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were high in pilchard obtained in the vitellogenic and spawning condition. In the staghorn 

sculpin Leptocottus annatus, high Ei levels were observed in the month when yolky oocytes 

appeared in the ovary in preparation for spawning (de Vlaming et al, 1984). That maximum 

spawning took place during in February is evident from the decline in the GS/ and the 

increase in the proportion of totally spent ovaries. The high Bi levels in February could 

further indicate that the primary and secondary oocytes, found in the ovary were actively 

secreting Ei so as to maintain continued ovarian growth during vitellogenesis. Similarly, in 

the goldfish C. auratus, it was observed that the remaining vitellogenic follicles (i.e. primary 

and secondary oocytes) released high plasma Bi levels in fish that had ovulated (Kagawa et 

al, 1983). In the present study, however, evidence of spawning was not observed in pilchard 

caught in September and thus it cannot be concluded that spawning occurred during this 

month. 

The relatively low plasma Ei levels observed in January could indicate that the vitellogenic 

process had reached its maximum and that depletion of the steriod hormone from the 

pilchard's bloodstream had occurred. The high GS/ observed in pilchard in the same month 

suggests that ovarian maturation had proceeded beyond the point of exogenous vitellogenesis 

and that the developing ovaries were independent of high Ei levels whilst preparing for 

ovulation and spawning. Similarly in plaice P. platessa, final ovarian maturation was 

independent of high Ei levels prior to spawning (Wingfield and Grimm, 1977). 
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4.4.3 

48 h period 

94 

Fluctuations in plasma oestradiol-17-8 (E2) levels during a 

A diurnal cycle in the plasma Ei levels during the 48 h sampling period was observed in the 

present study, with high Ei levels obtained after sunrise and once at midday. The high Bi 

level in pilchard obtained after sunrise was followed by a consistently low Ei level during the 

latter part of the day, except for the very high plasma Ei level in pilchard caught at 14h02. 

It was discerned from this study that the oocytes in the vitellogenic maturation stage produced 

high Bi levels so as to maintain gonadal maturation. It is therefore apparent that the pilchard 

in the vitellogenic ovarian maturation condition produced high Bi levels after sunrise and 

once at midday, hence the high Bi levels observed. The fact that high Ei levels were 

observed mostly after sunrise suggests that the ovaries were actively producing F.,, at this time 

to maintain vitellogenesis and hence gonadal maturation in preparation for the next spawning 

event, irrespective of the low Ei levels maintained during the latter part of the day. 

According to Sundaraj and Nath (1981), it is likely that the initial exposure to high plasma 

Ei levels primes the liver so that high vitellogenic rates can be maintained, irrespective of 

the low Ei levels which follow. Similarly, the daily peaks in the plasma Ei levels observed 

in giltheaded seabream S. aurata, seemed sufficient to maintain hepatic production of the 

yolk precursor protein, vitellogenin (Kadmon et al, 1985; Zohar et al, 1988). 

In the present study it was established that pilchard in the partially spent ovarian maturation 

condition had relatively high Bi levels which may be related to the serial mode of spawning 

of the species. The active ovary in this condition in non-synchronous spawning fish contains 

primary and secondary oocytes (vitellogenic oocytes) which is known to produce high plasma 

Ei levels so as to maintain continued ovarian maturation during the spawning season (Kagawa 

et al, 1983). The plasma Bi level was high only once in the afternoon and could be 



http://etd.uwc.ac.za

95 

attributed to the production of high Ei levels from the primary and secondary oocytes found 

in the partially spent ovaries obtained at that sampling time. The production of Bi from the 

developing ovaries (i.e. primary and secondary oocytes) therefore ensures that gonadal 

maturation continues. The conspicuously high Hi level observed only once during midday, 

could therefore be attributed to the presence of partially spent fish containing primary and 

secondary oocytes. 

The plasma E2 levels in giltheaded seabream, S. aurata, increased 6 hours prior to spawning 

(Kadmon et al, 1985; Zohar et al, 1988), while in rainbow trout, S. gairdneri maximum Bi 

levels were reached two weeks prior to spawning (Lambert et al, 1978). The spawning 

frequency and exact time of spawning in S. sagax was not determined and thus it can only 

be inferred that the Bi levels were high during gonadal maturation. Similarly, it can only be 

inferred that the high Bi levels after sunrise were sufficient to maintain gonadal development 

during vitellogenesis. 

4.4.4 Correlations between plasma oestradiol-17-8 (E2) levels and 

gonadosomatic index (GS/). 

Plasma Bi levels and GS/ values were generally correlated in the different ovarian maturation 

stages as well as the 48 h sampling period of S. sagax. The trend observed between Bi and 

GS/ in the monthly study was different, however, in that the two parameters were out of 

phase for most months, except September and February. Correlations between plasma Bi and 

GS/ were generally weak. The significant correlation (p ~ 0.05) observed in fish obtained 

in the vitellogenic and spent condition, during the monthly study in September and February 

and the daily study at 07h56 and 16h45 indicated that the primary oocytes were actively 

producing Bi. 
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The good correlation between Ei and GS/ in S. sagax in the totally spent stage suggests that 

the remaining follicles (i.e. primary oocytes) were actively producing Ei. The weak, but 

significant correlation (p ~ 0.05) in the vitellogenic stage could be an indication of continued 

Ei synthesis by the primary oocytes undergoing vitellogenesis. The weak correlation between 

GS/ and Ei levels in S. sagax is not unique, since in plaice P. platessa, a lack of 

correspondence was observed between the two parameters during the spawning season 

(Wingfield and Grimm, 1977). The good correlation between Ei and GS/ observed in 

February, however, suggest that the primary and secondary oocytes in the ovary were 

actively producing Ei in the month when peak spawning took place. de Vlaming et al (1984) 

observed good correlations between the two parameters in the month when spawning 

occurred during the reproductive season of staghorn sculpin, L. armatus. 

