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Introduction

In many vertebrate groups, the study of karyotypes and genome size has contributed along with 
analyses of mitochondrial and nuclear gene sequences to the resolution of challenges in biology 
systematics and evolution. However, in fishes—the most diverse of all vertebrate groups—higher fi
taxa traditionally have been classified largely by morphology and paleontology, with a muchfi
smaller input of cytogenetic information. In part, this is because karyotypes can be obtained only 
from living specimens, tissues, or cells, which makes it challenging to study the karyotypes of 
fishes that are diffifi cult to collect alive (e.g., deep-sea fifi shes). Of course, even fresh material provides fi
no guarantee that reliable chromosome fi gures can be obtained easily.fi

DNA sequence data are exerting an increasingly strong influence in modern fifl  sh systematics, for fi
example, by leading to proposed challenges in the classifi cation of numerous higher taxa ranging fi
from genera to orders. However, the most fruitful approach is certain to be one that involves syn-
thetic analyses of morphology, molecular phylogenetics, comparative karyology, and genome size, 
rather than focusing on only one or a few of these sources of data. For example, although it may be
very diffi cult to establish homology of karyotypes analyzed by Giemsa staining and several bandingfi
methods among taxa, the polarity of karyotype states nonetheless can still be inferred by analysis
of Robertsonian fusion/fi ssion, tandem fusion, pericentric inversion, paracentric inversion, aneu-fi
ploidy, or polyploidy in any monophyletic taxon, even when the polarity of DNA sequences is 
unclear. The role of cytogenetic data is likely to increase further because powerful new methods
such as fl uorescence in situ hybridization (FISH) (Phillips 2007: P-53) are implemented in fifl shes fi
beyond model species (e.g., zebrafish, medaka, sticklebacks, and pufferfifi sh). Given their limited fi
scope, FISH data are not included here, but their future importance is clearly acknowledged.

The purpose of this book is to facilitate the implementation of an integrative approach to fish fi
systematics by providing karyotype information for 3,425 species/subspecies of extant jawless, 
cartilaginous, actinopterygian, and lobe-finned fifi  shes. This presentation fifi lls an important need, fi
as fi sh karyotypes tend to be published not only in well-known and easily accessible journals, but fi
also in museum journals of more regional significance or in other venues that are diffifi  cult to fi
obtain. Several books on fi sh chromosomes have been published in the past (Denton 1973: D-7;fi
Chiarelli and Capanna 1973: C-1; Ojima 1983: O-73; Vasiliev 1985: V-72; Klinkhardt et al. 1995: 
K-114), but this volume represents the fi rst in nearly 15 years and is the most comprehensive. Such fi
an update is clearly warranted, given the historical growth in the numbers of karyotyped species/
subspecies listed in Table 1.

Table 1 Historical transition of the numbers of karyotyped species/subspecies 

Author(s) Denton Park Ojima et al. Sola et al. Ojima Vasiliev Klinkhardt et al. Arai 
Year 1973 1974 1976 1981 1983 1985 1995 This 
Reference no. D-7 P-6 0-22 S-88 0-73 V-72 K-114 book 

Myxini 4 2 3 0 3 5 0 8 
Petromyzontida 7 6 8 0 7 13 14 14 
Chondrichthyes 

Holocephali 1 2 0 0 2 2 2 2 

Elasmobranchii 15 8 4 0 13 17 52 68 
Actinopterygii 

Cladistia 2 2 2 4 7 6 7 7 
Chondrostei 4 0 5 7 12 12 21 
Neopterygii 

Holostei 2 2 2 2 3 3 3 
Teleostei 446 505 417 798 1,035* 1,258 2,182* 3,296 

Sarcopterygii 3 0 2 5 5 6 
Total 481 532 436 810 1,079* 1,318 2,277* 3,425 

*Synonymous species were counted as different species. 



2

Substantial revisions to the species names and higher taxonomy of many fishes in the interven-fi
ing years also make an updated compendium necessary. In this book, synonymies are circum-
vented by providing both the name reported in the original karyotype papers and currently 
recognized names. In particular, the classification of taxa above the species level follows Nelsonfi
(2006: N-68), and species names conform to the up-to-date list in the Catalogue of Fishes by 
Eschmeyer (http://research.calacademy.org/redirect?url=http://researcharchive.calacademy.org/
research/ichthyology/catalog/fishcatmain.asp, E-13). The classififi cation of chromosomes followedfi
Levan et al. (1964: L-25): chromosomes were classifi ed to metacentrics (M), submetacentrics (SM), fi
subtelocentrics (ST), and acrocentrics (A). As shown in Table 1 (Levan et al. 1964), M, m, sm, st, t, 
and T do not denote chromosomes but rather centromeric position; e.g., acrocentrics is character-
ized by t. Levan et al. (1964) do not propose abbreviations for chromosomes. Two kinds of abbre-
viations for chromosomes, M-SM-ST-A and m-sm-st-t(-T), have been adopted in karyotypes. I 
adopt M-SM-ST-A because chromosome classification can be differentiated from centromericfi
position by these abbreviations and thus the problematic treatment of T in the other system can
be avoided. In addition to providing data for extant fishes, ancestral chromosome numbers (ACN fi
= NAN sensu Arai and Nagaiwa 1976: A-64) are proposed in this book.

To date, karyotype data have been made available for 53 orders (84% of the known total) and 
269 families (52% of total). In addition, genome size has been reported in 52 orders (83%) and 
264 families (51%), which are available in standardized form as part of the Animal Genome Size
Database (http://www.genomesize.com, G-85). As a result, it is possible to compare these two 
characters, at least at the family level (Tables 2, 3).

In some cases, a given karyotype consists of chromosomes that cannot easily be distinguished
as either SM or ST, such that different authors may report different information. For example, the
arm number (NF1) of Oncorhynchus keta (2n = 74) is reported as 100 in Sasaki et al. (1968: S-14) 
versus 102 in Ueda (1985: U-72), and the NF2 of Alburnus alburnus (2n = 50) is given as 92 in
Cataudella et al. (1977: C-34) versus 86 in Hafez et al. (1978: H-3). These different reports on
karyotypes between conspecific populations were included in the database (Tables 4–7) withoutfi
comment, although it should be noted that these differences may derive from artifacts of prepara-
tion technique or taxonomic problems, rather than representing real polymorphisms. If so, then 
it will be important to resolve these discrepancies before meaningful comparisons can be made. 
Similarly, there may be issues relating to differences in reported karyotypes resulting from differ-
ent degrees of chromosome condensation, to the lack of a uniform terminology among authors, 
or even to some miscalculations (number of arms, NOR position, etc.). Some examples of these
sources of error were detected when examining the literature; e.g., the same researcher(s) have at
times defi ned M/SM as two-arm chromosomes in some taxa, but M/SM/ST as two-arm chromo-fi
somes in other taxa. To prevent such confusion, these two-arm definitions were differentiated infi
the present book; i.e., NF1 means M/SM as two-arm chromosomes and NF2 means M/SM/ST as
two-arm chromosomes.

There are several fundamental questions that remain to be answered with regard to phyloge-
netic karyology in fishes. For example: (1) Why is polyploidy in teleost fifi shes only observed in fi
freshwater species and not in marine species? (2) What is the phylogenetic significance of differ-fi
ences in the number and location of NORs as shown by different banding methods (especially by 
the FISH method with 18S rDNA and 5S rDNA probes)? (3) In cases in which both large and small
B chromosomes have been reported, are both, neither, or only the large B chromosomes to be 
counted in the diploid chromosome number? Or should this be considered on a case-by-case
basis? (4) What is the biological significance of microchromosomes, and what is their relationship fi
(if any) with B chromosomes? (5) Can sex chromosomes be differentiated in more species by using
FISH methods with probes of genes specific to sex chromosomes?fi

Many individuals helped me in various ways with the preparation of this book. For papers on
karyotypes, I would like to thank Ana Lucia Dias, Eliana Feldberg, Pedro Manoel Galetti, Jr., John 
R. Gold, Anisur Rahman Khuda-Bukhsh, Naresh Sahebrao Nagpure, Claudio de Oliveira, Gento
Shinohara, Akihiko Shinomiya, Akinori Takai, Toru Taniuchi, Takayoshi Ueda, Han-lin Wu, and
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numerous researchers who sent kindly me copies of their paper(s). I also wish to express my 
sincere gratitude to Petr Ráb, who plowed through the whole manuscript and gave me valuable
comments, and to T. Ryan Gregory for improving the English text.

Availability of Fish Karyotypes

Karyotypes have been reported for 3,425 species/subspecies of fishes (including jawless, cartilagi-fi
nous, ray-finned, and lobe-fifi nned fifi  shes) (see Table 1). This total represents a coverage of about fi
12.2% of extant fi sh diversity (62 orders, 515 families, and 27,977 species); however, these are notfi
sampled evenly from among fi sh groups and instead are biased toward freshwater taxa such as thefi
Cypriniformes, Characiformes, Siluriformes, Cyprinodontiformes, and Cichlidae in the Perci-
formes. Specifically, numbers of karyotyped species/subspecies are 747 (21.8%) in Cypriniformes, fi
341 (10.0%) in Characiformes, 362 (10.6%) in Siluriformes, 345 (10.1%) in Cyprinodontiformes, 
and 130 (3.8%) in Cichlidae (Perciformes). On the other hand, 4 orders (Orectolobiformes, Echi-
norhiniformes, Pristiophoriformes, and Pristiformes) and 30 families in cartilaginous fishes andfi
5 orders (Albuliformes, Saccopharyngiformes, Ateleopodiformes, Lampriformes, and Polymixi-
iformes) and 216 families in actinopterygian fishes currently lack any karyotype data. Of course, fi
relative coverage depends on the number of recognized taxa, which has been updated signifi cantly fi
in recent times consequent to molecular analyses that may or may not reflect undue inflfl  ation fl
(Nelson 2006: N-68; Kottelat and Freyhof 2007: K-130).

Fish Vouchering and Identification

To verify the identification of fifi  shes included in karyotype studies, voucher specimens should be fi
deposited in a museum, curated university collection, or another appropriate institute. Unfortu-
nately, vouchered specimens are not available for most species for which karyotypes have been
reported, meaning that their initial identification cannot be confifi  rmed. Moreover, there are many fi
papers in which the localities of material fishes purchased from fifi sh dealers were not described, fi
which further increases the prospect of taxonomic errors. This problem is especially relevant when 
the classifi cation of a taxon in question has been revised, making it diffifi cult to link old and new fi
names. For example, two different karyotypes were reported in a labrid, Pseudolabrus japonicus
(Arai and Koike 1980: A-75; Ojima and Kashiwagi 1979: O-27). Thereafter, Pseudolabrus japonicus
was separated to two different species, P. eosthinus and P. sieboldi by revisional study of P. japoni-
cus (Mabuchi and Nakabo 1997: M-1). By examination of P. japonicus material deposited at a
museum, it was known that the two karyotypes corresponded to these two different species
(Mabuchi et al. 2002: M-2).

Classification of Extant Fishes

Fish systematics has developed greatly during the past 10 years, mainly based on molecular phy-
logenetic studies. Although results in molecular phylogenetics are not always agreed upon by all
researchers, it is necessary that a consistent taxonomic system be used in a database such as this. 
In this regard, the higher taxonomic classifi cation proposed by Nelson (2006: N-68) has been usedfi
with the following updates:

Orders Batrachoidiformes and Lophiiformes were changed from the superorder Paracantho-
pterygii to the superorder Acanthopterygii (Miya et al. 2003, 2005: M-138, 139).

Although polyphyly of the order Gasterosteiformes and the suborder Labroidei (order 
Perciformes) has been reported (Kawahara et al. 2008: K-105; Mabuchi et al. 2007: M-17) and
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Stylephoriformes (Miya et al. 2007: M-140), close relationship between Alepocephaliformes and
Otocephala (Lavoué et al. 2008: L-24), and Gobiiformes (Thacker 2009: T-63) were proposed, these 
hypotheses were treated as pending problems in this book.

The higher-level classification used here is as follows:fi

Class Myxini  ...................................................................................  8, 28
    Order Myxiniformes  .................................................  8, 28

Class Petromyzontida ....................................................................  8, 29
    Order Petromyzontiformes ......................................  8, 29

Class Chondrichthyes  ....................................................................  9, 30
 Subclass Holocephali  ................................................................  9

    Order Chimaeriformes .............................................  9, 30
 Subclass Elasmobranchii  ..........................................................  9

    Order Heterodontiformes  ........................................  9, 30
    Order Orectolobiformes  ..........................................  9
    Order Lamniformes  .................................................  9, 30
    Order Carcharhiniformes  ........................................  9, 31
    Order Hexanchiformes  ............................................  9, 32
    Order Echinorhiniformes  ........................................  9
    Order Squaliformes  ..................................................  10, 32
    Order Squatiniformes  ..............................................  10, 32
    Order Pristiophoriformes  ........................................  10
    Order Torpediniformes  ............................................  10, 33
    Order Pristiformes  ...................................................  10
    Order Rajiformes  ......................................................  10, 33
    Order Myliobatiformes  ............................................  10, 34

Class Actinopterygii  ......................................................................  11, 36
 Subclass Cladistia  ......................................................................  11

    Order Polypteriformes  .............................................  11, 36
 Subclass Chondrostei  ................................................................  11

    Order Acipenseriformes  ..........................................  11, 37
 Subclass Neopterygii  .................................................................  11
  Division Holostei  .....................................................................  11

    Order Lepisosteiformes ............................................  11, 38
    Order Amiiformes  ....................................................  11, 38

 Division Teleostei  ....................................................................  11
  Subdivision Osteoglossomorpha  .........................................  11

    Order Hiodontiformes  .............................................  11, 38
    Order Osteoglossiformes  .........................................  11, 39

  Subdivision Elopomorpha  ...................................................  11
    Order Elopiformes  ....................................................  11, 40
    Order Albuliformes  ..................................................  11
    Order Anguilliformes  ...............................................  11, 40
    Order Saccopharyngiformes  ...................................  12

  Subdivision Otocephala (= Ostarioclupeomorpha)  ..........  12
  Superorder Clupeomorpha
    Order Clupeiformes  .................................................  12, 43
  Superorder Ostariophysi
    Order Gonorynchiformes  ........................................  12, 44
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    Order Cypriniformes  ...............................................  12, 45
    Order Characiformes  ...............................................  13, 78
    Order Siluriformes  ...................................................  14, 96
    Order Gymnotiformes  .............................................  15, 117

  Subdivision Euteleostei  ........................................................  15
  Superorder Protacanthopterygii
    Order Argentiniformes  ............................................  15, 119
    Order Osmeriformes  ................................................  15, 120
    Order Salmoniformes ...............................................  15, 121
    Order Esociformes  ...................................................  15, 128
  Superorder Stenopterygii
    Order Stomiiformes  .................................................  15, 128
  Superorder Ateleopodomorpha
    Order Ateleopodiformes  ..........................................  16
  Superorder Cyclosquamata
    Order Aulopiformes  .................................................  16, 129
  Superorder Scopelomorpha
    Order Myctophiformes  ............................................  16, 130
  Superorder Lampriomorpha
    Order Lampriformes  ................................................  16
  Superorder Polymixiomorpha
    Order Polymixiiformes  ............................................  16
  Superorder Paracanthopterygii  .......................................  16
    Order Percopsiformes  ..............................................  16, 131
    Order Gadiformes .....................................................  16, 131
    Order Ophidiiformes  ...............................................  17, 132
  Superorder Acanthopterygii  ............................................  17
   Series Mugilomorpha
    Order Mugiliformes  .................................................  17, 133
   Series Atherinomorpha
    Order Atheriniformes  ..............................................  17, 134
    Order Beloniformes  ..................................................  17, 135
    Order Cyprinodontiformes  .....................................  17, 137
   Series Percomorpha
    Order Stephanoberyciformes  ..................................  18, 152
    Order Beryciformes  ..................................................  18, 152
    Order Zeiformes  .......................................................  18, 153
    Order Gasterosteiformes  .........................................  18, 154
    Order Batrachoidiformes  .........................................  18, 155
    Order Synbranchiformes  .........................................  18, 155
    Order Scorpaeniformes  ...........................................  19, 157
    Order Perciformes  ....................................................  19, 163
    Order Pleuronectiformes  .........................................  23, 209
    Order Lophiiformes  ..................................................  23, 212
    Order Tetraodontiformes  ........................................  23, 212

Class Sarcopterygii  ........................................................................  24, 215
 Subclass Coelacanthimorpha  ...................................................  24

    Order Coelacanthiformes  ........................................  24, 215
 Subclass Dipnotetrapodomorpha  ...........................................  24

    Order Ceratodontiformes  ........................................  24, 215
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Genus- and species-level designations given here are those presented by Eschmeyer (2009:
E-13). Again, there have been many suggested changes to fi sh taxonomy at this level as well. For fi
example, in European cyprinid fishes, many species previously placed infi Leuciscus are now in the
genera Squalius, Telestes, and Petroleuciscus, and many species previously placed in Chondro-
stoma are now in the genera Protochondrostoma, Pseudochondrostoma, Parachondrostoma, Achon-
drostoma, and Iberochondrostoma (Kottelat and Freyhof 2007: K-130). Changes such as these are 
noted in the karyotype database (Tables 4–7).

