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ABSTRACT

Authors: Stoumboudi M.Th., Psarras Th. and Barbieri-Tseliki R.  Reproductive cycles of atherina (Atherina boyeri Risso, 1810)

from Trichonis Lake (Greece).

A landlocked  population of Atherina boyeri from Lake Trichonis, that supports a commercially important purse-seine fishery, was
studied during the years 1988-1990, in order to supply information both general and about the reproduction of this fish species in
the lake. All specimens were measured, weighted and sexed, and the relationships between total length - total body weight and total
length - fork length, as well as sex-ratio, gonadosomatic indices and dressing rates were calculated.  Additionally, in 175 adult
females, the total number of oocytes, the total number of vitellogenic oocytes and their diameters were recorded. The reproductive
period appeared to be quite prolonged, extending from the end of March until the beginning of October.  According to both the
gonadosomatic indices and the percentage of vitellogenic oocytes in the ovaries of adult specimens, the peak of the breeding season
took place in April and May, while a second much lower peak occurred in September. The mean diameter of vitellogenic oocytes
was increasing from January to May and decreasing  from June to December.  The reproduction of A. boyeri from Lake Trichonis is
compared to that of other A. boyeri populations from different geographical regions.

ÅÉÓÁÃÙÃÇ

Ç áèåñßíá (Atherina boyeri Risso, 1810) åßíáé Ýíá ìéêñü, åõñýöáãï (êõñßùò æùïðëáãêôïöÜãï), åîáéñåôéêÜ åõñýáëï
åßäïò, ôï ïðïßï áðáíôÜôáé óôá ðáñÜêôéá íåñÜ ôçò Ìåóïãåßïõ (Boscolo 1970, Kohler 1976, Castel et al.. 1977, Fernandez-
Delgado & Hernando 1982, Gon & Ben-Tuvia 1983) êáé ôïõ Áôëáíôéêïý, áðü ôç Âüñåéá Åõñþðç Ýùò êáé ôá ÂñåôáíéêÜ
ÍçóéÜ (Kiener & Spillmann 1972, Palmer et al.. 1979, Palmer & Culley 1983, Creech 1992).  Ðëçèõóìïß áèåñßíáò Ý÷ïõí
êáôáãñáöåß åðßóçò óå åêâïëÝò ðïôáìþí, êáèþò êáé óå áðïêëåéóôéêÜ åóùôåñéêÜ íåñÜ (Óôåöáíßäçò 1939, Moretti et al.
1959, Tortonese 1985).

¸íáò áðïìïíùìÝíïò ðëçèõóìüò áèåñßíáò áðáíôÜôáé êáé óôç Ëßìíç Ôñé÷ùíßäá, ï ïðïßïò  åéêÜæåôáé üôé ðñïÞëèå
áðü ôçí Üíïäï èáëáóóßùí áôüìùí óôç ëßìíç äéáìÝóïõ ôïõ Á÷åëþïõ ðïôáìïý.  Ç ðáñïýóá åñãáóßá óôï÷åýåé óôç
äéåñåýíçóç ôùí áíáðáñáãùãéêþí êýêëùí ôçò áèåñßíáò óôçí Ôñé÷ùíßäá, êáèþò ôï åßäïò áõôü áðïôåëåß ôï âáóéêü
áëßåõìá êáé ôï êýñéï âéïðïñéóôéêü ìÝóï ôùí øáñÜäùí ôçò ðåñéï÷Þò..

ÕËÉÊÁ - ÌÅÈÏÄÏÉ

ÊáôÜ ôá Ýôç 1988-1990 áëéåýôçêáí óôçí Ôñé÷ùíßäá ìå âéôæüôñáôá 2575 Üôïìá áèåñßíáò.  Óå êÜèå Üôïìï ìåôñÞèçêáí:
Ïëéêü ìÞêïò (TL) óå mm, ìåóïïõñáßï ìÞêïò (FL) óå mm, ïëéêü âÜñïò óþìáôïò (TW) óå g, êáèáñü âÜñïò óþìáôïò
(NW) óå g êáé âÜñïò ãïíÜäùí (GW) óå g.

Ç ó÷Ýóç ìåôáîý ïëéêïý ìÞêïõò êáé ïëéêïý âÜñïõò óþìáôïò õðïëïãßóôçêå ìå âÜóç ôï åêèåôéêü ìïíôÝëï TW=a(TL)b,
ôï ïðïßï éó÷ýåé ãéá ôá ðåñéóóüôåñá åßäç øáñéþí (Tesch 1968).  Ç ó÷Ýóç ïëéêïý ìÞêïõò êáé ìåóïïõñáßïõ ìÞêïõò
õðïëïãßóôçêå áðü ôï ãñáììéêü ìïíôÝëï FL=b(TL)+a.

