
AQUATIC BIOLOGY
Aquat Biol

Vol. 8: 95–103, 2009
doi: 10.3354/ab00205

Published online December 29

INTRODUCTION

Mitochondrial DNA (mtDNA) is now widely used for
phylogenetic purposes for a wide range of taxa. Many
regions of mtDNA that code for protein genes or par-
ticipate in regulation as the control region are used as
genetic markers for investigation of intra- and inter-
species diversity. mtDNA is able to accumulate many
base substitutions over a long period of time, providing
a comparative tool for taxonomic, evolutionary and
phylogenetic research (Nei 1987, Wallace 1992, Avise
2000). Molecular phylogenetic approaches use se-
quence diversities of a single gene, multiple genes or
the complete mitochondrial genome (mitogenome).

Very popular for such research are sequences of the
cytochrome oxidase 1 (Co-1) and cytochrome b (Cyt-b)
genes, which are best suited for analyses from the spe-
cies up to the family level (Johns & Avise 1998, Hebert
et al. 2004, Kartavtsev & Lee 2006). However, single-
gene approaches provide inadequate phylogenetic
data when applied to higher taxa (above the order
level), a result of insufficient information capacity and
homoplasy effects (Hillis et al. 1996). Another com-
plication in the successful application of mtDNA
sequence data, as well as any other markers, is a vast
variation in the degree of genetic diversity within
many taxa (Johns & Avise 1998, Hebert et al. 2004,
Kartavtsev & Lee 2006). Thus, a simple distance-like
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ranking even among vertebrate animals is quite a com-
plicated task. Nevertheless, the bulk of evidence dem-
onstrates that sequence data, e.g. for Co-1 or Cyt-b,
are a useful tool for species discrimination (as DNA
barcoding tags) and very helpful for phylogenetic
reconstructions, including numerous fish taxa (Avise
2000, Hebert et al. 2004, Kim et al. 2004, Ward et al.
2005, Kartavtsev & Lee 2006). Pooling data such as
p-distances (Nei & Kumar 2000), or their derivates,
across different taxon levels gives repetitive support
for an increase of genetic diversity starting at the
intraspecies level and up to higher taxonomic ranks
(Johns & Avise 1998, Hebert et al. 2004, Kartavtsev
2005, Ward et al. 2005, Kartavtsev & Lee 2006, Kartavt-
sev et al. 2007a,b). This positive and proportional dis-
tance score increase along with a taxon rank increase
may be used as a helpful attribute in searching for the
most common speciation mode, a geographic mode
(Ayala et al. 1974, Avise 2000). However, because of
the complexity of species criteria, distance data alone
may give only a part of the necessary information for
discrimination among speciation modes (Kartavtsev et
al. 2002, Kartavtsev 2005, Kartavtsev & Lee 2006).

The need for molecular genetic research in percoid
fish species becomes apparent when considering taxo-
nomic complications and population structure analysis.
There are numerous taxonomic problems associated
with many groups and certain perch-like species of
Perciformes (Nelson 2006), which is one of the largest
fish orders. Most families in many suborders are not
currently definable in terms of shared derived charac-
ters and thus may not be monophyletic. This is espe-
cially true for those species that have a low commercial
value, like pricklebacks (Stichaeidae). For instance,
the family Stichaeidae has no consensus position in
taxonomic revisions (e.g. Makushok 1986a,b, Nelson
2006). However, in accordance with the Integrated
Taxonomic Information System (IT IS: www.itis.gov/),
it does hold such a position. Currently (17 December
2009), 6 genera are placed in the family Stichaeidae
by the NCBI Taxonomic Browser (http://www.ncbi.nlm.
nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&
id=30892&lvl=3&lin=f&keep=1&srchmode=1&unlock).
Meanwhile, 41 genera were placed within the family
in an earlier version of FishBase (Froese & Pauly 2009),
and 77 species of 38 genera are currently listed in the
family Stichaeidae in a more recent version of FishBase
(Froese & Pauly 2009). Thus, it is obvious that much
molecular taxonomy and phylogenetic research on
Stichaeidae and other perch-like fish species remains
to be conducted.

