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Abstract:

This study aimed to estimate the gonadosomatic index, hepatosomatic index, condition factor,
and sex ratio of the round sardinella (Sardinella aurita) to determine its spawning season along
the Libyan coastal waters. A total of 394 specimens were collected from the Bab Al-Bahr fish
market in Tripoli over a full annual cycle from May 2025 to April 2026. Total lengths ranged
from 12.08 to 26.3 cm, and body weights ranged from 14.28 to 155.2 g. The results revealed a
predominance of females over males, with an overall sex ratio of 1.7 females per male,
accounting for 63.47% and 36.53% of the sample, respectively. The condition factor (K)
reached its highest value in summer (1.95), followed by autumn (1.82) and winter (1.81), with
the lowest value recorded in spring (1.62). The gonadosomatic index (GSI) peaked in winter
(3.41), followed by spring (2.49) and summer (2.47), and hit its lowest value in autumn (0.35).
The hepatosomatic index (HSI) demonstrated a clear concordance with the gonadosomatic
index, peaking in winter (1.18), followed by spring (1.06), and recording minimum values in
summer and autumn (0.88). These findings indicate that the round sardinella exhibits high
reproductive activity concentrated primarily during the winter and spring seasons, thereby
supporting the implementation of fisheries management measures and biological closed
seasons to protect the sustainable stock.

Keywords: Sardinella aurita, Gonadosomatic index (GSI), Hepatosomatic index (HSI),
Condition factor (K), Sex ratio.
uaﬂ.d\

Al 5 ¢Alaad) Alad) Jalza 5 ¢Sl Adlad) Jalea g cdalodiil) Alad) Jalzea joass )4l jall sda Cidan
Al Al lad) sl 2 AN s ga paail (Sardinella aurita) el (a yudl sy duial)

10 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).


mailto:rndtalbshty@gmail.com

el ALlS sl e Gl sl Ane (3 ) Gl pal) G e (50 A8 304 cialy Aie Cunad
S5l Ly a3 265,08 12 O AlansSU AN J) gla¥) o 51 552026 Sal () 2025 sike (10
nda Ay SN e YD dlae Y T sine B8 miliall & el an2 1555.28 14 Gn o) sY)
Al Jalea Jaws, 5 5S31 53% 36 Jilie 47% 63 Y il G ¢S UK 1 7 [ crdidale
el Juad 5 ¢ 821 o g pall Juad 6305 ¢ 95 @l 53 Cipnall Juad JDA 4 e (K) izl
Jenas (GST) Al Al Jaloa =il iy 62, 1 @81 50 g ) Jod & 4 ol Jass 811
and Sl Ja Lt €472 o Canall &5 ¢ 492 o g N o3 ¢ 413 @8l g o8l Juad 85550 e
Al Jales pa 4 gala 5 ) gy (HST) sl sl Jalae (38153535, 0 2l 50 oy yal) Juad
DA a5l Jass €061 = gl 4aly . 181 @l 5o eliil) Jumd A 4 e Saias (bl
Lo Ul s pianall (00 paall e () ildanall 28 2S53.88. () @8 5y Al 5 Chuall L
Dba i) 8 ASand) 5oy s MAS) ac ) Lae eyl g el Lad O3 Ll S 55 L

el 5 el dlead o il o3a & a5l sl sl

Arnil) AUAY Jebae i€l ANAY Jebae bl Aall Jalaa ¢ puiosall (0 pudl sdalidalf bl
Auiall
dadiall

dadaiyl QA 3 yall dahll Sl es’ai (e (Sardinella aurita) Oadiesall ) & D

‘)SJ.uu.xauﬁc\‘).taf}sojouucj\‘)uduc\écé\_\hu\o\.td\cﬁodh‘_J;\ 5 ) cdilall Ainll

) (5 Caall cald slall el o3a Juai 1 5ia 805 20 Gae (o Ll daui )l Lgilaans

Clidall (pann At ol il 8 32l 555 ¢ (Upwelling)silal) 2 smaall 3hliay dagi yall cilpdaally

