7. Fish. Soc. Taiwan, 21(2): 121-137 (1994)

Age Structure of Spotted Mackerel,
Scomber australasicus, in the Coastal Waters
of Taiwan as Estimated from
Polymodal Length-Frequency Analysis

Jui-Feng Ku'? and Wann-Nian Tzeng'

(Received April 1, 1994; Accepted June 10, 1994)

ABSTRACT

The age structure of spotted mackerel, Scomber australasicus Cuvier & Valenciennes,
in the coastal waters of Taiwan in 1981~ 1983 was estimated from length frequency
distribution using Bhattacharya’s polymodal analysis. The age composition of spotted
mackerel varied with area and season. In the waters off Pengchiahsu and Fishing Islands
northeastern Taiwan, the mackerels were consisted of 17 to 3% year old fish during the
good fishing seasons (autumn and winter), and 2% and 4% year old fish during the poor
fishing seasons (spring and summer). In the waters off northern Pratas Islands southwestern
Taiwan, the mackerels consisted of 2% to 5% year old fish in spring, but dominant with
3% and 4% year old fish. Except for the old fish, the mean length and proportion of
mixture of age groups estimated both from polymodal length-frequency” analysis as well
as from scale reading was corresponding each other. Therefore, Bhattacharya’s polymodal
analysis was considered to be a reliable method for estimating age composition of the
spotted mackerel.

Key words: Scomber australasicus, Length composition,
frequency analysis, Age structure, Taiwan.

Bhattacharya’s  polymodal

INTRODUCTION ever, the age composition of the fish was
not still understood yet.
Most analytical models of fish In the recent years, many authors

population dynamics depend largely on a
knowledge of growth and mortality rates.
For estimating the rates of growth,
survival, fishing of a recruited population,
it is desirable to determine the age of
individual fish and the age composition of
the catch (Ricker, 1975). The age and
growth of spotted mackerel in the coastal
waters of Taiwan have been studied
previously (Ku and Tzeng, 1985). How-

considered that age determination by
reading age marks on the scales and other
skeletal structures of the fish is time
consuming, and sometimes almost
impossible as in the case of many tropical
fishes. Even though, approximately 80%
of the rings on the scale of spotted
mackerel were clearly observed (Ku and
Tzeng, 1985). It is tedious and time
consuming works in data acquisition of
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large sample size by scale reading
method.

Estimation of age composition is
possible from length-frequency distribution
data by separating the components of a
polymodal length-frequency curve
(Harding, 1949; Cassie, 1954; Tanaka,
1962; Bhattacharya, 1967; Schnute and
Fournier, 1980; Foucher and Fournier,
1982; Pauly, 1983). Bhattacharya method
1s considered to be the most simple one
(FAO, 1981). In this paper, we use this
method to examine the age composition
of spotted mackerel in the coastal waters

of Taiwan.

MATERIALS AND METHODS

I. Estimation of length frequency
distribution of the catch

The experimental fish was caught by
the Taiwanese large-type purse seiner in
the waters off Pengchiahsu-Fishing Island

and northern Pratas Islands during
November 1981 through October 1983
(Fig. 1). Fork length of the fish was
measured in the Nan-fanao fish market
with a needle by punching hole on a 0.5
cm interval marked water proof paper
fixed on a wooden measuring board. The
length composition of the catch was
estimated monthly from the length
composition of the sample and the total
catches of the four large-type purse
seiners (Table 1) as follows:

where Ni: The number of the fish in the
ith length stratum,
Pi: Frequency of the fish in the
ith length stratum of the
sample,
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Fig. 1. Map showing the fishing grounds of large type purse seiner for spotted mackerel fishery
I the continental shelf off northeastern and southwestern Taiwan. The black blocks indicate

the sampling areas of the fish.
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Table 1. Monthly catches of spotted
mackerel (Scomber australasicus) from
Taiwanese large type purse seiner
operated in the waters off Pengchiahsu-
Fishing Island and off northern Pratas
Islands, Nov 1981 — Oct 1983.