Ï  ñõèìüò åðÝíäõóçò (dressing rate, DR) (Stoumboudi et al. 1992)  êáé ï ãïíáäïóùìáôéêüò äåßêôçò (GSI)
õðïëïãßóôçêáí áíôßóôïé÷á  ùò DR= NWx100/TW êáé GSI= GWx100/TW, îå÷ùñéóôÜ ãéá ôá áñóåíéêÜ êáé èçëõêÜ
Üôïìá.

Óå 175 åíÞëéêá èçëõêÜ (ìåãáëýôåñá áðü 60 mm óå ïëéêü ìÞêïò) ìåôñÞèçêå ï ïëéêüò áñéèìüò ôùí ùïêõôôÜñùí êáé
ï áñéèìüò ôùí ëåêéèéêþí ùïêõôôÜñùí, ìå ôç âïÞèåéá ðñïóïöèÜëìéïõ ìéêñïìåôñéêïý öáêïý.  Óôç óõíÝ÷åéá ðÜñèçêå
Ýíá ôõ÷áßï äåßãìá áðü ôéò ùïèÞêåò ôùí áôüìùí áõôþí êáé ìåôñÞèçêáí ïé äéÜìåôñïé 250 ëåêéèéêþí ùïêõôôÜñùí.

ÁÐÏÔÅËÅÓÌÁÔÁ

Ç ó÷Ýóç ïëéêïý ìÞêïõò - ïëéêïý âÜñïõò õðïëïãßóôçêå êáé ãéá ôá äõï öýëá êáé Þôáí: TW = 3.10-6  x (TL)3.21,  R2 =
0.969  (N = 2543).  Ï åêèÝôçò b âñÝèçêå ìåãáëýôåñïò ôïõ 3 ãåãïíüò ðïõ õðïäåéêíýåé åëáöñÜ áëëïìåôñéêÞ áýîçóç.

Ç ó÷Ýóç ìåóïïõñáßïõ ìÞêïõò - ïëéêïý ìÞêïõò õðïëïãßóôçêå áðü ôï óýíïëï ôïõ äåßãìáôïò êáé Þôáí: FL = 0.915
(TL) + 0.823,  R2 = 0.989  (N = 2575).
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Ôï öýëï áíáãíùñßóôçêå óå 2513 Üôïìá óõíïëéêÜ êáé ç áíáëïãßá ôïõ öýëïõ âñÝèçêå íá åßíáé 1 èçëõêü : 1.021
áñóåíéêÜ.

Ï ñõèìüò åðÝíäõóçò óôá èçëõêÜ êáé áñóåíéêÜ Üôïìá ôïõ äåßãìáôïò ðáñïõóéÜæåôáé óôçí Åéêüíá 1.  ÃåíéêÜ êáé óôá
äõï öýëá ïé ñõèìïß åðÝíäõóçò åëáôôþíïíôáí êáôÜ ôçí ðåñßïäï ôçò ùñßìáóçò ôùí ãïíÜäùí êáé ôçò êýñéáò
áíáðáñáãùãéêÞò ðåñéüäïõ (ÌÜñôéïò - Éïýíéïò) êáé Üñ÷éæáí ðÜëé íá áõîÜíïíôáé ìåôÜ ôïí Éïýíéï.  Äåí âñÝèçêáí
óôáôéóôéêÜ óçìáíôéêÝò äéáöïñÝò óôïõò ñõèìïýò åðÝíäõóçò ìåôáîý ôùí äõï öýëùí.

ÊáôÜ ôç äéÜñêåéá ôçò áíáðáñáãùãéêÞò ðåñéüäïõ äåí âñÝèçêáí þñéìá Üôïìá áèåñßíáò ìå ïëéêü ìÞêïò ìéêñüôåñï
ôùí 60 mm.  ¸ôóé ï ãïíáäïóùìáôéêüò äåßêôçò õðïëïãßóôçêå áðü Üôïìá ìåãáëýôåñá áðü 60 mm óå ïëéêü ìÞêïò êáé

Åéê. 1: Ìçíéáßïé ñõèìïß åðÝíäõóçò èçëõêþí êáé
áñóåíéêþí áôüìùí áèåñßíáò, áðü ôçí  Ôñé÷ùíßäá.  ÓôÞëç

óöÜëìáôïò: ÔõðéêÞ áðüêëéóç

Åéê. 2: Ìçíéáßïò ãïíáäïóùìáôéêüò äåßêôçò åíÞëéêùí
èçëõêþí êáé áñóåíéêþí (ìåãáëýôåñùí áðü 60 mm TL).

