BIgth  BRFE

YiHe ZEm I

&4‘*&ﬁiﬁiiﬁ

www.sciencep.com



mEESFEIL

Roptk RFEF KAES FEE E H

H4 & & B &

| A



moEE T

23 30 F, F-ET=BPRKEESENESEL, TRRRTKE
ASFRRRMS. PIRHR, ERRRBRSENXLBEE, RESHFHE
SEE, ESREFELESEERMEYEN R, ESRAKIHLEN
WEEEK B, RN, BF, ESRENKE SRR, BromiEny

BT, B, TR, RE. 8, A& REEF. 7R, R/
SFEASRERBMOBMARE. RE, M TARESREKREERK BT,
B, BEARE. g, ik ST =2 ERRRMASRENREE
BERXGHEA, FENMFTRRAREBUESRER KRR, YEL. FH
TEERHESRERAIEIFEREXSER. BEHWESE IR, s
EMEHEYFREDR T T, #HiRESH. FERERRKEESFHEL
HE\EER. . W, 2EAARRRERUESREREER B,
., #AMER., AERGEHE, BENLREEEE, BARERNERHN
RLFRAME.

AR TFIERIBAS. HHE, FE. KXETEFREIBFARRE R
BEERMMERFERSEME, M TAEESBRIFARINSRLF
BITRBARMEEA R WA —EREREM.

BB B (CIP) %iiF

WEASFEL / BRHEES —ILaT Bl R, 2009
ISBN 978-7 - 03 - 021818 - 6

TR T B M ESRESE-HR N.QL48
o H iR A B 518 CIP B34 5 (2008) 8 061250 5

FAEGE & B MW/ TER N
TAER 4 AR/ HBETE &

4 4 %2 KR B R
AR B EARILAT 16 5
WRBUARTS: 100717

http://www .sciencep.com

2 4 % A r BRI
TRATNER SHHENS,

20094 10 H% — KR FF#. 889X1194 1/16
2009 42 10 A —KENR  ENK. 51
EN#:1—1 500 FH: 1538 000
Ef: 150. 00 5T
(WA BB A, RAAFRR (NF))



(REEEZBEIL) RES

EOH OBBH BEE KHS =Em

Bl £ & FAEE REN OB T omgE

%W Bk

W OF mxaEssm
BEE BRI WEE ZFEHF 1R
XFF & ZEE S B
R B¥EE B F RS L %



i}

]

FEEER, EETRADKERMRAATESFERRITR, SIROESIRIEERSEEL. <
fEArEE ., L HBAL. PRI, KRIRERR. APSHEERREARAEHE B E, BFEHAFZER
RIERAMARZ L TE R . IRk ESEL,. Ehrtts H R REESHRERT SR
WP, 197246 A, BREEERRETHNEFREGA TE - KEFEARFRSV, wET A
PAEBARE L XTI R SRR . WIBLAUG . AEBKE IR 5L BRBELPNAE L BR TR,
197543 H, EEERFTER “ZRASERERE” BRESW, F-RERTESREZHRT
BEREEENFLEBEATFEM, FPFNEENZEEASRAENEMBIBIRE 54 TKEDARH
5%, 1985 4F, EFRKEAESSESML. 1996 4, HF—mitRREARFEFRSERBATF, REESF
VER— T ERATEESRY . MEMRSLRNVESI TELERT . B, AXERMARE,
BGHES RGN, MEMBRZMESRALYUBEAESIE., BRXBAT N, KBATRFZERERX
g, ESYR-TTEEWERAER, AAKE NS L ERR EBCY A ES TR R
Z—

[5R 20 ZAERMRE A BEN KRB, AANESRENZHIE X HREVEMTROES
BRI RIF. SIS E T AR, B, TR, RE. B, K&K, Bl B, MTEEHAS
RGHA, WRARYRAESREBLNMEMRRE K AESRE MEAFE, FEAEARERLTTH,
WRREAFEK. B0, A5F%. WEH. #%. M. ME. 232ERTRELER, E5K
HWESAE TRARE, ESRESRENEXMBARTROE TRAHE D, —HAHXREERZEH K.
Bilhn, ENFEEARBEILE 2001 £ (KEASF—EBREWFRE Y FE). WEH 2002 £5
(BYRIFEREMBE) . 5% 2003 4K (REASETE). ABE 2004 £ (ISR TIRBERFHE
S5, IS 2005 4ER) (IREAERSY). ZEHHES 2005 £ CESIKE RIS, &R
2006 FEH) (FEBBREEBRSEAR) %, B/ FESL Farnworth % 1977 4 Fragile ecosystem . Cairns
4% 1998 4R Rehabilitation damaged ecosystem . Cairns % 1992 4E[) Restoration of aquatic ecosystems
. Science s Technology, and Public policy . Urbanska % 1997 £ ] Restoration ecology and sustain-
able development %, WEKE, WEERBEI—TIFNE ¥R, RKEDEEE, BRRLTAE
MR B . BRENIMIEAIRMENER . $EMTREERER, BS80S ENEE
EREMBEE, ESREEENLRSHEARWEHET BRBTRETR.

REWIRE R SFRERZ BN, KREFRBERBIEIN. /& HAEREEFZBHE B
H. “973” %, BEX ARBFESIRE. TER2RESARELERSETEY, MESKESER
MBS SR T KBISE, BUS T —&iE. ABRESR RS ERADRE LS LR
FRE, ZAEMIMIXTRNETIEE, fEN—TUBEAREERES. LR, #X, BREN
BAHRBNEE . RANKEAESSEE, RENNERE ASENEISERA R, REREKRE L
SRR BEME TR, W ELESKE LR A — S S IR .

