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제 장 연구개발수행 내용 및 결과3
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2. Cochlodinium polykrikoides 발생 잠재력휴면포자 고감( )

도 식별법 개발 및 적용
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그림 를 이용한 년 년 자란만 인근 해역에서 검출된41. Real-time PCR 2009 ~ 2011

C. polykrikoides 휴면포자 검출량.
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3. Cochlodinium polykrikoides 지역개체군의 발생 생태 환/

경 해석
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그림 수온 염분 용존산소의 변화와92. , , C. polykrikoides의 발생량 변화.
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그림 질산염 인산염 규산염의 변화와93. , , C. polykrikoides의 발생량 변화.
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적조생물 성장 환경 및 증식 촉진 억제 요인 탐색
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적조 발생 확산 예찰을 위한 모델 구축
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Station Constituent Major(cm/s) Minor(cm/s) INC(angle) G(Phase)

St. 1

M2 2.594 0.206 17.73 167.84

S2 1.100 0.495 38.74 218.48

K1 2.612 1.057 1.71 52.56

O1 1.133 0.650 50.35 88.72

St. 2

M2 1.432 0.524 166.29 153.32

S2 0.297 0.333 137.85 204.50

K1 0.252 0.345 157.71 45.96

O1 0.511 0.375 170.45 261.37

St. 3

M2 2.810 0.184 85.31 111.79

S2 2.053 0.745 97.76 159.19

K1 1.323 0.481 65.25 7.55

O1 1.789 0.487 138.33 289.50
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Case Time(Day) A zone B zone C zone D zone E zone F zone

Jaran

(Case 1)

1 106 359 17 6 0 0

2 218 256 65 92 12 0

3 233 106 126 135 0 0

4 215 60 125 210 13 0

5 187 16 147 248 48 0

6 180 50 115 205 81 0

7 171 81 67 291 16 0

8 125 96 31 347 23 0

9 176 40 30 296 36 0

10 96 87 25 309 6 0

Mijo

(Case 2)

1 78 7 282 66 0 0

2 73 31 222 186 2 0

3 48 38 276 203 0 0

4 31 65 226 189 8 0

5 21 75 168 281 0 0

6 2 88 202 257 1 0

7 0 68 243 283 2 0

8 0 44 217 262 0 0

9 0 28 295 229 0 0

10 32 61 280 167 9 0

Yokji

(Case 3)

1 0 0 17 459 0 0

2 19 33 79 421 47 0

3 45 94 102 259 88 0

4 5 122 126 135 39 0

5 13 67 36 370 82 0

6 1 67 82 349 123 0

7 8 67 73 187 119 41

8 2 74 96 275 94 45

9 21 111 109 227 48 48

10 135 58 113 150 82 48
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적조 잠재력 제어 현장 평가 및 발아 초기개체군 구제6.

가능성 검토
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a

b

c

a

b

c

a

b

c

그림 황토 좌 세프레마 중앙 신물질 우 살포 최종농도 후148. ( ), ( ), ( ) ( 200 ppm)

메조코즘 내 변화 살포 직후 살포 분 후 살포 분 후. a, ; b, 1 ; c, 10 .
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제 장 목표달성도 및 관련분야에의 기여도4
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제 장 연구개발 성과 및 성과활용 계획5
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제 장 연구개발과정에서 수집한 해외 과학기술정보6

참고 1.

참고 2.
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제 장 참고문헌7
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수층 일시 DTN NO₃-N NO₂-N NH₄-N DTP PO₄-P DSi

2009-05-16 0.13 5.79 0.22 0.15

2009-06-25 5.51 0.30 2.07 0.57 0.40

2009-07-28 12.90 0.01 1.57 0.72

2009-08-25 2.74 0.01 0.79 0.92 0.15

2009-09-26 3.67 0.09 1.14 0.87 0.45

2009-10-25 12.90 0.48 1.57 1.11 0.05

2010-10-21 0.16 1.26

2009-05-16 0.32 3.64 0.27 0.20

2009-06-25 10.13 0.09 1.71 0.52 0.45

2009-07-28 10.13 1.16 0.21 0.77

2009-08-25 3.67 0.07 1.50 0.92 0.15

2009-09-26 2.28 0.65 0.79 1.06 0.40

2009-10-25 6.44 0.98 0.79 0.97 0.50

2009-05-16 0.07 3.21 0.27 0.20

2009-06-25 3.67 0.65 11.36 0.72 0.05

2009-07-28 2.47 0.03 5.00 0.67

2009-08-25 12.90 0.05 0.36 0.77 0.20

2009-09-26 10.13 0.42 1.07 0.87 0.25

2009-10-25 9.21 0.73 0.36 0.87 0.54

2010-10-21 0.08 1.16

2009-05-16 0.15 9.50 0.22 0.15

2009-06-25 3.67 0.20 7.00 0.67 0.30

2009-07-28 1.82 1.88 1.07 0.77

2009-08-25 11.06 0.01 0.79 0.92 0.25

2009-09-26 4.59 0.65 2.00 0.82 0.54

2009-10-25 7.36 0.98 2.07 0.87 0.54

2009-05-16 0.92 7.36 0.32 0.25

2009-06-25 0.90 0.09 2.14 0.92 0.15

2009-07-28 10.13 0.01 0.64 0.72

2009-08-25 2.74 0.07 0.21 0.87 0.20

2009-09-26 8.28 0.69 1.57 0.92 0.54

2009-10-25 9.21 1.12 1.57 0.82 0.54

2010-10-21 0.04 1.81

2009-05-16 0.48 8.29 0.27 0.20

2009-06-25 10.13 0.40 4.21 0.77 0.05

2009-07-28 0.90 1.47 0.43 0.77

2009-08-25 10.13 0.25 0.86 1.06 0.74

2009-09-26 0.90 0.98 1.71 0.77 0.30

2009-10-25 8.28 1.04 0.43 1.11 0.74

2009-05-16 0.48 12.86 0.87 0.79

Appendix 1. 이화학적 해양환경 조사 (단위 : μM, JR : 자란만)

JR. 1

표층

저층

조사 정점

JR. 2

표층

저층

JR. 3

표층

저층

JR. 4 표층
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2009-05-30 1.82 0.03 1.64 0.87 0.79

수층 일시 DTN NO₃-N NO₂-N NH₄-N DTP PO₄-P DSi

2009-05-30 1.82 0.03 1.64 0.87 0.79

2009-06-25 8.28 0.13 4.79 1.51 0.20

2009-07-28 5.51 0.03 1.36 0.77

2009-08-25 7.36 0.07 5.36 0.82 0.50

2009-09-26 3.67 0.20 3.36 2.05 1.49

2009-10-25 7.36 0.92 2.79 1.01 0.69

2010-04-28 0.12 0.63 0.40 0.27 0.07

2010-05-24 1.943 1.013 0.08 0.76 0.89 0.12 0.10

2010-05-26 1.924 0.080 0.50 0.14 1.29 0.22 0.66

2010-05-29 1.499 1.200 0.10 0.97 0.79 0.57 6.40

2010-06-01 1.932 0.027 0.02 1.18 0.69 0.17 4.39

2010-06-05 1.900 0.400 0.00 1.25 0.74 0.07 4.71

2010-06-08 1.893 2.320 0.22 0.35 0.99 0.17 8.89

2010-06-13 1.514 0.320 0.12 0.90 0.25 0.22 4.49

2010-06-16 1.597 0.747 0.12 1.04 9.95 0.17 5.87

2010-06-19 1.466 1.307 0.00 1.11 0.50 0.32 6.19

2010-06-21 1.903 0.187 0.26 0.14 3.91 0.62 5.77

2010-06-25 1.529 0.293 0.02 0.83 0.74 0.32 7.15

2010-06-28 1.437 0.027 0.00 2.78 0.64 0.22 9.16

2010-07-03 1.695 0.293 0.02 0.28 0.99 0.42 7.46

2010-07-06 1.462 0.427 0.04 0.49 0.50 0.02 4.81

2010-07-09 1.348 0.453 0.00 1.18 0.69 0.12 6.93

2010-07-14 1.971 3.707 0.14 1.46 0.64 0.17 7.15

2010-07-17 2.092 0.107 0.10 2.57 0.40 0.12 3.12

2010-07-20 1.921 0.213 0.64 1.04 0.50 0.07 5.66

2010-07-24 2.114 0.160 0.00 0.35 4.16 0.07 0.15

2010-07-29 2.137 0.480 0.02 0.49 1.09 0.07 0.05

2010-08-02 2.102 0.347 0.00 2.64 0.74 0.12 0.68

2010-08-06 2.174 0.213 0.02 2.71 0.69 0.12 0.78

2010-08-12 2.398 3.387 0.10 2.71 7.03 0.22 9.27

2010-08-17 2.131 0.027 0.14 0.49 0.84 0.22 2.68

2010-08-22 2.071 0.160 0.08 0.35 1.93 0.02 2.02

2011-05-28 8.320 0.07 0.23 0.741 1.000 0.132 1.15

2011-06-08 0.586 0.31 0.19 1.464 0.128 0.556 2.68

2011-06-23 0.039 0.27 0.35 1.825 0.077 0.079 3.49

2011-07-05 0.117 0.40 0.27 0.982 0.385 0.132 0.13

2009-05-16 0.22 11.71 0.57 0.50

2009-05-30 0.90 0.01 0.93 0.92 0.40

2009-05-30 0.90 0.01 0.93 0.92 0.40

조사 정점

JR. 4

표층

JR. 4 표층

Appendix 1. 계 속 (JR : 자란만)

