J. Fish. Soc. Taiwan, 27(3). 175-185 (2000)

Sex-Variant Morphometrics of the Swimming Crab,
Portunus sanguinolentus (Herbst), from the
Waters off Northern Taiwan

Chien-Chung Hsu*, Hsiao-Chuan Chang and Hsi-Chiang Liu

(Received, June 23, 2000, Accepted, July 20, 2000)

ABSTRACT

The swimming crab, Portunus sanguinolentus, is one of the most commercially impor-
tant and productive crustaceans fished in Taiwan. However, evaluation of the stock
status is difficult due to the lack of knowledge of some fundamental biological parameters.
Thus, to investigate the size structure, size (carapace width, CW in mm) -weight (body
weight, BW in g) relationship and their differences between sexes of this species, a total
of 1880 individuals were collected off northern Taiwan between April 1997 and July 1998.
The relationships of body weight, weight of appendages, carapace length, chela length
and width of the 5" abdominal segment against CW were derived either in in-/n relations
(power function) or finear relations. Those relationships between sexes were compared by
likelihood ratio tests. The results of all those comparisons showed significant differences
between sexes. Hence, size-weight equations were derived as BW=1.4880 x 10°5CW
3.2903 for males and BW=3.3056 x 10-5CW?3-1227 for females, respectively.

Key words: Likelihood ratio test, Morphometric relationship, Portunus sanguinolentus, Size-

weight relationship.

INTRODUCTION

The swimming crab, Portunus
sanguinolentus (Herbst), is an edible crab
that inhabits on sand or mud-sand
substrate (Sumpton et al., 1989) through-
out the Indo-Pacific region, from the East
African continent to the Hawaiian waters
(Stephenson and Campbell, 1959). Their
size and sex composition varies with
depths as the juveniles are often found in
estuary and inshore waters, while females
are abundant in deep waters (Wenner,
1972; Campbeil and Fielder, 1986; Sumpton
et al., 1989). In Taiwan, P. sanguinolentus
is one of the most common and economi-
cally important crab caught in the south-

western and northern waters between 20..-

and 60 m depth throughout the year
(Huang, 1993).

The swimming c¢rab has been
exploited for several decades in Taiwan,
the prawn trawl and the artisanal trap are
the two major fisheries for this species in
the waters off northern and southwestern
Taiwan. The trap fishery is generally
conducted in the coastal region of northern
Taiwan on rocky substrate that is inconve-
nient for prawn trawl operation. The trawl
fishery is mostly conducted in the offshore
waters of southwestern and northern
Taiwan.

However, the stock assessment of P.
sanguinolentus is still too difficult to make a
plausible management strategy because
few studies were made only on taxonomy
and morphology (Huang, 1993; Wang and

“Liu, 1996) and the fundamental biological

parameters mentioned above are unknown
in Taiwan waters. Fundamental biology
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parameters are required in studying the
population dynamics, and further the
management strategies. For instance, the
production model analysis is based on
biomass, but catch of the study species is
always counted individually by fishermen,
hence, a size-weight relationship is necessi-
tated on catch conversion from number into
weight. Furthermore, relationships among
external characters by means of morpho-
metric studies are important for the stock
structure and identification. Growth param-
eters are important to understand the
productivity evaluation as analyzed by
yield per recruit model that is always
adopted by the crustacean assessments,
and mortality estimation by catch curves
(King, 1995). Those mentioned topics of
importance for the species in Taiwan
waters are investigated further following
the present study.

Therefore, the objectives of this study
are to derive and compare the relationships
among external characters in relation to the
carapace width for P. sanguinolentus from
the waters off northern Taiwan. To accom-
plish those curves comparisons, a new
developed likelihood ratio test (Cerrato,
1990; Quinn and Deriso, 1999; Hsu et al.,
2000) was used instead of the traditional
analysis of covariance (Sokal and Rohlf,
1995; Zar, 1999). This study will be essen-
tial to draw the first sound step on how to
treat data of the same stock with different
allometry for population dynamics and help-
ful to make fishery strategies for P.
sanguinolentus sustainable management.

