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Abstract

Since the 1990s, anthropogenic activities have been the 
major direct or indirect threats to the structural and functional 
organization of the unique ecosystem of the Caspian Sea (CS). 
This study attempts to investigate the relationships between 
fish community structure and environmental parameters 
and to analyze the Abundance Biomass Comparison (ABC) 
in the CS. The input data, including catch data by species 
and environmental parameters, were collected from 1996 
to 2017. Of the 13 bony fish species identified, only two 
species Rutilus kutum and Chelon aurata accounted for 
47.14% and 62.65%, and 40.80% and 29.34% of CPUE and 
NPUE, respectively. DisTLM revealed that five environmental 
variables showed a significant linear relationship with the 
NPUE resemblance matrix. Based on the AIC criteria, the 
combination of year, precipitation, SST_Apr, SSL, SST, GTA, 
Iranian rivers, and Volga discharges explain 80.3% of the total 
variability. Based on the ABC curves and W statistics, it was 
concluded that the fish assemblage was environmentally 
stressed from 1996 to 2003. The Shannon diversity index 
(H´) showed a decreasing trend, suggesting that fish species 
have been exposed to increasing stress over the past 22 
years. Considering the current environmental conditions 
(downward trend in SSL river discharge and increase in SST) 
and anthropogenic activities, it appears that the downward 
trend will continue in the future.
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1. Introduction

The Caspian Sea (CS), the largest lake in the world, 
is a unique ecosystem known for its rich and diverse 
aquatic fauna (Karpinsky et al. 2005). Since the 1990s, 
intensive fishing and invasive species are major direct 
or indirect threats to the structural and functional 
organization of this unique ecosystem. Direct effects 
are manifested as a spatial and temporal gradient in the 
abundance of target species, and habitat destruction 
(Roohi et al. 2010; Pourang et al. 2016; Tavakoli et al. 
2019; Fazli et al. 2013; 2020; 2021), while indirect effects 
as changes in community structure or differential 
effects on functional groups (Roohi et al. 2010; Pourang 
et al. 2016) in the CS. On the other hand, one of the 
main sources of impact on marine resources is climate 
variability and regime shifts (Johnson & Welch 2009). 
Beyraghdar Kashkooli et al. (2017) documented that the 
benthopelagic fish stocks respond to climatic events 
and it seems that the CS confronts the regime shift, 
emphasizing the need for more research and further 
supporting evidence.

Knowledge of fish habitat requirements and the 
interactions between habitat and population dynamics 
is essential for the management and conservation of 
aquatic resources (Mouton et al. 2007; Hermosilla et 
al. 2011). Since single-species management strategies 
do not fully account for ecological interactions and 
environmental factors (Garcia 2003), ecosystem-based 
fishery management is therefore a practical 
management approach to the conservation and 
restoration of fish stocks (Thrush & Dayton 2010). 

Kutum (Rutilus kutum), carp (Cyprinus carpio), roach 
(Rutilus rutilus), Caspian vimba (Vimba vimba), shemaya 
(Alburnus chalcoides), barbus (Luciobarbus capito), bream 
(Abramis brama), asp (Leuciscus aspius), mullets (Chelon 
aurata and C. saliens), pikeperch (Sander lucioperca), 
salmon (Salmo caspius) and pike (Esox lucius) are 
commercially important among 159 bony fish species 
that occur in the CS (Naseka & Bogutskaya 2009). Several 
studies have been conducted to assess the stocks of the 
most valuable commercial bony fishes such as kutum 
(Fazli et al. 2012) and golden gray mullet (Fazli et al. 2013) 
in the southern CS. In addition, previous studies have 
revealed that environmental parameters can affect the 
habitat preferences of R. kutum (Haghi et al. 2013, 2015). 
Despite the commercial importance of bony fish, no 
study has been carried out on the species composition 
of these fish assemblages in relation to environmental 
parameters in the CS. This information can help fisheries 
managers to adopt a sustainable approach to fisheries 
management (Katsanevakis et al. 2009). The current 
study attempts to assess the status of bony fish species 
composition in the southern CS between 1996 and 

2017. Therefore, the objectives of this study were (i) to 
examine the relationships between the community 
structure of commercial bony fish and environmental 
parameters, and (ii) to analyze the Abundance Biomass 
Comparison (ABC). 

