J. Lake Sci.(#ia#+5), 2027, 39(1):000-000
DOI 10.18307/2027.0131
©2027 by Journal of Lake Sciences

WL T RBILEKES X FN= R AL ESIMERE FRKEK

o OELL RTFR2, FER? O O, BAER RFRE NEF, L 4
e SRR 23

(1. KEBRFERT, KE 116023)

(2. P ER R K AR AR AT, K= R A B e R A T g =, Wb, BRI 430072)

3. HEEEB RS, dE5 100049)

& B RYIREDKE BRI 3 & M ST EREERAE OG5, o Tl e B2 (Kl RO B 5 8 TS . DR AL IR eh
YK BEAK SO S A B3 e DAMIR LTI LR — G 4LEE K BN o G, F 2024 4F 7 AL 10 A, 12 HA
2025 4F 4 AERGSLIE KPR XA B 11 ASREE SOF R BT ME, LA /KRB T REMYTEILIE K PEE /K5 E X 2
BEELEM . o Z RS R SRR IR HLE] . BRIAFR AL R B SR E A 36 Bl A ARG il s, Jdsm 43
B, CABRTE HORRA KB, S RF (Wi Hemiculter leucisculus « Sy JNNNAR 8 Parachromis managuensis 55 K% JE 4 Coptodon
zillii) MIRA R AR, AT A SIERETE h 2RI IR F S (RE B URD MLGHMR . WFME A
F, FEXOBLGEEME (76.74%). B#KA (58.14%) FZx & (58.14%) kb i thiim. 028 o ZREMETERT ] RS 5
PRReSE, (R T Y s E R IR E I, BRI S B T X R (GLMD 5
ISR (GAMD ZiE IR, R Z RS 2PN PRIV ARRIESC R, Forh B HUE B 1R AL PE X 1 25 7]
PR LE &7 R, EFAIR ARG MR (REEENRD; thoh, MRZHEEZREA. SR CRIERD FKR Gb
) KA I B . A R AR GRS TR ALK PR & KE AT 5 S REVE G MR AE . I 8 Bl S L S AR IR - (¥ ¢
BROR R, WA SR gk [ R 2K R 0 28 R AR 7 5 A BRI 0

KA ALK MmBHEVE: o DR BHUER

Spatiotemporal patterns of fish communities and their relationships with environmental
factors in Nuozhadu Reservoir, Lancang River*

Yang Yu'?, Yuan Zi-Hao?3, Li Hao-Ran?, Wang Yang>3, Liao Chuan-Song??, Liang Zhi-Ce?, Liu Jia-Shou??,

Yuan Jing? & Guo Chuan-Bo??

(1: Dalian Ocean University, Dalian 116023, PR.China)

(2: State Key Laboratory of Breeding Biotechnology and Sustainable Aquaculture,Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan 430072, P.R.China)

(3: University of Chinese Academy of Sciences, Beijing 100049, P.R.China)

Abstract: Clarifying the spatiotemporal dynamics of fish communities and their relationships with environmental gradients in large
reservoirs is essential for developing science-based conservation and management strategies for fishery resources and for optimizing
the hydrological regulation of cascade reservoirs at the watershed scale. This study was conducted in the Nuozhadu Reservoir, a key
water control project on the main stream of the Lancang River. Quarterly fish surveys were carried out at 11 sampling sites from July

2024 to April 2025 (July, October, December 2024, and April 2025). Combined with measurements of aquatic environmental parameters,
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we analyzed the structure and o-diversity patterns of fish communities after impoundment, as well as their correlations with
environmental factors. A total of 43 fish species were identified, with Cypriniformes dominating the fish assemblage. Non-native
species, including Hemiculter leucisculus, Parachromis managuensis, and Coptodon zillii, dominated the fish community across all
seasons. In contrast, native endemic species occupied only a marginal ecological niche, characterized by low abundance and low index
of relative importance (IRI). In terms of functional traits, the fish community was dominated by resident (76.74%), lentic-adapted
(58.14%), and omnivorous (58.14%) species. Fish a-diversity exhibited stable temporal variation but showed distinct spatial differences
along the longitudinal gradient from the dam area to the upstream tail area. Specifically, a-diversity was significantly higher in the
reservoir tail than in the reservoir head. Combined analyses using generalized linear models (GLM) and generalized additive models
(GAM) indicated that fish diversity was significantly correlated with multiple environmental variables. Distance from the dam had
strong explanatory power and showed a positive correlation with fish diversity. In addition, dissolved oxygen, total nitrogen, and water
depth also significantly affected fish diversity. Total nitrogen exhibited a unimodal relationship (increasing then decreasing) with fish
diversity, whereas water depth showed a negative correlation. This study systematically clarifies the structural characteristics,
spatiotemporal dynamics, and environmental driving mechanisms of fish communities in the impounded Nuozhadu Reservoir. The
results provide a scientific reference for the conservation and management of fishery resources in large reservoirs across China.
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Fig.1 Distribution of the fish sampling sites in Nuozhadu Reservoir

