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Abstract: Fish samples of Oreochromis niloticus were collected from two main fishing sites on the Rosetta Nile
Branch (Kafr El-Zayat and Desok areas), the first area is considered to be more polluted than the later one due
to the highly industrial activities. The present work aimed to study some aspect of the reproductive biology
of the dominant species (O. niloticus) with emphasis on histopathological changes in the gonads. Fish attain
the first sexual maturity at length 13.8 cm. The monthly distribution of maturity stages was studied. The
gonadosomatic index and the gonads histological examination indicated that, the fish has prolonged spawning
activities with a peak value in June. Six stages of gonadal maturation for both sexes were identified. The
histopathological changes in gonads due to exposure to different pollutants have been studied. It was
concluded that fish exposed to higher concentrations of pollutants showed higher incidence of gonadal
abnormalities in the form of deformed oocyte and spermatocyte with reduction in their numbers and lack of
active oogensis and spermatogenesis. 
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INTRODUCTION

Rosetta branch is one of the two main branches of
the  Nile  River  (Fig. 1). It is about 220 km in length with
an  average  width of 180 m. and depth varying between
2 and 4 m [1]. Rosetta branch water serves for a wide
range of functions including agricultural, industrial and
domestic  water  supply, fisheries and recreation.
Industrial  activities  have been accused as being the
major source of water pollution in this area [2]. Water
pollution affects the ecological conditions which usually
affect the biological and physiological conditions of the
fish, especially reproduction, which is reported to be
affected seriously [3-5]. 

The metal industry contributes almost 50% of the
total wastewater discharges [6]. Other industrial plants
constructed at Kafr El-Zayat city on the banks of the Fig. 1: Rosetta branch and its drain locations (Source of
branch directly pour their effluents into the branch polluted water)
without any treatment where high values of water
turbidity and also high values of Biochemical oxygen copper,  lead and cadmium) are higher than the
demand (BOD), phosphates and total dissolved solids permissible levels in this area. Cichlid species are the most
(TDS) were recorded [7]. Daifullah et al. [8] stated that, common fish group (96.99%) in the commercial catch of
the concentrations of some metals (Iron, manganese,  zinc, the  Rosetta branch of the Nile River during the year 2006.
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The  landed  catch  was  represented  mainly  by RESULTS
Oreochromis niloticus (51.29%). 

The   present   work   aimed   to   study   some  aspect The results of this study indicate that, there is no
of  the  reproductive  biology  of  the  dominant  species difference in the length at first sexual maturity and
(O. niloticus) with emphasis on histopathological monthly distribution of maturity stages of O. niloticus in
changes in the gonads. the two areas under study.

MATERIALS AND METHODS Length and Age at First Sexual Maturity: In the present

In order to study the effects of pollution on fish 11.9 cm were always immature. The frequency of mature
reproduction, samples were collected from two main individuals increased with increasing fish lengths where
fishing sites on Rosetta branch namely Kafr El-Zayat and all fish over 15.2 cm were mature. Results showed also
Desok areas during the period from January 2006 to that fishes attained their first sexual maturity at 13.8 cm.
January 2007, the first area is considered to be more When  referring  this  length  to  the  corresponding  age;
polluted than the later one [8]. it was found that, O. niloticus should pass their first year
 O. niloticus were identified and sexed for of life before attaining sexual maturity. 
morphological   evaluation    of    gonadal    maturation.
The   Hjort   [9]   scale   which   was   further  developed Monthly Distribution of Maturity Stages: The monthly
by  Sakun  and  Butskaya  [10]  was  used  in  this respect. variations of maturity stages of O. niloticus were
A total of 575 gonads of both sexes of O. niloticus were represented in Table 1. It is obvious that, immature stages
weighed to the nearest milligram. The gonadosomatic (I and II) are present throughout all months of the year
index was calculated for all the specimens as the with a peak in January (65.85%). This species reaches
percentage of gonad weight to the gutted fish weight. stage III in December and reaches the maximum
Gonadosomatic index = [gonad weight (g) / gutted weight percentage of this stage in February (64.71%). The
(g)] X 100. spawning period (stage V) extends from May to

