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Regrowth Ability and Species Composition of Phytoplankton in International
Commercial Ship’s Ballast Water Berthed at Pusan and Daesan Ports
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The aim of this study is to assess the importance of bailast water discharge as a vector for the introduction
of exotic species into Pusan and Daesan Ports, Korea. We also examined to understand the impacts of envi-
ronemental factors on the survival success of introduced species by ship’s ballast water in laboratory exper-
iments. Seven ship’s ballast water originated from the coastal water of China (Taicang, Ningbo and Jinshan),
Japan (Tokuyama, Moji and Akita), and Singapore. According to PCA (principal components analysis) anal-
ysis, environmental factor in the each ballast and shipside waters were different by bioregion. Based on clus-
ter analysis, the phytoplankton community structures were distinguished for ballast water origin. Most of the
major taxonomic groups were diatoms and, the others were dinoflagellate, silcoflageliate and several fresh-
waters species. In particular, species number and standing crops of phytoplankton in the ballast tanks
decreased with the increasing age of ballast water(r = -0.35 for standing crop; » = -0.63 for species number).
In the laboratory study, although phytoplankton in bailast water treatment did not survive even in optimal
temperature, the in vive fluorescence of phytoplankton viability increased under the nutrient typical of ship-
side water and F/2 medium at 15°C and 20 °C. The diatoms species such as Skeletonema costatum and
Thalassiosira pseudonana in ballast water were successfully regrown. On the salinity gradient experiments
for Shui Shan (2) vessel, several freshwater species, brackish and marine species were successfully adapted.
Of these, S.costatum was able to tolerate a wide range of salinities (10 to 30 psu) and its species-specific
viability was suitable for colonization.
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Table 1. Ballast tank information of ships surveyed on 19 May at the Port of Pusan and on 23 June at the Port of Daesan, Korea

Destination Ship name Tonnage Kind of shi Ballasting  Duration time Ballasting site and
(port) P (GRT) nd of ship date (day) source port
Pusan Golden Voyage(1) 2,400 Container 2010.05.19 1 Tokuyama, Japan
Pusan Golden Voyage(2) 2,400 Container 2010.05.19 1 Moji, Japan
Pusan Sormovs Kiy 2,478 Bulk 2010.05.15 4 Taicang, China
Pusan Merry Star 3,997 Container 2009.05.15 4 Akita, Japan

Daesan Elisabeth 3,493 Tanker(LPG) 2010.05.24 32 Singapore
Daesan Shui Shan(1) 6,028 Tanker(Chemical) 2010.05.30 24 Ningbo, China
Daesan Shui Shan(2) 6,028 Tanker(Chemical) 2010.06.19 4 Jinshan, China
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Table 2., Results of temperature, salinity, dissolved oxygen (DO), and nutrients in shipside water and ballast water of ships berthed at Ulsan

and Daesan ports

. Temp. Sal. DO Nutrients (pM)
Ship name Waters © s (mgLh  PH DSi DIN DIP
Golden Voyage(1) SW 15.7 2861 823 .04 46.90 145.90 2.60
BTW 16.87 32.07 8.02 8.42 5.50 3.50 <0.02
Golden Voyage(2) SwW - - - - - - -
BTW 17.5 32.08 7.59 8.41 9.99 6.67 <0.02
Sormovs Kiy SwW 14.4 3241 8.36 8.30 4.60 32.77 0.11
BTW 15.1 0.28 8.92 7.95 68.65 32.77 0.64
Merry Star SW 15.8 31.48 8.86 8.44 4.36 8.53 <0.02
BTW 16.4 29.91 7.86 8.42 6.36 5,77 <0.02
Elisabeth Sw 15.1 30.95 8.99 8.30 1.17 4.65 0.06
BTW 21.8 30.60 5.68 8.29 6.58 14.76 0.18
Shui Shan(1) SW 16.1 30.72 9.17 8.36 3.12 7.80 0.10
BTW 21.0 17.40 7.32 8.17 59.14 114.96 1.54
Shui Shan(2) SW - - - - - - -
BTW 22.0 11.42 7.48 8.24 75.69 133.41 1.47

SW: shipside water, BTW: ballast tank water, which is indicated in bold, DSi: silicate; DIN (dissolved inorganic nitrogen): nitrate + nitrite,

