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SUMMARY

I. Title

Development of Risk Assessment Technology of Ship’s Ballast Water : Ports in Yellow

Sea

IT. Necessities and objectives of the study

1. Necessities of the study

Ships transport over 80% of goods worldwide, and ship ballast water is a known vector
for the movement of small organisms, and larger plants, and animals beyond their
biogeographical ranges. The speed and size of ships have increased rapidly, resulting in
increased frequency and volume of ballast water discharges. Discharged ballast water
contains many foreign, too often invasive aquatic organisms and causes harmful effects on
the ecosystem in the receiving water. Ballast water also negatively affects fisheries
catchment, commercial activity, and marine resources, and in the United States, it is a
source of over one thousand billion dollars in economic loss. The International Maritime
Organization(IMO) recognized this problem and adopted the ’International Convention for
the Control and Management of Ship's Ballast Water and Sediments’(hereafter BW
convention) in February 2004. The BW convention(ballast water convention) intensified
ballast water performance standards that will come into force in 2009. Fourteen guidelines
were established to support the successful implementation of the BW convention.
Representative guidelines are: the guideline for ballast water sampling(G2), guidelines for
approval of ballast water management systems(G8), procedure for approval of ballast water
management(BWM)systems that make use of active substances to directly treat the ballast
water(G9), and guidelines for risk assessment under regulation(G7) for the consideration of
exemptions. The BW convention stresses obligatory ballast water treatment and
implementation of BW management systems after it comes into force in 2009. In line with
this, a program to manage ballast water should be developed on the basis of port
environmental and biological monitoring, the occurrence of foreign species, and the granting

of ballast water treatment exemptions to ports.



2. Objectives of the study

This project was designed to develop a port risk assessment program which is suitable
for protection of port environmental and biological environment from introduced foreign
organisms and can provide a proper scientific decision for the commercial vessels to
discharge the ballast water into receiving waters or not to.

The current project, 'Development of port environmental risk assessment technology’,
was launched in 2007 to conduct risk assessment program at selected major ports based on
the quantity of trade goods in Korea. The development of risk assessment programs that
are suitable for actual ports and adjacent waters in Korea is crucial to the risk
management of ballast water. The factors affecting the implementation of BWM systems
are: frequency and volume of ballast water discharge, port and ballast water baseline
surveys on a seasonal basis, and lists of harmful species. The data, which consist of
physico—chemical and biological factors required for the establishment of foreign species,
are consistently controlled through a database. Through a web-based data management
system, risk assessment is available for decision-making regarding the discharge of ballast
water of ships entering Korean national waters. The risk management program makes it
possible for Korea to comply with the BW convention in 2009, to protect our marine
environment from misguided ballast water discharge by foreign ships, and to provide

scientific evidence when a ballast water conflict occurs.

M. Contents and scope of the study

1. Research period
January 1, 2011 ~ December 31, 2011

2. Contents and scope of the study

Contens Scopes

- Study areas : Inchon, Pyeongtaek, Daesan, Gunsan, Mokpo

O Environmental and ports and adjacent waters
biological monitoring in - Seasonal investigation of environmental parameters and
the ports and adjacent plankton(August, December)
waters - Surveyed organisms of plankton : flagellates, diatoms,

mesozooplankton, invertebrates




Contens

Scopes

- Surveyed items of environmental parameters : Water
temperature, Salinity, Nutrients, Transparency, Dissolved
oxygen, - Chemical oxygen demand, Total suspended solids,
pH, chlorophyll-a

List up of phytoplankton and zooplankton species occurred in
ports

Survey of benthic invertebrates and introduced species in ports

- Survery and analysis benthic invertebrates in Daesan port

- List up of benthic invertebrates occurred and understanding of
introduced species in ports

- Survey using collector plate

O Ballastwater monitoring

Analysis of the ballast water environment and its planktonic
organism according to the type of ship and sea routes
Adaptability test of organisms in the ballast water to the

surrounding environment of ship

O Port environmental

similarity assessment

To collect and exchange the ports environmental data between
Korea and China located in the Yellow Sea (Korea 4 ports
and China 5 ports)

To evaluate preliminary environmental similarity between
Korea and China located in the Yellow Sea using seawater
temperature, salinity, DO, pH, DIN and DIP

Application of risk assessment between Korea and China for

ports in Yellow Sea

IV. Results of the Project

1. Environmental and biological monitoring in the ports and adjacent waters

(1) Environments monitoring of the ports and adjacent waters

Temperature in the survey of the ports
to 23.7C in August in the South Sea. Salinity and dissolved oxygen also showed seasonal
variation with low values in summer and high values in winter. In summer, the broad
range of nutrients and chemical oxygen demand may be caused by the increasing inflow of
freshwater due to the summer monsoon in the ports, especially the ports of Gunsan and
Mokpo where it located at the estuary of river. However, these concentration also displayed

wide ranges among the ports in South Sea and the stations of port in summer and in

winter.

fluctuated seasonally from 10.4C in December



TSS concentrations were the highest at Gunsan Port and decreased in the order of
Mokpo, Incheon, and Daesan Port in August, 2011. The mean concentration at Gunsan Port
was 16 times higher than that at Daesan port. Also in November, Gunsan Port showed the
highest mean concentration, which decreased in the order of Mokpo, incheon, and Daesan
Port. Moreover, the overall level of the TSS concentrations were similar with the results in
August, except in Gunsan Port. In August chl-a concentrations were distributed within the
normal range of variation and decreased in the order of Daesan, Gunsan, Incheon,
Pyeongtaek, and Mokpo Port. The highest Daesan Port displayed four-fold higher mean
concentration than the lowest Mokpo Port. In November chl-a concentrations were similar
among the ports but decreased in the order of Gunsan, Daesan, Pyeongtaek, Incheon, and

Mokpo Port

(2) Biological monitoring of the ports and adjacent waters
A. Phytoplankton of ports in Yellow Sea

The highest cell abundances of phytoplankton were observed at Gunsan Port in
August, attaining 917 cells mL ™" which was about 5 times higher than those in other ports.
In the other ports, except Gunsan port, cell abundances were similar carrying around 250
cells mL™". Also in November, Gunsan Port harbored the highest cell abundances, which
decreased in the order of Daesan, Mokpo, Pyeongtaek, and incheon Port. Phytoplankton
abundances between the highest Gunsan Port and the lowest Incheon Port showed 3-fold
differences. A total of 167 species were observed in this research of 2011; 95 diatoms
(56.9%), 32 dinoflagellates (19.296), 27 Chlorophyceae (16.2%), 7 bluegreen algae (4.2%5), 2
Raphidophyceae and 2 Chrysophyceae (1.2%), and 1 Cryptophyceae and 1 Euglenophyceae
(0.6%). Among them 54 species was accounted to be potentially risky species, which was
composed of 31 diatoms, 16 dinoflagellates, 4 bluegreen algae, 2 Raphidophyceae and 1
Chrysophyceae. Out of 54, 35 were assigned to red-tide forming species and 19, toxic
species. The potentially risky species observed at Mokpo Port was 34, 33 at Icheon and
Pyeongtaek Port, 30 Gunsan Port, and 28 Daesan Port, The genera known to be toxic were
diatom, Pseudo-nitzschia, dinoflagellates Alexandrium, Dinophysis, Karenia, and
Karlodinium, and bluegreen algae, Anabaena, Microcystis, and Oscillatoria. Several species
belonging to genus Pseudo-nitzschia which 1s known to be responsible for ammesic
shellfish poisoning (ASP) were observed at all ports. The dinoflagellates genus
Alexandrium producing PSP (Paralytic Shellfish Poisoning) toxins appeared at Pyeongtaek,
Gunsan and Mokpo Port. Dinophysis acuminata attributable to DSP (Diarrhetic Shellfish

poisoning) toxification were observed at Daesan Ports. The genus Karenia known to be



producing hemolytic toxins and responsible for neurotoxic shellfish poisoning (NSP) were
discovered at Pyeongtaeck and Mokpo Port. Karlodinium veneficum carrying ichthyotoxic
hemolysins, karlotoxins, was observed at all ports. In addition, bluegreen algae Anabaena
sp. producing anatoxins was observed at Daesan, Gunsan, and Mokpo Ports and

Microcystis carrying microcystin was detected only in Mokpo Port.

B. Zooplankton of ports in Yellow Sea

This study was done to estimate a possibility of introduction of alien zooplankton
species in the major trade ports, Incheon, Pyeongtag, Daesan, Gunsan, Mokpo ports located
in the Korean western regions. Zooplankton were sampled in 56 stations of each port
using a conical net (mouth diameter 45cm; mesh size 200um) by vertically towing on
August and December, 2011. During this study the following species were occurred:
Acartia hongi, A. hudsonica, A. erythraea, A. sinjiensis, A, steueri, A. ohtsukai, A. pacifica,
Calanus sinicus, Centropages abdominalis, C. tenuiremis, C, dorsispinatus, Calanopia
thompsoni, Corycaeus dffinis, Labidocera euchaeta, Paracalanus parvus s. 1., Parvocalanus
crassirostris, Bestiolina coreana, Pseudodiaptomus inopinus, P. marinus, Sinocalanus
tenellus, Temora discaudata, T. forcipatus, T. spinicaudatus, Oithona similis. These species
were commonly founded in the brackish/coastal waters of Korea, China and Japan except
for A. hongi and there are no species showing a possibility introduced by a ballast water.
On the other hand, on August Parvocalanus crassirostris were predominant in Incheon
ports, A. hongi in Pyeongtag prot, A. hudsonica in Daesan port, and P. parvus s, L. in
Gunsan, Mokpo ports. On Dcember P. parvus s. 1. were dominantly occurred in Incheon,
Pyeongtag, and Mokpo ports. Parvocalanus crassirostris were predominant in Daesan port
and A. hongi in Gunsan port Cluster analysis based on copepod species showed that on
August inner stations of Gunsan port, Daesan port, Incheon-Pyeongtag prots comprised
each clade and on December inner stations of Pyeongtag port, Incheon-Mokpo ports did
each clade. The fact implies that zooplankton community in Korean western ports may be

affected by geographical similarities of marine physiochemical environmental factors.

C. Benthic invertebrates of ports in Yellow Sea

A total of 65 invertebrates were found from Daesan port in this investigation. They are
consist of 7 poriferans, 7 cnidarians, 7 bryozoans, 12 mollusks, 12 crustaceans, 2
brachiopods, 5 echinoderms, and 6 chordates. The most dominant benthic invertebrate was
Crassostrea gigas, and this species commonly possessed the most part of community with

a mean coverage of about 409%. Secondary dominant species were two terebratalian



brachiopods which have been reported as new to Korea in the previous report. The
balanids were also dominant at upper part of pier wall. However Ciona intestialis, mainly
inhabiting the sothern Sea of Korea, was very rare and Mpytilus galloprovincialis was not
found in this survey at Daesan port. Seasonal changes of the community structure were
not observed within the dominant species. In the collector plates, only 6 species were found
from Daesan port. They are Crassostrea gigas, Sabellidae sp., Tricellaria occidentalis,
Balanus albicostatus, Megabalanus rosa. Of these, Crassostrea gigas was the most
dominant species with a coverage of over 95%. The plate biomass was lower than that of
the last year. The reason for low biomass was that the plates set in the late time.
Settlement patterns of the plates are follows: Crassostrea gigas settled down in summer
season and continuously increased to next winter season. Megabalanus losa were observed
after the summer season. Six introduce species, Halichondria bowerbanki, Tubularia
mesembryanthemum, Ciona intestialis, Schizoporella unicornis, Tricellaria occidentlis,
Balanus amphitrite were discovered from the port, of which 2 species, Balanus amphitrite,
Ciona intestinalis were accounted to be potential, almost harmful to native condition, risky
species. Halichondria bowerbanki is considered to be their early stage of introduction. The

biomass ratio of the native to invasive species resulted 95.8% at Daesan port.

2. Ballastwater monitorin

The environmental factors of ships® ballast water and planktonic organisms they
contained were investigated at three major ports in Yellow Sea. These were Daesan,
Kusan and Pyeongtaek Port. Ballast water samples from three ships out of tenty four were
only collected as many ships’ ballast tanks were empty by the time of sampling and had
structural problems to take samples. A kind of ship checked up was the Vehicle carrier,
Cargo, and Tanker point-level. The intake area of ship’s ballast water was this including
the Pacific open sea, East China open sea, and Qingdao(China) coast.

Temperature and salinity were affected by seasonal variation, but the other
environment parameter and microorganism come under the influence among ships. Ships
ballasted on the costal areas in China was appeared to the low salinity and high
concentration of nutrients. ASIAN SUN ship ballasted on the open sea in the Pacific Ocean
showed the depletion of oxygen for the old age of ballast water during one year, and low
concentration of nutrients and chlorophyll-a due to the ballasting in the open sea. Other
ships ballasted on the near shore and the southern East China Sea showed high

concentration of nutrient and low concentration of chlorophyll-a due to the seasonal



variation. In fall, nutrient supply to the upper layer, but phytoplankton growth limited by
light due to the wind mixing.

