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Abstract

Seasonal variations of proximate and body compositions of chub mackerel Scomber japonicus from the coastal waters
of Korea were correlated with gonad morphology were determined in this study. Crude lipid content was 4.99-19.27 g/100 g,
with the highest and lowest values observed in December and March, respectively. Correlations (r? values) with total length,
body weight, and crude lipid content were relatively high (0.71-0.81) from September to December. In subsequent group
analyses of total length (<25, 25-30, 30-35, 35-40, and >40 cm), crude lipid content trends were investigated, and number of
mackerel with total length of >35 cm was the lowest at the start of spawning season in April. In addition, the highest
gonadosomatic index (GSI) was observed at this time, and it differed significantly in <35 cm long mackerel from that during
the other months. Crude protein content was also the highest in April and was strongly associated with total length and body
weight. Moreover, GSI was correlated with crude protein content, with r? values of 0.72 in April and 0.59 in May. Thus,
seasonal variations in proximate composition were intimately related with the spawning season and total length of mackerel
was coincided with the maturation stage of the fish.

Keywords: Chub mackerel, seasonal variation, proximate composition, crude lipid, gonadosomatic index, spawning season.

Introduction

In Korea, the per capita consumption of fish and
shellfish was 54.9 kg/person in 2013, with 3.9 g of
mackerel Scombridae spp. being consumed per person
per day, according to the nutrition surveys of people
in Korea in 2013 (NOAA, 2014; KCDC, 2014;
Kweon et al., 2014). Mackerel, one of the most
important commercial fishes in the Pacific Ocean
(Cha et al., 2010), has good flavor and is inexpensive.
Accordingly, annual chub mackerel Scomber
japonicus catches were 150,762 M/T in 2011 but
decreased to 131,206 M/T in 2014 (KSIS, 2014).

Mackerel are widespread in subtropical and
tropics fishing zones and age caught by the general
fishing industry. However, although production
cannot be planned owing to variable climate changes,
chub mackerel are caught all-round the year, with the
highest and lowest Korean production recorded in
November and May, respectively (Hwang, Kim, &
Lee, 2008). In Korea, closure of fishing seasons from
the end of April and early May rely on participation
of cooperating fishermen to conserve resources.
Although this season is widely known as the
spawning period, some mackerel are continually

harvested due to the absence of regulations. The
nutritional quality of fish might be influenced by
various factors including types of feed sexual cycle,
age, stage of maturity, environment, organs and
spawning periods (Norouzi, & Bagheri, 2015; Roy &
Lall, 2006). Specifically, multiple mackerel fish oils
have been identified, and this fish represents one of
the most important natural sources of polyunsaturated
fatty acids, including eicosapentaeoic acid and
docosahexaenoic acid, which have demonstrated
beneficial effects on human health (Boran &
Karagam, 2011; Saoud, Batal, Ghanawi, & Lebbos,
2008; Rafflenbeul, 2001). The knowledge of
proximate composition of fish species is important for
applying technological processes to ensure quality of
raw materials, sensory attributes, and storage stability
(Isam et al., 2013; Huss, 1988).

Lipids, the primary energy storage material in
fish, are stored as surplus energy for future
maintenance, growth, and reproduction (Edirisinghe,
Cumaranatunga, Radampola, & Kirindearachchige,
2013). However, lipid content of marine fish was
subject to differ with size, sex, maturity, and sampling
locations (Edirisinghe et al., 2013). Lipid appears to
be the component most affected by these factors
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owing to energy demands associated with
overwintering starvation in juvenile and mature fish
and eventual gonad maturation in sexually mature
fish. However, although protein and ash content are
also associated with energy demands, they are not as
dynamic as lipids (Brown & Murphy, 1991). Fish
body composition is generally assessed using
chemical proximate analyses to indirectly monitor
lipid and protein levels at various stages of growth
(Brown & Murphy, 1991). Accordingly, crude lipid
content and lipid types are important descriptors of
food quality; in addition, fish protein has high
nutritional value as an excellent source of the
essential amino acids lysine and methionine.