Many molecular marker investigations in perch-like
fishes with respect to phylogeny have been reported
recently (Finnerty & Block 1995, Lydeard & Roe 1997,
Song et al. 1998, Reed et al. 2002, Kim et al. 2004).

Some fishes in the family Stichaeidae have been inves-
tigated by phylogeneticists (Ward et al. 2005, Ward &
Holmes 2007, Radchenko et al. 2009). To our knowl-
edge, however, only a few representatives were com-
pared simultaneously by using sequence divergence at
Co-1. Promising results for percoids were obtained at
other loci, such as 12S, 16S rRNA and Cyt-b of mtDNA
that definitely showed monophyly of some investi-
gated tribes and families in the order (Stepien et al.
1997, Reed et al. 2002, Orrell & Carpenter 2004, Kim et
al. 2004). Serious disagreements with current taxon-
omy were also found at several DNA markers (Craig &
Hastings 2007, Radchenko et al. 2009).

During a BLAST search of NCBI GenBank (www.
ncbi.nlm.nih.gov) based on the fish Pholidapus dybov-
skii, a reference sequence investigation for close prox-
imity among Co-1 sequences revealed 1 hit with only a
few mtDNA sequences, most of which are short partial
sequences. Nevertheless, our search for Co-1 provided
several quite long sequences for the gene (~650 bp),
which allowed us to make a molecular taxonomic and
phylogenetic evaluation for perch-like fishes on this
basis. However, taking into consideration the large
diversity in the order Perciformes, which currently
comprises 156 recent families, with 77 species in the
family Stichaeidae alone (Froese & Pauly 2009), the
possibility of obtaining an absolutely reliable molecu-
lar phylogenetic topology for the whole order Perci-
formes, from Co-1, Cyt-b or any other single gene,
seems remote.

Here, we focus on the family Stichaeidae and discuss
3 to 4 representatives of other percoid fish families by
molecular phylogenetic and taxonomic considerations
using Co-1 sequence data. Two main questions were
considered: (1) whether the family Stichaeidae is
monophyletic, and (2) whether the nucleotide diversity
at Co-1 supports the currently accepted intra-family
and intra-genus divisions.

MATERIALS AND METHODS

In total, we sampled 17 white muscle tissue speci-
mens of 8 percoid fish species sampled in 2005–2006:
(1) Stichaeus grigorjewi (Herzenstein, 1890), (2) S.
nozawae (Jordan & Snyder, 1902), (3) Ammodytes
hexapterus (Pallas, 1814), (4) Arctoscopus japonicus
(Steindachner, 1881), (5) Chirolophis japonicus (Herzen-
stein, 1890), (6) Pholidapus dybowskii (Steindachner,
1881), (7) Opisthocentrus ocellatus (Tilesius, 1811),
(8) O. tenuis Bean & Bean, 1897, and 2 specimens of a
single cyprinid species, Tribolodon brandtii (Dybowski,
1872) as an outgroup (Table 1). Muscle tissues were
taken from all individuals, which were collected by gill
nets in April to September in Vostok Bay (132° 44’
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35” E, 42° 52‘ 33” N), and in Posiet Bay (130° 55’ 0” E,
42° 30’ 0” N), Peter the Great Bay, Sea of Japan, Russia
(Table 1). The nomenclature of scientific names follows
Froese & Pauly (2004). All species were identified by
characters described by Lindberg & Krasyukova (1969,
1975), including the number of gill rakers, the number
of fin rays, the number of scales in the lateral line, the
shape of a lateral line and the colour and shape of the
body. The locations of 3 specimens of Percichthyidae
from literature sources along with their accession num-
bers are also given in Table 1 (specimens 20 to 22).