We investigated the phytoplankton community and toxic algal species introduced from
the ballast water for the three international commercial ships berthed at Daesan and
Gunsan ports, korea. The voyage duration was 2 and 3 days for STAR JUVENTAS(S.
JUVENTAS)®} SUNRISE WISTERIA(S. WISTERIA), respectively, whereas ASIN
SUN(A. SUN) had a long duration time during 479 days compare of other ships. The
number of species and phytoplankton standing crops in ballast water was higher for
SUNRISE WSTERIA and STAR JUVENTAS than for ASIN SUN. The standing crops
surveyed was generally low due to the longest duration time (A. SUN : 479 days) and
open ocean exchange (S. JUVENTAS, S. WISTERIA). Dominant species of phytoplankton
in the ballast water for A. SUN and S. JUVENTAS was genus Chaetoceros and
Skeletonema, whereas, Unidetified Cyanophyceae was found in the ballast water for S.
WISTERIA which species known to be fresh water species. The genera known to be toxic
algae, Pseudo-nitzschia sp., Alexandrium sp.,, Dinophysis caudata also detected in ballast
water for S. JUVENTAS and S. WISTERIA. Therefore, our results suggest that open
ocean exchange might not be clearly protected the phytoplankton introduction from ballast
water, and toxic algal blooms might be induced in ports, korea.

During the study periods, the number of zooplankton taxa found from ships’ ballast
water was 37. The number of zooplankton taxa varied from 3 to 33 depending on the
loading places where the ballast water were taken. Most zooplankton identified were
commonly found species in the coast and off shore of Korea as most ships’ ballast water
were loaded from geographically neighboring countries around Asia. Among those identified
species of zooplankton, pontentially risky species appeared to be 2 species and groups
Acartia omorii(strong transter ability), hydormedusae(strong predator).

In the laboratory study, although phytoplankton in ballast water treatment did not
survive even Iin optimal temperature, the in vivo fluorescence of phytoplankton viability
increased under the nutrient typical of shipside water and F/2 medium at 15C and 20TC.
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.



3. Port environmental similarity assessment

In 2009, a new absolute evaluation algorithm and process program were developed to
evaluate the pairwise port’s environmental similarity for bilateral(Korea and China) ports
located in the Yellow Sea. Using this new  program, ports environmental similarity
evaluation analysis was performed for China 5 ports (Dalian, Tianjin, Yantai, Qinggdao,
Lianyungang) and Korea 4 ports (Incheon, Daesan, Gunsan, Mokpo) with 6 marine
environmental items (seawater temperature, salinity, DO, pH, DIN, DIP). According to the
result of preliminary evaluation, there was no similarity for the environmental items
except seawater temperature between bilateral ports. However, the reliability of this
evaluation result was insufficient due to the difference of environment observed year
between bilateral ports. Therefore, it is needed to revaluate the similarity through collecting

and exchanging recent 10 years data with the same observed time between bilateral ports.



V. Application plans of the results of the study

List up of taxonomical groups occurred
Environmental range of Busan seaport
Information construction for decision of foreign species
Support and environmental protection to maintain the littoral biodiversity
Provision of basic data to manage marine organism resources
Use of basic data to analyze port environment
Usage of genetic biomarkers for tracing the origin of harmful species and
non-indigenous species after careful reviewing
Domestic and abroad verification of port environmental absolute assessment algorithm
and program
Development of new assessment method for the absolute environmental similarity and its
application to the several bialteral(Korea and China) ports located in the Yellow Sea
It is expected to perform reliable similarity evaluation through the exchange of recent 10
years data with the same observed time between bilateral ports environment in Yellow
Sea.
The developed risk analysis program will be applicable
to assist national strategy for the IMO Guidelines for Risk Assessment(G7) under the
BWM Convention
to assist national strategy for the IMO Guidelines for Additional Measures Regarding
Ballast Water Management Including Emergency Situation(G13) under the BWM
Convention
to develop a research project on risk assessment for granting exemptions of the

ballast water management from shipping companies.
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GloBallast(Global Ballast Water Management Programme): IMO|A A F+374 7] &
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Fig. 2.2.1. GIS system of sunken ships.
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Fig. 2.2.2. GloBallast GIS outputs showing the location and categories of
relative overall risk(ROR) of source ports identified for the Port
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Fig. 2.2.3. GloBallast GIS outputs showing the location and frequency of
destination ports, recorded as the Next Port of Call in the Port
of Dalian BWRFs.
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Total Nallast Water Capacity:
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Research Center

£ Smithsonian Environmental 01,8, cm.s‘mmnn
s

Ballast Water Delivery and Management Data
Table 3 - Ballast Tank Records
Search results for: New York
Searched 7-December-zooh,
WY Albany (USA) 157609 9180965 flintersems  Saint Petersburg  Russia aeneral cargo
Ny Albany (USA) xml39335 9269740 Morten SiVB‘“‘ha’d Ealiware CitylNew e, Tug/ Towing Vessal No. 2 DB Albany (USA)
MY Albany (USA) xml29a3s szeszan  MOTEON SiVBD“EhE’d 3;‘;“‘“2 GityfHew o Tug/ Towing Vessel Mo, 2P Albany (USA)
Ny Albany (USA) xml39335 o269740 Morten SiVB‘“‘ha’d Ealiware City/New e, Tua/ Towing Vessal No. 18 Albany (USA)
MY Albany [USA) xml3933s 9zegzap  Morten Sivh‘”“’d DEL:“"E CitylHew o0 Tug/ Towing Vessel Mo, 1P Albany (USA)
WY Albany (USA) xml33ass ozesz4p Morten & Boushard Delsware City/New g, Tug/ Touing Vessel PP Albany (USA)
MY Albany [(USA) xml39335 926974p Morten SIVBM“EM Dal:“"e Chyfaw o0 Tugf Towing Vessel Mo, 35 Albany (USA)
WY Albany (USA) xml39e54 9269726 Bnoz42 Delanare Gty UsA Barge 1P/s WT Albany (USA)
WY Albany (USA) xml39354 9269726 Bnoz42 Delanare Gty USA Barge 4 Pi3 WT Albany (USA)
WY Albany (USA) xml33354 9269726 Bno242 Delaware Gity  USA Barge 3PS WT Albany (USA)
HY Albany (USA) ®ml38354 9269726 Bno242 Delanare City USA Barge S P/S WT Albany (USA)
WY Albany (USA) xml39354 9269726 Bnoz4z Delanare City  USA Barge 7 BiS WT Albany (USA)
WY Albany (USA) xml33354 9269726 Bnoz42 Delanare Gty USA Barge 8 pi3 WT Albany (USA)
Y Albany (USA) xml33354 3263726 Bnozdz Delanare Gity  USA Barge FP Albany (USA)
WY Albany (USA) xrl39354 9263726 Bro242 Delswars City  USA Barge 2 B/S WT Albany (USA)
HY Albany (USA) ®ml38354 9269726 Bno242 Delaware City usA Barge & P/S WT Albany (USA)
Wy Albany (usa) 22900 133306 9160334 VECHTBORG  Waliwik Swaden ac DB Dordracht o0
W albany (usa) 22700 1zasos  srsnss VECHTBORG  Waliwik Sweden ac 0B Dordrecht i
L 7' o33t 2

WY Albany (USA)  20°%0 133306 9160334 VECHTEORG  Valiwk Swaden ac gy mremlaafet i

- " 05-22

2002- CHEMICAL TANKER TYPE IT

Y Albany (USA) o000 70687 9157040 MT OPALSUN  San Jose Guaternala ke
WY Albany (USA)  TD°ZT g@e27 9160346 WLISTBORG  Huelva Spain general cargo
W albany (usa) 2007 soss1  sosivar BBC SEALAND  Fos France Multipurpase
we Albany (usa) 2007 ose71  a278973 Nordic Bulker  Ravenna Ialy bulker TS Ravenns P FT 300 812,26 2003-03-14
e albany (usa) 2003 asert sazasra Wordic Bulker  Ravenna Ttaly bulker TS Malaga i FT 300 221,26 2003-03-14
e Albany (Usa) 2007 ese71 9278973 Nordic Bulker  Ravenna Ttaly bulker TS Ravenna 0% FT a00 4501 2003-03-14
e albany (usa) 2003 aseri saasta Wordic Bulker  Ravenna Ttaly bulker DB Malaga i FT 300 72174 2003-03-14
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A NIMPIS Database - Microsoft Internet Explorer
OEE BIE 200 BXENS EHD SEWW

Qiz-Q HRAG Parvemm @ 3-5 w-LIK B

00 ) it woww. marine. csiro. auy crimpynimpis, vigos =

NI . HOME | Species Search | Species List
P e AT BT Introduced Species Search List
Species Information  Search Criteria: Taxonomic Group | All
Report o Pest Spedes Name Author Common Name
e favimanus Temmanck & Schlegel, 1845 Yellowfin goby
pantrel Ootons Blegker, 1874 Streakad goby
(Whedon & Kofosd 1936) Balech, 1985 Tonic dingflagelate
About NIMPIS (Halim, 1960) Balech, 1089 Touic dinoflagelate
Email NIMPIS (_Lebuur. 1925) Balech, 1985 Toxic dinoflagelate
(Leuckart, 1847) Pilewarm
Busk, 1886 Bryozoan
(Bergh, 1EB8) Japanass aeold
(Gmelin, 1791) Knotted thread hydrod
%&?E:EH;;&; (Mueller, 1778) Solitary ascidian
t e subjuct 8o our Lutken, 1871 Northern Pacific seastar
St Hutton, 1872 Rough seastar
Foettinger 1887 Nodding head
(Hartman, 1940) Californian palydond
(Savigny, 1816) Colonizl ascidian
(Pallas, 1766) Star ascidian
Thompsan in Gray, 1847 Bryazoan
(Linnaeus, 1758) Bryazoan
(Linnaaus, 1758) Eurapean shore crab
(Surh) K. Henng, 1841 Green macroaiga
(M. vahl) C. Agérah. 1817 Aguarium Caulerpa
Gray, 1828 New Zealand chiton |
aze  oeis =

Mae 5Fe ge FAE Axde oy gdze 39S U A AEPY

(National Invasive Species Act)oll A3t Aquatic Nuisance Species X2 1385 93t 3l

L, AuE AL ol FRA, ol YT A, B2 BE Fastel @ YRR P3| AF5
i gle

Jue A FNe FHO & AR HUHY no JF 2 APFES Yo F B
= 9 §YARE defshnd FHHAK, AN, o9, 5249 (aquarium) F Al 9§ o

3. AYEEF AE A A"

7t Aol AEAYS FHsta A ET FdS AHsEy] fot AFAET IR
2 QT AR dolHwe~E FFIA olF FFHata Ade=d, TUCNS ISSG (Invasive
Species Specialist Group)< Global Invasive Species Database AFo]ES £datd A 2 ez <)
ol de ARE AFsta Jow 4w AErbEd o3 A&HAHoR 1 AmTE JUoEY
Al A

JEUS F3f AT A=t EEuelHE AfrFil s/ R o]§d F JrF: e =
AAQ Z2AEQ GBIFAAIBETGE AR 3H L dom g Eoke 4 g

Exg et AEHAYEXEAREE AAS Ocean Biogeographic Information System(OBIS)©]

E3] OBISOIA= A AlA 109] 3o A9 X:Z(regional nodes; &, /HYt}, T,
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1) 3727'41.39°N | 126°36'16.79'E
2)3F27'42.12°N | 126°37'28.56"E
3) 3728'22.37"N | 126°36'38.29'E
4) 3728'02.84"N | 126°35'24, 16°E
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Fig. 3.1.1. Map showing the stations around and inside the five major ports.
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sto] AR ERkeldth A@AdAE We B AAAE 105 TolA 1A 1dx AR
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#ZE 95t FHAIEE 1008 o] &5 wHA EFsIed 1 F 1 mLE FHY
Sedgwick-Rafter Counting Chamberel] ¥ il Olympus @H|HA o2 HNEFE AF3 the o=
99 mL G AEZHAE AXESFE A H(Throndsen, 1993). 4424 55¥ A5 4
FEFS Egol= ZEka 9o T aulE&d 400~10008) A AAE 2 FASFAL. FERF
A= A1(1994), Cupp(1943), Hendey(1964), Tomas(1997), Yamaji (1984) 5 Hislgdo
w9} H B HF = Drebes(1974), Shin(1998), Dodge(1982) 59| =&2 77z} FZ33t.
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(th) 2ol AMFHF5&
B &2 (collector plate)= A& 30cme YL A(F7 Smm)e = A 23 th(Fig. 3.1.3). A&
otz gl dFolw, ;e FES AAs Y FFeke FAol A AL 20S nkAs
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300mm | | | 5mm

Notice mark

Fig. 3.1.3. Specification of a collector plate.
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HENI 2 8Z

Fig. 3.1.6. Treatment of the collector plates.
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Fig. 3.1.7. Distribution of temperature, salinity, and dissolved oxygen at ports in
South Sea in August and December 2011.
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Fig. 3.1.8. Distribution of silicate, phosphate, total inorganic nitrogen (TIN), and

chemical oxygen demand (COD) at ports in
2011.

