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Responses of benthic macroinvertebrates in tributaries of different hydrological

regimes in the Three Gorges Reservoir region to reservoir impoundment
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Abstract: The construction of the Three Gorges Dam has caused significant changes in aquatic ecosystems. Benthic
macroinvertebrates, an important component of aquatic ecosystems, have also been greatly affected by reservoir
impoundment. In order to explore the impact of impoundment on their community in tributaries of different hydrological
regimes and the role of tributaries in their resource production, benthic macroinvertebrates were investigated in four
tributaries ( Lixiang River, Yulin River, Quxi River and Longhe River) of the Three Gorges Reservoir in July 2015 and
January 2016. In particular, their community, species diversity, and relationship with environmental factors were studied. It
was found that (1) In July, a total of 655 benthic macroinvertebrate individuals belonging to 59 species were collected.

Among these, 40 individuals (4 species) were collected in the river reaches affected by reservoir impoundment, with
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Macrobrachium nipponensis being the dominant species comprising 57.5% of these 40 individuals. However, in January, a
total of 1123 benthic macroinvertebrates belonging to 69 species were collected. Among these, 238 individuals ( 16 species)
were collected in the river reaches affected by the reservoir impoundment, with Neocaridina denticulata being the dominant
species comprising 14.2% of these 238 individuals. (2) No significant differences in the density, biomass, and species
diversity of benthic macroinvertebrates were found between the river reaches unaffected and affected by reservoir
impoundment in the tributaries periodically affected by reservoir impoundment. However, in the tributaries continuously
affected by reservoir impoundment, the biomass of benthic macroinvertebrates in the river reaches affected by reservoir
impoundment was significantly lower than that of the benthic macroinvertebrates in the river reaches unaffected by reservoir
impoundment (P<0.05). Furthermore, the Shannon-Wiener diversity index and Margalef species richness index in the river
reaches unaffected by reservoir impoundment were significantly higher (P<0.01) than those indices in the river reaches
affected by reservoir impoundment. (3) The canonical correspondence analysis ( CCA) showed that, in July, the main
environmental factors affecting the benthic macroinvertebrate distribution were water depth, current velocity, water
temperature,, dissolved oxygen content, specific conductance, and nitrate concentration ( NO; ). In January, the main
environmental factors were water temperature, dissolved oxygen content, total phosphorus ( TP), current velocity, water
depth, specific conductance, and transparency. These results indicated that the community and species diversity of benthic
macroinvertebrates could be affected by reservoir impoundment, and the tributaries play an important role in their
conservation. In the tributaries continuously affected by reservoir impoundment, significant differences in the richness and
abundance of benthic macroinvertebrates exist between the river reaches unaffected and affected by reservoir impoundment ;

however, in the tributaries periodically affected by the reservoir impoundment, no significant differences were found.

Key Words: Three Gorges Reservoir; tributary; benthic macroinvertebrates; environmental factors; species diversity;

canonical correspondence analysis( CCA)
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Fig.2 Location of sampling sites for benthic macroinvertebrates study in tributaries of Three Gorges Reservoir region, Yulin River,

Lixiang River, Quxi River, and Longhe River
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Table 1 Species number and dominant species of benthic macroinvertebrates in tributaries of different hydrological regimes in Three Gorges

Reservoir region
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Fig.3 Benthic macroinvertebrates density and biomass in tributaries of different hydrological regimes in Three Gorges Reservoir region

when the reservoir keeping at its low water level (in July)
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Table 2 Benthic macroinvertebrates biodiversity index of tributaries of different hydrological regimes in Three Gorges Reservoir region when

the reservoir keeping at its low water level (in July) (mean+SE)

Ak mlK X K X R T 2570 RN 56

AT 2R B4 River reaches River reaches One-way ANOVA Kruskal-Wallis Test
Tributary types Index unaffected by reservoir  affected by reservoir )

impoundment impoundment F P X P
JEL 3 22 2 K S T Shannon-Wiener 4§ %{ 1.15+0.04 0.89£0.18 0.837 0.360
Tributaries periodically affected Margalef P IR 1.42+0.14 1.19+0.27 0.536 0.464
by reservoir impoundment Pielou 5] BEFe %k 0.78+0.05 0.85+0.07 0.094 0.766
I 52 KRR Shannon-Wiener 78 4{ 1.92+0.14 0.82+0.14 23.799 0.001 **
Tributaries continuously affected ~Margalef BN i s 2.69+0.31 0.77+0.12 17.444 0.002 **
by reservoir impoundment Pielou 45 BE 554 0.83+0.02 0.86+0.03 0.528 0.484

