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Abstract ; Recently, systematical studies on aquatic ecoregion zoning have been launched in several representative basins in
China. Both theory and application of aquatic ecoregion zoning at watershed scale are involved, which is toward a framework
including an integrated indicators system for ecoregion zoning. National ecoregion zoning based on aquatic ecosystem
function is the basis of water environment management in China. Theorization of driving mechanism, standardization of
indicators and quantification of zoning technique are key issues to be solved for the national ecoregion zoning. On the basis
of previous studies, a framework comprising of a series of indicators and a technique for aquatic ecoregion is proposed, and
potential problems are analyzed as well. The framework includes: (i) selection of indicators, (ii) the mechanism
demonstrating the impact of environmental factors on aquatic ecosystem, and (iii) an operational technique for ecoregion
zoning. The indicators including environmental and aquatic elements are the basis of the framework. The indicators system
is expressed as two layers: data and application. The former is comprised of sample and monitoring data for environmental
and aquatic factors, while the latter united the data for universal application in ecoregion zoning by standardization
approaches. Data is selected by some statistical methods such as Canonical Correspondence Analysis ( CCA) and Principal
Components Analysis (PCA). The indicator system is proposed based on previous studies but is unintentional to be the final
ecoregion indicators. Future studies and practices on ecoregion zoning may modify those indicators. The mechanism provides
scientific supports for the framework, which is described by an aqua-terrestrial ecohydrological model covering hydrological
and ecological processes based on hydrological models. The aqua-terrestrial ecohydrological model reflects the environmental

influences on aquatic ecosystem and expresses them in statistical or physical manner. The operational technique makes it
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possible to perform the zoning. This technique combines the “top-down” and “bottom-up” approaches. The former is
mainly applied at large scales while the latter is applied at subecoregions and inferior. The “bottom-up” approach is
performed based on the delineation of subbasins ( catchments) , which is considered as a unit for subecoregion zoning that
involves all aquatic and terrestrial components. Statistically significant difference in defined ecoregion indicators between
two subbasins is examined and non-significant different subbasins will be merged. This procedure processes until no
significant differences are detected. The combination of two approaches may facilitate the operation of zoning and reduce
influence of subjective factors. The framework is supposed to facilitate and ensure the practice of the national ecoregion
zoning. The issue of scale is also discussed. The scale of aquatic ecosystem should be represented in the indicator system.
Though the size of watershed is not a scale for ecoregion, discussion is still based on watershed in this paper since there are
no general acknowledged sizes for ranked ecoregions. However, further investigation and practices are needed to test and
examine the framework proposed in this study. The objective of this study is to provide some references and theoretic support
for the on-going aquatic ecoregion zoning in China. Those practices may further improve and even modify the framework

proposed in this study.
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TR ) — o X AT LR B BT KR 52, AR KR BE 4 X 38 an st 5 SR ZK SCRAME S A 7 9 <A
S RAER 43 (B 4)  FERBR R EE EE RITKAES RGVEE XX BTN B WA RILR R N A S 18
B — R R EERWE N EW, N TIRIES 2 Kb R 6 3, 35 BB HAE N — A BT e, =
REAF 4 OR8N E” XK E , 7E— s KA B ONERE ) X R 30 & 45 8l — e 214
TR K HAES—HA XA (ST L) R4 T IR, BT S AR SR SR B 4 X A8 R
ZRNGTHBEE EREF RS S IE S F RS AR EER W F R — 10 X, BN 2R
ANBEMHEBFRBA I, S LRI, EERATE T~ X, RS XIER B — R A 18w, Wix
HREREASGMERTRATRITBEERE, rREREARIFEE . T2 KERER, TR
RARETEMARGRE K-HERELRSE,
5 %iE
IXSNLHIIS A FEbr ik R HEL A KB 2 &
IR BT BE 7 KB ARME SR fifp e () E 2 AR, A
SZRMIX 3 AN E AT THIT, &8 T R R IR S L
WA R, WS MR R R UL ATAT I 4 X 8
ARo RSB/ HTHELL LUK SRR S Z Rl #A 7K St
FERAEDST AR, A K -Fili A SRR, 76 BUAE SR T B3R
RERMWKESREWZ M, FRIEWERLE TK
ABEF MR ERW R, DB RN R ™A
JBIR o B ZAFE R RS H F 1 RAE SR , B
JE LK 33 SR 8 S AR AL R VR R R T LA X 38 AT
KAESHFHARERAEE KX BERBESGE —, X
BEREGAT“BLEM N8B TFmLE"FM L, ATHE
FEATAREN—F45X, GEWEHRT ST
X, ERAHFTRBEAREE S RIERERBUELE @4 g7 mrmT 58 TFHL BElaREARS
T AE LB , AT AR X2 R BTN SEHE, H  Fig. 4 A combination of “ Top- down” and “ Bottom- up”
AR E KSR X RIS, MR B Se % (B techniques for aquatic ecoregion
I XA R A SCETE N IEFEFATH 43 X TAE$R
Ht—E MSH MR, [ e A EIZEREEES W TIEPHRRIEE,

