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Ecosystem health assessment based on diagnosis

CAI Xia"?, XU Songjun® ", CHEN Shanhao®, LI Zhiyong"*
1 College of Economics and Management, Guangdong Ocean University, Zhanjiang 524088, China
2 Geography College, South China Normal University, Guangzhou 510631, China

Abstract; Current ecosystem health assessments are mostly based on testing and analyzing the “ vitality-organization-
resilience” indexes of some breakpoint cases, which makes it hard to compare or integrate different research results across
time and space. These results have narrow range of applications and do not conform to the disciplinary development trends of
globalization and systematization. As the summation of the “vitality-organization-resilience” index system may ignore some
important information, this article introduces a four-step diagnostic method of “interrogation-physical examination-laboratory
tests-auxiliary examinations” to integrate an index system for the assessment of ecosystems. The method tests the ecosystem
health using the entropy flow as measuring standard converted from substances or energy. It also analyzes related auxiliary
indexes in different steps. Using energy and weight to calculate energy flow of an ecosystem, the diagnostic method can be
divided into four main steps. First, unhealthy or important ecosystems are “inquired” based on investigators’ academic

sensitivity. Then the " physique" of ecosystems are characterized by the entropy value, followed by "laboratory" analyses of
biological information (Bi) and quality features ( Ci). At last, “auxiliary examination” indexes are measured which provide
series information related to vitality-structure of the ecosystems. The study showed that, by calculating the entropy flow and
auxiliary indexes, various ecological systems can be distinguished into four dynamic states: unhealthy vitality type,

unhealthy structure type, developing healthy type and mature healthy type. The data from three cited aquatic ecosystems,

the South Lake, the Cedar Bog Lake and the Silver Spring, were used to analyze the strength of entropy flow, solar energy
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utilization rates, consumption and potential features of organization. The diagnostic results showed that the Silver Spring
scored the highest and the Cedar Bog lake scored the lowest in “physique”. Considering the environmental conditions and
ecological efficiency, the Cedar Bog lake had the lowest consumption and the highest ordering potential in the three
ecosystems. Both in the subtropical area, the South Lake’s ordering potential equals only to that of the Silver Spring, a
spring water river, which indicated that the lake has structural problems, and the Silver Spring was adapted to the river
hydraulic state of high consumption and low potential. The results conformed with reality well. Some ecosystem concepts,
like invasion and moderate interference, are difficult to describe quantitatively. The diagnostic method can also serve as a
preliminary quantitative analysis in the subtle academic field. Measuring by ecological entropy flow, the phenomena of
disturbance, plant diseases, insect pests and the invasion have similar essence although they have different performances.
The diagnostics provided a preliminary quantitative analysis for ecosystem health in combination with its background and the

changing factors.

Key Words: ecosystem health; diagnostics; vitality-organization-resilience ; entropy flow
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Fig.1 Diagnosis process of ecosystem health
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Table 1 Energy flow comparement in Nanhu Lake, Ceder Bog Lake and Silver Spring
Cedar Bog i) AR WE

M Project Il Cedar Bog Lake Silver Spring ~ Weight! )
KP4 Solar radiationS 4969635.4 4973604.5 7112800.0 —
H: 773 Producer JSE 7 5 Total productionGP 30244 4657 87069 3.4
0% Respiratory R, 14290 979 50112
ez P2 Net production VP, 15954 3678 36957
53 i S A F F Decomposition or unused DU, 13563 3056 22876
e S = Total production GP, 2391 622 14081 216
Herbivorous animal " Respiratory R, 1467 184 7908
ez 7= i Net production NP, 924 438 6173
i3 i A F FH Decomposition or unused DU, 479 305 4488
R JE i Total productionGP, 445 133 1685 344
Carnivorous animal % RespiratoryR; 270 75 1376
A PR Net production NP, 175 58 309
B oM AR F A Decomposition or unused DU, 175 58 309
I W% (1 & JH #E 1 Total consumption of respiration 2 R 16027 1238 59396 —
B sl AR A FH Y B Total amount of decomposition or unused 2 DU 14217 3419 27673 1
g1 AR A
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Table 2 System characteristics reflecting by relative index in Nanhu Lake, Cedar Bog Lake and Silver Spring
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KBHAEFI ] Solar energy utilization E 4554, 5% 11.31 4% 35,
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Table 3 demands for middle infrence in eco-systems for different condition

Health level A B C D

AR Symptom TR ZR S TRZE R5E il HI IR S IR R 5

S T4 Moderate disturbance TRAWK RGN THLBRREERRY *ﬁtﬁfl‘f?:/uif" ?ﬁt@ﬂ%?ﬁéﬂﬁﬂﬁfg
FELY PR J1HE R