In the present study, seasonal variations in
proximate composition and size of mackerel were
recorded and empirical relationships between body
composition, total length, body weight and
gonadosomatic index (GSI) of females were
determined. In addition, we discussed relative prey
values based on variations in body composition and
relative spawning.

Material and Methods
Sample Collection

Chub mackerel Scomber japonicus were caught
from the south sea in Korea off the coast of Jeju
island between March 2012 and February 2013
(Figure 1) and a total of 480 samples were collected
from the Busan cooperative fish market at 40
samples/month according to the scale size (Table 1).

Total length, body weight, sexes, and gonad weight
(GW) of all fish samples were determined.
Subsequently, GSI was calculated as the gonad
proportion of total body weight (Borge & Gordo,
1991).

Proximate Composition

Moisture content was determined by drying the
fish in an oven at 105°C until a constant weight was
obtained (AOAC, 1995). Crude protein content was
calculated by converting nitrogen content by the
Kjeldahl method (6.25 x N, Gerhardt Kjeldahl
Nitrogen Equipment, Gerhardt GmbH & Co.,
Konigswinter, Germany) (AOAC, 1995). Crude lipid
content was determined using the method described
by the AOAC using a Soxhlet system (ST243 Soxtec,
FOSS, Hillered, Denmark). Ash content was
determined by dry ashing in a furnace oven at 525°C
for 24 h.

Statistical Analyses

Data were analyzed using analysis of variance
(ANOVA) with a general linear model procedure.
Differences between means were identified using
Duncan’s multiple-range test (P<0.05). Relationships
between proximate and body compositions were
identified using Pearson’s correlation coefficients.
Differences and correlations were considered
significant when <0.05 or <0.01 were obtained. All
statistical analyses were performed using SAS for
windows (SAS Enterprise Guide 4.3)

Figure 1. Fishing areas from which chub mackerel were obtained line-shaded parts indicate fishing areas.
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Results

Seasonal Variations in Proximate Composition

Seasonal variations in proximate composition of
mackerel from the southern coastal areas of Korea are
shown in Table 2. The average moisture content in
March was 73.07 g/100 g and was the highest during
the year. Moisture content decreased gradually
thereafter to 60.58 g/100 g in December and then
increased progressively during January (66.39 g/100
g) and February (68.14 g/100 g).

Moisture was decreased from April and reached
minimum in December followed by increase in
March. However, moisture content was negatively
correlated with crude lipid content, which was lowest
at 4.99 ¢/100 g in March and increased to 7.18 and
7.83 /100 g in April and May, respectively.
Moreover, crude lipid content was 14.2-15.74 g/100 g
from June to September and did not vary
significantly. In contrast, crude lipid content was the
highest in November and December (19.01 and 19.26
0/100 g, respectively), and it decreased to 12.52 and
10.32 ¢/100 g in January and February, respectively.
Crude protein content was 19.42-20.90 ¢/100 g; it
was the highest in February (20.90 g/100 g). Protein
content increased in the March and decreased in April
to reach minimum in November. Ash content was

1.26-1.96 g/100 g. It was the highest in November
and lowest in August; it decreased from January to
August, followed by an increase in November and
remained unchanged in December.

Relationship between Crude Lipid Content and
Body Composition Parameters

Distribution of crude lipid content, total length,
and body weight are shown Figures 2 and 3. During
January, the minimum and maximum crude lipid
content was 1.65 ¢/100 g and 30.17 ¢/100 g,
respectively. However, the maximum crude lipid
content was low in February (15 ¢/100 g) and no
significant correlation was observed between total
length and crude lipid content. In contrast, maximum
crude lipid content in May was similar to that in
March and April (Figures 2 and 3). Moreover, crude
lipid content tended to correlate with total length from
June to February. After grouping mackerel by length
(<25, 25-30, 30-35, 35-40, and >40 cm), crude lipid
content (Figure 4) of <25 cm long mackerel caught in
April, May, and July was 0.53-2.17 g/100 g, with no
significant seasonal variations observed (Figure 4A).
However, crude lipid content in 25-30 cm long
mackerel was 3.06-3.87 g/100 g from January to
April, but was maximally 5.82 g/100 g in March.