South Sea in August and December
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S oh(Fig. 3.1.9).
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Fig. 3.1.9. TSS concentrations at each station of the five ports
in August, 2011.
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Fig. 3.1.10. TSS concentrations at each station of the five

ports in November, 2011.
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6.2 ug L), Be3(09~58 ng L', Hit 2 7
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ports in August, 2011.
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Fig. 3.1.12. Chl-a concentrations at each station of the five
ports in Nomemver, 2011.
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of the five ports in August, 2011.
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2011 8¢ AEZ"HaE FHANA AT Al $HEFS Cryptophyta® Bt Hi&
271% (B AESF 32 cells mLHolglen, A2 $HFL Paralia sulcata® B A&
12.4% (BT AEF 14 cells mLY), A3 $8FL Oscillatoria sp.& F1 A58 54%(F A X



4 13 cells mL HATH el A A1 $8F  Paralia sulcata?l 27, B A& 269%
FA A EZS 31 cells mLYolglom, A2 SHEL Skeletonema spp.2 B AH& 24.2%(3

f\

TAES 31 cells mLY, A3 $HZELE Cryptophyta® Hi+ A58 232%(H A LS5 26 cells
mL DA kst Al Al $HEFL Skeletonema spp. Ao, B A-H& 39.4%(H T A5
93 cells mL Holglom, A2 $HAEL Cryptophyta® Hi+ A4S 10.0%(HFAELSF 23 cells
mL ), A3 8 ZEE& Pseudo-nitzschia delicatissima complex® i A58 10.2% (3 oA X
4 23 cells mLHgeh 2ol A A1 S8FLS Aulacoseira sp.2 Hi A-5& 47.0%(3
/H]EL:’F 367 cells mLY)olglom, A2 SHEL Trichoidesmium cf. erythraeum$ 2™, 31t
& 223%(BTHAELF 348 cells mL ), A3 $HEFL  Cryptophyta® Fvt HH& 1
(%ﬁ/ﬂ]%? 58 cells mL )tk EZgo]A Al $-HFS Cryptophyta® Hit HH& 21

HIAESF 22 cells mL Yolgom, A2 $8EL Microcystis novacekii® 2w, H1 7
6.3%(F T HMEF 15 cells mL™Y), A3 $AEFL  Aulacoseira sp.2 B+ A4& 65%(H A X
4 7 cells mL S tH(Table 3.1.1). o] Al7] AAH oz FrzHFel Hzie} FATH, txd

Aulacoseira & 50] $AZo 2 Ve 95 o] £ Aoz HTH
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Table. 3.1.1. Mean abundance and mean prevalence of dominant species observed within the

five ports in August, 2011

Mean abundances Mean prevalence

Cruise Ports Dominant species _
(cells mL™") (%)
Incheon Cryptophyta 32 271
Faralia sulcata 14 12.4
Osciflatoria sp. 13 54
Pyeongtaek Paralia sulcata 31 26.9
Skeletonema spp. 31 24.2
Cryptophyta 26 23.2
ft Daesan Skeletonema spp. 93 39.4
(Aug.) Cryptophyta 23 10.0
Pseudo-nitzschia delicatissima complex 23 10.2
Gunsan Trichoidesmium cft. erythraeum 348 22.3
Aulacoseira sp. 367 47.0
Cryptophyta 58 16.5
Mokpo Cryptophyta 22 21.2
Microcystis novacekii 15 6.3
Aulacoseira sp. 7 6.5

119 AEZHaE FHhdA e A1 $Hd=LE Skeletonema spp.= Hd AF&
36.0%(FTAES 30 cells mLYholglew, A2 $HEL Pardia sulcata Fid A4
18.4%(H o MESF 15 cells mL™Y), A3 $HZEL Cryptophyta® Hi A4 23.0%(H FA 25

8 cells mL )Tt Helgol A A1 $8EL Skeletonema spp. 2 B A& 33.1%(3 F A4 X
4 59 cells mLholgleow, A2 $HEFL Cryptophytagd ow, F A4& 156%(F A XS5
40 cells mL™Y), A3 ©H 2L Paralia sulcata® B A5E 11.6%(HTA LS 18 cells mL ™Y
Ao Akl A Al - FL Skeletonema spp.R o™, Hit & 39.4%(FH A ESF 93
cells mLYelglom, A2 $HEL Cryptophyta® Hi A4S 100%(HTHNESF 23 cells
mLY), A3 SHEL Pseudo-nitzschia delicatissima complex® 9 10.2% (34 o A 3£
4 23 cells mL Hgeh #2kstol Al A1 $8EL Cryptophyta® 33 A58 28.3%(F A X

4= 145 cells mLYhelglew, A2 $HELS Heterosigma akashiwo@ o™, F1 A4& 10.0%

o

o
Ho

=)

4
X m
Ho
o

(FHFA LS 62 cells mLY), A3 $42E Pardlia sulcata® Fi A48 11.1%(HTA LS 46
cells mLHYEoh ZxdoA] A1 $HEL Cryptophytaz Hit A48 37.6%(HTHNESF 76
cells mL Yol om, A2 $HEL Heterosigma akashiwoR oW, A A& 9.7%(HHA XL

o
=
4 17 cells mLY), A3 S8 EL Skeletonema spp.2 B A48 64%(HIFA LS 12 cells

mL )¢ tH(Table 3.1.2).



Table. 3.1.2. Mean abundance and mean prevalence of dominant species observed within the

five ports in November, 2011.

Mean abundances

Mean prevalence

Cruise Ports Dominant species _
(cells mL™") (%)
Incheon Skeletonema spp. 30 36.0
Faralia sulcata 15 18.4
Cryptophyta 8 23.0
Pyeongtaek Cryptophyta 40 15.6
Faralia sulcata 18 11.6
Skeletonema spp. 59 33.1
ong Daesan Cryptophyta 93 39.4
Paralia sulcata 23 10.0
(Nov.) Skeletonema spp. 23 10.2
Gunsan Cryptophyta 145 28.3
Heterosigma akashiwo 62 10.0
Paralia sulcata 46 11.1
Mokpo Cryptophyta 76 37.6
Heterosigma akashiwo 17 9.7
Skeletonema spp. 12 6.4
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Fig. 3.1.17. Species composition of phytoplankton community observed at the five ports in 2011.
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Table. 3.1.3. Distribution of potentially risky species at five ports in Korea.

Bacillariophyceae Character Inchon Pyeongtaek Daesan Gunsan Mokpo
Actinoptychus senarius Red tide species 0 0 0 0 0
Amphora spp. Potentially Toxic species 0 0 0
Asterionellopsis glacialis Red tide species 0 0 0
Asteroplanus karianus Red tide species 0 0
Bacillaria paxillifer Red tide species 0 0 0
Cerataulina pelagica Red tide species 0
Chaetoceros debilis Red tide species 0 0 0 0
Chaetoceros didymus Red tide species 0 0
Chaetoceros pseudocurvisetus Red tide species 0
Chaetoceros socialis Red tide species 0 0
Coscinodiscus gigas Red tide species
Coscinodiscus granif Red tide species
Coscinodiscus wailesii Red tide species
Cyclotella striala Red tide species 0 0 0 0 0
Detonula pumila Red tide species
Ditylum: brightwelli Red tide species 0 0 0 0
Eucampia zodiacus Red tide species 0 0 0
Leptocylindrus danicus Red tide species 0 0 0
Melosira nummuloides Red tide species 0
Nitzschia longissima Red tide species 0 0 0 0
Nitzschia spp. Potentially Toxic species 0 0 O
Odontella longicruris Red tide species 0 0 0 0
Pseudo-nitzschia americana Red tide and toxic species
Pseudo-nitzschia delicatissima
complex Red tide and toxic species (@] (@] O @] O
Pseudo-nitzschia multistriata Red tide and toxic species 0 0 0 0
Pseudo-nitzschia pungens Red tide and toxic species 0 0 0 0

Pseudo-nitzschia seriata
Red tide and toxic species

complex
Skeletonema spp. Red tide species o) o 0 S o
Stephanopyxis turris Red tide species o
Thalassionema nitzschioides Red tide species (0] @) O @) o)
Thalassiosira angustel-ineata Red tide species
Thalassiosira ct. curviseriata Red tide species ¢ o
Thalassiosira delicatula Red tide species 0
Thalassiosira eccentrica Red tide species O @) o @) o
Thalassiosira nordenskioeldli Red tide species 0 ¢
Thalassiosira punctigera Red tide species @] O o
Thalassiosira rotula Red tide species 0] O] O O




Table. 3.1.3. Continued.

Bacillariophyceae Character Inchon Pyeongtaek Daesan Gunsan Mokpo
Dinophyceae
Akashiwo sanguinea Red tide species 0
Alexandrium sp. Potentially Toxic species ) o
Alexandrium tamarense Red tide and toxic species ©)
Dinophysis acuminata Red tide and toxic species 0
Dinophysis acuta Red tide and toxic species @)
Dinophysis sp. Potentially Toxic species
Gyrodinium spirale Red tide species 0 0 0 o) @)
Heterocapsa triquetra Red tide species o) 0
Karenia brevis Red tide and toxic species @) @)
Karenia mikimotoi Red tide and toxic species @) ©)
Karlodinium veneficum Red tide and toxic species @) 0 O @) @)
Neoceratium furca Red tide species ¢
Neoceratium fusus Red tide species 0
Prorocentrum minimum Red tide and toxic species 0 0 ©)
Prorocentrum triestinum Red tide species ©) o
Protoperidinium bipes Red tide species 0
Protoperidinium
compressum Red tide species
Protoperidinium leonis Red tide species
Scrocilla trochoidea Red tide species 0 0 0 o) @)
Rhaphydophyceae
Chattonella sp. Potentially Toxic species 0 0 ©) 0
Heterosigma akashiwo Red tide and toxic species 0 0 ¢ ¢ o)
Rhaphydophyceae
Anabaena sp. Potentially Toxic species ¢ O O
Microcystis sp. Potentially Toxic species @)
Oscillatoria sp. Potentially Toxic species O @)
Trichoidesmium cf.
ervthraeum Potentially Toxic species (¢
Trichoidesmium sp. Potentially Toxic species 0
Chrysophyceae
Dictyocha fibula Red tide species 0 0 0 0 @)
Total 33 28 33 30 34
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Fig. 3.1.26. Composition of dominant zooplankton in study area.
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9.1(AH 6)~439%(HHd 2)= e Y. Pavocalanus crassirostris, Acartia $7]+282 Z+z}
12(3H 1)~21.1%(8H 4), 24(HAH 6)~288% (B4 2)2 Acartia hongi®t Acartia 57143
2 ol AHAA G FdE How I 99 $HFTELS U AHAA =2 IS A

tH(Table. 3.1.4).

Table. 3.1.4. Dominant species and dominance(%) in study area.

Month Dominant species St.1 St.2 St.3 St.4 St.5 St.6
Acartia hongi 6.6 4.7 5.6 41.7 22.1 24.5
Acartia copepodites 5.9 15.0 29.9 20.0 18.1 10.3
Aug. Paracalanus parvus s. l. 23.9 25.3 19.5 10.0 4.1 18.1
Pavocalanus crassirostris 57.9 46.4 33.3 19.4 43.5 33.0
Acartia hongi 26.1 43.9 22.9 16.8 26.1 9.1
Acartia copepodites 6.8 28.8 11.0 3.7 12.1 2.4
Dec. FParacalanus parvus s. 1. 55.3 12.9 58.3 44.2 33.9 42.1
Pavocalanus crassirostris 1.2 1.5 5.0 21.1 14.5 18.3

) Helg

8Y FAle|Hol =3 FEZHIAE T PR FHE F 7#%‘3 Acartia hongi,

flo
o

Pavocalanus crassirostris, Paracalanus parvus s. 1, Acartia 71540 439 vepyt
SHF] &3 &S A hongix 197(AH 2)~527% (A A 42 F33 Ao, Pavocalanus
crassirostrist=  181(F4d  4)~554% (A3 D= U AHHoA =2 Z=dS HowH,
Paracalanus parvus s. L.© AA 304 49%=2 *e = ) %

= et o™, Acartia F717482 A 2004 36%° @2 8-S AH 6904 208%9 =
& 85 BEAY Acartia 7178 S AL $AHFES W AHAA =& =S BT
129 34802 &3 £ Paracalanus parvus s. 1., Pavocalanus crassirostris, A. hongi,
Labidocera euchaeta, Acartia $7144¢ oz A s YelEd., 3 =
Paracalanus parvus s. 1.5 266(H82)~526%(HAA 6)2 39 AHAAN =& &S HIS
™ Pavocalanus crassirostris< 224787 3)~448%(FH 52 U HHoAM =& =4S
Atk A hongit 20(8F 3)~312%(dFd DE U AAHAA =L FdS HYowH,
Labidocera euchaeta®t Acartia $-71+22 717 0.7(874 5~253% (3 2), 2.7(4
108%(8 A H=E U AHAA =2 =d5 BAHTable. 3.1.5).