ABWHRES L. FH—8, B¥H; H2, BBk £=%, ARE, B0, Mg B4
B, EIF, FNE, RMAk; BLE, BBk SAE, BB SR, BE; F1E, BE; B
+—2, ZEEK; $+8, BBk £+=%, ®¥E; $HNE, AEE; STEE, & 8
+oNE, LNVE; ST, EE; SHAE, T SHAE, kRS T8, F2XK B
——, EER; T8, B £+ =8, AEE; ST HE, Bk ST,



e i e R R

SIGE; BN, KL, BoHbE, FEE; AR, B wmoAE, BEANE F
=, BEE; SEYAEEYRT &%, TR SR, &mk

A HRED T EFRESAEMPITERITRIRE (2009CB421303) . hER¥REER RRRES
TEFFAERE e 065044001, FEBEBFEHETE (KZCX2-YW-43D), Hx “t—n
PrERE (2006BACO1AL2) RMAZEH “+—H” BOSRBIKBEE). Pl 1 Rt 2 RS 1) o O A 43 40 AR
e, HIE. HAR. RS EM T KRB TE. Hit, —HFRREO R

HTEEAEA R, ABOHET. BRZL, BWRABIESTUMMHEE.

&
2007 4¢ 12 A T2M



HE
B BT e ettt ettt e s e e e s te s e e e e ra e aae e s haa e bt ee s s e et ta e e aranns 1
%_.fﬁ Wﬁﬁz%&%“ﬂ‘]gﬂiﬁﬁ*ﬂi?ﬁﬁﬁ% ............................................................... 1
T R A A A R BB A e e s ettt sttt e e e e ans 9
BN ASIKE SH AR RIBIIVEZRZEA corerrertrarttoiiii e 14
G LT LT LT T PPN 19
FoEF BUETEGRER, BSMEFNREE cocorerrrrrrerrrerroriiniiiiiiiiiiiiioitietraenrisrtersentssaes 21
A BRI o e e e e e 21
A HERBARGHEEALESIE oocrreerrrs ittt iiiiiisiir e e s r e ses 2
=% ﬁi?&%%i@%%ﬁilﬂ .................................................................................... 37
3 U N T T PN 52
BoE T EREERRERETE ottt e e e e 54
B BB ERE ST ceerrereroretttett ittt eer et e e e s 54
A FREIEEY R EH S E I croverrrrrrratiiiii ittt et aaes 64
T AR EIERISETE et s e nnr e 79
%Ejﬁ %%7§%${4:B/‘Jﬁ5?§ﬁ% .............................................................................. 80
ZETETLRR wvveevoeeereerremrerininet ittt ettt et sttt e s resaesea e trssrenstetnar ranas 88
BHNE SRR EEADTEIEDIEETINEE cvvererrrrrrrarer ettt e e e 90
B TESEBEETRESBEEINEE vttt e e 90
B IR T EAE BB IR cooeereercerrrrerenen ettt e e e 94
HA YR TR B TR et e e 101
- I &7 SR U2 i - - R U 116
D A LT LT T 119
EHE SARERETE A BRI BEER oo rererertrrstrrst ettt ettt nnrr e eea e 121
BN YIS ST AR AL IR (3G R e oerevevreenrrrrerraeroraaernserreninerriereeraneereiieeeeane 121
B MY B IR B A THI i oo veevorrreerearerietuiiiiitiiiriet et tasee s e an e a e reanan 126
A A T KIIE N S M e eeeee e e e e e e e e e e e e 133
B 3 W L LT T T 141
EAE BUESEEERIRE M IR o ceerrrrertiieniiiiiiiiiiicitettstioritistatersastsesanserenseneses 144
B SN IR E R BT v vereereereetereiiiiiiiiiictiiii ettt re e ses s e e seaes 144
BT I BB E R LE - ererrrererer i et e s s e e e e 151
WA YIRS E AL R R B e evrreenreensernssrsrninesireiiinieinnieen e eee e 156
BPUY A TS Y TS B R BN AL o« orrenrreerrerrreraeermrorienieiiinernraneeeeseatcerren s 162
EEHEY ASTRE B S IIE S AL o ccoreereeratrttatrrorreniererttireietierteireeeitraeesiernsseenes 169
D B LT U OO 175
BLE BUEDSERATIESHIE AR ETR ccoecverrreeretttttiiiinrtinittrtietiereieerereennn e 177

- Y ot = b . LT U R 177



Civoe WE S EEIL

= AT T . AL B e et 185
R I 3V T oty b = L LR e 191

F I o Y T o - LT T L L ey 199

D o ¢ T T 207
wNE BUESREHEHBERR. T FOFR R oovrenreerernnnsnessneonusttnmunsittiiiietnusasneraenseenes 209
A B AS RGERELIY EBReeereerreneesssssnssss sttt e 209
= BALAEZS BRI F R reeseereeseoneesseni st e 217

=% Eﬁg%@ggi@%%ﬁ;@ﬁ% ........................................................................ 222

BRI TR oo eenerene oottt s s 231
EHE RGEMEYIRE TR o+ eeeerereese s 233
T T L Ry, T L L 234
A YIRS B R AR T AR e e 241
%E:’i‘j‘ ﬁ‘m%mﬂ@ﬁgﬁﬁ .................................................................................... 250
BRI LR v v eereere et e 253
W RATEEIEEIT AR o oveeeeerre st 955
oy BB T BN IR B T AR v eereenmesseeessns sttt 257
= B AMEFRIRE MR SRR e O P 260
A 7&%1@%%§E%:@ggﬁﬁ .............................................................................. 265

o gy ARG IR IR IR SRR e ererreeemrermmnmmnenisnnenneeeane PP 270

E = -5'q | I e e e e e e LR LN LALLM A 275
S B ASRESERRGRBITS e 276
I o BT T E Y5 ¥ 30 210 7= A e L L L L S e Ry 276
= RS R GETTE Y e veereeerreeerrresesr st 288
B BRI BB EREITA o eeeeereese e e 291
HEPU M A ARG EREIRA v eeveoeeeere s et 205
EBRY f’if@"ﬁﬂ(WﬁEﬁ%ﬁ{@%ﬂzm ........... T L LXTTTILE 297