Catch (Tons)

Northern
Pratas Islands

Pengchiahsu and
Fishing Islands

Nov 1981 574

Dec 75

Jan 1982 419

Feb

Mar 85 745
Apr 519
May 120
June 130 294
July 315

Aug 1025

Sep 1390

Oct 965

Nov 730

Dec 440

Jan 1983 190

Feb 1225

Mar 438

Apr 5 748
May 780
June 643

July 75

Aug 180

Sep 405

Oct 334

N: The total number of fish in
the catch,

Wt: Total weight of the catch,
and

Wt: Mean weight of one fish in
the sample.

I1. Estimation of age composition by
age-length key

Based on the length composition of
the catch and the age-length key
established by age and growth studies (Ku
and Tzeng, 1985), the age composition of
the catch was estimated as follows:

where aj: The number of j aged fish in

the catch,

Ni: The number of fish in ith
length stratum, and

Aij: The probability of j aged
fish appeared in the ith
length stratum (age-length
key).

HI. Analysis of polymodal
frequency distributions

length-

The component of the length fre-
quency distribution of the catch were
analyzed by Bhattacharya method and
compared with the age composition
obtained from age-langth key. The
Bhattacharya methed consists basically of
separating normal distribution, each
representing a cohort of fish, from the
overall distribution, starting on the left-
hand side of the total distribution. Once
the first normal distribution has been
determined it is removed from the total
distribution and the same procedure is
repeated as long as it is possible to
separate normal distribution from the total
distribution (Sparre, et al., 1989). The
length frequency distributions obtained
from the sample are usually skew and
polymodal. In many cases, the modes
correspond to individual age group and
are very helpful for separating them. The
computation procedure of the Bhattacharya
polymodal length-frequency analysis was
summarized as follows:

(D Let y(x) be the observed frequency
in the class with x as the mid-point and
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the class interval, then plot D log y
against x on ordinary graph paper and
look for regions where graph look like
straight line with negative slope. Each
line represents each one of age
components. D log y = log y (x+h) —
log v (x).

(I) To find out the mean (m;) and
standard deviation (Sr?) of each r
component.

my = Ir + h/2

where m;: The mean of the rth
component, and

[ The intercept of the rth line.

Sr2 = (dhcotAr/b) — h¥/12 ... (5)

where S The standard deviation of the
rth component,

Ap: The angle the rth line makes
in the negative direction with
the X-axis,

b: The relative scales of x, and

d: The relative scales of D log

Y.

(III) To calculate an estimate of the
total frequency of the rth component (Nr).
Nr is given by:

Nr = EZy/XPr ... (6)
Pr(x) = P {(x+h/2-my) / S, -
P (x-h/2-mp)/Syf ... (7

where y: Summation of the observed
frequency of the concerned
class, and
Pr: The distribution function of a
standard normal deviate.

RESULTS

I. Monthly change of length frequency
distribution

The length frequency distribution of

the spotted mackerels in the waters off
Pengchiahsu and Fishing Islands during
the period from November 1981 to
Octobor 1983 was shown in Fig. 2. It
ranged from 20 cm to 40 cm in fork
length. The main mode apparently shifted
with seasons because of growth and
recruitment of diffrent age groups. There
is one 25~27 cm fish group appeared in
November and December 1981, it grew
to 30-35 cm in summer of the following
year and became over 35 ¢m in the third
year. The newly recruited fish, about 25
cm, always appeared from late summer
to early winter.

In the waters off northern Pratas
Islands, the spotted mackerels were
relatively larger, ranged from 27 cm to
40 cm during the period from February
to May (Fig.3). The mode length is 33-34
cm in February 1982, 34-35 c¢m in
March, 36-37 c¢cm in April and mixed
with a small sized fish group in May. it
also showed that modal length obviously
shifted with season because of growth.

Polymodal analysis of the length-
frequency distribution of the fish was
conducted by season. Four seasons are
defined as spring (March ~May), summer
(June ~ August), autumn (September ~
November) and winter (December~
February). The monthly percentage
length-frequency distribution of the sample
(Figs. 2&3) was magnified by catch and
combined by seasons to represent the
length frequency distribution of the catch
in number of the fish (Fig. 4). There are
two peaks in the catch for the length
frequency distribution of the spotted
mackerels in the waters off Pengchiahsu
and Fishing Islands during autumn season,
one located at 26-28 cm; the other at
33-34 cm. But these two peaks seem to
shift to large length class in winter. The
former one became 28-29 cm, the latter
one 34-35 cm. In the following spring,
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Fig. 2. Monthly length frequency distribution
for the sample of spotted mackerels
collected from the waters off Pengchiahsu
and Fishing Islands, November 1981 —
October 1983. Figures in the diagram
indicate the sample size.

