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Gonad Maturation and Fecundity of a Fish with Partial Spawning 
(Tilapia nilotica L.) 

Kh.A. Hussein 

Institute of Oceanography and Fisheries, Alexandria, Egypt 

ABSTRACT. Samples of ovaries of Tilapia nilotica collected monthly from Lake Man
zalah (Egypt) confirm that the female laye eggs in batches, hence is partial spawner. 
The number of such batches varies from 4 to 5. The nearly ripe eggs are pearshaped, 
surrounded by n thick layer of cytoplasm directly beneath the outer covering layer 
(oolema). 

A peculiarity of oogenesis of T. nilotica is the continuous resorption of oocytes 
in different stages of maturation, even up to the time of ripening. Resorption occurs 
not only during trophoplasmic growth but also during the period of protoplasmic 
growth . Reduction in egg number by consecutive resorption greatly affects the calcula
tion of final fecundity. Percentages of resor~tion and consequently the decrease in the 
number of oocytes in each stage are correlated primarily with the size of oocytes and 
also with the size of the ovary itself and finally with the size of each batch ready to shed. 

Egyptian lake fisheries depend mainly on Tilapia. These are very productive fishes, 
ovulate ripe eggs in batches during the extended spawning season (April-Sep
tember), and hence are considered as polycyclic fishes. These fisheries depend on 
the production of young throughout the spawning season and throughout life, 
taking into consideration the characteristic short life span of Tilapia nilotica in the 
Egyptian northern lakes. 

Fecundity of Tilapia spp. is mostly calculated on the basis of the total number 
of yolked eggs, regardless of their vastly different sizes and the extensive changes 
that take place during maturation. 

Eggs in the ovaries of polycyclic as well as monocyclic species pass through 
many changes as they become ripe. Such changes occur throughout both periods 
of growth; protoplasmic and trophoplasmic. 

683 



684 Kh.A. Hussein 

The final fecundity is correctly calculated only when ovaries are nearly ripe 
(stage IV-V of maturation), having thus adjusted for the considerable loss of ooc
ytes. 

El-Zarka (1962) determined the maturity stages of Tilapia zillii Gerv. in Lake 
Quarun according to the external feature of the ovaries . Persov (1963) and Grachev 
(1971), working on salmon (Oncorhynchus gorbuscha Walbaum), correctly inter
preted the potential and final fecundity. Investigations of Hardisty (1964) on fecun
dity of lampreys are similarly valid. Latif and Rashid (1972) and Latif and Saady 
(1973) described the oogenesis and macroscopic peculiarities of the gonads of T. 
nilotica and the number of egg groups formed throughout the spawning season. 
The purpose of the present study is to calculate on legitimate bases the final 
fecundity of that most economically important fish of Egypt, and thereby to pro
vide the first proper estimate for a polycyclic cichlid species . 

Material and Methods 

A total of 1570 fresh specimen of T. nilotica were collected monthly in the 
period from May 1974 to June 1975 from the commercial catch in Lake Manzalah. 
Ovaries of 264 females were separated and fixed immediately in Bouin solution. 
Small parts taken from the central regions of the ovaries were passed through an 
ascending series of alcohol and embedded in paraffin. Sections at 6-10 11. were 
stained with Heidenhain's iron haematoxylin. 

Stages of maturation were determined according to the scale given by Sakun 
and Butskaya (1968). Both macro and microscopic studies were carried out using 
the dead specimens from which generalizations were extrapolated concerning the 
species as a whole. 

Egg number and egg diameter were calculated on gonads of different stages 
of maturation, beginning with stage II and up to stage IV -V. Small parts of gonads 
taken from the same central regions, were weighed on a sensitive balance of 1 mg 
accuracy. Ovaries were weighed on a balance of 10 mg accuracy. Average diameter 
of oocytes in each stage of maturation was determined from the slides . Samples of 
oocytes with different measurements in each weighed sample were divided into 
groups having the same average diameter and then counted under a binocular 
microscope , using a dissecting needle. The average number of oocytes in every 
stage was estimated for different length groups with the same degree of maturation. 
Unyolked oocytes with little protoplasmic growth were designated as IIa, whereas 
those with considerable protoplasmic growth were designated as lIb. 
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Results 

I. Gonad Maturation 
Histological examination of the ovaries of T. nilotica in different seasons reve

als that gonadal maturation can be divided into five distinct stages according to the 
scale of Sakun and Butskaya (1968). 

Stage I 
In this stage, the ovary is usually an immature, translucent and ribbonlike 

structure, although oogonia and young oocytes beginning protoplasmic growth are 
present throughout the year. Each oogonium contains very little cytoplasm. The 
nucleus is prominent, with 1-2 nucleoli, and occupies a central position (Fig. 1). 
On further growth, the oogonia increase in size with an increase in the protoplasmic 
mass. 

