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Spatiotemporal patterns of fish community structures in the Three Gorges

Reservoir and its upstream during the 175-m-deep impoundment
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Key Laboratory of Ecological Impacts of Hydraulic-projects and Restoration of Aquatic Ecosystem of Ministry of Water Resources, Institute of Hydroecology,

Ministry of Water Resources and Chinese Academy of Sciences, Wuhan 430079, China

Abstract; The Three Gorges Dam on the Yangtze River is one of the largest dams in the world. The water level of the Three
Gorges Reservoir (TGR) reached up to 135 m during the first stage of impoundment in 2003 and up to 156 m during the
second stage of impoundment in 2006. The third stage of impoundment was conducted in September 2010, during which the
water level in the TGR raised to 175 m. Previous studies showed that environmental changes that resulted from the two
previous impoundments of the TGR have consequently caused changes in the species composition and structure of the fish
communities in the TGR. However, only a few studies were conducted to determine the effect of the 175-m-deep
experimental impoundment, which is the highest water level of the TGR, on the fish communities. In this study, we
conducted surveys of the commercial catch over 167 days from 2010 to 2012 in five sections of the main stream ( Zigui,
Wushan, Yunyang, Fuling, and Jiangjin) located in the TGR and the upper Yangtze to reveal the spatiotemporal changes

in the structure of the fish communities. A total of 87 fish species belonging to eight orders, 18 families, and 63 genera were
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recorded during these surveys. The number of species gradually increased from the front reservoir to the tail reservoir in the
annual surveys. Cluster analysis (CA) and nonmetric multidimensional scaling (NMDS) resolved two groups of fish species
at the five surveyed sections with Jaccard similarity of 58.60% (R=0.883, P<0.01). In particular, the species inhabiting
the front and middle reservoirs, including the Zigui, Wushan, and Yunyang sections, were classified into one group. that
had significant variations were observed among all years of the three sections. The species inhabiting the tail reservoir and
the upper Yangtze River, including the Fuling and Jiangjin sections, were classified as another group that did not exhibit
significant annual variations in the species compositions. Moreover, CA and NMDS showed that the spatial pattern of fish
communities varied yearly. The annual increase in the similarity of fish communities was observed between the Yunyang and
Fuling sections, and annual decrease was observed between the Yuyang and Zigui/Fuling sections as well as between the
Fuling and Jiangjin sections. In summary, the front reservoir was dominated by lentic species, such as Hypophthalmichthys
molitrix ( Valenceinnes in Cuvier et Valenciennes) , Pseudobrama simoni ( Bleeker) ,Aristichthys nobilis ( Richardson) , and
Hemiculter leucisculus ( Basilewsky). The tail reservoir and upper Yangtze River were dominated by lotic species, such as
Coreius heterokon ( Bleeker) , Coreius guichenoti ( Sauyage et Dabry ), Rhinogobio ventralis ( Savage et Dabry), and
Rhinogobio cylindricus ( Giinther). Additionally, species in the middle and tail reservoirs shifted from lotic species to lentic
species with the increase in water level of the TGR. This study shows that the 175-m-deep experimental impoundment of the
TGR immediately affected the structures of fish communities in the TGR, especially in the middle and the tail reservoirs,

possibly because of the alteration of flow regimes that results from the increasing water level.

Key Words: the Three Gorges Reservoir; impoundment; fish; species composition; community structure; temporal and

spatial distribution pattern; cluster analysis( CA) ; non-metric multidimensional scaling( NMDS)
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Fig.1 Schematic diagram of the monitor sections

