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SUMMARY

1. The spawning season of anchovy begins at the end of May and runs till mid-October,
when the water temperature is between 14.8~27.2°C and salinity is between 26.0~33.6psu.
The main spawning season is concentrated between July and August, when the water
temperature is between 21.7~27.2C and salinity is between 26.0~32.2psu. However,
according to some reports there were little distribution of anchovy larvae when salinity
was below 280psu. The China Coastal Water of below 28.0psu appear to affect the
surrounding sea of Jeju Island and can be a restrictive factor in survival of anchovy

larvae.

2. The main spawning grounds of anchovy are coastal areas below 50m around the
islands of the northern part of the Jeju Strait and neighboring sea areas of Jeju-do,
Chuja-do, Bogil-do, Cheongsan-do and Cho-do. The larvae of anchovy are intensively
distributed around the fronts between Chuja-do, Jangsu-do, Yeoseo—do and in the open sea
rather than the spawning grounds.

3. For concentration of SS in the area of sea on the northern coast of the Jeju Strait
with high density of anchovy eggs and larvae, the eggs between 12.0mg/ ¢ ~18.0mg/ ¢ were
mainly observed in the sea area affected by coastal water of the southern sea with the
high content of SS while the larvae between 10.0mg/# ~19.0mg/ ¢ tended to be distributed
in a wide sea area including an open sea area with high concentration; for DO, the eggs
between 5.40mg/ ¢ ~6.80mg/ ¢ were observed in a coastal area with the high content of
dissolved water while the larvae between 4.20mg/ ¢ ~6.40mg/ ¢ were widely distributed from
the coastal area of the southern sea to even an open sea area with the relatively low
content of dissolved water.

4. High densities of the early developmental stage eggs occurred in the vicinity of
Chongsan Island(Area J), from the southwestern part of Jeju Strait adjacent to the
northwest coast of Jeju Island(Area C) and also in the northwestern part of Jeju Strait in
the vicinity of Chuja Island(Area A), respectively. Therefore, it was found out that these
areas are becoming main spawning grounds of anchovy in this study area. During the
survey period, the proportion of the late developmental stage eggs was higher in the

eastern part of study area than in the western.

5. Anchovy larvae were concentrated at the 10m and 20m depths. Specially, densities of
larvae were markedly high in the northern part of Jeju Strait(Area A, B) than the other

sea areas. The proportions of larvae whose total length is longer than 10.0mm and 20.0mm



were high in the eastern part(Area B, D) than in the western part of Jeju Strait(Area A,
O).

6. Chlorophyll a concentration was high in the coastal waters and in the vicinity of
Islands, on the other hand, zooplankton abundance such as copepod, sagitta was low in this

area during the survey period.

7. Through the developmental process of white and red muscle fiber types of trunk
musculature and the developmental characters of fins in the anchovy larvae, increase in

sustained and burst swimming ability at least beyond 14.0~15.0mm TL.

8. The northern sea area of Jeju Island exhibits a northeastward current regardless of
season, the coastal sea area within seven miles from the northern part of Jeju-do exhibits
a southeastward current, the western coastal sea area exhibits a northeastward current, the
eastern coastal sea area exhibits a southwestward current, the northern coastal sea area of
the Jeju Strait exhibits a southeastward current, or southeastward current in western and
southern sea areas of Geomun-do and around the fronts eastern Chuja-do, Jangsu-do, and
Yeoseo—do. The Tsushima Warm Current moving northward in western and southern sea
areas, changing its direction to northeastward at east of Udo, and then passing the
southern sea area of Geomun—-do into the South Sea of Korea. This Tsushima Warm
Current joins the sea water within the strait, which passes the southern part of
Geomun-do, moves into the South Sea of Korea along the left side of the Tsushima Warm
Current. A part of the Tsushima Warm Current that changes its direction toward the
northeast around Udo moves from the northern sea area of Udo into the strait, thus
making the current within the strait complex.