저층
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2009-06-25 3.67 0.05 8.50 1.91 0.74

2009-07-28 6.44 0.40 1.71 0.72

수층 일시 DTN NO₃-N NO₂-N NH₄-N DTP PO₄-P DSi

2009-08-25 0.90 0.07 0.29 0.92 0.40

2009-09-26 7.36 0.73 0.71 0.97 0.54

2009-10-25 6.44 0.65 2.07 1.21 0.59

2010-04-28 0.12 0.83 0.25 0.27 3.12

2010-05-29 1.633 0.400 0.10 0.76 12.08 0.17 4.60

2010-06-16 1.492 0.960 0.12 0.07 7.23 0.17 9.06

2010-06-21 1.408 0.027 0.18 0.07 0.40 0.37 11.18

2010-06-28 1.585 0.187 0.02 3.06 1.53 0.42 10.65

2010-07-29 1.903 0.133 0.04 0.00 1.88 0.12 0.05

2011-05-28 7.305 0.15 0.15 1.102 0.436 0.397 6.76

2011-06-08 1.055 0.48 0.31 0.982 0.590 0.026 7.63

2011-06-23 0.430 0.35 0.27 0.922 0.077 0.397 4.26

2011-07-05 0.273 1.05 0.64 1.886 0.538 0.079 10.99

2009-05-16 0.24 6.36 0.77 0.69

2009-06-25 2.74 0.34 4.43 1.01 0.15

2009-07-28 0.90 0.01 0.00 0.82

2009-08-25 2.74 0.03 1.86 0.87 2.52

2009-09-26 8.28 0.03 0.43 1.46 0.84

2009-10-25 11.98 1.04 0.79 0.97 0.74

2009-05-16 0.17 3.07 0.32 0.25

2009-06-25 2.74 0.26 0.64 1.01 0.25

2009-07-28 8.28 2.05 4.36 0.77

2009-08-25 8.28 0.38 0.29 1.11 0.40

2009-09-26 11.06 1.43 1.21 1.86 0.69

2009-10-25 4.59 1.12 1.86 1.11 0.74

2009-05-16 0.28 4.36 0.57 0.50

2009-06-25 2.74 0.11 4.07 0.72 0.05

2009-07-28 0.90 0.01 1.21 0.82

2009-08-25 7.36 0.01 6.86 0.77 0.40

2009-09-26 5.51 0.05 1.79 5.82 0.45

2009-10-25 8.28 0.65 1.36 0.87 0.50

2009-05-16 0.03 4.36 0.32 0.25

2009-06-25 3.67 0.03 1.64 0.87 0.40

2009-07-28 9.21 2.15 6.21 0.77

2009-08-25 9.21 0.48 0.93 1.06 1.58

2009-09-26 11.06 1.00 1.86 1.81 1.88

2009-10-25 5.51 0.59 2.64 0.92 0.59

2009-05-16 0.20 5.00 0.32 0.25

5

표층

저층

JR. 6

조사 정점

Appendix 1. 계 속 (JR : 자란만)

JR. 4 저층

표층

저층

JR.
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2009-05-30 3.67 0.01 12.57 0.97 0.50

2009-05-30 3.67 0.01 12.57 0.97 0.50

2009-06-01 3.67 0.01 4.14 0.97 0.50

수층 일시 DTN NO₃-N NO₂-N NH₄-N DTP PO₄-P DSi

2009-06-03 4.59 0.01 1.57 1.01 0.40

2009-06-05 4.59 0.01 5.86 0.97 0.45

2009-06-07 11.98 0.73 15.21 1.06 0.45

2009-06-10 7.36 0.13 8.86 1.06 0.40

2009-06-13 2.74 0.26 4.57 1.16 0.40

2009-06-17 6.44 0.13 1.57 1.06 0.40

2009-06-20 6.44 0.05 0.36 0.77 0.40

2009-06-25 5.51 0.07 4.86 0.82 0.10

2009-07-28 2.74 0.01 5.14 0.82

2009-08-25 3.67 0.03 15.71 0.97 0.30

2009-09-26 7.36 0.01 0.07 1.16 2.23

2009-10-25 1.82 0.20 5.50 0.87 0.35

2010-04-28 0.10 1.18 0.25 0.22 1.31

2010-05-24 2.481 19.949 0.14 1.74 1.09 0.27 2.27

2010-05-26 2.509 38.885

2010-05-29 1.917 0.160 0.06 0.42 25.20 0.22 7.57

2010-06-01 1.676 0.773 0.00 1.25 0.64 0.02 9.59

2010-06-05 1.730 0.347 0.00 1.32 0.74 0.07 9.27

2010-06-08 1.971 0.320 0.04 0.35 1.24 0.17 6.92

2010-06-13 1.394 1.707 0.12 1.04 2.62 0.02 5.96

2010-06-16 1.293 0.240 0.28 0.14 7.33 0.02 6.40

2010-06-19 1.469 2.027 0.00 0.56 0.64 0.12 7.36

2010-06-21 1.449 0.427 0.18 0.14 0.40 0.12 7.46

2010-06-25 1.565 0.293 0.08 1.32 0.45 0.17 9.69

2010-06-28 1.411 0.427 0.04 6.11 0.99 0.17 10.33

2010-07-03 1.863 14.695 0.14 2.71 24.46 0.12 16.69

2010-07-06 1.415 2.160 0.02 1.67 0.69 0.17 7.04

2010-07-09 1.666 0.187 0.02 1.25 9.41 0.42 6.51

2010-07-14 1.383 21.256 0.06 5.00 4.06 0.37 17.01

2010-07-17 1.297 50.166 0.10 2.29 9.06 0.22 44.48

2010-07-20 1.542 6.668 1.48 3.96 0.59 0.02 9.27

2010-07-24 2.237 2.560 0.04 0.35 0.84 0.07 3.54

2010-07-29 2.319 1.013 0.04 0.00 1.04 0.22 3.54

2010-08-02 2.060 0.533 0.00 0.56 0.54 0.22 2.48

2010-08-06 2.215 1.974 0.04 4.38 1.04 0.27 2.06

2010-08-12 1.493 32.351 0.12 8.47 0.89 0.32 32.49

2010-08-17 2.102 2.694 0.1 0.49 1.49 0.17 5.25

Appendix 1. 계 속 (JR : 자란만)

JR. 7 표층

조사 정점

JR. 7 표층
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2010-08-22 2.276 7.254 0.24 2.15 0.99 0.32 8.28

2011-05-28 3.242 0.11 0.07 1.343 0.231 0.556 5.64

2011-06-08 0.664 0.15 0.40 1.645 0.077 0.291 3.39

2011-06-23 0.195 0.27 0.48 2.066 0.077 0.397 5.64

수층 일시 DTN NO₃-N NO₂-N NH₄-N DTP PO₄-P DSi

표층 2011-07-05 0.195 0.23 0.19 0.922 0.026 0.397 0.23

2009-05-16 0.15 4.64 0.37 0.30

2009-05-30 1.82 0.03 1.43 0.97 1.04

2009-05-30 1.82 0.03 1.43 0.97 1.04

2009-06-01 2.74 0.48 8.43 0.87 0.40

2009-06-03 11.06 0.07 4.00 1.01 0.54

2009-06-05 7.36 0.15 5.36 1.01 0.45

2009-06-07 11.98 0.92 10.21 0.97 0.59

2009-06-10 7.36 0.11 11.79 1.01 0.35

2009-06-13 5.51 0.34 4.71 0.97 0.40

2009-06-17 8.28 0.01 2.14 0.82 0.54

2009-06-20 6.44 0.07 0.71 3.44 1.14

2009-06-25 1.82 0.15 3.21 0.82 0.20

2009-07-28 3.67 0.01 1.21 0.82

2009-08-25 2.74 0.01 0.86 1.16 0.45

2009-09-26 9.21 0.11 0.50 1.51 1.19

2009-10-25 1.82 0.17 6.21 0.92 0.40

2010-04-28 0.16 0.14 16.14 0.27 2.16

2010-05-29 1.542 0.373 0.12 3.06 0.54 0.22 11.60

2010-06-16 1.538 0.133 0.16 1.60 0.25 9.37

2010-06-21 1.538 0.160 0.22 0.97 0.25 0.47 12.03

2010-06-28 1.306 0.027 0.04 4.79 0.99 0.37 14.15

2010-07-29 1.996 0.347 0.22 0.28 0.59 0.32 2.98

2011-05-28 8.320 0.11 0.15 1.283 0.282 0.079 6.61

2011-06-08 0.195 0.31 0.23 1.042 0.231 0.185 9.11

2011-06-23 0.273 0.56 0.56 0.982 0.231 0.344 5.59

2011-07-05 0.117 0.19 0.40 1.223 0.231 0.503 6.10

2009-05-16 0.20 2.43 0.47 0.40

2009-06-25 2.74 0.13 12.07 0.77 0.40

2009-07-28 1.82 0.01 14.21 0.87

2009-08-25 3.67 0.01 7.29 0.82 0.30

2009-09-26 4.59 0.13 0.64 0.97 0.54

2009-10-25 3.67 0.09 1.57 0.87 0.00

2010-04-28 0.10 0.28 0.50 0.27 0.25

2010-05-29 1.341 0.320 0.12 0.69 0.30 0.17 7.46

2010-06-16 1.606 0.373 0.16 0.21 0.35 0.02 9.48

JR. 8 표층

Appendix 1. 계 속 (JR : 자란만)