length frequency distribution seems to
become mono-peak, appearing at 35-36
cm which may be originated from the
latter peak in the previous two seasons.
During summer, only one peak appeared,
located at 31-32 cm. The length fre-
quency distribution of the catch for the
spotted mackerel in the waters off
northern Pratas Islands were similar to
that in the Pengchiahsu and Fishing
Islands in spring (Fig. 5).

II. Age composition estimated from
age-length key

The length compositions of the catch
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Fig. 3. Monthly length frequency distribution
for the sample of spotted mackerels
collected from the waters oft northern

Pratas Islands. Figures in the diagram
indicate the sample size.
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Fig. 4. Seasonal length frequency

distribution for the catch of spotted
mackerels collected from the waters off
pengchiahsu and Fishing Islands during
November 1981 to October 1983.

of the spotted mackerel (Figs. 4&5)
were converted into age composition
by age-length key (Tables 2&3). The
age composition of the fish in the
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Fig. 5. Length frequency distribution for
the catch of spotted mackerel collected
off northern Pratas

from

Islands

1983.

the waters

during spring of

1982

and

Pengchiahsu and Fishing Islands varied
with season (Fig. 6). In autumn, age
classes were dominant with 1" and 37
year old fish, in winter 17 to 3*. In
spring, the catch became relatively small;
it consisted of 37 to 57 year old fish.
During summer, dominant age class
become 2% year old fish. Overall, 1% to
3* year old fish were dominant in this
area.

The age composition of the mackerel
in the waters off Pengchiahsu and Fishing
Islands was also estimated by year (Table
4). In 1981, only the data of November
were available, dominant age class was
age 1%, making up 97.9% of the total
catch. In 1982, almost four season data

Table 2. Age-length key for spotted mackerel collected from the waters off Pengchiahsu and Fishing

Islands, during the autumn-winter (Sep-Feb) and spring-summer (Mar-Aug). Nov 1981 — Oct
1983.
Spring — Summer Autumn — Winter
Fork
length  Sample Age composition (%) Sample Age composition (%)
(cm) size o+ - A+ 5+ size o+ [+ o+ 3+ 4t
2122 1 100.00
22-23 4 100.00
23-24 9 77.78 22.22
24-25 17 17.65 82.35
25-26 27 100.00
26-27 35 100.00
27-28 47 100.00
28-29 1 100.00 43 97.67 2.33
29-30 16 100.00 15 86.67 13.33
30-31 37 82.78 17.22 8 50.00 37.50  12.50
31-32 44 68.18 31.82 14 1429 6429 21.42
32-33 51 58.82 41.18 22 36.36  63.64
33-34 30 36.67 56.67  6.66 23 100.00
34-35 20 50.00  50.00 23 65.22 3478
35-36 9 33.33  66.67 8 12.50  87.50
36-37 6 16.67 66.65 16.67 4 100.00
37-38 4 100.00
38-39
39-40 1 100.00
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Table 3. Age-length key for spotted mackerel collected from the waters off northern Pratas Islands,
during the spring of 1982 and 1983.

Fork

Age composition (%)

length Sar-nple
(c:]) size o+ 3+ 4+ 5+
28-29 I 100.00
29-30 2 100.00
30-31 9 77.78 22.22
31-32 16 37.50 62.50
32-33 26 23.08 57.69 19.23
33-34 44 18.18 81.82
34-35 53 15.09 84.91
35-36 40 92.50 8.50
36-37 15 6.67 66.67 26.67
37-38 9 1111 88.89
38-39 2 100.00
39-40 ] 100.00
w were available, dominant age class was
20 Autumn age 1% (55.3%), the following is age 37
_ (30.5%) and then age 2% (11.1%). In
1983, dominant age class changed to 27
0l —= = = old fish (33.8%) that was significantly
N 1~ Tinter different from that in 1982. The
o 10f H disappearance of 1% year old fish in
S:; . [ 1983, may be due to the data in
::’ Loy Spring November-December 1983 was lacking,
@ 0t P o which was believed to be the period of
N Summer recruitment for age 1% fish.
O‘ ol H niE Similarly, the. age compositiqn of the
£ - spotted mackerel in the water off northern
Total Pratas Islands was shown in Fig. 7. The
fishing seasons in this area was confined
in spring. The old fish was predominant,
20 especially 4% years old fish. The age
1of composition of the mackerel in the Pratas
H Islands was similar to that in Pengchiahsu
0 =5+ and Fishing Islands during spring (Fig.
0 2 3 4 5 6), although they are different in
Age abundance. The age composition of the