ARG D2 J5 1, EHIRE (SD, m) R RADE, /KR (WD, m) Hi3E[ Speedtech SM-5A



FREAE MRS E, HRE (DO, mg/L). 5% (Cond, uS/cm). /K (WT,°C). pH {HZ/KE S
ERFEEXZ SHRL (YSI professional plus) FliZill e . KFETREGRIEEIRAE, HAE 24 h H5E
BUNSE . W4kE a (Chla, pg/L) KA WERZER 06 EENE, S (TN, mg/L) R FH O R B £ VA
RSN IEN E, B (TP, mg/L) KA 56 Bzl E, SR % (CODmn, mg/L)
KB R EN 2, BRI 7S ORRR AR M 5EY CGEUURRD) FARSCERAE 7 34T
27, FRHERE SR B TATAEAN T A FE, DAORIEDN E 25 SR v S . B EY (DFD, km) @33 Google Earth Pro
(Google Inc., USA) 1 “Bgf2” M5 TR . 430K DFD 1R RAE FE XL I1—I8 I 2 1) 2 (8] 456 FE 1)
e BT R, MAEEEAERRE—KIITRE.

T4 (Phytoplankton, Pp) i IR FH & FF IRVKIE & 1L /KAEHUTIE 48h, SRJ5IR4E S 30mL
(281, 7E RGBT X REAMEARBEAT VR0 %8 I a2 Ceells/L)

FIFEIY) (Zooplankton, Zp) #ih, JEA Y. & e &0 IR Y€ B 5 BRI 2K E
T ROK A RS, BREEACR/AKEE 20 L, B 25 SEEAEYMN (FLAZ 64 um) i JEZ 100 mL F
iR ESZ VA 4% BRI VAR AT [ 8 29, 7E A N N RE AR AT RN, Biit IR B (species
richness), FFUHEEMMNMEE LT EHZE (ind/L).

1.3 BB

AHFFCNREE AL x B NEARG TG, BRASRAE S TR R A 225 1% b o L 2 504 1
— A FEVREEH o 2R SRR E R G i E T Z B oIT R
1.3, 1 AAKRE K WX AERRN, M7 2R 75 e A e fEm e, Ry
FRAEBA TR At WEM. MEtRiEamEazs; BBEMESMRS b LB, B FEM
JRZ B ABRBR R WA Gt J T S 24 5%, WP 44 5% B 03 2L TR 2 H0ifs O 45 G R
IRYDIE LA BT
1.3.2 B RBELEM  NMIREKTES MR R, AUE I W B R &R B 0 53 AR
BEHIGHAT T, AERERERY I . FHEILS R Pinkas S8\ (1971) GO H (1 AH X 5 245 4%

(Index of relative importance, IRD), AU

IRI= (N% +W%) xF% x 10000 €))
o, N% AR 2 ANARSL B SR B E A s WO L AE P S B iR R I E o b Foo v
HH AR RAFE R 7 S A K 7 4 L o AR TRE (B A A &) 23 4 - AR5k (IRI>1000) . F 2 (1000 >
IRI> 100D, H WAL (100 > IRI>10). —fFp (10 >IRI> 1), DI URI< 1. 4& 4 MFEVREF
IRI, BN ALK RS Fh
L3 3BEGMERSN T EBYFFE LA EREERE, BRI RT 0.001 KA
YR G, SEHRE AT log(x+1) e, IR Bray—Curtis A5 VEFE BT ERE S R BT 22 5 . FEULIERE E,
KA T CANOSIM) Far B A (7] [X 45k f1 SR I8 285 4 22 e K e 35 1 (L IR B 999 10 . it — 15 F]
FAARABUE B 43 B 20T (SIMPERD 43 & 22 7, TH L& MpMons IX 4 1A) 22 3 (1) T 38 Dbk 28, Ik 207
MR T
1.3. 4R L HEEEN ARBEEZ PR Shannon-Wiener 2 #4850 (H'). Simpson ZFEMEHE
B (S). Margalef YIFh=£ & FE a5 (D) Al Pielou 51 EHE (J) FATIEAERY, 5 AW F:

S
H =) PinP )
2
N
5= P 3
2,
p=31 4)



. H
J= ®)
K, SONFERAFIREL NOVEREG PG i R RT S HLE.

