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Ecological risk assessment of hydropower dam construction on aquatic species in middle rea-
ches of Lancang River, Southwest China based on ESHIPPO model. LI Xiao-yan', PENG
Ming-chun®, DONG Shi-kui', LIU Shi-liang' , LI Jin-peng' , YANG Zhi-feng' ('State Key Labora-
tory of Water Environment Simulation , Beijing Normal University, Beijing 100875, China; *Institute
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Abstract; An investigation was conducted on the phytoplankton, zooplankton, and fish at 8 sam-
pling sections in the Manwan Reservoir before and after the construction of Xiaowan Hydropower
Dam. The modified ESHIPPO model was applied to study the changes of the featured aquatic spe-
cies, including endangered species, endemic species, resource species, and native fish, aimed to
make an ecological risk assessment of the dam construction on the aquatic species. The dam con-
struction had definite ecological risk on the aquatic species, especially the endemic fish, in Lang-
cang River, due to the changes of hydrological conditions. The endemic species including Bangia
atropurpurea , Lemanea sinica, Prasiola sp. , Attheyella yunnanensis, and Neutrodiaptomus mariad-
vigae were at high ecological risk, and thus, besides monitoring, protection measures were needed
to be taken to lower the possibility of the species extinction. The widely distributed species of phyto-
plankton and zooplankton were at medium ecological risk, and protection measures besides monito-
ring should be prepared. Twelve kinds of native fish, including Barbodes huangchuchieni, Sinilabeo
laticeps, Racoma lantsangensis, Racoma lissolabiatus, Paracobitis anguillioides, Schistura latifasci-
ata, Botia nigrolineata, Vanmanenia striata, Homaloptera yunnanensis, Platytropius longianlis,
Glyptothorax zanaensis, and Pseudecheneis immaculate, were at high ecological risk, and protection

measures needed to be developed to prevent the possibility of the species loss and extinction.

Key words: middle reaches of Lancang River; Xiaowan Hydropower Dam; Manwan Reservoir;
aquatic species; ecological risk assessment.
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Fig. 1

stream of Xiaowan Dam) in the middle reach of Lancang River

Sketch map of Manwan Reservoir (including the up-

in Yunnan Province.
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of Lancang River.
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Table 1 Parameters and scores for evaluation of ecological specialization of aquatic species
534 PSR g E 31008 LR IVEUSD NN A B
Score Habitat Diet Reproduction strategy  Life cycle (history)/Body size Range
(a,al,a2,a2.1) (b,bl1,b2) (el,ecl. 1,cl.2,c2) (dl ~d5.2) (e)
1 s KEIYRALT] T SEIREREE EaBEK, 2T S5 27T 50% &R/ ML
B E—EY) ) RTFER, M/l B A RRBK BERMEE AR WA T BEACH
i BOR(—MMAZIHRZ BRI A/ BORCE e T or
0, >2 55 /s g RS AR R BN
i £>1000
3 Pk AAESHT ERWHYSRERE P ESS AR a1 -5 F OB AT 10% ~50% JE AR
BH—AFRE YW EDLH - EWEEETFA X B AN BB B GE/ s A B WA R RS
KEYWRES PR R ~2 YR EE A Ea R R SRR N
i 100 ~ 1000 il rpi 4
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Table 2 Parameters and scores for evaluation of factors from the HIPPO system in habitats of aquatic species
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&3 1R#E ESHIPPO-PP & EL R E 7K & 4 Fh A 25 WU 7K F
BT 53 PR &l X 18]

Table 3 Approximate limits to determine the level of risk
of extinction of the aquatic species according to the ESHIP-
PO-PP model

Rk HIPPO [HF341 AN
Ecological specialization Effects of HIPPO Ecological risk
(ES) factors

pigid K pigid KFE 8 Sk

<5 N <35 N <40 IRXUBS:
6~15 % 35 ~45 % 41~60  HRUK
16 ~25 B 46 ~65 BF 61~90 IR
26 ~30 e 66 ~70 JEE 91 ~100 M W

ESHIPPO A5 7Y (1) 4 ot A= 25 B 5 4% v, AR XU
FREIXT YRR AT 06 L WD 5 Hp XU 267 BR X
T W A1 | AZTTIEA T W A D R 28 T AR A 5 it 5 AL
TN P AL T S R IR BRIEATWE DU A, b
IOUST. RIR IR 15 7l 5 A e XU 7R W R e 1 SRR
B FE& KL, IR BGE R R 5.

