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Research paper

Principal Component Analysis of the Spatial Variability
of Water Chemistry in the Hapen Basin

of the Fushan Experimental Forest
Chiung-Pin Liu,””  Chun-Hsiun Chen,” Hen-Bian King"

[ Summary ]

Stream water chemistry was investigated twice a month in the Hapen basin of the Fushan
Experimental Forest located in northeastern Taiwan from January 2000 to December 2003 at
7 sampling points. Samples were analyzed for conductivity, solid, pH, Na, K, Ca, Mg, NH,, F,
Cl, NO,, SO,, HCO,, DIC, DOC, and total N. Principal component analysis (PCA) was used to
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identify controls on the development of the water components. Results indicated that factors which
affected water chemistry in this basin included (1) precipitation, chemical weathering, and sea salt
aerosol influence, together which explained 47% of the variance in the data; (2) a vegetation type
factor, including nutrient uptake and leaching, which explained 14% of the variance in the data;
(3) soil and hydrology of this watershed, which explained 17% of the variance in the data; and (4)
other factors, including the winter monsoon, micro weather patterns, or other biological effects,
which explained 22% of the variance in the data.

Key words: principal component analysis, Hapen creek, water chemistry, Fushan Experimental

Forest.
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Fig. 1. Location of the Fushan experiment forest. A, weir 1; B, weir 2; C, aquatic plant pond
1; D, aquatic plant pond 2; E, runoff 1; F, runoff 2; G, outlet of the nature reserve.
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Table 1. Mean values and standard deviations of water chemistry parameters in stream-
water of the Hapen basin

Site" Conductivity  Solid q Na K Ca Mg NH,
(wsem’ (mgL") P (neqL)  (peqL’) (ueqL™) (neqL’) (ueqL’)
A 54.4b” 2.6a 7.2a 146.0ab 8.1a 202.1ab  109.0bc 0.4a
(8.2) 4.7 0.2) (17.3) (7.4) (47.3) (38.9) (2.7)
B 50.3¢ 2.7a 7.3a 142.8abc 7.7a 193.9bc 99.0d 0.2a
(8.1) (5.1) 0.2) (19.7) (6.8) (65.2) (21.1) 0.9)
C 56.3ab 2.7a 7.2a 145.7ab 7.3a 210.6ab  115.8ab 0.1a
9.6) 4.5) (0.3) (26.8) (6.4) (49.2) (22.1) (0.6)
D 58.9a 3.6a 7.3a 148.4a 8.6a 218.5a  1223a 0.6a
(20.6) (6.7) (0.5) (31.2) (10.7) (69.6) (38.3) (3.5)
E 49.1¢ 2.3a 6.9b 132.6d 8.1a 173.2d  98.4d 0.1a
9.5) (4.0 (0.4) (25.2) (6.9) (45.7) (22.5) (0.3)
F 49.3¢ 2.5a 7.0b  1385bcd  7.8a 178.2cd  102.7cd 0.1a
(5.8) 4.9) (0.3) (15.9) (6.8) (41.8) (19.5) (0.4)
G 49.2¢ 2.5a 7.0b 135.6cd 8.2a 177.1cd  100.5cd 0.4a
(7.1) (4.4) (0.3) (20.1) (7.0 (46.8) (20.7) 2.1
F Cl NO, SO, HCO, DIC DOC TN
(eqL")  (ueqL") (pneqL") (ueqL’) (neqL’) (mgL") (mgL") (mgL")
A 4.0a 612a  24.0a 103.2b  308.9bc  3.7ab 1.8a 0.5a
(6.8) 9.0 (10.8) (20.8) (52.5) (1.6) (2.0 (0.6)
B 3.2a 58.7a  21.9ab 93.0c  301.5bed  3.3b 1.8a 0.5a
(6.3) (8.8) (10.3) (24.6) (75.0) (0.9) (1.9) (0.4)
C 2.2a 59.3a 18.1b  112.4ab  321.5ab  3.7ab 2.1a 0.5a
(5.5) (10.8)  (12.9) (34.5) (66.6) (1.3) (2.3) (0.4)
D 2.9a 62.2a 12.0¢ 116.5a  338.1a 3.9a 2.9a 0.4a
(5.5) (22.0)  (10.7) (53.9) (90.6) (1.3) (2.3) 0.7)
E 2.2a 60.9a  22.1ab 80.3d  280.8d 3.3b 1.8a 0.5a
(5.7) (28.0)  (11.3) (18.7) (64.7) (1.2) (2.0) (0.4)
F 2.9a 59.6a  21.3ab  79.10d 297.7cd  3.5ab 1.7a 0.5a
(8.0) 9.4) 9.9) (12.64)  (49.5) (1.2) (1.9) 0.7)
G 1.9a 584a  21.0ab 79.1d  2953cd  3.4b 1.8a 0.5a
(5.0 9.2) (10.3) (14.5) (55.9) (1.2) (2.0 (0.6)

Y A, weir 1; B, weir 2; C, aquatic plant pond 1; D, aquatic plant pond 2; E, runoff 1; F, runoff 2; G,
outlet of the nature reserve.

? Means (n = 96) with the same letter in a row do not significantly differ (»p = 0.05) by Duncan’s
multiple range test.
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Fig. 2. Eigenvalues of each component in
the principal component analysis.
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Table 2. The first 7 principal components for streamwater chemistry in the Hapen basin

PC1 PC2 PC3 PC4 PC5 PC6 PC7
Conductivity 0408  -0015 -0063 0031 0032 -0052 0031
Solid 0037 0189  -0309 0426  0.093 0370  -0.620
pH 0202  -0073  -0.007 -0.161 -0.169  0.659 0413
Na 038  -0.120  -0.023  -0.122 0025 -0.097 -0.114
K 0067 0549 0035 0033 -0.059  -0021  0.308
Ca 0382 0126 0071 -0.052  -0.045 0058  -0.175
Mg 0327 0262 0104 -0.176  -0.091  -0.033  -0.039
NH, 0.117 0255 -0236 0598 0017 0029  0.445
F 0019 0040 0089 -0.150 0946 0204  0.116
cl 0.187 0315 -0.137 -0.034  0.178  -0491  0.003
NO, 20132 0446 0081  -0305 -0.080  -0.036  -0.129
S0, 0388  -0.103 0036 -0.195 -0.045 0043  -0.044
HCO, 0388  -0.150  -0.022  0.143 0011 0009 -0.116
DIC 0.119  -0341 0274 0360 0085 -0313  0.138
DOC 0032 0081 0647 0210 -0062 0067 -0.012
TN 20.022 0190 0544  0.186  0.026  0.144  -0.200
Accumulated 29 43 53 60 66 7 78

variance explained (%)

1.0
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-1.0 Y T L T T T T T T T T T T T T T

Cosd Solid pH Ma K Ca Mg NH8 F Ol NO3 504 HOOS DIC DOC TH
Fig. 3. Correlation coefficients between factors of the principal component analysis and
water chemistry values. The first 7 principal components accounted for 29, 14, 10, 7, 6, 6
and 6% of the variance, respectively.
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