A il giall ) ALY Ji Bl (o s ddla Gl gal ) sell e Aien ¢ dans ol 5 dnand

e Al Agaal) Galeally clig gyl e aaeS b Sl Anlasy) Lgiad cala ) (Llal)

(Ricker, 1975; Whitehead, 1985). 3 Um}\

il ANy ¢« (Gonadosomatic  Index)islulidl Aal COldbes BORT

Sladll Lin low ale (& (ulad) jas GlYI, <Al duiall dudll 5 «(Hepatosomatic Index)

Cagplall Alaiad L) BLail) 5 daaall ol jdsall (aSad Cus galivall Sendl (55530 500 5

el i Jss Basa by @S sl o3 w355 (King, 2007). 5osdal) 45133015 2l

3080) a8 s sall b )50 oo Sl cellanU dalal) dpn o) graadl) ANl SN ol 5y anind)

oY) sl aay Alainl) AR Jalaa o ) saae bl ja ca il My, adall (5 Al 4y 5l

o spel il A Adad) Jalaca (e L ¢l a5 ans g 5 (Ll Jalitall <l sl

(Aufy, 2023). zeall (sS85 420l Glilasl daliadl)
sac 18 JSl ol il (520 maifi 5 Sanal) ()5 yaall Aplaiy) 5 a8l 508 8 Fyuia]) Ll Al 3 pad
(Balogun et al., 2()24) 3 ) sal) Aalaine) e Jalaadl g 2iladll 3500 ‘éﬁ L) aites drale cnlily

Al 5 AaSU AT Jebaa g ciiliall Aa) Jalaa g cdlodliil) AA Jalaa i dusl )l 538 Cadglinsi 5

shall Clalus aca s By IS an ga a8 Ly ¢ orianall (0 puall lland i) 5 oS3 G Lpial

oAl gy SN ol g0 JOA apall pie ) 4l ) (Closed Season) o s sl

Jaadl (3 da g 31 gl
Gam (b Cpdlmall (g 3 pdloa paieall (pa pual) landd (10 A8 394 (o 4580 Allen) Alie ol
Gl 2026 Jil 12025 sile (e cavial AlS R laa e Gl jla dipde b el il &sal
faalay de )3 4S8 Al uLc\J)S\Hmdm‘z’\dmé\MbuUas\A‘_gmM\ il
EIOW VERIS ARV RENJE CERE RN JU P JURHAPRY § RO i RS JUINRSR RS
u&LuAu\)M(:‘ML\POIuﬁy@m‘u\JJY\uh‘Jceu01u)ﬁYU&L\$ )Jaum(a\da.wah

11 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).




2T aa ¢dB Led g9 WSl g Juliall Jaadl oyl Slilec i‘:’ﬁ}\ (Sartorius BP 1500). ¢ s
s A o) sl O alrall ol A5V Y alaall Caariiiud g (] 5 sS3) (il
(Nikolsky, 1963): ax sl & 5 (GSI) dalubiil) Aal) Jalaa a8 o3 &
W,
GSI = Wg X 100
ASanll JSU 0550 W s eduliall (355 Wy Jiar Cas
(Pickford, 1953): & e I latiiul (HST) duasll Al Jalas 50085 o3
w,
HSI = WL X 100
Al S G W sl s W S s
(Fulton, 1902): a> <! 85 (Condition Factor) 4313l Al Jalas pasi a3 W
w
K =75 %100
ASenll S Jshall [ g cASand) o055 W Jiay Sus
il
CulS 5, aal g S5 JRT 17 b ol e Ay ¢ SAM9436.53 Jilie %63.47 SUY A caly

Sle KA dae 5l e (M) Cay AN Juad eliily o saaill alane 3 saill) 24 s G5y
(432 ] JSEYI ] Jan) Y