In July, the lowest crude lipid content (1.16

Table 1. Profiles of chub mackerel samples from the Korean coast

Season Total length Body length Body weight Sex No.
g yleng y g M F Immature

Jan. 25.9-40.8 23.8-37.4 103.5-790.6 8 32 - 40
(34.0+44.2) (31.5+3.8) (418.2+199.4)

Feb. 25.7-40 23.6-36.7 123.5-678.4 6 21 13 40
(34.4+4.7) (31.6+4.4) (425.2+188.2)

Mar. 26.1-42.1 23.8-38.2 138.8-683.7 13 27 - 40
(35.0+3.6) (32.1+3.4) (411.4+147.5)

Apr. 22.1-41.4 20.2-37.6 82.6-836.6 20 20 - 40
(32.5:5.2) (29.6+4.8) (362.9+201.5)

May 22.0-39.6 20.0-35.8 96.3-761.9 19 21 - 40
(32.5:5.1) (29.6+4.6) (409.0+195.0)

Jun. 27.0-40.0 25.5-36.7 184.8-702.6 11 29 - 40
(34.8+3.2) (32.142.8) (469.0+141.3)

Jul. 20.90-39.80 19.0-36.5 67.70-767.80 5 35 10 50
(32.45.0) (29.5+4.4) (359.4+180.4)

Aug. 25.3-40.0 23.3-36.2 135.3-795.1 0 40 - 40
(34.4+4.8) (31.6+4.3) (459.3+198.1)

Sep. 30.7-42.7 28.2-39.1 283.9-848.3 16 24 - 40
(36.1+3.2) (33.0+2.9) (515.2+161.2)

Oct. 28.1-41.0 25.9-27.2 186.1-778.4 15 25 - 40
(35.5+3.5) (32.6+3.2) (488.6+159.2)

Nov. 26.0-40.8 23.5-37.9 106.2-757.4 1 39 - 40
(35.9+4.2) (32.8+3.9) (500.0+191.2)

Dec. 29.9-41.7 27.1-38.0 254.6-863.4 10 30 - 40
(36.0+3.5) (33.1+3.0) (503.2+170.5)
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Table 2. Monthly changes in proximate composition of chub mackerel from the Korean coast

Moisture Crude lipid Crude protein Crude ash

Jan. 53.22-77.309 1.65-30.17 17.26-22.57 1.37-2.21
(66.39+6.53%2) (12.52+7.579 (20.29+1.06 9) (1.96+0.159)

Feb. 57.74-80.62 0.40-21.74 18.37-22.60 1.21-2.17
(68.14+5.64°) (10.3245.72°9) (20.90+0.85 %) (1.68+0.22°)

Mar. 64.41-78.99 0.36-16.10 18.33-23.69 1.11-1.93
(73.07+3.523) (4.99+4.019) (20.83+1.13 %) (1.44+0.16 ")

Apr. 63.17-78.66 0.55-17.47 18.41-23.18 1.12-1.70
(71.31+4.57b) (7.18+4.74") (20.45+1,05 °d) (1.40+0.12")

May 59.76-77.68 1.04-16.86 18.58-22.84 1.29-1.96
(70.04+4.73") (7.79+4.43) (20.69:£0.94 @) (1.50+0.14°°)

Jun. 52.18-71.12 5.54-28.12 18.05-22.94 0.97-1.65
(63.57+3.91°¢) (14.27+4.79°) (20.59-+0.98 acd) (1.35:0.16 %)

