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Abstract; Community structure and diversity of fish exhibit a strong correlation with environmental variables. We studied the spatial
and temporal patterns of the fish community structure and diversity in both the small and main lake regions of Lake Hengshui
throughout 2021. The relationships between fish community structure and environmental factors were analyzed. A total of 29 fish
species across 15 families and 27 genera were recorded in Lake Hengshui. Cyprinid species contributed 98% to the total catch by

weight. The dominant fish species in Lake Hengshui were Hemiculter leucisculus, Carassius carassius, Hypophthalmus molitrix and
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Pseudobrama simoni. There were no seasonal and spatial variations in Shannon-Wiener diversity index, Pielou’s evenness index and
Margalef’s species richness index of fishes in the main region of the lake. However, permutational multivariate analysis highlighted
significant temporal variations in fish community structure in the main lake region. Similarity percentage analysis revealed an aver-
age seasonal difference over 40% in fish communities of the main lake, the spatial difference of fish community structure between
the main lake and small lake regions was 41%. The abundance-biomass curve indicated that fish communities in the main lake re-
gion was largely disturbed in all sampling seasons. In the small lake region, these disturbances were only observed in spring and
summer, while not in autumn. Redundancy analysis indicated that the epilimnetic total phosphorus of the main lake explained most
of fish community changes (36% ). Total phosphorus, nitrite, secchi depth and total nitrogen were also the main contributors which
influencing the fish community structure of the main lake. The fish community structure of Lake Hengshui is dominated by small
omnivorous fish, such as H. leucisculus, C. carassius and P. simoni, while the abundance of piscivorous fish is relatively low.
Therefore, in the context of enhancing water quality and ecological restoration, after the reduction of external nutrient loads, it is
important to manipulate the fish community structure of Lake Hengshui. This involves strengthening the top-down effect by carnivo-
rous fish, mitigating the potential adverse impacts of omnivorous fish and planktivorous fish on water quality, ultimately working to-
wards the objective of improving water quality.

Keywords : Temperate lakes; fish regulation; ecological restoration; eutrophication; fish community structure
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Tab.1 Composition of fish species in Lake Hengshui in different years

. 2001— 2003— 2020— ES/N EERA
. [15] o
ok 2002 41 2006 41034 2018 F 2021 4F AR KA

#8F] Cyprinidae

il Cyprinus carpio + + + + + 0.L
il Carassius carassius + + + + + 0.L
A f4t. Pseudorasbora parva + + + + + 0.L
AL Abboutina rivularis + + + + ¥ 0.D
MR fi Squaliobarbus curriculus + 0.L
MY Acheilognathus chankaensis + + + 0.L
KEERF Acheilognathus macropterus + 0.L
W) Saurogobio dabryi + 0L
hak ety Rhodeus sinensis + + 0.1
% Hemiculter leucisculus + + o.U
U1 EC#5 Hemiculter bleekeri + + 0.U
fi% Hypophthalmichthys molitrix + + + + o.u
i Hypophthalmichthys nobilis + + + + 0.U
Attt Hemibarbus maculatus + + C.D
MEIRA Chilogobio nigripinnis + c.D
2T 5 [ fif) Chanodichthys erythropterus + + + + C.U
SHME G Culter alburnus + c.u
{Ufi& Toxabramis swinhonis ¥ + Z.U
3k f; Megalobrama amblycephala + + + + + H.L
fify Parabramis pekinensis + + H.L
Hiff Ctenopharyngodon idellus + + H.L
Ll Pseudobrama simoni ¥ + H.L
%l Cobitidae
ek Misgurnus anguillicaudatus + + + + 0.D
KEEFN VeI Paramisgurnus dabryanus + + + + 0.D
A AE#K Cobitis sinensis + 0.0
5%l Bagridae
W gith Tachysurus fulvidraco + + + + + c.D
BG4 EE Pseudobagrus ussuriensis + + 0.D
5%} Siluridae
% Silurus asotus + + + + + C.D
&8 %] Synbranchidae
& Monopteras albus + + n + C.D
#2875 Channidae
5fi¥ Channa argus + + + + Cc.D
% B %1%} Osphronemidae
[7] B3| 11 Macropodus chinensis + + + + C.L
JEEE & F| Eleotridae
JINEE ) £ Hypseleotris swinhonis + + + + c.D
R pE £ Gobiidae
T BTN BT B2 1 Acentrogobius viridipunctatus + + C.D

