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Entrainment mechanism of 7odarodes pacificus

winter cohort into the Yellow Sea

Ji Young Song

Division of Marine Environment and Bioscience,

Graduate School of Korea Maritime University, Busan, 606-791, Korea

Abstract

A Lagrangian - particle - tracking experiment has been conducted by using
Regional Ocean Modeling System (ROMS) to understand entrainment mechanism of

Todarodes pacificus winter cohort into the Yellow Sea from 2005 to 2010.

As a numerical experiment result, the transport process in the Yellow and East
China Seas was affected by different pathway between the Kuroshio and
Northeastward Kuroshio Branch (NKB). However, the particles released in the
southwest Kyushu passed through the Entrainment Region (ER) more than those in

the other regions.

The backtracked spawning area of the entrained particles in the ER covered 30°-

33°N and 126° ~ 128°E, southwest Kyushu.

The results showed the different pattern with the hypothesized entrainment
mechanism into the Yellow Sea as suggested by Rosa et al. (2011), which suggested

_Vi_



that the environment of the 7 pacificus spawning area can influence the catch of the
T pacificus and T pacificus eggs and larves moved to the Yellow Sea by Taiwan
Warm current during unfavorable spawning area. Also, the annual variability of the
observed cohort in the Yellow Sea presented the positive correlation with those of
the number of entrained particles into the ER according to the advection and

survival process by the low temperature except in 2007.

Therefore, it is important the annual variability of the transport and survival
process by the low temperature and environment of the southwest Kyushu for the

catch of the Yellow Sea of the T pacificus.
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al. 1969; Voss, 1977). At&t& =8¢k FalldiolA 15 - 23 °C 29 HHEF
ot WEW (100- 500 m) 5 Aol A 1$°WE} ol MA = MR )

o} (Bower and Sakurai, 1996).

AT Aeste Aom LAY ool Aol HAFH= Ad wEt AF 5 - 8
), 7Fe (9 - 129), AE (1 - 4¥) AHFY Al hY Ao = vdt (Murata, 1989;
Kim and Kang, 1995). atA|%k 2 &e] tfjfito] 7psqbteha st ALqtdad o g 74
Ho @A7A Y AFAARES FTEM B AT AdFo] /M BH (Araya,
1967; Kasahara, 1978; Okutani, 1983; Murata, 1989).

ShegEe Aol F4 WERH URAEe Ay QB Aixeln, 9ol
12%6] A4S 1 FE FAES AAE dRel o3 BERom FEHUA A
g g HLHUTE T AES F Holgos

Ae Aazel Adge FaolA B9 FFIs ] Buaty, 1904 49
Aolel e F UREo] FEALE weh By Hasin FRAC AMe F Aol
o= 3t =AFH 7S Atold S Sl oAl 3 F3ok (McGurk, 1987; Frank
et al. 1993; Stabeno et al. 1996, Nakara. 1996, Townsend and Pettigrew, 1996)

2000t £ oMo oo} oJFFL FA3] Frtske AL® HiHI =
g o3k o@FHs dedo ofFomA o] oS MEA dHs= A7
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Isobe et al. (2008)°] <2J3] #AAE FEAL
(Kuroshlo), Ade = FdE FEA L (The Onshore Kuroshio Intrusion, ©]3} OKI),

THFY FEAQ AF{ (The Northeastward Kuroshio Branch, ©]3} NKB), &3
(The Northward Current, ©]3} NC), WRdF (The Taiwan Warm Current, ©]3}
TWQ), thvbdF (The Tsushima Warm Current,©]3t TC), 53 FEAI2AF (The
Northward Kuroshio Branch, ©]3F NB)%©°] At (Fig. 1). :LEJL]- HAAQ74A] o5t
of Wt Fe2 FAHE deAol &3 FAe FEAA B3 A= AFIT LA
ol

webA], B AT A= Isobe et al. (2008)el o3l o] °
= T FEAAR Fero FUAAE LS oldlsty] st 3A4d e =l
o] &3te] Zafo] % w3 AT YA FFH IS Fa| AASTE &
FAH S zog)
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Fig. 2 Bathymetry map and schematic of the ocean circulation in the East China
Sea (ECS) and the Yellow Sea (YS). Solid and dashed arrows labeled 1 to
11 represent major surface currents in the ECS and the YS, mainly with
reference to Isobe (2008). These currents are termed in the present study as
follows: “1” the Kuroshio, “2” the onshore Kuroshio intrusion (OKI), “3”
the northeastward Kuroshio branch (NKB), “4” the northward current (NC),
“5” the Taiwan Strait Warm Current, “6” the Taiwan Warm Current
(TWC), “7” the China Coastal Current, “8” the Cheju Warm Current, “9”
the Tsushima Warm Current, “10” the Yellow Sea Warm Current, and “11”
the northward Kuroshio branch (TC). The surface currents shown by the
solid arrows are regarded as persistent, referred to Isobe et al. (2008)

