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Abstract: To assess the influence of environmental factors on the phytoplankton
community structure and total phytoplankton biomass during four seasons in 2014, we
investigated the abiotic and biotic factors at 25 stations in the Busan coastal region.The
phytoplankton community and total phytoplankton biomass were strongly dependent
on the discharge from the Nakdong River, and the high density of phytoplankton was
related with the introduction of the Tsushima Warm Current (TWC), particularly in the
thermohaline fronts of the fall season.The relationship between the salinity and nutrient
(Dissolved inorganic nitrogen=DIN: R?=0.72, p<0.001 and Dissolved inorganic
silicon=DSi: R2=0.78, p<0.001) highly correlated with the river discharge, implying
that those nutrients have played a crucial role in the growth of diatom and cryptophyta.
The total phytoplankton biomass was highest in the summer followed by autumn,
spring, and winter. Diatom and cryptophyta species were dominant species during the
four seasons. Additionally, there were strong positive correlations between Chlorophyll a
and total phytoplankton biomass (7%= 0.84, p<0.001), cryptophyta (R?=0.76, p<0.001)
and diatom (R*=0.50, p<0.001), respectively. In particular, we found that there were
significant differences in the nutrients, phytoplankton community compositions, and
total phytoplankton biomass between the inner and the outer coastal region of Busan,
depending on the amount of river discharge from the Nakdong River, particularly
during rainy seasons. Therefore, the seasonal change of TWC and river discharge from
the Nakdong River serve an important role in determining phytoplankton population
dynamics in the Busan coastal region.

Keywords: river discharge, Nakdong river, Tsushima Warm Current (TWC), phyto-
plankton community, nutrients
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Phytoplankton and nutrients in Busan coastal region
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Fig. 1. Map of the study area and the sampling stations in the coast of Busan, Korea. TWC: Tsushima Warm Current; and TWWC: Taiwan

Warm current.
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U CTD (Ocean
Italy) & ©]-8ot] AZ HIE 1~2m7HA] 2o 2 i A
A7 AR E BT, BESE AR AFSE SL
PVC H2X1 5715 o]-§sto] A4=stiet. ok=2, 2F 4

Seven319; Ironaut Co., Brugherio,

Hold AEBFIEL T2 JFRAS 9o o5
500mLE EoEd o) ¥l Lugol’s solution© =
2EET 3%7F E X5 11753t Chlorophyll a (Chl. a)

l"‘131_9]' SS (Suspended Solids) 5782 {lolA] BZ4<F A
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T ARE 24 A siEcte] F4td (Si(OH)4), o
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‘| 1 3% E}ﬂi o
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o4 A4 A

B ste] ot

o} 2430] A4 A2 A7
/‘]i‘% (www.wamis. go. kr), 7143 (www.
weather.go. kr)—J Z 859} AEZSaEy g
17} 7te] 542 mhetstr] 13l SPSS version 17.0 (SPSS,
Inc., Chicago, IL USA)E ©]-8§-5to] /341 (PCA, prin-

H 2

cipal component analysis) Z} 2] 7]+ (Regression analysis)

= AABEYl ™, p<0.05 oM TAE {8 AS
stk
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Fig. 2. Monthly precipitation and water flux for the Nakdong River 2011-2014. The blue bar represents precipitation, and the red dot con-

nected with red line represents river discharge.
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Fig. 3. Seasonal and spatial changes in temperature (a—-d) and salinity (e-h), Seasonal and vertical profiles in temperature (i-l) and salinity

(m-p) in the coast of Busan, Korea.
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Fig. 4. Seasonal and spatial changes of nitrate + nitrite (a-d), ammonium (e-h), phosphorus (i-1), and silicate (m-p) in the coast of Busan,

Korea.

Al 7.86~13.13 uM, =4 5.99~17.71 uM, St 8.17~51.30
uM, 4| 6.56~25.61 uM 2] HQ]o| A H-F5F L, A7)
ZF &St 5.99uM ofef| 2 Hol x| ¢ A kS B lvk (Fig.
4m~p). TRF SHA| BF4 Sk A oA Bl 40.68+
1140 yMO 2 7HY 52 55 Bt B, B45-el
og I 55 o mefS 1Rt FE T YYE 5=
‘oAM= B2l A4agtel met DINT DSio 55k
7t S7¥ete Rt 50 A HEAE BTk (Fig. 9).

