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Relationship between environmental factors and variations characteristics of

mesozooplankton communities in Jangmok Bay, Southern Coast of Korea

Okmyung Hwang
Department of Marine Biology, Graduate School,
Pukyong National University

Abstract

The weekly variations of mesozooplankton communities in the Jangmok Bay were
investigated with the samples collected at intervals of one week from January to December 2009.
A single site in the bay was sampled 50 times. Relationships between mesozooplankton
abundances and environmental factors such as seawater temperatures, salinities, dissolved oxygen,
transparency and - chlorophyll-a, Noctilluca scintillans contents =~ were also studied.
Mesozooplankton community consisted of 44 taxa and the annual mean abundance was 8,308 ind.
m” during the survey. period:: The maximum abundance was observed to be 50,043 ind. m™ in
August and the minimum in April with~1,013 ind. m”. Penilia avirostris, cirripedia larvae, Evadne
tergestina, Acartia omorii, Oikopleura sp., Paracalanus parvus s. 1, Eurytemora pacifica, Podon
spp, Oithona spp, Acartia steueri were most dominant species in Jangmok bay and they
contributed 79% annual mean abundance of total mesozooplankton.

Dominant species in each seasonal community were derived from Non-metric
multidimensional scaling(nMDS) and SIMPER as follows: winter-spring community (copepodites,

A.omorii, E. pacifica), summer community (P. avirostris), and autumn community (Cirripedia

vi



larvae, Oikopleura sp.). nMDS revealed significant differences(p<0.05) in the structures of the
mesozooplankton community among the three group(winter-spring community, summer
community, autumn community).

In the redundancy analysis (RDA), dominant species were significantly correlated with
temperature(A=0.37), salinity(A=0.04), and dissolved oxygen(A=0.04). Major taxa were
significantly correlated with temperature(A=0.41), dissolved oxygen(A=0.04), and N. scintillans
abundance(2=0.04). Mesozooplankton abundance was strongly correlated with temperature.
Mesozooplankton communities in-Jangmok Bay showed typical characteristics of temperate

waters, which were dominated by a.few species, and abrupt weekly variations in abundance.
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Fig. 1. Location of the sampling station at Jangmok Bay in the southeastern coast of Korea.
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Table 1. The list of mesozooplankton occurred in Jangmok Bay in 2009.
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Hydrozoans
Hydromedusae
Siphonophores

Chaetognaths

Sagitta enflata
Sagitta crassa

Cladocerans

Evadne tergestina

Evadne nordmanni

Copepods
Acarita omorii

Acartia steueri

Acartia erythraea

Acartia ohtsukai
Acartia sp.
Calanus sinicus
Calocalanus, sp.
Isopods
Amphipods
Appendicularians
Oikopleura sp.
Salps
Others

Actinotroch larvae

Bivalve larvae

Cnidaria larvae

Chaetognath juvenile

Penilia avirostris

Podon spp.

Centropages abdominalis

Eurytemora pacifica

Paracalanus parvus s. 1

Pseudodiaptomus marinus

Temora discaudata
Temora sp.

Toetanus forcipatus

Cirripedia larvae
Cyphonaute larvae
Decapod larvae

Echinoderm larvae

Corycaeus affinis
Oithona spp.
Oncaea spp.
harpacticoid
copepodites

copepod nauplii

Gastropod larvae
Polychaete larvae
Tunicate larvae

Fish larvae & egg
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Fig. 4. Weekly variations in the number of mesozooplankton taxa occurred in Jangmok Bay.
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Fig. 5. Weekly variations in total abundance of mesozooplankton in Jangmok Bay.
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Fig. 6. Weekly variation in species diversity of the mesozooplankton occurred in Jangmok Bay.
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Fig. 7. Weekly variations in abundance of mesozooplankton major groups in Jangmok Bay.
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QR 72V Acartia omorii, Paracalanus parvus s.1., Eurytemora pacifica, Oithona spp.,
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AFzH oz Ed3svhFig 9, Fig. 10). ©]Al7]el H 1781 inds. m?9 =3
MAGFE BPor), o] Ao R =dd 6~11¥€= Hi 20 inds. m”
olgte] w2 MAFTE RSt AP F<Q Oithona spp. A3 1129 &4

