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Identification of Environmental and Phytoplankton Fluctuation Patterns in
Jinhae Bay, South Sea: Focusing on Harmful Plankton from 2017 to 2022
Han-Sol Kim'T, Taehee Kim”, Tae-Gyu Park’, and Jang-Seu Kil"

'Department of Life Science, Sangmyung University, Seoul 03016, Korea
’National Institute of Fisheries Science, Busan 46083, Korea

Abstract : This study investigated recent seasonal changes in the phytoplankton community in the southern
coast of Korea, analyzing monthly samples collected at four stations (St.1-4) in Jinhae Bay from 2017 to 2022.
Environmental factors except nutrients were similar each station. Water temperature ranged from 6.0 to
29.0°C and DO ranged from 2.7 to 11.6 mg L™ with salinity ranging from 25.9 to 33.8 psu. There was no
significant differences in environmental factors between stations except for nutrients. Phytoplankton cell
concentrations ranged from 5.0x10° cells L to 7x10° cells L™, with patterns similar to chlorophyll-a at each
site. Phytoplankton taxa identified here were 42 genera and 77 species, including 49 diatoms, 27 dinoflagellates,
and one Dictyochophyceae species. Diatoms dominated throughout all monitoring stations and seasons; how-
ever, dinoflagellates exhibited sporadic patterns during spring seasons. Nine harmful phytoplankton were
identified, including one diatome Psuedo-nitzschia and eight dinoflagellate Alexandrium spp., Akashiwo
sanguinea, Margalefidinium polykrikoides, Dinophysis spp., Gymnodinium spp., Pheopolykrikos hartmannii,
Polykrikos kofoidii and Prorocentrum spp. The appearance pattern of the harmful phytoplankton showed a
high correlation with seasonal factors. This study provides fundamental data on the composition of phyto-
plankton and their relationship with environmental factors in Jinhae Bay. In addition, they may be useful for
understanding long-term changes in harmful phytoplankton in the southern coasts of Korea.

Key words : Jinhae Bay, phytoplankton, monitoring, diatom, dinoflagellate

*Corresponding author. E-mail: kijs@smu.ac.kr
T These authors contributed equally to this work.



44 Kim, S. H. et al.

LA &

walloll YJAIgh Zlsuk aletA =Iro] AlshH, AAE=
of 7he ol Eeiel Rl Winte|oh g or =
Mol F2 FECMESR, AWETR)E 9l oS At
1 AZAE|o] Qlof slig who] ALSER] 2 dfo|rt
SHAIRE 71/ 2710 wheba] siee] WEo] Alsh, o)k
et &9t Aw=rt AA R @40l BAE|E fhtt
(Han et al. 1991). =284 072 Ao QJsj=e} E<
T og A7t Fote A qo=m wije B3et 25 7}
A|aL Qiek ZIsfiRtof| sz3tE| o] Qli= mhikukyl sk,
| DTS Sfj4=9] fgo] Y=shA] Zek 2o W

24 gitdor ofF - SA=EEH @47t
RHZTY P2 ATOE AFORY A I
A Falf AAka S PAdtichLee 1993).

At 441 AZF ofslfo) Alekah A8 ofat
ko, shsarlo] Alsislol S 2 AAIre] 63%
FAISHIL QIEH20124 712, Jin et al. 2019). jAHEC]
07t Z7H5HEA olo] L ulEe AXsHe iR o
A PR F7eke FAlo|AT, Kookl olat Az,
HIARAZT] A o) SRA QIRMIEA @ oAl
of B4z g3ke n|ZtiKim and Kim 2003; Kim et al.
2012; Lee et al. 2017, 2018, 2020). £3], EHo|] =4 =
9zEo] ek FAISH, ojjals AlES of7} 414e)
of Aol EAT FAai HFEat Fulo] AEA
W Az} A2 Q] G ofnlE AFE WAE
Si3) ARme U B BYRE mUEo] el A
HE 7 9k

