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ABSTRACT 

Seasonal changes in ovaries of fraeburus 
-edtterraneus are described. Tl:e ovary 
of this fish Is surrounded by vascularized 
longitudinal and circular muscle layers. 
Six developmental stages are described in 
detail. I'; each stage. the nucleus and 
cytoplasm are· described as the diameter. 
affinity to stain and dlstrlb"tion ~f 

nucleoli. lampbrush c~romosomes are observed 
during the maturation and prespawnlng periods. 

Histological analysis reveals that the 
oocyte passes through two successive phases 
before it becomes a ripe egg. migration 
of the nucleus to the animal pole and 
liquefaction of the Yolk spheres. 

Oogenetic activity begins In late Harch 
and attains the maximum In April, Along 
quiescent period (August to February ) was 
recorded. 

INTRODUCTION 

Since the end of the last century, the stUdy of oogenesis in fishes ha~ 
attracted the attention of many investigators (Chandhery, 1952, Yamamoto. 
1956; Bara, 1960; Rizkalla, 1970; El-Agamy, 1974; Kamel et ai., 1974; EI­
Agamy et al., 1983; 1987; Abdin, 1986; Ramadan et al., 1978, Clay 1989). 
They were mainly interested in the morphological and histological changes 
which took place in the course of oocyte growth. The gonads of bony fishes 
have clear cyclic changes, on the basis of which the sexual cycle is 
characterized. 

The arbitrary maturity stages, in teleost fishes were described 
histologically by many authors (Hickling, 1930, 1935; La Haye, 1960; 1962; 
Rastogi, 1968; Latif and Saady, 1973; Ramadan et ai., 1978; EI-Agamy 
et ai., 1987). 



Trachurus mediterraneus. (S) is a widely distributed and widely Important 
fish in the Mediterranean waters. 

The present work investigates the ovarian cycle and spawning season 
of this imporatnt fish. 

MATERIAL ANp METHODS 

Trachurus mediterraneus (S) specJemens were obtained fresh from 
fishermen working Alexandria fishing grounds. Histological studies were 
carried out with fresh gonads at different stages of development (I-VI) 
after fixation in Bouin's fluid, and lP% neutral formalin. Sections 5 Um 
thick were stained wi th Heidenhain's 8zan (HA), Masson's trichrome stain 
(MTS); and Heidenhain's iron alum haeIllatoxylin (HH) (Pan tin, 1966; Gatenby 
and Beams; 1950). To determine G.S.'. (gonadosomatic index), gonad weight 
was recorded as a percentage of the g4~led body weight. 

RESULTS 

Cyclic Changes In the Ovary 

The ovaries of T. mediterraneus have been arbltrarly placed in six stages 
according to the anatomical and hislological examination of the ovaries, 
the monthly variation of the GSI, and "lean egg diameter. 

1- Immature Stage (Fig. 1) 

a- The immature thread (Fish less than 10 em in length) this stage is present 
the whole year round. The gonads are transparent and occupy less than 

Fig. (1)
 
Immature stage (thread) 7 em nests of oogonl1 (og)
 

and premlotlc ooe~e (pr). HH, 380 X.
 



one third of the cavity. Sections show the ovary to be composed of clusters 
of oogonla and a few scattered pre meiotic OOCYh!S. The oogonla are small 
spherical cells with a thin, indlstlnc* peripheral zone of mildly basophilic 
cytoplasm and a large nucleus (7-19 Um) with a single large nucleus. The 
premeiotic oocyte Is mostly polygonal and Is characterized by a large, 
spherical nucleus 02-82 Urn) which pccupies the greater part of the cell 
and Is surrounded by a layer of hOrT1pgeneous cytoplasm which accepts all 
the given stains. Two or three ~arge strongly basophlllc nucleoli are 
frequently present. 

b- The Immature virgin (first caug~* from .Jan. to March, body length 10­
15 em, Fig. 2). The ovary occupy about one third of the body cavity. It 
Is small, translucent and faintly flesh-coloured. In transverse sections, 
ovary is composed of "nests" of premeiotic and previtellogenlc oocytes 
of varying sizes. The nests are separated by layers of connective tissue 
supplied with blood ve~sels. In addition to premeiotic oocytes with 
homogenous cytoplasm (cells 28-86 & nuclei 15-17 Um in diameter), there 
VI'(' Sullie ~ll'evilellogelljc oocytes which are larger (cells 86-141 & nuclei 
58- SU lJ m in diameter) and have Hpely granular cytoplasm. The number 
of nucleoli increases and they begin to approach the nudear membrane. 
Some of the nucleoli can be seen to cross the nuclear envelope. These 
nucleolar extl'usions finally disintegrate and dlsapear In the ooplasm. In 
such places the nuclear envelope is often seen to be Indistinct or 
discon t inuous. 

