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Abstract: To understand the spatial and temporal variation of fish assemblage structure and biodiversity, as well the
relationships between fish taxonomical diversity and functional diversity, species compositions, the dominant species,
taxonomical and functional diversity of fish communities which were captured from Zhelin Reservoir from September 2020 to
April 2021 were investigated and analyzed. The results showed that a total of 53 fish species belonging to 5 orders, 12
families, and 36 genera were sampled with dominant Cyprinidae accounting for 71.69% of the total species. Among the

reservoir spatial scales, 36, 40 and 32 fish species which accounting for 72.97% , 85.00% and 75.00% of the total sampled
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species were captured from upper-, middle- and low-reach, respectively. Hemiculter leucisculus, Aristichthys Nobilis and
Xenocypris davidi were dominant species, while Cienopharyngodon idella, Hypophthalmichthys moliirix, Parabramis
pekinensis, Carassius auratus and Erythroculter mongolicus were main species in Zhelin Reservoir. The analysis of
PERMANOVA ( Permutational Multivariate Analysis of Variance) using the fish assemblage matrixes showed that the
seasonal variation of species compositions was more significant than the spatial scale, and the variations were mainly
performed between two seasons of antum and summer. Meanwhile, biodiversity indexes and functional diversity indexes of
fish assembalges performed relative higher variations among spatial scales than temporal scales. Margalef index were
relatively higher in the Xiuhe River than those in other water sites, while the indexes of Shannon, Simpson and Peilou
indexes showed no variation among the reaches. Functional richness possessed relative higher level in upper reach than
midlle and lower reaches, while functional evenness and functional disperse performed non changes among spatial scales.
Functional redundancy had no variation among spatial and temporal scales. Regression analyses showed significant positive
relationships between the biodiversity index of functional richenss and functional disperse with each taxonomical diversity
index, while there were negative relationships between functional redundancy and taxonomical diversity indexes, which
implying the increase of species richness led to the increase of the functional richness and decrease of functional
redundancy. However, functional evenness did not change obviously which can mainly be explained by the disproportionate
individuals of different fish functional groups. The results implied that interference resulted in a lower niche overlap of fish
community with high species richness and lower ecosystem recovery ability. In general, the species diversity level of Zhelin
Reservoir is lower and the anti-interference ability of this ecosystem is relatively weaker. To protect fish biodiversity and
maintain the stability of the ecosystem, it is necessary to improve the fish community redundancy and the availability of

resources and habitats by regulating the fish population structure.

Key Words: Zhelin Reservoir; fish assemblage; taxonomical diversity; functional diversity
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Fig.1 Drainage in Zhelin Reservoir and sampling sites in this study
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Curtis #H-5 85 B4 HEY) FhAE AL 55 2 IR BE B JE % . i FH B 3 22 90 7 2243 M7 ( Permutational Multivariate Analysis
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Dzl—ipf
i=1

K, PoASS | P MRS SRR LU, S hYRhEL

(3) Margalef & FEFE%(d)

d=(S-1)/InN

K N SRR, S SRS S0 RN AL

(4) Pielou #15]FEHE%L(T)

J=H/InS
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AR YA RSB 71.69% s HUOR BT H (7 F) M&GHE B (6 F) , Hah 2 B R 28D  fERMER L, #R}
(37 Fi) Pt £ | (5 BN 69.81% ; 2R} a2 4 Fb iRl 125 3 F S8 iRl RL BRL BERL ARL V0 o A8
B SR ISR ARFE RS 1R MAROK I R I X A R A B 02 36,40 1 32 i, 45 X A LU IE
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F=1 WHKESEZRRIIEMER
Table 1 List of fishes and its functional traits in Zhelin Reservoir