The general relationship between individual GS/ and plasma Ei levels in S. sagax (i.e. all 

data collected) was extremely weak. Similarly, a weak correlation between the two 

parameters was observed during the 48 h sampling period, except that the general correlation 

was significant (p ~ 0.001). The weak correlations observed in the present study are similar 

to that observed in the staghorn sculpin, L. armatus, where the correlation coefficient 

between ovarian size and plasma Ei levels was relatively low (de Vlaming et al, 1984). In 

the staghorn sculpin, however, the correlation between GS! and HSI was not significant. In 

the present study, the significant correlation between the GS/ and Ei could be attributed to 

the large sample size used and was not investigated further. 

It is generally inferred that a larger ovary secretes more E2 than a smaller one during the 

phase of ovarian growth (Yaron et al, 1977). This is true for most teleosts and has been 

widely reported in goldfish C. auratus (Kagawa et al, 1983), catfish H. fossilis (Larnba et 
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al, 1983), brown trout S. trutta (Crim and Idler, 1978), rainbow trout S. gairdneri (Lambert 

et al, 1978) and tilapia Tilapia aurea (Yaron et al, 1977) where good correlations between 

Ei and GS/ provided indirect evidence for the importance of the steroid hormone during the 

spawning season. The above-mentioned pattern was not observed in S. sagax during this 

study. 

4.4.5 Correlations between plasma oestradiol-17-8 (E2) levels and 

hepatosomatic index (HS/) 

The correlation between the plasma Ei and HSI was generally weak and non significant (p 

> 0.05) throughout the monthly and 48 h sampling period as well as in different ovarian 

maturation stages, except for the significance (p ::; 0.05) observed in females in the 

vitellogenic stage and those obtained in February. The weak, but significant (p ::; 0.001) 

correlation between the Ei and HSI in S. sagax collected throughout the year does not 

conform to the general hypothesis that a good relationship exists between the two parameters 

and can probably be ascribed to the serial mode of spawning of this species. In rainbow 

trout, S. gairdneri , the HSI increased drastically after introperitoneal administration of E.i 

(van Bohemen et al, 1981). Furthermore, a good correlation between Ei and HSI was 

observed during the vitellogenic period of plaice, P. platessa (Wingfield and Grimm, 1977) 

and group-synchronous spawning English sole, P. vetulus (Johnson et al, 1991). 
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4.5 CONCLUSION 

In the present study, the high Ez levels recorded in vitellogenic and partially spent females, 

in February - March, after sunrise and at 14h02 in the 48 h study supported the evidence that 

the pilchard S. sagax underwent gonadal maturation during these times (Chapter 2 and 3). 

It is recommended, however, that Ez not be used as an indicator of spawning in this species, 

since a high variance in the Bi levels in the different ovarian maturation stages was observed. 

The high Bi variance observed could be attributed to the serial mode of spawning of S. 

sagax, since oocytes in different degrees of maturation were prevelant in the ovaries. 

The weak correlation between Ez, HSI and GS/ in the present study provides further evidence 

that Ei levels cannot be used to predict the maturation condition of the ovary. The seasonal 

pattern observed in the Ei levels of S. sagax is different from that found in many teleosts. 

It is possible that rapid vitellogenin production, under the influence of Ez, takes place in the 

hepatocytes of pilchard, as is as the case in the rainbow trout S. gairdneri (van Bohemen et 

al, 1982). The turnover rate from plasma Ez to vitellogenin production in S. sagax was not 

investigated. 
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The reproductive physiology of the pilchard, Sardinops sagax was investigated from monthly 

samples obtained during September - March and during a 48 h sampling period. The 

gonadosomatic index ( GS/) and hepatosomatic index (HSI) values were determined from 

general body parameters, while the steroid hormone, oestradiol-17-B (Bi) levels were 

determined by radioimmunoassay for different ovarian maturation stages. A histological 

analysis of the ovaries of pilchard was undertaken in order to verify the spawning pattern 

determined from the GS/ values. 

The GS! and HSI values were lowest in immature pilchard until maximal values were reached 

in vitellogenic females and declined in partially spent and totally spent females. Spawning 

took place mainly in February and declined in March. The high plasma Ei and HSI values 

observed supported the fact that spawning activity was optimal during February - March, as 

evidenced by the dramatic decline in the GS!. During the 48 h sampling period, it was found 

that spawning probably took place prior to midnight, as evidenced by the presence of new 

post-ovulatory follicles (Day 0) and the GS/, HSI and plasma Ei levels observed. The 

distinct diurnal cycle in the Ez levels during the 48 h sampling period suggested that the Ei 

levels were sufficient to maintain vitellogenesis throughout the latter part of the day. 

In this study, the use of the GS/ value proved to be a useful indicator of spawning activity, 

when used in association with histological assessment of the gonads and that the liver is 

activated during the vitellogenic period, as evidenced by the higher HSI value in vitellogenic 

females. Plasma Ei levels within specific ovarian maturation stages, however, showed a high 

variance and it is therefore recommended that the latter parameter not be used to determine 

spawning activity in S. sagax. 
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A further recommendation eminating from this study is that physiological studies on serial 

spawners be confined to a simulated environment or that sampling be undertaken over a 

longer time period so as to incorporate the entire spawning season of the species without 

spatial and temporal differences influencing results. 
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