(DOI): 10.22092/ISFJ.2024.131689 YY(¥) Ya-£ Ol oMt sale alas

i g 31— ok Ao

Aol glacunor 53 33 —dgb bulgs 3 Sy O i
33> 8L 9> 4d9> Alosa braschnikowi (Borodin, 1904)

'l esl3 e dazes Ceslidllle Lslad “"%},@,)ﬁ Ayl o o g Shar Al
*Jaafari.omid@yahoo.com; Pourmoghadamm@yahoo.com

otosel il Glajla osdS M asle SlEdad dufo (sobold plale Gllallons Slidas gl -
Ol ey «s5,50LaS g 5
o‘xl‘cﬁ;u‘)@b&u‘éﬁh@m\gsj)\gm u""f‘)f, xu.::u]oca‘_m a_\S...':.;\a (C;J)l:\-li! bJ;—V

VEY Sl pe iBpdy Ll Ve alasa sl e Ll

® .o

3l Jlay s WS Sy e g CBlas cdasl s oYL Ceal Sleaas L g, Slhe 5 b Sl beas oLl
5 o A > S g en o T Sl eslizd L Al0sa braschnikowi ale K K55 5 50 Ol oks ol oo
5 3kl dsb Gloms Sl ) 5 85ka 123,83 oy 3,50 V¥4 Ol s 0ldS 5 015l S Olial aw s
0351 Sl o sty 55351 smn on YYV/OYEE/NE 5 Yo JAYLX/EY 0PV VPSP 5 i ool 5 SISOl ¢ S5 bl
) Q}AJ'T C’“L:’ (Pt /00) sl Ol (gl pae OV oad  mwans § Slaws 13,90 VWV s Mjbgii oLl }:JbT
Jsdj\wjﬁpaljxﬁowSéjﬁbq.xmxwgp@)g&ﬂd}n\)sw)ﬁAJ}ndbtﬁgﬂsdmxjyldud}n
g5 3 ) PE<IEED (D=X1Y) JSSla ailaie 5 ine S T i SN slls (B=Y/51) ol 5 (D=Y/VA) S5l Gble &
(CF=1/14) s 5 (CF=V/N ) 5l bl 5o adss Loyl o8 5ls OUiS Bla o s (s (e it Son G a T
s Comezr 93 i 0> QLS 53 S50 50 Do gt oll s bls qtipa 2 35 g (CF= V) (gl i o
jdjl;ﬁéwMOsﬁOL&4{4;-)5\{.ajlssﬁ-)&Rjﬁu?)\w)ﬁojy‘_}bbﬁpx. braschnikowi 6&»;{&)!
02 205 Gole 53 Vb 5 5m 555 dlaml sl dlane a3 ot S Sls gas &t B (5l p 505 5
Sty % b 3 AlOSA i > () Dk a5 L als 5 (JsSs (slapes  5U s cnl g e il
.w)?oau:wl}gwib‘_g;:\ixwwﬁgﬁg_gLasuiﬁjle;TQbJUuﬁU;sfun

PBD olwlid ¢ SMd Cu pde (St ) (Cuzod Candy Jolo :‘5-\315 ol

J s PR "93555

MCopyright: © 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed

under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

Y4



mailto:Jaafari.omid@yahoo.com
mailto:Pourmoghadamm@yahoo.com
https://creativecommons.org/license

w08 009 —dsb balg, o (S, olyuss

OKea 5 (5 82

A. caspia Draschnikowi (Borodin, 1904)
A. A kessleri (Grimm, 1887) (Eichwald, 1838)
S5,y asg> o saposchnikowi (Grimm, 1887)
ol e as (Paknejadetal., 2014) couloass 5 5,55
Slgly8 ao 0 £7 590> Albraschnikowi eleSi le
w3 oo platSl s93ay )53 sbyd (o ade> o )
sasss ol solaidl cosal o2, 4, .(Hoseini, 2000)
Jo 4 aisS (nl gz 5 ade> 0 AlOSE iz
YL solamdl coenl 5l 35,5 ojlil 5 SYL Jlgl3
wlolis g0l 5 (Afraei et al., 2006) el ls,55 5
3 wsy o 85 Gl gl el s sleceaes
5l Sz oaamopled Jelse (n Sete (B 5 292
YL canl 51 DS (gylo o 5 bl JBaus

