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Phylogenetic relationship of eight different species of priacanthids around Taiwan
were studied vie morphometric measurements. These species are Pristigenys multi-
fasciatus, Pg. niphonia, Cookeolus boops, Priacanthus cruentatus, P. tayenus, P. macra-
canthus, P. hamrur, and P.- blochii. “A total of twenty-three individuals (OTUs),
two to seven individuals for each species, were analyzed simultaneously to evaluate
various numerical taxonomic techniques in regard to the criterion that conspecific
taxa should be clustered near each other. It is shown that the measurements of
truss method tend to give better results compared to that of using tradition.
Among phenetic methods, Bray-Curtis dissimilarity coefficient performs the best
among total of seven resemblance coefficients under test, and UPGMA gives better
phenograms than the other three clustering methods. For cladistic analysis, distance
Wagner of using parsimony principle and Fitch-Margoliash method were applied to
construct cladograms which in general agree with the geneological relationship of
priacanthids inferred from various phenetic classifications. The phylogeny of Pri-
acanthidae contains three convex groups which are exactly in corresponding to three
different genera. Pg. multifasciatus and Pg. niphonia are grouped each other. Cookeo-
Ius boops is intermediate between both genera of Pristogenys and Priacanthus. Within
the genus of Priacanthus, P. tayenus is the one which more related to C. boops
than the other four congeneric species. P. brochii and P. harmur are sister group
but its relationship with P. macracanthus and P. cruentatus is not clear. This paper
also gives a demonstration of showing how to use morphometric data to infer the
fish phylogeny.

The family Priacanthidae, commonly
called big-eye, contains approximately three
genera and eighteen nominal species of fishes
distributed throughout the tropic and sub-

tropics of the Atlantic, Indian, and Pacific -

Ocean (Nelson, 1984). In Taiwan, eight
different species which belong to three genera
had been recorded previously (Lee 1980;
1984). They are Pristigenys niphonia (Cuvier
and Valenciennes), Pg. multifasciatus Yoshino
and Iwas, Cookeolus boops (Synder), P. cru-

entatus (Lacepede), P. harmrur (Forskal), P.
macracanthus  Cuvier and Valenciennes, P.
blochii Bleeker, and P. tayenus Richardson.
For the phylogenetic relationships of this
group of fish, Lee (1984) firstly proposed a
phylogenetic relationship of these fishes by
comparing the electropherograms of muscle
myogens and indicated that the electrop-
horetic result is in agree with the results
of the conventional systematic studies in
terms of their external features including
meristic data. To test the nonspecificity
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hypothesis by using different character suits
of the same study organisms has attracted
much attention in the numerical taxonomic
field (Rohlf, 1965; Farris, 1971; Sneath and
Sokal, 1973). Recently, this issue has even
been extended to examine whether the classi-
fication methods used in . phenetics or in
cladistics have greater stability when sampling
different classes of characters (Colless, 1980;
Mickevich and Johnson, 1976; Rohlf er al,
1983a, b; Schuh and Farris, 1980). One
purpose of this paper is therefore to test the
nonspecificity hypothesis by comparing the
phylogenies of priacanthids: based .on the
morphometric characters against the one
proposed previously based on the - electro-
pherogams of myogens. Similar comparative
studies by using fish as study material have
~ been published elsewhere except that they used
the allozymes as the internal characters (Smith
and Koehn 1971;. Mickevich and Johnson,
1976; Colless, .1980; Shaklee and Tamaru,
1981; Yoshiyama and Sassaman, 1983).
Numerical taxonomical methods has been
increasingly used to study the -phylogency of
real organisms since last decade. However,
there still are some methodological problems
that require further investigations. Thus, the
other purpose of this paper is to compare
some different effectiveness
taxonomical techniques by using the morpho-
metric measurements of priacanthids as the
testing data set. The techniques we examined
in the studies includes: 1) truss measurement
(Humphries ez al., 1981; Strauss and Bookstein,
1982) versus the measurement based on the
traditional way; 2) various phenetic methods,
including different resemblance coefficients
and different clustering methods; 3) phenetic
versus cladistic methods. To judge the good-
ness-of-fit of the above different techniques
on the phylogenetic studies, one often uses
the *cophenetic correlation coefficient for
phenetic clustering methods, and the shortest
tree length for the cladistic method (Sneath
and Sokal, 1973). In the present paper, we
proposed an alternative way by applying the

