 2000. The response of two South
African east coast estuaries to altered river flow
regimes. Aqua. Conser. Mar. Freshwater Ecosy,
10: 155-177.

Froneman, P.W., 2002. Response of the biology to
three different hyrological phases in the temporarily
open/closed Kariega estuary. Estu. Coas. Shelf Sci.,
55: 535-546.

Quintana, X.D., R. Moreno-Amich and F.A. Com'n,
1998. Nutrient and plankton dynamics in a
Mediterranean salt marsh dominated by incidents of
flooding. Part. 2 Response of the zooplankton
community to disturbances. Journal of Plankton
Research, 20: 2109-2127.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

World J. Fish & Marine Sci., 1 (4): 268-277, 2009

Gilabert, J., 2001. Seasona plankton dynamicsin a
Mediterranean hyper saline coastal lagoon: the Mar
Menor. Journal of Plankton Research, 23: 207-217.
Pe'rez-Ruzafa, A., J. Gilabert, JM. Gutie'rrez,
A.l. Fernandez, C. Marcos and S. Sabah, 2002.
Evidence of a planktonic food web response to
changes in nutrient input dynamics in the Mar
Menor coastal lagoon, Spain. Hydrobiologia,
475/476: 359-3609.

Sabate’s, A., J. Sdat, I. Paomera, M. Emelianov,
M.L. Ferna'ndez de Puelles and M.P. QOlivar, 2007.
Advection of anchovy larvae along the Catalan
continental slope (NW Mediterranean). Fisheries
Oceanography, 16: 130-141.

Able, K.W., JP. Manderson, A.L. Studholme,
1999. Habitat quality for shallow water fishesin
an urban estuary: the effects of man-made structures
on growth. Marine Ecology Progress Series,
187: 227-235.

Meng, L., J.C. Powell and B. Taplin, 2001. Using
winter flounder growth rates to assess habitat quality
across an anthropogenic gradient in Narragansett
Bay, Rhode Island Estuaries, 24: 576-584.

Le Pape, O., C. Gilliers, P. Riou, J. Morin, R. Amara
and Y. De'saunay, 2007. Convergent signs of
degradation in both the capacity and the quality
of an essential fish habitat: state of the Seine
estuary (France) flatfish nurseries. Hydrobiologia,
588: 225-229.

Olivar, M.P. and A. Sabatés, 1997. Vertical
distribution of fish larvae in the north-west
Mediterranean Seain spring. Mar. Biol., 129: 289-300.
Palomera, |, M.P. Olivar, J. Sdat, A. Sabate's,
M. Coll, A. Garc?’a and B. Morales-Nin, 2007.
Small pelagic fish in the NW Mediterranean Sea:
An ecological review. Progress in Oceanography,
74: 2-3: 377-396.

Dubrovin, 1.Y., 1991. Adaptation of Larval Haarder
Mugil soiuy Basilewsky to Fresh Water, Rybn. Khoz,
8: 29-31.

Kowtal, G.V. and S.D. Gupta, 1986. A Note on
Breeding of Liza macrolepis (Smith) in Captivity,
Bamidgeh, 38(1): 26-29.

Bulli, L.I. and N.I. Kulikova, 1997. Adaptibility of
Larva Haarder Mugil soiuy Basilewsky at a
Decreased Environmental Salinity, in Abstracts
of 1 Congress of Russian Ichthyologists (VNIRO,
Moscow,), pp: 212-213.

Boeuf, G. And P. Payant, 2001. How should salinity
influence fish growth? Comparative Biochemistry
and Physiology, C, 130: 411-423.

276

41.

42.

43.

45.

46.

47.

48.

49.

50.

Sponaugle, S. and D.R. Pinkard, 2004. Impact of
variable pelagic environments on natura larval
growth and recruitment of the reef fish Thalassoma
bifasciatum, J. Fish Biol., 64: 34-54.

Jana, S.N., S.K. Carg and B.C. Patra, 2006. Effect of
inland water salinity on growth performance and
nutritional physiology in growing milkfish, Chanos
chanos (Forsskal): field and laboratory studies.
Journal of Applied Ichtyology, 22: 25-34.

Sherman, K., W. Smith, W. Morse, M.
Berman, J. Green and L. Ejsymont, 1984. Spawning
strategies of fishes in relation to circulation,
phytoplankton production and pulses in zooplankton
off the northeastern United States. Marine Ecology
Progress Series, 18: 1-19.

Borja, A., S.B. Bricker, D.M. Dauer, N.T. Demetriades,
JG. Fereira, A.T. Forbes, P. Hutchings, X. Jia,
R. Kenchington, J.C. Marques and C. Zhu, 2008.
Overview of integrative tools and methods in
assessing ecological integrity in estuarine and
coasta systems worldwide. Marine Pollution
Bulletin, 56: 1519-1537.

Muhling, B.A., L.E. Beckley, JA. Kodow and
A.F. Pearce, 2008. Larva fish assemblages and
water mass structure off the oligotrophic south-
western Australian coast. Fisheries Oceanography,
17: 16-31.

Admassu, D. and |. Ahlgren, 2000. Growth of juvenile
tilapia, Oreochromis niloticus L. from Lakes Zwai,
Langeno and Chamo (Ethiopian rift valey) based
on otolith microincrement analysis. Ecology of
Freshwater Fish, 9: 127-137.

Jenkins, G.P. and D. King, 2006. Variation in larval
growth can predict the recruitment of a temperate,
seagrass-associated fish. Oecologia, 147: 641-649.
Sponaugle, S., K. Grorud-Colvert and D. Pinkard,
2006. Temperature-mediated variation in early life
history traits and recruitment success of the coral
reef fish Thalassoma bifasciatumin the FloridaKeys.
Marine Ecology Progress Series, 308: 1-15.

Massou, A.M., J. Panfili, R. Lae, JF. Barailler,
O. Mikolasek, G. Fontenelle and P.Y. Le Bail, 2002.
Effect of different food restrictions on somatic
and otolith growth in Nile tilapia reared under
controlled conditions. Journa of Fish Biology, 60:
1093-1104.

Sorgeloos, P. And P. Lavens, 1996. Manual on the
production and use of live food for aquaculture.
Fisheries Technical Paper. Vol. 361. Rome: Food and
Agriculture Organization of the United Nations,
pp: 49-78.



51.

52.

53.

World J. Fish & Marine Sci., 1 (4): 268-277, 2009

Perry, R.l., H.P. Batchelder, D.L. Mackas, S. Chiba,
E. Durbin, W. Greve and H.M. Verheye, 2004.
Identifying global synchronies in marine zooplankton
populations: issues and opportunities. ICES J. Mar.
Sci., 61: 445-456.

Haedrich, R.L., 1983. Estuarinefishes. In: Ketchum,
B. (Ed.), Ecosystems of the World: Estuarine and
Enclosed Seas. Elsevier, Amsterdam, Netherlands,
pp: 183-207.

Gibson, R.N., 1994. Impact of habitat quality and
quantity on the recruitment of juvenile fishes.
Netherlands Journal of Sea Research, 32: 191-206.

54.

55.

277

Beck, M.W., K.L. Heck, K.W. Able, D.L. Childers,
D.B. Eggleston and B.M. Gillanders, 2001. The
identification, conservation and management of
estuarine and marine nurseries for fish and
invertebrates. Bio-Sci., 51: 633-41.

Van der Veer, HW., R. Berghahn, JM. Miller and
A.D. Rijnsdorp, 2000. Recruitment in flatfish, with
special emphasis on North Atlantic species: progress
made by the Flatfish Symposia. ICES Journa of
Marine Science, 57: 202-215.