W
o
L

!
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Table. 3.1.5. Dominant species and dominance(%) in study area.

Month Dominant species St.l St.2 St.3 St.4 St.5 St.6
Acartia hongi 20.5 19.7 34.0 52.7 28.5 28.3
Aug. Acartia copepodites 6.6 3.6 12.2 7.2 10.5 20.8
Paracalanus parvus s. 1. 8.6 8.1 4.9 13.7 23.7 20.8
Pavocalanus crassirostris 55.4 57.4 38.9 18.1 32.7 18.6
Acartia hongi 31.2 3.9 2.0 21.6 8.4 13.9
Acartia copepodites 5.6 0.0 2.7 10.8 10.5 5.8
Dec. Labidocera euchaeta 0.8 25.3 13.6 0.0 0.7 0.0
Paracalanus parvus s. 1. 27.2 26.6 40.8 37.3 30.8 52.6
Pavocalanus crassirostris 24.8 29.2 22.4 24.5 44.8 26.6
o) ol

8Y zAlSldel FAW BEIYAE F SAHNOR AR FS oFEEF 27

Acartia hudonica, Paracalanus parvus s. 1, o3l F A, Acartia $-71F2°] $H3ste]

Btttk S8 F S vE&E opdFo] 176(83 4)~39.7% (A 2)2 Ul BHAAN =2 =
dAS HAow Q7t{Ql Acartia hudonicaw &9 A0 A HolA 29%9 ¥ &d& H
9(gd 2)

Fow A A BR 2004 =S FdS BAvh Paracalanus parvus s. 1.5 7

~215% (83 5)& yetytow, ojujs{ FAS 22(84 2)~102% (4 DE 3l el A
A etttk Acartia 57182 9l AR AA 594 08%° W 2ds B

v A BAH 3elA 65%9 =S EdS EAth 129 AR FHI T2 8
Pavocalanus crassirostris, Paracalanus parvus s. 1., A. hongi Acartia 37|74, oFdFo 2
A3t YeEbykth 41 33 2779 A hongit Acartia 37158 ZFzF 237 (A D)
~41.3% (A 4), 96 (H 4)~194%(FHd D= I AHANA =2 =4 3
¥ P. parvuse ZH2F 132 (87 3)~25.6% (4 5), 121085 1D~212% (4 5= 3o A4

oA/ =2 Fdo =2 YETH(Table. 3.1.6).

o
o
>
o
&
ofj

Table. 3.1.6. Dominant species and dominance(%) in study area.

Month Dominant species St.1 St.2 St.3 St.4 St.5
Noctiluca scintillans 24.9 39.7 36.1 17.6 25.6
Acartia hudsonica 18.6 32.9 10.9 11.2 2.9
Aug. Acartia copepodites 4.2 5.4 6.5 4.0 0.8
Paracalanus parvus s. 1. 18.6 7.9 17.8 15.2 21.5
Bivalve larvae 10.2 2.2 5.9 12.8 8.3
Noctiluca scintillans 0.0 0.0 8.4 6.5 10.0
Acartia hongi 26.1 26.3 17.3 18.9 9.1
Dec. Acartia copepodites 6.1 4.4 7.9 9.5 3.8
Paracalanus parvus s. 1. 27.8 23.7 13.9 13.6 16.7
Pavocalanus crassirostris 35.7 36.8 42.6 40.2 49.3
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2 kg

Y ZAlef o] &3 TEZYAE = $HAOR HHI =& Q7472 P parvus s.
1., Pavocalanus crassirostris, 854 =29 3E, A hongi, A. ohtsukai, Acartia 713

o] eyttt 45 £& v& P parvus s. 1L FW AHA HH20A 3.0% e &
de Hygon Il AHHA AH 694 665%2 =S =S HYOoW, Pavocalanus
crassirostrist= 2.2(87 2)~241% (84 3)¢ Zd3dor, G54 sEEFFTIAES 224
I~671%HH D= Fd AHNA =dS stdon, 58 Ao =8 sE2FAE
T TR Eds T IG5t %U%%ﬂ% A. hongi= 52(8 7 5)~94%(FH 49 =
S A ohtsukai, Acartia 7]

A 4ol =35 B 124 5‘—*}’311@01] =4 %%g%’“ﬂ% <
A. hongi, Acartia 714, P. parvus s. 1.7} 3 o

hongi= 12.1(8 A 6)~79.0% (A A DE st AHNA =& S BYgow, Acartia T7)+

il

A 46(HH 6)~242% (A DR &g A e 2dS BIASH, P parvus s. 1. &
W AR AAH20A 14%9] @& EdS Hom e AHA BH 694 41.0%9 =& =
S B tH(Table. 3.1.7).
Table. 3.1.7. Dominant species and dominance(%) in study area.
Month Dominant species St.1 St.2 St.3 St.4 St.5 St.6
Acartia hongi 0.0 0.0 5.3 9.4 5.2 6.3
Acartia copepodites 1.7 1.5 6.3 7.1 3.6 2.9
Aug. Acartia ohtsukai 0.0 0.0 3.1 10.0 4.8 0.0
Paracalanus parvus s. 1. 3.5 3.0 41.6 33.9 47.0 66.5
Pavocalanus crassirostris 0.0 2.2 24.1 11.8 10.5 7.3
Acartia hongi 79.0 61.4 68.8 47.9 27.9 12.1
Dec. Acartia copepodites 6.8 12.9 21.2 24.2 13.9 4.6
Paracalanus parvus s. l. 2.5 1.4 1.6 7.7 27.0 41.0
o)) Bxg
8Y ALY Ed3 FEZHIAE F $HHeR Fd% T P oparvus s, L,

. parvus s. 1.2

=
= [e)
Pavocalanus crassirostris, 5<% T2 YEST $4Fe] 2d H&2 P
% S HAOoW  Pavocalanus

202("A"  2)~520%(FA 3= S AHHIA =&
crassirostris®= 7T9(A A 3)~23.7%(AA 1)E el o
oA 12%2] & ZHS HIow o] FHo 6

o T=

R4

[4 1
i

=
=

e

gaE T $HAHoR FHI £ 2ZtFC P parvus s. 1, A hongi, M
91 Oikopleura dioica, Pavocalanus crassirostris, Acartia 7|2 °] 28-S st oy, ¢4
9] ZFH| &S P parvus s. 1.9 A hongis 22 14.3(A A 3)~509%(8 A 6), 16.4(8 A 6)
~54.0%(83 3oz et mEFe 39 A AAH 6 e 39S Below, A
4ol A 25.6%° =& =dE& XM o™, Pavocalanus crassirostris< 2.4(75,%.q 3)~16.4%(3 4 6)
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2 9 AANA =& HHE BYow, Acartia F7)FABL 3284 5)~11.1%(AH )= 3
WAHAAM =& 23S HAH(Table. 3.1.8).

Table. 3.1.8. Dominant species and dominance(%) in study area.

Month Dominant species St.1 St.2 St.3 St.4 St.5 St.6
Paracalanus parvus s. l. 44.2 29.2 52.0 | 34.1 50.6 32.5
Aug. Pavocalanus crassirostris 23.7 15.7 7.9 20.6 18.1 14.4
Gastropod larvae 10.8 24.1 18.1 4.0 1.2 23.6
Acartia hongi 29.8 | 31.8 | 54.0 | 22.2 | 23.4 | 16.4
Acartia copepodites 7.4 8.8 11.1 10.0 3.2 5.5
Dec. Faracalanus parvus s. 1. 42.8 32.9 14.3 27.8 39.4 50.9
Pavocalanus crassirostris 5.6 12.4 2.4 7.8 6.4 16.4
Oikopleura dioica 7.4 10.0 13.5 25.6 23.4 1.8

=
L

A g o] Aol azbF 2wl EAst] AR ALY 7R Y AR

| A 2747 MAFE AA log WS § Bray-Curtis similaritys 7t o
S AAEAT 8 AR AFE 79% Tl 27/ AP oRE o] Ao A A
1,2, 30% o]Fo] low B BT AA 4, 5 6% HEtwrh 7

™
of dge mIF 27FE AyuA A AATLAAME Pavocalanus crassirostris, Paracalanus

KeX
=

o
=

i)
HE

o
i
flo & Kl

o,
fuiot
~

parvus s. 1., A. hongi, Acartia 7154, A. sinjiensis’t B A TN E  Pavocalanus
crassirostris, Paracalanus parvus s. 1., A. hongi, Acartia 37]+A°] -+ +Ho JggF&
X = F8Eolh

129€ FAHE A% 80% FFolA 371l AATOR el Atk A AREE W A
B

o

0,
2,
2
DO

g

o

2 A. hongi, Acartia 3714, Paracalanus parvus s. .22 o] Fo] o
4,

A “
T A 5, 62 % Paracalanus parvus s. 1., Pavocalanus crassirostris, A. hongi, Acartia

%
AL 2 FFE A= FFoIJH(Fig. 3.1.28).
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Fig. 3.1.28. Non-metric multidimensional scaling (nMDS) ordination plot of sampling sites
based on the abundance of zooplankion in the study area.

89 FAE AGE 84% FEow vl AT ol Ak A AWEL A 4 5,
6o ol%o] Hom, B AR dule] A1 47 1,2 3 o el 4 gdael

S n LAFE AR A AHPTANA= A hongi, Pavocalanus crassirostris,

o2

Paracalanus parvus s. 1., Acartia 3714 °] B A™o M= Pavocalanus crassirostris, A.

hongi, Acartia %714, Paracalanus parvus s. 1.7F A7 &30 9F S v X= FRF0]9)

o,
129 FAE A5 80% Sl 2he AAEeR o] Atk A AR Gl 47

ol AH 2, 302 o|Fo HOowW Paracalanus parvus s. 1., Pavocalanus crassirostris,

Labidocera euchaeta, P. marinus’} B A8+ A4 1, 4, 5, 622 Paracalanus parvus s. 1.,

Pavocalanus crassirostris, A. hongi, Acartia ¥7]-FA°] AH7 80 TS VA= FLF

o] 1 tH(Fig. 3.1.29).
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80 85 90 95 100 60 70 &0 90 100

Fig. 3.1.29. Non-metric multidimensional scaling (nMDS) ordination plot of sampling sites
based on the abundance of zooplankton in the study area.

e 44

rio

89 §AE AFE 80% FEow e AUTEow ol A A AT
11,2, 3, 4% dehith 2 A

B
A AHA TN E Paracalanus parvus s. 1., Corycaeus dffinis, Oithona

d

=

JFe
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similis, Acartia hudsonica’t B Ao A+ Acartia hudsonica, Paracalanus parvus s. .,
Pavocalanus crassirostris, Acartia 7140l A ol F&FS v A& FoFo| AT

1292 FAE A7 85% FwolA 2719 BHT SR o] Ao A AR AR 1, 28 o]
Fo] Mo Pavocalanus crassirostris, A. hongi, Paracalanus parvus s. 1., Acartia $7] 78

o] B A™+e AA 3, 4, 52 Pavocalanus crassirostris, Paracalanus parvus s. 1.,A. hongi,

Acartia $7]1A0] #H IS v A= FRFo| A H(Fig. 3.1.30).

Aug. St.3 Dec St4
St.1 B St.3

B St.d St
Sti2 St.2

S A =
A L) t.1

60 70 80 90 100 80 55 q90 95 100

Fig. 3.1.30. Non-metric multidimensional scaling (hnMDS) ordination plot of sampling sites based
on the abundance of zooplankton in the study area.

29 FAE AFE 62% F=o7 279 AW o® yUyol Huh A AFTS AAH 3, 4
5 602 o]Fo] Jom B AHTS AA 1, 22 YebgTh 7 AP dFS v Q77 E
AHBEHE A APTNA = Paracalanus parvus s. 1., Pavocalanus crassirostris, A. hongi, A.
ohtsukai, Acartia $7]F2¢] B A Ao += Pseudodiaptomus inopinus, Pseudodiaptomus
S48, Acartia F71 0] AT o G A= FaFelAdH

1298 FAME AF 70% FolA 2719 o= yro Aok A Ad+& 4H 56
o2 Yetwow  Paracalanus parvus s. 1, A. hongi, Acartia 7|4, Pavocalanus
crassirostris, Corycaeus dffinis, Oithona similis7} B A+ AH 1, 2, 3, 42 A. hongi,
Acartia 37|54, Pseudodiaptomus marinus?7tF 8] 9GS wxE FaZFo| A (Fig.

3.1.31).