조사 정점

저층
7JR.
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2010-06-21 1.738 0.133 0.18 1.39 0.40 0.07 5.24

2010-06-28 1.526 0.667 0.00 4.93 1.98 0.52 8.63

2010-07-29 1.860 0.213 0.02 0.69 0.35 2.93

2011-03-19 4.023 0.00 0.14 1.223 0.026 0.291 4.26

2011-04-19 14.805 0.10 0.02 1.223 0.846 0.079 7.53

수층 일시 DTN NO₃-N NO₂-N NH₄-N DTP PO₄-P DSi

2011-05-28 5.039 0.23 0.27 1.163 0.282 0.026 3.75

2011-06-08 0.586 0.40 0.15 1.102 0.282 0.291 1.20

2011-06-23 0.352 0.48 0.60 1.223 0.333 0.026 4.21

2011-07-05 0.430 0.27 0.23 1.283 0.538 0.026 0.13

2009-05-16 0.07 21.57 0.27 0.20

2009-06-25 2.74 0.09 23.21 0.92 1.53

2009-07-28 5.51 2.56 1.14 1.21

2009-08-25 9.21 0.03 2.93 1.01 0.20

2009-09-26 3.67 0.26 1.36 1.41 0.89

2009-10-25 1.82 0.09 0.57 0.82 0.25

2010-04-28 0.18 0.63 0.69 0.22 2.69

2010-05-29 1.593 0.720 0.18 5.42 0.40 0.17 11.49

2010-06-16 1.686 0.267 0.12 0.56 0.30 0.02 8.74

2010-06-21 1.353 0.320 0.18 1.46 0.25 0.17 9.16

2010-06-28 1.299 0.453 0.04 2.36 0.99 0.92 12.24

2010-07-29 2.194 0.187 0.52

2011-03-19 5.742 0.02 0.00 1.102 0.538 0.132 2.63

2011-04-19 11.055 0.02 0.02 1.283 0.385 0.026 7.07

2011-05-28 4.727 0.15 0.07 1.283 0.231 0.026 11.35

2011-06-08 0.117 0.23 0.27 1.163 0.282 0.132 8.55

2011-06-23 0.352 0.60 0.35 1.404 0.077 0.185 3.80

2011-07-05 0.430 0.64 0.40 1.163 0.487 0.185 10.84

2009-05-16 0.22 3.43 0.27 0.20

2009-06-25 1.82 0.11 21.14 0.52 0.25

2009-07-28 0.90 0.03 0.79 0.82

2009-08-25 2.74 0.01 1.50 1.26 0.35

2009-09-26 5.51 0.01 1.00 0.87 0.64

2009-10-25 2.74 0.28 1.71 0.82 0.30

2009-05-16 0.28 3.93 0.47 0.40

2009-06-25 1.82 0.34 7.43 2.00 1.49

2009-07-28 5.51 2.71 3.29 0.87

2009-08-25 1.82 0.22 5.14 2.40 1.24

2009-09-26 4.59 1.02 1.71 1.06 0.59

2009-10-25 3.67 0.15 5.79 1.16 0.10

2010-05-29 1.883 0.400 0.12 0.42 0.45 0.32 8.42

JR.

표층

JR. 9

표층

저층

저층

Appendix 1. 계 속 (JR : 자란만)

조사 정점

8
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2010-06-16 1.504 0.160 0.10 0.14 0.25 0.02 5.98

2010-06-21 1.510 0.640 0.18 1.67 0.35 0.07 6.51

2010-06-28 1.405 0.693 0.04 2.57 0.84 0.42 4.28

2010-07-29 2.066 0.267 0.06 1.60 0.84 0.07 4.39

2011-03-19 36.680 0.08 0.08 0.922 0.026 0.238 4.26

2011-04-19 10.273 0.06 0.10 1.102 0.077 0.026 8.85

수층 일시 DTN NO₃-N NO₂-N NH₄-N DTP PO₄-P DSi

2011-05-28 0.898 0.27 0.11 1.524 0.077 0.926 3.60

2011-06-08 0.273 0.27 0.31 1.223 0.487 0.608 2.83

2011-06-23 0.508 0.15 0.27 1.102 0.179 0.079 2.02

2011-07-05 0.273 0.07 1.05 1.223 0.026 0.079 6.15

2010-05-29 1.310 0.107 0.16 0.07 0.40 0.22 6.72

2010-06-16 1.398 0.293 0.16 6.18 0.25 0.02 5.03

2010-06-21 1.575 0.133 0.22 2.36 0.45 0.12 7.36

2010-06-28 1.627 0.587 0.02 3.47 0.35 0.22 7.46

2010-07-29 1.975 0.053 0.02 2.01 0.64 0.37 5.20

2011-03-19 5.195 0.14 0.02 1.464 0.128 0.344 2.63

2011-04-19 8.555 0.02 0.06 1.343 0.179 0.026 8.34

2011-05-28 2.461 0.07 0.11 1.584 0.282 0.238 4.92

2011-06-08 0.195 0.19 0.48 1.404 0.538 0.397 4.82

2011-06-23 1.211 0.35 0.15 1.223 0.179 0.026 3.34

2011-07-05 0.586 0.40 0.07 0.681 0.026 0.026 7.22

2009-05-30 1.82 0.01 1.21 0.92 0.45

2009-05-30 1.82 0.01 1.21 0.62 0.45

2009-06-01 2.74 0.11 9.86 1.06 1.09

2009-06-03 7.36 0.03 2.50 1.06 0.54

2009-06-05 6.44 0.05 3.86 1.11 0.40

2009-06-07 13.83 0.20 10.86 0.92 0.40

2009-06-10 8.28 0.01 9.79 0.97 0.40

2009-06-13 -0.95 0.05 7.50 0.92 0.35

2009-06-17 10.13 0.09 0.50 0.87 0.35

2009-06-20 5.51 0.01 0.36 0.82 0.50

2009-05-30 2.74 0.03 9.50 0.62 0.40

2009-05-30 2.74 0.03 9.50 0.92 0.40

2009-06-01 2.74 0.05 7.93 1.01 0.54

2009-06-03 8.28 0.03 0.93 0.97 0.45

2009-06-05 7.36 0.13 6.79 0.87 0.50

2009-06-07 7.36 0.11 8.57 1.91 1.49

2009-06-10 8.28 0.17 8.64 0.92 0.35

2009-06-13 2.74 0.34 3.57 1.01 0.40

2009-06-17 5.51 0.01 3.21 0.87 0.69

저층

JR. 11

표층

저층

JR. 10

표층

조사 정점

JR. 10 표층

Appendix 1. 계 속 (JR : 자란만, MJ : 미조)
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2009-06-20 11.06 0.09 0.79 1.01 0.50

JR. 13 표층 2010-10-21 0.12 0.92

JR. 16 표층 2010-10-21 0.06 0.57

JR. 17 표층 2010-10-21 0.06 0.62

2011-07-26 0.664 0.19 0.19 1.524 0.077 0.238 0.54

2011-08-11 0.039 1.92 1.92 1.404 0.179 0.185 22.63

2011-08-18 0.039 0.22 0.22 1.464 0.077 0.185 4.62

수층 일시 DTN NO₃-N NO₂-N NH₄-N DTP PO₄-P DSi

2011-08-23 0.273 0.14 0.14 1.765 0.385 0.344 1.61

2011-08-29 0.430 0.18 0.18 1.163 0.026 0.556 1.51

2011-07-26 0.117 0.27 0.27 0.801 0.077 0.767 1.35

2011-08-11 0.352 0.77 0.77 1.042 0.179 0.026 13.24

2011-08-18 0.586 0.52 0.52 1.404 0.385 0.079 15.18

2011-08-23 1.289 0.02 0.02 1.645 0.128 0.132 4.57

2011-08-29 0.195 0.18 0.18 1.404 0.179 0.238 4.57

2011-07-21 0.117 0.31 0.31 0.982 0.128 0.450 4.16

2011-08-05 0.273 0.31 0.27 0.922 0.128 0.132 4.31

2011-07-21 0.195 0.52 0.52 0.620 0.128 0.450 2.83

2011-08-05 0.742 0.27 0.31 0.741 0.282 0.132 4.31

2011-08-04 0.039 0.27 0.31 0.922 0.436 0.344 6.76

2011-08-17 0.273 0.10 0.10 1.404 0.026 0.344 0.43

2011-08-30 0.664 0.10 0.10 1.163 0.231 0.026 5.48

2011-09-07 0.195 0.10 0.10 1.946 0.077 0.079 2.12

2011-09-25 0.352 0.07 0.07 0.982 0.026 0.079 4.87

2011-08-04 0.117 0.31 0.27 1.042 0.385 0.397 7.17

2011-08-17 0.273 0.30 0.30 0.861 0.179 0.556 5.48

2011-08-30 0.742 0.02 0.02 0.982 0.077 0.238 5.84

2011-09-07 0.430 0.35 0.35 2.127 0.026 0.132 4.36

2011-09-25 0.586 0.31 0.31 1.343 0.179 0.132 6.40

표층

저층

표층

SR. 1

표층

저층

MJ. 1

저층

표층

Appendix 1. 계 속 (MJ : 미조, SR : 사량도, YJ : 욕지도)

조사 정점

MJ. 1

YJ. 3
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수층 일시 수온(℃) 염분(‰) DO(㎎/ℓ)
C. polykrikoides

(Cells/L)

Nematodinium sp.