Fig. 6. Seasonal changes of age composition
of spotted mackerel collected from the
Pengchiahsu and  Fishing

waters
Islands

during

October 1983.

November 1981 —

mackerel in the Pratas Islands was also
estimated by year (Table 4). In 1982,
dominant age class was 4% year old fish,
making up 71.3% of the catch. In 1983,
dominant age classes shared by 3" and
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Table 4. Age composition of the yearly catch of spotted mackerel in the waters off Pengchiahsu
and Fishing Islands. and off northern Pratas Islands, 1981-1983.

Age composition (%)

Fishing ground Age
1981 1982 1983
(Nov) (Jan-Dec) (Jan-Oct)
Pengchiahsu and 0+ 2.1 0.7 0
Fishing Islands 1 97.7 55.3 18.5
2+ 11.1 33.8
3+ 30.5 29.4
4+ 2.4 17.1
5% 0 [.2
N .
number of o, 13 60 52
individuals
(Feb-May) (Apr-May)
Northern 2% 0.6 2.1
Pratas Islands 3t 13.7 42.7
4+ 71.3 55.2
5* 14.4
Number of
6 18 7
individuals (109

20

10

No. of fish (x109)

. +

+ 3+ 4+ 5(

Age

Fig. 7. Age composition of spotted mackerel
collected from the waters off northern
Pratas Islands during the spring of 1982
and 1983.

4% year old fish, making up 42.7% and
58.2% of the catch, respectively.

ITI. Components of length frequency
distribution by polymodal analysis

The components of length frequency
distribution of the spotted mackerel in the
waters off Pengchiahsu and Fishing
Islands, as shown in Figs. 4&5, were
analyzed by Bhattacharya polymodal
analysis method. The logarithmic dif-
ferences of the adjacent class-frequencies,
D log y , were calculated (Table 5) and
plotted against the mid-point of the classes
(Fig. 8).

There are four regression lines which
denote four distinct components exist for
the mackerel in autumn season (Fig.
8-A). The parameters used for estimating
the mean (m;) and standard deviation
(S¢) of each lines were calculated as
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Table 5. Frequency distribution of fork length of spotted mackerel in the waters off Pengchiahsu

and Fishing Islands, and off northern Pratas Islands, Nov 1981 — Oct 1983.

(A) Pengchiahsu and Fishing Islands (autumn):

Sﬁ;; (cm) g/(l)lii?]e (X) g?&ig}eﬁi (Y) LogiY DlogioY
21-22 21.5 1 (x10% 0.146 0.930
22-23 22.5 12 1.076 0.813
23-24 23.5 78 1.889 0.335
24-25 24.5 167 2.224 0.283
25-26 25.5 322 2.507 0.482
26-27 26.5 976 2.989 -0.129
27-28 27.5 724 2.860 ~0.298
28-29 28.5 365 2.562 —0.373
29-30 29.5 155 2.189 ~0.793
30-31 30.5 25 1.396 0.786
31-32 31.5 152 2.182 0.286
32-33 32.5 294 2.468 0.333
33-34 335 633 2.801 —0.367
34-35 34.5 271 2.434 —0.670
35-36 35.5 58 1.764 -0.615
36-37 36.5 14 1.149 —0.702
37-38 37.5 3 0.447

(B) Pengchiahsu and Fishing Islands (winter):