Historical Transition of Numbers of Karyotyped Species/Subspecies

The number of karyotyped species/subspecies has increased rapidly since the early 1970s. For
example, in 1973 karyotypes were available for 481 species/subspecies; in 1985, 1,318 species/
subspecies had been karyotyped; and at the time of this writing, data exist for 3,425 species/sub-
species (see Table 1). Since the last compendium in 1995 (K-114), the number of karyotyped taxa
in Elasmobranchii, Chondrostei, and Teleostei increased but that in Petromyzontida, Holocephali, 
Cladistia, and Holostei did not increase. In some cases, an increase in the number of karyotyped 
taxa in Elasmobranchii and Teleostei has been caused by the erection of numerous additional taxa 
and through revised techniques for chromosome preparation (Klinkhardt 1991: K-79).

Relationship Between Karyotype and Genome Size

Relationships between karyotypes and genome size in families were also explored (see Tables 2, 
3). Sources of karyotypes and genome size were usually different. Data of karyotypes and genome 
size were extracted from Tables 4–7 and the up-to-date list of Gregory (www.genomesize.com, 
G-85).

As with karyotype data, there are signifi cant gaps in the fifi sh genome size dataset.fi
Two orders (Echinorhiniformes and Pristiophoriformes) and 21 families in cartilaginous fishes fi

and eight orders (Alubuliformes, Saccopharyngiformes, Gonorynciformes, Ateleopodiformes, 
Lampriformes, Polymixiiformes, Percopsiformes, and Stephanoberyciformes) and 230 families in 
actinopterygian fi shes have no information on genome size. Two orders (Echinorhiniformes and fi
Pristiophoriformes) and 19 families in cartilaginous fishes and fifi ve orders (Albuliformes, Sacco-fi
pharyngiformes, Ateleopodiformes, Lampriformes, Polymixiiformes) and 181 families in actino-
pterygian fi shes have neither information on karyotypes nor information on genome size.fi

As for jawless fi shes, karyotypes and genome size in the Myxiniformes differ from those in thefi
Petromyzontiformes, i.e., 2n ≤ 36 and genome size >5.0 pg/cell in Myxiniformes versus 2n = 76
or >140 and genome size <4.3 pg/cell in Petromyzontiformes. Myxiniformes exhibits different 
chromosome numbers and DNA amounts between somatic cells and spermatogonia, i.e., 2n =
14–36 in somatic cells versus 2n = 16–96 in spermatogonia. B chromosomes have been reported 
in spermatogonia in Myxiniformes (Nakai et al. 1995: N-62; Kojima et al. 2010: K-140).

As for jawed fi shes, diploid chromosome numbers and genome size in cartilaginous fifi shes fi
except Chimaeriformes are larger than those in actinopterygian fishes. The Polypteriformes and fi
the Coelacanthiformes possess about 7.0–9.0 pg/cell. The Ceratodontiformes has extraordinary 
large genome sizes (more than 80.0 pg/cell).

Acipenseriformes is of special interest among Actinopterygii in their possession of 105 to 372
chromosomes and 2.4 to 13.8 pg/cell. Ploidy levels including diploidy (2X), tetraploidy (4X), and
hexaploidy (6X) have been inferred in this order. However, the high number of chromosomes 
suggests another possible series, i.e., tetraploidy, octaploidy, and dodecaploidy (Fontana et al. 2007: 
F-61).
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Diploid chromosome numbers and genome size in Neopterygii except the Lepisosteiformes, 
Osteoglossiformes, Characiformes, Siluriformes, Osmeriformes, and Salmoniformes are usually 
48 or 50 and lower than 3.0 pg/cell, respectively. However, more than 3.0 pg/cell in Neopterygii 
has been reported in Anguilliformes, Cypriniformes, Characiformes, Siluriformes, Argentini-
formes, Esociformes, Myctophiformes, Gasterosteiformes, Batrachoidiformes, Synbranchiformes, 
and Perciformes, i.e., Muraenidae, Cyprinidae (Cyprininae, part of Gobioninae, part of Leuciscinae, 
part of Rasborinae, Schizothoracinae, and polyploid species in Barbinae), polyploid species of 
Cobitidae, Catostomidae, part of Characidae, Curimatidae, Prochilodontidae, Ariidae, part of Cal-
lichthyidae, Doradidae, part of Loricariidae, Plotosidae, Microstomatidae, part of Umbridae, Myc-
tophidae, part of Syngnathidae, Batrachoididae, part of Synbranchidae, Scaridae, Artedidraconidae, 
and Channichthyidae.

Among taxa described above, freshwater fishes such as part of Cypriniformes (Catostomidae, fi
part of Cyprinidae, part of Cobitidae), and part of Siluriformes (part of Callichthyidae) may be of 
polyploid origin (Allendorf and Thorgaard 1984: A-16; Ferris 1984: F-23).

Complex relationships between ploidy and genome size have been reported in the Cobitoidea. 
In one example, the Leptobotiinae-Balitoridae exhibit 2n = 48–50 and genome size about 1.0 pg/
cell, whereas the Botiinae possess 2n = 98–100 and genome size about 2.0 pg/cell. A second
example is provided by comparing Cobitis species with 2n = 48–50 and about 4.0 pg/cell versus 
those with 2n = 96–100 and about 7.0 pg/cell. A third example comes from non-Cobitis cobitids 
with 2n = 48–50 with about 2.0 pg/cell versus those with 2n = 96–100 and about 4.5 pg/cell (Suzuki 
1996: S-143).

The diploid chromosome number in marine neopterygian fi shes, which have various genome fi
sizes (0.8–4.4 pg/cell), was generally 46, 48, or 50 with the exception of 2n = 56 in Osmeriformes 
and did not show polyploidy, although triploidy was exceptionally reported in the Zoarcidae (Per-
ciformes) (Morescalchi et al. 1996: M-89). In other words, it is diffi cult to infer polyploidy in marine fi
fishes from genome size.fi

In Teleostei, genome size is relatively conserved in families, with the important exception of 
those including recent or ancient polyploids. Diploid chromosome numbers have been thought 
to vary across taxa above the family level, but when they were analyzed in terms of Robertsonian 
translocation and tandem fusion, they were found to be more conservative in each family. On the 
other hand, there are several problems in karyological analysis. The fi nding of B chromosomes fi
might cause change of 2n, NF, and ancestral chromosome number (ACN) in taxa that have been 
reported to possess no B chromosomes. It is likely that many more species, when analyzed with
suffi cient intensity, will be found to possess B chromosomes (Camacho et al. 2000: C-2). B chro-fi
mosomes have been studied actively in Characiformes and neotropical Siluriformes (Carvalho
et al. 2008: C-98), but there have been very few data on B chromosomes in the other taxa.



Table 2 Numbers of karyotyped genera and species/subspecies (sp/ssp), diploid chromosome 
number (2n) and genome size in families of jawless fishes 

FCM = flow cytometry, FD = Feulgen densitometry, BFA = bulk fluorometric assay, SCF = static cell fluorometry, 

Order/family/subfamily 

PHYLUM CHORDATA 

Subphylum Craniata 

Superclass Myxinomorphi 

Class MYXINI 

MYXINIFORMES 

Myxinidae 

Myxininae 

Eptatretinae 

No, of genera 

total studied 

4 
3 

2 

Superclass Petromyzontomorphi 

Class PETROMYZONTIDA 

PETROMYZONTIFORMES 

Petromyzontidae 8 5 

Geotriidae 

Mordaciidae 

No, of sp/ ssp 

total studied 

8 
8 

2n 

25 

45 

4 14,28,34,36 

4 34, 36 

14 

34 11 142-168 

ca, 180 

3 2 76 

FCM 

5.4 

2,6,4,2 

Genome size (pg/ cell) 

FD BFA 

5,5 5,6 

2,6-2,9, 4,2 3,2 

3,1 

2,8 

SCF 

6,9-9,2 

4,6-6,9 

8 



Table 3 Numbers of karyotyped genera and species/subspecies (sp/ssp), diploid chromosome 
number (2n) and genome size in families of jawed fishes 

FCM = flow cytometry, FD = Feulgen densitometry, FIA = Feulgen image analysis densitometry, BFA = bulk fluorometric assay. 

Table 3.1 Class CHONDRICHTHYES 

Order/family/subfamily / genus No. of genera No. of sp/ ssp 2n Genome size (pg/ cell) 

total studied total studied FCM FD FIA BFA 

Superclass Gnathostomata 

Grade Chondrichthiomorphi 

Class CHONDRICHTHYES 

Subclass Holocephali 

CHIMAERIFORMES 2 

Callorhinchidae 0 3 0 3.9 

Rhinochimaeridae 3 0 8 0 3.2 

Chimaeridae 2 2 22 2 58, 86 3.0 4.0 3.2 

Subclass Elasmobranchii 

Subdivision Selachii 

HETERODONTIFORMES 2 

Heterodontidae 8 2 102 17.5 14.5, 29.6 13.6 

ORECTOLOBIFORMES 0 

Brachaeluridae 2 0 2 0 

Ginglymostomatidae 3 0 3 0 7.6, 11.4 10.9 8.5 8.0 

Hemiscylliidae 2 0 12 0 9.1-11.0 

Orectolobidae 3 0 6 0 10.1 

Parascylliidae 2 0 7 0 

Rhincodontidae 0 0 

Stegostomatidae 0 0 

LAMNIFORMES 2 

Alopiidae 0 3 0 

Cetorhinidae 0 1 0 

Lamnidae 1 5 1 82 12.9 13.4 10.0 

Megachasmidae 0 0 

Mitsukurinidae 0 0 

Odontaspididae 2 3 ca. 84 10.9 

Pseudocarchariidae 0 0 

CARCHARHINIFORMES 17 

Carcharhinidae 12 4 50 7 74-90 6.7-8.3 5.5-13.1 5.7-9.9 6.8-8.6 

Hemigaleidae 4 0 7 0 

Leptochariidae 0 0 

Proscylliidae 3 0 5 0 

Pseudotriakidae 2 0 2 0 

Scyliorhinidae 16 2 113 5 62, 64, 72 18.1 11.3-14.7 15.4 

Sphyrnidae 2 8 78-86 6.6 8.9 6.1 7.0,7.8 

Triakidae 4 

Galeorhininae 6 0 10 0 17.3 

Triakinae 3 2 28 4 68, 72, 80 8.6-9.8 9.0-12.8 

HEXANCHIFORMES 3 
Chlamydoselachidae ca. 100 9.2 

Heptranchiidae 72 

Hexanchidae 0 2 0 10.7 

Notorynchidae 104 8.8 

ECHINORHINIFORMES 0 

Echinorhinidae 0 2 0 
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Table 3.1 Class CHONDRICHTHYES (continued) 

Order/family/subfamily / genus No. of genera No. of sp/ ssp 2n Genome size (pg/ cell) 

total studied total studied FCM FD FIA BFA 

SQUAUFORMES 4 

Centrophoridae 2 0 14 0 13.1-14.2 14.5 

Dalatiidae 7 0 10 0 18.2 

Etmopteridae 5 41 2 86 16.2 32.3 23.8-25.4 

Oxynotidae 5 62 34.1 25.0 

Somniosidae 7 0 17 0 16.4-26.0 19.5-23.2 

Squalidae 2 10 58-60, 78 14.0 13.7-14.4 11.6 12.0 

SQUATINIFORMES 

Squatinidae 15 88 32.8 18.6-19.6 

PRISTlOPHORIFORMES 0 

Pristiophoridae 2 0 5 0 

Subdivision Batoidea 

TORPEDlNIFORMES 6 

Narcinidae 9 2 37 2 14.7,24.1 21.0-24.0 8.4 

Narcine 28 8.4 

Narke 54 21.0-24.0 

T orpedinidae 2 22 4 66, 82, 86 14.1 14.0-15.0 14.6 

PRISTlFORMES 0 

Pristidae 2 0 7 0 5.6 

RAJIFORMES 11 

Rajidae 26 3 238 7 58, 96-98 5.8-7.2 5.4-8.1 5.5-6.9 5.6-7.2 

Rhinidae 0 0 

Rhinobatidae 4 42 4 59-64, 84, 92 4.9-8.0 5.9-8.3 6.0 8.0 

Rhynchobatidae 0 4 0 

MYLIOBATIFORMES 22 

Suborder Platyrhinoidei 

Platyrhinidae 2 3 64 9.0, 15.5 15.4 

Suborder Zanobatoidei 0 

Zanobatidae 0 2 0 11.7 

Suborder Myliobatoidei 21 

Dasyatidae 6 2 68 8 58,64-78 7.8-10.1 8.5-13.7 6.8-13.4 9.4 

Gymnuridae 2 11 2 56 10.0, 11.4 16.2 

Hexatrygonidae 0 0 10.0 

Myliobatidae 6 

Mobulinae 2 10 66 9.6-10.2 9.4 

Myliobatinae 4 20 4 52-54 10.4-11.9 8.7-10.8 9.8 

Rhinopterinae 7 64 10.0-10.2 10.4 

Plesiobatidae 0 0 

Potamotrygonidae 3 2 20 3 66, 90 

Urolophidae 2 24 2 52, 72 15.5 13.1 13.0 

Urotrygonidae 2 0 16 0 
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Table 3.2 Class ACTINOPTERYGII. Part 1 Cladistia and Chondrostei 

Order/family No. of genera No. of sp/ ssp 2n Genome size (pg/ cell) 

total studied total studied FCM FD FIA BFA 

Grade Teleostomi (OSTEICHTHYES) 

Class ACTINOPTERYGII 

Subclass Cladistia 

POL YPTERIFORMES 7 

Polypteridae 2 2 16 7 36, 38 9.1-14.5 7.4 9.4-9.8 

Subclass Chondrostei 

ACIPENSERIFORMES 21 

Acipenseridae 4 4 25 20 105-372 

(2X) 105-120 2.4-4.7 3.2-3.6 4.4 

(4X) 240-260 8.8-9.5 6.1-9.1 

(6X) 372 13.1 13.8 

Polyodontidae 2 2 120 3.2-4.9 

Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii 

Order/family/subfamily / genus No. of genera No. of sp/ ssp 2n Genome size (pg/ cell) 

total studied total studied FCM FD FIA BFA 

Subclass Neopterygii 

Division Holostei 

LEPISOSTEIFORMES 2 

Lepisosteidae 2 7 2 56, ca. 68 2.8 2.9 2.8 2.4 

AMIIFORMES 

Amiidae 46 2.3-2.5 2.3 

Division Teleostei 

Subdivision Osteoglossomorpha 

HIODONTIFORMES 2 

Hiodontidae 2 2 50 1.2 

OSTEOGLOSSIFORMES 14 

Osteoglossidae 4 4 7 7 40-56 1.6-1.8 2.0 

Pantodontidae 48 1.5 

Mormyridae 18 2 201 2 48 2.0-2.4 

Notopteridae 4 4 8 4 34, 42 2.2 2.6 

Gymnarchidae 0 0 

Subdivision Elopomorpha 

ELOPlFORMES 3 

Elopidae 6 48 2.4 

Megalopidae 2 2 46, 50-52 2.0 

ALBULIFORMES 0 

Suborder Albuloidei 0 

Albulidae 0 3 0 

Suborder Notacanthoidei 0 

Halosauridae 3 0 15 0 

Notacanthidae 3 0 10 0 

ANGUILLIFORMES 33 

Suborder Anguilloidei 6 

Anguillidae 15 5 38 2.2 2.0 2.8-3.3 

Heterenchelyidae 2 0 4 0 

Moringuidae 2 6 50 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order /family/subfamily/genus No. of genera No. of sp/ ssp 2n Genome size (pg/ cell) 

total studied total studied FCM FD FIA BFA 

Suborder Muraenoidei 12 

Chlopsidae 8 0 18 0 3.9 

Muraenidae 15 3 185 12 36, 42 4.6 3.8 4.4-5.1 

Myrocongridae 0 4 0 

Suborder Congroidei 15 

Colocongridae 0 5 0 

Congridae 22 2 160 5 34, 38 2.4-3.6 

Derichthyidae 2 0 3 0 

Muraenesocidae 4 8 38 2.3 

Nemichthyidae 3 0 9 0 

Nettastomatidae 6 0 38 0 

Ophichthidae 52 7 290 8 38-48 

Serrivomeridae 2 0 10 0 

Synaphobranchidae 10 32 26 3.2 

SACCOPHARYNGIFORMES 0 

Suborder Cyematoidei 0 

Cyematidae 2 0 2 0 

Suborder Saccopharyngoidei 0 

Eurypharyngidae 0 1 0 

Monognathidae 0 15 0 

Saccopharyngidae 0 10 0 

Subdivision Otocephala (= Ostarioclupeomorpha) 

CLUPEIFORMES 30 

Suborder Denticipitoidei 0 

Denticipitidae 0 0 

Suborder Clupeoidei 30 

Pristigasteridae 9 0 34 0 

Chirocentridae 0 2 0 1.6 

Clupeidae 23 

Alosinae 7 3 31 9 46, 48 2.0 2.2-2.8 

Clupeinae 16 6 72 9 28, 44-48, 50-54 2.0-2.7 1.8-2.1 1.5 

Dorosomatinae 6 4 22 5 48 2.0 1.8 

Pellonulinae 23 0 44 0 2.2 

Engraulidae 16 4 139 7 42, 44, 48 2.9 3.0 3.8 

GONORYNCHIFORMES 2 
Suborder Chanoidei 

Chanidae 32 

Suborder Gonorynchoidei 0 

Gonorynchidae 0 5 0 

Suborder Knerioidei 

Kneriidae 4 0 30 0 

Phractolaemidae 1 1 1 1 28 

CYPRINIFORMES 747 

Superfamily Cyprinoidea 630 

Cyprinidae 220 180 2420 628 

Acheilognathinae 3 3 50 34 42-48 2.1-2.3 1.8-2.1 

Barbinae ? 30 ? 154 48-150 

(2X) 16 75 48-50 1.5-2.2 1.4-2.5 1.9-2.4 

(4X) 9 57 96-100 2.7-3.7 3.4-3.5, 4.6 

(6X) 5 22 150 

Cultrinae ? 15 ? 30 48 2.6 1.8-2.4 

Cyprininae 6 4 25 22 100-162 

(4X) 4 22 100 3.4-4.5 3.1-3.8, 4.8 3.4 

(6X) 3 150-162 5.4 4.6-4.8, 6.1 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order/family/subfamily/genus No. of genera 

total studied 

Gobiobotinae 

Gobioninae 

Hypophthalmichthyinae 

Labeoninae 

Leuciscinae 

Rasborinae (= Danioninae) 

(2X) 

(2X) 

Schizothoracinae 
(4X) 

(6X) 

(18X) 

Squaliobarbinae 

Tincinae 

Xenocyprinae 

Psilorhynchidae 

Superfamily Cobitoidea 

Gyrinocheilidae 

Catostomidae 

Cobitidae 

Botiinae 

Leptobotiinae 

Cobitinae 

Cobitis (2X) 

Cobitis (3X) 

Cobitis (4X) 

non- Cobitis (2X) 

non- Cobitis (4X) 

Balitoridae 

Nemacheilinae 

Balitorinae 

Vaillantellidae 

CHARACIFORMES 

Suborder Citharinoidei 

Citharinidae 

Distichodontidae 

Suborder Characoidei 

Acestrorhynchidae 

Alestiidae (Alestidae) 

Anostomidae 

Characidae 

Aphyocharacinae 

Bryconinae 

Chalceinae 

Characinae 

Cheirodontinae 

Glandulocaudinae 

Iguanodectinae 

Paragoniatinae 

Serrasalminae 

Stethaprioninae 

T etragonopterinae 

T riporthinae 

Chilodontidae 

Crenuchidae 

Ctenoluciidae 

Curimatidae 

Cynodontidae 

? 