Aug. B

i
o "
o

St.3 A I— St.5

10 60 80 100 60 70 80 90 100

Fig. 3.1.31. Non-metric multidimensional scaling (nMDS) ordination plot of sampling sites
based on the abundance of zooplankton in the study area.
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8 A AFE A% FEOR 278 APEOR el Atk A AATE Ful A4
1

2
, B AT 3, 4,5 62 YEEt 4 AAdel dE&Fe v

Fo X

L&

Z7Es AHEPRH A FHTNAM=  Paracalanus parvus s. 1., Pavocalanus crassirostris,
Pseudodiaptomus marinus, Pseudodiaptomus $7]F%¢] B Ad7oNA+= Paracalanus
parvus s. 1., Pavocalanus crassirostris, A. ohtsukai, A. hongi7} A +H IS v A=
T aFo| Ak

1292 FALE AlF 86% FwolAl 2719 AT oz vro Ho A BHTE 43 32
2 yelwtom A hongi, Paracalanus parvus s. 1., Acartia 3714 B A8+ 44 1, 2,
4, 5, 6% Paracalanus parvus s. ., Pavocalanus crassirostris, A. hongi, Acartia 371+ ]

ol FFE WA= FaFolAHFig. 3.1.32).
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i A
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Fig. 3.1.32. Non-metric multidimensional scaling (nMDS) ordination plot of sampling sites
based on the abundance of zooplankton in the study area.
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Fig. 3.1.33. Non-metric multidimensional scaling (nMDS) ordination plot of sampling sites
based on the abundance of zooplankton in the study area.

(W) st=o] el Fo 97 5F Fo AEgE¥x
B AR Eer gk A gwto A Ed st Q7R+ Acartia hongi, A. hudsonica, A.

ohtsukai, A. sinjiensis, A. pacifica, Calanus sinicus, Centropages abdominalis, C.
tenuiremis, C. dorsispinatus, Corycaeus dffinis, Labidocera euchaeta, Paraclanus parvus s.
L, Parvocalanus crassirostris, Pseudodiaptomus inopinus, Bestiolina coreana, P. marinus,
S.  tenellus, Oithona similis, Tortanus forcipatus, Tortanus spinicaudatus, 7Temora
discaudata®. A. hongis ALt st=r T dE A<k U 7|5 oA &3] HAE = T
Ao, Akt o] odte] =AHAS THsAol de T2 =sHA AT

oAz Ho| A -H3le] FA3t = Parvocalanus crassirostris 2 A= A AA A
g EEE AVRGT. oo e dF Tl EF = Parvocalanus crassirostrist
A

A A AANA FAE ALeE Aot W oo Zdsla AH(Fig. 3.1.34).
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Fig. 3.1.34. Zoogeographical distribution of the Parvocalanus crassirostris.
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i akel gk tule] MAStE AAMFHFTES XA A3 F 650 AT i
THE HY dWsE 7E, AXxsE 7F, HIATE 75, AATE 12F, dFs= 75, EAE
=3 12, 4555 2%, F95E 5%, AMNEE 6F o2 TAET oS 20108 %
EHFTTY BT HT 18F0] B AR, TF7F S AS A IF(S 713])7F BolA]
WA BAskE ARkl ARl Ao ® dAdEnh 12 =AM A B9Fo] ES L, 23k AL
oA 50F°] Eddate] F AR 1F Akol7t A9 gle AoE Uewt Ed% TE vk 9

e

AFS Rojuly| s s A (Halichondria bowerbanki),
FH WA (Ciona intestialis), 3714 o|7|E @ (Schizoporella unicornis), 2w\ (Balanus
amphitrite), A7HA o) 71 Wl (Tricellaria occidentalis) 5 & 6% 0 & Wa vt AFaHEA
(Mytilus galloprovincialis)©= $5F QP AL A FAE A &gkom {FEHYA = ZAPHS] U
of /\1 S570A] ol 3f ol A i]’?lﬂ At A=FE Lo A Terebratalia spet Terebratulida sp. 5 2

T2 20100 Aol Al A5 vrel Rl m7]|EFolqlor, 20119 12k ZAMAE 7 A o2 A4
skal AU ol 9k #ol 7&‘1”—1?_ FARFsE T ST JdolA 201043 & AolE Ko
A e AoR UELth

3| =2 Tubularia mesembryanthemum),

14
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M |\ 0

Paori Mall  Anne Brach  Echi Chor

no of species

Fig. 3.1.35. Number of species in each taxon.
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Fig. 3.1.36. Ratio of species composition in each taxon.
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Fig 3.1.37. Schematic community structure by dominant invertebrates at Daesan port.
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Table 3.1.9. Ecological indices of dominant species at Daesan port.

% cover biomass density

Dominant species (%/m’) (g/m’) (ind/m’")
Jul Nov Jul Nov Jul Nov
Halichondria sp. 7.3 5.8 48.3 325 - -
Crassostrea gigas 38.3 425 1,258.3 1,658.3 154.8 163.8
Serpula vermicularis 85 11.3 32.8 725 - -
Schizoporella unicornis 6.8 4.3 125 8.7 - -
Terebratalia sp. 18.8 155 215.8 156.5 91.3 83.8
Balanus albicostatus 12.8 10.5 86.3 67.3 1,945.5 1,892.3
Botrilidae sp. 7.7 3.8 42.8 22.5 - -
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Fig. 3.1.38. Biomass and coverage of the dominant species at Daesan port.
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Table 3.1.10. Benthic invertebrates of the collector plates at Daesan port.

Invertebrate B _ No-3
Taxa / species No-1 No-2 (2239 4)

Phylum Mollusca
Crassostrea gigas @)
Phylum Bryozoa

Tricellaria occidentalis O
Phylum Annelida
Sabellidae sp. O
Phylum Arthropoda
Balanus albicostatus O O
Megabalanus rosa @]
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Fig. 3.1.39. Invertebrates of the collector plates in Daesan port.
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Fig. 3.1.40. Settlement pattern of the dominant species in the collector plates.

Schizp(gFmg o] 7| e)= o] & FJoll F&Eo] g =0

of 773 F7hshe PS wolm QoM e A7) oAl
o

Mytillus(X F& 92 = 20119 % tatdlo Al 83812 &gk l~ 74 ol§F FAyo] Fo
H7l Wto® #erdth wEka Mytilluse w2719 & A7 A}OIOH 3%&01 B2y 7]
] £

N Ao wolw, A& JAse] 748A”
o% AR} Cona(FHWA)E dAbaeld @A 2gtert el AAolAe] dwAal

B B, JAI7IS AFA7] Atelo] BEEo] o FAIY] AW AEVE AA THe AV =
of §743) gtaste Aoz YeEhYth Gigas(#):= g2 ED} =& AFA7] ol F 7Y
Ho] &M o7 AAsirtrt vk FA7] o] do] getet= 2 yeed =9 4% A
Aol whel tha zbol7b Wtk Rosa(BAwie)) e A7]H o g A F-&E = ), ofFA
7)ol F2E o] b7 BAete Aow yEwed, obvte AEAVIE AU B2 FE
getels Ao et gt RERF A =2 VIS Holn - = FES UEE 9
AHrdToz F-2 7)o Rl g3t 713402 $Hste FFE Hola glow, AZto] A
of whel AAF(Gigaset Rosa)oll ol&fl H#=7F stolx= Ao = yebstt

— 119 —



3) Fel AAFUE
PAGAA  FAF ANFHFEZ shed

mesembryanthemum, Ciona intestialis,

65l <o el

=

= EXY

o 1

Balanus amphitrite

Halichondria
Schizoporella unicornis,
Aoz Yvelygorn AA dFe ¢ 9.2% Tl

bowerbanki, Tubularia

Tricellaria occidentlis,

At ol 7hd 2010 F-Fel e Mytilus galloprovincialise &% A sk}, 3
A Watersipora subtorquata(A+5=2 ol 71 H )9t Bougainvillia ramosa (FA X708 =})+=
JAFAFTd 7Aool e TEEA HE T Atk

Table 3.1.11. Introduce species from Daesan port.

Species

Remarks

Porifera
Halichondria bowerbanki
Phylum Cnidaria
Tubularia mesembryanthemum
Arthropoda
Balanus amphitrite
Bryozoa
Schizoporella unicornis
Tricellaria occidentlis
Chordata

Ciona intestinalis

Data Deficient

Data Deficient

Critical

Near Serious

Least Concern

Critical
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Fig. 3.1.41. The biomass ratio of native and introduce species at

Daesan port.
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Fig. 3.2.1. The sampling port of ballast water.

— 123 —



U, Autg g9 374929l
(1) &, 9%, &£&24 pH
Fe diE 9 gEFAAE YSI CTD(Model 6600)S Abg38to] =439 21 Potential of

hydrogen(pH)< Orion 4 StarZ =73}

(3) POC<¢} DOC

AAAA F71E2(POC) 42 450T oA 5A7HEeE 3atazl & FAS ZAH3 GF/F
o AR 2 Flge] dA FS AHAHAT. T Ao ARAE &
21 3 oA 10% fatez AgdE: Ys Baste] wrelgoew, #4S CHN Analyser
(Flash EA 1112, Thermo)Z ©] &

£ F718A2DOC) 42 dAF] 55 25 m GF/F JAAZ A7 F 20 ml

A o ol Wiy BASAT A Foll §EH = FUIESE 55 FulE o] &3t
A2 AxAAR 2 A AFAZ T BAEE oA e S v BEANY He|Ad A
712 FA35to] d=st stk (Multi N/C3000, Jena).
(4) 944

FEA] A7 AMFH= AolA Watman GF/F A2 AE v A5 dA4FES A3

3t 500 mLel Z2t2~Y vialdl Yol W% HASAL. ddIF= LA H(Parsons et al,
1984)& 4 Hes o=z ARE IAAA WA FrE S

Injection Analyzer, Quickchem 8000, LACHAT Co.) & #2439t Z+ze] 4 d8+= v
o 2}

(71 T2 (Si03)

A Alm T Ak
solution) 7}&}e] webAo] EgH dlAt
solution) ™} AE|o] - Zzalol= 319 A

m

e Al5E 820 n

=
w
o
S
=}
]
Q
jon
w
(@]
=g
—_
o
2.
[oR
()
=
()
[oR
jon
Q.
]
Q
2
o
=
jon
=
Q
2
=
lo
2
X

— 124 —



S Ao ZErditby ¢te] RYrk H7FE A eF(Molybdate color
[e)

reagent) &2 dapF o g "S- A7l & olxm 2RI A Ascorbic acid) 2 Y AlA YERG F

[e=]
o ANAE 435 Sste], #E5THE dY tewoe R AL BHE T AA
o}n] = (Sulfanilamide) 2} HF-g-&}o o}zF o

=
dslyEdojddityolyl &N (CoHuN, - 2HCH I HH-gA|AH =&

9] odryold AixEe 97|Ae Zold AAE M (Sodium hypochloride)# A3}
waEMS AT F HE(Phenald vl YEZZ# A =(Sodium
= =

2 QYA F A FF P 60nmel A FHE

=
R

=3
=
o
Lo}
=
c
wn
\,
[oN
e
o
)
%
-
rl
=
10
r (o]
=g
&,

B) 454-a
AZe w1 49 dA TS Phyto-Pam(Heinz Walz) ZH| S o] &3] AA JE4-a9 &
S =A%, Aol FHAH R AAE = & FEA(active chlorophyll-a) 5525 =7

Aoz FAustE= Aerobic count plate(Petri Firm™, 3M Co.) Z & wjxe] 79d X
ol dl dAHFS FEI e BES Y FEHORE 30xoA 133 FE F 35 T v
710 WAl 24A17F vl S St vl & Be ww ¢ e S HE AFsdd
() ddt

= =
$ 1 mE Ao "gojmdl F AES weth 5 d4FS dFH 045 m
Membrane BE A2 o3& thg BEAE 5L Fo] 7hed A & b BFS dL

&) A]

T 35 Toll 24413 w3 5 FHsA dAE 71xe] =5 AFsidnh

— 125 —



il

o dHA

A di® 045 um Membrane ZE A2 o] 3}

TCBS agar 8% 5% ¥il Petri dishe &2 tf

d
710l H a1 244

<
T

=
"o

ey

ojn

-
1

mj &

ol

=0

(&) A+t

il

@ thg "HA

AL di® 045 um Membrane ZE A2 o] 3}
ME Entro agar 81#| Yo =3 Petri dishe 22 U

A
HjF71oll L 484]

o~
T

=
"o

35 C

o

1
il

ey

-
R

mj &

alin

(7h) %4 Fure] oo}

o

o

Y
w

Petri dishg @2 &

KeN
=

2 4

A E S B

7+

PN
T

3l

B

sree,

Al

HjF7Tol HaL 484131 uj

3]

&

bol vER

S

= M

ﬁo

o]

Ho
K

ol

—

<

ﬁo

ar
o

2l

FA o

)

HEZ o3 55

)

B

2
B

o
N

W30 em, WE 20 gm 9 - 30 cm, EE 50 mo

i

",

f

B
—~
file)
il
o

jruge]

o

5

ALY oaEg ol &

=
250

o d
= T

FAELS Y EY %A (Hydrobios, 438115)

[e)
24

el

U

g

Stol Al Sedgewick-Rafter chamber® &

st& 1) 7 (Zeiss, Axioplan II)