(Takahash et al. 2013).
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2 2doA AES T EEEE ROMS (Regional Ocean Modeling System)
Version 3.6°]th. ROMS+ B4 (hydrostatic assumptions)®t BoussinesqE ©] &
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Fig. 3 The bottom topography of the Yellow Sea
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Fig. 4 HYCOM-produced 2004 - 2011 annually-averaged initial (A) sea-level, (B) sea-surface temperature (in C), (C) sea-surface
salinity (in PSU).



Fig. 5 Each pointed river mouth is located in the Yellow Sea and East China Sea.
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ol Fafel vs dF =:A ey FEEM £27F WOA0LH BTt (Fig. 7
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Fig. 11 Korea Oceangraphic data center , NFRDI KOR produced 314line temperature (in C) at six different perids in 2009. (A) 8
- 9 Feb, (B) 10 - 12 Apr, (C) 24 - 25 Jun, (D) 23 - 25 Aug, (E) 21 - 22 Oct (F) 23 - 24 Dec.
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312 &4 HF

2 AFsYAe Fede =/ (Tidal current)®} 35 Ocean current)”} EH-2g
o2 B we} (Ogura, 1933; Nishida, 1980; Larsen et al. 1985; Fang, 1986),
mdo A At 24E& A8 Y8 FHANFZAY (http://mdc,nori,go,kr/)2] 14]
Az #ASARE vwstY T Figure 15914 Yebd 14719 #3233 124.1°E,
24306°N°ll = ISHIGAKI AxA4oA #5d =9 9 A4S 2 A4 Hlawste
Figure 13%} Figure 14 Z18]3l Table 1¢] YERHAT. 48 ZF ©@9+= cmo]y,
N4 Greenwich A& 7[Eo 2 BT AS 299 dF Aol a
A AFE AT F e ABAF RE AHEE M, S, Ky, 00 22 0.9464,
0.9652, 0.7527, 0.1881°.2 O, & A9jstx APA Je A34E BRI, HdFx Ao
dFx JERT 53 FHAS HEAT S A= My, Sy, K3t Oq0ll
409332, 0.9139, 0.8604, ¢} 0.8714ZA4 =9 =9 ARG UFEsHA AAFHAT
53] 09 A% FHAFRS 29 AdAsRS 2 52 &S e oY &
A A BxoA HAAHOZ ALtghe]l BSRG AA AlE#HlA Hol Z gA &
Sk, AAAQD EAAAE MpA Aol #3533 7M. REete S JYERdTh
ASAHL 4, ndo 99 Axmr], 18d £x9 2ol HuHQl Fovw
= YEAT, Mz 9ok el oA Choi (1980)= Z2t 91%= 10%%F #1744
10° *H%], Lee et al. (2002)> 164 cm 9} 19.5°, Kang et al. (1988)> 9.7 cm 4.5°9]
a7 EA st B A7 AAde 5ZE AQdstal tiREY AxiLdA 299 9
del Aotz 10% mivte g A yet x4o] & AFHE= A2 ATt

V%
Z

d

tidal charte YFAGoNA v Zpo]E HJYAW Nishida (1980), Bao et al
(2001)3 Lee et al. (2002)5¢ ZA#et FASIAT. Mo SE=AMH} F2AATE
Nishida (1980)°ll41 ¢ #5%k3t vl-%- LA8IATE S0 A-F A 4719 F=4
of A= Z AFBHJAR, T2AAJA A A A AdEHAL, KiF 0% 270
o] ZxHe YA/t 712 AR} GASAT. SAW dFxe] SEAMe BERT
A AFE AL, Ol E 2el7F A UERgTE (Fig. 12). #33 29 Axe] o3
© #3HY 84 A 2 FH £33 md G FolAe] uie npEAS gt &)
ol o) 2Tt (Lee et al. 2002). WetA], o] H 3 YR Zol& o-FHE EA 9
3 AAl FAlF Zpolrt AT, FE o] Aol Be Ade 4EE AAY F gl