? 

2 

? 

? 

? 

? 

? 

4 
2 

13 

26 

5 
2 

19 

59 

29 

29 

3 
17 

18 

12 

2 
3 

12 

15 

19 

2 
7 

15 

4 

? 

? 

2 

12 

2 

8 
4 

2 

21 

2 

12 

68 

18 

16 

3 
12 

11 

3 

4 

1 

9 
19 

5 
2 

12 

13 

8 

5 

o 
o 

7 

2 
2 

6 

9 
2 

11 

3 
20 

2 

2 

7 

o 

No. of sp/ ssp 

total studied 

2n 

? 

? 

3 

? 
? 
? 

? 

? 

? 
6 

3 

72 

177 

? 

? 

130 

590 

420 

170 

8 

7 

65 

2 

50 

200 

46 

41 

5 

50 

50 

48 

44, 48, 50 

48, 50 

48-78 

48-52 

70-78 

29 90-148, >400 

22 90-92,98-100 

6 148 

3 

7 
2 

117 

15 

76 

20 

11 

45 

16 

1 

3 
27 

3 
24 

19 

5 

341 

o 
o 

417-470 

48 

48 

48 

50 

48 

96-100 

98-100 

50-52 

48-100 

48, 50 

74-75 

96-98, 100 

48, 50 

100 

44-50, 75 

48, 50 

50 

90 0 

341 

15 3 50 

110 56 

137 39 54 

194 

10 4 50 

43 12 50 

2 52,54 

70 13 46,50,52 

46 16 32, 42, 50, 52 

50 

2 
8 

80 

12 

? 

? 

7 

74 

7 

95 

14 

5 52 

50 

52 

35 54, 58, 60-64 

4 

91 36, 38, 46-54 

11 50,52 

2 54 

9 50 

2 36 

37 46, 54, 56, 102 

o 

Genome size (pg/celi) 

FCM FD FIA BFA 

2.4-3.7 

2.0-3.7 

2.8-3.3 

1.9-2.1 

2.8 

1.8-3.2 

2.2, 3.4-4.6 1.8-2.9, 4.4 

2.3 3.3 

2.0 

2.3 

1.2 

3.7-5.5 

1.6-2.1 

2.8-4.0 

6.0 

6.8-7.6 

2.5-4.0 

3.0-3.1, 4.9 

6.5-7.0 

17.2 

2.0-2.2 

1.7-2.1 

2.1-2.8 

1.0 

4.0 

1.8-1.9 

1.1 

4.3 

7.2 

2.0-2.2 

4.5-4.6 

1.0-1.1, 2.2 

0.9 

1.7,3.1 

2.6-3.5 

2.5-2.7 

2.4 

2.2 
2.2-3.1 

3.7 

2.5,3.1 

2.4 

3.2-3.6 

3.5 

2.1-4.2 

2.7,3.5 

2.8-3.8 

2.0-2.1 

2.2-2.5 2.2-2.6 

2.5-2.8 

2.8 3.2, 3.6-4.4 

1.3 

4.2-5.1 

3.0 

1.3 

1.7 

2.4-2.8 

2.4 

2.8-3.4 

3.4 

2.2 

3.4 

3.2-3.4 

3.2-4.2 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order/family/subfamily/genus No. of genera 

total studied 

Erythrinidae 

Gasteropelecidae 

Hemiodontidae 

Hepsetidae 

Lebiasinidae 

Parodontidae 

Prochilodontidae 

SILURIFORMES 

Akysidae 

Amblycipitidae 

Amphiliidae 

Ariidae 

Aspredinidae 

Astroblepidae 

Auchenipteridae 

Auchenoglanididae 

Austroglanidae 

Bagridae 

Callichthyidae 

Callichthyinae 

Dianema, Hop/ostemum 

Ca//ichthys 

Mega/echis 

Corydoradinae 

Corydoras (2X) 

Corydoras (2X) 

Corydoras (4X) 

Cetopsidae 

Chacidae 

Clariidae 

Claroteidae 

Cranoglanididae 

Diplomystidae 

Doradidae 

Erethistidae 

Heptapteridae 

Heteropneustidae 

Ictaluridae 

Loricariidae 

Ancistrinae 

Hypoptopomatinae 

Hypostominae 

Lithogeneinae 

Loricariinae 

Neoplecostominae 

Upsilodinae 

Malapteruridae 

Mochokidae 

Nematogenyidae 

Pangasiidae 

Pimelodidae 

Plotosidae 

Pseudopimelodidae 

Schilbeidae 

Scoloplacidae 

Siluridae 

3 
3 
6 

7 
3 
3 

4 
3 
2 

21 

12 

20 

6 

18 

5 

4 

7 

14 

7 

2 
30 

6 

25 

7 

27 

16 

? 

31 

? 

? 

2 

11 
1 

3 
31 

10 

5 

15 

11 

3 
3 

3 
o 
4 
2 
2 

o 
2 
o 
9 

o 
4 
o 
o 

10 

4 

4 

o 
o 
2 
o 

2 
11 

6 

5 

5 

8 

6 
o 
7 

5 

o 
2 

o 
2 

14 

1 

5 

4 

4 

No. of sp/ ssp 

total studied 

2n 

14 

9 
28 

1 
61 

21 

21 

42 

26 

26 

150 

36 

54 

94 
28 

3 
170 

13 

164 

23 

3 
90 

59 

3 
6 

72 

14 

175 

3 
46 

217 

79 

? 

2 

209 

? 

? 

19 

179 

28 

85 

35 
26 

56 

4 
97 

11 39-42,48-54 

5 48, 52, 54 

7 

o 
11 
8 

12 

362 

o 
9 

o 
15 

o 
5 
o 
o 

33 
48 

7 

5 

54 

22-46 

54 

54 

20-42 

52-56 

50 

56, 58 

44, 48-60 

56-64 

60-62 

56-58 

64 
41 40-134 

12 56-62, 74 

8 40-50, 56 

5 92, 120-134 

o 
o 
8 
o 

3 
13 

50-56, 100 

74 

56 
56, 58, 66 

50 
20 46, 52-58, 87 

33 
74 

56 
40-62 

10 38-40, 48-52 

12 54,58,72 
23 52-54, 64-80 

o 
18 

10 

o 
9 
o 
5 

30 

2 

6 

4 

36-74 

54 

96 

54, 56 

58, 60 

50, 54, 56 

36-38, 48 

54 
58, 66 

50 
13 42,54-60,86 

FCM 

4.5 

1.8 

3.2 

8.4 

2.0 

2.3 

Genome size (pg/ cell) 

FD FIA BFA 

2.3 
2.2-2.6 

2.0 
2.0-2.5 

3.1-3.7 

1.9-2.1 

1.2-1.4 

1.9 

1.3-3.6 

4.5-4.9 

6.3-8.8 

1.8 

2.6 

3.5 

1.8-2.2 

1.9-2.1 

1.8,2.7 
3.2-4.5 

2.3 

1.1, 2.0-2.8 

2.2-2.5 

1.7-2.9 

4.9 

3.2 

6.4 

3.2-3.4 

3.0 

1.9,2.8 

3.5 

2.8 

2.8 

2.4 

4.8-5.0 

1.8-2.2 

3.4 

4.6-6.0 

8.4-8.8 

2.4 

3.2 

2.4 

3.6 

4.2 

4.2 

3.2 

2.0 

2.2-2.4 

2.4 

2.0 

1.8 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order /family/subfamily/genus No. of genera No. of sp/ ssp 2n Genome size (pg/ cell) 

total studied total studied FCM FD FIA BFA 

Sisoridae 9 

Sisorinae 6 2 23 2 42, 46-48 

Glyptosterninae 11 4 89 7 36, 42, 50-56 

T richomycteridae 41 6 201 18 32, 54, 81 2.3-2.6 

GYMNOTIFORMES 17 
Suborder Gymnotoidei 6 

Gymnotidae 2 2 33 6 40-48, 52-54 2.0 

Suborder Sternopygoidei 11 

Apteronotidae 13 2 45 3 22, 24, 52 1.4 

Hypopomidae 7 3 16 4 36-38, 42, 50 

Rhamphichthyidae 3 12 1 52 1.9 

Sternopygidae 5 2 28 3 28-40, 46-48 2.0 

Subdivision Euteleostei 

ARGENTINIFORMES 5 

Suborder Argentinoidei 5 

Argentinidae 2 23 44 1.7 

Microstomatidae 11 4 38 4 36, 54, 60, 62 3.4, 6.3 

Opisthoproctidae 6 0 11 0 

Suborder Alepocephaloidei 0 

Alepocephalidae 23 0 90 0 

Bathylaconidae 2 0 3 0 

Platytroctidae 13 0 37 0 

OSMERIFORMES 19 

Galaxiidae 8 2 52 10 22, 30-44 1.8-2.1 

Osmeridae 9 

Hypomesinae 1 6 3 56 

Osmerinae 4 3 8 3 54, 56 1.2 1.5-1.7 1.4 

Plecoglossinae 1 56 

Salanginae 5 2 16 2 56 

Retropinnidae 3 0 5 0 

SALMONIFORMES 85 

Salmonidae 85 

Coregoninae 3 3 32 27 60-64, 72-86 6.0-7.1 5.1-6.9 4.0-4.9 

Thymallinae 5 3 98-110 4.3 4.0 

Salmoninae 7 7 73 55 52-92 

Brachymystax 90-92 

Hucho 2 82-84 

Parahucho 62 

Oncorhynchus 21 52,58-70,74 4.9-6.4 4.1-6.6 4.7-5.0 6.0-6.6 

Sa/mo 12 54-58, 78-84 5.2-6.4 5.5-5.8 6.5 

Sa/ve/inus 18 78-84 5.7 7.4-7.5 5.8-6.7 7.0 

ESOCIFORMES 11 

Esocidae 6 6 50 2.3 2.2-2.7 1.8-2.3 

Umbridae 3 3 7 5 22, 44, 48, 78 

Da//ia 78 2.5 

Novumbra 1 48 2.1 

Umbra 3 44, 22 4.8-5.0 5.1 5.4 

STOMIIFORMES 7 

Diplophidae 3 0 8 0 

Suborder Gonostomatoidei 7 

Gonostomatidae 5 3 23 3 12,48 

Sternoptychidae 10 2 67 4 35, 48-52 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order/family/subfamily/genus No. of genera No. of sp/ ssp 2n Genome size (pg/celi) 

total studied total studied FCM FD FIA BFA 

Suborder Phosichthyoidei 0 

Phosichthyidae 7 0 20 0 

Stomiidae 28 0 273 0 2.6 

ATELEOPODlFORMES 0 

Ateleopodidae 4 0 12 0 

AULOPIFORMES 9 

Suborder Synodontoidei 7 

Aulopidae 2 0 10 0 

Paraulopidae 0 10 0 

Pseudotrichonotidae 0 0 

Synodontidae 4 3 57 7 26-27. 48 2.2-2.9 1.6-2.5 2.7.3.1 2.4 

Suborder Chlorophthalmoidei 2 

Bathysauroididae 0 0 

Bathysauropsidae 0 3 0 

Chlorophthalmidae 2 19 2 24. 36 

[pnopidae 5 0 29 0 

Notosudidae 3 0 19 0 

Suborder Alepisauroidei 0 

Alepisauridae 2 0 3 0 

Evermannellidae 3 0 7 0 

Paralepididae 13 0 56 0 

Scopelarchidae 4 0 17 0 

Suborder Giganturoidei 0 

Bathysauridae 0 2 0 

Giganturidae 0 2 0 

MYCTOPHIFORMES 28 

Neoscopelidae 3 6 48 2.6 5.0 

Myctophidae 32 16 240 27 44. 48 3.8-4.0 

LAMPRIFORMES 0 

Lampridae (= Lamprididae) 0 2 0 

Lophotidae 2 0 3 0 

Radiicephalidae 0 0 

Regalecidae 2 0 2 0 

Stylephoridae 1 0 0 

T rachipteridae 3 0 10 0 

Veliferidae 2 0 2 0 

POL YMIXIlFORMES 0 

Polymixiidae 0 10 0 

Superorder Paracanthopterygii 

PERCOPSlFORMES 

Amblyopsidae 5 0 6 0 

Aphredoderidae 48 

Percopsidae 0 2 0 

GADlFORMES 15 

Bregmacerotidae 0 15 0 

Euclichthyidae 0 0 

Gadidae 12 

Gadinae 12 6 25 10 26. 38-48 1.7-1.9 1.8 

Lotinae 3 5 48 

Ranicipitinae 48 

Macrouridae 27 0 350 0 1.5-1.9 

Melanonidae 0 2 0 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order/family/subfamily / genus No. of genera No. of sp/ ssp 2n Genome size (pg/celi) 

total studied total studied FCM FD FIA BFA 

Merlucciidae a 13 a 1.7-1.9 1.9-2.0 

Moridae 18 a 105 a 1.5, 1.9 

Muraenolepididae 1 4 48 

Phycidae 5 2 25 2 28, 48 1.7 

OPHIDIIFORMES 3 

Suborder Ophidioidei 3 

Carapidae 7 31 36 

Ophidiidae 48 2 222 2 43, 44 1.2-1.3 1.4, 1.7 

Suborder Bythitoidei a 
Aphyonidae 6 a 22 a 
Bythitidae 16 a 62 a 
Parabrotulidae 2 a 3 a 

Superorder Acanthopterygii 

MUGILIFORMES 18 

Mugilidae 17 8 72 18 24, 28, 48 1.6 1.4 1.6-2.0 2.0 

ATHERINIFORMES 21 

Suborder Atherinopsoidei 12 

Atherinopsidae 11 6 108 12 44, 46, 48 1.3 2.2 

Suborder Atherinoidei 9 

Atherinidae 12 2 60 2 48 2.1 

Atherionidae 1 3 1 48 

Melanoteaniidae 17 3 113 6 46, 48 2.6 

Notocheiridae 2 a 6 a 
Phallostethidae 5 a 22 a 

BELONIFORMES 26 

Suborder Adrianichthyoidei 13 

Adrianichthyidae 13 

Adrianichthyinae 2 a 5 a 
Horaichthyinae a a 
Oryziinae 22 13 28-42, 46, 48 2.1-2.2 1.5-1.9 2.2 