9. The current within the Jeju Strait is flowing between 0.2~0.7knot with some
variations depending on the season or the area. The velocity of the current in the
northeastern coastal area of Jeju—do and in the southern sea area of Geomun-do and
Yeoseo—do is higher than that of the current in other sea areas. Since the transport of
anchovy eggs and larvae in the area of sea around Jeju-do is fundamentally dominated by
this current pattern, the anchovy eggs and larvae are transported from a spawning grounds
to the fronts by the current within the strait except in the northern coast of Jeju—do and
the eastern sea area where the eggs and larvae are transported toward the east or
southeast principally to the southern sea area of Geomun-do and then to the coastal area
of the South Sea of Korea along the left side of the Tsushima Warm Current confronted
in this sea area. On the other hand, some eggs and larvae spawned in southern and
northern coastal areas of Jeju-do are transported to the wvicinity of Pyoseon by the
southwestward counter-current in the eastern coast of Jeju—do or the eastward current in



the northern coastal area of Jeju—do and then pass the northern sea area of Udo along the
left side of the Tsushima Warm Current moving north from southern Jeju-do in this sea
area to southern Geomun-do.

10. TGPS Buoy movement correlates with the tidal cycle within the Jeju, Strait at spring
tide, the movement toward the east by the ebb tide was remarkable while that toward
west by the flood tide was very weak, almost stagnated or moving only a little. On the
contrary, there was a remarkable movement toward both east and west due to the effect
of flood and ebb tides at neap tide. Therefore, within the Jeju Strait the movement was O.
5~3.6miles toward west and 1.6~7.8miles toward the east by the flood tide, respectively.
The buoy movement is 2.0~5.3miles towards the west during neap tide and 4.5~6.2miles
toward the east at spring tide.

11. The larvae spawned in the sea area around Jeju—do grow to about 5~9mm while
they are transported in the sea area around Geomun-do. They can grow up to 15~20mm
when they are transported to the coastal area of the South Sea of Korea around Sori—do
and Yokji—do by the left side of Tsushima Warm Current. For this reason, the sea area
around Jeju—do is a prime sea in supplying larvae of 15~20mm in length to the coastal
area of the South Sea of Korea.
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Cross-section é

Fig. 5. Diagrams illustrating of cross—sections through the pre-caudal regions

in larvae of anchovy, Engraulis japonica. N, notochord; R, red muscle;
W, white muscle.

_24_



= Fig. 6, 79 el

= EE

hyA
o

| dxlo} ¥

2.1.1.1.1 20013 79¢ EA
2001 7€ 16YHEH 204714 AFE FHE] S

2. A4

|

[e]
25.0C )%,

o~
T

gl

'.Tloé

>

26.0C, 32.0psu°l’e]

-
.

~n

o

—~
fite)

i

F, 32.0psucl 9] Aoy

°

st 14.0C o]

S

o

3=}

=

ol A

(s A= S =1 A

kS

ase

ol

wK

=
o

w2 23.0~24.0TC9] A

il

_Z#O

.x{

Nfo

il
BR
i

o
=
o)
ZO
22!

ﬁo
ojn
ZO

ol
\]
T

ZO

2

Azl &itwel ot ol

vAO
o

5|
pud

=

2277 No./10°m’=

o FFo)%

| o] Aol o]Fo] A A ¢ro} W Alojo] PFo| qojA a2 -

BH

—

ol
ﬂ

g
B

il
IH
T
A
il

E
=

=]
=

R CE RIS

wK

zZ3] 9 (Fig. 1, Sta. 117914 24,726 No./10°’m’= ZA}

(o=}
=2

3l

~n

oz i

al

7

1=
T

o

_25_

ool Abgro] Fx o] o)A L

S

—{51_

=

o
126~22.0C, & 29.0~33.6psud] W olA AP= o,

|

P2

]
=

2} A



P

@ -2500
@ =8000
@ =1,000
< @ =100 i
~ . =110
July 16-20, 2001 July 16-20, 2001
10m Temp. 10m Sal.
Egg{No.10'm*) Egg(No./10°m*)
125°E 126°E 127°E 128125°E 126°E 127'E 128°

July 16-20, 2001 July 16-20, 2001

20m Temp. 20m Sal.
Egg(Ne./10°m*) Egg(Ne./10°m’)
125°E 126°E 127'E 128"125°E 126°E 127°E 128"

Fig. 6. Horizontal distributions of temperature(C), salinity(psu) and eggs of

anchovy in the sourrounding sea of Jeju do in Jul. 16~20, 2001.
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Fig. 25. Vertical distributions of temperature(C), salinity(psu), eggs and larvae

of anchovy along section A in Jul. 16, 2001.
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Fig. 26. Vertical distributions of temperature(C), salinity(psu), eggs and larvae

of anchovy along section A in Jul. 30, 2002.
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Fig. 28. Vertical distributions of temperature(C), salinity(psu), eggs and larvae

of anchovy along section A in Aug. 4~6, 2003.
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AR5 1HEZ Zds 3 A2 Abgto] <
AU AeES & F AAUTE H 2001 7ol dA o] 7 @Wol XdAH MuA dES =4
£o] HAntA o H

Table 1. Mean abundances of anchovy eggs by the developmental stages.