R1 2010—2012 8 5 MALEIEMNEEBAERE FAEER

Table 1 Specific investigated times and areas of five sections from 2010 to 2012

TR P AT[E] Investigated times VA G R
Sections 2010 2011 2012 Investigated areas
625 H—629 H; 6 20H—6K25H; 6 10H—615H; U
A MAI0H—11 131 MAISH—11H19H MA1TH—11 220 RAETE—ATR
il TH1H—TH6H; 626 H—7H1H; 616 H—6 21 H; RF—EF 2 (KIL);
1MH1SH—11A200 1MH208—11 250 11 H23 H—11 A 28 KT —R 5 (KT
. 7TH7H—T A 13 H; 7TH2H—TATH, 6H2H—6H27H; . , -
’ ) ’ ﬂ—] r 3. VT
=i 11H21 H—11 H26 H 11H26H—12A1H 11H29H—12H4H B —ITH A /N T
- 7H14H—7H 18 H; 7TH8H—TH 12 H; 629 H—7H7H; SRR —A F (KA 5
s 1MA27H—12H2H RA2H—12H7H 12A5H—12A10H B TR H — R (Y1)
- THI9H—7H21H; TH1BH—7HI16H; TH8H—TA13H; v s
i 2A3H—12A9H 12A8H—12A 10 H RAH—12A13H TR A
1.2 P&k

2 KB RS B W T 1, Xt VR A VT BE A UMl O IR A T B S b R A R A e L LA R ) A
R UUER RCE A e R ) H RN 2—10 em, R 2—5 m, B 80—130 m, KR
TR TEH 35 emx45 em, 2010—2012 FFIGH P A 167 d, WA TP W B 249 MY, RTUCEE R FE
AARCIY AR P E S Y B A SE B () ) CREWTLL X A ) T AR SR AT A R
€, I R AR K CRERE] 1 mm) AR CERIE] 1 mm) A COHHE] 0.1 g) o WA HIBATESY
I 9 5 B Y 2B A, T 5%—10% BYAR /R ARG | 32 0] S50 28 AT — 8 e Fiil i
1.3 Hdliarb

(1) BETEARUBEE 238 LA Jaccard ARBLPE R E0CA HE il A AN [ VL BeAS [8) 45 45y =2 1] 9 AARLPE 26 1, R FH 45
HRA A4, Bl UPGMA 9432577 15 ( Cluster analysis, CA ) ) F13E B i 2 2445 & HE P 77 1 ( Non-
metric multidimensional scaling, & FK NMDS ) 4341 =0 22 X A H: | I Wil VT B 2010—2012 4F[A] 2 ANV B AN [7]
AP 2Z ] (4 0 RS2 ) AR A 0 5 2 T B A RIS F= B | L Bray-Curtis A UM 58 85CH FEAL A4 HE A 7]
TLBANFV Ay A [RI T BEAS [ Ay Z T B AR LR RE R, SR T CA R NMIDS J5 32 0 A = J42 DX B B 3 s T
Bt 2010—2012 A [a]AH R VT B A [R5 RIS [R VT B [ AR47 22 ) 14 fa B R 25 R 7B Ak 5100 s AR S e BUAS AT
FEART /DA 1 AEFERT 1% 0 FhEIZ LB T2 A 2R R FH B R AR A 73 B (one-way analysis
of similarities, one-way ANOSIM ) X} CA 45 R #4722 Tk 5, 372k H & 43 L AR 53 H7 ( Similarity Percentage,
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87 FhfuZkrh SR KSREIAT 43 Fh, 5 SR ALY 49.43% , BRI ISHEILAT 44 Fh | b BAVELRY 50.57% .,
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Fig.4 Ecotypes and their inter-annual variations of five investigated sections from 2010 to 2012

pekinensis) & . ( Hemiculter leucisculus) FRYEHA ( Culter alburnus) 55 fZSAE WY P IS RO 8 A 43 LA
{87 = BH S DL VT B, (8] F1 4 461 ( Coreius guichenoti) il £ ( Coreius heterodon) \W¢fifi ( Saurogobio dabryi) | FU
IR B F A ( Pelteobagrus vachelli) S5 HSSTEWA M) v 09 F 5 1 43 HO B W04 5 76 P2 X B e Vv B, U DA A
5] 11 4 £21 K EE W) fifi ( Rhinogobio ventralis) | 1R 15 W) fifi ( Rhinogobio cylindricus) W8 ( Leptobotia elongata) .
Lk ( Glyptothorax sinense ) 35t AR RS P BT i RO FE 11 70 LU ASE S