Suborder Belonoidei 13 

Belonidae 10 4 34 7 48, 50, 54 2.3 2.2 2.0 2.2-2.4 

Exocoetidae 8 52 48 1.9 

Hemiramphidae 12 4 109 4 40, 46, 48, 52 2.0 1.5 1.9-2.4 1.5-2.2 

Scomberesocidae 2 4 42 

CYPRINODONTIFORMES 346 

Suborder Aplocheiloidei 205 

Aplocheilidae 2 2 7 6 38, 48 1.5 1.5 1.4 

Nothobranchiidae ? 10 250 155 16-42,46-50 2.4 

Rivulidae 28 12 236 44 20, 34-48, 54 3.0 

Suborder Cyprinodontoidei 141 

Anablepidae 3 1 15 1 46 

Cyprinodontidae 9 6 104 35 48, 50, 52 3.2 

Fundulidae 4 2 50 24 32-34, 40-48 2.7-3.0 2.6 2.8-3.0 

Goodeidae 16 16 36 36 24-30, 42, 48 

Poeciliidae 44 

Aplocheilichthyinae 1 1 ? 2 48 

Procatopodinae 9 3 78 4 48 

Poeciliinae 27 8 225 38 42-48 (69, 72) 1.3-2.0 1.3-2.1 2.8 1.7-1.9 

Profundulidae a 5 a 
Valenciidae 2 48 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order /family/subfamily/genus No. of genera No. of sp/ ssp 2n Genome size (pg/ cell) 

total studied total studied FCM FD FIA BFA 

STEPHANOBERYCIFORMES 5 

Barbourisiidae 0 0 

Cetomimidae 9 0 20 0 

Gibberichthyidae 0 2 0 

Hispidoberycidae 0 1 0 

Megalomycteridae 4 0 5 0 

Melamphaidae 5 4 36 5 42, 46-50, 58 

Mirapinnidae 3 0 5 0 

Rondeletiidae 1 0 2 0 

Stephanoberycidae 3 0 3 0 

BERYCIFORMES 9 

Suborder Trachichthyoidei 5 

Anomalopidae 6 0 8 0 

Anoplogastridae 1 2 48 

Diretmidae 3 4 2 44-46, 70 2.9 

Monocentridae 2 4 1 48 

T rachichthyidae 7 39 48 1.3 

Suborder Berycoidei 

Berycidae 2 9 48 1.7 2.0 

Suborder Holocentroidei 3 

Holocentridae 8 3 78 3 48, 50 2.0 1.3 1.5-1.7 1.8 

ZEIFORMES 2 

Suborder Cyttoidei 0 

Cyttidae 0 3 0 1.5 

Suborder Zeioidei 2 

Grammicolepididae 3 0 3 0 

Oreosomatidae 4 10 42 2.5-2.6 

Parazenidae 3 0 4 0 

Zeidae 2 5 42-44 2.5 

Zeniontidae 3 0 7 0 

GASTEROSTEIFORMES 19 

Suborder Gasterosteoidei 10 

Aulorhynchidae 2 0 2 0 

Gasterosteidae 5 4 10 10 42, 46 1.2 1.3 1.2-1.4 

Hypoptychidae 0 1 0 

Indostomidae 0 3 0 

Suborder Syngnathoidei 9 

Aulostomidae 1 0 3 0 1.4 

Centriscidae 2 0 4 0 0.9-1.1 

Fistulariidae 0 4 0 1.5-1.8 1.4 

Macroramphosidae 3 11 2 48 1.1 

Pegasidae 2 0 5 0 

Solenostomidae 0 5 0 

Syngnathidae 52 4 232 7 36, 44, 48, 58 1.1-2.7 

Hippocampus, Syngnathus 4 44, 48 0.9-1.1 0.9-2.1 1.3 

Nerophis 58 3.6-3.9 

BATRACHOIDlFORMES 9 

Batrachoididae 22 5 78 9 44, 46, 48 3.4-6.0 

SYNBRANCHIFORMES 8 

Suborder Mastacembeloidei 4 

Chaudhuriidae 6 0 9 0 

Mastacembelidae 5 3 73 4 48 1.6 1.5 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order /family/subfamily/genus No. of genera No. of sp/ ssp 2n Genome size (pg/ cell) 

total studied total studied FCM FD FIA BFA 

Suborder Synbranchoidei 4 

Synbranchidae 4 3 17 4 
Monopterus 2 24, 42 1.2-1.6 

Synbranchus 42-46 5.6-8.5 

SCORPAENIFORMES 101 
Suborder Dactylopteroidei 

Dactylopteridae 2 7 48 
Suborder Scorpaenoidei 36 
Scorpaenidae 56 12 418 36 

Sebastinae 7 4 133 18 46, 48 1.8-1.9 1.9-2.0 1.9-2.2 

Scorpaeninae 20 5 185 16 34-48 

Scorpaena 2 34-36, 40-48 2.8 1.8 2.9 2.8 
Pterois 48 2.0 

Apistinae 3 0 3 0 

Tetraroginae 11 2 38 2 47-48, 50 2.1 

Synanceiinae 9 35 48 1.2, 1.8 

Caracanthidae 0 4 0 

Aploactinidae 17 0 38 0 

Pataecidae 3 0 3 0 

Gnathanacanthidae 0 1 0 

Congiopodidae 4 0 9 0 

Suborder Platycephaloidei 9 
Triglidae 10 3 105 3 47-48 1.6 1.6,2.0 

Peristediidae 4 0 36 0 

Bembridae 5 0 10 0 
Platycephalidae 18 4 65 6 48 1.4-1.8 

Hoplichthyidae 0 10 0 

Suborder Anoplopomatoidei 

Anoplopomatidae 2 2 1 30 1.4 1.7 

Suorder Hexagrammoidei 5 
Hexagrammidae 5 2 12 5 48 1.7 1.5 1.4-1.9 1.8-1.9 

Suborder Normanichthyoidei 0 
Normanichthyidae 0 0 

Suborder Cottoidei 49 
Rhamphocottidae 0 0 2.2 

Ereuniidae 2 0 3 0 

Cottidae 70 16 275 34 32, 37-48, 52 1.5 1.4-1.9 1.8-1.9 

Comephoridae 2 2 48 
Abyssocottidae 7 6 23 10 48 
Hemitripteridae 3 8 46 1.8-2.0 1.9 
Agonidae 22 47 48 1.5 
Psychrolutidae 8 0 35 0 1.8-2.0 

Bathylutichthyidae 0 0 
Cyciopteridae 6 28 50 1.7-1.9 

Liparidae 29 0 334 0 1.5-1.8 

PERCIFORMES 867 

Suborder Percoidei 314 

Acropomatidae 8 0 31 0 

Ambassidae 9 3 46 4 40, 44, 48 1.1 

Aplodactylidae 0 5 0 

Apogonidae 23 4 273 13 34-38, 46 2.9 1.6-2.6 

Arripidae 0 4 0 1.4 

Banjosidae 0 1 0 

Bathyclupeidae 0 5 0 

Bramidae 7 1 22 1 54 

Caesionidae 4 0 20 0 2.2-2.3 

Callanthiidae 2 0 12 0 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order/family/subfamily/genus No. of genera 

total studied 

Carangidae 

Caristiidae 

Centracanthidae 

Centrarchidae 

Centrogeniidae 

Centropomidae 

Cepolidae 

Chaetodontidae 

Cheilodactylidae 

Chironemidae 

Cirrhitidae 

Coryphaenidae 

Dichistiidae 

Dinolestidae 

Dinopercidae 

Drepaneidae 

Echeneidae 

Emmelichthyidae 

Enoplosidae 

Epigonidae 

Gerreidae 

Glaucosomatidae 

Grammatidae 

Haemulidae 

Inermiidae 

Kuhliidae 

Kyphosidae 

Lactariidae 

Latidae 

Latridae 

Leiognathidae 

Leptobramidae 

Lethrinidae 

Lobotidae 

Lutjanidae 

Malacanthidae 

Menidae 

Monodactylidae 

Moronidae 

Mullidae 

Nandidae 

Nematistiidae 

Nemipteridae 

Notograptidae 

Opistognathidae 

Oplegnathidae 

Ostracoberycidae 

Pempheridae 

Pentacerotidae 

Percichthyidae 

Percidae 

Perciliidae 

Plesiopidae 

Polycentridae 

Polynemidae 

Polyprionidae 

Pomacanthidae 

Pomatomidae 

Priacanthidae 

32 

2 

2 

8 

1 

4 
11 
5 

2 
12 

2 

4 
3 
1 

6 

8 

2 

17 

2 

16 

2 

3 
4 

1 
5 

2 
7 
5 

2 
3 

6 

4 

5 

1 

3 

2 

7 

11 

10 

11 

4 

8 
2 

8 

4 

13 

o 
1 

8 
o 
1 
o 
2 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
4 

o 
o 
6 
o 

4 

o 
2 

o 
3 
o 

3 
o 
o 

3 
4 
3 
o 
o 
o 
o 

o 

o 
2 

8 
o 

o 
3 

No. of sp/ ssp 

total studied 

140 

5 

8 
31 

12 

19 

122 

22 

5 

33 

2 
2 

2 
3 

8 

15 

25 

44 
4 

12 

145 

2 

10 

45 

1 

9 

8 
30 

1 
39 

5 

105 

40 

5 

8 

62 

21 

64 

3 
78 

7 

3 

26 

12 

34 

201 

2 

46 

4 

41 

5 

82 

18 

26 

o 

23 

o 
1 
o 

11 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
8 
o 
o 

17 

o 
2 

7 

o 
2 

o 
3 
o 
2 

18 

o 
o 
2 
6 

6 

4 
o 
o 
o 
o 
2 

o 

o 
8 

25 

o 

o 
14 

2n 

46-50, 56 

44-48 

40, 46, 48 

48 

48 

42 

48 

48 

48 

48 

48 

48 

48 

48 

47-48 

48 

48 

44, 48 

46, 48 

48 

48 

48 

48 

48 

46 

48 

48, 52 

48 

52 

FCM 

1.7 

1.9-2.1 

1.5-1.6 

1.5 

2.1 

1.4 

1.6 

1.8 

2.8-3.2 

2.9 

1.6 

1.2-1.3 

2.2 

1.9 

1.4 

1.6 

1.9 

2.3-2.4 

1.5 

Genome size (pg/ cell) 

FD FIA BFA 
1.2-1.4 

1.9-2.2 

1.1 

0.9 

1.2-1.5 

2.0-2.2 

1.0 

1.2-1.8 

1.5-2.3 

1.4-1.7 

1.3-1.5 

1.2 

1.4 

1.4 

1.5 

1.2 

1.7 

1.8,2.1 

1.4 

1.0-1.4 

2.2-2.5 

1.4-2.7 

1.9 

1.1-1.3 

1.5-1.7 

2.1 

1.4-1.5 

1.7 

1.8-2.1 

1.5-1.8 

1.4 

1.6 

1.7-1.8 

1.4-1.7 

1.7 

1.4 

1.6 

1.7-2.0 

1.6,2.2 

1.9,2.6 

2.0 

1.8 

1.8 

2.4 

1.9 

2.2 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order /family/subfamily/genus 

Pseudochromidae 

Rachycentridae 

Sciaenidae 

Scombropidae 

Serranidae 

Sillaginidae 

Sparidae 

Symphysanodontidae 

T erapontidae 

Toxotidae 

Suborder Elassomatoidei 

Elassomatidae 

Suborder Labroidei 

Cichlidae 

American cichlids 

Asian cichlids 

African cichlids 

Embiotocidae 

Pomacentridae 

Amphiprioninae 

Chrominae 

Lepidozyginae 

Pomacentrinae 

Labridae 

Odacidae 

Scaridae 

Suborder Zoarcoidei 

Bathymasteridae 

Zoarcidae 

Stichaeidae 

Cryptacanthodidae 

Pholidae 

Anarhichadidae 

Ptilichthyidae 

Zaproridae 

Scytalinidae 

Suborder Notothenioidei 

Artedidraconidae 

Bathydraconidae 

Bovichtidae 

Channichthyidae 

Eleginopidae 

Harpagiferidae 

Nototheniidae 

Pseudaphritidae 

Suborder T rachinoidei 

Ammodytidae 

Champsodontidae 

Cheimarrhichthyidae 

Chiasmodontidae 

Creediidae 

Leptoscopidae 

Percophidae 

Pinguipedidae 

T rachinidae 

T richodontidae 

T richonotidae 

Uranoscopidae 

No. of genera 

total studied 

20 0 

70 

64 

3 

33 

16 

112 

? 

? 

13 

28 

1 

5 

21 

68 

4 
10 

3 
46 

37 

3 
2 

4 

11 

3 
11 

14 

8 

4 
7 
3 

11 
5 

2 
2 

8 

o 
25 

o 
8 

14 

o 
2 

o 

54 

32 

21 

3 
12 

2 

o 
10 

21 

o 
4 

3 

6 

o 

o 
o 
o 
o 

3 
7 

2 

10 

11 

o 
o 
o 
o 
o 
o 

2 

o 

No. of sp/ ssp 

total studied 

2n 

119 0 

270 

3 
475 

31 

115 

6 
48 

6 

6 

? 

? 

3 
? 

23 

348 

27 

? 

? 

453 

12 

88 

7 
230 

76 

4 
15 

5 

25 

16 

11 

15 

1 
6 

50 

23 

13 

15 

16 

5 

44 
54 

6 

2 
8 

50 

o 
38 

o 
29 

28 

o 
4 
o 

241 

130 

82 

2 

46 

3 
46 

3 
10 

o 
33 

58 

o 
4 

13 

46. 48 

48 

48 

48 

48 

48 

38-52, 60 

46, 48 
38-48 

48 

48 
28-48 

36, 42, 48 

22, 32-48 

46, 48 

26 
4 48,72 

6 28, 46-48, 56 

o 
2 26,46 

o 
o 
o 
o 

63 

9 46 
7 20, 36-38, 44-48 

4 48 
13 47-48 

48 

48 
27 22-32, 46-50, 58 

1 

8 

o 
o 
o 
o 
o 
o 
3 

2 

o 

48 

46 

26, 42, 48 

48 

48 

26-32 

FCM 

1.3,1.9 

2.1-2.7 

1.9 

1.7 

1.5 

2.0-2.5 

1.9 

2.3-2.4 

2.1 

2.3-3.4 

1.5-3.5 

4.2 

1.5 

Genome size (pg/ cell) 

FD FIA 

1.2-1.6 

1.8-2.2 

1.0-1.7 

2.4 

1.6-2.4 

2.6 

1.5-1.7 

1.6-2.9 

2.5-2.8 

2.9-3.2 

3.7-4.4 

1.4-1.9 

1.3-1.5 

1.3-2.5 

1.3 
1.3-1.5 

1.3-1.6 

1.6-2.1 

1.7-2.1 

1.4-2.1 

1.3-2.8 

2.9-3.2 

1.6-2.2 

4.1 

2.8 

2.0-3.6 

1.1-1.2 

1.4 

BFA 

1.5 
1.5-2.0 

2.4-2.6 

1.9-2.0 

2.0-2.4 

2.0-2.4 

1.5-2.0 

2.2 

1.8-2.0 

3.8-4.6 

1.9 

1.6 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order/family/subfamily/genus No. of genera 

total studied 

Suborder Pholidichthyoidei 

Pholidichthyidae 

Suborder Blennioidei 

Blenniidae 

Chaenopsidae 

Clinidae 

Dactyloscopidae 

Labrisomidae 

T ripterygiidae 

Suborder Icosteoidei 

Icosteidae 

Suborder Gobiesocoidei 

Gobiesocidae 

Suborder Callionymoidei 

Callionymidae 

Draconettidae 

Suborder Gobioidei 

Rhyacichthyidae 

Odontobutidae 

Eleotridae 

Butinae 

Eleotrinae 

Ptereleotridae 

Xenisthmidae 

Kraemeriidae 

Gobiidae 

Gobiinae 

Gobionellinae 

Sicydiinae 

Oxudercinae 

Amblyopinae 

Microdesmidae (= Cerdalidae) 

Schindleriidae 

Suborder Kurtoidei 

Kurtidae 

Suborder Acanthuroidei 

Acanthuridae 

Ephippidae 

Luvaridae 

Scatophagidae 

Siganidae 

Zanclidae 

Suborder Scombrolabracoidei 

Scombrolabracidae 

Suborder Scombroidei 

Sphyraenidae 

Gempylidae 

T richiuridae 

Scombridae 

Xiphiidae 

[stiophoridae 

Suborder Stromateoidei 

Amarsipidae 

Centrolophidae 

Nomeidae 

Ariommatidae 

56 
13 

4 
9 

15 

23 

36 

13 

2 

1 

5 

35 
13 

22 

5 

6 
2 

210 

130 

56 

7 
10 

10 

5 

6 

8 

2 

1 

16 

10 

15 

1 

3 

7 
3 

o 

13 

o 

o 

o 

o 

4 

2 
o 

o 
3 

10 

3 
5 

o 
o 

49 

21 

15 

8 

2 
o 
o 

3 

o 
2 

o 

o 

1 

o 
o 
4 

o 
o 

o 
o 
o 
o 

Tetragonuridae 0 

Stromateidae 3 0 

Suborder Anabantoidei (Labyrinthici, in part) 

No. of sp/ ssp 

total studied 

2n 

2 

360 

86 

12 

43 

105 

150 

140 

182 

12 

2 

15 

155 

? 

? 

36 
12 

8 
1950 

? 

? 

? 

? 

? 

