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A TR] I rp g A T KPR SE L, O R Ak TR R T R
B 1k 78 U (5 59T 9 7™ 2 4 3 Ak, o 3 M A T 5 1L
ST 5 M Yl 9 A 2 R G0 1 52 v R S5 TR . Tl i
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TR Z W %) A= A8 bn ik R AR bnik R ik
2 (An et al, 2002; Sharifinia et al, 2016a; Yadav
et al, 2015; fTUEFRSE, 2014), o, 28 & 4R bR ik
R CELEE W) B Ak 27 R0 AR W) 48 AR 55 1Y 2 48 BR 1T AN
P& W R G W IEH 7 i W B TR W R AR
B R G R )7 5 (Singh and Saxena, 2018; Jill
B %, 2018) , HH fUR M @ RALA B R G AE R
LR TR bR A il A B E AUINALCE 2415 3 25 5
AIPEI 45 R (B4 M 45, 20100, 1 H. 28 & HE bR ik
RO R LR a5 3R AR AT I A R R Y A 2R AR A
FL A TR AR, N BE 0% 4 T b Ak S i T i
FR 7K B8 S5 R0 A AR RE L & 227z T I A
A& 2R S R GE i R OE M b OO B A
2018),

AT 5 28 15T DAY ¥ 7K T — P T K AR o R Y
N B AT o H T T A R PR K R L K B IR
BTG, HOK B Bl — 2 T RGBS, &R
JEE 1) 7K G U5 T A A5 i) 3L S b 25 K ) TR i
At AN Ui B, W R S TR B AR 1K Bl ) SR
SO TR AR T K B A 5K
FITE LA 2022 44 Z= BUAKIC 5252 3l 23 1Y T
IR S AE 5B PR IR A e RN AR K R TR R T RE X
A AR IR BE S I R ) R T T L K 4K T AT IR
A SR R A 2D g . AR SCRL R A T T K
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Fig.1 River segments studied and sample

site locations
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Tab.1 Characteristics of the five river segments
T B LR B I 3905 5 0 3 78 )7 5 K /km %8/ m
CTW-BBF s 6 ML B ER 3.91 2~5
BBF-30 & T R A AL 30 MR EIN, TR i I 21.70 120
MH-YT T PR R A R AL 12 A BRI, i B Ui 16.00 150
YT-XH Ukt A Vi T 32 L TOUHR Vi UG 1.92 10~150
XH-XSP J & 3.56 12.5

1.2 K5 R#

1.2.1 ARMEHASFALHFAE 2017 4 8 A(H
Z) 11 H (BkZ) M1 2018 4F 4 H (FEZF)XF 5 A~ B
() I A5 AR AIE Y07 3 ) B 5 R R AT R A R KR T
RN NN 374 | W CINZ N i N R D S8 ]
AP % DlVHE T BE RV B R AR 55 L & R R R TR A

1.2.2 ARBEARN FHEWRET 5 BN 8 A
S0 A5 B AR AR L DR e 48 0 A (HQ40d,
A 36 ED M 2 K R g 5 (DO . KB 3% [] SE 56 =
T 48 h 58 ik 2% 75 A i (COD, 5 #% W2 8 1k <
HJ828 ~2017>>) .5 H LT A& (BOD; , i B Fh
2:<THJ505 ~ 2009 >) . & & (NH, -N, 44 [T i ] 53
JEEEE B <<HJI535 — 2009 >>) Fl s B (TP, 40 R &% 7>
HeEE2<<GB11893 — 89=>) fy il 5E .