2. Materials and methods

2.1. Study area and fish sampling

This study focuses on the deeper southern part of 
the sea, i.e. the southern waters of the Caspian Sea, 
where more than 121 beach seine fishing cooperatives 
target bony fishes (Fig. 1). Bony fishes were sampled 
by using beach seines 1200 m long and 10–20 m high, 
with a codend bag of 30–33 mm mesh size. Input data, 
including catch data by species and fishing effort 
(beach seine hauling) were collected from 1996 to 
2017 (Iran Fisheries Organization IFO, 2018). The fishing 
season starts in October when the mean SST is 22.6 ± 
0.84°C and ends in mid-April when SST is 14.1 ± 1.21°C 
(Fig. 2).

Data on 13 species were collected randomly from 
121 beach seine fishing cooperatives; fork length (FL) 
was measured to the nearest 0.1 cm, and body weight 
was determined to the nearest 0.1 g. CPUE, catch 
(weight, kg) per unit effort and NPUE catch (number) 
per unit effort of fish were estimated for each hauling, 
respectively (Sparre & Venema 1998). According to the 
catch data, about 375.8 million individuals belonging 
to 13 species were caught by beach seines between 
1996 and 2017.

2.2. Environmental data

Global variables with large-scale influence – 
the global temperature anomaly (GTA), the East 
Atlantic-West Russian pattern (EAWR), the North 
Atlantic Oscillation (NAO), and two regional 
environmental variables – sea surface temperature 
(SST) and sea surface level (SSL) were investigated 
to assess the potential effects on fish species 
assemblages between 1996 and 2017 (Table 
1). Monthly averaged regional satellite-based 
environmental variables, i.e. SST with 1˚×1˚ resolution 
from the NOAA website (https://neo.sci.gsfc.nasa.
gov), and monthly sea surface level (SSL) from the 
Caspian Sea National Research Center (CSNRC) and the 
Meteorological Organization of Mazandaran (MOM) 
was used to calculate local indices for the period from 
1996 to 2017. These indices were measured at the 
Babolsar meteorological station (Fig. 1) and included 
evaporation (EV) and precipitation (PR).
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The annual Volga discharge (VD) and five Iranian 
river discharges (IRD) were used in this study. In the 
Caspian basin, about 80% of the river discharge (with 
an average flow of 237 km3/year) is from the Volga 
River, from the north of the sea (Arpe et al. 2000). In 
the Iranian basin, the average inflow of the Sefidrood, 
Polrood, Haraz, Chaloos, and Baborood rivers is 5.33 
km3/year (Ataei et al. 2019). 

2.3. Multivariate statistical analysis

Fish abundance indices (NPUE and CPUE) were 
fourth-root transformed prior to analysis. Non-metric 
multidimensional scaling (nMDS) based on the Bray–
Curtis similarity measure was used to determine 
similarities in the species composition across the study 
years (Clarke & Warwick 2001).

A Distance-based Linear Model (DistLM) was 
employed to analyze the relationships between 
species composition and environmental variables. 
The analysis was carried out after normalization and 

removal of highly correlated environmental variables 
(draftsmans plot > 0.9). DistLM based on the best 
procedure, Akaike’s information criterion (AIC), and 
9999 permutations were used to test significant 

Figure 1
Map of the southern Caspian Sea (Iranian waters), the red-filled circles show the beach seine locations (Daryanabard 
et al. 2016).

Figure 2
Monthly mean (± SD) sea surface temperature variation 
in the southern Caspian Sea from 1996 to 2017.
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relationships between diversity indices, single species 
(Euclidian distance), and environmental variables. AIC 
was employed to select the best model. 

ABC (abundance biomass comparison) curves were 
created and W statistics were estimated for the years 
1996 to 2017. Multivariate analysis was carried out 
using PRIMER V.6 and PERMANOVA + (Clark & Warwick 
2001; Clarke & Gorley 2006; Anderson et al. 2008).

2.4. Univariate analysis of species diversity

For each year, the Shannon–Wiener index (H ,́ using 
log base e) was calculated using the DIVERS routine in 
the PRIMER package (Clarck & Gorley 2006).

