Biodiversity of freshwater fishes in the Persis and Hormuz basins

Ehsan Shatoei Gharenjehlﬁ*) | Soheil EagderiM@ | Hadi Poorbagher3®

1. Department of Fisheries, Faculty of Natural Resources, College of Agriculture and Natural Resources, University of Tehran,
Karaj, Iran. E-mail: ehsan.shatoei@ut.ac.ir

2. Corresponding Author, Department of Fisheries, Faculty of Natural Resources, College of Agriculture and Natural
Resources, University of Tehran, Karaj, Iran. E-mail: soheil.eagderi@ut.ac.ir

3. Department of Fisheries, Faculty of Natural Resources, College of Agriculture and Natural Resources, University of Tehran,
Karaj, Iran. E-mail: poorbagher@ut.ac.ir

Article Info ABSTRACT

Article type: The Persis and Hormuz basins in southern Iran, due to hydrological and biogeographical
conditions, are among the most important habitats for freshwater fish in the country. This
study aimed to investigate beta diversity patterns of freshwater fish and identify
biodiversity hotspots in these two basins. Sampling was carried out using electrofishing
equipment in various rivers of the two basins during 2025, and species occurrence data,
after removal of duplicate records, were analyzed in the form of a presence—absence
Received 4 June 2026 matrix. To calculate beta diversity, the Jaccard index was used, decomposed into species
replacement (turnover) and richness difference components using the adespatial package
in R software. The results showed that fish communities in the two basins exhibit high
July 2026 biotic heterogeneity, with both the species replacement and richness difference
components playing important roles in shaping diversity patterns. The identified
specimens belonged to 16 families, 34 genera, and 48 species. The species Capoeta saadii,
present at 73 stations, was the most widespread species in the region, whereas 10 species
were recorded at only a single station, indicating their restricted distributions and high
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Introduction

Freshwater ecosystems cover less than 1% of the Earth's surface but support exceptionally high
biodiversity due to their hydrological complexity, seasonal flow regimes, and diverse habitats.
Freshwater fishes play essential ecological roles by regulating food webs, cycling nutrients, modifying
habitats, and transferring energy between aquatic and terrestrial ecosystems. Their sensitivity to
environmental changes also makes them valuable indicators of ecosystem health. Southern Iran, with its
diverse river systems and numerous endemic fish species, provides an ideal setting for studying
freshwater biodiversity, species adaptation, and evolution. Biodiversity is commonly assessed at three
levels: alpha (within-community diversity), beta (between-community diversity), and gamma (regional
diversity). Beta diversity, which measures differences in species composition among habitats, consists
of two main components: species turnover (replacement of species) and nestedness (differences in
species richness). Turnover reflects environmental, historical, or geographical differences, whereas
nestedness is often associated with habitat degradation or environmental constraints. In freshwater
ecosystems, beta diversity is particularly important for understanding ecological processes, identifying
endemic species, evaluating historical biogeographic patterns, and assessing the impacts of habitat
destruction, dams, pollution, invasive species, and climate change. The Persis and Hormuz drainage
basins in southern Iran are ecologically significant but differ markedly in hydrological and
environmental conditions. The Persis Basin, including the Dalaki and Helleh rivers, supports diverse
fish communities and numerous endemic species, whereas the Hormuz Basin, represented by the Kol
and Mehran rivers, contains species adapted to saline waters, low discharge, and restricted habitats.
Previous studies have highlighted high levels of endemism and evolutionary significance in both basins,
yet comprehensive analyses of fish community structure and beta diversity remain limited. This study
aims to identify biodiversity hotspots and evaluate freshwater fish biodiversity in the Persis and Hormuz
basins using beta diversity analysis, providing valuable information for conservation planning and future
biodiversity monitoring.

Materials and Methods

The study was conducted in the Persis and Hormuz drainage basins in southern Iran, which, together
with the Zohreh and Tigris basins, form the Persian Gulf drainage system. These river systems drain the
southern slopes of the Zagros Mountains into the Persian Gulf. The Persis Basin includes the Helleh,
Shapur, Dalaki, and Mond rivers in Bushehr and Fars provinces, while the Hormuz Basin comprises the
Kol and Mehran rivers in Hormozgan Province. The Persis Basin ranks third in freshwater fish diversity
in Iran, whereas the Hormuz Basin is recognized as the country's richest basin in terms of species
richness and endemism. Fish sampling was conducted during 2025 (1404) using a SAMUS 750
electrofishing device. Sampling began from downstream sections to minimize fish movement. Captured
specimens were identified in the field, allowed to recover in water-filled containers, and released after
exhibiting normal swimming behavior. Geographic coordinates of sampling sites were recorded using a
Garmin eTrex 30X GPS. Species occurrence data, including genus, species, and coordinates, were stored
in MySQL 8.0.45, and duplicate records were removed. Beta diversity was calculated from species
presence—absence data. Long-format occurrence data were converted into wide-format matrices, and
Jaccard dissimilarity was used to quantify community differences. Following Legendre and De Caceres
(2013), the square root transformation of the Jaccard matrix was applied to obtain Euclidean distances.
All analyses were performed in R using the adespatial package, enabling estimation of total beta
diversity and its turnover and nestedness components, as well as spatial mapping of beta diversity across
the two drainage basins.

