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Article Info ABSTRACT

Article type: Background and Objectives: Understanding the distribution of
Full Length Research Paper  commercially important species of the Caspian Sea is very important for
their proper management and protection. Habitat Suitability Index (HSI)
modeling is a valuable tool in the environment to achieve this goal, and
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Accepted: 09.21.2024 desirability of certain habitats. The activity of fishing cooperatives (called

the Pareh) is one of the important activities in the fishing regions of
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Commercial bony fishes of both the interests of the stakeholders and the marine ecosystem.

the Caspian Sea,

Fishing effort, Materials and Methods: To investigate habitat shifts and fishing activity

Habitat Suitability Index (HSI)  distribution, HSI models were developed using the Geometric Mean
Method (GMM) based on fisheries data and environmental variables
including chlorophyll-a, sea surface temperature (SST), minimum relative
humidity, wind speed, and wind direction. Fish abundance data (CPUE
and fishing effort) were sourced from the Iranian Fisheries Organization
for the years 2006, 2012, and 2019 in Mazandaran Province. Environmental
data were derived from MODIS sensors (Terra and Aqua satellites) and
included monthly means from 2001 to 2019. Wind and humidity data
were obtained from the Iranian Meteorological Organization. GIS tools
were used for spatial analysis and visualization.

Results: Optimal environmental ranges in the SI models were defined as
values with suitability scores > 0.6. For chlorophyll-a, optimal ranges
were 5.5-6.5 mg/m?3 (2006, 2012) and 3.5-4.5 mg/m?3 (2019). SST optimal
ranges were 11.5-17.5 °C and 13.5-16.5 °C in earlier years, and >14 °C in
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2019. Minimum humidity showed optimal ranges above 67 mg/L (2006),
67-71 mg/L (2012), and 65-70 mg/L (2019). Wind speed and direction
showed variability across years, with optimal speeds <11 m/s (2006) and
9-13 m/s (2019), and optimal wind directions ranging from 200° to 325°
in various periods. By comparing the HSI models based on CPUE and
fishing effort, it was found that the optimal habitat range (HSI > 0.6) in
the HSI-CPUE model during the three study periods (2006, 2012, and
2019) covered approximately 19%, 25% and 24% of the area, respectively.
The corresponding mean CPUE values were 685, 203, and 298 tons. In
contrast, the HSI Effort model showed wider optimal ranges of
approximately 52%, 42%, and 40% for the same years, with mean CPUE
values of 401, 186, and 184 tons, respectively.

Conclusion: The integration of HSI models based on both fishing effort
and CPUE provides a more comprehensive assessment of optimal habitats
for Caspian bony fish. Spatial analysis using GIS maps revealed that
prime fishing grounds, corresponding to higher HSI values, are
consistently located between longitudes 52°E and 53°E along the
Mazandaran coastline
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Figure 1. Map of the study area along the south coasts of the Caspian Sea in Mazandaran Province.

ol 5o (WS 5 58 e b)) 3 sl
HSI cladie 5 Slas s .3 S eslinal 05k
56 e HSI cladis 5 CPUE , o
Rl sl e gLl gl s sk
A3 S alis Olale
o laesls 5l (gl S S, sl )
LS, a 5 gols S0 5 Ao Ll el
Il 5 s D5l Ol oy (ks _isles
A B TA sbdle b sbs s
Gl 4t Ol e pskea 5 S eslinl
eslizal 5 alal, 51 (CPUE) sk 205 sl

(V0) W

CPUE (kg seine™) = st lie (KQ) / 5Ss 5 olabs sl

wy

Sl Obale Slms oo b tlaesls (65T e
sbosge 31l wen L3 los Sl glacT s
a s Il el s 53 ele NSl ey 5 e LT
slgsls bug S Slles dujs OLL
Ol sl sl b AU 5 e VoSl ook
VSl edisoslmer slaesls Sl esliad L (e
O Al 5t SObs s 3 5e aibaie
b ogldke ol S5 (CPUE) sl
Sl (ay Jle 3553 = 00) Lo Juab slaole
S IFNTAY AYASITAT) (s e e sladla
oo olsle s shaesls 51 (1TAA-YYA]

