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WRRKILP T EAES RGN EEH RS, N
KTt SR L B R . PO AR, X
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ZAAFBR I, SRAE AU BT 2 5, WS B 9N KA IX 5k
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21500 mo BEANEE H M IR 1O E, FRRE
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AN SR 58 2, % E RN, il B PR I £
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12 ETE

TERAE p A T 2o i A =K, 15
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R ARAT B BH WA A AR - 2 S S T UE M HfE
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Fig. 1 Sampling area in the Poyang Lake Basin in 2010 and
2018—2019
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Species richness?I =+ & FEIR%L: S

Shannon-Wiener % F£ 4 $6%0: H'=> PilnPi

Margalef= & L4540 D=(S-1)/InN

Pielou}J 2] FE 4850 J'=H'/InS
X, SBURE YRR B, NHURE B30, PiEs
iFRAIFR o5 S R A

I18E %+ % (Functional diversity index) 1

Re PR ARG L BRI B, [A) 4252
”I’]%ﬂ”ﬁfh PERITE S A B R AIE, 7T DL S e A
S FR 8 A 2t e i T AR A4 s 7 B
PRI o, B BUBAS . AR BEIRAKP RS h5E
ANE, AFE A TIREER™ . & 1 R Th etk
H¥ K H fishbase M i (www. fishbase.org) fll £ &K &
Sk e R £,

Diae 2 R B D s 4 & BLHE % (Func-
tional richness, FRic). ThAE4 5] £ F5 4 (Functional
evenness, FEve). UJBEE # (Functional divergence,
FDiv). Rao —{X/#f8%((Rao’s quadratic diversity,
RaoQ).

DifeF & E R E(FRic): R pT 5 AESA
222

FRic = o [fi(x)]dx

fil) =expl= 3 (=) 3, (x—u)

3, O TEIRAE, PR, w i B R AR,
F1 EPERE LRI RSH
Tab. 1 Fish functional traits in the Poyang lake

el DIREMER FA A IR
Category  Functional traits Unit/Description
e aNit| K (cm)/AA i (cm)
Morphology
(LSNPEY RS
- FNINS cm
AEXTHR AR Sk (em)/BR4% (cm)
(RE A EROAN (AU
8% [ H AT A R bR
Habitat
iRLE=R o KB KA, TR
TR TY TR W R R R
EEZSE frik HEE. M. SRk
Trophic level {%{)J'?i%ﬁﬁ JEWTE fﬁﬁ'
P #EJE ik
A i B P RAFE N [8] (4F)
Life history

ISR 2 TR A doe I (]

1]

fid Bl EREDN . REPEDE. HLH
LN 1< Sl 1]
7B 15— UCE T IR B

YNNI AR 7 2290 T7 ZZHE RS, fi(0) A&
A A R 2 D £ A R

ThRELY 5 4R EU(FEve): s HETE N Th g
PR BEAE 2 SR 22 8] 73 A1 1 L o

1 dist(i,j
PEW, = — " ls_f_l J)
dist(i Wi wj
S 3 S
S—-1J=2

X%min(PEWLXﬁ)_SIj
FEve==

1
l=5

X, SHYIMEL, o w9 IR F 5 B,
dist(i, j) NV R RN R ER BS . LA K, PEW,H
KA E

T RE S HUEE (FDiv): DR 5 MR =3 1] 1) 29
HURE S o
FDiv:%
Ald|+dG
Ad = Zw, dG; — dG)
dG = % > dg,
i=1

Ald| :Z; w; X |dG; — dG|

A, SHVITNEL, w AR RS 1, dG YT
AR DR R 80 e o0R 2 DR 0 o 2
Rao — X I 1E H(RaoQ): oW i & (148 7 o

s s
RaoQ = Z Z di;PiP;
i=1 j>i
i, PANP 7 53| s DDA ) el AR S B2, ST
Virt kL, d, xR i SV RIRIER R . DL 2
REZ ALl RIE FFDWRET T AL .
3 EE R IEH(Taxonomic distinctness index)
R 94 7R 29 26 2 61 2 ST R P £ 2K 4 %
WS MR E R AR
AN K AR R 4y K 2 R 48 £ (Taxono-
mic diversity, A 3K %E 7 Fa % (Taxonomic dis-
tinctness, A')« “FHI5r2HK % F 4R £ (Average taxo-
nomic distinctness, A") F173 2% 245 735 B (Vari-
ation in taxonomic distinctness, A" )o
R E(A): EEWAYIFEE RS
KB 7 RRCRE R B AR K
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_ > D wiX X
ZZi<j Xin+Zi Xi(Xi - 1)/2
SEKERIEHAY: 5 A ML, BRI EA
A 6 S 40 6 K B B, 205 K R Ak 2 [ 6 4
K