*FR IS BE P<0.05;x+FK R 2 F W BE P<0.01

http ; //www.ecologica.cn



20 1 BRvk A5 Ik 2R DX [R] K S R S R R T AV Sl 49 %o 28 7K F) e iz 7

JE B 52 K R AT R K32 K S T
800 | 800 |- T
700 700
s a
“\a 600 | 600 |
ﬁ\‘, 500 500
2 400 | 400
5 * o
a2 300 300
-
¥ 200 | a 200 a
100 | a 100
e T ——
(= ; | 0 | |
JEmE 7K X URR [ 7K X ARR JEm K X URR [A7K X ARR
200 200
X
K.E\ 150 150 +
)
2
§ 100 100 +
m a
I
ﬁ 50 50 o
a . b
0 C 1 1 O C T 1
JEMEI7K X URR [l 7K X ARR JEmzk X URR [A7K X ARR

B4 ZBKESKCHA(LIR) ERAEALERTRAEREDNZEMEYE
Fig.4 Benthic macroinvertebrates density and biomass in tributaries of different hydrological regimes in Three Gorges Reservoir region

when the reservoir keeping at its high water level (in January)
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Table 3 Benthic macroinvertebrates biodiversity index of tributaries of different hydrological regimes in Three Gorges Reservoir region when

the reservoir keeping at its high water level (in January) (mean+SE)

K X 817K X R T 2000 RS 561

T FEEC River reaches River reaches One-way ANOVA Kruskal-Wallis Test
Tributary types Index unaffected by reservoir  affected by reservoir

. . F P a 14

impoundment impoundment
Ji) Y 32 2 K S el Shannon-Wiener 41 1.06+0.29 1.27+0.11 0.378 0.558
Tributaries periodically affected Margalef 3= & 8%k 1.58+0.46 1.82+0.26 0.540 0.462
by reservoir impoundment Pielou 5] BE 54 0.67+0.11 0.80+0.05 0.540 0.462
KM & KR T i Shannon-Wiener 15 41 1.74x0.20 0.77=0.06 8.308 0.004**
Tributaries continuously affected Margalef 3= & FE 844 2.88+0.42 0.66+0.10 26.644 0.000 **
by reservoir impoundment Pielou ¥5) EE 55k 0.69+0.06 0.79+0.10 0.911 0.362

*FRE R BE P<0.05;++ 3R 25 T % P<0.01

2.4 KW SHEN FRXR

Xif R [X 4 2% 33 B JES G 3 4 5 K AR A 85 TR 9 96 R AT B3 Xt B 43 AT ( Canonical Correspondence
Analysis, CCA) ,ZrHrZ5 REW] 78 2015 4F 7 J1, B PHHE P Sl AEEL 23 i) 2 0.715 1 0.645 , KA S Py Fl 15 36
BRI B2 0.965 F 0.980 , AHSEPER G , HEFF 25 SR AT 5120 76 2016 4F 1 7, 1T 4 HE 7 3 437 11840 1 2
0.522 F1 0.368 , IKHish ) 5 PG AH G R A5 12 0.981 F10.947  AHOCHER E (R 4) .

http ; //www.ecologica.cn



8 S % 38 &

R4 ZIRERXZRABRMAERNY S KRG EF 85E X R 547
Table 4 Canonical correspondence analysis ( CCA) between benthic macroinvertebrates in tributaries of Three Gorges Reservoir region and

water environmental factors

. 7 H July 1 H January

HLE X 43 B

Canonical correspondence analysis Horihr Hepsh2  HFa 3 Hoyah 4 Howrhh Hopsh2  HPTEi s Hovah4
Axesl Axes2 Axes3 Axes4 Axesl Axes2 Axes3 Axesd

FHIE{E Eigenvalues 0.715 0.645 0.444 0.278 0.522 0.368 0.360 0.304

) i - 2R 355 AH O

%ﬂl. 4 Efﬁ?%ﬁ? . 0.965 0.980 0.958 0.862 0.981 0.947 0.955 0.749

Species-environment correlations

0 4 ARAY 32
W RBE S LR 14.4 27.4 36.4 42.0 12.9 21.9 30.8 38.3

Cumulative percentage variance of species data

YRh-PRI RAE 43 LB AL 2
Cumulative percentage variance of species- 29.3 55.8 74.0 85.4 25.1 42.8 60.1 74.7

environment relation

FE 2015 47 7 A =K BRI 20k th 6 AN PO 4% S IS sl A b 25 () SR R 43 il J2& K
H(P=0.002) i (P=0.002) FEEEHEF(P=0.002) FEME(P=0.004) JKIE(P=0.020) FlH S (P=
0.032) . 7E 2016 4F 1 A =K PR K A7 10, FLG5E Y 7 A DU 4% SR Sh A ik 2 5% ) 1) IR 58 R 43031
FEIKIR(P=0.016) JEME (P=0.022) K@ (P=0.002) Ji#E(P=0.018) JAE (P=0.030) HSFR(P=
0.042) FEIA R (P=0.042)