Gonads were prepared for the histological September with a peak in June (54.84%), while spent stage
examination by fixing in 10% neutralized formalin solution. was found through the months from July to November
Paraffin  embedding  was  carried  out  after  dehydration with a peak in August (47.46%).
in  ascending series of ethyl alcohol, sections ranging
from 3 to 8 µ thickness were stained with eosin and iron Gonadosomatic Index (G.S.I.): The monthly variations of
alum hematoxylin then mounted with Canada balsam. gonadosomatic index of  O.  niloticus  are  shown  in
They  were  then  examined  by  a  light  microscope Figure 2. It is clear that, the higher values of G.S.I. appear
(Leitz), Microphotographs  with  an  Olympus  CX41 during the period from May to November with two peaks,
digital camera  were  taken.  Oogenesis  was  identified the highest one in June (3.16) and the smallest one in
according to Hilge [11]. October (2.19). 

study,  it was found that fish with lengths smaller than

Table 1: The percentage distribution of different maturity stages of O. niloticus in Rosetta Branch, Nile River

Month No. of fish immature III IV V VI

Jan. 41 27 (65.85) 14 (34.15) - - -
Feb. 51 18 (35.29) 33 (64.71) - - -
Mar. 52 16 (30.77) 24 (46.15) 12 (23.08) - -
Apr. 49 15 (30.61) 14 (28.57) 20 (40.82) - -
May 65 11 (16.92) 9 (13.85) 32 (49.23) 13 (20.00) -
Jun. 62 10 (16.13) - 18 (29.03) 34 (54.84) -
Jul. 56 11 (19.64) - 13 (23.21) 22 (39.29) 10 (17.86)
Aug. 59 10 (16.95) - 8 (13.56) 13 (22.03) 28 (47.46)
Sep. 43 16 (37.21) - - 9 (20.93) 18 (41.86)
Oct. 34 20 (58.82) - - - 14 (41.18)
Nov. 34 22 (64.71) - - - 12 (35.29)
Dec. 29 19 (65.52) 10 (34.48) - - -
Tot. 575 195 104 103 91 82
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Fig. 2: Gonadosomatic index of O. niloticus in Desok and Kafr El Zayat areas

Histological Studies: Histological examinations were maturation the ovary is mainly composed of clusters of
made for gonads of both sexes of O. niloticus from both small cells (oogonia). The oogonium has a thin indistinct
areas  (Desok  and  Kafr  El  Zayat).  It  appeared  that, peripheral zone of mild basophilic cytoplasm and a central
there are several spermatogenic stages, that could be large nucleolus. Oogonia are increased in size and number
identified in the testis; namely spermatogonia, primary with a basophilic cytoplasm, the nucleus enlarged in size
spermatocytes, secondary spermatocytes, spermatids and and having one or two nucleolii (Fig. 7). This stage is
spermatozoa. The relative abundance of each kind called the chromatin nucleolus stage. 
characterizes each stage of maturity. The perinucleolar oocytes are enlarged in size with

Testis of O. niloticus consists of seminiferous undifferentiated membrane, the nucleoli increased in
lobules, interspersed in the connective stroma, radiating number  and  become  close  to  the  nuclear  membrane.
from the longitudinal main sperm duct towards the Few small vacuoles appear in the cytoplasmic mass and
testicular  periphery  (Fig. 3). Spermatogonia are single arranged near the periphery of the oocyte (Fig. 8). 
cells distributed all along the germinal epithelium and On further maturation, the ovaries are entering the
showed a roundish nucleus with an eccentric basophilic yolk vesicle stage; this stage is characterized by the
nucleolus and a slightly acidophilic cytoplasm. deposition of yolk vesicles and fat globules which