30 

3 

2 

80 
16 

4 

27 

21 

24 

39 
51 

1 

11 

28 

16 

7 
3 

15 

o 
o 

27 

25 

o 

o 

o 
o 
o 
5 
5 
5 

40-48 

48 

48 

42, 46, 48 

5 32, 36-38, 42 

o 
125 

o 
4 

14 

5 

9 

o 
o 

106 

44 

46, 48 

46, 48 

46 

52 30, 38-50, 52 

37 34, 40-48, 52 

44 
14 

2 
o 
o 

12 

6 

o 
2 

3 
o 
o 
o 

10 

1 

o 
o 
9 
o 
o 
o 
o 
o 
o 
o 
o 
o 

30 

38, 42-48 

38, 44, 46 

44 

34, 36, 48 

48 

48 

42, 48 

48 

48 

FCM 

1.6 

1.7-2.6 

1.2, 1.6 

2.2-2.4 

2.4-3.0 

1.6-1.7 

1.2-1.4 

1.2 

1.7 

Genome size (pg/celi) 

FD FIA 

1.2-2.4 

2.5 

0.8-2.0 

1.4 

1.4 

1.0-1.7 

1.7 

1.4, 2.0 

2.5 

1.2 

1.7-3.4 

2.5 

1.9 

1.3-2.0 
1.5-1.6 

1.4 
1.2-1.4 

1.1-1.3 

1.6 

1.8 
1.6-1.8 

1.3 

1.3 

1.4-1.6 

BFA 

1.7-1.9 

2.0 

2.4-2.8 

1.9 

1.5 

1.7,2.4 

1.8-2.2 

1.8 

1.6 
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Table 3.3 Class ACTINOPTERYGII. Part 2 Neopterygii (continued) 

Order/family/subfamily/genus No. of genera 

total studied 

Anabantidae 

Helostomatidae 

Osphronemidae 

Suborder Channoidei 

Channidae 

Suborder Caproidei 

Caproidae 

PLEURONECTIFORMES 

Suborder Psettodoidei 

Psettodidae 

Suborder Pleuronectoidei 

Citharidae 

Scophthalmidae 

Paralichthyidae 

Pleuronectidae 

Bothidae 

Paralichthodidae 

Poecilopsettidae 

Rhombosoleidae 

Achiropsettidae 

Samaridae 

Achiridae 

Soleidae 

Cynoglossidae 

LOPHIIFORMES 

Antennariidae 

Lophiidae 

T etrabrachiidae 

Lophichthyidae 

Brachionichthyidae 

Chaunacidae 

Ogcocephalidae 

Caulophrynidae 

Neoceratiidae 

Melanocetidae 

Himantolophidae 

Diceratiidae 

Oneirodidae 

Thaumatichthyidae 

Centrophrynidae 

Ceratiidae 

Gigantactinidae 

Linophrynidae 

TETRAODONTIFORMES 

Suborder Triacanthodoidei 

T riacanthodidae 

Suborder Balistoidei 

T riacanthidae 

Balistidae 

Monacanthidae 

Ostraciidae 

Suborder Tetraodontoidei 

T riodontidae 

T etraodontidae 

Diodontidae 

4 

14 

2 

2 

5 
4 

16 

23 

20 

3 
9 
4 

3 
7 

35 

3 

12 

4 

2 

10 

2 

2 

16 

2 

1 

2 
2 
5 

11 

4 
11 

32 
14 

19 

6 

3 

3 

8 

2 

o 

o 
2 

6 

12 

2 

o 
o 
o 
o 
o 
5 

5 

3 

2 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 

2 

8 

7 
2 

o 
7 

2 

No. of sp/ ssp 

total studied 

2n 

33 

86 

29 

11 

3 

6 

8 
105 

60 

140 

20 

19 

6 
20 

33 
130 

127 

42 

25 

4 

14 

68 

5 
1 

5 
18 

6 
62 

7 

1 
4 

22 
27 

21 

7 
40 

102 

33 

130 

19 

4 

9 46. 48 

48 

20 16. 42. 46, 48 

11 
11 32-48, 66, 104 

62 

o 
o 

62 

o 
3 

42-46 

40, 44 

14 28, 38, 46, 48 

21 44,46,48 

3 38,44 

o 
o 
o 
o 
o 
7 34-42 

7 30, 42, 46-48 

7 34, 38-42, 46 

4 
3 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

65 
o 
o 

31 

2 

14 

10 

46, 48 

46 

48 
40-46 

33-40 
5 34-36, 48-50 

34 

o 
29 

4 

28, 34-46 

46, 52 

46 

FCM 

1.1-1.9 

1.4 
1.2-1.3 

1.2 

1.5 

1.5 

1.4-1.5 

1.1-1.2 
2.0-2.2 

0.8-0.9 

1.6-1.7 

1.7-1.9 

Genome size (pg/celi) 

FD FIA 

1.3-1.9 

1.6 
1.3-1.5 

2.0 

1.1 

1.3 

1.4 

1.3,1.7 
1.0-1.1 

1.1-1.7 

1.5-2.1 

1.2 

2.1 
1.5 

1.0 
1.2-1.3 

23 

BFA 

1.8 
1.2-1.6 

2 

1.5-2.0 

1.3-1.9 

1.3 

2.2 

1.6 

2.0 

1.5 

1.4 

1.9 

0.9-1.3, 1.6 1.3-1.4 
1.7,2.2 

0.8-1.0 0.8-1.0 

1.8 

23
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Table 3.4 Class SARCOPTERYGII 

Order/family/species No. of genera No. of sp/ ssp 2n Genome size (pg/celi) 

total studied total studied FCM FD FIA BFA 

Class SARCOPTERYGII 

Subclass Coelacanthimorpha 

COELACANTHIFORMES 

Latimeriidae 2 48=32+16MC 7.2 

Subclass Dipnotetrapodomorpha 

CERA TODONTIFORMES 5 
Suborder Ceratodontoidei 

Ceratodontidae 54=34+20MC 106.0 150.0 109.0 

Suborder Lepidosirenoidei 4 
Lepidosirenidae 38 161.0 226.0-248.0 

Protopteridae 4 3 34, 68 125.0-131.0 80.0-266.0 

Protopterus annectens 34 81.0 
Protopterus dol/oi 68 163.0 

24 
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Cytogenetic Approach to Fish Systematics

To clarify interrelationships of fishes cytogenetically, genome size has been studied in fifi shes (Hin-fi
egardner and Rosen 1972: H-13; Ojima and Yamamoto 1990: O-48; Hardie and Hebert 2004: H-40;
Pie et al. 2007: P-61; Smith and Gregory 2009: S-191). However, the question of the C-value enigma
has been a puzzle for almost half a century, which suggests that a simple comparison of taxa and
their genome size may be insufficient for the study of genome evolution in fifi shes. Concerningfi
genome size, the transposable elements, the spectrum of size and frequency of small spontaneous 
nucleotide insertions and deletions, and genome duplication are the important parameters in the 
long-term evolution of genome size (Petrov 2001: P-5; Gregory 2005: G-22).

As inferred by gene mapping analysis, inter- and intra-chromosomal rearrangements by 
Robertsonian translocation, tandem fusion, pericentric- and paracentric-inversion have occurred 
in fi shes and a higher rate of chromosomal rearrangements in teleosts compared to other verte-fi
brates has been hypothesized based on a comparison of the medaka genome with the zebrafish, fi
pufferfi sh, and human genomes (Ravi and Venkatesh 2008: R-117). Therefore, synthetic analysesfi
of karyotypes, genome sizes, and DNA sequences, and stepwise study inferring the karyotype and 
genome size of the latest common ancestor in monophyly from lower to higher taxa, may be nec-
essary to clarify fi sh systematics.fi

Recently, the early fish proto-karyotype has been studied (Jaillon et al. 2004: J-21; Naruse et al. fi
2004: N-77; Woods et al. 2005: W-37; Kohn et al. 2006: K-141; Nakatani et al. 2007: N-75). According 
to Sato and Nishida (2010: S-205), whole-genome duplication (WGD), which generates many thou-
sands of duplicate genes, is believed to be one of the major evolutionary events that shaped the
genomes of vertebrates including fi shes and tetrapods. Interestingly, the analysis of teleost fifi sh fi
genomes has revealed that teleosts experienced an additional WGD (3R-WGD), whereas tetrapods
experienced only 1R- and 2R-WGD; exceptionally, some lineages of amphibians and reptiles have 
experienced an additional WGD. The chromosomal distribution of the homologous genes can be 
compared between tetrapods and teleosts by whole-genome sequence analysis, and this informa-
tion can then be used to infer the karyotype of the osteichthyan ancestor. Nakatani et al. (2007: 
N-75) hypothesized the following karyotype evolution model in fishes based on reconstruction of fi
the vertebrate ancestral genome. Before the first round of WGD, the vertebrate ancestor karyotype fi
was 2n = 20–26, and the subsequent 2R-WGD and some genome rearrangements yielded the jawed 
vertebrate ancestor of 2n = 80. After the divergence of Osteichthyes and Chondrichthyes, genome 
rearrangements reduced the number of chromosomes in the osteichthyan ancestor to 2n = 62. 
After the divergence of ray-finned and lobe-fifi  nned fifi shes, in the lineage of ray-fifi nned fifi  shes fi
(Actinopterygii), chromosome fusions reduced the number of chromosomes and produced the 
teleost ancestor with 2n = 26. Subsequently, the whole-genome duplication (3R-WGD) in the 
teleost ancestor doubled the number of chromosomes to 2n = 52. The number of chromosomes
in the teleost lineage has remained nearly unchanged during evolution, and the chromosome
numbers of extant teleost species peak at 2n = 48 or 50.
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Database of Karyotypes: How to Use the Database

The database of fi sh karyotypes (Tables 4–7) is organized in the form of tables subdivided into 12 fi
columns (A to L) as follows.

1. Column A contains current scientifi c names of karyotyped taxon. Classififi cation of species, fi
as a rule, followed Eschmeyer’s Catalogue of Fishes (E-13). Classifi cation of higher taxa than fi
species, as a rule, followed Nelson (N-68). Hybrids were not included. Synonymy of species/
subspecies followed, as a rule, Eschmeyer (E-13).

2. Column B includes the names used in the original karyotype papers in cases in which these 
differ from currently accepted classification.fi

 3. Column C shows the sex of fishes studied. The majority of fifi shes reproduce bisexually. fi
However, sex chromosome systems unequivocally identifi ed by karyotypes are known only fi
in a limited number of species. Datasets for such heterosomes were given separately for both 
sexes and were marked with ‘F’ for females and ‘M’ for males. For possible further items, 
see also column J.

4. Column D contains diploid chromosome number (2n), marked with an asterisk when 
inferred from a haploid number. B chromosomes, as a rule, were excluded from diploid 
chromosome number.

5. Column E includes the karyotype. Classification of chromosomes followed Levan et al. (L-25):fi
M, metacentrics, SM, submetacentrics, ST, subtelocentrics, A, acrocentrics. When these could
not be clearly derived from source publications, classification was as follows: meta- and/or fi
submetacentric (M/SM), submeta- and/or subtelocentric (SM/ST), and subtelo- and/or acro-
centric (ST/A). Difference in the karyotype could be attributed to different degrees of chro-
mosome condensation, leading to differences in chromosome classifi cation among authors. fi
In karyotypes of cartilaginous fishes and ancient fifi shes such as lobe-fifi  nned, acipenseriform, fi
and lepisosteiform fishes, small dot-like microchromosomes (MC) have been observed. They fi
are so small that they could not be identified to any type of chromosomes defifi  ned by Levan fi
et al. (1964: L-25) at present. It is unknown whether MC is different from M, SM, ST, and A. 
In this book, MC was added as an additional type to M, SM, ST, and A. As for papers in which
the description of karyotype disagrees with the figures, karyotypes based on the fifi  gures, as fi
a rule, were adopted.

6. Column F (NF1) shows fundamental arm number, when M and SM are counted as
two-armed.

7. Column G (NF2) contains fundamental arm number, when M, SM, and ST are counted as
two-armed. The arm number by Scheel (1972: S-24) differs from NF2. As Scheel counted all 
chromosomes with a short arm as two-arms, acrocentrics with short arms were counted as
two-arms, i.e., NF sensu Scheel ≥ NF2. Therefore, Scheel’s arm number is shown in
parentheses.

8. Column H includes the number of Ag-NORs. The number and position of NORs can differ 
by different methods such as chromomycin A3 and silver staining. Silver staining is the
method specific to NORs and studied widely. The number of Ag-NORs in the embryo tendsfi
to be larger than that of adults. Recently, 18S rDNA and 5S rDNA, which are components of 
NORs, have been examined by fluorescence in situ hybridization (FISH). However, the number fl
of species for which NORs have been studied by FISH is limited.

9. Column I shows genome size (pg/cell). Following Gregory (G-85), the methods used to
estimate genome size were listed in fi ve categories: flfi ow cytometry (FCM), Feulgen densi-fl
tometry (FD), Feulgen image analysis densitometry (FIA), bulk fluorometric assay (BFA), fl
and static cell fluorometry (SCF). To facilitate comparison of genome size (pg/cell), thefl
genome sizes of standard species were updated according to Gregory (G-85): Acipenser 
ruthenus (3.8 pg), Carassius auratus (3.5 pg), Cyprinus carpio (3.4 pg), Gallus domesticus
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(2.5 pg), Homo sapiens (7.0 pg), Myxine garmani (9.2 pg), Mus musculus (6.5 pg), Oncorhyn-
chus mykiss (5.2 pg), Salmo salar (6.0 pg), r Scyliorhinus canicula (11.4 pg), Thymallus thymal-
lus (4.3 pg), and Tinca tinca (2.0 pg). Therefore, genome size by Ojima and Yamamoto (O-48) 
was revised to be 76% of their genome size in this book. The revised genome size was marked 
with an asterisk. Genome size, which is diffi cult to specify to one of different karyotypes in fi
a given species, was shown in parentheses.

10. Column J contains cytogenetic information on sex chromosomes, ploidy, B chromosomes, 
and diploid chromosome number of the latest common ancestor (ACN, ancestral chromo-
some number) and others: B, B chromosomes; ploidy, 2X, 3X, 6X. ACN was inferred based 
on 2n and the number of large chromosomes (LC), which were inferred to be formed by 
Robertsonian fusion, being 2n + number of LC. The definition of ACN is the same as NANfi
sensu Arai and Nagaiwa (1976: A-64).

11. Column K includes the locality of fi sh analyzed in the karyotype papers. If the locality was not fi
provided in the original source, known distributions for the species appear in parentheses.

12. Column L shows references numbered as provided in the References.
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B– 17 Berberović, Lj., Hadziselimovic, R. and Sofradzc ˇija, A. (1970) Comparative review of thez
basic data on the chromosome complements of Chondrostoma phoxinus Heckel and 
Chondrostoma kneri Heckel. Ichthyologia, 2(1): 25–30. (In Serbo-Croatian with English
summary)
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Acheilognathus, 45, 46
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Bathydraconidae, 21, 190
Bathygobius, 198
Bathylaconidae, 15
Bathylagidae, 119
Bathylaginae, 119
Bathylagoides, 119
Bathylagus, 119
Bathylutichthyidae, 19
Bathymasteridae, 21, 189
Bathysauridae, 16
Bathysauroididae, 16
Bathysauropsidae, 16
Batrachocottus, 160
Batrachoides, 155
Batrachoididae, 7, 18, 155
BATRACHOIDIFORMES, 

7, 18, 155
Batrachops, 181
Beaufortia, 77
Bedotia, 134
Belligobio, 56
Belonidae, 17, 136
BELONIFORMES, 17, 135
Belonoidei, 17, 136
Belontiidae, 206
Bembridae, 19
Benthophilus, 198
Bergiaria, 111
Berycidae, 18, 152
BERYCIFORMES, 18, 152
Berycoidei, 18, 152
Beryx, 152
Betta, 207
Blenniidae, 22, 194
Blennioidei, 22, 194
Blennius, 194, 195
Blicca, 62
Bodianus, 186
Boesemania, 174
Boleophthalmi, 204
Boleophthalmus, 204
Bolinichthys, 130
Bonapartia, 128
Boops, 177
Bostrichthys, 197
Bostrychus, 197
Bothidae, 23, 210
Bothus, 210
Botia, 73, 74
Botiinae, 7, 13, 73

Boulengerella, 91
Bovichthyidae, 190
Bovichtidae, 21, 190, 193
Bovichtus, 190
Brachaeluridae, 9
Brachionichthyidae, 23
Brachychalcinus, 84
Brachydanio, 69
Brachygalaxias, 120
Brachygobius, 201
Brachyhypopomus, 118
Brachymystax, 15, 122
Brama, 164
Bramidae, 19, 164
Bregmacerotidae, 16
Brevoortia, 43
Brochiloricaria, 109
Brochis, 100
Brycon, 80, 81
Bryconamericus, 86, 87
Bryconella, 87
Bryconinae, 13, 80
Bryconops, 87
Bujurquina, 179
Bullockia, 115
Bunocephalus, 97
Butinae, 22, 197
Bythitidae, 17
Bythitoidei, 17

Caecobarbus, 48
Caenotropus, 90
Caesionidae, 19
Calamoichthys, 36
Callanthiidae, 19
Callichrous, 114
Callichthyidae, 7, 14, 99
Callichthyinae, 14, 99
Callichthys, 14, 99
Callionymidae, 22, 196
Callionymoidei, 22, 196
Callionymus, 196
Callopanchax, 140
Callorhinchidae, 9
Calophysus, 111
Calotomus, 189
Campostoma, 65
Cantherhines, 213
Canthigaster, 213
Canthophrys, 74
Capoeta, 48, 49, 51

Caproidae, 23, 208
Caproidei, 23, 208
Capros, 208
Caquetaia, 179
Caracanthidae, 19
Carangidae, 20, 164
Carangoides, 164
Caranx, 164
Carapidae, 17, 132
Carapus, 132
Carasobarbus, 49
Carassioides, 53
Carassius, 27, 53–55
Carcharhinidae, 9, 31
CARCHARHINIFORMES, 

9, 31
Carcharhinus, 31
Carcharias, 30
Carcharodon, 30
Caristiidae, 20
Carnegiella, 93, 94
Carpiodes, 72
Caspiosoma, 198
Catathyridium, 211
Cathorops, 97
Catla, 49
Catlocarpio, 49
Catoprion, 82
Catostomidae, 7, 13, 72
Catostomus, 72
Caulophrynidae, 23
Centracanthidae, 20, 165
Centrarchidae, 20, 165, 178
Centrarchus, 165
Centriscidae, 18
Centrogeniidae, 20
Centrolophidae, 22
Centrophoridae, 10
Centrophrynidae, 23
Centropomidae, 20, 166
Centropomus, 166
Centropristes, 176
Centropyge, 173
Cephaloscyllium, 31
Cephalosilurus, 113
Cepolidae, 20
Ceratiidae, 23
Ceratodontidae, 24, 215
CERATODONTIFORMES, 