References:

[ 1] Group of Water Pollution Control and Management Special Program. Scheme for National Science and Technique Special Project “ Water Pollution
Control and Management”. Beijing; Ministry of Environmental Protection of P. R. China, 2008 [2010-2-10]. http://nwpcp. mep. gov. cn/wjxz
_1/200908/P020090811579138814892. doc.

[2] Meng W, Zhang Y, Zheng B H. Study of aquatic ecoregion in Liao River Basin. Acta Scientiae Circumstantiae, 2007, 27(6) : 911-918.

[ 3] Crowley J M. Biogeography. Canadian Geographer, 1967, 11(4) : 312-326.

[ 4] Bailey R G. Ecoregions of the United States. Ogden, Utah: U.S. Department of Agriculture, Forest Service, Intermountain Region, 1976.

[ 5] Bailey R G. Explanatory supplement to ecoregions map of the continents. Map (scalel ; 30 000 000). Environmental Conservation, 1989, 16(4) ;
307-309.

[ 6] Kiichler A W. Potential natural vagetation // The National Atlas of the United States of America. Washinton D. C; U.S. Geological Survey, 1970.

[7] Trewartha G T. An Introduction to Weather and Climate. 2d edition. New York: McGraw-Hill Book Company, inc. , 1943.

[ 8] Omemik J M, Shirazi M A, Hughes R M. A synoptic approach for regionalizing aquatic ecosystems // Inplace Resource Inventory: Principles &
Practices, A National Workshop. Orono, Maine: University of Maine, 1981.

[9] Omemik J M. Ecoregions of the conterminous United States. Annals of the Association of American Geographers, 1987, 77(1) ; 118-125.

http ://www. ecologica. cn



4812 g & ¥ ik 30 &

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]
[20]

[21]

[22]
(23]

[24]
[25]
[26]
[27]
(28]
[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

McMahon G, Gregonis S M, Waltman S W, Omemik J M, Thorson T D, Freeouf J A, Rorick A H, Keys J E. Developing a spatial framework of
common ecological regions for the conterminous United States. Environmental Management, 2001, 28(3) ; 293-316.

European Commission. Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 : Establishing a Framework for
Community Action in the Field of Water Policy. Brussels, Belgium: Official Jounal of the European Union, 2000.

Logan P, Furse M. Preparing for the European Water Framework Directive — making the links between habitat and aquatic biota. Aquatic
Conservation: Marine and Freshwater Ecosystems, 2002, 12(4) ; 425-437.

Borja A, Franco J, Valencia V, Bald J, Muxika I, Belzunce M J, Solaun O. Implementation of the European water framework directive from the
Basque country (northern Spain) : a methodological approach. Marine Pollution Bulletin, 2004, 48(3/4) ;. 209-218.

