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Abstract — We carried out seasonal field survey to analyze the characteristics of phytoplankton parameters such as
chlorophyll a, species composition, cell density and dominant species in the Ulsan coastal waters from January to
October 2016. As a results, phytoplankton community consisted of 61 genera 107 species showing. Its controlled
by diatoms all the year round, while summer and fall were relatively high by dinoflagellates, and the species num-
ber was low in spring, but high in autumn. In particular, dinoflagellates, Lepidodinium sp. and Tripos biceps were
not recorded in Korean coastal waters. Phytoplankton cell density ranged from 1.7 to 468.6 cells-mL"', with a vari-
ation of 6.5 = 3.31 cells-mL" in winter, 13.3 + 17.4 cells'mL" in spring, 225.6 + 94.8 cells/mL in summer, and
109.9 + 77.1 cellss-mL™" in autumn. In other words, summer and fall showed a higher cell density than winter and
spring. The seasonal succession of phytoplankton dominant species was distinct Skeletonema costatum-ls, Chaetoc-
eros curvisetus in winter, Scrippsiella trochoidea in spring. Chaetoceros compressus, Ch. curvisetus in summer and
Ch. curvisetus, Chaetoceros debilis in autumn. Although the biological oceanographic characteristics of the Ulsan
coastal waters were different from season to season, it was thought that the environmental factors that controlling
the hydrodynamics such as runoff freshwater, diffusion of outer seawater and upwelling, and the corresponding
phytoplankton biomass were determined by principal component analysis (PCA).

Keywords: Ulsan coastal waters(=4F 12+l 1), chlorophyll a($3 =4 a), phytoplankton community(2] &2 %
AE TF),, runoff freshwater(B<=7%1), upwelling(£-%), principal component analysis (PCA, 53%2])

fCorresponding author: yoonyh@jnu.ac kr

159


https://crossmark.crossref.org/dialog/?doi=10.7846/JKOSMEE.2019.22.3.159&domain=http://www.jkosmee.or.kr/&uri_scheme=http:&cm_version=v1.5

160 o
LA B

Ak SAdel | vFet B2 ol ket ARkt
e AXNEA QR AFEE Aol 9E sk Qo] 53bst
dokEd 5o wsle] st & 54 el X
oJt}, L%*Mﬁl Tok EAS gk vt g ow Jit
St A T2E Hol, s|o] Q] $EA ol whet A= ok Ak
3 UrEME} olggt A AN A=EFAE TS HY

NAAE FAdste] AeAl He iR EES LA ALk
2A A9 Edwd W el RE dYshs T8 AR
228t (Parsons ef al.[1984]; Street and Paytan[2005]). 5=3t 2]
EETAE TS B At E S e Sl o8
IHERT YYDT & TRk SERIxPL B3Rl ARg o7 Aol
@@Qﬂ ] Z-of| (Severiano er al.[2012]), 3 HEEHAE
Aol gk JH= Ao AeTa U S lotel
4357 ARE-EItH(Garmendia ef al.[2013]; Yoon[2016]).

A A%l B, 19 W slobds T wersl A
o}—’F 9 8L 1962678 24357 A2t *F*?J &, g*&ﬂ]
7W‘?;1 4], AT RIEA, 2R edTA, &

l AT GHA, z‘%#ﬁﬂ?ﬂ T o] e *J‘?j%ﬂ 011*1
HWIEE = ARl B2, 241 el ] W-aedel xIeh=
L@ A 2

:LLH DGR ESENAES
Ao A % AR s LA I

1 EH%H = 200061 611
Hsfiol oz A5t SH%V Aol Al BelE eq-st
SITH(Yoon[2017b]). $HAC 2 3P 2akdeke HsS THoE

FE%, R0 B, e dibue BE Shrolel Az

AR 2] FHAF & tekst SEA 17| wAEI e J—o]x]t‘!l—, SAF)
7|2 2 SRS AE A O Z sk 9] A2 s A
A AR FA AR] 0] 7| = SFTh(Yoon[2017b]).