A

A — > i WX X
D2 XX

P ZERIRH(AT): WP A R X
W AT S BB KB, AN FE R

XD Wil
- S(S—1))2

NARERTRIBHANT): 5 A SR
WP ME, R AT AR
At — > Zi<j (wij — A+)2
SIS —-1)/2
o, SEORBEE T HIDMEHE , o, R YY)
AL 7 28 2R GEAIR BT I BR AR L, XA 70 33l 2o
YRR ol ) = B

i F B ML A 5 (Randomization test) 4 H7 7E
5% B 17 X 7] H1 ¥ 35 43 28 72 57 P 4 B (A ) B 43 2K
% 5 AR BN )N 5 0 A i 2=, B
Iy R 2R HUR I RIE 5 vegan BT 515 2, b
P 3632 F 48 F 8 0F Primer 61 TAXDTEST I %
5.

MR SRR FHRERT
7253 M1 7714 (One-way analysis of variance) 7 T 5 &
) [A) 3 0 A0 B AN TR A A IR S S 0% 57+
A AR Z B 56 [ % H J30 #r LB (Kruskal-Wallis
analysis of variance followed by the Mann-Whitney
post hoc test) 7 4 5 (8] AH [7] H 47 A48 9 AR
1 (0 Z FEPE SR B (4R Z RETESREL 41 ThEe
FEPETREORAN R E R EOM ZE R . R X
TR 53 47 (Generalized additive model, GAM)%
FEEARM SRS R R . BRRTED T
i AESHUR S K 2 LM LM R BRAH O &
oy Hr FHSPSST9.08 58 Fi, ) S A% 2 e i
REK A mgevi2 6,58 %

2 R

2.1 FhALERL

201045 H F17 H RAE R 1257635 %, 21443 kg,
FIETO6H13RM48)E 748 . Horp, R} 5 L g
=, Ao, £962.1%; Hx AR, JLTHR, 2

A-‘r

9.4%. HE bSR30 M Carassius auratus)-
8 (Cyprinus carpio) WE i) (Saurogobio dabryi)~ ¥
PRI U (Pelteobaggrus nitidus) Y J&5 i it (Sauro-
gobio gymnocheilus), 3t 17 & 2 1160.7%.

20184E8 H M20194F5 H RAEF 2K 16524 )%,
291094 kg, FJmT 6 H 148157/m93 5. Horr, SR 4
o R, JES2Fh, £955.9%; HUON IR K, S
145, £315.0% . Hoa b 505 2 i 2 1oL s
(Pseudobrama simoni)~ % (Coilia brachyg-
nathus)~ . % (Hemiculter leucisculus)FN7 B fify
(Culter alburnus), 3t 5 S B EHI37.2%.
2.2 REERLSHITIL

20104 F12018—20194F ) f1 ST v 45 1) 22 57t
23 (P<0.05). SIMPERZ; 745 SR 7R, 20104 A1
2018—20194F 8], 18Rl HL 5Tk 70.14% Y% 22
FE (2 2), DTk e W) B0 g BAEE L AL B
LN ey R