2 HRE5HMH

2.1 JKAWFRIE A S P P Rh e
2. 1.1 PP AT R R AR A
JE A (ATl R RRITBE PR ) £ D A 25 XURS: Ao

F4 INEKGREEIEFHEN BEMSH

XSG T i At IOURIT B 4 A R A W |
RN /N K I BT S B T R AR e AR
PR3 0 ik ) S AUTE <4 A SRAE B ) By
J S AT A AT JE A R AR D AR 2 KU Bt
PRI AE b A 2 R PR ) SR A 4 A T
B H 5% 3 ( Melosira )  WEFT 3 ( Fragilaria ) #2535
(Cymbella) , 28351 1) %5 Bk 38 ( Eudorina elegans) 7K
23 ( Spirogyra ) A BB ¥ ( Staurastrum ) UL K B 7
ITHIRRBE (Euglena) (£ 4) 554 JB TP ELAE 1 A FHLL
B (Bangia atropurpurea ) |, 11 4¢ i 3¢ ( Lemanea
sinica) | Bt B (Andouinella sp. ) , ¥ A Fh 25 £ i
( Jaoa prasina ) FIGEJRFIEZE ( Prasiola sp. ) (#£5).

2.1 2 RIS /N K I BRI IS TR S )
IR (R 6) IR A JE A (R 7) iR AL R, T
VA A KBS VT (83 Ui s b O ik 41 3R i e 7
TERE) T3 1%, B i 1 1 1 Tl IS b B 455 B A B W)
ERERILW e HL (D, globulosa) Jf R AL (Epistylis
urceolata) 8 B (E. plicatilis) . £F & H ( Per-
itrichida)) | %6 HL 28 1Y e %8 L K R A 28 1Y 375 W 4
( Daphnia hyalina ) ; % A Y Fh 8 2= g B 7K 3% (Az-
theyella yunnanensis ) NV R ¥ B K 2R ( Neutrodiapto-

mus mariadvigae ) .

Table 4 Extensive species distribution of plankton between before and after Xiaowan Dam construction

Fh Y AT/ J5 SREEWITAT Sampling section
Category Species Before/ after dam
construction | II | v A% | VI Wil
eS| HREE Hij Before + + + + + + + +
Bacilliariphyta Melosira J& After + + + - - _ + _
TOURL T B B B R Tl Before + + + + + + + +
Melosira varians J& After + + + + - - + +
FR i Before + + + + + + + +
Diatoma J& After + + - + + + - -
Ja A [ Before + + + + + + + +
Fragilaria J& After - - + + - - - _
ERAT i Before + + + + + + + +
Synedra J& After + + + + + + + +
FIE i T Before + + + + + + + +
Navicula J& After + + - - + + + +
25 A1} Before + + + + + + + +
Cymbella J& After - - + + + - - +
S| S BRE Hij Before + + + + + + + +
Chlorophyta Eudorina elegans J& After - - + + _ _ _ _
TK 4 i Before + + + + + + + +
Spirogyra J& After - - - - - - - -
il Hij Before + + + + + + + +
Staurastrum J5 After - + + + - - — _
PRBETT M il Before + + + + + + + +
Euglenophyta Euglena J&i After - + - - - + - _
A jEi7b Tl Before + + + + + + + +
Cyanophyta Oscillatoria J& After - + - - + + + +
| ZH 3 i Before + + + + + + + +
Pyrrophyta Peridinium sp. J& After + + - + - + + +

+171E Appearance;