A7 HELE AtRET

Fl

_20_



Fig. 12 Calculated co-tidal (Solid lin) and co-range (broken line) charts of the My, S, K; and O; tides.
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Table 1 Observed (OBS) and Calculated (CAL) the My, S, K; and O; elevation amplitudes and phases for the sites shown in

Fig. 15

M2 Amp M2 Pha S2 Amp 52 Pha K1 Amp K1 Pha Ol Amp O1 Pha

model | obs | model | obs | model | obs | model | obs | model | obs | model | obs | model | obs | model | obs
e
AN 240.5 213.3 192.7 199.5 118.2 100.4 237.0 253.2 28.23 35.18 132.0 150.4 17.85 24.58 135.7 131.6
R
5O 253.6 210.2 186.9 196.9 125.4 99.61 231.3 248.1 28.36 45.10 128.8 161.0 17.94 12.16 132.8 133.3
Ak
ZU 235.2 2233 169.2 184.6 116.4 104.2 212.6 237.5 27.01 34.88 120.2 143.4 17.40 24.23 124.6 124.1
& 31
;;j 216.3 188.0 159.3 168.2 106.7 68.78 201.9 213.3 26.03 25.90 115.3 131.2 17.09 22.29 119.8 136.4
=iy
1\2(;1( 160.6 1479 44.04 133.1 91.20 62.34 79.53 182.9 25.63 30.15 58.09 114.3 16.14 2211 62.95 96.99
%7
= 108.6 92.24 46.27 65.13 63.05 44.83 81.59 98.13 21.48 26.63 69.87 84.06 13.87 18.53 74.94 65.1
CH
T‘l\f 216.4 198.3 164.1 172.4 98.46 96.02 197.6 221.3 25.27 32.36 124.4 136.1 15.31 24.45 103.7 114.5
z 111.6 78.72 26.03 43.07 64.59 40.47 62.27 76.41 22.36 25.12 63.42 80.98 14.77 17.52 68.07 62.4
MO
A9
3z 115.7 78.54 5.14 23.4 66.69 42.90 41.1 57.59 21.43 24 .82 51.65 73.7 13.79 17.24 55.54 54.2
SE
e
N 364.9 285.6 256.8 227.2 143.8 144.9 302.8 279.7 28.35 38.03 171.9 166.7 16.96 28.11 146.7 142.3
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Table 1 Continued.

M2 Amp M2 Pha S2 Amp 52 Pha K1 Amp K1 Pha Ol Amp O1 Pha
model | obs | model | obs | model | obs | model | obs | model | obs | model | obs | model | obs | model | obs
o] Al
7471 | 48.52 | 44.00 | 303.1 | 304.3 | 2444 | 2447 | 3249 | 3315 | 1725 | 20.77 | 9761 | 9575 | 11.69 | 17.35 | 74.33 | 75.22
IC
e
= 101.1 | 106.6 | 109.8 | 130.4 | 44.14 | 44.40 | 1321 | 173.0 | 1933 | 2345 | 104.2 | 117.0 | 11.33 | 1740 | 77.36 | 98.13
HE
*%
= 176.6 | 173.3 | 186.2 | 185.8 | 78.69 | 84.89 | 222.0 | 231.0 | 26.19 | 32.28 | 1424 | 148.2 | 16.72 | 2221 | 1171 | 125.0
ocC
=ik}
= 89.76 | 104.3 | 246.9 | 268.0 | 40.51 | 50.59 | 281.0 | 3115 | 2761 |34.32 | 1784 | 183.2 | 16.66 | 23.31 | 148.0 | 158.6
DA
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Fig. 13 Comparision between observed data and calculated amplitudes of the M,, S, K; and O, tides.
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Fig. 14 Comparision between observed data and calculated phases of the My, S, K; and O; tides.
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Fig. 15 Location map for tidal elevation stations used for model validation.
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32 YA 3 4¥

