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Background and Objectives: Understanding the distribution of
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
this method can be used to describe the relationship between the
abundance of species and ecological variables in order to estimate the
desirability of certain habitats. The activity of fishing cooperatives (called
the Pareh) is one of the important activities in the fishing regions of
Iranian coastal waters. Awareness of their performance can be effective in
deciding to monitor and modelling forecasting catches taking into account
both the interests of the stakeholders and the marine ecosystem.

Materials and Methods: To investigate habitat shifts and fishing activity
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

VBV


mailto:marinebiology1@gmail.com
mailto:hn_fazli@yahoo.com
mailto:rasulghorbani@gmail.com

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.
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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 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.

P 27 =T

D50 Okl 5 555 sbys )

wy



VF-¥ ﬁ.b Y b)'.w.s NF 8,92 ‘ul,{)-ii L«’s)sﬁ-?d)"’f.b){‘f Q)ﬁu

o0l Wl o St 3k SO0 L sladlaie
R EYINCT SR W FRPF: SO TRN WSS P Pl
S Sl el el (See b SO0
(YY) 1L CPUE & ot
a3 Cansllas o g2t 3 a8 SKl Slalas
548 oo 2 sbos Olale s slak S
Sl 03 Glides JI5 glaesls wl S
‘_gbzu;jbu“ S el adlas glaesls .(\WW 5 V%)
Lol gslr Slles S OLL3L Okl o, (s3ls
S go patin et 5 ol aer 035l S o
o Ml ol nl oS edd 5yl mer 038 8
il IS U o sl (5ladie 3 Shes
Ao Olgpe glacle 5o Lo L2 J b o Jle 5ba
Cogoty Oblo (oS Lo 0o Jo il o 5l
oldes @ C\Jé\ ot glacele js 5 4l
oRIF @ e bl nlply S e g3k
S gldas HSH etfort °°J§J“ 3l SO el
3 pabge XS o5l A 3 G 1 o
05 Las e @?JJ iﬁy‘ Ol &8 il ol
S S et g 0T 3 &S Ayl Ao (slailane
slael b oo dibete 31 0550 o2y Sy ge 53 5 LSS
Aol e sl Sppe 53 Ao L) S5
el o3 tkas e sl | 5 (ol Dlles e
S e o 5l Y Yzl CPUE (-
gl s sen S 4 0B Q‘J.:{:.ALA S Lile e
L ocwlas el (Sas CPUE &8 cslins Ol
Lol 0K 5 .O07) Al JalS Comexr S
ol () Sl ol b bl e 2alS
53 318w oKy o 53 e (5,5 s s
o Slos ey Gl sl s &S e
ssbeas 5wl pasiie ol s o es g
Gl ool 2Se, Slles b 2105 Sl 6,8 5l
ol e 03 gdme 53 (S3ks Dllas sl (Sols

YA

Sy 0L HSH 5 s slie e Ll o

sble j3 lads 5 A0 ITAA S IYAD JLe s &S
dien © L W HSL sl o asle Gl
W deo Ol 5w A Jle 53 s s
g il e, s L3 5l Gl HSI
SHObaske Sleal 5o 5 sbys ol Olale sl

(Y S8 s Jsb g slasel 53 0YO L OYCE

S 5 4o 9 Sy

e lagsasss bl 5o oee Sl 51 (S

Cla pite o ot o (St sl )
Ghen b Sees Ll gla )l S sba
e G Jltlens Wl Oljen s 1) 0L
e O 5 andles gl s sls 1 eslizad
S ugby 4SS SST @ b, IS s
Obale 281 s ln 3l S 5 5L o
O ) sla e pl Cal et eslinal 2 gl
il Sl elel 45 e it Y
Cops s s S L L slos Olale ST,
Glaaii (Y0) Lot bzl (P> /V) ol Sives
IFAA 5 1P OTAO sladle s HSI Jlas sl
Jad il Glasle 53w ble oS sl OLL
oo Olpe 4 0T s oS wib e ogline Ao
Lo Joad Jsb s adlas ) sl slad S
Sl Obale doo Ol S 5bas )y (Soes
alS Ly, addS ams s b gl s
35w gl sl s Wil e el ol 45 azils
oo il e gadle s osata b S
Shedd Grie ang b oKy coldlas I &
Y2 AT s bdde ple 5l 50t i s HSI ron
Vgame 3k 2005 S = b3 mss (VY
Sl 5 e obeo Sl S a5 mlaw ediasOlEs
03 557 Ao Ol 5l Obles &S ol Cuadly oyl
ol YAtz 5l 6,8k aikn S