Total genomic DNA was isolated from the muscle
tissue of the sampled fish using a phenol-chloroform
technique (Lee 2000) or a modification, which mainly
included phenol removal from the mixture and an
RNAase addition at the final step. To get the Co-1
sequence data of the 19 specimens, we first used PCR
to obtain products of approximately 600 bp in length
with the set of 4 primers following Ward et al. (2005):
FishF1-50T CAA CCA ACC ACA AAG ACA TTG
GCA C30; FishR1-50T AGA CTT CTG GGT GGC
CAA AGA ATC A30; FishF2-50T CGA CTA ATC ATA
AAG ATA TCG GCA C30; and FishR2-50A CTT CAG
GGT GAC CGA AGA ATC AGA A30.

The PCR reaction mixture (25 µl) con-
sisted of 2.5 µl Ex-Taq buffer (TaKaRa), 1
µl of F1-primer (20 pmol µl–1), 1 µl of R1-
primer (20 pmol µl–1), 2 µl of dNTP mix-
ture, 1 µl of template, 0.5 µl of Taq poly-
merase (5 units µl–1) and 17.4 µl of distilled
water. The PCR reactions were carried out
in 30 to 40 cycles at 94°C for 5 min, 94°C
for 30 s, 60°C for 30 s, 72°C for 60 s cycle–1

and 72°C for 7 min cycle–1. The PCR prod-
ucts were electrophoresed in 1.0%
agarose gel, stained with ethidium bro-
mide and visualised under UV light. When
good PCR products were obtained, sub-
sequent specimens were then subjected
to cycle-sequencing with commercial
sequencing kits. Cycle-sequencing was
made in most cases with DYEnamic ET
Terminator Cycle Sequencing Kits (Amer-
sham). If during sequencing a decreased
signal was obtained for a considerable
portion of the gene, the PCR and cycle
sequencing were repeated with the same
or a new primer set.

Labelled mtDNA fragments were ana-
lysed on a model 3110 or 3130 Sequencer
(Applied Biosystems). Nineteen Co-1 se-
quences of 9 percoid fish species and out-
group species were set to 532 bp after
alignment. They originally varied in length
from 598 to 671 bp, and were deposited in

this mode in GenBank (Table 1) and also in the BOLD
database (www.boldsystems.org).

For phylogenetic purposes, 16 percoid Co-1 gene
sequences (sequences 1 to 6 and 8 to 17) and 2 out-
group sequences from cyprinids (sequences 18 to 19)
from our own records were subjected to an analysis
together with 3 other perciform sequences taken for
comparative purposes and retrieved from GenBank
(sequences 20 and 22, Table 1). Sequence 7 was
excluded because of an unexpected great difference
of this specimen of Pholidapus dybowskii from other
specimens of this species. All analyses, starting with
new DNA extraction, will be repeated for this speci-
men. The sequences were aligned with Clustal W
software (Thompson et al. 1994), as an integrated
product with MEGA-3.1 (Kumar et al. 1993); gap
opening penalties and gap extension penalties were
set to 15.0 versus 5.0 for both pairwise and multiple
alignment sessions for the first step of alignment
(default options were used for other settings). Follow-
ing this initial step, large gaps were manually deleted,
and final alignments were made with decreased lev-
els of penalties (5.0 versus 0.5). All gaps were then
deleted manually again.
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Table 1. GenBank accession numbers for Co-1 gene sequences and location
of collections of the examined species. Alcohol-preserved specimens and
voucher individuals were deposited in collections at the A.V. Zhirmunsky 

Institute of Marine Biology

No. Accession Species and specimen Date 
number (dd/mm/yy)