E 5 G LT T 302

S TE EARE I IT I e et 305
A SR B TR BRI e eeeeeeeereeems s s 305

g ¥ He AR BT HLITF T veeerennrrenermesmmasenumnmnnanninnnutiiesriesnissanusesnenaenannatsasnerneses 315

SH AR IR BFTT T H e eeeeeereresees st s st e 328

D 5« L L e e L L e A AR 342

S TE AR HIIATI - ooreeeerreerese s 344
A5 WTIIREHE GBI BOREResereremeerssossniits ittt 344

B A A AR W IUAEARA TR ceereererrreesees ettt 349
Tat TR =TT 110 e = s % i b R T e e L el 358

D I L IR AL LRI ee 375
WHNE BRESRGGEERNERFIEE IR oo 376
%_.:h“ ﬁﬂ(ﬁiﬁ%ﬁmi&m*ﬁﬁﬁm[ﬁﬁm ............................................................... 376
T I Vb A -l gL ) S L e e e 384
= A BGIRE HEEA L, SRR I e e ererr e ettt 389
EEPUY ZEAREAS RO TR SL ST v eeeeerereesmsemsnsnnmess sttt 394



B =® “ v

W RS EMAESRGREERNEREIEG L e 399
A B S RGBS R R ST v reeeseneenernnnmmnnnnn sttt 399
T EHAEASRGKE TR EIE EARHIEI ettt 405
T EMASARGEE AT, RBFI I Heerererrerrrrrarsniniieniiaiin 408
UL B R BIRE BERAISL ST o vrreerererrrrreresint et 413

e 2 & L R e e R e e e e e R R R 417
W4AE REEASEAGEERNEREIBE IR e 421
%_"ﬁ ﬁﬁij&%%%i&%ﬂ%ﬁﬁ&@ﬁﬁ ............................. essesracsisassriteseansesanatsinsn 421
= ERRGIRE ) EE E AR rerererererrrrerrere e 427
A ARG E HEAEIE, IRARHII R reerreererserreserisnttits e 430
BN PR S RGRE BRI STBUAPA - vrerrrerereerenmsnstetete e 436

G PP P R CLIECITI PP O LI PIPOLOIIPPPULTORPI 440
B E REESESGHETEIEIBGEHEE oo 449
B RS RAHIBALARIE RS A3 v ereeresrrrernreronnteerenen it 442
—H RHASERSGRENTEEHPRHIER et 449
B RIESBRGBEMEARTEI, BRI P 451
I RS R EEASD ST oo rrrernree et 462

G S I LTI TIT PRSP PIOLISEAPLLIRPD 467
EHNE BUEMESRE N EERAEREE SR oo 469
B IBHAE S BGAE LR FUBLE A ereeeeeeasrrreremssnnntcrenne s 469
= SRS R GIRE B EE E AR ereeeerreererereerert et 475
B BHAESRGEEEAREIE, BRI et 478
B RS R GKE EESL AN v vereeernreremresse ettt 482
BRIE R ee oo eeetee e e s 493

W hE RUKBESREGE ERABEAREIE G e 495
oA KRS RGBS R A A v eereererseessessiennenneneees Heesaessntitraieasitiransarens 495
B KRS RGRE Y T HARHEeeeeererererrerrsseetenin i e 504
=% KRR RSBENREAEIE, RBRFIH L rrrreererens eteresrarireriesetaratarsarreenes 506
BINY KRS R GRE SR SEHIAT T reeererrrrrerereemneemr s 516
G IR ITRCTRUPIPPPPOIIPOIINLES 520
w4 E RESRESESRANKEERMNERFEEELB oo, 523
A AR A RGBSR BB AP e e eeevreeesermmnns st s 5923
M MR S R SR Y R HARFEII - vreeeeemerrmeemssssnntineninanenns S 599
WY RBOAE A S R B AR IR e eeeeeeerereesssnnini 531
BN R S R GIRE B RE BRI +oevrereerrrorersensrss s 536

D Q. LR T T L e e R e e ER AL AL AL 541
=& FLUERMESMEESERNEREBEIRR e 542
A T IE M KR R R e eereeees et 549
=% B ILE A SMEE T HARFIIEI e rrereereer st 548
B LI A AME E A I L SRR B eeeeeeres et se et e 551
I B IR I HAE S A BB EL B AT o eeereeneereessenss st 556

D € DY PO I DT T LT ISP PITEII e 562



© v WRAS¥ER

o R T R 2 2 R BT B e eveveererorenrenmuinenenitttittsennseneenessssescrenssnsesnnsnnsensns 564
B MiiAESERNEE S, 1] T TPt 571
B SRR B T L R BRI FIIE T+ eeeeeeeeeererrsrrenreteceeeerineensesiesnreeeesesenesssans 575
Byyy ﬁﬁfﬁﬂﬂﬂiﬁ‘ﬁkgiﬁﬁg;ﬁﬂﬁﬁ .................................................................. 587
72‘%)‘(@& ............................................................................................................... 590
EoHEF B R E AT G AR oo veeeerriitetere et treeeeereeeee e eeererneeseeenn s 592
BT RIRMARIBIZNGEIR  cooeerreerrmimrmii et ee e et e srenneee e sesonssenansss 599
B BRI E BRI G H AR e rrrernrirerreineeeeerrernannn. eterereerrearirrarereearaea. 600
B KBEARHIAR E BRI ZR AR oo eerrereernnnit ittt reenteeeeererceeeeeeeeeer e e s 603