MATERIAL AND METHODS
Samples collection

Portunus sanguinolentus were
sampled periodically from trap and trawl
catches between April 1997 and July 1998.
Crab samples from Keelung Island (north-
ern Taiwan) were caught by trap in the
coastal waters and by commercial trawls
operating offshore (Fig. 1). A total of 1880
individuals were collected for morphometric
measurements.

The samples were firstly classified as

juveniles or adults by visual inspection.
The adult samples were then separated for
both sexes by external sexual characters.
Sex can be determined by examining the
ventral side of the body. The juvenile
female abdomen is triangular with abdomi-
nal segments firmly attached to the
cephalothorax (van Engel, 1958), while the
abdomen of adult female is almost semicir-
cular with the abdomen segments becom-
ing flappy. The male abdomen is narrow
and acute, and does not change after
sexual maturation. The most accurate
external determinant of sexual maturity in
males is the distinct chela color principalily
on the inner surface of the dactylus (Ryan,
1967), which is recognized as a secondary
sex character. In contrast, the color of the
inner surface of the fixed finger is white
with an amber spot at the base of teeth for
the juvenile males. When they undergo
puberty molt, a patch or spot of oxblood
red appears on the inner surface of fixed
finger of the propodus. At the next moit,
the color extends completely over the inner
surface of both the dactylus and propodus.

Those samples with rhizocephalan
parasitized were excluded, because rhizo-
cephalan may change the morphological
configurations (Hochberg et al, 1992;
Jespersen and Lutzen, 1992; Sumpton et
al., 1994).

Morphometric characters, carapace
width (CW), carapace length (CL), chela
length (CH), and width of the 5" abdominal
segment (FAB), were measured (Fig. 2) for
each crab. The characters were measured
(Fig. 2) using precision vernier calipers to
the nearest 0.01 millimeters (mm). Individ-
ual body weights, and weight of each
appendage were measured individually to
the nearest 0.1 grams (g) by electronic
balance (Mettler, AE-2000). Crab and its
appendages were measured in wet condi-
tion but wiped water on surface by towel
paper before measured. The weight of
each appendage was used to derive their
relationships with CW, and may be useful in
adjustment of body weight, as some of
appendages were broken or missing when
the species was caught.
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Fig. 1. Map showing the studied regions at the waters off northern Taiwan, the cross marks
denote the regions (25°15°N, 121°45°E) where samples were caught by traps, and the
solid circles denote the regions where P. sanguinolentus caught by trawls were

sampled.

Statistical Analysis

1. Size-weight and morphometric rela-
tionships vs. CW

Since appendages of crab are under-
sized when regenerates after autotomy,
which may result in bias-estimate of the
relationship between body weight (BW)
and CW, the crab with broken or regener-
ated appendages were recovered for the
body weight measurement. Hence, the
relationships between weight of each
appendage and CW were derived for this
purpose. To formulate the relationship
between weight of appendages and CW,
the crab that both corresponding right and
left appendages were selected, cut and
weighed, then, the Student’s t-test (Zar,
1999) was used to compare the difference
between right and left corresponding
appendages to assess whether or not the

appendages were in significant differences.
If there were no difference, only weight of
the right-hand side appendage was
selected to formulate the relationship.

The scatter-plot between BW and CW
indicates that the relationship of BW = «
CW? was appropriate. Further, the logarith-
mic transformation, INnBW = Ina + £InCW,
and the maximum likelihood method (MLE)
were used to estimate the parameters o
and 8 (Bickel and Doksum, 1977; Quinn and
Deriso, 1999). Moreover, all morphometric
measurements were also ploted in priori
and regressed on CW by sexes.

Similarly, simple linearity is usually
applied to the relationship between external
morphological characters (CL, CH, and
FAB in the present study) and CW. Also
the MLE was used to estimate the parame-
ters of those linear relationships.

