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A diatom-total phosphorus transfer function for lakes in the middle and lower reaches of
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Abstract : Diatom-based transfer function is established to provide an effective approach for the quantitative recon-
struction of lake environmental indicators. Based on the investigation of water quality and surface diatoms from 45
lakes along the middle and lower reaches of Yangtze River, the relationships between diatoms and trophic variables
were revealed by Canonical Correspondence Analysis ( CCA ). The result shown that total phosphorus ( TP ) can ex-
plain the most variation of diatom data, suggesting that it is the most important and significant variable which influ-
enced on the diatom distributions. The inverse deshrinking weighted average model ( WA ) was chosen to establish
the diatom-TP transfer function comparing with a series of WA models. According to the jackknifing statistical test
the model gave a relative lower root-mean-square of error ( RMSEP, , =0.157 ). After deleted outliers, the new
model improved the prediction ability greatly, with a higher coefficient of prediction ( Rick =0.82) and a21% de-
crease of predictive error ( RMSEP,,,, =0. 12 ). Tt performed much better comparing to other regional TP models.
The establishment of our diatom-TP transfer functions will lay a scientific foundation for the trophic status recon-
struction in typical lakes in Yangize floodplain, which will likely to be an effective technique to set realistic targets
for lake environment harnessing.
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Tab. 1 Main water quality characteristics for the 45 lakes

BEE RO WKEE  SD o SRS TP TN Chl-a COD

(m) (m) (p,S/cmz) (p,g/L) (Mg/L) (ug/L) Mg/L)
1 TE L 2.0 0.53 8.30 502.0 168.0  2939.0  32.80 7550
2 JCT 1.7 0.43 8.27 496.5 150.0  2441.0  24.08 6830
3 %W 2.2 0.51 8.76 548.4 292.0  2837.0 57.62 7290
4 I°H 78 47 1.8 1.13 8.37 524.9 88.0 753.0 6.98 5520
5 AL 2.3 0.51 8.51 604.5 230.0  3532.0  77.02 8580
6 0l B34 2.6 0.43 8.47 580. 8 290.0  3542.0  72.05 8760
7 MG 2.6 0.51 8.62 471.8 172.0  2654.0  17.45 7990
8 X 2.8 0.58 8.30 424.9 108.0  1771.0  7.89 5120
9 w W 1.6 1.06 8.29 335.4 59.0 1051.0  6.27 5950
10 K 1.6 0.54 8.29 369. 3 116.0  2275.0  25.77 6000
11 X H i 11.0 1.38 8.48 178.3 73.0 885.0 11.32 3790
12 [EaRaR i 2.4 0.84 7.78 186.9 86.0 2339.0  9.83 5450
13 [#5] 35 1) 3.0 2.75 8.93 186. 4 48.0 617.0 4.29 4120
14 AW 2.4 1.56 8.69 163.8 51.0 611.0 4.83 3830
15 Z 3 1.3 0.44 8.55 270.0 189.8  2097.3  77.02 8155
16 TARKI 1.5 0.42 8.32 445 .4 515.4  3236.4  71.78 9600
17 W 3.5 0.36 8.21 294.7 192.5  3035.0 15.67 5600
18 A Y 2.1 0.47 8. 14 221.8 71.1 1003.0  10.40 4900
19 By SR 4.7 0.65 8.16 141.9 93.5 671.1 13.81 3500
20 =P 3.0 0.75 8.18 105.5 65.1 523.4 7.15 4100
21 BRI 3.5 1.74 7.96 89.8 47.5 416.6 4.37 3300
22 W 3.0 0.95 8.48 193.9 49.3 736.6 2.26 3600
23 KEW 3.0 0.81 8.38 196.9 56.3 741.4 4.05 3600
24 oW 4.3 0.76 7.90 103. 1 66. 8 598.0 3.45 3060
25  AEEEKE 34.0 3.72 7.90 74.2 36.0 317.4 7.52 2400
26 1o B 3.2 0.84 8.00 233.6 51.0 774.3 3.71 4100
27 TS BH 4 13.0 1.53 7.67 76.9 47.0 617.0 2.65 1300
29 Ha 2.7 0.36 7.93 306.5 548.9  2864.9  24.64 5600
30 J\HL 3.4 0.53 7.96 146. 1 113.6  1209.6  11.66 3600
32 K 2.5 0.37 7.85 222.5 125.5  1429.3 4.72 4600
35 1L 2.1 0.41 7.62 287.6 207.4  2358.9  35.80 8300
36 TRART 5.3 0.63 8.35 143.5 68.0 764.0 16.72 3700
37 %W 3.0 0.94 8.03 221.4 38.0 997.0 3.19 3200
38 W 3.2 0.49 8.55 404. 6 141.0  1872.0  59.36 4300
39 KB 4.5 0.59 7.80 424.9 72.0 1705.0  7.22 2700
40 P22 2.6 1.54 8.10 292.9 36.0 348.0 5.58 2200
41 734 4.0 1.36 8.21 154.6 38.0 491.0 5.53 2400
42 =W 4.3 0.86 8.68 332.1 172.0  1865.0  48.98 5100
43 b i 2.9 0.88 7.91 176.8 43.0 1452.0  5.95 2200
44 =9 3.2 0.82 8.13 156.8 51.0 600.0 9.89 2300
45 239 2.2 0.97 8.17 147.4 35.0 532.0 4.27 2700
46 PWEFH 2.9 1.53 8.07 213.1 30.0 439.0 2.14 1700
47 B2 5.8 0.69 8.03 97.4 50.0 1139.0  14.60 4500
48 ot W 2.3 1.19 8.58 277.3 62.0 1295.0  31.02 4600
49 Tz 9 9.7 0.53 7.99 189.3 44.0 1087.0  3.90 2100
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Fig. 1 Results of canonical correspondence analysis
(‘a:bi-plot for species and environment variables b:bi-plot for sites and environment variables. Filled circle
stands for diatom species and its codes refers to the appendix;empty circles for sites whose [ TP ] < =100 pg/L;
star symbols for sites whose [ TP ]> =100 png/L; the [ TP ] classification according to the OECD standard' >’ )
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Tab. 2 Comparison of different DI-TP models for 45 lakes