At ol FHOR ke ARBYAE A7)
S E|Qlon, ETE9] ER(Yoo and Lee 1979), 23
@} G2 (Park et al. 2001; Yoo et al. 2007; Back and
Kim 2010), 2Z4E20] B3 =4 9 uby 7] 2KPark 1982;
Lee et al. 2005)0] 257 Thet|gict 53] 22 1k
7 Petste] 4IRS} ABEAAES AAEAH (Yoo
and Lee 1979, 1980), AZLINYE Bx 9 Ay 7|z
(Cho 1978, 1979; Lee et al. 1981, 2005; Park 1982), 5
kst Ao] 44 meln} ABBYAE 27 & SAwY
(Kim et al. 1995), F3H o 2 F3HA EAJ(Park et al.
2001) 52 el ApEo] SaEick AFAH B
o Qe oae] el woigke] AEEeaE B
W g ol Tt Aol

220) sforety Wske AEERAE 24 % 24
HILE of7|sial Qlek 1980dt o], Zlsvt a9
EEFAES Y Ho|rt the HarE|gleow, oo w}
2t 4714 A7) HUE Y A= 50| Basit)h whebA,
2 A= 2017 RE 20228714 6dXE Rlaf-mpibeto)

2R
5

12 %
lo

3
g
o

l3]ju

s
=

2 Jo 2 [
R

il
r—ﬁ ol
flo 3/

ol

I o
g

o

o
O

>~ 1o

2223} QJEO CTD (Sea-Bird 9, USA)S o] g3}o] =
Aol sl 5 2443/ Dissolved oxygen, DO)-2
U ARsESA7I(YSI-6600E) S o83t S7d313
t} o BEA(E<E57)2 A Dissolved Inorganic Nitrogen,
DIN), PO,-P, SiO,-Si) &% sj4~= &= 5F0|GF/F (25 mm
diameter; Whatman, Maidstone, UK) oJ1}x|9} A& o
TAER of7gt &, YsAH2 Hysto] AR A
AU A5 7](Seal analytical, Model QuAatro)= &
Aoty J54-a= 300 mLO| sieAl 25 GFF LE|(47
mm diameter; Whatman) = oJT1gF 3, 90% oA Eo]| 244
7H4°C, Q7)) WIS AAS SEIATL, 3,000 < go
A SEZE QaEeIslo] AHFole Bsialk Hele A%
ool FT= DU730 33 =A|(Beckman, Fullerton,
CAYE AH3to] Zslglth Q8 dva 5 750 i)
ZAZFS 71202 663 nm, 645 nm, 630 nm =02 T
5 #45to] Parsons (2013)f wt F4sk3ich

%
China % .
2 Jinhae
ya?"‘o
Masan ®s: > £
- <
a
st.1
ey
Jone® z
~
N - &
St.4 Lst3 &
o ® Geoje
0 10km
L] T
128.59°E 128.77°E

Fig. 1. A map of the sampling location from South Korea,
Jinhae Bay. Red dots indicate sampling stations
(St.1—4)
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Fig. 2. Annual and monthly changes of water properties (water temperature, dissolved oxygen and salinity) and nutrient
factors (dissolved inorganic nitrogen, PO4-P and SiO2-Si) at Jinhae Bay from 2017 to 2022
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Fig. 3. Annual and monthly changes of phytoplankton and chlorophyll a at Jinhae Bay from 2017 to 2022
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Fig. 4. A heatmap showing correlations among seasonal samples with abundance of phytoplankton species from each
station of Jinhae Bay. On the right are the species of phytoplankton for which correlations with the seasonal
samples were determined. Below are the seasonal samples of the spring (blue color), summer (green color) and
autumn (orange color). The four samples within each season represent St.1, St.2, St.3, and St.4 in that order.
The colored scale bar indicates the degree of correlation between the variables. Red indicates a close correlation
between the taxa and the samples, while light blue indicates a more distant correlation
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Fig. 6. Principal component analysis (PCA) plot (a) of the seasonal variation of phytoplankton recorded monthly in Jinhae
Bay from 2017 to 2022. Axis values of the PCA were given (b)

4.0

35

3.0

2.0

Log,, cells mL"+1

1.5

1.0

0.5

0.0

Pseudo-nitzschia
® Alexandrium

Water temperature (°C)