1.2.3 AKAEEHEN S K% (1) IF ALY IF i
S SR AN TR) 2% 715 Y07 iV Ui AE A L UF U S R
IEHAT AR R E . IRURAE Y BOKFE 1.5 L, A

15 mL & 8Fal 5 [ 7 . A SR UTTE 48 h, F) FH o g 2% 25
il b0 W e RS M 45 FE 5L (30 ~ 40 mL A4 T
50 mLE D& 1 E 2 (Perbiche-Neves et al, 2011
Wang et al, 2014), #]H BX51 M 4 tH & il 5%
(OLYMPUS, H #&) i# 17 % % (Nogueira et al,
2010; Perbiche-Neves et al, 2011),

T S« DA Sl ) RN S R A Ak B S 5 Ty
ES TR AR . RO SRR IR 13 5 (4L
112 pm) BEIFA Y L8 40 LR JEK. UL 5 mL
IR SR W € R & 3 100 mL(Gozdziejews-
ka et al, 2016) , HA 2 1y 11 BOFN %8 3 76 5 B2 T
(SZ51,OLYMPUS, H A i# 17,

TP 28 8 E 22 (b [ DL TR K T i 2R BTG )
(FTEE AR TE A . 2010) IR K 1 B A= ) 5 DK A
) O RE PRSI, 2015) .

(2) 7K A= AE Y 8 A ] Be N HE K R LK AR )
PR TR KRB W 2 R G AR S A AL TF
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i K A HE W) O BV =F & B (Ding et al, 2015),

OIEMZ Y R D &R (K 30 em, fLA2
250 pm) 5 0 ¥ 1 0] dat T T AT GG B0 0 1 E A SR
T HER PP shWARA PR A7 TR IR BRI
Wi rf (Sharifinia et al. 2016b; i %, 2015), H
T 28 3 e 55 R AU PR i 3 ) 1) 3 5 AR [R]

(DO IRAAEY) Z R A W) 2 P48 BRE 68 i it
KRB B BT (BE ST A5, 2002) AW ST K A AR Y
eV 2 FEE R & R - W90 $8 % H' (Shannon-
wiener index) #E17 AR

H'=—2(P)XIn P, )

P.=N,/N ®

AN R BN, N RS R
1.3 ARESREERERNERER

£ % Cochero (2016), Ding (2015) 1 Che 5§
(2012) 1977 12 . ¥ 2 10 AR BIF 5 100 0 A4 25 AR 56 {9
¥ (River Health Index, RHID) $8 #3 f& & 11 £ 2,
RHI 45 5 403 S 48 b ] 18 45 44 T R R J5i
IKSCRHE K AE A W) FUOK LS50 5 A — Rk K48
B AL 1~5 A I KR RAE N 7 RAED 5 Fir
715 VA L A R B T 23 S AR G oL R AR 22 A 22 5
NEEG o E B 4.3.2.1 AT O,

RHI i1 5& /33 (Che et al, 2012):

RHI=_§1 Su b, ®
Sub, =% 1na, @
j=om;
3, 1=1
1, :=2
m, =42, i=3 ®
4, 1=4
5, 71=5
o, Hy 40 2 9 R A S 2 4 TR T 1 A
8ol o, AAE T TR 0 4 2 A

;

Z%, RHI=0~10 #2,10~20 #,20~30 %,
30~40 I ,40~50 Wl
1.4 Zitow

K JH SPSS16.0 B AF #1782 M1 1 ANOVA
# 5 H Pearson A e ME43HT .

2 GBRESH

21 ARETSREZBERIEETF
2.1.1 FRKFEA SR AKHEML 54 BE R4
S FUK SCHAAE ILEE 3, Bt CTW-BBF B A H R %

P > 1<) 58, HAlT B 28 whai 15 A i gy HL
<0.1X 3] 5, ] Bt XH-XSP Wi KA — E R E P
FEFNBVR o 45T B Y JIC BT 22 R PR RO & L U SR A
(97K BJ) 7 45 A A Bl o 90 300 5 8 Ak R B A T o T AR
2 HH T R 2R,

2.1.2 KAEEY (DHKEMY 5 NDWELET
FEOK MY R 4, F BB, K
AP R L8 KA K s 38T, T N 2 N 5 Y
KA PN e 25 U B BBF - 30 S/ FA
VLKA Y GH B, Potamogeton crispus) &= KA K,
T BFK Y £ E R ET E $(P<<0.05),
A, BE BBF — 30 5 [ #E 7K AH ¥ (faf 46D I K AT
W3O ¥ o N TR,