B AgHE F4d *J’D&XJOM BEE 4SS FY5Yol WPSA ¥ I3
&

g

FAclR ARG A4 FEsdol HEHs] AAAE KA olFH BE7}
3}

A2 F2 S ROMSOA 33 F&S AEFo =z FPHAT. 5 &
'H&  Predictor-corrector method %9 3t4<¢l Hamming's fourth-order method
(Hamming, 1973) scheme= AF&3tATEH ©] HH-2 ROMS 3.5 versiondl A & A&
WHoE AHEA Y Runge-Kutta Boh A& k& AEd] = & + vt Hamming

fourth order method ©| predicted solution (3.3)2]0]1, ©] 2oA FEH Fhol
corrected solution (3.4)9 AHFHOZH o5 A7} ALt
'L 4At ’ ’ ’
qu‘,+1ZQi73+T(2Qi_qi71+2qi72) (3.3)
x 1 / ’ ,
‘Iéill:g[ng'_qz'—z"‘?)ﬁt(q;fﬂ"'2‘11'_‘11'71)] (3.4)

Robin and Dennis (1999)+ Loligoforbesi and L. vulgaris & A& AbdTel & $
7ol Tasttta Btk mEbA A 53 Ad A, A dA=E " dAE F
g FRdA Hold B9 SA AREt s Aoz 7MY sk, 271 #4 SAE
Az Yol AAES AT BE F 0 ~ 52 7HA9 dAE FH 2 Hyla,
e 6 ~ 55LA7HAS 27 FAH 569 ©1F-o 7 DAE HEst Ao Ha
< WHSE 15 14, 13 T2 AASAT (BRI, 2004).

4

W
W

e

» o
e

Azt Eoo] 4 AELES 1 YA I BS +
A3 Kim (2012)°14 20083 % 493 20099 % 2€< FA #= 2F #8585 =g 4
Fob vl ST (Fig. 11). 2008 3% 49| 3% 14, 24, 320 W& dA=0] 2
7k 90¥, 60, 30¥ Hel BxE Foto] yEbd T1Holal, 20099 % 249 A-¢- 124
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Fig. 16 The horizontal distributions of the 7odarodes pacificus larvae and temperature
(T) at 50m depth in the northern East China Sea (Kim, 2012).
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Fig. 17 Model-derived horizontal distributions at 50m depth in the northern East
China Sea.
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321 433 F4

B AFoAEs e FAs] s F2HAE Aska, Rosa et al. (2012)9
AR 4 Helet YAl 83T Rosa et al. (2012)& 47HA] 2R 4haA
Atk A HA =Ae atde] WMest Y% 21°NolA 41°N, 4% 121°E0] A

= 0 molA 500 m Arelolx, Al MAlE Wi FEAQ
EZF T2 BT 195 ~ 23 CTollA A4dAe] 84 dota B
T Rosa et al. (2012)7} At FA4o AL 2 B9 F3 49 A4S ve
o] 7F¢ ®& & WS E Sakurai et al (2006)01 e AAEHAS. AT B A

< W= 493 15 ~ 23 TE Abgk xo% 743+ (Sakurai et al. 1996), =42 A=Ak

Eo] tho-pointe] 5 PA0E REIH=F HASYUT FHH ABF RITE SFT
AH 100 m HEZNA 500 m HE wieh BRFoR tehty, AAH O 3UD

X 97t &Skt (Fig 18).
2 FAo) AR 2 AsE FPFAATA A AFATAANA HFAg
NOAA/AVHRR 20053 5-E] 2010712 1€l A 39742 9] €+ AR E o] &3t

L

EH fFAGAdAY AR FAREE 25 ~ 80 m & ¢# A Tt (Watanabe,
1965; Yamamoto et al. 2007; Kim et al. 2011). W&}, ¥ A= 1€, 2¢, 3€<
Z4Zy 309 2 AT Table 2 A9 LAS7F €8 19 ZHE2 2 25 m, 50 m, 75 m
NA WEHE=S AT Fo wE e FA &AL 20079 =7 M F2

oI E R Ko, 2009, 2005, 2008'd, 2006'd, 20101d = 2 FHAo] £
ok Aoz Ul

Table 2 The number of particles released in the inferred monthly spawning area

from day to day.