SRR RN B B 2 4 U 53 Hr(NMDS) 4
R, 201054 H F17 F B BH 1t S8RV 7T LAy N =
H. FHAMER, BFHEM=10, EHIXEN
—H, B AR TR, BRI, #HEEMRT
B S 0 B B0 O B A X MR A —
R2 2010552018 20195 & XFHEEMER N EE I
Tab. 2 The fish species mainly contributed to the dissimilarity of

the fish assemblage structures in the Poyang Lake between 2010
and 2018—2019

XS
ik Coririt{ution to dissiriila‘rity
Species mﬁ»ﬂ:ﬁ ;%%Emﬁaj.(%
Contribution Cumulative
(%) (%)
KG AN Coilia brachygnathus 8.51 8.51
et Pseudobrama simoni 8.26 16.77
il Carassius auratus 7.32 24.09
FeF ¥ Fifh Pelteobaggrus nitidus 5.03 29.12
i Cyprinus carpio 4.7 33.82
¢t Saurogobio dabryi 4.63 38.45
FUMESA Culter alburnus 35 41.95
4 Hemiculter leucisculus 343 45.38
K titAcheilognathus barbatulus 3.07 48.45
W) i) Saurogobio gymnocheilus 2.88 51.33
Ki&gl#Acheilognathus macropterus 2.79 54.12
fifi Megalobrama skolkovii 2.77 56.89
WU IK#& Hemiculter bleekeri 2.59 59.48
F {48 Pseudorasbora parva 2.54 62.02
% 1 B Chanodichthys mongolicus 2.18 64.2
FR4H Xenocypris macrolepis 2.16 66.36
R Rhodeus ocellatus 1.91 68.26
it Silurus asotus 1.88 70.14
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AFE KBy X4, 2010468, (VAT E B 5 =10, &
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WIS N — 2. ANOSM I 3 MG 6 45 R B oR,
AN HH R 3 SERE A7 A W 35 1 22 7 (P<0.05;
Kl 2).

23 ZHMTK

2 REE R B B 45 SR B, 20184E8 H (4
F @ ERE. ThAkFE E R E(FRic) &K, 20194
5 H P55y 2% B (A YRR 20104E4 A 1T AE
BI51 P Fe BU(FEve) Bk, 20104E7 A Thie &5 8% 45
B(FDiv) A4 2525 A8 AR H(A HEER. 20104
7H DhREHI 51 FEFE BU(FEve) i /)N, 2019465 H 7035 2%
SR SAR (A B, oAb 2 REPE SR BE 20104

Uro Wi Z BEMEFR BN Ih e 3 F B B 7E20104F
4 FH20184F-8 H Z A AAAE i 3 72 7:(P<0.05), Y%
F'H FEHE%. Shannonfi #FMargaleffE (12018
HE8 H 201945 H 2 [ 47-1E ik 3% 7 7(P<0.05), Ih
REX 5] P R B (E20104E4 A F120104E7 A Z (A /7 4E
B35 2 5 (P<0.05), ¥4 2K 2 B8 BAE 201044 H
20194E5H Zlmﬁﬁw%‘iﬁ#(f)<0.05), HAREAE
FZE7(P>0.05; K] 3).

SEH143 2572 SRR R (A I BE H LK 56 (Randomi-
zation test)Z5 B E IR, 20104E4 A, K2 H X 5 4b T
95 %o ik 2 B 15 Y Py ELK T B P 3 H, {CHRPH £
B T BASVEHE T 7, 2010467 3, Fr A X 83 4k T

95% M F B A5 TE BN, (K2 HU/NTHE T E4E,
PO X KT FH1E, 2018 FESH X A1 2 F 5

4H BN Ak b, EBRI], 2018—20194F 1 2 R4 b BAE XK )7, 2019465 A 4T B RTHS FH . Ab
TREH20104F /5 =70, 7—8 H fr i T4—5H TEEXIEFr(E 4).
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Fig. 2 The spatial-temporal changes of fish assemblage structures in the Poyang Lake
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Fig. 4 The changes of the average taxonomic distinctness of fish assemblages in the sampling area of Poyang Lake are analyzed by the

randomization test
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Central line is the mean value for the total species list. Funnel line is confidence limits within which 95% of simulated values lie. The same

applies below
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Fig. 5 The changes of the variation in taxonomic distinctness of fish assemblages in the sampling area of Poyang Lake are analyzed by the

randomization test

*3 BEIHTRZEEMEERLR

Tab.3 The environmental factors at the different seasons in Poyang Lake

S ol o I I e O ot
7K. Water temperature ('C) 16.2+1.3" 30.1+1.9° 32.3+1.9° 25.042.9°
% W% Transparency (cm) 52.1£17.9° 88.6+25.2° 47.7£23.1° 56.7+29.6"
4% 2% Chl. a (mg/L) 5.541.0" 5.7+0.7° 4.740.6° 6.341.5°
S EP#Y) Total suspended matter (mg/L) 35.6+3.1° 24.9+23° 35.6+3.1° 31.7+4.4°