—iH %% Disappearance. I [F] The same below.
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Table 5 Special species distribution of plankton before and after Xiaowan Dam construction
s Yy AT/ J5 RAEWTTT Sampling section
Category Species Before/ after dam
construction I II I v \Y Vi VI il
i Fh FAIEET: i Before + - - + — - + _
Endangered species Bangia atropurpurea J& After - - - - - - - -
Al T3 HiJ Before + - - - - - - -
Lemanea sinica J& After - - - - - - - -
AL i Before - + + + - - + -
Andouinella sp. J& After - - - - - - - —
FEA g A1} Before + + + - - - - -
Endemic species Jaoa prasina J& After - - - - - - - -
IR B3 T Before + - - - - - - -
Resource species Prasiola sp. J& After - - - - - - - -
F6 /INEKNMBERRIEFRIYEHEMS
Table 6 Extensive species distribution of zooplankton before and after Xiaowan Dam construction
e g MR/ JE SRAEWTTAT Sampling section
Category Species Before/ after dam
construction I II ! v \ Vi VI VI
JRA ) BRIE AP 72 Hij Before 4+ + ++ + + + + +
Protozoa Difflugiaglobulosa J& After - - - - ++ +++ -
B A il Before 4+ + ++ ++ + + +
Epistylis urceolata J& After - - - - - - - -
e B fij Before ++ ++ ++ 4+ + + + +
Epistylis plicatilis J& After - - - - - - - -
TR B A Tilj Before ++ e+ ++ ++ ++ + ++ ++
Epistylis rotans J& After - - - - - - - -
ZER il Before + ++ + + . + + 4+
Peritrichida J& After - - - - - - - -
ek Ll il Before + + + + + + + +
Rotifers Rolaria rotaroria J& After - - - - - — — _
JRIE fo F A 1 T Before + + + + 4+ e+ + ++
Keratella cochlearts J& After + +++ ++ + - - - _
iR Y ol T Before + + + + e+ o+ 4+ -
Keratella valga J5 After + +++ ++ + - - - -
Bk 75 W% il Before +4+ ++ + + + + + +
Cladocera Daphnia hyalina J& After - - - - - - - -
KAG E i Before + + + + +++ +++ ++ ++
Bosmina longirosris J5 After ++ ++ +++ +++ + + + +
B2 JoAR RSk & HiJ Before + + + + + + +
Copepod Mesocyclops leuckarti J& After - - — — + + +
TCA Gk il Before + + + + + + ++
Nauplius J& After - +++ 4+ + + + +
+++50m AR £ Extremely many ; ++#(R R 2 Many; +5mE/D A few.
x7 INEKNBEERREFRIIFEEMS G
Table 7 Special species distribution of zooplankton before and after Xiaowan Dam construction
A I/ 5 KAEWTTT Sampling section
Species Before/ after dam
construction I II I v Vv | VI Vil
7 O KR il Before + + + + - - _ _
Attheyella ( Mrazekiella) yunnanensts J& After - - - - _ _ _ _
VU 35 K 7% i Before - + - — _ _ _ _

Neutrodiaptomus mariadvigae J& After - -
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2.1 3 Rk ARG A 25 R NEOK I E K S
BN 15 B AR AT 15 PP
AN A S RN 1 F 2 A . 22 e DU 5B ( Bar-
bodes huangchuchieni) |55 k4% ( Sinilabeo laticeps) .
WV 24 18 £ ( Racoma lantsangensis ) | V6 J§ 24 1€ £
( Racoma lissolabiatus) &2 E &k ( Paracobitis anguil-
lioides ) & 2 7 Bk ( Schistura fasciolatus) %5 JF& 1= Ji
Bk ( Triplophysa brevicauda) . %ESURA 8k ( Schistura lati-
fasciata) BRELVPHK ( Botia nigrolineata) FHE 25 1
ik ( Vanmanenia striata) .z A~V ( Homaloptera yun-
nanensis ) \ 1 A& J1k ( Platytropius longianlis) LIRS

xS FFEY.GFHEBYMTEERXESTSERETS

gk ( Glyptothorax zanaensis) . JoBE#E Bk ( Pseudeche-
neis immaculate) | BLBERE 8K ( Pseudecheneis sulcatus) .
2.2 JKAYIFNL RIS T

