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The Growth Analysis of the Crayfish (Cambaroides similis
Koelbel) (Crustacea) 2. Relative Growth
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For the analysis of the relative growth of six body parts, such as carapace width, abdominal
length, abdominal width, cheliped length, second pereiopod length and third pereiopod length,
to the carapace length of crayfish (Cambaroides similis Koelbel), the equation Y = bX® were

applied. The results were as follows: 1. In the relative growth of each body part to the

carapace length, abdominal width and abdomial length in both sexes showed as positive
allometry, the third pereiopod length in both sexes as isometry and the rest showed as nega-
tive. The least coefficient of the relative growth was found in cheliped length in female
(0.9300). 2. The growth gradient of each body part to the carapace length in each sex revealed
decreasing pattern in abdominal length and third pereiopod length in both sexes and the
abdominal width in male with the growth centers on the initial growth period, and the rest

showed increasing pattern with the growth centers on the 6th growth period except the abdo-
minal width in female on the 3rd growth period.
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While the growth quantity of the absolute
growth is a function of time, the relative growth
which is called synonymically by allometric, dis-
harmonic or heterogonic growth, that all the body
parts grow not equally to a standard body region
can apply the exponential equation Y = bX® in-
troduced by Huxley and Teissier (1936, 1937),
and was followed Tonapi and Rao (1961, 1966),
Matsuda (1963, 1967), Park and Lee (1971),
Mukeriji (1972), William (1972), Park (1976, 1977),
Park and Son (1984) and Noh and Yeun (1986).

In this study, the crayfish (Cambaroides similis
Koelbel) were surveyed on the seven body parts,
carapace length, carapace width, abdominal
length, abdominal width, cheliped length second
pereiopod length and third pereiopod length, and
were analyzed the relative growth appling the for-
mulae.

Materials and Methods

Statistical calculation of relative growth

For the analysis of the relative growth, the for-
mula orginated by Huxley and Teissier (1936 and
1937) Y = bX® was applied. In this exponential
equation, X stands for the value of the standard
aspect (carapace length) and Y is that of the de-
pendent variable, allomatically growing part. That
of b as the theoretical value of Y when the stan-
dard X is unique is called the initial growth index,
because its value affects the initial size of an
aspect. And as the equilibrium constant, the value
of a is synonymically called the growth ratio
(slope), the coefficient of relative growth, regres-
sion coefficient and growth coefficient. The para-
meters of a and b can be calculated by the usual
least square method. By adopting of the logarithm
at both sides of the original exponential equation,
the logarithic form, log Y = logh + a logX,
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appears a simple linear relationship. The values of
X and Y of the relative growth formula are also a
function of time t in each growth period. There-
fore the differential equation of the original formu-
la is expressed as 1/Y X dy/dt = a X 1/X X
dx/dt. This equation stated that X and Y mean
the growth rate and can derive the function a = 1
/Y X dy/dt/1/X X dx/dt, in which a means the
ratio of the specific growth rate of Y to that of X.
When a > 1, we have positive allometry; when
a = 1, isometry; when a < 1, negative allometry;
when a = 0, ceasing of growth; when a < 0,
actual negative growth. In case of positive
allometry, the growth rate of the part is larger than
that of the standard or whole and the isometry is
the special case when the growth rate of the part
is identical with that of the standard or whole.

Growth gradient

The growth gradient is the ratio of the specific
growth rate of the two partial body parts at given
growth period, and is expresed by the derivative 1
/Yi X dyi/dt/1/Xi X dxi/dt (i = initial growth
period to the last), which presents the potential
degree of Yi to Xi. The growth period having the
maximum potential of the growth gradient is cal-
led the growth center.

Results

For the study of certifying the growth state of
Cambaroides similis, three hundred and fifty six
crayfishes (190 male, 166 female) from the ones
just after hatching to fully grown-up imagines
were measured to the seven body parts, according
to seven growing period in both sexes respective-
ly. The mean of the measurement in each period
of all the aspects were showed in Table 1. For the
analysis of the relative growth to the carapace
length of each body part in both sexes, the rela-
tive growth formula Y = bX® were applied (Table
2).

Carapace width in male

The growth gradient of the carapace width in
male is increased from 0.5001 of the initial growth
period nymph to 1.1495 of the adult. The growth
center is in the fully grown adult. The coefficient
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of the relative growth {a) and the initial growth
index (b) are 0.9471 and 5.9560 respectively, that
means the relative growth formula is expressed by
the equation Y = 5.9560X°*"! The specific
growth rate of the carapace width in male is found
to be a negative allometry as 94.71 percent to
that of the carapace length in male.