Results

After removing duplicate records, the final dataset included 48 fish species belonging to 34 genera and
16 families. Of these, 31 species were recorded from the Persis Basin, including 14 exclusive species,
while the Hormuz Basin contained 34 species, including 17 exclusive species. The two basins shared 17
species. The family Cyprinidae was the most species-rich family, and Garra and Paraschistura were
the most diverse genera. Sampling sites were concentrated mainly in the western part of the study area
(Persis Basin). Ten species, including Acanthopagrus arabicus, Amatitlania nigrofasciata, Capoeta
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aculeata, Capoeta raghazensis, Mesopotamichthys sharpeyi, Oreochromis niloticus, Oxynoemacheilus
tongiorgii, Paraschistura hormuzensis, Planiliza subviridis and Xiphophorus hellerii, were each
recorded at only one sampling site. In contrast, Capoeta saadii was the most widespread species,
occurring at 73 sampling locations. Among the 48 recorded species, eight were marine or brackish-water
fishes that migrate through freshwater estuaries, including Acanthopagrus arabicus, Boleophthalmus
dussumieri, Periophthalmus waltoni, Scartelaos tenuis, Planiliza subviridis, Chanos chanos, Tenualosa
ilisha and Planiliza abu. Spatial analysis of beta diversity showed clear differences between the two
drainage basins. Richness-related beta diversity (nestedness) was highest in the western part of the study
area, particularly within the Persis Basin, whereas the Hormuz Basin contained relatively few
biodiversity hotspots. The lowest nestedness values were observed in the northern part of the Hormuz
Basin. The turnover component of beta diversity also reached its highest values in the Persis Basin,
although spatial variation was less pronounced. The central region between the Persis and Hormuz
basins exhibited the lowest species turnover, indicating relatively homogeneous fish communities.
Overall, turnover contributed only a small proportion of total beta diversity. Patterns of total beta
diversity closely resembled those of the nestedness component, with the Persis Basin containing the
highest overall diversity and the greatest concentration of biodiversity hotspots, while the transitional
zone between the two basins showed consistently low beta diversity.

Discussion and Conclusion

This study revealed significant spatial variation in freshwater fish communities between the Persis and
Hormuz drainage basins, with biodiversity hotspots concentrated mainly in the Persis Basin. Beta
diversity was driven primarily by the nestedness (species richness) component, indicating that poorer
communities were generally subsets of richer ones rather than possessing entirely different species
assemblages. This pattern suggests that environmental filtering, including salinity, seasonal flow
variability, and habitat degradation, is the main factor shaping fish distributions. The widespread
occurrence of Capoeta saadii supports the idea that dispersal is possible, while environmental conditions
determine species persistence. Species turnover was relatively low, reflecting the large number of shared
species between the two basins, although the Hormuz Basin still supports several highly endemic species
with restricted distributions. The results emphasize the conservation importance of species-rich habitats,
particularly in the Persis Basin. Future studies should increase sampling effort in the Hormuz Basin and
investigate the effects of climate change, habitat degradation, and human activities to improve
biodiversity conservation and management.
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Table 1. List of identified fish species, their distribution, and abundance

23lgls o &igs s P2
Aphaniidae Aphaniops Aphaniops hormuzensis 0 17
Aphaniops stoliczkanus 23 1
Esmaeilius Esmaeilius darabensis 0 11
Esmaeilius sophiae 0 6
Bagridae Mystus Mystus cyrusi 0 2
Chanidae Chanos Chanos chanos 0 7
Cichlidae Amatitlania Amatitlania nigrofasciata 0 1
Coptodon Coptodon zillii 0 3
Iranocichla Iranocichla hormuzensis 0 41
Oreochromis Oreochromis niloticus 1 0
Clupeidae Tenualosa Tenualosa ilisha 2 0
Cyprinidae Arabibarbus Arabibarbus grypus 38 10
Capoeta Capoeta aculeata 1 0
Capoeta raghazensis 0 1
Capoeta saadii 55 18
Carasobarbus Carasobarbus luteus 35 7
Carassius Carassius auratus 13 0
Cyprinion Cyprinion macrostomum 1 1
Cyprinion tenuiradius 45 5
Cyprinion watsoni 0 13
Cyprinus Cyprinus carpio 1 11
Garra Garra hormuzensis 0 7
Garra mondica 32 3
Garra persica 0 4
Garra rufa 22 3
Luciobarbus Luciobarbus barbulus 49 1
Mesopotamichthys Mesopotamichthys sharpeyi 1 0
Paracapoeta Paracapoeta mandica 29 0
Danionidae Barilius Barilius mesopotamicus 27 0
Gobiidae Boleophthalmus Boleophthalmus dussumieri 6 8
Periophthalmus Periophthalmus waltoni 3 4
Scartelaos Scartelaos tenuis 0 2
Gobionidae Pseudorasbora Pseudorasbora parva 3 0
Leuciscidae Acanthobrama Acanthobrama persidis 20 6
Alburnus Alburnus sellal 53 5
Mastacembelidae Mastacembelus Mastacembelus mastacembelus 18 0
Mugilidae Planiliza Planiliza abu 10 10
Planiliza subviridis 1 0
Nemacheilidae Oxynoemacheilus Oxynoemacheilus persa 4 1
Oxynoemacheilus tongiorgii 0 1
Paraschistura Paraschistura delvarii 2 0
Paraschistura hormuzensis 0 1
Paraschistura haumanni 0 2
Paraschistura nielseni 3 0
Poeciliidae Gambusia Gambusia holbrooki 7 2
Xiphophorus Xiphophorus hellerii 0 1
Sisoridae Glyptothorax Glyptothorax shapuri 11 0
Sparidae Acanthopagrus Acanthopagrus arabicus 1 0
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sampling sites
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Figure 4. Total beta diversity across the Persis and Hormuz basins at the sampling sites
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