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Fig.1 Location of sampling sites
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Tab.1 Basin information of sampling sections
in the mainstream of Jinsha River
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Fig.2 Species composition of phytoplankton
community in different seasons
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Tab.2 27 candidate metrics for ecological assessment
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Note: Metrics with * were retained for further screening.
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Fig.3 Box plots of candidate metrics between reference points and observation points
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Tab.3 Pearson correlation matrix of candidate metrics
E 2 Ml M2 M3 M5 M9 Ml11 Mi12 M13 M17 M20 M21 M22
M1 1
M2 0.85%* 1
M3 0.52 0.47 1
M5 -0.48 0.03 -0.23 1
M9 0.45 0.38%* 0.21 -0.28 1
M1l 0.49%* 0.39%%* 0.33* -0.29 0.24 1
MI12 0.29 0.19 0.06 -0.26 0.85%* 0.25%%* 1
MI13 0.49%* 0.26 0.15 -0.48%* 0.56%* 0.51%* 0.63%* 1
M17 -0.13 -0.05 0.02 0.10 -0.11 -0.42 -0.26 -0.33 1
M20 -0.48%** -0.11 -0.32% 0.67%* -0.17 -0.46%* -0.17** -0.38** 0.27*%
M21 0.30 -0.01 0.09 -0.57 0.06 0.43 0.11 0.24 -0.28 -0.75%* 1
M22 0.52 -0.03 0.09 -0.56 0.10 0.44%%* 0.14%%* 0.27%* -0.38 0.78** 0.44 1

VE DRI S TRAE 0.05 F110.01 7KF CRUID | & 25 4H %

Note:* and ** denote significant correlations at the 0.05 and 0.01 levels (two-tailed).
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Tab.4 Formulas for calculation of metric scores Tab.5 Assessment criteria for biological
according to ratio scoring system integrity of phytoplankton
By MR piuny —Z2ATHE wo oW BE M Tk Uk
5 - Wi 7 A S ON] %4\‘7%& %4\.7%&
Bk — — P-IBI <2.28  2.28~2.66 2.67~3.03 3.04~3.81 >3.81
Ml ,;j ﬁg T M127 28 7 27
3 ;ﬁﬁgz% B M2 . 0 s 24 &I THFP-IBIERKRL
Ty FIRFE UL T I FREAE 5 1A (v ke R
ms RIS o s 1050 097
oA ( ' ) ' ' (1 3% , VA R AE i 4 A (13%) , — BFE A9 A
fEHET] 2.07-M17 s rs
MIT e BFF 7 207 001 153 (30%) , BEERE 8 A (27%) , W ZERE 5 8 4 (27%)
M21 ?Eﬂﬂéi%;jﬁ " T M21/0.75 0.84 0 0.75 Rl 7K 2= 0 f# e FE 5 S (16%) , — 8 A

bk Ral ot ) R =1 R R 7 1Yi 3 NI (=7 X (= NP N i 1 R R
I T AR bR E IR o

Note: “ I Ft” denotes indicator value increases with the intensity
of disturbance, “ I [%”denotes indicator value decreases with the inten-
sity of disturbance.

(27%) , B R 55 8 A (27% ) B ZEFE 55 9 N (30%) &
LA S HAR N, ST NIRRT E L,
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Tab.6 Health evaluation results of lower Jinsha River based on P-1IBI