MAG7F F1t 1177 inds. m™ & A A sHA Z71ebs A4S B

w7 8] F F A (cirripedia larvae)S 0~9990 inds. m® H 2 Fd3IR o, A
1t NATE 1139 inds. m>E P avirostris TS 0.2 =T 1~897HA] B LA
G2 MATE Bl F 9¥d 5438 F7tste] 109 AA 7 HO AT E

B A7 838t v S5 Oikopleura spp.2l 7N A5 7~5630 inds.
m’2] WHIE BT 9~109el ATV FEskA FrElen, woHlF
1Ay (cirripedia larvae)®] A4 ZdHSA I FASHA ERSE

Table 2. Abundance and percentage composition of dominant mesozooplankton species in

Jangmok Bay in 2009.
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Rank Species Avr Min Max SD %
1 Penilia avirostris 1348 0 21354 4025 16.2
2 Cirripedia larvae 1139 0 9990 2010 13.7
3 Evadne tergestina 1083 0 39906 5695 13.0
4 Oikopleura spp. 626 7 5630 1022 7.5
5 Acartia omorii 619 0 4007 803 7.5
6 Paracalanus parvus s. 1. 562 9 2299 582 6.8
7 Eurytemora pacifica 374 0 5399 1060 4.5
8 Podon spp. 296 0 2802 521 3.6
9 Oithona spp. 253 0 1928 506 3.0
10 Acartia steueri 245 0 3222 650 2.9

Avr = Average abundance(inds. m™).

SD = Standard deviation
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Fig. 9. Weekly variations in abundance of dominant mesozooplankton in Jangmok Bay in 2009.
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Cirripedia larvae
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A Bt 29 FEEEEFAE 8 MATE vESZ nMDS
oz 38 A% A3 AlZle Groupl® Lol M th(Fig. 11). Group
12 FA19 5A4(1~59, 12¥9)Z Group II= 6~8¥ 2] AR FHEHAIL, Group
mell= FAl sidste 9~11¢9 Al7lEe] F= EFHJT. 728 3719
Group <ol  one-way ANOSIM AoA  FAHSE  F3 Hol&
1 2 TH(Table 3).

HYEAE T3l ¥ ZF Growpell 92 VX FHs=ZTFAE TEY

(3

7]ei =S BlEty] 9138 SIMPER #A1S &1%tH(Table 4). Group IolAl:E

S

87V " A& Al (copepodites)7F 33.7% = 7HE w2 U EE HSI

lo

omorii(16.7%), P parvus s.1.(9.7%); A. steueri(8.2%), E. pacifica(6:3%) & L7+
71 EE 70% HiE AR yegth  ogdS A AlEk= Group 1194
A2V P avirostris7} 35.8% % 7H =9kaL, o]Llol 4. omorii®t P parvus s.1.7}

15%2] =2 7I9%EE EAt Group HI°lE W7IH]F - A(cirripedia larvae)2]

|

71T 44.6%= 7H =R, WIS T Qikopleura spp.2t P parvus sl.%
10%7F 9+ 7]199%=E BT A Groupe FEde dFE Aokd F9
7oA =7t =%k
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Bray-curtis Similarity
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Fig. 11. Two-dimensional non-metric MDS ordination plot of sampling date based on the
abundance of mesozooplankton in Jangmok Bay, Geoje city in 2009. Dashed lines represent

groups with more than 60% similarity by Bray-Curtis cluster analysis.
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Table 3. Results of the ANOSIM pair-wise tests for difference on mesozooplankton

community between groups of Jangmok Bay.

