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The Bouleuterion (council house) of the metropolis Aphrodisias in the Roman province of Caria. © M. Oral

Summary

the critical role of extensive fieldwork, such as photograph-
ing fish, collecting DNA samples, and handling specimens 
ethically.

The authors address the many complex aspects of tax-
onomy and species classification. They formulate numer-
ous research questions and recognise ever-evolving context 
of species concepts. They also underline the significant con-
servation challenges posed by human-induced threats such 
as water abstraction, dam construction, pollution, climate 
change, and the introduction of non-native species.

Despite these threats, the handbook highlights the 
resilience of West Asia’s freshwater fish biodiversity. While 
many ecosystems are under immense pressure, the survival 
of most native species offers hope for future conservation 
efforts. The book emphasises that these ecosystems will be 
further burdened by the increasing demand for water in 
this globally water-scarce region, driven by human pop-
ulation growth and economic development. Ultimately, 
the Handbook of Freshwater Fishes of West Asia aims to 
inspire regional and international audiences by portray-
ing the beauty and diversity of the freshwater fishes of the 
region. It serves as an essential tool for raising awareness 
of the critical importance of freshwater ecosystems, which 
are often overlooked in conservation programmes, and 
provides valuable documentation for conservationists, 
researchers, and enthusiasts alike.

https://doi.org/10.1515/9783111677811-203
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The Handbook of Freshwater Fishes of West Asia is a thor-
ough, open-access guide written by four international 
experts. The book offers a readily accessible and detailed 
overview of the highly diverse freshwater fishes of the 
region, which extends from the Turkish Bosporus and 
the southern Caucasus through the Levant, Iran, and the 
Arabian Peninsula. The book documents all 632 species of 
freshwater fish in the region, including 597 native species, 
467 of which are endemic and 35 non-native species. What 
is fascinating is that 41 % of the species have been described 
since the year 2000.

This handbook goes far beyond a simple species cat-
alogue. Built on about 20 years of dedicated research and 
exploration, it is packed with data, complete with illustra-
tions of each species and detailed maps showing their dis-
tribution by site records and hydrobasin scale. It also pro-
vides key information on each species’ conservation status. 
The IUCN Red List assesses 583 species. Of these, 12 are clas-
sified as extinct, while 238 are considered threatened (CR, 
EN, or VU).

In addition to species portraits, the book provides 
practical advice for anyone interested in studying fresh-
water fishes. This includes identification methods based 
on visible morphological characters and discussions of 
potential challenges related to taxonomic uncertainties and 
evolving species concepts. The book also draws attention to 
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of experience and study are demonstrated by the level of 
detail to the species from the region and habitats found 
here, as well as the myriad of threats that the ecosystem 
and species face. Readers from outside the region will 
appreciate the surprising variety of habitats found across 
West Asia and learn a great deal about the ecology of fresh-
waters in arid habitats when using this handbook. Students 
and fish enthusiasts, as well as anyone interested in the 
natural environment of this region, now have a valuable 
tool to aid study and a comprehensive reference to refer to.

Kathy Hughes & Brian Zimmermann, Global Chairs of 
the IUCN SSC Freshwater Fish Specialist Group

Foreword
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Door in Saada bath palace in Tehran, Iran.

With freshwater fishes in severe decline worldwide and 
species being lost at an alarming rate, the arrival of this 
formative text on fishes from the West Asian region is 
timely and extremely valuable. Arid regions have lost a 
proportionally higher percentage of their freshwater biodi-
versity due to human activities, and fishes cannot compete 
with humans for scarce water resources. Many species in 
the region have been lost without being studied, and having 
a comprehensive guide to not only catalogue the taxa from 
this region but also serve as an in-depth resource and edu-
cational tool for both professional and amateur ichthyol-
ogists is extremely welcome. The authors of this book are 
leading experts in the region, and their combined years 
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Foreword

importance and distinctness has been paid due attention. 
In the mostly arid landscapes of West Asia, global warming 
has led to even smaller precipitations, to reduced flow in 
rivers, to lower level of lakes and springs and increased 
salinity, even to desiccation. Water abstraction for agricul-
ture, homes, and industrial usages contribute their share in 
habitat disturbance. Introduced fishes have predated and 
eaten to extinction native species, modified habitats, and 
imported their pathogens. These and other factors result in 
the rarefaction, extirpation, and even extinction of several 
fish species. In fact, 238 (41 %) of the freshwater fish species 
of West Asia are threatened and 12 of the named species are 
already extinct. Not to mention those that became extinct 
before we even knew of their existence.

In our quickly changing world, hard, hands-on scien-
tific data are vital to manage and conserve aquatic biodi-
versity. Communication between all involved is needed, 
from scientists to conservationists, to decision-makers, and 
to the public. This information must be compiled and made 
widely available. The Handbook of the Freshwater Fishes of 

West Asia is an important tool to disseminate knowledge, 
especially as it is available as an open-access version allow-
ing everybody to download it for free. It will help promote 
more research and contribute to the conservation of West 
Asian aquatic biodiversity.

Maurice Kottelat, National University of Singapore

The Old City of Jerusalem with the “Dome of the Rock” on top of the Al-Aqsa Mosque.
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The Handbook of Freshwater Fishes of West Asia is the first 
attempt to bring information on all the freshwater fishes of 
that area under a single cover. Because of the generally arid 
climate, the aquatic fauna of West Asia is usually considered 
depaurate, with little diversity. In fact, this only reflects the 
lack of knowledge. Jörg Freyhof, Baran Yoğurtçuoğlu, Arash 
Jouladeh-Roudbar, and Cüneyt Kaya show that this is an 
erroneous perception. They recognise 597 native species 
present today in these waters. This number will certainly 
increase as several areas are still poorly surveyed or even 
ichthyological terrae incognitae (or maybe better aquae 

incognitae!). Not less than 259 species have been discovered 
since 2000. Several other species that were described by 
earlier authors and later considered indistinguishable have 
been re-examined and revalidated.

The authors have travelled in most countries of West 
Asia and have collected and observed fishes in most river 
drainages. They have reviewed the published data, they 
have examined museum specimens, and they have con-
sulted with numerous colleagues. During these 18 years, 
they also published 180 papers and one book on the fish 
fauna of West Asia. They are probably the most qualified 
ichthyologists to compile such a book. Almost all species 
from West Asia are figured in colour, each is accompanied 
by up-to-date nomenclature, diagnoses, information on dis-
tribution, habitat, biology, and conservation status.

Aquatic biodiversity has long been overlooked in con-
servation strategies and it is only in recent years that their 
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their environments, and it was only by working together 
that they could gather information dense enough to make 
the Handbook of Freshwater Fishes of West Asia possible. It 
has been a significant effort to compile all the distribution 
records, images, and additional information to publish this 
book in a convenient and accessible format. The informa-
tion presented is based on the combined fieldwork of the 
authors over many years and on the contributions (pub-
lished and unpublished) of many other colleagues whose 
names are listed in the acknowledgments. Work on this 
book began in 2006, and over the next 19 years, we went to 
the field, examined material, prepared keys and diagnoses, 
and compiled images and distribution details.

This book aims to provide critical insights and knowl-
edge about freshwater fishes and their habitats to a broad 
audience and raise awareness of the unique and wonderful 
world of freshwater fishes and their range of eclectic hab-
itats, sometimes in remote mountainous areas but just as 
often in springs, rivers, and streams close to villages and 
towns. 

This book fills a critical gap. Freshwater fish are 
an often forgotten but highly endemic and endangered 
element of biodiversity. Fish and their ecosystems are 
usually ignored when setting conservation priorities, 
planning infrastructure projects, and managing water 
resources. The authors hope to change this situation.

This book is an essential guide for anyone interested 
in freshwater fishes and the broader issues of biodiversity 
and ecology. It is also an essential resource for those study-
ing and working in wetland and aquatic species conserva-
tion; those planning, developing, and managing protected 
natural areas and resources; those responsible for envi-
ronmental impact assessments; those planning land use 
management; and those approving investment projects in 
freshwater ecosystems. It will also be of similar interest to 
naturalists and citizen scientists who want to know which 
fishes are found in the rivers, streams, and lakes in their 
area; those who study fishes and their diversity; and inter-
national readers interested in the biodiversity of West Asia 
and freshwater fishes in general. 

Preface
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Why an open-access book? The cost and logistics of buying 
a heavy book like Freshwater Fishes of West Asia is a chal-
lenge. Only those who are enthusiastic, work in the field, or 
love printed books would invest in ordering a copy, which 
they can do. This book is published as open-access to reach 
far beyond this circle. We hope it will be read by a much 
broader audience in all parts of the world. This includes 
those who may have had only a marginal interest in fish 
and their environment before downloading this book.

Why is this book being written at a time when few 
people read anymore and when most, if not all, informa-
tion is available on the internet? Because both of these 
statements are simply untrue. Very little of the information 
presented in the Handbook of Freshwater Fishes of West 

Asia is readily available online—and if it is available at 
all, it is embedded in hundreds of journal publications and 
local language books. In fact, this book is the only one that 
makes the vast amount of information available to every-
one. Above all, this book is urgently needed. More and more 
people today are interested in nature and biodiversity, and 
freshwater biodiversity, including fish, is declining rapidly. 
This process is accelerating enormously, especially in West 
Asia. This book is the last opportunity to inform the wider 
public, including those in the conservation, management, 
and scientific communities, about what we still have before 
much of it is gone.

Only this book provides detailed information on the 
freshwater fishes of West Asia that is available to experts 
and non-experts alike. As it is published as an open-access 
book, it is easily accessible to all interested parties free of 
charge. It brings together the relevant and authoritative 
information needed to understand and work on freshwa-
ter biodiversity in the region and far beyond. In addition, 
for the first time, all species are illustrated in colour, and 
detailed distribution maps are presented. There are also 
many critical notes for future research, as there is still 
much to be done. Hopefully, this book will soon be outdated 
as new research becomes available.

The authors of this book have devoted much of their 
professional careers to studying freshwater fishes and 
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The Jameh Mosque of Isfahan in Iran is just one of the many cultural heritage sites in West Asia.



region has witnessed and continues to witness significant 
wars and political crises such as the Syrian and Yemeni civil 
wars, the Russian–Georgian war, the Israeli–Palestinian 
wars, the Iranian crisis and their wars against the West, the 
wars against the Kurds and other minorities, the Iran–Iraq 
war, various wars in Iraq, the Nagorno–Karabakh conflict, 
the war against the Islamic State (ISIS), and several other 
smaller and larger never-ending conflicts that punish the 
people of the region and threaten their culture. All this 
makes West Asia a region of “endless sociopolitical crisis”. 
In addition, the water and climate crises will fuel instabil-
ity, emigration, nationalism, and terror in the region. All 
this takes money and energy away from poverty reduction, 
sustainability, climate change mitigation, and biodiversity 
conservation.

West Asia is a beautiful part of the world. The friendly 
people, diverse cultures, and fantastic landscapes we 
encounter during fieldwork make every visit an unforget-
table experience. West Asia is the first cradle of civilization, 
and more than 10,000 years of human history can be seen 
in many places. Standing at one of the crystal clear springs 
with its endemic fishes, full of aquatic plants, or having 
tea in a small rest house on the banks of a free mountain 
river will open any nature lover’s heart. To descend from 
the steppe into a green river valley is to find that the 
water’s edge becomes a paradise. Despite all the doom and 
gloom, freshwater fish are very resilient, and despite many 
threats, aquatic biodiversity is still surviving surprisingly 
well. Many, many beautiful and intact places remain. Not to 
forget, only some West Asian rivers have been as destroyed 
as those in much of Central Europe. 

A few personal words at the outset

Majestic Zagros Mountains in Iran. We can show only a few of the many impressive landscapes of West Asia in this book.
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From the outside, West Asia is not a hostile place for 
freshwater biodiversity. It is largely an arid region facing 
increasing water stress caused by unsustainable water use 
and climate change. Water stress is evident to anyone who 
looks at the landscapes of West Asia with open eyes. Not 
every visit to a water body is a pleasant one. Dams, pol-
lution, and water extraction are major challenges in the 
region. Water means prosperity, and there is no water to 
lose for biodiversity. Economies in West Asia are develop-
ing rapidly. This development comes at a cost borne mainly 
by nature and has a massive impact on freshwater ecosys-
tems. Not surprisingly, freshwater biodiversity is declining 
at twice the rate of marine and terrestrial biodiversity. 
Travelling through West Asian countries and observing the 
many changes in rivers and streams is often an emotional 
challenge. While working on this book, marshes and lakes 
were drying up, springs were filled with non-native fish, 
streams were dying from heavy pollution, and in many 
cases, new dams were being built, desiccating the rivers 
and streams below. 

Demand for fresh water in the region will increase 
sharply due to growth in human population and economic 
development. At the same time, climate change will lead 
to more frequent massive floods, severe droughts, and 
extreme heat, reducing the region’s water resources. More 
and more landscapes will lose their ability to support agri-
culture because there will not be enough water or it will 
be simply too hot. West Asia’s leaders have often built 
their economies on fossil fuels. While they are not signif-
icant producers of climate gases, they provide fossil fuels 
to others to drive climate change. At the same time, the 
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spaces for biodiversity. This open-access book is aimed to 
be a part of this development. An increasing number of 
protected areas are being designated, and the global bio-
diversity crisis has raised awareness among the people of 
West Asia. We are optimistic that our book will not be seen 
as a book of memories, the last documentation of species 
before they become extinct. Are we at a tipping point where 
biodiversity continues to survive human impact today but 
is likely to erode at an increasing rate in the near future? Or 
are we at a tipping point where we will be conserving and 
restoring biodiversity at a growing rate in the near future? 
Fish have received more attention than any other element 
of freshwater biodiversity. This book documents the biodi-
versity heritage of the wonderful West Asian region, a doc-
ument of our time for those who create the future.

In West Asia, only 12 (2.0 %) freshwater fish species are 
thought to have become extinct worldwide, while most of 
the 597 native species have survived. This is not what we 
would refer to as an “extinction crisis.” Still, we know the 
situation will change dramatically as climate change signif-
icantly increases drought, temperature, and water demand. 
Indeed, there is no room for fatalism. Economic develop-
ment is freeing most people from their daily struggle to 
survive, young people are much better educated than ever, 
and awareness of nature is increasing, as is generosity and 
the desire to live in harmony with nature. In addition, the 
widespread availability of knowledge through the develop-
ment of the internet has democratised access to information 
and enabled individuals to learn and grow as never before. 
The citizens of West Asia are discovering their biodiversity 
treasures and are ready to protect, restore, and provide 

We acknowledge the many local fishers, such as those on this Hirmand Canal in Jarikeh, Iran. They fish that we could not find and provided 

valuable information.



excluded as they are part of Europe, as are Türkiye north of 
the Bosporus and Azerbaijan north of Baku. In the Aegean, 
the boundary follows the political border between Greece 
and Türkiye. However, islands such as Lesbos and Rhodes 
were part of the Anatolian mainland during the last Ice Age. 
The entire territory of Iran is covered in this book, includ-
ing the Sistan and Mashkid basins and the lower parts of 
the Helmand and Hari rivers. The middle and upper parts 
of these rivers in Pakistan, Turkmenistan, and Afghanistan 
are excluded. Strictly speaking, the Helmand (and others in 
the Sistan basin) and Hari are Central Asian rivers. 

Toponymy (names of places, regions, rivers, etc.) 
follows the spelling in local languages or transcriptions 
as used in local maps. For features that extend across 
areas where different languages are spoken, the English 
name of the feature (if any) is used. Many of these names 
have several different spellings when transcribed from 
Arabic, Farsi, or other languages. We have tried to find a 
corrected and widely accepted transcription, but this has 
yet to be largely successful, as the names are strictly dif-
ferent in different languages and would always be trans-
lated  differently. We use English instead of local names for 

Figure 1. This book covers all freshwater fishes of West Asia known by early 2025 within the boundaries shown here.

Introduction: About this book
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Coverage

Geographical coverage. There is no agreed definition of 
the geographical area called West Asia, which includes 
or excludes the countries of the southern Caucasus, Iran, 
Israel, Türkiye, Egypt, and a few others. For this book, 
we follow a partly biogeographical and partly practical 
approach. West Asia, as covered in this book, includes all 
of Anatolia (the Asian part of Türkiye), Cyprus, the coun-
tries of the Caucasus south of its main rim (Armenia, Azer-
baijan, Georgia, parts of Russia), Iran, Iraq, Syria, and the 
nations of the Levant (Lebanon, Israel, Jordan, Palestine), 
the Arabian Peninsula (Bahrain, Kuwait, Oman, Qatar, 
Saudi Arabia, United Arab Emirates, Yemen), including the 
coastal islands and the Socotra archipelago. In the Cauca-
sus, the Greater Caucasus is considered to be the boundary 
that begins (approximately) at the Black Sea in the west, 
near the Russian city of Novorossiysk. Then, it runs along 
the entire Caucasus divide to Baku (Azerbaijan) on the 
Caspian Sea. The upper reaches of the Terek in Georgia are 
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book should be aware that most fish caught in brackish or 
coastal waters may not be covered. We often mention (some) 
species known from brackish waters in the family chapters 
and may include them in identification keys. Non-native 
species are only included if they have established self-sus-
taining populations or are stocked so regularly that there is a 
realistic chance of finding them. Species such as Atractosteus 

spatula, Pangasianodon hypophthalmus, and several others 
have been released from aquaria and aquaculture. These 
non-native species have occasionally been recorded and 
included in regional or national lists, although their establish-
ment has yet to be proven. Such species are excluded from 
the scope of this book. If the reader discovers a non-native 
fish not covered in this book, it is always worth consulting the 
aquarium literature. The order of the families follows Near & 
Thacker (2024).

countries, regions, large islands, major cities, and other 
well-known places.
Species coverage. All native freshwater fish species recorded 
in West Asia are included in the following accounts, includ-
ing primary, secondary, diadromous, and sporadic species 
(see below for definitions). Accidental and vagrant species 
are excluded because many coastal species are occasionally 
found above the brackish water line. For the above purposes, 
records of occurrence have only been accepted if they are 
associated with reliable locality data and identification. No 
clear boundary exists between freshwater and marine/brack-
ish water species. Particularly in the Persian Gulf basin, many 
marine fishes occur surprisingly high up in brackish rivers. 
Some species included in this book (such as some Alosa, 
Chelon, Platichthys, Ponticola, Mesogobius, and others) may 
only occur locally or rarely in freshwater. The reader of this 

Osteomugil speigleri; Oman, about 100 mm SL, an accidental species common in coastal waters in the Indo-West Pacific.

Freshwater fish 

Ecologists classify freshwater fishes according to their tolerance to salt water. 
Primary divisions are families whose members are strictly intolerant of salt water, both in the present and in their 
evolutionary past. Examples include all Cypriniform fishes, of which only some species may have become tolerant to 
elevated salinities but not salinities as high as in the sea. 
Secondary division families are considered to be of marine origin but whose members are now found mainly, wholly 
or partly in freshwater environments. Some of the freshwater species are able, or their ancestors are thought to have 
once been able, to tolerate seawater, at least for short periods; others are euryhaline, e.g., able to live in fresh or salt 
water. Examples of secondary division families are the Cichlidae and the Aphaniidae. In addition to the above catego-
ries, which apply to whole families, many individual fish species occur in freshwater, although they belong predomi-
nantly to marine families. They are referred to as follows:
Diadromous species are those that migrate between freshwater and seawater at different stages of their lives, either 
to spawn in the sea (catadromous, such as the eel Anguilla anguilla) or in freshwater (anadromous, such as the shad 
Alosa agone). Individuals of both groups can be relatively flexible in their migratory patterns, with catadromous species 
often remaining in the sea. In contrast, anadromous species might complete their life cycle in freshwater, frequently 
becoming land-locked in lakes or reservoirs. Anadromous fishes all belong to freshwater families.
Sporadic species are those that usually occur in estuaries and appear to be indifferent to salinity (e.g., they are eury-
haline). Examples include several species of the Mugilidae.
Accidental or vagrant species are marine fish occasionally caught in inland waters. Their occurrence is unpredicta-
ble, and there are usually only a few records of the species in freshwater, often just above the tidal zone or in remnant 
pools close to the coast.
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How to use this book

Keys. Keys are provided for the identification of freshwa-
ter fish genera found in West Asia. Species-level keys are 
provided for genera with more than two species, based on 
characters that non-specialists can easily observe without 
dissection or sophisticated techniques; however, a hand 
lens or dissecting microscope may be required. No molec-
ular methods are needed to use the keys. An identification 
key consists of a series of questions that enable the user 
to establish the identity of an individual fish and is made 
up of a series of couplets (numbered 1, 2, 3, etc.). Each 
pair contains two alternative descriptions (numbered 1a 
and 1b, 2a and 2b, etc.). Each description includes one or 

more statements so that the two descriptions of the couplet 
always present alternative states of the same sign(s). To use 
a key, start with couplet 1. First, read sentence 1a and then 
1b. If a sentence describes more than one character, read 
them all. Now, decide which phrase describes your fish. 
Each sentence concludes with a clue such as “go to 2” or 
“genus/species X.” If the sentence describing the fish you 
want to identify ends with “go to 2,” you should now read 
couplet 2 (both sentences again) and repeat the process 
until you have a correct name for your fish. In genus-level 
keys, if there is an exceptional species with respect to the 
character defined in a couplet, this species is indicated in 
parentheses in the sentence leading to the genus.

Characters, character states, and traits 

A character is any morphological, colour (including pattern), ethological, molecular, or other characteristic that can 
diagnose a taxon (species, genus, family).

A character state is one of several alternative states that a given character may have. Character states are fixed 
for each species and, therefore, present in all individuals. For example, “interorbital pores present” is a character 
state of the character “presence or absence of interorbital pores” or “five” is a character state of the character 
“number of bars on flank.”

A trait is a genetically determined manifestation of a character (or other physical feature) that is not fixed in 
a species or population, e.g., one that cannot be described in terms of discrete alternative states (character “states” 
and therefore cannot be used directly to diagnose a taxon). Traits vary along a continuum so that different individu-
als of a given species or population may exhibit different traits of the same character. However, different traits of the 
same character may occur in varying combinations in different species or populations. For example, the presence, 
absence, width, shape, etc., of a vertical bar at the base of the tail may all be characteristics of the character “mark 
at the base of the tail.” In such a case, various combinations of the attributes of a given character may constitute 
different states of that character. For example, in species A, the bar may be absent, broad, or vertical in different 
individuals, whereas in species B, it may always be present, but either as a wide bar or as an oval spot.

Example. Let us take the following imaginary key:
1a - Two dorsal fins. 
.......................... 2
1b - One dorsal fin. 
........................... 4

2a - Second dorsal fin with 7–8 rays. 
.............................. Species Ab
2b - Second dorsal fin with 18–25 rays.
..........................3

First, read couplet 1 (both sentences 1a and 1b). Look at 
your fish. How many dorsal fins does it have, 1 or 2? If it 
has one dorsal fin, go to couplet 4. If it has two dorsal fins, 
go to couplet 2. Now read the two sentences in couplet 2. 
The second dorsal fin has a number of rays. Count them. 
If your fish has, for example, 20 rays in the second dorsal 
fin, go to couplet 3. If, for example, your fish has eight rays 

in the second dorsal fin, the key indicates that it belongs to 
species Ab. When running a key, a given species may fulfil 
the conditions of both sets of a couplet, or it may appear 
twice in the key. Suppose you come up with the following 
couplet:

6a - Caudal peduncle depth 20–26 % HL (head length).
..........................7
6b - Caudal peduncle depth 25–44 % HL (head length).
..........................10

Imagine that the material in front of you has a caudal 
peduncle depth of 21–28 % HL. On closer analysis, it may 
turn out that very few individuals have a caudal pedun-
cle depth less than 25 % HL; if so, go to pair 10. However, if 
individuals with a caudal peduncle depth less than 25 % HL 
are common or represent most of the population, then both 
couplets 7 and 10 should be tested.
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distinguished it from just five individuals of another 
species that is widespread in the same area. A large previ-
ous study published morphological data from 65 individu-
als from this species. The new species (7 individuals) differs 
from the known species (5 individuals) in having a shorter 
head (20–24 % vs. 24–30 % SL; in the 65 individuals: 21–27 % 
SL), a shorter pectoral fin (10–15 % vs. 16–19 % SL; in the 
65 individuals: 15–21  % SL), and 25–29 circumpeduncular 
scales (vs. 23–24; in the 65 individuals: 23–28, usually 24 or 
26). The length of the pectoral fin seems to distinguish the 
two species, but the other characters do not when a more 
extensive series is examined. 

