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Abstract — In southwestern East Sea, we investigated the spatio-temporal distribution characteristics of particulate
organic carbon (POC) and nitrogen (PON) in September 2011 (summer), January (winter) and May 2012 (spring).
Although cold waters known as the origin upwelling in the surface layer of September were not observed, this peri-
ods showed high primary productivity because of high concentrations of chlorophyll, low percentage of non-auto-
trophic particulate fraction among POC calculated by POC/Chl-a ratio (27%) and low POC/PON ratio (6.2), which
means active amino acid and protein synthesis, However, May, 2012 showed low primary productivity because of
high percentage of non-autotrophic particulate fractions among POC (66%) and high POC/PON ratio (8.1), Although
spring bloom and high primary productivity has been reported in the East Sea, high percentage of non-autotrophic
particulate fractions in POC, observed in the East sea during the post 2012 spring, is suggested to be due to the
increase of phaeo-pigment during post spring bloom. Thus, composition of particulate organic matter may have
sensitively changed by marine environmental factors in spite of same season.

Keywords: Particulate organic carbon (§] A+ 7] & 4), particulate organic nitrogen (YA 7714 &), POC/
Chl-a ratio (POC/Chl-a H]), POC/PON ratio (POC/PON H]), detritus (7114 =
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el A& dAdstes T3t A% 58 shh(Deuser and

QIxMd 5-71&2 (Particulate Organic Matte; POM) < 7+ Ross[1980]) AQFAM = POMS] F713l2 WEH B4 W Ahes
Aer JA2e At Aoy 28, ti7] F9 AMEHAIY FAE JEPeeE Fo g}E]r(Opsahl and Benner
8 B O Fofel FAsRs Tt Fgolck(Hara  [1997]). B15©0] POM 5 HIHAH0.35~1 um)e] -5 a5 zol %
and Koike[2000]). B3t 37ah= 52t 71907k H2ls Ko, = ARF ARSI 25 ssha49] O»—l—_’—E‘Z— 9 wekage] & S
11 ZITH(Wells[2002]). POM] 73914291 A 7 &k (Particulate
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PON)2] H|(C/N H]) 8] 2L POC/Chlorophyll a(Chl-a)= 7%
EA9] 2|37} Fo](Iseki e al.[1984]; Grossart et al.[2004]), 771
=9 714 Y EAE olsleh=t Fosit
= A AslEA AFEER] A
ARAE, AHEjo} tiFgoR EepRl Nk ¥
,J] Oﬂokoi o} fAkeE 22318t B4 ddeel o
ofu} theke] 402 Ee]ojztk(Kim and Kim[1996]). 53] %
- At A= o] FH of] AF-E-5(coastal upwelling)e] Dot
I O™ (Byun[1989]), W2} sH77} Thils Aol E 28
0] (eddyy} BE= 5 g ks E817] SAS Hola gtk
(Chang et al.[2004]). ol BA %] =159 4% 304 &
QF 191491 71 9] A A (anthropogenic N emission)+3] .2 7]
ZAAE H3LE W 3 Q1O Y(Mukai er al[ 1990]; Kim et
al.[2011]), A &3 3252 - 7dek SH) 714 At
o= 7:0] SRS AlgE =% o KITHLee ef al[2009]; Kim
and Kim[2013]; Kwon et al.[2014]). tﬂ%o] G277 &3 e
ZH|AEFAEC] A elA sk, FA A Alell= otz
F7F 8= S(Kim ef al.[2010]), AAASE S o= B8t
1, AFaYe] 7|2k T Eleh AEPrE kT A F7kE
SITHKwak et al[2013a,b]). =3t F3lli= 55</4%3(mesopelagic/
bathypelagic boundary)@® Z2]5|= BAefo] B 3l|9fe] nlsto] %A
UERITHHong ef al.[1997]; Honjo e al.[2008]). - AT-= Ea
oM L] 2 dAaEellM YAV 1= AdRste}
A f71ERe] o S v, dl9 ] S Eoeh=t
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2. M= 3 e