F2 2010—2012 £18 5 MPE TR MEIRYEK
Table 2 Compositions of fishery catches of five investigated sections from 2010 to 2012

LS i H 57 Lt Percentages of weight/%

Species Al AL = TR VLHE
fi Hypophthalmichthys molitrix 13.74 32.3 27.6 21.3

#fl Cyprinus ( Cyprinus) carpio 18.03 11.51 9.94 7.5 5.91
8 Aristichthys nobilis 13.07 4.61 4.92

Y Carassius auratus 8.61 3.81 4.39 8.45

fi§ Parabramis pekinensis 7.4 6.63

HiAl1 Crenopharyngodon idellus 5.22

il Silurus asotus 3.9

WU Pseudobrama simoni 3.48

LA Culter dabryi 2.55

A Al Hemiculter leucisculus 2.08 5.01

BE gt Myxocyprinus asiaticus 7.08 3.13

SAMESH Culter alburnus 4.82 5.37
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ik F A /7 Percentages of weight/%
Species BhIA ALl = Tk TARES
FLRR i Pelteobagrus vachelli 4.8 11.02 3.72
KWyfifi Leiocassis longirostris 4.69 3.73
i Elopichthys bambusa 3.59 6.26
FRAEBI IR Spinibarbus sinensis 6.4 3.71
HRAREY Squaliobarbus curriculus 4.95
F4 4 Coreius guichenoti 4.85 15.41 6.43
ST Culter mongolicus mongolicus 4.3
i Coreius heterodon 6.19 18.56
g fi Saurogobio dabryi 5.16
KAEW) ] Rhinogobio ventralis 9.34
[ FT W) Rhinogobio cylindricus 8.32
K8 Leptobotia elongata 4.29
R ARk Glyptothorax sinense 4.22
Wy fit) Rhinogobio typus 3.42
Hemk 21.92 17.78 20.65 11.85 32.08

2.4 PrigLiE L

34FE 5 NTLEE 15 AR AT L4 R 2 K2, Hirh 2G2010.,2G2011 . ZG2012 \WS2010 \WS2011 ,WS2012 .
YY2010.YY2011 24 1 ANHHRIZERE (288E A) 1 YY2012 FL2010 FL2011 ,F1.2012 .JJ2010.JJ2011 A1 JJ2012 &
T3 —MHRUERE (ZRBE B) , IR ZEHERY Bray-Curtis FHLE{A 26.12% (] 5) , One-way ANOSIM K 56 it 71 3
PR BETS S5 7RG 25 R B35 (R=0.883,P<0.01) , 5 /> Wi VT B ity 0 ST V% 45 #4) B 12 4F 25 B0 175
BLANE 6 Fian , Hodh fE 2010 4R, S ANTLELIUREAS iT LUVE B 53 2 K2EHE, HopBR IA AR 1L AT = BHYT BN 1
AR W B RV LBCN 1 AN JSRE  7E 2011 4RRT 5 NTLBW S BEIE 2509 T LUor o 4 A28 Horp Ak i fn
FRUSVTE R 1 ASZHE, HA 3 VB0 0 1 N8 78 2012 4ER, 5 VLB R 2 BEVR S5 A AT LAy 3 41
VLB, Hoh R I AAR LTI B 1 AR, = PRI BT BN 1 AR VI B 1 2B (K 6) . [almF,5 4
WY 75 AR St e B | 2 BHVT B 5 15 B VB 1) 0 IS JE 4 235 40 (1) R R P S8 A 18 o, TV L VLB S5 R B UL
B A0 ST T8 2510 (R AR ARLRE D) 2 S A g a4 (18 6)
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1J2011
{—: 172010

