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A quantitative method for assessing lake ecosystem health
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Abstract: A quantitative method, Ecosystem Health Index (EHI) for assessing lake ecosystem health has been proposed in this
paper, based on data from 30 lakes in Italy. The method were three major steps. Firstly, a numerical EHI in a scale of 0 to
100 was developed. Secondly, in order to calculate the specific and synthetic EH I, phytoplankton biomass (BA) was selected
to serve as a basic indicator, while zooplankton biomass (BZ), the ratio of BZ to BA (BZ/BZ), exergy and structural exergy
were used as additional indicators. Thirdly, the specific and synthetic EHI were calculated. The quantitative assessment
results for lake ecosystem health could be obtained according to the synthetic EHI values. The EHI method was successfully
applied to the assessment and comparison of ecosystem health for Italy lakes. The results show that the EHI method is a
valuable method with the advantage of uncomplicated principle, handy calculation, reliable and intuitionistic results. It can be
widely used for the quantitative assessment and comparison of ecosystem health states for single and different lakes.
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30 o 1~577 km* s 100 km?*;
0.2~14 km® ; 0.1X10°~154x10° m® bl 1,
1 30 f36]
Table 1 Basic limnological characteristics for 30 Italian lakes36
Conductance TP N-NH, N-NO; SiO,
Lake name uctance (mS/cm) (pg/D) (pg/D (pug/D (mg/D)
Ancipa 0.18 30. 66 12 77 2.0
Arancio 0.72 166. 65 667 676 4.8
Biviere di Cesro 0. 08 46.02 31 76 0.6
Biviere di Gela 2.72 45.15 22 78 2.3
Castello 0. 96 109. 88 775 263 2.9
Cimia 2. 15 49.57 199 803 4.0
Comunelli 2.51 45. 33 331 129 3.4
Dirillo 0.53 60. 54 60 514 4.1
Disueri 1.21 1093. 43 684 2226 3.6
Fanaco 0.53 54. 34 199 1143 3.3
Gammauta 0.49 183. 07 154 446 2.7
Garcia 0.77 51.36 22 1165 3.6
Gorgo 4.51 80. 87 33 65 6.1
Guadalani 0. 42 38. 89 111 459 0.3
Nicoletti 1.42 35.18 46 66 1.5
Ogliastro 2.72 40. 87 173 1710 2.9
Olivo 0.91 38. 00 71 69 1.6
Piana degli Albanesi 0. 37 46.77 349 412 0.4
Piana del Leone 0.41 46. 85 160 546 2.4
Poma 0.74 51.11 73 994 1.4
Pozzillo 1.13 49. 38 91 355 1.6
Prizzi 0. 46 52.99 86 503 2.5
Rubino 1. 05 28.94 18 711 1.0
San Giovanni 1. 49 80. 56 658 283 2.7
Santa Rosalia 0. 42 55. 81 125 279 3.4
Scanzano 0. 50 61. 65 300 1283 2.3
Soprano 1.85 2962. 96 7671 57 12. 7
Trinita 1. 86 83. 24 26 417 3.8
Vasca Ogliastro 0.32 106. 69 28 177 3.4
Villarsosa 2.27 64. 06 524 276 1.0
1987~1988 4 30 Lssl, 120 ,
114 6 6 , 114
2.1
1999 2001 fsesil (
(BA). (BZ) (BZ/BA)) ( (Ex) (Exst))
N BA s 4 N
2.2 (EHI)
2.2.1 BA EHI(BA) (BA)
,BA s Lsg.ae) | sBA BA s
EHI(BA) . EHI(BA)=100; BA JEHI(BA) . EHI(BA)=0, T , BA
s EHI(BA):
. , InC, — InCy,
W EHI(BA) BA EHI ;C, BA $Cmin Crnax EHI(BA) 100 0
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Table 2 Completed ecosystem health index and its associated parameters as well as their standards for Italy lakes

»

EHI BA (mg/L)  BZ (mg/L)®  BZ (mg/L)®  BZ/BA Ex (J/L)Y  Ex (J/L)?  Exst (J/mg)

Health state
0 150 60.7 0.001319 3434.7 1.47
10 Worst 52.3 12. 81 0. 004576 1185.3 16. 78
20 18.3 62.9 2.71 0.01588 8385. 6 409. 02 32.10
30 Worse 6. 37 16. 84 0.5713 0. 0551 2334. 3 141.15 47.42
40 2.22 4.512 0.1206 0.191 649. 8 48. 71 62.73
50 Fair 0. 775 1. 209 0.663 180. 9 78.05
60 0.271 0. 324 2. 30 50. 36 93. 36
70 Better 0. 094 0. 0868 7.98 14.02 108. 68
80 0.033 0.0233 27.7 3.9023 124. 00
90 Best 0.011 0. 00623 96. 1 1. 0863 139. 31
100 0. 004 0. 00167 333 0.3024 154. 63
@ 1 The first relationship; @) 3 The third relationship

