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Temporal and Spatial Variation of Morphology for the
Red Scad (Decapterus kurroides) in the
Adjacent Waters off Taiwan
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ABSTRACT

Multivariate morphometric variation was used to elucidate the stock structure of the red
scad (Decapterus kurroides) off Taiwan. A total of seven samples from the northeastern
(Keelung and Nanfangao) and southwestern (Kaohsiung and Tungkang) Taiwan were
collected during spawning and non-spawning seasons. Nineteen characters for each
individual were size—standardized by multiple group principal component analysis
(MGPCA). The adjusted measurements were used to construct the dendrogram of seven
samples by unweighted pair-group method with arithmetic means (UPGMA) method using
Manhattan distance values. A randomization test was used to examine the significance of
the morphometric difference between each pair of groups derived from the cluster analysis.
The results obtained from cluster analyses and randomization tests indicate (1) that the
morphology of red scad is significantly different between spawning and non-spawning
seasons and (2) that the morphometric difference between populations from northeastern
and southwestern Taiwan is significant without respect to spawning or non-spawning

seasons. There appear to be at least two morphologically distinguishable stocks of this
species off Taiwan, but further verification of the stock structure may be essential.
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INTRODUCTION

Information on stock structure is essential
for any exploited species undergoing assess-
ment and management (lhssen et al.,
1981). Morphometric variability among
different geographical populations would
be attributed either to distinct genetic
structure or to environmental conditions in
each area (Kinsey et al., 1994). Organisms,
therefore, having the same morphometric
characteristics, are often assumed to
constitute a stock, and that has been
utilized widely in stock discrimination

studies (Avsar, 1994).

However, morphological traits of an
organism are not independent and changes
in various aspects of morphology are
coordinated (Zelditch et al., 1992), so,
unless a specific morphometric character
is known io have a genetic foundation,
morphology is best described by multi-
variate techniques which accommodate
the intercorrelated nature of characters
(Thorpe, 1983).

Morphometric characters usually have
two independent components: size and
shape (Humphries et al., 1981). Most of
the variability in a set of multivariate
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characters is due to size (Junquera and
Perez-Gandaras, 1993). Thus, morpho-
metric data analyzed shouid be free from
the effect of size to avoid misinterpretation
of the results (Strauss, 1985). Several
multivariate techniques for size adjust-
ment can be used to obtain size-free
morphometric data, e.g. Bumaby's method
(Buranby, 1966), multiple group principal
component analysis (MGPCA) (Thorpe,
1983; Thorpe, 1988).

Red scad (Decapterus kurroides) is
mainly distributed off the eastern coast of
Africa and the west Pacific, from the
Japan to Australia, and it is one of the
most important commercial species in
Taiwan. The population biology of red scad
in Taiwan, e.g. maturity and fecundity
(Chang et al., 1972a), digestive system
and stomach contents (Chang et al.,
1972b), and age and growth (Chang and
Shaw, 1975), have been well documented,
but information on stock structure is still
unavailable. The objective of this paper
is to examine the extent of multivariate
morphometric variability to elucidate the
stock structure of the red scad off Taiwan.

MATERIALS AND METHODS

A total of seven samples were separately
collected off Keelung, Nanfangao, Kaohsiung
and Tungkang (Fig. 1) between March
1998 and February 1999. The sample
size, sampling date and relative informa-
tion are shown in Table 1. A total of 19
measurements were made on each
specimen (Table 2; Fig. 2). All were taken
to the nearest 0.01 mm, except the body
length was taken to the nearest 0.1 cm.

MGPCA was used to remove the
influence of size from the raw data. The
first principal component obtained is
usually considered to be a vector describing
size, while the remaining components
relate to shape. However, it is frequently
argued that this separation may be quite
arbitrary as it is only based on the
orthogonality of the components and that
the first and subsequent components
could separately share information on

shape and size (Humphries et al., 1981).
Therefore, we followed the method of
Corti et al. (1988) to examine the informa-
tion on size contained in all components.
In this method the relation coefficients of
body length were calculated, as an
independent measure of size, on all
principal components. The MGPCA was
programmed and executed by Interactive
Matrix Language (IML) in Statistical
Analysis System (SAS, 1985).

To obtain a size-free shape analysis,
the component score from the MGPCA
size vector was excluded in sequent
analysis. Dendrogram of seven samples
was constructed by unweighted pair-
group method with arithmetic means
(UPGMA) in NTSYS (Rohlf, 1993), using
Manhattan distance values (Sneath and
Sokal, 1973) between seven samples to
illustrate the relationship among samples
and to assess the degree of similarity
between the samples. The Manhattan
distance was chosen because it is
invariant to differences in scale among
variables (Dryden and Mardia, 1998).