152012

£ WSH2012 WSH2611[YY2010,
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Fig.5 CA and NMDS of the abundances of fish community structures in different years and different sections from 2010 to 2012
KA 53 LEARRIPERS R (SIMPER ) |, FUACS EEISHE A FIZEHE B VR 4540 22 5 19 E 2R ( 22 R oumk
H>2%) (£ 3), GRKW], FREHE A FIAE B HER A 25 R PP 2248t TLIR B Jitn P ALy
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Fig.6 CA and NMDS of fish community structures of different sections in the same years from 2010 to 2012

simoni) BIAE e ARl OGP R B RTE A 1Y R R T X Se RS B P A B T AL
Formfifn  rhAe ok | (B O £ g dity ] £ AR 7RSS RE B by FE B R R Tk S 2RSSR A PR
FE. JEME A LARBREAEEIX H AR A, HLRBASIE IV i i A S5 i 0 S Fh 2 3 TS B LB It K Mkt 2 sl g
355 IO 2 it A 5 (EL P B K R AP (3R 3)
3 ifig
3.1 FhRA R A A8k

20 tH40 80 XA, 78 =Wk A X VLB A 248 140 Fp 2 200 F, Hoip 0 A5 A (657 ( Psephurus gladius ) 4
BRI AE (0 S SRR AT 125 40 ZHP 1 =ik — I E K FITJE AY 2005 2 2006 4F, 16 X 3L & A 125 108 Fift,
Hrp (83 8 ( Ochetobius elongatus) W& (7R 7 88 ( Fugu obscurus ) %5 0 287 i X N B I 46308 , 80w 5 2% O IR AR
L SRR % ( Elopichthys bambusa) S8 ( Anguilla japonica) S0 SRR BN | A U H A e e X VT B
PA A R B SE 8T Fi AHAR 2005—2006 4F H I T 21 B, v/ i R AT HE 8 i | R 7 K ATEE ( Gobiobotia
(G.) meridionalis) Y51 €k ( Euchiloglanis kishinouyei) | 5% 7K 1 ( Pseudogyrinocheilus prochilus) ¥ fif; ( Claris
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Suscus) IKE A SCRMN (Ietalurus punctatus) VU )1 W) FE 151 ( Ctenogobius szechuanensis ) 25 1E ¢ X i B AR /D 1Y
R BE WY A K AR BT YRS BRI RN g by ik 2 KV BB E AR A 2 oK A
Ak 25 Ay 305 o R B /K A SR ) .28, 172—175 m (9 E /K (B0 W8 W sl i 28 T HL A 11 AR AR B 22 il |
BE 5 BRSNS R AR X AR TE R oAb AR A e R RS 2 b S A A B L (HU:
TR 5508 5 PR LA K RAE Do 5L 1R 438 S Al -, S BT 3 26 /0 WL R A AR B 12 25 A7 WF 5 R IS ) I EL %o
PN BN PRAU S35 BAT B S A e e 2 AR SO s R T 2 A 1 A R i ST R e
R P SESHRL S rh R RN R R fa SIS PHAR) S A7 G 2 A0 S G e £ 4TI 2 A B 1 S R LT
DA RTINS
R3 SIEEBHAMEHBHEEHERNIENLARREFHERE

Table 3 Main species compositions result in the community structure differences between taxa A and taxa B and their average dissimilarities