TN

i otk ERE KR ORBKE  Eg MEBE S g
Species Food type Trophic guild Max.imum Location Motility Body shape harbel Life span
s1ze
%+ H Beloniformes
8T % Hyporhamphus intermedius TRl BT 34 B3 L2 ez HKIE ¥ I
#BHH Anguilliformes
5885 Anguilla japonica W 3.6 HHS K2 iR 18 1 JF; p 1%
#2% H Cypriniformes
HiAf1 Crenopharyngodon idella Btk 2.0 S Hiz ez wWiv o 1%
T 18 Mylopharyngodon piceus A B E 3.2 S K2 Tiesh i 29 X 1%
W Carassius auratus P -yed 2.0 Y4 iz igmipidl Ml T i
#il Cyprinus carpio ZBtE 3.1 SRS Rz Tiesh i wIE f H
W% Hypophthalmichthys molitrix TRl R 2.0 S iz ez wiv g i
8 Hypophthalmichthys nobilis TRl R 2.8 GRS P2 ez "t T i
LU Pseudobrama simoni Py -yed 2.7 Y2 T2 ezh i wi¥ T i
KRHR Xenocypris macrolepis JE Tk 2.6 B3 K2 ez WY ¥ i
# 2B Xenocypris davidi BB 2.6 HH3 JE)Z T gh {737 T R
[t Hemibarbus labeo B b 3.4 G 4 2 11 70 EIES]7 T il
AEAE Hemibarbus maculatus AT 35 F 4 197 il AL i H
Bk Abbottina rivularis NI Eh b 33 £ 2 i 11700 kI 5l il
SRR Gnathopogon imberbis IEE 3.3 e ) 2 i ETY WK ¥ LA
FeIB R Saurogobio gymnocheilus A Sk 3.3 42 ) i e AKIE H &1
HESS Sarcocheilichthys nigripinnis e 3.3 ) 197 il KT ¥ =
183 Sarcocheilichthys sinensis Ak 3.3 EY 3 197 sl K H LA
FHta Pseudorasbora parva TR EY T 3.1 FY2 2 iz R HRIE I Tt
g Saurogobio dabryi A e 3.3 Y03 95 i 11 7Y AKIE f T
4R Squalidus argentatus et 3.3 L) 1973 LT 42 kel ou
#& Hemiculter leucisculus TR EY T 2.8 FY 3 )2 izh & RI% & H
W [CZE Hemiculter bleekeri TRIFEY 2.1 £ [J2 izh A KIiE ¥ eu
HMREE Squaliobarbus curriculus BN 2.7 F 4 197 liFhZy 73] H LA
LIHEIFH Cultrichthys erythropterus ARExE 4.4 HLS )z liF )7 731 ¥ i
IKECHA Culter dabryi R 3.3 4 )z liFgh 7y (314 ¥ i
YK LT 8 Erythroculter oxycephalus A 3.3 S5 3 2 Wesh A X o
SEM LI Erythroculter mongolicus R 3.4 ] Uz liFh 7y WK ¥ AR
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N SRR oy -
P Bt BN A Wi EAZ B BIRBE Sensorial FiREIRE T
Species Food type Trophic guild Max'imum Location Motility Body shape barbel Life span

