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stk AT717E H<t %Eﬁ_f& S2AE £ 88 T2, A, Qi R ek kA g ek °k-4 FARAE
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UATE Qok3hH, 13 5L thgst AxUR1Fo]l A HEA-a FEIF ko IR YSE o 5E SAAME
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Abstract This study examined the occurring pattern of potential risky species and the related abiotic factors for
port-specific environmental management considering the control of ballast water-induced foreign species at Incheon
seaport. From a total of 62 species observed during the study, 13 red-tide and 7 toxic phytoplankton, normally
occurring species in Korean waters, occurred from the seasonal investigation at the inner and outer sites of the Incheon
seaport from 2007 to 2009. The number of potential risky phytoplankton was relatively high at the outer site of the
port during summer and winter. Red-tide species, such as Skeletonema spp., Thalassiosira nordenskioldii, and Paralia
sulcata, dominated the total standing crops at the inner site (avg. 72.4%) and outer site (avg. 77.6%) in spring and
summer, being positively correlated with the concentrations of total suspended solids (TSS) and pH (p<0.05). In
summer, the red-tide species (Skeletonema spp.) and toxic species (Alexandrium catenella, A. tamarense, Dinophysis
acuminata and Pseudo-nitzschia spp.) co-dominated (avg. 74.2%) at the inner site, while Skeletonema spp. and P.
sulcata predominated (avg. 67.2%) at the outer site. During the study periods, the toxic species were significantly and
positively correlated with the chemical oxygen demand (COD), dissolved inorganic nitrogen, silicate and phosphate (p
< 0.05). The chlorophyll-a (chl-a) concentration of phytoplankton at the outer site ranged from 1.49 to 5.46 pg/L on
average, which was 3-5 times higher than that at the inner site in spring, summer and autumn, whereas there was no
difference in the concentration between inner (avg. 0.94 pg/L) and outer (avg. 0.95 ug/L) sites in winter. In summary,
diverse red-tide species dominated and a relatively high chl-a concentration existed at the outer site, whereas a
relatively high number of toxic species and low chl-a concentration was observed at the inner site in summer. The
potential risky species can outbreak in association with the concentration of nutrients, COD and TSS, suggesting that
distinctive management of potential risky species is needed considering the environmental characteristics of Incheon seaport.
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[Fig. 2] Seasonal variation of environmental factors at
inner and outer stations of Incheon seaport,
Korea. (I-S: Inner sites, O-S: Outer sites, A)
Water temperature, B) Salinity, C) pH, D)
Dissolved oxygen, E) Chemical oxygen
demand, F) Total suspended solids)
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L= s 0 oS s [Table 11 Distribution of potential risky species at Incheon
R z, seaport, Korea. (I-S: Inner site, O-S: Outer site,
s = DA: domoic acid, PSP: paralytic shellfish
E s gz poisoning, DSP: diarrhetic shellfish poisoning)
g : :%1 Potential risky species
0 [ 20 q’TT a,ﬁ Diatoms Character Distribution
S RIS W iEs e Asterionellopsis glacialis Red tide I-S, O-S