3. Results

3.1. General characteristics of the fauna

In the present study, Cyprinidae with eight species 
(61.5%), followed by Mugilidae with two species (15.4%) 
were the dominant families. Three families – Percidae 
(S. lucioperca), Salmonidae (S. caspius), and Siluridae  
(E. Lucius) – were represented by only one species 
each. The most abundant species were R. kutum 
(47.14%), followed by C. aurata (40.80%) and C. carpio 
(4.49%). The relative abundance of these species was 
62.65, 29.34, and 4.97%, respectively (Table 2). In total, 
Cyprinidae were the most abundant family in beach 
seine fishery based on the number of individuals and 
weight (54.3% and 68.5%). 

3.2. Bony fish community structure

The nMDS analysis based on the commercial bony 
fish composition from all the study years showed a 
trajectory from the years 1996 to 2017 for both NPUE 
and CPUE and a gradient from 1996 to 2017 (Fig. 3). 
In addition, based on the data for both indices, the 
result of clustering of the years using the Bray–Curtis 
index for similarities showed four groups (group a = 
1996–2002, b = 2003–2005, c = 2006–2008, and d = 
2009–2017; Fig. 3). 

3.3. Environmental effects on changes in fish 
composition structure

DisTLM showed that five of the environmental 
variables were significantly correlated with the fauna 
NPUE resemblance matrix (DisTLM, p < 0.05; Table 
3). Year was the best fit, explaining 46.94% of the 

Table 1
Environmental parameters in the Caspian Sea from 
1996 to 2017.

Variable Mean SD Minimum Maximum
1Precipitation, cm 125.8 20.27 85.3 153.9
1Evaporation, cm 42.9 3.38 34.9 48.8
2SST_Mar, ˚C 11.4 0.77 10.2 12.6
2SST_Apr, ˚C 14.2 1.19 12.1 17.6
2SST_Oct, ˚C 22.7 0.79 21.6 24.2
2SST_Aug, ˚C 28.2 0.99 25.3 29.7
2SST, ˚C 19.2 0.42 18.3 20.2
3SSL, m –26.4 0.34 –27.1 –26.1
3Volga discharge, km3 233.3 33.96 176.2 283.5
3Iran's rivers discharge, km3 3.79 1.58 1.98 7.50
2GTA 1.14 0.82 –0.88 2.42
4EAWR –0.20 0.94 –2.12 2.11
4NAO –0.13 0.38 –1.29 0.40

1Babolsar meteorological station (Meteorological Organization of Mazandaran); 
2https://neo.sci.gsfc.nasa.gov; 
3Caspian Sea National Research Center; 
4https://catalog.data.gov.

Table 2
Mean annual catch number per unit effort (NPUE) and catch per unit effort (kg/beach seine, CPUE, ± SE) of commercial 
bony fish in the Caspian Sea in 1996–2017.

Family Species
NPUE (number) CPUE (kg/beach seine)

Mean SE % Mean SE %

Cyprinidae

Rutilus kutum 168.20 12.97 47.14 118.32 9.37 62.65
Cyprinus carpio 16.01 7.12 4.49 9.38 3.35 4.97
Rutilus rutilus 4.45 1.21 1.25 0.70 0.20 0.37
Vimba vimba 3.22 0.81 0.90 0.44 0.11 0.23

Alburnus chalcoides 1.05 0.26 0.29 0.21 0.05 0.11
Leuciscus aspius 0.06 0.02 0.02 0.04 0.01 0.02
Abramis brama 0.60 0.14 0.17 0.12 0.03 0.06

Luciobarbus capito 0.14 0.03 0.04 0.10 0.02 0.06

Mugilidae
Chelon aurata 145.61 11.79 40.80 55.41 4.67 29.34
Chelon saliens 16.09 4.41 4.51 3.57 0.98 1.89

