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Introduction

Karyotypes of 25 species of tetraodontiform fishes have been reported in the
world, i.e., 2 species of Triacanthidae (RisHI, 1973; CHOUDHURY et al., 1982), 4 species
of Balistidae (ARAI & NAGAIWA, 1976), 6 species of Monacanthidae (ARAT & NAGAIWA,
1976; MUROFUSHI & YOSIDA, 1979; MUROFUSHI et al., 1980), a species of Ostraciidae
(ARAT & NAGAIWA, 1976), 11 species of Tetraodontidae (HINEGARDNER & ROSEN,
1972; ArAl & KATSUYAMA, 1973; NATARAJAN & SUBRAHMANYAM, 1974; ArRAl &
NAGAIWA, 1976; CHOUDHURY et al., 1982), and a species of Diodontidae (ArRAI &
NAGAIWA, 1976). Among 10 families of living tetraodontiform fishes, karyotypes
of 4 families such as Triacanthodidae, Triodontidae, Molidae and Aracanidae, have
not been reported.

Recently, I observed chromosomes of five tetraodontiform fishes, Lactoria diaphana
(BLOCH et SCHNEIDER), Ostracion immaculatus TEMMINCK et SCHLEGEL of the family
Ostraciidae and Canthigaster coronata (VAILLANT et SAUVAGE), Fugu pardalis (TEMMINCK
et SCHLEGEL), Fugu poecilonotus (TEMMINCK et SCHLEGEL) of the family Tetraodon-
tidae, and the results are here reported.

Some monographic studies on tetraodontiform osteology were recently published
(MATSUURA, 1979; TYLER, 1980; TYLER & MATSUURA, 1981). Among them,
MATSUURA (1979) examined 32 osteological characters of Balistoidei and discussed
on the polarities. As additional character to MATSUURA’s, structural morphology
of the relation between the axial skeleton and pterygiophores is treated in this paper.

The present study aims at phylogenetic systematics of tetraodontiform fishes on
the basis of karyotypes and morphological characters by a newly revised method which
reflects evolution as much as possible. A phylogenetic classification follows the re-
construction of phylogenetic interrelationships.

The classification of material fishes follows that by TYLER (1980).

Methods

Karyology. Method of chromosome preparation is the same as that of ARAI
(1973). Classification of chromosomes is adopted from LEVAN ef al. (1964). Meta-
centrics and submetacentrics are described as two-arm chromosomes, and subtelo-
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centrics and acrocentrics as one-arm chromosomes. The definition of the new arm
number (NAN) is referred to ArRAI & NaGAaiwa (1976). However, the definition of
NAN in the centric fission should be revised, because NAN changes by whether minute
chromosomes (MC) are derived from the same chromosome or not. When the number
of MC is two and 2n is 50 in acanthopterygian fish karyotypes, NAN is defined as fol-
lows, NAN=2n—number of MC.

Osteology. For the osteological observations, some specimens were cleared and
stained with Alizarin Red “S”. Meristic characters were counted mainly on radio-
graphs.

Phylogenetic systematics. Polarity of the structural morphology of the relation
between the axial skeleton and pterygiophores was determined by the method of
MASLIN (1952), especially by his ““principle of chrono- and morpho-clines” and
“principle of divergence”.

The systematic methodology proposed in this study is a revised method of
“WAGNER’s groundplan/divergence method” (WAGNER, 1961, 1969, 1980), and dif-
ferent from both ‘““Hennigian cladistics’” and ““evolutionary taxonomy”. The present
method agrees with Hennigian cladistics in cladistic analysis, but differs from
Hennigian cladistics in the following points: (1) both plesiomorphic and apomorphic
character states are used for analysis of interrelationships, and (2) the number of
sister groups is not always two, i.e., branching patterns are not always dichotomous
(HENNIG, 1966; WILEY, 1981). The present method also differs from evolutionary
taxonomy in that the morphological gaps cannot be adopted for analysis of inter-
relationships, and that weighting of characters is abandoned (MAYR, 1969, 1974).
The present method is similar to “‘character compatibility analysis” in the use of
cladistics as an objective means of estimating evolutionary history, but differs from
character compatibility analysis in the following points: (1) branching patterns are
not always restricted to dichotomy, (2) weighting of characters is basically abandoned,
and (3) characters need not be tested for compatibility (LE QUESNE, 1969, 1972; ESTA-
BROOK, 1972; MEACHAM, 1981). Therefore, a systematic methodology from the view-
point of evolutionary phylogenetics will be described in detail in the following lines.