This example shows why a key may not work. We often 
need to learn more about the variability of morphologi-
cal characters in many species, and some character states 
published may no longer distinguish species when they are 
better studied. 
Species description. The following headings explain the 
nature of the information provided in each species account.
Species names. According to the International Code of Zoo-
logical Nomenclature, all names used for the listed species 
are valid scientific names. A few species, such as some 
Atherina, Oxynoemacheilus, Paraphanius, Ponticola, and 
others, still need to have scientific names. This is because 
they have only recently been discovered by science, and 
the formal process of describing the species and assigning 
a valid name is time-consuming and requires the resolu-
tion of very complex nomenclatural and systematic issues. 
Common names also present a variety of problems. Many 
species do not have a species-specific common name (by 
which we mean a real one, in local lay use, not one coined 
by scientists, especially for a technical glossary). They are 
only referred to by a collective name, such as the different 
species of Garra. Of course, names mentioned in the sci-
entific literature or official documents may be completely 
unknown to the general public. We have tried to give a 
single common name for each species. Where an English 
language name is commonly used, we have listed this as 
the vernacular name. As specific names based on local lan-
guages are rarely available, introducing English names as 
preferred vernacular names is beneficial. We have, there-
fore, tried to assign such names to all species based on their 
character states or geographic range. We have usually used 
names suggested by previous authors, but we have not hes-
itated to create new names where we felt that the earlier 
names could have been more satisfactory. We have never 
used personal names as part of a common name (e.g., Garra 

gallagheri is the Black garra, not Gallagher’s garra).
Diagnosis. A diagnosis is a summary of characters applied 
to identify and distinguish a species from other similar 
species. There are usually many more characters that 

The key does not work! Why not? There are times 
when a key does not work. For example, it may lead you to 
a species completely different from the one you are trying 
to identify (of course, you started by looking at the picture), 
or it may ask questions that do not apply to your fish (e.g., 
the number of scales, when your fish has no scales). There 
are several possible explanations for this:
1. You may have an aberrant (malformed or deformed) 

individual; some characters may have been lost due 
to damage or injury; or your fish may be a senescent 
individual with an abnormal shape or a juvenile that 
has not yet developed the diagnostic characters. Try to 
check these characters on another individual. 

2. You may be trying to identify a species not described 
in this book. The fish fauna of West Asia is still being 
catalogued; indeed, there are species unknown to 
the authors at the time of writing. Alternatively, your 
species may be a marine species found accidentally in 
freshwater, an introduced species, or a species that has 
escaped from an aquaculture facility or aquarium. In 
such situations, try to consult a specialist. 

3. The key may be incorrect. If this is the case, please 
accept our apologies. For some species, we have only 
been able to examine a small number of individuals, 
or we have taken characters from published species 
descriptions. The key and diagnosis may not reflect 
the  full variability of character states in a species for 
various reasons. In this case, we encourage the reader 
to publish the information and/or suggest a better key 
to improve our knowledge for future generations of 
ichthyologists.

A word of caution. Today, fish are usually sequenced for 
their mitochondrial DNA first and then compared with the 
sequence of other species. If both are different, morpholog-
ical characters are examined to see if the molecular groups 
can also be distinguished externally. This morphological 
description is sometimes based on a very limited number 
of individuals and populations, usually because there were 
simply no more fish available to study. While almost all 
authors do their best to study enough individuals, there are 
some “black sheep” in fish taxonomy. Because it is easier to 
find morphological differences when only a few individu-
als, ideally from a single population, are examined, some 
authors intentionally limit their material, often ignoring 
published data. As species based solely on mtDNA distances 
are poorly defined and often not accepted by the scientific 
community, careless handling of morphological data dis-
credits the science of taxonomy and should be avoided.

For example, a new species was described based on 
seven individuals from one locality. The original description 
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(see Morphological features) and correspond to the largest 
size recorded based on literature or personal observation. 
However, this information must be treated with caution, as 
the true maximum size of some large or rare species may 
be considerably larger than that reported in the literature. 
Some sizes are given as total length (TL). Bilaterally sym-
metrical structures are written in the singular (e.g., “the eye 
is large,” not “the eyes are large”) unless syntax or common 
sense requires the plural. In keys and diagnosis, male and 
female are used in the singular.
Distribution. First, an overview of the native and non-na-
tive distribution in West Asia is given, followed by a 
summary of the global distribution. Including an area or 
country in the distribution is for general information only 
and does not imply that a species is evenly distributed 
within that area. Of course, the distribution of many species 
still needs to be better understood.
Habitat. The habitat types given are those in which the 
species has been found. This does not mean a given species 
could not colonise other habitats if they become available. 
Also, habitats can change significantly over a year, as floods 
and droughts can change the water table. For this reason, 
habitat descriptions are usually brief and general. West 
Asia is made up of a wide variety of freshwater ecosystems. 
These include waters in warm, wet, and humid forests, 
such as along the northern Black Sea and southern Caspian 
coasts; wadis in full deserts, typical of the Arabian Penin-
sula; high mountain lakes, such as in the Caucasus; and 
places remarkably below sea level, such as in the Dead Sea 
basin. Most areas are strongly influenced by seasonal rain-
fall patterns, with little or no rain in summer and more rain 
in winter. As a result, many areas in Anatolia and the Levant 
are classified as having a Mediterranean flow regime, with 
streams flowing from autumn to early summer, often with 
high flash floods in winter. In summer, surface water fre-
quently stops flowing, leaving only pools of stagnant water. 
However, this type of flow regime is extreme in the arid 
areas of the Arabian Peninsula, where streams receive only 
infrequent rainfall, usually in winter, often associated with 
very high floods. During the dry season, groundwater con-
tinues to flow below the surface in the alluvial gravel that 
fills the channels and locally emerges as springs. In the arid 
and semi-arid landscapes of Arabia, Mesopotamia, Central 
Anatolia, and the Levant, streams are often spring-fed, and 
permanent water may be seasonally limited to the springs. 
Biology. For most freshwater fish species in West Asia, 
even the most basic biological data still need to be included. 
Adequate biological information is generally available for 
species outside West Asia, particularly in Europe. Much of 
the available biological data are derived from observations 
outside West Asia, so it may only partially represent the 

distinguish species than those listed in our diagnoses, but 
we focus on those that are the easiest or most reliable to use. 
In some cases, a single character may be sufficient to iden-
tify a species, but a combination of characters is required 
in many cases. If a fish exhibits some of the character states 
listed in a diagnosis but not others, it should be concluded 
that the individual does not belong to the diagnosed species. 
Very often, it is possible to identify species at a glance based 
on general appearance, but general appearance is often 
very difficult to describe in words. Increasingly, the artifi-
cial intelligence of citizen science platforms, largely based 
on general appearance, is making it easier to identify fish 
from images. Each diagnosis starts with an explicit state-
ment that the species in question is distinguished from 
another species or a group of other species (the reference 

group) by the characters to be described. The size of the 
reference group varies according to the context, as does the 
usefulness of the characters and character states.

For example, suppose the reference group is “all 
species of the genus known from the Aegean basin.” In that 
case, this means that the diagnosis can be used to reliably 
identify a fish from within the Aegean basin (e.g., the Ana-
tolian Aegean basin) but not from outside the area covered 
by this book. Some additional species may occur outside 
Türkiye and/or outside the Aegean basin, and these may 
share the same character states but may be distinguished 
by additional characters not listed here. However, when-
ever possible, without including too many technical details 
and without writing long and cumbersome diagnoses, the 
reference group has been extended as far as possible. In the 
diagnoses, the different characters and character states are 
separated by slashes (/) and each character is preceded by a 
symbol indicating the “efficiency” of the character in identi-
fying a species within the reference group. The symbol “●” 

means that this character state is not observed in any 

other member of the reference group and that its pres-

ence alone allows identification of the species; whereas 

“○” means that this character state is shared with some 

(not all) species of the reference group, but its presence 
alone does not allow identification of an individual fish. 
Therefore, it is the combination of all the characters given 
that distinguishes the species. 
A word of caution. Where there is doubt as to whether 
a particular character state is unique to the diagnosed 
species, we have listed the character as “○” rather than “●.” 
For example, we have generally not included fin ray counts, 
scale counts, and morphometric characters as “●” unless 
they are clearly distinctive because they are often close to 
or overlap with those of other species. Ambiguities are pos-
sible due to slightly different approaches to counting and 
measuring. Sizes are usually given as standard length (SL) 
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are the most relevant, contain important information, or 
provide references to additional publications or critical com-
pilations, etc. In some cases, there may be only a single refer-
ence, which may only sometimes be fully authoritative.
Figures. Each species is illustrated with a figure in the left 
lateral view, as is standard in fish taxonomy. Only some-
times, the left side was unsuitable, then the image was 
rotated, and the right side of the body was shown. Species 
known to be highly variable are often illustrated with several 
figures. The origin and size of the individuals depicted are 
given where known. Identification should be made only 

based on the characters presented in the diagnoses and 

not by comparing an individual with the pictures. The 
general appearance of fish may vary seasonally (spawning, 
feeding), or by size and age, or environmental parameters 
(e.g., pattern and colour are more contrasting in individ-
uals living in clear water than in turbid water). There is 
also variation between individuals and between sexes. The 
light conditions during photography and the condition of 
the individual fish (alive or dead, fresh or preserved, in or 
out of water, etc.) significantly influence appearance. It is 
impossible to illustrate every species under all these condi-
tions, so we have chosen figures that will best facilitate the 
diagnosis of the species. While freshly preserved specimens 
are the best for comparison purposes, the colours of some 
fish fade or change as soon as they die, sometimes as soon 
as they are out of the water or under stress. We have tried 
not to make this a “book of dead fish” but to show living 
individuals whenever possible. However, there are a few 
species for which no live photographs are available, usually 
because the species is extinct.
Maps. Each species chapter consists of a distribution map 
with dots and hydrobasin layers as well as the speciesʾ latest 
IUCN categories. The dots indicate site-scale records for a 
species, e.g., where the species has been found at least once. 
This does not mean the species is still found there, espe-
cially as many records are decades old. In other cases, the 
species may have been found elsewhere, but the record(s) 
have yet to be published or sourced by the authors. Accurate 
mapping of freshwater fish species is challenging but essen-
tial for future conservation planning and research. The 
maps presented in this book are based on publicly availa-
ble data downloaded from GBIF (www.GBIF.org), additional 
published records, museum records, authorsʾ field records 
and the individuals whom they have examined, as well as 
information provided by colleagues. The background of the 
points is layers of hydrobasins. These show the distribu-
tion of the species according to the published knowledge 
and experience of the authors and experts consulted. For 
some species, there are few or many hydrobasins without 

region’s fishes. Our descriptions of the biology of individual 
species usually begin with reproductive biology, including 
data on age at first spawn, frequency of females spawning 
in each season, and longevity, in addition to basic data on 
the spawning season, timing, and behaviour. In freshwater 
species, water temperature and day length often trigger 
spawning. The biology section usually ends with the type of 
food consumed. Even where data are available, it is impos-
sible to give quantitative or detailed qualitative data on the 
food consumed. More data are needed for most species to 
correlate the type of food consumed with the prey availa-
ble, and most species appear to prey indifferently on inver-
tebrates of appropriate size. However, there is a strong cor-
relation between (i) observed and available prey (common 
prey is usually consumed), (ii) prey size and the size of 
the fish (fish usually prefer large prey), and (iii) the prey 
chosen and the differences in predation risk that foraging 
fish select when searching for different types of prey (fish 
prefer to feed in safe places).
Conservation status. The global IUCN Red List status is 
given, followed by a brief description of the main threats to 
the species, if any, and related comments. The status of species 
endemic to West Asia is based on the results of the IUCN 2024 
Assessment of the Status and Distribution of Freshwater Bio-
diversity in the region. Details of the categories and criteria 
and the assessment methodology are available in the IUCN 
Red List of Threatened Species database (http://www.iucnre-
dlist.org). It is also important to note that the IUCN Red List is a 
tool for assessing extinction risk rather than determining con-
servation needs or prioritising conservation actions. During 
an assessment, the Red List category assigned to a species is 
not unchallengeable and may change over the years. Status is 
influenced by the recognition of new or previously unknown 
threats or opportunities that have been identified and are 
causing a visible decline or increase in the number of indi-
viduals of a species or are likely to cause a future decline or 
increase. Therefore, the conservation statuses given in this 
book may need to be updated in the coming years.
Remarks. Other information that is of potential interest, 
including open questions and research needs.
Further reading. References are given to provide published 
sources where more detailed accounts of a species can be 
found, and notes indicating what information is emphasised 
in each source where appropriate. The reader will find the 
full reference list in the bibliography section at the end of 
the book. Readers should be aware, however, that for many 
species, much of the information presented is based on field 
experience and laboratory research by the authors, some 
of which are presented here for the first time. The species 
bibliographies still need to be completed. The sources listed 

http://www.GBIF.org
http://www.iucnredlist.org
http://www.iucnredlist.org
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site-scale records, which simply shows how poorly the dis-
tribution of these species is documented.

On the other hand, hydrobasins without site-scale 
records also indicate that the species may have a much 
smaller range than previously thought. For example, several 
species known to be widespread in the northern Black Sea 
basin rivers were also considered widespread in the south-
ern Black Sea basin (e.g., Abramis brama, Leuciscus aspius, 
Rutilus lacustris). However, many empty hydrobasins have 
been investigated, and these species have a very limited 
distribution in the southern Black Sea basin. All maps have 
been checked by the authors and regional experts.

The maps are produced using QGIS 3.28.15-Firenze 
version software. The distribution of each species was 
mapped to river and lake sub-basins as defined by the 
HydroBASINS framework, which consists of a series of vec-
tor-based polygon layers delimiting sub-basin boundaries 
at a global scale. HydroBASINS provides these delineations 
at 12 different levels of resolution and incorporates key 

details of hydrological connectivity. While IUCN Red List 
assessments typically map species distributions at Hyd-
roBASINS level 08, our methodology used a more detailed 
approach by using HydroBASINS up to level 12, which 
represents finer sub-basins, to achieve greater spatial 
precision in species distribution mapping. This increased 
resolution was applied in two scenarios: (1) when highly 
detailed spatial data were available and (2) for narrowly 
distributed endemic species, allowing for a more accurate 
representation of their geographic ranges. The maps show 
the distribution of all species native to West Asia, distin-
guishing the current native range (green), areas where 
they have been non-native (purple), and areas where they 
are extirpated (red). For species that also occur outside 
West Asia, only the West Asian range is shown. A simpli-
fied approach we have taken to mapping such species is 
illustrated in Figure 3.
Literature cited. The bibliography section lists only pub-
lished references mentioned in the text.

Figure 2. Precisely 26,003 site-scale records of freshwater fishes were used to map the species for this book. This map also shows areas without 

permanent waters and areas with very little research efforts (e.g., lower and middle Euphrates).
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Visiting fish markets like this one in Hor Sosangerd (near the Hor Alazim wetland), Iran, enables contact with friendly, local experts. It is a long 

tradition in ichthyology and remains a good source of information and difficult-to-catch fish.

Figure 3. Illustration of the range mapping approach for species with a global range extending beyond West Asia. a, Global occurrence records are 

displayed as black dots; b, the Global range of the species, highlighted in green; c, the range of the species in West Asia, focusing only on the book 

coverage for consistency.
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recording equipment for the activities to be undertaken, 
and assembling adequate staff to carry out the proposed 
work within the time allotted. It is beyond the scope of this 
book to provide detailed instructions on observing and col-
lecting freshwater fish in the field. Several comprehensive 
manuals guide how to catch fish in specific environments 
and how to fix and preserve specimens for various pur-
poses. These topics are only briefly discussed here.

Electrofishing is the least invasive method as the 
fish are not harmed, and those not required for further 
study can be released. However, electrofishing is relatively 
labor-intensive, special permits may be necessary, and the 
equipment is expensive and physically heavy. In many sit-
uations, nets or traps may sufficiently effectively catch the 
target fish.

Fieldwork and data collection

Catching fish is challenging, but organising fieldwork to 
produce useful results is even more so. Catching fish is only 
part of the job; taking photographs of fish and habitats, col-
lecting samples for DNA analysis, and collecting voucher 
material are also important. Finally, critical fieldwork com-
ponents include documenting ecological and habitat con-
ditions, collecting GPS data, and making all data available 
to the public. Catching fish depends largely on the choice 
of fishing gear designed for the specific habitat conditions. 
Different habitats require different gear, and different fish 
species and size groups may require different techniques 
and equipment. Planning fieldwork also involves apply-
ing for permits, assembling comprehensive sampling and 

Electrofishing is a method for catching fish in small- to medium-sized waters. It is animal-friendly and hurts fish much less than any other method.
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Small aquarium to photograph fishes in the field. Note the black background used in the field.

Photographing fishes. Photography is an essential part of 
any ichthyological survey. The aim should be to photograph 
several representative individuals of each species from each 
collection site. The optimal way to photograph fish is in the 
field using a field aquarium as soon as possible after collec-
tion. In this way, the fish are in good physical condition, and 
their natural colours can still be seen. Live and preserved 
fish can be photographed similarly, with the hand posi-
tioned underwater in the field aquarium and photographed 
by another person. Photographing fish on the bottom, in the 
grass, or on a person’s hand will always result in poor-qual-
ity images. Highly specialised professional equipment is 

available for photographing fishes in the field, including 
special aquariums in which the fish can be fixed in any posi-
tion under standard lighting conditions. Such equipment 
is ideal for large expedition teams with ample time and 
storage space. Underwater photographs, while aesthetically 
pleasing, often need to show fish in full detail, especially in 
locations where the water is murky or where fish are shy 
and not easily approached. Further reading. Garcia-Melo 
et al. 2019 (photographing fish).

Salmo brunoi photographed alive in the field. Note that the hand and 

fingers positioning the fish should not be seen behind the fins; this 

allows the fish to be cut out from the background using appropriate 

software. Below is the same image cleaned up by an image editing 

software.

Photographing live fish may be more time-consuming 
than photographing preserved fish. Still, images of live 
fish are more attractive, and you will find a wider range of 
uses for the photos than simply associating them with the 
voucher specimens. For photographic purposes, it is prefer-
able to choose fully grown individuals with complete scale 
coverage and complete, undamaged fins. It is also inter-
esting to photograph juveniles or individuals of different 
sexes. The usual procedure is as follows:

Add the reference number to the picture, e.g., on the 
bottom of the glass, to identify it from the image later.

 – Place the live fish in the prepared field aquarium. An 
anaesthetised fish may be easier to handle. Fish can 
be anaesthetised with MS222, clove oil, or chlorobu-
tanol. Avoid photographing dead fish. Even if the fish is 
freshly dead, the eye will fade, which can be spotted by 
experienced observers. Photograph the left side of the 
fish if it is undamaged.

 – An operator immobilises the fish by gently pressing it 
against the front glass of the aquarium. Do not press too 
hard; the fish usually gives up trying to escape after a few 
seconds. Ensure the fins are in a natural position and you 
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sacrificed for examination. Preserving the fish immediately 
in the field is preferable to ensure the best possible con-
dition of the specimen and, thus, optimal identification. 
Remember that fish are living creatures that can feel pain 
and should not be treated carelessly.
Euthanasia. There are many national regulations regard-
ing the euthanasia of fish. For best results, fish should be 
euthanised with an overdose of anesthetic (MS222, clove 
oil, or chlorobutanol) and, when dead, carefully washed 
and immediately placed in formalin. Fish should never be 
left to die naturally. A fish forgotten in a plastic bottle, with 
damaged fins, which has died from suffocation or careless 
handling and/or has been fixed several hours after death, is 
often difficult to identify and useless for scientific research. 
Animal welfare laws must be followed as they do not allow 
unnecessary stress to be inflicted on vertebrates such as 
fish. Fish should not be transported in a bottle or other 
container for any length of time, as stress can cause them 
to lose colour, making identification more difficult, not to 
mention the possibility of death or the larger fish eating the 
smaller ones.
Fixation. Fixation is the preparation of a specimen with 
chemicals (preservatives) to prevent decay and allow for 
later examination and long-term preservation and storage. 
Proper fixation of freshly caught individuals is very impor-
tant for correct identification. Formalin is the only fixative 
that should be used. Ethanol does not provide adequate fix-
ation for identification and long-term storage. Formalin is a 
35–40 % aqueous formaldehyde solution (a gas). Formalin 
should first be diluted 1:10 with water (to give an approx-
imately 4 % formaldehyde solution); clean water from the 
stream from which the fish were collected should be used. 
For fixation, use a bucket or large container where the spec-
imens lie flat and their fins extended.

Larger numbers of fish (even several species) from 
the same locality may be fixed in the same container. The 
volume of liquid should be more than twice the volume of 
the specimens. Ensure they do not move in the container 
during transport to prevent fins from breaking. If a fish 
has died in an unnatural position or with its mouth open, 
remove it from the formalin, rinse it thoroughly, turn it 
upright, or close its mouth and return it to the formalin 
bath. Be careful not to remove scales or break fins acciden-
tally. Always work near a water source (a river, running 
water, or a large bucket of clean water) and immediately 
and thoroughly rinse any tools that come into contact with 
formalin. Never bring formalin into a room or vehicle. 
When working with preserved fish, preventing formalin 
from coming into contact with a person’s skin or eyes is 
important. If contact does occur, the affected area should 
be rinsed thoroughly with plenty of water. Contact with the 

cannot see the operator’s hand behind a transparent fin. 
Position the fish’s body parallel to the outer glass.

 – Benthic fish such as loaches may look more natural 
if  photographed on a rock rather than floating freely 
in  the water column. Even nervous fish will remain 
calm if you gently redirect them a few times and sing a 
lullaby to them.

 – Make sure the glass and water are clean and free of 
bubbles. The second operator photographs the fish 
through the glass. Ensure the fish remains parallel to 
get a good image of its side body.

 – Take several shots to ensure that the fish’s fins are in 
a  neutral position and that its mouth is not open to 
breathe.

 – Use a high f-number (small aperture) to ensure that 
different parts of the fish, from the eyes to the caudal 
fin, remain in sharp focus throughout the image. Start 
with f/8 or f/11 and adjust as needed. Higher f-numbers 
may require slower shutter speeds or increased ISO to 
maintain proper exposure, so a tripod can help prevent 
blur.

 – Check the in-camera image to ensure that the entire 
fish is visible and in a natural position, that the image 
is not over- or underexposed, that there are no obvious 
reflections (at least not on the fish), and that the image, 
especially the eye, is in focus.

 – If light reflection from the front glass is unavoidable, 
use a polarizing lens filter. Such a filter will slow down 
the shutter speed, so using a tripod will again improve 
the quality.

Figure 4. Safety comes first, both during fieldwork and when handling 

preserved fish in the laboratory.

Euthanizing and preserving fish. With a little experience, 
and especially some knowledge of the fauna of a particu-
lar area, most species can be identified alive, and euthana-
sia is not necessary. Sometimes, fish will be required to be 



12   Introduction: About this book

within minutes. Ballpoint pens should never be used. Do 
not try to save money or time at this crucial stage.
Preservation and shipping. Preserved fish should be kept 
in formalin for at least a week. They may then be rinsed in 
water and transferred to a 25 % ethanol solution for one 
week. They are then transferred to a 50 % ethanol solution 
for a further week and finally stored in a 70 % ethanol solu-
tion. Isopropanol or methylated spirits are unsuitable as 
they alter the structure, bleach, dehydrate, or harden the 
fish. When shipping fish samples, it is preferable to keep 
fish samples in formalin in their original leak-proof con-
tainers. This is not possible if they are sent by post, courier, 
or air, in which case the formalin should be drained and 
replaced with water after a few days in formalin. The 
specimens can remain in this water (which retains some 
formalin) for 1–2 weeks without damage. Poor-quality 
containers should be avoided at all costs. Each container 
should be sealed in a plastic bag and placed in a strong 
box. If this method is inconvenient, wrap the specimens 
in cheesecloth or strong white (unstained) tissue soaked 
in formalin (or in ethanol if the specimens have already 
been transferred to ethanol), place them in a sealed plastic 
bag with the labels inside, and then put in a strong box; if 
the fish have strong spines, remember that the spines may 
puncture plastic bags and formalin may leak. Use several 
layers of plastic bags and place newspaper, cardboard, or 
polystyrene between them.

eyes will cause immediate and severe burning. Containers 
used to fix fish, especially larger species, should always 
be watertight and kept out of the reach of children and 
animals. It is best to avoid smoking when working with 
formalin. Formaldehyde is a carcinogen (can cause cancer 
in living tissue) and should not be inhaled. Nitrile or Neo-
prene gloves should be used, as even rubber or latex gloves 
may not protect the hands.