(Unit : No./1,000m")

Developmental Mean egg abundance
stages A B C D E F G H I ]
Stage 1 489 19 1013 8 30 2 717 1 - 7.927
Stage II 1292 12 189 41 15 3 444 - - 5,953
Stage II 80 11 293 10 1 2 1,680 - - 941
Total 1,861 42 1495 139 46 7 2,841 1 - 14821
126°E 127° E
i = T, )
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-y SR R,
& -"*:-f”'?# + &“ ! " "'-5 .
¥ J i
2% : e
0 3
MWN{ =4 ‘D& - 34°N
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. q~C i ED
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saw ?4:;5
(f;}, Jejudo }
i s
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w w
126° E 127° E

Fig.42. Spatial distribution of anchovy eggs by developmental stages.
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2.15.2 AAo Algz4

2001 7€ol o WA Ao AFRAL dAAER iRt Ay HTHFig.4d).
ZA717E B9 AR A o) o] AL 32~265 mm(oldt A WANT 71 Z AF
L2 =ZA 100 mm v 10.0~199 mm 22l 200 mm o4 AF 5 =ZA 37}
woto] HlustE T AT 459 Ao A+= 10.0 mm BT A 7F 87.9% 9]
2 49392 100 mm oA AFELS BT 10% olst= . AFaAg 5554
ol Bal ol A= 10.0 mm vwlwk 71217} 56.0%, 10.0~19.9 mm 7R A7} 43.2%, 20.0 mm ©]% 7l
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Fig.43. Spatial distributions in total length frequency of anchovy larvae in July, 2001.
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2001 7€l AdolA 7 AW FFE AFAa WEFghs Table 20 YERRITH
717F & AA AR
A Hato] 0.808 pg/ 4 = ©] T I8 o]
0.994+0.06 pg/ ¢, G319 0.976+0.05 pg/ ¢ o] =22 YEFAL AT

20 m F52 10 m 35 Bt 954 g gto] va ol AA HE2 0824 ug/ v E HEHS
H g2 = GIlY 0973+0.04 wg/ ¢, IS 0.938+0.14 pg/ ¢, CalS 0.921+0.18 pug/ ¢ 2]
e Hola SATH

30 m =& AA Hio] 0764 pg/ ¢ 2 7HE Woka BE ol A 9

¢} BA
0.900 pg/ ¢ wWto 2 kA R ).
oS TFE HH, 5L o7F 7MY AL A9 AFEHE FeSF Y st Hal
ARl WhA Aoz Wo] Fxsk= g AL J, G3llY ToE olF dPgES AnA S
2 FE At oly gajef e A Fte sidsle XAdS & 7 AT

Table 2. Mean concentration of chlorophyll a of each sea area in this study.

(Unit © pg/ )

Chlorophyll a concentration

Average
A B C D E F G H I ] g
10 m 0.811 0.785 0.734 0.706 0.778 0.643 0.976 0.558 1.093 0.994 0.808
20 m 0.834 0.897 0.921 0.714 0.841 0.682 0.973 0.597 0.938 0.844 0.824
30 m 0.845 0.703 0.797 0.713 0.748 0.816 0.865 0.653 0.704 0.795 0.764
Average 0.830 0.795 0.817 0.711 0.789 0.714 0.938 0.603 0.912 0.878 0.799
21612 39 FEZIHIAES] AEF
2001 79l o] 7 g e ztFel AR 5 PGy U= EEXAN3S Table
wl

33} Fig.44el yeuith,

216121 &7+5%
o¥l FAA 27tRE A 30.8 ind/mAEE ZdaAck 10 m ==
Ae AA H 26.1 ind./m A57b 2dsden slede Awud Daodo] 1038
ind/mo.2 7b4 Eki o thgo® A9 541 ind/m, C3 263 ind/m, B3l 26.1 ind./

o2l
k1
lo
ko
N
N

Sy S
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Table 3. Mean abundances of copepods and sagitta collected in the study area on July,
2001.