o Uy TR T R X IR, G AR e eer et e e ere s 605
B BRI T e s e renerrrer ittt e rr et eeeneeern e e e ee e sen e e son 612
72%3(@( ............................................................................................................... 615
FETTHE BUEHREEEET G AR o crrrrrrrrerrreriritittreeirerrrirer e seeesesnnnsesses 617
B EHERHE AL R 507 LT PR 617
BTN S AR AR G R et 623
s NN =8 1£=:7 -1 Ko o E b T T T T T OO USRI 631
AR Ei@%ﬂﬁk#&ﬂﬁﬁﬁiﬁ'ﬁ&?ﬁ ........................................................................ 636
%%B‘Cﬁ ............................................................................................................... 642
BT HE B AR E E AT E R R oo rrrrrrreertriiereriineererririerereeeeesreneeeseemn s 646
B IRIKIBH R R ZE G R e e evreernre ettt et et et tee e e sen e e e e e 646
BT VI H A R A R R oo eereernnere et e e e e e 652
=AY R s N L L7 i WL o b NP 658
VN R AR SR AT LG AR e eeeerererrnrrrereereereenmenreieeesseereenannseneeeeens 662
72‘%1@( ............................................................................................................... 666
B AT BUIKERTEIERE T G I AR - oeerrrerrrrrier it erreitterr i eeereeeereeaeesnness s s eeonnss 668
BT BB I KRG TR TN G HE AR o errerrreerrrnreirtittiresereteeeeee et e eeeeaeses s eesans 668
e @y'éfm—lrﬂ(ﬂl,uﬁlﬂ*ﬁﬁgﬁ* ........................................................................ 671
o EI 1 b R T D B 1 KW IE 5 T TSR SUURSRRR 676
Sy ﬂﬁﬁﬂﬂﬁﬁjﬁﬁﬁ%ﬁ* ................................................................................. 680
{g%)tﬁ ............................................................................................................... 683
-y o b — N A T =R T Dok L = USRS 635
T B LR FEHL) TR AT LG AR e vernrrrerentnrtmutnerisr et eeesesseesaseseseeans 685
T W UR T BAE T S R oottt rteer ettt eeeeene e eeen e e e 695
B= . AR AR, e eereeeetieeitiitiittnetreat et atiaenateennaaneas 701

5 Py ﬁﬁj‘i—*j&%ﬂﬁg{é\}gﬁ—t S i 0 L T T T PR 706
& T OSSOSO 710
%:_’_}\E 7kiﬁf5§:ﬁfi*§_t L b, L L T TSR 712
F—T B EFUK IR I TRRETURIRL AR oo v mrrreeerteereeserisrnnrnretereieseeseseesseennsneesessessas 712
=% E[Eﬂﬁf&glki{ﬁ%{ﬁlﬂﬁﬁﬂ&* ............................................................... 721
B %ﬁ'@ﬁﬁﬁﬂgﬂ(iﬁiﬁi{ﬁﬂﬁﬁﬁﬁ* ......................................................... 726
Al [T 3 A G R R B 5 WS T 5 N T T O SRR 730
B R oo e re et e r e e e et e e e et e 733



B=t+E B
F—T
-
W=
SISy

¢@(’/"{ﬁ¢hﬂ:fm{ﬁiﬂﬁ'% .............................................................................. 735
PRI IR AT 5 B BRI FL IR AR oo vererrrerrermerini 739
B TP EEAL B AR ZU IR AR e evereeeemmemeemmmn e 746
Yo A T B MR G L R e eeeresenmemnnenetnitiiisiii 759
PPFE R BT G AR eoeerrerreerrmmmmumnes ittt e 756
............................................................................................................... 761
%iﬁmf’%ﬁﬁiﬂ_*ﬂﬁﬁ .............................................................................. 762
@—;j&jﬁ%ﬂ@{@ﬁ)ﬁﬂ .................................................................................... 762
FEUL B TEAE AT B R ererereeeerreserntre ettt b 769
FEI A AL B B AR eeerererrssssnrnrrteir e s 779
FEIL IR YBE B R AR - eerrere e 776
............................................................................................................... 786



