creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

B
TH

Spatio—temporal distribution of zooplankton community

in Masan and Jinhae Bay.

o

gyl

8

2012

ol

—_—
"o

—

~H



A e SRee] HEMEt B o= FES

g94 ot w7 & oa (HE

20129 649 15¢

g gt o



Page
10
10
12
14
16

€ S )| U G

ﬁu
- : : uu_ﬂ%umm N 4 § S :
B i b b e | emm R\ 2 A
m - 4
» o
e

Ny T ngw@@

[ex]

=
Sk
e
i

)

3]
<
T
oI

P =
ez

=]
=
=

}
=

3.1.1.

3.1.2

l
s}
=
2.4 A B EAE
3}
s}

A1 A
=

2.1 ZA}
=
=
[e)

26

=
3

3.3.1. o}
3.3.2. A7}



42
w44

/\ 0 00 000000000 0000000000000000000000000000000000000000000000000000000000sscsscssscsssccsscscssscssscnns
I

ToEg A

3.5

xr
TH
ﬂ

—

~I

- 50

59

61

!
o}

N



LIST OF TABLES

Table 1. Location of each sampling station in Masan and Jinhae Bay

Table 2. The list of zooplankton taxa observed in Masan and Jinhae Bay

from May 2010 to Feb. 2012



LIST OF FIGURES

Fig. 1. Map showing the sampling stations in the study area. s, 6

Fig. 2. Seasonal variations of mean water temperature in Masan and Jinhae Bay
from May 2010 to February 2012 ..................................................................................... 11

Fig. 3. Seasonal variations of mean salinity in Masan and Jinhae Bay from May
2010 to February 2012 .......................................................................................................... 13

Fig. 4. Seasonal variations of chlorophyll-a in Masan and Jinhae Bay from May
2010 to February 2012 .......................................................................................................... 15

Fig. 5. Seasonal variations of chemical oxygen demand (COD) in Masan and
Jinhae Bay from May 2010 to February 2012 .............................................................. 15

Fig. 6. Seasonal variations in species number of three major zooplankton taxa
in Masan and Jinhae Bay from May 2010 to February 2012, e, 22

Fig. 7. Seasonal variations in mean individual number of zooplankton in Masan
and Jinhae Bay from May 2010 to Feb 2012 .............................................................. 24

Fig. 8. Seasonal and spatial distribution of total zooplankton individual numbers
in Masan and Jinhae Bay from May 2010 to Feb 2012 ........................................... 25

Fig. 9. Seasonal variations in mean individual number of Noctiluca scintillans in
Masan and Jinhae Bay ............................................................................................................ 28

Fig. 10. Seasonal and spatial distribution of Noctiluca scintillans in Masan and
Jinhae Bay from May 2010 tO Feb 2012 ....................................................................... 29

Fig. 11. Seasonal variations in mean individual number of cladocerans in Masan
and Jinhae Bay ........................................................................................................................... 31

_iv_



Fig. 12. Seasonal variations in mean individual number of three major

cladocerans in Masan and Jinhae Bay(log scale). e 31

Fig. 13. Seasonal and spatial distribution of cladocerans in Masan and Jinhae

Fig. 14. Seasonal variations in mean individual number of copepods in Masan

and Jinhae Bay ........................................................................................................................... 34

Fig. 15.Seasonal and spatial distribution of copepods in Masan and Jinhae Bay.

Fig. 16. Composition of copepods in Masan(1~6) and Jinhae(7~13) Bay in May

2010 to February 2011 .......................................................................................................... 36

Fig. 17. Composition of copepods in Masan(1~6) and Jinhae(7~13) Bay in April
2011 to February 2012 .......................................................................................................... 38

Fig. 18. Seasonal variation in percentage composition of major groups of
zooplankton in Masan(top) and Jinhae(bottom) Bay from May 2010 to Feb.
Fig. 19. Seasonal variations in diversity index(H) of zooplankton in Masan and

Jinhae Bay from May 2010 to February 2012 .............................................................. 43