2 A7 2011 9L @EHAD, 2012 1ECEA) T SEEADe
Fdsty GAbAQ) B S (R/V Tamyang)E )83k, 53 &
Aaed 2 A line(37] A7), B line37 F3), C line(77] B3)
4 D line(87l el thste] #5-& T8 Th(Fig. 1). 7%
AE-2 CTD(SBE 911, Seabird Co., Washington, USA)E- |45}
=45} o1 POCS} PONS= 1|2 450 °Coll 4] 48417 3]3}A]71
GF/F &3 3}X](@ 25 mm, pore size 0.7 pm, Whatman)®ll 35~ 2 L&
73t 5 HEZHA (petri dish)ell 2o] E4] 714 WB%(-20 °C)
B3I 42 o A& GA7E E5 (fuming)ste] 7]
EAE A ASL A4ARs5-4]7] CHN-S(Flash 2000, Thermo Fisher
Scientific Inc., MA, USA)ZE S35 T Chl-a AFE= &7olA
CTDel| 742 fluorometer= 73R, Lt 1071 FH(Cet D
line Yol A 2)4=3t oH#*lEOH el obAlE FE W (SCOR-
Unesco[1966])) 2.2 5743t & BAdso] ARSIt
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Fig. 1. Map of the southwestern East Sea with black dots showing mon-
itoring stations.

Bog 7Z4= o], €9} D-line?] %5 2IekHrh= 9joko] &
& XS ROITE BEg RS dlto] 91 PJ;} stol, &
]l Iokele] Gl &1 EESITHFig. 2). 20124 199] 22 7]
27gatel] whet oo ofsh kA, 99 j} Pﬁ} | 5%
07 ZHpE S=o0] vtolx| 1 AbhT) 9]okeolA] &gttt Re

x{;{ﬂx% o7 =
L:1 5¢ 20 0 12

szt glglom, #ddh F i i‘ii‘il'(Flg. 2). %
A3} 9dw ) vl w Al /e =20 Wste E /\]
7|5tk o] FEEHA AR 9]¢k
o] A Agke = 16°C ©J3}e] °H~r7} Ask= Feit 1-1913}. =
T2 A7 R0 sl G wistE Beloy, diAdes odat
o] Atr ) 2]k o) A EQkTh(Fig. 2). Chl-a2] W3- 9ol Tt}
E ARG 52 555 B0 BRI 3.46 pg/L), AF
oM flFow A vlolx|= Aol lrt. AR, 182 F3H
O FE a7y A4 dgkon, ke 99 Al 58
98} AL T Helow, e s Bl A% BIoI3!
th(1.73 ug/L; Fig. 2).
<= (Tsushima Warm Current; TWC) %5-2] 7-9- -3} &4
2] 217} 20°Co )3 33.80 psu©|h(Park[1978]; Yang er al[1991],
Kwon ef al.[2014])2] EAL 7141 9lo], 9Qe] A% TWC ¥=
2= ko) 71 el Gk u)R Ao 7 sfokdn) 3wl 2 &)
9] A% Al EZol ?i?l”é‘ w2} 53-8+ (North Korea Cold
Current; NKCC)2] 71€ T = W s, ]9
S8 2 A %L(lsﬂc Ue)), §5ikat B gl
&2 4 Qlth(Lee and Kim[2003]; Suh and Hwang[2005]; Lee
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Fig. 2. Horizontal variations in temperature, salinity and chlorophyll a at surface layer of southwestern East Sea in September 2011 (sum-
mer), January 2012 (winter) and May 2012 (spring). Small dots indicate the locations of CTD casts.