Larger fish (more than 150–250 mm long, depending on 
body shape and width) should be injected with pure forma-
lin into the abdominal cavity. Alternatively, the body should 
be cut open slightly on the right side to allow immediate fix-
ation of the viscera. The formalin used should be disposed 
of following local or national regulations. Do not dispose 
of it where it may be exposed to humans or animals. Used 
formalin that is no longer completely clear should be dis-
carded. Fish from different locations should never be stored 
in the same container. Each container should be immedi-
ately labelled with the following information: province, 
river, locality, geographical coordinates, name of collec-
tor(s), and date. The label must always be placed inside the 
container and never glued or attached to the outside (it will 
eventually fall off, and specimens without locality data or 
uncertain locality data are useless). Use strong, waterproof, 
archival paper and write clearly with a waterproof pigment 
or archival ink or a soft pencil. Cheap paper without fibers 
(e.g., photocopy paper) is unsuitable as it disintegrates 

Figure 5. Tissue collections are essential for studies on fish, providing the genetic data necessary for analysis. Fin clips are commonly used for this 

purpose in freshwater fish.
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Tissue preserved in ethanol can theoretically be stored 
for several decades without decaying. However, ethanol 
can evaporate very slowly from the vials. This reduces 
the concentration of ethanol, and the DNA samples may 
start to degrade. Deep freezing is one solution to reduce 
the speed of this process; an alternative is to  replace 
the ethanol regularly. However, there needs to be more 
experience to advise on how to stop the process of long-
term DNA degradation in tissue samples. There may be 
occasions when the voucher specimen cannot be pre-
served because it is too large, belongs to the fishers, 
or for other reasons. In these cases, it is preferable to 
take photographs of each voucher specimen. Small fish 
up to a few centimeters in length can be preserved in 
either 15- or 50-ml tubes of pure ethanol, whereas larger 
fish must be sampled individually. They must be eutha-
nised by an overdose of anesthetic, as described above. 
A piece of tissue, usually the right pectoral or ventral 
fin, is removed and preserved in pure ethanol for larger 
specimens. It is the collector’s responsibility to ensure 
that the tissue is labelled so that the tissue and voucher 
can be unambiguously linked later. Cutting fins from 
live fish is illegal in many countries. Different numbers 
of individually labelled specimens are ideal for other 
purposes, depending on the species and location. 
 Typically, 5–10 individuals are appropriate for most 
study  objectives.

Preserving tissue for DNA extraction. Preservation of 
tissue samples for DNA analysis is standard practise in field 
research. The same general rules for preserving whole fish 
should be applied, except that tissues sampled for DNA 
analysis should never be exposed to formalin, only ethanol. 
Voucher specimens are the individuals from which the 
tissue for DNA extraction was taken, and the preservation 
of vouchers is an essential part of scientific documentation.

 – Euthanise the fish with an overdose of anesthetic 
(MS222, clove oil, or chlorobutanol).

 – Cut the pectoral or pelvic fin or part of it from the right 
side of the fish and place it in pure ethanol.

 – Fins preserved in pure ethanol for a few days or 1 
week can be kept and transported dry for some time. 
However, this requires rapid and complete desiccation, 
which usually takes only a few minutes as the ethanol 
evaporates quickly. Long-term storage of dried fins is 
not recommended as we still need to learn more about 
the decomposition processes in the dried tissues. 

 – Label the fish with the same number as the tube 
 number. We use paper strips with the number printed 
four times; cut and fold the strip and place it behind the 
gill cover. You can cut one of the small numbers and put 
it in the tube with the fin, so you do not have to write a 
new label. Always put the number inside the tube!

 – Preserve the fish in approximately 4  % formalin, as 
mentioned above.

Collecting DNA samples in areas where ethanol is not available 

Ethanol is not always available, and the lack of ethanol is not a major obstacle. The main reason for using ethanol 
is to dry the fin tissue as quickly as possible. Fins can also be air-dried. Dehydration of the fins must be achieved 
as soon as possible, and the fins must remain dry during storage or transport. Even minor decomposition of dried 
tissues leads to DNA degradation and may result in loss of scientific material. Dehydrating chemicals without direct 
contact with the tissue sample(s) is often the solution. Using any type of cologne containing at least 80 % alcohol by 
weight is also effective in preserving fin tissues for some time. Placing the fins in ethanol and freezing them for long-
term storage is highly recommended.

Publishing data. Data and conclusions should be made 
available to the scientific community or interested research-
ers, preferably by publication in a peer-reviewed journal or 
through an online platform such as ResearchGate (www.
researchgate.net), which offers DOIs for citation. By making 
your data available through these channels, you increase 
the impact and visibility of your research, facilitate collabo-
ration, and support the principles of open science. Journals 
specialising in publishing biodiversity data, such as the Bio-
diversity Data Journal (https://bdj.pensoft.net) or more spe-
cifically Freshwater Metadata Journal (http://www.fresh-
waterjournal.eu/), as well as dedicated ichthyology journals 

that accept manuscripts describing the distribution of fresh-
water fishes, are particularly suitable for this purpose. Indi-
vidual species records must be submitted with GPS coor-
dinates, ideally in decimal format, to be added to existing 
maps or used in other analyses such as species distribution 
modelling. For species that are more difficult to identify, 
lateral colour photographs should accompany the data to 
help validate identifications. Uploading records and images 
to citizen science platforms such as www.inaturalist.org or 
https://observation.org is recommended, as these make the 
records publicly available through GBIF (www.GBIF.org). 
Further reading. Neumann 2010 (field techniques).

http://www.researchgate.net
http://www.researchgate.net
https://bdj.pensoft.net
http://www.freshwaterjournal.eu/
http://www.freshwaterjournal.eu/
http://www.inaturalist.org
https://observation.org
http://www.GBIF.org
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Figure 6. Morphometric 

characters: AH, anal fin 

height; AL, anal-fin base 

length; BDA, body depth 

at anal-fin origin; BDD, 

body depth at dorsal-fin 

origin; CPD, depth of caudal 

peduncle; CPL, length of 

caudal peduncle; DH, dorsal-

fin height; DL, dorsal-fin base 

length; ED, eye diameter; HL, 

head length; MCFR, length 

of middle caudal-fin ray; NL, 

snout length; P-A, distance 

between pectoral and anal-

fin origins; PL, pectoral-fin 

length; PostD, postdorsal 

length; PostO, postorbital 

distance; PreA, preanal 

length; PreD, predorsal 

length; PreV, prepelvic 

length; P-V, distance between 

pectoral and pelvic-fin 

origins; SL, standard length; 

UpCFL, length of upper 

caudal fin lobe; V-A, distance 

between pelvic and anal-fin 

origins; VL, pelvic-fin length.

Figure 7. Morphometric characters: HD1, head depth at eye; HD2, head depth at nape; HW1, head width at eye; HW2, head width at nape; IOW, 

interorbital width; MB, length of maxillary barbel; MW, mouth width; ND, snout depth; NW, snout width or internasal; RB, length of rostral barbel.
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Morphological characters

In the species chapters, terms are abbreviated as 
 caudal-fin base, dorsal-fin origin, and similar terms, e.g., 
caudal base and dorsal origin. 

Measurements. The standard measurements used are 
shown in Figures 6 and 7. All are taken as a straight line 
from point to point, not across the body curves or as projec-
tions along the longitudinal axis. 

Standard length (SL) is measured from the foremost 
point of the body (usually the tip of the snout or upper lip) 
to the base of the median caudal-fin rays at the end of the 
hypural complex. The position of the end of the hypural 
complex is only sometimes obvious. Note that the base of 
the caudal fin rarely coincides with the last scales, as scales 
often extend onto the caudal fin. The end of the hypural 
complex is easily seen as a fold when the fin is bent from 
side to side (Figure 8). It is often located in front of the last 
2–3 scales on the caudal peduncle, a point where the caudal 
fin can easily be bent against the body of the fish.

Total length (TL) is measured from the body’s fore-
most point to the caudal fin’s rearmost point. For most 
fish, SL is used as the reference length; for a few groups 
(e.g., eels), TL is used as the reference length. Although 
commonly used in fisheries, the fork length (from the 
anteriormost point of the head to the tip of the median 
caudal ray) is not used in ichthyology.

Head lenght (HL) is the distance from the body’s fore-
most point to the opercular membrane’s posteriormost 
point. Dorsal HL is measured from the foremost point of the 
body to the posteriormost point of the skull along the dorsal 
midline (occiput). Except for SL and the TL, which are given 
in millimeters, all other measurements are given either as 
a percentage (e.g., % SL or % HL) or as a ratio (e.g., HL four 
times in SL).

Dorso- and pelvic-hypural distance are measured, as 
shown in Figure 9.

Figure 8. Locating the end of the hypural complex is achieved by 

bending the caudal against the corpus of the fish.

A

D

B

C

Figure 9. Dorso-hypural distance is measured from the origin of the dorsal fin to the base of the median caudal ray (A–C) and reported forward 

(A–D). The pelvic-hypural distance is measured from the origin or pelvic fin to the base of the median caudal ray (B–C) and reported forward (B–E).
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Sources of data, data transformation, causes 

of errors, limitations of data

The data used to compile the species accounts come from 
various sources. Some are from our field observations 
and live, freshly preserved, or museum specimens. In 
such cases, we have ensured that the data are presented 
consistently. For some species, data have been obtained 
from the literature. Wherever possible, we have tried 
to verify such data with specimens; however, this was 
only sometimes achievable. Some authors may use their 
own methods of measuring or counting scales and rays 
or use different terminology. To make accurate compari-
sons, it is necessary to standardise these data. There are 
several systems for reporting morphometric (measured) 
and meristic (counted) characters. For some characters 
(e.g., dorsal or anal fin ray counts), the translation from 
one system to another is reasonably clear. For others, 
the translation requires interpretation of the data and a 
certain degree of speculation. For example, this may be 
the case with lateral line scale counts. We would have 
preferred to present them all in a single format (distin-
guishing scales on the body from those on the caudal fin 
base, e.g., 28–31+2–3), but converting total counts (includ-
ing scales on the caudal fin base) to standard counts 
would have introduced a degree of subjectivity and 
potential error. We, therefore, decided to keep the data in 
the original format, which explains an apparent lack of 
consistency between some of the reports. We believe that 
the lack of consistency is less damaging than the risk of 
introducing errors.

It is impossible to describe the full range of variability 
in a character. There are always individuals with anoma-
lous character traits due to injuries, poor health, etc. More-
over, very small or very large individuals may exhibit dif-
ferent appearances. Documenting all these subtleties here 
would be tedious and space-consuming if they are known 
at all. When measuring fish, it is important to remember 
that, besides rigid structures, they also contain soft tissues 
that can be deformed or damaged by tools. Furthermore, 
measurements of soft tissues are only partially reproduc-
ible. Therefore, specimens must be properly preserved, 
although this is only sometimes the case.

Whenever possible, conclusions drawn from mor-
phometric characters should be based on a series of 
specimens rather than a single individual. If a diagnosis 

indicates 18–23  % and the specimen examined shows 
17 %, this does not automatically exclude it from a par-
ticular species, as the sample you have studied may not 
include the full range of variation in the species. Some 
scale or fin ray counts exhibit very little variability within 
a population or species, whereas others may show con-
siderable variability. Again, conclusions should be based 
on several specimens. Unique or rare counts have been 
ignored in diagnoses (e.g., if an author reported having 
counted dorsal fin rays in 589 specimens and observed 
7½ rays in 578 and 8½ rays in 11, we have ignored the 
low-frequency 8½ value).

Figure 10. Common types of caudal fin: from left: rounded; truncated; 

emarginate; forked.

Figure 11. Dorsal fins of salmoniform fishes; also seen in most catfishes: 

a, rayed dorsal fin; b, adipose dorsal fin without rays.

Figure 12. Dorsal fins of mullets, silversides, and others: a, first, spinous 

dorsal fin; b, second dorsal fin with unbranched and branched rays.
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Figure 13. Dorsal fins of cichlids and many other percomorph fishes: a, 

first, spinous part of fin; b, second, soft part of fin.

Fins and fin rays. The dorsal, caudal, and anal fins are 
called unpaired fins, and the pectoral and pelvic fins are 
called paired fins. Different shapes of the caudal fin are 
shown in Figure 10. In fishes with two dorsal fins (Figures 
11 and 12), the anterior one often consists only of spines, 
and the second one often consists of a single anterior spine 
followed by soft (or segmented) rays. Anatomically, true 
spines are median (unpaired) structures, never branched, 
never segmented, and generally hard and pointed. Soft 
rays comprise a right and a left part, usually segmented 
and branched (Figure 14b). In some species (e.g., many 
cyprinids), some anterior rays may be fused into unseg-
mented, hard, and inflexible rays, which may also be pos-
teriorly serrate (e.g., have a series of indentations or teeth 
along their posterior margins). These are called “spinous” 
(“similar to or shaped like a spine”).

The base of a fin is the region where it attaches to the 
body. In some fishes, part of the rays and membranes are 
covered by scales, making it difficult to see the base of the 
ray. The origin of a fin is the insertion point of its most ante-
rior ray (e.g., the most anterior point at the base of the fin). 
The heights of the dorsal and anal fins are measured from 
the origin of the fin to the uppermost (or lowermost) point 
on the fin. The respective positions of the fins are often given 
in the form “dorsal origin in front of anal origin” or “dorsal 
origin above pelvic base,” meaning that the origin of the 
dorsal fin on the back is in front of a vertical line through 
the origin of the anal fin or above the base of the pelvic fin.

Figure 15. Main types of scales: a, Esox lucius, 

cycloid; b, Squalius cephalus, cycloid; c, Sander 

lucioperca, ctenoid. ci, circuli; ct, ctenii; ra, radii. 

The arrow points toward the head (from Kottelat & 

Freyhof 2007).

Figure 14. Main types of fin rays: a, spinous ray, here serrated 

posteriorly; b, schematised soft, segmented branched ray; c, posterior-

most dorsal-fin rays and anal-fin rays showing the last two rays on a 

single pterygiophore (grey), which is counted as 1½ rays (after Kottelat & 

Freyhof 2007).

Fin ray counts may include only soft or branched 
rays, unbranched and branched rays counted separately, 
or the total number of rays. Each method is explicitly 
stated. The last two branched dorsal rays and anal rays 
are carried by a single pterygiophore (the bones on 
which the rays articulate; Figure 14c) in many fish fami-
lies. Anatomically speaking, the last pterygiophore con-
sists of two fused pterygiophore bones. These two rays 
are counted as “1½.” Therefore, 13½ branched dorsal fin 
rays indicate that the dorsal fin contains 14 branched 
rays, the last two of which share the same pterygio-
phore (or sometimes appear as a single ray split to the 
base). Authors have been inconsistent in reporting fin 
ray counts or have often failed to explain their method. 
As a result, the same 13½ count may appear in the lit-
erature as 13 if the last two rays are counted as one or 
14 if they are counted as two. We prefer the ½ notation 
because it immediately indicates that the author knows 
the problem with the last two rays. For caudal rays, “9+8 
branched caudal rays” means nine branched rays in the 
upper lobe of the caudal fin and eight in the lower lobe. 
Usually, there is one principal unbranched ray above and 
one below the branched rays, along with several rudi-
mentary rays in front that are not counted.
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Figure 16. Illustration of principal scale counts. (A) Lateral-line scales (midlateral row); (B) transverse scales between lateral line and origin  

of dorsal fin; (C) transverse scales between lateral line and midline of belly; (D) transverse scales between lateral line and origin of anal fin;  

(E) circumpeduncular scales; (F), predorsal scales; (arrow) scales on caudal-fin base (from Kottelat & Freyhof 2007).

Scales. The lateral line scale count (Figure 16) is the number 
of scales on the lateral line. In the absence of lateral line 
pores in all scales, the midlateral series is the number of 
transverse scale rows counted at the mid-height of the 
flank. The most anterior scale counted is the one in contact 
with the shoulder girdle. Counting ends at the base of the 

caudal fin. Scales on the caudal fin are not counted, even if 
they are well-developed and porous. In such cases, they are 
best indicated with a “+.” For example, the lateral line scale 
count of the fish in Figure 16 is given as 38+3, meaning that 
there are 38 scales along the lateral line of the body and 3 
on the caudal fin. The total lateral line scale counts given 
in the text are those where the authors do not distinguish 
between scales on the body and those on the caudal fin. In 
this instance, the same fish has a total of (38+3) 41 scales. 
Fish can lose scales due to various factors, including pred-
atory attacks and during courtship or spawning. This also 
happens when fish are handled frequently, for example, at 
sites used for annual censuses or research. Lost scales are 
replaced, but replacement scales often show growth or posi-
tional anomalies. Scales may also be deformed, fused, split, 
displaced, etc. In some species, counts will show minimal 
variation, whereas in others, the variability is greater. 
Where there is a great deal of variability, it is usually due 
to small, deciduous scales that are partially embedded in 
the skin or irregularly arranged scale rows. Counts should 

be checked on several specimens; extreme or anomalous 
counts should be disregarded, as should counts based on 
damaged individuals.

Transverse scale counts indicate the number of scale 
rows between the lateral line and the origin of the dorsal 
fin (or the first dorsal fin if more than one) and between 
the lateral line and the midline of the abdomen (anterior to 
either the pelvic fins or the origin of the anal fin, depending 
on the context). For these purposes, the scale on the dorsal 
or ventral midline (e.g., immediately anterior to the dorsal 
and anal fins) is recorded as ½. For example, the trans-
verse scale count for the fish shown in Figure 16 is ½7/1/6½, 
meaning one scale immediately anterior to the dorsal (pre-
dorsal row), seven scales between the lateral line and the 
predorsal scale, one pore scale in the lateral line, six scales 
between the lateral line and the preanal scale, in addi-
tion to the preanal scale itself. The transverse scale count 
in front of the pelvic fins is ½7/1/5½. The predorsal scale 
count includes all scales on the dorsal midline in front of 
the dorsal fin origin (usually between the occiput and the 
dorsal fin origin). Predorsal scales are sometimes difficult 
to count accurately as the rows are not always regular. 
Circumpeduncular scale counts represent the number of 
scale rows crossing a line around the caudal peduncle at 
its narrowest point (16 in Figure 16, with a transverse count 
of ½3/1/3½).
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Figure 17. Coptodon zillii has two dark-grey stripes, four red stripes, six 

dark-grey-bars, three dark-grey bands on the forehead, and one below 

the eye. A large ocellus, a black blotch with a white margin, is in the 

dorsal fin.

Figure 18. Positions of colour marks on fins (from Kottelat & Freyhof 2007).

Colour marks. Bars refer to vertical marks, and stripes 
denote longitudinal marks. Other elongated marks are 
called bands (Figure 17). Usually, round marks that are 
more or less the size of a pupil or smaller are called 
spots. Even smaller round marks are called dots, and 
larger ones are blotches. However, some inconsistencies 
exist, especially when round marks of different sizes are 
present. In such cases, spots mean smaller marks, and 
blotches mean larger marks. Irregularly shaped marks 
are called blotches. Ultimately, there are gradual dif-
ferences between dots, spots, blotches, and bars, and 
no clear-cut definition exists to distinguish them. For 
example, an “irregularly shaped, short bar” and a “verti-
cally elongated, large blotch” might be different descrip-
tions for the same colour mark. On the fins, a proximal 
band is located along the base of the fin, a distal band 
along the outside margin of the fin, a median band in the 
middle of the fin, and subdistal and subproximal bands 
are located in intermediate positions.

Figure 19. Principal types of mouth position: from left: superior, terminal, subterminal, and inferior.

Other characters used for identification. The nomencla-
ture for mouth positions and gill arches is shown in Figures 
19. There are, of course, subtle differences between differ-
ent mouth positions. It is often not trivial to decide whether 
a mouth is terminal (when the tip of the lower lip or jaw 
reaches the vertical of the upper lip, upper jaw, or rostral 
cap) or subterminal (when the upper lip, jaw, or rostral cap 
protrudes from the lower jaw or lip). The same difficulty 
arises when distinguishing between subterminal and infe-
rior or superior and terminal mouth positions. 

Gill rakers are the anterior bony projections usually 
present on all gill arches (Figure 20). There is a different 
number of rakers on each arch of the same individual, and 
all counts given here refer to the outer gill rakers on the 
first (anteriormost) gill arch on the right side of the head. 
Unless otherwise stated, these counts encompass all gill 

rakers, including formed rudiments. It is sometimes given 
as A+B+C, where A is the number of gill rakers on the upper 
limb (epibranchial), C is the number on the lower limb (cer-
atobranchial), and B is the angle between the upper and 
lower limbs (if any). It is sometimes necessary to cut and 
remove the gill arch to count the gill rakers. In ichthyology, 
dissection is always done on the right side, leaving the left 
side intact for identification, photography, etc.

The rostral barbel is located above the upper lip or 
upper jaw (see Figure 21); the maxillary barbel is situated 
on the lower jaw or at the corner of the mouth. A nasal 
barbel is a barbel-like extension of the anterior nostril 
(most fish have a nare on each side of the head, each with 
an anterior and posterior nostril) and a barbel-like exten-
sion on the lower lip of some cobitid loaches.
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Taxonomic work relies heavily on fish collections, especially those containing type specimens, which are essential as references.

Figure 20. First gill arch, inner view. ce, ceratobranchial or lower limb; 

ep, epibranchial or upper limb; gf, gill filament; gr, gill rakers (after 

Freyhof et al. 2020).

Figure 21. Head of a Barbus showing the two barbels typical for most 

cyprinids.
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Taxonomy and nomenclature

Taxonomy is the theory and practise of describing the 
diversity of organisms and organising that diversity into a 
system that reflects their evolutionary relationships. Giving 
names to objects and living things seems natural and impor-
tant to humans because it allows us to communicate with 
each other. This explains why most things that play a role 
in human life, positive or negative, have been given names, 
and animals are no exception. Every language, country, and 
region has its own set of names. Biologists have developed 
a nomenclature (naming) system that gives every animal 
species one (and only one and unique!) name to achieve 
high accuracy. Carl Linnaeus (1707–1778) first developed the 
current naming system, and the 10th edition of his Systema 

Naturae, published in 1758, is considered the starting point 
of modern zoological nomenclature. This system is now gov-
erned by a set of rules known as the International Code of 

Zoological Nomenclature (or “the Code”). The Code pre-
scribes a system of naming, including rules for accepting 
valid names and deciding between duplicate names. This 
is vital to all biologists because unambiguous communica-
tion depends on names, and the name is the unique identi-
fier that links to information on all aspects of the species. 
It is important to note that strict rules for describing and 
naming new species are set out in the International Code 
of Zoological Nomenclature. In modern times, for example, 
every newly described species must be associated with a 
“name-bearing type specimen,” the holotype, a reference 
for the corresponding scientific name. Often, holotypes 
are associated with paratypes; specimens are usually col-
lected with the holotype, which allows a better understand-
ing of the variability of characters in a particular species. 

Holotypes and paratypes are of inestimable value and are 
kept in natural history museums where experts can freely 
examine them. Further reading. ICZN 1999 (International 
Code of Zoological Nomenclature).

Species have evolved from reproductively isolated populations, and there is no strict boundary between the two categories. The Alburnus chalcoides 

complex is an example of several previously recognised species consolidated into one. This may be revised in the future.

