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Preface

The Qinling Mountains, with the European Alps and the Rocky Mountains of North
America, are known as the “three sisters™ of the Earth. Not only because of beautiful scenic
views of the Qinling Mountains, but also their special status in geology, geography, climate,
biology, hydrology and even culture. The Qinling Mountains are one of the 25 biodiversity
hotspots in the world, one of the 14 key biodiversity areas in China, and one of the core
functional areas of China’s natural ecosystems. Therefore, the ecosystem diversity, species
diversity and genetic diversity of the Qinling Mountains have important strategic significance
in China and the world. Meanwhile, the Qinling Mountains are also the most important
ecological security barrier in central China, and that important ecological service functions of
conserving water source, maintaining ecological balance, regulating climate and soil and water
conservation are irreplaceable.

It should be emphasized that as the key parts of the two major river systems of the
Yellow River and the Changjiang River, their water resources and the water resources play an
important role in China. It is the most important water conservation area in Shaanxi Province,
while with water volume of 22.2x10° m’, that’s 50% of the Shaanxi Province total water
resources, and one-third of the Yellow River. Among them, the water resources on the
southern slope of the Qinling Mountains are 18.2x10° m’, accounting for 58% of the water
resources in southern Shaanxi. It is the source area of Jialing River, Hanjiang River and
Danjiang River. It can supply 12x10° m’to 14x10° m? of water to Beijing and Tianjin every
year. It is also an important water source conservation area for the Middle Route of the
South-to-North Water Diversion Project. The water resources on the northern slope of the
Qinling Mountains are about 4x10° m’, accounting for 51% of the total surface water
resources in Guanzhong Area. It is the main water source for the Weihe River and Xi’an city.

However, it has been becoming increasingly urgent issues of biodiversity protection and
ecological security due to enhanced socioeconomic activities in the water conservation areas
of the Qinling Mountains in recent decades. Firstly, the ecological service function is seriously
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threatened with big decrease of water conservation capacity. Due to environmental changes,
including climate change and improper human activities (e.g., non-point source pollution), the
natural vegetation coverage of the Qinling Mountains has been reduced by from 64% to 46%,
and the lower forest line has risen to an altitude of 300-500 m, leading to habitat loss, invasion
of alien species, species endangerment or extinction. Soil erosion has intensified and resulted
in difficulties of water conservation. For example, soil erosion reached about 50% of the total
area in the Qinling Mountains, with an annual soil loss of 8.4x 10% tons. Since the 1970s, about
80% of the rivers on the northern slope of the Qinling Mountains have become intermittent
rivers, and the annual runoff of the Heihe River has decreased by 2.44x 10° tons. Secondly, the
ecosystem is greatly destroyed with severe eco-environment pollution. While the Qinling
Mountains are abundant in biodiversity, and resource-dependent economic activities are
relatively at low level. This contradiction is obviously observed between ecological protection
and rural economic development. While it was increasingly polluted in soil and water quality,
the scarcity of cultivated land resources, the extensive use of forest resources, the disorder and
over-exploitation of tourism resources have been dangerous threats to protection of water
sources and ecological security. The negative impacts of irrational use of water resources and
large-scale development of mineral resources have also been highlighted.

Undoubtedly, a thorough investigation on spatiotemporal patterns of biodiversity and
ecosystem in perspectives of watershed ecology, an actively exploring of the ecological
sustainability in water conservation area under the influence of natural environment changes
and social economic activities, and an effectively evaluating ecosystem status and future trend
and presenting scientific countermeasures in the Qinling Mountains are of great significance
for protection of its ecological environment, biodiversity, security, and service, are also
essential to ensuring the abundant and high-quality water resources of the Middle Route of the
South-to-North Water Diversion Project and the Guanzhong region.

This book presents our newly research achievements in environment change, biodiversity
protection, ecological security in water sources region of the Qinling Mountains, which is in
accordance with national strategies at multiple levels. To meet the requirements of this
research work, we selected two river basins including the Heihe River Basin and the Danjiang
River Basin as case study areas to carry out biodiversity surveys, observations and
investigations. We implemented investigation on changes of environment, biodiversity and
ecosystems through field experiments observation, laboratory analysis, and model simulation
approaches, which includes biodiversity and ecological security assessment model, water
resources and quality model, river basin management model from acquisition of multiple
datasets such as observations of environmental parameters and biodiversity, remote sensing of
ecosystem and land cover use, statistical socioeconomic activities, and model simulation data.
We further discussed and projected the changing patterns and dynamic mechanism between
biodiversity and wetland environment influenced by physical process and economic activities.