Fig. 20. Dendrogram of Bray-—Curtis similarity and the map of plotted sampling
sites in Masan and Jinhae Bay, May 2010 to February 2011. cseeeeeeemeermmeennnnenn 46

Fig. 21. Dendrogram of Bray-Curtis similarity and the map of plotted sampling
sites in Masan and Jinhae Bay, April 2011 to February 2012, «eeeeeemeremnennnnn. 49

Fig. 22. The relationship of the abundance of Noctiluca scintillans with salinity
in each station in May 2010(top) and in Aug. 2010(bottom). = weeeeresesesssnnnn 53



Spatio—temporal distribution of zooplankton community in

Masan and Jinhae Bay.

Dong—uk Kim

Department of Marine Environment
Graduate School of

Korea Maritime University

Abstract

This study tried to find out any differences in sapatio—temporal
distribution patterns of zooplankton communities in Masan and Jinhae
Bay.

Zooplankton samples were collected at 13 stations in the study area
in each season from May 2010 to February 2012. Environmental factors
such as temperature, salinity, chlorophyll-a and chemical oxygen
demand (COD) were concurrently measured.

During the study, 52 taxa were found in zooplankton community,
and the range of seasonal mean abundance was 3,152~182,348 indiv. -
m ™. The maximum abundance was observed in August 2010 (182,348

indiv. - m™®), and the minimum in November 2010 (3,152 indiv. - m™).

Among 52 zooplankton taxa, Noctiluca scintillans predominated in

_1_



the zooplankton community (percentage ratio of 51.2%). Cladoceran was
second dominant group (percentage ratio of 32.3%) and copepods was
third dominant group (percentage ratio of 14.2%). 25 copepods species
were found, and among these species, Acartia omorii, Acartia hudsonica,
Acartia sinjiensis and Paracalanus parvus s.l. were dominant species in
both study areas.

The lowest diversity index was observed in spring 2011 (0.18) but
the highest in summer 2011 (1.64). The diversity index was relatively
lower in Masan bay, adjacent to the land, but relatively higher in Jinhae
bay, the offshore. By cluster analysis area was divided Group I which
included Masan port, and Group II, other areas. The grouping tended to
vary according to season.

Zooplankton community, occured in Masan and Jinhae Bay, was
affected by seawater temperature and salinity which varied with
season, and pollution indicator species were continuously observed In
the study period, which means the study area did not escape yet from
being polluted.

In conclusion, the occurrence patterns of zooplankton in Masan and
Jinhae Bay were significantly influenced by physical and chemical

environmental factors in water mass.
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Table 1. Location of each sampling station in Masan and Jinhae Bay

Station Latitude Longitude
1 35° 12' 8" 128¢ 35' 27"
2 35° 11' 27" 128° 34' 60"
3 35° 10' 40" 128° 34' 35"
4 35° 10" 2" 128° 35' 14"
5 3587 I9L7" 128° 35' 52"
6 35° 8' 30" 128° 36' 9"
7 35° 6' 56" 128° 36' 34"
8 35° 6' 4" 128° 37" 9"
9 35° 4' 51" 128° 40" 1"
10 35°0=2'756" 128° 43' 16"
11 35° 8" 0" 128° 41' 14"
12 35° 7' 4" 128° 41' 18"
13 35° 1' 60" 128° 46' 0"
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Fig. 2. Seasonal variations of mean water temperature in
Masan and Jinhae Bay from May 2010 to February 2012.
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Fig. 3. Seasonal variations of mean salinity in Masan and
Jinhae Bay from May 2010 to February 2012.
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Table 2. The list of zooplankton taxa observed in Masan and Jinhae Bay from

May 2010 to Feb. 2012

2010
May August November February

Species

Protozoa

Noctiluca scintillans * * *
Cnidaria

Hydromedusa * * * *
Siphonophora * *

Ctenophora
Annelida

Polychaeta * * * *
Chaetognatha

Sagitta crassa * * * *
Sagitta enflata * *

Cladocera

Podon leukarti *

Podon ployphemoides * * *

Evadne nordmanni *

Evadne tergestina * *

Penilia avirostris *

Ostracoda *

Copepoda

Calanus sinicus * * *
Calanus sp. *
Paracalanus parvus s.l. * * * *
Paracalanus aculeatus

Parvocalanus crassirostris

Eurytemora pacifica * *
Centropages abdominalis
Centropages sp. *
Pseudodiaptomus marinus *
Pseudodiaptomus inopinus

Labidocera sp.