Primary spermatocytes and secondary spermatocytes increase the size of maturing egg. The oocyte membrane
characterized by a heterochromatic nucleus whose at  this  stage  of  maturation  became  well  developed.
appearance varied  according  to   the   different  phases The  chorion  is  composed  of   a   thin   outer  layer
of  the  meiosis.  Spermatids  are  characterized  by  having (Theca layer), followed by a cellular layer of epithelial
a strongly basophilic nucleus, which condenses follicle  (Granulosa) and the most internal non cellular
progressively and became indented. The appearance of layer (Zona radiata) (Fig. 9). The cytoplasm loses its
spermatozoa indicates the accomplishment of the period basophilic  nature  and   became   fully   occupied  with
of spermatogensis (Fig. 4). Spermatozoa are flagellated yolk granules. Besides, the yolk vesicles (Cortical alveoli)
cells with an oval head intensely stained with are noticed in the periphery of oocyte and around the
haematoxylin. Mature spermatozoa are then released into nucleus (Fig. 10).
the tubule lumen after the breakdown of cysts (Fig. 5). At the vitellogenic stage the vacuoles become
Spent stage testis reduces its volume dramatically, connected to each other and the yolk globules become
residual spermatozoa occupy a high percentage of the hydrated and homogenate. The nucleus began to liberate
testis and a few spermatogonia are observed (Fig. 6). its substances into the cytoplasm, the membrane becomes

The histological examination of the developing obviously well developed and the nucleus starts to
ovaries of O. niloticus showed that, in early stage of migrate to the animal pole (Fig. 11). 
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Fig. 3: Seminiferous lobules (SL) radiating from the main Fig. 7: Small groups of oogonia (O), chromatin nucleolar
sperm duct towards the testicular periphery (40X) oocytes (Ch) and perinucleolar oocytes (Po) (40X)

Fig. 4: S. lobules filled with spermatogonia (Sg), Fig. 8: Few nucleolii (n) close to the nuclear membrane
spermatocytes (Sc), spermatids (St), spermatozoa (Nm) and a ring of vacuoles (V) near the oocyte
(S) and thin interstitial tissue (It) (40X) periphery (40X)

Fig. 5: Ripe testis showing spermatocytes (Sc),
spermatids (St) and spermatozoa (S) which Fig. 9: Well developed oocyte membrane thecal cell (Th),
released into the tubule lumen (40X) granulose (Gn) and zona radiata (Zn) (40X)

Fig. 6: Spent stage showing the residual spermatozoa and granules (Yg) and vacuoles (V) near the oocyte
a few spermatogonia (20X) membrane (M) (40X)

Fig. 10: Yolk vesicle oocyte showing a ring of yolk
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Fig. 11: Vitellogenic oocyte showing the start of the Fig. 14: Degenerative and necrotic changes in the cellular
nucleus migration to the animal pole (20X) elements of S. lobules and focal areas of necrosis

Fig. 12: Liquefied yolk (Y) in ripe oocyte, degeneration
changes of perinucleolar stage (P), corrigation of Fig. 15: Spermatocytes (Sc), spermatids (St), spermatozoa
their membranes (G) (40X) (S), disrupted testicular tissue with fibrous

Fig. 13: Oocyte in spent stage showing different forms of
atretic oocytes with breaking down of zona
radiata (20X) Fig. 16: S. lobules filled with spermatocytes (Sc),

The nucleus in ripe egg consists entirely of the degeneration  in  lumen with thin interstitial
cytoplasmic inclusions and appears near the animal pole, tissue (It) and edema (40X)
liquefied yolk material is distributed throughout the
cytosome  and fat globules began to disappear (Fig. 12). The Histopathological Examination: From the
In the spent stage a few atretic oocytes of the remaining histopathological  point  of view, examinations of the
vitellogenic ova after spawning become present. Atretic testis of O. niloticus (Mostly in Kafr El Zayat area)
oocytes are characterized by breaking down zona radiata indicated severe degenerative, collapsing and necrotic
and proliferation of granulosa layer which invade the dead changes  in  both  the   wall   and   the   cellular  elements
ova and vacant spaces in the ovary (Fig. 13). of    the    seminiferous    tubules    with    focal    areas   of

(20X)

interstitial connective tissue (It) and vacuolated
leyding cell (6) (40X)

spermatids (St), spermatozoa (S) and
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Fig. 17: Oocyte in yolk vesicle stage showing yolk
granules (Yg), vacuoles (V) and groups of
destroyed oocyte (6) (20X)

Fig. 18: Atretic perinucleolus oocytes (Ap) as a solid
mass and atretic yolk vesicle oocytes (Ay) (40X)

fibrosis. The  seminiferous  lobules  appear   with   a 
lesser  number of sperms or lucent indicating lack of
active spermatogenesis (Fig. 14). 