Species and populations. Species is the “currency unit” in 
most fields of biology, and it is not surprising that its defi-
nitions and concepts have been (and continue to be) the 
subject of much debate. Here is just a summary of some of 
the basic concepts. The species concept we follow in this 
book is the Evolutionary Species Concept (ESC), which is 
defined as follows: a species is an entity composed of organ-
isms that maintain their identity distinct from similar enti-
ties through time and space, in addition to having its inde-
pendent evolutionary fate and historical tendencies. Fate, 
in this context, refers to each species’ unique evolutionary 
pathways, including diversification, adaptation, and extinc-
tion. Species are discrete entities in nature. They participate 
in natural processes, evolve, have an origin, can give rise to 
other species (speciation), and will have an end (extinction). 
Of course, the future of a living species cannot be predicted, 
but we know that it will have a fate; the concept also applies 
to fossil species whose fates are already known. Because 
species are made up of individuals, they can never be fully 
defined, nor can all members of a species be expected to fit 
exactly into a definition. However, like individuals, species 
can be described and diagnosed, evolutionary lineages can 
be identified, and changes over time can be observed (given 
enough time and appropriate tools). Experience shows that 
most of the characters that define a species tend to vary, 
often in ways that are empirically predictable to some 
extent. It is, therefore, not surprising that most diagnoses 
include exceptions. Species are known from samples of 
individuals and samples of characters. In some cases, it can 
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resolve some of these cases. Still, as this involves treating 
some species described by colleagues as synonyms, these 
colleagues frequently reject options (often without giving 
reasons). This is one of the reasons why the species list in 
this book differs from other publications, such as simple 
country checklists. Further reading. Cracraft 1989 (Phy-
logenetic Species Concept [PSC]); Mayden & Wood 1995 
(ESC, ESU); Mayden 1997 (hierarchy of species concepts); 
Kottelat 1997 (PSC); Kullander 1999 (species); Mayden 2002 
(species as individuals).

be difficult to distinguish whether differences between two 
populations result from phenotypic adaptations to particu-
lar environmental conditions or evolutionary adaptations 
that are genetically fixed.

In taxonomic discussions, a population was originally 
defined as a segment of a species whose members breed 
mostly or exclusively among themselves, usually due to 
physical isolation. This is a common challenge, especially in 
species with populations that are isolated from each other, 
such as many freshwater fishes. It can be difficult to decide 
whether two discrete groups of closely related individuals 
are two distantly related populations of a single species or 
two closely related species. The widely accepted criterion 
is that gene flow occurs between populations of a species 
but not between species. However, there are many excep-
tions and complexities, so broad generalisations should be 
avoided, and each case should be evaluated individually. 
The definitions of the terms “population” and “species” 
have not evolved in a coordinated way, and there is some-
times a grey area between them, especially when fine-scale 
molecular methods are used. Therefore, the rule of thumb 
among taxonomists is that fine-resolution molecular char-
acters (such as those provided by increasingly available 
genomic methods) should be used cautiously and only 
when they are congruent with another set of characters 
(morphological, ecological, ethological, etc.). Conceptually, 
there is a continuum in the variability of different species 
populations, whereas in practise, there is a gap between 
the respective variabilities of two species. Of course, rec-
onciling theory with the facts observed in nature is diffi-
cult. In West Asia, we have several groups of species (Salmo, 
Iranian Glyptothorax, Esmaeilius, some Oxynoemacheilus, 
Alburnus, Barbus, and Garra) where very different opin-
ions have been published as to whether different pop-
ulations are conspecific or not. We have tried our best to 

Franz Steindachner (Vienna) described Nemacheilus angorae in 1897. It was later placed in the genera Orthrias and Barbatula and is now recognised as 

a species in Oxynoemacheilus.

Nomenculature. Each species has a name comprising 
two words, a generic name (in the first position, starting 
with a capital letter) and a specific name (in the second 
position, beginning with a lower-case letter), for example, 
Leuciscus aspius. Each combination of two words is unique 
and applies to a single species. The generic name indicates 
affinities (or relationships) with other species. For example, 
several species share the generic name Leuciscus, suggest-
ing they are quite similar and share a common ancestor 
in the group’s phylogenetic (evolutionary) history. A third 
name (the subspecies name) was formerly used to indicate 
that an organism belonged to a more or less geographically 
distinct form of its species. Subspecies is a category that is 
no longer used by ichthyologists (the subspecies category is 
not defensible under the evolutionary species concept, and 
the boundaries are arbitrary under other species concepts). 
The name of a species is often followed by a combination 
of the name of one or more persons and a year, e.g., Leu-

ciscus aspius (Linnaeus, 1758). This indicates the author of 
the species’ first description (formally called the original 
description) and the year that description was published. If 
the author’s name is given without parentheses, the species 
was placed in the same genus in the original description as 
it is today. If the author’s name is given in parentheses, the 
species was originally placed in a different genus. In our 
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species do not interbreed in nature—although practicing 
taxonomists have long abandoned it because it is not test-
able. It can only be used to determine the distinctness of 
species if the species occur in sympatry, and only for a small 
number of species on Earth, as the most common form of 
speciation is allopatric. Most species for which we need to 
determine distinctness are found in allopatry, a situation 
that is particularly pronounced among freshwater taxa. We 
should also remember that the biological species concept 
only works in natural systems. Species A and B brought 
together in captivity, or species A introduced in the habitat 
of species B, represent artificial situations. Furthermore, 
many congeneric species found in sympatry hybridise, 
as demonstrated by frequent cases of introgression. This 
means that hybrids also occur in nature and that genetic 
exchange between species is still possible after speciation. 
Further reading. Mayden 1997 (hierarchy of species con-
cepts); Kottelat 1997; Kunz 2012 (species concepts); Kul-
lander 1999 (species).

example, Linnaeus originally described Leuciscus aspius 
(Linnaeus, 1758) as Cyprinus aspius. Indication of author 
and year is not mandatory and is only justified in taxo-
nomic publications if needed. Authors’ names are not used 
in the species accounts below but are listed in the Appen-
dix of this book. We wish to emphasise the importance 

mistakenly attached to the unnecessary inclusion of 

authors’ names in non-taxonomic literature.

Many readers will notice that the nomenclature used 
in this book sometimes differs from that used in earlier 
sources. These changes are explained in several scientific 
publications written in recent years. This does not mean 
that the older publications were wrong; rather, as time 
passes, new scientific discoveries are made, new concepts 
are advanced (and old ones are sometimes discarded), 
and our understanding of evolution and the relationships 
between species evolves. This evolution of our knowledge 
is reflected in changes in the names of some species. Dis-
coveries are certainly still to come, so the nomenclature in 
this book is likely to change in the future. Ideally, the system 
will one day be perfected, but that day is unlikely to come in 
our lifetime! In this book, we have used the nomenclature 
available in July 2025. Based on current scientific knowl-
edge, these are the valid and correct names; other names 
are no longer valid and should not be used. By publish-
ing this book in an open-access electronic format, we can 
more easily revise and update the nomenclature in future 
editions, ensuring that the content remains current with 
ongoing scientific developments. Further reading. Kottelat 
1997 (species concepts); ICZN 1999 (Code).
The biological species concept. Textbooks still often refer 
to the biological species concept—the idea that different 

A hybrid between Squalius orientalis and Chondrostoma colchicum. Such hybrids are often fertile. To our knowledge, only two species of possible hybrid 

origin occur in West Asia: Coregonus sevanicus and Chondrostoma esmaeilii.

Hybrid fertility. Hybrid fertility is often used as the main 
criterion for deciding whether two populations are conspe-
cific, but this is an outdated approach. Hybrid infertility 
occurs at different ages in different lineages and even within 
a single lineage. Within some groups, species that diverged 
2–100 million years ago can still produce fertile offspring; 
in other groups, species that diverged much more recently 
cannot. The latter is observed, for example, when there are 
chromosomal incompatibilities. In fishes, hybrid infertility 
is rare at the species level but more common at the genus, 
subfamily, or family level. Further reading. Cracraft 1989 
(Phylogenetic Species Concept); Mayden 1997 (hierarchy of 
species concepts); Kottelat 1997 (hybrid fertility and species 
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Figure 22. Species richness of native freshwater fishes in West Asia.

concepts); Geiger et al. 2014 (consistency of species and COI 
sequences).
Diversity of freshwater fishes. In the region covered by 
this book, we recognise 632 different freshwater fish species 
(July 2025), including non-native, diadromous, and marine 
species that regularly enter freshwater habitats. Figure 22 
covers 597 native species, including five known but not 
yet described species and excludes 35 non-native species. 
There are numerous unresolved taxonomic issues, many of 
which are mentioned in the various species remarks, and 
this number is very unlikely to be stable. The effort to iden-
tify freshwater fish species in the area has been massive 
in recent years, and 259 native species (41  %) have been 
described since 2000 alone. This trend will certainly con-
tinue in the coming years. Several scientists in the region 
build their careers solely on the description of new species, 
so additional descriptions are expected following the pub-
lication of this book. However, species diversity in several 
genera may already be overestimated, and revisions will 
reveal some as synonyms in the future. Many marine 
species occasionally enter freshwater bodies, particularly 
in the lower Shatt al-Arab/Arvand and adjacent marshes in 

the northernmost Persian Gulf region. In this region alone, 
130 marine species have been recorded, but freshwater 
habitats are not an essential part of their life cycle, so these 
species are excluded from this guide. Of course, we know 
that the line drawn between marine and freshwater fish 
is artificial, and other authors might include more marine 
species in the freshwater lists. Furthermore, the fauna will 
undoubtedly experience the invasion and introduction of 
several additional non-native species, such as the Amei-

urus catfish, the Asian Misgurnus, and the Amur sleeper 
Perccottus glenii. Therefore, as with any book project, the 
species count will likely be outdated when the book is in 
your hands. 

Total number of species covered by this book 632 100 %

Native species 597 94 %

Endemic species 467 74 %

Non-native species 35 6 %

Established non-native species 29 5 %

Cypriniformes 437 69 %

Species described since the year 2000 259 41 %
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Figure 23. Information board on fish diversity at Eflatunpınarı in Türkiye to raise awareness for the spring.

Conservation status. The IUCN Red List status of each 
species is given, followed by a short description of the 
main threats to the species, if any, and related comments. 
The details of the evaluations are available from the IUCN 
Red List of Threatened Species webpage (http://www. 
iucnredlist.org). Most freshwater fishes in West Asia were 
twice assessed for extinction risk and conservation status 
using the International Union for Conservation of Nature 
(IUCN) criteria (Table 1). All assessments consider the 
global extinction risk. It is important to note that although 
several species are classified as Least Concern throughout 
the region, many of the isolated populations may be under 
significant threat. Of the 583 species assessed in the most 
recent assessments, 12 species (2 %) are considered extinct 
(including one extinct in the wild) and 238 species (41  % 
of assessed species) are in a threat category (assessed as 
Critically Endangered, Endangered, or Vulnerable) (Figure 
24). The distribution of threatened species is given in 
Figure 25. It is important to note that the IUCN Red List is 
a tool designed to assess extinction risks, and not to deter-
mine conservation measures needed or even less a tool to  
fix priorities. 

Figure 24. Relative proportions of the conservation status of 583 species 

of native freshwater fishes in West Asia. EX includes species that are 

extinct in the wild (n = 1), and CR includes potentially extinct species 

(n = 2).

Some important definitions: The extent of occurrence 
(EOO) is the area within the shortest continuous boundary 
within which the species is known to occur. It is defined as 

http://iucnredlist.org
http://iucnredlist.org
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(see below and Table 1), and it is therefore considered to be 
facing an extremely high risk of extinction in the wild.
ENDANGERED (EN): A taxon is Endangered when the best 
available evidence indicates that it meets any of the criteria 
A to E for Endangered (see below and Table 1). It is, there-
fore, considered to be facing a very high risk of extinction 
in the wild.
VULNERABLE (VU): A taxon is Vulnerable when the best 
available evidence indicates that it meets any of the criteria 
A to E for Vulnerable (see below and Table 1). It is, therefore, 
considered to be facing a high risk of extinction in the wild.
NEAR THREATENED (NT): A taxon is Near Threatened 
when it has been evaluated against the criteria but does not 
qualify for Critically Endangered, Endangered, or Vulnera-
ble now but is close to qualifying for or is likely to qualify 
for a threatened category in the near future.
LEAST CONCERN (LC): A taxon is Least Concern when it 
has been evaluated against the criteria and does not qualify 
for Critically Endangered, Endangered, Vulnerable, or Near 
Threatened. Widespread and abundant taxa are usually 
included in this category.
DATA DEFICIENT (DD): A taxon is Data Deficient when 
there is inadequate information to make a direct or indi-
rect assessment of its risk of extinction based on its distri-
bution and/or population status. A taxon in this category 
may be well studied, and its biology is well known, but 
appropriate data on abundance and/or distribution are 
lacking. Data Deficient is therefore not a category of threat. 
Listing of taxa in this category indicates that more infor-
mation is required and acknowledges the possibility that 
future research will show that a threatened classification 
is appropriate. It is important to make positive use of what-
ever data are available. In many cases, great care should be 
exercised in choosing between DD and a threatened status. 
If the range of a taxon is suspected to be relatively circum-
scribed, and a considerable period of time has elapsed since 
the last record of the taxon, threatened status may well be 
justified.
NOT EVALUATED (NE): A taxon is Not Evaluated when it 
has not yet been evaluated against the criteria.
The categories CR, EN, and VU are defined by quantified 
criteria:
A Reduction of the size of the population (reduction of the 
number of individuals, the area of occupancy, the extent of 
occurrence, quality of habitat, an increase of exploitation, 
pollution, parasites, competitors, or other stresses; intro-
ductions).
B Small extent of occurrence or area of occupancy.
C Small population size related with some degree of contin-
uing decline.

the convex polygon that includes all the known localities 
of a species. Of course, for freshwater organisms, this is of 
little value as they are unable to survive more than a few 
seconds on dry land; it results in a species restricted to a 
few coastal marshes around the Mediterranean (e.g., Apha-

nius fasciatus) having an extent of occurrence larger than 
the whole area of the Mediterranean.

The area of occupancy (AOO) is the area within the 
extent of the species’ occurrence. Naturally, a species will 
usually only occur in some places within its extent of occur-
rence. For example, it will be absent in unsuitable (or, in 
the case of fish, terrestrial) habitats. The AOO includes only 
the habitats where the species normally forages and repro-
duces and the areas essential for its survival. For example, 
the area of occupancy of a homing species with an obliga-
tory single spawning ground is the area of that spawning 
ground. It may be only a few square meters in extent (see 
also “location” below). In lacustrine habitats, a deep-water 
species may occasionally be observed in shallow coastal 
waters; these coastal waters are part of its extent of occur-
rence but not of its area of occupancy; the reverse would 
be true for a benthic littoral species occasionally observed 
to be pelagic in the middle of the lake. Indeed, knowledge 
about the exact distribution of most species is missing, and 
the river length is usually taken as a proxy for the AOO

A location (in the Red List context) is defined as a geo-
graphically or ecologically distinct area in which a single 
threatening factor can rapidly affect all individuals of the 
taxon present. A location may include part of one or many 
subpopulations. The location should be distinct from the 
locality.

The categories are as follows:
EXTINCT (EX): A taxon is Extinct when there is no reason-
able doubt that the last individual has died. A taxon is pre-
sumed Extinct when exhaustive surveys in known and/or 
expected habitat, at appropriate times (diurnal, seasonal, 
annual), throughout its historic range have failed to record 
an individual. Surveys should be over a time frame rele-
vant to the taxon’s life cycle and life form. Available infor-
mation leading us to believe that a species is extinct is given 
in the species account. [Extinct is used when the species has 
totally disappeared. If it has disappeared only in part of its 
range, it is referred to as extirpated].
EXTINCT IN THE WILD (EW): A taxon is Extinct in the 
Wild when it is known only to survive in cultivation, in cap-
tivity, or as a naturalised population (or populations) well 
outside the past range.
CRITICALLY ENDANGERED (CR): A taxon is Critically 
Endangered when the best available evidence indicates that 
it meets any of the criteria A to E for Critically Endangered 
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D Very small population size.
E A quantitative analysis shows the probability of extinction 
in the wild within a short number of generations or years.

Figure 25. Species richness of threatened (VU, EN, CR) freshwater fishes in West Asia.

For all criteria, the threshold values are different 
according to the different category levels. The criteria and 
the values are listed in Table 1.

The entrance to Azraq Wetland Reserve in Jordan is dedicated to the conservation of birds and the endemic killifish Aphaniops sirhani.
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Table 1. Summary of the five criteria (A–E) used to evaluate if a species belongs in a category of threat (Critically Endangered, Endangered, or Vulner-

able) (from IUCN 2001).

Use any of the criteria A–E Critically Endangered Endangered Vulnerable

A. Population reduction Declines measured over the longer of 10 years or 3 generations

A1 >90 % >70 % >50 %

A2, A3, A4 >80 % >50 % >30 %

A1.  Population reduction observed, estimated, inferred, or suspected in the past where the causes of the reduction are clearly reversible AND 

understood AND ceased based on and specifying any of the following:

(a) direct observation

(b) an index of abundance appropriate to the taxon

(c) a decline in AOO, EOO, and/or habitat quality

(d) actual or potential levels of exploitation

(e) effects of introduced taxa, hybridisation, pathogens, pollutants, competitors, or parasites.

A2.  Population reduction observed, estimated, inferred, or suspected in the past where the causes of reduction may not have ceased OR may not 

be understood OR may not be reversible, based on (a) to (e) under A1.

A3. Population reduction projected or suspected to be met in the future (up to a maximum of 100 years) based on (b) to (e) under A1.

A4.  An observed, estimated, inferred, projected, or suspected population reduction (up to a maximum of 100 years) where the time period must 

include both the past and the future and where the causes of reduction may not have ceased OR may not be understood OR may not be rever-

sible, based on (a) to (e) under A1.

B. Geographic range in the form of either B1 (extent of occurrence) OR B2 (area of occupancy)

B1. Extent of occurrence <100 km² <5000 km² <20,000 km²

B2.  Area of occupancy and 2 of the 

following 3:
<10 km² <500 km² <2000 km²

(a)  Severely fragmented or # 

locations
=1 <5 <10

(b)  Continuing decline in any of: (i) extent of occurrence; (ii) area of occupancy; (iii) area, extent, and/or quality of habitat; (iv) number of locations 

or subpopulations; (v) number of mature individuals

(c)  Extreme fluctuations in any of: (i) extent of occurrence; (ii) area of occupancy; (iii) number of locations or subpopulations; (iv) number of mature 

individuals

C. Small population size and decline

Number of mature individuals <250 <2500 <10,000

and either C1 or C2:

C1.  An estimated continuing 

decline of at least:
25 % in 3 years 20 % in 5 years 10 % in 10 years

up to a maximum of 100 years or 1 generation or 2 generations or 3 generations

C2. A continuing decline and (a) and/or (b):

(a i) # mature individuals in all 

sub-populations:
<50 <250 <1000

(a ii) or % individuals in one  

sub-population at least
90 % 95 % 100 %

(b) extreme fluctuations in the number of mature individuals

D. Very small or restricted population

Either:

(1) number of mature individuals <50 <250 <1000

OR

(2) restricted area of occupancy na na
AOO < 20 km² or # of  
locations <5

E. Quantitative analysis

Indicating the probability 
of extinction in the wild to 
be at least:

50 % in 10 years or 3  
generations (100 years max)

20 % in 20 years or 5  
generations (100 years max)

10 % in 100 years
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Extinct Acanthobrama centisquama; Orontes, Türkiye (from Heckel 1843).

Extinct freshwater fishes in West Asia 

A dozen freshwater fish species are thought to be extinct, 
meaning they are no longer found alive in the wild. Eleven 
extinct species, and one more extinct in the wild sound 
a lot, but only 2 % of the native species are known from 
West Asia. The other 98 % have survived despite massive 
habitat change, severe water stress, and the presence of 
many non-native species. Despite considerable stress, 
West Asia’s freshwater fishes have shown amazing resil-
ience and adaptability to anthropogenic stressors. This 
may be due to the evolutionary and biogeographical past 
of the species, which have survived several difficult cli-
matic and geological periods. Furthermore, Esmaeilius 

persicus has survived in captivity, and we cannot com-
pletely exclude that this species, Cobitis amphilekta, and 
C. kellei, may be rediscovered in the future, as not all 
potential habitats have been revisited yet. This is also 
true for the species that were found to be possibly extinct. 
Others, such as Tristramella sacra, may be conspecific 

with surviving species and not extinct. More research is 
needed to search for lost fishes and to resolve remaining 
taxonomic questions. This does not mean that freshwa-
ter fishes are invulnerable to stressors. Fish will disap-
pear when all the water is gone. There are still springs, 
small streams, and enough rain to create perennial water 
bodies, but efforts to withdraw all water for human use 
have failed. However, the future is bleak for much of West 
Asia, a major disaster area due to climate change. 
Extinct and Extinct in the wild 

Acanthobrama centisquama, Alburnus adanensis, Albur-

nus akili, Anatolichthys splendens, Cobitis amphilekta, 
Cobitis kellei, Esmaeilius persicus, Mirogrex hulensis, 
Pseudophoxinus handlirschi, Rutilus sojuchbulagi, Salmo 

ischchan, Tristramella sacra

Possibly extinct 

Acanthobrama tricolor, Caecocypris basimi, 
 Oxynoemacheilus galilaeus, Salmo aestivalis, S. gegarkuni 

(surviving in non-native range)
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Proper waste disposal is poorly managed in many regions of West Asia.

Threats to freshwater fish in West Asia. Freshwater fish 
face several threats, most related to increasing human 
development. These include uncontrolled water abstrac-
tion, dam construction, habitat loss, domestic and industrial 

wastewater pollution, agricultural run-off, and invasion by 
non-native species. Although these issues do not pose sig-
nificant threats in all parts of the region, they are particu-
larly relevant to fish populations, which are often small and 
located in geographically isolated habitats. In such cases, 
even relatively low levels of environmental stress to these 
small populations can significantly impact their overall 
health and likelihood of survival.

Pumping water from every river, stream, and spring is common in arid parts of West Asia, and surprisingly, there have been so few freshwater fish 

extinctions in the region.

Water abstraction. West Asia is the first region in the 
world to run out of water effectively. In the arid parts of 
the area, surface water and groundwater are abstracted in 
large quantities and rarely sustainably, making it the main 
threat to most fishes and humans in arid and semi-arid land-
scapes. Large parts of Central and Western Anatolia, Iran, 
and the Levant, where pumps abstract surface water from 
streams and rivers, are most affected by water abstraction. 
In smaller streams, digging large holes in the streambed is 
common so water can be abstracted even when the stream 
is dry in late summer. Water is also often abstracted by 
pump trucks and transported to more distant locations. In 
West Asia, it is very common and natural for sections of 
streams and rivers to run dry in summer. However, dams 
and weirs impeding runoff that would otherwise be “lost” 
to human use leave little or no water flowing downstream. 
This reduces habitat availability for freshwater fish, even 
in ecosystems adapted to seasonal drought, where fish sur-
vival often depends on small refugia. Continued over-ab-
straction of water, coupled with the increasing frequency 
and severity of droughts, leads to the desiccation of these 
refugia and the extirpation (and extinction) of fish.
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Much of West Asia is losing groundwater reserves at 
an alarming rate, and the region has one of the highest 
water deficits in the world, second only to India. Water 
resources must meet the needs of intensive agriculture 
and a growing population. For example, the Iraqi marshes, 
the Turkish Sultan marshes, the Eşmekaya marshes, the 
Lakes Hotamış and Acıgöl, the Jordanian Azraq marshes, 
the Lebanese Ammiq marshes, and many others have all 
almost or completely dried up. The lowering of groundwa-
ter levels is affecting streams throughout the region, many 
of which have dried up; the Anatolian Küçük Menderes 
is one example. Another example is the loss of the Qweiq 
River, which once flowed through the Syrian city of Aleppo 
but has virtually disappeared. Today, only two very small 
headwaters remain of what was once a great river. Other 
examples include the once extensive spring areas of Ras Al 
Ain in northern Syria, which have almost completely dried 
up, and the famous Barada spring near Damascus, along 
with virtually the entire Damascus hydrological basin, as 
most of the water is extracted for the expanding city of 
Damascus.