Contents

Preface
Chapter 1  INtroduction ««+-+-+sseeseresseesnimmnettie ittt e s 1
Section 1 Concepts and Mission of Restoration Ecology ++++sssssssssssnureeesteiiorsnierisiisnnenaneneens 1
Section 2 Development trend in Restoration Ecology «sesssesesssssveserrmmnririiniiiiiiiiuiiiiiiia 9
Section 3 Ecological Restoration and Socio-economic Development and Ecological Safety «+-+- 14
REFErEnCES +eeeeresssssessrsetusrueruensetesussusestsssseserssassrsessessersensessaserscensasensenesnssssssssseassans 19
Chapter 2 Types, Characteristics and Causes of Degraded Ecosystems «:-sccecsecencenisnciiiotiaieccaninee, 21
Section 1 Types of Degraded Ecosystemms —«teeseetesesretumtumiumiimmmiemitiiie e 21
Section 2 Degraded Characteristics of FECOSYStem «es+sseesesreseosessstrtrttrtmminiistestenasearanaans 26
Section 3 Causes of Ecosystem Degradation +++teses i eeerieire e ra e et saa s rabres 37
2 N 52
Chapter 3 Impairments of Disastrous Events to Eco-environments s«scseceesesssertcsrcntisciacaianioniceen, 54
Section 1 Impairments of Climatic Disasters «-++ssssessssesestirmeimimimmiiiic e 54
Section 2 Impairments of Land Surface Non-biologic Disasters —«seeeresesressncencaceianiciincenen, 64
Section 3 Impairments of Biologic Disasters ceceeeeessees eeenrenetrarearatret s tes i aerasaantaeras 72
Section 4 Impairments of Environmental Pollutions ssssssseeseemeereererisnssininnmmnuiieniiiee. 80
REfEIENCES ++eeessersresenarsensasesraceussssiasesnsssssssensonsssseesssasessssesessessasssrssesessssasterassssssne 88
Chapter 4 Ecological Restoration Function of Ecosystem Components —-»-e«-eceseecececcecnnaceeccansaiiee.. 90
Section 1 Restoration Functions of Climatic FACLOrS ++«tscsetsssssseessncssestarusenserassassssssersssases 90
Section 2 Restoration FUNctions of SOil  seeteerecssersntaresaretrmessessesestrreerstesseressssisssssssssnces 94
Section 3 Restoration Function of Biotic FactOrs «eteseesesssseesraracesoriersrsesstacsseessssesssessss 101
Section 4 Restoration Functions of Water Body and Wetland = resserererarererciiiniiii.. 116
References +eeereessesenees eereeenias Ceeheeeeieeestaceeataiestttareieattarneattateorterrarententaearertasresnsensas 119
Chapter 5 Plant Adaptive Strategies to Eco-environment Degradation «crecserereesranicniniiiiniiain. 177
Section 1 Morphological Adaptive Strategies of Plant to Eco-environment Degradation =~ «++-+- 121
Section 2 Physiological Responses of Plant to Environment Stresses —ceeererrersereeesercrinia. 126
Section 3 Adaptive Strategies of Plant Propagation  «+=++=+sssssssssssnsrmesioriesinnsiinens . 133
REFEIEIICES *+teetessersnrarsaersrnsersestessestesissasisssessesssssessssasserecssesssssesssnasssssssstassessssssesssene 141
Chapter 6 Natural Restoration Mechanism of Degraded Ecosystems «-::e:ecsseeeseerecescseroisciiercisoneens 144
Section 1 Driving Mechanism of Climate to Vegetation Restoration «cesseesessseresriecicnicicennne. 144
Section 2 Self-restoration Mechanism of Biology ssesssssesessesses eereeeniiserririeraertrieraeenteaees 151
Section 3 Restoration Mechanism of Plant to Environment and its Feedback eeseeesrereceeeeseinaneen. 156
Section 4 Driving Mechanism of Microbes to Polluted Environment Restoration = +esseseesreees 162
Section 5 Driving Mechanism of Landscape to Ecological Restoration «sessssreeseeaecracescecceeen. 169
References =+reseererssrsesentessssusesessssaasssesescassnssssnssesscsesssnsasansens eeesensencastncnsasnsesenennnnsnes 175
Chapter 7 Fundamentals of Artificial Rehabilitation of Degraded Ecosystems «««=-««ccsscrerecrececracsens « 177
Section 1  Principles of General Ecology «++ssssssesessessssssssrnsisiiiiiiniiimiiin 177

Section 2 Physical and Chemical Principles of Ecological Rehabilitation «esessesseeercaserreses we 185



x WRAL A A2

Section 3 Principles of Landscape Ecology and Application «:cesseessessersemseaniniinnnnnineirianie. 191
Section 4 Other Principles of Ecological Rehabilitation setssreeesessererssearirnienirunareneeranennens 199
R Erences sreereeeceeterstitiiiiniieneeinetietinnissisiaesieciasssnsnensssanssseseassssossnnsonsssscssassssessnnsnnns 207
Chapter 8 Objectives, Principles and Processes of Degraded Ecosystem Restoration «««:++-- sersnss sesres 209
Section 1  Objectives of Degraded Ecosystern Restoration «ststseeressseassrenrenrnennnerneiuiennenns 209
Section 2 Rules of Degraded Ecosystem Restoration s-+sssesesesessessreererseenseescnnearaennaeenenes 217
Section 3 Processes of Degraded Ecosystem Restoration and Reconstruction «s+essessss- sereraes « 222
RETErenCes sererserserententattttimeiteeietettettesststaereeeseenssnenssseensesnesastssessenasrsnssssensessersnrnrses 231
Chapter 9 Restoration Processes of Ecosystem Structure «cs+tscssssesesereramnmerieireiiiireienenccncensennns 233
Section 1 Restoration Processes of Community Structure «seetsessessesssrstineiniinieinreninniinn, 234
Section 2 Restoration Processes of Food Web and Nutrient Chain Structure seesessseessssencsans 241
Section 3 Restoration Processes of Landscape Structure +s+e=+s+tssrssessearareurerreiiiiereesensnennes 250
RETErEnCes «otesetsnsretannttitritiuteiinrsnteeteteerstsettossssessssuarececensnseonssscessssnnnencesnsnenssssncassass 253
Chapter 10 Restoration Processes of Ecosystem Functions ««-««+«cetesecetesentumieniimieiiiiieiieenineiinnan. 255
Section 1 Restoration Processes of Energy FIow ++eeeeesessereeeermrmuiiiisiisieereenncsseneesernnnnnnens 257
Section 2 Restoration Processes of Nutrient Cycle FUnction «sesssesessesensesrrsaseniaiesiracensnans 260
Section 3 Restoration Processes of Water Cycle Function s++srssssesesrnsmectrieuienieiiinreniannes 265
Section 4 Restoration Processes of Ecosystem Service FUNCHON  seesesssessrssessssranreansensennns 270
RREFEIEIICES *++rertsetssrantrtentintenturenisetetersersacstensesnancncseenenssessesssssssesnneesensonsssssssnnnnnnsenss 275
Chapter 11 Evaluation of Ecological Restoration and Ecosystem Health ««+:e-+cesteeeereuseuannnnennennnes 276
Section 1 Significance of Ecological Restoration and Ecosystem Health Evaluation -+« veeese 276
Section 2 Evaluation of Cropland Ecosystem Health +++eseeeesessssreerrenssererreenserenseesenssnnnns 288
Section 3 Evaluation of Forest Ecosystem Health = eereeeseesecersuiereuiiieencerernerrensernnneeenenns 291
Section 4 Evaluation of Grassland Ecosystem Health «ssssssessrarraraesseieieireeriireeeseecerannnnnns 295
Section 5 Evaluation of Wetland and Water Body Ecosystem Health «+sssessasesnernsrenrenienaes 297
R eI ENCES v eetreertertetirieeenetinunuetenneensetstessieteetansesseansossesessssoscssssnnsensensnannssssssssseennss 302
Chapter 12 Research Methods of Ecological Restoration «cctescsssecesioreruiiienimiuiieeienieninenn. 305
Section 1 Direct Judgment research of Ecological Restoration s+tssessssseeseererrreireceneacenses 305
Section 2 Comparison Research of Ecological Restoration «stsesssssesseseareniennruniennirnseniennes 315
Section 3 Quantitative Research Method of Ecological Restoration «ts++essesesssererencenienenneens 328
REfErernCes «+rtertsesenetettiarieiueieisreeiuetssssestotseeencsnessnenssossensessssonsssansensnsonssosssssssnsnnseens 349
Chapter 13  Ecological restoration MORItoring +++++++-+===++«ssssesssrrarersssssas vevrrans crreens ceerrieresiass 344
Section 1 Selection of Monitoring Site +resssssereerssereeenterreemssirersusnstesieenssesesnensennnnsons 344
Section 2 Monitoring Indices of Ecological Restoration «ssesssssessrectesrestrommaienirenrnnneniennns 349
Section 3 Common Monitoring or Sampling Analytic Methods ++ressseereeseesearenennen. tereereee. 358
References «ttsessseeesereneenransnnes et ettt et et nrtatrraethneaetrn et anntennrennnrannrnnn 375
Chapter 14 Fundamentals and Practices of Forest Ecosystem Restoration and Reconstruction «««------ 376
Section 1 Characteristics and Causes of Forest Ecosystem Degradation «+ss-sesesssreessersesrrees 376
Section 2 Objectives and Rules of Degraded Forest Ecosystermn Restoration ++s++sssssssssessesssesseenas 384
Section 3 Fundamentals, Approaches and Methods of Forest Ecosystem Restoration ++sssees 389
Section 4 Cases Analysis of Degraded Forest Ecosystem Restoration ss+=sesssesesseeeseacescranees 394
R Erences «otcertsrteetertntietiiimiieiiiitietieertetststtrnenarasessrssasenseacssessnsssssssnsansensonssnensansnses 397