ZWIRHIE Diagnostic featuer K NEI P | ACi | FEAK Cigepe g 210 B Hm
ol S DS W NE S L¥7) Ol 425 R G 45 0 5%

/R P Example POTE Y A SR E R A

V14 7 R SFGIA

A,B,C,D WL 1

5 ZFLERE

ARSCEZNIRIS M IRV T AR RGES Wi )5 e A 25 R G HEVEN (00 T B, I LAFH S 58 i LA
WIE, B AURUAE S R GRS CE T H 2548 J5 2 v o A ) A B AR ) b3 A I R
INAT LY 5 A B Dy AL 5 R A A R G HEAT LR IR TCHE S, BRI TR R A B X, 12
207 e v Il — B 2B A R G (A T 5 SR A B) R R A ) ek L R s B — e B X, X
T JEL 3% i DA B 2 R T A 2 M B (R AR A 7 M40 AT, b B et AR T 1 8 SE MR R I BA B, 7E X SR 4
BRAS I /30T DAL T —Fh o] LA . 2 IR TR 2 B -2 48 R R I AE S R G R K EAS RS
LIS IE A RRR A AP BRI S B B AT 258 3% .
Bt B VT R 2R X AR S B

References :

] Costanza R, Mageau M. What is a healthy ecosystem? Aquatic Ecology, 1999, 33(1): 105-115.

] ZhuJ G, Yu X X, Gan J, Zhang Z M. Major issues in ecosystem health research. Chinese Journal of Ecology, 2010, 29(1) ; 98- 105.

[ 3] Sun L. Coastal Ecosystem Health Assessment and Prediction Research of Jiaozhou Bay [ D]. Qingdao: Ocean University of China, 2008 56-72.
] Yang Z F, Sui X. Assessment of the ecological carrying capacity based on the ecosystem health. Acta Scientiae Circumstantiae, 2005, 25(5) : 586-

594.

[ 5] Chang B, Xiong L'Y, Hou X T, Ding Y. The research of ecological footprint and ecological carrying capacity prediction model based on space.

Geographical Research, 2007, 26(5) : 940-948.

[ 6] Shi X P. New Exploration of dissipative structure and ecosystem. Chinese Journal of Systems Science, 2008, 16(4) ; 76-80.

[7] Lull, He WS, Tong C F, Wang W. Wetland Ecology. Beijing: Higher Education Press, 2006: 171-185.

[8] LuLZ, Zhan Y Z, Ye Y M, Chen J Y, Mou Y M. Regional ecosystem health assessment based on land use pattern; a case of study of Zhoushan

Island. Acta Ecologica Sinica, 2010, 30(1) ; 245-252.

[ 9] Rapport D J. What constitutes ecosystem health?. Perspectives in Biology and Medicine, 1989, 33: 120-132.

[10] LiJ L. Modern Urban Ecological and Environment. Beijing: Higher Education Press, 2006 60.

[11] Wang M. The ecological significance of the theory of dissipative structure. Social Sciences Journal of Colleges of Shanxi, 2001, 13(9) . 23-24.
[12] Chen W B, Pan X L, Kang X X, Wan X L. Diagnostics 7th ed. Beijing: People’s Medical Publishing House, 2010 1.

[13] Costanza R, Norton B G, Haskell B D. Ecosystem Health: New Goals for Environmental Management. Washington: Island Press, 1992. 1-304.
[14] Jgrgensen S E, Costanza R, Xu F L. Handbook of Ecological Indicators for Assessment of Ecosystem Health. New York: CRC Press, 2005: 1-66.
[15] Ulanowicz R E, Jgrgensen S E, Fath B D. Exergy, information and aggradation: An ecosystems reconciliation. Ecological Modelling, 2006, 198

http ; //www.ecologica.cn



7196 JAE = 3%

(374) : 520-524.

[16] Jgrgensen S E. Ecosystem services, sustainability and thermodynamic indicators. Ecological Complexity, 2010, 7(3) : 311-313.

[17] Wan D M. Environment and Biological Evolution. Beijing: Chemical Industry Press, 2006 268.

[18] Salas F, Marcos C, Pérez-Ruzafa A, Marques J C. Application of the exergy index as ecological indicator of organically enrichment areas in the Mar
Menor lagoon ( south-eastern Spain). Energy, 2005, 30(13) ; 2505-2522.