ZAMARN B2 ofelgh Thekdt s e B 0w Mk ek
Abgel &gt siol &3 e, 2E| VY W BATR Y
o] Aagt sl wt, AA7EA| 2 Bl Feta] ATA = - wiek
sheh. SARARE FldS di o= gt Sekst AT FF-2% (You
et al[2012]) 2 T4 2o 3t A155(Sun er al[2015]) H U
571245 388 AT A3} 9lvkJoo er al.[2011]; Kwon
and Kang[2013]; Lee et al.[2016]; Yoon[2017a]). “1&L} 24k~ 9k
FARA] Al 18] YApEEbd 4 Aok ghfiahd, 1970 o] %
WA A Ae 72 E B A7 537 AWK Choe
[1972]; Yoo and Lee[1982]; Shim and Park[1986]; Shim ef al[1991],
[1992]; Yeo and Shim[1992]; Kang[2008]; Kang and Choi[2001],
[2002]; Kang et al.[2003]), ol e AHA] AL E3hst 33
2 ZAb] W AEEFIE A AT vk Al ol

wbA o] y=iteliE A8 ElAtE FEo] aEE & A
RISt o= dAS AEEFAE 7Y A -FE 5

OE

o

A xS velsly]
o3l 20160 AL(19), B@4Y), A=7L )m e (108) 5 43
BARE ANBIIT. AR 2RdHES ol 8ste] Fig. 19] 1571 %
A& oz slar, 9= FiE GPS (Gelmen)® &1
sioiTh ST S A 55 TE BEFCE Chlorophyll
a (Chl-a) %= @8olA 3538 44 (JFE Advantech Co.,
Ltd, ASTD102)E o] &-sle] =431t

AEZHGEL 3L HEATT S 1%6}01 =7 2354
5 AR 2 m 29 A (RE) 1,000 mLE Fo) Afsle] F4
z=nlgos ﬂ 5T} 04% HEE E&E}(mondsen[wm])

THRRE %4_@.@_01]*1 A ?f&%ﬂ 3] AT 7 YEF
A 4841 7F o] XA A 1000 mL — 100 mL — 50 ml —
10 mLe] HEEE7t =] 53] AR ER siQlth AL &

A8 01 mLE 7} @ AlZef 1.0 mm 7L}7~'L_i o] Zof
Al=2H(Rigosha, No. 5608-C)°ll &l AW FEAE 310 v]E7HA

rlr o

35°HN

- 3528

- A5T20°

Fig. 1. Map show to sampling stations in the Ulsan coastal waters.
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Fig. 2. Seasonal variation of chlorophyll @ concentration in the Ulsan
coastal waters.
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Bidduphia sinensis, Chaetoceros dffinis, Ch. curvisetus, Ch. lorenzianus,

Coscinodiscus gigas, Dentonula pumila, Dictylum brightwellii, Evucampia
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Fig. 3. Spatio-temporal distributions of chlorophyll a concentration at surface(upper) and bottom(lower) layers in the Ulsan coastal waters.
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Table 1. Species composition of phytoplankton community in the Ulsan coastal waters from January to October 2016