OS2 g Wgrd Jliallaue ply daw [ oo ldle 81K § Cuvgllae s Had WS b,

IFAD 5 YFAY OYAA sladle 53t b Jsb s
Csost bl aup Lol (s S (g S
o b it sl > b e Sl s
Slale 51y aug ale Lolal oyl S e i
OF B oY 31 obaisle Obwd Ha 55 by ol
03 Gl Siepl @ e Bl AL e (B0 s
S B GO e pten ST g e g
53 658 01 JS1 63500 5 s 581 OF 0355 53
Sbl e el Jaome gla s Lo bLS
el sl 5s SO Ol 4 LIy e
b as SeS o sl obs Olale ks
Slsls Copds Cer 3 oY ponlin
5 ol W S glieas Okl o (g5l

Aeled el S5 Il (ol e g

1.Pickens, B. A., Carroll, R., & Taylor, J.
C. (2021). Predicting the Distribution of
Penaeid Shrimp Reveals Linkages Between
Estuarine and Offshore Marine Habitats.
Estuaries and Coasts. 44, 2265-2278.

2.FAO. (2003). Fisheries Management 2.
The ecosystem approach to fisheries.
FAO Technical Guidelines  for
Responsible Fisheries. No. 4, Suppl. 2.
Rome.

3.Ramirez-Llodra, E., Tyler, P. A., Baker,
M. C., Bergstad, O. A, Clark, M. R,,
Escobar, E., Levin, L. A., Menot, L.,
Rowden, A. A., Smith, C. R, &
Van Dover, C. L. (2011). Man and the
last great wilderness: human impact on
the deep sea. PLoS One 6 (8), e22588.
DOI: 10.1371/journal.pone.

4.Garcia, S. M., Zerbi, A., Aliaume, C.,
Do Chi, T., & Lasserre, G. (2003).
The ecosystem approach to fisheries.
Issues, terminology, principles, institutional
foundations, implementation and outlook.
FAO Fisheries Technical Paper, 443. 71.

wa

290 U padge opl & 3,8 o Soge ol s
HSI cpue Je 55 1, CPUE i S e s (53L3
S5 Ay o iy aallas ) )3 S e b,
5 w5 5> HSl effonr 5 HSI cpue o8 5 e
Al LIS 5 sl a8 oK ek

Slr e gl Sl 5 pyp bl
el e plulis 53 HSI (g5ledie s xS
Sl paze 0Ll ol Sl wnp bl
Pl S ST IS EE s S e
A 5l e sl aaie S L5 dies Sl
5 &S Gl | HSE g3ludue el Sl Ses
e e S Sl bl e i
(X)) 1S s

) Ay SLaelKany; GIS glaatis ) 1 L
27 sl ol Olale gl (VL HSI L (glailais

5.Trochta, J. T., Pons, M., Rudd, M. B., &
Krigbaum, M. (2018). Ecosystem-based
fisheries management: Perception on
definitions, implementations and aspirations.
PLOS ONE. 13(1).

6.Minns, C. K. (1997). Quantifying “no net
loss” of productivity of fish habitats.
Can. J. Fish. Aquat. Sci. 54, 2463-2473.

7.Armstrong, J. D., Kemp, P. S., Kennedy,
G. J. A., Ladle, M., & Milner, N. J.
(2003). Habitat requirements of Atlantic
salmon and brown trout in rivers and
streams. Fisheries Research. 62(2), 143-170.

8.Moore, C. H., Van Niel, K., & Harvey,
E. S. (2011). The effect of landscape
composition and configuration on the
spatial distribution of temperate demersal
fish. Ecography. 34(3), 425-435

9.Ferrari, R., Gonzalez-Rivero, M., &
Mumby, P. J. (2012). Size matters in
competition  between  corals and
macroalgae. Marine Ecology Progress
Series. 467, 77-88.


https://doi.org/10.1371/journal.pone.0190467
https://doi.org/10.1371/journal.pone.0190467

VF-¥ )ﬁb Y b)w NF 8,90 ‘ul,{)ai &)sﬁs d)‘bf'b){a‘ 4:{).»&.0

10.Lipcius, R. N., Eggleston, D. B, Fodrie,
F. J., van der Meer, J., Rose, K. A,
Vasconcelos, R. P., van de Wolfshaar,
K. E. (2019). Modeling quantitative

value of habitats for marine and
estuarine  populations.  Frontiers in
Marine Science. 6, 280.

11.Fazli, H., Afraei Bandpei, M. A,

Pourgholam, R., & Roohi, A. (2013).
Long-term changes in fecundity of the
Kutum, Rutilus frisii kutum Kamensky,
1901, in the Caspian Sea (Osteichthyes:
Cyprinidae). Zool. Middle East.
59 (1), 51-58.

12.Chang, Y. J,, Sun, C. L., Chen, Y., Yeh,
S. Z., DiNardo, G., & Su, N. J. (2013).
Modelling the impacts of environmental
variation on the habitat suitability of
swordfish, Xiphias gladius, in the
equatorial Atlantic Ocean. ICES Journal
of Marine Science. 70(5), 1000-1012.