A RMSEP,,, Ri{k Mean bias Max. bias
Classical WA 0. 169 0.750 0.002 0.272
Classical WA, 0. 166 0.738 -0.014 0.294
Inverse WA 0.157 0.747 0.002 0.380
Inverse WA, 0.162 0.735 -0.012 0.389
WA -PLS (1) 0.158 0.747 0.001 0.380
WA-PLS (2) 0.160 0.743 0.001 0.341
WA-PLS (3) 0.199 0. 668 0.021 0.306
WA-PLS (4) 0.229 0.625 0.024 0.413
WA-PLS (5) 0.248 0.601 0.026 0.490
WA-PLS (6) 0.315 0.529 0.031 0.708

SRS BR S5 A4 43 AFE R e s BT RL B O 2 1 S S 4 S 0 AR G R B RS, =
0. 82 )FIEEAIR A HE 1R 25 RMSEP,,,, =0.12 ), 54345 45 AN i 40 ok B0 LL L 4 S 1R 22 BEAR 10 21%
SABER SR e S A LA I ZR B BRI T 12 1 XL P 2 ). SBERR 2270 A I (8] 2d ) B s B
ZEAAE O {HLR bR sl A0 2 ST X BB AR T 1. 65 X0 SEBRvk BE(H 44. 7 g/ L) 2. 4 B X7 52 rigk
JEMHRT 251 2pg/L ), HE B2 1) 1 B — 2 f) g Al AR A R R



6 J. Lake Sci. ( #a#F5),2006,18( 1)

2.8 0.6
1 RMSEP=0.16 R i
2.6 ] R?=0.75 Oidi—
o — - - ) i
‘> 2.4 .
g <" ] ot/ o 2 02-*9* .
o 22| . . s {1 eey, .-
g = te 0 5=, - 4 _ @
5 i » & 0 .%- P
2 20— / 4 E e P ™
e 1 & &° o 0.9 %o
18 o208, : *
4
16 — ‘_,‘—"O " -0.4 .
1 a 1 b .
14 I | 1 I 1 I ] l I | I ] 1 -06 1 I I I I | I | I I 1 I T
14 16 18 2.0 22 24 26 28 14 16 18 20 22 24 26 28
Observed logTP Observed logTP
2.8
1 RMSEP=0.12 e, e,
26 R?=0.82 ’\"/," 0.4 —
| a A |
o — o4 .
= 24 % 021 ea® o
g N I ws”® s ’ v q *
5 22 EY . =1 % .
o 4 . T 0 . L
> . 7] a ¥ e
B 20 ; 2 4 .6 e
g 1 s Jwoe -0.2 - %oy * .
= 1.8 —_ .f, f.' - @
16 - .- s
1 c 1d
14 LA N N B N B N B B -0'61][|Iilli|lil
14 16 18 2.0 22 24 26 28 14 16 18 20 22 24 26 28
Observed logTP Observed logTP