Preface  Vii

We hope our research findings are able to provide as solid basis for decision making in
regulating management of water resources and protection of biodiversity.

This book is organized as two parts. The first part presents observation and experiment
results of biodiversity, including aquatic, floral, bird, butterfly and fungi. Aquatic species,
community structure, quantity and temporal and spatial dynamics of fish, phytoplankton,
zooplankton and benthic animals were identified in the Danjiang River Basin and the Heihe
River Basin. The relationship between fish, phytoplankton, zooplankton, zoobenthos and
water environment parameters were further illustrated. Plant species composition, biodiversity
index, hierarchical structure, and plant community habitats were examined both in the
Danjiang River and the Heihe River basin as to illustrate relationships between the plant
diversity and water conservation capacity, as well as to discover key processes of
environmental change and mechanisms of plant diversity. Bird species and population
dynamic changes were investigated in the Taibai Mountain, the Heihe River Basin and the
Danjiang River Basin. Integrated with remote sensing and GIS techniques, the bird ecological
service values in wetland ecosystems were further addressed. Butterfly diversity investigation
was conducted to examine changes of species composition, population, community structure
and fauna composition in the Danjiang River Basin and the Heihe River Basin. Spatial
variations at different altitudes and temporal changes in different seasons were studied.
Meanwhile, butterfly diversity and fauna in different time periods over the past decades were
further analyzed. Large fungi diversity dynamics in water conservation areas was obtained
through combined analysis of ecological and floristic changes. Distribution pattern, structure
and function and their relationships with its habitats changes at community and ecosystem
levels were further addressed.

The second part concentrates on evaluating dynamics of ecosystem and biodiversity
which were influenced by climate change and human activities through model simulation
approaches, as to provide backgrounds for river basin management, biodiversity protection
and water security. The core issues were illustrated in two aspects, that’s, biodiversity and
ecological security influenced by natural environmental change, and ecological compensation
and river basin management caused by human activities. Firstly, biodiversity and ecological
security assessments were based on our recognition of natural environment changes. After
reviewing previous research progress in theoretical basis, evaluation system, and
methodology, we developed effective evaluation system of biodiversity and ecological
security in water source areas of the Qinling Mountains. Biodiversity and ecological security
were evaluated in the Danjiang River and the Heihe River basins, and the status and changes
of biodiversity and ecological security of these two major basins were discussed. Secondly,
mass (water, sediment and chemical elements) transportation and energy flow model were
established to simulate changes of runoff, sediment, heavy rain, flood and non-point source
pollution water resources, and water quality and water environment system in different
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scenarios. Future changes were projected in designed scenarios in connection with
environmental change and river basin management. Thirdly, socioeconomic impact on
biodiversity, and water resources use, river basin management, and water security in
perspective of ecological compensation were explored and discussed through our developed
sustainable supply chain practices (SSCP) model. The ecological compensation evaluation
model which was based on SSCP model was employed to investigate different ecological
compensation systems impacts on regional socioeconomic activities and sustainability. The
utility of water environmental protection was further explored.

The contributions that are included in the chapters of the book range from methodology
and model calibration to the actual application of systems and studies of recent policy
implementation and evaluation. The contributors originate from academic and applied research
institutes thus offer a mix of theoretical and practical perspectives in different case study
contexts. This book is an indispensable guide for researchers and practitioners interested in its
background and its application. Contributors of each chapter are as follows. Preface and
Chapter 1, Jie Zhou. Chapter 2, Kaifeng Wang, Tiezhi Jin, Jianlu Zhang, Nina Gou, Bin Yang,
Kun Bian. Chapter 3, Bin Li, Yuchao Wang, Yang Li. Chapter 4, Xuebin Gao, Lei Luo,
Hongfeng Zhao, Lijuan Suo, Ning Han. Chapter 5, Lijun Fang. Chapter 6, Junzhi Li, Peng Qi,
Lu Dai, Liguang Zhang, Yu Liu, Anli Li, Xiaojie Wu, Wenyan Huo, Ting Qiao. Chapter 7,
Hongming He, Hongfei Zhao, Jie Zhou. Chapter 8, Hongming He, Yajie Lu, Jie Zhou. Chapter
9, Yongjiao Wu, Jie Zhou. Jie Zhou completed the general editing of each chapter.