and Jang[2014]). W57} ddehs Qo= F3lld-y-3]<d oA
TWCE 7|3 =8, 27 AL oA qash FahdReE Q1
ot 524 AR, g FRlEE AQE 7 sl A @A 54
83 FAEFY AE ToE dEA 9o, 4 AVIE i
o] 6~8¥ell FZF= ] qlrt 2012+d2] A% 99 Z7H4] W7t
iety]o] A ® HaehEae] wislel] upel Z3kte] wstel
SATHSuh and Hwang[2005]). 3 9] 99 ZAMA7] (2011 9
2645-E] 28U )0lli= W E Kol FH7F FdsHA ¥ttt ©|
© Ak s = FElERtElag Ret o] gEt
A E3l HEelA Wy HEE o, 995 BTt
AT 1.9 U813 Th(http://www.nifs.go kr/sois/index.jsp).

| %3 H(East Sea Warm Current: ESWC)2] 25791 TWCE=

FZ A 2 WF(Kuroshio Warm Current; KWC)$} EFo] ¢+ W7+
(Taiwan Current; TC)S] Q&S W= Zl o= d&A] Qla, A2
FAE KWC7E, 194 31 TCeoll w2 ko] A tHGuo et
al.[2006]; Jang et al.[2013]; Isobe[2008]). @121 714 2J7A0] )=
v g S Foto] salE FEEE sl T TWCS] 9ol
A7} 50%0 VS ZFA|SHH (Cho e al.[ 2009]; Park ef al.[2013]), 57 31
L] Aol et 2 aee) sk o) wskd A ow AzkET)
A ee] 2t e FEEEE HF e E TC W KWCE]
FFE el o). SN 98ell Chl-a®] 739 13 Q1
aellA] 3 uMol o] B2 FeE WO, $AR A5 vholA,
°olF v R TCO 9= 7Fad 7 A= A o=E At (Fig.
2). Shaw[1992]9} Gong ef al.[1996}> TC7} 582 thEAPA
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oA AF852] PGS W= KWCS] obE R} RIGRAEZ,
TCY F&S v #1999 H$- Chl-od 57} 9A Yehdta
B3It AT Onitsuka ef al.[20071S F3) ‘FAlaiel ] e
7|2 ggtEl g o] MTEE Bot A4 I, Ags W £
% Zo)9] Sy gglo g, TCol e U -2 71244k
o v|Hthal A H i), ek H tistel o) MrrE
St TCO] F4A o5 718 T8 Y9 a==h 108 o
o7, g3 T3 Y¥Y FHALE ZAE U THKIm e
[2013]). B3] W2 AtollA £35S DIN| $%E 2 pMo]
BIE g W S Holu] | gt F7 |8 (dissolved inorganic
nitrogen; DIN)A8<=H] 7121 (dissolved inorganic phosphorus; DIP)
H|(DIN/DIP ratio)”} 10 ©]3t2 A A 8HS B 189 tH(Kim et
al.[2010]; Kim and Kim[2013]). W2}A 9€ 2] =2 Chl-at= 62
~ggof WAsh Waalel TCE B3t Ah T2 Yo = A%t
SHA, B o a|e] POC = 20119 9ol A C4ollA 35.5
pumol/LE 71 gkom| A7 A3el4 12.9 umol/LZ 7F3 WA
UeRt, AN 0% Chl-as =7t 344 slielellA POC 557} &=
SECHFig. 3). 20124 19ell= g5 AlelA 29.61 umol/LE 7H
=9kom, A3 D7 9.32 pmol/LE 71 vtot, 983} wiehe] 73
& Haitk 20124 €2 BRI 5 7P =2 wEleH, o
Z A4 D204 63.7 pmol/LE 714 & 55 Hlon, A4
C501A4 20.5 pmol/LOE 71 v wEqlct. 1831 2|k nr)
AdAeA] 28l o1 =& FEE HERASITE PONS 2011 9€¢]|
97 B19IA 5.04 pmol/LZE 71 2 w3 om, 3 DIolA
1.64 umol/LO. 2 717 ¥ w5 YeRfgid) 2012 1€
47 B1olA 2.59 umol/LZ 71 & 550, 3 DgollA
0.86 pmol/L%. 7P sho} thE Al nr; g3t 0% & 5 Wshs
USATHFig. 3). 20129 5Eell= g3 AlellA] 8.80 ymol/LE 341 5
7P e TR BN, 9Jofo & AR Yolx]i= A go|Q]u)
199 w2 POCY} PON 5= A 202 Qlslo] AE&da
O] AEAAte] sk oY) Wit o ® yHEARh sE v
A719k vlaste] Atd oz =4 Yo, Chl-a 5% 9¥
o} Wtth(Fig. 2). el ZFolaEA (algae bloom)- 7|
oF A 7 He] giAS Roju, FARTE FA6 AekA YRt
tHKim et al.[2000]; Lee et al.[2009]). T3+ Kim et al.[2000]=
A gigo] Bl Algtste] WA o ® 218, 1
Flofl H4- djdeA TAYshar sl 2 sl ] e A o
o] 4ol 71 A Ve, 5€ell HAF ARRIE oS welth
(Lee et al.[2009]). ©1¥ 58 ZA}F AI717) Sl(5E 2995 6% 1
el gE]o], A Ay 7] #52] A= Ayzhet.
Chl-a= 7J3F %o w2 FA8 (4 Em¥holde] %), 8l 5
n|ekg4y, A4 gl Q1] Agte] w2} phaeo-pigment® Z8HE]7] uf
oll, POC/Chl-a H]£8] F712- 3|9 9] JFdelE T2 e= A
A 3HcH(Falkowski[1980]; Rueler[1987]; Videau[1987]). ¥ <17-3l)
®3¢] POC/Chl-g H]9] M= 87.6~202%, 58] 7Kg =3kom, 9
A3} 198 FALBIATHFig. 4). Fig. 404 BolF= #AA21 9] yva
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Fig. 3. Horizontal variations in particulate organic carbon (POC) and
nitrogen (PON) at surface layer of southwestern East Sea in September
2011 (summer), January 2012 (winter) and May 2012 (spring). Small
dots indicate the locations of water sampling.