P2 ik - SR e R B S RE 1T A
Ca.b.c.d EI53514 45,43 AW T e 4 ek B B0 25 5 s ELO IR R 48
Fig. 2 Evaluation of the prediction ability of DI-TP models

(a.b and c.d were for 45, 43 lakes respectively; dash lines stand for the regression trends )
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Tab. 3 Comparison of regional DI-TP models

BFBIX  WRAKUE  EBHE(ue/l)  RMSEP, Rl Sk
B C Canada 37 5-28 0.21( ug/L) 0.73 Hall & Smol, 1992'%"’
Michigan, USA 41 1-51 0.41 In( pg/L)  0.73 Fritz et al, 1993"%
N Ireland 41 25 - 800 0.16 Iy pg/L)  0.71 Anderson et al, 1993
SE England 30 25 - 646 0.279 1 pg/L)  0.79 Bennion, 1994"°"
Alps & Pre-alp 86 4 -266 0.34 1 wg/L)  0.57  Wunsam & Schmidt, 195"’
NW Europe 152 5-1190 0.21 lg pg/L)  0.91 Bennion et al, 1996 %'
Alps 72 6 -520 0.19 I pg/L)  0.79 Lotter et al, 1998"°’
Sweden 45 5-370 0.19 gl pg/L) 0.49 Bradshaw & Anderson, 2001" "
Finland 61 3-89 0.16 1 pg/L)  0.76 Kaappila et al, 2002' %’
NE German 84 9 - 1680 0.43 1 wg/L)  0.86  Schonfelder et al, 2002 '’
Minnesota, USA 55 7-139 0.25 g pg/L)  0.68 Ramstack et al, 2003"*"

KT R b IX 43 30 — 548 0.12 Il pg/L)  0.82 K3
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Appendix: List of the common diatom taxa in surface sediment of 45 lakes with codes of species,

the effective number of occurrences, maximum diatom percentages, optima and tolerance of TP