Chapter 15 Fundamentals and Practices of Grassland Ecosystem Restoration and Reconstruction -+- 399

Section 1 Characteristics and Causes of Grassland Ecosystem Degradation s++sses+sse=ssersessrrns 399



Contents » oxioe

Section 2 Objectives and Rules of Degraded Grassland Ecosystem Restoration seesesereseeseeees 405
Section 3 Fundamentals, Approaches and Methods of Grassland Ecosystem Restoration «+«-+- 408
Section 4 Cases Analysis of Degraded Grassland Ecosystem Restoration cssesecececereroreresasease 413
REfErENCES ++ceteerrsssresrsnnnnnususssnssssssessesnnesssssssisssssitititetatiatessasassaaasataasaateaaeinaens 417
Chapter 16 Fundamentals and Practices of Desert Ecosystem Restoration and Reconstruction -+« 421
Section 1 Characteristics and Causes Analysis of Desert Ecosystem Degradation  «ssesseeesesess 421
Section 2 Objectives and Rules of Desert Ecosystern Restoration «ssresesessesereseaseereareorasnacnaneeee 427
Section 3 Fundamentals, Approaches and Methods of Desert Ecosystem Restoration ssess=e+ 430
Section 4 Cases Analysis of Degraded Desert Ecosystem Restoration and Reconstruction +«++-- 436
REfErEIICES ++teressesrernsasserennnseasstnesseserseessessrnsssessessetsisttmiusiesetesiseettmaiiettenrisessrmnnasaens 440
Chapter 17 Fundamentals and Practices of Cropland Ecosystem Restoration and Reconstruction ----- 442
Section 1 Characteristics and Causes of Cropland Ecosystem Degradation <sseesereecaseescsaies 442
Section 2 Objectives and Rules of Degraded Cropland Ecosystem Restoration sesecerereeareseeerneesesee 449
Section 3 Fundamentals, Approaches and Methods of Cropland Ecosystem Restoration «««:- 451
Section 4 Cases Analysis of Degraded Cropland Ecosystem Restoration and Reconstruction
............................................................................................................ 469
REfEIEICES +teresrensesssssseennsserannemsensesesruersranesettestetsesstensoistuuosstsststeteetistitemtosennrssenans 467
Chapter 18 Fundamentals and Practices of Degraded Wetland Ecosystem Restoration and Reconstruction --- 469
Section 1 Characteristics and Causes of Wetland Ecosystem Degradation ««ssseseresseesecsse eenesnnanne 469
Section 2 Objectives and Rules of Degraded Wetland Ecosystem Restoration «:sesecsrereseserearasseeee 475
Section 3 Fundamentals, Approaches and Methods of Wetland Ecosystem Restoration =~ «++--- 478
Section 4 Cases Analysis of Degraded Wetland Ecosystem Restoration and Reconstruction
............................................................................................................ 489
REfEIEIICES #++tterssersssarnnrensannnssnnsessanasessassetssassssesestttussentusstnmitttssisensessenuermarastnnesienes 493
Chapter 19 Fundamentals and Practices of Degraded Water Body Ecosystem Restoration and
RECONSLIUCHION  +++++srrersrrssrauersrnarnnersanserisseussesuertaeiuiertinsnmisens Ceerisesaernnees crenans 495
Section 1 Characteristics and Causes of Water Body Ecosystem Degradation «--sseeseeseessareces 495
Section 2 Objectives and Rules of Degraded Water Body Ecosystem Restoration = eseseesesessees 504
Section 3 Fundamentals, Approaches and Methods of Water Body Restoration «sesessesesssress 506
Section 4 Cases Analysis of Degraded Water Body Ecosystem Restoration «tecessesesesaeceeceeees 516
2 RRTTTT P 520
Chapter 20 Fundamentals and Practices of Agro-pastoral Ecotone Restoration and Reconstruction --+-<----- 523
Section 1 Characteristics and Causes of Agro-pastoral Ecotone Degradation — »sessveseeserserraceereees 523
Section 2 Objectives and Rules of Degraded Agro-pastoral Ecotone Restoration «s+eseeseeseersess 529
Section 3 Fundamentals, Approaches and Methods of Agro-pastoral Ecotone Restoration <+ 531
Section 4 Cases Studies of Degraded Agro-pastoral Ecotone Restoration sssesesserseencensseressacens 536
REfErEIICES e ttesssessssennnssassrsnnnnessssosessnssettassssteosesttsesrmesssenmssetssisttssesannossansasertsnrnne 541
Chapter 21 Fundamentals and Practices of Mining Wasteland Ecological Restoration and
RECONSLITUCLION  ++++++eseerrasassrnnessssuosernnenetsusaestessetussseressnemnstttttsottntserennietsamssrunenns 542
Section 1 Characteristics, Types and Causes of Mining Wasteland Degradation «s-s«sseessesces o 542
Section 2 Objectives and Rules of Mining Wasteland Ecological Restoration = <stsseeseseessesreceereeees 548