Group R statistic p level

Global test 0.821 p<0.001

Groups compared

[vs.II 0.821 »<0.001
[vs.IO 0.860 »<0.001
Mvs. I 0.754 »<0.001

Table 4. Results of SIMPER analysis for mesozooplankton species for three groups.
28



Group Species Av.Ab. Av.Sim. Contrib.% Cum.%
I copepodites 1239.33 12.18 33.72 33.72
(Av.Sim. 35.13)  Acartia omorii 698.92 6.05 16.74 50.46
Paracalanus parvus s. 1. 212.63 3.49 9.67 60.13
Acartia steueri 501.96 2.96 8.20 68.33
Podon spp. 224.38 2.37 6.56 74.89
Eurytemora pacifica 757.25 2.28 6.31 81.21
Evadne nordmanni 303.29 1.86 5.14 86.34
Oikopleura sp. 181.71 1.66 4.60 90.94
I Penilia avirostris 5084.85 12.58 35.84 35.84
(Av.Sim. 35.10)  Acartia omorii 965.46 5.58 15.89 51.73
Paracalanus parvus s. 1. 793.08 5.34 15.20 66.93
Cirripedia larvae 443.69 291 8.28 75.22
copepodites 322.69 1.92 5.46 80.68
Oikopleura sp. 293.08 1.53 4.36 85.04
Podon spp. 487.92 1.16 3.31 88.35
Evadne tergestina 3899.46 1.16 3.29 91.64
III Cirripedia larvae 3794.46 24.41 44.55 44.55
(Av.Sim. 54.79)  Oikopleura sp. 1779.23 9.61 17.54 62.09
Paracalanus parvus s. 1. 977.23 5.54 10.12 72.21
Oithona spp. 830.54 3.85 7.02 79.23
copepodites 658.77 3.46 6.31 85.54
Polychaete larvae 366.38 1.67 3.04 88.59
Harpacticoid 205.23 0.94 1.71 90.30
Av.Ab. = Average abundance(inds. m™).
Av.Sim. = Average similarity.
Contrib.% = Percentage contribution.
Cum.% = Cumulative contribution.
37. TETESTHAEY @57 ¥ER 8489 oA
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Table 5. Summary of redundancy analysis(RDA) for all mesozooplankton species and

environmental factors in Jangmok Bay in 2009.
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Axis-1 Axis-2 Axis-3 Axis-4

Eigenvalues 0.328 0.039 0.032 0.024
Species-environment correlations 0.971 0.547 0.757 0.520
Cumulative percentage variance

of species data 32.8 36.8 39.9 42.8

of species-environment relation 72.8 81.5 88.5 93.8
Sum of all eigenvalues 1.000
Sum of all canonical eigenvalues 0.451
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Fig. 12. RDA biplot for environmental factors (arrows) and groups. Groups indicate sampling

dates classified by Bray-Curtis cluster analysis.

Table 6. Forward selection results of environmental factors for redundancy analysis(RDA) of
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major taxa and dominant species (Monte Carlo permutation tests with 499 unrestricted

permutations, p<0.05).

correlation
Environmental factors A F-value P-value Axis 1 Axis2
Major taxa

Temperature 0.41 33.44  0.002 -0.8739  -0.0789
Salinity 0.00 023 0.872

Dissolved oxygen 0.04 3.14  0.042 0.6072  0.2699
Transparency 0.01 0.57 0.616

Chlorophyll-a 0.01 1.01 0.388

Noctiluca scintillans 0.04 3.97. 0.026 -0.3263  -0.2551
Total 0.51

Dominant species

Temperature 0.37 28.79  0.002 0.9510  0.0310
Salinity 0.04 3.08  0.016 -0.8367  0.1410
Dissolved oxygen 0.04 3.04 0.018 -0.6850  0.2321
Transparency 0.02 2.05  0.066

Chlorophyll-a 0.03 2.21 0.056

Noctiluca scintillans 0.01 0.55 0.780

Total 0.51

The eigenvalue () for each variable indicates the portion of the total variance explained by the

model.