Percidae Sander lucioperca 1.34 0.34 0.38 0.50 0.13 0.27
Salmonidae Salmo caspius 0.02 0.01 0.01 0.05 0.01 0.03
Siluridae Esox lucius 0.05 0.02 0.01 0.02 0.01 0.01
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multivariate variability, followed by SSL, VD, IRD, and 
EAWR (34.04, 14.99, 13.11, and 12.75%, respectively). 
Based on the AIC criteria, the best fit with the lowest 
AIC value, the combination of year, PR, SST_Apr, SSL, 
SST, GTA, VD, and IRD, used to build the parsimonious 
DisTLM model, explained 80.3% of the total variability 
in the interannual similarity (Bray–Curtis similarities). 
The first axis was mainly correlated with year (–0.98), 
SSL (0.79), EAWR (0.48), and VD (0.49), while the second 
axis was correlated with SSL (0.51) and IRD (0.53). The 
first two dbRDA ordination axes explained 86.3% 
of the total variability (Fig. 4). Therefore, the dbRDA 
ordination explained 0.803 × 86.3% = 69.3% of the 
total variability in the commercial bony fish similarity 
matrix. 

The DistLM results indicated that H´ was correlated 
with year, SSL, and IRD. For this index, the three factors 
explained 86.7% of the total variation. The DistLM 
results for the most abundant species (species with 

a percentage value higher than 1%) showed that the 
distribution of R. kutum was affected by year, PR, SST_
Apr, SSL, SST, VD (66.6%), while C. carpio was affected 
by year, PR, SSL, SST, SST_Aug, IRD, and VD (77.0%). 
Year, PR, SST_Mar, SST_Apr, SST_Oct, SSL, SST, SST_Aug, 
EAWR, VD, NAO explained 97.5% of the variation in R. 
rutilus distribution. Year, SST_Oct, EV, SSL, SST, GTA, 
EAWR, VD, NAO accounted for the largest proportion 
of the variance explained for C. aurata and C. saliens 
(93.2 and 91.2%, respectively; Table 4).

Figure 5 shows ABC curves for the study period. 
There is a gentle gradient of changes in the abundance 
and biomass dominance. For the period 1996–2003, 
the abundance curve lies above the biomass curve and 
has a negative W statistic, while in the later period, the 
biomass curve lies above the abundance curve, and 
the W statistic is positive, except for 2014 (Fig. 5). 

Figure 6 shows the temporal trends in SSL, CPUE, 
SST, W statistic, and H´ for the period from 1996 to 
2017. SST and H´ showed linear relationships, while 
other variables showed polynomial relationships 
across the years. SSL and H´ showed a decreasing trend 
during this period. CPUE and W statistics showed an 
increasing trend for the period from 1996 to 2006, 
while in the later period these variables showed a 
decreasing trend (Fig. 6). 

Figure 3
MDS-ordination based on Bray–Curtis similarity, 
trajectory, and clustering (groups: a, b, c, and d) of the 
commercial bony fish assemblage in the Caspian Sea in 
1996–2017, based on A) NPUE, and B) CPUE.

Table 3
Results of the DistLM model, containing the Sum of 
Square (SS), Pseudo-F statistic, p-value, and proportional 
total variance.

Variable SS Pseudo-F P-value Proportion 
%

Year 1007.0 17.70 0.001 46.94

SSL 730.1 10.32 0.001 34.04

VD 321.5 3.53 0.013 14.99

IRD 281.2 3.02 0.032 13.11

EAWR 273.5 2.92 0.040 12.75

EV 192.0 1.97 0.111 8.95

SST_Mar 169.8 1.72 0.155 7.91

SST 146.0 1.46 0.208 6.81

SST_Aug 96.2 0.94 0.433 4.48

NAO 96.1 0.94 0.430 4.48

PR 86.8 0.84 0.486 4.04

SST_Apr 85.4 0.83 0.491 3.98

SST_Oct 67.9 0.65 0.602 3.16

GTA 58.1 0.56 0.688 2.71
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4. Discussion

The ABC curves and W statistics suggest 
that commercial bony fish communities were 
environmentally stressed in the southern CS from 
1996 to 2003 (negative scores of the W index). The ABC 
variations were mainly due to changes in the relative 
abundance and biomass of benthic communities such 
as polychaete species (Warwick & Clarke 1994). Most 

of the species involved in the present study, such as  
R. kutum, C. carpio, V. vimba, L. aspius, A. brama,  
L. capito, are benthopelagic and other species are 
pelagic or neritic species (Froese & Pauly 2019). 
According to Yemane et al. (2005) and Blanchard et al. 
(2004), ABC plots of demersal fish may reflect changes 
in the relative abundance of large and small species 
in assemblages. Roohi et al. (2010) reported that the 
Caspian macrobenthos composition changed after the 

Figure 4
dbRDA plot of Bray-Curtis similarity between fish abundance similarity and environmental variables. The first two axes 
of dnRDA ordination explained 86.3% of the variation and 69.3% of the total variability in the species composition.