Seasons Sampling Date (2016) Sampling Date (2016)
Species name Jan. April July Oct. Species name Jan. April July Oct.
DIATOMS Rhizosolenia seriata * * * *
Actinoptychus senarius * * * * Rhizosolenia sp. *
Asterolampra marylandica * Skeletonema coastatum-1s. * * * *
Asterionella glacialis * * * * Stephanophyxis palmeriana * * *
A. kariana * St. turris * *
Bacteriastrum delicatulum * Thalassionema flauenfeldii * * *
Biddulphia sinensis * * * * Th. nitzschioides * * * *
Campylosira cymbelliformis * * * Thalassiosira nordenskioeldii * * * *
Chaetoceros affinis * * * * Th. rotula * * * *
Ch. compressus * Th. subtilis *
Ch. curvisetus * * * Trieres mobiliensis * * * *
Ch. danicus * * Vibrio paxillifer *
Ch. denticulatus * unidentified diatoms * * * *
Ch. debilis * *  PHYTOFLAGELLATES
Ch. didymus * DINOFLAGELLATES
Ch. lorenzianus * * * * Akashiwo sanguinea * * * *
Ch. messanensis * Alexandrium sp. *
Ch. pendulus * * * * Ceratium trpos *
Ch. pervianus * Dinophysis acuminata *
Ch. socialis * * * D. caudata *
Chaetoceros spp. * * * * Gyrodinium falcatum *
Corethron hystrix * * Karenia sp. *
Coscinodiscus gigas * * * * Lepidodinium sp. *
Coscinodiscus spp. * * * * Lingulodinium polyedra *
Cylindrotheca closterium * Noctiluca scintillans * * *
Dentonula pumila * * * * Prorocentrum compressum * *
Dictylum brightwellii * * * * P, cordatum *
Eucampia sol. * P, dentatum *
E. striata * * P, gracile *
E. zodiacus * * * * P. micans * *
Grammatophora angulosa * P. triestinum * *
Gyrosigma sp. * * * Protoperidinum bipes *
Hemiaulux sinensis * * Pt. conicum *
Helocotheca tamesis * Pt. obtusum *
Hobaniella longicruris * Pt. pallidum *
Leptocylindrus danicus * * * * Pt. pellucidum *
Licmophora spp. * * * * Pt. petagonum *
Melosira moniliformis * * Protoperidinium spp. * * * *
Meuniera membranacea * Pyrocystis elegans * *
Navicula spp. * * * * Pyrophacus steinii *
Neodelphineis pelagica * Scrippsiella trochoidea * * *
Nitzschia longissima * * * * Tripos biceps *
N. sigma * * T furca * * * *
Odontella aurita * * T fusus * *
Paralis sulcata * * * * T. kofoidii * *
Planktoniella blanda * * T. macroceros *
Pleurosigma directum * * unidentified dinoflagellates * * * *
P, normanii * * * *  SILICOFLAGELLATES
Proboscica alata * * * Dictyocha fibura * * * *
Pseudo-nitzschia seriata * * * * D. speculum * *
Pn. subpacifica * * * Ebria trioartita * * * *
Pseudo-nitzschia spp. * * * * Octactis otonarius * *
Rhizosolenia flaccida * * *  EUGLENOIDS
Rh. fragillissima f. fragillissima * Eutreptiella gymnastica * * * *
Rh. imbricata * * *  GREEN ALGAE
Rh. robusta var, robusta * Pediastrum sp. *

Staurastrum sp.
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striata, E. zodiacus, Leptocylindrus danicus, Nitzschia longissima,
Paralis sulcata, Pleurosigma normanii, Pseudo-nitzschia seriata,
Rhizosolenia flaccida, Rh. seriata, Skeletonema coastatum-ls,
Thalassionema flauenfeldii, Th. nitzschioides, Thalassiosira rotula s
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= v7IEFolH
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£ 3.60 cellsmL")e] W5 FO0 7 2 /‘ﬂiﬁe Bt B %
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Fig. 6. Seasonal variation of phytoplankton cell density in the Ulsan
coastal waters.
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Fig. 7. Spatio-temporal distributions of phytoplankton cell density at surface(upper) and bottom(lower) layers in the Ulsan coastal waters.

Table 2. Seasonal variations of dominant species and dominance in the Ulsan coastal waters

. . Jan. 2016 Apr. 2016 July 2016 Oct. 2016
Dominant Specisces
Surface Bottom Surface Bottom Surface Bottom Surface Bottom

DIATOMS 98.8 99.3 40.6 95.2 96.2 97.8 99.6 99.4

Chaetoceros affinis 5.1 5.1

Ch. compressus 23.8 22.1

Ch. curvisetus 10.6 15.3 11.3 32.0 35.8

Ch. debilis 12.6 15.7

Ch. socialis 6.8 8.5

Leptocylindrus danicus 7.6 3.1 2.3

Melosira moniliformis 5.2 3.7

Paralia sulcata 21.5 30.2 9.2

Pseudo-nitzschia seriata 12.6

Skeletonema costatum-ls 17.7 13.1 5.2

Thalassionema nitzschioides 5.7 4.7 16.0
PHYTOFLAGELLATES 1.2 0.7 59.4 4.8 3.8 2.2 0.4 0.6