Table 7. Summary of redundancy analysis(RDA) for mesozooplankton(major taxa and dominant

species) and environmental factors in Jangmok Bay in 2009.
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Axis-1 Axis-2 Axis-3 Axis-4
Major taxa

Eigenvalues 0.425 0.064 0.003 0.287
Species-environment correlations 0.891 0.440 0.218 0.000
Cumulative percentage variance

of species data 42.5 48.9 49.1 77.8

of species-environment relation 86.4 99.4 100.0 0.0
Sum of all eigenvalues 1.000
Sum of all canonical eigenvalues 0.491

Dominant species

Eigenvalues 0.383 0.041 0.026 0.184
Species-environment correlations 0.963 0.492 0.503 0.000
Cumulative percentage variance

of species data 38.3 42.4 45.0 63.4

of species-environment relation 85.2 94.3 100.0 0.0
Sum of all eigenvalues 1.000
Sum of all canonical eigenvalues 0.450
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Fig. 13. RDA biplot for environmental factors (red arrows) and major mesozooplankton taxa(blue

arrows).
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Fig. 14. RDA biplot for environmental factors (red arrows) and dominant mesozooplankton
species(blue arrows). Species labels are: 4. ste; Acartia steueri, A. omo; Acartia omorii, Pod spp.;
podon spp., Copep; copepodites, E. pac; Eurytemora pacifica, E. ter; Evadne tergestina, P. avi,
Penilia avirostris, P. par; Paracalanus parvus s. 1, Oit. spp.; Oithona spp., Oik sp; Oikopleura sp.,

CirrN; cirripedia larvae.
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AA AEE xS 3 Group(Group I: & A2} <=7, Group 1I: 3}7], Group III:
FAhel AR FEEHY Al wel sk Eiwe]  FHSH
TE5E Ak SIMPER #4104 ZF Groupe] Al7]el &S 13 EFTES 4
omorii, A. steueri, E. pacifica, Q.7}5F W|/d <5 3| (copepodites), P avirostris, 7)1 5+
1+ Y (cirripedia larvae), Oikopleura spp. 2.2 SRIE AT A} FAol=

7} =

T+ A. omorii, A. steueri, E. pacifica, 8. 7t5+ V|/d <5 Al (copepodites) 5©°] TF

ko

7)
stoll G&F= vAHT & ZAMINA A EA S N ETE =39 dcartia
el 11Fe] Hausa flem (A 2010), el Fol A<

gl ¥ JRRS AARE FLB PREoR dUA Ao 5

rE

A
rlo

1991; Day et al. 1987). 71 & HET = Acartia & 4 (A omorii, A. steueri, A.
erythraea, A. ohtsukai)®] =3dste HeZ FJAHACH A47|d A<
A= A4 omoriiZt ARSI =9 skl g7 ARt FA= 4
erythraca=® WA ¥  Adeartia =9 A8A o] g2 Hal AtolA
At3lE & 4do]th(Soh and Jeong, 2003; & & 2010). ¥ FALNAZ A omoriiS}
A, steueris TNAISF] . AF I TFEol A erpthraea®t A. ohtsukai®] EE 0]
Aoy FA MAGE =4 2okA (200 inds, m”) F2WE] wE
A=A =8 5o FeA g th

ekl BRlE deartia & TN HE =S =d WA

il
f
o

T2 A omorii ATk A omorii= 10°C ©|3}2] = IAHANAN = NATE
HRAIL, 23T o]l EdskH e AdH 54E HIAv(Fig. 10).

old3 A omoriid] &3 AL G AokA FIAHPHA 7] HIe}

o
ofl
Iz
M

AXSHH 5 1996, FmsiFATd 2004 & T 2006, = S
2010; & 5 2010). 52 3HANA A omorii INAT7F FHEE AL WG
TS N33 Acartia Foll X3HE FL F20o] F7FSHH AR AE 9]
wol X3l Aol 43| Folxth= H il (Kimmerer and Mckinnon, 1987)9]]
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TRAA A A, R3hE) BEol Aol AT AN How
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Appendix 1. Abundances(inds/ m™) of mesozooplanktons occurred in Jangmok Bay in 2009.