[19] Jgrgensen S E, Nielsen S N, Mejer H. Emergy, environ, exergy and ecological modelling. Ecological Modelling, 1995, 77(2/3) ; 99-109.

[20] HuangJJ, Wang X C. Dissipative structure and research of oasis ecological agriculture development pattern in Xinjiang province. Rural Economy
and Science-Technology, 2009, 20( 1) ; 41-42.

[21] Fang Y, Han D F, Liu Q, Sun G. Energy flow characteristics of the Nanhu Lake aquatic ecosystem in Changchun. Journal of Changchun Normal
University: Natural Science Edition, 2011, 30(4) : 66-69.

[22] Maques J C, Pardal M A, Nielsen S N, Jgrgensen S E. Analysis of the properties of exergy and biodiversity along an estuarine gradient of
eutrophication. Ecological Modelling, 1997, 102(1) ; 155-167.

[23] Peixoto J P, Oort A H. Physics of Climate//Wu G X, translation. Beijing: Meteorological Press, 1995; 110.

SE 3k

(2] ZRER|, 2B, HHLIRIR. A8 R GEMERIFIT 1) — L8 A m) B4R ZEZS2F 2%, 2010, 29(1) : 98- 105.

[ 3] PhGh. BOMNEE WA S RE I SHHE [D]. F& . hEEHEKY:, 2008; 56-72.

[4] BaElg, PER. BT AB RGN ARG TN, HERIEFH, 2005, 25(5) : 586-594.

(5] wk, SERNE, P9 55, T 20 BT MY EZS Rl 5 4 357K 48 ) BN B0—— DA H 7 48 Vol 7 A JER b Xl 9. Hb RS, 2007, 26(5) -
940-948.

[ 6] HBeF. MM SESRERIR. REFFAM, 2008, 16(4) : 76-80.

[ 7] PBfifdedd, (s, BEHKE, TH BHASYE dba, BEEHE B, 2006 171-185.

[ 8] KEWE, Mimhy, whudk, PREH, 22008, JET LR 4 R R 0 X 0 35 R A R —— LU L0 5 . 72524k, 2010, 30
(1) 245-252.

[10] Z=gtde. BRIRIT A 53E. ot S5 EE B, 2006 60.

[11] T FEBESHHLE M A ST . NP m Rt &Rk, 2001, 13(9) : 23-24.

[12]  BR3CH, WRAEAR, REEREE, Ji2%4r. 2l (B . st ARIBAH A, 2010: 1.

[17]  Ji4My. BS54k, douat, 2 Tolk H it 2006 268.

[20] SR, VEA L. ARSI SRR e A R R R AU Y. R AT BE SR, 2009, 20(1) : 41-42.

[21] B, w8, XU, PhRI. KBERMBIKAE A S RE DRI, KAEMEER A ARBIEER, 2011, 30(4) ; 66-69.

[23] RS FE, BURNE. SAy3s /R ERE, BE. bt K2R, 1995. 110.

http ; //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.33,No.22 Nov.,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review

The review of methods for mapping species spatial distribution using presence/absence data — «++ereeeerrerseeririiiiiiiii..

......................................................................................................... LIU Fang, LI Sheng, LI Digiang (7047)
A research review of 1andScape SEIvice «««««wrrereeesersiiiiiiiiii LIU Wenping, YU Zhenrong (7058)
Progress on techniques for partitioning soil respiration components and their application in cropland ecosystem —+ceeeeereeeeeaiiieenne.