2

t] % & 7} v 2F(Zeiss, Axiocam HRc) &2

ate] 7t

u] 73 (Zeiss, Stemi SV 11)¥} 338t 1) 4 (Zeiss, Axioskop)s ©]-&

B

1o
B

B

b

2 Cupp(1943), Dodge(1982), 41(1994), Tomas(1997) ©]

sl

of o]&¥
Kim(1985), 7+(1992), Chihara and Murano(1997), Mizuno and Takahashi(2000),

Conway et al(2003)

)
1o
o)

o

3T o

— 126 —



i
aozo_o
mﬁwﬁmﬂo%ﬂn
Nﬁﬁww_ldmoﬂ,_.
L W W p N e
a:‘ﬂ AL\w 4 ) 3
= ooﬁo%ﬂmmqaﬂa
‘:M:‘_‘Iﬂ‘mﬂo Mwﬁ;om ﬂ
ﬂSHToﬂ Mﬂﬂlm@#cf‘uworaf
Em%ur;l,ﬂn\éiﬁ; Ecﬂra
o o o o g g 9
,.LO o HA \;IOU ‘Ul Jwa UL W‘U! AH ‘ml _ m qm_‘n_ Oﬁ
ufmgfé}émﬁ %%ﬂwTéﬁﬁ%
i %vaoot o @ﬁﬁ% = B = 9 T = >
o&@%?% aumouzzej:1m
ﬁm1% muﬂoﬂzﬁsLEﬂomﬂwgw
Etﬂﬁaaéﬂnwﬁmrmnﬂﬂmﬁﬂtm 3
= X ﬂ\lr OH_ 7L [
nxngﬂmruﬂ%e;oroma;u?ﬂwﬂxm #ﬁﬂa
= < suQELUﬂElwuﬂ an_,Tﬁlpm _ao]ufé
, QNEFc1¢0mE>§§3£me B o
C|# ‘m\ﬁ \ﬂl oO M _!L — o0 ® n_/u ajal > m EE o ;oL N ﬁo
orm,_ﬂ_.AwMZATL5uuumzoﬂvﬁﬂwfwu MMNrmﬁn_rmE T
0 _.o, ) —_—
ifwg#mogoﬁpuamosﬁ& @zzm7 o
o LL B lYloOf1ﬁo L T ¥
no@memmammﬂmEEMPMﬂoz&moO %%42% 3
3 = o.,_o - X : -
m.quuu,+ ) o e S o o E 5 AT,Q‘% = " - T T g i
6]_L,.m|ko Liol leﬂ o 1r§0H:v‘| A
O# ,NE ) o o Lo HT Lf m JHL 17r_| fils) - Laluw _HL UAI‘._ wurl ﬁo ‘_Iﬂ
\um_ mmo:u m_uuﬁl S~ Lg.oidue 750 w50 N
_LI2JI :.L HE@U;QOO Z|XE\./LIm Wo:i _
™~ ~ N @) ,._me —_— . ,mﬂ ol ZT m \E Z..* ) fils) 5 o Oﬁ ﬂ ,AL ;Iryl AT
%n@P EW%(@L 5 mﬂar La%% B0
Ll 3@%& %}ﬂxsﬂa;wzm ﬂmzlm ok
a & W.ma,q 3 a,ﬂ%_c s g 2 £ 8 % B o = .
a_. @A anﬂ.Hﬂ-o\A_lo m7p2m:.LU 0% 0 ,IyOT‘AIuﬂ =
_ombLgmmeﬁ@ 3.@10D %%ﬂ}y =
™ 7 % = E i ) oY S - 8 T ) N ) %
%Wﬁrl%mi@@&%@%f%wlw u,@ _Lo@.ﬁ,
Tor e ol & i (e = T %0 oR — 3 nﬂw e N = . ﬂllﬂ
T Jmqummﬁmggymlm ﬁm;uung@u
mo i £ u.wu1N > ouAT1| = = ﬂ..g I < & = O
o Lo_/bAEﬂ.HJOMO\mD,AEEJIL. 3 1Mﬂﬂ|ﬂ$|ﬂ%
]qﬂmZ = %SZTD o ﬂlmx} Tl
g o g A i Ak $,mﬂm5 o o < M T B3 ~ 8
na_% w P g mumw\% ﬂ”mﬁTL M,mul, - 5 3 o ¥ p N ke
N_IALD_.EELmAWzTE u../nAJm_]m.L ZS:W#ZSym D,W‘D!MTE]M%
un.moz_um I m1immT L(%Tgﬁoz.T
o azhg = a0 Kl 3 E B b o -
mﬂoO.ZTLd.uﬁTaQ alomli Ph;haaegl S
H ° T I e s s g > o o 2 = =1
o iy >u1.;o 7 aajn,u £ g £ 0| < i) 2 8
el 1xmo€1w1§ V.muuuﬁ aooéyﬂﬂac
ATX} = = = = r A 20 AT
OTOHEUOﬂOthFOﬂu aLZ — N
~ J#ﬂmo%%ﬁU6w ar%u%wfw]gam
o o 3 Q.:T_% ﬂoﬂ% = s .m = ] ﬂ.wm_% e :
il AP o S o T = 8 Wwﬁo g
T o ar > - 2 W T it g
il w&aﬂor mm_,of mi Eﬂuﬂ = ,W.m
AEmmu.mblﬂW ATuraomﬂﬂAﬂMﬂJdnb
ée%lb K aoﬂﬁ_EATSAMV
DA o OT _Oﬂ‘rlIIH_l
Lo oy %ﬂmxﬁoc}@%
N g mﬁk %ﬁmWUIL.EH
7 o w T =X o Mo
~ 1r,ulo ﬂﬁMﬂ
;oLoiAT ol
ﬂ_—lmgo_o‘@l\uAl‘._
mMﬁﬂﬁr
Eow,oi_d‘_
HﬁL.ﬂA_l
o

.

I 3d =2
H

L

’

— 127 —

9}
ST
AR
JUVENT

AS

<

7re
N
ST

ER

IA

AS
IA
N SUN3 S



Table 3.2.1. Particulars of vessels and information of the ballast wate.

Age of
Kind of Ship | Ballasting date Ballasting site | Sampling date ballast
water(day)

Name of Tonnage

Rett vessel (Gross)

Pacific open sea
ASIAN SUN | 44891 |Vehicle carrier| 14" May 2010 (36° 34.7N, 5" Sep.. 2011 479
142° 36.8W)

Kunsan
STAR

th . R th
JUVENTAS 32679 Cargo 15" Oct. 2011 Qingdao, China | 18" Oct. 2011 3

Daesan SUNRISE 8614 Tanker 18" Oct. 2011 East chian open

th
WISTERIA . sea 207 Oct. 2011 2
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in the ballast and around water in the

parameters

Table 3.2.2. Environmental

Gunsan and Daesan ports.
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Table 3.2.3. Chemical parameters in the ballast and around water in the Gunsan

and Daesan ports.
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the Gunsan and Daesan ports.

Table 3.2.4. Chlorophll-a and active chlorophyll-a in the ballast and around water in
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Table 3.2.5. The number of microorganism in the ballast and around water in the

Gunsan and Daesan ports.

At Ak Akt o Ak
ASIAN SUN STAR JUVENTAS SUNRISE WISTERIA
Hy 4 THF By THF HY 5 THT
A kA
5 14,200 74,000 56,000 46,000 28,000 44,000
(10°cell/ml)
o} gt
° 0 195 40 433 25 7
(CFU/100m¢)
HBEg e 4
(cells/100m¢) 0 0 0 0 0 0
R
(cells/100m¢) 0 0 4 56 0 0
TEHGY
ul-g| g o} 4,000 6,000 7,000 92,000 15,000 36,000
(cell/ml)

2
diatad st wakd Aurg g AR 72 dubd Mgy B 717ks B2, ASIN
SUN(A. SUN)°l 4799 = 3333 2 wi, STAR JUVENTAS(S. JUVENTAS)®}
SUNRISE WISTERIA(S. WISTERIA) + ZZt 343 299 &S EF7|7hE 7HAvH(Fig.
322a). A FY AEELAE MAFS =8 F5E B9, S WISTERIAANA 7V =5

om HYF Bl A F RF7IHE 7HHYE S WISTERIASH S. JUVENTAS7E RA7]

= w.
ro] AJH A SUN Bt Fojdos B SdT59% w2 d&FS B tHFig. 3.2.2b and
o). ZA 1A Ate] FPFY ARELAE AAFE FAF A9 AvHoR A AAF

Z Bed, ot "W 1 BH J1HA SUN @ 4799)3 QFold HEFE wIk(S
JUVENTAS, S. WISTERIA)® 7] W&o 2 et xA Aukd &

W, A SUNOIAE 25759 10m o3t A EFFaEe] 247 59% <F 39%
94, S. JUVENTASS: S. WISTERIAN M= 247 F257(93%) <}

sttt (Fig. 3.2.2d).
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Fig. 3.2.2. Change of age of ballast water, number of species,
abundance and relative abundance in ship's ballast
water in 2011.

o
o
JUVENTASAA = SAd txHo=2A4 AddusE z=

A A E o]l F+= Thalassionema nitzschioides 2 @53 <l Cylindrotheca closterium ©| %
A&t tHFig. 3.2.3b and 3.2.4b). S. WISTERIAIME ol Zdse vsd S22+
(Unidetified Cyanophyceae)’} 8-S 39 2H(Fig. 3.2.3c), 54 JZ7F2 Scenedesmus

a2
sp. T3 Zd3YtH(Table 3.26). ¥4 Y& 77F 8% oA S WISTERIACIA] =& 4
¥

=g
RE@L4Tpsu) $E7 #58 4e nddde W, 958 Y52 448 du dFoR ov
S. WISTERIA 7} %14 B85 m@s stgom, ol mgo] shjss o) Foxx e
Aow BeAt BF $HUL 99 VEY BRFE 9Ed FF WYL 2E Qo AR

H t}H(Fig. 3.2.4c).
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=mmm Chaetoceros spp.
= Bacteristrum spp. = Dinophysis caudata
=mmm Chaetoceros affinis mmmm Chaetoceros curvisetus === Heterocapsa spp.
=== Chaetoceros compressus mmmm Chaetoceros spp. —— Unidentified dinoflagellate
—— Chaetoceros didymus === Cylindrotheca closterium = Dictyocha speculum
8 = Chaetoceros spp. —— Skeletonema spp. == Unidentified Cyanophyceae
'g = < 10um phytoplankton mmmm Thalassionema nitzschioides === < 10um phytoplankton
o
@ 100
§ a) b) c)
o
©
S 60 f
g
@ 40
c
]
c 20
>
Q
<
g o
B ASIAN SUN STAR JUVENTAS SUNRISE WISTERIA
(9}
x

Ship's name

Fig. 3.2.3. Relative abundance (%) of dominant species of phytoplankton occurred in ballast
water of vessels in 2011.

Fig. 3.2.4. Photographs of a predominant species of phytoplankton found in ballast water of
vessels in 2011(a)ASIAN SUN, b) STAR JUVENTAS, ¢) SUNRISE WISTERIA).

Aol S AR AL 2 ke Aol AHOR GFL Fr f9 HBE
GIE U H2E WA 4BEFaEC WAHYOM(Fig 325), 53 AFelA BISF

E w33k S JUVENTAS®t S. WISTERIAANA Z+7Zy 7197444 &5 (ASP, amnesic
shellfish posioning)& %2 7)== Pseudo-nitzschia sp. ¢+ vwHA 3|5 & (PSP, paralytic
shellfish posioning)S Uo7 Alexandrium sp., A 3% (DSP, diarrhetic shellfish
poisoning)< ¥ ©.7)3= Dinophysis caudata 5 °] 7% At}

QoF Ao, gl FFFE gt dubol A fall AEEdase] HaEHAeH, o
= dYelMe] Fds ndtor ofF Fds s Adstr= ofHue= AR @A §-
givel el a8 EEe] o] dojd Vs AdSs AR HojEra & 5 dln
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Table 3.2.6. List of phytoplankton taxa occurred in ballast water of vessels in 2011.

PHYTOPLANKTON Sg;f’:R”ame SUNRISE
TAXA ASIAN SUN JUVENTAS WISTERIA
BACILLARIOPHYCEAE
Actinocyclus octonarius O
Actinoptychus senarius O
Amphipora sp. O
Bacteristrum spp. @)
Chaetoceros affinis O
C. compressus (@) O
C. curvisetus O
C. danicus @)
C. didymus O @)
C. lorenzianus O
C. spp. O O O
Cylindrotheca closterium @)
Ditylum brightwellii @)
Planktoniella sol @)
Pseudo-nitzschia sp. O
Rhizosolenia sp. @)
Skeletonema spp. @)
Thalassionema nitzschioides @)
Thalassiosira spp. O
DINOPHYCEAE
Alexandrium spp. O
Ceratium fusus @)
Dinophysis caudata @)
Gymnodinium spp. @)
Gyrodinium sp. @)
Heterocapsa rotundata @)
H. spp. O
Pronotiluca pelagica @)
Protoperidinium conicum O
P. spp. O
Pyrophacus steinii O @)
Unidentified dinoflagellate O
CHRYSOPHYCEAE
Dictyocha fibula @) O
D. speculum @)
CRYPTOPHYCEAE
Unidentified Cryptophyceae O
CHLOROPHYCEAE
Scenedesmus spp. O
CYANOPHYCEAE
Unidentified Cyanophyceae O
< 10um phytoplankton O O O
Number of occurred taxa 7 15 23
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Toxic or potentially harmful species Red tide species

Fig. 3.2.5. List of harmful phytoplankton taxa(left) and red tide species (right) found in
ballast water of vessels in 2011.
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Tabel 3.2.7. List of zooplankton taxa occurred in the ballast water of
vessels.