TEIFRE ) T WA Fh AL B A e 13
RS e SRR RS PR, 27 ~ 29 1
TR Y S0 B8 /N T 20, TR S R, 0 F
BRI 2 TR 7K 1RV R 3 SR K S IR A B e
Jrail D9 31 M 29. K 2K, BR BEOBE AR
( Pseudecheneis sulcatus) |1 SU RS 8k ( Schistura fascio-
lata) F1%E B 25 K ( Trilophysa brevviuda ) 7, FeAth#)
Fi BIF 533 =19 (K8) . 3RMIFN L& LA &, i

Table 8 Score of ecological specialization of plankton, zooplankton and native fish

e Ywh 1# 54 Habitat e ERXR A, AR Bt
Category Species KA BT fk2zp 7 Diet  Reproduction PRBIF N Range Total
BB Physical  Chemical strategy  Life cycle score
Habitat factor factor (history) /
condition Body size
TR T R Melosira 1 3 3 1 1 1 1 11
Plankton Mot Fragilaria 1 3 3 1 1 1 3 13
W53 Cymbella 1 3 3 1 1 1 1 11
ZSERPE Eudorina elegans 1 3 3 1 1 1 3 13
A R85 Staurastrum 1 3 3 1 1 1 3 13
R Euglena 1 3 3 1 1 1 3 13
IK & Spirogyra 1 3 3 1 1 1 5 15
B Andouinella sp. 3 3 3 1 3 5 5 18
21 B Bangia atropurpurea 5 5 5 1 3 3 5 27
th4E 8 F3% Lemanea sinica 5 5 5 1 3 5 5 29
8L PE Jaoaprasina 5 5 5 1 3 3 5 27
&€ Prasiola sp. 5 5 3 1 3 5 5 27
PRlEEh 20 BRIBEPSE R Difflugia globulosa 3 3 3 3 1 1 3 17
Zooplankton 2 A Epistylis urceolata 3 3 3 1 1 1 5 17
¥ B Epistylis plicatilis 3 3 3 1 1 1 5 17
LF B Peritrichida 3 3 3 3 1 1 5 19
45 W Rolaria. rotaroria 3 3 3 3 1 1 5 19
# W% Daphnia 3 3 3 1 3 3 5 21
= R RGK & 5 5 5 5 3 3 5 31
Attheyella ( Mrazekiella) yunnanensis
P R 5 K <% 5 5 5 3 3 3 5 29
Neutrodiaptomus mariadvigae
+ 2 40 25 (2728 WIS 24 MG 14 Schizothorax lissolabiatus 5 5 5 1 5 3 5 29
Native fish MRS 4 Schizothorax lamisangensis 3 3 3 1 5 3 3 21
M V8 Homaloptera yunnanensis 5 5 5 1 3 5 3 27
PR VMK Botia nigrolineata 5 5 5 1 3 3 3 25
FEPEIF AR 18k Vanmanenia striata 3 3 3 1 3 3 3 19
LB BBk Paracobitis anguillioides 5 5 5 3 3 3 3 27
WESLREk Schistura fasciolata 1 1 1 3 3 3 1 13
25 M PUZBEE Barbodes huangchuchieni 3 3 3 1 3 3 3 19
&6 Sinilabeo laticeps 5 5 5 3 1 3 5 27
K& T1; Platytropius longianlis 5 5 5 3 3 3 5 29
FUIRBL Mk Glyptothorax zanaensis 5 5 5 3 3 1 5 27
WBERE Bk Pseudecheneis sulcatus 1 1 1 1 3 1 1 9
TCHERE Ik Pseudecheneis immaculatus 3 3 3 3 3 1 3 19
5 B 5 SRk Trilophysa breviuda 1 1 1 3 3 3 1 13
TeBURE Ik Schistura fasciolata 3 3 3 3 3 1 3 19
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Table 9 Score of aquatic species habitats based on factors
from the HIPPO system