Class Middle Observed

range (cm) point (X) frequency (Y) LogioY DlogioY
23-24 23.5 12 (X10%) 1.072 0.310
24-25 24.5 24 1.382 0.083
25-26 255 29 1.465 -0.004
26-27 26.5 29 1.461 —0.003
27-28 27.5 29 1.458 0.463
28-29 28.5 83 1.921 ~0.098
29-30 29.5 67 1.823 —0.128
30-31 30.5 25 1.695 0.032
31-32 31.5 53 1.727 ~0.137
32-33 325 39 1.590 —0.356
33-34 335 17 1.234 =0.121
34-35 34.5 13 1.113 0.299
35-36 35.5 26 1.413 -0.300
36-37 36.5 13 1.113

(C) Pengchiahsu and Fishing Islands (spring):

S{i‘;z (cm) g’(‘)‘iﬂ‘tﬂe (X) %’Zigidy Y) LogioY DlogiY
30-31 30.5 2 (x10% 0.312 0.477
31-32 315 6 0.789 0.301
32-33 325 12 1.090 —0.073
33-34 335 10 1.017 0.666
34-35 34.5 48 1.683 0.280
35-36 35.5 92 1.963 -0.174
36-37 36.5 62 1.799 —0.398
37-38 37.5 25 1.391 —0.382
38-39 38.5 10 1.009
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Table 5. Frequency distribution of fork length of spotted mackerel in the waters off Pengchiahsu
and Fishing Islands, and off northern Pratas Islands, Nov 1981 — Oct 1983 (Continued).

(D) Pengchiahsu and Fishing Islands (summer):

Class Middle Observed

range (cm) point (X) frequency (Y) LogioeY DlogioY
28-29 28.5 20 (x10%) 1.278 0.736
29-30 29.5 103 2.014 0.327
30-31 30.5 219 2.341 0.178
31-32 31.5 331 2.519 —-0.070
32-33 32.5 281 2.449 —0.164
33-34 33.5 193 2.285 —0.260
34-35 34.5 106 2.025 0.002
35-36 35.5 107 2.027 —-0.707
36-37 36.5 21 1.320 —-0.924
37-38 37.5 3 0.396

(E) Pengchiahsu and Fishing Islands (total):

Class Middie Observed

range (cm) point (X) frequency (Y) LogioY DlogieY
21-22 21.5 1 (x10% 0.146 0.933
22-23 22.5 12 1.079 0.544
23-24 23.5 42 1.623 0.988
24.25 24.5 408 2.611 0.233
25-26 25.5 698 2.844 0.222
26-27 26.5 1165 3.066 —0.131
27-28 27.5 862 2.936 0.124
28-29 28.5 1149 3.060 —-0.121
29-30 29.5 869 2.939 -0.075
30-31 30.5 731 2.864 0.105
31-32 31.5 929 2.968 0.030
32-33 32.5 996 2.998 0.012
33-34 33.5 1026 3.012 —-0.271
34-35 34.5 549 2.740 —0.021
35-36 35.5 523 2.719 —0.131
36-37 36.5 387 2.588 —1.157
37-38 37.5 27 1.431 —0.528
38-39 38.5 8 0.903

(F) Northern Pratas Islands (spring):

Class Middle Observed

range (cm) point (X) frequency Y) LogioY DlogioY
27-28 27.5 3 (X109 0.477 0.222
28-29 28.5 5 0.699 0.079
29-30 29.5 6 0.778 0.426
30-31 30.5 16 1.204 0.075
31-32 31.5 19 1.279 0.734
32-33 32.5 103 2.013 0.597
33-34 33.5 407 2.610 0.127
34-35 34.5 545 2.736 0.246
35-36 35.5 961 2.983 —0.498
36-37 36.5 305 2.484 —-0.391
37-38 37.5 124 2.093 —0.562
38-39 38.5 34 1.531 -0.929
39-40 39.5 4 0.602
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Table 6. Comparison of the mean length, standard deviation (S.D.) and proportion of mixture
which estimated from age determination and polymodal analysis of frequency distribution for
the spotted mackerel in the waters off Pengchiahsu-Fishing Island and northern Pratas Islands.