Scrippsiella trichoidea 56.8
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ATt ol 5 - FE ol el XTolA Chaetoceros affinis 2
Leptocylindrus danicus?t, 15V Ch. affinis ¥ P. sulcata?} 10% ©|
319 985S YRt Table 2). 18] 72 ATl 12
Ch. curvisetus?’t Z}7} 32.0%9} 35.8%2] $-H-&= #9581l
Chaetoceros debilis7} 345X ZF 12.6%2}F 15.7%%] $8&=
-2t} ol 9ol E5olA Melosira moniliformis?} 5.2%
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Table 3. The results of principal componant analysis (PCA) on the phytoplankton cell density, dominant species and marine environmental

factors in the Ulsan coastal waters.

Princinal C ¢ Winter Spring Summer Autumn
rineipat-omponen st 2nd  3rd Ist  2nd  3rd  Ist  2nd  3rd  Ist  2nd  3rd
Eigenvalue 3.902 2.635 1946 4.067 3,011 1,580 6.655 2928 1.013 7.318 1.613 1.098

Proportion (%) 32.5 22.0 16.2 37.0 273 14.4 55.5 24 .4 8.4 61.0 13.4 9.1
Accumulative proportion (%) 32.5 54.5 70.7 30.7 64.3 78.7 55.5 79.0 88.3 61.0 74.4 83.5
A : winter B : spring C : summer D : autumn
1.0 StRPfCN 1.0] 0
Winter ot | Spring Summer o Autumn Pf
T ece st ce
o SAL Dt Mm,
0.21 VosaL 0.21 “ot 0.2 ToN' 0.2 Soaen
. cs cae wr, N
f.: -0'6 -o.(z:: 4 02 06 ‘.l')? %1 0’6 02 o 02 o u.sic B ?: 06 -0.2 o 02 06 Ld %1 0’6 02 o 02 06 Ldﬁ;A_,_
o‘: b se 0.24 P oh wr 0.2 " : 0.2 e chi-a®
78° chi-a
-0.64 -0.64 0.6 ®pr 0.6
1wr *n . ‘18
1.01Z2 1.01Z2 1.01Z2 " -1.01Z2

WT: water temperature, SAL: salinity, ST: sigma t, TB: turbidity, TCN: total cell density, Dt: diatoms cell density, Pf: phytoflagellates cell density, Chl-a:
chlorophyll a, Ca: Chaetoceros affinis, Cc: Ch. curvisetus, CCo: Ch. compressus, Cd: Ch. debilis, Cs: Ch. socialis, Ld: Leptocylindrus danicus, Mm: Melosira
moniliformis, Pp: Pseudo-nitzschia seriata, Sc: Skeletonema costatum-1s, St: Scrippsiella trochoidea, Tn: Thalassionema nitzschioides

Fig. 8. Loading factors by principal component analysis (PCA) on the environmental factors and dominant species of the Ulsan coastal waters.
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AL Are 455 Yehlls ARE 39E A tH(Lee and
Kim[2003]; Kim ef al.[2010]). QIAFS] XM= F27 L
A=A ARZF, 985 Leptocylindrus danicus 5~ S5
o] 73t d|od-& ME SRR, Ch. compressus, Ch. curvisetus= A
=70 8589 MFah= Aow Tt thKim ef al.[2014)),
LESE Chl-a $5E AEA HREERC) A2 S (Honjo ef al.[1978])
o) Aufjli= A o® vfetw QIThFig. 8C). 18]l 7R A1
ol @i, 4%, Chl-a 3% 59 &FAA e} 27 9 ¢85,
T3 AA AEEETE Al g ko] IS HolARt,
o} At 50 WA Holi= AlelA ool I 13
Ashs A EE I 10, AT