of numerical -
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maximum consensus tree method, MCT (Shao,
1983). The validity of this application is
based on the assumption that the contaxon
individuals (OTUs) should be clustered near
each other when the identification of each
species is guaranteed. Consequently, the
clustering methods which could more satisfy
the above critrion would be considered to be
the better.

MATERIAL AND METHODS

Data were obtained for 33 morphometric
variables (Fig. 1) from twenty-three indivi-
duals belonging to eight different species in
Taiwan. All data were measured from
preserved specimens. Their body size range
are Pg. niphonia (3 specimens, PgNI1-PgN3,
71-248 mm); Pg. multifasciatus (2 specimens,

- PgM1 and PgM2, 270-272 mm); C. boops (2

specimens, CB1 and CB2, 342-365mm); P
hamrur (3 specimens, PH1-PH3, 245-248 mm) ;
P. macracanthus (7 specimens, PM1-PM7, 205-
224 mm); P. blochii (2 specimens, PB1 and
PB2, 283-285mm); P. tayenus (2 specimens,
PT1 and PT2, 145-298 mm); P. cruentatus (2
specimens, PC1 and PC2, 242-245mm).
Measurements were made to the nearest
millimeter using Vernier calipers (+4-0.02 mm).
Variables included: 1. standard body length;
2. head length; 3. snout length; 4. eye dia-
meter; 5. caudal fin length; 6. pectoral fin
length; 7. ventral fin length; 8. height of first
dorsal spine; 9. height of the longest -dorsal
ray; 10. height of the longest anal fin ray;
11. premaxilla length; 12. body depth; 13.
interorbital distance; 14. interprénasal distance;
15. dorsal fin base length; 16. anal fin base
length; 17. length from the tip of upper jaw
to the origin of dorsal; - 18. distance between
the origins of ventral and anal fin; 19. the
tip of upper jaw to the origin of ventral fin;
20. height of caudal peduncle; and the sub-
sequent thirteen characters CD, EF, HI, Al
BI, BH, BG, BF, CI, CG, CF, CE, DF which
were defined based on the nine landmarks,
A-I, marked on the outline of the fish (Fig.
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Fig. 1."JAn outline drawing of Priacanthus hamrur showing-.the variables comprising

the morphometric data.
the text.

The definitions of each variable were described in
Alphabatical A-I are nine homologous landmarks used to define

the variables of truss measurements.

1). For comparing the different effect between
traditional and truss measuring methods on
the phylogenetic results, the above 32 charac-
ters (exclude the standard body length) were
arranged into two subsets of data. Each of
the subsets contains ninteen characters: the
second to the twentieth of the above variables
were regarded as the traditional measurements,
and the fifteenth to the last as ‘the truss
method. Among them, variables fifteenth to
the twentieth were overlapped in both data
sets. All these 32 characters were subjected
to the ratio correction based on the standard
body length to mnormalizing the body size
effect. After some preliminary studies, we
did not choose other sophisticate normalizing
methods, such as regression, PCA, or sheared
PCA (Humphries, er al, 1981, Strauss and
Bookstein, 1982) in the present study because
of the following two reasons: 1), the size
problem is not significant in our fish data
after examing the projections of OTUs on the
first three principal axes; 2), testing various
resemblance coefficient could not be done if
PCA  is used first. Because only a single