ÓôÞëç óöÜëìáôïò: ÔõðéêÞ áðüêëéóç

ðáñïõóéÜæåôáé óôçí Åéêüíá 2.  Êáé óôá äõï öýëá ôçò áèåñßíáò ïé ãïíÜäåò áñ÷ßæïõí íá áíáðôýóóïíôáé ôï ÌÜñôéï êáé
ùñéìÜæïõí óôçí ðëåéïøçößá ôïõò ôïí Áðñßëéï, ïðüôå åìöáíßæåôáé êáé ï õøçëüôåñïò ãïíáäïóùìáôéêüò äåßêôçò.  Áðü
ôï ÌÜéï ìÝ÷ñé ôïí Áýãïõóôï ï ãïíáäïóùìáôéêüò äåßêôçò ðáñïõóéÜæåé óôáèåñÞ ðôþóç, ôï ÓåðôÝìâñéï åìöáíßæåé ìéêñÞ
Üíïäï êáé Ïêôþâñéï ìå ÄåêÝìâñéï êÜìðôåôáé êáé öèÜíåé óôçí åëÜ÷éóôç ôéìÞ ôïõ.  Ôá áñóåíéêÜ ãåíéêÜ åìöáíßæïõí
åëáöñÜ ÷áìçëüôåñï äåßêôç áðü ôá èçëõêÜ.

Ôï ðïóïóôü ôùí ëåêéèéêþí ùïêõôôÜñùí (óôéò ùïèÞêåò ôùí áôüìùí ðïõ Þôáí ìåãáëýôåñá áðü 60 mm ïëéêü ìÞêïò)
Üñ÷éóå íá áõîÜíåôáé ôï ÄåêÝìâñéï êáé Ýöèáóå ôï ìÝãéóôï ôïí Áðñßëéï - ÌÜéï (Åéêüíá 3).  Óôç óõíÝ÷åéá, êáôÜ ôïí

Åéê. 3: Ìçíéáßï ðïóïóôü üëùí êáé ôùí ≥≥≥≥≥ 1,4 mm
ëåêéèéêþí ùïêõôôÜñùí, åðß ôïõ óõíüëïõ ôùí ùïêõôôÜñùí,

óôéò ùïèÞêåò åíÞëéêùí èçëõêþí (N=175).  ÓôÞëç
óöÜëìáôïò: ÔõðéêÞ áðüêëéóç

Åéê. 4: Ìçíéáßåò ìÝóåò äéÜìåôñïé ôùí ëåêéèéêþí
ùïêõôôÜñùí, óôéò ùïèÞêåò åíÞëéêùí èçëõêþí (N=175).

ÓôÞëç óöÜëìáôïò: ÔõðéêÞ áðüêëéóç
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Éïýíéï - Áýãïõóôï, ðáñïõóßáóå ðôþóç, åíþ åìöÜíéóå ìéá äåýôåñç Ýîáñóç ôï ÓåðôÝìâñéï êáé íÝá êÜìøç ôïõò åðüìåíïõò
äõï ìÞíåò. ÌåãÜëá ëåêéèéêÜ ùïêýôôáñá (³ 1,4 mm), ôùí ïðïßùí ç áðüèåóç áíáìåíüôáí íá óõìâåß óýíôïìá,
ðáñáôçñÞèçêáí ôïõò ìÞíåò ÌÜñôéï - Éïýíéï êáé ÓåðôÝìâñéï - Ïêôþâñéï (Åéêüíá 3).

Óôçí ßäéá ïìÜäá åíÞëéêùí øáñéþí õðïëïãßóôçêå êáé ç ìÝóç äéÜìåôñïò ôùí ëåêéèéêþí ùïêõôôÜñùí, ç ïðïßá
ðáñïõóßáóå ó÷åäüí êáíïíéêÞ êáôáíïìÞ êáôÜ ôç äéÜñêåéá ôïõ Ýôïõò, áõîáíüìåíç áðü ôïí ÉáíïõÜñéï Ýùò ôï ÌÜéï êáé
ìåéïýìåíç áðü ôïí Éïýíéï Ýùò ôï ÄåêÝìâñéï (Åéêüíá 4).

