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Figure 1: The location of the sampling area (Mazandaran Province-Tajan River)

1 Anadromous
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Table 1: Equipment, methods of sampling and analysis of the abiotic parameters

Measurement method and reference

Main equipment used -Method

Abiotic parameters

APHA, AWWA, WEF, 2012

APHA, AWWA, WEF, 2012

APHA, AWWA, WEF, 2012

APHA, AWWA, WEF, 2012
APHA, AWWA, WEF, 2012
APHA, AWWA, WEF, 2012

INAB, 1985

APHA, AWWA, WEF, 2012
APHA, AWWA, WEF, 2012

APHA, AWWA, WEF, 2012

APHA, AWWA, WEF, 2012

APHA, AWWA, WEF, 2012

APHA, AWWA, WEF, 2012

Thermometer Water temperature
Portable pH meter (WTW 320) pH
Portable salinometer (WTW 320) Salinity
Winkler bottle 'DO
Turbidimeter (Aqualitic-AL450T) Turbidity
Analytical balance (TE313S) v
TSS
Cellulose ester membranes
Portable TDS /Conductivity meter TEC
(WTW 3110)
Portable TDS /Conductivity meter TDS
(WTW 3110)
Complexometric titration *TH
Spectrophotometer (Cecil 1020)
Indophenol method NH+/N
Calculation technique for estimating the
concentration of un-ionized ammonia in NHs
fresh water
Winkler bottle *BODs
Closed reflux method YCOD
Spectrophotometer (Cecil 1020)
Coupling diazotized sulfanilamide with NO»/N
N-(1-naphthyl)-ethylenediamine 2
dihydrochloride
Spectrophotometer (Cecil 1020) NOs/N
Cadmium reduction column method s
Spectrophotometer (Cecil 1020)
Alkaline persulfate- boric acid digestion TNE/N
method
Spectrophotometer (Cecil 1020) TPYP

Alkaline persulfate digestion method

aJs  .2010; Sokal and Rohlf, 2012
p 7 A Sy aes jloolitul by o5 e (slo Jeloigas 525
sy g b bl (Version 24)  SPSS g 5l
ey Jolse b s lale aze JblE e Ll
Jelisa s sy Gk )l dlapesidl Slsl%)
amloee 0lolS Jsbo "TIDCA) ouls (6 25 g8 (s
slasts; bro s ¥ S obalS Jsb sz 5 o
Slgacin (ol il ol 5o g eolazwl BB T oS
sla )b g olalo azm Slgl8 Ll Julow 6l )13 5
oolazwl (PCA) ‘_“.L.o‘ adlie Judowga o shw
JPles 5l 5sSde ladelign o jshaie 4y oS

12 Detrended Correspondence Analysis
13 inear methods

I\

Sl yiehly Slss g s lole azm Sl 8 G alai
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"PCA slas Ul gl>l 5 L 5 ol s, "Pearson
S (10.3) s (Soan aly2 5185 o el )y

Zar, )aiods Bi> oy 0,55 5 o pleaz gl &

! Dissolved Oxygen

2 Total Suspended Solids

3 Electrical Conductivity

4 Total Dissolved Solids

5 Total Hardness

¢ Biochemical Oxygen Demand

” Chemical Oxygen Demand

8 Total Nitrogen

® Total phosphorus
10 Pearson’s correlation coefficients
11 Principal Component Analysis
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Table 2: Minimum, maximum, mean and standard deviation of habitat variables in the research period in Tajan

River estuary

Range Min. Max. SD Mean Environmental variables
2.17 0.06 2.23 0.8843 0.92 R. frisii (N/m?)
17.0 15.0 32.0 5.52 27.25 Temperature (°C)
1.14 7.92 9.05 0.38 8.32 pH
5.76 5.76 11.52 2.23 9.09 DO (mg/L)
5.18 1.73 6.91 1.67 3.80 BODs (mg/L)
40.62 6.40 47.02 13.20 18.26 COD (mg/L)

9840.97 9.03 9850.00 3212.02 3529.92 EC (us/cm)
9.18 1.03 10.20 3.01 3.60 TDS (mg/L)