distance matrix could be obtained by applying
this ordination technique. For . phenetic
analysis, four clustering methods and seven
resemblance coefficients in the CLUSTAR
program package were used to compute the
phenograms and their corresponding cophenetic
correlation coefficient values. The minimum
spanning tree, principal coordinate analysis,
and the Kruskal’s non-metric multidimensional
scaling (MDSCAL) analysis subjected to the
Euclidean distance matrix were computed by
using the NTSYS package (Rohlf, et al., 1983).
To do the cladistic analysis based on he
continuous data, only mid-point rooting
Wagner in the WAGNER78, written by E. I
Farris (1978), and Fitch-Margoliash methods
in the PHYLIP package, among many cur-
rently available cladistic programs, could be
used to construct morphometric unrooted
trees. For using both cladistic programs, the
Manhattan distance matrix computed from
CLUSTAR (Romesburg and Marshall, 1984)
were used as the input data. Theoretical
comparison of the above two cladistic methods
and the UPGMA has been studied detailly by
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Swofford (1981).

For comparing the phylogenetic results of
~ eight species of priacanthids easily, two
methods were used independently to obtain
the tree with 8 OTUs only. The first method
is to reconstruct a reduced 8 OTUs data
matrix directly from the original data matrix
of 23 OTUs. The value of each variable in
the new matrix is the mean value of that
variable of all conspecific OTUs. The result-
ing phenograms or cladograms constructed
from this 8 OTUs data matrix will naturally
be 8 OTUs. The second method is to apply
the maximum consensus method to compare
each testing tree of 23 OTUs against the
standard tree with the same number of OTUs
in which the criterion of conspecific taxa
should be clustered together has been set (Fig.
3). Those ambiguous subsets, i. €. a conspecific
cluster has other species sandwiched in, at
higher level will be degenerated to be un-
resolved subsets and down to lower hierarchi-
cal level. But all of the rest wuhambiguous
subsets in the tree will be retained as much
as possible. Consequently, an 8 OTUs tree
could be easily extracted from the MCT of
23 OTUs without any ambiguity.
rithm for computing the maximum consensus
tree and its associated consensus indices was
furnished in Shao (1983).

RESULTS

From both of the CPCC and Clc values
in Table 1, it is clearly shown that the truss
measurement is superior than the traditional
measurment except in five cases of CPCC and
one case of Clc values. The mean Clc and
CPCC values from all 19 different phenetic
methods are 0.8596 and 0.8862 for the truss
and 0.7719, and 0.8129 for the traditional
respectively. Although the product moment
correlation coefficient between all Cle values
and all CPCC values is not so high (»=0.5097),
the tendency of CIc and CPCC values con-
sistently shown the relation of UPGMA>
Complete linkage>Single linkage. The mean

The algo-
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Clc and CPCC values of different clustering
methods averaging from various resemblance
coefficients is given in Table 2(b). The results
also revealed that the UPGMA is the best
among four different phenetic clustering
methods. The Ward’s clustering method by
using Ward’s coefficient performs relatively
poor. For cladistic methods, only Clc of
Wagner method could be calculated since the
CPCC can only be used for phenetic clustering
methods. Nevertheless, both Wagner trees
based on traditional and truss method gave
the same Clc values of 0.9524 which is the
highest if compared to other phenetic methods.

The same criterion of Clic used on the
Fitch-margoliash networks is not appropriate
since its plethora of available trees when
shuffied the OTUs sequences in the input
distance data matrix.

The same criterion for comparing the
effect of different resemblance coefficients is
furnished in Table 1 and Table 2(a). It is
shown that the Bray-Curtis has the highest
value among total of seven different resem-
blance coefficients investigated. The order is
Bray-Cuftis > Manhattan distance > Average
Euclidean distance > Correlation > Ward’s >
Shape > Cosine coefficient with respect to
high to low of the Clc and CPCC values.
Due to. the -limiting space, we only choose
the best phenograms, i.e. the UPGMA based
on Bray-curtis coefficient similarity matrix
according to the above criterion (Fig. 3), as
the representatives among a great number of
various phenograms. It is shown that almost
all congeneric or conspecific taxa were cluster-
ed near each other. The only exception is
the PH3 which is grouped with P. cruentatus
rather than with PHI1 and PH2. Figure 4 shows
the summarized phylogenetic relationship of
eight species after applied the maximum
consensus tree method on the two phenograms
in Fig. 3 and the standard tree in Fig. 2.
The resulting phylogenetic relationship of
both from traditional and truss method is
quite similar. All congeneric species are
grouped together to form three monophyletic
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" TABLE 1
Colless consensus index* (Clc) of the maximum consensus tree and the
cophentic correlation coefficient (CPCC) values of various phenograms
computed from seven different resemblance coefficients in combination