20141 FAF At S0 BF SSEEE Fig. 60 LEH
Uit 2t A B se 57 34.72£495mg L7, &
A 30.82+2.22mg L™, 5HA| 4.07 £ 1.43mg L™, F4] 4.36 +
2.06mg L' 2 A =A7F sHAISE FAo Hsl oF g
EUCE T FA G s A A (8 18~25)
A B 3921+222mg L7 Fro g o2 A (32.61+
3.51mg L") Bt =9ttt

20143 FAF A9t s o] AMH AZEITIEY
B39} Chl. a9 F& ¥3}= Fig. 70 UEHI 5
A AEEFIEY] P AEF2 0.7x10°cells L', 4
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Chaetoceros socialisSATt. EA "7 18~25°l 4] Thalassiosira
pacifica®t Thalassiosira rotulax= 8w 0.05x 10° cells L' =
E2 AEFES 7ISokoh E3 AA 5, 604 epEEE
 Alexandrium tamarense (= Alexandrium catenella (Group
1)9] @ZEFo] i 0.08x 10° cells L' 2 TH2 A o] H
o =A Uebtar, A3 20, 210014 A7 Leptocylindrus
danicus®] @EF0] B 0.07 x 10°cells L' 2 7HF =34t

ZA AEEFTES] Yt IdEFE 1.7x10%cells L™
olglenl, cMRER F2R A7 & A2 EYAE

o

AZLFO] 48%2F 39%5 A5kl ¢HF2 Cryptomonas
sp.2} Chaetoceros socialisZ A2} FAFRE FHTZE
o}, 89k ofy e}, EAO% FAIC FASHA A S, 6014
A. catenella (Group 1)7} Bt 0.17x10%cells L2 =2 &
EFE Bk

H AEEHIE)] HEFL 14.8x10% cells L™
= ohE AES vus) 7P =%, 2% 84 23914
43.0%x10%cells L'2 A S K TER7E AEET
3T = dZFO] 55% =2 FHEWI, FHZL Chaetoceros
socialis, Nitzschia longissima, Cylindrotheca closterium©] 1Tt
T3F LE AN Skeletonema costatum-like species”t &
dstpon, PR R R AN Ao
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Fig. 5. Relationships between salinity and nutrients (DIN, DIP and
DSi) in the coast of Busan, Korea.
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FAEY 14%= 4AE T 7P B2 HleS B3k o=
& S. costatum-like species®] HEFo] SHAHELTE FAof <k
3l o] F 0] w2 AEFS 7150 AL, 53] B4 13,159
A 247 90%, 76% = =745tk

Chl a9 F%+= B4 0.63~2.76 ug L™, =] 0.50~7.49
ug L™, SHAl 1.04~12.80pg L™, 57 1.01~422pg L' 2 §
stotqit. sA sH G- NA A 276 yg L' = WS A
oA Chl. a®] FE7F £ BFe EHoH, I¥E &
=7 AU eR 2 YEd ok Alde SHeE
ARE FAZA] F7¥er BH, shAl= 3 2390l
A A 12.80ug L7 R oA £ AYS B
Ak S, FUE 57t =2 AHelA Chl a® FE=
S HEEOH, AEEFAEY] T AEF (R =0.84,
p<0.001)7} 73t O] FHHAE H A (Fig. 8).
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Fig. 7. Seasonal and spatial changes in total phytoplankton (a-d), chlorophyll-a(e-h), relative contribution of different taxonomic classes (i-)
and relative contribution of different species (m-p) in the coast of Busan, Korea.
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Fig. 8. Relationships between chlorophyll-a and phytoplankton (Total, Bacillariophyta, Cryptophyta, and Dinophyta) in the coast of Busan,
Korea.
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DSi: R*=0.78, p<0.001). Y¥H2 02 s}t o A
] f+9 DIN, DIP, DSi®] F=& S7HIXIT L A
A0 (Justic et al. 1995), 2 ATolA= FE27 4t
& FroJRt ATEA 7 TEEA] kT (DIP: R*=0.037,
p>0.08). Yoon et al. (2017)-2 5724 DIP+= sH-5<]
FFoE FxA WS AFADY FHEHo] 7t
w2t F2 9 FR =] AARE A4S Bt v
9, skl ol @40 A7t Uehd= 957 s