Peter the Great Bay, Sea of Japan, Russia
1 EU200479 Stichaeus grigorjewi 8A 29/04/06
2 EU200485 Stichaeus nozawae 13A 29/04/06
3 EU200482 Ammodytes hexapterus 10A 29/04/06
4 EU200482 Arctoscopus japonicus 12A 29/04/06
5 EU200494 Chirolophis japonicus 39 12/09/06
6 EU200501 Chirolophis japonicus 50 13/09/06
7 EU200496 Pholidapus dybowskii 41 12/09/06
8 EU200499 Pholidapus dybowskii 48 13/09/06
9 EU200470 Pholidapus dybowskii 1P 15/10/05

10 EU200472 Pholidapus dybowskii 3P 15/10/05
11 EU200474 Pholidapus dybowskii 4P 15/10/05
12 EU200476 Pholidapus dybowskii 5P 18/10/05
13 EU200500 Pholidapus dybowskii 48P 26/09/05
14 EU200502 Pholidapus dybowskii 51P 26/09/05
15 EU200477 Opisthocentrus ocellatus 7P 04/08/06
16 EU200481 Opisthocentrus tenuis 9P 16/07/05
17 EU200486 Opisthocentrus tenuis 14P 24/07/05
18 EU200478 Tribolodon brandtii 8 12/09/06
19 EU200480 Tribolodon brandtii 9 12/09/06

Victoria, Australia
20 EF609348 Emmelichthys nitidus 1996

Clarence River, Brushgrove, New South Wales, Australia
21 DQ107936 Macquaria novemaculeata 1998
22 DQ107937 Macquaria novemaculeata 1998
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During alignment, several sequences were removed
from further analysis because of their low proximity to
the bulk of the data, and the final sets of sequences for
phylogenetic purposes were reduced to 18 and 21
(most sequences removed were those from GenBank
that did not fit the length limit of 532 bp that we
achieved for our own sequences as mentioned above).
Both coding (all positions) and non-coding nucleotides
were used in the substitution models. Four approaches
were used for Co-1 tree building: neighbour-joining
(NJ), maximum likelihood (ML), Bayesian (BA) and
maximum parsimony (MP) (Nei & Kumar 2000,
Hall 2001, Felsenstein 2004). The HKY+G substitution
model was chosen as the best for phylogenetic analy-
sis; the test that included a data set of 19 sequences
was based on Modeltest 3.7 software (Posada & Cran-
dall 1998). The HKY+G model was estimated as the
best by both the ML test and by the Akaike informa-
tion criterion (AIC). The HKY+G model (–ln L =
2475.69, K = 5, AIC = 4961. 25; A:C:G:T = 0.2658,
0.2673, 0.1679, 0.2990, G = 0.1751, Ti/Tv [transition to
transversion] ratio = 3.3079) was used for illustrative
purposes in BA and ML tree building. Therefore, the
BA (n = 106 generations) and ML (k = 1000 bootstrap
replicates) approaches were based on the described
model parameters. The NJ tree with bootstrapping (k =
1000 replicates) was based on the maximum composite
likelihood (MCL) distance with the G parameter as
defined above. Starting trees were obtained via a step-
wise addition, and branch lengths at start-up were
obtained using the Rogers-Swofford approximation
method as implemented in PAUP* 4.0 10b (Swofford
2002). A tree bisection-reconnection technique was
used for branch swapping under a heuristic search
(with 10 repetitions). The main calculations were per-
formed by PAUP* 4.0 10b (Swofford 2002), MrBayes
3.1.1 (Huelsenbeck & Ronquist 2001, Ronquist &
Huelsenbeck 2003), and MEGA-3.1 (Kumar et al. 1993)
packages. The phylogenetic trees were visualised and
edited where necessary with TreeView software (Page
1996), and a general statistical analysis was performed
using STATISTICA 5.5 (StatSoft).