6, 24, 215
Ceratodontoidei, 24, 215
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Ceratoscopelus, 130
Cerdalidae, 22
Cetomimidae, 18
Cetopsidae, 14
Cetopsorhamdia, 103
Cetorhinidae, 9
Chacidae, 14
Chaenobryttus, 165
Chaenocephalus, 191
Chaenodraco, 191
Chaenogobius, 201, 202
Chaenopsidae, 22
Chaetobranchopsis, 179
Chaetodon, 166
Chaetodontidae, 20, 166
Chagunius, 49
Chalcalburnus, 62
Chalceinae, 13, 81
Chalceus, 81
Champsocephalus, 191
Champsodontidae, 21
Chanda, 163
Chandidae, 163
Chanidae, 12, 44
Channa, 208
Channichthyidae, 7, 21, 191
Channichthys, 191
Channidae, 23, 208
Channoidei, 23, 208
Chanodichthys, 52
Chanoidei, 12, 44
Chanos, 44
Chapalichthys, 149
Characidae, 7, 13, 80
Characidium, 90, 91
CHARACIFORMES, 3, 7, 13, 78
Characinae, 81
Characodon, 149
Characoidei, 13, 78
Charax, 81
Chasmichthys, 201
Chaudhuriidae, 18
Chaunacidae, 23
Cheilinus, 186
Cheilio, 186
Cheilodactylidae, 20
Cheilopogon, 136
Cheiloprion, 185
Cheimarrhichthyidae, 21
Cheirodon, 81, 82, 88
Cheirodontinae, 13, 81

Chela, 69
Chelaethiops, 69
Chelidonichthys, 159
Chelon, 133
Chelonodon, 214
Chiasmodontidae, 21
Chilodontidae, 13, 90
Chilodus, 90
Chilomycterus, 214
Chimaera, 30
Chimaeridae, 9, 30
CHIMAERIFORMES, 6, 9, 30
Chionobathyscus, 191
Chionodraco, 191
Chirocentridae, 12
Chirolophis, 189
Chironemidae, 20
Chirostoma, 134
Chitala, 39
Chlamydoselachidae, 9, 32
Chlamydoselachus, 32
Chlopsidae, 12
Chlorophthalmidae, 16, 129
Chlorophthalmoidei, 16, 129
Chlorophthalmus, 129
Chloroscombrus, 164
Chlorurus, 189
Choerodon, 186
Chondrichthyes, 1, 9, 25, 30
Chondrostei, 1, 4, 6, 11
Chondrostoma, 6, 62, 63, 65
Chorinemus, 164
Chromaphyosemion, 137–141
Chromidotilapia, 182
Chromileptes, 175
Chrominae, 21, 184
Chromis, 184, 185
Chromobotia, 73
Chrosomus, 65
Chrysiptera, 185
Chrysophrys, 178
Chuanchia, 70
Cichla, 179, 180
Cichlasoma, 179–182
Cichlidae, 3, 21, 179
Cirrhilabrus, 186
Cirrhinus, 59
Cirrhitidae, 20
Citharichthys, 209
Citharidae, 23
Citharinidae, 13

Citharinoidei, 13
Cladistia, 1, 4, 6, 11
Clarias, 102
Clariidae, 14, 102
Claroteidae, 14
Cleisthenes, 209
Cleithracara, 180
Clinidae, 22, 195
Clinitrachus, 195
Clinocottus, 160
Clupanodon, 44
Clupea, 43
Clupeidae, 12, 43
CLUPEIFORMES, 12, 43
Clupeinae, 12, 43
Clupeoidei, 12, 43
Clupisoma, 113
Cobitidae, 7, 13, 73
Cobitinae, 74
Cobitis, 7, 13, 74–76
Cobitoidea, 7, 13, 72
COELACANTHIFORMES, 6, 

24, 215
Coilia, 44
Coilinae, 44
Colisa, 206, 207
Colocongridae, 12
Cololabias, 136
Colossoma, 82, 83
Comephoridae, 19, 161
Comephorus, 161
Conger, 41
Congiopodidae, 19
Congridae, 12, 41
Congroidei, 12, 41
Conidens, 196
Conodon, 167
Conorhynchos, 113
Conorhynchus, 113
Copeina, 94
Copella, 94
Coraglanis, 115
Coregoninae, 15, 121
Coregonus, 121, 122
Coreius, 56
Coreobagrus, 97
Coreoleuciscus, 56, 57
Coreoperca, 171
Coreosiniperca, 171
Corica, 43
Coris, 186, 187
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Corumbataia, 107
Corvina, 174
Corydoradinae, 14, 100
Corydoras, 14, 100–102
Corymbophanes, 108
Coryphaenidae, 20
Coryphoblennius, 194
Cottidae, 19, 160
Cottinella, 162
Cottocomephorus, 160
Cottoidei, 19, 160
Cottoperca, 190
Cottus, 160, 161
Couesius, 65
Cranoglanididae, 14, 102
Cranoglanis, 102
Creediidae, 21
Crenicara, 181
Crenicichla, 180, 181
Crenilabrus, 188
Crenuchidae, 13, 90
Crossocheilus, 59
Cryodraco, 191
Cryptacanthodidae, 21
Ctenobrycon, 87
Ctenochaetus, 204
Ctenogobius, 201–203
Ctenolabrus, 187
Ctenoluciidae, 13, 91
Ctenolucius, 91
Ctenopharyngodon, 71
Ctenopoma, 206
Ctenopominae, 206
Ctenops, 206
Ctenoscopelus, 130
Culaea, 154
Culter, 53
Cultrinae, 12, 52
Curimata, 91
Curimatella, 91
Curimatidae, 7, 13, 91
Curimatopsis, 91
Cycleptus, 72
Cyclocheilichthys, 49
Cyclopteridae, 19, 162
Cyclopterus, 162
Cyematidae, 12
Cyematoidei, 12
Cygnodraco, 190
Cynodontidae, 13
Cynoglossidae, 23, 211

Cynoglossus, 211
Cynolebias, 144, 145
Cynopoecilus, 145
Cynopotamus, 81, 87
Cynoscion, 174
Cyphocharax, 91, 92
Cyphocottus, 162
Cyprinella, 65, 66
Cyprinidae, 7, 12, 45
CYPRINIFORMES, 3, 7, 12, 45
Cyprininae, 12, 53
Cyprinion, 49
Cyprinodon, 146, 147
Cyprinodontidae, 17, 146
CYPRINODONTIFORMES, 3, 

17, 137
Cyprinodontinae, 146
Cyprinodontoidei, 17, 146
Cyprinoidea, 12, 45
Cyprinus, 27, 55, 56
Cypselurus, 136
Cyttidae, 18
Cyttoidei, 18

Dactylopteridae, 19, 157
Dactylopteroidei, 19, 157
Dactylopterus, 157
Dactyloscopidae, 22
Dalatiidae, 10
Dallia, 15, 128
Dalophis, 42
Danio, 69
Danioninae, 13, 68
Dascyllus, 185
Dasson, 195
Dasyatidae, 10, 34
Dasyatis, 34
Delminichthys, 62
Dendrochirus, 158
Dentex, 177
Denticipitidae, 12
Denticipitoidei, 12
Derichthyidae, 12
Dermogenys, 136
Deuterodon, 87
Devario, 69
Diademichthys, 196
Dianema, 14, 99
Diaphus, 130
Diapterus, 166
Dicentrarchus, 170

Diceratiidae, 23
Dichistiidae, 20
Dicrossus, 181
Dictyosoma, 189
Dinolestidae, 20
Dinopercidae, 20
Diodon, 214
Diodontidae, 23, 214
Dionda, 66
Diplectrum, 176
Diplodus, 177
Diplomystes, 103
Diplomystidae, 14, 103
Diplophidae, 15
Dipturus, 33
Diptychus, 70
Diretmidae, 18, 152
Diretmus, 152
Dischistodus, 185
Discogobio, 59
Dissostichus, 192
Distichodontidae, 13
Distoechodon, 72
Doradidae, 7, 14, 103
Doras, 103
Dormitator, 197
Dorosoma, 44
Dorosomatinae, 12, 44
Doryichthys, 154
Draconettidae, 22
Draculo, 196
Drepaneidae, 20

Echelus, 42
Echeneidae, 20, 166
Echiichthys, 193
Echinorhinidae, 9
ECHINORHINIFORMES, 3, 

6, 9
Eigenmannia, 118, 119
Elasmobranchii, 1, 4, 6, 9
Elassoma, 178
Elassomatidae, 21, 178
Elassomatoidei, 21, 178
Electrona, 130
Electrophorus, 117
Eleginopidae, 21, 191
Eleginops, 191
Eleginus, 131
Eleotridae, 22, 197
Eleotrinae, 22, 197
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Eleotriodes, 201
Eleotris, 197, 201
Eleutherochir, 196
Eleutheronema, 173
Elopichthys, 62
Elopidae, 11, 40
ELOPIFORMES, 11, 40
Elops, 40
Embiotoca, 184
Embiotocidae, 21, 184
Emmelichthyidae, 20
Enchelycore, 41
Enedrias, 189
Engraulidae, 12, 44
Engraulinae, 44
Engraulis, 44
Enneacanthus, 165
Enoplosidae, 20
Entosphenus, 29
Ephippidae, 22, 204
Epibulus, 187
Epiceratodus, 215
Epigonidae, 20
Epinephelinae, 175
Epinephelus, 175, 176
Epiplatys, 141
Eptatretinae, 8, 28
Eptatretus, 28
Eremophilus, 115
Erethistidae, 14, 103
Ereuniidae, 19
Ericymba, 67
Erilepis, 159
Erimyzon, 72
Ernogrammus, 189
Erpetoichthys, 36
Erythrinidae, 14, 92
Erythrinus, 92, 93
Erythroculter, 52, 53
Esocidae, 15, 128
ESOCIFORMES, 7, 15, 128
Esomus, 69
Esox, 128
Etheostoma, 172
Etmopteridae, 10, 32
Etmopterus, 32
Etroplus, 182
Etropus, 209
Euchiloglanis, 115
Eucinostomus, 166
Euclichthyidae, 16

Eudontomyzon, 29
Eugerres, 167
Eupallasella, 62, 63
Eupomacentrus, 186
Eurasian Leuciscinae, 61
Eurypharyngidae, 12
Eutropiichthys, 113
Evermannellidae, 16
Evynnis, 177
Exocoetidae, 17, 136
Exocoetoidei, 136
Exodon, 81
Exoglossum, 66
Exostoma, 115

Favonigobius, 198
Fenerbahce, 141
Fistulariidae, 18
Fluta, 156
Foerschichthys, 141
Folifer, 49
Fugu, 214
Fundulidae, 17, 147
Fundulopanchax, 141, 142
Fundulosoma, 143
Fundulus, 147, 148

Gadidae, 16, 131
GADIFORMES, 16, 131
Gadinae, 16, 131
Gadus, 131
Gagata, 115
Gaidropsarus, 132
Galaxias, 120
Galaxiidae, 15, 120
Galeichthys, 97
Galeocerdo, 31
Galeocharax, 81
Galeorhininae, 9
Gambusia, 150
Garmanella, 147
Garra, 59, 60
Gasteropelecidae, 14, 93
Gasteropelecus, 94
Gasterosteidae, 18, 154
GASTEROSTEIFORMES, 3, 

18, 154
Gasterosteoidei, 18, 154
Gasterosteus, 154
Gastrophysus, 214
Gazza, 168

Gempylidae, 22
Genidens, 97
Geophagus, 181, 182
Geotria, 29
Geotriidae, 8, 29
Gephyrocharax, 82
Gerlachea, 190
Gerreidae, 20, 166
Gerres, 167
Gibberichthyidae, 18
Gigantactinidae, 23
Giganturidae, 16
Giganturoidei, 16
Gila, 66
Gillichthys, 202
Ginglymostomatidae, 9
Girardinichthys, 149
Girardinus, 150
Girella, 168
Girellinae, 168
Glandulocauda, 82
Glandulocaudinae, 13, 82
Glanidium, 97
Glaridichthys, 150
Glaucosomatidae, 20
Glossogobius, 198
Glyphidodontops, 185
Glyptocephalus, 209
Glyptoperichthys, 109
Glyptosterninae, 15, 115
Glyptosternon, 115
Glyptothorax, 115
Gnathanacanthidae, 19
Gnatholebias, 145
Gnathonema, 39
Gnathonemus, 39
Gnathopogon, 57, 59
Gobiesocidae, 22, 196
Gobiesocoidei, 22, 196
Gobiidae, 22, 198
Gobiinae, 22, 198
Gobio, 57, 58
Gobiobotia, 56
Gobiobotinae, 13, 56
Gobiodon, 198
Gobioidei, 22, 197
Gobioides, 204
Gobiomorus, 197
Gobionellinae, 22, 201
Gobionellus, 201, 202
Gobioninae, 7, 13, 56
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Gobionotothen, 192
Gobiopsis, 198
Gobiosoma, 198
Gobius, 198–201
Gobiusculus, 200
Gogangra, 115
Gomphosus, 187
Gonialosa, 44
Gonoproktopterus, 49, 57
Gonorynchidae, 12
GONORYNCHIFORMES, 6, 

12, 44
Gonorynchoidei, 12
Gonostoma, 128
Gonostomatidae, 15, 128
Gonostomatoidei, 15, 128
Goodea, 149
Goodeidae, 17, 148
Goodeinae, 148
Grammatidae, 20
Grammicolepididae, 18
Grundulus, 81
Gudusia, 43
Gymnachirus, 211
Gymnammodytes, 193
Gymnarchidae, 11
Gymnocanthus, 161
Gymnocephalus, 172
Gymnocorymbus, 87
Gymnocypris, 70
Gymnodiptychus, 70
Gymnogeophagus, 181
Gymnogobius, 202
Gymnothorax, 41
Gymnotidae, 15, 117
GYMNOTIFORMES, 15, 117
Gymnotoidei, 15, 117
Gymnotus, 117
Gymnura, 34
Gymnuridae, 10, 34
Gyrinocheilidae, 13, 72
Gyrinocheilus, 72

Haemulidae, 20, 167
Haemulon, 167
Halichoeres, 187
Halobatrachus, 155
Halosauridae, 11
Hapalogenys, 167
Haplochromis, 182
Harengula, 43

Harpagifer, 191
Harpagiferidae, 21, 191
Harttia, 109
Hasemania, 87
Hassar, 103
Hatcheria, 115
Helicolenus, 157
Helostoma, 206
Helostomatidae, 23, 206
Hemiancistrus, 107
Hemibagrus, 97, 98
Hemibalistes, 212
Hemibarbus, 57
Hemichromis, 182
Hemiculter, 53
Hemiculterella, 53
Hemigaleidae, 9
Hemigrammocypris, 69
Hemigrammus, 87, 88
Hemigymus, 187
Hemihaplochromis, 182
Hemimyzon, 77
Hemiodontidae, 14, 94
Hemiodus, 94
Hemipsilichthys, 110
Hemipteronotus, 187, 188
Hemiramphidae, 17, 136
Hemiramphus, 136
Hemiscylliidae, 9
Hemisorubim, 111
Hemisynodontis, 111
Hemitremia, 66
Hemitripteridae, 19, 162
Hemitripterus, 162
Heniochus, 166
Hepsetidae, 14
Heptapteridae, 14, 103
Heptapterus, 103
Heptranchias, 32
Heptranchiidae, 9, 32
Herichthys, 181
Herklotsichthys, 43
Heros, 181
Herotilapia, 181
Hesperoleucus, 66
Heterenchelyidae, 11
Heterobranchus, 102
Heterochromis, 183
Heterodontidae, 9, 30
HETERODONTIFORMES, 

9, 30

Heterodontus, 30
Heteromycteris, 211
Heteropneustes, 105
Heteropneustidae, 14, 105
Heterotis, 39
Hexagrammidae, 19, 160
Hexagrammoidei, 19, 160
Hexagrammos, 160
Hexanchidae, 9
HEXANCHIFORMES, 9, 32
Hexatrygonidae, 10
Himantolophidae, 23
Hiodon, 38
Hiodontidae, 11, 38
HIODONTIFORMES, 11, 38
Hippocampinae, 154
Hippocampus, 18, 154
Hippoglossina, 209
Hippoglossus, 209
Hisonotus, 107
Hispidoberycidae, 18
Histrio, 212
Hitiodraco, 190
Holacanthus, 173
Hollandichthys, 88
Holocentridae, 18, 153
Holocentroidei, 18, 153
Holocentrus, 153
Holocephali, 1, 4, 6, 9
Hologymnosus, 187
Holoshestes, 82
Holostei, 1, 4, 6, 11
Homaloptera, 77
Homalopteridae, 77
Hoplerythrinus, 93
Hoplias, 93
Hoplichthyidae, 19
Hoplosternum, 14, 100
Hoplostethus, 152
Horabagrus, 98
Horaichthyinae, 17
Hubbsina, 149
Hucho, 15, 122, 123
Huigobio, 57
Huso, 37
Hybognathus, 66
Hybopsis, 65–67
Hydrolagus, 30
Hygophum, 130
Hypentelium, 72
Hyphessobrycon, 82, 87–89
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Hypoatherina, 134
Hypoclinemus, 211
Hypodytes, 158
Hypomesinae, 15, 120
Hypomesus, 120
Hypophthalmichthyinae, 