11.30 1.00 12.30 3.71 4.09 Salinity (ppt)
0.03 0.03 0.06 0.009 0.05 TSS (g/L)
34.40 16.80 51.20 11.83 29.17 Turbidity (NTU)

3790.00 460.00 4250.00 1264.93 1325.00 TH mg (CaCOs)/L
0.39 0.03 0.41 0.13 0.19 NO2/N (mg/L)
0.84 0.08 0.92 0.28 0.23 NH4*/N (mg/L)
0.03 0.01 0.04 0.01 0.02 NHs (mg/L)

11.77 1.27 13.04 3.66 5.53 NOs/N (mg/L)
9.80 2.01 11.81 3.28 4.38 TN/N (mg/L)
0.70 0.02 0.73 0.24 0.14 PO#* (mg/L)
0.75 0.21 0.95 0.22 0.60 TP/P (mg/L)
50.00 30.00 80.00 15.98 46.25 Depth (cm)

TDS ¢ «/VOY ol jasls L F-+/Y ppt i s
TSS - IVOF Sl asls b il a8 e Y=o /0
CIEFe bl asls bl a8 ofe—-FO0-
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Table 3: Classes of the habitat variables and selection indices (SI) of each class for the Caspian kutum fingerlings in Tajan River

estuary. In the case of each variable, the class with the highest SI is marked in bold

Environmental

Environmental

Environmental

Sl Classes variables Si Classes variables SI Classes variables
0.070 5-<6.6 0269  7.8<86
0.290 6.6-<8.2 0336  8.06-<8.32 0.175 15-<21
0260  82-<9.8 (mD(/)L) 0353  832-<858 oH 0760  21-<27 Tem(Eg)at“re
0031  98<114 9 0026  8.58-<8.84 0.065 27-<33
0341  11.4-<13 0016  8.84-<9.1
0.055 1-<2
0.754 0-<35 0216  0-<3300 0.274 2-<3
0.211 35.<7 DS 0.547 -<6600 EC 0.391 3<4 BODs
3300
(mg/L) <9900 (us/cm) (mg/L)
0.034 7-<105 0.237 0.247 4.<5
6600
0.012 5-<6
0.021 6-<7
-<0.035
0.440 003
-<0.04
0269  10-<20.4 0.058 0.035 0.754 0-<4.2
-<0.045
0541  20.4-<30.8 Turbidity 0.013 004 0.211 42-<84 Salinity
(NTU) <0.05 TSS (1) (opY)
0109  30.8-<412 0.021 0.005 0034  8.4-<126
-<0.055
0080  412-<516 0.094 005
-<0.06
0.375 0.055
00504  0-<0.09
0.912 '<%%2172 NHs 0373  0.09-<0.18 NOAN 0.754 0-<1420
<0.0444 (mgiL) (ng/L) mg(CaCOs)/L TH
0.088 00272 0017  0.18-<0.27 0211  1420-<2840
0029  0.27-<0.36 0034  4260-<2840
0077  0.36-<0.45
0.500 0-<4.35 NOs/N 0.246 30-<47 Depth 0.790 0.5-<0 .
0149  4.35-<8.7 (mg/L) 0672  47-<64 (cm) 0.210 1-<05 NH./N (mg/L)
0351  8.7-<13.05 0.081 64-<81
0.433 0-<12 0024  0.355-<0.2
0.883 2-<53 TNN 0.214 12-<24 coD 0176  0.51-<0.355 TPIP
0.044 53-<8.6 (mgl) 0.196 24-<36 (mg/L) 0652  0.665<0.51 (mgl)
0073  86-<119 0.157 36-<48 0040  0.82<0.665
0.108  0.975-<0.82
0.790 0-<0.4 PO
0.210 0.4-<0.8 (mg/L)
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Figure 2: Two curves related to the range of changes of the selection indices (SI) of the habitat variables (a: pH, b:
EC) used (red curve), available (blue curve) and selected (black curve) by the Caspian kutum fingerlings in the
estuary of the Tajan River
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Figure 3: Biplot of abundance relationships of white fish fry and phytoplankton and zooplankton groups and
crustaceans (Cyan: Cyanophyta, Pyr: Pyrrophyta, Rotif: Rotifera, Cope: Copepoda, B. naup: Balanus nauplii, B. cyp:
Balanus cypris, Hedi: Hediste) in PCA analysis. The black, blue and green vectors respectively correspond to the cases
where the correlation coefficients (Pearson) are 0.3-0.5, 0.5-0.7 and more than 0.7.
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Table 4: A general comparison of current research conditions and results with related studies conducted in different