fig. (2)
 
. Immature stage (v1rg1~) 12 em. prp.mfotfc (pr) and
 
previtf11ogen1c oocyte (pv), nuclear extrwlon (NE).
 

nucleoli (Nu) and ov.r1an wall (OW). HA. 380 X.
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2- Maturation Stage (fig. 3,4) 

This stage lasts from February to late March and comprises fish with 
total length of over 20 cm. The ovary Is pink, owing to the large number 
of blood vessels, and occupies almost half the body cavity. In sections, 
the ovary is filled with pre meiotic, prevltellogenic and yolk vesicle oocytes, 
the ovarian wall is thick (30-42 Jjm) and consists of an outer circular and 
an inner longitudinal muscle layer (fig. 2). During this period of development, 
more oocytes are formed. 

This stage represents a period of protoplasmic growth, since the oocyte 
shows an increase in cytoplasm and Iluclear volume, together with changes 
in the affinity of the oocyte for stains, the distribution of the nucleoli, 
the appearance of the yolk nucleus, the egg wall and the yolk vesicles. 

In Ifff preparations, minute vacuoles or vesicles start to appear at the 
periphery of the oocytes (cell diameter 150-235 Jjm, nuclear diameter 58­
87 Jjm). The marginal vesicles are at first few and empty, but with growth 
of the oocyte their number and size (7-10 Ilm) increase. 

The wall of oucyles conlaining yolk vesicles is fully formed with a zona 
radiata, externally to which lies the follicular epithelial layer (Fig. 6). 
Lampbrush chromosomes are also clearly discernible at this stages (Figs. 
4 and 7). 

The maturation phase is also characterized by the presence of one or 
two distinct yolk nUcleus (YN) in the oocytes (cell diameter 154 Jjm, nuclear 
diameter 20 Jjm). The YN adheres to one side of the nucleus appears to 

Fig. (3)
 
Maturation stage 15 cm. Yolk vesfcle oocytes (YV). prevftellogenfc
 

oocytes (PY) and premefotlc oocytes. 9& x.
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Fig. (4)
 
Magnified part from Fig. 3 Yol~ nucleus (VN) and Nucleoli (hU).
 

MTS. 380 ll.
 

consist of two distinct zones: an hmer intensely staining zone, sharply 
marked from the outer clear but fail'ltly stained zone surrounding it (Fig. 
4). With further growth of the oocyte, the YN breaks away from the nucleus 
and migrates towards the periphery, preparatory to its disintegration. 

3- Prespawni'lg Stage (through April), (Fig. 5, 6, 7) 

In this stage the ovaries turn yelJow and occupy more than half the body 
cavity. The growing oocytes are seen as a granular protuberances on the 
surface of the ovary. In sections, the ovary is filled with oocytes in different 
stages of yolk depositkm. The deposition of yolk spheres starts at the 
marginal regions of the maturing oocytes (cells 220-261); nuclei 83-107 
J.1m in diameter); then spread centripetally untill the entire central cytoplasm 
of the oocytes (cells 410-451, nuclei 91-110 J.1m in diameter) is full of yolk 
spheres (protein yolk), which are interspersed with comparatively large, 
empty vacuoles (faUy yolk), (Fig. 5). The yolk spheres increase further 
in both size (up to 45 J.1m) and number, pushing the peripheral yolk vesicles 
more and more towards the periphery. At the onset of this stage, the nucleus 
occupies a central position (Fig. 5). As yolk deposition increases, its shape 
becomes irregular and the nuclear envelope indistlncts, (Fig. 7). The large 
nucleoli are situated at the periphery, but their number (I 0.1 8 per section) 
is smaller than in the preceeding stage. The egg wall, which becomes thicker 
in this stage, is composed of a comparatively large, striated inner layer 
(ZR) surrounded by a thicker layer of follicular cells, (Fig. 6). Lampbrush 
chromosomes are still present until this stage, (Fig. 7). 
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Ffg. (7)
 
Magnfffed part from ffgure 5. showfng lampbrush chromosomes
 

(lP) and nucleolf (NU). HA. 1040 X.
 

4- Spawning Stage (late April to late June ), (Fig. 8) 

Anatomically, the ovaries occupy almost the entire length of the b~ 
cavity. They are typically orange yellow and appear turgid, oWing to the 
presence of several ripe eggs ready for ovulation; 

During	 this stage, the gonadal wall is thin, about (I3 Jim). The ovary •	 is filled with oocytes in different stages of yolk deposition, ripe egg ready 
for ovulation and few dispersed previtellogenic oocytes, (Fig. 8). 