RESULTS

The proportion of pyrimidines (T, C) to purines (A, G)
in the Co-1 gene deviated from a 50:50 ratio. There
was no sharp difference in the nucleotide content
between the representatives of the Perciformes and
the 2 sequences of Cypriniformes. The frequency dis-
tributions for the 4 sequence categories (which in-
cluded the 2 above mentioned taxa, Perciformes and
Cypriniformes, and our data versus GenBank data) of
4 nucleotide types were significantly different, with

slightly overlapping confidence intervals. To exem-
plify this statistical trend more precisely, a 2-factor
MANOVA (Multivariate Analysis of Variance interac-
tion mode, random effects) was done based on data for
all nucleotide positions for 4 types of nucleotides (T, C,
A and G; Factor 1), and for the 3 compared groups: (1)
including our 17 sequences; (2) including the 3 Gen-
Bank sequences of the Perciformes; and (3) including 2
cyprinid sequences (Factor 2). The main effect of Fac-
tor 1 was significant: mean square (MS) effect = 337.54,
MS error = 0.41; F = 829.10, df = 3; 76, p < 0.000001,
whereas the main effect of Factor 2 was not significant
(p < 0.998); however the interaction of Factors 1 and 2
was significant (p < 0.00001).

Co-1 sequences were investigated to understand the
phylogenetic relationships among percoid fishes, with
cyprinids as an outgroup. The p-distances and their
derivates were obtained from 22 Co-1 gene sequences
of 532 bp for 20 percoids: 17 from our collection and
3 GenBank sequences as well as 2 sequences of
cyprinids. However, tree building and molecular phy-
logenetic comparisons were performed mainly on 18
sequences (see data below). Trees using 21 sequences
were also constructed and are included in the Discus-
sion.

Simple p-distance values are applicable for a com-
parative analysis of genetic diversity within species
and among taxa, although they represent only an
approximate view of sequence divergence. Here, the
sequence diversities for the Co-1 genes from the inves-
tigated taxa were tested by several approaches, which
showed basically similar patterns. Even a simple visual
inspection of the p-distances showed that the lowest
diversity occurred between conspecific sequences and
the highest diversity occurred between families.
Although the variation row for pairwise p-distances
was unimodal, the distribution deviated from normal-
ity and had a heavy tail (skewness = –1.1799, SE =
0.1763). Taking this information into account, we first
compared the mean p-distances for different groups of
perch-like fishes: (1) intraspecies, among individuals of
the same species; (2) intragenus, among species of the
same genus; (3) intrafamily, among genera of the same
family; and (4) intraorder, among families of the same
order (Fig. 1). To perform this analysis, we took all
pairwise scores from a triangle p-distance matrix for
the 20 sequences belonging to percoid fishes and
sorted them into the corresponding 4 groups. After-
wards, several averages were obtained for each cate-
gory (within species, genus, family, order). The varia-
tion row for mean p-distances agreed well with the
normal distribution (skewness = 0.0716, SE = 0.6163;
kurtosis = –2.1263, SE = 1.1909). A 1-factor ANOVA
(random effect mode) on the 4 above-defined groups
was used to identify variability in p-distances among
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groups. Combined with the calculations of the average
p-distance scores for these 4 groups, the ANOVA
revealed a significant difference among averages of
the 4 groups (F = 306.87, df = 3; 186, p < 0.0001).
Because of the importance of this conclusion, we per-
formed a nonparametric Kruskal-Wallis ANOVA for p-
distance differences in the 4 compared groups. This
test by ranks gave: H = 115.20, df = 3, N = 190, p <
0.0001 and a median test gave: X2 = 89.81, df = 3, p <
0.0001. Thus, 2 different approaches revealed that the
average p-distances among intraspecies, intragenus,
intrafamily, and intraorder categories among Perci-
formes were different.