Table 4
Relationship between environmental variables and diversity index, most abundant fish species (species with a 
percentage value higher than 1%) in the Caspian Sea.

Variables AIC RSS R2

Community Year, PR, SST_Apr, SSL, SST, GTA, IRD, VD 83.0 422.7 0.803
Shannon diversity Year, SSL, IRD –86.3 0.302 0.867
Rutilus kutum Year, PR, SST_Apr, SSL, SST, VD –64.0 0.634 0.666
Cyprinus carpio Year, PR, SSL, SST, SST_Aug, IRD, VD –30.9 2.615 0.770
Rutilus rutilus Year, PR, SST_Mar, SST_Apr, SST_Oct, SSL, SST, SST_Aug, EAWR, VD, NAO –95.1 0.098 0.975
Chelon aurata Year, SST_Oct, EV, SSL, SST, GTA, EAWR, VD, NAO –66.8 0.388 0.832
Chelon saliens Year, PR, SST_Oct, SSL, SST, GTA, EAWR, VD, NAO –57.9 0.638 0.912
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Figure 5
ABC curves for the bony fish assemblage in the southern Caspian Sea for the period from 1996 to 2017.
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invasion of Mnemiopsis leidyi (Ctenophora), which took 
place in the 1990s, and the macrobenthic community 
structure shifted from the dominant filter-feeding 
group (crustaceans) to deposit-feeders such as Neries 
diversicolor (Polychaete) and oligochaetes. Therefore, 
the negative scores of the W index could be related to 
changes in the macrobenthos community in the 1990s.

The decreasing trend of H´ suggests that the bony 
fish assemblage has been exposed to increasing 
stress over the last 22 years (Fig. 6). The ABC curves 
and the W index were helpful in determining the 

environmental stress (Mise et al. 2018), however, 
more conclusions were derived from analyzing the 
correlations between fish diversity and environmental 
conditions and anthropogenic activities. 

In recent decades, due to the increasing impact 
of anthropogenic activities on marine biota, the 
United Nations has intensified efforts to ensure the 
conservation of marine biodiversity (Escobar-Toledo 
et al. 2015). As a result, it has been suggested that 
strategies for marine resources management should 
be based on the ecosystem context, including 
protection of habitats, non-target species, and 
populations of commercially valuable species (Pikitch 
et al. 2004). In the case of the CS, commercially most 
important fish stocks, such as two main pelagic 
species i.e. kilka (Fazli et al. 2020) and sturgeons 
(Khodorevskaya et al. 2009, 2014; Qiwei 2010; 
Tavakoli et al. 2019; Fazli et al. 2021), collapsed due to 
overfishing and ecosystem destruction. 

The present study provides baseline information 
on the commercial bony fish populations in the CS. 
Of the 13 commercial bony fish species, only two 
species R. kutum and C. aurata accounted for about 
90% of the total catch. Similar results were reported 
by Sulymanova et al. (2015) from the Absheron Gulfs of 
the CS using different fishing methods (set net). They 
reported that of the 33 species, 12 species belonged 
to commercial demersal fish species, of which R. rutilus 
and C. aurata were the most abundant ones. 