Fig. 7. Scatter diagram between the harmful algal cells
and water temperature. Blue dots represent Pseudo-
nitzschia cells. Red dots represent Alexandrium

cells

i3
o=

LN
oy rlo
)
ol
ol
rr

N

2
THPeng et al. 2012; Lee et al. 2023). ©]F A EEYIAE
o] S fEste dl Bag 272 EASHAINL, g
A8l AEEHAE T2 fongt ATt
ZAstc}(Sathyendranath et al. 2015; Grigorszky et al.
2017; Oliveira et al. 2020). ¢]= 9o g EX AEZT
£o] HRE AAIR|o] 52 9 Fuislol ofs) walshe
Aoz AE 4 gtk Weha] AEBAAE BEYL
SR AL Aolsha shet AeAe) ARES
Hlels ol 9o} F-Re}ciUia et al. 2022). 2 AL 3
2 6¥izke] MallolA] Ed GolERYE] 2x



50 Kim, S. H. et al.

[e)

Az o2 SRS Btk {H25F Chaetoceros 1
Psuedo-nitzschios'= BB 02 25t Ao oAy
Shs AE Helou, ehHn R A0l 1Al A
25 WYX A o PR F 52 AAAA &4
T 2019 wAo) =53 A BTl ol Chaeto-
ceros X Psuedo-nitzschia®t 0 {1ZH= 232 £3dofo|
UKFig. 4) o= PHR RS} F277F AZsh= 24
o] tha= on|gtth AlEA Zpo] o]Qfof| = ZlIsvkE ¥t
2 zpol7F 53t Ao m AEEFAES] Fdol®E ¢
TS vzl Aoz BAETHKwon et al. 2014). 23ljl4=
o] wR7F A om 2 A 1, 204= == ofd
ol ofgt Az skl o, "aeRde) ol
of YFHol Tk, o] =1l Ao dHdl 44
3, 494 = JHRZFI} RS HtHLee 1993; Kwon
et al. 2014). o= FE2Fe} HREFO] YL vHEol
ot 54 9 AAAC o3k A er HItKSmayda
1997), hzF orel vhEsh A%} ot ek
Kol 2 2R S U ZAGN HEZRRT w
2A) AAsr 4= 9t (Smayda 1997; Baek et al. 2008). ©]
of ¥t} AN 2R FUYH =7t =2 A= A4
ol 7hssl A egr dgAe] B BA 1, 2004 A
24 oS 7HE 7Fed= AlAkSISITE (Smayda 1997).

Zsfute] A z= 1981 7o WSt Chaetoceros sp.
O] tiiy o] %2 Ae7IA| thggh Fol Esto] A7
2 3% e EA4S HoTtHo] 5 2023). A& &
o], A HR XTI Karenia mikimotoi~= 1970 A+
El 1980dt71A] = s ou(©] 5 2023), & A+
o= EESHA] dth 1990 = o|5oll= Margalefi-
dinium polykrikoides®l| 2]t A& A o] FFE2A 2008
E7HA] olojFl ot 11 o]% Ed HIETt skt Lee
et al. 2013). & AL 7|7t EoF E33E M polykrikoides
A sl o) 7.2 x 107 cell mL'2 4219189
o] ARAR7)Z(1.0 x 10° cell mL™)o] B]3] 1/1309] 3]
FE= 2B sEE FASITE M polykrykoides =3 2]

Ao AlEd S92E Aol 2440 8l 2, 9
= 9 YL o vk Qs JEFe vE o Stk
53], DIN, POs-P, SiOx-Si 59 Y AEE 92
=9 At S0 Fagt g3 ghrk(Peng et al. 2012).
o3t ka0l T M polykrykoidesol 23+ 228
ol B4=AQl A9 F5S ARt 4= AtKGobler et

2]
al. 2008). AA|Z M polykrykoides HZEAF Ak i

7} =2 A9} #Ho| QUtHGobler et al. 2008).