Method of Reconstruction of Phylogenetic Interrelationships

In this paper, phylogenetic interrelationships are reconstructed by the following
method.

1) Only characters whose polarities are determined can be adopted for the
reconstruction of phylogenetic interrelationships.

2) Interrelationships in taxa under study are analyzed by the combinations of
characters as many as possible. In Hennigian cladistic analysis, as shown in Fig. 1
(FELSENSTEIN, 1981), the kinship between taxa can be changed by the order in which
apomorphic characters are added to the cladogram. In order to avoid the possibility
of above variation of interrelationships, all character states that form character
combinations corresponding to taxa under study cannot be separated to be compared.
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Fig. 1. Different phylogenies obtained from the data table, under different weightings of the
characters. (After FELSENSTEIN, 1981.)
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Fig. 2. Ancestor-descendant relationships and sister group relationships.

3) All taxa under study are interpreted as derivatives of the character combina-
tions (Fig. 2). If it is hypothesized that the concept of synapomorphy is applied to
character combinations corresponding to taxa under study, synapomorphy defines both
sister group relationships and ancestor-descendant relationships (ENGELMANN & WILEY,
1977; SzALAY, 1977; WILEY, 1981, pp. 105-107). That is, ancestor-descendant rela-
tionships cannot be excluded by only synapomorphy. Sister group relationships are
discriminated from ancestor-descendant relationships by whether or not taxa under
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study have character combinations which include character states contradicted to each
other (HENNIG, 1966, fig. 22).

4) Pathways in character combinations should be parsimonious. For example,
we assume that there are 4 taxa (I, II, III and 1V) comprising two characters whose
polarity is determined. Each character is assumed to have two character states (A,
A’; B, B'). Accordingly, each character combination belonging to Taxa I, I, I1I and
IV is AB, A’B, AB" and A’'B’, respectively. As regards polarity of two characters,
it is assumed that character state A’ is derived from character state A and character
state B’ from character state B. Then, interrelationships of 4 character combinations
can be schemed like in Fig. 3 in which arrows show the direction of differentiation.

In Fig. 3, ancestral character combination of A’B or AB’ is AB, and that of A’B’
is one of three character combinations, AB, A’B and AB’. Considering the principle
of parsimony (KLUGE & FARRis, 1969; WILEY, 1981; SoBER, 1983), the ancestral
character combination of A’B’ is A’'B or AB’. However, it cannot be determined
which of A'B and AB’ could be ancestral to A’B’. In such case, systematic position
of Taxon IV is left for a future study, until more useful characters will be found.

5) Anagenetic interrelationships in 3 taxa and 3 character combinations are shown
in Fig. 4.



Phylogenetic Systematics of Tetraodontiform Fishes 179

Method of Construction of Phylogenetic Classification

Many taxonomists have discussed on the relationship between phylogeny and
classification. It is difficult to compare the relation between phylogeny and classifica-
tion in cladistics with that in its opponents such as evolutionary taxonomy, because
the definition of phylogeny or classification in cladistics is different from that in its
opponents (SOKAL & CAMIN, 1965; MAYR, 1974; HENNIG, 1975; FARRIS, 1982).

In Hennigian cladists'’, kinships in taxa but not evolution are shown in the clado-
gram, and classification corresponds to phylogenetics, i.e., phylogenetic interrelation-
ships can be translated automatically to classification (HENNIG, 1966; WILEY, 1975).

In evolutionary taxonomy, classification is partly different from phylogeny. The
raw data permit (1) the reconstruction of phylogeny and (2) the establishment of
classification. Yet, neither is “phylogeny based on classification” nor ‘classification
based on phylogeny”. Classification and phylogeny are based on a study of “natural
groups” found in nature, group having character combinations one would expect in
the descendants of a common ancestor. Both phylogeny and classification are based
on the same comparisons of organisms and their characteristics and on a careful
evaluation of the established similarities and differences (HULL, 1967; MAYR, 1969).