The deformed testis showed tissue necrosis,
congestion of capillaries and vacuolated leyding cells
(Fig.15), it also shows disrupted testicular tissue with
spacious fibrous interstitial connective tissue with
fibrobalsts and edema (Fig. 16). 

Females of O. niloticus which were collected from
Kafr El Zayat area appeared to have ovaries with
vitellogenic and ripe ova. Ovaries which are exposed to
higher concentrations of pollutants showed different
histological forms (Fig.17), the tunica albuginea is loose
and the oogonia are destroyed. The cytoplasm of early
and late perinucleolus oocytes stained deep purple. The
perinucleolus oocytes appeared as a solid mass, also late
perinucleolus oocytes become atretic (Fig. 18). 

Corrigation of the perinuclear ova membranes and
vacuolation of the vitellogenic ova was observed (Fig.12);
these deformed cells cause damage of membrane layers.

DISCUSION

The length at first sexual maturity means the length
at which 50% of all fish at that length are mature [12].  Age

and size at first maturity of tilapia are affected by
environmental conditions [13, 14], overfishing [15], food
supply [16-18] and water body area [19]. This study
revealed that, O. niloticus fishes in Rosetta branch
attained their first sexual maturity at 13.8 cm. On the other
hand, Mehanna [20] found that lengths at first sexual
maturity of O. niloticus in Wadi El Raiyan lakes to be 28.9
cm (2.57 years old) in the first lake which has an area of
about 63 Km  and 17.8 cm (1.51 years old) in the second2

lake which has an area of about 110 Km . 2

The study of the gonadosomatic index in different
months gives a good indication of the spawning season
of the species [21-27]. O. niloticus has prolonged
spawning activities with a peak in June; these results are
in accordance with the results of Payne and Collinson
[28], Bayoumi and khalil [29] and El Shazly [26]. 

Six  stages  of  gonads  maturation  for  both  sexes of
O. niloticus were identified, many authors described these
maturity stages such as Mahmoud [30], Mazrouh [31],
Coward and Bromage [32], Assem and El Zaeem [33],
Morrison et al. [34] and Gaber [35, 36].

The different pollutants such as industrial and
agriculture wastes, pesticides and also different types of
bacteria have histopathological effects on the
reproductive  tissues  of  fish gonads [37, 38], these
effects may disturb the development of germ cells and
may reduce the ability of fish to reproduce, while metal
accumulation occurring in the testis, affects the process
of spermatogenesis and suppressing sperm production
[39-42].

The histopathological effects of different pollutants
on  gill,  liver,  blood,  brain, gonads and other organs
have been studied by many investigators [43, 44], they
mentioned that, the perinucleolus oocytes appeared as a
solid mass and later on perinucleolus oocytes become
atretic. These lesions may be attributed to the direct or
indirect effect of high value of pH and high
concentrations of nutrients and heavy metals in the
effluent. Kumar and Pant [45] found that 2-4 month
exposures of an Indian teleost to copper, zinc, or lead
caused disappearance of oocytes in the ovaries. 

In the present study higher incidence of oocyte
atresia was found in the area of Kafr El Zayat more than
Desok area. Jobling et al. [46] stated that, atresia was
recorded in roach living in rivers that receive treated
sewage effluents. Johnson et al. [47] reported that, atersia
is thought to be an uncommon event in healthy females
and it has been linked to poor nutrition, environmental
stress and starvation.
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Abou Shabana et al. [48] cited data indicating that, 8. Daifullah, A.A.M., A.A. Elewa, M.B. Shehata and
heavy metals and pesticides which are present in
industrial waste water are the main reason of reproductive
impairment occurring in the entire lakes and fresh water
canals exposed to these effluents.

Reduced number of oocytes with large follicular
spaces and pycnotic nuclei of perinucleolus stages are
observed in many ovaries of O. niloticus, these
observations coincides with those recorded by Kamel
[49]. He attributed these alterations to environmental
conditions, especially temperature. Severe damage of
gonadal tissue occurred by infiltration of blood tissue and
its necrosis.