Jul. 53.44-72.28 3.27-28.37 17.47-22.29 0.99-2.33
(63.86+4.38°) (14.18+5.59 ™) (20.36+1.06 9) (1.55+0.289)

Aug. 46.28-75.68 1.00-27.44 17.38-22.83 0.81-1.69
(63.52+6.68 ©) (14.73+7.68 ) (19.93+1.20¢) (1.27+0.13J)

Sep. 46.99-75.82 0.86-35.52 18.33-23.69 0.81-2.18
(62.42+7.58 ) (15.75+9.07h") (20.83+1.13 %) (1.37:0.309)

Oct. 50.96-72.59 3.16-29.51 18.22-23.99 1.01-1.56
(62.44+6.49 ) (16.17+7.53Y) (20.55+1.47 bd) (1.31+0.10 1)

Nov. 47.82-74.35 3.31-36.56 17.12-22.09 0.95-1.72
(61.35+6.851) (19.02+8.07 3 (19.42+1.02 ) (1.33+0.17 )

Dec. 48.75-72.83 5.45-33.93 16.52-23.11 0.86-2.22
(60.58+5.439) (19.27+6.96 2) (19.68+1.40 ) (1.74+0.30")

1) Values are shown as min—-max (meanzstandard deviation)

2) Different superscripts within a same row are significantly different by Duncan's multiple range at P<0.05.

0/100 g) was observed and total fish length was <25.5
cm (Figure 4B). Among 30-35 cm long fish, crude
lipid content was the lowest in March (6.77 g/100 g)
and highest in September (27.39 g/100 g; Figure 4C).
In contrast, among 35-40 cm long fish, crude lipid
content was the lowest in April (6.46 g/100 g) and
ranged between 19.17 and 21.06 g/100 g from July to
December (Figure 4D); it differed significantly
between spring season (March to April) and all other
seasons. Finally, >40 cm long mackerel were caught
only in January, March, April, September, October,
November, and December and had crude lipid content
of 19.17-21.06 g/100 g (Figure 4e).

Relationships between Proximate Composition and
Body Composition Parameters

Relationships between moisture, crude protein,
and crude lipid content of mackerel was stratified by
total length and body weight (Table 3). In these
analyses, moisture content was negatively correlated
with crude lipid content, total length, and body
weight. In particular, the correlation coefficient (r?) of
moisture content with total length in March, April,
and June was —0.34, —0.60, and —0.53 and that with
body weight was -0.36, —0.61, and —0.56,
respectively. Except that month, relationship between
total length and body weight corresponds to a very
negative correlation and is high significant

relationship which was —0.70, —0.80, —0.67, and
—0.88. These correlations were the weakest in March
and the strongest in July.

Crude lipid content was positively correlated
with total length and body weight from January to
March, with r?> values of 0.7-0.8 and 0.62-0.82,
respectively. In April, these correlation coefficients
decreased to 0.46 and 0.43, respectively, and in May,
they restored to 0.74 and 0.75 and to 0.51 and 0.55 in
June, respectively. Significant linear relationships
between total length and crude lipid content and
between body weight and crude lipid content were
observed from July to December (r? = 0.71-0.83 and
0.78-0.87, respectively). Crude protein content was
also positively correlated with total length and body
weight in March (r> = 0.73 and 0.70, respectively).
However, these correlation coefficients were
weakened in April and May to 0.56 and 0.51, and
0.60 and 0.53, respectively, and they were negative
from July (r? =—0.77 and —0.74, respectively).