Season Chaetoceros compressus Red tide I-S, O-S
[Fig. 4] Seasonal variation of chlorophyll-a concentration Chaetoceros curvisetus Red tide I-S
and phytoplankton standing crops at Incheon Chaetoceros socialis Red tide 0-S
seaport, Korea. (I-S: Inner sites, O-S: Outer sites) Gylindrotheca closterium Red tide S, 0-S
Ditylum brightwellii Red tide 0-S
3.3 &xH -‘.’-IéH—f-;— | 2 Eucampia zodiacus Red tide -S, 0-S
ZA)|7F 2 oA A s AAA YEe = Paralia sulcata Red tide 0-§
ZOEO]ﬂﬂ(Table 1) o] 0“ ;541}_ %?_]%—0] 13’6‘, = Pseudo-nitzschia pungens Toxic (DA) I-S
WAL zo) 7}_(3]01‘:]_ AA Zdopge Baw shel ]?seud()*nitzschia Spp. Toxic (-DA> I-S, O-S
Skeletonema spp. Red tide I-S, O-S
o Ztz} 5&3} 750l %ﬁé}%ﬂv AFHI AsH 7 Thalassiosira rotula Red tide 0-S
ZF 14%3 10F20.2 &8sl ¢ D]'OJTS‘]'OjE}‘[Fig 5. & Dinoflagellates
Z_};ﬁ] Z%O(}}?DL_‘O: o‘i:rhﬂ 7Hzo) LH_%'_ ]/\1 0] Z]—zH 3| -r] °H Alexandrium catanella Toxic (PSP) I-S
Z 2§ 257} 9=t} ;51(2}\-0—"}, deldoz oj=a Il;lliexandrz:um tamarense Tox%c (PSP; i*Z
- - N exandrium spp. Toxic (PSP -
01] %_/,\_Ag/‘\_%—O] qgéoﬂ G& ] 5 }O:] 2—%0] gfﬂt‘ﬂ— Dinophysis acul:inaza Toxic (DSP) I-S
5un gdsiglnt. A Ax ARl dwH 5 Dinophysis spp. Toxic (DSP) I-S, O-S
AF21 Skeletonema spp., Paralia sulcata, Alexandrium Heterocapsa triquetra Red tide 0-S
catanella, A. tamarense, Dinophysis acuminata 2 Prorocentrum micans Red tide 0-S
Pseudo-nitzschia spp.2] 652 oz 317 29139 Buglenoides
3’4—74]% Table 20“ 141’—'/]?5‘]-0313}, 01?7] 1ok 2@@_ Eutreptiella gymnastica Red tide 0-S
Alexandrium#:2] && % 5 F°I03, & AL
B 467 cells/Lo| Atk | 28121 A catanella (B3t AZEe] dFo g 7|oAlaA gEel =R Al
20.1%)9F A tamarense (Bt 625%)7F Alexandrium>  (Domoic acid)e #j&Eate Zow 43X Pseudo-
o] T AEFE A 91.6%E AFAske] H ¢4 S nitzschia spp.= o152l WS 9 &S0l 25 Sdst
S 9 H EAE 359 Aleadiumsd F5e B A AU 9 e sret o) uuAs el
84%9] A& e, 84257 folgd Wle gl T (p<00D.
ek A z2A0E21 Skeletonema spp.© U3 W, &=
oA Ao DA SHEAT, S0l LBE B Nt
B4} o) FHAAE LEITHP<006). °] F& 92 .
e AdelA G4 Fdske Fo2A dEH AE 2 v
o oA YrH2AL B FAPIAE 2 2A}F AeolA e
AA Zdsteh B=g o] F{25] Skeletonema spp.©l E :
54 W2l M 07 - 1.25x107 cells/Le] W2 tf 24 2
% %]'O—Zii’ O]—L‘f l"::% é'[:%oﬂ 710 6]—‘:]—51 E_T’_ﬁ]- ’ Spring Summer Autumn Winter
Q)20 B4 +HFoR FH3 P sulatas 52 2 Season
BBy} ko] AaAAE JERITHp<0.05). [Fig. 5] Species number of potential risky species at
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[Table 2] Multiple regression of potential risky species
and environmental factors at Incheon seaport

(":p<0.01, ":p<0.05)
Species Variables 6 Remark
. n=64
Skelet pH 0078 2 = 0789
eletonema spp. - ) r’=0.
TSS 0428
F = 326%4
n=64
Paralia sulcata TSS 0423 = 0425
F = 14578
- n=64
COD 0.578" )
Alexandrium catanella ; r = 0422
DIN 0.422
F = 21624
n=64
Alexandrium tamarense DIN 0577 = 0406
F = 19275
. n=64
DIN 0.977 )
Pseudo-nitzschia spp. . - =0.967
Silicate 0.621
F = 104171
n=64
Dinophysis acuminata  Phosphate ~ 0.702" = 0514
F = 27636

T3+ AALA vhe] e 5 (Diarrhetic shellfish poisoning)
do 7= D acuminata®t 7191vHH)Ad 2= (Paralytic
shellfish poisoning)S A, catanella®t A
tamarense™ A%FA T Q4 B BEHA AbA o7
frofgh kol daaAE HEFATHp<0.05). A
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