Riain G O, Duff K, Long M. Water Framework Directive-Water Status: Identification and Ranking of Nature Conservation Designated Areas.
Wexford, Ireland: Environmental Protection Agency, 2005.

Angermeier P L, Schlosser 1 J. Conserving aquatic biodiversity: beyond species and populations // American Fisheries Society Symposium.
Bethesda, Maryland: American Fisheries Society, 1995.

Elton C S. The Pattern of Animal Communities. London; Methuen, 1966 ; 432.

Southwood T R E. Habitat, the templet for ecological strategies? Journal of Animal Ecology, 1977, 46(2) : 337-365.

Hawkins C P. Substrate associations and longitudinal distributions in species of ephemerellidae ( ephemeroptera: insecta) from Western Oregon.
Freshwater Invertebrate Biology, 1984, 3(4) . 181-188.

Hynes H B N. Ecology of Running Waters: Toronto: University of Toronto, 1970 555.

Frissell C A, Liss W J, Warren C E, Hurley M D. A hierarchical framework for stream habitat classification: Viewing streams in a watershed
context. Environmental Management, 1986, 10(2) ; 199-214.

Van Deusen R D. Maryland Freshwater Stream Classification, by Watersheds. Solomons, Maryland: State of Maryland, Board of Natural
Resources, Department of Research and Education, Chesapeake Biological Laboratory, 1954 : 106.

Slack K. A study of the factors affecting stream productivity by the comparative method. Invest. Indiana Lakes Streams, 1955, 4. 3-47.
Lotspeich F B, Platts W S. An integrated land-aquatic classification system. North American Journal of Fisheries Management, 1982, 2(2) ; 138-
149.

Dinerstein E, Olson D M, Graham D J, Webster A L, Primm S A, Bookbinder M P, Ledec G, Young K R. A Conservation Assessment of the
Terrestrial Ecoregions of Latin America and the Caribbean. Washington, D C: World Bank, 1995.

Olson D, Dinerstein E, Canevari P, Davidson I, Castro G, Morisset V, Abell R, Toledo E. Freshwater biodiversity of Latin America and the
Caribbean: a Conservation assessment // Proceeding of a Workshop. Washington, DC: World Wildlife Fund, 1997.

Abell R A, Olson D M, Dinerstein E, Hurley P T, Diggs J T, Eichbaum W, Walters S, Wettengel W, Allnutt T, Loucks C J, Hedao P.
Freshwater Ecoregions of North America. Washington DC: Island Press, 2000: 319.

Fu B J, Liu G H, Chen L D, Ma K M, Li J R. Scheme of ecological regionalization in China. Acta Ecologica Sinica, 2001, 21(1): 1-6.

Yin M, Yang Z F, Cui B S. Eco-hydrological regionalization of river system in China. Acta Scientiae Circumstantiae, 2005, 25(4) : 423-428.
Huang X W, Chen B M. Theory and application of ecological assets regionalization in China. Acta Ecologica Sinica, 1999, 19(5) ; 602-606.
Yan N L, Yu X G. Goals, principles, and systems of eco-functional regionalization in China. Resources and Environment in the Yangize Basin,
2003, 12(6) : 579-585.

Department of Water Resources of MWR of PRC. Technical Specifications for Water Function Zoning. Beijing: China Electric Power Press, 2007.
Yang P J, Guo H C, Zhou F, Liu Y. Problems identification of water function zoning and harmonious countermeasures. China Environmental
Science, 2007, 27(3) : 419-422.

Huang Y, Cai J L, Zheng W S, Zhou F, Guo H C. Research progress in aquatic ecological function regionalization and its approach at watershed
scale. Chinese Journal of Ecology, 2009, 28(3) : 542-548.

Meng W, Zhang Y, Zheng B H. Aquatic ecological region approach and its application in China. Advances in Water Science, 2007, 18(2) : 293-
300.

Zhou F, Liu Y, Huang K, Guo H C, Yang P J. Water environmental function zoning at watershed scale and its key problems. Advances in Water
Science, 2007, 18(2) ; 216-222.