(Cells/L)

2009-05-16 18.96 34.56 7.85

2009-06-25 24.14 33.92 7.79

2009-07-28 23.00 32.60 7.37

2009-08-25 26.34 31.60 6.86

2009-09-26 24.39 32.81 7.60

2011-05-28 18.42 34.66 7.68 0 0

2009-05-16 16.26 34.83 7.75

2009-06-25 19.54 34.33 6.77

2009-07-28 21.00 33.31 4.02

2009-08-25 24.96 32.04 5.05

2009-09-26 23.05 33.04 5.18

2011-05-28 15.28 34.79 6.62 0 0

2009-05-16 18.24 34.68 7.76

2009-06-25 22.66 34.16 7.23

2009-07-28 22.50 32.74 7.08

2009-08-25 26.44 31.74 6.89

2009-09-26 24.24 32.96 7.21

2011-05-28 18.00 34.73 7.65 0 0

2009-05-16 16.28 34.83 7.37

2009-06-25 20.62 34.29 7.04

2009-07-28 21.00 33.37 4.14

2009-08-25 25.30 31.50 5.74

2009-09-26 23.02 33.20 5.85

2011-05-28 14.79 34.94 5.50 0 0

2009-05-16 18.30 34.67 7.70

2009-06-25 22.82 34.14 7.11

2009-07-28 22.70 32.80 7.12

2009-08-25 26.00 30.80 6.23

2009-09-26 24.20 31.90 6.63

2011-05-28 17.83 34.86 7.32 0 0

2009-05-16 16.21 34.83 7.54

2009-06-25 19.58 34.36 6.74

2009-07-28 20.50 33.06 3.97

2009-08-25 24.60 31.60 5.01

2009-09-26 23.70 32.00 5.91

2011-05-28 14.65 35.02 5.37 0 0

2009-05-16 19.33 34.63 7.97

2009-06-25 26.12 33.47 8.52

2009-07-28 23.50 31.10 7.31

2009-08-25 26.20 31.10 7.06

JR. 2

표층

저층

JR. 3

JR. 4 표층

표층

저층

Appendix 2. 해양 환경 및 C. polykrikoides, Nematodinium sp. 의 발생 (JR : 자란만)

조사정점

JR. 1

표층

저층

- 236 -



2009-09-26 24.40 32.13 7.58

2010-05-29 18.46 33.25 7.79 0 0

수층 일시 수온(℃) 염분(‰) DO(㎎/ℓ)
C. polykrikoides

(Cells/L)

Nematodinium sp.

(Cells/L)

2010-06-01 22.24 33.51 7.84 0 0

2010-06-05 23.04 33.87 9.15 0 0

2010-06-08 25.26 34.24 7.63 0 0

2010-06-13 22.54 34.13 6.22 0 14

2010-06-16 24.16 34.23 7.30 17 28

2010-06-19 24.11 34.32 7.11 22 9

2010-06-21 25.12 34.28 7.17 0 6

2010-06-25 24.09 34.29 6.60 0 19

2010-06-28 23.85 33.46 7.11 0 20

2010-07-03 26.33 32.91 8.52 0 0

2010-07-06 25.67 33.96 8.91 0 56

2010-07-09 26.44 33.99 8.63 0 20

2010-07-14 24.46 31.92 7.05 278 51

2010-07-17 23.15 33.29 6.49 116 0

2010-07-20 29.52 28.13 10.76 0 0

2010-07-25 28.77 30.83 8.30 21 9

2010-07-29 27.79 31.58 6.18 286 8

2010-08-02 29.48 31.72 7.50 237 0

2010-08-06 29.32 32.42 7.89 195 19

2010-08-12 26.84 32.49 5.79 0 0

2010-08-17 28.53 30.15 7.34

2010-08-22 26.97 32.66 7.55

2011-05-14 16.88 34.91 7.96 0 0

2011-05-16 19.10 34.74 9.01 - -

2011-05-18 19.41 34.57 9.59 0 0

2011-05-22 21.27 34.51 7.90 7 0

2011-05-25 20.39 34.57 8.28 0 0

2011-05-28 18.72 34.79 7.16 0 0

2011-06-02 20.57 34.64 7.06 60 0

2011-06-08 22.74 34.78 7.12 0 0

2011-06-11 22.57 34.51 7.83 51 20

2011-06-14 24.01 34.70 7.30 13 75

2011-06-19 23.60 31.10 7.21 33 11

2011-06-23 23.20 31.92 7.12 7 0

2011-07-05 24.16 30.83 7.30 5 5

2011-07-11 24.38 31.58 7.17 15 0

2011-07-17 23.50 29.65 7.10 48 0

2011-07-19 24.01 31.20 6.60 0 0

Appendix 2. 계 속 (JR : 자란만)

조사정점

표층4JR.
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2011-07-24 24.20 34.31 4.23 0 0

2011-08-03 27.76 26.56 6.83 0 0
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수층 일시 수온(℃) 염분(‰) DO(㎎/ℓ)
C. polykrikoides

(Cells/L)

Nematodinium sp.

(Cells/L)

2009-05-16 18.64 34.86 7.67

2009-06-25 21.12 34.41 3.41

2009-07-28 20.00 32.14 4.49

2009-08-25 25.90 30.50 7.16

2009-09-26 23.00 32.14 5.20

2010-05-29 17.12 34.05 7.71 0 5

2010-06-01 - - - - -

2010-06-05 - - - - -

2010-06-08 - - - - -

2010-06-13 - - - - -

2010-06-16 19.22 34.27 3.16 6 17

2010-06-19 - - - - -

2010-06-21 20.01 34.33 1.64 0 0

2010-06-25 - - - - -

2010-06-28 20.64 34.39 4.37 0 27

2010-07-03 - - - - -

2010-07-06 - - - - -

2010-07-09 - - - - -

2010-07-14 - - - - -

2010-07-17 - - - - -

2010-07-20 - - - - -

2010-07-25 - - - - -

2010-07-29 22.58 33.92 2.82 129 16

2010-08-02 - - - - -

2010-08-06 - - - - -

2010-08-12 - - - - -

2010-08-17 - - -

2010-08-22 - - -

2011-05-14 - - - - -

2011-05-16 - - - 0 17

2011-05-18 - - - - -

2011-05-22 - - - - -

2011-05-25 - - - - -

2011-05-28 16.85 34.95 5.27 0 0

2011-06-02 17.12 34.76 4.45 10 10

2011-06-08 18.54 34.78 5.65 0 0

2011-06-11 - - - - -

2011-06-14 - - - - -

2011-06-19 - - - - -

2011-06-23 18.34 34.73 6.10 9 0

조사정점

Appendix 2. 계 속 (JR : 자란만)

JR. 4 저층
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수층 일시 수온(℃) 염분(‰) DO(㎎/ℓ)
C. polykrikoides

(Cells/L)

Nematodinium sp.

(Cells/L)

2011-07-05 19.22 34.27 3.16 0 0

2011-07-11 - - - - -

2011-07-17 - - - - -

2011-07-19 - - - - -

2011-07-24 - - - - -

2011-08-03 - - - - -

2009-05-16 18.77 34.58 7.86

2009-06-25 24.21 33.80 7.56

2009-07-28 23.50 32.30 6.93

2009-08-25 25.40 32.30 7.06

2009-09-26 24.10 31.85 4.30

2011-05-28 18.70 34.79 7.31 0 0

2009-05-16 17.42 34.82 7.43

2009-06-25 20.66 34.40 5.43

2009-07-28 20.50 33.30 2.80

2009-08-25 24.80 31.70 4.64

2009-09-26 22.90 32.40 4.88

2011-05-28 15.78 35.00 4.50 0 0

2009-05-16 18.32 34.62 8.05

2009-06-25 23.63 34.07 7.53

2009-07-28 24.00 32.20 6.83

2009-08-25 26.30 31.20 6.79

2009-09-26 24.40 31.80 7.48

2011-05-28 18.60 34.94 7.11 0 0

2009-05-16 16.89 34.82 7.80

2009-06-25 20.88 34.35 4.92

2009-07-28 19.50 32.90 3.11

2009-08-25 25.70 31.00 4.85

2009-09-26 23.80 31.90 8.10

2011-05-28 15.34 34.97 4.99 0 0

2009-05-16 19.61 34.53 7.68

2009-06-25 26.25 33.26 7.86

2009-07-28 24.00 31.20 7.45

2009-08-25 25.70 31.20 7.18

2009-09-26 24.30 32.55 7.69

2010-05-29 18.63 33.10 7.72 0 0

2010-06-01 22.36 33.42 7.74 0 0

2010-06-05 24.20 33.69 8.06 0 0

2010-06-08 24.59 33.93 7.82 0 0

2010-06-13 22.88 33.91 6.37 0 6

저층

JR. 6

표층

저층

JR. 7 표층

JR. 5

Appendix 2. 계 속 (JR : 자란만)

조사정점

JR. 4

표층

저층
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수층 일시 수온(℃) 염분(‰) DO(㎎/ℓ)
C. polykrikoides

(Cells/L)

Nematodinium sp.