From this study, it could be concluded that deformed
and infected gonads of O. niloticus collected from Kafr El
Zayat area were found in a higher percentage than those
of Desok area. These results come from the highly
presence of different types of pollutants and heavy metals
in the water of Kafr El Zayat area. 

REFERENCES

1. Mahmoud, H.H. and M.M. Mazrouh, 2008. Biology
and fisheries management of tilapia species in
Rosetta branch of the Nile River, Egypt. Egyptian J.
Aquatic Res., 34: 272-285.

2. Donia, N., I. El-Azizy and A. Khalifa, 2003. Industrial
pollution control of Rosetta branch, Nile River,
EGYPT. In the Proceedings of the Seventh Intl.
Water Technol. Conference, Egypt, pp: 235-247.

3. Santiago,  C.B.,  M.B.  Aldaba,  E.F.  Aubuan  and
M.A. Laron, 1985. The effects of artificial diets on fry
production and growth of (Oreochromis niloticus)
breeders. Aquaculture J., 47: 193-203.

4. Cisse,  A.,  1988.  Effects  of  varying  protein  levels
on  spawning frequency and growth of
Sarotherodon   melanodon.   In:   Proceedings   of
the Second International Symp. on Tilapia in
Aquaculture, ICLARM, Bankok, 15: 329.

5. Essa, M.A. and E.H. El-Ebiary, 1995. Protein sparing
effects in the fingerlings of Nile tilapia (Oreochromis
niloticus) and its hybrids. Delta J. Sci., 19: 278-294.

6. El-Gohary, F.A., 1990. Waste water management in
Shubra El-Kheima. Second Egyptian Seminar on
Industrial Wastewater Management, Cairo, Egypt,
pp: 1-21. 

7. Egyptian Environmental affairs Agency (EEAA),
1994. Industrial wastewater pollution abatement in
Kafr El-Zayat. Technical cooperation study for the
environment.

M.H. Abdo, 2003. Evaluation of some heavy metals
in water, sediment and fish samples from River Nile
(Kafr El-Zyat city), Egypt. A Treatment approach.
African  J.  Environ.  Assessment  and  Management,
6: 16-31. 

9. Hjort,   J.,   1910.   Herring   investigation  until
January 1910: Publications de Circonstance du
Conseil  Internationale  pour  1’  Exploration  de la
Mer, 53.

10. Sakun, O.F. and N.A. Butskaya, 1968. Determination
of the stages of maturation and studies of sexual
cycle in fishes. Ministerstvo Rybnogo Hozyajstva,
Mormansk, Russia, 2: 5-23.

11. Hilge, V., 1977. On the determination of the stage of
gonads ripeness in female bony fishes. Meeres
forschung 25: 49-55.

12. Snedecor, G.W., 1956. Statistical methods applied to
experiments in agriculture and biology. Lowa State
Univ. Press, USA, pp: 534.

13. Lowe-McConnell, R.H., 1982. Tilapias in fish
communities, In: Pullin, R.S.V. and Lowe McConnell,
R.H. (Eds). The biology and culture of Tilapias.
ECLARM Conference Proceedings, ECLARM,
Manila, Philippines, 7: 83-113. 

14. Stewart, K.M., 1988. Changes in condition and
maturity of Oreochromis niloticus population of
Fergusons’s Gulf, Lake Turkana, Kenya. J. Fish Biol.,
33: 181-188.

15. Gwahaba,  J.J.,  1973. Effects of overfishing on
Tilapia niloticus populations of Lake Gorge,
Uganda, over the past 20 years. East African Wild
Life J., 11: 317-328. 

16. Santiago,  C.B.,  M.B.  Aldaba,  E.F.  Abuan  and
M.A. Laron, 1985. The effects of artificial diets on fry
production and growth of Oreochromis niloticus
breeders. Aquaculture Res., 47: 193-203.

17. Siddiqui,  A.Q.,  A.H.  Al-Harbi  and  Y.S. Al-Hafedh,
1997.  Effect  of  food  supply  on  size at first
maturity, fecundity and growth hybrid tilapia
(Oreochromis niloticus (L.) and Oreochromis
aureaus   (Steindachner))   in   outdoor   concrete
tanks   in    Saudi   Arabia.   Aquaculture   Research,
28: 341-349.