3 31 BA

Table 3 Statistic correlative ratios between BA and each indicators

In(BA)— In(BA)— In(BA) — In(B— In(BA)— In(BA) — In(BA)—
Indicator In(BA) In(BZ)®™ In(BZ)? In(BZ/BA) In(Ex)® In(Ex)® (Exst)
Sample number 114 95 19 114 95 19 114
rij 1 0.702 0.563 —0.731 0.717 0. 829 —0.699
¥ 1 0. 4928 0. 3170 0. 5344 0.5141 0. 6872 0. 4886
[©) 1 The first relationship; @) 3 The third relationship
4 1988
Table 4 Quantitative assessment and comparison of ecosystem health states for Italy lakes in summer, 1988
Lake name EHI(BA) EHI(BZ) EHI(BZ/BA) EHI(Ex) EHI(Exst) EHI Health state Order (;ooZ»b)ﬂd)
Ogliastro 63.6 52.3 61.5 52.6 69. 4 60. 5 Better 1
Fanaco 60. 4 49. 6 61.7 49. 8 69.9 58.6 Fair 2
Ancipa 60. 6 56.1 55.0 56.5 52.8 56.9 Fair 3
Prizzi 55.3 43.2 64.1 43.2 74.7 56.0 Fair 4
Vasca 55.3 44.5 62.8 44.5 72.2 55.7 Fair 5
Comunelli 56.5 50. 6 57.4 50. 8 59.5 55.2 Fair 6
Nicoletti 54.2 50.0 56.0 50. 2 55.6 53.-4 Fair 7
Garcia 52.8 48. 3 56.7 48. 4 57.5 52.8 Fair 8
Cesaro 50. 6 41.9 61.6 41.9 69.5 52.7 Fair 9
Poma 50.0 45.1 57.7 45.2 60. 2 51.4 Fair 10
Pozzillo 51.4 52. 4 51.2 52.5 42.0 50. 2 Fair 11
Villarosa 45.6 42.5 56.7 42.5 57.4 48. 4 Fair 12
Rosalia 48. 6 52.9 48. 2 53.0 33.8 47.6 Fair 13
Trinita 42.5 37.6 59.2 37.5 64.0 47.3 Fair 14
Dirillo 46.0 51.6 47. 4 51.6 31.7 45. 8 Fair 15
Gela 48.1 59.7 40. 6 59.5 17. 4 45. 6 Fair 16
Olivo 47.3 57.0 42.7 56.9 21.3 45.5 Fair 17
Llbanesi 40. 2 43.7 50.8 43.6 41.0 43.3 Fair 18
Castello 34.7 31.2 59.4 30. 8 64. 6 42. 6 Fair 19
Rubino 41. 4 51.6 43.5 51.3 22.8 42.1 Fair 20
Guadalami 34.9 36.3 54.2 36. 1 50. 6 41.3 Fair 21
Cimia 33.0 40. 2 48.5 39.9 34. 6 38.3 Worse 22
Scanzano 33.8 42.9 46. 3 42.6 29.1 38.2 Worse 23
Giovanni 33.9 45.5 43.6 45.1 23.0 37.6 Worse 24
Leone 31.4 41.7 45.5 41.3 27.2 36.6 Worse 25
Gorgo 34.6 26.4 37.9 28.5 13.5 29.4 Worse 26
Gammauta 28.2 21.1 39.2 20. 9 15.2 25.7 Worse 27
Arancio 11.8 29.6 14.6 21.9 2.0 15.3 Worst 28
Soprano 11.8 24. 4 21.2 19.2 3.0 15.3 Worst 29
Disueri 6.2 23.2 18.0 15.2 2.4 12.0 Worst 30
5 s Soprano EHI 15.3~41. 3, s



6 : 1473

5 1987~1988 Soprano

Table 5 Quantitative assessment and comparison of ecosystem health states for lake Soprano in 1987~ 1988

«C = )
EHI(BA EHI(BZ) EHI(BZ/BA) EHI(E: EHI(Exst EHI
Season (B (BZ) (BZ/BA) (k) (East) Health state Order (good—>bad)
Winter 35.6 41. 2 49.6 40. 9 44.1 41.3 Fair 1
Fall 40. 2 52.2 41.9 51.9 19.7 41.1 Fair 2
Spring 27.8 22.1 37.6 22.0 13.1 25.3 Worse 3
Summer 11.8 24.4 21.2 19.2 3.0 15.3 Worse 4
3
(EHD) N
[34] N
s (Ex) (Exst) s \
N ° ) E.T EJ‘S[ )
s o s Pergusa, s
BZ.BZ/BA.Ex .Exst BA s BA .BZ/BA
Exst i BZ  Ex , - - . b .
s BA s .BZ o s
sBZ s ;
o s , BZ  BA . BA
BZ , BZ/BA.Ex.Exst 461
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