2. Comparison among morphometric
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Fig. 2. The dimensional measurements of exter-
nal morphometric characters for P. sangi-
nolentus from the waters off northern

Taiwan. Where CW is the distance
-between the tips of the lateral spines at
the widest part of the body (carapace
width); CL is the distance from the
groove between the rostral teeth to the
posterior edge of the carapace (cara-
pace length); CH is the length of dacty-
lopodite of chela (chela length); and FAB
is the horizontal distance of the fifth
abdominal segment.

characters and CW

The slopes and the intercepts of those
relationships  between sexes  were
compared by the likelihood ratio test that is
able to compare models with all parame-
ters together (Kimura, 1980; Cerrato, 1990;
Sokal and Rohif, 1995; Quinn and Deriso,
1999).

Kimura (1980) and Cerrato (1990)
firstly introduced the likelihood ratio test in
testing equality of parameters between

data sets. The likelihood ratio tests can be
used to compare full models with a
reduced model for two or more data sets.
By assuming a normal distribution with addi-
tive errors for all morphometric data sets,
the maximum likelihood estimation (MLE;)
of parameters, 6 ; and standard deviation,
o, for data set £ i, Y; with sample sizes, n;
the likelihood, £, maximized by minimizing
the sum of squares results in

max Ing( 0,0 {Y}
= - [in(2x57)+1], (1

and
i ~
of = z (Y;i - Vo2 /n. (2)

The joint maximum log likelihood Inc:
for the full model is obtained by

R
InCr = L, max Ing; . (3)

Meanwhile the maximum log likelihood
for reduced model, Inly, is then from (3)
with iy and 37 replaced by nand o-- There-
fore, the likelihood ratio test statistics is

X2 =-2in (é“—) (4)
F

The asymptotic distribution is a chi-
square distribution with degrees of freedom
equal to the difference in the degrees of
freedom between the full model and
reduced model.

The hypothesis testisHy: ;= 6 for
all pairs (ij) vs. Hy : ©;# @ for at least
one pair (i,j). There are f = R,-p = (R-1)p
degrees of freedom, where R is the number
of data sets and p is the number of parame-
ters. A significant ratio indicates a reduced
model is not statistically similar to the full
model.

RESULTS AND DISCUSSION

The comparison between weights of
the corresponding appendage on both
sides shows that there were no significant
differences between the corresponding
appendages by the paired sample test (P >

~0.01). Then, as pre-assumed, weights of
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the right-hand side appendages were used

to formulate the relationships between

weight of each right appendage and CW.

The In-Inrelationship (a power function)
between weights of each appendage vs.
CW was derived as in Table 1 for both
sexes, respectively. Of all those relation-
ships are statistically significant (P<0.001).
The test hypothesis of equality of parame-
ters was not done among appendages
within sex, but between sexes, because
those relationships were used to adjust the
body weight as any appendage was broken
or missing when crab was caught. The
results obtained from comparisons by likeli-
hood ratio tests indicate that significantly
different relations were found between
sexes for each appendage vs. CW (P
<0.001). Hence, using individual reiation-
ship derived from each sex is sound neces-
sary to adjust the body weight when the
corresponding appendage was found
broken or missing.

The CW vs. BW (Fig. 3) equations are
estimated as: BW=1.4580 x 105 cw?32903
for males and BW=3.3056 x 10°% cw?31227

for females from northern Taiwan. Therela- -

tionships of both sexes were compared by
likelihood ratio test (¥2=12.1844, 0.001<P
<0.005), indicating that the two equations
are significantly different.

Linear relationships were investigated
from the scatter-plots between each of the
measured morphometric characters, CL,
CH, and FAB vs. CW (Figs. 4-6). The
comparison of models with the slope and
the intercept together between sexes by
likelihood ratio test indicate that there were
significant differences between sexes in
each paired relationship of CL vs. CW (2=
29.884, P<0.001), CH vs. CW (X3=
999.391, P < 0.001) and FAB vs. CW (2=
1455638.739, P« 0.001).

As wusual, the present study has
evidenced that there are sex-variant
morphometrics for P. sanguinolentus using
selected external morphological charac-
ters. This finding is very common for most
of the morphological studies of P. sanguino-
lentus from waters around the world (Camp-
bell and Fielder, 1986; Jacob et al., 1990),
but it is the first analysis for the species
from the waters off Taiwan.  Similar
morphometric studies of this species result

Table 1. Regression parameters and statistics for the CW (in mm) vs. each of the five
appendages. A traditional power function (W= e CW#, where W; is the
weight measured in g for the ith appendage, @ and £ are parameters needed
to be estimated) was applied for P. sanginolentus from the waters off north-
ern Taiwan. Where r is the correlation coefficient, and *** denotes signifi-

cance at level 0.001.