(Cells/L)

2010-06-16 24.66 34.11 7.37 11 33

2010-06-19 24.32 34.04 7.16 0 27

2010-06-21 24.88 34.12 7.23 0 5

2010-06-25 24.54 34.21 6.68 14 21

2010-06-28 24.09 33.35 7.32 0 21

2010-07-03 25.66 32.05 8.43 0 13

2010-07-06 27.76 32.96 8.80 0 0

2010-07-09 28.44 33.59 8.54 0 0

2010-07-14 25.46 30.93 5.76 20 30

2010-07-17 24.86 20.35 7.40 54 0

2010-07-20 29.21 27.85 8.47 7 0

2010-07-25 29.38 30.64 7.42 3 6

2010-07-29 28.14 30.09 6.75 93 12

2010-08-02 30.12 31.20 6.70 9 0

2010-08-06 31.05 31.44 7.30 0 0

2010-08-12 29.23 23.71 5.79 0 0

2010-08-17 29.43 31.25 7.52

2010-08-22 27.96 31.09 7.41

2011-05-14 19.21 34.62 8.00 0 16

2011-05-16 20.01 34.26 8.30 - -

2011-05-18 19.44 34.55 9.63 0 0

2011-05-22 21.33 34.34 7.50 0 0

2011-05-25 20.57 34.62 7.08 0 0

2011-05-28 19.10 34.76 7.10 0 0

2011-06-02 20.72 34.69 6.72 29 14

2011-06-08 22.61 34.51 7.10 0 0

2011-06-11 23.75 34.27 7.25 158 32

2011-06-14 24.24 34.57 7.70 100 29

2011-06-19 24.01 32.01 6.99 0 11

2011-06-23 24.17 30.93 7.25 0 0

2011-07-05 24.66 30.64 7.37 29 21

2011-07-11 24.87 33.35 7.32 21 0

2011-07-17 24.75 31.72 7.43 54 0

2011-07-19 23.50 32.42 5.70 0 0

2011-07-24 25.50 34.21 4.00 57 0

2011-08-03 24.86 20.35 7.40 0 0

2009-05-16 18.76 34.79 7.38

2009-06-25 24.73 34.17 7.30

2009-07-28 21.50 33.25 5.69

2009-08-25 24.60 30.70 6.81

Appendix 2. 계 속 (JR : 자란만)

조사정점

7JR.

표층

저층
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수층 일시 수온(℃) 염분(‰) DO(㎎/ℓ)
C. polykrikoides

(Cells/L)

Nematodinium sp.

(Cells/L)

2009-09-26 23.20 33.00 5.77

2010-05-29 17.17 34.03 6.24 0 0

2010-06-01 - - - - -

2010-06-05 - - - - -

2010-06-08 - - - - -

2010-06-13 - - - - -

2010-06-16 20.21 34.21 5.69 6 33

2010-06-19 - - - - -

2010-06-21 20.31 34.31 4.78 0 0

2010-06-25 - - - - -

2010-06-28 21.18 34.34 0.79 0 14

2010-07-03 - - - - -

2010-07-06 - - - - -

2010-07-09 - - - - -

2010-07-14 - - - - -

2010-07-17 - - - - -

2010-07-20 - - - - -

2010-07-25 - - - - -

2010-07-29 25.07 33.04 3.44 63 13

2010-08-02 - - - - -

2010-08-06 - - - - -

2010-08-12 - - - - -

2010-08-17 - - -

2010-08-22 - - -

2011-05-14 - - - - -

2011-05-16 - - - 0 0

2011-05-18 - - - - -

2011-05-22 - - - - -

2011-05-25 - - - - -

2011-05-28 17.03 34.99 6.26 0 0

2011-06-02 19.25 34.78 5.69 0 0

2011-06-08 18.95 34.62 5.42 0 0

2011-06-11 - - - - -

2011-06-14 - - - - -

2011-06-19 - - - - -

2011-06-23 19.78 34.85 6.26 0 0

2011-07-05 20.08 34.21 5.20 78 22

2011-07-11 - - - - -

2011-07-17 - - - - -

2011-07-19 - - - - -

2011-07-24 24.60 34.10 3.53 - -

JR. 저층

Appendix 2. 계 속 (JR : 자란만)

조사정점

7
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수층 일시 수온(℃) 염분(‰) DO(㎎/ℓ)
C. polykrikoides

(Cells/L)

Nematodinium sp.

(Cells/L)

JR. 7 저층 2011-08-03 - - - - -

2009-05-16 19.42 34.63 7.95

2009-06-25 25.42 33.70 7.84

2009-07-28 24.50 31.80 6.83

2009-08-25 25.40 31.80 7.25

2009-09-26 24.60 31.50 6.76

2010-05-29 18.24 33.44 7.53 0 5

2010-06-16 23.56 34.20 7.24 28 28

2010-06-21 24.37 34.28 7.12 0 0

2010-06-28 23.69 33.00 7.03 0 44

2010-07-29 27.95 30.26 7.35 236 0

2011-05-28 19.17 34.79 6.95 0 0

2011-06-08 23.61 34.62 7.21 0 0

2011-06-23 23.97 33.29 7.27 0 0

2011-07-05 23.56 31.24 7.24 38 0

2009-05-16 18.11 34.79 6.85

2009-06-25 22.05 34.44 7.93

2009-07-28 21.00 32.08 2.07

2009-08-25 24.10 30.10 6.82

2009-09-26 23.70 34.10 5.97

2010-05-29 17.38 33.92 7.10 0 0

2010-06-16 19.66 34.22 6.51 17 0

2010-06-21 21.31 34.29 6.50 0 0

2010-06-28 22.32 34.25 3.18 0 17

2010-07-29 24.93 32.83 5.13 98 0

2011-05-28 18.02 34.90 5.34 0 0

2011-06-08 18.63 34.71 6.01 0 0

2011-06-23 19.24 34.83 6.52 0 0

2011-07-05 20.21 34.21 5.69 24 0

2009-05-16 19.32 34.58 7.85

2009-06-25 24.11 33.97 7.55

2009-07-28 23.00 32.20 6.69

2009-08-25 25.30 31.20 7.04

2009-09-26 24.40 31.80 7.20

2011-05-28 19.26 34.73 6.86 0 0

2009-05-16 17.57 34.80 7.16

2009-06-25 21.56 34.41 7.26

2009-07-28 22.00 32.10 2.93

2009-08-25 24.70 31.10 2.76

2009-09-26 23.15 33.05 4.72

2011-05-28 18.06 34.84 7.06 0 0

Appendix 2. 계 속 (JR : 자란만)

조사정점

8JR.

표층

JR. 9

표층

저층

저층

- 243 -



수층 일시 수온(℃) 염분(‰) DO(㎎/ℓ)
C. polykrikoides

(Cells/L)

Nematodinium sp.

(Cells/L)

2010-05-29 18.33 33.37 7.59 0 0

2010-06-16 23.87 34.17 7.13 11 11

2010-06-21 25.11 34.15 7.11 0 6

2010-06-28 23.93 33.11 7.24 0 14

2010-07-29 27.97 29.65 7.41 261 0

2011-05-28 19.02 34.74 7.28 0 9

2011-06-08 23.86 34.82 6.97 0 0

2011-06-23 24.47 28.13 7.28 0 0

2011-07-05 23.87 32.47 7.13 12 8

2010-05-29 17.22 34.01 6.31 0 5

2010-06-16 20.08 34.21 5.20 11 17

2010-06-21 21.09 34.24 5.40 0 16

2010-06-28 21.55 34.32 3.45 0 14

2010-07-29 25.50 32.38 4.83 303 0

2011-05-28 16.41 34.93 5.46 0 0

2011-06-08 18.37 34.11 5.82 0 0

2011-06-23 19.69 34.86 6.92 0 0

2011-07-05 19.66 34.22 6.51 56 6

표층 2011-07-05 24.71 32.77 7.21

저층 2011-07-05 19.87 34.21 6.34

2011-07-26 23.46 33.25 6.10 200 0

2011-08-11 25.51 28.70 6.86 0 0

2011-08-18 24.39 32.35 6.08 0 0

2011-08-24 22.83 31.93 6.64 42 0

2011-08-29 22.73 31.25 6.51 0 0

2011-07-26 22.12 34.05 4.71 0 24

2011-08-11 22.47 33.33 3.28 0 5

2011-08-18 18.40 34.23 2.25 0 0

2011-08-24 18.13 34.39 1.45 0 0

2011-08-29 17.52 34.62 2.25 0 0

2011-07-26 23.63 33.10 5.55 0 0

2011-08-11 25.61 28.67 6.77 0 0

2011-08-18 24.19 32.31 6.23 0 0

2011-08-24 22.85 31.94 6.22 6 0

2011-08-29 22.94 31.85 6.82 0 0

2011-07-26 22.22 34.01 5.16 50 0

2011-08-11 24.41 32.38 4.95 0 10

2011-08-18 17.79 34.44 2.57 0 0

2011-08-24 18.17 34.30 1.59 0 10

2011-08-29 17.29 34.70 2.91 0 0

MJ. 3 표층 2011-08-24 22.79 31.93 6.82 24 5

MJ. 2

표층

저층

JR. 11

MJ. 1

표층

저층

표층

저층

Appendix 2. 계 속 (JR : 자란만, MJ : 미조)

조사정점

JR. 10
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수층 일시 수온(℃) 염분(‰) DO(㎎/ℓ)
C. polykrikoides

(Cells/L)

Nematodinium sp.