L) J e JA piesall (0 puall sl (%) Guiadl a1 Jgda

(Yo) ) A | (%) osSY dpud | LYY 23e | oS dae | uadl)
64.49 35.51 69 38 Capall
36.67 63.33 11 19 S
67.68 32.32 67 32 LR
66.67 33.33 58 29 aa
63.47 36.53 205 118 | g sanall

huall Juad A SIS oS3 A

Capall Joad (0 el @llanl & SO 683 L ] JS&

12 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



iy AT Jead JMA EUSU ) oSAN A

oy A A G el (8 S 583l A 284

) Jead DI BB ) e

eV MR (dpad) lland) o G5 oS3 Ao 3 S

LA Juad JHA SUMY 983 sl

£l A sl @l 8 LY 5 SO A 4JSE
80 (i yall Jusd o305 ¢1.95 @8l 50 Capall Jomd DA 40 e (K) dlaad) Al Jales Jass
(5 J85) 1.62 @l s gl Jumd Al 4 ol s ey ] .81 @l L) Jad 3 ¢1.82

13 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



g yudl 2 a1 S

N=394
25
2 15 1.82 B
1.62
7 15
=
3
319
0.5
0 T
avall i Al plisdl C.I—“l

L) J e JA paisall (0 puall s (k) dilaad) sl Jelaa 5 JS

3.41 a8l g i) Jiamd b Calals dad e o)) o jedal 288 (GST) dalulitl) sl Jolre il Lol
daad A 4ad B il (ps (3247 a8l Capall Juad 25 2.49 a8l 50l Jiad LA
(6 JS5) 0.35 a8l s Al

dyn puldl ASaud ALl A0

N=394

3.41

i
[\
n

2.47 2.49

Al 4
(%]

¢} auaill

o8

L) J saad A puicaal) G0 yud) @llessl (GST) Abuliil) sl Jaloaa 6 J8&

et Slaise A Lull) DAl Jalra e Lazal 5 1681 65 s 288 ¢ (HST)AaSl el Jalaay (3ley Lo
0.88 adl 2 iy Al 5 Canall Sad o 1,06 &l 52 @ ) Jocd 4l 1,18 &l 53 L&) Juad b 4
(7 8