BT THIFEY) iR fk
Factor Plankton Zooplankton Native fish
A S s E31a 5 5 5
Habitat alteration IR 5 5 5
AL A RS 5 5 5
ZHICZHTIA 1 1 5
ARHF (LS GIVN T 1 1 5
Invasive species HHMESIATDH 1 1 5
HEFM 1 1 1
EER/IRGE 1 1 1
154 Pollution EHEREES 1 1 1
iGN EREES 1 1 1
itk 1 1 1
RATEE 3 3 3
MR K 3 3 3
Population growth
BRI N 5 5 5
Over exploitation EES 1 1 1
K43 Total 35 35 47

BIRRYF S B EE m TRE IR R
FH“HIPPO” #5781 PR 7 %of 7K A= 1 At S8, 1 ) 1743
2SR | BGPTSR T I R A R T T
(K 9).
2.3 KAWFR A RSP
2.3.1 PRI A A PRI R TR e TR
FERUIFARS SR N SEC S e I S S ARG R S & e
SEAE /N K IR I Ak T v B AU AR 2 2R AN L
R W I A | A2 7 BV SR BORE I, P PR B 5 it 5 A i B
Pl EBE AR S T BB R A R XU R
A FLAE VR VT P e DS 5, B T M A, i
HER LT R 5 it
2.3. 2 RIS A S RS D R R s
A TROAR K TR PG i 9 K SR e /NS K U 182 s 349 Ak
T USRS R LR 7 B BBORH IO AR AP it )
WUEFMP ST R R RRCR R Rl
TR I 2 450 A B A 25 DR S5 0, o Lk Wl 71
o7 R LD L LR it %) U
2.3.3 AR HEGARD, ZEAEA B
RO DR 2R £ 45 12 Fh 3 mAE/ NE K R K
S AT v XU R A 7 37 B X JH SR B T () A
TE it 77 1T 2 B 4 5 B TR ok | Ak 2 g 86K D
JR8 v DB AL v B XU IR, X LR WD A | 7 e
B RS A (1 3).

20 19 18 U7

3 IVEKPEIEUEREY) PR Sl N K R 3 A e A
SR 540

Fig.3 Ecological risk assessment levels of phytoplankton, zoo-
plankton in Manwan Reservoir and native fish in Xiaowan Reser-

VOIr.

1) ERESE; 2) MEAFoE; 3) FFase; 4) a5BR%E; 5) AEENE; 6) #
Wy 7) KEREE; 8) WAL, 9) LIBWE, 10) AEM T, 11) =54
W 12) E3E; 13) BEmAE; 14) AR 15) W2k 16)
LR 17) Fegt il 18) B, 19) mREMG/KE; 20) PEE %
HKF; 21) CIEZE f; 22) BRE f; 23) RG] 24)
2RV, 25) REBEIRZR6H; 26) FUBREIGK; 27) =R PUZIAE; 28)
oA, 29) KB I, 30) FLIRSCHME; 31) JopErgik; 32) 3
ootk 33) MR IR, 34) BILCEnk; 35) FERERME.

3

AHIF S MR 5 1 725 26 IX M B A% ) B SR A i o
SimicZE 1S $ (1 ESHIPPO-PP BRI HEATAEIT | 7640
2T RIS X SRR, ELA R s A ST AR D
06 B A BV B S F R AR PP i R P 2 % T 18
JE DX KA A 1 ) i 235 SR 3 o R T 5 SR K AR
Tl A 25 KU 1) 52 PE T 5 ESHIPPO A 78 2 5 T4
SEAHAE , W T R JH ESHIPPO FE L (g RLp P FE
FRPE.