Section 3 Fundamentals, Approaches and Methods of Mining Wasteland Ecological
Restoration ------- ssssscssesssasenssesne sssessrscses saccsenessaencs sesseescescnnns teeeenasrvarery rean 551

Section 4 Cases Analysis of Mining Wasteland Ecological Restoration and Reconstruction -+ 556



.« xii e WEEB¥ER

References s+eeererereieiniiiiiiiiiiiiiiiiiniiienie e, e r ettt et e eeannenans 562
Chapter 22 Fundamentals and Practices of City Afforestation < ++-eeereeiiiiiiiiriiiiiiiiiiiiiirinennnnn, 564
Section 1  Classification and Functions of City Green Belt +eesereerminiiinneiiniiiiiiininnennnnnnn... 564
Section 2 Objectives and Rules of City Ecological Construction «++++++++sseseeereresreereravanns eeeses 571
Section 3 Sustainable Plan and Design of City Green Belt Construction ss+ssssssessssesesseraesass 575
Section 4 Cases Analysis of City Green Belt Ecological Restoration and Reconstruction «+++:- 587
References «seeesrrasrentmnininiiiiiiii e veee 590
Chapter 23 Modes and Techniques of Degraded Woodland Restoration and Reconstruction «--«+-«---- 592
Section 1  Modes and Techniques of Natural Woodland Protection —++eseeeseemnsnieniiniiennennnnnn. 592
Section 2 Modes and Techniques of Degraded Woodland Restoration «eresseeveerucinnnianninin.i, 600
Section 3 Modes and Techniques of Fired Woodland Restoration «++eseseesererennsiiiinennnnennnnnn. 603
Section 4 Modes and Techniques of Forestation in Arid and Semi-arid Regions +--++++ssssserscsnennan 605
Section 5 Rejuvenation of Degraded Orchard — ++=ssesseeseeserssesuesneeseressssessesoneosessosonsns . 612
References +eeettsrssrmumtenimiiiiiii e 615
Chapter 24 Modes and Techniques of Degraded Grassland Restoration and Reconstruction «-«-«+e---. 617
Section 1  Modes and Techniques of Grassland Enclosing  +secereseeeriiinniiniieniini. 617
Section 2 Modes and Techniques of Grassland Improvement e A SGALELLTITT TP PRPTTPONN 623
Section 3 Modes and Techniques of Artificial Grassland Building «+++++++eseseenses resssanesasiiaia, 631
Section 4 Modes and Techniques of Rationalized Grazing sereesecssmniiniiiiiiiiiiiinni . «+ 636
References s++see e et eeeesan s e e e s 642
Chapter 25 Modes and Techniques of Degraded Wetland Restoration and
ReCONSIIrUCHION = vtcveereenniiiiiiiii ittt eeec e e eee e treeratiitrrararennas 646
Section 1 Modes and Techniques of Freshwater Wetland Protection — +ssseseecnmmnnenninnniinnenn. 646
Section 2 Modes and Techniques of Salt Marsh Protection sseeeeeereesinninuniiiiiiieniiininiininn.., 652
Section 3 Modes and Techniques of Tidal Flat Protection «esseeeeereesenimmiiiiiiiiiiiiiiiiiiin, 658
Section 4 Modes and Techniques of Coast Mangrove Protection and Restoration ««+seeesssveees 662
References «eeeeesesrstmmimmniiiii e 666
Chapter 26 Modes and Techniques of Degraded Water Body Restoration +ceeeveeereiiieniiiiniiiiien., 668
Section 1  Modes and Techniques of Eutrophicated Water Body Restoration +s++«««es+essesesurenrenne 668
Section 2 Modes and Techniques of Polluted Underground Water Restoration «+-sssssseresseereenaan. 671
Section 3 Modes and Techniques of Polluted River Restoration  «essseeeemmenvinniiienniiniinn.., 876
Section 4 Modes and Techniques of Red Tide Control  ++eeseeveeesrernererernenns (AL R EEREEIT PV 680
References «+eereevseuemmmmiiiiiiiii e eerrreertuttennenraraaenaes 683
Chapter 27 Modes and Techniques of Mining Wasteland ReStoration ««+--«:«s-sseeeeeeessreenerrssannn... 685
Section 1 Modes and Techniques of Mining Wasteland Restoration +«++-«- Tesretesiieaiiiciiiiniaa. 685
Section 2 Modes and Techniques of Mining Wasteland Reclamation ++-=ssssesssesssereeriensannanen. 695
Section 3 Modes and Techniques of Scoria and Dust Controlling «+«++eeeesrermniiiieniiinnnininnna.. 701
Section 4 Modes and Techniques of City dump Management +++sssseuemeeiniiiienininiiiiiiinicennan.. 706
References «teeeseesrmemtmiminiiiini e e 710
Chapter 28 Modes and Techniques of Water and Soil Erosion Controlling ++-«++«c+«eeevrerierirerennnnn.. 712
Section 1 Modes and Techniques of Controlling Soil Water Erosion in Loess Plateay  «seeseees 712
Section 2 Modes and Techniques of Soil Erosion Control in “Three-River Sources” «eceecnseees 721
Section 3 Modes and Techniques of Soil Erosion Control in Karst Region «ereseeeenareeennnnneen. 726