In - Inregression

Appendages
n 21 r
Male
1! 87 3.5150 3.7076x 107 0.956%**
2nd 90 3.2810 2.2821x 107 0.978***
31 94 3.2983 1.6910 x 107 0.976%**
4t 91 3.6165 2.9661x10°° 0.971%**
5t 100 3.0895 5.4008 x 10”7 0.967***
Female

1! 131 3.1380 3.1128 x 10°° 0.907***
2 137 2.9424 9.9488 x 107 0.928***
3¢ 137 2.8370 14793 x10°° 0.908%***
4™ 141 2.7581 1.5068 x 10°° 0.916%**
5" 142 2.8055 2.6606 x 10°® 0.924%%*
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Fig. 3. The scatter-plot of body weight (BW) vs. carapace width (CW) by sexes of P.
sanguinolentus, from the waters off northern Taiwan.
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Fig. 4. The scatter-plot of chela length (CH) vs. carapace width (CW) by sexes of P.
sanguinolentus, from the waters off northern Taiwan.



Sex-variant Morphometrics of Swimming Crab 181

140

130 ] e Male

o Female

120 L

1o Male: CH =-26.0115+0.8280CW +
N=337, r=0.965%* Y

100 +
90 L
80 |
70
60 |
50 |
40 |
30 |
20 |
10

Chela Length (mm)

0 ) 1 ' 1 I L

Female: CH =—-7.1675+0.5938CW
N=552, r=0,958**

1 i 1 i 1 1 i

60 70 80 90 100 110 120

130 140 150 160 170 180 190 200

Carapace Width (mm)

Fig. 5. The scatter-plot of chela length (CH) vs. carapace width (CW) by sexes of P.
sanguinolentus, from the waters off northern Taiwan. :

in the same variation from the waters off
Queensland (Sukumaran et al., 1986; Sump-
ton et al., 1989), Kanara (Jacob et al., 1990;
Reeby et al, 1990) and the present study
from the northern Taiwan waters (Table 2).
Of those, for the same CW, the weight of
males from the northern Taiwan waters is
different from the Queensland, and is larger
than the one from the south Kanara waters.
Moreover, the weight of females is also
larger than both of the two waters
mentioned above. As the consequence, to
take life parameters separately by sexes is
wisdom for population dynamics and stock
assessment of the species in the future
study.

Upon samples using in the present anal-
ysis, a few juvenile crab were collected.
As the result, the juvenile samples were
discarded, and the relationships of FAB vs.
CW for adult samples only were compared
between sexes. The result indicates that
the width of the 5" abdominal segment of
females, usually used as a maturity index
for female crab, is significantly different

with that of males. However, a further simi-
lar study should be made for the juvenile
samples.

Traditionally live and primiparous
females are valuable at most of Taiwan
markets and are always sold in number
rather than in weight. Consequently, to do
a more accurate catch statistics for
assessmentpurpose, a size-weight relation-
ship is useful for the conversion of catch in
number into weight; only the average CW
of all crab or sub-sampled crab was known
as in trap fishery. On the other hand, the
conversion can be estimated from weight
into number using this equation; if only aver-
age weight made from sub-sampling was
known as in trawl fishery. Moreover, the
size-weight relationship can be used for
stock assessments incorporating into the
analyses of yield per recruit and biomass
models (King, 1995). Additionally, the rela-
tionships between weight of each
appendage and CW were conducted to
adjust body weight accurately in deriving
size-weight  relationship  when  the



182 Chien-Chung Hsu, Hsiao-Chuan Chang and Hsi-Chiang Liu

—
2]

—
~

X Mature

s Trwature FAB=-0.0950+0.0850CW "2
N=643, 1=0.949%*

- b
S o
T

-
- N W
T 7

Immature

Width of 5th abdominal segment (mm)