of abundances

FiE A FHE FHE B EE Y28 57 B/ %

R Species Abundance Abundance Average Coifﬁin i:ﬂifﬂ‘i
in taxa A in taxa B dissimilarity
Hemiculter leucisculus 38.03 3.92 18.04 24.42 24.42
TLIRE M Pelteobagrus vachelli 2.16 15.48 7.02 9.50 33.92
PRk Glyptothorax sinense 0.00 10.65 5.67 7.67 41.60
F4d 4 Coreius guichenoti 0.32 10.12 5.15 6.97 48.56
Ui Saurogobio dabryi 4.94 11.97 4.56 6.18 54.74
FRAEEE 8 Rhodeus sinensis 8.69 0.56 4.32 5.84 60.58
JEFE R Pelteobagrus nitidus 8.10 4.41 3.34 4.52 65.11
H1f Coreius heterodon 0.45 4.22 2.04 2.76 67.87
28 Pseudobrama simoni 1.60 5.00 1.89 2.56 70.43
#fl Cyprinus ( Cyprinus) carpio 3.97 0.92 1.62 2.20 72.63
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MR 1 2010-2012 EZIRER KR E LS MATIERNERTHRER

Appendix 1 List of fish species in the five investigated sections of the Three Gorges Reservoir and its upstream from 2010 to 2012

LB Species =] HELL = fH b 7 PARE:S

3% B Acipenseriformes
iR} Acipenseridae
KA Acipenser dabryanus Duméril + +

fi:J H Salmoniformes

Pl Salangidae

KRt Protosalany hyalocranius ( Abbott) + + + + +
KIHR . Neosalanx taihuensis Chen + + + + +
#EJE H Cypriniformes

W #F} Catostomidae

B BE £ Myxocyprinus asiaticus ( Bleeker) + + + +
BikF} Cobitidae

LRI Paracobitis variegatus ( Sauvage et Dabry)

rhAE VLB Botia superciliarisGiinther

FEARVP B Botia reevesae Chang +
AEBERNVP B Parabotia fasciata Dabry

WIEE VS8 Parabotia bimaculata Chen

KK Leptobotia elongata ( Bleeker) + + +
SR Leptobotia taeniops (Sauvage)

LI MK Leptobotia rubrilabris ( Dabry)

Pk Misgurnus anguillicaudatus ( Cantor) + + + +
#E} Cyprinidae

e #EHE Zacco platypus ( Temminck et Schlegel )
Ly Opsariichthys bidensGiinther

+ 4+ o+ o+ o+ o+ o+ o+

FH 11 Mylopharyngodon piceus ( Richardson)

+ o+ o+ o+

BiA Ctenopharyngodon idellus ( Cuvier et Valenciennes)
IRAREY Squaliobarbus curriculus ( Richardson )

i Elopichthys bambusa ( Richardson )

¥ B Xenocypris davidi Bleeker

[F W) 8 Distoechodon tumirostris Peter

L8 Pseudobrama simoni ( Bleeker)