FBEWER {4 Rhinogobius giurinus + + + + cD
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2001— 2003— 2020— AWK AET
Sk - 4l15] -
GES 2002 4E[31 2006 4163 2018 4 2021 4F A FeAl

57| Sinipercidae

fift Siniperca chuatsi + + + + c.uU

FHREG Siniperca knerii + cuU
ZX8H%] Cichlidae

Je B B AE£ Oreochromic niloticus + + + 0.L
S 7} Adrianichthyidae

ik Oryzias sinensis + + + o.U
FIE4 Al Mastacembelidae

eI Sinobdella sinensis + + ¥ cD
$R# %l Salangidae

K41 Protosalanx hyalocranius + n C.U

KIWHT AR AL Neosalanx taihuensis + C.U
g #} Hemiramphidae

[6] R % Hyporhamphus intermedius + + c.U

C, EE; O, e Bl H A BV PR ah M 1 U, p B RS L P R RS DR

Fif, 23BN ( Cyprinus carpio) (1 ( Carassius Carassius ) 72 #8111 ( Pseudorasbora parva) %4 4 ( Abbottina rivu-
laris) JHR 6 Y2 H)L 7% (Acheilognathus chankaensis ) | & #if ( Acheilognathus macropterus ) . W 4E 8% fisk ( Rhodeus
sinensis) ¥4 ( Hemiculter leucisculus) \f% ( Hypophthalmichthys molitrix) 5 ( Hypophthalmichthys nobilis ) g ik ( Mis-
gurnus anguillicaudatus ) JIGERIIR I ( Paramisgurnus dabryanus) s FEEPEAZE 4 Ff, 2050 0 A 3k 5 ( Megalobrama
amblycephala) ¥ 1f1 ( Ctenopharyngodon idellus) M ( Parabramis pekinensis ) F1{PLi ( Pseudobrama simoni) ; ¥ {iF 5]
YAt 3 #, A EE 4R M ( Protosalanx hyalocranius ) F1[R] T i ( Hyporhamphus intermedius)

B2 H ORI R 434 R IR A A X D4R 4 B An 0 B (DL S ; S SRR 4 R MR BN R A
AR B DUR S A ORHR A Bfl G RAREN O RIS | R (R 2) o ASRAE AR E R
WA AR, For S1~S6 P43 1.2.2.2.2 F1 3 Fh o £ FBIAE TR (R AE R A LI (EAAE S %
AR F SR AR

K 2 2021 AFEA KIS R AR i B AT 0 RN EE B 1R R

Tab.2 Index of relative important of fish species in each sampling site and the whole lake of Lake Hengshui

ik S1 S2 S3 S4 S5 S6 40
% 16588 9587 12712 14008 13163 11836 12391
i — 105 - 182 — 115
i — 3390 2296 4283 — 2086

At 122 — — — 294 427 257

B il 105 705 — — 428 2166 1058
it 365 339 94 263 5074 5145 2964
fill 424 — — — — 32

AR il - 44 — — — 18
FhR A0 25 26 - 162 53 32 89
BI85 - - 39 - - 9
pli 158 706 — 43 270 262 591
W — 490 — — 50 275
Ly fil - - - — 11 — 10

i fh - - - - 54 - 41
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Fig.2 Fish diversity index in Lake Hengshui ( mean + SD)