Taxa \ Date 05-Jan 12-Jan 22-Jan 29-Jan  04-Feb 09-Feb 18-Feb 25-Feb
Hydroidmedusae 2 3
Siphonophores 2
Sagitta enflata
Sagitta crassa 11 41 19 139 4
Podon spp. 9 48 37 63 148 233 287 1331
Evadne nordmanni 3 11 5 32 168 149 128 390
Evadne tergestina 25 17 19 28 23
Penilia avirostris 3
Acarita omorii 1505 729 2328 4007 256 1574 836 890
Acartia steueri 159 230 116 271 65 75 910 193
Acartia erythraea
Acartia ohtsukai
Acartia sp.

Calanus sinicus 9

Calocalanus plumulosusu

Calocalanus sp.

Centropages abdominalis 38 94 97 582 70 113 105 99
Eurytemora pacifica 10 27 14 447 97 244 185 261
Paracalanus parvus s. L. 156 347 250 561 82 200 280 414
Pseudodiaptomus marinus

Temora discaudata

Temora sp.

Toetanus forcipatus

Corycaeus affinis 62 45 19 43 10 22 21 31
Oithona spp. 41 32 23 41 8 22 37 209
Oncaea spp.

Harpacticoid 2 5 19 9 14
copepodites 1331 938 787 1635 430 2499 1526 1056
Isopods 1

Amphipods 1

Oikopleura sp. 38 85 51 48 115 53 46 28
Salps

Copepod nauplii 9 6 14
Actinotroch larvae

Cirripedia larvae 5 67 18 68 7 12 8
Bivalve larvae 3 3 5
Coelenterate larvae 1

Chaetognath juvenile 41

Cyphonaute larvae

Decapod larvae 5 1 16 9 11
Echinoderm larvae 14

Gastropod larvae 1 15 26 41
Polychaete larvae 4 14 9 1 10 34 16
Tunicate larvae

Fish egg

Fish larvae 2 102
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Appendix 1. continued

Taxa \ Date 04-Mar 11-Mar 19-Mar 27-Mar 02-Apr 10-Apr  17-Apr  24-Apr  30-Apr
Hydroidmedusae 6 31 46 645 1023 112 92 2
Siphonophores 7 9 4
Sagitta enflata
Sagitta crassa 18
Podon spp. 293 172 177 119 124 136 321 320 262
Evadne nordmanni 165 672 2818 1427 101 361 119 260 158
Evadne tergestina 2 35 47 10 7 19
Penilia avirostris
Acarita omorii 79 628 356 878 587 219 254 495 8
Acartia steueri 620 97 213 100 543 14 7 54
Acartia erythraea
Acartia ohtsukai
Acartia sp.

Calanus sinicus 6 2 9 6 1
Calocalanus plumulosusu

Calocalanus sp.

Centropages abdominalis 6 2% 46 115 63 321 127 56 16
Eurytemora pacifica 40 115 31 2057 1180 5399 3097 4102 11
Paracalanus parvus s. L. 9 139 234 123 212 193 224 240 208
Pseudodiaptomus marinus 1
Temora discaudata

Temora sp.

Toetanus forcipatus

Corycaeus affinis 10 12 13 19 9 52 41 37
Oithona spp. 12 27 6 3 157 151 8
Oncaea spp. 1
Harpacticoid D 2 3] 3
copepodites 420 583 454 875 1100 950 1507 5394 33
Isopods 13 18 22

Amphipods 2 8 8 6 2
Oikopleura sp. 7 12 172 201 113 1336 500 302 88
Salps

Copepod nauplii 7 2 6 8 8 75 149 3
Actinotroch larvae

Cirripedia larvae 18 15 10 5 57 67 133 22
Bivalve larvae S 6 8 60 129 2
Coelenterate larvae

Chaetognath juvenile 23 15 2
Cyphonaute larvae 1
Decapod larvae 0 6 8 18 18 75 4
Echinoderm larvae 2 2 14 9 16
Gastropod larvae 8 18 13 36 34 45 209 12
Polychaete larvae 7 8 25 58 23 36 22 91 1
Tunicate larvae 6 6 3 17 18 75 15 69
Fish egg 6 4