size

PIAR3LA Erythroculter oxycephaloides R 3.3 2 )z liFh 2y WK ¥ G
FAMELLER Erythroculter alburnus ARExE 3.4 RS iz liiF )7 W J L
i Parabramis pekinensis Ak 2.0 H 4 )z liFzh 2y IR ¥ i
AR Sinibrama wui R iy 3.2 E93 2 iFzh A HBIE x Tt
13k Megalobrama amblycephala Rk 3.4 HRS Uz liF5h 7y W5 J AR
HAEEESY Rhodeus sinensis Rtk 2.7 EY 1 2 izmipidl IE % =
BELA% Acheilognathus taenianalis etk 2.1 /) iz liFsh 7 1biA W CA
KEEGE Acheilognathus macropterus etk 2.0 %3 iz e ) 7 IR H i
45U Acheilognathus barbatulus etk 2.2 HEH iz liiFh 7 W IEE H el
TCHihif Acheilognathus gracilis et 2.4 91 2 sl IR X L
eB\E% Acanthorhodeus chankaensis Fearitk 2.1 G902 2 izl R T & =1
JEA SR Homatula potanini JE s bk 2.7 E 2 JiE)z Gl KT A =
459 H - Siluriformes
KA Silurus meridionalis e 4.2 EY s 95 G EINSI7 H WAk
WML Tachysurus fulvidraco ARExE 3.5 4903 i)z i) KHIE H LA
FCIREE B Pseudobagrus vachellii [f=y i 35 4 9= 1178 KI5I% H LA
AN Pseudobagrus pratti [Revts 3.5 £ 195 i LIS 1 i
R Pseudobagrus tenuis [f=y i 35 HR 3 9= G AIE H el
B R Leporinus punctatus ARExE 2.3 LR S 1953 i NS H i
5% H Perciformes
8 Siniperca chuatsi f=y i 4.5 4 2 s i i I LA
KHREH Siniperca knerii [REnia 3.9 Y3 2 WEsh i 3|2 ¥ Gy
KAKHR Siniperca roulei i 37 sy o g e - % i
B Y8 Micropercops swinhonis IR 3.2 1 s a1 KIrE ¥ Ly
5 Channa argus P 4.4 S 2 izl NS T (i3
TR Sinobdella sinensis EA S e 3.3 LY 3 9= i 11 7 88 4 JF P [
TFBEWIERIE . Rhinogobius giurinus A B bk 3.2 7 ) JiE)z Gl K5 J [

2.2 ZEARHFH L

MK E AR OE PR 3 BT 45 2R R (3R 2) AR Z= 35 LA Ah 2 AN TR] ok 218 A i 3R £ 35 2 22
J&& (Hemiculter leucisculus) | 8§ ( Aristichthys nobilis) . 2 & #f ( Xenocypris davidi) ; 5 5 Fh 3 25 2 21 6 5 )
( Cultrichthys erythropterus ) . 3 W& £1 #A ( Erythroculter alburnus ) . #% ( Hypophthalmichthys molitrix ) . Pl fifi
( Pseudobrama simoni) i ( Parabramis pekinensis) . JC/ifif ( Acheilognathus gracilis) ER# ( Squalidus argentatus) .
KA WY PSR SRR R, 2N & 0, T 2R R4 ( Crenopharyngodon idella) 8 ( Carassius
auratus ) 5% i1 LA ( Erythroculter mongolicus) \BES% 7 ( Acheilognathus taenianalis) |55 FE#0 R0, HZ=HRY)
LT SRR LS RAN ), 2Rk 220 i fa | DL Q& (Hemiculter bleekeri) (ST 21601 M1 % g HRAN, 255 =
UWIRA SR LAY E R 6 R, Ay E RO Ffn BE iR B 52 ZLENSERD
2.3 WFP A A A R AR L

BT WA AR B 2 AEHEY A5 R A I, 25 (AR R T AR YRR A 2 S AN 2 B Pl S R
e XA R ES F AR DL, 7 B LR A (K 2) , BT Z KR 45 R R B B B E K (F=0.724, P =
0.792) ; = REEE TS AP A A A A AE T S 1 o3 B R 42, 22 PR IR B i 3 /K P (F=2.565,P=0.002) , 4
oA A A R (2R T TR 45 1Y) 25 5 BRI WK A F= 2 (8] 3R 3 W /K F- (F=3.270,P=0.018) , £ |,
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Table 2 Index of relative importance of fish species among seasons in Zhelin Reservoir

YrFh [ Es X% P Zh
Species Autumn Winter Spring Integration
¥iff Ctenopharyngodon idella 95 150 417 186
#& Hemiculter leucisculus 5181 5689 7532 6004
UL EG4& Hemiculter bleckeri 0 7 452 56
#l Carassius auratus 91 604 71 148
LIHEJRH Culirichthys erythropterus 435 0 0 94
S LI Erythroculter mongolicus 15 238 520 150
SUMELIH0 Erythroculter alburnus 198 12 63 94
i Cyprinus carpio 33 0 543 95
155 Aristichthys nobilis 7103 7860 3184 6232
% Hypophthalmichthys molitrix 482 95 385 361
LI Pseudobrama simoni 270 10 53 115
i Parabramis pekinensis 393 5 203 190
TCHilif Acheilognathus gracilis 152 0 0 30
BE4& A7 Acheilognathus taenianalis 0 354 5 24
WM Xenocypris davidi 1714 921 2258 1624
R0 Squalidus argentatus 110 169 276 166