All the countries considered here have water poli-
cies, but these are only sometimes enforced in a way that 

preserves or protects biodiversity. Apart from Israel, which 
introduced a “Water for Biodiversity” policy in the early 
2000s, we are unaware of any country where a water policy 
is being implemented to ensure that enough water remains 
in lakes, marshes, streams, and rivers to meet the needs of 
biodiversity. In Israel and the Arabian Peninsula, seawater 
is increasingly desalinated in large quantities, reducing the 
pressure on freshwater supplies. Studies show that streams 
and springs can quickly recover when the amount of water 
withdrawn is reduced. However, desalination is expensive, 
requires access to seawater, is powered by fossil fuels, and 
should not be considered the sole answer to the region’s 
water needs. The rapidly growing water needs of many 
West Asian countries cannot be met by further exploita-
tion of water resources, except by developing desalination 
facilities or reallocating water resources from agriculture. 
Increased innovative efforts and financial support are 
needed to create desalination systems powered by solar or 
wind energy, not only to conserve freshwater biodiversity 
but also to benefit the overall water needs of West Asia. 
Further reading. Shacham 2003 (Israel water program); 
Allan 2001, Voss et al. 2013 (water stress); GegenStrömung 
2011, International Rivers 2014 (dams in Türkiye).

This huge spring at Göksu, in the Mardin province of Türkiye, has fallen victim to water abstraction and drought. Much of West Asia will receive less 

rainfall in the future.
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Thousands of dams are massively impacting the rivers of West Asia, and countries continue to invest in more dams, ignoring the negative 

environmental consequences.

Fish passes are often thought to compensate for the negative effects of dams. However, like the one in the picture, most are impossible for fish to use 

and do not support upstream migration. Nor do they compensate for the complete transformation of the river into a novel lake ecosystem dominated 

by non-native species.

Dams and reservoirs. Determining the exact number of 
dams and weirs in the region is impossible. Different sources 
give different figures, even for Türkiye, where information 
is available. Türkiye has more than 2000 dams and weirs 
and plans to build another 1700 within its borders, making 
it one of the most active dam-building countries in the 

world, with hardly a river in the country unaffected. Other 
countries, such as Iran and the countries of the Caucasus, 
have also followed Türkiye’s lead in exploiting rivers for 
hydroelectric power. Iran, Iraq, and countries in the Levant 
have built dams on almost all suitable rivers. The impacts of 
dams on biodiversity and society remain largely unknown. 
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West Asia’s reservoirs evaporate large amounts of water 
needed elsewhere and significant amounts of methane, 
but their contribution to climate change is poorly under-
stood. The region is home to few long-distance migratory 
fish species, the most important of which are sturgeons. 
However, their need for free-flowing rivers has rarely been 
considered. The main threat associated with dams is not 
the dam itself, which prevents fish from migrating, but the 
reservoir, which transforms a flowing river into a stagnant 
lake, a habitat unsuitable for many fish species. While most 
rivers in the region are now dammed, it is usually a single 
dam, or in many cases, a few dams, rather than a “cascade 
of dams” that essentially turns the river into a series of 
lakes. However, this scenario is slowly changing as many 
new dams and weirs are being built across the region. 
The construction of new dams, especially for hydropower 
and water storage, is a major concern for freshwater fish 

Clean water is a limiting factor for many human activities. Surprisingly, domestic, industrial, and agricultural pollution is a widespread threat to West 

Asia’s freshwaters. 

Pollution. Throughout West Asia, particularly in the vicin-
ity of urban areas, pollution is one of the major threats to 
freshwater fish. Most rivers and streams are heavily pol-
luted downstream of urban areas, mainly by sewage, such 
as the Kura downstream of Tbilisi in Georgia, the Tigris 
downstream of Diyarbakir, and the Shatt Al-Arab in Iraq. 
However, it is in the rivers of Western Anatolia, such as 
the Bakırcay, Gediz, Küçük, and Büyük Menderes, that 
water pollution is most widespread and severe. The Küçük 
Menderes has virtually disappeared, and the lower part is 
filled with sewage from towns and industries. The Gediz 
and Bakırcay are so polluted that only Gambusia holbrooki 
seems to exist in the middle and lower parts of the main 
rivers. There are also high pollution levels in many other 

conservation throughout the region. Hydropower is widely 
presented as a “green technology,” leading many countries 
to aim to exploit their full hydropower potential. 

Fieldwork over many years has shown a steady decline in habitat size and quality in many places. This is why so many fish species are listed as CR, EN, 

and VU in an IUCN threat category.
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areas; for example, the upper Köprüçay, south of Isparta, 
is largely polluted with sewage, as is the Orontes and many 
coastal rivers in Syria. However, data on these rivers’ chem-
ical and biological water quality are sparse, and there are 
few continuous monitoring programs for open surface 
waters. As a result, little is known about the region’s extent 
and intensity of urban and agricultural pollution. Pollution 
can be cleaned up relatively quickly, and we hope readers 
will prove us wrong in the years to come when all these 
rivers are clean again.

challenging future for freshwater fish in much of the region, 
with many areas already drying up and many once wide-
spread fish species now being restricted to small refuges. 
Dramatic reductions in river flows (due to water abstrac-
tion and increased frequency of droughts) will cause sig-
nificant environmental, economic, and political problems 
that only increase in the future unless there is a radically 
different approach to water management across the region. 
The long-term effects of climate change on the unique and 
endemic freshwater fishes of West Asia are not difficult to 
imagine, as climate change will only accelerate the ongoing 
desiccation of the region’s springs, lakes, and rivers.

Climate change. West Asia is predicted to become much 
drier and warmer. Published scenarios suggest a more 

The desertification of the Fertile Crescent in West Asia has long been underway, and the process has been accelerated by water extraction and  
climate change

The Qweiq in Syria was still a major river in the 19th century. Today, even its reservoirs are dry, and finding traces of the river is difficult. Water comes 

now from the Euphrates to the city of Aleppo.
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Climate endgame 

We humans are driving the Earth into a Pliocene, possibly Miocene climate scenario. Temperatures more than 2°C 
above pre-industrial levels have not been sustained at the Earth’s surface since the Pleistocene epoch (or more than 
2.6 million years ago). Despite 30 years of effort and some progress under the United Nations Framework Conven-
tion on Climate Change, anthropogenic greenhouse gas emissions (GHG) continue to rise. Even if anthropogenic 
GHG emissions were to decline soon (which seems unrealistic), there is feedback in the carbon cycle and potential 
tipping points that could lead to high GHG concentrations often missing from models. Examples include the thawing 
of Arctic permafrost releasing methane and CO2, the loss of carbon from intense droughts and fires in the Amazon, 
and the apparent slowing of mitigating feedback such as the capacity of natural carbon sinks. These are unlikely 
to be proportional to warming, as is sometimes assumed. Instead, abrupt and/or irreversible changes may be trig-
gered at a temperature tipping point. This is particularly worrying as human societies are locally adapted to spe-
cific climatic niches and the cumulative effects of warming are very likely to overwhelm societal adaptive capacity. 
Climate change will also directly trigger other catastrophic risks, such as international conflicts, or intensify the 
spread of infectious diseases and spillover risks. These could be powerful multipliers of extreme hazards. Climate 
change could aggravate vulnerabilities and cause multiple indirect stresses (such as economic damage, land loss, 
and water and food insecurity) that combine into system-wide synchronous failures. Extreme temperatures can 
affect the yields of major cereal crops, and deadly heat could also significantly affect populated areas in West Asia. 
There is a striking overlap between current vulnerable states and future areas of extreme warming, highlighting the 
political fragility of our region, but the ‘four horsemen’ of the climate change endgame are likely to be famine and 
malnutrition, extreme weather events, armed conflict, and vector-borne diseases. Further reading. Kemp et al. 2022 
(climate change scenarios).

In some regions of West Asia, such as Central Anatolia, marble quarrying is a major source of fine sediment in streams, threatening freshwater 

biodiversity.

Introduction of non-native species. Many freshwater fish 
species are threatened by invasive non-native species, with 
many fish assemblages being replaced by communities 
dominated by non-native fish species. We know that 35 non- 
native freshwater fish species have been introduced, and  
29 species have become established in West Asia. This does 
not include the unknown number of cichlids introduced 
from Lake Malawi into the warm spring of Nahal Amal in 
Israel or the many tropical species introduced by aquarium 
hobbyists into the hot springs of the upper Sakarya drainage 
in Türkiye. Four species of Xenocyprididae are or have been 

regularly stocked but have yet to become  established in the 
region. Similarly, rainbow trout (Oncorhynchus mykiss), 
despite being the most commonly farmed and escaped 
freshwater fish species, has yet established very few pop-
ulations recorded in the region. Species such as Carassius 

auratus, Clarias gariepinus, Coptodon zillii, Cyprinus carpio, 
Gambusia holbrooki, Hemiculter leucisculus, Heteropneus-

tes fossilis, Lepomis gibbosus, Oreochromis aureus, Poecilia 

“latipinna”, Pseudorasbora parva, and Rhinogobius sp. have 
expanded their ranges within the region. They are believed 
to be negatively impacting native fish communities where 
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they occur. Although there are very few specific studies 
of the impact of these non-native species, it appears that 
they are out-competing native species, and the situation 
is particularly alarming in many regions as native habi-
tats shrink due to habitat degradation, water scarcity, and 

The rapid spread of invasive species is a widespread threat throughout West Asia. Here, Gambusia holbrooki is in the habitat of Anatolichthys 

transgrediens.

environmental changes. Research on the impact and distri-
bution of non-native species is strongly recommended to 
understand their effects, behaviour better, and, in particu-
lar, ways and means to limit their spread.



Family Petromyzontidae

Lampreys are jawless and eel-like animals with seven 
roundish gill openings behind the eye but lacking paired 
fins. They have a very distinctive oral disc armed with 
rows of horny teeth, which they use to attach themselves 
to surfaces and prey. The dentition of the oral disc is an 
important character in identifying genera (Figure 26–27). 
All lampreys are found in cooler waters above 20° northern 
and southern latitudes. Petromyzontidae are found in the 
north, while a few species of other families are found in the 
southern hemisphere.

Lampreys spawn in spring and die shortly after 
spawning. They spend several years in a larval stage 
(ammocoete). The duration of the ammocoete stage is still 
controversial, but we know that lamprey species in West 
Asia undergo metamorphosis between late summer and 
early winter. Juveniles are always shorter than adult ammo-
coetes (larvae shrink during metamorphosis). Migrating 
Petromyzon marinus are attracted by steroidal pheromones 
released by stream-dwelling larvae, which indicate habitat 
suitability. These compounds are detected at extremely low 
concentrations and are released in large quantities. Labora-
tory experiments show that each Petromyzon larva activates 
at least 400 l of water per hour. Spawning lampreys cease 
their normal daylight avoidance and spawn on sunny days. 
The male arrives first at the spawning site and releases a 
bile acid that acts as a sex pheromone, inducing the ovu-
lated female to search for him. Spawning generally occurs 
in fast-flowing water, often at the head of riffles in streams. 
During spawning, the male attaches to the female’s neck and 
wraps his body around her. The female then deposits the 
eggs in the gravel with her belly.

Lampreys

Lampreys are not fishes. They are a distinct lineage of 
vertebrates traditionally associated with fishes. Lampreys 
evolved in the marine environment and originated in the 
Ordovician period, at least 450 million years ago. This 
makes them survivors of five of the Earth’s great extinction 
events. Lampreys are often thought to be related to hagfish 
(Myxiniformes), which are a sister group to lampreys. 
Ammocoetes, the filter-feeding worm-like larval stage of 
modern lampreys, have long influenced hypotheses of ver-
tebrate ancestry. The life history of modern lampreys, from 
a superficially amphioxus-like ammocoete to a specialised 
predatory adult, was thought to exemplify the origin of ver-
tebrates. However, recent analyses of immature specimens 
of Palaeozoic stem lampreys show that they lack an ammo-
coete larval stage. Ammocoetes are specialisations of the life 
history of modern lampreys rather than relics of vertebrate 
ancestry. Since modern hagfish also lack a larval stage, the 
last common ancestor of hagfish and lampreys was prob-
ably a macrophagous predator without a filter-feeding 
larval stage. The earliest known record of the ontogenic 
transition from ammocoete to adult is Mesomyzon from 
Early Cretaceous lake beds in China. All modern lamprey 
lineages have evolved in freshwater within the last 200 
million years. The derived state of an ammocoete and 
the prolonged filter-feeding larval phase undoubtedly 
delayed the need for the endocrine function of a thyroid 
gland in iodine-poor freshwater environments. This is 
one of the mechanisms that allowed lampreys to evolve  
in freshwater.
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Figure 26. Oral disc of 

Lethenteron camtschaticum and 

dentition terminology (from 

Kottelat & Freyhof 2007, ©  

N. Akiyama).
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Of the four species from West Asia, two are anadro-
mous: Caspiomyzon wagneri and Petromyzon marinus. 
Caspiomyzon is a predatory species, and Petromyzon 
is parasitic. The two species of Lampetra in West Asia 
are sedentary; they do not feed after metamorphosis. 
Instead, they spawn in the spring after metamorphosis. 
Other species of Lampetra are found in Europe. 

Further reading. Vladykov & Kott 1979 (diversity, distribu-
tion); Hardisty & Potter 1971–1982, Hardisty 1979, Hardisty 
1986a (biology); Youson & Sower 2001 (thyroid hormones); 
Gills et al. 2003 (phylogeny); Sorensen et al. 2005 (phero-
mone); Gess et al. 2006 (fossils); Lang et al. 2009 (phylogeny); 
Docker et al. 2015 (review); Miyashita et al. 2021 (evolution 
of ammocoetes); Hughes et. al. 2025 (generic concept). 

Figure 27. Mouth of Petromyzontidae: from left: Caspiomyzon wagneri; Lampetra ninae; Petromyzon marinus (© A. Hartl).

Key to lampreys in West Asia

1a - Supraoral lamina narrow, with a single tooth or two adjacent teeth; anterial, posterial, and exolateral teeth 
numerous, in regular backward-curved radiating rows.
………………2
1b - Supraoral lamina transversely elongate, with a single tooth at each end; if present, anterial, posterial, and exolateral 
teeth not in regular backward-curved radiating rows.
………………3

2a - Infraoral lamina with 4–6 large, blunt teeth; oral disc width less than body width. 
………………Caspiomyzon wagneri

2b - Infraoral lamina with 7–8 large, sharp teeth; oral disc width greater than body width. 
………………Petromyzon marinus

3a - Posterial teeth absent or only two single unicuspid teeth.
………………Lampetra lanceolata

3b - Posterial teeth usually present in an interrupted or complete row, 4–23 unicuspid and bicuspid teeth.
………………Lampetra ninae
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Caspiomyzon

The genus Caspiomyzon comprises three species: one 
migratory and feeding as adults, and the other two are 
resident brook lampreys, not feeding as adults. While 
C. wagneri is widespread, especially in the southern Caspian 
basin, both Caspiomyzon brook lampreys (C.  hellenicus,  

C.  graecus) are locally endemic to the Mediterranean 
basin (Greece and Albania). Both have been described in 
the European genus Eudontomyzon, and their placement 
in Caspiomyzon raises some interesting biogeographic 
questions, as Caspiomyzon does not occur in the Black Sea 
basin. A migratory lamprey historically known from the 
Black Sea basin was initially placed in the genus Eudon-

tomyzon, but when rediscovered, it was identified as a 
species of Lampetra.

two closely connected teeth / ● supraoral lamina tooth  
blunt / ● infraoral lamina with 4–6 large teeth / ○ oral disc 
width less than body width / ○ ammocoetes with 53–68 
trunk myomeres. Size up to 575 mm TL.
Distribution. Caspian Sea and most (even relatively small) 
tributaries. In West Asia, Kura drainage, up to Astara, 
lower Aras (Azerbaijan), and coastal Caspian rivers east 
to Gorgan. In Iran, now restricted to a few rivers, between 
Sefid to Gorgan. Also found in European Caspian basin. 
Migrated to uppermost tributaries of Volga (1500 km), but 
spawn along all rivers where suitable substrate exists.
Habitat. Adults live in sea caught down to depths of 
600–700 m. Spawns in sections of rivers and streams with 
strong currents. Ammocoetes live in detritus-rich sand or 
clay sediments, selecting and changing habitats according 
to sediment size as they grow.
Biology.  Anadromous; upstream migration of adults in 
autumn and spring. In Kura and Iran, autumn run begins 
in late October and peaks in December and January; spring 
run begins in mid-March to late May, with peak spawning 
migration in April (at 16°C) (Iran). In shorter rivers, most 
individuals migrate in spring. Migration occurs at dusk 

Caspiomyzon wagneri; Tajan, Iran; ~400 mm TL.

Caspiomyzon wagneri; Samur, Russia; 247 mm TL. © A. Naseka.

Caspiomyzon wagneri

Common name. Caspian lamprey.
Diagnosis. Distinguished from other species of lam-
preys in West Asia by: ● many small teeth in regular 
backwards-curved radiating rows / ○ all teeth low, blunt, 
 button-shaped / ○ supraoral lamina short, with one, rarely 
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and night, peaking about 2 hours after sunset and during 

daylight hours when water temperature rises to 13–14°C. 

Migrate 2–16 km per night. Spawn in pairs in March–June 

(rarely in July) when temperature reaches 13–23°C. Eggs 

laid in crescent-shaped nests made of gravel and small 

stones. Ammocoetes hatch in 8–10 days. Ammocoete 

stage lasts 2–4 years. Feeds on detritus and microorgan-

isms. Metamorphosis begins in mid–July and lasts until 

October. After metamorphosis, juveniles migrate to sea 

until December of same year. Adults stay at sea for at least 

17 months. In lower Volga, occurrence of small (about 

190–310 mm TL) and large (370–550 mm TL) mature adults 

suggests that adults may feed one or two summers before 

spawning. Feeding behaviour unknown. Due to their fat 

content and abundance, dried C. wagneri were formerly 

used as candles in Russia.

Conservation status. LC; historically found in all Caspian 

rivers. Limited by dams to lower part of rivers. Discharged 

when caught in Iran due to religious reasons. Rare, with 

only a few remaining spawning sites in rivers draining 

from eastern Caucasus, where it might have stabilised 

at a low level. In Volga, a sharp decline was observed 

during the 20th century. Potentially still abundant in Ural, 

but more information is needed at present. The status of 

landlocked populations in reservoirs in lower Volga must 
be confirmed.
Further reading. Berg 1949b, Holčík 1986 (biology); Renaud 
2011 (morphology, biology); Coad 2016c (review); Abdoli  
et al. 2017 (migration pattern); Nazari et al. 2017 (biology).

Lampetra planeri; Danube drainage, Germany; newly hatched ammocoete, ~10 mm TL. © A. Hartl.

Lampetra

There are 13 species in the genus, 4 of which are preda-
tory and 9 nonpredatory brook lampreys. Most are known 
from Europe and the Asian part of the Black Sea basin. 
Several North American species are still placed in Lam-

petra, as a global phylogeny of lampreys shows that the 
genus Lampetra is not restricted to the Western Palaearc-
tic. The evolution of brook lampreys has been much dis-
cussed in Lampetra. Brook lampreys are superficially 
similar to migratory lampreys of the same genus but do 
not smoltify and migrate downstream after metamorpho-
sis. Instead, they remain in the streams and spawn in the 
approaching spring without feeding. As brook lampreys 
do not feed after metamorphosis, they do not grow (but 
shrink). Both predatory and brook lampreys may spawn 
simultaneously at the same sites, but they are reproduc-
tively isolated due to their size-related mating behaviour. 
However, it has always been believed that brook lampreys 
evolve from migratory lampreys, and ecological factors 
during their larval phase have been discussed to trigger 
whether or not they become migratory. Several studies 
have attempted to determine whether their nucleotides 
support the independent occurrence of predatory and 
nonpredatory lampreys and their recognition as separate 
species. The question is whether the two constitute differ-
ent life-history strategies of a single but phenotypically 
highly bipolar species.

Analyses of mitochondrial markers from a geo-
graphically broad set of Central and Southwest Euro-
pean Lampetra populations definitively demonstrated 
nonmonophyly in the widespread Central European 
nonpredatory species L. planeri compared to the preda-
tory L. fluviatilis. However, it remains to be seen if this is 
due to ongoing gene flow or incomplete lineage sorting.  
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Lampetra lanceolata

Common name. Anatolian brook lamprey.   

Diagnosis. Distinguished from L. ninae by: ● posterial 

teeth absent or only two unicuspid teeth present. Size up to 

140 mm TL in adults, 173 mm TL in ammocoetes.

Distribution. Türkiye: İyidere and Yanbolu drainages, 

coastal streams flowing into Black Sea between Rize and 

Trabzon, also in upper Melen, and streams flowing into 

Lake Sapanca.

Habitat. Lower parts of rivers with slow currents and bottoms 

rich in organic material. Ammocoetes live in detritus-rich 

sand or clay sediments. Spawns on gravel substrate.

Biology. Nonpredatory, freshwater resident. Larvae begin 

metamorphosis after third summer and reach a total length 

of 130 mm at end of summer. Likely to spawn in April and 

May at water temperatures between 13 and 15°C.

Conservation status. CR; distributed up to 15 km inland 

from mouth of İyidere, where it has declined sharply and 

is now very rare. There are now six hydroelectric dams in 

the İyidere, which caused massive habitat change due to 

pulsed flooding. Status and distribution in other streams 

are unknown. Very rare in Sapanca Lake basin.

Further reading. Kux & Steiner 1972 (description); Lang 

et al. 2009 (generic position); Gözler et al. 2011 (ecology); 

Renaud 2011 (description).

A comprehensive genome-wide comparison of a predatory/
nonpredatory species pair from the same location  
(L. fluviatilis/L. planeri) revealed strong genetic differen-
tiation despite shared mitochondrial haplotypes in these 
two populations. This genome-wide strong differentia-
tion is likely the rule, not an exception. After decades 
of research, we still need to learn how brook lampreys 
evolved from predatory lampreys. This is an area that will 
undoubtedly attract further research in the future.

All non-feeding species of Lampetra have likely evolved 
from L. fluviatilis and its ancestors. Furthermore, all brook 
lampreys have been isolated from this predatory lamprey 
at different times. Finally, an additional migratory species 
was widespread in the northern Black Sea basin, where  
L. fluviatilis is not found. This species was previously referred 
to as Eudontomyzon sp. “Migratory” until, after more than 100 
years without records, such an animal was found in the Sea 
of Azov. This individual was identified as a migratory species 
of Lampetra. Due to the political unrest in Eastern Ukraine, 
no new data could be collected on this very rare lamprey, 
and thus, no molecular data are available for this species. 
This migratory Lampetra species from the Sea of Azov is 
likely related to L. lanceolata and L. ninae. Further reading.  
Naseka & Diripasko 2008 (rediscovery of Black Sea lamprey); 
Lang et al. 2009 (phylogeny); Mateus et al. 2013, Espanhol et 
al. 2007, Pereira et al. 2010 (book lampreys).

Lampetra lanceolata; İyidere, Türkiye; 129 mm TL.
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Lampetra ninae

Common name. Caucasian brook lamprey.
Diagnosis. Distinguished from L. lanceolata by: ● posterial 
teeth usually present in interrupted or complete rows, 
4–23 unicuspid and bicuspid teeth. Size up to 166 mm TL in 
adults, slightly longer in ammocoetes.
Distribution. Caucasian Black Sea basin of Russia and 
Georgia: Shakhe, Mzymta, and Chakhtsutsyr drainages 
south to Bzyb’ and Mokva in Abkhazia (Georgia) south to 
the border between Georgia and Türkiye.

Habitat. Foothills zones in clear, well-oxygenated brooks. 
Ammocoetes live in detritus-rich sands or clay sediments.
Biology. Nonpredatory, freshwater resident. Metamor-
phose in autumn. Spawning biology unknown but sus-
pected to be identical to L. lanceolata, which overwinters 
and spawns in spring.
Conservation status. LC; still common and widespread 
within its small range.
Remarks. Described as a species of the Arctic genus Lethen-

teron. Molecular studies indicate that it is very closely 

Petromyzon marinus; Rhine drainage; Germany; ammocoete, ~100 mm TL.

Petromyzon marinus; Rhine drainage; Germany; juvenile, ~120 mm TL.

Lampetra ninae; Shakhe, Russia; 164 mm TL. © S. Tuniev.
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related to L. lanceolata. Both may be conspecific, and 
further research is needed.
Further reading. Lang et al. 2009 (generic position); 
Naseka et al. 2009 (description); Naseka et al. 2016 (descrip-
tion, distribution).