regions of the country and the world

Reference HSI Environmental variables Study area Species
Temperature, pH, DO, BODs, COD, EC,
TDS, Salinity, TSS, Turbidity, TH, NO2/N, . . . .
Current research 0.592 NHa*/N, NHs, NOs/N, TN/N, PO:&  TP/P. Tajan River Rutilus frisii
Depth
Temperature, DO, EC, pH, Width, Depth,
Abdollahpour et _ Elevation, Slope, Bedrock diameter, Current Taian River Ponticola cvrius
al., 2020 velocity, Type of vegetation cover, Percentage ! y
of shadow

Abbaszadeh et
al., 2021

Depth Current velocity, Substrate

Zarem-rud River

(a tributary of Barbus lacerta

\ .
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Reference HSI Environmental variables Study area Species
Tajan River)
Rostamian et al., Depth, Width, Current velocity, Bedrock Ka'larud River Capoeta capoeta
0.20 - : (a tributary of the o
2017 diameter, Substrate index . gracilis
Babol River)
Rostamian et al., Depth, Width, Current velocity, Bedrock Ka]arud River Alburnoides
0.33 - (a tributary of the .
2022 diameter, Boulder substrate type . tabarestanensis
Babol River)
Moradoour Elevation, Width, Depth, EC, Salinity,
pou Current velocity, Temperature, DO, Bedrock . ..
Derazkolaei et - . - Roodbabol River Capoeta razii
diameter, Percentage of shadow, Riparian
al., 2020 .
vegetation
Zamani elevation, Depth, Width, Slope, Current
velocity, Temperature, pH, EC, TDS, Bedrock . Oxynoemacheilus
Faradonbe et al., 0.524 diameter, Number of stone larger than 25 cm Taleghan River bergianus
2017 h .
in each quadrant, Substrate index
Farat?c?r?gin;t al 0.813 Elevation, Depth, Width, Current velocity, Taleghan River Capoeta gracilis
2015 " ’ Bedrock diameter, Temperature 9 P 9
Depth, Width, Slope, Current velocity,
Zamani Bedrock diameter, Number of stone larger
Faradonbe et al., 0.84 than 25 cm in each quadrant, Substrate index, Taleghan River Barbus cyri
2014 Percentage of riparian vegetation, Percentage
of algal cover
Depth, Current velocity, Width, pH,
Mouludi-Saleh et ~ Temperature, EC, TDS, Slope, Elevation, . .
al., 2022a Bedrock diameter, Number of rocks larger Taleghan River Barbus cyri
than 15 cm
Verdipour et al., ~ Depth, Width, Current velocity, Temperature, .
2016 Elevation, Bedrock diameter Taleghan River Barbus lacerta
Nasrolah Temperature, DO, pH, EC, TDS, Current Kordan, Taleghan Capoeta buhsei,
Pourmoghadam - velocity, Depth, Width, Bedrock diameter, and Jajrood C.raziiand C.
etal., 2019 Phosphate, Nitrate, Ammonium Rivers alborzensis
Siyahrud River (a
Asadi et al., ~ Current velocity, Depth, Width, Substrate, tributary of Capoeta capoeta
2014 Slope, Elevation, Vegetation type Sefidrud River gracilis
basin)
Mouludi-Saleh et Depth, width, Temperature, EC, Current Dinorah Rlyer Capoeta
0.676 . A (Karkheh River AR
al., 2022b velocity, TDS, Grain size diameter drai shajariani
rainage)
Mostafavi et al Depth, Current velocity, Froude number,
2020 N 0.72 Substrate Index, Substrate shelter, Visual Karaj River Salmo trutta
cover, Combined coverage
Salmo trutta,
Alburnus
Depth, Current velocity, Froude number, atropatenae,
Mostafavi et al Substrate Index, Visual cover, Combined Barbus
2021 " 0.61 coverage, Elevation, Temperature, Turbidity, Karaj River lacerta,
pH, DO, TDS, TSS, BODs, COD, PO4%, Oxynoemacheilus
NHs*, NOs’ bergianus,
Paracobitis
malapterura
Nadgg;it al., - Depth, Current velocity, Substrate Ligvanchay River Salmo trutta
Ghafouri et al., Temperature, pH, EC, TDS, Elevation, Depth, . Cyprinion
2023 0.793 Current velocity, Width, Slope, Zab River macrostomum
Vélez-Espino Current velocity, Depth, Width, Cover, Imbakucha Astroblepus
pIno, - Invertebrate composition, Riparian vegetation ~ watershed, North 0IEp
2006 - - ubidiai
type, Terrestrial vegetation, Land use, of Ecuador