Fish larvae
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Appendix 1. continued

Taxa \ Date 05-May 18-May 26-May 01-Jun 09-Jun 17-Jun 23-Jun 29-Jun
Hydroidmedusae 34 11 40 79 41 21 75
Siphonophores 10 5 11 2
Sagitta enflata
Sagitta crassa 31
Podon spp. 795 478 321 352 97 198 135 116
Evadne nordmanni 143 165 19 2
Evadne tergestina 12 62
Penilia avirostris 31 151 803 17188 21354 4131
Acarita omorii 33 93 1240 705 664 1036 979 229
Acartia steueri 7 10 21
Acartia erythraea
Acartia ohtsukai
Acartia sp.

Calanus sinicus 5

Calocalanus plumulosusu

Calocalanus sp.

Centropages abdominalis 10 3 15 2,

Eurytemora pacifica 14 11 23 40 141 25 40
Paracalanus parvus s. L. 189 217 575 418 1805 969 2142 573
Pseudodiaptomus marinus

Temora discaudata

Temora sp. 11

Toetanus forcipatus 9
Corycaeus affinis 50, 45 187 61 86 52 30 14
Oithona spp. 26 14 18 28 48 14
Oncaea spp. 1

Harpacticoid 2 4

copepodites 44 58 501 286 656 299 372 932
Isopods 9 2 8

Amphipods 6

Oikopleura sp. 110 77 116 573 89 723 62 109
Salps

Copepod nauplii 8 8 4

Actinotroch larvae

Cirripedia larvae 764 101 618 128 307 531 40 31
Bivalve larvae 352
Coelenterate larvae

Chaetognath juvenile 52 33 12 37 38 37 103 82
Cyphonaute larvae 2 31
Decapod larvae 9 20 12 15 117 9 82
Echinoderm larvae 37 2 28 3 55
Gastropod larvae 8 2 8 27 9 41
Polychaete larvae 71 19 44 54 180 14 62 17
Tunicate larvae 73 40 34 6 27 26 50 140
Fish egg 5 28 9 20
Fish larvae 2 4 12 8 27
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Appendix 1. continued

Taxa \ Date 08-Jul 15-Jul 25-Jul 29-Jul  08-Aug 14-Aug 21-Aug 27-Aug
Hydroidmedusae 152 52 113 236 17 9
Siphonophores
Sagitta enflata 8 10
Sagitta crassa
Podon spp. 454 33 110 2802 1652 73
Evadne nordmanni 11
Evadne tergestina 235 32 812 6614 39906 3022 10
Penilia avirostris 7759 2942 1221 1818 6153 1518 1034 199
Acarita omorii 1554 1458 1822 2606 258
Acartia steueri
Acartia erythraea 15 5 30
Acartia ohtsukai 16
Acartia sp.

Calanus sinicus 3

Calocalanus plumulosusu

Calocalanus sp.

Centropages abdominalis

Eurytemora pacifica 3 11

Paracalanus parvus s. L. 940 319 426 1110 70 239 724 419
Pseudodiaptomus marinus 5 3 4 6

Temora discaudata 7 10
Temora sp.

Toetanus forcipatus

Corycaeus affinis 12 8 6 8 3 19
Oithona spp. 93 20 36 31 8 7 7 179
Oncaea spp. 7

Harpacticoid 3 3
copepodites 353 98 183 521 39 34 23 124
Isopods 25 10 9

Amphipods 3 3 5

Oikopleura sp. 262 77 12 412 635 442 298 872
Salps 7 4

Copepod nauplii 47 10 15 11 8 7 25
Actinotroch larvae 3

Cirripedia larvae 124 «BB 326 992 504 951 463 4020
Bivalve larvae 6 43 6 159 3 43
Coelenterate larvae