At any rate, a classification reflects basically a hierarchy, which is arranged by
gaps and needs limited kinds of categorical ranks, while polarity based on transforma-
tion series of character states is very important factor in phylogenetic interrelation-
ships in both cladistics and evolutionary taxonomy. In other words, discontinuity
is a philosophy for classification, while continuity for phylogenetic interrelationships
(MAYR, 1969, pp. 229-230). In this sense, a classification based on phylogenetic
interrelationships is contradictory in logic.

However, a classification is in need for practical purpose. Then, for the sake of
convenience, a method of construction of the classification which reflects phylogenetic
interrelationships as much as possible will be proposed here.

From the viewpoint of evolutionary phylogenetics, WAGNER (1969, 1980) proposed
the patristic distance which indicates the estimated amount of evolution, i.e., the
grade or level, and suggested determination of categorical rank of taxa under study
by patristic distance. However, his patristic distance as the barometre for ranking
taxa cannot be adopted here, because no one knows whether the evolution rate of each
character is the same or not. It seems to me that the most important key in ranking
of taxa is the fact ““when a monophyletic group under study has not its sister group,
its categorical rank cannot be determined.”

A newly revised method for ranking taxa above the species level is described
below.

At first, “the stem character combination”, which may correspond to ground-

1) Excepting Hennigian cladists, there are many cladists who have studied the classification which
reflects evolutionary history, e.g., WAGNER, W. H. Jr. (1961, 1969), WAGNER, W. (1962), CaMIN &
SokAL (1965), KLUGE & FARRIS (1969), CicHockI (1976), ESTABROOK et al. (1977), DuNcaN (1980),
MEeacHAM (1980) and others.
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Fig. 5. Species and genera in Group A, Group B and Group C.

plan sensu WAGNER (1961, 1969), is here proposed. The stem character combina-
tion is defined as the character combination corresponding to the stem taxon (HENNIG,
1966).

In the ancestor-descendant relationships (the straight-line evolution®)), a cate-
gorical rank of each taxon forming a monophyletic group is the same.

In the sister group relationships (the branching evolution®), each of sister groups
can be grouped into a higher rank of category than that of any taxon in a sister group.
In this case, all taxa corresponding to character combinations derived directly from
the stem character combination are considered to belong to the same rank of category.
A taxon or taxa corresponding to the stem character combination can be classified
into the same categorical rank as that of sister groups, annotated with “stem”. Ac-
cordingly, the number of taxa being ranked to one step higher category in a phylogenetic
classification of a monophyletic group is the number of branches plus one, which
corresponds to a group comprising stem taxa or a stem taxon.

For explanation, we assume that there are three monophyletic groups (Groups
A, B and C), each of which consists of 5 species and 3 genera (Fig. 5).

Group A Stem genus a (Species: a-1)

Genus b (Species: b-1, b-2)
Genus c (Species: c-1, c-2)
Group B Stem genus d (Species: d-1)
Genus e (Species: e-1, e-2)
Genus f (Species: f-1, f-2)
Group C  Stem genus g (Species: g-1)

2) Concepts of the straight-line evolution and branching evolution based on interrelationships of
character combinations are referred to WAGNER, W. (1962) and WAGNER, W. H., Jr. (1969).
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Genus h (Species: h-1, h-2)
Genus j (Species: j-1, j-2)
1) When Group A, Group B and Group C are ancestor-descendant relation-
ships (Fig. 6), a categorical rank of each group cannot be determined. As a result,
a phylogenetic classification is as follows.

Group A Stem genus:

a

-} C @

Genera: b 3
Group B Stem genus: d
Genera: e, f é)
Group C Stem genus: g
Genera: h,j Fig. 6. Ancestor-descendant relationships.

2) When Group A, Group B and Group C are sister group relationships (Fig. 7),
each of three groups can be classified into one step higher categorical rank than

generic level.

In this case, a phylogenetic classification is as follows.

Tribe A Stem genus: a
Genera: b, c ® ©

Tribe B Stem genus: d
Genera: e, f

Trbetc SEEm] genust B ; Fig. 7. Sister group relationships.
Genera: h,j

3) When Group A and Group B are sister group relationships, and Group B and
Group C are ancestor-descendant relationships (Fig. 8), each of three groups can be
classified into one step higher categorical rank than generic level. Moreover, a mono-
phyletic group comprising Group B and Group C can be classified into one step higher
categorical rank than that of Group B or Group C, i.e., subfamily level. ~Accordingly,
Group A can be also classified into one step higher categorical rank than that of Group
B or Group C.