with four different clustering methods. Two character data matrices,

one based on the traditional characters, and the other based on the
truss were used separately as the input data. For detail explanation
see the text

3

277

Resemblance Clustering Traditional Truss
coefficients® methods# Clc CPCC Cle CpCC
Correlation Single 0.7143 0.7200 0.8095 0.8564
Complete 0.7619 0.8813 0.80%5 0.8424
UPGMA 0.8095 0.8830 0.9048 0.8644
Average Euclidean Single 0.7143 0.6873 0.8095 0.9015
distance Complete 0.8095 0.7876 0.7619 0.9226
UPGMA 0.8571 0.8358 0.9048 0.9251
Cosine Single 0.7143 0.7832 0.7619 0.7791
Complete 0.7143 0.8221 0.8571 0.8366
UPGMA 0.7619 0.8616 0.8571 0.8561
Shape difference Single 0.6667 0.8106 0.8095 0.864
Complete 0.7143 0.8741 0.9048 0.8677
UPGMA 0.7143 0.8846 0.8571 0.9044
Bray-Curtis Single 0.6191 0.7702 0.8571 0.9185
Complete 0.9524 0.8575 0.9524 0.9291
UPGMA 0.9048 0.8757 0.9048 0.9318
Manhattan distance Single 0.6667 0.6951 0.8571 0.9120
Complete 0.9524 0.8521 0.9524 0.9236
UPGMA "~ 0.8095 0.8616 : 0.9524 0.9269
Ward's Ward’s method  0.8095 0.7016 0.8095 0.8764

* The Colless consensus index is computed by counting the number of distinct subsets (excluding
the set of all objects) and then divide it by #-2, where ¢ is the number of objects in the study.

# The formulas of computing resemblance coefficients were furnished in the Users Marual for
CLUSTAR/CLUSTID package (Romesburg and Marshall 1984) except the Manhattan distance

coefficient which was added into the package by KTS.
resemblance coefficients and clustering methods,

and Sokal 1973, Romesburg 1984).

TABLE 2
The overall effects of different resemblance coefficients (a), and clustering
methods (b) on the Clc of MCT and CPCC values. The table values
are the means averaged from the values in the previous table. The
indices values of both traditional and truss methods were Iumped toge-
ther when calculated the means.

For further information about these
please refer to some clustering textbooks (Sneath

(a) (b)

Resemblance Clustering

coefficients Cle CrCC methods Cle CPCC
Correlation 0.8016 0.8413 Single linkage ©0.7500 ‘ 0.8079
Average Euclidean 0.800 0.8433

distance .8095 . .

t . .

Cosine 0.7778 0.8231 Complete linkage 0.8452 0.8664
Shape difference 0.7778 0.8676

; UPGM 0.8532 0.8
Bray-Curtis 0.8651 0.8805 A 844
xzn(l;a;ttan distance 0.8651 0.8619 Ward’s methods 0.8095 0.7890

I )

0.8095 0.7890
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Fig. 2. A standard tree which only give the information

that the conspecific taxa are grouped each other.