.................................................................................... CHEN Minpeng, XIA Xu,LI Yinkun, MEI Xurong (7067)
Autecology & Fundamentals
Effect of different stubble height treatments on the annual growth index and physiological characteristics of Tetraena mongolica
i IWO TOWING SEASONS «++++srrrrresernnnreesiiitite sttt WANG Zhen, ZHANG Liwen, YU Yi, et al (7078)
Photosynthetic characteristics of an endangered species Tetrameles nudiflora under different light and water conditions —---+-veeeeeeeeeees
....................................................................................... DENG Yun, CHEN Hui, YANG Xiaofei, et al (7088)
The compensation capacity of tillering and production of main stem nodes in rice «--seeeeeeeeeeenaees WEI Ming, LI Dongxia (7098)
Simulation of leaf area and dry matter production of tobacco leaves based on product of thermal effectiveness and photosynthetically
ACHVE TALIALION  ++v+v+reenrrrrmenenneneneenrneneenenenaenereeneneeneneneeaenennens ZHANG Mingda, LI Meng, HU Xuegiong, et al (7108)
Effects of different tillage and straw systems on soil water-stable aggregate distribution and stability in the North China Plain =~ «--------
............................................................................................. TIAN Shenzhong, WANG Yu, LI Na, et al (7116)
Effects of the Larix gmelinii grown under different light intensities on the development and defensive enzyme activities of Lymantria
diSPar Jarvae ««+++vereeesessimiiiiii LU Yifang, YAN Junxin, LI Shuangwen, et al (7125)
Biological control efficiency of Orius similis Zheng ( Hemiptera: Anthocoridae) on Frankliniella occidentalis ( Pergande) under
different spatial and caged conditions —«e+eeeeseeeeiireiiiii MO Lifeng, ZHI Junrui, TIAN Tian (7132)
Preliminary study on scavenging mechanism of dissolved aluminum by phytoplankton —eeeeeeereeeeeeiiniiiiiiiii,
....................................................................................... WANG Zhaowei, REN Jingling, YAN Li, et al (7140)
Leaf-form characteristics of plants in Quercus aquifolioides community along an elevational gradient on the Balang Mountain in
Wolong Nature Reserve,Sichuan,China —«e«eeeeereeeereneini e, LIU Xingliang, HE Fei,FAN Hua,et al (7148)
Comparison of shrimp density between the Minjiang estuary and Xinhua bay during spring and summer «-«-oeoeeeeeemeeeeaii..
........................................................................................................................ XU Zhaoli,SUN Yue (7157)
The feeding selectivity of an herbivorous amphipod Ampithoe valida on three dominant macroalgal species of Yundang Lagoon «:-------
........................................................................... ZHENG Xinging, HUANG Lingfeng, LI Yuanchao, et al (7166)
Population, Community and Ecosystem

Effects of four different agricultural prevention and control measures on rice yellow stem borer Tryporyza incertulas ( Walker)

(Lepidoptera; Pyralidae) «eeceeeeereeeserieieiiiiii. ZHANG Zhenfei, HUANG Bingchao, XIAO Hanxiang, et al (7173)

Soil nitrogen concentrations and transformations under different vegetation types in forested zones of the Loess Gully Region «+eeeeet
................................................................................. XING Xiaoyi, HUANG Yimei, AN Shaoshan, et al (7181)
Ecosystem health assessment based on diagnosis ««-coeeeeeeeeeeiiiiiin, CAI Xia, XU Songjun, CHEN Shanhao, et al (7190)
The production and accumulation of phytoliths in rice ecosystems:a case study to Jiaxing Paddy Field — ---e-eeeerermmmeeieniieniin.e.
............................................................................................. LI Zimin, SONG Zhaoliang, JIANG Peikun (7197)

Application of a free search-based projection pursuit model in investigating reed in wetlands --------- LI Xinhu,ZHAO Chengyi (7204)



7322 A % R 334

Soil microbial diversity under typical vegetation zones along an elevation gradient in Helan Mountains — «-e+eeeeeeeemeeeeemeniaienn.
.................................................................................... LIU Bingru,ZHANG Xiuzhen, HU Tianhua, et al (7211)
Effects of shrub encroachment on biomass and biodiversity in the typical steppe of Inner Mongolia -«-e+eeseeeeereemneeeiiiinian..
............................................................................................. PENG Haiying, LI Xiaoyan, TONG Shaoyu (7221)
Research on diaspore morphology and species distribution of 80 plants in the hill-gully Loess Plateau «+««+eceeerereeeeeeeiiiiiiiiann.
................................................................................. WANG Dongli, ZHANG Xiaoyan, JIAO Juying, et al (7230)
Habitat suitability assessment of blue sheep in Helan Mountain based on MAXENT modeling «-«-es-ereeeemeeeeemieiinin..
....................................................................................... LIU Zhensheng, GAO Hui, TENG Liwei, et al (7243)
Characteristic of phytoplankton primary productivity and influencing factors in littoral zone of Lake Taihu —«+eeeoeeeeeeveereniaeiiniieiinnn.
............................................................................................. CAI Linlin, ZHU Guangwei, LI Xiangyang (7250)

Landscape, Regional and Global Ecology

Responses of soil respiration to changes in depth of seasonal frozen soil in Ebinur Lake area, arid area of Northwest China «-----------
............................................................................................. QIN Lu, LV Guanghui, HE Xuemin, et al (7259)
Seasonal and annual variation characteristic in basal soil respiration of black loam under the condition of farmland field —«-+eeeveeeeees
................................................................................. ZHANG Yanjun, GUO Shengli, LIU Qingfang, et al (7270)

Resource and Industrial Ecology

Economic evaluation and protection of Amygdalus mira genetic resource — «+e+ereeeeee ZHANG Lirong, MENG Rui, LU Guobin (7277)
Meteorological grading indexes of water-saving irrigation for cotton — «-++e--e---- XTAO Jingjing, HUO Zhiguo,YAO Yiping,et al (7288)
Research Notes

Sprouts characteristic structure of Taxus yunnanensis plantation —«««+eeeceeeececeeeecnens SU Lei, SU Jianrong, LIU Wande, et al (7300)
The effects of forest conversion on soil N mineralization and its availability in central jiangxi subtropical region -«-+eeeeeeeeeieeeniean.e.