Meng W, Zhang N, Zhang Y, Zheng B H. The study on technique of basin water quality target management I: pollutant total amount control
technique in control unit. Research of Environmental Sciences, 2007, 20(4) ; 1-8.

Meng W. The strategy of comprehensive pollution prevention and cure of water environment in Chinese watershed. China Environmental Science,
2007, 27(5) . 712-716.

Zhou B H, Zheng B H. Research on aquatic ecoregions for lakes and reservoirs in China. Environmental Monitoring and Assessment, 2008, 147

http ://www. ecologica. cn



17 8 XEA & KES— SR KERMELR 4813

[39]
[40]
[41]
[42]
[43]
[44]

[45]

[46]
[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]
[61]

[62]

[63]

[64]

[65]

[66]

(1) : 339-350.

Sun X Y, Zhou Q X. Primary study of freshwater ecoregionalization in China. Acta Scientiae Circumstantiae, 2010, 30(2) ; 415-423.

Allen T F H, Starr T B. Hierarchy: Perspectives for Ecological Complexity. Chicago, Illinois, USA: University of Chicago Press, 1982.

Dong Z R. Framework of research on fluvial ecosystem. Journal of Hydraulic Engineering, 2009, 40(2) : 129-137.

Omernik J M. The misuse of hydrologic unit maps for extrapolation, reporting, and ecosystem management. Journal of the American Water
Resources Association, 2003, 39(3) ;: 563-573.

Prowse T D, Wrona F J, Reist J D, Gibson J J, Hobbie J E, L vesque L M J, Vincent W F. Climate Change effects on hydroecology of Arctic
freshwater ecosystems. A Journal of the Human Environment, 2006, 35(7) : 347-358.

Wrona F J, Prowse T D, Reist ] D, Hobbie J E, L vesque L M J, Vincent W F. Climate change effects on aquatic biota, ecosystem structure and
function. A Journal of the Human Environment, 2006, 35(7) : 359-369.

Scrimgeour G J, Prowse T D, Culp J M, Chambers P A. Ecological effects of river ice break-up: a review and perspective. Freshwater Biology,
1994, 32(2) : 261-275.

Liu Y, Zhang J, Yang W Q. Responses of alpine biodiversity to climate change. Biodiversity Science, 2009, 17(1) ; 88-96.

Pickering C, Hill W, Green K. Vascular plant diversity and climate change in the alpine zone of the Snowy Mountains, Australia. Biodiversity and
Conservation, 2008, 17(7) ; 1627-1644.

Dimmbéck T, Dullinger S, Grabherr G. A regional impact assessment of climate and land-use change on alpine vegetation. Journal of Biogeography,
2003, 30(3) : 401-417.

Dullinger S, Dimb ck T, Grabherr G. Modelling climate change-driven treeline shifts; relative effects of temperature increase, dispersal and
invasibility. Journal of Ecology, 2004, 92 241-252.

Gottfried M, Pauli H, Reiter K, Grabherr G. A fine-scaled predictive model for changes in species distribution patterns of high mountain plants
induced by climate warming. Diversity and Distributions, 1999, 5(6) : 241-251.

Deng W, Yan D H, He Y, Zhang G X. Study on ecological storeroom of water in the watershed. Advances in Water Science, 2004, 15(3) : 341-
345.

Bailey R G. Ecoregion-based Design for Sustainability. New York: Springer Science & Business, 2002 ; 222.

Allan J D, Flecker A S. Biodiversity Conservation in Running Waters. BioScience, 1993, 43(1) ; 32-43.

Moog O, Schmidt-Kloiber A, Ofenbiéck T, Gerritsen J. Does the ecoregion approach support the typological demands of the EU ¢ Water Framework
Directive’ ?. Hydrobiologia, 2004, 516(1) ; 21-33.

Zhao Q H, Qin B Q. The law of variation of light quantum yield of Algal in Meiliang Bay of Taihu Lake in spring. Acta Ecologica Sinica, 2009,
29(9) : 4790-4797.