Abdominal length in male

The growth gradient of the abdominal length in
male is decreased from 1.5193 of the initial
growth perioed nymph to 0.8275 of the adult.
The growth center is in the initial growth period
nymph. The coefficient of the relative growth (a)
and the initial growth index (b) are 1.0219 and
9.9015 respectively, that means the relative
growth formula is expressed by the equation Y =
9.9015X'921%  The specific growth rate of the
abdominal length in male is found to be a slight
positive allometry as 102.19 percent to that of the
carapace length in male.

Abdominal width in male

The growth gradient of the abdominal width in
male is decreased steeply from 1.8218 of the ini-
tial growth period nymph to the second growth
nymph and almost horizontally to the final adult
(0.9812) thereafter. The growth center is in the
initial growth period nymph. The coefficient of the
relative growth (a) and the initial growth index (b)
are 1.1418 and 2.9648 respectively, that means
the relative growth formula is expressed by the
equation Y = 2.9648X!'1"18 The specific growth
rate of the abdominal width in male is found to be
a psitive allometry as 114.18 percent to that of the
carapace length in male.

Cheliped length in male

The growth gradient of the cheliped length in
male is increased from 0.5900 of the initial growth
period nymph to 1.1595 of the adult. The growth
center is in the fully grown adult. The coefficient
of the relative growth (a) and the initial growth
index (b) are 0.9935 and 1.3763 respectively, that
means the relative growth formula is expressed by
the equation Y = 1.3762X%99%5 The specific
growth rate of the cheliped length in male is
found to be a very slight negative allomery as
99.35 percent to that of the carapace length in



April 1992

Table 1. The lengths of seven body parts for each growth period in mm (Mean + SD).
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CL

AL

U W= O

3.5290 + 0.2289
4.4840 + 0.3490
9.1822 + 0.8344
14.4054 + 1.2422
19.2477 + 2.7513
23.9800 + 0.9341
29.0367 + 1.6128

2.3920 + 0.2555
2.1587 + 0.2326
4.3311 + 0.3385
7.0017 + 1.0592
9.9877 + 1.9636
12.5257 + 0.4447
15.4100 + 1.2679

3.8000 + 0.2596
4.0407 + 0.4924
9.9433 + 0.8250
16.6552 + 19118
21.1045 + 1.7904
244800 + 1.0543
29.1267 + 2.6454

N U AW - O

3.5290 + 0.2289
4.4840 + 0.3490
9.1200 + 0.7075
14.2650 + 1.3015
19.0767 + 3.0602
23.8000 + 0.8548
29.0222 + 1.9767

2.3920 + 0.2555
2.1587 + 0.2326
4.4545 + 0.4208
7.1682 + 09121
9.6538 + 2.1979
12.6600 + 0.7933
15.7867 + 1.4938

3.8080 + 0.2596

4.0407 + 0.4924
10.4373 + 1.1291
16.2132 + 1.9854
21.1630 + 4.5604
25.7790 + 1.3984
30.5778 + 1.9358

AW

Ch

Sp

Tp

1.1500 + 0.1025
1.6787 + 0.1744
4.1133 + 0.5905
6.5339 + 0.7397
8.7081 + 1.7233
10.8029 + 0.6255
13.2133 + 1.1401

48611 + 0.4324

6.4043 + 0.5384
11.7878 + 4.3837
18.7017 + 1.7065
251312 + 57725
32.6026 + 1.9626
41.8308 + 4.3696

3.3160 + 0.2945
4.0387 + 0.4473
7.3511 1+ 2.7882
12.7287 + 1.4927
17.2871 + 2.0377
21.5029 + 1.4155
26.1400 + 19116

3.7880 + 0.3140

4.9080 + 0.3804
10.2644 + 0.9004
15.7251 + 1.8526
21.0665 + 3.2601
26.4057 + 2.7503
31.2533 + 1.7877

P
Male
Female

P
Male
Female

AT AW = O bR WN -=O

1.1500 + 0.0125
1.6787 + 0.1744
4.0473 + 0.3600
6.5788 + 0.7986
9.2367 + 1.2440
12.4467 + 0.8770
16.2133 + 1.4790