For phylogenetic purposes, NJ, ML, BA, and MP
trees were constructed. The HKY+G substitution
model was used for ML and BA, while MCL was used
for building the NJ tree. When 18 sequences were con-
sidered, all trees showed a very similar topology, and
all 4 methods gave trees that differed only at the levels
of support for internal nodes and in joins between the
Stichaeidae and the rest of the Perciformes branches,
with an external position for cyprinids (Fig. 2). The NJ,
ML and BA trees are shown here (Fig. 2). The BA-tree
program parameters were as follows: Markov Chain
Monte-Carlo Parameters (MCMCP) ngen = 1 000 000,
printfreq = 1000, samplefreq = 1000, nchains = 4,
SUMP burnin = 100; default program options were
used for the remaining parameters. The consensus tree
was calculated on the basis of the 11 672 best trees,
and 1381 of them fitted the 50% majority rule. The
MP tree differed from the NJ, ML and BA trees mostly

in somewhat lower resolution. Nevertheless, all trees
showed 4 major properties: (1) a separate cluster for
outgroup species, (2) a cluster and 3 branches, each
comprising a single family of the order Perciformes, (3)
the presence of clear-cut clusters representing the
family Stichaeidae and its different genera, and (4) the
existence of a set of the nearest clusters for all single
individuals that are classified as specimens of the same
species (Fig. 2). Repetition frequencies (posterior prob-
abilities for the BA tree and bootstrap support levels for
the others) for the 4 kinds of clusters were respectively
100% (1.0), 81–100% (0.81–1.0), 99–100% (0.99–1.0),
and 100% (1.0) in the BA tree, while in the NJ and
ML trees they were 100%, 71–84%, 60–99%, and
97–100%.
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Main effect: F = 306.87, df = 3.186, p < 0.0001
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Fig. 1. Results of a 1-factor ANOVA and mean p-distance val-
ues at 4 levels of differentiation in fish species (Perciformes)
for Co-1 gene sequence data. All pairwise p-distances were
obtained from a triangle matrix. Comparison groups: (1) intra-
species, among individuals of the same species; (2) intra-
genus, among species of the same genus; (3) intrafamily, among
genera of the same family; (4) intraorder, among families of
the order Perciformes. Variation is statistically significant.
Error bars represent 95% confidence intervals for the mean

Fig. 2. Consensus (50%) trees showing phylogenetic interre-
lationships on the basis of Co-1 sequence data for 7 analysed
perch-like fish species (Perciformes) and 2 outgroup se-
quences (Cypriniformes). The rooted Bayesian tree was built
for sample purposes. Bootstrap support values and posterior
probabilities are shown in the nodes of the tree; support
scores are given in the order neighbour-joining/maximum
likelihood/Bayesian. Scale indicates the relative branch 

lengths
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DISCUSSION

Bias in the ratio of (T+C):(A+G) has been well
described in the literature for other protein-coding
genes, e.g. Cyt-b (e.g. Kim et al. 2004), but is usually
stated without statistical substantiation. We have vali-
dated this for Co-1 in percoid fishes on a precise sta-
tistical basis (see ‘Results’). The interpretation of
nucleotide bias is that it reflects the hydrophobic prop-
erties of the encoded proteins (Naylor et al. 1995).
However, taxonomic differences, when found, are
more relevant to the evolution of lineages and might
reflect their separate divergence (Kartavtsev et al.
2007a).