al ]
curvisetus, Ch. debilis, L. danicus 5= 195, 1ULY 4=
Ag3, Chl-a ¥ 5= $8FY Ardee] Anjs= Aoz 3
o}=] 3{th(Fig. 8D).
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07 Ak Ak BarEl Chl-a H52] FA1Z H3k= 1980
ddlel] 2 Chl-a =5 Holthrt 1990ty o5 74330t
e, 2000t S0 AAF STFshE AR RS 1A 4
=] U TH(Table 4). ©1213F Chl-a F% W3l= AR 4
A o] BUA| Foll <Jd JIT ARk, HAAH o 2= 1980
el 22 715E7] A2 Sakrdeix] o] o r =25
o] Wglo)| wjet Al-FIHA O R AEEFAE] A4 HAEEE
Kol Q)7 wo|tHaury et al.[1978]).

AEEFAE 4 T AAA Wl 1970 11052 17
Z5+7F a1 o]2(Yoo and Lee 1982), 19800 120~185%(Yeo
and Shim[1992]), 1990' T} 258~3015(Kang and Choi[2001], [2002])
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T AR Aol 3 STFsEATE 2ev 20100 Hell= 133
(Yoon[unpublished Data]) % 87%(Yoon[2017a])2. % 7443311,
o] ATl A= 10750] %3 3IITHTable 4), o]2]sh Mzh= 34
ARG A FAHA 7t 24 Mg HAA] Ak $A| A
EEHAE THE HElE 1o, 4 Fo] TUIRIAI, viE
5 TR} sl EA 57 fhashes Blow st -
5 A, 2000 o] ZAbel A= EFAE UIEA ] g
2384 Aol sk FERiAlS HER Bkl Qlis Al
HEsll, 20101 ©]F- ZAFsATE Al ol 2Jgt A 9l A=RtAlo]
Aol o] Fo| A HA] L3 H= W-E-(Sournia[1978]) H A4}l
74912 zpolel|A] BAsh= Ao R 3hdek = Qirk
MEY T 1.7~468.6 cellsmL'Z Al 374 W% Zo] X0k
S dctalle] AEZHaE AEUro HAA Hik= 19603
0.1~10 cellsmL" (Choe[1972]), 1970:dth 2 1980 d tfjol|&= 212t
0.1~500 cells'mL"'¢} 0.1~9,000 cells-mL'% A5k 761
(Yoo and Lee[1982]; Yeo and Shim[1992]), 20001t 6~1,600
cellsmL" (Joo er al.[2011]), 20103 th A7-afje] W A1 o] whe}
0.5~500 cellsmL" 2! 0.1~2,000 cellsmL" (Lee et al.[2016]; Yoon
[2017a])% 1980 T] ©]F afjoo] w2 WE =& A Yebgrh
(Table 4).
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Ao} WS 3ho] 5
Hs7F 2 g selol, Ao
RSl SoR U ¥l

AR X7} AA YERR= 2l (Haury et al [1978])O% X
o] Zct, gk AU ErF ALY el vjEl] o537 ko] @7t
e AES Hol A AA] el Fds= 99 53 8l
FEAE B AFE L &5l e Adet & 5 th(Lee and
Kim[2003]; Kim et al.[2010]; Kim et al.[2014]). &3] tisf
A SAE Aol FAlol SHE 72, Aol oJg TS
diagramol|] 915 EZFo] oy 7R W 27} 22 s

Table 4. Temporal variations of phytoplankton community in the Ulsan coastal waters

Survey periods ~ Species number Cell density (cells-mL™")

Biomass (mean) (Chl-a, pg'L™") Reference

1960s - 0.04 ~15.5 - Choe [1972]
1970s 110 0.18 ~524.9 - Yoo and Lee [1982]
10805 120 1.65 ~ 9,866 - Yeo and Shim [1992]
- - 1.89 ~ 12.68 (6.21) Shim et al. [1991]
1990s 258 - - Kang and Choi [2001]
301 0.18 ~ 2,632 0.94 ~4.43 (2.57) Kang and Choi [2002]
2000s - 6.0 ~1,602%* 0.30~10.57* Joo et al. [2011]
107 1.7 ~ 468.6 0.42~7.19 this study
2010s 84 2.4 ~3352 0.06 ~5.81 Yoon [2017a]
- 12.0 ~ 425.5% 0.5~3.1* Lee et al. [2016]
133 0.77 ~ 2,400 0.31~19.45 Yoon (unpublished Data)