Acartia hudsonica *
Acartia omorii * * *
Acartia erythraea
Acartia pacifica
Acartia sinjiensis
Tortanus forcipatus
Oithona similis * * *
Oithona atlantica *
Oithona davisae * *

*
*

* ¥ % %

* [ present
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Table 2. Continued

Species 2010
May August November February

Copepoda

Oithona sp. * *

Corycaeus affinis * * * *
Corycaeus robusta *

Cyclopoida(unidentified)

Harpacticoida(unidentified) * *
Amphipoda *
Decapoda

Lucifer sp. *
Thaliacea

Dolioletta gegenbauri *

(gonozooid)

Dolioletta gegenbauri *

(phorozooid)

Doliolum denticulatum *

(phorozooid)
Appendicularia * * * *
Larvae

Bivalvia larvae *
Cirripedia larvae * * * *
Decapoda larvae * * *
Ophiopluteus *
Bipinnaria *

Ascidiacea larvae * * *
Immature Sagitta * *

* [ present
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Table 2. Continued

Species

2011

April

August

November

February

Protozoa

Noctiluca scintillans
Cnidaria

Hydromedusa
Siphonophora
Ctenophora
Annelida

Polychaeta
Chaetognatha

Sagitta crassa

Sagitta enflata
Cladocera

Podon leukarti

Podon ployphemoides
Evadne nordmanni
Evadne tergestina
Penilia avirostris
Ostracoda

Copepoda

Calanus sinicus

Calanus sp.

Paracalanus parvus s.l.
Paracalanus aculeatus
Parvocalanus crassirostris
Eurytemora pacifica
Centropages abdominalis
Centropages sp.
Pseudodiaptomus marinus
Pseudodiaptomus inopinus
Labidocera sp.

Acartia hudsonica
Acartia omorii

Acartia erythraea
Acartia pacifica

Acartia sinjiensis
Tortanus forcipatus
Oithona similis

Oithona atlantica
Oithona davisae

EE R R

* % ¥ %

*

*

. present
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Table 2. Continued

2011

Species April August  November February

Copepoda

Oithona sp. *

Corycaeus affinis * * * *
Corycaeus robusta

Cyclopoida(unidentified) *
Harpacticoida(unidentified)
Amphipoda
Decapoda

Lucifer sp.
Thaliacea

Dolioletta gegenbauri
(gonozooid)

Dolioletta gegenbauri
(phorozooid)

Doliolum denticulatum
(phorozooid)
Appendicularia * * * *
Larvae

Bivalvia larvae

Cirripedia larvae

Decapoda larvae *
Ophiopluteus

Bipinnaria

Ascidiacea larvae

Immature Sagitta *

*

LR S S
*

*

. present
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Table 3. The dominant zooplankton taxa in the study area from 2010 to 2011

) Mean abundance(indiv. © m™) Relative abundance(%)
Dominant taxa

Masan Jinhae Total Masan Jinhae Total
N, scintillans 2,867 45,533 25,841 8.4 61.6 46.5
2010 Cladocera 15,348 25,710 20,928 45.0 34.8 37.7
Copepoda 14,871 1,527 7,686 43.6 2.1 13.8
N, scintillans 17,199 7,937 12,212 66.4 62.1 64.8
2011 Cladocera 4,111 2,257 3,113 15.9 17.7 16.5
Copepoda 3,979 12,777 2,895 15.4 15.4 15.4
N, scintillans 10,033 26,375 19,026 33.4 61.7 51.2
Total Cladocera 9,730 13,983 12,020 32.4 32.3 32.3
Copepoda 9,425 1,746 5,290 314 4.0 14.2
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Fig. 9. Seasonal variations in mean individual number of
Noctiluca scintillans in Masan and Jinhae Bay.
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Fig. 11. Seasonal variations in mean individual number of
cladocerans in Masan and Jinhae Bay.
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Fig. 20. Dendrogram of Bray-Curtis similarity and the map of plotted sampling
sites in Masan and Jinhae Bay, May 2010 to February 2011.