Relationships between Proximate Composition,
GW, and GSI

Relationships between proximate composition,
GW, and GSI of female mackerel are presented in
Table 4. In these analyses, moisture content was
negatively correlated with GW, with r? values of -0.65
—-0.16 over the entire year. This relationship was the



K. Shim et al. / Turk. J. Fish. Aquat. Sci. 17: 735-744 (2017) 739
“ “ o
A B C
35 35 35
.
=2 =2 ~ %
] 3 3
8 $ 8 8
95 o 42 g5
2 L] ] . 2 2
2w * 2w i 2w
£ ° o o = =
R .o L CRY [ ] ERD (]
5 °p *° 5 W 5 o . 0
’ o, % ’ . "o.o ’ 040
L Y ¢ '
. ]
5 ..o et . 5 . .‘ (] 5 'l : .
o (] o 4 e o 2 ® o
0 % 30 3% 0 45 0 2 % 3% ) 45 0 2 % 30 3% 2 4
© Total length (cm) o Total length (cm) o Total length (cm)
D E F
35 35 35
~ % ~ ~
e e )
1] I} I} [}
8 8 8
=R =R =R
3 3 3 ‘ ’
2 2 22 22
5 5 5
ERD . ERD > ERD R
g . @ g oy ! g £,y
SN L) ] SN ...' [} (] ST ¢ .. [}
. ‘ ° L] N
s ’ ..ﬁ.a of Phad 5 N 5 .
° [ \. ‘.. .. [}
8 a% 0 0
0 2% 30 3 “© 45 0 2% 3% 4 4 0 % 30 35 4 4
Total length (cm) Total length (cm)
% % 4
G H |
35 35 3 s ¢
~ 30 ~ 30 ~ 30 [
> £ 3 °
g ¢ g o8 g . '.’.
g% ‘ 925 925 ~
3 3 3
R ] ’ R [} R ‘ !
: LI : yd :
g5 L5 . 0 L5 L
2 2 2
5 5 5
10 h 10 .. : .: ., 10 .o
5 0. 5 U i 5 .
o Y WA o (] 0 &
0 % 30 3 “ 45 0 % 3% 2 4 0 % 30 35 4 s
© Total length (cm) © Total length (cm) - Total length (cm)
J K L
°
35 35 | ® ]
~ % ~ % ‘ 3 ¥ h'
g ) g 3e g N
2% " ; g% ! 2% . r' °
& 2 g []
Zw 5'.4 ZTw ER ..l.".
= = ° v
o o L5 i
g N g [ g o ..
S 1 ° . Gy ' O 19 o
o
5 l‘r.‘ [ ] 5 (1] .‘ .. 5 [}
(]
0
0 0
0o 2 2 3 £ 2 I3 0o 2 2 £ % I3 o » o % @0 ®
Total length (cm) Total length (cm) Total length (cm)

Figure 3. Scatter plots of the relationship between crude lipid content and body weight of chub mackerel from Korean
coastal areas. A-L refer to the months from January to December.

strongest in January and September and the lowest in
June. In contrast, crude lipid content and GSI showed
r2 values of 0.19-0.59 over the entire year, and these
values were maximum in May and minimum in June.

Specifically, correlations of crude protein
content with GW and GSI showed r? values of 0.71
and 0.72, respectively, in April and 0.58 and 0.59,
respectively, in May, and they did not vary
significantly between June and April of the following
year but were increased to 0.48 and 0.34, respectively,
since March.

Discussion

Chub mackerel from the Korean coast start
maturing in March, and spawning occurs primarily in
May and is finished by June (FAO, 2000; Hwang et
al., 2008). Fishing intensity in the Korean purse-seine
fishery was high during December to February (when

chub mackerel aggregate on the wintering ground)
and was low during April to July (during spawning
and northward migration) (Hwang et al., 2008).

According to Borges and Gordo (1991) the
spawning season of this species occurs during the first
semester of the year and reflects low crude lipid
content. Hence, large variations in proximate
composition of fish species reflects physiological
processes and changes in environmental conditions
that together dictate spawning, migration, and
starvation or heavy feeding activities (Boran &
Karagam, 2011; Costa, 2013).