A multivariate discriminant analysis
(SAS, 1985) was also performed to
investigate the honesty of all groups
derived from cluster analysis. Firstly,
specimens in the same group were pooled
regardless of locations. Each individual
was allocated to the group with the
nearest centroid, and the proportion of
individuals allocated to each group was
calculated. The proportion of individuals
correctly re-allocated was taken as a
measure of the integrity of that group. In
such a case the proportion of individuals
that are misclassified is low if all groups
discriminated by cluster analysis does not
derived by chance alone (Soriano et al.,
1988).

To test the significance of the morpho-
metric differences between each pair of
group derived from cluster analysis,
randomization tests were performed
(Solow, 1990). Specimens in the same
group were first pooled regardless of
location. All specimens were each
randomly assigned to one of two groups.
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Fig. 1. Shadowed areas showing the sampling areas.

Table 1. Sampling date, sampling area, means and ranges of fork length (FL) (cm).
The figure in the first column represents the sampling month.

Sampling area Sampling date Sample Size Means of FL. Ranges of FL
Tungkang2 Feb. 1999 18 22.36 21.5-23.1
Nanfangao3 Mar. 1998 30 25.31 23.7-27.0

Keelung4 Apr. 1998 29 24.23 22.2-26.8
Keelung9 Sep. 1998 27 27.98 25.0-30.8
Kaohsiung4 Apr. 1998 21 23.64 22.3-253

Kaohsiung10 Oct. 1998 30 24.39 23.3-25.2

Kaohsiung11 Nov. 1998 29 25.77 24.8-27.8

The new data set was then analyzed by the proportion of individuals that are
multivariate discriminant analysis, and the misclassified. Resampling was performed
cross-validation estimator (Pc) estimated 1000 times, each with a different random
(Solow, 1990). This estimator measures permutation. This randomization test
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Table 2. Morphometric variables analyzed.

No. Name Description

1 BL Body length

2 ED Eye diameter

3 D1L Length of the third spine in the first dorsal fin

4 D2L Length of the first spine in the second dorsal fin

5 P1L Length of spine in pectoral fin

6 P2L Length of spine in pevic fin

7 A1D Length of the first detached spine of anal fin

8 A2D Length of the second detached spine of anal fin

9 LC Length of lower caudal fin

10 S-E Distance between snout and eye

11 S-P1 Distance between the snout and insertion of pectoral fin

12 S-D1 Distance between the snout and the insertion of the first dorsal fin
13 S-P2 Distance between the snout and the insertion of the pevic fin

14 D1-D2 Distance between the insertions of the first dorsal and the second fins
15 D2M Length of the second dorsal fin matrix

16 P-A Distance between the insertions of the pevic and annl fins.

17 AM Length of anal fin matrix

18 DF-AF Distance between the insertions of the dorsal and anal finlets

19 CH Minimum height of the caudal peduncl

#
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Fig. 2. Diagram of Decapterus Kurroides showing the body parts measured.

assesses the significance of misclassifica-

tion rate by comparing the proportion of RESULTS
individuals (Po) that have been misclassified
in the original data set .to the proportion The MGPCA run on the 19 characters

misclassified (Pc) in each randomized of all samples produced a clear “size” vector
dataset. This test was also programmed (with coefficients of similar magnitude and
and executed by IML in SAS (SAS, 1985). sign) associated with the largest eigenvalue

(Table 3). The remaining components
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were considered as “shape” vectors (with
coefficients of different magnitude and
sign). The alternative measure of size
(body length) is highly correlated with the
“size” component (r=0.98), i.e. the first
multiple group principal component (MGPC
1), and is uncorrelated with the “shape”
components, i.e. MGPC 2-19 (Table 3),
thereby confirming this interpretation of
the components.

Dendrogram of seven samples were
shown in Fig. 3. Seven samples were
clustered into two groups (A and B), and
each was further divided into two
subgroups (A1, A2 and B1, B2). The A1
group includes Tungkang2 and Kaoh-
siung4; the A2 group includes Nan-
fangao3 and Keelung4; while B1 contains
Keelung9; and B2 contains Kaohsiung10
and Kaohsiung11.

The results of discriminant analysis
were shown in Table 4. The most well-
defined group is B2 with only three
misclassified individuals (5.08%). The
second most well-defined group is A2 with

8.06% of misclassifications, most of them
to the A1. The worst defined group is the
A1 (17.95% of misclassifications), most of
them to the A2. In the validation of the
morphometrics analysis a total of 191
individuals (90.05%) were well classified.
Based on above results, the discriminant
analysis reasonably supports the result of
cluster analysis.

