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Abstract The anterior half of the mitochondrial 16S rRNA gene (ca. 610 bp) was compared for two
color morphs (spotted and lined types) of a dark-striped cardinalfish, previously identified as Apogon
taeniophorus. Phylogenetic analyses using maximum-parsimony (MP) and neighbor-joining (NJ) meth-
ods, with haplotypes of A. cookii as an outgroup, showed that the haplotypes of each color-morph were
reciprocally monophyletic with 100% bootstrap values. In addition, the degree of sequence difference
between the two morphs was comparable to that existing between the other clearly distinct congeneric
species. These results, together with the differences in coloration and overlapped geographical ranges,
indicated that the two color morphs of A. taeniophorus represent two distinct species.
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tionship between the two color morphs of A. taeniophorus
from Japanese waters is described here, based on
mitochondrially encoded 16S rRNA gene sequences. The
specimens used in this study are the second examples of A.
taeniophorus from Japan, revealing its wider geographical
range within the country. To evaluate taxonomic rank, the
following criteria were used: if the two color morphs were
each a well-established species, it was expected that (1) the
levels of sequence divergence within each color morph
would be much less than that between the two morphs; that
(2) the sequence divergence between the two color morphs
would be comparable to those among other distinct
apogonid species; and (3) the haplotypes of each color
morph would be respectively monophyletic.

Materials and Methods

Materials.—DNA sequences were determined for five
and four specimens, respectively, of the spotted (Fig. 1, top)
and lined types (Fig. 1, middle) of Apogon taeniophorus
(sensu Randall and Lachner, 1986) from Japanese waters.
Three and two specimens, respectively, of the spotted and
lined types were collected from Kuchinoerabu Island (I.),
Ryukyu Islands (Is.), with two specimens of the spotted type
also being collected from Chichi-jima I., Ogasawara Is., and
two specimens of the lined-type from Misho town, Ehime
Pref. (Fig. 2). In addition, a single specimen of Apogon
cookii (Fig. 1, bottom), collected from Kuchinoerabu I., was
used as an outgroup. Species identifications were based on
Randall and Lachner (1986). All specimens used in the
present study have been deposited in the Faculty of Agricul-
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Apogonidae (cardinalfishes) is one of the largest
families of perciform fishes, and the genus Apogon

(the largest genus of the family) includes approximately 110
species (Nelson, 1994). Many of the Indo-Pacific species of
Apogon have several dark stripes on the head and body,
some being very similar in coloration. Apogon taeniophorus
is one such dark-striped species, being widely distributed in
the tropical regions of the Indo-West Pacific from the Red
Sea eastward to the Line Islands (Randall and Lachner,
1986). From Japanese waters, it is hitherto known only from
a single specimen washed up on a beach in Chichi-
jima, Ogasawara Islands, being named “misuji-tenjikudai”
in Japanese (Matsuura and Tachikawa, 1994). Apogon
taeniophorus is particularly similar to Apogon cookii, also
occurring widely in the Indo-West Pacific, differing from the
latter by having 14 pectoral-fin rays (vs. usually 15 rays) and
lacking a distinct dark spot in the midlateral stripe at the
caudal-fin base (Randall and Lachner, 1986). According to
Randall and Lachner (1986), the caudal-fin base spot of A.
taeniophorus “if it can be distinguished at all, is elliptical,
only slightly broader than the stripe, and at best slightly
darker,” which indicates that A. taeniophorus exhibits
intraspecific variation in this character.

During the course of a molecular phylogenetic study of
the genus Apogon, we found that the specimens identified as
A. taeniophorus, based on Randall and Lachner (1986), in-
cluded two genetically distinct color morphs that differed
also in the state of the caudal-fin base spot. One of the two
color morphs had an indistinct dark spot in the midlateral
stripe at the caudal-fin base (Fig. 1, top: “spotted type”),
while the other lacked a spot (Fig. 1, middle: “lined type”).
The degree of genetic differentiation and phylogenetic rela-
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ture, Kyoto University (FAKU), except for two examples
of the spotted type morph from Chichi-jima I., deposited
in the Department of Zoology, National Science Museum
(NSMT).

Apogon taeniophorus (spotted type): FAKU 78658, 78675, 78678,
Kuchinoerabu I., Kagoshima Pref.; NSMT-P 62202, 62210, Chichi-jima
I., Ogasawara Is. Apogon taeniophorus (lined type): FAKU 73701,
73709, Morode Beach, Misho town, Ehime Pref.; FAKU 78674,
78677, Kuchinoerabu I., Ryukyu Is. Apogon cookii: FAKU 78676,
Kuchinoerabu I., Ryukyu Is.

DNA extruction and sequencing.—DNA was isolated by
phenolchloroform extraction from muscle tissue preserved
in 70–100% ethanol. The anterior half of the 16S rRNA
gene region in mtDNA was amplified by means of the poly-
merase chain reaction (PCR) using Ex Taq polymerase

(Takara) and the following primers: L1803-16S, 5�-AGTAC
CGCAAGGGAAAGCTGAAA-3�; H2590-16S, 5�-ACAA
GTGATTGCGCTACCTT-3� (Miya and Nishida, 1999).
PCR proceeded for 30 cycles on a model 9700 thermal
cycler (Applied Biosystems), with denaturation at 94°C for
10s, annealing at 45–51°C for 10s and extension at 72°C for
30s. The PCR products were electrophoresed on 1% L 03
agarose gel (Takara) and stained with ethidium bromide for
band characterization via ultraviolet transillumination.
Double-stranded PCR products, purified using a Pre-
Sequencing Kit (USB), were sequenced with dye-labeled
terminators (Applied Biosystems). Primers used were the
same as those for PCR. All sequencing reactions were per-
formed according to the manufacturer’s instructions.
Labeled fragments were analyzed on a model 3100 DNA
sequencer (Applied Biosystems). To reduce sequencing
errors, both the L- and H strands were sequenced and com-
pared. All sequences are available from DDBJ, EMBL, and
GenBank under accession numbers AB121138–121145.