LIV R KPP0
gy Wl oo 4555 SO 3l Cilisee slacares slolis
bl 5l osliinl .5 s bl 5, b JoSge Sledlsl
Pl 3 olidiimn iz glaase o wlibos,
Sattari et al., ) cool s0ys,5 ol o p)l5 bt
5,y ledbl 1 eslaul b lale  ouvwcan; (2021
a3 Bro g ool zlzeil o ‘SSLJ aloz 31 ol 5l
Sl Sloy55 5 (e85 Slaghy, boawlie o S
Slaw adllas b o opl pls (Randall and Pyle, 2008)
bl Glassy 655,54 5 plale 51 S5 5o 50 (5,
) ez o (a3l SU3sls8 0 Dlis Sl solas ol o0
Sap b olidcsy, glaShy adlhs o5l cussa,
SYsb lariag jligimer Glaosly olulid g i a5
Tudela, ) cool Jlo,95 5 ol swlidicuns;y Juls o
JoUse slasbs, 4 oads abul i lalllas (1999
Paknejad et al., ) .55 4 Jafari et al., 2019)
sbiaaes 044 (2014; Zahmatkesh et al., 2016
L .wlosgas 5,155 1, Albraschnikowi  ale S 51152
S JsSge DML Lawgs 0 i o3 i o Jlo iy
g blurex daaist ples jo iy Sllls 4 5L
Orlova) el )35 b, ;0 Alosa i slacares )
wlolis Gaa b ol> aslhas o,0n! 5l (et al., 2024

PLs eamoples g, blse o e

doWio
Aoz | lapsols ) Gbls Jols ik, s pdyciliand
Gl et Olpss 4zl o lel
Delorenzo et al., 2022; Price et al., 2003; )
08,5 )0 SBu, s piucillaxl (RObledo et al., 2024
pole (5> 5 (oSS s «(55905T S5 sladine (ooles
Guill et al., ) ol wls L8, 5 55090 8 S 5ub
5 sl Lyl 5 g baolKiuy; slls L3I skl (2003
L ol o 15 (510555 5 IS5 €555 5ol (m 3 0331 S0,
Jole SO lgie 4y Slogzge S0 Canl 00 YU Lo
310 (sote G 5 (20502 LelSS slaaial B 50 sallS
5 Sty Sleogas 5| 553l p opdle o UK
2 oS Gy Ll b sl il satmoplis s
ssST e S sl S 5 ogr Las
Ll b ogs sl (gl a8 W5,)18,55 0 cnl 5l oloabe ool
(Nacua et al., 2010) wgs 55l Joe alize
b D9 ge (o KL et )3 (s 00 2 Jalse
Aloads aslis wedyud Jole flaie 4 o150, anl)8
JSo s om0 (Costa and Cataudella, 2007)
odolis Wilgh go 0,8 GBS ole lad egdle
Guill etal., ) ail ;5 ole Su; Lo slo S5y

.(2003
44>y (6985 ya golatll iy 5 dnng a0
St el o Ll pled Galidl s (bl s of bl
4 sldhie ;o olnl g8 Sl Jloy93 p (ot Sl
i3S oo, gl Sy 5 e s O Ll
Obole (o) ol Coonl Sl Jlos (5,5 L3>
or ez 5l saxie J¥s 4 2l slap55le pgr 5o
Sy gl Sl ¢l )l (g3l o o LSS
o le Gen 9 23 5l e 5 2l ale
OIS ol X (Radkhah et al., 2024) el coonl
Sl kil p 4 e 5 SO Glabe plore &
b (5, 95 51 45 Wigd oo ai3id Lo ogases
o> ol (Nelson, 2006) wjls,s5, oY
ool gl G5 cza lls 35 gLy o Alosa
Alosa &5 ez jea> as S ebxl Gldlae



FY(F) VY ool et sale dlas

Goily 3l eslaiul b alflas job a4y dpo 3l Ly oy
95 (et STy WSS iy )5 o)) ok Sl
S yogdyge T YV ol dahaie aw o cwlibcsy,
Pl o 2o bl edsS ool b g iy
Sl Joibind jolaie & () Joo2) 0,5 (65 03I e e
e e 1 S ytogll a5l ol s alS 5 ool