AR
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Chen et al., 2009
Yao et al., 2014

Hightower et al.,
2012

Hijuelos et al.,
2017

Conallin et al.,
2014

Stanley and
Trial, 1995

SST, Salinity, Chlorophyll a, Elevation

Depth, Temperature, Substrate, Current

velocity

Current velocity . Temperature .Depth .

Substrate

Temperature, Salinity

Temperature, DO, pH, Current velocity

Current velocity, Depth, Substrate, Bed cover

northern Taiwan
East China Sea

Colorado River,
USA
Southeastern
United States
rivers
coastal region of
Louisiana, USA
Six small
lowland streams,
Denmark
Rivers and
streams of the
Maine region,
USA

v A csslae 9 Lo S5 oou OlKaa 5 K54
Reference HSI Environmental variables Study area Species
Substrate, Temperature, pH, TDS, DO,
Elevation, Slope
Linetal., 2015 - Current velocity, Depth Datuan Stream, Sicyopterus

japonicas
Scomber
japonicus
Oncorhynchus
mykiss

Alosa
sapidissima

Cynoscion
nebulosus

Salmo trutta

Salmo salar

Slib Oy dold 958 s 30 1y it ST 30 o slo elis (53 wten (xSl it B 33 Sl loxo (gloaial> :0 Jgur
o sl (6l jlmo Bodgume jO Hg1 30 dwld 1o bl o0 sl (6l jlo GBodgUZe HO (sl oo GBS e Ll (o YL alg a5

Table 5: Permissible range of changes of some important environmental variables for fish survival in fresh water. A:

In the current research, the range of class changes that have the highest SI are within the limits allowed for survival;
B: The mentioned ranges are not within the limits allowed for survival.

Status in the current

- Reference Range Uses Parameter
Directive 44/EC, .
2006 6-9 Cyprinid waters
A MOE Japan, 2019 6.5-8.5 Rivers and lakes H
USEPA, 2000 6.5-9.0 Freshwater chronic criteria P
OECD, 2011 6.5-9.0 Flshery/prolti:gtlon of fish
CCME, 2018 >6 For warm-wa_lter aquatic life:
early life stages
CCME, 2018 >9.5 For coId-waFer aquatic life:
A early life stages DO
Directive 44/EC, L (mg/L)
2006 >7 Cyprinid waters
OECD, 2011 6 Flshery_/protectl_on of fish
life: cyprinid
Cyprinid waters:
SEPA, 2023 32 Temperature measured
downstream of a point of
thermal discharge
A Permissible threshold in (C° Les
UKTAG, 2015 28 rivers in cases of the_rmal
discharge for the survival of
cyprinid fish
Summer:28 Fishery/protection of
OECD, 2011 Winter: 8 cyprinid fish life
Directive 44/EC, . BODs
A 2006 6 Cyprinid waters (mg/L)