13, 59
Hypophthalmichthys, 59
Hypopomidae, 15, 118
Hypopomus, 118
Hypoptopomatinae, 14, 107
Hypoptychidae, 18
Hypopygus, 118
Hyporhamphus, 136
Hypostominae, 14, 106, 108
Hypostomus, 108, 109
Hypselecara, 181
Hypseleotris, 197
Hypselobarbus, 49
Hypsibarbus, 49

Iberochondrostoma, 6, 62
Iberocypris, 62
Icelus, 161
Ichthyomyzon, 29
Icosteidae, 22
Icosteoidei, 22
Ictaluridae, 14, 105
Ictalurus, 105
Ictiobus, 72
Iguanodectes, 82
Iguanodectinae, 13, 82
Iheringichthys, 111, 112
Iksookimia, 75
Ilyodon, 149
Imparfinisfi , 103, 104
Indostomidae, 18
Inegocia, 159
Inermiidae, 20
Inimicus, 159
Inpaichthys, 80
Ipnopidae, 16
Isbrueckerichthys, 110
Ischikauia, 53
Istiblennius, 194
Istiophoridae, 22

Jinshaia, 77
Johnius, 174
Jordanella, 147
Julidochromis, 183

Kareius, 209
Kathala, 174
Katsuwonus, 205
Kichulchoia, 76
Kneriidae, 12
Knerioidei, 12, 44
Knodus, 89
Konosirus, 44
Koreocobitis, 76
Kosswigichthys, 146
Kraemeriidae, 22
Krobia, 181
Kronichthys, 110
Kryptolebias, 145
Kryptopterus, 114
Kuhlia, 167
Kuhliidae, 20, 167
Kurtidae, 22, 204
Kurtoidei, 22, 204
Kurtus, 204
Kyphosidae, 20, 168
Kyphosinae, 168
Kyphosus, 168

Labeo, 60, 61
Labeobarbus, 49
Labeoninae, 13, 59
Labeotropheus, 183
Labidesthes, 134
Labiobarbus, 61
Labracoglossa, 168
Labridae, 21, 186
Labrisomidae, 22, 196
Labrisomus, 196
Labroidei, 3, 21, 179
Labroides, 187
Labrus, 187
Lactariidae, 20
Lactoria, 213
Laetacara, 181
Lagocephalus, 214
Lagodon, 177
Laguvia, 103
Lamnidae, 9, 30
LAMNIFORMES, 9, 30
Lampadena, 130
Lampanyctus, 130
Lampetra, 29
Lampiella, 107
Lampridae (Lamprididae), 16
LAMPRIFORMES, 3, 6, 16

Lamprologus, 183
Larimichthys, 174
Lateolabrax, 170
Lates, 168
Latidae, 20, 168
Latimeria, 215
Latimeriidae, 24, 215
Latridae, 20
Lavinia, 66
Lebiasinidae, 14, 94
Lebistes, 151
Lefua, 77
Leiocassis, 98, 99
Leiognathidae, 20, 168
Leiognathus, 168
Leiostomus, 174
Leocottus, 161
Lepadichthys, 196
Lepadogaster, 196
Lepidocephalichthys, 76
Lepidomeda, 66
Lepidonotothen, 192
Lepidophanes, 130
Lepidosiren, 215
Lepidosirenidae, 24, 215
Lepidosirenoidei, 24, 215
Lepidozyginae, 21
Lepisosteidae, 11, 38
LEPISOSTEIFORMES, 7, 

11, 38
Lepisosteus, 38
Lepomis, 165, 166
Leporellus, 78
Leporinus, 78–80
Leptobarbus, 49
Leptobotia, 73
Leptobotiinae, 7, 13, 73
Leptobramidae, 20
Leptochariidae, 9
Leptocypris, 69
Leptodoras, 103
Leptoscopidae, 21
Lethenteron, 29
Lethrinidae, 20, 168
Lethrinus, 168
Leucaspius, 62
Leuciscinae, 7, 13, 61
Leuciscus, 6, 62–65
Leuroglossus, 119
Limanda, 209, 210
Limia, 150
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Limnocottus, 162
Lindbergichthys, 192
Linophrynidae, 23
Liobagrus, 96
Liopsetta, 210
Liparidae, 19
Lipolagus, 119
Lipophrys, 194
Liposarcus, 109
Lithogeneinae, 14
Lithognathus, 177
Liza, 133
Lobianchia, 130
Lobotidae, 20, 168
Lobotus, 168
Lophichthyidae, 23
Lophiidae, 23, 212
LOPHIIFORMES, 23, 212
Lophiosilurus, 113
Lophius, 212
Lophotidae, 16
Loricaria, 109
Loricariichthys, 109
Loricariidae, 7, 14, 106
Loricariinae, 14, 109
Lota, 131
Lotinae, 16, 131
Luciobarbus, 49
Luciobrama, 63
Luciocephalinae, 206
Luciocephalus, 206
Luciogobius, 202
Lucioperca, 172, 173
Luciopimelodus, 112
Lumpenus, 189
Lutjanidae, 20, 169
Lutjanus, 169
Luvaridae, 22
Luxilus, 66
Lycodichthys, 189
Lythrurus, 66, 67

Macrhybopsis, 67
Macrognathus, 155
Macropodus, 207
Macropodusinae, 207
Macroramphosidae, 18, 154
Macroramphosus, 154
Macrotocinclus, 107
Macrouridae, 16
Malacanthidae, 20

Malapteruridae, 14
Mallotus, 120
Marcusenius, 39
Margariscus, 67
Markiana, 89
Marosatherina, 134
Mastacembelidae, 18, 155
Mastacembeloidei, 18, 155
Mastacembelus, 155
Meda, 67
Megachasmidae, 9
Megalamphodus, 88, 89
Megalancistrus, 107
Megalaspis, 164
Megalebias, 145
Megalechis, 14, 100
Megalobrama, 53
Megalomycteridae, 18
Megalonema, 112
Megalopidae, 11, 40
Megalops, 40
Megaprotodon, 166
Megupsilon, 147
Melamphaes, 152
Melamphaidae, 18, 152
Melanocetidae, 23
Melanochromis, 183
Melanonidae, 16
Melanotaenia, 134
Melanotaeniidae, 17, 134
Melichthys, 212
Membras, 134
Menidae, 20
Menidia, 134
Menidiinae, 134
Menticirrhus, 174
Merlucciidae, 17
Mesogobius, 200
Mesonauta, 181
Metriaclima, 183
Metynnis, 82, 83
Meuschenia, 213
Microcanthinae, 168
Microcanthus, 168
Microchirus, 211
Microctenopoma, 206
Microdesmidae, 22
Microgeophagus, 181
Microglanis, 113
Microlepidogaster, 107
Micromesistius, 131

Micrometrus, 184
Micronemacheilus, 77
Micropanchax, 150
Micropercops, 197
Microphis, 154
Microphysogobio, 56
Micropogonias, 174
Micropterus, 166
Microschemobrycon, 81
Microspathodon, 185
Microstomatidae, 7, 15, 119
Microstomus, 210
Mimagoniates, 82
Minytrema, 72
Mirapinnidae, 18
Misgurnus, 76
Mitsukurinidae, 9
Mobula, 35
Mobulinae, 10, 35
Mochokidae, 14, 111
Moenkhausia, 89
Mogurnda, 197
Mola, 214
Molidae, 23, 214
Mollienesia, 151
Monacanthidae, 23, 213
Monocentridae, 18, 152
Monocentris, 152
Monodactylidae, 20, 169
Monodactylus, 169
Monognathidae, 12
Monopterus, 19, 156
Mordacia, 29
Mordaciidae, 8, 29
Moridae, 17
Moringua, 41
Moringuidae, 11, 41
Mormyridae, 11, 39
Moroco, 63
Morone, 170
Moronidae, 20, 170
Morulius, 61
Moxostoma, 72
Mugil, 133
Mugilidae, 17, 133
MUGILIFORMES, 17, 133
Mugilogobius, 202
Mullidae, 20, 170
Mulloidichthys, 170
Mullus, 170
Muraena, 41
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Muraenesocidae, 12, 42
Muraenesox, 42
Muraenichthys, 42
Muraenidae, 7, 12, 41
Muraenoidei, 12, 41
Muraenolepididae, 17, 131
Muraenolepis, 131
Mustelus, 31
Mycteroperca, 176
Myctophidae, 7, 16, 130
MYCTOPHIFORMES, 7, 

16, 130
Myctophum, 130
Mylesinus, 83
Myleus, 83
Myliobatidae, 10, 35
MYLIOBATIFORMES, 10, 34
Myliobatinae, 10, 35
Myliobatis, 35
Myliobatoidei, 10, 34
Mylopharodon, 67
Mylopharyngodon, 71
Myloplus, 83
Mylossoma, 83
Myoxocephalus, 161
Myrichthys, 42
Myripristis, 153
Myrocongridae, 12
Myrophinae, 42
Mystacoleucus, 49
Mystus, 97–99
Myxine, 27, 28
Myxini, 1, 4, 8, 28
Myxinidae, 8, 28
MYXINIFORMES, 6, 8, 28,
Myxininae, 8, 28
Myxocyprinus, 72, 73

Nandidae, 20, 170
Nandinae, 171
Nandus, 171
Nangra, 115
Nannacara, 181
Nannobrachium, 130
Nannobrycon, 94
Nannostomus, 94, 95
Narcine, 10, 33
Narcinidae, 10, 33
Narke, 10, 33
Navodon, 213
Nectamia, 163

Neetroplus, 181
Nemacheilinae, 13, 77
Nemacheilus, 77
Nemadoras, 103
Nemapteryx, 97
Nematistiidae, 20
Nematobrycon, 81
Nematocentris, 134
Nematogenyidae, 14
Nematolebias, 145
Nemichthyidae, 12
Nemipteridae, 20
Neoceratiidae, 23
Neoceratodus, 215
Neoditrema, 184
Neoglyphidodon, 185
Neogobius, 200
Neolamprologus, 183
Neolissochilus, 49, 50
Neoophorus, 148
Neopagetopsis, 191
Neoplecostominae, 14, 110
Neoplecostomus, 110
Neopterygii, 1, 4, 7, 11
Neosalanx, 120
Neoscopelidae, 16, 130
Neotropius, 113
Nerophis, 18, 154
Nettastomatidae, 12
Netuma, 97
Nibea, 174, 175
Nimbapanchax, 142, 143
Niwaella, 76
Nocomis, 67
Nomeidae, 22
Normanichthyidae, 19
Normanichthyoidei, 19
North American Leuciscinae, 

65
Notacanthidae, 11
Notacanthoidei, 11
Notarius, 97
Notemigonus, 67
Nothobranchiidae, 17, 137
Nothobranchius, 143
Notocheiridae, 17
Notograptidae, 20
Notopteridae, 11, 39
Notopterus, 39
Notorynchidae, 9, 32
Notorynchus, 32

Notoscopelus, 130
Notosudidae, 16
Notothenia, 192
Nototheniidae, 21, 192
Notothenioidei, 21, 190
Notropis, 65–67
Noturus, 105, 106
Novaculichthys, 187
Novumbra, 15, 128

Oblada, 177
Ochetobius, 63
Ocynectes, 161
Ocyurus, 169
Odacidae, 21
Odontamblyopus, 204
Odontaspididae, 9, 30
Odontesthes, 134
Odontobutidae, 22, 197
Odontobutis, 197
Odontostilbe, 81, 82
Odonus, 212
Oedalechilus, 133
Ogcocephalidae, 23
Oligocottus, 161
Oligosarcus, 89
Olivaichthys, 103
Omobranchus, 194
Ompok, 114
Oncorhynchus, 2, 15, 27, 

123–125
Oneirodidae, 23
Onigocia, 159
Onychostoma, 50
Ophichthidae, 12, 42
Ophichthinae, 42
Ophichthus, 42
Ophidiidae, 17, 132
OPHIDIIFORMES, 17, 132
Ophidioidei, 17, 132
Ophidion, 132
Ophiocara, 197
Ophiocephalus, 208
Ophioscion, 174
Ophisternon, 156
Ophisurus, 42
Opisthoproctidae, 15
Opistognathidae, 20
Oplegnathidae, 20, 171
Oplegnathus, 171
Opsariichthys, 69



Index 335

Opsodoras, 103
Opsopoeodus, 67
Orectolobidae, 9
ORECTOLOBIFORMES, 3, 9
Oreochromis, 183
Oreosomatidae, 18, 153
Orestias, 147
Orthodon, 68
Orthopristis, 167
Orthospinus, 84
Oryzias, 135
Oryziinae, 17, 135
Osmeridae, 15, 120
OSMERIFORMES, 7, 15, 120
Osmerinae, 15, 120
Osmerus, 120
Osphronemidae, 23, 206
Osphronemus, 207
Osteichthyes, 11, 25, 36
Osteobrama, 53
Osteochilichthys, 61
Osteochilus, 61
Osteoglossidae, 11, 39
OSTEOGLOSSIFORMES, 

7, 11, 39
Osteoglossum, 39
Ostraciidae, 23, 213
Ostracion, 213
Ostracoberycidae, 20
Otocinclus, 107
Otolithes, 174
Otolithoides, 175
Oxudercinae, 22, 203
Oxydoras, 103
Oxyeleotris, 197
Oxygymnocypris, 70
Oxymonacanthus, 213
Oxynotidae, 10, 32
Oxynotus, 32

Pachycara, 189
Pachychilon, 63
Pachypanchax, 137
Pachyurus, 175
Padogobius, 200
Pagellus, 177
Pagetopsis, 191
Pagothenia, 192, 193
Pagrosomus, 177
Pagrus, 177, 178
Panaque, 107

Panchax, 139
Pangasianodon, 111
Pangasiidae, 14, 111
Pangasius, 111
Pangio, 76
Pantodon, 39
Pantodontidae, 11, 39
Papiliochromis, 181
Papyrocranus, 39
Parablennius, 194, 195
Parabotia, 73, 74
Parabramis, 53
Parabrotulidae, 17
Paracanthobrama, 57
Paracanthopterygii, 3, 5, 16
Paracentropistis, 176
Paracentropogon, 158
Parachaenichthys, 190
Parachanna, 208
Paracheilognathus, 45, 46
Paracheirodon, 82
Parachondrostoma, 6, 63
Parachromis, 181
Paracobitis, 77
Paracottus, 161
Paraglyphidodon, 185, 186
Paragoniatinae, 13, 82
Parahucho, 15, 123
Paralepididae, 16
Paraleucogobio, 57
Paralichthodidae, 23
Paralichthyidae, 23, 209
Paralichthys, 209
Paralipophrys, 195
Parambassis, 163
Paramisgurnus, 76
Paramonacanthus, 213
Paramugil, 133
Paramyxine, 28
Paranibea, 175
Paranotothenia, 192
Parapelecus, 53
Parapercidae, 193
Parapercis, 193
Paraphoxinus, 62, 63, 65
Parapimelodus, 112
Paraplagusia, 211
Parapocryptes, 203
Parapteronotus, 118
Parasalmo, 124
Parascylliidae, 9

Parasilurus, 114
Parasinilabeo, 61
Paratrygon, 35
Parauchenipterus, 97
Paraulopidae, 16
Parazenidae, 18
Pareiorhaphis, 110
Pareiorhina, 108, 111
Pareques, 175
Parika, 213
Parioglossus, 198
Pariolius, 103, 104
Parodon, 95
Parodontidae, 14, 95
Paroligosarcus, 89
Parophidion, 132
Parosphromenus, 207
Parotocinclus, 108
Parupeneus, 170
Parvilux, 130
Pataecidae, 19
Patagonotothen, 192
Paulicea, 113
Pegasidae, 18
Pegusa, 211
Pelecus, 63
Pellonulinae, 12
Pelmatochromis, 182–184
Pelteobagrus, 98, 99
Pelvicachromis, 183
Pempheridae, 20, 171
Pempheris, 171
Pentacerotidae, 20
Perca, 172
Percarina, 172
Perccottus, 197
Percichthyidae, 20, 171
Percidae, 20, 172
PERCIFORMES, 3, 7, 19, 163
Perciliidae, 20
Percina, 172
Percocypris, 50
Percoidei, 19, 163
Percophidae, 21
Percopsidae, 16
PERCOPSIFORMES, 6, 16, 131
Perilampus, 69
Periophthalmini, 203
Periophthalmodon, 203
Periophthalmus, 203
Peristediidae, 19
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Petroleuciscus, 6, 63
Petromyzon, 29
Petromyzontida, 1, 4, 6, 29
Petromyzontidae, 8, 29
PETROMYZONTIFORMES, 6, 

8, 29
Petroscirtes, 195
Phaeoptyx, 163
Phalloceros, 150
Phallostethidae, 17
Phenacobius, 68
Phenacogaster, 81
Pholidae, 21, 189
Pholidichthyidae, 22
Pholidichthyoidei, 22
Pholis, 189
Phosichthyidae, 16
Phosichthyoidei, 16
Photopectoralis, 168
Phoxinellus, 63
Phoxinus, 63, 65
Phractolaemidae, 12, 44
Phractolaemus, 44
Phycidae, 17, 132
Phycis, 132
Piabina, 89
Piaractus, 83
Pimelodella, 104
Pimelodidae, 14, 104, 111
Pimelodus, 112
Pimephales, 68
Pinguipedidae, 21, 193
Pinirampus, 112
Pisodonophis, 42
Pisoo*p4donophis, 42
Plagiognathops, 72
Plagioscion, 175
Plagopterus, 68
Platax, 204
Platichthys, 210
Platycephalidae, 19, 159
Platycephaloidei, 19, 159
Platycephalus, 159
Platydoras, 103
Platypharodon, 70
Platyrhinidae, 10, 34
Platyrhinoidei, 10, 34
Platyrhinoidis, 34
Platysmacheilus, 57
Platytroctidae, 15
Plecoglossinae, 15, 120

