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Impact of eutrophication on the community structure and species diversity of

crustacean zooplankton in small lakes
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1 School of Life Science, Huaibei Normal University, Huaibei 235000, China

2 Information College, Huaibei Normal University, Huaibei 235000, China

Abstract: The seasonal dynamics of the crustacean zooplankton community in Lake Linhuan were investigated from March
2017 to February 2018. A total of 13 species were recorded, including 8 species (8 genera) from Cladocera and 5 species
(5 genera) from Copepoda. The eutrophic species Diaphanosoma brachyurum, Bosmina sp., and Mesocyclops leuckarti were
the dominant species during the warm season, whereas Cyclops vicinus was the dominant species during winter. The large-
sized Daphnia galeata was observed infrequently. The annual mean density and biomass of crustacean zooplankton were 28.3
ind/L and 0.33 mg/L, respectively. The annual mean trophic state index (TSI, ) was 62.6. The average yearly values of
Shannon-Weiner index, Pielou index, and Simpson index of crustacean zooplankton were 0.86, 0.74, and 0.49,
respectively, and there were significant seasonal differences in these indices. The nutrient levels, TSI, , and species
diversity index indicated that Lake Linhuan was affected by eutrophication. Redundancy analysis revealed that water

temperature, total phosphorus concentration, and chlorophyll @ concentration were the bottom-up factors affecting the
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community structure of crustacean zooplankton. The predation pressure from Hypophthalmichthys molitrix and Aristichthys

nobilis was the top-down factor affecting the miniaturization of crustacean zooplankton community.

Key Words: crustacean zooplankton; community structure; eutrophication; species diversity
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SEPIEERHERET AP 2

H =- iPilnPi (1)
]:H'/ll;ls (2)
D=1- iPﬂ (3)
Y =n, xf/lN (4)

b S RSB P oA | R R ST S B R R L 0, B i R RN R ST S M R BB 5 S OO
i i R S s B N O PR TR e S i BT Y=0.02 IRPSEH E DR LS
1.5 EIRIRESHEE

KB IEM R R AR EFARTSFEETSL, ) PP I e 35 TR AL A2 A 0N

TSI, (Chl.a) = 10 X (2.46 + InChl.a/In2.5) (5)
TSI (SD) = 10 x (2.46 + (3.69 — 1.531nSD) /In2.5) (6)
TSI, (TP) = 10 x (2.46 + (6.71 + 1.15InTP) /In2.5) (7)
TSI, = 0.54T,,(Chl.a) + 0.297T,(SD) + 0.163T,( TP) (8)

A TSI, (Chl.a) TSI, (SD) 1 TSI, (TP) R LIM-4E R o W N HEAERE FRIRSTEH, Chl « SD TP 1 2AAL 5
AR pe/L m mg/L,
1.6  HdEa T

FH SPSS 17.0 B AF 53 v H 52 sl 2% B S BAL IR T AH G . AL CANOCA 4.5 BRF53 Mg i 78 o))
PRFFN GG R F R OCR o Seib T XTI 43 BT ( DCA ) LIRS I e i i 565 1 bR B4 25 SRR T 5
1 HIBE KN 2,334, 1T UL PR 455 5 B 6 426 BRI ASEAR0 o Oy 45 B PR G B R TUAR 40T (RDA) iME 4T 29 P HE
o BB T In(x + 1) FHe,

2 HR

21 PAEHT

e K e 22 R BOR, B EEJF G A, 7 A KRB, BRI TR T R, 1 A S AR, 45 F 3 KR R
17.8 °C . SRS B B A YE A 30 1.19 me/L A1 0.12 me/L, fie RAEISHEAE 10 A | fe/IME H BLE 3
Ao EWEERAETAER 0.99 m, S KA INAE 1 A B/MEIIRAE 5 H o iG] pH IwisitE |, 45 F-YME 4845,
RRMEEIAE 9 H . MRER o BN SNERER A FIEN 25.7 pe/L i RKIEHIE 7 A (£ 1),