Section 4 Modes and Techniques of Soil Erosion Controlling in Hilly Region *+-=ssseseersecencens 730



Contents o xiii

References seeerseereasctsctnsiasessoansocsanisserssestersaronsessssassosssssassssessssasssnsssssssnsssssssascascennces 733
Chapter 29 Modes and Techniques of Desertification Control ----ccc-rerreerecriiiirnniiiniiiiciiiiiiiienes 735
Section 1 Strategies of Desertification Control in China ceserseresseerreciiiiiiiiiiieiiiiii. 735
Section 2 Modes and Techniques of Sand LLand Vegetation Restoration sssssrreerecrarsaiaeianane 739
Section 3 Modes and Techniques of Desertified Farmland Restoration teretestesereeseercscaiienene 746
Section 4 Modes and Techniques of Sandy Cropped Grassland Restoration «secssseeserarisesacens 752
Section 5 Modes and Techniques of Sand Industry Development eesesressrecsesiniiiiniiiaian.. 756
RO EIENCES »+ereeseereeseesnstsnsesuesreessestsssrasssssssssesestsressessssssassasssesssasasssasannsnsnsnsersasasare 761
Chapter 30 Principles and Techniques of Polluted Soil Restoration «-:sc-scceeseeeecccicienciincaiieiieees. 762
Section 1  Principles of Polluted Soil Restoration s+sssssseessessssessssssesanes Cerersrenserecsicntenans . 762
Section 2 Physical Techniques of Polluted Soil Restoration stesreersersercsesieiiiiiiiiiaa... 769
Section 3 Chemical Techniques of Polluted Soil Restoration ss:sseresssrsrsciaisiianiiiiiaiiiiennen. 772
Section 4 Biological Techniques of Polluted Soil Restoration ss=esceesererereecsiirininiiiiiiiiiiee 776
REFEIErces «+ereereerenrseneerssturusssasessseerssatsterssssssessscerssssessessassssosssssnsnrsrnsnsassensaseesnsnnns 786

Latin Directory of Animal, Plant and Microorganism ............................................................ 787



B—E % @

HAREASHERROR, BEFE BEAA O MRS R A A SRBE T30 H 250, R IRMESREEE Ak a8 H
wmRt, GTFZERNHEEFRBMESZLEER T ERN . ZECE5E T Hbfit 1%
&, el TRUASAGEREEEERALRNRR. ERERT, KR ASEEN—THMHEX
FRIREARETIR, BERAATNR, RGBS AT RS ARG E EREMEILE S
TH.

MREAEBFHRAEES, WA 20 BEMPE, BEMAXFERERNSAT, CE2ETKE
K, BERANGERHEEFTLRBAESZLEXARERNEEFRZ—. FAEREFELSREAES
FRARDSE, SBESHRERAERE, R AESEOEARS. IRNER. FEHFRARSITS L
LA EREST R EIB W 58 E#TTE.

B MR AR AR A LB ES

HTREESFR T RAESE. ¥, K%, KOCE, 5YeE, W%, 3iE. A5R
GAEBFESZERRPNICERE, FIRE AR —SH S, TETA SRR SR
K. AVEBRNG TIREES RS A28, IR EE R WRE E AT T,

—. MEETFHELESR

REABFBO THREARISRE, FERURBMMAKEHERT, 2S2%BAERRKEE
. REESEPIN B2 — R MBS REHHE BREURRER BN KEAER, IHE
I IHBEHEER TIEAR MBI, £ —ERE A BN THRAGIRE BN AR RS Sx THAL —&
SR EIRIIRE TR E RS (Urbanska et al. , 1997), BALAESRERME LSS EERH RIS,
B, MREAEBLERTNE, NZE A ESREMITHETE .

1. 5%

HBRG (ecosystem) JEHEH— IR Y SIHE 2 BIM BRI GE— A HLIK, RASE MO S
Z—. ETREN SRV HREAB¥K Tansley (1935) 24, 5HFRKTTB%EE Suckugiff
F 1937 IR T A Y MBE B E S . SEEIAN, YRR IR EE Y R B B R R
MEAM, MBR— MRS —K, 1965 45, TEFIE BHBTFABB A TFMAERESW b, A%
FNHEASREMA YIRS N R SGA . BRGNS0 E A 521 2 B EE T RIHR A
#o LAESRENZ ORISR SIS HA B4 B BAE S5 M B S —,

EERGR—MEEARMSEN, NFTE OEHTALESMIGAELN T, 255858
HMER B — PR 2 THEPERDS) Bt IERERRRE. BREE RIS RB RIS ET
ARG, BR, FREM XARABEWDRAAE. P Rl pror s 7 R 45 KM E 2 YRS
fE B SRR A R A X e 7R RIS B TR B T M AR B AR S R ST RE R Ak B 1,

» REEE. RE¥EE. B PEAMERERBEXINES TEWRFPER, 85 . Emal; nmzhaoxy@yahoo. com. cn