:éKarakousis etal., 1991) o ool
Mg = M(a}(m)b

sdalin Slio Jsb M(g) las sus o lastiw! polis My
Gl s baigas IS (gl ol Jsb uSilis i oy
Geye D oages o slalial Jsb il gble ane

dihis y2 51,2109 Lio) 510gMo) (2 (G505 5

cdlo ol gurex SlpsS w9 Albraschnikowi
...\.J)o ‘):?-l 4, ‘_gl_.,‘)o S5 Ade> O

IU gy 9 9lge
Alosa b sae YF olows VYA Jlo jlies; 5o
30 Gy 4o oyg 5oy w3l eolaiwl L braschnikowi
WD gl pdises i by psr JPlee Job
Odd) HeiS Il vl aw maw j8 o ls paiges
s ok 5 g 3blie 5 285 plod (LS olpisle
by olads liwl o dlGle) 0g bl o o ddlais
(S ol o I3l ohaisle bl 5o )b sblz
AS0lee ;5 ey aslllas 550 3blie QL a Condse
5(E:53°03',N: 36°33") s L «(E: 53°35', N: 36°48")
B slaiges (V S2) o9 (E: 49°26', N: 37°25") J3il

335 Gbyo 2ee 49> o Alosa braschnikowi 31 s;ls y aiged Gble o LSl i Caxdgo ) JSi
Figure 1: Sampling locations of Alosa braschnikowi across the southern Caspian Sea
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Table 1: Mean (mm) + SD and CV of measured morphometric traits in A/osa braschnikowi along the southern
Caspian Sea

(CV%) Mean £ SD trait
Sari Miankaleh Anzali P-value Sari Miankaleh Anzali
1.65 0.98 1.92 0.35 20.75+275.28 239.23+20.75 275.96+24.47 TL
1.46 1.16 1.73 0.09 18.61+243.57 17.67+214.4 21.95+246 FL
6.62 4,79 6.54 0.31 3.32+40.87 2.71+35.34 4.63+40.65 HL
5.45 5.13 6.65 0.004* 1.954+23.13 2.24+18.24 2.834+22.94 HW
6.72 3.20 4,93 0.04* 3.254+41.58 2.984+34.89 4.14+40.86 HH
8.95 4.19 6.09 0.008 3.30+£32.90 2.35+26.75 3.20+31.98 HH2
6.36 5.81 5.59 0.13 3.47457.27 5.454+51.20 6.48+59.3 BH
9.24 7.29 7.90 0.01* 2.894+26.57 2.744+21.60 3.484+27.47 BW
8.45 8.33 8.85 0.83 0.68+6.88 0.82+5.80 0.96+6.92 ND
8.37 5.96 5.74 0.000* 1.414+12.22 1.1849.10 1.43+11.46 ED
6.75 4.39 5.27 0.000* 3.16+31.53 3.11427.27 3.804+33.75 DEO
9.48 6.73 9.81 0.001* 0.75+7.26 0.70+6.83 0.96+8.03 MW
9.62 8.25 10.16 0.000* 3.08+36.14 2.414+24.31 3.87+£36.63 SL
10.78 5.94 9.26 0.18 1.26+12.02 0.97+11.53 1.31+12.64 DE2
4,72 7.31 8.06 0.73 5.05+56.53 4.97+48.13 7.04+55.97 CPL
5.15 14.91 5.25 0.94 1.22+17.30 2.32+15.12 1.78+17.31 CPH
10.59 6.40 8.21 0.44 3.36+30.26 2.70+£25.92 3.88+30.67 DBL
9.19 5.15 8.59 0.01* 2.884+26.46 2.044+21.98 2.52426.74 HD
6.41 6.45 7.64 0.02* 4,06+37.51 3.07+30.90 3.44435.53 ABL
12.30 8.64 15.20 0.01* 2.03+13.21 1.24+9.86 2.40+12.57 HA
8.15 6.67 8.36 0.07 0.94+7.93 0.75+6.49 0.67+7.78 PBL
24.75 13.64 49.49 0.000* 3.13+14.46 6.214+30.48 8.05+16.07 PH
14.36 11.01 11.54 0.000* 0.77+£5.58 0.59+3.68 0.63+4.72 VBL
17.50 14.03 22.82 0.000* 3.12+16.45 2.48+17.75 3.59+14.86 VH
431 3.35 4.97 0.83 5.59+616.62 4.84+53.14 6.65+61.60 FPW
4.06 2.78 4.70 0.004* 8.90+107.94 9.15+96.47 12.58+112.82 FDW
6.39 451 8.16 0.13 12.45+125.80 12.47+116.52 15.77+129.28 EDEC
5.35 2.67 4.92 0.22 12.54+164.21 12.24+145.58 15.06+160.95 FAW
5.02 4.46 6.83 0.000* 4.76+68.55 5.61+62.62 6.16+63.07 EAEC
7.45 9.02 8.59 0.56 5.974+56.33 6.254+48.93 6.274+54.84 FDFA
17.56 8.43 20.75 0.005* 5.104+25.94 4.38427.37 7.254+28.80 EDFA