He 713 9 vpEA AEC] ©@a9) B ss Ak
o7 59363 ug/L)e] 12937} 99w} 2-3.5H] =gkom 59
1 POC T 7141 = 9 v]43d A2 &k vlgo] oF 66%%
YeldthEHlE oF 27%, SAE <F 42%). Hong ef al.[20111
T} FAKSE Sl oA POC/Chl-g HI-&0] 30~759%= ZARX Aol
wfz} xjo) 7} AR, SHAlel 7F w=okar, Al g wigktka 1
a3kt B3 FE oA s AT w2 vES vERs e,
I olfE ok Agte g AHEIIthKim er al.[2006]). FARF
2 A7 A= FA00 7P =2 81338 2 (non-autotrophic
fractions) §HAE Bt o= 7] #AS5A1717} 7 i 719
S w7 AT FA) iy 30l FEEHA
£ol| 98| TAEE AEEHTE] o AFHE Aol
AbstH, Aty o] 9ol FEEFAES] XA fdFlA] A
E2EHIEL] AA T3 98 7)o $t}(Juul-Pedersen et
al.[2006]). Chl-a2] 3l AHE<1 ¥ 2 3] 71 E (phaeo-pigment;
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Fig. 4. Particulate organic carbon (POC) vs Chlorophyll a at surface
layer of southwestern East Sea in September 2011 (summer), Jan-
uary 2012 (winter) and May 2012 (spring). POC/Chlorophyll a is
calculated from the slop of the best regression line.

phaeophorbide a®} phaeophytin a)i= 22+, YHHlth A o] F
(euphausiid), 237 71231 31 E R 3 T 7 (phagotrophic
flagellates)2} 22> FEZHIEL] EAET) vt 2 A== A
o= defA QUrh(Jeffrey[1980]). b FA] ¥]F5d w27} =7
Yeh= 7Fhe Z2AF AV Bt B EEEEES] SIS, ol
et #H e THE T FTIeIGY] wito® ).