Ammonium; DIP: phosphate



Table 3. The list of bacillariophyceae collected from ship’s ballast tank water (unit: cells L™')
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Species/Ships name Voyage(1) Voyage(2) Sormovs Kiy ~ Merry Star Elisabeth  Shui Shan(1) Shui Shan(2)
Bacillariophyceae

Actinoptychus senarius 62 0 0 0 0 0 0
Asterionellopsis glucialis 124 247 0 0 0 0 0
Asteroplanus rubustus 0 0 0 4 0 0 0
Bacteriastrum comosum 0 0 0 512 0 0 0
Cerataulina pelagica 0 0 0 0 0 0 65
Chaetoceros affinis 0 0 0 9 0 0 0
Chaetoceros didymum 743 0 0 34 0 0 0
Chaetoceros diadema 0 330 0 43 0 0 0
Chaetoceros danicus 1363 82 0 9 0 0 0
Chaetoceros decipiens 247 0 0 201 0 0 0
Chaetoceros debilis 0 165 0 0 0 0 0
Chaetoceros eibenil 185 0 0 4 0 -0 7
Chaetoceros pelagicus 0 3133 0 243 0 0 0
C. pseudocrvisetus 805 1319 0 0 0 0 0
Corethron criophilum 0 0 0 4 0 0 0
Coscinodiscus argus 0 82 2 0 0 0 3
Coscinodiscus concinnus 12 0 0 0 0 0 0
Coscinodiscus granii 12 165 4 0 0 0 0
Coscinodiscus subtilis 0 0 0 0 0 0 0
Coscinodiscus wailesii 12 0 2 0 0 0 0
Cylindrotheca closterium 2355 82 2 68 0 0 0
Detonula pumila 124 0 0 13 0 0 0
Ditylum brightwellii 12 82 0 0 0 0 0
Ditylum sol 12 0 0 0 0 0 0
Eucampia zodicus 185 82 0 13 0 0 0
Guinardia striata 12 1072 0 0 0 0 0
Guinardia delicatula 371 330 0 34 0 0 0
Guinardia flaccida 185 742 2 4 0 0 0
Leptocylindrum danicus 6819 0 23 47 14 11 0
Landeria annulata 124 0 4 26 0 0 65
Licmophora abbreviate 0 0 0 4 0 0 0
Navicular spp. 0 0 0 0 5 1 0
Odentella aurita 0 0 0 9 0 0 0
Paralia sulcata 124 0 0 0 0 0 0
Pleurosigma normanii 124 0 2 0 0 0 0
Pleurosigma elongatum 0 82 0 9 0 0 0
Pleurosigma longum 0 0 0 0 0 0 0
Pseudo-nitzschia australis 2355 0 0 0 0 0 0
Pseudo-nitzschia pungens 3223 3463 56 26 0 0 0
Pseudo-nitzschia multiseries 0 0 0 896 0 0 0
P. pseudodelicatissima 41162 82 0 26 0 0 0
Rhizosolenia pungens 62 0 0 0 0 0 0
Rhizosolenia imbricata 310 82 0 0 0 0 0
Rhizosolenia setigera 248 0 0 0 0 0 0
Skeletonema costatum 7686 1979 109 26 4120 5 376
Stephanopyxis palmeriana 0 0 8 0 0 0 0
Synedra sp. 0 0 12 0 0 0 0
Thalasiosira baltica 62 0 0 0 0 0 10
Thalasiosira rotula 124 165 0 0 0 0 0
Thalasiosira pacifica 248 82 0 0 0 1 0
Thalasiosira mala 62 0 0 0 0 0
Thalasiosira sp. 0 0 0 0 0 0 0
Thalasiosira nordenskioeldii 186 0 2 0 0 1 0
Thalassionema frauenfeldii 12 0 0 26 0 0 0
Thalassionema nitzschioides 557 0 0 34 32 0 0
Tropidoneis lepidoptera 12 0 0 4 0 0 0
Total 70335 13851 231 2328 4181 19 526
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Table 4. The list of other phytoplankton groups including freshwater species collected from ship’s ballast tank water (unit: cells L")