*values calculated from mean and standard deviation of references
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Fig. 9. T-S diagrams at surface (left) and bottom (right) layers in the Ulsan coastal waters.
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Table 5. Temporal variations of dominant species of phytoplankton community in the Ulsan coastal waters

IEEEE

Ao ] Bt 5
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Domonant species

Survey periods Spring Summer Autumn Winter Reference
Skeletonema costatum-ls ~ Chaetoceros debilis Prorocentrum triestinum  Chaetoceros socialis
Thalassiosira decipiens ~ Ch. lorenzianus Chaetoceros debilis Cheatoceros debilis
Chaetoceros debilis Ch. anastomosans Skeletonema costatum-1s ~ Skeletonema costatum-ls
Leptocylindrus danicus Ch. compresus Thalassiosira decipens ~ Thalassiosira decipiens Kang and Choi
1992-1996 Pseudo-nitzschia seriata  Skeletonema costatum-ls  Proboscia alata Paralia sulcata %2 002]
Thalassiosiar decipiens  Leptocylindrus danicus
Asterionellopsis glacialis  Nitzschia logissima
Tripos furca Dityocha speculum
Prorocentrum spp. Octactis octonaria
Skeletonama marioni Chaetoceros socialis I /
2006-2008 Chaetoceros curvisetus, Skeletonama marioni, Pseudo-nitzschia seriata, Chaetoceros commpressus, ?goe]tﬁ '
Leptocylindrus minimus, Thalassiosira binata, Pseudo-nitzschia delicatissima
Chaetoceros debilis Ceratium fusus Palaria sulcata Grammatophora marina
Eucampia zodiacus Eucampia zodiacus Melosira nummuloides ~ Paralis sulcata
Paralia sulcata Eutreptiella gymnastica Skeletonema costatum-1s Yoon
2011 Pseudonitzschia seriata  Dactyliosolen phuketensis unpublis’he d
Thalassionema nitzschioides Skeletonema costatum-1s data
Skeletonema costatum-1s ~ Chaetoceros debilis
Chaetoceros affinis
Paralia sulcata
Chaetoceros compressus  Nitzschia spp. Chaetoceros debilis Chaetoceros socialis
Leptocylindrus danicus Skeletonema costatum-ls ~ Chaetoceros curvisetus — Skeletonema costatum-1s
Crytomonas spp. Eutreptiella gymnastica  Skeletonema costatum-1s  Thalassiosara pacifica Lee et al.
2014 Eutreptiella gymnastica  Oscillatoria spp. Crytomonas spp. [2016]
Eucampia zodiacus Microcystis spp. Yoon [2017a]
Paralia sulcata Chaetoceros curvisetus
Chaetoceros pseudocrinitus
Paralia sulcata Chaetoceros compressus — Chaetoceros curvisetus — Skeletonema costatum-1s
Pseudo-nitzschia seriata  Chaetoceros curvisetus Chaetoceros debilis Chaetoceros curvisetus .
2016 this study

Leptocylindrus danicus Melosira moniliformis

Chaetoceros affinis

Chaetoceros socialis
Thalassionema nitzschioides
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A H-E(Yoon et al[1992]; Maita and Odate[1988]; Yoon[2011];
Guo et al[2014]) Soll 23t NEUEL] H4H 7} SollA t'“ﬁﬂ
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seriata, o] Zof Asterionella glacialis, Chaetoceros socialis S
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SH7IE o] Tl s} A EF(lizuka[1985]) Skeletonema
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decipiens, Chaetoceros debilis, Prorocentrum %5 5 2.9 %/d £50]
A K& 07 9=tk (Kang and Choi[2002]; Cloern[2018]).
ey 2000 el AR FEEAE AARE AF R
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%3 37 AAFol= o
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Z5F Tripos furca, Prorocentrum triestinum, TF38 B35

Dactyliosolen, Melosira, Grammatophora
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