As the oocytes ripen, they undergo morphological and functional changes. 
The yolk spheres undergo liquifaction, with a concomitant Increase in size. 

r	 The nucleus can be seen to shift to the surface of the oocyte, which now 
measures about 520 Jim, (Fig. 8). Tt)e number of nucleoli dect'~ (5-7) 
and they shift from· the periphery of the nucleus to the center•. During 
liquifactlon of the yolk the zona radiata becomes thinner, (Fig. 8), because 
it stretches following the increase in the size of the cell. The follIcular 
membrane ruptures and the egg is released into the ovarian cavity. 

IS 



rig. (8)
 
Sp~wning staqe 19 em. Ripe ova showing liquified yolk (LQ).
 

nll,-Jeus (N) and zona rad1ata (ZR). Ill!. 96 X.
 

~ I'o"t Spawning St:!ge (tllrollgll ,July, Figs. 9 anrl 10) 

Tile nV[lries Are s0vcrely shf'lmken, flaccid and collapsed, And being highly 
va';culari/',ed they :1l'e reddish. Sections of the post-spawning ovary show 
itt 0 ()(' full of <1i"rIWl'ged foil ides f.l tret ic oocytes, un -ovula ted rnature 
yolky 0ggs in the proce<;s of resorption And large nl!llIber of prc'.leiotic 
oocytes, (Fig. 9). The completely (l' p leted OVHry contains IIl1'ge n~Hnbers 

of prcl11eiotic and previt0llogenic ooC'yte~. \\loll thickened and folded, (Fig. 
10). 

6 - Resting Stnge (August to early February, Fig. 1") 

The ovary is translucent and yellowish and Accounts for over half the 
size of the gonad. In transverse section, the ovary has well developed ovarian 
lHl1Ielloe and consists of pre meiotic and some- previtellogenic oocytes 
(diameter of 21 to 92 ~tn). From our observation of different stages, we 
noticed that ovary sections showed the continuous presence of oogonla 
prellleiotic and previtellogenic oocytes the whole year round. 

Gonadosomntic Index: 

The monthly variotion of the aSI for females gonad shows five phases, 
(TobIe 1, Fig. 12): 
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Fig. (11)
 
Resting stage 23.6 em. Ovarian lamellae (OLI with
 
premeiotie (Pr) and prevlt~llogenie oocyte (PV).
 

MTS. 96 X.
 

Table (1)
 
Monthlv variation of GSI for females T. mediterraneus in
 

The EQyptian Mediterranean waters.
 

Month Number of fish Mean GSI 

examined 

Dec. 7 0.4112 
Jan. 21 0.5917 
Feb. 15 0.6238 
March 30 2.6215 
Aprf 1 74 3.9211 
May 98 3.4452 
June 101 2.4991 
July 50 0.6808 
Augu~t 30 0.4811 
September 10 0.5911 
October 40 0.7214 
November 21 0.4200 