Biology. Anadromous, parasitic. Adults migrate to rivers in 
autumn and winter. Spawns in pairs, April–July, mostly in May 
and early June, when temperatures reach at least 15°C. Spawn-
ing individuals stop their normal daylight avoidance response 
and breed on sunny days. Male dig a shallow nest in areas with 
strong currents. Ammocoete stage lasts 5½–7½ years. Feeds 
on diatoms and detritus, metamorphoses at 130–150 mm TL 
in late summer, and migrates to sea. Adults parasitise various 
fish species at sea, even whales and other cetaceans. It usually 
does not kill its hosts but feeds on small amounts of blood and 
body fluid from a single host for several days. Adults feed for 
about 3 years before migrating to spawning grounds.
Conservation status. LC; rare but widespread. Popula-
tions in Europe, which had declined due to pollution, have 
recovered since the 1980s but appear to be declining again 
in recent years.
Remarks. In 1921, 90 years after opening of the Welland 
Canal, the Lake Ontario population entered other Great 
Lakes of North America. Combined with other factors, 
this caused a sharp decline in many native species and the 
extinction of three endemic coregonids.
Further reading. Potter & Osborne 1975 (identification); 
Hardisty 1986b (biology); Rodríguez-Muñoz et al. 2004 
(genetics); Çevik et al. 2010 (record in Türkiye).

Petromyzon

The monotypic genus occurs in North America, North Africa, 
Europe, and occasionally in the Eastern Mediterranean. It  
is one of the largest lampreys in the world and the most 
well-known and best studied, especially due to its invasion 
and tremendous effects in the North American Great Lakes. 
There is no record of larvae or an established population  
of Petromyzon in West Asia. Therefore, the solitary individ-
uals found are likely stayers from the western Mediterra-
nean population. On the other hand, larvae are difficult to 
find, and more research is needed.    

Petromyzon marinus; Rhine drainage; Germany; adult, ~850 mm TL. © A Hartl.

Petromyzon marinus

Common name. Sea lamprey.
Diagnosis. Distinguished from other species of family 
in West Asia by: ● adults grey to yellow with dark-brown 
blotches, no blotches in juveniles / ○ supraoral lamina short, 
with two adjacent teeth / ● infraoral lamina with 7–8 large, 
sharp teeth / ○ oral disc wider than body width / ○ many 
small teeth on oral disc, in regular backward-curved radi-
ating rows / ○ all teeth sharp / ● 66–75 trunk myomeres /  
○ ammocoetes with black pigment on caudal. Size up to 
1200 mm TL.
Distribution. Occurs very irregularly in Mediterranean 
rivers in Türkiye. Widespread on both sides of North Atlan-
tic, north to Iceland, and along Norwegian coast to Barents 
Sea (Ura, Kola Peninsula). North Sea, Baltic, and western 
and central Mediterranean basins very rare in eastern 
Mediterranean and Baltic basins. Several land-locked popu-
lations in North America.
Habitat. Adults at sea offshore. Spawns in strong-current 
habitats of rivers and streams. Ammocoetes in detritus-rich 
sand or clay sediments.



victim of massive overfishing. All requiem sharks reproduce 
viviparously, with internal fertilization. Unlike many other 
sharks, they do not feed their young with unfertilised eggs 
in the uterus, and they are not cannibalistic. Several marine 
shark species have been reported from the Shatt al Arab in 
Iraq. To identify them, identification resources about marine 
sharks must be consulted. Further reading: Ebert et al. 2013 
(diversity); Nelson et al. 2016 (diversity).

Carcharhinus leucas

Common name. Bull shark.
Diagnosis. Only shark in freshwaters in West Asia. Size up 
to 3400 mm TL, usually up to 2000 mm TL have been esti-
mated in Iraqi freshwaters.
Distribution. In West Asia, in Persian Gulf basin, where 
it enters Euphrates-Tigris drainage. In Iran, migrates into 
Karun and Khowr-e Bahmanshir. In Iraq, once regularly 
upriver to Baghdad, but currently only up to Basra due to 
dams. Worldwide in warm temperate to tropical seas. Absent 
from Mediterranean and very rarely reported from Atlantic 
coast of Western Sahara. Reported to enter freshwater almost 
throughout its range, including Amazon, Gambia, Ganges, 
Mississippi, San Juan (and Lake Nicaragua), Zambezi, and 
many rivers in southern Africa, New Guinea, and Australia.
Habitat. Continental shelf waters to a depth of about 150 m, 
but usually less than 30 m. Frequently found in estuarine 
and freshwater areas of lower and middle reaches of rivers. 
Brackish and freshwater habitats are major nursery areas.
Biology. Euryhaline, moves freely between marine and 
freshwater. Tolerates hypersaline conditions up to 53 ‰. Life 
span is about 14 years. Matures at about 6 years to a length 

Requiem sharks

The family of about 12 genera and 58 species of large sharks is 
found worldwide in tropical and subtropical waters. It is dis-
tinguished from all other families of sharks by having an anal 
fin, five gill-slits, a streamlined body, several rows of triangu-
lar teeth in the jaws, two dorsals without an anterior spine, 
and a short head, not laterally widened to a “hammer” shape. 
The largest species of the family is the tiger shark Galeocerdo 

cuvier, reaching up to 7 m. However, most requiem sharks 
reach 3 m or less. One species, the bull shark, regularly enters 
freshwater habitats and penetrates up to 4000 km inland in 
the Amazon. It is known to breed in freshwaters and occurs in 
some lakes in Central America and New Guinea, where it is the 
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Carcharhinus leucas; South Africa. © Shutterstock/Carlos Aguilera/133701370.
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Freshwater shark attacks. Imagine standing knee-deep in the river, washing your fishing gear after a successful 
day’s work. Suddenly, you hear a splash beside you, and then you fall because a shark has taken a bite out of your 
wade. You cannot get up because you do not have a clam, and then you see the shark coming back through the 
murky water. This nightmare is a bull shark attack and has happened many times. Bull sharks are often found in 
shallow estuarine waters, entering rivers hundreds of kilometers upstream of the estuary. They frequently hunt 
along shores, and their activities are likely to overlap with those of humans. Bull sharks are among the most dan-
gerous sharks in the world, if not the most dangerous. From Iraq and Iran, 45 freshwater bull shark attacks were 
reported between 1938 and 1970, 19 of which were fatal. This represents 34 % of all shark attacks in freshwater 
worldwide, making the northern Persian Gulf one of the most dangerous freshwater areas in the world for shark 
attacks. Of course, we should not compare these figures with the number of fatal car accidents in the same region. 
Further reading. Coad 2015a (shark attacks in the Persian Gulf).

of 1600–2250 mm TL for females and 1800–2300 mm TL for 
males. Gestation period is 10–11 months and up to 13 embryos 
are reported. Usually, gives birth in estuaries. Juveniles are 
between 560 and 810 mm TL. Can swim up to 180 km in 24 
hours. One of the most dangerous sharks. Freshwater attacks 
are rare but responsible for most shark attacks in shallow 
estuarine and coastal waters worldwide. Carnivorous, feeding 
near bottom on vertebrates such as fish, elasmobranchs, sea 
turtles, sea snakes, and large invertebrates such as crabs, sea 
urchins, and cephalopods. Juveniles usually take fish.

Conservation status. VU; still found in Iraqi and Iranian 
freshwaters. Worldwide heavily depleted with declining 
populations. Commonly caught in commercial and recrea-
tional fisheries. Usually not a target species but caught as 
by-catch or as part of a multispecies fishery. Has been com-
mercially exploited for its skin, liver oil, and meat, with fins 
currently being the main product.
Further reading. Fowler et al. 2005; Coad 2015a (biology,  
distribution).

Large lowland rivers are the freshwater habitat of Cacharhinus leucas, as here in lowermost Shatt al Arab in Iraq.
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migration generally starts in late summer and is less marked 

when temperatures fall below a threshold. Many individu-

als overwinter in freshwater. The main peak of upstream 

migration usually occurs in early spring. The individuals 

returning to rivers in late summer often move and spawn 

further upstream than those migrating in spring. All species 

spawn in freshwaters in spring and summer. Spawning gen-

erally takes place in fast-flowing water, on gravel bottom. 

Females return to foraging areas immediately after spawn-

ing, while males often remain at the spawning grounds for 

many weeks, waiting for other females. Females of most 

species do not spawn every year. Eggs and larvae are very 

sensitive to low oxygen concentrations. The juveniles of ana-

dromous species usually migrate to the sea during their first 

summer. All sturgeons can complete their life cycles in pure 

freshwater, and non-anadromous, riverine individuals or 

populations existed in S. nudiventris and S. gueldenstaedtii. 

Sturgeons

Sturgeons are a small family restricted to the northern  

hemisphere, in Europe, northern Asia, and North America. 

Traditionally, all sturgeon species found in Western Asia and 

Europe were placed in two genera: Acipenser (nine species) 

and Huso (one species). Other genera in the family Acipens-

eridae include Scaphirhynchus, with three species in North 

America, and Pseudoscaphirhynchus, with 1-3 species in the 

Aral basin in Central Asia. The phylogeny of sturgeons has 

been well understood for many years, and it has long been 

evident that the genus Acipenser is paraphyletic. This has 

not been reflected into a generic classification, as species 

such as Sterletus stellatus have been found to occupy differ-

ent positions in different analyses. Therefore, sturgeon phy-

logeny was considered preliminary. This was also intended 

to avoid renaming these highly threatened species, as it 

was feared that name changes would hinder sturgeon pro-

tection. Sturgeon phylogeny has recently been reanalysed 

and, for the first time, translated into a new generic struc-

ture. Pseudoscaphirhynchus and Scaphirhynchus remain 

valid genera, but Acipenser now comprises only A. sturio, 

A. desotoi and A. oxyrinchus. All other West Asian and Euro-

pean Acipenser species have been placed in the genus Huso, 

ignoring that Huso is a junior synonym of Sterletus. The 

type species of Sterletus is the American lake sturgeon (S. 

fulvescens). Consequently, all sturgeon species in the Pacific 

basin in Asia and America, including Huso dauricus, have 

been placed in the genus Sinosturio. Users of species names 

now have three options: 1) treat the knowledge of sturgeon 

phylogeny still as too incomplete to risk causing confusion 

by changing the names, 2) place all sturgeons in the family 

Acipenseridae in the genus Acipenser (requiring few name 

changes), or 3) accept the proposed generic concept, as we 

do in this book.

Sturgeons are a very isolated group of fishes resembling 

sharks with a heterocercal caudal, a largely cartilaginous 

skeleton, and an intestine with a spiral valve. The earliest 

fossil sturgeon is Protopsephurus from the Barremian (126.5–

121.4 million years ago) in the Cretaceous of China. Sturgeons 

are large fish with five rows of hard bony plates, no scales, 

four barbels, a projecting snout, and an inferior mouth 

forming a protrusible tube. Bony plates or scutes are more 

prominent in small individuals, often partly hidden under 

the skin in adults. Most sturgeons are anadromous, forag-

ing in marine waters or freshened parts of seas and under-

taking long spawning migrations to large rivers. Upstream 
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difficult to find, farms gradually shift to in-farm spawners. 

It is common for S. persicus outside their main distribution 

range to be confused with S. gueldenstaedtii by sturgeon 

farmers, who often mix them with this species.

Further reading. Holčík et al. 1989a (biology, systematics); 

Birstein & Bemis 1997 (biology, conservation); Elvira 2000 

(conservation); Pikitch et al. 2005 (conservation, fisheries); 

Krieger et al. 2008 (molecular phylogeny); Havelka et al. 

2011 (cytogenetics); Near & Thacker 2024 (fossil); Brown-

stein & Near 2025 (generic concept); Kottelat & Freyhof 2025 

(Sterletus vs. Huso).

Figure 28. Ventral view of head of: left, S. persicus, 550 mm TL; right, 

S. gueldenstaedtii, 450 mm TL.

Among all Western Palaearctic fishes, sturgeons are 

the family most strongly impacted by human activities 

such as damming and overfishing. All anadromous stur-

geons are now very rare in the Black Sea basin, following 

the impoundment of almost all spawning rivers. It is also 

evident that nearly all individuals found today descend 

from stocked juveniles produced in sturgeon farms. The 

last Black Sea tributaries that still support natural migrat-

ing populations are the Danube and the Rioni (Georgia). 

The Rioni is the key river in the Black Sea basin, home to 

the last populations of S. nudiventris (if still extant) and S. 

persicus. Despite their critical status these species are still 

overfished in the Rioni. The Caspian sturgeon populations 

are under immense pressure due to overfishing and the 

loss of spawning sites. It is clear that, except for S. stella-

tus, all anadromous sturgeons discussed in this book now 

completely depend on stocking. Overfishing at sea for meat 

and in rivers for caviar has resulted in their extinction. 

Indeed, sturgeons are a conservation success story, as most 

species would be completely extinct today without farming 

and stocking. Populations depend on stocking of juveniles 

from fish farms. This makes identification even more prob-

lematic as most sturgeon farms produce different hybrids. 

The most frequent hybrid is a cross between S. huso and S. 

ruthenus (called “bester”). Furthermore, non-native species 

such as S. baerii and different American species are widely 

produced and stocked. Fish farms in the Black and Caspian 

Seas used wild-caught genitors. As these are increasingly 

Scute terminology in Acipenseridae. A series of scutes or bony plates partially cover the body of a sturgeon. The 

scutes are more prominent in juveniles and become embedded and reduced as they grow. Scutes are most deeply 

embedded and reduced in adult S. huso. Scutes are arranged in five longitudinal rows, one row along the dorsal 

midline between the head and the dorsal origin (dorsal scutes), one midlateral row from the head to the caudal 

(lateral scutes), and one row between the pectoral base and the anal origin (ventral scutes). Rhombic or star-shaped 

bony denticles may be present at least between the dorsal and lateral scute rows; some denticles are enlarged to 

form plates, especially in the posterior part of the body. These denticles are very prominent in juveniles of S. stella-

tus, S. gueldenstaedtii, and S. persicus but become relatively smaller and often deeply embedded in adults. In other 

species, denticles are often absent or very small. In Acipenser sturio, the denticles are more prominent, large, and 

clearly visible in adults. All scutes and denticles may be lacking in some individuals of all species.
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Key to species of Acipenseridae in West Asia

1a - Gill membranes joined broadly to each other and free from isthmus; mouth very large, crescent-shaped.

………………S. huso

1b - Gill membranes attached to isthmus and not joined to each other and attached to isthmus; mouth small and 

straight.

………………2

2a - Lower lip continuous, not interrupted in middle; first dorsal scute larger than following ones, fused with head, 

forming an obtuse angle with head profile; barbels fimbriate.

………………S. nudiventris

2b - Lower lip interrupted in middle; first dorsal scute not larger than following ones; barbels fimbriate or not.

………………3

3a - 20–49 fan-shaped gill rakers terminated by several tubercles; 32–62 lateral scutes.

………………S. baerii

3b - 15–35 rod-shaped gill rakers; 23–50 lateral scutes.

………………4

4a - Rhombic or elongated denticles between dorsal and lateral scutes; a series of plates along posterior part of anal 

base; 2–4 plates along lower edge of caudal peduncle.

………………A. sturio

4b - Star-shaped or roundish denticles between dorsal and lateral scutes; no plates along posterior part of anal base; 

0–1 plate along lower edge of caudal peduncle.

………………5

5a - Base of barbels closer to mouth than to tip of snout; snout very long (59–65 % HL), narrow, depressed.

………………S. stellatus

5b - Base of barbels closer to tip of snout than to mouth; snout short (22–36 % HL) and blunt.

………………6

6a - Head triangular, if seen from below (Figure 28); dorsal profiles of head and body forming an obtuse angle; belly 

yellowish-white; dorsum golden brown; snout short, blunt and somewhat rounded, its depth at eye about equal to 

or smaller than its length.

………………S. gueldenstaedtii

6b - Head squarish, if seen from below (Figure 28); dorsal profiles of head and body continuous; belly white; dorsum 

greyish-blue to black; snout elongate massive and curved downward, its depth at eye smaller than its length.

………………S. persicus

Figure 29. Ventral view of the head of a, S. huso; 

b, S. nudiventris; c, S. ruthenus. 

a b c
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Acipenser sturio

Common name. Atlantic sturgeon

Diagnosis. Distinguished from species of Sterletus in West 

Asia by: ○ many rhombic or elongated denticles between 

dorsal and lateral scutes / ○ a series of plates along posterior 

part of anal base / ○ 2–4 plates along lower edge of caudal 

peduncle / ○ first dorsal scute fused with head / ○ 24–40 

lateral scutes / ○ base of barbels midway between mouth 

and tip of snout or closer to mouth / ○ barbels not fimbriate 

/ ○ 15–29 gill rakers / ○ lower lip interrupted in middle / ○ 

diploid. Largest documented size 6000 mm TL and 1000 kg, 

but today rarely exceeds 2000 mm TL.

Distribution. Only spawning river in West Asia was 

Rioni (Georgia). Found along all coasts of Mediterranean 

and Black Sea. Also, North and White Seas, and European 

coasts of Atlantic. Occasionally recorded from Iceland. 

Anadromous, in most large rivers, but not recorded from 

Danube upstream of delta. Currently confined to Garonne 

(France).

Habitat. At sea, coastal and estuarine areas on soft ground. 

In freshwaters, estuaries, and large rivers.

Biology. Anadromous. Males first spawn at 9–13 years, 

females at 11–18 years. Females spawn every other year 

and males every year in March–August when temperatures 

rise above 20°C, later in northern populations and in pop-

ulations spawning further upstream. Spawning migrations 

peak in spring, with a secondary weak peak in late summer 

and autumn. Individuals migrating in late summer over-

winter in rivers and spawn in spring. Spawns in strong-cur-

rent habitats, in large and deep rivers, on stone to gravel 

bottoms. Spent individuals return directly to sea. Some 

juveniles migrate to sea during first summer, but most leave 

freshwater habitats after 2–4 years and remain at sea until 

maturity. At sea, feeds on a variety of molluscs, worms, 

crustaceans, and small fish. Atlantic populations feed ben-

thically, while Black Sea populations feed in pelagic zone, 

mainly on anchovies.

Conservation status. CR; survival appears to depend 

only on stocking. Decline began in 19th century or possibly 

earlier due to massive overfishing, damming, river regu-

lation and pollution. Last natural spawning in 1994. Last 

remaining population (in France) still declining. Population 

in Rioni (Georgia) disappeared in late 20th century. Bycatch 

and accidental kills are still a major problem in France. 

Reintroduction programmes are underway in France and 

Germany.

Further reading. Holčík et al. 1989b (biology); Holčík 

2000 (conservation); Elvira 2000 (biology); Bacalbasa-Do-

brovici & Holčík 2000 (Black Sea population); Rochard, in 

Keith & Allardi 2001 (status in France); Ludwig et al. 2002 

(genetics).

Acipenser sturio; Gironde, France; ~1000 mm TL. © A. Hartl.
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Sterletus baerii

Common name. Siberian sturgeon

Diagnosis. Distinguished from other species of Acipenser 

and Sterletus in West Asia by: ● 20–49 fan-shaped gill rakers 

terminated by several tubercles / ○ lower lip interrupted in 

middle / ○ 10–20 dorsal scutes / ○ 32–62 lateral scutes / ○ 7–16 

ventral scutes / ○ barbels not fimbriate / ○ tetraploid. Size 

usually up to 2000 mm TL and 210 kg.

Distribution. Siberia (from Ob to Kolyma drainages, Lake 

Baikal). Aquaculture has resulted in deliberate and acci-

dental releases, especially in Caucasus. No known estab-

lished populations in West Asia.

Habitat. Deep parts of large rivers with moderate to rapid 

currents. Spawns in main channel over stone-gravel or 

gravel-sand bottom in strong current.

Sterletus gueldenstaedtii

Common name. Russian sturgeon

Diagnosis. Distinguished from other species of Acipenser 

and Sterletus in West Asia by: ○ head triangular, if seen 

from below / ○ base of barbels closer to tip of snout than to 

mouth / ○ barbels not fimbriate / ○ lower lip interrupted in 

middle / ○ 15–31 gill rakers / ○ 8–19 dorsal scutes / ○ 24–50 

lateral scutes / ○ 6–13 ventral scutes / ○ snout short (22–36 

% HL) and blunt / ○ head length 17–19 % TL / ○ many star-

shaped bony denticles of various sizes between dorsal 

Biology. Non-anadromous. Males first spawn at 11–24 years, 

females at 20–28 years (9–10 and 11–12 years, respectively, in 

Lena). Females spawn every 3–5 years and males every 2–3 

years in May–June at 9–18°C. In Siberian part of range, there are 

both sedentary and migratory parts of populations. Migratory 

individuals feed in estuaries and migrate upstream to spawn. 

Before construction of dams on Ob, they migrated about 3000 

km upstream. Spawning migration begins in autumn. Seden-

tary individuals inhabit middle and upper reaches of rivers and 

do not undertake long migrations. Feeds on a variety of benthic 

organisms, including crustaceans and chironomid larvae.

Conservation status. Non-native and not established; 

released for commercial fisheries or escaped from fish 

farms. CR in native range.

Further reading. Sokolov & Vasil’ev 1989b (biology).

and lateral scutes / ○ dorsum golden brown, belly yellow-

ish white / ○ dorsal profiles of head and body forming an 

obtuse angle / ○ no plates along posterior part of anal base 

/ ○ 0–1 plate along lower edge of caudal peduncle / ○ tetra-

ploid. Size up to 2360 mm TL and 115 kg. Evidence does 

not support records of size up to 4000 mm TL. Subfossil 

specimens about 3000 mm TL.

Distribution. Caspian, Black, and Azov Sea basins.

Habitat. At sea, shallow coastal and estuarine areas. In 

freshwaters, deep parts of large rivers with moderate to 

Sterletus gueldenstaedtii; Volga, Russia; ~900 mm TL. © A. Hartl.

Sterletus baerii; aquaculture, Russia; ~700 mm TL. © A. Hartl.
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above 10°C. Larvae drift on currents; juveniles then move 

to shallower habitats before migrating to sea during their 

first summer. Remain at sea until maturity. Feeds on a wide 

variety of benthic molluscs, crustaceans and small fish.

Conservation status. CR; survival appears to depend only 

on stocking. Very rare in Black Sea basin. Almost all spawn-

ing grounds lost due to dam construction. Heavily over-

fished. Caspian populations are under massive pressure 

from overfishing and loss of spawning habitat. Almost all 

migrating spawners are poached below Volgograd dam.

Further reading. Vlasenko et al. 1989a (biology).

Habitat. At sea, pelagic, following food organisms. Migrates 

further upstream to spawn than any other sturgeon (in 

Danube to Germany). Spawns in strong-current habitats in 

main channel of large and deep rivers on rocky or grav-

elly bottoms. Juveniles spend first summer in shallow river 

habitats.

Biology. Anadromous. Males first spawn at 10–16 years, 

females at 14–20 years. Spawns every 3–4 years in 

April–June. A complicated pattern of spawning migra-

tions includes a peak in late winter and spring and a 

peak in late summer and autumn. In spring, individ-

uals migrate from sea prior to spawning. Individuals 

fast currents. Spawns in strong currents (1.0–1.5 m/s) in 

large and deep rivers on stony or gravelly bottoms.

Biology. Anadromous and freshwater populations. A complex 

pattern of spawning migrations includes spring and autumn 

runs. Individuals migrating in spring enter freshwater just 

before spawning, tend to spawn in lower reaches of rivers 

(320–650 km in unregulated Ural). Individuals migrating in 

autumn overwinter in rivers and spawn further upstream in 

spring (900–1200 km in Ural). Males first spawn at 8–13 years, 

females at 10–16 years. Females spawn every 4–6 years and 

males every 2–3 years in April–June when temperatures rise 

Sterletus huso

Common name. Beluga

Diagnosis. Distinguished from other species of Acipenser 

and Sterletus in West Asia by: ● gill membranes joined and 

free from isthmus / ● mouth very large, crescent-shaped / 

● barbels laterally flattened / ○ 9–17 dorsal scutes / ○ 37–53 

lateral scutes / ○ 7–14 ventral scutes / ○ 17–36 gill rakers. 

Largest documented size 8000 mm TL and 3200 kg, but gen-

erally below 5000 mm TL and 1000 kg.

Distribution. Caspian, Black, Marmara, Azov, and Adriatic 

Sea basins. Extirpated and actually reintroduced in Adriatic 

basin.