Zhang Z B, Shi X L, Liu G J, Yang X Y, Wang Y N, Liu X J. The relationship between planktonic algae changes and the water quality of the
West Lake, Hangzhou, China. Acta Ecologica Sinica, 2009, 29(6) ; 2980-2988.

Chen X H, Li X P, Cheng X. Spatial-temporal distribution of fish assemblages in the upstreams of Huangpu River and Suzhou Creek. Biodiversity
Science, 2008, 16(2) : 191-196.

Zhang H, Zhu G P, Lu J J. Fish species composition and diversity of Yangtze River estuarine wetlands. Biodiversity Science, 2009, 17(1) : 76-
81.

Baker D B, Richards R P, Loftus T T, Kramer J] W. A new flashiness index: characteristics and applications to midwestern rivers and streams.
Joumnal of the American Water Resources Association, 2004, 40(2) ; 503-522.

Dong Z R. Stress of hydraulic project to ecosystem. Water Resources and Hydropower Engineering, 2003, 34(7) ; 1-5.

Kong HM, Zhao J Z, JiLZ, Lu Z H, Deng H B, Ma K M, Zhang P. Assessment method of ecosystem health. Chinese Journal of Applied
Ecology, 2002, 13(4) : 486-490.

Zhang N, Meng W, Zhang Y, Zheng B H. Multi-variable assessment of river ecosystem health in Liao River basin. Research of Environmental
Sciences, 2009, 22(2) : 162-170.

Zhang Y, Xu C B, Ma X P, Zhang Z, Wang J C. Biotic integrity index and criteria of benthic organizms in Liao River basin. Acta Scientiae
Circumstantiae, 2007, 27(6) ; 919-927.

Zheng B H, Zhang Y, Li Y B. Study of indicators and methods for river habitat assessment of Liao River basin. Acta Scientiae Circumstantiae,
2007, 27(6) : 928-936.

Yang P J, Wu W Z, Meng W, Zhou F, Liu Y, Zhang Y, Zheng B H, Hu C, Li X. Ecosystem management oriented water environmental function
zoning at watershed scale — Hun RiverBasin as a case study. Acta Scientiae Circumstantiae, 2007, 27(6) : 944-952.

Tang T, Cai Q H, Liu J K. River ecosystem health and its assessment. Chinese Journal of Applied Ecology, 2002, 13(9) : 1191-1194.

http ://www. ecologica. cn



4814 B Ox ¥ R 30 %

[67] Zhao Y W, Yang Z F. Preliminary study on assessment of urban river ecosystem health. Advances in Water Science, 2005, 16(3) : 349-355.

[68] McAllister D E, Hamilton A L, Harvey B. Global freshwater biodiversity: striving for the integrity of freshwater ecosystems. Sea Wind, 1997, 11
(3): 1-140.

[69] Chen C K, Wu G H, Li C W. Comprehensive Physical Geography. Beijing: Higher Education Press, 1993.

[70] Wang P, Shi P J. The research of regional natural disaster regionalization with the “bottom-up” methods — case study of hunan province. Journal
of Natural Disasters, 1999, 8(3) : 54-60.

S E 3k

[ 1] AETsHEh 5P E R LI/, AWTE Rt SR ER LW R (AT, bt EEIRGEHRPE, 2008 [2010-
2-10]. http://nwpcp. mep. gov. cn/wjxz_1/200908/P020090811579138814892. doc.

[2] A, WE, PR, C KA S KA. BFEERk 4, 2007, 27(6) : 911-918.

[(27] Az, XIE4SE, BRI, D], 2RR. PREAESXRTR. 55, 2001, 21(1): 1-6.

[28] FR, Bk, BRI, PEMRESKIC YR FEREEIR, 2005, 25(4) : 423-428.

[29] X3¢, BRE W], S EAESH XRMEE 5. A5EH, 1999, 19(5) : 602-606.