8 Aristichthys nobilis ( Richardson) + + +
fiif. Hypophthalmichthys molitrix ( Cuvier et Valenciennes) + + +

+ 4+ o+ o+ o+ o+ o+
+ 4+ o+ o+ o+ o+ o+
+ 4+ o+ o+ o+ o+ o+

+
+
+

+ 0+ 4+ o+ + o+ o+ o+ o+ o+ o+

+ o+ o+ o+ o+
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Fh2 Species Fhid A 1L =M Wik FARES
A Rhodeus sinensis Giinther + + + + +
E R Rhodeus ocellatus (Kner) + + + + +
KAESE Acheilognathus macropterus ( Bleeker) +
JoAiifizi Acheilognathus gracilis Nichols +
I Pseudolaubuca sinensis Bleeker + + + + +
BN Pseudolaubuca engraulis ( Nichols) + + + + +
. Hemiculter leucisculus (Basilewsky) + + + + +
JHAE 8 Hemiculter bleekeri Warpachowski + + + + +
ZLBEJFEN Cultrichthys erythropterus (Basilewsky) + + +
SHMEGA Culter alburnus Basilewsky + + + + +
S A Culter mongolicus mongolicus ( Basilewsky) + + +
FEIGHA Culter dabryi Bleeker + +
IR KA Culter oxycephaloides Kreyenberg et Pappenheim +
filiy Parabramis pekinensis ( Basilewsky) + + + + +
JE @ Megalobrama pellegrini ( Tchang) + + + + +
AE 88 Hemibarbus maculatus Bleeker + + +
F it Pseudorasbora parva ( Temminck et Schlegel ) + + + + +
1816 Sarcocheilichthys sinensis Bleeker + + + + +
R Squalidus argentatus ( Sauvage et Dabry) + + + + +
#il . Coreius heterodon ( Bleeker) + + + + n
[ 114 21 Coreius guichenoti ( Sauvage et Dabry) + + + +
Wit Rhinogobio typus Bleeker + + +
[F Wy fif) Rhinogobio cylindricus Gunther + + + + +
K HEW) il Rhinogobio ventralis ( Sauvage et Dabry) + + + + +
FEE AL Abbotina rivularis ( Basilewsky) + + + + +
EIAEIE 1 Abbotina obtusirostris Wu et Wang + + + +
IR UL/INEE) Microphysogobio kiatingensis (Wu) + + +
W fifl Saurogobio dabryi Bleeker + + + + +
HEBKEE Gobiobotia ( Gobiobotia) filifer ( Garman) + +
SR Xenophysogobio boulengeri Tchang + +
FRAEBIRIEE Spinibarbus sinensis ( Bleeker) +
F& L JGIE £ Acrossocheilus monticola ( Giinther) + +
1 H ff. Onychostoma sima ( Sauvage et Dabry) +
SRIK A Pseudogyrinocheilus prochilus ( Sauvage et Dabry) +
YA IRER Procypris rabaudi ( Tchang) + + +
#fl Cyprinus ( Cyprinus) carpiolinnaeus + + + + +
il Carassius auratus ( Linnaeus) + + + + +
&K F} Homalopteridae
BUSLARK Lepturichthys fimbriata ( Giinther) + +
ZE5 MEIRIWR 8K Hemimyzon yaotanensis ( Fang) +
55 5 4 VDK Hemimyzon abbreviata ( Giinther) +
rh4E 4 VB Hemimyzon sinensis ( Sauvage et Dabry) + + +
UGG J5 -8k Metahomaloptera omeiensis Chang +
fifif2 B Suluriformes
fifiF} Siluridae
fifi Silurus asotus Linnaeus + + + + +
7 ik Silurus meridionalis Chen + + + + +
#2%} Bagridae
Al Pelteobagrus fulvidraco( Richardson ) + + + + +
FCIR#EF 4 Pelteobagrus vachelli ( Richardson) + + + + +
JCIEFE L Pelteobagrus nitidus ( Sauvage et Dabry) + + + + +
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M Species

GHE|

Ak

=

PARE

K Wi Leiocassis longirostrisGiinther

MUBHE Leiocassis crassilabris Giinther
ML Pseudobagrus emarginatus ( Regan)
ARSI Pseudobagrus pratti ( Giinther)
KEEHE Mystus macropterus ( Bleeker)

B3k BERE Amblycipitidae

12k Ml Liobagrus marginatus ( Bleeker)
BB} Sisoridae

RAe S Nk Glyptothorax sinense (Regan)
% H Cyprinodontiformes

i} Cyprinodontidae

i Oryzias latipes (Temminck et Schlegel )
W%t H Beloniformes

fiiFl Hemiramphidae

[8] T 5% Hyporamphus intermedius ( Cantor)
A48 H Synbranchiformes

8%} Synbranchidae

1 Monopterus albus ( Zuiew)

#5 H Perciformes

fig®}l Serranidae

% Siniperca chuatsi (Basilewsky)

KR Siniperca kneri Garman

WEfEF} Eleotridae

VO IEEE Odontobutis obscurus ( Temminck et Schlegel )
fif 207} Bodiidae

F BV PR 101 Crenogobius giurinus ( Rutter)
3L 8L Belontiddae

X 3| Macropodus opercularis ( Linnaeus)
fi#%} Channidae

5% Channa argus ( Cantor)

Ail(87 Fh)

51

54

62

64

65

+ AR A 0 PR AT
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