This book is a summary of our research on biodiversity and water environment security
in key regions of water sources of the Qinling Mountains which was participated by the
Shaanxi Academy of Sciences, and Shaanxi Institute of Zoology, Shaanxi Xi’an Botanical
Garden, Microbiology Institute of Shaanxi, and Institute of Soil and Water Conservation, CAS
& MWR, Institute of Soil and Water Conservation, Northwest A&F University. The research
work was jointed funded by the Ministry of Finance, and the Shaanxi Provincial Department
of Science and Technology.



B

Preface

- S = 7 7 ) R LT 1
%_ﬁf—j ﬂﬂ:{)zﬁ:iﬂi .................................................................................. 3
A BANAIIEIR - e o s o s e s s s s P &
é‘%iﬁj{ .............................................................................................. 9

%’:E KA G REE oo 11
%__.ﬁj‘“ 7}(%&%5#@&%%%*@% ........................................................ 12
BN FHIMUR S BRI R ARSI LA oo 52
BN EEREE T RUK A Y BETE G AR R v eeeeererrr oo ee e 56
’;ﬁ[ﬂ*ﬁ @%ﬁgﬁlﬂﬁﬁﬁﬁﬁﬁii% ............................................... 69
72{;‘%)‘[@( ............................................................................................ 74
B PRI IREIEAL TE e v vovmn s vooms fibaps s wuuvs s guews §5sans sussi s guess § wemes s womes tgaams 77
MR — BT IRIR MG AE Gh oo s covws s esins s sionn s namss wsnas o suions EEWRS o 44908% § 2593 § WS E 5 TNES 80

%EE E%gﬁ-& ................................................................................... 83
%_.% *ﬁ%gﬁ@ﬁ%&u&;ﬁb% ........................................................... 84
gﬁ:‘ﬁj“ %m@ig7kﬁ@ﬁg*ﬁ%%ﬁpgﬁé:&&ﬂﬁﬁ ................................ 88
BN FRIOKIRHRIE IR MR S5H, SIRERIL S IRYER T

;é}é ..................................................................................... 103

%[Eﬂﬁ %ﬂ@ig7kﬁ@ﬁgﬂgﬁiﬂ*ﬁﬁ%ﬂ ........................................... 107
AN BT BRI K ERIEAGHGIR -+ overore oo 1
é@%jﬁﬁk ........................................................................................... 115
Eﬂ-/%__ ]ﬂbﬁﬁ%gﬁig*ﬁ%@% .......................................................... 117

I}ﬁ-}%: ﬂ-\{_‘[{}ﬁjﬁ ( @é@ﬁﬁ) ﬁ/\]gﬁﬁéﬁ*ﬁ%gi ........................................... 145



X oy FREBKEEFRENSHEEUSATERS

%E E,!%Zﬁﬁ .................................................................................. 173
gﬁ_.%‘ ﬁgﬁqb% ............................................................................... 174
AT G e 176
Gl R AR . o o e s i S S S i s S 178
EPUY UK IR FE X L 2GRN e 214
BT FHIBHA S RZG IR S INGEM TG oo 217
%{%Yﬁk ........................................................................................... 223

%—ﬁﬁ %ﬁg#ﬁ .................................................................................. 225
Bt BT IR R SRR BB oo 227
BN BT AR MBS REPE AT o oooeeone 240
7%%3‘(@( ........................................................................................... 250

WA IR -« v nmmme woommsmomrmsmsmnp s o G 5 i b ST B A Eni 253
B3 TP RENL O | . covcossmans sanss ssnis susss dumen suss v S8 eSS 254
S g R R B« i s e s s e s S5 263
$o RIS EE K AT BB X REREMERIGE oo 267
U AT AR5 VA K AR B R SR oo 272
BRI s aon o s s KRS SR RTINS RS BTN BRESRR $HATLA S S TR 278

%.‘:E i%gﬁ‘&'—ii&?é ................................................................... 281
B IR S A AR R BT ik - eveeeeereee 282
WA ZRIAET A R TR A A ) RERETRAT - 293
G TR o | 8 LS By A B Fe o 4 11 SR PP PRI 305
é{ég—)‘(@( ........................................................................................... 313