4.8611 + 0.4324

6.4043 + 0.5384
13.7055 + 0.8509
18.5635 + 3.6367
23.3685 + 4.0039
29.2193 + 2.1461
37.0156 + 3.7600

3.3160 + 0.2945
4.0387 + 0.4473
8.1960 + 0.4735
12.4241 + 1.4351
17.0584 + 1.9804
21.2333 + 1.0913
254889 + 2.0828

3.7880 + 0.3140

4.9080 + 0.3804
10.3120 + 0.6271
15.5106 + 1.8182
20.6975 + 3.7010
259093 + 1.4632
31.2000 + 2.7936

SD: Standard deviation, P: Growth period (0~6), CL:

Carapace length, CW: Carapace width, AL: Abdominal

length, AW: Abdominal width, Ch: Cheliped length, Sp: Second pereiopod length, Tp: Third pereiopod length.

male.

Second pereiopod length in male

The growth gradient of the second periopod
length in male is increased smoothly from 0.8538
of the initial growth period nymph to the first
growth nymph and almost horizontally to the final
growth adult (1.0580) thereafter. The growth cen-
ter is in the adult. The coefficient of the relative
growth (a) and the initial growth index (b) are
0.9921 and 9.0469 respectively, that means the
relative growth formula is expressed by the equa-
tion Y = 9.0469X"°%?!. The specific growth rate

of the second pereiopod length in male is found
to be a slight negative allometry as 99.21 percent
to that of the carapace length in male.

Third pereiopod length in male

The growth gradient of the third pereiopod
length in male is decreased almost horizontally
from 1.0987 of the initial growth period nymph to
the final growth adult (0.9679). The growth center
is in the initial growth period nymph. The coeffi-
cient of the relative growth (a) and the initial
growth index (b) are 1.0017 and 1.0877 respec-
tively, that means the relative growth formula is
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Table 2. The growth gradient, the coefficient of relative growth (a) and the initial growth period index (b} of each

body part to carapace length for both sexes.

P CW AL AW Ch Sp Tp
0 0.5001 1.5193 1.8218 0.5900 0.8538 1.0987
1 0.8132 1.0898 1.2161 0.8849 0.9678 1.0220
: 2 0.9750 0.9745 1.0939 1.0233 1.0118 0.9967
Male 3 1.0613 0.9141 1.0412 1.0934 1.0341 0.9837
4 1.1088 0.8753 1.0118 1.1304 1.0466 0.9760
5 1.1352 0.8479 0.9935 1.1498 1.0539 0.9711
6 1.1495 0.8275 0.9812 1.1595 1.0580 0.9679
a 0.9741 1.0219 1.1418 0.9935 0.9921 1.0017
b 5.9560 9.9015 2.9648 1.3763 9.0469 1.0877
0 0.4594 1.4923 1.1234 0.7754 0.9345 1.0668
1 0.7951 1.1109 1.2127 0.8776 0.9698 1.0104
2 0.9685 1.0104 1.2397 0.9150 0.9816 0.9904
Female 3 1.0725 0.9615 1.2447 0.9340 0.9874 0.9803
4 1.1232 0.9326 1.2407 0.9455 0.9907 0.9703
5 1.2498 0.9138 1.2328 0.9531 0.9929 0.9707
6 2.2643 0.9022 1.2234 0.9587 0.9944 0.9685
a 0.9531 1.0407 1.2259 0.9300 0.9775 0.9975
b 5.9429 9.6716 2.5692 1.5780 9.4689 1.0972

Abbreviations are the same as in Table 1.

expressed by the equation Y = 1.0877X!0017
The specific growth rate of the third pereiopod
length in male is found to be a almost isometry as
100.17 pecent to that of the carapace length in
male.

Carapace width in female

The growth gradient of the carapace width in
female is increased gradually from 0.4594 of the
initial growth period nymph to 2.2643 of adult.
The growth center is in the adult. The coefficient
of the relative growth (a) and the initial growth
index (b) are 0.9531 and 5.9429 respectively, that
means the relative growth formula is expressed by
the equation Y = 5.9429X%93! The specific
growth rate of the carapace width in female is
found to be a negative allometry as 95.31 pecent
to that of the carapace length in female.