Chaetognath juvenile 153 213 14 215 430 641 451 350
Cyphonaute larvae 16 29

Decapod larvae 38 142 136 112 47 34 74 57
Echinoderm larvae 3 3 14 80 161 16 59
Gastropod larvae 3 19 20 32 78 32 83
Polychaete larvae 41 24 12 89 86 59 24 36
Tunicate larvae 67 81 25 30 92 15 74
Fish egg 31 19 58 41 39 11 52 6
Fish larvae 26 9 19 50 39 5 19 17
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Appendix 1. continued

Taxa \ Date 07-Sep 14-Sep 21-Sep 30-Sep 06-Oct 14-Oct 19-Oct 26-Oct
Hydroidmedusae 64 13 71 88 12 56 12
Siphonophores 197 137 269 10
Sagitta enflata 43 70 13 54 124 17 26 118
Sagitta crassa 9 6
Podon spp. 19 97
Evadne nordmanni
Evadne tergestina 119 915 742 266 621 352
Penilia avirostris 622 419 39 5
Acarita omorii 10 16 6
Acartia steueri
Acartia erythraea 24 26 15 8 19 44 45 12
Acartia ohtsukai 158 101 16
Acartia sp.

Calanus sinicus

Calocalanus plumulosusu

Calocalanus sp. 13

Centropages abdominalis 6 7
Eurytemora pacifica 49 7
Paracalanus parvus s. L. 1135 613 442 250 P00 268 2185 716
Pseudodiaptomus marinus 100 5 23 7 38 17
Temora discaudata

Temora sp.

Toetanus forcipatus

Corycaeus affinis 8 64 19 21
Oithona spp. 6 46 121 226 1264 269 1642 1828
Oncaea spp. 9 5 S5

Harpacticoid 9 81 330 522 259 340 290
copepodites 69 388 94 313 1083 408 1484 640
Isopods 5 20

Amphipods

Oikopleura sp. 1602 2454 2876 2634 5630 908 2450 447
Salps 173 175 69 7

Copepod nauplii 40 33 173 39 42 22
Actinotroch larvae

Cirripedia larvae 2934 5642 6443 2214 9990 2176 4663 3546
Bivalve larvae 9 70 153 118 35 45 11
Coelenterate larvae

Chaetognath juvenile 903 487 592 232 817 38 148 62
Cyphonaute larvae

Decapod larvae 122 100 8 41 26 21
Echinoderm larvae 12 33 15 5 437 9

Gastropod larvae 45 110 348 460 51 139 168
Polychaete larvae 324 238 251 396 1658 297 662 374
Tunicate larvae 398 83 228 39 420 64 66 95
Fish egg 19 13 7
Fish larvae 6 9
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Appendix 1. continued

Taxa \ Date 03-Nov 11-Nov 17-Nov 25-Nov  03-Dec  09-Dec  17-Dec  23-Dec  30-Dec
Hydroidmedusae 8 40 30 109 40 22 13
Siphonophores 4 6 4 52 4
Sagitta enflata 26 58 31 122 19 19
Sagitta crassa 31 12 19 4 7 6 13
Podon spp. 755 1508 683 11 24 4 4
Evadne nordmanni 1 3
Evadne tergestina 145 64 7 6
Penilia avirostris
Acarita omorii 699 273 386 259 557 174 203 59 26
Acartia steueri 36 62 33 18 307 69 2518 3222 2257
Acartia erythraea 192 6 20 7
Acartia ohtsukai 4
Acartia sp. 7
Calanus sinicus
Calocalanus plumulosusu
Calocalanus sp.

Centropages abdominalis 6 3 44 8 13 9 9
Eurytemora pacifica 27 46 14 91 636 85 62 27 22
Paracalanus parvus s. L. 1487 1615 554 721 340 88 66 74 257
Pseudodiaptomus marinus 308 57 79 37 9

Temora discaudata

Temora sp. 4
Toetanus forcipatus

Corycaeus affinis 15 115 118 336 266 74 41 37 40
Oithona spp. 1552 1928 836 900 363 21 35 170 144
Oncaea spp. 37 8

Harpacticoid 482 194 113 48 19 1 5
copepodites 1152 1692 612 1013 4142 196 411 1722 2069
Isopods 34 12 9 2 3 18
Amphipods 6