Ship's name

Zooplankton taxa
ASIAN SUN STAR SUNRISE
JUVENTAS WISTERIA

COPEPODS
Acartia danae o]
Acartia negligens
Acartia omorii
Acrocalanus gibber
Corycaeus affinis
Corycaeus pacificus
Corycaeus sp.
Euterpina acultifrons
Hemicyclops japonicus 0
Labidocera acutifrons
Microsetella gracilis
Microsetella norvegica @]
Microsetella rosea
Oithona atlantica
Oithona brevicornis
Oithona similis 0
Oncaea conifera
Oncaea mediterranea
Paracalanus crassirostris o
Paracalanus elegans
Paracalanus parvus 0
Unidentified harpacticoid @]
Copepodites
Acartia
Corycaeus
harpacticoid
Oithona
Oncaea

O oo
(@)

OO0 O0O0Oo

OO0 O0OO0O0OO0O00O0

(olN®)

(oNoNe]

Others )
Paracalanus @)
LARVAE

bivalve larvae ]
gastropod larvae
nauplius O 0
polychaete larvae 0
CHAETOGNATHS
Sagitta crassa
Sagittasp.1
OTHER GROUPS
Decapods(Lucifersp.) O
hydromedusae O

Number of occurred taxa 3 15 33

ol oNoNeoNoNoNO)

OO0OO0O0

OO
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ASTAN SUN STARJUVENTAS SUNRISE WISTERIA

Fig. 3.2.6. The abundance of zooplankton occurred in the ballast water

of vessels.
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Fig. 3.2.7. Relative contribution of zooplankton major groups occurred in

the ballast water of vessels.
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Pontentially risky species

Noctiluca scintillans Red tide

Photo

Acartia omorii Strong transfer ability

Acartia hongi Strong transfer ability

Hydromedusae Strong predator

Doliolida Strong predator

Pseudodiaptomus ishigakiensis Rare species

Sinocalanus doerri Rare species

Bivalve larvae Strong transfer ability

W 5. @

T
@
w
)]
oo

. List of pontentially risky species of zooplankton
occurred in the ballast water of vessels.

2 A3 gt FYAEY 33 ASTH H7}

= 71UShui Shan(2)] A¥td @ s F9d9 A=SEEaE 4F2 o F& 23olA
T Aukg g4 A3 F(ballast water treatment )l A& FF3S A& 4 A (Fig. 3.2.9).
10°Coll M= 944 s=7F =2 F29A A8(F/2 medium treatment)tt FHF AT
(shipside water treatment)oll 4] ¥l 109 & &Fzto] YeErsTh F/281A A3+ o A= 15°C

BE gF 89 Fol FBgel HAHY) Aol MHFFA0R Sl m, 0CAAE FE
69 Fol FAgol B BAT ), EEF/lsh Yol YEI 7] Ag7Iko] FobHrh Fu

FoAl A =15°CAlA 7 =2 33kl 10C 20°Coll A &= Auld oz vt §gglo] 3y
ATt Shui Shan(2) A FdE AES FEHe] F53 F2uA 9 FRFANA 22458 12F 0]
AegHog AL, 159 $HEFL Skeletonema costatum ¢+ Thalassiosira pseudonana

¢} &9 Chaetoceros sp. &= TZHAT Shui Shan(2)9] Z719%E T%7F 114 psuZ 7154

AMFEFE A5, 7159 R EFAEC] o u PEAT o

g8 AY d=A BrEevh(Fig. 3.2.10). Shui Shan()el A ¥ SHISFE A=5"H=2
< AT Aol A3t AT S YEIAY. ShuiShan(2)o1 4= AEAlel o

b At Fol Fsls] FEEHAHTable 7). dEol 0-5 psudlA= F5E2-3 um

Cyanobacteria ¢+ © &9 Cyclotella, Melosira, Tetraedron, Occystis, ScenedesmusZ°] 3%
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Shui Shan (2)

250
o —O— F/2 medium
200 (a)10°C ---@--- Shipside water
---3--- Ballast water
150

200-{ (b) 15 °C

in vivo Fluorescence (FSU)

(c) 20 °C

0 2 4 6 8 10 12 14 16 18 20
Incubation time (days)

Fig. 3.2.9. 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 (ShuiShan2) berthed at
Daesan Port in Korea. Error bars
indicate £ S.D.
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Fig. 3.2.10. Effect of salinity on phytoplankton population growth
in F/2 medium at 15°C. The incubation experiments
were examined under different salinity conditions (O,
5, 10, 15, 20, 25, 30 psu) from ship’s ballast water
of ShuiShan(2).
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A 3 d 3N AR FAE Y

1. A8
A S| AF71 T-(IMO) 2] Globallast Z 2138 (2005)01 4 Al eksl &wtsk7

A gnte] 8748 Audoer Friets wHor $Evel e fA EE T3 $
givfete] s ate] 34 A Hrlole Ago] HA & wWgolth wEkA gk kel o
A2 7 & F el a5 A FA: dl
A TH2009). o]]d F R oW o] &5t 3t
WoEvet ] ks oo R 67 A 3
DIN, DIP)¢] &%t 874 At B7HE Atk A7 d-F b vk 874 FA= F7
5 gt 9 g RAS Aestd oS 2

il

(seawater temperature, salinity, DO, pH,

- 20084 A AA F98 Ao AgAE Hr 7l IMO GloBallast ZZ13)S A 4-3)9]
s 2170 vk 2k AoAQl A FAIE HobE E 3
- 2000 @k 7F A FALE =
S i 3
- 20109 = ul Aalel 918 47hEel uisk 87 A ES o] &3t A FAIE dojE st
S A AHEsta d-F3 Hrrel 4ds @4AA 6718 AA T
- 2011 67 A4 AAE AREete] e W g-F &vkel
T3 3

2. A 2 BH
b AR H2F A4 g9

st-% b Wk 34 FAIE F7F o)dS Fig. 3313 2ol g3 U 93 F= 571 &Fwh
(Dalian, Tianjin, Yantai, Qinggdao, Lianyungang)¥} 3t=r 47 & %H(Incheon, Daesan, Gunsan,
Mokpo) 2.2 A4 s} th.
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Yellow Sea

Lianyungang

Fig. 3.3.1. Target ports for environmental similarity
assessment in Yellow Sea

4. #AE B & $#3AR

2010d 8¢ 21 &= wElolA d™ A3A d-F AuRE e A
G b el FRke] S YEd fFAE HUEE A ARwE ot o
3(Appendix III. Notion of Environmental Parameters for Absolute Environmental Matching
Evaluation)ol] T3 & W&o & o]Fojxth

“Korea suggests 7 items to evaluate marine environmental similarity of bilateral ports.
Each item has two parameters respectively. These parameters are minimum and maximum
values with the statistical percentile 10% and 90% using each item’s collected data at each

port except tide item. The port environmental items are as follows;

(1) Seawater temperature (degree C)

- Daily mean data for one year in 2009: more than 200 days data

(2) Seawater salinity (psu)

- Daily mean data for one year in 2009: more than 200 days data

(3) pH

- Mean data of wettest season and driest season for each 5 years: 10 data
(4) DO (mg/L)

- Mean data of wettest season and driest season for each 5 years: 10 data
(5) DIN (mg/L)
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- Yearly mean data for each 10 years: 10 data

(6) DIP (mg/L)

- Yearly mean data for each 10 years: 10 data

(7) Tide (m)

”

- Tidal range data of spring tide and neap tide: 2 data

Table 3.3.13% Zt}
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Port environmental data exchange results between Korea and China

Table 3.3.1.

2000

'09

'08

'07

'06

O

'05

'04

'03

'02

'01

o |0 |]O O O |O | @ | @

o |0 |O O |O |O | @ | @

'00

'90

‘80

O |0 |0 |O |O |O |O

OO0 |0 @@ @& e e e e e O O

|0 @ e e e O e e e O O

'70

o]0 |0 O |]O|O|O |O |O|O |O

Country

KOR
CHN

KOR
CHN

KOR
CHN

KOR
CHN

KOR
CHN

KOR
CHN

Items

Temp.

Sal.

DO

pH

DIN

DIP
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o AR Ad g7 UH
A7= Al (Jaccard's Coefficient) 9] 7Hd & &8ske] &vt 2 o of d= &nbeb7d a4
el d5 Ha, Adgre &S Adtske 74 . 33 :
REASE Bell thell €73 shetriE o] X4, Hdigto]l e w, AevHe TEE AL wH2 3
7HA A-7F A B S50l e Aok ol 3 o) sEvE e Ha, A

oh
& @vkel sty Weel ®3kE A9, 1Y SEEA ¥ AF T IR 2 -
T o g TRl A A9 FH U 75 F 24 19 Aol ZA dd
ol A FS VINto R Ik 1k A HEnEE o]&dtd A FAEE Ad
71 g e ZROS Uitk o] o] A2 vl i Fe] U v E g
Zh b 2re] fAbe= WA A Eve Aolth 2 TR UeA S-S ted 24

A A g 4 A" ke #

=
- SR B 7 §AEGE EYs Fuz 2ho) A @

AdE7tE 9% Fvd 874 dgvge] Ha, Hd e #5219 oA (outlien) E B A
stz BAAYE B WEF T 10%9F 90%0) sFets Fe HrrzaaH Ha Hu
A2 ARgEE

Br7F Ae z2ael Ag 34 Fig. 3.3.3% 2uvh 7 dwk 3 374 sev e Ao}
Ha4 Fs 92E gdw ARstel zrade Y A5E AFsAn 4
<} S Adste], Aa st aFete v g @nke] ok AR 3
o

Jeaiy 7t @ kel HALE(%)E A Wad & e vedag 99

o~

3 cases for each ports (ex: A & B)

Ai B A Brmax Slmllanty(%) =
min A max ( )
—"‘""‘ 100
_____ B 1 B Aw)
Apin g B, [mex Similarity (%) =
min A max
(Bmax il Bmin)
A A A ) x 100

Amin Amax Bm'n B ax
A : ' . Similarity (%) = 0

Fig.3.3.2. An absolute environmental similarity evaluation algorithm.
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Input data format Program process screen

Qutput result: Similarity matrix

B input.ixt - HSE ) WProject20] DWP2_2ITH

DRE BIE AMEO
E.l

22,000
24.730

3.250
3.840

24.369  3.960

4.590 Weus s e
4.744
6.745

22726
24410
23.961
E2

31.780
29495
29423
31.055
27.750
32,049

29491
23.165
26.454
26437
23.052
24179

Fig.3.3.3. The procedure of absolute

B input_out_vl.ixt = 2
MEHE EIE MY ¥ EEEH

Port Enwil tal Similarity A
Korea Ocean Ressarch B Develop

nt Program. ver. 1.0
Institute, Sept

2009.

E1l
100
84.54
8542
89.39
81.55
7366

24.54
100
97.7
B86.82
94.14
8241

8542 B89.39
97.7 8682

100 88.86
B8.86 100
9597 9073
8435  B2S

8155 7366
94.14 8241
9597 8435
90.73 825

100 &7vsa
87.54 100

E2
100 0.04643
004643 100
0 469
2027 38.76
0 7116
2909 59.84

0 2927 0 29.09
469 3876 T71l16 59.84

100 64.29 2034 3773
64.29 100 1641 5868

2034 1641 100 3969
37.73 5868 3969 100

environmental similarity evaluation

program.