R T LR T 100 A4 FH

RHEFEN 0o BT o XF 4 EF REEABE o L e Hiilf & R

NMDS 2

-1.0 -0.5 0 0.5 1.0
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B2 ETaXYMARSHNEEES%EHFE

Fig.2 Nonmetric Multidimensional Scaling based on species abundance data according to temporal—spatial patterns

24 YR E R ECE L

R YIFI ZREE A HTA R R (1 3) | L WEI T K B, Margalef $650 1 35 5 T T K B (P = 0.046)
Shannon Simpson 15 Peilou 2 BEHEHEAUAE AN 7 X 32 ] 22 SR 1 ( P>0.05) 3 4241 2 RERESS B0 R R FE
WAL IR REPE ST B R, TR B AR B s A R T 2 5 B3 1WAk et
SR B BT A TP I (P=0.044) ; S AEHS)BE 3 Bl B R A I8 s ) R R 2 SR
(P>0.05) ; S5 BEE DN RETUAE MIAHE G | 28 22 SR R T 8, BT 75, 00 K ) 2 B M U R 2 R 2
A 22 SR T I S T 92 S
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B ShannonZAE:4a%r & Peiloudy 5 FEa %L SimpsonZ AR %r  [J Margalef £ Ak Fa %
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Fig.3 Temporal-spatial distribution patterns of fish taxonomical and functional diversity in Zhelin Reservoir

ARG R R TE 3 22 5 (P>0.05)

2.5 YR ZHE S IREZ R SC R

MR RIS R Z RV S DI BE AR E AT 45 R s | P8 Z TR A 35 RO SC SR R (&1 4) 5 Hi,
IREF T FRic SYR RIS B AR .35 U IEAI G C R (P<0.05) , 5 Margalef 45 BUHY A G R4 R i
154 0.735; IREX 1 S Rp Z AR AU 1B B A SCPEA 1238 ; DI RE R UK FDis 5 Fp ZAE k45 Bz 18] 47
TEALE MIEAR OG5 Simpson AR ELIIAI R R fiey , 1531 0.803 ; DI AETUARE FRed SR 2 4%
PEZ S BLAASC G R BE R ZREPE R T il R RE (R 3) .

K3 UMSEMEERS IR S EIERK T MR ST

Table 3 Additive models of taxonomical diversity and functional diversity

ZREPEFERL R+ W ¥ FRic IR 2] ¥ FEve TIREEI BLUEE FDis RETUARE FRed
Biodiversity indices adj R? P adj R? P adj R? P adj R? P

Yy £ 5 Species richness 0.701 0.001 0.003 0.834 0.113 0.044 0.153 0.022
Shannon ZFE4EFE%8 Shannon index 0.323 0.001 0.013 0.143 0.796 0.001 0.271 0.002
Simpson ZAEPEHE %L Simpson index 0.163 0.002 0.003 0.305 0.788 0.001 0.207 0.008
Peilou ¥J5] 4545 Peilou index 0.055 0.119 0.058 0.114 0.761 0.001 0.196 0.011
Margalef ZHEPETERL Margalef idex 0.735 0.001 0.008 0.227 0.353 0.001 0.299 0.001

FRic: HIREFE E Functional richness; FEve: LIfE¥ 2] B Functional evenness; FDis: YJHEZ #E Functional disperse; Fred: MIRETUARE

Functional redundancy; adj R* ;4% IFJ& BIH 56 R AL adjusted R?
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Fig.4 Regression models between taxonomical and functional diversity
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