Jun. Feb. Mar. Total
2005 2100 1752 1650 5,502
2006 2041 1836 1605 5,482
2007 2077 1908 1936 5,921
2008 1969 1879 1639 5,487
2009 2006 1855 1752 5,613
2010 2104 1615 1428 5,147
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Fig. 18 Inferred Spawning area in 2005, After 2005, the similar pattern appeared. (A) Jan, (B) Feb, (C) Mar.
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322 F3 #4 YAk FaNoNA Y ol g o) FBA

2 Ao e sl o3l olFd FAE T M= F A
& Fig. 19 ¥4 (Entrainment Region., ©]3 ER)° FdE YAES FHE FHE 7}

S0 2 AR THEsk &solM e o gt dHEAde HAT

Figure 20914 AAlE &ajollre] ofdaFe A¥Ed = oo AwEdol

A%k A Yelal, 1970 © FH-E 2000 Wi7HA] A7|hE KW Frbsts FA0Ith £
AF71EA 20059 =H-E 20108 % Aleloll= 2006 d =0 FHA o8-S HPa, o] F
ool F43] oA = HHS B

YAEol ERAl fFUEE 7R He= BIFHEZ (2004)9] 7S AbE FA ARE
13t 60¥NA 120Y7AAE HA T ERES F9 AAFY dHFAHLS BT
(Fig. 21). =20 93t HEES 18y, ERY FUE UYAEST 2€7 3¢9 H&EH
PAF AWMEEE BHoke W, FafollA o o vl #AE BRI (Fig. 21(Q)).

AEES 2EeA 4ss dole 71z Zolo] mE FAE Aoyt Hojx kgt
(Fig. 20(A)), 1 ~ 3€el H=Ed UAEY HEES LHIAS o, 7t #E o
W5 UEREA R Sajo A o] o & gate] ARG HolA skt (Fig. 21(B)).

B A A% s G5TFdAAY dF7e duFEgo WmE EREY FU ¥A
F7F Fafol Ao ojdFe AR AWt FAo] o]FeHS Ze AVIE 80¢=E Th
AetAe W, Figure 21(B)ollA A ®Wls o] =4 HoluA] &3k, Figure 21(C)ol
A o8 FY ES AstdA 7Y dATE F AR Sk g 2 A

M 809e 8 s8HS Ze AlZIE 7H sk A sk
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Fig. 19 The hypothesized space for Todarodes pacificus larves to the moving into

the Yellow Sea.
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Fig. 20 Yearly catch of squids in the Yellow Sea in 1970 ~ 2010 (Choi et al. 2010).
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The number of enirained

Fig. 21
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Time series of fluctuations of the number of entrained particles from 60

days to 120 days after release. (a) The number of total entrained particles ,

(b) The number of entrained survived particles from January to march, (c)

The number of entrained survives particles for January to February.
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323 A9 °lF 4=

B A As S5 9T dA o]FS dotrR7] S8 A A_AS SR
(B), FH(C) & Uro] &2l AT (Fig. 22). 3 AdeA 9 JAE2 tFE Isobe et
al. (2008)°l ©J3] AFH FEA 2 (Kuroshio), ¥HdF (Taiwan Warm Current, ©]3}
TWCQ), 5583 F& A2 A7F (Northeastward Kuroshio Branch, ©|3} NKB), &%
5 (Northward current, ©|3} NK)& wel 55U FOZ o] & s =712} 3
HE T3l Uztth (Fig 1). Figure 235 H¥ A A YoA BEH JAELS &
= A7IE FAT 80Y e A vE F HES Bt FEAL 555 w20
d ol =7ket PR FEHE JdASF NKBE Wt 80 oJuiel i3
U7tA Zetal s =8 SHAGd FdEHe dASCl A} wepa B AP A=
AR oA FEHo] 80 ool FS T3 WEHA X IF dAEY olF A
25 gosty] Y8 o] 57I1HE 604, 904, 120¥8 2 o] A3 Rot) (Fig. 24). 60
A sET=l THAA FUE dASL 8 dAEE Adstas NCE what 120
A A Y FAH] FAHE BEHE Aol Btk & AP AFAd A= Rosa et al
(2011)°ll ol AAIE AAHFFZAA S FAEC] TWCE wat F8l=2 FdHET= 7}
A& AW AAG (Fig. 25).

oy o
F54E&

BA Y C G4 BFEE YAEE NKBo NKE whet thgts ol fFid=e A
FEALE W2t =7k goR Uhes dEe] Bt BAHA wEd dAEel

sl doel FUusE=H Al 7132 ek 7004 80 =L, CAHANAN HE
d dA=Ee] sl =estc dys AR 4024 508 A=A FEAL
et o] FE = dAES ARGl wE FART. BA YA CAHAAM wEE
AE] dRE7F AFdRoel o] ¥ ERE FYHAL BAGREG CAHAA H=H