AN TF 275 5 A [ X ek 1) 22 A6 AR 40 22 e 0 A R A AE S B0 Ge vt D7 b A7 o0 b, 2R TB) A 22 e dd ik
Kruskal-Wallis BFI4 38 1P, I H Dunn F /5 2 H BRI RARA R Z R, p (6% H Bonferroni J7
AT IE
1.3.5 BXLZHUERIEEFHXE AP RS XEE” ATt (11 AR Rx 4 A4
ZE%). LL Shannon-Wiener Z FE1% 3840, Simpson Z FEPMEFEH. Margalef & JEHEH I Pielou 551 EHE 4L
N RS B BTG ARRR AR AL 13 MEdR, BFEASEER¥AF & DFD, BLK Pp. Zp. DFD. WD. SD. WT.
DO. Cond. Chla. CODwmiv pH. TN 5 TP SF/KI R AW IRIZIGNF . AR FT N IR K AT SR 2 14 0
ik SRR B TAMEALEE (z-score J77%), FFil5 Spearman FAAHIC REUIERE, MR RE=0.7
AR B HEAT IR, &R 11 MERAE & (Pp. Zp. DFD. WD. SD. DO. Cond. Chl.a, CODma TN+
TP) HT /%,

FEF LRI RE R, WA LL M (generalized linear model, GLM ) 5 3 i 4 4 #Y

(generalized additive model, GAM). GLM H TIHE 2 FEMFa i SIS TR R, R GEINRZE
AN MBS (identity link ). JCHE R i bl i B0 R EOR Z IS Type U mZ 5547, Rk
R AN TUBR AR AR AR L ST BT B

GAM HFH#ERAEY)— 85850 RV AE LR MEARRE, BEEUR @ R 22 oA RE SR R, R s
“FHE i $L (Thin Plate Regression Spline, TPRS) FE=UHE AN, 2 $0d i R il 5 RAASR VL (Restricted
Maximum Likelihood, REML) flitt. AFEAREBITY & 2% BEFIE S0 G KB, GAM 73BT 7E A1) 46 A8 5 7 12 L it
bR, AR IE A R A B B KA B E N AR . W0 GAM BB 58 B 4 5L LB %
S3, AT GAM HERILE S LI R S4. I8 I T U TR 2 PEA B0 R0 2 R A R 7, BERYAUA PR R B
5 R? (Adjusted R?) SRRz (Deviance explained) 1FAfy. %25 IEAMERG %% Shapiro—Wilk,
FT R UEAE 0T 72, AR SE R b St I IF 45 B R g 1 7 A SR 45 18

B Geit AT 7E R 4.4.3 H5ER. BEE O MT2ET vegan £, GLM 43 HrKH stats f, GAM 73 #rR
F mgev AL, ARV HTIEIT stats BLSCEL,  BHE oI RALAE FH ggplot2 S5 R AL E K.

2 R

2.1 B AYIFRERL
AR M 4280 B, SEYIE 11846 kg, IIA A I3 36 P2 456 IR YI 721
B, JOEgIas 7 AR, RAHMURILERESL S mEL B M, RET4H 48348 (£ D.
MGy EAE, 837% H (Cypriniformes ) N 4EXT R 250, L5 4 B} 26 Fh, 7 S 60.46%,
Frp iRl (Cyprinidae) YIMi A+% (22 f), HUCUEKAL (Cobitidae, 2 F), JEHF} (Balitoridae, 1
), BB Rl Catostomidae, 1 F) . ik H (Siluriformes )3 5 B} 9 Ff, (5 Eb 20.93%; #fi# H (Perciformes )
AR 7R, HE 16.27%; #RH (Osmeriformes), {{id3 K4 Protosalanx hyalocranius 1 ff, 5
Lt 2.33%. Sk b, SmEX R UMY H A, RIS X A 22 BURHIE -
2.2 BARERLEMSMBMEHE
MWAEFEREE, BEBESEYEZEE SHEAXTRE, HAXEEIE 48.46%, X EWEN
36.10%. FEKLSMILE 4 A2 K ik B R — 2 WA % 5+ (ANOSIM, R=0.176, P=0.003), XH]
KA RAETE B B S A 7 i P . SIMPER M4 R EoR, L8R, SRNaikfA ., EMFRY LM
ST IR BT IR 7 8] 22 S 1) L2 oTik AT, H BT DTk 21.89%.
CREMN EEMEIRE URD PL, &, DR NEifkf . 2065741 Cultrichthys erythropterus 555 [K
P et IR 8L 1000, #98Am LK E AZ OB FIEE. M2 R, 808 Osteochilus salsburyi.
22 JZ1# Hemibagrus wychioides. /> #}15 f Scaphiodonichthys acanthopterus. &£ fif Clupisoma sinense



%o R IRIIET 1, BT WA, 45D REDF I 25%. HA, BRiH1 64 Clarias fuscus 5
o KW 5% 1 Rhinogobius cliffordpopei #F, 43/ WAN 2 AR A 5 (R 1), FEX fISAHxE 5 2%
FEH ARXTERE . ARXAE A R B E B LR S2.