14 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



I 3% J__q‘_l. adlalt

14 - N=394

ERER 0.88 0.88

Al J gt A psiesall (0 ) e (HST) dpall el Jalas 7 JS&
YRR
pSiesal) (33 pol) Nanly (GST) Akl Aal) Jolnal dad omdl Jinas Fd 50l 024 il el
(EL-Mor et al., 2002; Lr\.\ﬂ\ Jalldl cﬁ ;u);\ Gl ya3ae & G Le 9a 5 A Jiad DA
WSAL-Hassan & EL-Silini, 2015; Fituri & EL-Mor, 2018; Shakman et al., 2019).
i) (el lan Jae ST G s siall sl Gigia s il )3 ae ) s2a (381
e e diasana 4, iSis ) oo faiid g i g olidl) Liad aas saies (am auda s sl se LY
Gl i ) baadll 138 (5 5e), Jaw siall (3,4 Jled & (Tsikliras et al., 2010) 4law L
& uw\ Y LSS'“J ¢ (Zooplankton)@\j.laj\ d]\}:d\ )5}1} aAJu\ )@.u‘}“ d)\A aJ\);j\
(EL-Haweet et al., 2005; »<==y < (Ben-Gharbia et al., 2023) 55 4 u—*ﬁ‘ Sl 3
x4l 5« (Brahmi et al.,2018; AL-Absi et al., 2024))-’\)93\} «Mustafa et al., 2014)
¢ (Quaatey & Maravelias, 1999)tle 5 «(Amenzoui et al., 2006; Baali et al., 2017)
(Ruzafa et al., 2022). ¢S ) 35 « (Guiatuhanga et al., 2025)Y sail 5
i i Jass giall ) Jlad J50 8y el Gl il jall e bl s aliad (Jida) b
5 137 alel) i) oy, el 5 53 6yt s apeall o Lo Ly om0 85 3
Cla s gl opad el () o€ Alla 3 Juliall g 15 daws il Jlad ol 335y 5 Y] il
s Az AU dga g 4p3l) ) il Lt ¢ 000 T gl o s plie gy Lais clapa s )yl
gy Al il A 0 e 5 (Sabates et al., 2006). ¢llll Juad JA padll y Gl g
8 lia suie s ¢ (Tsikliras et al., 2011)Obs (8 &Y sadl clal o ha siall Jlad Laa
(Solaiman L s« « (Hossucu & Sever, 2002)LS jis « (Basilone et al., 2006)Liay)
(Palomera Wi 5 « (Mustac & Sinovcic, 2012) S8k o¥) jadl 6 d 5 «& Saad, 2016)
s b b alal gl jall ol Yy Al il u_,\J%'ziz cali ey e 3 Sleet al., 2007).
Gl 43035 Al panl) Bl pall 585 S 8 Lpsma Lysn 381 il 8 Lo sl e
(Macias et al., 2015; SIS aul ga Slo il JS0 (uSay Lae b pall dadasd) el
) Brosset et al., 2021).
o2 Capnall Jumd 8 Lol Lol ) Slavise ¢ (K)Ailaadl Al Jalral 5 5 ) 308 Ui il &yl
L;i.:.\l:!\ c\dﬂ\o‘)s)::)\);“UBJJ&EJ\L;\M\EUJJY\&‘}J cM\M@ubEMJ\
CJ\_:JL;A} cua.u]\ cmjd;)awu\)ﬁ‘ﬁ\jdu\_m]\ UJ}L;DJLI‘)SLI&M\ th.u‘).[\ )us.l\.a.m
S(Rjeibi et al., 2018) s <kl & (EL-Drawil & Shakman, 2015) 43| Jua 55 b g (g

15 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



<(Bouchentouf et al., 2018) s ¢« »as A(Mahmud & EL-Haweet, 2014) 5 o
L al
A (GST) Aabuliil) Aad) Jalae s (HST) 4a2Sl A (el 4 s (35 (381 53 2 52 5 gl s
e el el slaie) iy lae ¢ (KA1 Al Jalae ) i) g Gal 3illy olidll Juad
ASI A8l el Al Gl il e Yay il L) 5 paivsall JalSHl) e o 685 dal dai) i)
O35 Dlgind A Al ¢ sal e Yad(EL-Makhrouf, 2016; Ventero et al., 2024).
mdl iy aieai sl sl AN Ge dealtied) cbial A€ Jd o)
el (A Sl all el JUSiaY aall 5 sae e Leling 4y ) siudll (a3l o(Vitellogenin)
Y g 54335 gL ) 5 281 ann 334 5 ) ol Law «(Moyano et al., 2023; Zorica et al., 2023)
4l s e b ) sl Al Jalaay
A5 IS an sa A Lagus Vg ) e e 56800 e Gl slae ] (§ 8 Al jall i
sl Llaludl shliall 8 eanil) oS sho g ¢ ) SAL D Hlia g ) GLY) sai C¥a20 ) (5 20 e
oo Sz canall @llady Cilagindl daje ST Ledaay Las () clllee olaiy (al il o
338 L) Ty e oY) Balaas 228, Sl 4500 8 < gl sonel) and 305 Al Jal sall il
Al a3 e Aentil) o3 (385 5 ¢l L) B (s sead) sl Tl aatl Jle Sad) (5 38l
(Ndiaye Jxudl s« (Jemaa et al., 2017)cld s « (AL-Hassan & EL-Silini, 2015)bad &
et al., 2018).