2 At 717 B8 ehHR xR0 - dlexandrium Y
Ceratiumol| 23t Hx7} 5 o]fglon o2 f3f ok
REF T n|Eite] Sdskelnh 20079 L HS=
YA 5 LAAH A HA| o] % Zlaute] =Ho] FA
=S, ol=tt AR} S Wl dFE 7R
2 Ao & Al %t Cho and Yang 2012). Alexandrium-2-
A, 2g A U] Z1eks B2 9lom,
Sl o} AEEYDE ©Q ueeiolE 44
& 2104 IR AEAS HltiCollos
rz et al. 2021). BRRIZIRE, Ceratium 4:2]
dd= ol 9EEE D& 5 oem, o=
P 2704 NA-S FASH=El 710K Back et
al. 2008). <, WL I oNA o2 FEol Hish BA +
Qo] Q= dlexandrium L Ceratium©] AGL7]7F =2 &
Z5 AR Ao 2 AtrETtHSmayda 1997; Collos et
al. 2004; Purz et al. 2021). Z3|Tte] Alexandrium 2
Ceratium -5-°] ol AE&HAEY S8 S A=A
o] #S MEeEar, 35 A%l el € 4= 9lew,
317 wzto] A7 © 2= 9rkShin et al. 2014). o=
=01 Ceratium®] T2y o]F As£7} FafjshaA g2 o
of 4 Anls) AALaFo] §uE & glow off,
HagE w 7le ojo BT S % Aol o2
2 9L uld 5 ok 2 ATl HE 20204 7]
Cerariumo] o}t 427} WAlsli o, ] QAT B
7R olol A7) ek

AlexandriumS ) EAQ S32F=2 opu)A dirEs
= WSk Ao A glol, Zhet Fepst Bash
(John et al. 2014). & ATLo|A Alexandriumo]] 23t A%
A2 5o EE LS K(Shin et al. 2014), & %
7% v|=Fe] Alexandrium M7} Zls||tol A HEE
Atk 9.1°Coj|A] 28.6°CL] HY A Alexandrium©] &3
ST, ol TdEol Qg Edo| obd thr Fofl g
gk AEA Hol ddom FAHTE A% HQlo] He
EFAEY FHEAE Fobe) ol 27} th=K(Shin
et al. 2014, 2021). A& =°], Xlsfjvte] UAYsk= vpH]g
| F=40] YQlo] E= 4. catenellal] FHEA Hrofo-
L= 10°Cel WM, 4. pacificumE 10-25°C2] &= 9o
A rolst 2= 9JtkShin et al. 2021). o]Q]olE FE=A =
Q1 A. affines= 20°C9| 20l A Z|ff Woka2 HGle
A. insuetum-> 25°C9| oA o JEE= H3lth
(Band-Schmidt et al. 2003; Shin et al. 2014). o]= A&
U= Alexandrium spp.] FHEAT} 2|Z L0 Hols}
WA 54 T 54 Fol BA ST 5 e 9
gheh webd, Az 9 ajRsd S 27)0f skl
3317 SleliM= & <=l X9l dlexandrium =3 s

R
IS

2
o

0.
filo

[}
(=3
(==}
>
g

i 2 & oo b
10 XL 0.

tx flo

> o

2

O ol & Ok rlo X
r
O
g

2
ol

-

BN
)



Environmental and Phytoplankton in Jinhae Bay from 2017 to 2022 51

% 57 2 09kl e At dasi

Alexandrium &2 2531202 A 33F0] K119
CHGuiry and Guiry 2023). 3}A|qt o]& & A5 F7lo]
bR umu folo] Floz kg wmUEE A EAZ
g 38 estel gEslhe Aol ask. ¢ o
Fro| A= du| 2L E8) dlexandrium 52 ZAVSHS
7] whol, Fefshd fAMo] e B4 B3 FEAy
& sk WAL Qlslch ol el ow &
Foz FA}| aAE S0l siAlE Ze] vl
Herto] NRTEE AAUDAE olge] HAIsoF o
TH(Balech and Tangen 1985). s}A|qF AA}&u] 7S o]&
3 RS BARE R A, e 2ol WA 2t
oh 2 BAAEE J1é U B Feeres
358t Alexandrium £52] BX4 A2 71=31A4 skith
(John et al. 2014). o]o{A AAI7F Z5+E A 4¥H2{(quanti-
tative real time polymerase chain reaction, qPCR)¥} -2
AR 7o) SAwe] ueh H4x 2 % sl
59 ARy Bt ok o2 Al 3l
o} AR Alexandrium £ 520] Fo} n|FFo 2 olH|
A S WANZ S o], AF U4 W Aokl &
o BAmUE S8 4] $40] Waslth