(Cells/L)

MJ. 3 저층 2011-08-24 18.95 34.21 4.29 6 6

표층 2011-08-24 22.82 31.98 6.81 17 8

저층 2011-08-24 17.56 34.54 2.52 0 0

2011-07-26 23.24 33.44 5.54 20 0

2011-08-11 25.58 28.53 6.86 0 0

2011-08-18 24.32 32.34 6.56 0 0

2011-08-29 23.51 32.41 6.14 0 0

2011-07-26 22.17 34.03 4.81 15 0

2011-08-11 19.78 34.20 3.30 0 0

2011-08-18 17.30 34.26 2.71 0 0

2011-08-29 17.85 34.93 3.41 0 0

2011-07-26 23.33 33.37 4.52 0 0

2011-08-11 25.80 27.79 6.51 0 6

2011-08-18 24.16 32.24 6.77 0 0

2011-08-29 23.86 31.78 6.34 0 0

2011-07-26 22.38 33.92 4.99 0 0

2011-08-11 18.44 34.16 3.88 0 0

2011-08-18 18.15 34.52 2.41 0 0

2011-08-29 17.59 34.17 2.61 0 0

2010-07-27 24.86 32.24 7.33 69 0

2010-08-27 25.42 31.58 7.30

2010-09-16 25.07 30.01 10.13

2011-07-21 24.16 34.23 7.30 0 0

2011-08-05 24.51 33.51 6.73 0 0

2010-07-27 19.06 34.34 5.06 8 0

2010-08-27 18.88 34.15 4.18

2010-09-16 20.99 32.65 4.37

2011-07-21 19.22 34.27 3.16 0 0

2011-08-05 20.51 32.87 6.31 0 0

2010-08-27 25.22 31.68 7.20

2010-09-16 25.06 29.95 8.99

2011-07-21 24.66 34.20 7.37 69 0

2011-08-05 24.64 33.23 6.92 0 0

2010-08-27 18.92 34.24 4.49

2010-09-16 21.70 32.30 4.55

2011-07-21 20.08 34.21 5.20 500 0

2011-08-05 20.21 32.52 5.98 0 0

2010-08-27 25.18 31.69 7.26

2010-09-16 25.38 30.00 9.38

2011-07-21 23.56 34.11 7.24 0 0

2011-08-05 24.31 33.17 6.98 0 0

MJ. 4

MJ. 6

표층

저층

표층

SR. 1

표층

저층

SR. 2

표층

Appendix 2. 계 속 (MJ : 미조, SR : 사량도)

조사정점

SR. 3

MJ. 10

표층

저층

MJ. 10 저층

저층
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수층 일시 수온(℃) 염분(‰) DO(㎎/ℓ)
C. polykrikoides

(Cells/L)

Nematodinium sp.

(Cells/L)

2010-08-27 19.00 34.07 4.19

2010-09-16 20.98 32.25 4.17

2011-07-21 20.21 34.21 5.69 0 0

2011-08-05 19.89 32.21 5.89 0 0

2010-07-27 24.67 32.47 7.49 45 0

2010-08-27 24.91 31.83 7.20

2010-09-16 25.92 30.05 8.75

2011-07-21 23.87 34.17 7.13 0 0

2011-08-05 24.41 33.31 7.02 0 0

2010-07-27 19.80 34.23 5.02 155 0

2010-08-27 18.85 34.24 4.49

2010-09-16 20.13 32.85 3.93

2011-07-21 19.66 34.22 6.51 0 0

2011-08-05 20.02 32.29 6.03 0 0

표층 2010-07-27 24.35 32.77 7.35 58 0

저층 2010-07-27 19.08 34.34 5.81 202 0

표층 2010-08-23 26.50 32.47 7.28

저층 2010-08-23 15.17 34.74 4.31

YJ. 2 표층 2010-08-23 26.66 32.56 7.42

YJ. 2 저층 2010-08-23 17.42 34.00 4.71

2010-08-23 26.36 32.55 7.50

2011-08-04 25.47 33.20 6.64 0 0

2011-08-17 26.19 31.33 7.28 0 0

2011-08-30 25.76 31.52 6.89 0 6

2011-09-07 25.15 33.76 6.91 0 0

2011-09-25 26.31 32.57 6.01 0 0

2010-08-23 16.86 34.12 4.40

2011-08-04 23.16 33.56 6.79 0 0

2011-08-17 17.58 34.65 5.02 0 0

2011-08-30 21.94 34.05 5.24 0 8

2011-09-07 21.00 33.74 5.34 41 0

2011-09-25 23.17 33.52 6.24 0 0

2010-08-23 25.74 32.73 7.56

2011-08-04 25.03 33.22 6.76 0 7

2011-08-17 25.87 31.56 6.79 0 0

2011-08-30 24.95 31.03 6.51 0 0

2011-09-07 25.98 33.53 6.59 0 0

2011-09-25 24.01 32.96 5.80 0 0

2010-08-23 16.10 34.27 4.25

2011-08-04 21.90 33.77 6.83 0 0

2011-08-17 16.13 34.75 4.95 0 0

4

저층

SR.

표층

저층

표층

SR. 5

YJ. 1

YJ. 3

YJ.

4

표층

저층

Appendix 2. 계 속 (SR : 사량도, YJ : 욕지도)

조사정점

SR. 3 저층
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수층 일시 수온(℃) 염분(‰) DO(㎎/ℓ)
C. polykrikoides

(Cells/L)

Nematodinium sp.

(Cells/L)

2011-08-30 22.85 34.11 6.11 4 4

2011-09-07 22.53 33.96 5.21 0 0

2011-09-25 23.09 33.86 6.50 0 0

조사정점

YJ. 4 저층

Appendix 2. 계 속 (YJ : 욕지도)
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일시 Ct Calc Conc (Cells/L)
Calc Conc

(copies/reaction)
비고

JR. 1 2011-5-28 - - -

JR. 2 2011-5-28 - - -

JR. 3 2011-5-28 - - -

2009-05-31 - 20 -

2009-06-01 non-sample

2009-06-02 - 20 -

2009-06-03 non-sample

2009-06-04 - 320 -

2009-06-05 non-sample

2009-06-06 - 220 -

2009-06-07 non-sample

2009-06-08 - 367 -

2009-06-09 - 40 -

2009-06-10 non-sample

2009-06-16 - 40 -

2009-06-17 non-sample

2009-06-18 - 160 -

2009-06-19 - 433 -

2009-06-20 non-sample

2009-07-08 - 13 -

2010-05-29 - 20 -

2010-06-16 - 11 -

2010-06-21 - 9 -

2010-06-28 - 12 -

2010-07-03 - 40 -

2010-07-06 - 24 -

2010-07-09 - 13 -

2010-07-14 - 260 -

2010-07-17 - 45 -

2010-07-20 - 60 -

2010-07-25 - 64 -

2010-07-29 - 80 -

2010-08-02 - 340 -

2010-08-06 - 20 -

2010-08-12 - 33 -

2011-5-7 - - -

2011-5-14 - - -

2011-5-16 - - -

2011-5-18 - - -

Appendix 3-1. Real-time PCR Data - Seawater Sample, 0m (2009~2011, JR : 자란만)

조사정점

JR. 4
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일시 Ct Calc Conc (Cells/L)
Calc Conc

(copies/reaction)
비고

2011-5-22 - - -

2011-5-25 - - -

2011-5-28 - - -

2011-6-2 37.28 20 0.5

2011-6-8 - - -

2011-6-11 37.17 24 0.6

2011-6-14 38.53 8 0.2

2011-6-19 36.48 36 0.9

2011-6-23 - - -

2011-7-5 38.53 8 0.2

2011-7-11 37.79 16 0.4

2011-7-17 38.49 8 0.2

2011-7-19 - - -

2011-7-24 30.62 80 2

2011-8-3 - - -

JR. 5 2011-5-28 - - -

JR. 6 2011-5-28 - - -

2009-05-31 - 47 -

2009-06-01 - 100 -

2009-06-02 - 260 -

2009-06-03 - 40 -

2009-06-04 - 140 -

2009-06-05 - 180 -

2009-06-06 - 3713 -

2009-06-07 - 40 -

2009-06-08 - 1193 -

2009-06-09 - 220 -

2009-06-10 - - -

2009-06-16 - 53 -

2009-06-17 - 20 -

2009-06-18 - 140 -

2009-06-19 - 20 -

2009-06-20 - 20 -

2009-07-08 - 40 -

2010-05-29 - 60 -

2010-06-16 - 13 -

2010-06-21 - 9 -

2010-06-28 - 20 -

2010-07-03 - 20 -

2010-07-06 - 22 -

JR. 4

Appendix 3-1. 계 속 (JR : 자란만)

조사정점

JR. 7
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2010-07-09 - 20 -
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일시 Ct Calc Conc (Cells/L)
Calc Conc

(copies/reaction)
비고

2010-07-14 - 67 -

2010-07-17 - 587 -

2010-07-20 - 20 -

2010-07-25 - 66 -

2010-07-29 - 100 -

2010-08-02 - 93 -

2010-08-06 - 33 -

2010-08-12 - 41 -

2011-3-19 - - -

2011-5-7 - - -

2011-5-14 - - -

2011-5-16 - - -

2011-5-18 - - -

2011-5-22 - - -

2011-5-25 - - -

2011-5-28 - - -

2011-6-2 39.61 4 0.1

2011-6-8 37.95 12 0.3

2011-6-11 34.06 212 5.3

2011-6-14 37.65 16 0.4

2011-6-19 39.42 4 0.1

2011-6-23 - - -

2011-7-5 38.79 8 0.2

2011-7-11 41.4 - -

2011-7-17 41.52 - -

2011-7-19 - - -

2011-7-24 31.74 40 1

2011-8-3 - - -

2010-05-29 - 11 -

2010-06-16 - 10 -

2010-06-21 - 7 -

2010-06-28 - 60 -

2010-07-29 - 40 -

2011-4-19 - - -

2011-5-28 - - -

2011-6-8 37.28 20 0.5

2011-6-23 - - -

2011-7-5 40.31 4 0.1

2011-4-19 - - -

2011-5-28 - - -
JR. 9

JR. 7

JR. 8

Appendix 3-1. 계 속 (JR : 자란만)