NPUE and CPUE of bony fish showed a decreasing 
trend from 1996 to 2017 (Fig. 3), and their community 
structure was strongly correlated with year, PR, 
SSL, SST, GTA, and freshwater discharges. These 
environmental variables significantly correlated 
with the distribution of the three most migratory 
anadromous fish species (R. kutum, C. carpio, and 
R. rutilus) and two exotic catadromous species of 
mullets (C. aurata and C. saliens) in this study (Table 
4). Beyraghdar Kashkooli et al. (2017) documented 
that stocks of two benthopelagic fishes (R. kutum 
and C. aurata) respond to climatic events and the CS 
seems to confront the regime shift and reported that 
the Siberian High (SH) triggered the SST regime shift 
in the late 1990s. This suggests that changes in the 
global climate indices are followed by changes in the 
regional (SST) and local indices (RD and EV) in recent 
decades. In addition, three factors (year, SSL, IRD) 
explained 86.7% of the total variation of H .́ It appears 
that due to the current downward trend in SSL, NPUE, 
river discharge, spawning ground deterioration, 
limited habitats and increasing SST, the downward 
trend in biodiversity will continue in the future as most 
anadromous bony species from the CS spawn in the 
rivers. 

Figure 6
Trend in sea level, CPUE, sea surface temperature, W 
statistic, and Shannon diversity index for commercial 
bony fish in the Caspian Sea for the period from 1996 
to 2017. Linear relationships were fitted to the SST and 
Shannon diversity index, and polynomial relationships 
were fitted to the sea level, CPUE, and W statistic to 
indicate the trend.
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5. Conclusion

Based on the ABC curves and W statistics 
obtained in the present study, it can be concluded 
that the fish assemblage in the southern CS was 
environmentally stressed between 1996 and 2003. 
The abundance indices of bony fish show a gradient, 
and their community structure is strongly correlated 
with environmental variability. The environmental 
parameters, namely PR, SST, SSL, and freshwater 
discharge, significantly affect the multispecies 
community, H ,́ and individual fish species. H´ shows a 
decreasing trend, suggesting that Iranian commercial 
fish species have been increasingly stressed over the 
past 22 years. Considering the current environmental 
conditions (decreasing trend in SSL river discharges 
and increasing SST) and anthropogenic activities 
(spawning ground deterioration and overfishing), it 
appears that the decreasing trend in H´ will continue in 
the future.

Conflict of Interest

The authors declare that they have no conflict of 
interest.

Acknowledgements

This research was funded by the Iranian Fisheries 
Science Research Institute (IFSRI), which supported 
Project Number 076-12-026-791084. 

References

Anderson, M. J., Gorley, R. N., & Clarke, K. R. (2008). 
PERMANOVA+for PRIMER: Guide to Software and 
Statistical Methods. PRIMER-E.

Arpe, K., Bengtsson, L., Golitsyn, G. S., Mokhov, I. I., Semenov, 
V. A., & Sporyshev, P. V. (2000). Connection between 
Caspian Sea level variability and ENSO. Geophysical 
Research Letters, 27(17), 2693–2696. https://doi.
org/10.1029/1999GL002374

Ataei, H. S., Jabari, Kh. A., Khakpour, A. M., Neshaei, S. A., & Yosefi 
Kebria, D. (2019). Long-term Caspian Sea level variations 
based on the ERA-interim model and rivers discharge. 
International Journal of River Basin Management, 17(4), 
507–516. https://doi.org/10.1080/15715124.2018.154673
0

Beyraghdar Kashkooli, O., Gröger, J. & Núñez-Riboni, I. (2017). 
Qualitative assessment of climate-driven ecological shifts 
in the Caspian Sea. PLoS ONE. 12, 5, e0176892. https://doi.

org/10.1371/journal.pone.0176892
Blanchard, F., LeLoc’h, F., Hily, C., & Boucher, J. (2004). Fishing 

effects on diversity, size and community structure of the 
benthic invertebrate and fish megafauna on the Bay of 
Biscay coast of France. Marine Ecology Progress Series, 280, 
249–260. https://doi.org/10.3354/meps280249

Clarke, K. R., & Gorley, R. N. (2006). PRIMER version 6: user 
manual/tutorial. PRIMER-E.

Clarke, K. R., & Warwick, R. M. (2001). Change in marine 
communities: An approach to Statistical Analysis and 
Interpretation (2nd ed.). PRIMER-E.

Daryanabard, G. R., Fazli, H. & Parafkandeh Haghighi, F. (2016). 
Relative abundance of kutum (Rutilus kutum) in beach 
seines of the Caspian Sea. Iranian Scientific Fisheries Journal 
24(4): 145-155 (In Farsi).