Y2 Ay bl

4

4 e

H A= 2017H5EE 2022\ 7FA] At 471 A 9
D RS B3] AT oot ABEFIE AT
z0] A wis} opre molslolth. 7k el ok

B2 Aofet 02 RS 1 447} fAA: S
HEL2 6.0-29.0°Co 2 ERIEUN, FFEAATFL 2.7
116 mg L'e] 9912 ol A4l Ldi7|5o] 97 9
He Rl JR-e 259004 33.89] W9l FAsigr.
ABEZegE RS 50 x 107-7.9 x 10? cells mL"' 9]
9N Hglm, 2 A GEha EFF BEYT vl
R Btk & 424 77 F0) ARBARE HRTol
ZISE oM, fF2F 49, HERR 27F lﬂf’— 1%
o FAHRAFE P PR BE PH A
Mol $steick vhe, ehpEaRE B 7EH0
2 A8 Pysisich AEY 05 foARE

31954, 325 Psuedo-nitzschia® HARZH
Alexandrzum spp., Akashiwo sanguinea, Margalefidinium
polykrikoides, Dinophysis spp., Gymnodinium spp., Pheo-
polykrikos hartmannii, Polykrikos kofoidii, Prorocentrum
spp.7t EAFEIGE ol 93 ARBYAES HUPY
o AAZA Qoly} =2 AMAL "k B oL 13
w ABEYILES] £7 9 ALY WIS AT A

A= > gk 44

Qs

ofk
401'

o{:
jb
2 o
-4
13
rﬁ
oﬁ
rE
o "
2
k=)
(i
d

AEZSFFES] A7 HeE olslish] $1g
A2z} 9 Zolch

JIREIAE

—TLh 2021 kAL R0 7 FjokLAlalat
71% SARARARE T L B, 20210
651 200415 SlsAlaetel Al (R20
24040)9] Ao e AFIY ek

A=t (2023) FHF ARt 2 z0) SRRy IAL
9} ALAZ} In: 2023 W% FHa| e oL x| ek3] &)
= 3]=5%], Bexco, 4k 20234 59 244, pp 116-

Alley TR (1982) Competition theory, evolution, and the
concept of an ecological niche. Acta Biotheor 31(3):165-
179

Babicki S, Arndt D, Marcu A, Liang Y, Grant JR, Macie-
jewski A, Wishart DS (2016) Heatmapper: web-enabled
heat mapping for all. Nucleic Acids Res 44(W1):W147-
W153

Baek SH, Kim YO (2010) The study of summer season in
Jinhae Bay - Short-term changes of community structure
and horizontal distribution characteristics of phytoplankton.
Korean J Environ Biol 28(3):115-124

Baek SH, Shimode S, Han MS, Kikuchi T (2008) Growth
of dinoflagellates, Ceratium furca and Ceratium fusus in
Sagami Bay, Japan: the role of nutrients. Harmful algae
7(6):729-739

Balech E, Tangen K (1985) Morphology and taxonomy of
toxic species in the tamarensis group (Dinophyceae): Alex-
andrium excavatum (Braarud) comb. nov. and Alexandrium
ostenfeldii (Paulsen) comb. nov. Sarsia 70(4):333-343

Band-Schmidt CJ, Lechuga-Devéze CH, Kulis DM, Anderson
DM (2003) Culture studies of Alexandrium affine (Dino-
phyceae), a non-toxic cyst forming dinoflagellate from
Bahia Concepcion, Gulf of California. Bot Mar 46(1):44—
54

Cho BH, Yang KC (2012) A Study on the total pollutant load
management of Masan Bay using GIS technique. J Wetl
Res 14(1):89-99

Cho CH (1978) On the Gonyaulax red tide in Jinhae Bay.
Bull Kor Fish Soc 11(2):111-114

Cho CH (1979) Mass motalitys of oyster due to red tide in
Jinhae Bay in 1978. Bull Kor Fish Soc 12(1):27-33

Collos Y, Gagne C, Laabir M, Vaquer A, Cecchi P, Souchu



52 Kim, S. H. et al.

P (2004) Nitrogenous nutrition of Alexandrium catenella
(Dinophyceae) in cultures and in Thau Lagoon, Southern
France. J Phycol 40(1):96-103