e 2 sHE]l A7 sl A= pIpE X
g BE QFEFVE AR Fog At veRd

o ©

12

ol

(Baek et al. 2015). wHefA] 2 Aol A Urehd @-&3t DIP
o] Bt A PA = Ysik S Ee| ot 7o) 4
Ao] dFo = wEm, &3 DIN, DSiete] Folgt A
WA e 357 T S7PF A At s Qo] A4t
A AR 7199] FFD TES AL F A= A
= AAFRETH

o
ol
o
ults
o
bor
o

A EEFIES] 0] Chla sk F7Hl 7] Aoz
vt 95 98 A B2 Afree R 2
= T pacifica®} T. rotula$ATF. Popovich and Gayoso (1999)

O] X 1o oI5t T pacifica®t T. rotulat= -2 FE2717}
42 (5~10°C) 7004 o FES Hole= 7

L 3%
AUk EF, S4lo] e Aet Y BAGNE +5 £
=

ot BREAY =0 £50 FEHREE 7
T} (Bae et al. 2014). 2 ZAJoA] §59] 2= =
I Aol o2 FHHT wfo, o|2

ro o
o

g
ol offt
)

Phytoplankton and nutrients in Busan coastal region

At (Barone and Naselli-Flores 2003; Bae et al. 2014). Hx
Atell A SR B ZF/= SS9 FETt =& TAC FA =
< Afres B3, s FAI= ss9| s&7F g5t
7| ol it FAof| Mg Et At whebAl, A9
FA| Cryptomonas sp.2] DAY thege] Bg-=2lof o
Wobdl FxAoA dia o= weA A5 & A=A
B4 EAS o]8ate] 7|34 or STt Ao wohy
ok A3+4 0 2 Cryptomonas sp.2] &Y< HeholA A
& 4 QAT F72d S7toll ofet Ao Fart s
7ol d7gsHA Eofstl= 7HsAdel Q.
TERE ol SHe oA X
Aol A frelrt A a4 ot
W go] sHA AdF5o dE R
M= FobrAolE2 Foll A
© SHERER7L FEFot
2008b). '@ofl9] At & it
Hl&o] ]9k sHAl= obA] AgRt o= ¢lsf ebH R %

F7F 5t (Kim et al. 1999; Yoon et al. 2003). HHd, &

ol

; Lo
Aol ZAP Y-S S5 g7l ot gl 74
o] e Ao r W= A o= 5HA BF 529 F
7t& o] dastA|nt A9wet W v gddst @4
ol dutAQl Halere] AEE/A 2tolE E 3t (Lim
and Baek 2017a, 2017b). WehA], dHtA 0 2 otHR 277}

FAloke oA Foliote] AEEHAES] &
g, & ZAN 9] oHA| B2 ] 4 7149
T2 ERF T4 S35t C. socialis, N. longissima, C.
closterium, S. costatum-like speciesgl L2Hg o] &It ¢hH,
Chl a9 TE+ dHAow dUd 57t F2 955
FTHoRE A Uetgth AEEd2E2 Fiol WSt
Al ¥H-gohH, §AT 0] Wste A|2E T3ttt (Oh
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=9 diupdi FFEe AdHelA Chl a =7t &7
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Phytoplankton and nutrients in Busan coastal region

Table 1. Loading factor of parameters for the first and two principal components in the coast of Busan, Korea