Scores of p-distances pooled for different scales of
evolutionary history gave a clear pattern, presenting
an increase in nucleotide diversity at (1) intraspecies,
(2) intragenus, (3) intrafamily and (4) intraorder levels
(Fig. 1). Scores of average p-distances for compared
fish groups were: (1) 0.11 ± 0.04%, (2) 1.87 ± 0.68%,
(3) 12.67 ± 0.28% and (4) 16.52 ± 0.10%, respectively
(mean ± SE). It is generally accepted that taxa of
higher ranks have existed longer than those of lower
ranks (Simpson 1961, Nei 1987). Thus, taking into con-
sideration significant differences between intraspecies
and interspecies levels within genera, we may attribute
these data to a certain mode of speciation. More specif-
ically, together with an increase in p-distances at 2
stages (subspecies and species), these data lead to the
conclusion that speciation in the compared representa-
tives of the order Perciformes followed a geographic
mode (sensu Mayr 1982), with the accumulation of
numerous per site changes (mutations) over a long
period of time since separation of gene pools of local
populations and/or subspecies. Finally, this mode fore-
casts the species formation and later independent evo-
lution of species themselves and consequent diver-
gence of representatives in higher lineages or phyletic
evolution (Dobzhansky 1955, Bush 1975, Templeton
1981, Mayr 1982, King 1993, Harrison 1998). Recently,
the geographic mode of speciation has been substanti-
ated for many other animals and for a wider list of rank
categories including subspecies, semispecies, sibling
species, morphologically distinct species and genera
(Johns & Avise 1998, Avise 2000, Kartavtsev 2005,
Ward et al. 2005, Kartavtsev & Lee 2006, Kartavtsev et
al. 2007a,b, 2008, Ward & Holmes 2007). In these, more
than 24 000 species are listed for different comparison
groups or taxa. Taking into account the complexity of a
species as an entity, we are aware of the fact that such
a conclusion derived solely from the genetic distance
scale is not quite comprehensive. Actually, both a
wider set of descriptors (Kartavtsev et al. 2002, Kar-
tavtsev 2005, Kartavtsev & Lee 2006) and a focused
investigation of this specific point in the Stichaeidae

and other Perciformes are required to draw a more
precise conclusion on the speciation mode.

For the sake of brevity, we will consider in detail the
correspondence between the trees built in this
research and in literature data mostly for the Stichaei-
dae. The investigated representatives of the family
Stichaeidae joined as a monophyletic branch with 86,
96, and 100% of support in the NJ, ML, and BA trees,
respectively (Fig. 2) and 74% bootstrap support in the
MP tree (not shown). Unlike the Stichaeidae with 74 to
100% support, the resolution of the other family
branches was lower in all approaches (Fig. 2, see Tri-
chodontidae), and the Ammoditidae branch was not
even resolved. The same conclusion remains basically
true when a tree was built on 21 sequences (not
shown). Comparing those smaller and larger trees, we
conclude that the reliability of monophyly even for the
Stichaeidae is diminished and the resolution of the
larger tree decreased. One of the most probable expla-
nations for this is that the information capacity in our
532 bp Co-1 sequences is not enough to cover the
increase in the diversity of taxa.

A close genetic proximity of the family Trichodonti-
dae to the family Stichaeidae and monophyly of the lat-
ter was supported by 3 kinds of trees (NJ, ML, BA).
Whether families are monophyletic is an important
question for molecular phylogenetics, especially for
big families, such as the Sparidae, Carangidae and
Stichaeidae, the basic information for which is cur-
rently zoological (Froese & Pauly 2009). However,
some attention to this point has been paid by molecu-
lar phylogeneticists (Stepien et al. 1997, Reed et al.
2002, Orrell & Carpenter 2004, Craig & Hastings 2007,
Radchenko et al. 2009). The monophyly for at least 3
tribe clades has been suggested within the Carangidae
based on the results for Cyt-b sequence data (Reed et
al. 2002) and for 16S rRNA and Cyt-b among several
subfamilies of the family Sparidae (Orrell & Carpenter
2004). However, evidence based on mtDNA and nDNA
sequences (4 genes) brings into question the mono-
phyly of the large family Serranidae, as well as the
genera Cephalopholis, Epinephelus and Mycteroperca
as defined by Craig & Hastings (2007). Our own data
show that the investigated representatives of the fam-
ily Stichaeidae formed a monophyletic clade with high
support (Fig. 2). This fact disagrees with the polyphyly
found for Stichaeidae on 3 mtDNA genes (Cyt-b, Co-1
and 16S rRNA with a combined sequence length of
2043 to 2046 bp; Radchenko et al. 2009) among a wider
set of taxa (Zoarcoidei). To our knowledge, the mono-
phyletic origin of most families in the order Perci-
formes has not yet been investigated thoroughly; there
is a need for further examination of this question
(Johnson & Paterson 1993, Smith & Craig 2007). Both
the present and previous results corresponded fairly
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well to the recent morphological classification and con-
clusions about the status of the family Stichaeidae in
particular (Makushok 1986a, Nelson 2006). Our own
conclusion on monophyly is mostly valid for the
Stichaeidae (Fig. 2), which was represented by 4 gen-
era and several species. Regarding the discrepancies
found, the real tree topology may remain obscure,
despite statistical support, if the analysed taxa are not
representative of natural diversity (Hillis 1998) and/or
if markers used have insufficient information capacity
as discussed in the ‘Introduction’. This is certainly the
case with the level of the order due to several unre-
solved branches in our Co-1-based trees (Fig. 2). How-
ever, even for the family level, the above-mentioned
problems of not representing enough species diversity
and insufficient molecular signal may be a real obsta-
cle for a correct phylogenetic reconstruction when a
family is speciose and the analysed sequence length is
relatively short (1000 to 2000 bp or less), as it is with
the Stichaeidae. The limited molecular genetic infor-
mation we have in general for fish (Saitoh et al. 2000,
Reed et al. 2002, Miya et al. 2003, Orrell & Carpenter
2004, Smith & Craig 2007) is also a significant obstacle.