Abdominal length in female

The growth gradient of the abdominal length in
female is decreased from 1.4923 of the initial
growth periced nymph to the second growth

period nymph and very smoothly to the adult
(0.9022) thereafter. The growth center is in the
initial growth period nymph. The coefficient of the
relative growth (a) and the initial growth index (b)
are 1.0407 and 9.6716 respectively, that means
the relative growth formula is expressed by the
equation Y = 9.6716X"%%7 The specific growth
rate of the abdominal length in female is found to
be a positive allometry as 104.07 percent to that
of the carapace length in female.

Abdominal width in female

The growth gradient of the abdominal width in
female is increased smoothly from 1.1234 of the
initial growth period nymph to the fourth growth
period nymph and decreased almost horizontally
to the adult (1.2234) thereafter. The growth center
is in the fourth growth period nymph. The coeffi-
cient of the relative growth (a) and the initial
growth index (b) are 1.2259 and 2.5692 respec-
tively, that means the relative growth formula is
expressed by the equation Y = 2.5692X12259
The specific growth rate of the abdominal width in
female is found to be the higest positive allometry
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as 122.59 percent to that of the carapace length
in female.

Cheliped length in female

The growth gradient of the cheliped length in
female is increased very smoothly from 0.7754 of
the initial growth period nymph to 0.9587 of the
adult. The growth center is in the adult. The
coefficient of the relative growth (a) and the initial
growth index (b) are 0.9300 and 1.5780 respec-
tively, that means the relative growth formula is
expressed by the equation Y = 1.5780X"93%
The specific growth rate of the cheliped length in
female is found to be the lowest negative
allometry as 93.00 percent to that of the carapace
length in female.

Second pereiopod length in female

The growth gradient of the second pereiopod
length in female is increased very slightly from
0.9345 of the initial growth period nymph to
0.9944 of the adult and the growth center is in the
adult. The coefficient of the relative growth (a)
and the initial growth index (b) are 0.9775 and
9.4689 respectively, that means the relative
growth formula is expressed by the equation Y =
9.4689X%9775 The specific growth rate of the
second pereiopod length in female is found to be
a negative allometry as 97.75 percent to that of
the carapace length in female.

Third pereiopod length in female

The growth gradient of the third pereiopod
length in female is decreased nearly horizontally
from 1.0668 of the initial growth period nymph to
0.9685 of the adult and the growth center is in
initial growth period nymph. The coefficient of the
relative growth {a) and the initial growth index (b)
are 0.9975 and 1.0972 respectively, that means
the relative growth formula is expressed by the
equation Y = 1.0972X%%975 The specific growth
rate of the third pereiopod length in female is
found to be the most slight negative allometry as
99.75 percent to that of the carapace length in
female.

Yeun et al.— Relative Growth Analysis of Crayfish
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Discussion

In the relative growth of each body part to the
carapace length in male, the abdomonal width
and the abdominal length were showed as the
positive allometry, the third pereiopod length as
the isometry and the cheliped length, the second
pereiopod length and the carapace width as the
negative allometry (Fig. 1). That is, the coefficient
of relative growth of the abdominal width to the
carapace length is the largest as a = 1.1418, and
those of relative growth are followed in the order
as the abdominal length (1.0219), the third
pereiopod length (1.0017), the cheliped length
(0.9935), the second pereiopod length (0.9921)
and the carapace width (0.9471). The relative
growth of each body part to the catapace length
in female, the abdominal width and the abdominal
length are pointed out as the positive allometry,
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Fig. 1. The relative growths of each body past to the
carapace length in both sexes (Abbreviations are the
same as in Table 1).
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the third pereiopod length as isometry and the
second pereiopod length, the carapace width and
the cheliped length are the negative allometry.
That is, the coefficient of relative growth of the
abdominal width is the largest as a = 1.2259, and
those of the abdominal length (1.0407), the third
pereiopod length (0.9975), the second pereiopod
length (0.9775), the carapace width {0.9531) and
the cheliped length (0.9300) are followed in that
order. In previous papers of growth of insects, the
authors, Park and Lee (1971), Park (1977), are
pointed out that the coefficients of relative growth
varied in several aspects to the reference part. It
seemed the difference among the coefficients of
relative growth of several aspects to the habitat
and the ecological niche of each species. The ini-
tial growth index of the abdominal length was the
largest in both sexes as b = 9.9015 of male and b
= 9.6716 of female, and are followed by the
second pereiopod length (9.0469 of male, 9.4689
of female), the carapacr width (59560 of male,
59429 of female), the abdominal width (2.9648
of male, 2.5692 of female), the cheliped length
(1.3763 of male, 1.5780 of female), and the third
pereiopod length (1.0877 of male, 1.0972 of
female) in that order (Table 2). In the studies of
the growth analysis of insects, authors described
the relation between the coefficient of relative
growth (a) and the initial growth index (b) that
changed vice versa (Park and Lee, 1971) or
changed dependently or independently with each
other by the aspects (Matsuda, 1967; Park, 1977).
In this study, the initial growth index changes in-
dependently.