18. Elsayed, A.M., C.R. Mansour and A.A. Ezzat, 2003.
Effects of dietary protein levels on spawning
performance of Nile Tilapia (Oreochromis niloticus)
proodstock reared at different water salinities.
Aquaculture Research, 220: 619-632.



World J. Fish & Marine Sci., 1 (3): 190-198, 2009

197

19. Duponchelle,   F.   and   J.   Panfili,   1998.  Variations 32. Coward, K. and N.R. Bromage, 1999. Spawning
in size and age at maturity of female Nile Tilapia
(Oreochromis  niloticus)  populations  from man-
made  lakes  of  Coted’lvoire,  Environ.  Biol.  Fishes,
52: 453-465. 

20. Mehanna, S.F., 2005. Population dynamics and
management of the Nile Tilapia (O. niloticus) in Wadi
El-Raiyan lakes, Egypt. African J. Biol. Sci., 1: 79-88.

21. Ezzat, A.A., E.A. Wassef and A. Bawazeer, 1994.
Histological studies of the developing gonads of
Redspot Emperor Lethrinus lentjan (Lacepede),
(Pisces, Lethrinidae) from Jeddah waters of the Red
Sea.  J.  King  Abdulaziz  University  for  Marine  Sci.,
7: 215-232.

22. Latif, A.F.A., 1966. One important detail of permiotic
process in ovarian cells on bony fish, Acarina cernus
vetnik, L. SYy. Russia, 9: 44-48.

23. Batts, B.S., 1972. Sexual maturity, fecundity and sex
ratio of the skip jack tuna, Katsuwonus pelamis
(Linnaeus) in North Carolina waters. Trans.
Americans of Fisheries Society, 101: 626-637.

24. El Haweet, A.A., 1991. Biological studies of some
cichlid species in Lake Borollus. M.Sc. Thesis,
Faculty of Science, Alexandria University.

25. Shalloof, K., 1991. Biological studies on Tilapia
species in the middle region of Manzalah Lake. M.Sc.
Faculty of Science, Mansura University.

26. El-Shazly, A., 1993. Histological studies on four
cichlid fishes (Tilapia nilotica, T. galilae, T. zillii
and T. aurea) in Lake Mariut. M.Sc. Thesis, Faculty
of Science, Zagazig University.

27. Philips, A., 2004. Biological studies on the main
Cichlid fishes of the Nozha Hydrodrome, Alex.,
Egypt. Ph.D. Thesis, Zoology Department, Faculty of
Science, Zagazig University. 

28. Payne, R.H. and A. Collinson, 1983. A comparison of
the  characteristics  of  S.  niloticus   with   those  of
S. aureus and other tilapia of the Delta and lower
Nile. Aquaculture, 30: 335-351. 

29. Bayoumi,  A.R. and M.T. Khalil, 1988. Tilapia
fisheries in Lake Manzalah, Egypt. Bull. Institute of
Oceanography and Fisheries, 14: 87-99.

30. Mahmoud, H.H., 1995. Biology and gonadal cyclic
changes in fishes of family Mugilidae in closed fresh
water (Nozha Hydrodrome). M.Sc. Thesis, Faculty of
Science, Alexandria University.

31. Mazrouh, M. Marwa, 1996.The development and
seasonal histological changes and gonads of
Mugilids (Mugil capito Cuv.)in Lake Edku. M. Sc.
Thesis, Faculty of Science,Tanta University.

frequency, fecundity, egg size and ovarian histology
in groups of T. zillii maintained upon two distinct
food ration sizes from first feeding to sexual maturity.
Aquatic Living Resources, 12: 11-22.

33. Assem, S.S. and S.Y. El-Zaeem, 2005. Application of
biotechnology in fish breeding. Second Production
of highly immune genetically modified red belly
tilapia, Tilapia zillii. J. Biotechnol., 4: 449-459. 

34. Morrison, C.M., K. Fitzsimmons and J.R. Wright,
2006. Atlas of tilapia histology. World Aquaculture
Society, USA, pp: 96.

35. Gaber, S.A., 2008-a. Histological study on gonads of
the Nile perch Lates niloticus (L) in Wadi El-Rayan
Lakes during the reproductive cycle. African J. Biol.
Sci., 4: 67-78.