Fig.1. Part of the ovary in stage I of maturation (x630). a· oogonium in synapsis, b· oocytes with 
little protoplasmic growth. 
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Stage II 
Oocytes in stage 11 are characterized by rapid protoplasmic growth (Fig. 2). 

The cytoplasm in early parts of the stage stains faintly with Heidenhain iron 
haematoxylin. The oocytes are ovoid or spherical, their nucleus is small and cent
rally positioned. This stage is also characterized by the appearance of small vac
uoles in the cytoplasm and a yolk nucleus which stains dark (Fig. 3). On further 
growth of ooplasm, the yolk nucleus disintegrates and forms a network . The outer 
layer of the epithelial follicle thickens throughout this stage. 

Stage III 
A dense deposition of trophic elements (yolk and fat) characterizes this stage, 

and growth is trophic rather than protoplasmic as in earlier stages . It is mainly 
seasonal. Oocytes in stage III reach a size of about 0.3 mm. Nucleoli are sca ttered 

Fig. 2. Oocytes in stage II of maturation (x630) . V- vacuoles. 
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inside the nucleus. The membrane of the oocyte is well developed and consists of 
a thin layer of connective tissue cells , bordered internally by a follicular epithelial 
layer, then the zona radiata which is noncellular. 

Yolk qeposition is heavy in marginal regions of the oocyte (Fig . 4) . On further 
growth (average diameter 0.42 mm) , a centripetal deposition of yolk is evident 
(Fig. 5). One layer of vacuoles surrounds the oocyte beneath the zona radiata . 
Stage III terminates as the ooplasm is fully occupied by yolk granules (Fig . 6) and 
as the nucleus becomes irregular in shape. 

Fig. 3. Oocytes in stage" of maturation ( x 630) . a · yolk nucleus , b · a covering layer of epithelial 
follicle. 
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Stage IV 
Entry of oocytes into the ripening condition is characterized by the migration 

of the nucleus towards the periphery of the now pear-shaped oocyte averaging 1.0 
mm in diameter. The nucleus shifts in position towards the broad base of the 
oocyte. 

Stage V 
In many fish species, especiaUy those living in a natural habitat, it is difficult 

to get completely ripe eggs. Since T. nilotica is a polycyclic and mouth breeder 
fish, it is especially difficult, for its ripe eggs to appear in a critically short time. 

Fig. 4. Oocyte in stage III of maturation, with a marginal deposition of yolk granules (x630). 
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Figures 8 and 9 show the further consecutive development of oocytes. A cytop
lasmic layer is formed around the deposited yolk, and an average diameter of 1.7 
mm is reached. The ova reaching this stage of maturation form an aggregation 
ready for shedding within a short time. 

2. Fecundity 

Is it not easy to differentiate between various sizes of gonadal sexual cells at 
the early stages of maturation, i.e. stages I and II. The oocytes in stage III of 
maturation form the group that must be ovulated within the current spawning 

Fig. 5. Oocyte in stage III of maturation, with a centripetal deposition of yolk granules (x 630). 
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season. Nevertheless in fish with parti a l spawning , such as T. niiotica, the ac tual 
fecundity is determined by the numbe r of yo lked oocytes in an intermediate stage 
(IV-V) of maturation, i.e. a ne ar ly ripe fish . 

Analysis of the data obtained shows an extreme decrease in the number. of 
oocytes in both per iods of protoplasmic as well as trophoplasmic grow th in all 
examined ovaries. As indicated in Fig. 10, in the beginning of protoplasmic growth 
(IIa), the average number of oocytes is 3714 decreasing to ]600 oocytes in stage 
lIb . i.e. 2.3 times less than in fl a . Th e period of trophoplasmic growth (yolked 
eggs) reveals a continuous decrease in the number of oocytes . In the transit ion 

Fig. 6. Oocyte in stage III of maturation with irregular nucleus ( x 630) . 
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from stage ITT to the intermediate stage llI-I V, a decrease of 64 .9% occurs. Be
tween stage Ill-IV and IV, a further reduction of 24.3 % occurs, and between stage 
IV and intermediate IV-V another 49.7 % loss . 

Mechanism of formation of egg groups of T. nilotica in Lake ManzaJah is 
different from that of the same species inhabiting Lake Nasser in Upper Egypt. In 
Lake Manzalah, 4 to 5 groups of yolked eggs are formed, in Lake Nasser 2 to 7 
groups (Latif and Rashid 1972). 

Fig. 7. Oocyte in stage IV (If maturation , nucleus starting to migrate towards the broad base ( x 630) . 
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Our analysis show that not only is the re a steady reduction of oocytes through 
the entire maturation process of each batch of eggs, but that the number of ovu
lated eggs also decreases from the first to the fourth batch (Fig. 11). 

In some species, not all formed batches are ovulated. For instance , in Pleurog
rammus azonus (J & M), inhabiting cold waters, four groups of eggs form succes
sively in the ovaries, but only two groups are ovulated, the other two being re
sorbed. The rate of resorption of one group depends on the rate of growth and 
maturation of the succeeding group (lvankov 1967) . 