Sterletus huso; Volga, Russia; ~1000 mm TL. © A. Hartl.
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Sterletus nudiventris; aquaculture, Iran; ~750 mm TL. © K. Abbasi.

of Azov. Last populations in Black Sea basin migrate to 

Danube and Rioni (Georgia). All other populations almost 

extirpated due to overfishing and damming of spawning 

rivers. Occasional individuals are still recorded from Azov 

and Black Seas. No natural spawning in Iranian or Turkish 

waters. Most females recorded are in their first year of 

maturity. 

Further reading. Pirogovskii et al. 1989 (biology).

migrating in autumn remain in river until following 

spring. Yolk sac larvae pelagic for 7–8 days, drifting 

with current. Juveniles migrate to sea during their first 

summer and remain there until maturity. At sea, feeds 

on a wide variety of fish; seals and birds have also been 

reported as prey.

Conservation status. CR; survival appears to depend 

only on stocking. Extirpated from Adriatic (1970s) and Sea 

Sterletus huso sold illegally at a roadside market close to Batumi in Georgia in 2014.
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Sterletus nudiventris

Common name. Ship sturgeon

Diagnosis. Distinguished from other species of Acipenser 

and Sterletus in West Asia by: ● lower lip continuous, not 

interrupted in middle / ● first dorsal scute larger than fol-

lowing ones, fused with head, forming an obtuse angle with 

head profile / ○ barbels fimbriate / ○ 24–45 gill rakers / ○ 

11–17 dorsal scutes / ○ 49–74 lateral scutes / ○ diploid. Size 

up to 2200 mm TL.

Distribution. Black, Azov, Caspian, and Aral Sea basins. 

Danube up to Bratislava, Volga up to Kazan, Ural up to 

Chkalov, unknown or very rare in others. Introduced in 

Lake Balkhash (Kazakhstan) from Syr-Darya (Aral basin) in 

1960s.

Habitat. At sea, near coasts and estuaries. In freshwater, 

deep sections of large rivers. Juveniles in shallow river 

habitats. Spawns in strong-current habitats in mainstem of 

large and deep rivers on stony or gravelly bottoms.

Biology. Anadromous, with some non-migratory freshwa-

ter populations. Males first spawn at 6–15 years, females at 

12–22 years. Recorded life span of 36 years, but probably 

much longer. Spring and autumn migrations occur in most 

drainages. Individuals migrating in autumn remain in river 

until following spring to spawn. Females spawn every 2–3 

years and males every 1–2 years in March–May and at tem-

peratures above 10°C. Most juveniles migrate to sea in their 

first summer and remain there until maturity. Recorded 

migrating 1500 km upstream in Amu Darya. Some individ-

uals stay in freshwater for longer periods. Feeds on a wide 

variety of benthic fish, molluscs and crustaceans.

Conservation status. CR; survival appears to depend on 

stocking. Extirpated from Aral and Black Sea basins. Only 

occasional records from Danube, Rioni, and lower Volga. 

Only a very small population may remain in Ural (Russia, 

Kazakhstan). No natural spawning in Iran. Established 

in Lake Balkhash, where it forms a small population, but 

details are not known. Caspian S. stellatus introduced in 

Aral basin were infected by parasitic monogenean flat-

worm Nitzschia sturionis, which caused collapse of Aral 

population of S. nudiventris. 

Further reading. Sokolov & Vasil’ev 1989a (biology).

Sterletus persicus; aquaculture, Iran; ~550 mm TL.
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reproduction is interrupted from June to August when 

temperatures rise above 25°C. Most individuals migrate 

upstream in April–May, but some may enter rivers at other 

times of the year. In southern Caspian basin, there is a 

second run in September–October. Juveniles migrate to sea 

during their first summer and remain there until maturity. 

At sea, it feeds on a wide variety of benthic molluscs, crus-

taceans, and small fish.

Conservation status. CR; survival appears to depend 

only on stocking. Presence generally ignored; individ-

uals often confused with S. gueldenstaedtii. Last spawn-

ing population migrates to Rioni in Georgia. Probably no 

natural reproduction anymore in Caspian basin. Has been 

massively stocked from artificial propagation in Iran. 

Recently, Iranian stocking programmes for this species 

have been discontinued.

Remarks. Acipenser colchicus has been proposed as a valid 

species for the Black Sea population. Molecular or other 

data have not supported this hypothesis, and we treat S. col-

chicus as a synonym of S. persicus. Similar datasets also do 

not support S. persicus as distinct from S. gueldenstaedtii, 

while these two species are always recognised as morpho-

logically distinct, especially in the Caspian basin. Further 

research is needed to resolve this taxonomic issue.

Further reading. Vlasenko et al. 1989b (biology).

Sterletus persicus

Common name. Persian sturgeon

Diagnosis. Distinguished from other species of Acipenser 

and Sterletus in West Asia by: ○ head squarish, if seen from 

below / ○ dorsum greyish-blue to black, belly white / ○ base 

of barbels closer to tip of snout than to mouth / ○ barbels 

not fimbriate / ○ lower lip interrupted in middle / ○ snout 

elongate, massive and curved downward / ○ dorsal profiles 

of head and body continuous / ○ no plate along posterior 

part of anal base / ○ no plate along posterior part of anal 

base / ○ 0–1 plate along lower edge of caudal peduncle / ○ 

15–31 gill rakers / ○ 7–19 dorsal scutes / ○ 23–41 lateral scutes 

/ ○ 7–13 ventral scutes. Size up to 2280 mm TL and 70 kg.

Distribution. Caspian basin, most abundant in southern 

part. Also, in south-eastern Black Sea basin along Georgian 

and Anatolian coasts where it enters Rioni and previously 

lower Danube.

Habitat. At sea, coastal and estuarine zones. Spawns in 

strong-current habitats in main channel of large and deep 

rivers on stony or gravel bottoms. Juveniles spend their 

first summer in riverine habitats.

Biology. Anadromous. Males first spawn at 8–15 years, 

females at 12–18 years. Does not spawn every year. Spawns 

June–August when temperature rises above 16°C. In 

southern Caspian basin, spawns April–September, but 

Sterletus stellatus; Danube, Hungary; ~1200 mm TL. © Z. Sallai.

Distribution. Caspian, Black, Azov, and Aegean basins, 

ascending rivers to spawn. Introduced in Aral basin.

Habitat. At sea, in coastal and estuarine areas. Feed on 

bottom, usually on clayey sand, and intensively in middle 

and upper water layers. Spawns in strong currents in 

main channel of large and deep rivers, on stone or gravel 

bottoms. Also, spawns on flooded riverbanks; if gravel 

bottom is unavailable spawns on sand or sandy clay. Juve-

niles occupy shallow river habitats during first summer.

Biology. Anadromous. Males first spawn at 6–12 years, 

females at 8–14 years. Females spawn every 3–4 years and 

Sterletus stellatus

Common name. Stellate sturgeon

Diagnosis. Distinguished from other species of Acipenser 

and Sterletus in West Asia by: ● snout very long (59–65 % 

HL), narrow, dorsoventrally compressed / ○ star-shaped 

bony denticles between rows of scutes / ○ no plate along 

posterior part of anal base / ○ 0–1 plate along lower edge 

of caudal peduncle / ○ 9–16 dorsal scutes / ○ 26–43 lateral 

scutes / ○ 9–14 ventral scutes / ○ base of barbels closer 

to mouth than to tip of snout / ○ lower lip interrupted in 

middle / ○ 24–29 gill rakers / ○ diploid. Size up to 2180 mm 

TL and 54 kg.
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loss of spawning grounds. Stocks are rapidly declining. 

Almost all migrating spawners poached below Volgograd 

dam. 

Further reading. Shubina et al. 1989 (biology); Economidis 

et al. 2000 (Aegean Sea).

males every 2–3 years in April–September. Spawns only 

under relatively constant hydrological conditions. Fluctu-

ating hydrological conditions result in high egg mortality. 

Upstream migration with two peaks in spring and autumn. 

Migrates at higher temperatures and therefore later than 

other sturgeons. Males spend no more than 6 weeks at 

spawning sites, and females only 10–12 days. Spent individ-

uals return directly to sea. Yolk sac larvae pelagic for 2–3 

days, drifting with current. Juveniles migrate to sea during 

their first summer and remain there until maturity. At 

sea, feeds on a wide variety of crustaceans, molluscs and 

benthic and pelagic fish.

Conservation status. CR; survival appears to depend on 

stocking. Extirpated from Aegean Sea. In Black Sea basin, 

last natural populations still migrate to Danube and Rioni 

(Georgia), where it is heavily overfished. Very few spawn-

ers remain in rest of Black Sea basin. Large numbers were 

stocked from Caspian to Azov basins in 1961–1986. Caspian 

populations under massive pressure from overfishing and 

Rioni in Georgia. One of the last spawning sites of sturgeons left in West Asia.
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The reproduction of A. anguilla has long been a mystery, 

given that sexually mature eels have not yet been found. 

Early ichthyologists were wrong to think that small gobies 

gave birth to young eels because they mistook parasitic nem-

atodes for eel larvae. Another belief, which lasted until the 

late 19th century, was that eelpout Zoarces viviparus gave 

birth to small eels. In 1856, Leptocephalus brevirostris was 

first described from the Mediterranean. It was only in 1896 

that it was recognised as the larvae of Anguilla. Eel larvae 

are called leptocephalus (plural leptocephali). It was then 

hypothesised that the spawning sites were in the Mediterra-

nean, but eel larvae smaller than 30 mm TL have never been 

observed there. In 1904, the first leptocephali were recorded 

outside the Mediterranean (Faroe Islands). Since then, lepto-

cephali smaller than 7 mm TL and yolk-sack larvae have been 

observed in the Sargasso Sea. In East Asia and Europe, eels 

are of major commercial importance, and many threats have 

caused drastic declines in their population. Further reading. 

Fischer & Bianchi 1984 (identification Indian Ocean); Chen 

et al. 2014 (Elopomorpha); Nelson et al. 2016 (diversity).

Freshwater eels

Anguilla belongs to Elopomorpha, a basal phylogenetic 

group that contains various types of fishes. These range 

from tarpons, ladyfishes, and bonefishes to the large 

diversity of true eels (Anguilliformes). All members 

of this group have leptocephalus larvae, unique to the 

Elopomorpha. Anguilla is unmistakably distinct from 

any other eel-like fishes in freshwaters of West Asia, 

characterised by the dorsal, caudal, and anal fins being 

long and confluent and the absence of dorsal spines and 

pelvic fins. The family is small, with about 15–20 species 

in a single genus (Anguilla). All species are catadro-

mous (freshwater residents migrating to spawn at sea). 

Anguilla is known from all oceanic basins except the 

Pacific slope of the Americas. All species spawn in warm 

subtropical areas of deep seas. However, surprisingly 

little is known about their marine habitat. The European 

eel Anguilla anguilla and the Japanese eel A. japonica are 

the best-studied species.

Leptocephalus larvae of an eel; Bermudas; ~100 mm SL. © S. Johnsen.

Key to species of Anguilla in West Asia

1a - Dorsal origin slightly in front of anus.

………………A. bicolor

1b - Dorsal origin clearly in front of anus.

………………2

2a - Flank plain olive yellowish to dark-brown or black, silvery grey from jaw to anus.

………………A. anguilla

2b - Flank mottled in individuals longer than 300 mm TL.

………………A. bengalensis
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Glass eel of A. anguilla; Germany; © J. Simon.

Anguilla anguilla; upper Rhine drainage, Germany; ~600 mm SL. © A. Hartl.

Anguilla anguilla

Common name. European eel

Diagnosis. Distinguished from other freshwater fishes in 

Mediterranean, Caspian, and Black Sea basins by: ● body 

very elongate, slender, and cylindrical / ● dorsal, caudal, 

and anal long and confluent / ● flank plain olive yellowish 

to dark-brown or black, silvery grey from jaw to anus / ○ 

dorsal origin clearly in front of anus / ○ pelvic absent. Size 

usually about 400–600 mm TL, rarely larger, although indi-

viduals up to 2000 TL are reported.

Distribution. All rivers flowing to Mediterranean, Black, 

North, and Baltic Seas and Atlantic as far south as Canary 

Islands. Stocked in many inland waters and occasionally 

caught on Caspian coast and in rivers of Iran. Occasional 

individuals reach Volga drainage through canals. Very 

rarely in White and Barents Seas, recorded as far east as 

Pechora. Small numbers enter Black Sea, migrating east to 

Kuban drainage. Parts of population remain at sea (north-

west Atlantic and Mediterranean).

Habitat. All types of benthic habitats, from small streams 

to banks of large rivers and lakes. Part of population 

remain at sea. Occurs naturally only in waters connected 

to sea, stocked elsewhere. Hypothesised to spawn only in 

Sargasso Sea, in western subtropical Atlantic (about 26°N 

60°W). Spawning area is about 2000 km wide.

Biology. Catadromous. Spawning peaks in early March and 

continues until July. No concrete data on spawning sites, 

but presumably at depths of 100–200 m and at about 20°C. 

Adults die after spawning. Mechanisms by which Lepto-

cephali reach European coasts are not well understood. 

Evidence shows that larvae swim actively and that drifting 

plays a minor role. A statistical re-analysis of data does not 

support the well-known classical scheme of larval migra-

tion in Gulf Stream. Leptocephali reach continental slope 

at about 70 mm and metamorphose into glass eels (almost 

adult appearance but transparent body), which enter 

estuaries. Glass eels are observed on Portuguese coast in 

autumn, in North Sea in winter, and in Baltic Sea in spring. 

Pigmentation increases during upstream migration, and 

juveniles are called elvers. Feeding phase lasts 5–8 years 

for males and up to 12 years or more for females. Males are 

rarely recorded more than 200 km upstream. Downstream 

migration begins in late summer or autumn, and adults 

arrive at spawning sites after spring. In male, eye diameter 

increases significantly before migration. Migrates in open 

water layers of ocean, at about 300–700 m depth. Feeds on 
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of European eel to reach their spawning grounds. Euro-

pean eel is still heavily fished. Exports outside Europe 

are banned, all trade within Europe (for consumption, 

culture, and stocking) is regulated, and quotas are in 

place. However, poaching and illegal trade are believed to 

occur throughout European eel fishery and are a major 

wildlife crime.

Further reading. Schmidt 1925 (breeding site); Boëtius & 

Harding 1985 (migration); Tesch 1991, 1999 (biology); Wirth 

& Bernatchez 2001 (genetics); Dekker 2003 (decline); Pike et 

al. 2020a (biology, distribution, conservation status).

Distribution. In Arabian Peninsula in Wadi Haj and Wadi 

Masila in Yemen. Also, in rivers on east coast of Africa, from 

Pongola in South Africa to Genale in south-west Ethiopia. In 

Asia and Indian Ocean from Pakistan east to Aceh in Indo-

nesia and peninsular Malaysia. Known to occur on oceanic 

islands, including Madagascar, Mauritius, Reunion, and 

others. Unknown if there is one or more spawning grounds 

in Indian Ocean.

a wide variety of benthic organisms. Heavily infected by 

nematode Anguillicoloides crassus, which feeds on blood in 

swim bladder, this parasite was introduced from Japan with 

experimental stocks of Japanese eel A. japonica.

Conservation status. CR; has strongly declined. Upstream 

and downstream migration barriers, including mortality 

from hydroelectric turbines, are a major threat. Further-

more, accumulation of lipophilic chemical contaminants 

stored by fish and released as fat stores are broken down 

during migration. These have toxic effects on migrating 

adults. Anguillicoloides crassus is thought to affect ability 

Anguilla bengalensis

Common name. Mottled Eel

Diagnosis. Distinguished from A. bicolor by: ● dorsal origin 

at about midway between pectoral base and anus, clearly 

in front of anus / ● mottled colour pattern in individuals 

longer than 300 mm in TL. Size usually about 800 mm, 

rarely up to 2000 mm total length.

Anguilla bengalensis; India; 800 mm TL. © J. Els.

Anguilla bengalensis; India; 800 mm TL. © J. Els.
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distribution, there is very little species-specific information 

on its use and trade, as it is usually lumped together with 

other eels in catch statistics. Overfishing is a major concern. 

In some parts of India, it contains levels of contaminants 

that prove toxic to humans.

Remarks. Often, two subspecies are distinguished: Anguilla 

b. bengalensis in Indian Ocean and Anguilla b. labiata in 

Eastern Africa and the Arabian Peninsula. Both subspe-

cies are treated here as conspecific, but further research is 

needed.

Further reading. Talwar & Jhingran 1992 (biology, iden-

tification); Attaala & Rubaia 2005 (Record from Yemen); 

Crook & Nakamura 2013 (trade); Jacoby et al. 2015 (threats, 

conservation); Shiraishi & Crook 2015 (trade); Arai & Abdul 

Kadir 2017a (distribution, habitats); Arai & Arai Kadir 2017b 

(spawning); Chai & Arai 2018 (age at maturation); Pike et al. 

2020b (biology, distribution, conservation status).

Habitat. Mostly found in lowland and coastal areas, but 

many individuals migrate far upstream. Most abundant 

inland eel in India. Juveniles found in habitats with coarse 

gravel and rocks, often in fast-flowing waters.

Biology. Catadromous. Adults reach maturity at 5.5–10.5 

years and die after spawning. A seaward spawning migra-

tion in April and September (Malaysia) suggests a very long 

spawning season of at least 6 months. Very few leptocephali 

of this species have been found. Juveniles feed on insects 

and other aquatic invertebrates, while adults feed on fish 

and crabs. Considered to be an “unspoiled rare ornamental 

species of Himalayan drainage,” often kept in temple ponds 

for religious purposes in India.

Conservation status. NT; although there is little infor-

mation on population trends, it is believed that range and 

abundance are declining worldwide due to dam construc-

tion. It is also used as a food source, but despite its wide 

Anguilla bicolor; Thailand; ~400 mm TL. shutterstock_1595226994 dwi putra stock.
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October–December. Feeds on small fish, crustaceans, and 

molluscs.

Conservation status. NT; due to decline in availability of 

both A. japonica and A. anguilla (species traditionally used 

for aquaculture and consumption), A. bicolor is next pre-

ferred species for plain eels, driving up demand for this 

species in East Asia. Although there are very little data 

available to estimate population changes, it is clear that 

number of glass eels exported worldwide is increasing 

rapidly to meet demand. Anguilla bicolor can be purchased 

online from many suppliers. If catches continue to increase 

at current rates, exploitation is likely to pose a significant 

threat to populations worldwide, and shortfin eel may soon 

be listed as an endangered species.

Remarks. Molecular data suggest that the Indo-West 

Pacific A. bicolor pacifica (from southern China, the Philip-

pines, and the Indonesian islands of Borneo, Sulawesi, and 

New Guinea) may represent its own conservation unit or an 

independent species.

Further reading. Talwar & Jhingran 1992 (biology, iden-

tification); Pethiyagoda 1991 (habitat); Chino & Arai 2010 

(occurrence in Indonesia); Crook & Nakamura 2013 (trade); 

Shiraishi & Crook 2015 (trade); Pike et al. 2020c (biology, dis-

tribution, conservation status).

Anguilla bicolor

Common name. Shortfin Eel

Diagnosis. Distinguished from A. bengalensis by: ● dorsal 

origin slightly in front of anus / ● plain olive yellowish to 

dark-brown or black, silvery grey from jaw to anus. Size 

usually about 500–600 mm, rarely up to 1200 mm TL.

Distribution. In Arabian Peninsula, recorded from Yemen 

along Arabian Sea and Gulf of Aden but may occur else-

where in coastal waters. Widespread in Indian Ocean from 

east coast of Africa to north-west Australia and Greater Sun-

daland.

Habitat. Mostly found in lowland and coastal areas, inhab-

iting estuaries, brackish waters, freshwater lakes, streams, 

ponds, and small rivers. In Malaysia, 75 % of adults have 

been found in freshwater, 20 % in coastal seawater, and 5 % 

in brackish water. Spawns in deep tropical and subtropical 

oceans.

Biology. Catadromous. Arabian eels not yet been extensively 

studied. Live up to 20 years, adults die after spawning. Very 

little known about marine phase. Leptocephali have never 

been found, and more information on spawning areas or 

early life history is needed. Believed to spawn during a 

broad, prolonged season (data from Sumatra). Migrates 

downstream in central Vietnam during storm season, 

Wadi Hadhramaut in Yemen, is the habitat of Anguilla bengalensis and several endemic species.
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large fleshy eyelid, no lateral line, and no adipose fin. The 

order has recently been reviewed, and a new family struc-

ture was proposed, which is followed here. Shads of the 

genus Alosa are now placed in their own family, Alosidae. 

Clupeonella is placed in Ehiravidae, Nematalosa and Tenu-

alosa are in Dorosomatidae. The earliest fossil clupeiform 

is the pan-clupeoid Cynoclupea from the Barremian-Aptian 

(129.4–113.0 million years ago) in the Cretaceous of Brazil. 

Further reading. Whitehead 1985 (diversity); Hoestlandt 

1991a (morphology); Nelson et al. 2016 (diversity); Wang  

et al. 2022 (phylogeny); Near & Thacker 2024 (earliest fossil).

Herrings

A large group of pelagic fishes living in all seas except the 

Antarctic. Clupeiformes is one of the most important fish 

orders in all open-ocean ecosystems. It plays an important 

role in fisheries. Most species are marine, but many enter 

estuaries to forage or spawn. Some are anadromous or per-

manent freshwater inhabitants. Clupeiformes are unmis-

takably distinct from other freshwater fish in the area, 

identified by the presence of a ventral keel with scute-like 

scales forming a toothed edge when viewed in profile, a 

Key to genera of Clupeiformes in freshwaters of West Asia

1a - Snout pig-like, protruding mouth; lower jaw very 

long, its articulation extending behind posterior eye 

margin, usually extending to a point well beyond, almost 

to vertical through posterior eye margin.

………………Thrissina

1b - Snout not protruding mouth; articulation of lower 

jaw not extending behind posterior eye margin.

………………2

2a - Last dorsal ray elongate, filamentous, longer than 

first branched dorsal ray; mouth subterminal.

………………Nematalosa

2b - Last dorsal ray, shorter than first branched dorsal 

ray; mouth terminal or superior.

………………3

3a - Last two anal rays longer than preceding rays and 

paddle-shaped; upper jaw without median notch; no 

black lateral spots; no elongated scales at base of caudal 

lobes.

………………Clupeonella

3b - Last two anal rays of same length as preceding 

rays; upper jaw with median notch; black lateral spots 

present in most individuals; elongated scales at base of 

caudal lobes.

………………4

4a - Scales on caudal base not elongated.

………………Tenualosa

4b - Two elongated scales on caudal base.

………………Alosa

Lake Apolyont in Türkiye was known for landlocked shads. These seem to have vanished from all lakes in West Asia.
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Family Alosidae

Shads are very sensitive to environmental impacts such 

as impoundment, water pollution, and overfishing.  Most 

anadromous species have sharply declined during the 20th 

century. Species undertaking long upriver migrations, 

such as A. immaculata and A. kessleri, are very vulnera-

ble as most of their original spawning sites are no longer 

accessible, their spawning migrations being interrupted by 

dams and other alterations in river morphology. The status 

of species or populations spawning in the sea and lower 

stretches of rivers is better, as they can often find spawning 

habitats below dams.

The systematics of shads need critical review, and 

molecular data suggest that all Ponto-Caspian species are 

very closely related or frequently have been the victims of 

introgressive hybridisation. The Ponto-Caspian shads may 

form a recently evolved “species flock,” as it is known from 

cichlids in East Africa. Several subspecies and “forms” have 

been described from the Black and Caspian Seas, and their 

status needs to be revised based on the basis of adequate 

fresh material and molecular characters. Further reading. 

Berg 1949b (diversity, biology); Whitehead 1985 (diversity); 

Holčík 1986 (diversity, biology, distribution).

True shads

Four genera are placed in this family: Alosa, Brevoortia, 

Sardina, and Sardinops. Only Alosa enters freshwaters in 

West Asia. Sardina pilchardus is a common species in the 

Mediterranean and Black Seas and is occasionally found 

in estuaries. It is not known to enter freshwater habitats 

regularly and is therefore excluded from the coverage of 

this book. Alosa are anadromous or form landlocked pop-

ulations in the Atlantic, the Mediterranean, Caspian, and 

the Black Sea basins. Six species occur in North America. 