Ôï ðïóïóôü ôùí ëåêéèéêþí ùïêõôôÜñùí êáé ç ìÝóç äéÜìåôñüò ôïõò ðáñïõóßáóáí ôáõôü÷ñïíá ôéò ìÝãéóôåò ôéìÝò
êáôÜ ôç äéÜñêåéá ôùí ìçíþí Áðñéëßïõ êáé ÌáÀïõ.  Ôï ÓåðôÝìâñéï üìùò, åíþ ôï ðïóïóôü ôùí ëåêéèéêþí ùïêõôôÜñùí
Þôáí ó÷åäüí ôüóï õøçëü üóï êáé ôïí Áðñßëéï ÌÜéï, ç ìÝóç äéÜìåôñüò ôïõò Þôáí ÷áìçëüôåñç áðü üôé ôçí ¢íïéîç.

ÓÕÆÇÔÇÓÇ

Ç áíáðáñáãùãéêÞ ðåñßïäïò ôçò áèåñßíáò óôçí Ôñé÷ùíßäá åìöáíßæåôáé ðáñáôåôáìÝíç.  Ìå âÜóç ôïõò
ãïíáäïóùìáôéêïýò äåßêôåò ðïõ êáôáãñÜöçêáí, ç áíáðáñáãùãéêÞ äñáóôçñéüôçôá öáßíåôáé íá áñ÷ßæåé ðñïò ôï ôÝëïò
Ìáñôßïõ êáé íá êïñõöþíåôáé ôïí Áðñßëéï - ÌÜéï.  Ìéá äåýôåñç ðïëý ìéêñüôåñç êïñýöùóç åìöáíßæåôáé óôïõò
ãïíáäïóùìáôéêïýò äåßêôåò ôï ÓåðôÝìâñéï, ç ïðïßá õðïäåéêíýåé üôé áíáðôýóóåôáé ìéá ìéêñÞ áíáðáñáãùãéêÞ
äñáóôçñéüôçôá êáé êáôÜ ôïõò ìÞíåò áõôïýò. Ôï ðïóïóôü ôùí ëåêéèéêþí ùïêõôôÜñùí êáé ç ìÝóç äéÜìåôñüò ôïõò
ðáñïõóßáóáí ôáõôü÷ñïíá ìÝãéóôåò ôéìÝò êáôÜ ôç äéÜñêåéá ôùí ìçíþí Áðñéëßïõ êáé ÌáÀïõ.  Ôï ÓåðôÝìâñéï üìùò, åíþ
ôï ðïóïóôü ôùí ëåêéèéêþí ùïêõôôÜñùí Þôáí ó÷åäüí ôüóï õøçëü üóï êáé ôïí Áðñßëéï - ÌÜéï, ç ìÝóç äéÜìåôñüò ôïõò
Þôáí ÷áìçëüôåñç áðü ü,ôé ôçí Üíïéîç.  Ôï ãåãïíüò áõôü áðïäßäåôáé óôá ÷áìçëüôåñá óôÜäéá áíÜðôõîçò óôá ïðïßá
âñßóêåôáé ç ðëåéïøçößá ôùí ëåêéèéêþí ùïêõôôÜñùí ôï ÓåðôÝìâñéï êáé äåß÷íåé üôé êáôÜ ôçí ðåñßïäï áõôÞ ôá èçëõêÜ
ùïáðïèÝôïõí ðéèáíþò ëéãüôåñá áõãÜ áðü ü,ôé óôçí êýñéá áíáðáñáãùãéêÞ ðåñßïäï.  Ôá ðáñáðÜíù äåäïìÝíá, êáèþò
êáé ç åìöÜíéóç ôùí ìåãÜëùí ëåêéèéêþí ùïêõôôÜñùí ôçí Üíïéîç êáé ôï öèéíüðùñï áíôßóôïé÷á, óõìöùíïýí ìå ôéò
ðáñáôçñÞóåéò óôï ðåäßï äåéãìáôïëçøßáò êáôÜ ôéò ïðïßåò âñÝèçêáí ëÜñâåò áèåñßíáò óå áöèïíßá ôïí Áðñßëéï - ÌÜéï
êáé óå ðïëý ìéêñüôåñåò ðïóüôçôåò ôï ÓåðôÝìâñéï (Daoulas et al. 1996).