Previous analyses of seasonal variations in crude
lipid content of mackerel S. scombrus L from the
western English Channel showed that the lowest mean
fat content occurs in May. This study also showed
that feeding resumes in May/June and fat reserves
accumulate throughout the summer, culminating in
high mean crude lipid content at the end of the year in
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Table 3. Pearson’s correlation coefficients of proximate and body composition variables

Season Total length Body weight Sex
Jan. Moisture —0.75%* —0.67** —0.34**
Crude lipid 0.70** 0.62** 0.34**
Crude protein —0.40** —0.50** —0.27**
Feb. Moisture —0.82** —0.82** 0.54*=
Crude lipid 0.80** 0.82** —0.47**
Crude protein 0.09 0.03 0.15
Mar. Moisture —0.34** —0.36** 0.17
Crude lipid 0.77** 0.82** 0.20*
Crude protein 0.73** 0.70** -0.03
Apr. Moisture —0.60** —0.61** —0.27**
Crude lipid 0.46** 0.49** 0.24**
Crude protein 0.56** 0.57** 0.03
May Moisture —0.8** —0.81** —0.01
Crude lipid 0.74** 0.75** 0
Crude protein 0.51** 0.53** —-0.08
Jun. Moisture —0.53** —0.56** —-0.05
Crude lipid 0.51** 0.55** 0.04
Crude protein —0.30** —0.37** —-0.07
Jul. Moisture —0.85** —0.88** 0
Crude lipid 0.83** 0.87** 0
Crude protein —0.38** —0.43** 0.07
Aug. Moisture —0.74** —0.79** 0.16
Crude lipid 0.71** 0.78** -0.15
Crude protein —0.33** —0.45** 0.15
Sep. Moisture —0.79** —-0.82 0.30**
Crude lipid 0.77** 0.81** —0.29**
Crude protein 0.60** 0.62** —0.25**
Oct. Moisture —0.78** —0.77** 0.28**
Crude lipid 0.78** 0.76** —0.29**
Crude protein —0.77** —0.74** 0.41**
Nov. Moisture —0.83** —0.86** 0.30**
Crude lipid 0.77** 0.80** —0.30**
Crude protein —0.42** —0.48** 0.38**
Dec. Moisture —0.70** =0.77** —0.34**
Crude lipid 0.71*= 0.77** 0.35**
Crude protein —0.53** —0.60** —0.26**

*Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level.

fish of all length and weight categories. Subsequently,
fat content gradually decrease through the winter,
reflecting limited feeding and use of fat energy stores.
Maturing mackerel then begin to move from their
wintering areas towards spawning grounds and
gonads are enlarged in preparation (Wallace, 1991).

In a previous study, crude lipid content of Indian
mackerel Restrelliger kanagurta from the shallow
waters of Pakistani coastal areas was the highest in
December and the lowest in January and June (Nisa
and Ksadullah, 2011). Moreover, crude lipid content
was the lowest and protein content the highest during
the primary spawning season in March. In addition,

proximate composition was closely correlated with
the spawning season and rates of recovery after
spawning depended on feeding conditions, reportedly
reflecting depletion of stock energy during spawning
(Love, 1970).

In the present study, correlations between crude
lipid content and total length were the lowest in
March; in contrast, correlations between crude lipid
and crude protein content was higher in March than in
other months. Moreover, number of >35-cm long
mackerel was the lowest in April, but it did not
significantly vary in case of <35-cm long mackerel
between January and June. Previous studies on
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Table 4. Pearson’s correlation coefficients of proximate composition, gonad weight (GW) and gonadosomatic index (GSI)