Table 5 shows the results of rando-
mization tests between each pair of
groups derived from cluster analysis.
The range of misclassified rates (Po) is
very small (from 1.65% to 4.18%). All
results of the randomization tests are all
significant (p=0), which indicates that it is
unlikely that the extremely low misclassifica-
tion was due to chance alone and morpho-
metric differences between four groups
are all significant.

DISCUSSION

Our result obtained from the cluster
analysis reveals that seven samples were

Al , —— Tungkang 2
A . Kaohsiung 4
A2 Nanfangao 3
Keelung 4
B1
B Keelung 9
B2 ———— K aohsiung 10
Kaohsiung 11
| T 1 T T | T T T T ] T T T | 1 T T T |
19.38 15.64 1191 8.18 4.45
Distance

Fig. 3. Dendrogram of the cluster analyses for the seven samples based on the adjusted data by

MGPCA.
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Table 4. Number (and percentage) of individuals reallocated in each group in the validation
of the cluster analysis based on the adjusted data by MGPCA.

Al A2 B1 B2 Total
Al 32 (82.05%) 5 (12.82%) 1(2.56%) 1 (2.56%) 39
A2 3 (4.84%) 57 (91.94%) 1(1.61%) 1(1.61%) 62
B1 1(3.23%) 1(3.23%) 27 (87.1%) 2 (6.45%) 31
B2 1 (1.69%) 1(1.69%) 1(1.69%) 56 (94.92%) 59

Table 5. Misclassified rate (Po) and resuits (P-values) of randomization tests between
four groups derived from cluster analysis based on adjusted data by MGPCA.

A1 A2 B1

A2 0.0418 (P =0)

B1 0.0256 (P =0) 0 (P =0)

B2 0.0298 (P =0) 0.0165 (P =0) 0.0331 (P =0)

clustered into two groups (A and B), and
each was further divided into two
subgroups (A1, A2 and B1, B2). This
result was confirmed by the discriminant
analysis. The results of randomization
tests for each pair of four groups (A1, A2,
B1 and B2) are all significant, which
supports the morphological distinctness of
these four groups.

The spawning period of red scad in
Taiwan is between February and July
(Chang et al., 1972a). The sampling
time for A and B groups is from February
to April and from September to November,
respectively. Therefore, the differences
between A1 and B2 and A2 and B1 show
that the morphology of red scad between
spawning and non-spawning seasons is
significant different.

The morphometric differences between
A1 and A2 and B1 and B2 indicate the
shape of red scad from northeastern and
southwestern Taiwan is significantly
different without respect to spawning or
non-spawning seasons. Therefore, if a
stock is considered as an intra-specific
group of individuals that exhibit unique
phenotypic attributes, then based on our
results, we consider that there are at least
two morphologically distinguishable stocks
of the red scad in the adjacent waters off
Taiwan. Other biological evidence supports
indirectly our result. Chang et al. (1972b)

indicated that the number of pyloric caeca
of the red scad in northeastern Taiwan is
higher than those in southwestern Taiwan.
The growth of the red scad of Nanfangao
is faster than that of Kaohsiung (Chang
and Shaw, 1975).

Although morphometric studies have
been proved valuable in providing insight
into the discrimination of marine stocks,
several factors may confound the analytical
result of morphological relationship between
geographical populations (Kinsey et al.,
1994), e.g. sexual dimorphism, allometric
growth. In this study we attempted to
minimize variances caused by these
parameters through the use of size
adjustment technique and narrowing the
differences of size among specimens.
No sexual dimorphism for red scad was
found (Chang et al., 1976). Restricting
samples comparisons to specific range of
body length may ignore ontogenetic varia-
tion within samples, and this information
may be essential for significant portrayal
of morphometric differences between
samples. However, this effect may be
not significant in this study, because the
body lengths of individuals used in each
sample were not all equal.

Morphometric differences between
examined populations may reflect either
genetic differences between the stocks or
environmental differences between localities
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(Kinsey et al., 1994). The sampling areas
in northeast of Taiwan are covered by the
Kuroshio water masses, Taiwan Strait
water masses, China coastal water and
the water masses of South China Sea in
specific season (Lee and Hu, 1998) (Fig.
1), but the sampling areas in the south-
west of Taiwan are only covered by the
Kuroshio water masses. This difference
of water masses between sampling loca-
tions may result in parts of the morpho-
metric variation at least.
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