In the Caspian basin, three species, A. braschnikowii, A. 

saposchnikowii, and A. sphaerocephala, are fully marine 

and do not enter freshwater habitats. Caspian A. caspia and 

Black Sea A. maeotica regularly occur in coastal regions of 

Limans and river estuaries but only regionally and rarely 

enter freshwater regions to spawn. Only Caspian A. kess-

leri and A. volgensis, as well as Black Sea A. immaculata, 

are anadromous and migrate longer distances upriver. 

Black Sea A. tanaica and widespread A. agone regularly 

enter lower regions of rivers and freshened coastal lakes. 

Alosa volgensis from the northern Caspian basin may have 

occurred in the waters of the southern Caspian Sea. Still, 

this species was never identified from the region and went 

extinct in the 20th century.

Keys to species of Alosa in freshwaters of West Asia

Caspian basin

1a - 59–92 gill rakers, shorter than branchial filaments.

………………A. kessleri

1b - 70–180 gill rakers, about as long as or longer than 

branchial filaments.

………………2

2a - Head length 23–26  % SL; 99–105 gill rakers, about  

as long as or longer than branchial filaments, with 

well-developed spines.

………………A. volgensis

2b - Head length 25–28  % SL; 70–180 gill rakers, long 

and close together, 1.5–2 times longer than branchial 

filaments in individuals larger than 150 mm SL, without 

spines.

………………A. caspia

Mediterranean and Black Sea basin

1a - Teeth on palatine and vomer absent or poorly  

developed.

………………2

1b - Teeth on palatine and vomer well developed.

………………3

2a - Teeth on palatine and vomer poorly developed; 

66–96 gill rakers, longer than branchial filaments.

………………A. tanaica

2b - No teeth on palatine; 28–50 gill rakers (rarely up to 

60) about as long as branchial filaments in individuals 

larger than 220 mm SL.

………………A. agone

3a - 36–69 gill rakers, longer than branchial filaments.

………………A. immaculata

3b - 29–39 gill rakers, about as long as branchial filaments.

………………A. maeotica
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Conservation status. LC; very locally distributed, a victim 

of pollution and damming of major rivers. Most popula-

tions declined in early 20th century but appeared to have 

stabilised at low levels since then.

Remarks. Up to seven subspecies of A. fallax have been 

recognised, several of which were treated as species until 

recently. Molecular studies using a variety of markers 

have identified two major groups of populations. One 

is widespread in northern Europe, the Atlantic, and 

the westernmost Mediterranean basin (A. fallax), and 

a second is found in the Ebro (Spain) across the north-

ern Mediterranean basin to the east (A. agone). This is 

the one that is also found in West Asia. The molecular 

differences are very small, comparable to intraspecific 

differences in many other species. In addition, morpho-

logical differences are vague and focus on average gill 

raker numbers, which overlap widely between different 

“species”. We treat all populations of former A. fallax 

as A. agone, which has priority over A. fallax, which 

becomes a junior synonym.

Further reading. Quignard & Douchement 1991 (biology); 

Kottelat 1997 (systematics); Bianco 2002 (biology).

Alosa agone; lower Elbe, Germany; ~200 mm SL.

Alosa agone

Common name. Twaite shad.

Diagnosis. Distinguished from other species of Alosa enter-

ing freshwater in Black Sea and Mediterranean basins by: 

○ 28–50 gill rakers, rarely up to 60 / ○ length of gill rakers 

equal to length of branchial filaments in individuals longer 

than 220 mm SL / ○ no teeth on palatine / ○ dorsal profile 

curved / ○ usually a series of 4–8 black blotches behind gill 

opening (sometimes a single blotch). Size up to 500 mm SL.

Distribution. Mediterranean basin and rarely in northern 

Black Sea, occasionally east to Crimea. Southern Baltic east 

to Nemunas in Lithuania, North Sea north to Bergen, Atlan-

tic coasts from Scotland and Ireland to Morocco. Before 

dams migrated from Drin to Lake Ohrid.

Habitat. At sea, pelagic. Juveniles stay close to shore and 

estuaries. Migrates from sea to rivers, spawning in main 

rivers often only a few kilometers above brackish water 

limit but used to ascend Rhône for 600 km and Nemunas 

for 400 km before construction of dams. In West Asia only 

known from lowermost rivers. Spawns in large rivers. Also 

reported in small rivers above gravel beds.

Biology. Anadromous. Males migrate upstream at 2–3 

years, females at 3–4 years. Many individuals spawn for 

3–4 seasons. Adults congregate near estuaries in April and 

enter rivers when temperatures reach 10–12°C, mainly in 

May–June. Spawning begins when temperatures reach 

about 15°C or higher in May–June. Spawns in large, very 

noisy schools near surface after midnight. Eggs sink to 

bottom or are pelagic. Spent fish migrate back to sea. Most 

juveniles migrate to estuary during their first summer and 

move to sea at end of second year, where most remain until 

maturity. Individual fish are thought to return to their 

natal spawning grounds. Northern distribution appears to 

be limited by water temperature. At sea, feeds mainly on 

crustaceans and small fish. Adults do not feed in freshwa-

ter. Juveniles feed on planktonic crustaceans.
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Alosa caspia; Caspian Sea, Iran; ~200 mm SL.

Alosa caspia

Common name. Caspian shad.

Diagnosis. Distinguished from other species of Alosa in 

Caspian basin by: ● head length 25–28 % SL / ○ eye diam-

eter 19–24 % HL / ○ pectoral length 16–18 % SL / ○ teeth on 

palatine and vomer poorly developed / ○ 70–180 gill rakers, 

long, and close together, 1.5–2 times longer than branchial 

filaments in individuals longer than 150 mm SL. Size up to 

280 mm SL.

Distribution. Caspian Sea, from where adults occasionally 

ascend the lowermost part of rivers and migrate a short dis-

tance upstream to spawn.

Habitat. At sea, pelagic, in coastal waters with steady cur-

rents, avoiding areas of stable salinity. Migrates from sea to 

mouths of large rivers, spawns in fresh or slightly brackish 

water in shallow areas washed by large river currents.

Biology. Anadromous. Males migrate upstream at 2–3 

years, females at 4–5 years. Many individuals spawn in 

2–4 seasons. Two migration peaks, one in late April (mostly 

males) and one in early May (mostly females), enter 

rivers when temperature rises above 10°C. Spawns when 

temperature reaches 15°C or more, in May–June. Spawns 

usually in upper 3 m. Eggs semipelagic and demersal. Spent 

fish return to sea. Juveniles migrate to sea during their 

first summer and remain at sea until maturity. At sea feeds 

mainly on zooplankton such as copepods and mysids.

Conservation status. LC; widespread.

Further reading. Heckman 1991a (biology).
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Alosa immaculata; South Bug, Ukraine; 217 mm SL.

Alosa immaculata

Common name. Large Black Sea shad.

Diagnosis. Distinguished from other species of Alosa enter-

ing freshwater in Black Sea basin by: ● 36–69 gill rakers, 

longer than branchial filaments / ○ teeth on palatine and 

vomer well developed. Size up to 350 mm SL.

Distribution. Black and Azov Seas, from where adults 

ascend rivers and migrate far upstream to spawn. Presence 

in Marmara basin questionable. Present in Rioni, but distri-

bution in northern Anatolia poorly known. Used to ascend 

Danube for about 1600 km to Mohacs (Hungary), Don for 

900 km to Oust-Medveditskaya, Dniepr to Kyiv, Dniester to 

Yampol, and South Bug to Voznessensks. Reported to spawn 

in Kuban below Krasnodar dam since 1983. A landlocked 

population occurs in Don.

Habitat. At sea, pelagic, in deep water. Migrates to middle 

reaches of large rivers, spawning where current is strong-

est, near surface, usually at 2–3 m depth in main channel.

Biology. Anadromous, migrating upstream to spawn at 

three years, rarely earlier. Few individuals spawn two 

seasons. Appears along coast in March–April, enters rivers 

when temperatures reach about 6–9°C between late March 

and late April. Migration usually peaks in May. Spawning 

begins when temperatures rise above 15°C in April–August. 

Spawns usually in afternoon (1–8 pm), eggs pelagic. Spent 

individuals return to sea to feed. Juveniles inhabit floodplain 

and shallow riverine habitats, migrating to sea or estuarine 

habitats during first summer; move to sea in autumn and 

remain there until maturity. At sea, it feeds on a wide variety 

of zooplankton (especially crustaceans) and small fish.

Conservation status. VU; damming of major rivers signif-

icantly reduced available spawning habitat and migration 

routes in 20th century. Decline appears to be continuing due 

to severe overfishing. Largest population in Danube.

Further reading. Kolarov 1991b (biology; as A. pontica); 

Kottelat 1997 (systematics).

Alosa kessleri

Common name. Black-back shad.

Diagnosis. Distinguished from other species of Alosa in 

Caspian basin by: ● dorsum black in spring / ● teeth on pal-

atine and vomer well developed / ○ 59–92 thick gill rakers, 

shorter than gill filaments, with conspicuous lateral spines 

in juveniles but lost in adults / ○ head length 22–25 % SL / ○ 

eye diameter 15–20 % HL / ○ pectoral length 14–16 % SL. Size 

up to 400 mm SL.

Distribution. Caspian Sea from where adults ascend 

Kura and Aras (Azerbaijan) and Sefid (Iran). Possibly also 

in other rivers. In European Caspian basin, in Volga, few 

enter Ural and Terek. Previously migrated Volga upstream 

to Kama and Oka systems. Migration now blocked by Volgo-

grad Dam. There is evidence that it has formed landlocked 

populations in Volga reservoirs.
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Alosa maeotica

Common name. Azov shad.

Diagnosis. Distinguished from other species of Alosa enter-

ing freshwater in Black Sea basin by: ● 29–39 gill rakers, 

about as long as branchial filaments / ○ teeth on palatine 

and vomer well developed. Size up to 280 mm SL.

Distribution. Black Sea and Sea of Azov, from where adults 

enter coastal lagoons to spawn.

Habitat. At sea, pelagic in deep waters, entering brackish 

lagoons to spawn.

Biology. Spawns first time at 2 years. Many individuals 

spawn in 2–4 seasons. In Romania, spawners enter Lake 

Razelm at about 7°C in March. Spawning begins at about 

15°C in late April–June. Eggs sink to bottom. Spent fish 

return to sea to feed. In autumn, migrates to southern Black 

Sea to overwinter. Juveniles migrate to sea or remain in 

estuaries during first summer. Feeds mainly on small fish 

and crustaceans.

Conservation status. LC; still common in coastal lagoons.

Further reading. Kolarov 1991a (biology).

Alosa tanaica; Lake Razelm, Romania; ~160 mm SL.

Alosa tanaica

Common name. Little Black Sea shad.

Diagnosis. Distinguished from other species of Alosa enter-

ing freshwater in Black Sea basin by: ● 66–96 gill rakers, 

longer than branchial filaments / ● teeth on palatine and 

vomer poorly developed. Size up to 200 mm SL.

Distribution. Black and Azov Seas, from where adults 

ascend rivers and migrate a short distance upstream to 

spawn. Inland populations in Anatolian lakes of Sapanca, 

Apolyont, and Manyas.

Habitat. At sea, pelagic, in deeper layers (50–70 m) of 

coastal waters. Migrates from sea to estuaries and lower 

reaches of large rivers, spawns in fresh or slightly brackish 

water, usually close to shore, in upper 2–4 m, in almost still 

waters such as floodplains or lakes.

Biology. Anadromous. Migrates upstream at 1–2 years. 

Many individuals spawn in 2–4 seasons. Spawners 

appear along coast in late January–March, enter rivers 

when temperature reaches about 10°C, late April–May. 

Spawning begins when temperature reaches about 15°C 

or higher in May–June. Eggs are bathypelagic or sink to 

bottom. Fry migrate to estuaries and coastal lagoons or 

to sea near estuaries to feed. In autumn, move to sea to 

overwinter. Juveniles migrate to sea or estuaries during 

first summer until they reach maturity. At sea, feed on a 

wide variety of zooplankton (crustaceans) and small fish.

Conservation status. LC; most populations declined in 

early decades of 20th century due to pollution. Seems to 

have stabilised at moderate levels since then. Situation in 

West Asia needs to be better known.





Family Dorosomatidae

anadromous or landlocked, with rare reports of resident 

marine stocks. One species, T. thibaudeaui, is a pure fresh-

water species endemic to the Mekong. All Tenualosa are 

highly valued as food fish and provide a livelihood for 

many, if not millions, of small-scale fisher families. Over-

fishing is a serious issue throughout their range. However, 

as this is due mostly to artisanal fisheries, catches are 

rarely reported accurately, and the extent of the decline of 

all species might be much underestimated.

The scientific and common names of T. ilisha require 

some clarification. This species is widely called Hilsa, which 

is confused with the Kelee shad, Hilsa kelee. Kelee and Hilsa 

are sympatric in the Gulf of Oman and along the south-

ern coast of the Arabian Peninsula. Kelee enters estuaries, 

and both species are easily distinguished by the presence 

of prominent striae on the top of the head in H. kelee (vs. 

absence in T. ilisha). Further reading. Whitehead 1985 

(diversity).

Gizzard shads

A large family of about 115 species in 30 genera. They 

are mostly tropical and subtropical shads, many of them 

found in coastal waters, entering freshwaters during 

parts of their life, or even being pure freshwater species 

such as African Congothrissa, Limnothrissa, and Sier-

rathrissa. Many species are of high commercial value, 

especially for artisanal fisheries. Two genera, Nemata-

losa and Tenualosa, both with a wide distribution range 

in the Indian Ocean, enter freshwaters in West Asia. 

Nematalosa nasus and Tenualosa ilisha are reported 

from the lower parts of the Shatt al Arab/Arvand. Only 

T. ilisha regularly enters freshwater habitats, while N. 

nasus is restricted to brackish waters. Both species are 

included in the identification key of Clupeiformes above.

Tenualosa comprises five species distributed in the 

subtropical and tropical Indo-Pacific. All species are 

Nematalosa nasus; Basra, Iraq, ~150 mm SL. © A. Ali.

Tenualosa ilisha

Common name. Hilsa.

Diagnosis. Distinguished from Nematalosa nasus in lower 

reaches of rivers in Persian Gulf basin by: ● last dorsal ray 

shorter than first branched dorsal ray / ● upper jaw with 

median notch. Size up to 600 mm SL, usually about 360 mm 

SL, and up to 2.5 kg.

Distribution. From Persian Gulf along coasts of Indian sub-

continent east to Irrawaddy and Salween (Myanmar). In 

West Asia, enters Karun and Shatt al Arab/Arvand to spawn 

upstream in Euphrates and Tigris. In Tigris, migrates as far 

north as Qal’at Salih, and in Euphrates, as far north as Yaou. 

Local freshwater populations in many large rivers in South 

Asia.

Habitat. At sea in coastal waters, migrates to lower and 

middle reaches of large rivers to spawn. A resident popu-

lation is suspected in Kuwait Bay, which does not appear to 

migrate upstream and spawns in sea or in freshwater fan of 

Shatt al Arab/Arvand.

Biology. Anadromous, usually migrating 50–100 km 

upstream. Long-distance migratory populations in Paki-

stan (Indus), Bangladesh/India (Ganges), and Myanmar 
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Family Ehiravidae

Kazakhstan. Until further studies are conducted on tyulkas 

from Lake Chelkar, we classify C. tscharchalensis as a valid 

species with fewer gill rakers than C. cultriventris. Further 

reading. Hoestlandt 1991a (diversity, distribution, biology); 

Kottelat & Freyhof 2007 (diversity).

Dwarf sprats

A small family of about 27 species in 11 genera. They are 

mostly small, tropical, and subtropical herrings, mostly 

found in brackish and freshwaters; few are of commercial 

importance. Ehiravidae includes several pure freshwater 

species, such as the Southeast Asian genus Sundasalanx, 

paedomorphic fishes reaching up to 30 mm SL. In West 

Asia, the only genus entering freshwaters is Clupeonella 

(tyulkas). They are a small group of brackish water species 

endemic to the Marmara, Black, and Caspian Sea basins 

where they frequently inhabit coastal lagoons, backwaters, 

and the slow-flowing sections of lower rivers. One species, 

C. abrau from Lake Abrau in Russia, is endemic to a small 

lake close to the coast. In freshwaters of West Asia, we  

recognise one species, C. cultriventris. Two additional 

tyulkas, C. engrauliformis and C. grimmi, are endemic to the 

Caspian Sea, both strictly marine and not reported to enter 

freshwater habitats. Clupeonella tscharchalensis is a fresh-

water species that inhabits rivers in the northern Caspian 

basin. It is described from Lake Chelkar (47°50′N 59°36′E) in 

Key to species of Clupeonella in West Asia

1a - Pectoral tip rounded; interorbital distance 13–15 % SL (42–51 gill rakers).

………………C. grimmi

1b - Pectoral tip pointed; interorbital distance 16–18 % SL.

………………2

2a - Ventral keel soft; body depth 16–19 % SL; 56–67 gill rakers.

………………C. engrauliformis

2b - Ventral keel hard; body depth 18–25 % SL; 49–62 gill rakers.

……………… C. cultriventris
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Clupeonella grimmi, Caspian Sea, Iran; 100 mm SL.

Figure 30. Paddle-shaped last two anal rays and scute-like scales in front 

of anal fin in Clupeonella (from Kottelat & Freyhof 2007, after Whitehead 

1985).
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Clupeonella cultriventris

Common name. Common tyulka.

Diagnosis. Distinguished from other species of Clupeonella 

in Caspian basin by: ● 49–62 gill rakers / ● ventral keel hard, 

scratching human skin / ○ body depth 18–25 % SL / ○ tip of 

pectoral pointed / ○ interorbital distance 16–18 % SL. Size 

up to 120 mm SL.

Distribution. Caspian, Marmara, Azov, and Black Sea 

basin. Lakes Sapanca and Apolyont. Caspian Sea and Lower 

reaches of rivers as Volga, Ural, and possibly Terek.

Habitat. Euryhaline, in coastal waters, lagoons and lakes, 

estuaries, and lower reaches of large rivers with salinity up 

to 13 ‰. At sea, pelagic. Spawns near estuaries.

Biology. Pelagic. Marine, landlocked, or anadromous. Lives 

up to 6 years. Spawns in open water late in evening in 

April–July at 10–25°C. Eggs pelagic, usually laid in 5 m deep 

with at a salinity of 0.02–15 ‰. Two spawning runs in Azov 

Sea, one in spring and one in autumn. Individuals migrating 

in autumn overwinter near spawning grounds and spawn 

in spring. Return to sea after spawning. Juveniles migrate 

to sea during first summer. Feeds on zooplanktonic crusta-

ceans (copepods, mysids, cladocerans), following their daily 

vertical movements in surface layers at night, descending 

during day.

Clupeonella cultriventris; Lower South Bug, Ukraine; ~75 mm SL.

Conservation status. LC; very widespread and often abun-

dant.

Remarks. Clupeonella muhlisi from Lake Apolyont in 

Western Anatolia and Caspian C. caspia were treated as 

separate species. We could not find diagnostic morpho-

logical or molecular characters to distinguish these popu-

lations from C. cultriventris. Therefore, they are treated as 

synonyms.

Further reading. Hoestlandt 1991b (biology); Kottelat 1997 

(systematics).



Family Engraulidae

feed fish in aquaculture. Superficially similar silversides 

(Atherinidae) have two dorsals (vs. one in anchovies). 

Thrissina mystica and T. whiteheadi have been recorded in 

the Persian Gulf from the Shatt al Arab and the Hammar 

Marsh. The genus Thrissina is restricted to the Indo-Pacific, 

where 38 species are actually recognised. Thrissina can be 

distinguished from other anchovies accidentally entering 

freshwaters and brackish estuaries by the upper pectoral 

ray not extending into a long filament (vs. long pectoral fil-

ament present in Setipinna), 31–45 branched anal rays (less 

than 25 in Encrasicholina and Stolephorus) and the anal 

isolated from the caudal (vs. joined in Coilia). The taxon-

omy of Thrissina is not yet settled, and the thryssas of the 

northern Persian Gulf are only tentatively identified. Other 

species might occur and should be identified using the key 

provided. Further reading. Carpenter et al. 1997 (identifi-

cation, distribution); Hata et al. 2020 (T. serena); Hata et al. 

2023 (as T. malabarica); Hata et al. 2025 (Thrissina mystica).

Hata & Motomura 2020 (T. serena). Many thanks to Haru-

taka Hata (Japan) for reviewing this chapter.

Anchovies

Anchovies are one of the most important families of marine 

fishes from an ecological and commercial perspective. Most 

are marine, but some tolerate low salinities, and several 

species migrate into rivers to spawn in brackish or freshwa-

ters. Few are confined to freshwater habitats. Most ancho-

vies are plankton filter feeders and are major prey species 

in the marine food chains. They are usually small (mostly 

80–150 mm SL), and many species school in such numbers 

that they form the basis of some of the world’s most impor-

tant fisheries. The Peruvian anchoveta Engraulis ringens 

has yielded greater catches than any other single wild fish 

species worldwide, with annual harvests varying between 

4.2 and 8.3 million tonnes (2008–2012), almost all used for 

making fishmeal. Often, catches in Mediterranean and Black 

Seas are dominated by anchovy Engraulis encrasicolus 

(200,000 to 393,500 tonnes in the Black Sea). This species 

accounts for almost all of the commercial catches. Most of 

the harvest is used for the fishmeal industry, primarily to 

Key to species of Thrissina in West Asia

1a - Maxilla short, not reaching to edge of gill cover; scutes covering abdomen less than 18.

………………T. baelama

1b - Maxilla long, reaching to edge of gill cover; scutes covering abdomen 20 or more.

………………2

2a - Maxilla reaching posteriorly beyond pectoral-fin insertion.

………………3

2b - Maxilla not reaching to pectoral-fin insertion.

………………4

3a - Maxillary reaching much beyond pectoral-fin base; 17–19 gill rakers on lower limb of first gill arch.

………………T. dussumieri

3b - Maxilla reaching to pectoral-fin base; 21–23 gill rakers on lower limb of first gill arch.

………………T. serena

4a - 25–26 scutes covering abdomen; 18–21 gill rakers on lower limb of first gill arch; 39–43 branched anal rays.

………………T. whiteheadi

4b - 26–30 scutes covering abdomen; 13–16 gill rakers on lower limb of first gill arch, 34–40 branched anal rays.

………………T. mystica

https://doi.org/10.1515/9783111677811-010
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Thrissina whiteheadi; Dammam, Saudi Arabia; 205 mm SL. © J. Randall, Bishop Museum.

Thrissina mystica

Common name. Balam.

Diagnosis. Distinguished from T. whiteheadi by: ● 3–16 gill 

rakers on lower limb of first gill arch / ● 34–40 branched 

anal rays. Size up to 270 mm SL.

Distribution. From Persian Gulf east to south India. In 

Shatt al Arab/Arvand, Hammar Marsh, and up to Nasiriyah 

on Euphrates.

Habitat. Pelagic in coastal waters, entering freshwaters.

Biology. Spring visit to Hammar Marsh and presence of 

juveniles suggest spawning in brackish waters. Two spawn-

ing peaks, one in December–January and one in March–

April. Feeds on a wide variety of planktonic invertebrates, 

fish larvae, and small fish.

Conservation status. LC.

Remark. Usually identified as T. hamiltonii, or as T. mala-

barica. Thrissina malabarica occurs in East Asia.

Thrissina mystica; Kuwait Bay; 142 mm SL. © J. Randall, Bishop Museum.

Further reading. Carpenter et al. 1997 (identification, 

 distribution); Hata et al. 2021 (redescription). Hata et al. 

2023 (T. malabarica); Hata et al. 2023 (as T. malabarica); Hata 

et al. 2025 (Thrissina mystica).
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Thrissina whiteheadi

Common name. Persian Gulf thryssa.

Diagnosis. Distinguished from T. mystica by: ● 18–21 gill 

rakers on lower limb of first gill arch / ● 39–43 branched 

anal rays. Size up to 205 mm SL.

Distribution. Endemic to Persian Gulf. In Shatt al Arab/

Arvand, Hammar Marsh and Lake Hawizah, widespread 

in sea.

Habitat. Pelagic in coastal waters, entering freshwaters.

Biology. No data.

Conservation status. LC 

Further reading. Carpenter et al. 1997 (identification, dis-

tribution); Hata et al. 2021 (redescription).

The Caspian Sea is habitat of a great diversity of Clupeiform fishes in West Asia.
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