750l AlF F2S Wel AX wEHs ddes 2t

¢ e =2

X

_34_



40°N

36°N

32N

Fig. 22 Three subareas used in the study. (A) the southernmost part of our study
area, (B) the central part of the East China Sea, (C) the area surrounding
Kyushu Island, potential spawning area for both the autumn and the

winter cohorts (Sakurai et al. 2000).
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Fig. 23 Temperal changes of particle trajectories at each release site calculated by model in 2005. After 2005, the similar pattern

was simulated. Different colors indicate the released term (days).
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Fig. 24 Temporal changes of particles trajectories simulated by model for 60, 90 and 120 days in2005. After 2005, the similar

pattern was simulated. Different colors indicate the released term (days) in the subarea A (Fig. 20).
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Fig. 25 Hypothesized mechnism occurring in years with unfavourable spawning area distribution pattern as suggested by Rosa

et al. (2011).
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33 elze] fANY &4

331 ER §¢ &4
Bl FEE YRSl WE F 80¢ 5L s5HEol s olsHTL A
g o, o] YXEol E7IE AFH gl

s FE T ATFIHdA Y= 713t o] &
HES 53T W] AAES ALtstATh 72 Akl A gidsds T34 713ke] 7b
2 gL sl 20073901, o2 20104, 200930 &kt YAEL F3}7]7te]
#FAE e oA PSS Bl UEYAY vl Eo] 50% oo E =}, AL HIEE
20051, 20063, 20081 d =0 HI&| EQkTH (Table 3(a)). =7+t s dA Y dA T3 7]
7+ AAHoZ gt PEt #ka, 20054, 20061d, 2008 FF YA} vl Eo] O
e @ vl sshAl UgkA T, 20074, 2009, 2010 ol thE@si ol Hls) e A
53 HlE&S HATH (Table 3(b). £ A A3 ERZ9 ¢ A7 AR 2007,
20094, 20109 == Wi @ oo T3 Al Wi, A AR E4H Ao=
Helth

PA7E HE F 80de] HUS o, 60~70% % F MPFLS T AFHGANA Y
7k, 30~40%°] PAEel T AFel doldle Aoz yEy | o] doldle
AR SO REL EZIao Bx T 3.38% HE=7F ERell £+
o] et 1904 388 4= skt (Table 4). ©] A3+
gkl ol el fre] 14004 34

o} (Fukudome et al. 2010).

&Fa
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Table 3 The periods of the pass in (a) Korea Strait and (b) Tokara Strait, the

particle mean periods, particle left rate, and survival rate by temperature

for 80 days after monthly released during Jan - Mar. from 2005 to 2010.

(a) Korea Strait

mean left rate survival
Year Jan. Feb. Mar.

periods (%) rate(%)
2005 41.28 46.18 47.56 45.01 34.19 67.09
2006 41.51 47.69 60.01 49.74 35.77 67.20
2007 40.95 39.46 38.23 39.55 52.94 92.88
2008 36.26 43.56 52.22 44.01 37.33 78.65
2009 39.2 42.56 44.86 42.21 55.35 95.70
2010 35.67 44.81 42.28 40.92 54.75 88.82

(b) Tokara Strait

mean left rate survival
Year Jan. Feb. Mar.

periods (%) rate(%)
2005 27.2 29.2 19.3 25.23 34.26 95.48
2006 22.3 28.54 33.24 28.03 31.32 90.81
2007 23.4 19.17 19.49 20.69 21.20 93.87
2008 33.9 28.9 29.75 30.85 28.33 93.01
2009 25.47 28.46 35.04 29.66 16.25 98.06
2010 20.61 18.33 18.51 19.15 22.52 92.95

Table 4 Monthly Entrained-particle rates in the ER of the left particles in the study

area for 80 days after monthly released during Jan - Mar. from 2005 to 2010.

mean entrained-

Year Jan. Feb. Mar.
particle rate (%)

2005 19.33 5.24 0.12 8.23
2006 417 3.55 0.33 2.68
2007 4.24 1.15 0.07 1.82
2008 10.94 2.46 0.26 4.55
2009 1.45 0.43 0.02 0.63
2010 1.08 0.02 0.02 2.34
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Fig. 26 Initial spawning area of entrained-particles in the ER from Feb. to Mar. during the study periods.
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A2 e 55 o FA o
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