As a result, a phylogenetic classification is as follows.

Subfamily X Tribe A Stem genus: a

Genera: b, c
Subfamily Y Tribe B Stem genus: d
Genera: e, f
Tribe C Stem genus: g
Genera: h, J Fig. 8. Complex of ancestor-descend-

ant relationships and sister group
relationships.

Results and Discussion
Karyology

For the further discussion, chromosomes of 5 tetraodontiform fishes will be
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Fig. 9. Photomicrographs of mitotic metaphase chromosomes from gill epithelial cells of two
ostraciid fishes. —— A, Lactoria diaphana (No. E-98-93), 2n=36, x1,470; B, Ostracion
immaculatus (No. E-98-75), 2n=50, x1,770.

described here. Chromosomes of 5 species, Lactoria diaphana, Ostracion immaculatus,
Canthigaster coronata, Fugu pardalis and Fugu poecilonotus, have never been reported.

Lactoria diaphana (BLoCH et SCHNEIDER) “Umi-suzume” (Figs. 9A, 10A). A
specimen (No. E-98-93), 108.6 mm in total length, was caught at Shirahama, Waka-
yama Prefecture. Characters of material fish are shown in Table 1.

As shown in Table 2, the diploid chromosome number of this species is 36. The
karyotype comprises 4 pairs of larger metacentric, one pair of smaller metacentric,
one pair of submetacentric and 12 pairs of subtelocentric-acrocentric chromosomes.
All the larger metacentrics are approximately two times longer in size than any other
chromosome, and hence they seem to have been produced by centric fusion. The
arm number is 48. The new arm number is at least 44,

Ostracion immaculatus TEMMINCK et SCHLEGEL ‘‘Hako-fugu” (Figs. 9B, 10B). A
specimen (No. E-98-75), 108.5 mm in total length, was collected from the same locality
as that of Lactoria diaphana (Table 1).

The diploid chromosome number is 50 (Table 2). The karyotype comprises 2
pairs of submetacentric and 23 pairs of subtelocentric-acrocentric chromosomes.
The arm number is 54. Among acrocentric chromosomes, there are two minute
chromosomes, which are smaller than half the size of any other chromosome and
hence may have been produced by centric fission. The new arm number is 48.

The karyotype of this species agrees well with that of Ostracion cubicus LINNAEUS
from Ishigaki Island, Ryukyus and from Yakushima Island, off southern Kyushu
(ARAI & NAGAIWA, 1976), but differs from that of Lactoria diaphana in both 2n and NF.

Canthigaster coronata (VAILLANT et SAUVAGE) ‘““‘Hana-kinchaku-fugu™ (Figs. 11).
Two specimens (Nos. E-98-60 and E-98-71), 64.0 and 59.6 mm in total length, were



183

Phylogenetic Systematics of Tetraodontiform Fishes

1T I 6 v ¥ T 1 snjouopdaod “.f

oI vy ¢ 1 € siopavd nSn.J

L I [ S DIDU0IOI 421SDSIYIUD)
Jepruopoena ],

a 1r o9 v SHIDJHODUAUL UOIIDAIS(O)

6 I L I pupbydpip vLI0IIDT
JepioensQ

IS 0S 6v 8 LV 9y S ¥¥ €V T Iy OF 68 8E LE O9E SE€ PE €€ TE I¢ 0f 6T 8T
[BIOL - - —— saradg

ug

*SoUsy [BLI)BW UI S)UNod dwosowoIyd profdip jo suonnquisip Aouanbarg 'z d|qeL

1T 1T €l L"T9-L"0S T snjouopraod .y

€C 11-01 Tl 8°6679°19 T sippivd nsng

LT 6 11-6 v oSV LY e DIDUOI0D 42]SDSIIUD))
dBplUOpPOBNA L,

81 6 6 8°98 1 SHIDINIDWILIL UOIIDAISO)

81 6 6 S 06 I puvydvip v1101IDT
aepIoensQ

QBIQAJIOA [euy [esioq Am__mmv @o:.m%Z sa10adg

"SAUSY [BLId)BW JO $A10ads § JO sIdoRIRYy) ] J[qBL




















































































	23022018-095605610-39071
	23022018-095605610-39072
	23022018-095605610-39073