This tree is used to compute the maximum con-

sensus tree by comparing it with various pheno-
 grams or cladograms obtained in the studies.
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Fig. 3. Phenograms constructed from the UPGMA based on the Bray-Curtis dissimilarity
matrix. The input data were (a) Traditional mesurements, and (b) truss mea-
surements of the 23 OTUs,
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Fig. 4. The maximum consensus tree of the UPGMA phenograms of Bary-Curtis

coefficient based on (a) traditional measurements, and (b) truss measure-
ments of the 23 OTUs data matrix compared to the standard tree shown in
Fig. 2. The 8 OTUs trees of (a) and (b) are extracted from original 23
MCT. For example, the tree b was redrawn from the consensus tree c.
Note that the hierachical level is no longer existed after the consensus tree
method is operated since only the branching pattern of tree are taken into
consideration.
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Fig. 5. Phenograms constructed from the Bray-Curtis similarity matrix by
UPGMA. The input data matrices were (a) traditional measurement,
and (b) truss measurements of eight species averaged from the
original 23 individuals data set.

<a «b»
NN Ne WD OO0 N — Sz
ITan oAl
EERRRSEIEEZEE55EE8855%

Fig. 6. Distance Wagner trees of (a) traditional data, and (b} truss data sets of 23 OTUs.
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Fig. 7. The maximum consensus tree of distance Wagner trees versus the

standard. Tree (a) was based on traditional measurements, (b) based
on the truss. For other explanations see Fig. 4.
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Fig. 8. Distance Wagner trees of (a) traditional measurements, and (b) truss
measurements of eight OTUs average data matrices. Divergences are
reflected in the relative lengths of the branches.
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groups as represented in three different genera.
The only difference is the P. macracanthus
which is grouped with P. tayneus as a se-
parated cluster in the truss but unresolved
with other Priacathus species in the traditional
_tree. - Nevertheless, these congeneric relation-
ships could be supported by the phylogenies
prepared by wusing reducing data matxix
directly. Fig. 5 shows the two UPGMA
phenograms based on the same Bray-Curtis
similarity coefficeint. From these two pheno-
grams, species inter-relationship within Pria-
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cathus could be recognized as the P. blochii
and P. hamrur are sister group, which is next
to P. cruentatus and then P. macracanthus and
P. tayenus.

As to the phylogeny constructed by the
cladistic methods, Fig. 6 is two Wagner
cladograms of original 23 OTUs. Their two
maximum consensus trees (MCTs) comparing
to the standard tree are shown in Fig. 7. In
Fig. 7, the phylogenetic relationship of the
truss give more compatible relationships sug-
gested by phenograms (Fig. 5b) than that of

$5=0.21778

SD=6.35%
PM
cB PT ’
922
- PB
727 | PH
661 676 ,
315 352
_—
267 983 ) PC
133 200 146 40 676
x 104
4
PgM
S$5=057333
. 8D=1030 %
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PT
s CB pC
PH
291 366 402 290
220
P(;N * PB
. 309 852 307 161 71 82
x 104
(b)

Fig. 9. Fitch-Margoliash networks for (a) traditional measurements and (b) truss

measurements based on the eight OTUs data matrices.

Divergences are

reflected in the relative lengths (indicated by numbers) of the branches.
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traditional (Fig. 5a). The MCTs based on
the traditional data set (Fig. 8a) is relatively
poor since all Priacanthus species are not
grouped monophyletically. Figure 8 contains
two Wagner cladograms directly constructed
from the reduced data sets of eight OTUs.
The species inter-relationships are comparable
to that of Fig. 7 but more resolved. The
length of each stem marked on the trees
revealed that the path length between the
terminal nodes of P. blochii and P. hamrur are
0.067 in (a) and 0.0515 in (b) which are
shorter than 0.1030 of sister group of P
hamrur-P. cruentatus in (a) and 0.0536 of P.
cruentatus-P. blochii respectively. This dif-
ference can be used to- explain why the P.
blochii and P. hamrur were clustered together
in phenetic but not in .cladistics. Similarly,
the path lengths on the two Fitch-Margoliash
networks (Fig. 9) could, be used to interpret
their phenetic relationships besides - the in-
formation of their cladistics relations per se.

