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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 Alosa 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* 1.95+23.13 2.24+18.24 2.83+22.94 HW
6.72 3.20 493 0.04* 3.25+41.58 2.98+34.89 4,14+40.86 HH
8.95 419 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 3.47+£57.27 5.45+51.20 6.48+59.3 BH
9.24 7.29 7.90 0.01* 2.89+26.57 2.74+£21.60 3.48427.47 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* 1.41+12.22 1.18+9.10 1.43+11.46 ED
6.75 4.39 5.27 0.000* 3.16+31.53 3.11+27.27 3.80+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 2.41+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 4,974+48.13 7.04455.97 CPL
5.15 14.91 5.25 0.94 1.224+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* 2.88+26.46 2.04+21.98 2.52+26.74 HD
6.41 6.45 7.64 0.02* 4,06+37.51 3.07+30.90 3.44+35.53 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 6.21+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
4.31 3.35 497 0.83 5.59+616.62 4.84453.14 6.65+61.60 FPW
4.06 2.78 4.70 0.004* 8.90+107.94 9.15+96.47 12.584+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 12.544+164.21 12.24+14558 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 5.97+56.33 6.25+48.93 6.27+54.84 FDFA
17.56 8.43 20.75 0.005* 5.10+25.94 4.38+27.37 7.25+28.80 EDFA

el 0oy A0 lebl mhaw (o Gl e BMuS onsmosylas *
woPss :BW Y 863)1 :BH g a>L 9O ﬁLéJJ :HH2 ¢y &L&J)l :HH e P SE HW o J?Ja :HL ‘Lsﬂio J5Ja FL éJf J9Jo TL
DE2 w0j5 Jsbo SL ylas (5,0 MW ¢ il (g s abaii gl b e Sy aols :DEO (ot (s ED i #y5m 90 alols :ND «y00
(o> 5o b oacls Jobo sABL (i alb glis )| HD « otay all oacls Jsb DBL « oo asles glis )| :CPH ¢ o0 a3l Jobo :CPL (pii> g0 aluls
FPW (oSt all glis )| VH ¢ oS all oucls Jobo VBL «glaiew alb glis | PH (slaiw all oacls Jobo PBL « o 5 alls glis )| :HA
Sy b 5 Al sl FAW (0 bl b ity all sl EDEC wjg S b it all slo! FDW wojgy S b (slarew all slol
g b glanl b e 4L byl EDFA (T e b glawl B e b slawl :FDFA o sl b > P b sl :-EAEC 0592
*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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Figure S: Length-weight equation of Alosa braschnikowiin Anzali
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Figure 6: Length-weight equation of Alosa braschnikowiin Miankaleh
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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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