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The analysis of variational characteristics on water quality and
phytoplankton by principal component analysis(PCA) in
Kogum-sudo, Southwestern part of Korea

Yang-Ho Yoon and Jong-Sick Park
Department of Oceanography, Yosu National University, Yosu 550-749, Korea
(Manuscript received 20 November, 1999)

A study on the variational characteristics of water quality and phytoplankton biomass by principal component
analysis(PCA) was carried out in Kogum-sudo from February to October in 1993.

We analyzed PCA on biological factors such as chlorophyll a and phytoplankton cell numbers for centric and
pennate diatoms, phytoflagellates, and total phytoplankton as well as physico-chemical factors as water
temperature, salinity, transparency, dissolved oxygen(DO), saturation of DO, apparent- oxygen utilization(AQU),
chemical oxygen demand(COD), nutrient (ammonia, nitrite, nitrate, phosphate and silicate), N/P ratio and
suspended solid(SS).

The source of nutrients supply depended on the mineralization of organic matters and inputs of seawater from
outside rather than runoff of freshwater.

The phytoplankton biomass was changed within short interval period by nutrients change. And it was
controlled by the combination of several environmental factors, especially of light intensity, ammonia and
phosphate.

The marine environmental characteristics were determined by the mineralization of organic matters in winter,
by runoff of freshwater including high nutrients concentration in spring, by ammonia uptake and high
phytoplankton productivity in summer, and phosphate supplied input seawater from outside of Kogum -sudo in
autumn.

And Kogum-sudo was separated with 2 regions by score distributions of PCA. That is to say, one region
was middle parts of straits which was characterized by the mixing seawater and the accumulated organic
matters, other one region was Pungnam Bay and the water around Kogum Island which was done by high
phytoplankyon biomass and productivity year-round.

Key words : variational characteristics, water quality, phytoplankton biomass, principal component analysis(PCA),
Kogum-sudo, nutrients, mineralization, seawater of outside, runoff of freshwater
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Fig. 1. A map showing bathymetry and sampling stations.
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Table 1. The values of minimum mean, maximum, and standard deviation on analytical parameters for four seasons

winter Spring summer autumn
Items Unit - -
min. mean max. SD | min. mean max. SD |min. mean max. SD | min  mean max. SD
Temperature T 650 693 730 030 1380 1427 1560 042]2420 2445 2520 028 1960 1983 20.10 013
Salinity psu 3180 3260 3335 042 P50 3402 3425 019 2861 3055 3105 057| 3183 3200 3292 031
Transparancy m 030 065 090 019 1.0 146 210 039} 150 308 480 103 050 113 180 0.3
Dissolved Oxygen — ml/ ¢ 739 74 783 013 519 6.20 764 035 4% 538 621 032 534 547 585 0.16
AOU né/ ¢ 072 061 -052 006] -055 027 036 021 -105 -016 025 032 -058 -020 -0.05 0.16
Sat. of DO % 10710 10854 11170 123| 10410 10868 13340 58] 9%.10 10319 12020 607} 10100 10361 11100 2514
COD g/ 0.04 068 139 047 0.00 047 176 047| 000 0.79 281 074 0.07 0.45 127 037
Ammonia M 035 062 146 030 113 243 405 077 073 151 476 079 017 112 254 0.64
Nitrite oM 012 032 087 0.9 0.15 050 140 028 003 090 1% 047 010 0.27 0.48 012
Mitrate M 274 925 6416 1664 201 400 2274 428| 126 59 3362 60 097 3321 3%633 10456
DIN WM 325 1019 6555 1678 438 707 W72 49| 182 83 3106 680 186 3459 3935 10504
DIP M 0.56 0.98 140 027 0.03 0.12 022 007 010 101 387 068 0.16 0.36 059 011
Silicate M 262 435 829 189 2.76 427 1649 279 297 531 1011 143 475 589 709 073
N/P ratio 087 1482 11705 3097| 2750 7841 20800 5381| 268 1042 6180 114 416 9441 110931 29224
Suspended Solide  m¢/ ¢ 1920 3876 7460 17.19 740 1646 BN 76 430 5034 67.60 717
Chlorophyli-a e/t 0.14 189 463 124 0.19 0.82 252 060 019 354 1233 367 015 2.76 691 2.5
Centric diatoms cells/ 300 300 1950 482 06 69 280 67| 368 4204 12400 3681 40 184 424 104
Pennate diatoms  cells/ ¢ 54 54 522 131 80 240 552 103| 112 86 1460 B3 24 145 312 98
Phytoflagellates cells/ ¢ 02 02 18 056 0.2 26 56 15] 16 141 560 146 04 32 216 54
Total cell number  cells/ ¢ $H8 H8 2316 593 120 335 688 144| 544 4845 13664 3998 88 3.2 626 188

AQU : apparent oxygen utilization, Sat : Saturation, COD : chemical oxygen demand, DIN : dissolved inorganic nitrogen DIP dissolved inorganic phosphrous
in. : minimum, max. : maximum, SD  standard deviation
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Table 2. Correlation matrix on the
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analytical parameters for winter(upper) and spring(lower)