\Y
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Status in the current

Reference Range Uses Parameter
research
OECD, 2011 6 Flshery./protectl'or'l of fish
life: cyprinid
Surface water bodies of
A MOEE China, 2002 15 rivers and lakes: Protected coD
areas for the common fishes:
Fishery/protection of fish (mg/L)
OECD, 2011 15 e L
life: cyprinid
A . . - 3_
OECD, 2011 02 Flshery./protectl'or'l of fish POy
life: cyprinid (mg/L)
Surface water bodies of
A MOEE China, 2002 0.15 rivers and lakes: Protected NO»
areas for the common fishes (Mg /i)
Fishery/protection of fish
OECD, 2011 0.12 life: cyprinid
Surface water bodies of
A MOEE China, 2002 20 rivers and lakes: Protected NO=-
areas for the common fishes N
Fishery/protection of fish (mg/L)
OECD, 2011 5.6 e L
life: cyprinid
Fishery/protection of fish NHs
A OECD, 2011 0.8 life: cyprinid (mg/L)
Alaska Growth and propagation of
A Administrative Code, 1000 fish, shellfish, other aquatic = TDS (mg/L)
2023 life, and wildlife
. The most suitable range for
Taghizadeh et al., - TH
A 2013 70-150 the survival farrilsdiigrowth of R. mg(CaCOs)/L
Directive 44/EC, .. TSS
B 2006 0.025 Cyprinid waters (/L)
Trigger values in upstream
ANZECC and and downstream TP
0.026-0.033 . '
B ARMCANZ, 2000 respectively. New Zealand (mg/L)
rivers and streams
Trigger values in upstream
ANZECC and and downstream TN
.295 -0.614 '
B ARMCANZ, 2000 0.295-06 respectively. New Zealand (mg/L)
rivers and streams
Trigger values in upstream
ANZECC and and downstream NH4*
0.010-0.021 . '
B ARMCANZ, 2000 respectively. New Zealand (mg/L)
rivers and streams
Trigger values in upstream
B ANZECC and 4156 and downstream, RIJPRLY
ARMCANZ, 2000 - respectively. New Zealand (NTU)
rivers and streams
Optimal threshold for river
B Bhuyan etal., 2020 800 water quality parameters EC
Waskel and Solanki, 300-500 Acceptable range for river (ps/cm)

2023

fish breeding
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Abstract

Considering the increasing speed of destruction of natural aquatic habitats in the rivers leading to
the southern basin of the Caspian Sea and the importance of investigating the habitat conditions
of the release sites of juvenile fish with economic value, in this research for the first time (at the
national level) in order to investigate the suitability of Tajan River from the point of view of
releasing Caspian kutum fingerlings, habitat suitability index (HSI) was used .Considering that
currently the only available option of the Iran Fisheries Organization for the release of the
fingerlings in the Tajan River is in the estuary of this river, therefore, in the current research, this
area was selected to sample the fingerlings and investigate various biotic parameters
(phytoplankton and zooplankton) and abiotic (water temperature, pH, salinity, dissolved oxygen,
turbidity, total suspended solids, total dissolved solids, electrical conductivity, total hardness,
ammonium nitrogen, NHs, biochemical oxygen demand, chemical oxygen demand, nitrite
nitrogen, nitrate nitrogen, total nitrogen and total phosphorus). The above-mentioned biotic and
abiotic parameters were determined during the months of July, August and September 2022 and
August and September 2023. The highest selectivity index values for R. frisii were related to
NHs. HSI values of Tajan River estuary for R. frisii fingerlings in the studied time period was
calculated as 0.592. Therefore, on this basis, the study area can be classified as "suitable habitat"
for the fingerlings. Nevertheless, the comparison of the range of changes of the habitat variables
measured in this research with the respective permitted ranges showed that the conditions of the
release area of the fingerlings were not suitable from the point of view of the range of changes of
some parameters (including total suspended matter, total nitrogen, total phosphorus, ammonium
nitrogen, electrical conductivity and turbidity) during the study period.

Keywords: Habitat suitability, Release of fingerlings, Stock enhancement, Tajan River, Rutilus
frisii
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