(OTEWEAEY 2% T B U7 Wi A ) 22 1 46 4
H'BTE 1.6 ~ 2.3 2) . it i K SR EDIRZS Ry op
AR T RS Y s B IR TR A ) 2 A A K O
AR BT ), i AR TR 22 (P <<0.05) 5 25 i) b 0]
Bt BBF - 30 5 B9 V7 e A ) 22 1k e IG5 1K T3]
B CTW-BBF #l YT-MH , H:Ath ] Bt ) JC 0 W 22 5,

OTRUWESN Y 4510 B V7 Ui 2 4 ) b AL 1 1) 22
FEPERS 23 A8 Ak I 3, H B AE 0.9 ~ 1.9, H i [z e
(7K IR BEIRAS S 5 S G, H A A8 A6 T B 35 i It 23
ZR(P>0.05),

(DOIRHG Y KW sh W) BE T Z e H (H A
0.9~ 1.5CEl 4), fIr )z e i) K SRRSO 8 B 75 4y
H'HMAATC 3 95 1 22 5 (A B AL T & B
W2, 25| B Be MH-YT 9 H'{i it , XH-XSP
B H {8, 22 5% W3 (P<C0.05) , (B 5 Hfth ] B
(VR ZREbE O B 25 57
2.1.3 KA KEIRAR RS AR E 5, &
W Bt DO ¥KTF 7.5 mg/L, 15 ) 1 7K P55 it 2 b
#fE(GB3838 —2002) 1Y I KAnifE. TP WBEETE 0.33~
1.71 mg/L, K& ET V(0.4 mg/L) . THE
B ZEF(P>0.05), M T s W15 YL 052 M, 7
F i 3 AN BE MH-YT,YT-XH,XH-XSP ) TP
B W% = T3 KT 2 A9 B CTW-BBF il BBF -
30 5 WK T A9 NH, -N ¥k Bt 858K (0,13 ~
0.51 mg/L), 1 ¥ + 3 NH, -N ¥ E R 0. 14 ~
11.53 mg/L, ¢ 4l & &, Bk Tk B b v 2k
(>2 mg/L), A7 W H f0 75 gL 9 FR AR, & T B
COD il BOD; ¥t i #h 3 K BT IV 2 bR i (43 5]
=30 mg/LAI =6 mg/L). BLAk, ¥+ A9 £ %
15 Y W TR B AR R I R B R AR 1 I X
SRS G R R Y 45
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Tab.2  Indicators in the river ecosystem health evaluation system

i3 FAE I T e A3 4 SHE
il bR

EE.STIZN 4

B SR L B B TR 1L 3

B B A S5 490 b 59 3 X B AT A 2

=50 % W 9 A T3 3 1k 1

] B 4 35 A T4 38 1k 0

T REh

i F1 SR il 7 A A R 4
B i R R A B b 3
45 JOAH 5 7 35 1Y T 5 K I R o T 2
N 3 B b T SR A 3 1
F4 BRI E AT 0
 vhafy
=1 X9 G 4
0.5~1 X Ji] % 3
0.25~0.5X ] 5% 2
0.1~0.25X ] % 1
<<0.1X 1 5 0
TR LSy IR A RSN G G MR A U R R ) L 5 A A LA A 5 S AR T B A A T 1 4y
42 4
K 3% 3
i 2 2% 2
1% 1
B T ATINZ N N Rl R Y SR LI K 0
I R AE
T A A5 A BT I R AR Ak 4
K PL—Bh A 0 & R 12 3
5 — it 45 BEL BB 114 S 1
K G U 4 SR R 0
. i AR
R 3
it 7K FE il 10T AR 4
i =75 %6 AT PR FE I K L << 25 %0 (0 T PR R 6 3
25 %6~ 75 Y% (VAT PR 38 il U 7K 5 I 43 1 AR R 1
R ILT- T 0
KA R R (RS K 0K TR IR KR B 2 B B AR
4 Ff 4
3 Fp 3
K 2 Fi 2
1 1
& J 0
4 PRI B RSP R B ) - AR U U 2 R R AL
>4 4
) 3~4 3
2~3 2
1~2 1
0~1 0
COD.BOD; .DO.NH{ -N TP H & /K J 58 it H h5 ifE GB3838 — 2002
K < I 2% 4
[ <1V % 3
% <V % 2
# >V MR 1