2.2.2 BELE WA PERMANOVA 4745 %0,
KRR RGN L AEEREER (F=
4.1,P<0.05) , Mi/MBI R AFAE R LR (F=
1.5,P=0.4) , XX M BEIE S IEATEAT LY
SIMPER 4347, 45 53] 3 A~2=5 Z [A] (- 35 22 Pk
WTEA% DL 1, EESEENESHFZERET
76 B S DB 5 2 RR 2R A 22 M R B SRR TR
g AR A0 H H K 2 1 25 S R BORE T4
il I PRGN (3 3) o R /INBIIX A0 SRR 25 h s )
22519 SIMPER 43745 53R W, K /NI X34 22 7
PER 41% , 22 5 Bk 1 A0 22 2l £ LB

MK ZINBIIX 3 A~ 25 #2810 = B RN A 4 il
LT, RITIX 3 MEFMaETEEYZAT
TH(W<0) , K BEFZ TR A E, AFRZ,
BFEmR/N(E 3a.b o) o T/INIIX E ZZ TR ™
BORERZ KERZETIL(E 3d e ), 5K
XAH L, /NI X2 T HRAE /N, R R 275 0 W AR /N F
KX,
223 BABEESTEHFZRG AR KWK TN,

TP % o WEEA TLI(S) (ERR B 2 s fpfe TH2ERE% 4

BFEIEEF(P<0.05) o Hrf FFH TN #E B F T

THREMKE, B KEZRBARE LT BRN TP R, FE S A BE 27 FEHNT
SR WERFMTE KE, AFEUEZREARELRFFMN TL(2) 25 RTE ME, MEFY

3 MR 22 5 19 SIMPER 234745
Tab.3 SIMPER analysis for difference

of fish community structure

TUHREE/ %

X %E:w HFvw HFEw KHIK s

ES & ®E DMK
% 10.9 6.2 16.2 3.1
i 7.0 43 9.0 4.0
il 5.7 3.6 6.0 7.8
118553 5.7 7.6 3.2 5.5
1 i) 45 2.9 5.4 3.8
N 2.6 0 2.7 1.9
fifs 2.4 3.4 0 1.1
Fhifa 2.0 6.6 4.7 2.2
il 1.5 2.3 0 0.6
AR 1.3 1.9 2.1 7.6
Kl 0 0 0 1.1
L il 0 0 0 1.1
8 0 1.95 1.4 0.6
i R i 0 1.81 1.3 0.5

3.7 42.7 52.0 40.9

KR Z B 22528 3 s VAT &, R EMK B TR BkF= (R 4) .
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Fig.3 Abundance-biomass comparison curves of fish in both the main and the

small lake regions of Lake Hengshui in different seasons
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Tab.4 Water quality status of Lake Hengshui

=51l FEHR S1 S2 S3 S4 S5 S6
P TN/ (mg/L) 1.04 1.02 1.03 1.13 1.53 1.68
TP/ (mg/L) 0.10 0.10 0.09 0.09 0.12 0.18
Chl.a/(pg/L) 12.29 8.36 12.37 16.89 18.80 23.82
TLI(Y) 57.22 52.74 55.70 56.46 61.09 64.55
E TN/ (mg/L) 1.56 1.81 1.56 1.72 3.01 3.14
TP/ (mg/L) 0.17 0.23 0.16 0.19 0.23 0.29
Chl.a/(g/L) 26.09 30.06 36.54 27.96 43.83 99.22
TLI(X) 62.63 64.32 63.34 62.89 69.28 72.72
B TN/ (mg/L) 1.54 1.62 1.64 1.77 3.00 2.66
TP/ (mg/L) 0.10 0.10 0.10 0.10 0.24 0.22
Chl.a/(g/L) 13.78 66.80 53.39 23.46 11.32 6.95
TLI(Y) 60.46 66.99 66.28 64.38 65.54 62.58
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Fig.4 RDA graph of species and environment factors in the main lake region of Lake Hengshui
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