The diagrams produced by principal
coordinate analysis and MDSCAL show similar
species inter-relationships. Figure 10 represents
the 2-dimensional views of the MDSCAL
which showing three fairly well divisions of
points, respectively the genus Pristigenys
(upper, left-hand), the genus Cookeolus (lower,
middle), and the genus Priacanthus.-(upper,
right-hand). Within the genus Priacanthus,
individuals of P. macracanthus, are tightly
grouped as well as the individuals of P. blochii.
The groups of P. hamrur and P. cruentatus are
relatively sparse. Among Priacanthus, P.
tyaneus. still shows the closest relation with
C. boops. The ordination result is quite
reliable since the final stress of these plots
are close to zero as 0.2710 for traditional data
and 0.1049 for the truss data. The minimum
spaning tree (MST) superimposed on the
plots could be detect the possible distortions
of reducihig dimensions. From the result of
MST it is also shown that the one based on
the truss is superior to the one based on
the traditional data since there is only one
intersection in truss but more intersections in
traditional’
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DISCUSSION

From comparing all of the above pheno-
grams, cladograms, and ordination plots, the
phylogenetic relationship of pricanthids should
be able to be inferred from their consistent
portions. Three genera Priacanthus, Cookelous,
and Pristigenys estiablished from conventional
systematics can be supported by our morpho-
metric phylogenyetio results since all congeneric
species were grouped together to form three
monophyletic groups. Pg. multifasciats and
Pg. niphonias form a sister group although
their actual divergence is great. The genus
Pristigenys could be the ancestor of pria-
canthids as the midpoint- rooting of distance
Wagner procedure had done automatically by
choosing the root at the stem which has the
longest path length among all possible pairs
of OTUs. Other evidences also come from
the comparisons of morphological or meristic
characters. The Pristigenys is characteristically
with the lowest meristic count including
dorsal ray, anal ray, and later line scales
comparing to that of the intermediates of
Cookeolus and the highest counts of Priacan-
thus. The large hard scale with spinules of
Pristigenys is another character in contrast to
the small, smooth and soft scale of the other
two genera. If the lower meristic count and
the the harder scale is considered to be the
primitive state, then the Pristigenys would be
assigned to be the ancestor as well if the
compatibility analysis was applied. Genus
Cookeolus should share the common ancestor
with Priacanthus since the single species of C.
boops is clustered with Priacathus on the same
main branch. Its distance from the nearest
species of Priacanthus, P. tyaenus, is much
shorter than that from the species of Pristi-
genys. The interspecific relationships among
Priacanthus is relatively difficult to determine.
Phenetically the P. blochii and P. hamrur is in

a sister group but may be not in cladistics.
However, three species of P. blochii, P. hamrur,
and P. cruentatus are suggested to be close to
each other from both phenetic and cladistic
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result if the truss data is used. If the tradi-
tional data was used, the interspecific relations
within the genus Priacanthus is unclear. This
may suggest that the measurement by tradi-
tional method can not reflect the shape
information of the fishes as effectively as by
the truss method. Nevertheless, the similar
morphology among the species of Priacanthus
may also imply that the degree of divergence
within this genus is not so great and the
time of their divergence might be recent.
The above proposed phylogeny should be
reliable since we have applied many different
numerical taxomical methods as more as we
can. '

The meristic data summarized in Lee
(1984) also encourages our proposed phylogeny.
The modes of dorsal fin rays and anal fin
rays of the eight species are Pg. niphonia (11,
10); Pg. multifasciatus (12, 11), C. boops (12,

13); P. tayneus (12, 13); P. macracanthus (13, '