Age determination Bhattacharya's polymaodal analysis
Arca Seusons Length Age A Length Proportion
Age No. fish Mean+S.D. composition Component Mean+S.D.  of mixture
(cm) (%) (cm) (%)
Pengchiahsu and  avtumn  0F 15 22.734+0.89 | 25.94+1.31 29.5
Fishing Islands 1Y 125 26.12+1.34 2 2 27.2141.21 36.7
27 19 31.90+0.47 3 32.57+£0.89 17.0
3* 66 33.61+0.89 2 4 33.5340.89 16.8
44 6 35.69+0.58 2 5
winter * 82 26.61+1.18 32,6 1 25.83+£1.64 19.8
27 5 30.06+0.62 31.4 2 29.27+1.18 39.7
3t 22 32.32+1.34 26.0 3 31.21+1.47 324
4% 13 34.86+0.70 10.0 4 35.50+0.80 8.1
spring 3% 20 32.62+1.24 12.4 ! 3285+1.22 14.1
4* 24 34.85+0.94 66.9 2 35.76+1.05 85.9
5* 6 37.50+0.88 20.7 3
summer 2% 130 31.36+1.15 76.2 | 32.15+1.57 80.5
3" 37 33.83+1.06 234 2 34.83+0.99 19.5
4* 2 36.25 0.4 3
total o+ 15 22.5340.95 0.1 1
1t 207 26.62+1.33 40.3 2 26.47+1.13 33.1
27 154 30.37£1.53 25.6 3 28.51+1.34 25.6
3* 145 32.56+1.36 26.3 4 32.23+1.58 323
4* 45 34.7740.88 1.2 5 35.23+0.85 9.0
5F 6 37.45+1.11 0.5 6
Northern spring 2% 22 30.74+1.02 3.4 1 29.05+1.25 0.2
Pratas Islands 3* 42 32.90+1.15 29.9 2 31.2141.27 0.9
4+ 132 34.52+1.05 56.4 3 34.60+1.22 33.9
5* 18 36.89+1.08 10.3 5 35.67+£1.30 29.4
follow: A1=78.32, A2=79.85,
A3=84.29, A4=84.32
h=1, b=8, d= [60log ¢=69.4864
Ist line: D log y = 6.154 — 0.242 x Hence, from equations (4) and (5),
2nd line: D log y = 7.461 — 0.279 x  the mean length and standard deviation of
3rd line: D log y = 16.036 — 0.5 x  each component was estimated as follow:
4th line: D log y = 16.566 — 0.502 x
[1=25.44, 2=26.71, ml=25.94, m2=27.21,

[3=32.07, [4=33.03 m3=32.57, m4=33.53
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Fig. 8. Graphs of logarithmic difference of the adjacent class frequency against the mid-points
of the class for separating the components of the length frequency distribution of spotted mackerel
based on the data of Table 5 and Figs. 4&5. A-E indicate data of autumn, winter, spring,
summer and overall seasons in Pengchiahsu-Fishing Is. respectively and F, Pratas Islands. Solid
circles were not used in estimating the component.

Si=1.31, S2=1.21,
$3=0.89, S4=0.89
Then, the total frequency in the

number of fish of each component was
estimated by equation (6):

N1 = y(25.5)+y(26.5)! /

IP1(25.5)+P1(26.5)]
= 2,341 x 10¢
ly(26.5)+y(27.5)) /
{P2(26.5)+P2(27.5),
2,909 x 104
iy(32.5)+y(33.5)} /
iP3(32.5)+P3(33.5)
= 1,345 x 10*
v(33.5)+y(34.5)) /
1P4(33.5) +P4(34.5)]
1,339 x 10¢

N2

N3

N4

N1
29.5 ¢

: N2 : N3 :
36.7 : 17.0 :

N4 =
16.8

Similarly, there are also four com-

ponents to be found for the fish in the
winter (Fig. 8-B). The mean length,
standard deviation and total frequency of
each component were also calculated
respectively as follows:

h=1, b=65, d=56.4577

< Ist line: D log y = 3.976 — 0.157 x
[1=25.33, Al1=72.33, ml=25.83,
S1=1.64, NI=1,274x10¢

2nd line: D log y = 8501 — 0.296 x
[2=28.77, A2=80.40, m2=29.27,
S2=1.18, N2=2,536x10*

3rd line: D log y = 5.957 — 0.194 x
13=30.71, A3=75.55, m3=31.21,
S3=1.47, N3=2,060x 10