>VEHBR 0
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Tab.3 Substrate components and hydrological characteristics of the five river segments

T B CTW-BBF BBF - 30 %5 MH-YT YT-XH XH-XSP
IRy s A BRA D T AR A Je Vb M+ T FIH L (EENUA SNk il F SN YR I
UL A i # i A2 4 J6 1t i A 214 A W I AR AL, — v BELA # i A2 4k
itk R AR Ui K S 1 1] 1 < 2500 W IRRREE <2520 YT R R R UK S 1 ] 1 Ui K S 1 ] 1

R4 FTEKREEVEHEOINTE

Tab.4 Spatiotemporal variations in aquatic plant composition of the five river segments

B CTW-BBF BBF - 30 % MH-YT YT-XH XH-XSP
& WR ULIKAT Yy 2 BR WR AR
5 HEKAED) HEKFEY) , DUKHEY , HEK R, 17K HEK ALY, UUKAED) HEK ALY, DK
BEE N B T K AE R T 4 e 2 RFNIEEIE SN TE KAL) B
A BER BER BR R WK
-~ 3.0F -
s a a
:% § B T b ab B i ab T e.lII_J
mE 2.0 L | T L ) T T 1
ma | . = J_
1.0 -
0
# i #* CTW-BBF BBF-305 MH-YT YT-XH XH-XSP
= T B
Season River segments
R AR R 25 AN RE a A b R B P<T0.05 fY B35 2 5
2 FHEYER-BASHEEEININEE
Error bars show standard errors. Different letters (a, b) reveal significant difference between parameters (P<C0.05)
Fig.2 Spatiotemporal variations in phytoplankton community diversity
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=7 B
Season Riversegments

WL AR R 25 , AR FBE a Al b R W] P<<0.05 I 3% % H
3 EFHIYMER BASHEEEINNESER
Error bars show standard errors. Different letters (a, b) reveal significant difference between parameters (P<C0.05)
Fig. 3 Spatiotemporal variations in zooplankton community diversity
2.2 AR RHI MR =L %,

KB RHIE WA 6, Ha B CTW-BBF 2.3 ARESESEERIEETS RHIHHEXK
(FJ1H 7 39.96) F1 XH-XSP(31.92) [ 4E 25 R G5 fidt RHI 5 & 5 £ 4F K F A1 5 2538 45 9 Pearson’s
SR T BE Y T-XH (28.79) (4 ft e 45 9% Ry vh 4%, FHOCPEANZR 5. RHT 5900 PR 5 30407 T DR 5 J5T F it
MMy B MH-YT(18.79) il BBF — 30 5 (16.25) [#) fg FRAE A7 b 3 A 56 (P <C0.05) , ] L 4% 301 5 A
RGN R 2E . T H MK MAEY) 28T, b B FXE K SCIRS W U g T & T Be A B R G

HRHIMWEZm THP<<0.01) .k (P<<0.1) MW R 2SR,
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Fig.4 Spatiotemporal variations in zoobenthos community diversity
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Fig.5 Spatiotemporal variations in the concentrations of each water quality parameter