조사정점

- 250 -



JR. 10 2010-05-29 - 20 -

일시 Ct Calc Conc (Cells/L)
Calc Conc

(copies/reaction)
비고

2010-06-16 - 20 -

2010-06-21 - 14 -

2010-06-28 - 6 -

2010-07-29 - 6 -

2011-4-19 - - -

2011-5-28 - - -

2011-6-8 - - -

2011-6-23 - - -

2011-7-5 39.85 4 0.1

2009-05-31 non-sample

2009-06-01 - 40 -

2009-06-02 non-sample

2009-06-03 - 32 -

2009-06-04 non-sample

2009-06-05 - 40 -

2009-06-06 non-sample

2009-06-07 - 40 -

2009-06-08 non-sample

2009-06-09 non-sample

2009-06-10 non-sample

2009-06-16 non-sample

2009-06-17 - 20 -

2009-06-18 non-sample

2009-06-19 non-sample

2009-06-20 - 14 -

2009-07-08 non-sample

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 31.61 40 1

2011-8-24 29.45 320 8

2011-8-29 - - -

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 31.36 40 1

2011-8-24 31.26 40 1

2011-8-29 - - -

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 30.09 160 4

MJ. 1

MJ. 2

MJ. 6

JR. 10

JR. 11

Appendix 3-1. 계 속 (JR : 자란만, MJ : 미조)

조사정점
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2011-8-24 38.67 - -

2011-8-29 31.16 40 1

일시 Ct Calc Conc (Cells/L)
Calc Conc

(copies/reaction)
비고

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 30.57 80 2

2011-8-24 31.04 40 1

2011-8-29 - - -

2011-7-21 - - -

2011-8-5 - - -

2011-7-21 - - -

2011-8-5 - - -

2011-7-21 - - -

2011-8-5 - - -

2011-7-21 - - -

2011-8-5 - - -

2011-8-4 - - -

2011-8-17 - - -

2011-8-30 - - -

2011-9-7 - - -

2011-9-25 - - -

2011-8-4 - - -

2011-8-17 - - -

2011-8-30 - - -

2011-9-7 - - -

2011-9-25 - - -

SR. 2

YJ. 4

SR. 3

SR. 4

YJ. 3

MJ. 10

Appendix 3-1. 계 속 (MJ : 미조, SR : 사량도, YJ : 욕지도)

조사정점

SR. 1
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일시 Ct Calc Conc (Cells/L)
Calc Conc

(copies/reaction)
비고

JR. 1 2011-5-28 - - -

JR. 2 2011-5-28 - - -

JR. 3 2011-5-28 - - -

2010-06-16 - 8 -

2010-06-21 - 12 -

2010-06-28 - - -

2010-07-29 - 47 -

2011-5-7 - - -

2011-5-14 - - -

2011-5-16 - - -

2011-5-18 - - -

2011-5-22 - - -

2011-5-25 - - -

2011-5-28 - - -

2011-6-2 40.28 4 0.1

2011-6-8 - - -

2011-6-11 - - -

2011-6-14 - - -

2011-6-19 - - -

2011-6-23 - - -

2011-7-5 39.42 4 0.1

2011-7-11 - - -

2011-7-17 - - -

2011-7-19 - - -

2011-7-24 39.85 0 0

2011-8-3 - - -

JR. 5 2011-5-28 - - -

JR. 6 2011-5-28 - - -

2009-05-31 non-sample

2009-06-01 - 30 -

2009-06-02 non-sample

2009-06-03 - 13 -

2009-06-04 non-sample

2009-06-05 - 32 -

2009-06-06 non-sample

2009-06-07 - 7 -

2009-06-08 non-sample

2009-06-09 non-sample

2009-06-10 non-sample

JR. 7

Appendix 3-2. Real-time PCR Data - Seawater Sample, b-1m (2009~2011, JR : 자란만)

조사 정점

JR. 4
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일시 Ct Calc Conc (Cells/L)
Calc Conc

(copies/reaction)
비고

2009-06-16 non-sample

2009-06-17 non-sample

2009-06-18 non-sample

2009-06-19 non-sample

2009-06-20 non-sample

2009-07-08 non-sample

2010-06-16 - 9 -

2010-06-21 - 12 -

2010-06-28 - - -

2010-07-29 - 22 -

2011-3-19 - - -

2011-5-7 - - -

2011-5-14 - - -

2011-5-16 - - -

2011-5-18 - - -

2011-5-22 - - -

2011-5-25 - - -

2011-5-28 - - -

2011-6-2 - - -

2011-6-8 - - -

2011-6-11 - - -

2011-6-14 - - -

2011-6-19 - - -

2011-6-23 - - -

2011-7-5 31.8 1052 26.3

2011-7-11 - - -

2011-7-17 - - -

2011-7-19 - - -

2011-7-24 30.27 120 3

2011-8-3 - - -

2010-06-16 - 9 -

2010-06-21 - 7 -

2010-06-28 - - -

2010-07-29 - 26 -

2011-4-19 - - -

2011-5-28 - - -

2011-6-8 - - -

2011-6-23 - - -

2011-7-5 32.74 540 13.5

2011-4-19 - - -

JR. 7

JR. 8

JR.

Appendix 3-2. 계 속 (JR : 자란만)

조사 정점

9

- 253 -



2011-5-28 - - -
JR. 9
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일시 Ct Calc Conc (Cells/L)
Calc Conc

(copies/reaction)
비고

2010-06-16 - 6 -

2010-06-21 - 5 -

2010-06-28 - - -

2010-07-29 - 20 -

2011-4-19 - - -

2011-5-28 - - -

2011-6-8 - - -

2011-6-23 - - -

2011-7-5 33.09 424 10.6

2009-05-31 non-sample

2009-06-01 - 12 -

2009-06-02 non-sample

2009-06-03 - 7 -

2009-06-04 non-sample

2009-06-05 - 9 -

2009-06-06 non-sample

2009-06-07 - 6 -

2009-06-08 non-sample

2009-06-09 non-sample

2009-06-10 non-sample

2009-06-16 non-sample

2009-06-17 non-sample

2009-06-18 non-sample

2009-06-19 non-sample

2009-06-20 non-sample

2009-07-08 non-sample

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 - - -

2011-8-24 - - -

2011-8-29 - - -

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 31.95 40 1

2011-8-24 - - -

2011-8-29 - - -

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 - - -

2011-8-24 - - -

1

MJ. 2

MJ. 6

MJ.

Appendix 3-2. 계 속 (JR : 자란만, MJ : 미조)

조사 정점

JR. 10

JR. 11
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2011-8-29 - - -
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일시 Ct Calc Conc (Cells/L)
Calc Conc

(copies/reaction)
비고

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 - - -

2011-8-24 - - -

2011-8-29 - - -

2011-7-21 - - -

2011-8-5 - - -

2011-7-21 - - -

2011-8-5 - - -

2011-7-21 - - -

2011-8-5 - - -

2011-7-21 - - -

2011-8-5 - - -

2011-8-4 - - -

2011-8-17 - - -

2011-8-30 - - -

2011-9-7 - - -

2011-9-25 - - -

2011-8-4 - - -

2011-8-17 - - -

2011-8-30 - - -

2011-9-7 31.08 40 1

2011-9-25 32.02 40 1

YJ. 3

YJ. 4

SR. 2

SR. 3

SR. 4

MJ. 10

조사 정점

SR. 1

Appendix 3-2. 계 속 (MJ : 미조, SR : 사량도, YJ : 욕지도)
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일시 Ct Calc Conc (copies/g)
Calc Conc

(copies/reaction)
비고

2009-05-16 - - -

2009-06-25 - - -

2009-07-28 - - -

2009-08-25 - - -

2009-09-26 - - -

2009-10-20 - - -

2010-03-20 - - -

2010-04-24 - - -

2011-5-28 - - -

2009-05-16 - - -

2009-06-25 - - -

2009-07-28 - - -

2009-08-25 - - -

2009-09-26 - - -

2009-10-20 - - -

2010-03-20 - - -

2010-04-24 - - -

2011-5-28 - - -

2009-05-16 - - -

2009-06-25 - - -

2009-07-28 - - -

2009-08-25 - - -

2009-09-26 - - -

2009-10-20 - - -

2010-03-20 - - -

2010-04-24 - - -

2011-5-28 - - -

2009-05-16 - - -

2009-06-25 - 2 -

2009-07-28 - 1 -

2009-08-25 - 1 -

2009-09-26 - 1 -

2009-10-20 - 2 -

2010-03-20 - 2 -

2010-04-24 - - -

2010-05-29 - 3 -

2010-06-16 - - -

2010-06-21 - - -

2010-07-27 - - -

조사 정점

JR. 1

JR. 2

Appendix 3-3. Real-time PCR Data - Sediment (2009~2011, JR : 자란만)

JR. 3

JR. 4
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일시 Ct Calc Conc (copies/g)
Calc Conc