Oikopleura sp. 698 1196 303 1060 372 177 41 83 306
Salps 7 12

Copepod nauplii 49 53 10 22 27 7 3 5 71
Actinotroch larvae

Cirripedia larvae 1505 2980 1710 1505 424 11 21 14 5
Bivalve larvae 8 18 4 35 25 9 9
Coelenterate larvae

Chaetognath juvenile 11 16 2 4
Cyphonaute larvae 4

Decapod larvae 8 6

Echinoderm larvae 17 114 4 8 9 4
Gastropod larvae 157 164 76 373 13 2 9 9
Polychaete larvae 254 147 74 52 90 28 43 27 35
Tunicate larvae 8 18 26 13 5

Fish egg
Fish larvae

64



1
s

5

‘_‘H O]:

S

o]
=

A 2

o

gl

I3

9l

A =) 7] 7)A]

o]

T ok oW T
~, 0 0 R UT
oF o M- — 5
ﬂhmﬂoﬁamﬁﬁ]ﬂ EMgvgumgaﬂ
X < - S =o = &% 7R N
o B o = oW T g o il b
= AF z T = <~ B N
= Ao + W R -
MW ) of Ll o] w= X o o
o o0 I R o <R % o
o) W b RN & o o o Aom op
T . X T . ) ° o o
N H Fakt X S T X g . N
X A_H o EE T N — oﬁ | T — ~ X N 1rt
T § M AT (R e TR T/,_ o :w. N o MM ™ o))
T = P ) < = [\ ~ U LR
G F N =r. T\ = o R % T
Eor W o ™ h TR % w o
ER f = ¥ 3 o ML T e < ® R
L~ T & o NS o E <R <
oH {m I s S L %o 9 o U [
i B . - 7 o I lof woH N
AT o <H - < X T, R 1 Ko R o T
~H E| J—C< il ! P
~n — — mmo H;l =r o = X
& op X Al < 5 CI N o
A : ) e o Ro N
EL —_— _ui ‘.DI ﬂ_Dl ZT _&.o ZT = N o S R
b2 e i o mis * o BT R
1H "= — i 0 Y K U ™ T
o] — o T B OB o s 2 ARG o)
o = \ gkl L Lo ow g w s ¢ R W M
R ) S HE°® st =ExZF
— o X g = /S Lo R L
X b .ﬂuﬂdﬁﬂrﬂ% T 0
Y o= ﬂJ#arﬂ,ﬂzT%m' v 0w
oz o o . R 3T % .H .ﬂ__ou O o~ P oy A 4
Lw_u T B 0 ~xp AT e ! % < X T ol =
% ﬁ@ﬂ,mwﬁzfﬂﬁﬁﬂmmrmomogﬁ
= ™ W = o O ok @ (A n R dp -
T 2 7% o By TR = &= T
| = ~ T A oy 5 0 o ol )
= = oW Te - o -~ nal o JE
= HU mmM \Qla ol Z‘.# ,UI ol ‘_Ir,_yY )AL Bo B 1%._ U_ 1# OT._ ;,loﬂ
A o o oo o T o ’ TR
= Y .
I - By mum m Mﬂ I mm_ & M
oo W o3 = WIH E e
RO

65



U3

SRS

wo
15

A2

Ton
el

ijN
ool

Ay, 2 ool Al Al

i

mu

M
—

66



	1. 서론 
	2. 재료 및 방법 
	2.1. 조사지역 
	2.2. 환경요인 및 중형동물플랑크톤 
	2.3. 자료분석 

	3. 결과 
	3.1. 물리적 환경요인 
	3.2. 생물적 환경요인 
	3.3. 분류군수,  개체수  및 종 다양도 지수 
	3.4. 주요 분류군의 변동 특성 및 출현빈도 
	3.5. 주요 우점종의 출현 특성 
	3.6. 군집분석 
	3.7. 중형동물플랑크톤의 단주기 변동과 환경요인의 상관성 

	4. 고찰 
	5. 참고문헌 
	Appendix 
	감사의 글 