Escobar-Toledo, F., Zetina-Rejón, M. J., & Duarte, L. O. (2015). 
Measuring the spatial and seasonal variability of 
community structure and diversity of fish by-catch from 
tropical shrimp trawling in the Colombian Caribbean Sea. 
Marine Biology Research, 11(5), 528–539. https://doi.org/10
.1080/17451000.2014.952311

Fazli, H., Daryanabard, G. R., Abdolmaleki, S., & Bandani, G. A. 
(2013). Stock assessment and management implications 
of golden grey mullet (Liza aurata Risso, 1810) in Iranian 
waters of the Caspian Sea. Journal of Applied Ichthyology, 
29(2), 431–436. https://doi.org/10.1111/jai.12003

Fazli, H., Janbaz, A. A., & Khedmati, K. (2020). Risk of 
stock extinction of two species of kilkas (Clupeonella 
engrauliformis and C. grimmi) in the Caspian Sea. 
Iranian Journal of Ichthyology, 7(1), 92–100. https://doi.
org/10.22034/iji.v7i1.371

Fazli, H., Daryanabard, G. R., Salmanmahiny, A., Abdolmaleki, 
S., Bandani, G., & Afraei Bandpei, M. A. (2012). Fingerling 
release program, biomass trend and evolution of the 
condition factor of Caspian kutum during the 1991–2011 
period. Cybium, 36(4), 545–550. https://doi.org/10.26028/
cybium/2012-364-007

Fazli, H., Tavakoli, M., Behrouz Khoshghalb, M. R., & Moghim, M. 
(2021). Population dynamics of stellate sturgeon Acipenser 
stellatus Pallas, 1771 in the southern Caspian Sea. Iranian 
Journal of Fisheries Science, 20(1), 45–61. https://doi.
org/10.22092/ijfs.2021.123469

Froese, R., & Pauly, D. (Eds.). (2019). FishBase. World Wide 
Web electronic publication. www.fishbase.org, version 
(12/2019).

Garcia, S. M. (2003). The ecosystem approach to fisheries. 
Issues, terminology, principles, institutional foundations, 
implementation and outlook. Fisheries Technical Paper, 
No. 443. FAO.

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. https://doi.org/10.1007/s10750-015-2446-3



99
Community structure of fish in the Caspian Sea

Oceanological and Hydrobiological Studies, VOL. 51, NO. 1 | MARCH 2022 

Journal owner: Faculty of Oceanography and Geography, University of Gdańsk, Poland

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. https://doi.org/10.1007/s10452-
013-9457-9

Hermosilla, C., Rocha, F., & Valavanis, V. (2011). Assessing 
Octopus vulgaris distribution using presence-only model 
methods. Hydrobiologia, 670(1), 35–47. https://doi.
org/10.1007/s10750-011-0671-y

Johnson, J. E., & Welch, D. J. (2009). Marine fisheries management 
in a changing climate: A review of vulnerability and future 
options. Reviews in Fisheries Science, 18(1), 106–124. 
https://doi.org/10.1080/10641260903434557

Katsanevakis, S., Maravelias, C. D., Damalas, D., Karageorgis, 
A. P., Tsitsika, E. V., Anagnostou, C., & Papaconstantinou, 
C. (2009). Spatiotemporal distribution and habitat use of 
commercial demersal species in the eastern Mediterranean 
Sea. Fisheries Oceanography, 18(6), 439–457. https://doi.
org/10.1111/j.1365-2419.2009.00523.x

Khodorevskaya, R. P., Rudan, G. I., & Pavlov, D. S. (2009). 
Behavior, migrations, distribution, and stocks of sturgeons 
in the Volga-Caspian basin. Wulmstorf.

Khodorevskaya, R., Kim, Y., Shahifar, R., Mammadov, E., 
Katunin, D., Morozov, B., Akhundov, M., Muradov, O., & 
Velkova, V. (2014). State and dynamics of the bioresources 
in the Caspian Sea. In D. Barcelo & A. G. Kostianoy (Eds.), 
The Handbook of Environmental Chemistry (pp. 1–84). 
Springer.