Plecoglossus, 120
Plecostomus, 108
Plectroglyphidodon, 185, 186
Plesiobatidae, 10
Plesiopidae, 20, 173
Plesiops, 173
Pleuragramma, 192
Pleurogrammus, 160
Pleuronectes, 209, 210
Pleuronectidae, 23, 209
PLEURONECTIFORMES, 

23, 209
Pleuronectoidei, 23, 209
Pleuronichthys, 210
Plicofollis, 97
Plotosidae, 7, 14, 113
Plotosus, 113
Poecilia, 151
Poeciliidae, 17, 150
Poeciliinae, 17, 150
Poeciliopsis, 151
Poecilobrycon, 94, 95
Poecilopsettidae, 23
Pogonias, 175
Pogonichthys, 68
Pogonophryne, 190
Pogonopoma, 109
Pollachius, 131
Polycentridae, 20, 173
Polycentrus, 173
POLYMIXIIFORMES, 3, 6, 16
Polymixiidae, 16
Polynemidae, 20, 173
Polyodon, 37
Polyodontidae, 11, 37
Polyprionidae, 20
Polypteridae, 11, 36
POLYPTERIFORMES, 6, 11, 36
Polypterus, 36
Pomacanthidae, 20, 173
Pomacanthus, 173
Pomacentridae, 21, 184
Pomacentrinae, 21, 185
Pomacentrus, 186
Pomadasyidae, 167
Pomadasys, 167
Pomatomidae, 20, 174
Pomatomus, 174
Pomatoschistus, 200, 201
Pomoxis, 166
Poptella, 84

Porichthys, 155
Poromitra, 152
Poropanchax, 150
Poropuntius, 50
Potamorhina, 92
Potamorrhaphis, 136
Potamotrygon, 35
Potamotrygonidae, 10, 35
Priacanthidae, 20, 174
Priacanthus, 174
Prietella, 106
Prionace, 31
Prionobrama, 82
Prionodraco, 190
Prionotus, 159
Prionurus, 204
Pristella, 82
Pristidae, 10
PRISTIFORMES, 3, 10
Pristigasteridae, 12
Pristiophoridae, 10
PRISTIOPHORIFORMES, 

3, 6, 10
Pristipoma, 167
Pristobrycon, 83, 84
Pristolepidinae, 171
Pristolepis, 171
Probarbus, 50
Probolodus, 82
Procatopodinae, 17, 150
Procatopus, 150
Prochilodontidae, 7, 14, 95
Prochilodus, 95, 96
Procottus, 162
Procypris, 56
Profundulidae, 17
Proloricaria, 109
Proscylliidae, 9
Prosopium, 122
Protacanthopterygii, 5
Proterorhinus, 201
Protomyctophum, 130
Protonibea, 175
Protopteridae, 24, 215
Protopterus, 24, 215
Psammoperca, 168
Psectrogaster, 92
Psetta, 209
Psettina, 210
Psettodidae, 23
Psettodoidei, 23
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Pseudambassis, 163
Pseudanos, 80
Pseudaphritidae, 21, 193
Pseudaphritis, 193
Pseudapocryptes, 203
Pseudaspius, 63
Pseudecheneis, 115
Pseudeutropius, 113
Pseudobagrus, 98, 99
Pseudobalistes, 212
Pseudobarbus, 50
Pseudobathylagus, 119
Pseudoblennius, 161
Pseudobrama, 72
Pseudocarchariidae, 9
Pseudochaenichthys, 191
Pseudochondrostoma, 6, 63
Pseudochromidae, 21
Pseudodoras, 103
Pseudogastromyzon, 77
Pseudogobio, 57, 58
Pseudohemiculter, 53
Pseudolabrus, 3, 187
Pseudolaguvia, 103
Pseudolaubuca, 53
Pseudoperilampus, 45, 46
Pseudopimelodidae, 14, 113
Pseudopimelodus, 113
Pseudoplatystoma, 112, 113
Pseudopleuronectes, 210
Pseudopristella, 89
Pseudopungtungia, 58
Pseudorasbora, 58
Pseudorhombus, 209
Pseudoscaphirhynchus, 37
Pseudosciaena, 174
Pseudotocinclus, 108
Pseudotothyris, 108
Pseudotrematomus, 192, 193
Pseudotriacanthus, 212
Pseudotriakidae, 9
Pseudotrichonotidae, 16
Pseudotropheus, 183
Pseudotylosurus, 136
Psilodraco, 190
Psilorhynchidae, 13, 72
Psilorhynchus, 72
Psychrolutidae, 19
Pteragogus, 187
Ptereleotridae, 22, 198
Pterodoras, 103

Pterogobius, 202
Pterois, 19, 158
Pterolebias, 144, 145
Pteronotropis, 68
Pterophyllum, 181, 182
Pterygoplichthys, 109
Ptilichthyidae, 21
Ptychobarbus, 70
Ptychocheilus, 68
Pungitius, 154
Pungtungia, 58
Puntioplites, 50
Puntius, 47, 49–51
Pygocentrus, 83
Pylodictis, 106
Pyrrhulina, 95

Quietula, 202
Quintana, 151

Rachovia, 145
Rachycentridae, 21
Racovitzia, 190
Radiicephalidae, 16
Raiamas, 69
Raja, 33
Rajidae, 10, 33
RAJIFORMES, 10, 33
Raniceps, 131
Ranicipitinae, 16, 131
Rasbora, 69, 70
Rasborinae, 7, 13, 68
Regalecidae, 16
Remora, 166
Repomucenus, 196
Retropinnidae, 15
Rhabdosargus, 178
Rhamdella, 104
Rhamdia, 104, 105
Rhamphichthyidae, 15, 118
Rhamphichthys, 118
Rhamphocottidae, 19
Rhincodontidae, 9
Rhinecanthus, 212
Rhinelepis, 109
Rhinichthys, 68
Rhinidae, 10
Rhinobatidae, 10, 33
Rhinobatos, 33
Rhinochimaeridae, 9
Rhinodoras, 103

Rhinogobio, 58
Rhinogobius, 202, 203
Rhinomugil, 133
Rhinoptera, 35
Rhinopterinae, 10, 35
Rhizoprionodon, 31
Rhodeus, 45, 46
Rhodoniichthys, 202
Rhomboplites, 169
Rhombosoleidae, 23
Rhombus, 209
Rhyacichthyidae, 22
Rhynchobatidae, 10
Rhynchocypris, 63
Rhynchopelates, 178
Rhynchorhamphus, 136
Rhytiodus, 80
Richardsonius, 68
Rineloricaria, 109, 110
Rita, 99
Rivulidae, 17, 144
Rivulus, 145, 146
Roeboides, 81
Rohtee, 53
Roloffiafi , 140, 143, 144
Romanogobio, 58
Rondeletiidae, 18
Ronquilus, 189
Rostrogobio, 58
Rudarius, 213
Rutilus, 61–64

Sabanejewia, 76
Saccopharyngidae, 12
SACCOPHARYNGIFORMES, 

3, 6, 12
Saccopharyngoidei, 12
Salangichthys, 120
Salanginae, 15, 120
Salaria, 195
Salarias, 195
Salminus, 81
Salmo, 15, 27, 123–127
Salmonidae, 15, 121
SALMONIFORMES, 7, 

15, 121
Salmoninae, 15, 122
Salmostoma, 70
Salmothymus, 125
Salvelinus, 15, 126, 127
Salvethymus, 127
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Samaridae, 23
Sander, 172, 173
Sarcocheilichthys, 58
Sarcopterygii, 1, 5, 24, 215
Sardinella, 43
Sardinops, 43
Sargocentron, 153
Sarotherodon, 183, 184
Sarpa, 178
Satanoperca, 182
Saurida, 129
Saurogobio, 58, 59
Scaphirhynchus, 37
Scardinius, 64
Scaridae, 7, 21, 189
Scartelaos, 204
Scartella, 195
Scarus, 189
Scatophagidae, 22, 205
Scatophagus, 205
Schilbeidae, 14, 113
Schindleriidae, 22
Schistura, 77
Schizocypris, 70
Schizodon, 80
Schizopyge, 70
Schizopygopsis, 70
Schizothoracinae, 7, 13, 70
Schizothoraichthys, 70, 71
Schizothorax, 70, 71
Schultzites, 89
Sciadeichthys, 97
Sciades, 97
Sciaena, 175
Sciaenidae, 21, 174
Sciaenops, 175
Scleromystax, 102
Scleropages, 39
Scoloplacidae, 14, 114
Scoloplax, 114
Scomber, 205
Scomberesocidae, 17, 136
Scomberoides, 164
Scombridae, 22, 205
Scombroidei, 22, 205
Scombrolabracidae, 22
Scombrolabracoidei, 22
Scombropidae, 21
Scopelarchidae, 16
Scopelengys, 130
Scopeloberyx, 152

Scopelogadus, 152
Scophthalmidae, 23, 209
Scophthalmus, 209
Scorpaena, 19, 158
Scorpaenidae, 19, 157
SCORPAENIFORMES, 19, 157
Scorpaeninae, 19, 158
Scorpaenodes, 158
Scorpaenoidei, 19, 157
Scorpaenopsis, 158
Scorpidinae, 168
Scriptaphyosemion, 143, 144
Scyliorhinidae, 9, 31
Scyliorhinus, 27, 31
Scytalinidae, 21
Sebastes, 157
Sebastinae, 19, 157
Sebastiscus, 157
Sebastolobus, 157
Securicula, 70
Selar, 164
Selene, 164
Selenotoca, 205
Semaprochilodus, 96
Semilabeo, 61
Semotilus, 67, 68
Seriola, 164
Serranidae, 21, 170, 175
Serraninae, 176
Serranus, 176
Serrapinnus, 82
Serrasalminae, 13, 82
Serrasalmus, 83, 84
Serrivomeridae, 12
Sicydiinae, 22, 203
Sicyopterus, 203
Sideria, 41
Siganidae, 22, 205
Siganus, 205
Sigmops, 128
Sillaginidae, 21, 176
Sillago, 176
Siluridae, 14, 114
SILURIFORMES, 3, 7, 14, 96
Silurus, 114
Sinibotia, 73
Sinibrama, 53
Sinilabeo, 61
Siniperca, 171
Sinobdella, 155
Sinocyclocheilus, 51

Sinohomaloptera, 77
Sisoridae, 15, 115
Sisorinae, 15, 115
Skiffiafi , 149
Solea, 211
Soleidae, 23, 211
Solenostomidae, 18
Somileptes, 74
Somniosidae, 10
Sorubim, 113
Sparidae, 21, 176
Sparisoma, 189
Sparus, 177, 178
Sperata, 99
Sphaeramia, 163
Sphaerichthys, 206
Sphoeroides, 214
Sphyraena, 205
Sphyraenidae, 22, 205
Sphyrna, 31
Sphyrnidae, 9, 31
Spicara, 165
Spinibarbus, 51
Spirinchus, 120
Squalidae, 10, 32
Squalidus, 59
Squaliforma, 109
SQUALIFORMES, 10, 32
Squaliobarbinae, 13, 71
Squaliobarbus, 71
Squalius, 6, 64, 65
Squalus, 32
Squatina, 32
Squatinidae, 10, 32
SQUATINIFORMES, 10, 32
Stegastes, 186
Stegostomatidae, 9
Steindachneridion, 113
Steindachnerina, 92
Stenobrachius, 130
Stenodus, 122
Stephanoberycidae, 18
STEPHANOBERYCIFORMES, 

6, 18, 152
Stephanolepis, 213
Sternoptychidae, 15, 128
Sternoptychinae, 128
Sternoptyx, 128
Sternopygidae, 15, 118
Sternopygoidei, 15, 118
Sternopygus, 119
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Stethaprioninae, 13, 84
Stethojulis, 187
Stichaeidae, 21, 189
Stigmatogobius, 203
Stizostedion, 172, 173
Stomiidae, 16
STOMIIFORMES, 15, 128
Stromateidae, 22
Stromateoidei, 22
Strongylura, 136
Sturisoma, 110
Stylephoridae, 16
Sufflamenfl , 212
Symbolophorus, 130
Symphodus, 188
Symphurus, 211
Symphysanodontidae, 21
Symphysodon, 182
Synanceiinae, 19, 159
Synaphobranchidae, 12, 42
Synaphobranchus, 42
Synbranchidae, 7, 19, 156
SYNBRANCHIFORMES, 7, 

18, 155
Synbranchoidei, 19, 156
Synbranchus, 19, 156
Syncrossus, 73
Synechogobius, 201
Syngnathidae, 7, 18, 154
Syngnathinae, 154
Syngnathoidei, 18, 154
Syngnathus, 18, 154
Synodontidae, 16, 129
Synodontis, 111
Synodontoidei, 16, 129
Synodus, 129

Tachysurus, 99
Taeniura, 34
Takifugu, 214
Tanakia, 46, 47
Tanichthys, 70
Teleostei, 1, 4, 6, 11
Telestes, 6, 65
Terapon, 178
Teraponidae, 178
Terapontidae, 21, 178
Terranatos, 146
Tetrabrachiidae, 23
Tetragonopterinae, 13, 84
Tetragonopterus, 89

Tetragonuridae, 22
Tetraodon, 213, 214
Tetraodontidae, 23, 213
TETRAODONTIFORMES, 

23, 212
Tetraodontoidei, 23, 213
Tetraroge, 158
Tetraroginae, 19, 158
Thalassoma, 188
Thalassophryne, 155
Thamnaconus, 213
Thaumatichthyidae, 23
Thayeria, 90
Theragra, 131
Therapon, 178
Thoracocharax, 94
Thorichthys, 182
Thrissina, 44
Thryssa, 44
Thunnus, 205
Thymallinae, 15, 122
Thymallus, 27, 122
Thysanophrys, 159
Thysochromis, 184
Tilapia, 183, 184
Tinca, 27, 71, 72
Tincinae, 13, 71
Tor, 49, 52
Torpedinidae, 10, 33
TORPEDINIFORMES, 10, 33
Torpedo, 33
Toxotidae, 21
Trachelyopterus, 97
Trachichthyidae, 18, 152
Trachichthyoidei, 18, 152
Trachidermis, 161
Trachinidae, 21, 193
Trachinocephalus, 129
Trachinoidei, 21, 193
Trachinotus, 164
Trachinus, 193
Trachipteridae, 16
Trachurus, 164
Trachydoras, 103
Trematomus, 192, 193
Triacanthidae, 23, 212
Triacanthodidae, 23
Triacanthodoidei, 23
Triacanthus, 212
Triakidae, 9, 31
Triakinae, 9

Triakis, 31
Tribolodon, 65
Trichiuridae, 22
Trichodontidae, 21, 194
Trichogaster, 206, 207
Trichogenes, 115
Trichomycteridae, 15, 115
Trichomycterus, 115, 116
Trichonotidae, 21
Trichopodus, 207
Tridentiger, 203
Trigla, 159
Triglidae, 19, 159
Trigloporus, 159
Triglopsis, 161
Trigonostigma, 70
Trinectes, 211
Triodontidae, 23
Triphoturus, 130
Triplophysa, 77
Triportheus, 90
Triporthinae, 13, 90
Tripterygiidae, 22
Trisopterus, 131
Tristramella, 184
Tropidophoxinellus, 62
Trypauchen, 204
Tukugobius, 202
Tylochromis, 184
Tylosurus, 136

Uaru, 182
Umbra, 15, 128
Umbridae, 7, 15, 128
Umbrina, 175
Upeneus, 170
Upsilodinae, 14, 111
Upsilodus, 111
Uranoscopidae, 21, 194
Uranoscopus, 194
Urolophidae, 10, 35
Urolophus, 35
Urotrygonidae, 10

Vaillantella, 77
Vaillantellidae, 13, 77
Valamugil, 133
Valencia, 147, 151
Valenciennea, 201
Valenciidae, 17, 151
Vandellia, 116
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Vanmanenia, 77
Varicorhinus, 49, 50, 52
Veliferidae, 16
Verasper, 210
Vimba, 65

Wallago, 114
Wertheimeria, 103

Xenentodon, 136
Xenisthmidae, 22
Xenocyprinae, 13, 72
Xenocypris, 72
Xenomystus, 39
Xenoophorus, 149

Xenophallus, 151
Xenotaenia, 149
Xenotoca, 149
Xiphiidae, 22
Xiphophorus, 151
Xyrichthys, 188
Xystreurys, 209

Yasuhikotakia, 73
Yongeichthys, 201

Zacco, 70
Zanclidae, 22
Zanobatidae, 10
Zanobatoidei, 10

Zaproridae, 21
Zebrias, 211
Zeidae, 18, 153
ZEIFORMES, 18, 153
Zeioidei, 18, 153
Zeniontidae, 18
Zeus, 153
Zingel, 173
Zoarces, 189
Zoarchias, 189
Zoarcidae, 7, 21, 189
Zoarcoidei, 21, 189
Zoogoneticus, 149
Zosterisessor, 201
Zungaro, 113


	Title Page
	Copyright Page
	Table of Contents
	Introduction
	Availability of Fish Karyotypes
	Fish Vouchering and Identification
	Classification of Extant Fishes
	Historical Transition of Numbers of Karyotyped Species/Subspecies
	Relationship Between Karyotype and Genome Size
	Cytogenetic Approach to Fish Systematics
	Database of Karyotypes: How to Use the Database
	References
	Journal List
	Index