T R B NI RS T B (P<0.05). afll bR FTE R 2257, afllab, billabZ [AIFIRAMEFE .35 22 57

Note: Data are the means of environmental index. The different superscript letters in the upper right corner of the same row show

significantly difference between the data (P<0.05)
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Fig. 6 Relationship between fish diversity indexes and environmental factors in the Poyang Lake
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TEMPORAL VARIATION OF FISH BIODIVERSITY IN POYANG LAKE

JIANG Xiang-Long', LI Ming-Zheng', YANG Shao-Rong’, LIN Peng-Cheng', CHANG Tao',
WANG Chun-Ling', ZHANG Chen’ and GAO Xin'

(1. The Key Laboratory of Aquatic Biodiversity and Conservation, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. China Three Gorges Construction Engineering Corporation, Chengdu 610041, China; 3. Anhui Normal
University, Wuhu 241002, China)

Abstract: Biodiversity serves as an important index in reflecting the impact of environmental changes on ecological
communities. It is also essential in evaluating the health and integrity of ecosystems, providing insights into manage-
ment and conservation initiatives. The river-lake complex ecosystem in the middle and lower Yangtze River are one of
the most threatened areas subjected to anthropogenic activities. However, there is still a lack of research on taxonomic
diversity and general understanding of fish community and diversity changes in the Poyang Lake over a long time span.
Based on data derived from fish resources investigation in 9 regions of the Poyang Lake area in April and July 2010,
August 2018 and May 2019, we analyzed the temporal changes of species diversity, functional diversity and taxonomic
diversity of fish communities in the Poyang Lake as well as the relationship between biodiversity and environmental
factors. The results showed that 74 and 93 species of fish were collected in 2010 and 2018—2019, respectively. There
were significant differences in community structure, with Coilia brachygnathus, Pseudobrama simoni, Carassius
auratus, Pelteobaggrus nitidus and Cyprinus carpio contributed the most variance. There were also significant diffe-
rences in environmental factors between different years and seasons (P<0.05). Although the species diversity and func-
tional diversity in 2018—2019 were higher than those in 2010, the variations in functional diversity and taxonomic dis-
tinctness (A') were insignificant, suggesting the taxonomic range has narrowed albeit the fish species has increased in
the past decade. The randomization test of the average taxonomic distinctness index (A+) and the variation in taxono-
mic distinctness (A") showed that the number of sampling localities below the 95% probability confidence funnel from
2018 to 2019 increased compared with 2010, indicating that the degree of interference in the Poyang Lake area in-
creased. The fish biodiversity in the Poyang Lake area was significantly correlated with water temperature, chlorophyll
and total suspended solids concentration (P<0.05). The biodiversity of fish community was positively correlated with
water temperature. However, the average taxonomic distinctness index (A") and the variation in taxonomic distinctness
(A") were negatively correlated with the chlorophyll and total suspended solids. The results showed that the number of
fish species in the Poyang Lake has increased under the periodic fishing ban of the Yangtze River, breeding and releas-
ing project and ecological regulations. However, the small-sized fishes were still the dominant species in fish com-
munities in the Poyang Lake during the past decade. This could be attributed to over-exploitation. Besides, anthropo-
genic disturbance compromised habitat heterogeneity. In particular, regions that located far from the Yangtze main-
stream like the Poyang county, Xinjian county and Yugan county were more impacted by human activities. In order to
protect and restore fish diversity in the Poyang Lake as well as the flood plain habitats in the middle and lower reaches
of the Yangtze River, we suggest to take a series of measures in complementary to the ten-year fishing ban, such as de-
molition of small hydro power plants, reduction of reclamation and restoration of natural habitats.

Key words: Human interference; Species diversity; Functional diversity; Taxonomic diversity; Protective measures
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