14); P. cruentarus (13, 14); P. hamrur (14,
15); and P. blochii (14, 15) respestively. A
trend from lower to higher count indicates
that the P. hamrur and P. blochii are more
advance species than P. tayenus which is close
to C. boops, and the two Pristigenys species
should be more primitive. As to the con-
gruence study between our morphometric
phylogeny and the eletrophoretic one (Lee
1984), the result is moderate since there are
some discrepancies of interspecific relationships
within Priacanthus though the genus relation-
ship is in common. Lee (1984) suggested that
P. hamrur and P. macracanthus were clustered
together, and P. blochii and P. cruentatus are
in a sister group. This difference is not
surprised since there were only a few data
sets which show modest degree of congruence
with respect to the effects of sampling of
different suites of characters (Rohlf, 1983).
As to the evalution of different analytical
methods based on our data set, the study
results suggest the following points: (1) The
truss method obviously does better job in
reflecting the shape information than the
traditional (Struss and Bookstein, 1982). (2)
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Because of the consistency between* Cle and
CPCC values, it is suggested that the Colless’
consesus index of maximum consensus iree
could be applied as an alternative criterion
to evaluate the goodness-of-fit of various
numerical taxonomical techniques, such as
different data coding, data transformation,
resemblance coefficients, or clustering methods
etc. From our phenetic studies, we found
that the Bray-Cutis similarity coefficient, and
the UPGMA clustering methods perform the
best among total of 19 various methods. (3)
It seems that the cladistic method is superior
to the phenetic method based on the Clc
value. However, the conclusion is not war-
ranted since we only used one single cladistic
method—distance Wagner and only used one
data set—priacathids in this studies. (4) The
maximum consensus method can be applied
to solve another common problem of using
numerical taxonomical techniques. It is that
the contaxon individuals (OTUs) often can
be clustered near each other if multiple speci-
mens are used simultaneously to represent
one “taxon”. Consequently, the final phylo-
genetic inference based on that taxon level is
difficult. The procedures of using the maximum
consensus tree method for resolving this pro-
blem and its resulting unambiguous tree has
been demonstrated in the above section.

Acknowledgements: The authors wish to
appreciate Dr. Kun-hsiung Chang for his
contiuous support. Thanks are also extended
to Drs. Sin-che Lee and Hin-kiu Mok for
their kind loan of the specimens. The com-
putations were carried out on a VAX com-
puter at the Institute of Information En-
gineering, Academia Sinica, and CDC Cyber
at Computing Center of National Sun Yet-
Shien University.

REFERENCE

CoLrLess, D. H. (1980) Congruence between mor-

phometric and allozyme data for Menia
species: A reappraisal. Syst. Zool. 29: 283-
299.



286

FARRIS, J. S. (1971) The hypothesis of nonspecifi-
city and taxonomic congruence. Ann. Rev. Ecol.
Syst. 2 277-302.

FARRIS, J. S. (1978) “WAGNER 78 program package.
Technical report. State Univ. of New York,
Stony Brook, New York.

HuMPHRIES, J.M., F.L. BOOKXSTEIN, B. CHERNOFF,
G.R. Smith, R.L. ELDER and S. G. Poss (1981)
Multivariate discrimination by shape in relation
to size. Syst. Zool. 30: 291-308.

NELSON, J.S. (1984) Fishes of the world (2nd ed.).
John Wiley and Sons, NY.

LEE, S.C. (1984) Comparative electropherograms
of muscle. protein of the fishes of family Pri-
acanthidae. Bull. Inst. Zool., Academia Sinica
23(2): 151-158.

LEE S.C. (1980) The family Priacanthidae of
Taiwan. OQuart. J. Taiwan Mus. (33): 43-54.
MickevicH, M. F. and M. S. JounsoN (1976) Con-
gruence between morphological and allozyme
data in evolutionary inference and character

evolution. Syst. Zool. 25: 260-270.

RoHLF, F.J., J. KispapauGH and D. KIRk (1983)
NT-SYS, numerical taxonomy system of multi-
variate statistical programs. Technical Report,
State Univ. of New York, Stony Brook, New
York.

RouLF, F.J., D.H. CoLLess and G. HART (1983a)
Taxonomic congruence—A reanalysis. In Nu-
merical taxonomy. (C.Y. Felsenstein, ed.).
Proc. NATO Ady. Stud. Inst. Ser. G. (Ecol
Sci.). Springer- Verlag, Berlin. 1: 82-86.