Gobs olale Sl s gl el Olgea Ol

")



Ol Ko 5 Wgrd Jliallaue ply daw [ oo ldle 81K § Cuvgllae s Had WS b,

O S5 Foos 31 Lo baine 4 cud
oslizal bt 2 ol S Ol « Spline smooth
oertle ol g galaslulinl Cg culg 5 s

A3 S eslanal 3 akaly 51 (SI) s sllas

Yfit - minYfit

- S
max Y fit — minYfit

S L CPUE ol i i Slids Y 0l L3 oS
Bl 5 e max Yee s Min Yo ol gsbo
o a2 L gla CPUE ol slas
2R E Sl gy e2gdome LBl g 0l S ey
@5 B 5s /5 SYUSE slie 4 by e o
Seite OTSH s gad s 5 gl il 3 .(0F) 1
OF) s 8 eslinad baaib 51 S o oSSk

Jae 53 ((HSD o&ansy canllas yasls sladde
b anw 5 (HSI gfforr Je s HSI cpye Jos) HSI
gy SlaolKans plulid L3 Jde 3 cpl 3 Shes
awslds 5 Sbool o) 5 sbos ol Olale 5
Jde 53 e 4 el Grie SI pslie o6 S 53
SIHSE 2w Jae 6l . as s 5 HSE o
A5 8 etz (Y£) GMM ks Sl Jube

HSlGMM =N ?21 SI, \p)

=W
Sloslgale ol 3l ol Jase (sla ke S0l
L3 S dnlows alale & ot il sr (sla e
Oliwl 53 WYAAYAA Jle 51 rass ool b s
AYAO Jlo 53 Ao Ol op S ke 0Lk
WA Jle 5 TN L s 1 s slos o e S
A58 Ol e Sles 5 S L

ywy

Sl @jw ik 5 Gloslsale slresls
gl sl Jold olos Glassne ple 5 e
595 3l e slaesls jla by IS (SST) L s
oot ST 5 1 elpale 51T sse sk
Syse WWAA BOIYA cladle 51 slabe Sl
S 3l 2 ol Jae Lol Lo 28 S
Al bl Ol Sl cugb, s sl
5 oabale buge (lp IS ALl 4 sk
Sl o 5w 5 e 350 sla L YL
5 S s S esland GIS B
A3 S o3linad SPSS 27 13300 5 5| Gobel sla LT
S ble o g sl glalis b
23 e e SIS b3k 5 oo Dlles
HUS s wdedis glaesls 5l 5,800 b Sl Slg
Logble b olilr Gloslple nslas (o5 8e
ool 5 wdiS Sl ehema W las
235 Wl GV 0 1S e Ol ke

5 CPUE Sl (S F o sllan 2 Ls doslos
Ghle 5l Spm sl sl ey 3lo O
bl e Gla i 5L el 81
St $iledde 5 baesls Ll 5 5o 50 ) el
©obs 2 5 OA 5 WV O1) CPUE s eslica
el Ulpe 4 Oldlas 31 & 5s (Y)Y 5 Y M)
b a3 e A3 S B s b g
©sbeo 556 L CPUE Syl 3 sl e ls 51 S a
DA A s Shanes e a s (Glade Oy
< 28 @ﬁﬁbv\i%%?vﬁmz@bb‘v\i‘
AT s 4ol a3 681 bl )

1- Moderate Resolution Imaging Spectroradiometer
(MODIS)

2- Terra Satellite

3- Aqua Satellite

4- Suitability Index (SI)


https://en.wikipedia.org/wiki/Terra_(satellite)
https://en.wikipedia.org/wiki/Aqua_(satellite)