FKFE ik 2
s ZH , . ZH p k
Ml M3 M5  MI17 M2l L £ Ml M3 M5 M17 M2l ®a e
S1 0.44 000 080 099 000 223 W7 0.57 0.50 0.69 0.60  0.01 2.37 7
S2 0.66 020 075 082 0.00 243 W7 0.57 0.00 0.63 093  0.01 2.14 Wz
S3 0.48 055 080 058 050 290 — g 0.31 0.00 0.54 038  0.01 1.24 Wz
S4 0.76 000 075 081  0.03 235 g 0.40 0.50 0.40 0.43 0.06 2.74 B
S5 0.38 050 075 092 021 276 — 0.84 0.00 0.88 097  0.07 276 — %
S6 0.64 000 071 078 0.00 2.3 Wz 0.28 0.00 0.56 0.72 0.22 1.78 Wz
S7 0.55 045 093 065 042  3.00 — % 0.67 0.00 0.70 0.77 0.06 2.19 Wz
S8 0.57 0.00 067 054  0.00 1.78 Wz 0.02 0.65 0.25 0.32 0.00 1.24 W2z
S9 0.52 064 072 096 100 3.84 2353 0.78 0.00 0.74 0.74  0.00 2.26 Wz
S10 021 030 103 098 050  3.02 — R 0.76 0.00 0.98 094  0.09 2.76 —
S11 0.63 037 059 073 001 232 L 0.92 0.00 0.91 098  0.03 2.84 — &
S12 0.44 000 088 1.14 035 281 — % 0.66 0.00 0.74 0.81 0.00 222 &
S13 0.36 0.00 091 105 034 267 — M 0.66 0.00 1.16 0.80  0.02 2.64 7
S14 0.36 0.00 087 019 000 242 B 0.92 0.00 1.08 0.87  0.00 2.87 — &
S15 0.40 020 097 037 0.5 208 Wz 0.36 0.35 0.49 0.66  0.78 2.64 L
S16 0.05 054 072 109 043  2.84 — 0.27 0.00 1.31 126  0.00 2.84 — &
S17 0.09 0.63 056 049 001 1.78 Wz 0.48 0.28 0.45 0.56 0.0l 1.78 W7
S18 0.83 000 077 096 010  2.66 W7 0.36 0.00 0.91 1.05 034 2.66 LI
S19 0.02 1.04 041 052 000 199 Wz 0.17 0.30 0.35 059 0.8 1.99 W7
S20 0.20 068 087 1.0 0.9  3.04 TfEEE 028 0.49 0.58 098 095 3.29 E A i
S21 0.20 083 050 082 033 267 — g 0.05 0.51 0.68 1.02 041 2.67 -
S22 0.25 105 078 1.04 008 320 LfEEE 0.5 1.08 0.95 0.84  0.01 3.05 RIS
S23 0.29 051 046 084 039 248 L 0.00 0.50 0.75 0.98 0.25 2.48 LHE
S24 0.00 049 074 097 024 245 L 0.03 1.29 0.50 0.64  0.00 2.45 O
S25 0.50 047 078 094 034  3.03 — 0.86 0.00 0.90 099  0.08 2.82 — %
S26 0.33 050 052 096 031 263 L= 1.00 0.00 1.10 1.06  0.00 3.16 RIRESE
S27 0.82 000 089 131 003 305 TfEE 022 0.94 0.57 094 037 3.05 VA R
S28 0.13 045 057 072 0.3 1.99 Wz 1.00 0.00 0.86 1.00  0.04 2.90 —
S29 0.05 1.06 051 .05 056 324  f#E 090 0.50 0.67 0.99 0.03 3.09 DAY
S30 0.34 000 040 072 072 219 Wz 0.52 0.00 0.96 1.15 0.00 2.64 7
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VDL NI 3t 408 t 86 B (gD il ka4,
FH L v B3 25 (2019) FER & F£ 45 (20200 1 25 1) 52 Fb
F100 Fofr, HE I 22 S Y5 T RAFEHE B AL B R
&R R A . ST N IR F Y 2+
PRI 1R 5 DA P — S i — W R LN 3, R R 1) AR AT
e E B RBE, 5 RRW A DAL ]y T B
AT (Devercelli & O’ Farrell, 2013) . ASHTF 57 1 A
HHIAD, 5 7R 0l | A v /K R S IE Ak T TR B, AR YT
KPR g, AR RISV K s C e O B AL
SR H L 1 AR A P R AR T KRR Sl 28 R N
BAT (A B 55,2020 , 3 4T B Ak 30 37 A i
ARAS , Ui Il A 2 ] 2 — i U Y — K R e
B & /KA (Zerlin & Henry,2014) . & 441 E 9%
B, R TR SRR T R 1 AR S A A, Ak
KAESRG R &R B SIRENE T, HiFEY
HEVE D OR TR AR AR . 5 7 sE BRI AR T, 1
BEDVRRE S LA BT in , (SR AN f SRR ] 0
'] (Yin et al, 2012) , #EWI 7] & 55 7K ] A2 T+ K& i
iy oK 1 7K SN A2 % (Zhang et al, 2018) , L&
{147 1 T AT B 968 Y 2% FE 3l OO I R 4 4% 5 20095 Li
et al, 2013 PFMN AU 45 RABAEIE 71X — B % . Ak
F= 7K = I 7K 28 7 Uit A2 ) 2 R AR AE R R 2203
D R P AR 2 1 U W) AE (Sommaer et al, 2012)
BE A (20200 ) LG T AHE IE X F A IR U
5 I B A AR 2R R 2R Y OK T R AR AR
Z, MW (R B4, 2019; 21 38 5555, 20200 %
W IR R RS 5 IE S E S T
EEETHA K.
3.2 SRREMIZFERTE