Sequence analysis.—DNA sequences were edited and
aligned with the computer programs EditView ver. 1.01
(Applied Biosystems), AutoAssembler ver. 2.1 (Applied
Biosystems), and DNASIS ver. 3.2 (Hitachi). The number
of fixed differences between the sequences and pairwise
sequence distances were calculated using MEGA ver. 2.1
(Kumar et al., 2001). Evolutionary relationships among the
haplotypes were inferred using maximum-parsimony (MP)
(Cavalli-Sforza and Edwards, 1967) and neighbor-joining
(NJ) (Saitou and Nei, 1987) methods. The MP analysis was
performed using PAUP* ver. 4.0b8a (Swofford, 1998). The
MP tree was sought using the heuristic search option with
characters treated as unordered and equally weighted. The
NJ analysis was also performed using PAUP* 4.0b8a, evolu-
tionary distances being calculated using Kimura’s two-
parameter model (Kimura, 1980). Both the MP and NJ trees
were rooted to A. cookii. For each analysis, bootstrap analy-
sis (Felsenstein, 1985) using 500 pseudoreplicates was used
to verify the robustness of the phylogenetic relationship
among the haplotypes.

Fig. 1. Lateral view of two color morphs of Apogon taeniophorus
and A. cookii (both sensu Randall and Lachner, 1986). Spotted type
morph of A. taeniophorus (top), NSMT-P 62210, 84.2mmSL, collected
from Chichi-jima Island, Ogasawara Islands. Lined type morph of
A. taeniophorus (middle), FAKU 73701, 50.5mm SL, collected from
Morode Beach, Misho town, Ehime Pref. Apogon cookii (bottom),
FAKU 78676, 69.7mm SL, collected from Kuchinoerabu Island,
Ryukyu Islands. Arrows indicate presence (Spotted type) and absence
(Lined type) of a dark spot

Fig. 2. Map of sampling localities for two color morphs of Apogon
taeniophorus (sensu Randall and Lachner, 1986). Number of specimens
of each type given in parentheses (spotted type, lined type)
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Fig. 3. Matrix of haplotypes derived from the aligned sequences of
spotted (S) and lined (L) types of Apogon taeniophorus (sensu Randall
and Lachner, 1986). Haplotypes are based on the 107 variable nucle-
otide positions

Results and Discussion

Nucleotide sequence data of approximately 610bp were
collected for the anterior half of the mitochondrial 16S
rRNA gene from nine specimens of Apogon taeniophorus
and a single outgroup specimen of Apogon cookii. Among
615 aligned nucleotide positions, 137 were found to be vari-
able, 91 being phylogenetically informative. The five speci-
mens of the spotted type of A. taeniophorus exhibited four
haplotypes, two of the three specimens from Kuchinoerabu
I. indicating identical sequences. Although 0–3 substitutions
were observed among sympatric specimens, moderate se-
quence differences (25–27 substitutions) were observed be-
tween Ogasawara Is. and Kuchinoerabu I. specimens. The
two populations were distinguished by 19 transitions, 5
transversions, and 4 insertion/deletions (Fig. 3). On the
other hand, four specimens of the lined type morph exhib-
ited three haplotypes, differing from each other by 2 or 4
substitutions. Two individuals from Kuchinoerabu I. and
Misho town showed identical sequences. These two color
morphs were, however, distinguished by 44 transitions, 21
transversions, and 9 insertion/deletions (Fig. 3).

The two color morphs of A. taeniophorus were clearly
genetically distinct, as follows. (1) The amount of pairwise
sequence divergence within each of the two color morphs
(0.0–4.4% in spotted type, 0.0–0.66% in lined type) was
much less than that between the two (13.1–13.6%), and (2)
the degree of sequence difference between the two morphs
was comparable to that existing between each and A. cookii
(13.0–15.6%) and that between the clearly distinct conge-
neric species, Apogon cyanosoma and Apogon semilineatus
(11.7%: Mabuchi et al., 2003). Furthermore, (3) the
haplotypes of each color morph were respectively mono-
phyletic. NJ analysis resulted in a tree (Fig. 4) of identical
topology to a single MP tree (tree length � 159, CI � 0.97,
RI � 0.98). In both the MP and NJ trees, the haplotypes of
the two color morphs were each monophyletic (100% boot-
strap values). These results, together with their difference in
coloration and overlapped geographical ranges, indicated
that the two color morphs of A. taeniophorus represent two
distinct species. The taxonomy of these fishes with detailed

morphological comparisons will be discussed in a forthcom-
ing revision (K. Mabuchi and N. Okuda, in preparation).

It is interesting that the two populations of the spotted
type morph from Ogasawara Is. and Ryukyu Is. showed
moderate genetic differentiation (4.1–4.4%), an amount
comparable to that existing between A. cyanosoma and the
lined type of Apogon properuptus (ca. 5.4%: Mabuchi et al.,
2003). Detailed morphological study of a greater number of
specimens may reveal further differences between the two
populations.
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