36. Gaber, S.A., 2008-b. Oogenesis and spermatogenesis
in Solae aegyptica from Bardawil lagoon, North
Sinia. African J. Biol. Sci., 4: 1-19.

37. Jhonson, L.L., E. Casillas, M.S. Myers, L.D. Rhodes
and O.P. Olson, 1991. Patterns of oocyte
development  and  related  changes  in  plasma  of
1.7P-oestradiol,  vitellogenin  and  plasma  chemistry
in English sole Parophrys vetulus Girard. J.
Experimental Marine Biol. Ecol., 152: 161-185.

38. Lye, C.M., C.L.J. Fred and M.E. Gill, 1998. Seasonal
reproductive health of flounder Platichthys flesus
exposed to sewage effluent. Marine Ecol. Program,
170: 249-260.

39. Pedlar,  R.M.,   M.D.   Ptashynski,   R.   Evans   and
J.F. Klaverkamp, 2002. Toxicological effects of dietary
arsenic exposure in Lake Whitefish (Coregeonus
clupeaformis). Aquatic Toxicol., 57: 167-189.

40. Gaber, H.S. and S.A. Gaber, 2006. The effect of water
Quality of lake Quarun on liver and gonads of
Oreochromis aureus (L) and Tilapia zillii (GEV.).
Egyptian J. Aquatic Res., 32: 335-349.

41. Hanna, M.I., I.B. Shaheed and N.S. Elias, 2005. A
contribution on chromium and lead toxicity in
cultured Oreochromis niloticus. Egyptian J. Aquatic
Biol. Fisheries, 9: 177-209.

42. Yamaguchi, S., C. Miura, A. Ito, T. Agusa, H. Iwatab,
S. Tanabe, Cach, B. Tuyen and T. Miura, 2007.
Effects of lead, molybdenum, rubidium, arsenic and
organochlorines on spermatogenesis in fish.
Monitoring at Mekong. Delta area and in Vitro
experiment. Aquatic Toxicol., 83: 43-54. 

43. Girija, Moses, Rao and K. Jayatha, 1985.
Histopathological  changes  induced  by  Heptachlor
in Gills of a Freshwater fish, Tilapia mossambica.
Environ. Ecol., 3: 74-75.



World J. Fish & Marine Sci., 1 (3): 190-198, 2009

198

44. Inbamani, N. and R. Seenivasan, 1998. Effect of 48. Abou Shabana,   N.M.,    A.M.   Abdel-Maneim,
Phophamidon Toxicity and Pesticidal Histopathology S.E.M. Khader and H.H. Elalkamy, 2008. Histological
of the fish Sarotherodon Mossambica. J. Ecotoxicol. alterations in gonads of Clarias lazera (Clariidae,
Environ. Moit., 8: 85-95. valencienns, 1840) after exposure to dye-stuff and

45. Kumar, S. and S.C. Pant, 1984. Comparative effects of chemical waste water effluent. Egyptian Journal of
the sublethal poisoning of zinc, copper and lead on Aquatic Research, 34: 351-368.
the gonads of teleost Puntius conchnofus Ham. 49. Kamel, S.A.,  1990.  Study  of  artesian   in  the  ovary
Toxicol. Lett., 23: 189. of  the  Nile   Bolty  Oreochromis  niloticus  during

46. Jobling,  S.,  N.  Beresford,  M.  Nolan,  T.R.  Gray, its annual reproductive cycle. Fifth Scientific
G.C. Brighty and J.P. Sumpter, 2002. Altered sexual Conference, Proceedings of Zoological Society,
maturation and gamete production in wild roach Faculty of science, Cairo University, Egypt. 
(Rutilus  rutilus)  living  in  rivers  that  receive
treated sewage effluents. Biological Reproduction,
66: 272-281. 

47. Johnson, L.L., S.Y. Sol, D.P. Lomax, G.M. Nelson,
C.A. Sloan and E. Casillas, 1997. Fecundity and egg
weight in English sole, Pleuronectes vetulus, from
Puget Sound, Washington; Influence of nutritional
status  and  chemical  contaminants. Fisheries Bull.,
95: 231-249.