Season GW GSI
Jan. Moisture —0.64** 0.44**
Crude lipid 0.65** —0.41**
Crude protein —0.34** —-0.003
Feb. Moisture —0.54** -0.41**
Crude lipid 0.51** 0.34**
Crude protein —0.35** —0.35**
Mar. Moisture —0.46** —0.54**
Crude lipid 0.42** 0.26*
Crude protein 0.48** 0.34**
Apr. Moisture —0.48** —0.49**
Crude lipid 0.38** 0.39**
Crude protein 0.71** 0.72**
May Moisture —0.67** —0.67**
Crude lipid 0.58** 0.59**
Crude protein 0.62** 0.59**
Jun. Moisture -0.16 -0.04
Crude lipid 0.16 0.03
Crude protein -0.01 0.10
Jul. Moisture —0.36** 0.17
Crude lipid 0.37** 0.18
Crude protein -0.09 -0.01
Aug. Moisture —0.44** —0.32%*
Crude lipid 0.43** 0.32**
Crude protein —0.29** —0.23**
Sep. Moisture —0.64** —0.57**
Crude lipid 0.60** 0.52**
Crude protein 0.28* 0.11
Oct. Moisture —0.49** —0.39**
Crude lipid 0.47** 0.37**
Crude protein -0.61** —0.56**
Nov. Moisture —0.44** —0.23**
Crude lipid 0.40** 0.19*
Crude protein -0.21* -0.07
Dec. Moisture —0.43** —0.31**
Crude lipid 0.43** 0.30**
Crude protein —-0.25* -0.11

*Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level.

mackerel from the Pacific coast showed that fork
length was 28-30 cm among females of 50% maturity
at 1-3 years of age (Hwang et al., 2008; Usami,
1973). Among these fish, seasonal variations in crude
lipid content in <35 cm long mackerel were not
significant, reflecting inability to spawn.

GSI increases with maturation of fish and is the
highest during spawning, and it decrease after
spawning (Igbal and Batool, 2013; Alam and Pathak,
2010; Lone and Hussain, 2009). Moreover, because
maximum GSI values indicate peak maturity, these
can generally be used to estimate reproductive
conditions (Stoumboudi, Villvock, Sela, & Abraham,

1993). Accordingly, relationships between proximate
composition and total length, body weight, GW, and
GSI of female S. japonicus mackerel were significant
in the present study. However, crude lipid content was
not strongly correlated with GSI, and crude protein
content was only significantly elevated in March.
Moreover, although GSI was only weakly correlated
with total length in January and February, it increased
from March to May. Similarly, GW was highly
correlated with total length during March to May, and
significant seasonal variations in maximum GSI were
previously reported during the same months (Hwang
& Lee, 2005; Cha et al., 2002). Accordingly, larger
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mackerel often exceeded the spawning ages, and
maturity and GSI are related in chub mackerel from
the Korean coast during spawning from April to May.
Therefore, <20 cm long juvenile chub mackerel and
<35 c¢m long spawning fish did not show marked
variability of proximate composition. Moreover,
proximate composition varied significantly with
season in <35 cm long adult fish. In particular, crude
lipid content was markedly correlated with the
seasons, whereas the relationship between total length
and crude lipid content was limited during the
spawning season.

Taken together, the present data provide
evidence for estimates of self-regulation within a
closed season of chub mackerel in Korea.
Specifically, adult mackerel are likely the most
abundant nutrient source, except during the spawning
season when catching fish <35 cm in length is
prohibited and nutritional value is low.

Conclusion

In the present study, seasonal variations in
composition variables were correlated with gonad
morphology, and marked correlations of moisture,
crude lipid, and crude protein content were identified.
Significant linear relationships between total length
and crude lipid content and between body weight and
crude lipid content were observed from July to
December (> = 0.71-0.83 and 0.78-0.87,
respectively). The correlations of crude protein
content with GW and GSI showed r? values of 0.71
and 0.72, respectively, in April and 0.58 and 0.59,
respectively, in May, and they did not vary
significantly between June and April of the following
year but were increased to 0.48 and 0.34, respectively,
since March. The proximate composition varied
significantly with season in >35 c¢cm long adult fish.
These analyses indicate high seasonal variability of
nutritional components in chub mackerel and the best
fish condition, high lipid content, was recorded for
those specimens with length of more than 35 cm (TL)
that was coincided with the maturation stage of fish.
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