el 00,0 A0 liebl s 1o Gl e B oasms las
e BW Y &Lm)l :BH g 4.._>L\ ™ &La.nJ :HH2 ¢y &Lm)l :HH e PSS HW o Jjjo :HL ‘Llei" Jj.lo :FL ‘JS Js.la TL
:DE2 wig Job SL ol oy MW ‘W] OV abads U"Jﬁl b i iy a0l :DEO POE Y :ED . C1)9""' 90 alold :ND (O
(oo Al oasls Jsb :ABL « ity b £l HD « ity all osels Jobo :DBL ¢ o0 a8l glis ) -CPH (o0 a3lo Job :‘CPL (pir g0 alols
FPW ( oSCss ally gl )| VH (oS ally 002l Jobo :VBL «glaces aly elas )l PH ((glars ally oacl8 Job PBL > 5o ally glas )| :HA
555.\ G L;’>)>u) 4.”4 6"\“"‘ FAW O LSLQ"" G Ls...u.t 4.”; LSLQ*"" :EDEC 0393 Jy G 6“‘“" AJLv 6"’"“" FDW 0593 J}\ (] L§|=\...~M; AJL LS"""“
c e Al gl b iy b sl EDFA (> 5ee all slal b iy alb slal FDFA (o0 bl b o 5 allb sl EEAEC w9
*Indicates significant difference at 95 percent confidence level.

TL.: total length, FL: fork length, HL: head length, HW: head width, HH: head height, HH2: head height on the eye area, BH:
body depth, BW: body width, ND: nose distance, ED: eye diameter, DEO: post-orbital length, MW: mouth width, SL: Snout
length, DE2: Eyes distance, CPL: caudal peduncle length, CPH: caudal peduncle height, DBL: dorsal fin base length, HD:
dorsal fin height, ABL: anal fin base length, HA: anal fin height, PBL: pectoral fin base length, PH: pectoral fin height, VBL:
Pelvic fin base length, VH: pelvic fin height, FPW: pre-pectoral length, FDW: pre-dorsal length, EDEC: post-dorsal length,

FAW: pre-anal length; EAEC: post-anal length; FDFA: dorsal anal length, EDFA: distance between the endpoint of dorsal
fin and start point of the anal fin.
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Figure 2: PCA scatter plot of Alosa braschnikowibased on the two first components across the south of the Caspian
Sea (A: Anzali, M: Miankaleh, S: Sari)
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Figure 3: UPGMA phylogenetic tree obtained from cluster analysis of morphometric traits in Alosa braschnikowi
across the southern basin of the Caspian Sea
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Figure 4: K-means clustering of investigated A/losa braschnikowi across the southern Caspian Sea
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Abstract

Fish population segregation through diagnostic morphometric traits has a great importance in fish
conservation and fisheries management programs. In the current study, morphometric variations
of 31 morphometric characteristics of Alosa braschnikowi was investigated in the Southern
Caspian Sea in three provinces including Guilan, Mazandaran and Golestan, during winter 2021.
The average standard length (£SD) was 231.73+4.38, 231.52+4.14 and 200.93£32 in Guilan,
Mazandaran and Golestan, respectively. The results obtained from the one-way ANOVA showed
a significant difference (p<0.05) in 17 out of 31 morphometric traits. The PCA showed that the
investigated areas can be distinguished through nine components, so that the main changes in the
first component (PC1) are in the head area while variations in the pectoral and dorsal fins were
identified as important through the second component (PC2). Investigating the growth pattern of
A. braschnikowi illustrated a negative allometric growth for Anzali (b=2.78) and Sari (b=2.61)
regions while Miankaleh (b=3.12) had a positive allometric growth pattern. Furthermore,
condition factors estimation revealed a better nutritional condition in Anzali (CF=1.10) and
Miankaleh (CF=1.09) compared to Sari region (CF=0.71). Morphometric-based clustering
showed that there are at least two separate populations of A. braschnikowi in the studied areas of
the Southern Caspian Sea. Due to the evenness in sampling season and way of sampling, it seems
that the environmental features in each region have caused the ensuing high morphological
diversity in A. braschnikowi, however, investigations through molecular methods are needed for
this claim. Considering the high rate of morphometric variations in Alosa genus in the Caspian
Sea, the usage of machine-learning based analytical methods is highly recommended for future
studies.
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