.................................................................................... SONG Qingni, YANG Qingpei, YU Dingkun, et al (7309)



(EBZFR)2014 F£FITEE

CERZAM) T EREE ORI £, P E AR 22 o P E R AR SR s b0 F R AR
AR WIT], BITT 1981 4F | il A A F SU HT T S AU IR QBT PERF ST R . IR A 65T, ﬁ%

S (T AL RER RN GE T R A S 2B TAE S IR R A SR AL, A A Rl B Eﬁm&@wﬁ”
PEFEA AR R RA K, 3R B 5 R i g A A 2R I A A F R BT IR 55 o R & ﬁwx%n?;z%ﬂﬁ%o

CHERAR) FEMRE AR %é&%/\ﬁzsaﬂB’@%ﬁtﬁm%fﬁﬂﬁmﬁﬁE’JJ?!Z‘*@IJ%J?@ﬂﬁﬁﬁi% TR
W RE S e A AR 28 e O ) B AR 75 £ P SO s BRSO T 5 AR RSP B B ik OB EOR A4 B B N
LR BHIF S RO = A R

2D M2 A T, K 16 FF4%,280 1T, B N E M 90 Jo/ M, & 4F 4 2160 T,

[ IR A AR . 82-7, E SRR & A5 . M670

FRAETFIS . ISSN 1000-0933  CN 11-2031/0Q

4 [ A M R SRy AT T ) AR PT B S T R WS U T R R TR R | SRR AR B AR
TEAETTT

Eiflithk . 100085 LRI IEX BUEH 18 5 B 1. (010)62941099; 62843362

E-mail ; shengtaixuebao@ rcees.ac.cn %] HE: www.ecologica.cn

AMECRER ke REMEE AN BUTHE UKE B

£ & % W ACTA ECOLOGICA SINICA

(SHENGTAI XUEBAO) ] _

CEAT 1981 4 3 A EIF)) (Semimonthly , Started in 1981)
H33E 22 (2013411 H) Vol. 33 No. 22 (November, 2013)
/=) L= <<$ ?T&>,ﬁiﬂiﬁ Edited by Editorial board of

Mtk b st i XN I 18 5 ACTA ECOLOGICA SINICA
ML 2% - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
Fi% : (010) 62941099 Tel; (010) 62941099

www.ecologica.cn .
. www. ecologica.cn
shengtaixuebao@ rcees.ac.cn

shengtaixuebao@ rcees.ac.cn
; ig igﬁ%ﬁﬂiﬁ}/\ Editor-in-chief WANG Rusong
* I hEAESSESL Supervised by China Association for Science and Technology
R 22 o A 2SR 0 Sponsored by Ecological Society of China
Hidl b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
M L 4 A - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
H R 4% 4 & K ik Published by Science Press
Mol . b R EWARAL T 16 5 Add ;16 Donghuangchenggen North Street,
MRS A . 100717 Beijing 100717, China
R dbstduARENRIT Printed by Beijing Bei Lin Printing House,
2 1T 4 4 & )G Beijing 100083, China A
bk AR E AR 16 5 Distributed by Science Press m t‘N\.I_
HE B i - 100717 Add ;16 Donghuangchenggen North o
L7 : (010) 64034563 Street, Beijing 100717, China < o
- Eﬁ“[%";‘% i%“ég%@ espe-net Tel: (010) 64034563 S ==,
ESNETT b E bR E 5 5 6 E-mail ; journal @ cspg.net 2 _g
Mok AL ET 399 {24 Domestic All Local Post Offices in China > g
MBS AL . 100044 Foreign China International Book Trading 3 E
s2E e Corporation P~
;“EII g UL 8013 5 Add:P.0.Box 399 Beijing 100044, China - %:
[S°R 1090933 WINATF R HEBE RS 827 ESETRE M6T0 =4 90.00 7

CN 11-20317Q



	1.pdf
	fm.pdf
	中ml.pdf

	stxb201207241049.pdf
	3.pdf
	英ml.pdf
	fd.pdf