ANk o7 B i ANl drshaS, Al
ohnfiAito] Y E 7] wiitell shgel whet {712 2ol wis)
], gl W opu|icAlk o] T7H= POC/PONE THAA7 )&=
A= 7142 H(Handa[1991]). =3F POC/PONE =410 wje} &
Ak 2folE VERH, AAAIER] opu| Ak, whilA o] wslof| w}
FHZolA 7~8, A5ollA >102.Z 5713 (Handa and Tanoue
[1979]). H- POC/PONE C-richs 11213} 166/200.% A A5}
715 SRIRk(Sterner et al.[2008]), FFH 22 POC/PON?| 3}8leF
Z(stoichiometry)> 106/16(=6.63)2.% &##] 3lth(Redfield[1958]).
AT 3199S] POC/PON HIE A& A7}, ZA} 717 53t 6.25~7.549]
oz vERkew, 2012 520 7FE E9kor] | 992 Redfield
B 9} AR ThFig. 5). Kortzinger er al.[2001]3 55 thA] oFoll 4
POC/PON H]7} FA] thaAl 2710l 5-6019, 371 10-1622 5
7heteha Bkl Begh Baohxeke] duka Abel A vk
POC/PON H|:= 27 F 8 =0] =& vl&d ol YeERHATH45%
o), sHAle} o] B I E 7| Ee] Sehe AdS
POC/PON H|E Z7A | U(Frigstad ef al.[2011]). SPAITH & A
oA 59L& FA AEEFAE oA o] ol AE g £
7]1%1AH= 4 (non-autotrophic particulate fractions)?] -3 & 4=
RoH, sHl= e Aelole] Bt g AP R
(autotrophic particulate fractions)©| -8k AJAkelo] =& A]7]
U= & T ASITH

Redfield ¥]i= 212535 A2 913 HA ] Asetrdow
A 2 S 1 (Lenton and Watson[2000]), 2] -A5}e-2] 7]dko]
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80— O September, 2011 y=7 54x-19.2
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Fig. 5. Particulate organic carbon (POC) vs nitrogen (PON) at sur-
face layer of southwestern East Sea in September 2011 (summer),
January 2012 (winter) and May 2012 (spring). POC/PON is calcu-
lated from the slop of the best regression line.

e F 2 IYAP)E A4l vlEo] thEr] wife] Ajade]
S AEEFIEL] AAan7) 2-1081 2 H3FETHGeider and La
Roche[2002]). 55t UREARI 319 9] slstefEd Hh-golM T =p7t
ozt et A ES] vieket AEA 2 R o] £
Q7] Wil Al-a3H8 0 =2 A WSISHK(Li e al.[2000]; Schneider
et al [2003]; Sterner et al.[2008]; Frigstad et al.[2011]). SO 2
el A F71ES] sstekEol digh A2 o]sE Hsl

gkl A A F71E22 A A& F2sta, 7]
oIERAE AF o R ATAPIE 5 alle] EdwEe] o

4= Q)= F 231 poolo|th # A= FaflolM = it o]
Aal|delA] IAMd 71849 AERis 9 7S Bl @l
AadE Bt sHAle Qotel HEkelka<s 7o) W
7} HolX| ko) vl AR} %2 Chl-o2 ¥3°H, POC
F 27%7F 7138 W FEYFEER v A1,
POC/PON H| % Redfield H]HC}F Sk 622, o]k 1l thalz]o] &t
do] stk AS & F 3lo] H2 712AAkE AAIEIAT. &
25k, FA2] 7S, AEEEAE iAo mhE =2 S B
|E53 3 22, POC T 66%7}F B34 F71dAko] L,
POC/PON H|% 8.1% o}, eI EEd R7 sl dE8e] 571
UERISITE, o= T EEEAE S50l e HovIHE &
7he Aehs AR, FA dSAVI7E AEEEEE o $)
(post spring bloom)3& & 4= ATt webA] 22 Adolke 3
st wht §IAMd f71ES Aol IA EEkd = Qldd,

ol
oTg i{g}l

ff
flo o

1

12 H
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R
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