(Unit : ind./m")

Mean abundance of copepods and sagitta
Average
A B C D E F G H I J
copepod 10 m 54.1 9.8 26.3 103.8  26.1 11.8 86 9.7 75 3.3 26.1
20 m 60.1 13.2 16.7 1095 258 12.6 8.6 20.1 55.1 35 325
30 m 3.6 95 104 2144 2.1 12.8 82 6.9 66.5 1.8 33.7

Averag
393 108 178 1426 182 124 8.5 12.2  43.0 2.9 30.8
sagitta 10 m 187 9.2 145 13.1 6.5 7.8 7.7 6.2 5.8 6.7 9.6
20 m 105 9.4 105 3.9 8.6 85 7.0 13.6 9.3 4.0 85
30 m 2.9 5.1 3.4 11.7 3.8 5.4 8.6 2.2 8.5 6.8 5.8
Averag

10.7 7.9 9.5 9.6 6.3 7.2 7.8 7.3 7.9 5.8 8.0

WAON paetoN

3F 20N 33 20N

-l Y 30m depth

WwaoN{ © “lemin

33 20N 33 20N

Sagitta T 10m depth T 20m depth ® . T 30m depth

1 - 5 find.m3}
126°E 1ITE 126°E 12T'E 126°E 12T°E

Fig.44. Horizontal distribution of mean abundances (ind./m') of copepods and sagitta at the

depths of 10 m, 20 m and 30 m.
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Fig.45. Monthly of mean copepod abundance (ind./m') and chlorophyll a concentration (ug/
2 ) in the northern part of Jeju Strait from May to November, 2002 and April, 2003.
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WA AH oo Aol v waATI AAze F AfAFe F guwdel s8N A
= Table 48} 231, |52 log/log WS4 0.2 719 3he] Figd7, Figdss o] e} ol

Table 4. Linear regression analysis of total number of fibers and cross-sectioned area
on total length in anchovy larvae. loga and b are constants in equation

logy=loga+blogx (r = correlation coefficient)

Muscle Range

type of TL loga b r
Total number of fibers White < 6.5 mm 1.684 0.659 0.995
6.5-26.1 mm 0.652 2.041 0.988
> 26.1 mm 3.026 0.467 0.993
Red < 14.2 mm 1.518 0.564 0.894
14.2-19.3 mm 0.028 1.943 0.875
> 19.3 mm 1.112 1.064 0.896
Total cross—sectioned area ~ White < 8.2 mm 0.699 2135 0.925
8.2-17.3 mm 1.259 1.368 0.895
> 17.3 mm - 0.897 3.179 0.923
Red < 14.9 mm 0.681 1.074 0.968
149-186 mm - 2711 4.116 0.939
> 18.6 mm -0.535 2.315 0.960
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A A ole] WA e 7 K55S F AFMGT WskE Figdrel vebdllvh WA Ea A
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AFE S7HEol FAMAEA 193 mm7hA °F 210~320712] HHE EATHB=1.943). 19.3
mm ©] %9 JAFHE tAl S7HEo] ks A H A (5=1.064) 30.9 mme] JHA| A= A AL

9 & MFE7E ¢k 51070 vERW T
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Fig.47. Logarithmic plots showing relationship between total number of fibers and total

length in anchovy larvae. A, white muscle, B; red muscle.
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Aol F AdH A (Figds, B)2 149 mm ] A7 = ¢F 38~90 ﬂngl Ho =2 =7138cr)
(b=1.074) 149 mm NAFE 7}52 A4 Z718te] 186 mm7bA] F 126~314 im’e] WS e

|
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Fig. 48. Logarithmic plots showing relationship between total cross—sectioned area and total

length in anchovy larvae. A; white muscle, B; red muscle.
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21721 A= &7 d =75

rE
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Ax=gn 4714 (Table 5ol AdoAA = SA=en 477} A4 50~59 mm A FNA 7+
HA wEEla, O ggeR siA=r] 947]7F 6.0~69 mm AFFE Yehdr] A #stsl
A =ev] A7l e A=gue] vs 47]e] F3A7I7E 7HE o] 140~149 mm AlHF-
B i SHelA A2 JEEth