-

FOER
a ol sad) COLalaall il Cum ¢ paionall (o puadl Ml T et Tn sl Ta3 g3 Al jal) 03 s
oalidil axe e Cldanal) CAES ST auge IO ¢y saal Tlle T o 1) sl Apuiad) 4l
385 (Say Laa ey 0 Aluliil) M) s & sl ae (ol 3100 Apasll ) 1 dilaadl sl Jalase
<8l il e J aar Juiiall ¢ 5S35 (g AN agal) cilitlaie Al (e dllan) CuiSa ddaa 3 ) a5 Ay
o K 5y DA U Us gale Laae T sa Al jall < yedal L, 2uall 5 dulianl) ol jaadl)
Aladlaal) s Jua ) &yl yaias) (ol Gl ) 5 A0S & gl arlind ) Cing A 5) gy B i

cSandl (g5 53l e

Slua gil)
e 0 85 Al ae ALl (el 3L all g 0l 38 ) 85 ) gl haall 3all Cu il agaas ]
L sill ALK Fa ) Leatia g ellanY) el dulaald il AW Jalaal
LD L dal) Cilagin¥) aial JHSE il 8 anall o gen adatiy dpial) Gl Ll 2
- Ol adinal adall el S il JYAY) caiad g dauzalill
daa gl dayl et (5 s gali 1S Ay guall CBlebaall (a5 sl sall G8SE 2ia ) slaie ] 3
e il Al 5 Laliall ol il Ao IS and o o) 50 3 Aldine Lk )

Compliance with ethical standards
Disclosure of conflict of interest
The authors declare that they have no conflict of interest.

References

[1] AL-Absi, S., EL-Haweet, A., & Mahmud, H. (2024). Reproductive traits and seasonal
condition dynamics of round sardine (Sardinella aurita) off the Southern Mediterranean
Coast. Fishes, 9(3), 112—128.

[2] AL-Hassan, L. A., & EL-Silini, O. A. (2015). Biological aspects and sex ratio of small
pelagic fishes in the Gulf of Sirte, Libya. International Journal of Environmental & Marine
Biology, 4(2), 101-112.

16 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



[3] Amenzoui, K., Ferhan-Tachinante, F., Yahyaoui, A., Mesfioui, A., & Kifani, S. (2006).
Etude de la reproduction de Sardinella aurita de la cote Atlantique Marocaine. Bulletin de
'Institut Scientifique, Rabat, 28, 53—60.

[4] Aufy, L. A. (2023). Gonadosomatic and hepatosomatic indices, and condition factor of
Planiliza abu (Heckel, 1843) in southern Al-Hammar Marshes, Iraq. International Journal
of Aquatic Biology, 11(3), 262-267.

[5] Baali, A., Yahyaoui, A., & Amenzoui, K. (2017). Reproduction and condition factor of
round sardine Sardinella aurita in the Southern Moroccan Atlantic coast. Journal of
Materials and Environmental Science, 8(8), 2890-2896.

[6] Balogun, A. T., Ureje, A. O., & Ojo, O. B. (2024). Sex ratio, gonadosomatic index and
hepato-somatic index of Coptodon zillii and Oreochromis inhabiting Uveje Reservoir.
FUDMA Journal of Science, 9(2), 1-5.

[7] Basilone, G., Guénette, S., & Bonanno, A. (2006). First description of Sardinella aurita
reproduction in the Strait of Sicily. Scientia Marina, 70(2), 229-235.

[8] Ben-Gharbia, A., Fezzan, S., & Missaoui, H. (2023). Seasonal variation in length-weight
relationships, gonadosomatic index, and condition factor of Sardinella aurita in the central
Mediterranean. Regional Studies in Marine Science, 61, Article 102890.

[9] Bouchentouf, M., Bedda, A., & Homrani, M. (2018). Reproduction and condition factor
(K) of the Sardinella aurita in the Western coast of Algeria (Oran Bay). Caspian Journal
of Environmental Sciences, 16(3), 215-224.

[10] Brahmi, B., Ounifi-Ben Amor, K., & Ben Amor, M. M. (2018). Reproductive biology
and histology of round sardine Sardinella aurita in the southwestern Mediterranean Sea.
Regional Studies in Marine Science, 24, 332-340.