_46_

G /Collection



20113 49 FAlle= 2709 Growpl®  TEEHATKFig. 21).
Group IolM &= SEZEFIAE 5 oFF5o] 99.3%9 &d&S EJC
ol9oll Q7+5F Acartia omorii®t Acartia hudsonica’} 252 &4
B3t Group IolAM+= oFF=09] 97.6%2 =d&5S HP oW, Q7FF

7F 1.9%9 &=d8S H{Y. 87ZVFE Acartia omorii, Paracalanus

fifo
Mo &

4

parvus s.l., Centropages abdominalis 5°] =& 3}9it}.

atACl 8Yol= 2709 Groupl® FEEHTh Group [AE &

-~

|

29335 T AZ45F Evadne tergestina®t Penilia avirostris7} Z+Z]
36.8%° 4.1%° =d&S HQow, opFFo]l 10.4%, 877 Acartia
sinjiensis®} Paracalanus parvus s..7} ZYZF 14.5%, 13.8%9 &3S
HAT Group A= Group I9 W&l A Z+F Penilia avirostris®)
dA&o] A =kow offFe o ol EdsHA FUT L4
Paracalanus parvus s.1.7} 20.1%, Acartia sinjiensis’} 8.8%% =345
S HYomw ol AF49 Acartia erythraea’} =& 3F3it).

FAQ 11€9= 2719 Groupl® FEHITH Group IOAE =
&

d% = AZ5F Podon polyphemoides’t 83.9%9 =& =3d&

Nr

ol v

S WY oW Acartia omorii®t Paracalanus parvus s.., Corycaeus
affinis 59 8Z57F 9.5%9 =d&S Bt 19y = @5 |4
ol Group 119 A%, AZ+F Podon polyphemoides® =3&°] 15.9%
% Group Iol wvls| @AsHA *Fow, Q7F{F F Acartia omori7}
42.1%, Paracalanus parvus s.1.7} 20.6%, Corycaeus attinis’} 13.1%
o] 2¥ES Bo] Group Io] vl ¥ H2 27279 &2d&S B
Z=A101 20123 2€9o+= 2709 Groupl. 2 FEH AT Area 19 74

G FTEEYAE T 8477 AA 2% sEERAE T 96.3%9 =

_47_



7} 98.3% % wl§- & ZHEES HYOowW, o] T Acartia omoriiZ}t
67.0%, Acartia hudsonica’?t 12.2%, Calanus%9 -0 3.5%9]

=
A8 wgth 2oy Growp [ WRHoE ofFF, VER, FAT

fifo

20119 A5, A Adol 2709 Groupl & HWH Atk 7190 4€
& whabRke FH a3 o]9lo] el 271¢] GroupE THEHAL
), stAlel] whabEt dTr9 B Q1S BA 65 AlQg thFE o] s o]
Group 2= Fth FAld = F% H5-Q A 95 AL d 3o

o

A94e) A 63 = Pl

O

1o
o0

44 97} 3] GroupLZ FHHow, o)<
2 et

20114 AAEA Ay, FAddw vtk sl Wieb o] &9
O = Groupel w¥lolth zEjup SHAl~sACd = A o] e
Groupo 2 Holow, v FHy FdTH 49 MAF7E i A
B 54 AAEAH6, AH9el HAY Groupl® Fole 54
S Kol whakwk s 3 AEnt s H o2 Groupel o] W 2010
3} 2polE KT},

el shite] Groupo

)

°|

il
¥

_48_



Bray-Curtis similarity Bray-Curtis similarity

1756 1357 1755 1185 1756 1357 1783 17535

Fig. 21. Dendrogram of Bray-Curtis similarity and the map of plotted sampling
sites in Masan and Jinhae Bay, April 2011 to February 2012.
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