Óôéò åêâïëÝò ôïõ ðïôáìïý Guadalquivir (Éóðáíßá), ç êïñýöùóç ôçò áíáðáñáãùãÞò ôçò áèåñßíáò áíáöÝñåôáé åðßóçò
êáôÜ ôçí Üíïéîç (ÌÜéï - Áðñßëéï), áëëÜ ï ðëçèõóìüò áõôüò äåí öáßíåôáé íá Ý÷åé áíáðáñáãùãéêÞ äñáóôçñéüôçôá ôï
öèéíüðùñï (Fernandez-Delgado et al. 1988).  ÐáñáôåôáìÝíç áíáðáñáãùãéêÞ ðåñßïäïò ìå ìéá êïñýöùóç áíáöÝñåôáé
êáé ãéá Üëëïõò ðëçèõóìïýò áèåñßíáò ðïõ âñßóêïíôáé óå äéáöïñåôéêÝò ãåùãñáöéêÜ ðåñéï÷Ýò üðùò ç ÁäñéáôéêÞ ÈÜëáóóá
(Boscolo 1970), ç ëéìíïèÜëáóóá ôïõ Bardawil óôç ÌåóïãåéáêÞ áêôÞ ôïõ ÓéíÜ (Gon & Ben-Tuvia 1983), ôï Gloucesterhire
ôçò Áããëßáò (Palmer & Culley 1983) êáé ç ëéìíïèÜëáóóá Aberthaw óôç Íüôéá Ïõáëßá (Creech 1992).  Ç áèåñßíá üìùò
áðü ôá õöÜëìõñá íåñÜ ôçò ëéìíïèÜëáóóáò ôçò ëåêÜíçò ôïõ Arcachon (Éóðáíßá) ðáñïõóéÜæåé ó÷åäüí ôáõôüóçìç
áíáðáñáãùãéêÞ ðåñßïäï ìå ôïí ðëçèõóìü ôçò Ôñé÷ùíßäáò.   Óôïí ðëçèõóìü ôïõ Arcachon ç ùñßìáóç ôùí ãïíÜäùí
ãßíåôáé åðßóçò ôïí ÌÜñôéï êáé ç áíáðáñáãùãÞ äéáñêåß áðü ôïí Áðñßëéï Ýùò ôï ôÝëïò Éïõíßïõ, åíþ ìéá äåýôåñç ðåñßïäïò
áíáðáñáãùãéêÞò äñáóôçñéüôçôáò áíáöÝñåôáé íá õðÜñ÷åé ôï ÓåðôÝìâñéï (Castel et al. 1977).

Ç ðïéêéëüôçôá ðïõ áöïñÜ ìåñéóôéêïýò êáé ìïñöïìåôñéêïýò ÷áñáêôÞñåò, ðáñáìÝôñïõò ôçò öõóéêÞò éóôïñßáò êáé ôç
ãåíåôéêÞ äïìÞ åìöáíßæåôáé ðïëý åêôåôáìÝíç ìåôáîý öõóéêþí ðëçèõóìþí ôçò A. boyeri ïé ïðïßïé äéáâéïýí óå äéáöïñåôéêÝò
ðåñéï÷Ýò êáé õðÜñ÷ïõí åíäåßîåéò üôé ç ãåíåôéêÞ áñ÷éôåêôïíéêÞ ôùí ðëçèõóìþí áõôþí áðïêëßíåé ôá÷Ýùò (Berrebi &
Britton-Davidian 1980, Henderson & Bamber 1987, Creech 1991).   Ç áíáðáñáãùãéêÞ äñáóôçñéüôçôá áðïôåëåß ìéá
óçìáíôéêÞ ðáñÜìåôñï ôçò öõóéêÞò éóôïñßáò åíüò åßäïõò.  ¸ôóé, åßíáé ðïëý ðéèáíü óå ïñéóìÝíåò ðåñéï÷Ýò ç áèåñßíá íá
«ùèåßôáé» óå ìéá ðéï ðáñáôåôáìÝíç áíáðáñáãùãéêÞ äñáóôçñéüôçôá, ç ïðïßá óõíäÝåôáé ìå ôçí êáôáëëçëüôçôá ôùí
ðåñéâáëëïíôéêþí óõíèçêþí ãéá ôçí åðéâßùóç ôùí ëáñâþí (Houde 1989, Amstrong & Shelton 1990), Þ / êáé ìå ôçí
ðßåóç ðïõ äÝ÷ïíôáé ïé ãåííÞôïñåò ãéá ôç ìåãéóôïðïßçóç ôçò åôÞóéáò áíáðáñáãùãéêÞò ðñïóðÜèåéáò (Clarke 1987,
Paine 1990).

ÅÕ×ÁÑÉÓÔÉÅÓ

Åõ÷áñéóôïýìå ôçí ê. Ê. Áíáóôáóïðïýëïõ ãéá ôç âïÞèåéÜ ôçò óôçí åðåîåñãáóßá ôùí äåéãìÜôùí.
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