3. ¢-5 vt B3 FALE H7F A
7 @ 874 #5AE SAAY

-5 o] Fnt @GR w5 AI7E delste] AuA el EAol= dAF A, -
< o= AR A S A A ddder E4staat skl

AN AR 7EE 93 Zrafe 49 AmnE Ast7] S& 6719 A ol g
A AEE AA -F 9N Fwre] MtAFR S A& A Fig. 3349 2t ojeg &4
A A Ao mEw £ -3 9 I BFE 10%9 90% @ 1He FE o] A A=
b EES Y S AAR dRS 9 F 3 FEEO Wy AsS & F Uk 2 5 F
DOt pHE @-% 7F %7k A= dutEns S5 &0 aAw, w7t 1 gwsne F5&
of ZAl vrERETE sHARF DIN® DIP= A= o] @vbs @ ofyeh, =77k 3F dwksvte] $5
& W WA YEskth

AN 7F 2R ol i Fxrke] Ik ¥ # FE d wME e FAR(90% 2
10%)+= Table 3.3.2 ¥ Table 3.3.37} Zt}.
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Fig. 3.3.4. Exploratory data analysis through by the boxplot of percentile (10%,
90%) for 6 environmental items in Korea four ports and China five
ports.
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Table 3.3.2. Percentile (90%,

10%) of marine environmental factors for domestic

4 ports
Incheon Daesan Gunsan Mokpo
90% 10% 90% 10% 90% 10% 90% 10%
Temperature | 24.71 | 3.72 22.70 | 459 24.37 | 4.32 23.89 6.60
Salinity 3025 | 2339 |31.06 |2646 |28.08 |23.46 3194 | 26.22
DO 10.27 8.03 9.63 7.43 10.07 7.68 11.25 7.98
pH 8.14 793 8.13 7.86 8.09 7.79 8.22 7.88
DIN 0.631 | 0401 | 0275 | 0130 | 0814 | 0323 | 0322 | 0.108
DIP 0.036 | 0.018 | 0.024 | 0.010 | 0.048 | 0.019 | 0.016 | 0.007

Table 3.3.3. Percentile (90%,

10%) of marine environmental factors for China 5

ports
Dalian Tianjin Yantai Qinggdao Lianyungang
90% | 10% | 90% | 10% | 90% | 10% | 90% | 10% | 90% | 10%
Temperature | 21.80 | 3.10 | 24.27 | 1.47 | 2352 | 1.77 | 2459 | 4.09 | 26.32 | 357
Salinity 32.00 | 29.73 | 2991 | 26.43 | 32.36 | 31.16 | 31.34 | 29.88 | 29.70 | 23.88
DO 842 | 421 | 903 | 481 | 1025 | 534 | 958 | 428 | 1067 | 4.35
pH 835 | 776 | 846 | 6.82 | 846 | 803 | 831 | 7.87 | 832 | 7.76
DIN 0.391 | 0.126 | 0.993 | 0.238 | 0.426 | 0.079 | 0.420 | 0.152 | 0.405 | 0.111
DIP 0.025 | 0.003 | 0.026 | 0.014 | 0.055 | 0.006 | 0.021 | 0.008 | 0.023 | 0.012
3. SAE 24 A3
Fuivbel gu W, B G5 @ WEGF FANO%S 109%)F Ao, Ax groz 99
ste] A fAE Boh Zead A 2 G5 dste] 9 Fuel B FARC)
g3 A ow F9HrkFig. 3.35)
eld 67 B4 FHO FARES FHeAY el FARES A5E A% waIAT 45
2 W3l W Table 3349 #Zo] FAFE7F 70% o4 14, 50~70%%= 2%, 30~50%
= 33, 30% olsl= 470w 747 FEIF e, AU 1839 284S FAREo e Ao
gessich. 019 pe PHe olsse]l B-F ) FW 1 67 B4 IR FARE A5
A1Z1 At S (pair-wise score) FAFE H ¥ Fig. 3.3.6% 2t}



BE fAbge] gl Aoz dehdth o 6] 35S BE Bie AFE 21602 FHH
ol B-F 9 ke B4 A4S flt Aom AAHAT. BE AFl F A
Ber ol 25% JlFoR gostdnh oked 4 Bw 1 6 e BE A5FE A @

)=

T .
22 Aed Z3}= Table 3363 2o b= 47 93 T 57 Fwbae] {fAMRE HAaE
B 207 = ol 5 A7 25 o)l A= 671=A A 9] W= (frequency)ell <77

FE2 0% HERETE B9 o5 2074 Has A Ak 21602 FRHoR

| ~l
iPort Enviromental Similarity fAssessment Program. ver. 1.0
Korea Dcean Research & Development Institute, September 2889.
IE_1
188 86 .26 95 48 82_38 83.65 88 .38 86 .28 97 .64 92 .26
86.26 188 98.35 83.46 87.8 79.42 83.24 88 .35 79.59
95 .48 908.35 188 86.28 82.18 87 .09 8494 97 .79 88 .1
82 .38 83 .46 86.28 188 ¥3.15 75.84 76.51 84 .38 7681
83 .65 87 .8 8218 73.15 188 82 .82 85 .97 82.11 78.53
88 _38 7942 87 .89 75 .84 82._82 188 95 .11 87 .26 83.3
86.28 83.24 84.94 76.51 85.97 95.11 108 85.13 81.27
97 .64 88 .35 97 .79 84.38 82.41 87 .26 85.13 188 90,68
92.26 79.50 88 .1 7681 78.53 83.3 81.27 00,68 188
E 2
108 49 .52 67 .31 47 .22 6.0853 50.68 a 4704 B4.78
49 .52 188 21.31 88.34 23.87 4. .69 a 24 87 45 .18
67 .31 21.31 188 21.93 a 25 .48 a a 67 .22
47 .22 808._34 21.93 188 a8 .17 68._8 12 .62 25, 52 43 .22
6.853 23 .87 a 38.17 188 3.199 31.72 64 52 a
58.68 Th.69 25.48 60.8 3.199 168 8 B8.6316 54.19
a8 a a 12.62 31.72 a 188 7.188 a
L7084 24 67 a 25.52 64.52 B.6316 7.108 188 a
84.78 45 .18 67 .22 43.22 a 54.19 a a 188
E 3
188 56.34 7B.76 68.5 6436 18.32 45,83 25.88 35.44
56 .34 188 73.86 43.19 18.27 33.2 4y 81 h4a.19 3481
78.76 73 .86 188 L8.5h4 12.63 25 .67 48 _68 32 .82 37 .82
68.5 43 .19 58.54 1608 6.25 16.3 3g.m 22 .96 38.99
6.436 18.27 12.63 6.25 188 4.9 58.99 77 .09 63 =

Fig. 3.3.5. An example result of environmental similarity
evaluation program

Table 3.3.4. A grade score and similarity criteria for environmental
similarity (%)

similarity (26) < 30 30 - 50 50 - 70 > 70
score 1 2 3 4
evaluation dissimilar similar
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1) Seawater termoerature (degree C) 2)Seawater salinty (psu

Inch | Daes | Guns | Mokp | Dali | Tian | Yant | Qing | Lian Inch | Daes | Guns | Mokp | Dali | Tian | Yant | Qing | Lian
Incheon Incheon
Daesan | 4 Dagsan | 2
Gungan | 4 | 4 Gunsan | 3 | 1
Mokpo | 4 [ 4 | 4 Mkeo | 2 [ 4 | 1
Oan | 4 | 4 | 4 | 4 Dan | 1 [ 1 |1 |2
Tamjin | 4 | 4 | 4 4|4 Tajn |3 | 4 [ 1 |3 |!
Yot | 4 | 4 | 4 | 4[4 |4 Yt 1 [ 1 |1 |1 [2]1
Qrogdao | 4 | 4 | 4 | 4 | 4 | 4 Qggdeo | 1 | 1 | 1 |1 [3 (1 |1
lanyungang [ 4 [ 4 [ 4 [ 4 | 4 [ 4 [ 4 |} lanyungang | 4 | 2 |3 | 2 |1 [3 |1 |1
3) 00 (mg/L) 4)
Inch | Daes | Guns | Mokp | Dali | Tian | Yant | Qing | Lian Inch | Daes | Guns | Mokp | Dali | Tian | Yant | Qing | Lian
Incheon Incheon
Daesan | 3 Daesan | 4
Gunsan | 4 | 4 Gunsan | 2 | 3
Mokpo [ 3 | 2 | 3 Mokpo | 3 | 3 | 2
Oan [ 1 [ 1 [ 1 |1 Dain |2 12 |3 |3
Tajn | 1 [ 2 |1 |1]4 Ty |1 |1 1 [ 1]2
Yot [ 2 |2 |2 2|3 |3 Yot |1 | L |1 |2 ([2]!
Qggdao | 1 [ 2 | 2 | 1 | 4 |4 Qrggdao | 2 [ 3 2 4|4 |1 |2
lampungang | 2 [ 2 | 2 | 2 |3 |3 |4 |4 langwngang | 2 | 2 | 3 | 3 | 4 [ 2 |2 |4
5) OIN (mg/L 6) OIP {mglL
Inch | Daes | Guns | Mokp | Dali | Tian | Yant | Qing | Lian Inch | Daes | Guns | Mokp | Dali | Tian | Yant | Qing | Lian
Incheon Incheon
Daesan | 1 Daesan | 1
Gunsn | 2 | 1 Gunsan | 3 | 1
Mokpo | 1 [ 3 |1 Moko | 1 | 2 |1
Oalian [ 1 [ 3 [ 1 |3 Dafan |1 |3 |1 |2
Tamjn | 2 |1 [ 3|11 Tamjn | 2 [ 3 |1 |1 ]2
Yatd [ 1 |2 |1 [ 3[4 |1 Yot |2 |1 3|12 |1
Qrggdao | 1 | 2 | 1 [ 3 |4 |1 |4 Qnggdio | 1 [ 3 | 1 |3 [3 |2 |1
lanungang ([ 1 | 2 | 1 [ 4 | 4 |1 [ 4[4 lamungang | 1 | 4 | 1 [ 1 2 [3|1]3

Fig. 3.3.6. Environmental similarity score matrix between Korea and China ports for
six environmental factors.
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Table 3.3.5. A similarity mean score and final evaluation
result between Korea and China for six
environmental items

[tem Mean score Evaluation
Temperature 4.00 similar

Salinity 1.75 dissimilar

DO 1.55 dissimilar

pH 2.00 dissimilar

DIN 1.85 dissimilar

DIP 1.80 dissimilar

Mean 2.16 dissimilar

Table 3.3.6. Integrated similarity score of 6 marine environmental factors for
domestic 4 ports and China 5 ports.

Inch | Daes | Guns | Mokp| Dali | Tian | Yant | Qing | Lian
Incheon 4.0
Daesan 2.5 4.0
Gunsan 3.0 2.3 4.0
Mokpo 2.3 3.0 2.0 4.0
Dalian 1.7 2.3 1.8 2.5 4.0
Tianjin 2.2 2.5 1.8 1.8 2.3 4.0
Yantai 1.8 1.8 2.0 2.2 2.8 1.8 4.0
Qinggdao 1.7 2.5 1.8 2.7 3.7 2.2 2.7 4.0
Lianyungang| 2.3 2.7 2.3 2.7 3.0 2.7 2.7 3.3 4.0
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Appendices 3-1. List of benthic invertebrates occurred in pier wall and collector plates
of ports, 2011.

Pier Wall Collector Plate
Invertebrate
Taxa / species 07 1

1st 2nd 2010

Phylum Porifera
Halichondria panicea
Halichondria bowerbanki
Halichondria sp.1
Hymeniacidon sinapium

Haliclona sp.

O O O O O O
o O O O

Demospongia sp. 1
Demospongia sp. 2 o
Phylum Cnidaria
Bougainvillia ramosa
Tubularia mesembryanthemum
Eudendrium sp.
Sertularella miurensis
Haliplanella lucia

Anthopleura sp.

O O O O O O O

Actiniidae sp.
Phylum Bryozoa
Membranipora sp. ]
Caberea boryi
Bugula californica
Tricellaria occidentalis o ¢}

Watersipora subtorquata

O O O O

Schizoporella unicornis
Codonellina montferrandii o
Phidoloporidae sp. o

Phylum Mollusca
Lepidozona coreanica
Mopalia schrencki
Tugali decussata

Tristichotrochus multiliratum

O O O O O

o

Omphalius rusticus
Sulcerato callosa
Rapana venosa
Reishia clavigera

Mitrella bicincta

O O O O
o O O O
O

Arca boucardi

Mytilus galloprovincialis

e}
e}

Musculus cupreus

Crassostrea gigas o le] o

Chlamys irregularis

Hiatella orientalis o]
Phylum Annelida

FEunice sp.

Halosydna brevisetosa o o o

Perolepois stylolepis
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— continued

Invertebrate Pier Wall Collector Plate
Taxa / species 07 11 1st 2nd 2010
Harmothed limbricata o O
Amphitrite sp. O (@]
Sabellidae sp. (@) (@]
Serpula vermicularis o O o
Phylum Arthropoda
Lepas anatifera
Balanus albicostatus @) O O e}
Balanus reticulatus @)
Balanus amphitrite @]
Balanus kondakovi O o )
Balanus trigonus (@] [e)
Megabalanus rosa @) @)
Pisidia serratifrons (@) (@] [e)
Pugettia intermedia @) @) e}
Pilumnus minutus @) @) e}
Sphaerozius nitidus @) O e}
Charybdis japonica (@) @]
Charybdis bimaculatus o
Hemigrapsus pebicillatus ¢} @)
Humigrapsus sinensis @)
Pinnotheres cyclinus o
Phylum Brachiopoda
Terebratalia sp. (@) @]
Terebratulida sp. O (@]
Phylum Echinodermata
Asteriana pectinifera (@) (@]
Asterias amurensis o O
Aphelasterias japonica O (@]
Ophiothrix exigua O (@]
Temnopleurus hadwickii O o
Phylum Chordata
Didemnum moseleyi [e)
Didemnum sp. (@) @] @)
Botrylloides sp. (@) (@] @] o
Ciona intestialis o @)
Styela clava o @)
Styela plivata [e)
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