Gobler CJ, Berry DL, Anderson OR, Burson A, Koch F, Rod-
gers BS, Moore LK, Goleski JA, Allam B, Bowser P,
Tang Y (2008) Characterization, dynamics, and ecological
impacts of harmful Cochlodinium polykrikoides blooms
on eastern Long Island, NY, USA. Harmful Algae 7(3):
293-307

Grigorszky 1, Tihamér Kiss K, Por G, Dévai G, Nagy AS,
Somlyai I, Berta C, Duleba M, Trabert Z, Acs E (2017)
Temperature and growth strategies as the essential factors
influencing the occurrence of Stephanodiscus minutulus
(Kiitzing) Cleve & Moller and Palatinus apiculatus (Ehren-
berg). Fundam Appl Limnol 189(2):167-175

Guiry MD, Guiry GM (2023) AlgaeBase. World-wide elec-
tronic publication, National University of Ireland, Galway.
https://www.algaebase.org Accessed 1 Sep 2023

Hammer O (2001) PAST: paleontological statistics software
package for education and data analysis. Palaeontol elec-
tron 4:9

Han MS, Kim SW, Kim YO (1991) Influence of disconti-
nuous layer on plankton community structure and distri-
bution in Masan Bay, Korea. Korean J Fish Aquat Sci
24(6):459-471

Jia J, Gao Y, Sun K, Lu Y, Wang J, Shi K (2022) Phyto-
plankton community composition, carbon sequestration,
and associated regulatory mechanisms in a floodplain
lake system. Environ Pollut 306:119411

Jin SH, Ryu SH, Lee IC, Kim KH (2019) Estimation of
oyster farming water quality index (OWQI) in Jinhae
Bay, Korea. J] Korean Soc Mar Environ 22(4):246-252

John U, Litaker RW, Montresor M, Murray S, Brosnahan ML,
Anderson DM (2014) Formal revision of the Alexandrium
tamarense species complex (Dinophyceae) taxonomy: the
introduction of five species with emphasis on molecular-
based (rDNA) classification. Protist 165(6):779-804

Kim DS, Kim SW (2003) Mechanism of oxygen deficient
water formation in Jindong Bay. The Sea 8(2):177-186

Kim JG, Park CK, Shin SG (1995) The eutrophication model-
ling for Jinhae Bay in summer-Simulation of phytoplankton
distribution by ecosystem model. J Korean Soc Environ
Eng 17(2):121-135

Kim SY, Lee YH, Kim YS, Shim JH, Jeon JJ, Hwang JR,
Jeon SH (2012) Characteristics of marine environmental
in the hypoxic season at Jinhae Bay in 2010. Korean J
Nat Conserv 6(2):115-129

Kwon J-N, Lee J, Kim Y, Lim J-H, Choi T-J, Ye M-J, Jun
J-W, Kim S (2014) Long-term variations of water quality

in Jinhae Bay. J Kor Soc Mar Environ Ene 17(4):324 —
332

Lee CK, Lee OH, Lee SG (2005) Impacts of temperature,
salinity and irradiance on the growth of ten harmful algal
bloom-forming microalgae isolated in Korean Coastal
Waters. The Sea 10(1):79-91

Lee CK, Park TG, Park YT, Lim WA (2013) Monitoring and
trends in harmful algal blooms and red tides in Korean
coastal waters, with emphasis on Cochlodinium polykri-
koides. Harmful Algae 30:S3-S14

Lee J, Kim SG, An S (2017) Dynamics of the physical and
biogeochemical processes during hypoxia in Jinhae Bay,
South Korea. J Coast Res 33(4):854-863

Lee J, Park KT, Lim JH, Yoon JE, Kim IN (2018) Hypoxia
in Korean coastal waters: a case study of the natural Jinhae
Bay and artificial Shihwa Bay. Front Mar Sci 5:70

Lee JH, Han MY, Huh HT (1981) Studies on the causative
organisms of red tide in the Jinhae Bay. Bull Korea
Ocean Res Dev Inst 3:97-105

Lee MO, Kim JK, Kim BK, Kim MW (2020) Past, present,
and future directions in the study of Jinhae Bay, Korea.
J Korean Soc Mar Environ Energy 23(2):57-69

Lee PY (1993) Occurrence and seasonal variation of oxygen-
deficient water mass in Wonmun Bay. Bull Korean Fish
Soc 26(4):392-400