Fig. 8. Part of an oocyte in stage V of maturation, with a thin layer of cytoplasm formed around yolk 

(x980). 
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Likewise in T. nilolica we fo und that there a re success ive re so rbed gro ups . A 
specimen co llected in July had oocytes in the process o f reso rptio n ( Fig. 12). The 
last group of ripe ning eggs was still deve lo ping in the ovaries a nd the numbe r of 
proto plasmic oocytes was abnorma lly sma ll. Thus, the spawning season of that 
individual wo uld soon have ended , with o vipos itio n of the last gro up . He nce , no 
more yo lked oocytes would have de velo ped in that season . 

The number o f yo lked oocytes in differe nt stages increases with fish le ngth 
(Fig. 13) . As indicated in that figure, the num be r o f oocytes in stage III o f ma tura-

Fig. 9. Furthe r deve lo pme nt o f an oocyte in stage V o f maturatio n , with a th ick pa rtl y- fractured 
cytopl asmic layer ( x 980). 
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Fig. 11. 	 T he change in the number of yo lked oocytes during ripening of the ovaries . 1,2, 3 and 4 
correspond to the 1SI, 2nd, 3rd and 41h groups , respect ive ly . 
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tion increases from 840 to 1640 , co rresponding to a total fi sh length 12 a nd 19 cm, 
respective ly. In ova ri es at the intermedia te stage (III-IV) , the number of oocy tes 
at a tot a l le ngth of 12 cm is 318, increasing to 720 at a to tal length of 19 cm . In 
stage IV , the number of ripening oocytes is 195 a t a to ta l length of 12 cm, increasing 
to 430 a t a tota l length of 19 cm. 

The gro up of oocy tes being ovul a ted in the then curre nt spawning season 
(stage IV-V) shows the same trend . Ripening oocytes in the ovaries of fish with a 
total le ngth of 13 cm number 180, whereas at 19 cm they number 290 . 

Fig. U . A histological picture showing the resorbed oocytes ( x 630). 
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Fig. 13. 	 Re la ti o n be tween total fi sh le ngth and number of yo lk ed oocytes a t different st ages o f ma tu ra 
tion. 1 , stage Ill; 2, stage Jll-JV ; J, stage IV ; 4 , stage IV-V . 

Discussion 

The course of development of the eggs in the ovaries of sexually mature T. 
niLotica is divided into two main periods of growth , viz . protoplasmic and tropho
plasmic. In order to differentiate the gradual changes or peculiarities during the 
process of maturation , the two periods of growth are further subdivided into five 
stages. The gonadal maturation of a partial spawning fish was early described by 
Kazansky (1949), who distinguished four periods. Sakun and Butskaya (1968) later 
divided the process of oogenesis into two main 'pe riods comprising five stages of 
maturation. 

Ovaries of sexually mature T. niLotica contain several aggregations of oocytes 
of the same size. Although they are at different degrees of maturation, the se
quence of development of each group follows the same trend as in many other 
monocyclic fishes . According to their size differences, oocytes were classified into 
4-5 groups representing the batches being partially ovulated in the current spawn
ing season . These deduced groups as developed in the ovaries within the spawning 
season of T. niLotica in Lake Manzalah may be controlled by the prevailing water 
temperature (average 16.2°C). The same species produces as many as 7 groups in 
Lake Nasser, where the prevailing climate is warmer (average 21.7°C) , suggesting 
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that T nilotica produces more batches of eggs if water temperature is relatively 
high. 

The fecundity estimates are subject to a significant decrease in different stages 
of maturation. This decrease is mainly caused by the consecutive resorption of 
some ova of the successively formed groups. Although this resorption is consider
ably decreased in the more advanced stages III, IV and IV-V, it is still significant. 
The reduction of egg number in the ovaries of T. nilotica may be due to incubation 
of the eggs in the buccal and pharyngeal cavities of the female . 

In comparison with other fish species, especially the monocyclic ones, the 
number of eggs in the batch ready for shedding is comparatively small , varying 
from 180 to 290 at corresponding fish lengths 13 and ]9 cm , respectively. 

Conclusion 

The diversified mechanism of egg formation in different fish species necessi
tates the use of consecutive histological examinations of fish gonads, when analyz
ing the proper fecundity. 

Two distinct periods of oocyte growth - protoplasmic and trophoplasmic - are 
distinguished during gonadal maturation, occurring in five stages. Oocytes develop
ing in the two periods are subject to continual resorption. 

The continuous decrease in the number of oocytes is less rapid after stage III. 
This decrease, resulting from continual resorption, must be taken into considera
tion in calculating final fecundity . Size of ovipositing female also influe nces final 
fecundity. 

Four to five groups or batches of ripe eggs are ovulated during the extended 
spawning season (April-September) of T. nilotica in Lake M anzalah, confirming 
that this species is a partial spawner. 
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