4th line: D log vy 20.965 — 0.599 x

14=35.00, A4=85.23, m4=35.50,
S4=0.80, N4=519x10?
NI : N2 : N3 : N4 =
198 : 39.7 : 32.4 : 8.1
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In spring (Fig. 8-C):
h=1, b=4, d=34.7432
Ist line: D log y = 8.898 — 0.275 x

I1=32.35, A1=79.70, ml=32.85,
S1=1.22, NI=39x10¢

2nd line: D log y = 12.855 — 0.365 x
[2=35.26, A2=82.19, m2=35.76,
S2=1.05, N2=237x10*
NI : N2 = 14.1 : 85.9

In summer (Fig. 8-D):
h=1, b=4.5,  d=39.0861

Ist line: D log y = 6.059 — 0.192 x
I1=31.65, A1=75.36, ml=32.15,
S1=1.57, NI=1,292x10¢

2nd line: D logy = 15.894 — 0.463 x
[2=34.33, A2=83.84, m2=34.83,
52=0.99, N2=312x10*

NI : N2 = 80.5 : 19.5

For overall data (Fig. 8-E):
h=8.5, d=73.8293

Ist line: D log y = 8.748 — 0.337 x
[1=25.97, A1=81.56, ml1=26.47,
SI1=1.13, NI1=4,187x104

2nd line: D log y = 6.862 — 0.245 x
[2=28.01, A2=78.46, m2=28.51,
S2=1.34, NI1=3,240x104

3rd line: D log y = 3.636 — 0.114 x
[3=31.73, A3=66.43, m3=32.23,

h=1,

S3=1.58, N3=4,094x10¢

4th line: D log y = 19.728 — 0.568 x
14=34.73, A4=84.97, m4=35.23,
54=0.85, N4=1,443x10*
NI : N2 : N3 : N4 =
331 1256 : 323 :90

For those collected from the waters
off northern Pratas Islands were also

estimated (Fig. 8-F):

h=1, h=6, d=52.1148

Ist line: D log y = 4.083 — 0.243 x
11=28.55, A1=70.73, m1=29.05,
S1=1.25, NI=19x104

2nd line: D log y = 10.781 — 0.351 x
12=30.71, A2=74.10, m2=31.21,
S2=1.27, NI=67x10?

3rd line: D log y = 10.350 — 0.303 x
[3=34.10, A3=71.76, m3=34.60,
S3=1.22, N3=2,678x10*

4th line: D logy = 25914 — 0.744 x
14=34.83, A4=82.34, m4=35.33,
S4=0.25, N4=2,820x10*

5th line: D log y = 9.460 — 0.269 x
15=35.17, A5=69.61, m5=35.67,
S§5=1.30, N5=2,328x10¢

NI : N2 : N3 : N4 : N5 =
0.2 :09 :339:356 ;294

IV. Comparison of age composition
between polymodal length-fre-
quency analysis and age length key

The mean length, standard deviation
and mixture ratio of each components
estimated from the polymodal analysis of
length frequency distribution of the fish
(Fig. 8) were compared with the results
obtained from age determination (Table
6).

In autumn, there are four components
scparated from the length frequency
distribution of the catch of the spotted
mackerel in the Pengchiahsu and Fishing
Islands (Fig. 8A). The mean lengths of
the first and second components were
estimated to be 25.94 cm and 27.21 cm,
respectively, which was considered to be
the same age group because their mean
was close to the mean length of 1% year
old fish, 26.12 cm. Meanwhile, the
summation of proportion of mixture of
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the first and second components, 66.2%
(29.5% + 36.7%) completely equal to
the ratio of composition of 17 year old
fish. Mean lengths of the third and fourth
components were estimated to be 32.57
cm and 33.53 cm which was considered
to correspond to 2% and 3% year old
fish, respectively. The fifth component
which may correspond to the 47 year
old fish was not estimated because D log
y against x was only two points and
irregular in distribution (Fig.8A). The 0%
year old fish was not found in the
polymodal analysis of length frequency
distribution, may be due to its low ratio
(0.4%) in age composition.

In winter, there are also four
components were separated from the
length frequency distribution of the
mackerel in the same area (Fig. 8B).
These four components corresponded to
1* to 4% year old fish. Their mean
length and mixed percentage corresponded
very well each other.