Emak  BRREM SRR

JE Bl Bk (NG AR LR (%) (ue/L) (logue/L)
Achnanthes pseudoswazii Ac-ps 1.76 1.66 72.04 0.16
Achnanthes lanceolata Ac-la 3.26 4.22 51.13 0.11
Achnanthes linearis Ac-li 4.15 2.01 50.20 0.12
Achnanthes minutissima Ac-mi 16.08 69.27 56.51 0.15
Amphora libyca Am-li 14.29 1.28 66.42 0.35
Amphora ovalis Am-ov 4.30 1.10 37.36 0.13
Amphora pediculus Am-pe 5.91 1.20 63.07 0.16
Amphora veneta Am-ve 6.62 3.23 52.58 0.12
Asterionella formosa Ast-fo 1.99 1.97 51.11 0.26
Aulacoseira alpigae Au-al 14.15 34.01 134.03 0.19
Aulacoseira ambigua Au-am 12.76 23.12 58.45 0.36
Aulacoseira granulata Au-gr 22.60 66.02 70.57 0.28
Aulac. ital. v. tenuissima Au-it 8.19 1.96 82.78 0.27
Calonets bacillum Ca-ba 9.34 1.62 62.72 0.11
Cocconeis pediculus Co-pe 3.22 2.24 60.76 0.11
Cocconeis placentula Co-pl 12.53 18.20 58.67 0.20
Cyclostephanos dubius Cyc-du 11.27 16.04 138.04 0.21
Cyclostephanos invisitatus Cyc-in 10. 84 4.97 170.77 0.28
Cyclostephanos tholiformis Cyc-th 11.03 7.40 148. 56 0.23
Cyclotella/ Cyclostephanos Cyc-cy 13.23 6.01 206. 11 0.28
Cyclotella fotii Cy-fo 2.00 1.66 49.27 0.02
Cyclotella atomus Cy-at 10.37 27.85 254.86 0.31
Cyclotella ocellata Cy-oc 1.83 3.58 40.11 0.20
Cyclotella meneghiniana Cy-me 13.71 75.74 195. 66 0.26
Cyclotella pseudostelligera Cy-ps 17.42 19.05 57.52 0.17
Cyclotella radiosa Cy-ra 8.33 5.12 60. 60 0.15
Cyclotella stelligera Cy-st 15.77 2.94 98.76 0.38
Cyclotella glomerata Cy-gl 14.59 3.71 76.40 0.28
Cymbella affinis Cym-af 9.17 8.45 52.74 0.14
Cymbella pusilla Cym-pu 2.55 3.49 68.98 0.12
Cymbella silesiaca Cym-si 8.83 1.81 55.44 0.12
Cymbella ehrenbergii Cym-eh 1.44 4.59 26.31 0.11
Cymbella microcephala Cym-mi 9.39 5.24 58.34 0.13
Diploneis elleptica Dip-el 10.24 1.28 68.42 0.17
Epithemia sp. Ep-sp 3.81 11.13 54.48 0.10
Epithemia adnata Ep-ad 5.16 6.82 54.44 0.08
Eunotia incisa Eu-in 11.87 1.28 61.52 0.21
Eunotia pectinalis Eu-pe 8.33 1.26 80. 00 0.34
Fragilaria pulchella Fr-pu 1.85 3.18 58.78 0.12
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Fragilaria brevistriata Fr-br 1.35 19.43 51.11 0.13
Fragilaria capucina Fr-ca 9.66 2.43 72.29 0.17
Fragilaria construens v. venter Fr-ve 1.99 14.36 58.63 0.32
Fragilaria crotonensis Fr-cr 8.56 3.11 55.07 0.14
Fragilaria pinnata Fr-pi 3.21 15.54 57.25 0.20
Gomphonema sp. Go-sp 12.71 2.03 57.13 0.28
Gomphonema clevei Go-cle 6.09 1.18 59.65 0.15
Gomphonema truncatum Go-tr 5.39 2.12 52.58 0.17
Gomphonema gracile Go-gra 6.08 1.83 60.31 0.13
Gomphonema parvulum Go-pa 13.66 2.78 71.85 0.26
Gyrosigma acuminatum Gy-ac 16.53 9.98 58.59 0.20
Melosira linata Me-li 7.40 1.66 64.30 0.25
Navicula sp. ( small type ) Na( sm ) 15.85 2.717 6.68 0.29
Navicula cuspidate Na-sus 3.97 1.47 40.00 0.16
Navicula ignota Na-ign 1.37 1.71 158.09 0.23
Navicula viridula Na-vir 3.33 3.31 47.62 0.16
Navicula veneta Na-ven 9.09 2.41 49.58 0.17
Navicula cryptotenella Na-cry 11.44 1.08 55.42 0.12
Navicula clementis Na-cleco 6.16 1.28 66.90 0.32
Navicula pygmaea Na-pyg 3.83 1.65 51.98 0.31
Navicula porifera( aff. ) Nav-por 1.92 15.78 199. 80 0.24
Navicula trivialis Nav-tri 7.72 4.98 68. 14 0.15
Navicula citrus Nav-cit 4.25 1.24 147.54 0.22
Navicula crytocephala Nav-cryt 13.71 3.33 59.81 0.19
Navicula gregaria Nav-greg 8.38 3.15 64.58 0.14
Navicula pupula Nav-pup 6.18 9.36 43.61 0.24
Nitzschia agnita Ni-ag 11.34 4.35 128.12 0.26
Niizschia compressa Ni-com 1.57 1.90 99.06 0.13
Nitzschia levidensis Ni-le 11.68 1.46 144.74 0.29
Nitzschia amphibian Ni-am 8.69 3.87 70.31 0.23
Nitzschia acicularis Ni-aci 3.59 1.70 227.56 0.28
Nitzschia constricta Ni-con 1.72 1.71 134.12 0.45
Nitzschia dissipata Ni-di 6.05 2.29 64.18 0.21
Nitzschia subacicularis Ni-su 9.70 7.90 81.64 0.22
Nitzschia palea Ni-pal 19.97 18.39 104.52 0.33
Nitzschia perminuta Ni-per 16.11 1.34 66.01 0.28
Pinnularia subrostrata Pi-su 2.90 1.51 66.37 0.22
Rhopalodia gibba Rh-gi 4.93 3.97 49.47 0.07
Stephanodiscus minutulus St-mi 2.80 13.30 258.05 0.27
Stephanodiscus hantzschii St-ha 12.13 8.56 144.61 0.25
Stephanodiscus parvus St-pa 5.58 8.38 191. 56 0.23
Sueirella minute Su-mi 6.26 1.81 70.50 0.26
Sueirella angusta Su-an 3.33 1.66 57.29 0.20
Synedra nana Sy-na 2.97 26.65 73.93 0.11
Synedra ulna Sy-ul 16.12 1.51 61.69 0.20
Synedra ulna v. acus Sy-ula 10.10 6.96 50.47 0.18
Thalassiosira proschkinae Th-pr 1.10 27.46 356.70 0.06