Winter Spring Summer Autumn
Parameters
PC1 PC2 PC1 PC2 PC1 PC2 PC1 PC2

Temperature -0.69 0.41 0.68 0.59 0.83 -0.03 0.76 -0.37
Salinity -0.50 -0.12 -0.06 -0.94 -0.85 0.46 0.67 -0.56
DIN 0.61 0.52 -0.1 0.89 0.66 -0.73 -0.89 0.18
DIP 0.79 0.45 -0.70 0.02 -0.21 -0.82 -0.74 -0.42
DSi 0.69 0.55 -0.16 0.86 0.76 -0.60 -0.87 0.26
Chl. a 0.78 -0.54 0.95 0.22 0.76 0.57 0.69 0.59
Diatoms 0.36 -0.82 0.97 -0.12 0.67 0.45 0.67 0.09
Dinoflagellates 0.73 0.01 0.92 -0.21 0.17 0.54 0.59 0.57
Cryptophytes 0.91 -0.12 0.94 -0.13 0.60 0.58 0.34 -0.21
Eigenvalue 4.27 1.92 4.57 2.89 3.87 2.93 4.51 1.45
Proportion (%) 475 214 50.8 32.1 42.9 32.6 50.0 16.0
Cumulative (%) 4754 68.97 50.82 82.93 42.98 75.58 50.09 66.18
Loadings > 0.5 are bold
DIN: Dissolved inorganic nitrogen, DIP: Dissolved inorganic phosphate, DSi: Dissolved inorganic silicon, Chl. a: Chlorophyll a
ZRe F(+)9 A, dd9E = (-)9 AT O (Baek ef al. 2019), & A0 FA| LA A HA] &=
7h ebgeh A AEESE M 14, AR 54 oA 2 o] BaEo] tulhF o] 9ge Wy gle
o Y574 WRav AEERIAEY Aol 2% oF = AARG TEbA, tiebdR ot AEEFEE ol Tl
o] JFFL FAHT, ol Y WRAe FPoR Ak TS Yo melop] ﬁoH He 7] BYEy
Y Aol e ol B 2] Jdol BEO & B F7HH9 977t Baw o weHEch pca
L}, Chl. a®] FERE= FFHol A o2 W2 59 ANE Fobotd FAat Ak s ‘#%70* ol A9
M 52 e Btk (Figs. 4and 7). WA S PCAZ  BSet 4G FFol ABEFIE 2GS A
ol #7429l B AEEYaES] FURIE FTHS /PP FaP 8002 43S sk
= uHs|] B, 9% s9olA ] &2 Chl a0 FERE
L @R 2EAAE W S S Uk 95 dde] 48
ZYaE 20| GUFL anse] FARGSS AN ™M @9
Shot. A4 Al T2 (7191& 50.09%) 7 42, H-2, Chl
a, 125, FHERZFE F(+)9] 488A, IFE2 & 2 A= 2014 FA, A, 5HA, FA FAT At Sf
(=)o A HAE BHelow, Al 47 (71018 16.09%) HoA AEZEFILE FHFZ2Y 159 Al mlA
¥} Chl. %} R F= F(+)°] 480, G DIP + 2 metstr] 9Is 2s7h o] Aol A=t
LS (-)ABHAS By ol A AFTH et g A 2y BAESH a9le ARSIt AT et 5

o A JFd ot e 92 el M SAG F2RF AdH ABBFAE] FEF U FHRAL 39l
C. curvisetus®} C. socialis?} =2 Chl. a ‘S22 7]ogH Ot Y57t Wrgeol 2A oEH = EA4T HEe, &
A0 AT ULk N, PR ZR OhE oAt B BEJF AR AHo] Fo51 485l Ao )
o] WA= oA sttt 4= gllet ol SA A ¢ ofsict, e JUF 9 DIN (R*=0.72, p<0.001) ¥ DSi

2 5 22H B FFS WS A o= AlmHrh (R*=0.78, p<0.001)} 5-20]5F ATTAE 2latg ot

QE Ba|xel 99l & shtz F2A| Q9] xF4=<l that DIP (R*=0.037, p>0.05)+= A&7 -Folgh TAE2 gl
o] JL AASHE vholch B walgle] g ul ok ol 20141 B Zgf ol Atelo s el
A duhd s A7l A0 1Y e Aoz g 9l e Waet #4190 9Fd B 2eelAT, A8
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EYIE F FEF SHBEFO FA Fask &
gatgck ARH R HBEFAEY QEFLS oM, F
A, #A, $A) £02 7 vebgeh. Chl o =0l g
Flelge ABEFIEY F ALY O Fo 4UT

Al (R*=0.84, p<0.001) 5 B, IFNHE SHLXF
(R*=0.76, p<0.001) @ 1Z7(R*=0.50, p<0.001)2] 7]
ogo] Ao R =A Uehd ZAS mhelstqlnt. 244
o5 FBAF Ak o2 78 ohtet FAF EA 9 ot
EFIEY FAlo] WEA d
ofstalth. 53], S} 9|52
FLEET opleh AlEEHAEY wHFE
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