] o 5% fe R TR 9 P P8R G A BH A o SR AE
A NET TG BL R 0 s ARES S DR ot A= 4 26k
MR A 3% K A B K (Karr, 1981) . H Al
KT IX R A SRR E R KA Z R
B B JE e id sk, I s BOHE TG i A2 1BV A A
HEHE TR R T REASFRBEME, &
IO e AL 2 R 45 Thk o /K B R R oE B A = i s T
A REUR , W LEAR AL BE R 45 4 2 3 5 A Dk HE 45 7
TH] ¥ 25 B, () R S o 7 vk bk B s &5
CZEA PR35 (Liet al, 2013a) «» IE S KIAES A
WEAFAEE 2 4 WL, 2 B8 s 19 3% UG T 58 B 1 R
ity 782 21 5 r) P R0 W PEAE D, EOBE R R B R4

VR0 I 45 B R o KSR 0 M 2R A A A AR 2
(IR A, 3 3 B ARG N 3 /KA (U 22 38 /K ) AR
A E R SR KR Cn 32 T A K SRR B vk 1 D
(bR e, T2 T BRACAR 1 AN R 2 (5T - #%
HAEHr,2008) o AHFUE A RS IS
RBEEARR IS 2R R, HAE 7R
B AN 5K 55 N AT BB/ I UL, 256 75 R8T Bt
JE L A MR ol R KR TREE N R . BN
(2013 I N I 2 R ATk B U7 5 X T X
BB AESKHEEEESKEBRA —EMS
EME. B REANRBEENSEZRES, KE
XA AR S H AR AT T Mg FOR B (5 T« % BLSE
H,2008) . H AT, &V0IL FiF LA S R G fd fE
Wil 7 A E W H bR AR bR, T TR )
BE A A A5 (Wang et al, 2015) A 2 Hb 2E 55 1%
%2 (Zhu et al, 2020) . A T 1 5L F13% 38 4 Y% & (Tan
et al,2016) % RN A BB E Sk, MR AES R
g AW B ScEER .
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Ecosystem Health Assessment of Lower Jinsha River Based
on the Phytoplanktonic Index of Biotic Integrity (P-IBI)

GAO Xingchen'?, ZHANG Qi'?, SU Wei'?, ZHU Jiazhi'?, JIANG Wei'?

(1. Hubei Key Laboratory of Three Gorges Project for Conservation of Fishes, Yichang 443100, P.R. China;
2. Chinese Sturgeon Research Institute, China Three Gorges Corporation, Yichang 443100, P.R. China)

Abstract: In this study, we evaluated the aquatic ecosystem health of the cascaded reservoirs in the lower
Jinsha River before the cascaded hydropower stations began operating. The evaluation was based on the
phytoplanktonic index of biotic integrity (P-IBI) developed as part of this research. The aim of the study
was to provide technical and data support for early warning and ecological restoration evaluation of the
cascaded reservoirs. The P-IBI evaluation system was based on a phytoplankton investigation carried out
at 30 sampling sites in the dry and wet seasons in 2017-2018 (5 reference sites and 25 conservation sites)
in the lower Jinsha River. A total of 86 phytoplankton species (genera) were identified, reflecting high spe-
cies diversity. The phytoplankton community structure belonged to the Bacillariophyta-Chlorophyta-Cy-
anophyta type, dominated by Bacillariophyta (43 species, 50%), and retaining the composition characteris-
tics of phytoplankton in natural rivers. Using the distribution range, discriminant analysis, and Pearson
correlation, five core indices (total taxonomic units, cyanobacteria taxonomic units, percentage of Bacil-
lariophyta to total taxonomic units, cell density of Bacillariophyta, Chlorophyta cell density as a percent-
age of total cell density) were selected from 27 candidate metrics to establish the P-IBI evaluation system.
Based on the 25% percentile value of reference sites, the evaluation standard for ecosystem health in the
lower Jinsha River was established and five P-IBI grades were set: P-IBI>3.81, healthy; 3.03-3.81, sub-
healthy; 2.67-3.03, fair; 2.28-2.66, poor; P-IBI<2.28, very poor. River health was then assessed at each of
the 30 sampling sites. During the wet season 1 site was healthy, 4 sites were sub-healthy, 9 sites were fair,
8 sites were poor, and 8 sites were very poor. During the dry season, no sites ranked as healthy, 5 sites
were sub-healthy, 8 sites were fair, 8 sites were poor, and 9 sites were very poor. In general, the health sta-
tus of the lower Jinsha River was poor, and the ecological condition in the wet season was better than that
in dry season. River health evaluation using the P-IBI well reflected conditions before the cascaded hydro-
power stations began operations and will support efforts to manage and improve the ecology of the lower
Jinsha River.

Key words: phytoplankton; index of biotic integrity; ecosystem health assessment; cascaded reservoirs;

the lower Jinsha River