Species/Ships name ny‘ggja) nyfg;é) Sormovs Kiy  Merry Star  Elisabeth  Shui Shan(1) Shui Shan(2)
Dinophyceae
Alexandrium sp. 62 0 0 0 0 0 0
Ceratium fusus 186 0 6 0 0 0 0
Ceratium furca 62 165 2 0 0 0 0
Ceratium koforid 62 0 0 0 0 0 0
Ceratium lineatum 248 0 0 0 0 0 65
Ceratium tripos 0 165 0 0 0 0 0
Dinophysis accuminata 62 0 0 0 0 0 0
Dinophysis fortii 62 0 0 0 0 0 0
Dissodinium pseudolunula 62 0 0 0 0 0 0
Gymnodinium sp. 0 0 0 0 0 1 0
Gonyaulax polygramma 0 O 0 0 0 0 3
Lingulodinium polyedrum 62 0 0 0 0 0 0
Oxyphysis oxytoxoides 6 0 0 0 0 0 0
Protoperidinium bipes 0 82 0 0 0 0 0
Protoperidinium conicum 62 0 0 0 0 0 3
Protoperidinium brevipes 62 0 0 0 0 0 0
Protoperidinium depressum 12 0 0 0 0 0 0
Protoperidinium divergens 6 0 0 0 0 0 0
Protoperidinium leonis 186 0 0 0 0 0 0
Protoperidinium minutum 6 0 0 0 0 0 0
Protoperidinium pallidum 124 0 0 0 0 0 0
Protoperidinium pellucidum 62 0 0 0 0 0 0
Protoperidinium quarnerense 248 0 0 0 0 0 3
Protoperidinium steinii 124 0 0 0 0 0 0
Protoperidinium sp. 0 0 0 0 0 0 95
Pyrophacus steinii 31 82 0 0 0 0 0
Scrippsiella trochoidea 62 0 0 0 0 0 0
Cryptophyceae

~ Crytophyceae group 62 0 0 0 0 2 0
Crysophyceae
Dictyocha fibula 124 82 0 0 0 0 3
Dictyocha speculum 372 165 2 0 0 1 0
Euglenphyeceae
Eutreptiella gymnastica 0 0 2 0 0 2 0
Freshwater species
Pediastrum duplex 0 0 97 0 0 0 0
Fragilaria sp. 0 0 0 0 0 2 0
Tabellaria fenestrata 0 0 64 0 0 0 0
Total 2418 742 173 0 0 5 111
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Fig. 1. Changes of age of tank (a), number of species (b), phy-
toplankton abundances (c), phytoplankton species diversity (d) and
evenness for each ballast tank.
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Fig. 2. Score plot by principal component analysis (PCA) based on
environmetal factors (temperature, salinity, pH, DO and nutrients)
for shipside water and each ship’s ballast water berthed at Daesan
and Pusan Ports, Korea.

Table 5. Factor loadings of principal components analysis (PCA) and
cumulative (%) variance for 8 variables at each ballast and shipside
waters

Fl1 F2 F3

Temperature 0.385 0.896 -0.019
Salinity -0.647 -0.036 0.757
DO -0.234 -0.866 -0.267
pH -0.840 0.337 0.136
Silicate 0.943 0.013 -0.307
Phosphate 0.907 -0.203 0.364
Nitrate 0.945 0.092 0.064
Ammonia 0.752 -0.270 0.596
Eigenvalue 4.50 1.79 1.25

Variability (%) 56.21 22.39 15.62
Cumulative (%) 56.21 78.60 94.22

Bold words: significant levels

gk FE7) 52 PR APTH(F/2 medium treatment)Lt
W= A%l (shipside water treatment)lA] W|%F 104 3~ P33k
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Faro] IRV AlFketo 7)gE A 0 E 78, 20 °CollA
T A%F 6 Foll FEzgtol A HEH, 22T v A4
%91 z7) A371te] dEHU. FRFAAE 15°ColN 7R
& Aol 10°Ce 20 ‘CoME AR o7 S FAgke] #
2=k, Shui Shan(2)A1A 18 BES FUdo] F58t F2
uz) e} Fegela] 22y 5F 250 FAeR A8, L
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Fig. 3. Joint plots of each ballast tank association analysis obtained
cluster analyses, using a data set of phytoplankton sample of the 20-
um net tows from ship’s ballast water berthed at Daesan and Pusan
Ports, Korea.