3 it

30 MEZEMEENARESESZBRRAIZIT

T L ) T 2 R 2 T G N B AE A L sh ) R
B LA A B R . TR SVURN A B YRT R LV A K )
RN S icy IRORTIN TR 7/ BL 2y AN G I PN R 27 R T
Ui H AR EIREE, e M H I AR S R G R B
M N £ (Cochero et al, 2016), B AKX A % T
P T H AR K SOIRZS W) 50 % Ak A ok 0 i 5
RIABRAE, 2009) , {H 38 4 Y SR 300t 2 A 55w 1 26

BE IE R GRS A Al Az i 0, 2005) . Wi Be CTW-
BBF BOF2H5 301, X3 0 3 420 B 45 440 1) 52 W) %8270, [6] B
NAGFFRIR VeV 5 Y W Y DT R A 5 (Guo
et al, 2017; TEEINE, 2014),

Tu] 3 RE Ak B TR PR VAT A, e 2 5 e YT 3
4R B K SCHREAE 1 EL , 0] T8 A A5 £ 38 5% 2 28 Yl 30 i
JBT R 20 43 VT K A 55 - 9 R0 b T K ) B 3F CE
ZRPEFREL K, 2004) , I BRI TRT I X6 5 4 49 ot i) 87
BAEFERE I B B 1 (RS, 2014) . A
METROAESRGER, Lo, T AZE
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SR T PRI GE | L 3R s 2 25 o5 D R AR 4

=g EKEZH . © A s - Vi Y Sl N
“EEE okttw VL SR o T T I 2 L 0 YR A A A s
PRYY i m R = By FAMEAA KB (Kroes & Hupp. 2010,
HM |H |H W i 4 SAE W 3.2 eSS ReSREREORR
X~ 7 717 — == P W oy SIS
=AY =8y 2E8E WWW 7K 2 9 25 75 e R S T 4 75 2R S f
Hed B28 HHo A1
NN G OO0 727 ggg oo tmeessreconnon. ok
Z dedcs MM PRI T NH, N 22 B L g 7 7 1 75 e 5 0
=B EEK B EK EENK EIK T 1 ) B M A Ok TS YRR L
CTW-BBF  BBF-305 MH-YT  YT-XH  XH-XSP XA T I KR AT 3 5l 6 KR R R S
B , o S .
River segments PO o AT P AE ) T B 2 R R IR Y BR A
6 HWBRARFEFT A RHIEZL IR AR 2 R ) Ak LA v R B R SR
Fig.6 Spatiotemporal variations in RHI of the five W B CTW-BBF I 38 #2 B8 3 5% 0% 3l B XH-
river segments XSP AR 25 Z G f HE A5 20 4 (CHRT 2 30~ 40D,
5 RHIERUEEFHHEXXER
Tab.5 Relationship between RHI and the indicators of the evaluation systems
FAEH T RHI FAEH T RHI FAEHF RHI Ei=E 7N RHI
7N 0.97** i it 0.90 DO - ] 38 25 4 0.97" "
7 0.92°* KA ~0.47 TP -0.68 T IR B 0.98*
2wy 0.74 Y 0.76 NH{ -N -0.12 K SCHEAE 0.84
Y] R JiE S5 0.98" e L] -0.23 COD 0.5 KAEEY 0.37
i 2 0.77 JE A 3 0.69 BOD; 0.4 KIS HL 0.06
. P<C0.05, * " P<C0.01; — DO ZRAE /] Jifd B 7316 g — 214 ik, JEAH R M

Note: * denotes significant correlation (P<Z0.05),
AWM, e A BRI E R S S EE
F24k 19 % A= (Shin et al, 2011) ; 17 ¥ & i 4k %F V5 4
Yy B RE T R REAG 2 X R AR AR B A R G
R A& R F) 5% Wi (Kroes & Hupp, 2010; 2540
AR, 2014) . BT RLL M T SR L SRS A AL
)L B AR AR AR 25 35 e B 428 0L B T A
33 KEEYESHESTRESEGEEENXER