The growth gradients of the relative growth in
both sexes, the abdominal length of both sexes
and the abdominal width of male showed the con-
cave shaped decrease, and those of the third
pereiopod length of both sexes decreased almost
horizontally. That is, the growth centers of the for-
mer are in the initial growth period and those of
the latter are in the final growth period. That of
the abdominal width in female only increased
from the initial growth period to the third growth
period and decreased thereafter, so the growth
center was in the third growth period (Figs. 2-3).

Cheliped length in male
The growth gradient of the cheliped length in
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male is increased from 0.5900 of the initial growth
period nymph to 1.1595 of the adult. The growth
center is in the fully grown adult. The coefficient
of the relative growth (a) and the initial growth
index (b) are 0.9935 and 1.3763 respectively, that
means the relative growth formula is expressed by
the equation Y = 1.3762X%°%3% The specific
growth rate of the cheliped length in male is
found to be a very slight negative allomery as
99.35 percent to that of the carapace length in
male.

Second pereiopod length in male

The growth gradient of the second periopod
length in male is increased smoothly from 0.8538
of the initial growth period nymph to the first
growth nymph and almost horizontally to the final
growth adult (1.0580) thereafter. The growth cen-
ter is in the adult. The coefficient of the relative
growth (a) and the initial growth index (b) are
0.9921 and 9.0469 respectively, that means the
relative growth formula is expressed by the equa-
tion Y = 9.0469X%9?!. The specific growth rate
of the second pereiopod length in male is found

2.0

T T T T T
o} 1 2 3 4 5

6 P
Fig. 2. The growth gradients of each body past to the
carapace length in male (Abbreviations are the same as
in Table 1).
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Fig. 3. The growth gradients of each body past to the

carapace length in female (Abbreviations are the same as
in Table 1).

to be a slight negative allometry as 99.21 percent
to that of the carapace length in male.

Third pereiopod length in male

The growth gradient of the third pereiopod
length in male is decreased almost horizontally
from 1.0987 of the initial growth period nymph to
the final growth adult (0.9679). The growth center
is in the initial growth period nymph. The coeffi-
cient of the relative growth (a) and the initial
growth index (b) are 1.0017 and 1.0877 respec-
tively, that means the relative growth formula is
expressed by the equation ¥ = 1.0877X10017,
The specific growth rate of the third pereiopod
length in male is found to be a almost isometry as
100.17 pecent to that of the carapace length in
male.

Carapace width in female

The growth gradient of the carapace width in
female is increased gradually from 0.4594 of the
initial growth period nymph to 2.2643 of adult.
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The growth center is in the adult. The coefficient
of the relative growth (a) and the initial growth
index (b) are 0.9531 and 5.9429 respectively, that
means the relative growth formula is expressed by
the equation Y = 5.9429X°%53! The specific
growth rate of the carapace width in female is
found to be a negative allometry as 95.31 pecent
to that of the carapace length in female.

Abdominal length in female

The growth gradient of the abdominal length in
female is decreased from 1.4923 of the initial
growth perioed nymph to the second growth
period nymph and very smoothly to the adult
(0.9022) thereafter. The growth center is in the
initial growth period nymph. The coefficient of the
relative growth {(a) and the initial growth index (b)
are 1.0407 and 9.6716 respectively, that means
the relative growth formula is expressed by the
equation Y = 9.6716X1%%7 The specific growth
rate of the abdominal length in female is found to
be a positive allometry as 104.07 percent to that
of the carapace length in female.

Abdominal width in female

The growth gradient of the abdominal width in
female \is increased smoothly from 1.1234 of the
initial growth period nymph to the fourth growth
period nymph and decreased almost horizontally
to the adult (1.2234) thereafter. The growth center
is in the fourth growth period ngmph. The coeffi-
cient of the relative growth (a) and the initial
growth index (b) are 1.2259 and 2.5692 respec-
tively, that means the relative growth formula is
expressed by the equation Y = 2.5692X2259
The specific growth rate of the abdominal width in
female is found to be the higest positive allometry
as 122.59 percent to that of the carapace length
in female.