RouLF, F.J., D. H. COLLESS and :G. HART (1983b)
Taxonomic congruence reexamined. - Syst. Zool.
32: 144-158.

Romrr, F. 1. (1965) A randomization test of the
hypothesis on non-specificity in numerical
taxonomy. Taxon 14: 262-267.

K.T. SﬁAo AND WEISE CHANG

ROMESBURG, H. C. (1984) Cluster analysis for re-
searchers.  Lifetime Learning Publications.
Belmont, CA. )

ROMESBURG, H.C. and L. MARSHALL (1984)
CLUSTAR/CLUSTED Computer programs for
hierachial cluster analyiss. Lifetime Learning
Publications. Belmont, CA.

Scuul, R.T. and J. T. PoLuEmus (1980) Analysis
of taxonomic congruence among monophologi-
cal, ecological and biogeographic data sets for
the Leptopodomorpha (Hemiptera). Syst. Zool.
29: 1-26.

SHAKLEE J.B. and C.S. TAMARU (1981) Biochemi-
cal and morphological evolution of Hawaiian
bonefishes (Albula). Syst. Zool. 30(2): 125-146.

SHAO, K. T. (1983) Consensus methods in numerical
taxonomy. Ph.D. dissertation. The State Uni-
versity of New York at Stony Brook.

SMmiTH, G.R. and R.K. KoemN (1971) Phenetic
and cladistic studies of biochemical and mor-
phological characteristics of Catostomus. Syst.
Zool. 20: 282-297.

SNEATH, P. H. A. and R.R. SokaL (1973) Numeri-
cal Taxonomy. W.H. Freeman, Francisco, 573
pp-

Stauss, R.E. and F.L. BooksTEIN (1982) The
truss: body form reconstructions in morpho-
metrics. Syst. Zool. 31(2): 113-132.

SworForDp, D.L. (1981) On the Utility of the
distance Wagner procedure. In Advances in
Cladistics (V. A. Funk and D.R. Brooks, eds.).
Proceedings of the Willi Hennig Society, New
York Botanical Garden, N.Y. 25-28.

YosHivyaMA R.M. and C. SAssaMaN (1983) Mor-
phological and allozymic variation in the

stichaeid fish Anoplarchus purpurescenss. Syst.
Zool. 32(1): 52-71.



PHYLOGENETIC INFERENCE OF PRIACANTHIDAE 287

H T RE T E T iR ad R IR R A 1 2 B ek B AR
RO OB

AARUAG BN R SERME » FIAFENE R EHERIMRZHAE o E/VERD 7]
& Pristigenys multifasciatus, Pg. niphonia, Cookeolus boops, Priacanthus tayeaus, P. cruentatus, P.
macracanthus, P. hamrur, 88 P. blochii » TR HFRA -+ =BEL » SE8AG-ELETERFERT
BESES N - BERAESXABEZ AR EHREE—EZEETHGERRAS T A EZES  HIERE
TRHTER (truss) WIEEEEMMEHEER o EARCMEREFE Bray-Curtis {RE » RES
UPGMA B o 4514588 (cladistic) 5 » g5 Distance Wagner J Fitch-Margoliash J5E:A7
KRB ZFHMIMRELEET S8 (phenetic) HEFTEEMEL o FMEZ @ KBERHREK=ETRNE
Mo RS EBrE + Pg. multifasciatus % Pg. niphonia B—% > C. boops BBz —XNH Pri-
stigeny F1 Priacanthus FRE [ o #& Priacanthus JBRN » P. tayenus B E#H C. boops & » P.
blochkii B8 P. hamrur VEB—IERE » T8 P. macracanthus JF. P. cruentatus [Ez BR{REI7NEH
R o ARBFIRBRRATE 2 FERIRFTRHE B 55 AR RS R B BRI R 8% -