13.Tian, S. Q., Chen, X. J., Chen, Y., Xu,
L. X., & Dai, X. J. (2009). Evaluating
habitat suitability indices derived from
CPUE and fishing effort data for
Ommastrephes  bartramii  in  the
northwestern Pacific Ocean. Fisheries.

14.Maddock, 1. (1999). The importance of
physical ~ habitat  assessment  for
evaluating river health. Freshwater
Biology. 41, 373-391.

15.Sparre, P., & Venema, S. C. (1998).
Introduction To Tropical Fish Stock
assessment, Vol 1. FAO Fisheries
Technical Paper, Rome.

16.Haghi Vayghan, A., Poorbagher, H.,
Taheri Shahraiyni, H., Fazli, H.,, &
Nasrollahzadeh  Saravi, H. (2013).
Suitability indices and habitat suitability
index model of Caspian kutum (Rutilus
frisii kutum) in the southern Caspian
Sea. Aquatic Ecology. 47(4), 441-451.

17.Haghi Vayghan, A., Zarkami, R,
Sadeghi, R., & Fazli, H. (2016).
Modeling habitat preferences of Caspian
kutum, Rutilus frisii kutum (Kamensky,
1901) (Actinopterygii, Cypriniformes)
in the Caspian Sea. Hydrobiologia.
766(1), 103-119.

YA+

18.Moézzi, F., Poorbagher, H., Eagderi, S.,
Feghhi, J., Dormann, C. F., Nergi, S. K,
& Amiri, K.(2022). Modelling habitat
preference of Caspian Kutum, Rutilus
kutum, using  non-linear  habitat
suitability indices and generalized
additive models. Regional Studies in
Marine Science, 56, 102715.

19.Andrade, H. A., & Garcia, A. E. (1999).
Skipjack tuna in relation to sea surface
temperature off the southern Brazilian
coast. Fish. Oceanogr. 8, 245-254.

20.Wei, Y., Xinjun, Ch., Yang, zZh., &
Qian, Y. (2019). Habitat suitability
modelling revealing environmental-
driven abundance variability and
geographical  distribution  shift of
winter—spring cohort of neon flying
squid Ommastrephes bartramii in the
northwest Pacific Ocean, ICES Journal
of Marine Science, 76(6),1722-1735.

21.Yu, J.,, Wen, L., Liu, S., Zhang, H., &
Fang, Z. (2024). Habitat Suitability of
the Squid Sthenoteuthis oualaniensis in
Northern Indian Ocean Based on
Different Weights. Fishes.9 (3).

22.Fei, Y., Yang, S., Huang, M., Wu, X,
Yang, Z., Zhao, J., Tang, F., Fan, W., &
Yuan, S. (2003). Evaluating Suitability
of Fishing Areas for Squid-Jigging
Vessels in the Northwest Pacific Ocean
Derived from AIS Data. Fishes, 8(10), 530.

23.Swain, D. P., & Wade, E. J. (2003).
Spatial distribution of catch and effort in
a fishery for snow crab (Chionoecetes
opilio): tests of predictions of the ideal
free distribution. Can. J. Fish. Aquat.
Sci. 60, 897-9009.

24.Chen, X., Tian, S., Chen, Y., & Liu, B.
(2010). A modeling approach to identify
optimal habitat and suitable fishing
grounds for neon flying squid
(Ommastrephes  bartramii) in the
Northwest Pacific Ocean. Fishery
Bulletin, 108, 1-14.

25.Schickele, A., Leroy, B., Beaugrand, G.,
Goberville, E., Hattab, T., Francour, P.
& Raybaud, V. (2020). Modelling
European small pelagic fish distribution:
Methodological insights. Ecological
Modelling, 416, p.108902.



OS2 g Wgrd Jliallaue ply daw [ oo ldle 81K § Cuvgllae s Had WS b,

26.Fan, W. (2004). A study on application
of satellite remote sensing in marine
fishingground analysis and fishing
condition  forecasting-a  case  of
Ommastrephes bartramii fisheries in
northwest Pacific Ocean. Ph.D. Thesis.
East China Normal University, 132 p.
[In Chinese]

27.Chen, X. J.,, & Tian, S. Q. (2005).
Ground and surface temperature for
Ommastrephes  bartramii  in  the
Northwestern Pacific Ocean. Per. O.
Univ. China. 35, 101-107. [In Chinese

A

28.Pedro, B. M. (2006). Fishing effort
analysis and its potential to evaluate
stock size. Rev. Fish. Sci. 14, 369-393.

29.Mackinson, S., Sumaila, U. R.,, &
Pitcher, T. J. (1997). Bioeconomics and
catchability: fish and fishers behaviour
during stock collapse. Fish. Res.
31, 11-17.

30.Terrel, J. W. (1984). Biological Report
85 (6). In: Proceedings of the Workshop:
Fish Habitat Suitability Index Models,
US Fish and Wildlife Service.