%)\E 7kﬁﬁ7kﬂiﬁ§%ﬁéﬁ*ﬁ ............................................................. 317

J_,flfj“ {}ﬁiﬁ}k%ﬁ)kﬂ(iﬁﬁﬂg,ﬁ‘ﬂl .................................................... 318
B IR BT BT SCIRBHEN -++++rvvvvorsoeonss 330
=AY Sl TR TR IR - oo e R il B A i R 345
%%)‘Cﬁk ........................................................................................... 359
[gﬁ)i_ ............................................................................................. 364
[gﬁ} B TR R 366
Kﬁ; L R T T T TR R TP ERR 368

%’ﬂﬁ ﬁﬁgfg\ ét?&*b{%l_ﬁ*i%ﬁiﬁ&% ................................................. 369
B GRS OEMAERIEL v overr e 370
gﬁ_—_‘iﬁ Ej&;h%ﬁp{ﬁ%ﬁ;%% ............................................................. 380
%T*ﬁ‘ X#%{ﬁj{ﬁiﬁfzﬂkﬁ?%%iﬁ& ....................................................... 39()



H SAREABE O

X

iIF5e




2 oy RREBKREFREENSHEMTUSKRRRE

RIS B ARSI RS . Sk, S AKSCERER, BATFKIF R
HEIE BRI R SRR AIX — 0 IREN f1. BRIk, IARZRIS I EARBRES R R A, H AT
fRZRIs B G I AN A T R

A4 BT m A T R s R GRIERSE, 2001) , ZIEHLX B IER L BT
4 BT R, RAERES 2 GRS AR R . BT i ARl - Pl , BRI R
MEREE Ly, A TAedb b R TR 2 (6], EMR R LB { L, ZEIE-HILIZEF
oM, ZRUS LKA RE TE, R TR B2 S AR A . AR AEACRURTAE AR I, 2 A
M E R, IR, R, PSR T, I BE 7R Ak kL
ﬁﬁﬁ%%ﬁ%%u&%iﬁﬁwﬁ% T 5 DR a2 kA4 b
BLREF, TH A rE, 2 ERRTTR R,

E@N%OE~%0ﬁ¢MLﬁﬁX€E%ﬂW FUR RS )R H TR IZ ),
TEW T B DI . 78 TR 3, RV RIS R ZE LS R F Y,
R A E 3~4 K. ik, oS B LRk, RO AT R R 2H i) 2R s B
RISRAE SR 5 BT . BT Ab A e il ) W s, ZRIe s 22, Kk 100~120 km,
FRLNEE, SHORE AR, MU RN Mk EE, SIKAE 40 km, W2
s, IABER, BT EESRIREL LI,

A P DX St o 6 A JE L ARG B T, v U ) R ARV R B T b ORI, 3R T
RE E R AL R EAE L, R I8 RIRBERE, {19220 b g i ¥
M AE, MOV R SR RS L, BRI AR TR ) 2 /KU
bR, F K R AT . FERE b, ZRUA bl LUTE RS T - AR TR A
MRyE, FEHLCES M AR E, ORI X RAERRY X RIS, ML
EMEHRMEE, MEEES AR 2P E. E@%L,ﬁﬁﬁm%B%%ﬂﬁa
EFFRER, HNEERBKAISIPEIXEZ S, BE.

FHT 8RN S 0] sl A Z3 04 16 KA 6 X Sl R s Akl R b, T R A b AR i i e L
BRI IOK R, SRR R ALK R, JRIFEA WA DTS T3 1)
K (B 1-1) , FRRRIEWIERITN4ER, 2 alidsa R m e, <.
AR s AR

[ ] T |
[ BT, -
T R,
M i,
—— Wi

B 11 FHT AR S e B




$—% HREEAFEHR 3

L A% A A&

FHI, fr b4 32°30'~34°10, %4 109°30'~112°00", KT A irdbMisT sk
) —2k 3. HRIET R Lk RUBLL BB (BRPEA RIS ITiades) , s i
MK FHRE. s, T/ S50 ML H B N iAW I &, [mpE7EdldE
BHENHLOKE (B 1-2) o 42K 443 km, SFBHEA 16 812 km’.