1 KRFLIE K 2P 4 3 R AR BN FR S (UIRD AR

Tab.1 Fish species list of Nuozhadu Reservoir with index of relative importance (/R]) and ecological types

=/ g A EEVESR R IR AEASHE

i 2 H Cypriniformes

W I E} Catostomidae

Il g £ Myxocyprinus asiaticus 14. 16 M;0;L;LO

VR Botiidae
2R 22 YD i e Ambastaia nigrolineata 0.19 S;C;B;LO

iff %} Cobitidae
AR Misgurnus anguillicaudatus * S;0;B;LE

JEHHEL Balitoridae

UNEISE T8 g Hemimyzon elongata * S:0:B:LO

i1} Cyprinidae
7]t e Opsariichthys bidens 4.93 M;C;U;LO
e AR 5 Rhodeus ocellatus 4.89 S;0;U;LE
K& i Acheilognathus macropterus * S:0:U:LE
# Hemiculter leucisculus 8756. 21 S;0;U;LO
K& Hemiculter bleekeri 112.55 S;0;U;LO
SR 417 Culter alburnus Basilewsky 102. 55 S;C;U;LE
21 i JR fif1 Cultrichthys erythropterus 1175. 99 S;C;U;LE
F Pseudorasbora parva 1.3 S;0;L;LE
WA Abbottina rivulari 2.27 S;0;B;LE
B Ctenopharyngodon idella 25. 28 M;H;L;LE
fiife Hypophthalmichthys molitrix * M;Z;U;LE
fifl Aristichthys nobilis 151. 05 M;Z;U;LE
Wod SRRTSRER ¢ Scaphiodonichthys acanthopterus 0. 48 S;0;L;LO
2 F W) FLAE S Poropuntius huangchuchieni 105. 06 M;0;L;LO
ZH W) FLAT A Poropuntius laoensis 3.46 M;0;L;LO
R ) Ak Sikukia flavicaudata 5.95 S;0;L;L0
VLR g Sikukia stejnegeri 0.73 S;:0;L;LO
KA Mystacoleucus marginatus 0.91 C:S;B;LO
45 fak Osteochilus salsburyi 0.92 S;0;B;LO
FF A AR Sk ke Garra mirofrontis 1.84 M;0;B;LO
JeIRRE 1k Schizothorax lissolabiatus 2.02 M;0;B;LO
filfl e Carassius auratus 36. 02 S;0;L;LE

5 7% H Siluriformes
#76% Clariidae

T il e Clarias fuscus 0.3 S;C;B;LE

% F} Bagridae
I Pelteobagrus fulvidraco 95. 44 S;C;B;LE



H/# Yikh GIERO TS G =E S G B b S
FL I # 3ifA Pelteobagrus vachellii 16. 46 S:C:B;LE
KAis it Pelteobagrus eupogon 2.98 S:C:B;LE
22 . filh e Hemibagrus wychioides 0.53 S;C;B;LE
VAREERE Ailiidae
Hh R i i e Clupisoma sinense 0.28 M;C;B;LO
fillfl Ictaluridae
TAE 15 S il Ictalurus punctatus 28.47 S;C;B;LE
k%l Sisoridae
ZH U ok K Glyptothorax laosensis Flower * S;C;B;LO
KBES ke Glyptothorax macromaculatus Li * S;C;B;LO
/R f1 H Osmeriformes
R} Salangidae
KR Protosalanx hyalocranius 1.16 S;C;U;LE
i J% H Perciformes
KPHEEL Centrarchidae
BRI Micropterus salmoides * S;0;L;LE
AR} Cichlidae
VR | Oreochromis nilotica 255. 83 S;0;U;LE
Sy NN A4 £, Parachromis managuensis 6101.9 S;C;L;LE
FRZ Coptodon zillii 1149. 31 S;0;U;LE
fEIE 1 F} Gobiidae
TR iR Rhinogobius giurinus 57.61 S:C:;B:LO
I RV R Rhinogobius cliffordpopei 0.81 S;C;B;LO
fiF} Channidae
D A e Channa gachua 3.29 S;C;L ;LE
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Fig. 2 Proportional Distribution of Fish Ecological Types in Nuozhadu Reservoir
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and Pielou evenness index (d) of fish assemblages in the Nuozhadu Reservoir
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