(copies/reaction)
비고

2010-08-29 - - -

2010-09-26 - - -

2010-10-25 - - -

2011-5-28 - - -

2011-6-8 - - -

2011-6-23 - - -

2011-7-5 - - -

2009-05-16 - - -

2009-06-25 - - -

2009-07-28 - - -

2009-08-25 - - -

2009-09-26 - - -

2009-10-20 - - -

2010-03-20 - - -

2010-04-24 - - -

2011-5-28 - - -

2009-05-16 - - -

2009-06-25 - - -

2009-07-28 - - -

2009-08-25 - - -

2009-09-26 - - -

2009-10-20 - - -

2010-03-20 - - -

2010-04-24 - - -

2011-5-28 - - -

2009-05-16 - - -

2009-06-25 - - -

2009-07-28 - 1 -

2009-08-25 - 2 -

2009-09-26 - - -

2009-10-20 - - -

2010-03-20 - 1 -

2010-04-24 - 2 -

2010-05-29 - 5 -

2010-06-16 - 1 -

2010-06-21 - 2 -

2010-07-27 - - -

2010-08-29 - - -

2010-09-26 - - -

2010-10-25 - - -

JR. 5

Appendix 3-3. 계 속 (JR : 자란만)

조사 정점

JR. 6

JR. 7

JR. 4

- 257 -



2011-5-28 - - -
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일시 Ct Calc Conc (copies/g)
Calc Conc

(copies/reaction)
비고

2011-6-8 - - -

2011-6-23 - - -

2011-7-5 - - -

2009-05-16 - - -

2009-06-25 - 1.7 -

2009-07-28 - 1 -

2009-08-25 - 3.3 -

2009-09-26 - 2 -

2009-10-20 - - -

2010-03-20 - - -

2010-04-24 - - -

2010-05-29 - 10 -

2010-06-16 - 2 -

2010-06-21 - - -

2010-07-27 - - -

2010-08-29 - - -

2010-09-26 - - -

2010-10-25 - - -

2011-4-19 - - -

2011-5-28 - - -

2011-6-8 - - -

2011-6-23 - - -

2011-7-5 - - -

2009-05-16 - - -

2009-06-25 - - -

2009-07-28 - - -

2009-08-25 - - -

2009-09-26 - - -

2009-10-20 - - -

2010-03-20 - - -

2010-04-24 - - -

2011-4-19 - - -

2011-5-28 - - -

2009-05-16 - 1 -

2009-06-25 - 2.3 -

2009-07-28 - 2 -

2009-08-25 - 3 -

2009-09-26 - - -

2009-10-20 - - -

2010-03-20 - - -

Appendix 3-3. 계 속 (JR : 자란만)

조사 정점

JR. 10

JR. 7

JR. 8

JR. 9

- 259 -



2010-04-24 - 2 -

일시 Ct Calc Conc (copies/g)
Calc Conc

(copies/reaction)
비고

2010-05-29 - 8 -

2010-06-16 - 5 -

2010-06-21 - - -

2010-07-27 - - -

2010-08-29 - - -

2010-09-26 - - -

2010-10-25 - - -

2011-4-19 - - -

2011-5-28 - - -

2011-6-8 - - -

2011-6-23 - - -

2011-7-5 - - -

2009-05-02 - 2 -

2009-08-14 - 3 -

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 - - -

2011-8-24 - - -

2011-8-29 - - -

2009-05-02 - 2 -

2009-08-14 - 1 -

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 - - -

2011-8-24 - - -

2011-8-29 - - -

2009-05-02 - - -

2009-08-14 - - -

2009-05-02 - - -

2009-08-14 - - -

2009-05-02 - - -

2009-08-14 - - -

2009-05-02 - 2 -

2009-08-14 - - -

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 - - -

2011-8-24 - - -

2011-8-29 - - -

Appendix 3-3. 계 속 (JR : 자란만, MJ : 미조)

조사 정점

JR. 10

MJ. 1

MJ. 5

MJ. 6

MJ. 2

MJ. 3

MJ. 4
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2009-05-02 - - -

2009-08-14 - - -

일시 Ct Calc Conc (copies/g)
Calc Conc

(copies/reaction)
비고

2009-05-02 - - -

2009-08-14 - - -

2009-05-02 - - -

2009-08-14 - - -

2009-05-02 - 2 -

2009-08-14 - - -

2011-7-26 - - -

2011-8-11 - - -

2011-8-18 - - -

2011-8-24 - - -

2011-8-29 - - -

2009-05-02 - - -

2009-08-14 - - -

2009-05-02 - - -

2009-08-14 - - -

2009-05-02 - 1 -

2009-08-14 - - -

2009-05-02 - - -

2009-08-14 - - -

2009-05-02 - 2 -

2009-08-14 - - -

2009-05-02 - - -

2009-08-14 - - -

2009-06-25 - - -

2009-07-26 - - -

2009-07-28 - - -

2009-08-25 - - -

2009-09-26 - - -

2009-10-25 - - -

2010-03-20 - - -

2010-04-24 - 1 -

2010-05-16 - - -

2010-07-27 - - -

2011-7-21 - - -

2011-8-5 - - -

2009-06-25 - - -

2009-07-26 - - -

2009-07-28 - - -

Appendix 3-3. 계 속 (MJ : 미조, SR : 사량도)

조사 정점

MJ. 7

MJ. 11

MJ. 12

MJ. 13

MJ. 8

MJ. 9

MJ. 10

SR. 1

SR. 2

MJ. 14

MJ. 15

MJ. 16
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2009-08-25 - - -

2009-09-26 - - -

2009-10-25 - - -

일시 Ct Calc Conc (copies/g)
Calc Conc

(copies/reaction)
비고

2010-03-20 - - -

2010-04-24 - 3 -

2010-05-16 - - -

2010-07-27 - - -

2011-7-21 - - -

2011-8-5 - - -

2009-06-25 - - -

2009-07-26 - - -

2009-07-28 - - -

2009-08-25 - - -

2009-09-26 - - -

2009-10-25 - - -

2010-03-20 - - -

2010-04-24 - 1 -

2010-05-16 - - -

2010-07-27 - - -

2011-7-21 - - -

2011-8-5 - - -

2009-06-25 - - -

2009-07-26 - - -

2009-07-28 - - -

2009-08-25 - - -

2009-09-26 - - -

2009-10-25 - - -

2010-03-20 - - -

2010-04-24 - 1 -

2010-05-16 - - -

2010-07-27 - - -

2011-7-21 - - -

2011-8-5 - - -

2010-04-12 - - -

2010-07-01 - 3 -

2010-04-12 - - -

2010-07-01 - - -

2010-04-12 - - -

2010-07-01 - - -

2010-04-12 - - -

Appendix 3-3. 계 속 (SR : 사량도, TY : 통영)

조사 정점

SR. 2

SR. 2

TY. 2

TY. 3

TY. 4

SR. 3

SR. 4

TY. 1
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2010-07-01 - - -

2010-04-12 - - -

2010-07-01 - - -

TY. 6 2010-04-12 - - -

일시 Ct Calc Conc (copies/g)
Calc Conc

(copies/reaction)
비고

TY. 6 2010-07-01 - - -

2010-04-12 - - -

2010-07-01 - - -

2010-04-12 - - -

2010-07-01 - - -

2010-04-12 - - -

2010-07-01 - 1 -

2010-04-12 - - -

2010-07-01 - - -

2010-04-12 - - -

2010-07-01 - - -

2010-04-12 - - -

2010-07-01 - - -

2010-04-12 - - -

2010-07-01 - - -

A 2011-3-26 - - -

B 2011-3-26 - - -

C 2011-3-26 - - -

D 2011-3-26 - - -

G 2011-3-26 - - -

G2 2011-3-26 - - -

H 2011-3-26 - - -

I 2011-3-26 - - -

L 2011-3-26 - - -

M 2011-3-26 - - -

1 2010-04-22 - - -

2 2010-04-22 - - -

3 2010-04-22 - - -

4 2010-04-22 - - -

5 2010-04-22 - 1 -

2009-08-20 - - -

2010-08-23 - - -

2009-08-20 - 1 -

2010-08-23 - - -

2009-08-20 - - -

2010-08-23 - - -

Appendix 3-3. 계 속 (TY : 통영, WD : 완도, YJ : 욕지도)

TY. 4

TY. 9

TY. 10

TY. 11

TY. 5

TY. 7

TY. 8

조사 정점

YJ. 1

YJ. 2

TY. 12

TY. 13

TY.

WD.
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2011-8-4 - - -

2011-8-17 - - -

2011-8-30 - - -

2011-9-7 - - -

2011-9-25 - - -

일시 Ct Calc Conc (copies/g)
Calc Conc

(copies/reaction)
비고

2009-08-20 - - -

2010-08-23 - - -

2011-8-4 - - -

2011-8-17 - - -

2011-8-30 - - -

2011-9-7 - - -

2011-9-25 - - -

2010-04-12 - 2 -

2010-06-16 - - -

2010-04-12 - 1 -

2010-06-16 - - -

2010-04-12 - - -

2010-06-16 - - -

2010-04-12 - 1 -

2010-06-16 - - -

2010-04-12 - 1 -

2010-06-16 - - -

Appendix 3-3. 계 속 (YJ : 욕지도, YS : 여수)

조사 정점

YJ. 3

YS. 3

YS. 4

YS. 5

YJ. 4

YS. 1

YS. 2
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