[
OFP NWHAOIION®WOO
T

i L Il 1 I i L Il 1 Il Il 1 2 1

50 60 70 8 9 100 110 120 130 140 150 160 170 180 190 200
Carapace Width (mm)

65

60 | x Mature

Mature
4 Tmmature x /
S F x x

FAB =-7.4062+0.3514CW -~

N=895, r=0.954** e
45 L X, St X

40 |
35 |
30 |
25 |
20 |
15 | T

10 7

Width of 5th abdominal segment (mm)

0 L $ : ) 1 1 1 ! 1 1 \ Il 1 1

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Carapace Width (mm)

Fig. 6. The scatter-plot of the 5™ abdominal segment (FAB) vs. carapace width (CW) for (a)
immature and mature males and (b) females of P. sanguinolentus, from the waters
off northern Taiwan. Where the immature crab data were also shwon, but not used
in comparison analysis because of very small sample sizes.

appendages are broken or missing in Morphological dimorphism of P.
sampling. sanguinolentus reminds that to separate
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Table 2. The comparison of the relationships between body weight (BW, in g) and
carapace width (CW, in mm) from different waters for P. sanguinolentus

Authors and waters studied

Females

Males

Compbell and Fielder (19886)
Queensland water (Australia)
Jacob et al. (1990)

South Kanara waters (India)
The present study

Keelung waters (Taiwan)

BW=1.1967 x 10™* Cw?86°

BW=6.58 x 10°% cw?29804

BW=3.3056 x 10°° cw31%%’

BW=6.5917 x 10 cw?3?%®

BW=3.62 x 10" cw?309%7

BW=1.4880 x 105 Cw?2903

sexes is important in the accuracy of
assessing stock. In addition, the abdominal
segment of females will be allometry
growth after puberty molt. Hence, to
inspect the female maturity not only uses
the shape and size of abdominal segment
as the apparent maturity index, also exam-
ine their abdominal segment in whether or
not'is firmly attached to the thorax. For
males, the width of abdominal segment is
not significant between immature and
mature individuals, however, to investigate
the color of the inner surface of both the
dactylus and propodus may be helpful for
checking accurately the sexual maturity of
males (Ryan, 1967; Huang, 1993). A very
limited juvenile sample sizes were
coliected in the present study, the informa-
tion (Fig. 6) seemed not sufficiently to
evidence the sexual maturity discrepancies
within the sex.

As usual, two approaches were used
to estimate the parameters of nonlinear
curves. For example, to estimate the
parameters of size-weight relationship, the
unbiased least squares (LS) and nonlinear
least squares (NLS) can be used (Hsu,
1999). However, both LS and NLS are all
sensitive to outliers that may exist in
measurements (Chen et al., 1994). Thus, a
regression diagnostic technigue may be
used to identify possible outliers because
outliers always pull the regression curve
towards themselves (Sen and Srivastava,
1990). Therefore, robust regression analy-
ses (Rousseeuw, 1984; Rousseeuw and
Leory, 1987) may be used to estimate the
parameters. In the present study, the
subjective visual inspection on the relation-
ship among morphometric characters and

CW has been a priori made from scatter-
plots. It seems that there are no outliers in
the data set using in the present study.
Simply, only the MLE was used in the esti-
mation of parameters of regression,
because the sum of squares obtained from
MLE were used in likelihood ratio test to
compare the curves.

The likelihood ratio tests are usually
used to compare the growth curves that
derived either from different seasons and
places or from different readings (Quinn
and Deriso, 1999), and used to compare
the length and weight relationships (Hsu et
al., 2000). One of the advantages of likeli-
hood ratio tests is to compare curves with
all parameters together once in a time with-
out separating parameters. However, the
analysis of covariance needs to compare
the regression by separating slope and
elevation each time (Sokal and Rohlf, 1995;
Zar, 1999). Therefore, in the present
study, relationships between external
morphological characters and CW are
compared with considering slope and eleva-
tion parameters together, other than the
traditional morphological comparisons with
parameters being considered separately,
such as covariance analysis.
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