“REBE-BE AL - B R KA RS R G
ZIEYIEE B IEK A AR A R G TR IR I RE R
B F B R KA B RGP A E
BRGSO WK EEB RGP A I F 2
SRR, BRI A W s e e K AR RS R GRS
A7 7 Bl g s 1 RN K R S Rk e 4k
SRR AL P TR I A% 36 B O = o SR AT 55 R R
Vit sh ) ok 52 B, TR A 28 R HL vp A T 9 B
(R BRI R RS RS R
T4 25 RN = 26 0 S B RO VR, TR sh 1
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P AR AR Bl 4 X K AR A SRR TR
AERAA L K IV T Y A1 ok 2 AR S gt
CRATRON” 7= A £ B 0 B A S A YL 1979
B RINFT AR M ( Neosalanx taihuensis) 51 A = 55 E
J& B R BT TS = R AR 22 17K
JE ORIV HTAR E 7R I2 Y PR IX 5 R L, JF ik B
UFR 2R RIER T BRI, R IRTAR B B 1 < AT
07 BB AR 2 T U0 S W R 28 O A AR AR AR
FEFRMY AETED , B 0 3 23l B P R P K &
(Be22) , PEOLE W W T 5 5 1980 44
Ft, 2005 AFPEANBITE IiF FH 7 SR v 25 1 B 1 2
DL VG 1 T B K S %, B O TR AR B K
U PRI VR 40 R B 1957 AR 3R TR
[53 354k 388 ( Cyclotella rham boideo-elliptica ) 2 i {8 &
H 2005 AR 22 IRBES B (Mougeotia sp. ) ,
BRI AR R A otk 1 5 A A, 5 RN B R Ay« T
AR B OIRA G, N IR AT 45 SR 24 T 0, oK)
B AR Y TICR T BE R T SV PR XK U B P
i /K 5 2 B O K A A T e B KU R A ) 2
JL R FR I S WA R E IR S A B
T S AE A R L D DL %) DR 2 il B 1 v it sh g LA
WO PR R ) 6 (HLL B3 25 B Ak
18 e A S KRS 2 75 5 2 T s W ) B R IR AR G
) Fp E— 2D SRR ST

0281 oA 5 AR I T R ). RIUAML S
A S R G, B e TR K SC A AE
(A P R T S A0 AR Y A 5 UK S
AU B DI AR G, K ST AT 3 v ) £ 2 DA 25 B 1
PR 3, LG N TR e v M 255 BE Y
W PRI, /K SCHRE Tt A #1283 02 X Y b il
FIREA DM PR Freeman 551 45 1 4
AR S B 5 TR K ORI Bk ) 22 Ak 2 5 A
I S PRI T 7K S 4 A0 R e ik /A J2, 3t Ik [8] _F 7)
FaEME, S Ah R A s E T 2R BT AR )
AR RT P B0 B SET e R AET A 2R
IS E) ) 7K SCEEZR (R4 R R P2 A | & A I )
FASAE R 22 ) 1) 47 AR 1k B 5 52 0 10 288 1) BE 0 SR
HYGE T BT AL ZE R 25461 . Marchetti I
Moyle' " #F 52 ], + % 0 JS AR IR ARAL T4
e D AR K B e B P T i T YT, S
TR AL L S A O | A - 3 0 28 5 3 g 2 1
FHIGME s K SCRYAEBE 219 AR A R BT, JK SORS JR i
R 0 SERETE . AT P 1) 2801 2 2R o0 A
A SRR SO JRw A, 0 IR 2L #0734 T

ORI R 7 R W O L N = B A AR 4
902 ~ 1023 m; S SUrE Bk 7311 T 2= Fl B AR AT VB VT S
WA HAE T K T S Bk A S B S R
1o JEBHOE T E LR KBRS AR, R AR
S A3 T o e I S Lt A0 i X AR T T
TEKIEZ KT /N K 3001 Ui 2518 185 7K 30U 1 T 3k
K ALK KT T, T B T R K SCMUAE 52
M - R A B R FAEY R R, FHmnT
FOE TR L E AR SR B K, e
TR 8 YT D AD v 82 b B 1 2R S KU S5 ), T 2
HEFTREIAR R A
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