X =g PR X 70 2% S U A IR ARG 20 0 55 /K AR R Rl - A HE I 2 T 2R BH L 7E 2015 4F 7 A =k AR A5, 7K
PRTRLBE RN IR (55 —HEFF Al ) KA H T A8 I A 40 (58 v Bl ) LA S 285 B IEC AV sl 40 4 A B A 52 (
5) AT S 40 B 2 SR B 3 R i 2>, 1 i 285 VAR B S RS R T IS AT B A A7, X 5 T AR B F o 4 2R
FAMLY , FE 2016 4F 1 H =K 2R s K A 301, HE P 25 T /K A Rl R e 33 (B — il ) /K TEL R A 4 (5 —
i) XF MG sh P HAa 5w (B 5) , RaRas SRR, e = ok 22 DX A AL JES G 3 40 o AR 0 2K AR 3R 85 DR 7 e R ) 2
TH—ENZES

3 iTFig

3.1 IEWESYIRE IS AL

TR BRI 2 52 0 AV B4 A 1Y) F2 22 2R B AR RS [RIVR) R 5t IS S W e 4 0 S Z REPE AT T
RS, 5 BRI I 25 5 e i BT L JE G s 0 v 2 P S [ ) S BEE BR 2R 220 B0 I T R IS W s 85 s T R A
SHLIRS A 2l W) ARV VAR BRIV BTG 5 25 /) | S B S b 22 RE PR ARR, IS ) 22 R PR AR X
BARZ FEARBIGE I R, AN 2 SR 1 32 325 /K S ) S A S K 1 32 B /K 52 o S, TR 2 AR S i Al el K
DX PR R S 349 A B A T Ry 32, B0 T 7 s 2383k 31 709 LA L, R I I VG 2 4 22 B 3 95 v 5 5 2 i ik B
FERY I , PRSI A S 1% 81K DX H 7K 8 BE G202 e VDR AR, Tl RIS BT 48 DL IR 5 Vb B 32 | IR S W) 22 FE A
NS

ANTR) A B Wy S A BAT AN [ A4 AR 3 S M X TR E T IR B ) T ST A b PR v A 3 01 40 22 H0ieE i E
( Ephemeroptera) B UM &I B, BB O A1 R M A8, D0 A IE BT 2 AFTE T KB 8, X e 1T 2808 H R
HEBATEERKAETE S FAEM H (Trichoptera) H1 1 80 %% ( Hydropsyche sp.) 1E MU 3 ZE K
A HUBURL , LBy B S kgt T R TR K B Hh A BE A8 A ROBCER A HILBDRL , PRI S0f At 32 B AR 16 7
WKAEE R, AN, BB ST Sh 4 o3 AR G EEAE T, A0 2 TR i B ( Heptagenia sp. ) il 5 /Mo
ARBY DU ( Baetis sp.) , E AT BARTE AL Z B8 T A AR I K AR e v 32 ik 1 s 28 Ry A

=K PR I 32 B K St 1K DX 32 K EESEMRAR K, F K P S AT 5 — BLAL TGRS HoK B4
R IR SO e A BRSSO 5 AR DK DAY SRS S W0 R s 24 2B 22 S i) AT, RS2 Bk
SCUL A 117K DX P BSGZE G ST 3 7 3t 7K A 35 1) SRS 3l 40y R e il D 530 A% 38 HA B ) AR B o, A R Tk

http ; //www.ecologica.cn



20 1 WRok 45 =W DXAN [ 7K SIS St AT JEE AP B 49 % 38 7K 4 ) 9

1.0 Spe-12~,a+— Spc-21 1.0
A Spe-137 N $pe-35 1A WT DO
Spc-16 SpC—36 r

L Spck12 4. a Spe-18
NO;~ Spcl 1
Spec-14

DO F Spe9\ A
TP

| A

Spc-29 Sno-6 Spc-6,

Spe30Npe-s” pC s i Spe-15 ngc'“’ Spe-17

A & SR¢- Dep

Spléi’ﬁ\ < Spe-32 < £ Spe-20
4

Spc-2:

24— 2 /(\' 2 - :
%‘»’pT Spc-33—__““a—Sp28 SPC-4A ASpe Spe-10 4 C ZSSApc-IS Con
Spc-23 —a A aBpcE Spe-1* Spe-3 L 57 Spc-22 SD
Spc-15 7% 2 S%c-25 Spe-1 )
| Spe-14~ Spe-20 “~{Spc-19 <
Spc-18 a Spc-34 L o . Spe
pc- A ASpC-27 Dep CV A Spc-19 R
Spe-10° A [*Spe-26 Spe-4 Spe3
Spe-11 |
/'A\
-0.6 Con -0.8 Spc-2 Spc:7 .
-0.6 0.8 -1.0 1.0

E5 ZIREXIZRABMEAEDIYSKETEREREFLTEXESTHEFE

Fig.5 Correlation plots of canonical correspondence analysis between the benthic macroinvertebrates in tributaries of Three Gorges
Reservoir region and water environmental variables
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