A Z7)E 60~69 mm AFEE SA=Yn] 6~7H, AA =1 8~94e =77} H
Z2 FGAHAT. AFe] SvtEFE 7 Axdue Ve HA F7hste] A==
140~149 mm AFHFH, S =evE= 150~159 mm AFHE Aol Aol @tk
ArenlE 150~159 mm AFHE 3~4719 717} dA4F9 28 19.0~199 mm Ao FE
T 6-THE Adofe] Aol ekl

ek B AA o= Al 150 mm o] FHH RS A=uldM E7|7F FAEHA A=

uzE Edshy] Algbekglen 190 mm ol f-o] JAIN-EHE R A= 77 Adofet

Table 5. Developmental characteristic of fins according to the body size (TL)

D; dorsal fin, A; anal fin, P; pelvic fin

Total length Number of fin ray N Total length Number of fin ray

(mm) D A P (mm) D A P n
35~39 - - - 30 15.0~159 13-16 15-17 3-4 30
40~49 - - - 30 16.0~16.9 15-16 16-18 3-5 30
5.0~59 + - - 30 17.0~17.9 14-16 15-17 4-6 30
6.0~6.9 6-7 8-9(+) - 30 18.0~18.9 15-16 16-17 5-6 20
7.0~79 9-10 10-11 - 30 19.0~199 15-16  17-18 6-7 20
8.0~89 11-12 11-12 - 30 20.0~20.9 15-16  17-18 6-7 20
9.0~99 10-13 12-15 - 30 21.0~219 15-16 16-17 6-7 20

10.0~10.9 11-14 12-15 - 30 22.0~229 15-16 16-17 6-7 10
11.0~11.9 12-14 13-15 - 30 23.0~239 15-16 16-18 6-7 10
12.0~12.9 12-14 13-15 - 30 24.0~249 15-16 16-18 7 10
13.0~13.9 12-15 14-16 - 30 26.0~26.9 15-16  16-18 7 10

14.0~14.9 14-16 14-17 + 30

+, body size that each rudimental fins observed first time

n, number of experimental specimens
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2 I e e R B = - B P ey Rl B R Rl
£ ol e&skA Eo3k FH agal 7oz
AR FEste] ##E3 tH(Table 6).

F3k F A% 50~59 mm AFAAE A=y EFEo] FEHE At 6.0~69 mm
AFHEE ZHEo] Ao dXAH FHRE x-guyt Walstdrth 9.0~99 mm AFFEHE 2
of 7hHl el ot oSl Sovbe FEHIE Eoltrk 13.0~139 mm AlH o FHE =

Ao} mE A =eju) 7k gdojel o] F Aefm sk FEl= EEEidth

==

=
2= 7

Table 6. Development of caudal fin in anchovy larvae

Total length Shape of

(mm) hind margin n
5.0~5.9 + 20
6.0~6.9 +t 20
7.0~79 +t 20
8.0~8.9 +t 20
9.0~9.9 et 20
10.0~10.9 et 20
11.0~11.9 et 20
12.0~129 et 15
13.0~139 bt 15
14.0~14.9 bt 15
15.0~159 ot 15

+, rounded; ++, truncated;
+++, emarginated;, ++++, furcated

n, number of experimental specimens
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Fig. 53. Drift track of TGPS Buoy in the northeastern coastal sea area of Jeju
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Fig. IM-55. Drift track of TGPS Buoy in the northern sea

D - TR oR,
-(&\‘ o -
P ¢ Beguoe gL " . - " g
" LW cnomgeande =
s i
—[_]
=
4/’ Jejudo
\_\:(_ﬂw -
126°E 127°E
4
3 S |-33°
1i60a | 90
2:et1
3:ft-2
4:et-2
5:et3
",
Py Jul. 10~11, "97
. v V\\ Tgps Buoy
_J"*/- - N -
1267 49°

Jul. 10~11, 1997(e.t:ebb tide, f.t:flood tide).

34N

33"
45"

126°E

=33
35°
1:etd

2:0: - pug. 27~29,'97

Jet2
4:1t2  19ps Buoy

T
126°49°

area of Jeju do In
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Aug. 27~29, 1997(e.t:ebb tide, f.t:flood tide).
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Fig. 57. Drift track of TGPS Buoy in the Jeju Strait in Sep. 04~09, 1997
(e.t:ebb tide, f.t:flood tide).
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Fig. 76. Monthly and spatial changes of length-frequency distribution of anchovy
larvae in the eastern part of Jeju Strait(Lee, 2004).
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