Tew S Tamsp DO Sa  AOU COD Nk No, No DN DP  SiOMM NP S5  Chia  Cet Dem  Flge Tt
Temp 1086 0665 -0B4 -0667 0703 -0I67 04 026 0319 039 079 -00M 030 04 007 006 -03® 038 0205
Sal 052 10067 035 019 023 027 0351 026 0216 023 029 020 024 04 00M 008 012 -004 -0.100
Transp 0163 0451 10562 047 0502 089 065 020 0199 0212 023 083 029 0%  04% 05 045 00 052
0 0315 039 -0213 L0851 -09%0 0466 -0286 039 033 030 0680 0018 036 -0 0107 010X 0% O1%
St 0187 01 024 0%l 1098 01 020 0456 0418 045  06M -0l D429 030 008 OIN 008 0Bl 0106
AU 01 020 0247 0992 -09® 1085 020 0450 0415 (42 065  0I% 045 00 00 0% 005 05 015
oD 032 013 025 04 042 -04%3 10164 -04m 0461 0460 022 -OI3l 0453 04 008 0I% 020 029 0217
N 006 043 -0M0 028 019 0200 0040 10073 0010 -0081 0130 036 0082 OGI 052 -04% -0301 0S8 0431
NO: 028 0441 0062 02 005 -0M3 084 0200 1082 087 047 049 08 0I% OISl 051 0I% 0I5 -0244
N0y 018 069 024 003 0009 005 081 059 0342 1100 058 065 099 -0I61 006 00 0084 0331 -007
DIN 0106 0654 -02% 002 00 008 Ol 062 034 090 1 05l 0677 1000 0149 0061 007 001 0T 0088
ip 01 -038 -0006 0112 00 0140 0413 QI8 01 OBl 039 1 038 053 015 0B 00 MB 012 -00%
SIOHDy 0152 068 025 00M 000 0017 064 05% 032 OMI 095 0% 1088 024 007 03X 0% 052 0%
NP 0Z 0061 -0069 06 029 0251 -0 04 -DIB 026 027 087 026 ! 019 09 00K 008 032 -00M
ss 0052 004 005 017 0l 0132 045 -0M5 -0M6 029 020 0309 023 -0082 U017 061 04 0BT 0B
Chl-a 0137 0I5 0249 020 0261 0260 -0247 0243 054 DO 005 022 04% 025 -0I65 100 022 0109 -0.044
Cent. 0190 0281 033 007 0002 -005 045 00 0085 038 035 00X 032 0010 007 -00%% 1082 01% 0%l
Penn. 0184 -02% 062 01X -0I% 018 00% 018l -0261 000 00 018 0W0 039 OIN 006l 04 1 0IR 08B
Flage. 024 026 036 0B -020 0203 065 042 020 0050 0065 -01% 000 029 0% 036 03 -00% 1 o6
Total 0028 -0313 0601 014 013 010 038 068 -0I3 023 029 007 029 038 012 00 07 090 -0l 1
Table 3. Correlation matrix on the analytical parameters for summer(upper) and autumn(lower)
Tep  Sd Trmp DO St AU COD MM NO, N DN DP  siol NP SS  Cha Cen  Pem Fhge  Toul
Temp 1080 025 0482 040 047 02 000 0081 QI8 018 001 03 0001 015 0I5 028 009 017
Sl 0060 10213 -0 -05m 057 -0 007 002 01 0 00 065 -01M 02 0% 0B -0 0%
Transp 068 -0218 1050 -0%8 054 0316 002 0482 006 -008 0I5 030 00l 0564 061 08 03 062
o 038 -008 0189 1100 -09% 050 -0X8 04% 032 024 0I® -00  -0008 0651 060 06 068 0660
Sat 011 01T 0050 0193 1098 057 022 -040 030 OB 0B 007 -0007 065 0643 06702 0168 0662
AU 001 0m -0 099 0164 I 05 0% 045 032 03 0™ -006 003 064 067 60 010 0647
oD 0405 0076 -00% 004 O0@4 -0 1 026 015 058 048 05 017 025 0531 02% 038 0 0%
NE 025 0%7 035 0407 0B 048 0181 103 -00% 01 003 000 OIS 020 035 034 -0A5 0317
N0, 0270 0085 035 0458 023 042 0307 0006 1047 053 04M 03B 0140 0ZH 080 -0 01% 085
NOy 0367 012 05 068 0188 088 0117 087 0511 1088 081 018 008 030 0316 016 0%A 0288
DIN 037 0123 052 060 01 068 -0II6 0G0 0510 1000 1088 0149 005 026 0400 0% 0 -0
DIP 018 0474 029 0319 0471 040 0080 000 032 006 005 1000 -0303 0290 030 -0 0515 0366
SHOH) 0601 0096 025 069 029 065 -058 080 0X2 049 0468 027 1 049 18 037 0% 0B 032
NP 0371 0123 0 06% OI71 06 -0l5 063 059 L0 100 002 045 1 0007 0116 -0I% 000 012
89 0403 0180 063 0168 0072 -0I% 020 0283 0211 028 028 0K 016 -025 t
Chi-a 062 0138 004 0494 028 058 -045 07 0099 039 041 0B 060 040 005 1045 045 080 040
Cent. 087 034 -0M5 003 036 0019 007 OI0 034 027 0Z8 03T 00M 060 0 -0G6l 1 089 -0 0998
Penn. 457 031 07 001 0142 0010 030 -00B -00% 0121 012 -00B 007 010 079 OB 046 1 020 080
Flage. 034 -0017 04 068 02 069 -0169 060 04% 0S8 0S4 006  04% 098 -0IB 040 034 -0018 1 0113
Total 025 023 0311 024 033 0204 0262 064 0312 03 039 026 0l 0361 052 0IR 088 07 040 1
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