[11] Brosset, P., Fromentin, J. M., Ménard, F., Van Beveren, E., & Saraux, C. (2021). Long-
term changes in small pelagic fish condition and body size driven by climate and food web

alternations in the Mediterranean Sea. Science of the Total Environment, 783, Article
147028.

[12] EL-Drawil, R. A., & Shakman, E. A. (2015). Biological aspects of Sardinella aurita in
the western coast of Libya. Libyan Journal of Marine Science, 14, 12-25.

[13] EL-Haweet, A. A., Hegazy, M. M., & Aziz, S. H. (2005). Validation of spawning period
of Sardinella aurita in Egyptian Mediterranean waters. Egyptian Journal of Aquatic
Research, 31(2), 211-224.

[14] EL-Makhrouf, A. A. (2016). Seasonal variation in gonadosomatic index and liver
activity of round sardine (Sardinella aurita) in Benghazi coast, Libya. Journal of
Ecological Studies, Benghazi University, 11(3), 88-97.

[15] EL-Mor, M. M., EL-Drawany, M. A., & AL-Hassani, A. M. (2002). Biological aspects
of round sardine Sardinella aurita off Benghazi coast, Libya. Journal of Egyptian
Academic Society for Environmental Development, 3(1), 15-28.

[16] EI-Mor, M. E. S., & Husaien, S. A. A. (2018). Biological and reproductive
characteristics of the round sardine, Sardinella aurita off the eastern coast of Libya,
Mediterranean Sea. Journal of Marine Sciences and Environmental Technology, 4(1), 15—
28.

[17] Fituri, A., & EL-Mor, M. (2018). Reproductive biology and condition factor of round
sardine (Sardinella aurita) along the Western coast of Libya. Libyan Journal of Marine
Science, 14(1), 22-35.

[18]  Fulton, T. W. (1902). The rate of growth of fishes. 20th Annual Report of the Fishery
Board for Scotland, 1901 (Part III), 326—446.

17 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



[19] Jemaa, S., Lteif, M., Mahfouz, C., Ouba, A., Hassoun, A. A. R., Gemayel, E., & Khalaf,
G. (2017). Biological characteristics of the round sardine Sardinella aurita off the Lebanese
coast. Studia Marina, 29(1), 7-20.

[20] King, M. (2007). Fisheries Biology, Assessment and Management (2nd ed.). Blackwell
Publishing.

[21] Hossucu, B., & Sever, T. M. (2002). The reproductive biology of round sardinella

(Sardinella aurita) in Izmir Bay (Aegean Sea). Turkish Journal of Veterinary and Animal
Sciences, 26(1), 89-94.

[22] Mahmud, H. H., EL-Haweet, A. A., & Akel, E. H. (2014). Reproductive biology and
condition factor of Sardinella aurita off the Egyptian Mediterranean coast. Asian Journal
of Applied Sciences, 7(8), 740-751.

[23] Macias, D., Garcia-Gorriz, E., & Stips, A. (2015). Productivity changes in the
Mediterranean Sea for the twenty-first century in response to changes in the regional
climate. Frontiers in Marine Science, 2, Article 79.

[24] Moyano, M., Illing, B., Peschutter, P., & Peck, M. A. (2023). Thermal sensitivity and

metabolic regulation during vitellogenesis in small pelagic fishes. Journal of Fish Biology,
102(4), 815-829.

[25] Mustac, B., & Sinov¢ié, G. (2012). Reproductive cycle of gilt sardine, Sardinella aurita
in the eastern middle Adriatic Sea. Journal of Applied Ichthyology, 28(1), 46-50.

[26] Mustafa, S. A., EL-Mor, M. M., & Abdel-Barr, M. M. (2014). Reproductive biology of
the round sardine Sardinella aurita in the Egyptian Mediterranean waters. Egyptian
Journal of Aquatic Biology and Fisheries, 18(4), 111-124.