The validity of all considered genera in the Sticha-
eidae (Pholidapus, Opisthocentrus, Chrisophis and
Stichaeus) is well supported by our data (Fig. 2). How-
ever, more abundant species representation is highly
desirable. These data also agreed with the recent sys-
tematic revision that moved Pholidapus dybowskii out
of the genus Opisthocentrus (Shiogaki 1984); never-
theless, the molecular phylogenetic proximity of these
2 genera is very high, and they comprise a mono-
phyletic clade in all trees (Fig. 2). The current taxo-
nomic separation of Stichaeus grigorjewi (Herzenstein,
1890) and S. nozawae (Jordan & Snyder 1902) seems
artificial in view of their close genetic proximity, com-
parable to intraspecies diversity (Fig. 2). Certainly,
both questions require repeated examination using
other markers, additional specimens and species of the
2 genera discussed.

One of the most important properties of the con-
structed trees (see points 3 and 4 at the end of the
‘Results’ section) might be the sharp difference among
different genera and among congeneric species in the
major family considered (Fig. 2), except for the 2 spe-
cies in the genus Stichaeus (as stressed in the above
paragraph). One of the most reliable and interesting
points of our research is the difference between
intraspecies and interspecies (congeneric) levels of
genetic diversity. This is basically an indicator of the
barcoding value of a gene sequence for species dis-
crimination and may be used as a tool for comparative
evolutionary genetics. These kinds of data are very
reliable as they are supported both by the tree topol-
ogy seen as the nearest intraspecies clusters for all

cases (Fig. 2) and by very small average intraspecies
p-distance scores (Fig. 1), both indicating that some
individuals of the same species have nearly identical
sequences. In contrast, interspecies congeneric dis-
tances are quite distinct within major genera in our
data set (Fig. 2). Thus, our findings support a barcod-
ing value of Co-1 gene marker for most current taxa, as
also shown in many previous observations (Hebert et
al. 2004, Ward et al. 2005, Kartavtsev & Lee 2006, Kar-
tavtsev et al. 2007a,b, 2008, Rock et al. 2007, Ward &
Holmes 2007, Hubert et al. 2008).

Despite the representation of distant taxa in the pre-
sent study, we did not face a long-branch attraction
problem as has been described in some other diverse
groups (Wilcox et al. 2004). The outgroup taxon,
Cypriniformes, belonging to ray-finned fishes of the
class Actinopterygii, formed phylogenetic clusters
related to the Perciformes (Fig. 2). However, this high
taxonomic level will likely be resolved in the future by
studies involving more powerful approaches, such as a
comparative analysis of complete mtDNA sequences
(e.g. Miya et al. 2003, Nohara et al. 2005) and nuclear
genes.
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