E
® EBERIEZHE W H: 2133
TR & T 130

B2 FHLRRE
—. MR

PR T RIS R B, [XIiiE R AR RIS RS R . s P 5 i ¥ -
PABRIPF IR AR B S — 2k R 5, LR EdbdErh & - TR TS & 90, BB RAR
HUE R RIS FE G R N R AR g . X E & %, a8 TAKER
EHF ARSI HZ . SHFEFERE. RS, KRRE. BEEENLHER
Y. EHMUAEERBRAE . BRESNARAENE. PHFEENGIRE. THE.
EFHLLARE I A K G AE, EFHIHE, BX—KAth—98%, BBk KNat
EHX, FERAGRDSE. WA, e OkEMGSE, 1988) o AukE & AFHTE kL
RUELL, R 1964.70 m, AR AFHL TR A B AL, #E4k 210 mo K52 X d8 b i A ith
S, A KIR R, TRMEECREAM . KA, Ml 7B RRK R
T E BRI AR M A i KL AL 3 AN g,

PR H SR R B RFAE, FHTEEh 4 N BRI



4 oy FREBKEEFEEMZSHEMNTLSARERS

1. BB b, Rk B h £ 69K

HFR N 730~1500m, L& N 0.5%~1%. iUl E iRy “v” B, i
RS, BRI, BT LLR, WRZBLITRE, (R At — AR R
Ho HROMER IO EREZ B O, W XA Nty . WA, BRA . B LORIERE, T
B 100~200 m, FRETHHLRYTE, 2975 300 m, IR, KRIUTE 6 m A4,

2. AMABRE TR A A, A HTEL, BTREESTH

FIRIEEHON 540~730 m, LEPFA 3.3%00 {H14F 957 4 1000~3000 mo %57 2 Hb IR,
Bt t-2r K& . BmREFN, KR, EEREL . A th3a-FE, miEiEmE h
. WRIT A BRI . L WAk 0, BRI A S g0 . 5 R K A IR
e, REER, B “BEMNT .

e 805 BB A - A e b AU LK R b ™ B, ST S IR RO, BRI
HOKFENT, B KRNV, HiH EESKIL LS, FE BRI, R,
et MRV RIBR A SR FHL M R FEF b, RV RS ER RSN T, &
F e R CE R M T DA B st EVAIR A R KIZilE (. BB

3. AR B A EMAREZN, kS HE

T ARHEIR N 400~540 m, LEPEH 2%0~3.3%0. WK ZAMHS. 5, Lidth% A F S
R AR, WA, BEW, 32N 30°~70°, Kitina. WAL, (L
7 H H AT AR CL B9 PEE5E b A 38 20 A4 B 0 A

4, ok EBdEATEZR, B THRAETES 55481869 B 2R TR

FIRH#ER A 200~400 m, LEPFEA 2%. MEHMES S, WOREIE. XK. M. 17
WL TR R 2 A P, RS, KRS, WK, BRAR. WA LEHRE, £
W, AKIELE, WM. 7. MmE. MTERESER & AW . W, ATH
Sy MRV . o KU SR I 45 A 200~600 m. I RAEEIA, A BHKIA 10 /R TK
gy, JEFRMITIEZY, PR . BEBE, HEBEKHN 30°~60°, Kt

=\ "i&5KZ

FHURUEC R A AL A S B R . £FALE, FETERLZR, E
FERA, RHMBREE, KERANES. SPHREHALREE .. bR ARiSEE. 297
BSEN 11~14°C, EMmEEEEN 40.5C, FEWmRIKEZEN-12C.

FHL RS MK B 52 S AL 5, PRK D ARAI S . B BB s R RG
i, Eimlitoy 2 WX, HRNEL, B RN 2 RIX, W3R )E R DRI .
PR T B KRN 743.5 mm, KFR/KE N 10723 mm, /KRN 445.7 mm, K
Bk E R /NEKER 2.4 5. FENDERAL], BE 7~9 HEKEN 332.9 mm,
AR KR 44.8%, 12 H R IRE 2 A4 KE N 28.3 mm, {5 FKET 3%~4%,
Bl 7~9 HFgKEN 12 A K9G 2 HiF 10~12 fif.

FHI IR K T ZZ R BN 1298.3 mm. FHL Ed#A@ELKX, FKEAELREDN, N