Eol $HFL Skeletonema costatum®t Thalassiosira pseudonana
o 8O Chaetoceros sp. = TEEHATH Table 6).

Shui Shan(2)%] 7198 F57} 11.4 psu 7154 HeE g4
£ FHrdGia, 719 AESRAE U GRS 58S
7 elSith(Fig. 5). Shui Shan(2)PlA U EHPR 21E2Z
FAEL FYUNT FE) ALsle) AT & VERSITH
Shui Shan2)ellX= GE-Tulol] whehA ¢ahs Fol F318] 7
FEATH Table 7). 0] 0-5 psuelAs B5°% 2-3 pm Cyanobacteria
9} A& Cyclotella, Melosira, Tetraedron, Oocystis, Scenedesmus®;
o] AT o7 H-838l93 3, 1 F Cyanobacteria’} 3513t} 10-
20 psw 15 BEZHANME S costatum, T pseudonana, =+3-783193
o}, 25-30 psudlFZANE S costatum®t TIES] Chaetoceros
sp. =< JNAS U2 SR I F S costatums FHAT
FREUAA H3H o E H-g3I5it.
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AFY] 9Ue B3 wATES A 7)s-& dskal)
= T8 golti(Carlton, 1989, 1996; Williamson, 1996). ©|&
A=Y YL 2, 715 ST vhesst A EAle] A2t
sl T, vl5e] 9 #Hol%San Francisco BayollA] 234F(Cohen
and Carlton, 1998), Great Lakes®lA 1395 (Mills er al., 1996),
Husdon River Basin®lAl 1135 Mills et al,, 1994)50] 7)1

Shui Shan (2)
250

] o —O— F/2 medium
2004 (ay10°C

----@--- Shipside water
---&2--- Ballast water

150
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Fig. 4. Change in growth of phytoplankton cultured in ballast water,
shipside water and F/2 medium at 10, 15 and 20 °C. The cells were
collected from ship’s ballast water (Shui Shan 2) berthed at Daesan
Port in Korea. Error bars indicate = S.D.

o2 Ry ek g FARES] thF-E-e AesEEsd 9
A R RN FelEe AEsINE THsAel A
(Carlton and Geller, 1993). AR 2] {UE BET
& A (McCarthy and Khambaty, 1994), 7% 5 (Hallegraeff
and Bolch, 1992), &/9 FH R 25 (Hallegraeff and Bolch, 1991;
Burkholder ez al., 2007), Y3 E(Pierce ef al., 1997), TEE2%
I E(Olson and Olson, 1989), A4 F&F5E 3} o]F(Williams

Table 6. Observed species compositions at last phase of inoculated phytoplankton in ballast water, shipside water, and F/2 medium based on

Figure 4
Ship name F/2 meidum Shipside water Ballast water
Shui Shan(2) Skeletonema costatum (a,b*,c*) Skeletonema costatum (a, b*, c*) No observation

Thalassiosira pseudonana (a,b*,c*)
Unidentified centric diatom
(< 10 um) (a)
Chaetoceros sp. (c*)
Thiassiosira pacifica (c)

Thalassiosira pseudonana (c*)

a:10 °C, b:15°C, ¢: 20 °C, *: dominant species
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Fig. 5. Effect of salinity on phytoplankton population growth in F/
2 medium at 15°C. The incubation experiments were examined
under different salinity conditions (0, 5, 10, 15, 20, 25, 30 psu) from
ship’s ballast water of Shui Shan (2).

Table 7. Observed species compositions at last phase of inoculated
phytoplankton in the different salinity conditions based on Figure 5

Ship name  Shui Shan(2)
Salinity
0 psu Cyclotella sp., Cyanobacteria*
Scenedesmus sp., Thalassiosira sp.
5psu Cyclotella sp., Cyanobacteria*
Melosira sp., Tetraedron sp., Oocystis sp.
10 psu Skeletonema costatum®, Thalassiosira psudonana
15 psu Skeletonema costatum, Thalassiosira psudonana™
20 psu Skeletonema costatum*, Thalassiosira psudonana
25psu Skeletonema costatum*,
30psu Skeletonema costatum®,
Chaetoceros sp.
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