Cheliped length in female

The growth gradient of the cheliped length in
female is increased very smoothly from 0.7754 of
the initial growth period nymph to 0.9587 of the
adult. The growth center is in the adult. The
coefficient of the relative growth {a) and the initial
growth index (b) are 0.9300 and 1.5780 respec-
tively, that means the relative growth formula is
expressed by the equation Y = 1.5780X%9%
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The specific growth rate of the cheliped length in
female is found to be the lowest negative
allometry as 93.00 percent to that of the carapace

length in female.

Second pereiopod length in female

The growth gradient of the second pereiopod
length in female is increased very slightly from
0.9345 of the initial growth period nymph to
0.9944 of the adult and the growth center is in the
adult. The coefficient of the relative growth (a)
and the initial growth index (b) are 0.9775 and
9.4689 respectively, that means the relative
growth formula is expressed by the equation Y =
9.4689X°%%775 The specific growth rate of the
second pereiopod length in female is found to be
a negative allometry as 97.75 percent to that of
the carapace length in female.

Third pereiopod length in female

The growth gradient of the third pereiopod
length in female is decreased nearly horizontally
from 1.0668 of the initial growth period nymph to
0.9685 of the adult and the growth center is in
initial growth period nymph. The coefficient of the
relative growth (a) and the initial growth index (b)
are 0.9975 and 1.0972 respectively, that means
the relative growth formula is expressed by the
equation Y = 1.0972X%%°7® The specific growth
rate of the third pereiopod length in female is
found to be the most slight negative allometry as
99.75 percent to that of the carapace length in
female.

Discussion

In the relative growth of each body part to the
carapace length in male, the abdomonal width
and the abdominal length were showed as the
positive allometry, the third pereiopod length as
the isometry and the cheliped length, the second
pereiopod length and the carapace width as the
negative allometry (Fig. 1). That is, the coefficient
of relative growth of the abdominal width to the
carapace length is the largest as a = 1.1418, and
those of relative growth are followed in the order
as the abdominal length (1.0219), the third
pereiopod length (1.0017), the cheliped length
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(0.9935), the second pereiopod length {0.9921)
and the carapace width (0.9471). The relative
growth of each body part to the catapace length
in female, the abdominal width and the abdominal
length are pointed out as the positive allometry,
the third pereiopod length as isometry and the
second pereiopod length, the carapace width and
the cheliped length are the negative allometry.
That is, the coefficient of relative growth of the
abdominal width is the largest as a = 1.2259, and
those of the abdominal length (1.0407), the third
pereiopod length (0.9975), the second pereiopod
length (0.9775), the carapace width (0.9531) and
the cheliped length (0.9300) are followed in that
order. In previous papers of growth of insects, the
authors, Park and Lee (1971), Park (1977), are
pointed out that the coefficients of relative growth
varied in several aspects to the reference part. It
seemed the difference among the coefficients of
relative growth of several aspects to the habitat
and the ecological niche of each species. The ini-
tial growth index of the abdominal length was the
largest in both sexes as b = 9.9015 of male and b
= 9.6716 of female, and are followed by the
second pereiopod length (9.0469 of male, 9.4689
of female), the carapacr width (5.9560 of male,
59429 of female), the abdominal width (2.9648
of male, .2.5692 of female), the cheliped length
(1.3763 of male, 1.5780 of female}, and the third
pereiopod length (1.0877 of male, 1.0972 of
female) in that order (Table 2). In the studies of
the growth analysis of insects, authors described
the relation between the coefficient of relative
growth (a) and the initial growth index (b) that
changed vice versa (Park and Lee, 1971) or
changed dependently or independently with each
other by the aspects (Matsuda, 1967; Park, 1977).
In this study, the initial growth index changes in-
dependently.

The growth gradients of the relative growth in
both sexes, the abdominal length of both sexes
and the abdominal width of male showed the con-
cave shaped decrease, and those of the third
pereiopod length of both sexes decreased almost
horizontally. That is, the growth centers of the for-
mer are in the initial growth period and those of
the latter are in the final growth period. That of
the abdominal width in female only increased
from the initial growth period to the third growth
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period and decreased thereafter, so the growth
center was in the third growth period (Figs. 2-3).
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