[27] Ndiaye, L., Sarr, A., Faye, A., Thiaw, M., Drouf, M., & Waly, K. B. (2018).
Reproductive biology of round sardine Sardinella aurita in Senegalese coastal waters.
Journal of Biology and Life Science, 9(1), 31-45.

[28] Nikolsky, G. V. (1963). The Ecology of Fishes. Academic Press.

[29] Palomera, L., Olivar, M. P., Salat, J., Sabatés, A., & Garcia, A. (2007). Small pelagic
fish in the NW Mediterranean: A review of their biology, ecology, and fisheries. Progress
in Oceanography, 74(2-3), 377-396.

[30] Pickford, G. E. (1953). A study of the hypophysectomized male killifish, Fundulus
heteroclitus. Bulletin of the Bingham Oceanographic Collection, 14, 5—41.

[31] Ricker, W. E. (1975). Computation and interpretation of biological statistics of fish
populations. Bulletin of the Fisheries Research Board of Canada, 191.

[32] Rjeibi, O., Hajji, F., Zid, P., & Mrabet, R. (2018). Biological aspects and condition
factor of round sardine (Sardinella aurita) in the Gulf of Tunis, Mediterranean. Marine
Science, 19(2), 241-252.

[33] Ruzafa, A.J., Olano, B. S., Arocha, Z. S., & Man¢, B. G. (2022). Reproductive traits
of the round sardinella in the Canary Islands. Journal of the Marine Biological Association
of the United Kingdom, 102(5), 354-360.

[34] Sabatés, A., Martin, P., Lloret, J., & Raya, V. (2006). Sea warming and fish distribution:
The case of the small pelagic Sardinella aurita in the western Mediterranean. Global
Change Biology, 12(11), 2209-2219.

[35] Shakman, E. A., Etayeb, K., & Ben-Abdallah, R. (2019). Status of small pelagic
fisheries and biological indicators along the eastern coast of Libya. Marine Biology
Research-Libya, 8(2), 45-58.

18 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



[36] Solaiman, Y., & Saad, A. A. (2016). Some aspects of reproductive biology of round
sardine (Sardinella aurita) from the Syrian Mediterranean water. Syrian Journal of Geo-
Biodiversity, 2, 29-35.

[37] Tsikliras, A. C., Antonopoulos, E., & Stergiou, K. I. (2010). Spawning period and
gonadosomatic index of round sardine (Sardinella aurita) in the northeastern
Mediterranean Sea. Scientia Marina, 74(2), 333-343.

[38] Tsikliras, A. C., & Koutrakis, E. T. (2011). Summer spawning of small pelagic fishes
in the North Aegean Sea. Hydrobiologia, 670(1), 155-165.

[39] Ventero, A., Iglesias, M., & Bellido, J. M. (2024). Feeding habits and liver metabolic
activity during winter spawning in Mediterranean sardine sp. Journal of Marine Systems,
242, Article 103945.

[40] Whitehead, P. J. P. (1985). FAO species catalogue. Vol. 7. Clupeoid fishes of the world
(suborder Clupeoidei): An annotated and illustrated catalogue of the herrings, sardines,
pilchards, sprats, anchovies, wolf-herrings and setipinnas. FAO Fisheries Synopsis, No.
125, Vol. 7, Pt. 1.

[41] Zorica, B., Cikes Kec, V., & Vidjak, O. (2023). Inter-annual variability of reproductive
indices and condition of sardine in the Adriatic Sea. Acta Adriatica, 64(1), 35-48.

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications
are solely those of the individual author(s) and contributor(s) and not of SJPHRT and/or the
editor(s). SJPHRT and/or the editor(s) disclaim responsibility for any injury to people or
property resulting from any ideas, methods, instructions, or products referred to in the content.

19 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).




  G S I =     W  g  W × 100


    W  g


  W


  H S I =     W  L  W × 100


    W  L


  W


  K =   W    L 3 × 100


  W


  L


  K