In spring, two components were
separated from the length frequency
distribution (Fig. 8C). These two com-
ponents were considered to correspond to
3" and 4% year old fish groups, respec-
tively, because the values of mean length
and standard deviation were similar
between them. The third component
which may correspond to 5% year old
fish group could not be estimated because
only one point to be found for the
regression of D log y on x (Fig. 8C).
Accordingly, this may cause the mixed
percentage of the first and second
components to be higher than those of the
corresponding age groups, 3% and 47
year old fish.

In summer, two components were
separated from the length frequency
distribution (Fig. 8D). These two
components corresponded to 2* and 37
year old fish as viewed from their
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similarity in mean length, standard
deviation and mixed percentage. The third
component may be existed but not be
found, it may be due to low percentage
in mixed proportion.

Overall season, it seems that there are
six components existed in the length
frequency distribution of the catch of the
spotted mackerel in the Penchiahsu and
Fishing Islands (Fig. 8E). However, the
first and sixth components have not been
estimated because of lower percentage of
mixed proportion and few points of D log
y against x. The remainder second to fifth
components were considered to be well
corresponded to 1 to 4 year old fish
as viewed from their similarity in mean
length, standard deviation and proportion
of mixture.

Similarly, there are five components
were found in the catch of northern
Pratas Islands (Fig. 8F). The mean length
from polymodal analysis was similar to
that from age-length key. However, the
proportion of mixture of the components
from polymodal analysis was not coin-
cident with the percentage age com-
position from age-length key (Table 6).
It seems that polymodal analysis of length
frequency distribution is diffcult in older

© fish.

DISCUSSION AND CONCLUSION

Comparing the results estimated from
the polymodal analysis of length
frequency data with those from ageing
data of scale reading, it was found that
three aspects were not corresponding each
other.

Firstly, single age group may be
resolved into two components in the
length frequency distribution (e.g. Table
6 in autumn). This phenomenon may be
due to different cohorts existed in the
same year class, which was especially



Age Structure of Spotted Mackerel 135

significant in the young fish (lizuka,
1971), or due to the combination of the
same cohort measured in the different
period, as shown in Fig. 2.

Secondly, the numbers of components
from analysis of length frequencies were
found fewer than that of age groups from
scale reading (Table 6). The unestimated
components were always existed in the
two sides of length frequency distribution
(Fig. 8, indicated by solid circles). The
reason of underestimation was due to
lower in proportion of mixture of the
component as viewed from the percentage
of age composition.

Thirdly, the mixed proportion of each
components separated from the length
frequency distribution of old fish did not
quite match with that of the corresponding
age groups, e.g. the data of the northern
Pratas Islands (Table 6). The causes may
be due to the growth rate became low
during the fish get old, then modal length
highly overlapped and not easily to be
separated for each components. This
phenomenon also appeared in the results
of scale reading. The difficulty in
resolution of the components of length
frequency distribution of the old fish was
also noted by other workers (Tanaka,
1962; Pauly, 1983; Peterson, 1892). Al-
though, polymodal analysis of length
frequency data have some problems
as mentioned above, if a large samples
were analyzed continuously in a enough
and sampled randomly, the errors will
be reduced to a minimum. Meanwhile,
in order to understand that the mode
(component) which calculated by the
Bhattacharya method coincides with
which one of the age group, the age
determination and other biological in-
formation must be matched simultaneous-
ly.

Age composition of the spotted
mackerel in the waters off Pengchiahsu

and Fishing Islands in the northern
Taiwan, varied with season. In autumn-
winter, young fish was dominant in the
age composition of the catch. In spring-
summer, it seems that the proportion of
old fish increased in the catch (Fig. 6).
From the fluctuation of monthly catch, it
indicated that the good fishing season of
the spotted mackerel in the Pengchiahsu
and Fishing Islands appeared in autumn-
winter (Table 1). Therefore, for the
overall catch, the age composition of the
catch of the spotted mackerel in the
Pengchiahsu and Fishing Islands was
dominant by 17 to 3% year old fish. On
the other hand, in spring-summer, the
fishing grounds shifted to northern Pratas
Islands in the southwestern Taiwan. In
this period, the old fish was dominant in
age composition of the catch, mainly 4%
year old fish. This indicated that the age
composition of the mackerel was extreme-
ly different between the Pengchiahsu--
Fishing Islands and northern Paratas
Islands.
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