Mise, F. T., Message, H. J., Pagotto, J. P. A., & Goulart, E. 
(2018). Environmental assessment in tropical streams 
by using abundance-biomass curves and W index in fish 
assemblages. Iheringia. Série Zoologia, 108, 1–9. https://
doi.org/10.1590/1678-4766e2018029

Mouton, A. M., Schneider, M., Depestele, J., Goethals, P. L. M., 
& De Pauw, N. (2007). Fish habitat modeling as a tool for 
river management. Ecological Engineering, 29(3), 305–315. 
https://doi.org/10.1016/j.ecoleng.2006.11.002

Naseka, A. M., & Bogutskaya, N. G. (2009). Fishes of the 
Caspian Sea: Zoogeography and updated check-list. 
Zoosystematica Rossica, 18(2), 295–317. https://doi.
org/10.31610/zsr/2009.18.2.295

Pikitch, E. K., Santora, C., Babcock, E. A., Bakun, A., Bonfil, 
R., Conover, D. O., Dayton, P., Doukakis, P., Fluharty, D., 
Heneman, B., Houde, E. D., Link, J., Livingston, P. A., Mangel, 
M., McAllister, M. K., Pope, J., & Sainsbury, K. J. (2004). 
Ecology. Ecosystem-based fishery management. Science, 
305, 346–347. https://doi.org/10.1126/science.1098222 
PMID:15256658

Pourang, N., Eslami, F., Nasrollahzadeh Saravi, H., & Fazli, H. 
(2016). Strong biopollution in the southern Caspian Sea: 
The comb jelly Mnemiopsis leidyi case study. Biological 
Invasions, 18(8), 2403–2414. https://doi.org/10.1007/
s10530-016-1171-9

Qiwei, W. (2010). Acipenser stellatus. The IUCN Red List of 
Threatened Species 2010: e.T229A13040387. https://doi.
org/10.2305/IUCN.UK.2010-1.RLTS.T229A13040387.en. 
Downloaded on 18 January 2018.

Roohi, A., Kideys, A. E., Sajjadi, A., Hashemian, A., Pourgholam, 
R., Fazli, H., Khanari, A. G., & Eker-Develi, E. (2010). Changes 
in biodiversity of phytoplankton, zooplankton, fishes 
and macrobenthos in the Southern Caspian Sea after the 
invasion of the ctenophore Mnemiopsis leidyi. Biological 
Invasions, 12(7), 2343–2361. https://doi.org/10.1007/
s10530-009-9648-4

Sparre, P., & Venema, S. C. (1998). Introduction to tropical fish 
stock assessment. FAO Fisheries Technical Paper.

Suleymanov, S. S., Azizov, A. P., & Ghassemi, H. (2015). The 
species composition and nutrition of dominant species of 
fish of Absheron Gulfs of the Caspian Sea. Iranian Journal 
of Fisheries Science, 14(2), 513–522.

Tavakoli, M., Fazli, H., Moghim, M., Khoshghalb, M. R. B., 
Valinasab, T., & Abdolmaleki, S. (2019). Population 
ecological parameters and stock assessment of Russian 
sturgeon Acipenser gueldenstaedti Brandt and Ratzeburg, 
1833 in the Southern Caspian Sea. Journal of Applied 
Ichthyology, 35(1), 378–386. https://doi.org/10.1111/
jai.13730

Thrush, S. F., & Dayton, P. K. (2010). What can ecology contribute 
to ecosystem-based management? Annual Review of 
Marine Science, 2(1), 419–441. https://doi.org/10.1146/
annurev-marine-120308-081129 PMID:21141671

Warwick, R. M., & Clarke, K. R. (1994). Relearning the ABC: 
Taxonomic changes and abundance/biomass relationships 
in disturbed benthic communities. Marine Biology, 118(4), 
739–744. https://doi.org/10.1007/BF00347523

Yemane, D., Field, J. G., & Leslie, R. W. (2005). Exploring the 
effects of fishing on fish assemblages using Abundance 
Biomass Comparison (ABC) curves. ICES Journal of 
Marine Science, 62(3), 374–379. https://doi.org/10.1016/j.
icesjms.2005.01.009