Lee YS, Kim T, Muhammad BL, Ki JS (2023) Comparison
of the phytoplankton community compositions between
the temperate reservoir and the downstream river areas
of the Han River, Korea. J Freshw Ecol 38(1):2205874

Oliveira SA, Ferragut C, Bicudo CEM (2020) Relationship
between phytoplankton structure and environmental vari-
ables in tropical reservoirs with different trophic states.
Acta Bot Bras 34(1):83-93

Park JG, Huh SH, Jeong HJ (2001) Phytoplankton in Chinhae
Bay: 1. Photosynthetic properties and primary production
in variant light environments. Algae 16(2):189-196

Park JS (1982) The characteristics of marine environment and
red tide in Jinhae Bay. Annu Rep Natl Fish Res Dev 28:
55-88

Parsons TR (2013) A manual of chemical & biological
methods for seawater analysis. Elsevier, United Kingdom,
pp 1-189

Peng S, Qin X, Shi H, Zhou R, Dai M, Ding D (2012)
Distribution and controlling factors of phytoplankton
assemblages in a semi-enclosed bay during spring and
summer. Mar Pollut Bull 64(5):941-948

Purz AK, Hodapp D, Moorthi SD (2021) Dispersal, location
of bloom initiation, and nutrient conditions determine the
dominance of the harmful dinoflagellate Alexandrium



Environmental and Phytoplankton in Jinhae Bay from 2017 to 2022 53

catenella: a meta-ecosystem study. Limnol Oceanogr 66
(11):3928-3943

Sathyendranath S, Ji R, Browman HI (2015) Revisiting
Sverdrup’s critical depth hypothesis. ICES J Mar Sci
72(6):1892-1896

Shin HH, Baek SH, Zhun LI, Han MS, Oh SJ, Youn SH,
Kim YS, Kim D, Lim WA (2014) Resting cysts, and
effects of temperature and salinity on the growth of vege-
tative cells of the potentially harmful species Alexand-
rium insuetum Balech (Dinophyceae). Harmful Algae 39:
175-184.

Shin HH, Li Z, Kim HJ, Park BS, Lee J, Shin AY, Park TG,
Lee KW, Han KH, Youn JY, Kwak KY, Seo MH, Kim
D, Son MH, Kim DJ, Shin K, Lim WA (2021) Alexand-
rium catenella (Group 1) and A. pacificum (Group 1V)
cyst germination, distribution, and toxicity in Jinhae-Masan
Bay, Korea. Harmful Algae 110:102122

Smayda TJ (1997) Harmful algal blooms: their ecophysiology
and general relevance to phytoplankton blooms in the sea.
Limnol Oceanogr 42(5, part2):1137-1153

Yoo KI, Lee JH (1979) Environmental studies of the Jinhae
Bay. 1. annual cycle of phytoplankton in relation to phyto-
plankton population dynamics. J Oceanol Soc Kor 14(1):
26731

Yoo KI, Lee JH (1980) Environmental studies of the Jinhae
Bay. 2. environmental parameters in relation to phyto-
plankton population dynamics J Oceanol Soc Kor 15(1):
62-65

Yoo MH, Song TY, Kim ES, Choi JK (2007) The charac-
teristics on the spatial and temporal distribution of phyto-
plankton in the Western Jinhae Bay, Korea. The Sea
12(4):305-314

& FAARS YEET|
English translation / Romanization of references originally
written in Korean

Lee M, Kim J, Kim B (2023) Occurrence of algal blooms
and current research situations in Jinhae bay, Korea In:
The Korean Society for Marine Environment and Energy,
BEXCO, Busan, 2-4 May 2023

Author’s Information

Han-Sol Kim
Ph.D. Student, Sangmyung University

Taehee Kim
Ph.D. Student, Sangmyung University

Tae-Gyu Park
Ph.D., National Institute of Fisheries Science

Jang-Seu Ki
Professor, Sangmyung University

Received Sep. 18, 2023
Revised Jan. 6, 2024
Accepted Jan. 9, 2024

Copyright © 2024 Ocean and Polar Research

This is an open access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http:/
creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted
educational and non-commercial use, provided the original work is

properly cited.