Y€+ € )ﬁb Y b)w NE 8,90 ‘qui L}S)Sﬁﬁd)"’ﬁb){‘. 4:{).»&.0

\Y¥AO Jlw Y Jle A Il
Year 2006 Year 2012 Year 2019
CPUE 0.8
0.8 - = — - Effort 0.8
S 0.6 - P 0.6 _-—_,"’"\\ 0.6 —’_—\\-§~
}3»‘ %: %04 \ 0.4 0.4 \_/
s O
i3 S 0.2 0.2 0.2
&) 00 L— : : — YO J
0.0 1— . . —
4 5 6 7 3 4 5 6
g3 4 5 6 7 .
mgm3 mgm
R 5 1.0 CPUE o5
3 ) 0.8
Q' ® 0.8 , ’\-\- - Effort - -——-
A2 0.6 SEAAEEAN 061 ~~__.7 0.6
R . -
D) Gé-’_ F 04 \ 0.4 \/ iy
*i) E 0.2 0.2 0.2
\— (&}
) £ 0.0 - - - — 0= - - — 0Lt
23 6 10 14 18 6 10 14 18 0 14 18 2
g ce c ¢
(%]
CPUE
2 0.8 - - - - Effort 0.8 . 081 _
bS] 0.6 \ PRl TTe~l
3‘ E 0.6 N ~ 0.6 -
3 I o4 0.4 0.4 \/\
Y S
J E 0.2 02 0.2
= 0.0 0.0 T T T —
S 0.0 . . . — ‘ j i i — )
60 75 20 30 40 50
56 62,1468 74 mgl |
CPUE 0.7 -
0.8 - - - - Effort 0.6 - _ 0.8
- 0.6 Tl - 054 -~ S~ 064 ~ .t
‘\ g —_— 0.4 1 \/\ SN\ -
:3 & @» 0.4 03 - 0.4
_
3 E 0.2 0.2 4 0.2
= o 0.1 oo L. . . _
' ' ' ' 00— ' ' — 7 11 15 19
10 13 . 16 19 7 12 17 22 s
ms ms?t
CPUE
0.8 - - - - - Effort 0.7 q
4 -~ 0.8
077 ~. - 0.6 1 ST 0.7
[ 0.6 - N ' ~ /7 : -
8 0.5 A S~o__-2 059 '~ 0.6 -
i 8 %04 - 0.4 21 ----
; a 0.3 A 0.3 A 0:3 f
» 2 8'% il 0.2 - 0.2
2 A A | 0.1
4 — 01 X A
220 260 300 340 0.0 y y y — 210 250 290 310
235 265 295 325
degree degree

degree
55 e sln 3 VFOA 5 AYRY (YRG0 gladlu 01,3k Okl 53 555 by g5l Olabe (SI) o gllas Lasls sladaa—Y K&
.éL3 St séL3 [ ol ‘Co{‘gb) 4»;.@5 SST a J._\;JJJS ‘;E.:’wﬁxﬁ “ chg‘ B @l Effort) ‘53‘?& J“"W" (Sl CPUE) ‘5.3‘.:.9 U‘;w .\?‘J

Figure 2. Suitability Index (SI) models of commercial fish species in the Caspian Sea, Mazandaran Province,
during the years 2006, 2012, and 2019, based on Catch Per Unit Effort (SI-CPUE) and Fishing Effort
(SI-Effort), in response to environmental variables including chlorophyll-a concentration, Sea Surface

Temperature (SST), minimum humidity, wind speed, and wind direction.
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Table 1. Habitat Suitability Index (SI) values for SI-CPUE and SI-Effort models of Caspian commercial bony
fishes in Mazandaran province for the years 2006, 2012, and 2019.
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Table 2. Layered classification of HSI values for CPUE and Effort models (percentage and mean CPUE)
for the years 2006, 2012, and 2019.
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Figure 3. Spatiotemporal distribution and empirical HSI model (Geometric Mean Model - GMM) of
commerecial fish species in the Caspian Sea, Mazandaran Province.
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