KA A ) 1 22 T L S L T 3 B v 4% o
T Ak 24 BRI K SC AR 1 55 P AR AR a1
HESE, 2002) , ARWFFEP BT KA, HoAhE
YIHE T KT — K R 2 PR R R L X AT AR
S5z B m 2 MoK A R GRIE g E,
2017), T H . RHI 245 B 5K Y Y 2
PEA KA DG, B T 5 20 4 i 1) o X o YR T e
) A FH o I 2 A0 2% VT i 7K A AR ) R e A K Y 2
T 15 YL W B ) R R Z2 RE AL 1R K AR R W RE 8 R AR
T R B R A LR (B RS 45, 2005) , A HE £
() 7K A= sh ) B I 9 RURE B BT (5 4 ALK, 2004,
TEF5 05 55, 2014) , DT e 38 o) 3 19 2E A R e il B
MR KA AR W ) 22 KR T R A T T G S H 5
B RN K i A R T

4 g

5 AN [ A2 B SR I B AR T B b, R b ALY

** denotes highly significant correlation (P<C0.01), — denotes no correlation.

LY 3 HE Ll R A Ak i Tl B YT-XH Ay o %5 f B
(20~30) , S WUFITR] PR T /52 4 B Ak 9] Bt MH-Y'T
1 BBF - 30 5 (A= 48 R Gefilt B4 9l 22 (10~20)

RUIESTR L KAl Qe AN R BTN S E 7/ B I T TR ¢
T R B J5 R K SCAFAE B B A, R B B AR S R 4
it B 1Y) 2 LA 5 e A, B RS BILTE A TS G, oK
A WA B 22 REME X 5 9 B A felt B 4 AT B L X
T A A R A AR TS Y ) VR B 27 B0 AR R
T AR A R G AT T .

25 b RS AR IAT IR YR R R P LG 2
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Effects of Damming and Channel Hardening on River Ecosystem Health in Zhangjiakou City
BAO Lin-lin**, LI Xu-yong"*, ZHI Shi-jie’*, CAO Chen'"*
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Sciences, Chinese Academy of Sciences, Beijing 100085,P.R.China;
2.College of Resources and Environment, University of Chinese Academy of
Sciences, Beijing 100049,P.R.China;
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University, Beijing 100048,P.R.China)

Abstract; Hydraulic engineering facilities, such as dam construction and channel hardening, are widely
constructed in rivers across China. While these artificial control structures have large social benefits, they
have dramatically altered river ecosystem. In this study, five segments of the main stem Qingshui and
Yanghe Rivers in Zhangjiakou City, with different levels of damming and channel hardening, were selected
for study. The effects of artificial structures on river ecosystem health were assessed using a river ecosys-
tem health evaluation system developed as part of the investigation. The objectives were to provide scientif-
ic data to support ecological restoration and optimize resource management. The River Health Index
(RHD we developed included parameters characterizing river physical structure, channel substrate, hy-
drology, water quality and aquatic life and the index was used to assess the variations in ecosystem health
of the five river segments. The river segment with only slight dredging and the segment with check dams
were in good condition, with HRI values of 30 —40. The river segment with weirs and hardened riverbank
was in moderate condition, with an HRI value of 20 =30, and the other two segments with dams and hard-
ened riverbanks were in poor condition with the HRI values of 10 —20. The construction of dams and hard-
ening channels changed the physical structure of the river that, in turn, altered substrate composition and
hydraulic condition. The variations in river physical structure, channel substrate and hydrology condition
were significantly correlated with variations in RHI (P<C 0.05), and were the primary factors influencing
the quality of the river ecosystem. High concentrations of phosphorus and organic matter, and a low diver-
sity of aquatic organisms also had adverse effects on the ecosystem health of the five river segments. RHI
values in all five river segments increased during the summer, when aquatic plants are thriving and pollu-
tants are diluted by higher flows. Therefore, to improve the quality of these two river ecosystems, efforts
should be made to improve the hydraulic condition, restore hardened channels and buffer zones, and pre-
vent pollutant inputs.

Key words: damming; channel hardening; river ecosystem assessment; river health index (RHI)