[30] #U9%%, pRk. REASIREXRIMN BFR R SR, KITHRBRBE 555, 2003, 12(6) : 579-585.

[31] JKFFAKHEIEE. AIREXRI I BARME. Jbxnt: shEAE TR, 2007.

[(32] BHPUE, BBORAR, JAFE, XK. KIDBEX RN RBR G SARRIX 5. P EER R, 2007, 27(3) « 419-422.

[33] 3|2, 45, MY, AE, MR FEKESRES X AKX R EMPITE R, EAFMRE, 2009, 28(3) : 542-548.

[34] Hff, TKim, IBPOHE. KA IXRIJ5 ik B HAE b [ R TR S KB43R, 2007, 18(2) : 293-300.

[35] JAF, Xk, 3L, SR, HPR. FBUKIEE )RR R R H GG R, KR53k, 2007, 18(2) : 216-222.

[36] Hff, TkAl, TKiT, IBPORE. WIBOK T HARE BRI (1) — R h oo BB R BOR. SRS, 2007, 20(4) : 1-8.

[(37] FHff. RIS GRS PR SR, P EFERE, 2007, 27(5) : 712-716.

(391 VMR, FRE. T EKESDS X SRR, 2010, 30(2) : 415-423.

[41] #HHFC. MRAESREVIROIESHELR. KR, 2009. 40(2) . 129-137.

[46] XU, TKMd, T8 "W RBEM R BT S8, A2 HErE, 2009, 17(1) : 88-96.

[51] XBf, g4, Mg, UM WBUKASZ . KPR, 2004, 15(3) : 341-345.

[55] BIHE, A FRERMMEREKESEACRF B A%, 2009, 29(9) : 4790-4797.

[56] ikakfe, MCBk, XVEZR, BIE, EMT, XIBIC. SN PRI M SRR R, R, 2009, 29(6) - 2980-2988.

[57] BR/NE, 20, Bl BOMVIREM DT L3 8 SRR BN I 25 RRAE. AW 2 HEYE, 2006, 16(2) : 191-196.

(58] 5k, RE, Mhifdfd. 7w D RN F AR R, AR, 2009, 17(1) : 76-81.

[60] FHA~, KA TRXKESRGERME. KFKBEA, 2003, 34(7): 1-5.
[61] LAy, MXFAE, MW2AE, RiJkAE, XRLLIE, Dhoahi, WKE. AEBRGERETM AR, BHASYR, 2002, 13(4) : 486-490.
[(62] ukil, A, Hom, XM, IR R A SR GEMERIN ZIARTFN Tk, FRER2ABISE, 2009, 22(2) : 162-170.

[63] ki@, tREURK, D&Y, ke, ERE. TR RS Y BT 18h8 ShnE. BRBERlaE2AR, 2007, 27(6) « 919-927.

[64] RPN, TKi, ZIEHE. LW PR A BT MEFR SIFN I kBT oE. SREeRl AR, 2007, 27(6) : 928-936.

[65] BHPIR, RAh, Hffi, FF, XK, HoE, WM, SR, 258 ST A58 BT EUK PR3 2 BE X R —— LAV R ). SRRk
247, 2007, 27(6) : 944-952.

[66] JE¥, 2P, XIdME. FRASRGEREIETN. BAAESER, 2002, 13(9) : 1191-1194.

[67] MEM, Bkl WMiTWRAESRGEERITNPIR. AB#PERE, 2005, 16(3) : 349-355.

[69] BRfGehE, {6, ZESC. Lid AARMBIRE. Jbat. WS%EE AL, 1993.

[70] E¥, B, BT ST X0 AR RELRS KR I EBT e — AR A R 6] AARKE R, 1999, 8(3) : 54-60.

http ://www. ecologica. cn



	17b129.pdf
	17b130.pdf
	17b131.pdf
	17b132.pdf
	17b133.pdf
	17b134.pdf
	17b135.pdf
	17b136.pdf
	17b137.pdf
	17b138.pdf
	17b139.pdf