64 



CU E Ii 
t7l ::I iIG .... 
L &.... 
~~~ 

C ::E 

• • 0 

•
 

• 

~ 

0 

'" ...•
Jc. 
~I 

., Ii 

., =,
 
SJ.!,.. 

a: 

c " i 
I -lr

* ~ill_1: 
... i I 
., I 
CI 

..
 



1- j\la tura tion phase; starting from February to la te March in which the
 
weight of the gonad increases due to active oogenesis.
 
2 - Pre-spawning phase, extending from late March to early April, at the
 
end of which the GSI reaches its maximum.
 
3 - Spawning phase, extending from late April to lat@Ju~e, during which
 
the GSI decreases due to expulsion of the genital product~· '.'
 
4 - Post-spawning phase, during July, in which GSI r~ches its minimum
 
value.
 
5 - Resting phase, exte~ding from August to early Feb~uary, in which GSI
 
nearly constant.
 

~., 

. From ~he monthly varia~i6ns in GSI, tne spawning period ofT. mediterraneus 
111 EgyptIan waters takes ~~ace from late April to late June. 

s 

. . DISCUSSION 

M.".':(1983) pl.ced tJ,;. rhythm or m. tucotlon or the oocyte' in Ihree 
categories: a- Total s*'tm:0ny, in which all the oocytes of the ovary 
developed synchronouslyl ds in Oncorhynchus mason(yamamoto et a1. 1959;b) 
partial synchrony, whentgroup of oocytes can be distinguished, indicating 
tha t spawning takes pl~ce once a year, with a short and definite season 
(Guraya et a1. 1975 ~) fa synchrony, in whic,!. several batches of oocytes 
at different stag.es iir <t>fesent indicatinir-tfiat the spawning season Is 
lon~, ,with severa] spa ings as in Glyptosternum pectinopterum (khanna 
and<f~nt 1967) an!!:pUDli hore (Dixi~, mld-Ag:ra.,wala 1974). ... 
hl~ttni study, Cafts rit' €l:'thi-J:d..categor~(async~), i~ich the same, 

full' fiPe ovary contal oocytes at various stages of development and 
mat§trllt~ Here young~ c::y!es ar,a.·converted continuously into developing 

an,Ilt:::O:::;iOri'~- ; T~m:;terr~ne~:i' di'ided 'nto ,Ix 'toge, 
based-'U,ll the morpholog nd histology of the ovary, the monthly variation 
in gonaij>somatic ind4CJ' ean egg diameter. They are; the immature 
stage (dthread and vir~), the maturation stage, the prespawning stage 
, the spawning stage, tB ;:ostspawning siage and the resting stage. 

Our observations in t immature stage, which is characterized by nests 
of oocytes with homog e~4~81~ 8t8t~88""'''''''ftI'ete2f8dl:y 
the same as the findings of Guraya et a1. ()JJ75)", and '4lorre9P0nd ., the 
phase of pre-meiotic changes of Rasto~~~ tijt synapsis period of 
Latif and Saady (1973) and the chromatin-nucleolus stage of Dixit and 
Agrawala (1974). 

The maturation stage described in the present study corresponds to 
the pre-vitellogenesis stage of Rastogi (1968), the period of protoplasmic 
growth of Latif and Saady (] 973), the perinucleolus stage and yolk vesicle 
stage of Dixit and Agrawala (1974), tne preparatory virgin phase of Guraya 
et al. (1975) and the maturation and vaculation stage of Ramadan et al. 
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(1978). It is characterized by an Increase in the relative cytoplasm and
 
nuclear volume of the maturing oocytes, by changes involving the staining
 
affinity of the cytoplasm, the distribution of the nucleoli, the appearance
 
of the la'VIl'PrG~~ <;,hf9[TIos,~mes, the yolk nucleus, the yolk vesicles and
 
the:egg wall!!'~rr:;j ,'~, if,;
 

The lamp'?\'ush chromosomes In vitellogenic T. mediterraneus. oQcytes 
a,re retain th~i~ Individuality and, staining with JIJI. This supports the findings 
of Bara (t 960), who reported that lampbru,c;h blvalents appeared in Scomber 
s;e::PJ;lJb~r in) tne~.erW!Jc~l:lolus stage and remained conspicuous until later 
~!p:~esof 09~nes\~. ~ ,4 ·~r\. 

In the fis~ oOf-¥,~~' d4,rlng ",~!he maturation pl~ase, the yolk nucleus is 
di,ffer'enJ~tW:1 t:gJ,'.W;~~~h't, in the '.cytoJ?\asm adjommg the nuclear envelope. 
It is genera1iy a spHerkalllnd dlffere'nftated two separate zones of varymg 
widths (~~H_ 19~~ In ~na~8S scandens, Ram~dain et a1. 1978 in Merluccius 
merluccltJS and In T. M4kJiterraneus used In this study). It eventually 
mlgrat.ffi<)~~ar1~~eou~r cy~o'plasm, where it disintegrates and dl~apear 
from view be(qr~:~··'8~rO~I~1?"n t!l~es, ~lace !Nayyar 1964,. Latif and 
&aady 19n, Gtfraya 'et 11; 1'g'1'§;3 R~rnad8Yt' et a1.19791. In l-~eraI, two 
layers e~~loping fish ~gg.~}~a~e 6e.~n:fd~~~~fl~d; 1:: " .~~"', .~ #:1 ' 

J. ;;.. \ 1 t ~.-.~ ':")( _.1' \ r, ,. lit" l',.fr ~. ;f'"'f.o,. .. 

The folliCUlar ~pithelium appear in early differ~fl.t¥t~fLoocytes and' 
tlle ZOfl~ rasHata makes its "tlpge8r'\l.!l&~1 in",~elk!;i vesicle oocytes, increasing, 
io thk$<nefi§ with oocyte growth, 4~,;Jllagy ~lJ.tl)prs haye rel?,p'r~edin fishtls, 
inclUding the present species (Bowers and Holiday 1961, Latif and Saady, 
1\973, .Gucaya et a~.· t 975, Rama,Ml'! ~;~lilJQ,~·;:';\, jf 

.Sf:: . Y; 1i~r.,! -"i~,~ .. ~~, .": ~l 

',The; Plment ~scri~tio~ Q(::. tlim" ~~&P,w(ll~g Q~!lse",during which yolk 
deposition takes placQ; .in~the ma,urlllg ,p9cytes. 'correl:iP9nqs to the phase 
of vitellogenesis (Rastogi 1968), the t~mqp!~mjc gt:~wth period (Latif 
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