F1 EREELAFRESZEHPASTHVEENXR

Table 1 Physico-chemical parameters and their correlation with crustacean zooplankton in Lake Linhuan

ISR JE FHE AR B EME
Physico-chemical variables Range Mean value Correlation Significance
7K Water temperature/°C 2.5—31.0 17.8+9.7 0.679 <0.001
SEKE Total nitrogen concentration/ ( mg/L) 0.59—1.98 1.19+0.41 0.055 0.677
JSBEHE Total phosphorus concentration/ (mg/L) 0.03—0.24 0.12+0.06 0.392 0.002
B Secchi depth/m 0.73—1.03 0.99+0.25 -0.458 <0.001
442 o WE Chlorophyll @ concentration/ ( wg/L) 8.8—43.4 25.7+11.6 0.614 <0.001
pH 8.23—8.69 8.45+0.12 0.382 0.003
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Tb, Bk DU R FH IR ( Diaphanosoma brachyurum) \J” i &I 7K & ( Mesocyclops leuckarti) 4 8% ( Bosmina
sp.) ML R Bt A BRI F, 4 5 3 (Bosmina sp.) A — 0 HOR, HOk G E R F K%
(D. brachyurum) FJAa th @K & (M. leuckarti) ,

% 8% ( Bosmina sp.) B FHKE (D, brachyurum) F1JT i &K Z& (M. leuckarti) F)AFE- Y52 B 43 51
9.8.9.7.7.6 /L, 53l 5 BAE BE R 35% 349% 1 27% , R 5% (Bosmina sp.) K HBUBERT 100% , 44 #8H or
1, B RBE (40.6 /L) BLTE 9 H R FHIRIER(D. brachyurum) B RN 58% , ik KB E (43.3 1~/L)
HILAE 8 H ) A SIIK & (M. leuckarti) ) H BUZE R 92% , e R E (38.9 /L) HEIAE9 H (£ 2),

2.3 R ST AR Y 2T B

ISR LS B A YR S BRI REY T 00, g 05
FATARAY,, HLARG A AR — B, 45724 % i A0 AE i A) ij; ot e MR 207
Sk 28.3 A~/L H10.33 mg/L, e/ N JE FIAE ) & (0.53 D 80 o j
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R IR B 0 A ER A (1072 " r s s s s w2 ¥
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[Iﬁﬁﬁﬂ?ﬁ%@%ﬁ]%ﬂ@ %TE_‘%‘]J(E(P<OOOI) wé\ Fig.2 Seasonal variations of density and biomass of crustacean
%WE<P<OOI ) \ﬁ%E<P<OOOI) \pH<P<001 ) %DD_" zooplankton in Lake Linhuan
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B ALl 0.58—0.96  AF-F-HfE N 0.74( £ 3)
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R 0.3340; TP e B 555 —HE PR T AR O, 558 —HE Pl &l 2 TE AR OC A OC R 2053 71 - 0.3424 1 0.6772;
TSI, 555 —HEFE Rl 35 0 AH G AH O R A —0.6642, A — 58 —HE Sl it A O P 20 B T %0, TSI, 7K T
2R 28 a VAT TP Ve X T Ui R 5 sl 11 288 B AR AL AT B g i) T s BH B2 TN VR R pHL RS2 /N

HH I 3 AT, G B ) A h Ik 3 5 4R o WREE TSI, TP MBS AN pH 2 IEAHC R, 535 W B 1 AH
Ky R RS TSI, KR HERER o WM pH 2 IEM KR ARG /K F A7 AL LT K 8 5B I B 5 1
KRR,

R4 TSI, S5FHERENMEFNYH S HERELHROEXME

Table 4 Correlation analysis of TSI, and crustacean zooplankton community and species diversity index

s Shamnon #55 Piclow S8 Smpon B8 GBE RAK  SAbelka o el
Parameters Shannon index  Pielou index  Simpson index  Bosmina sp.  D. brachyurum M. leuckarti rustacean
zooplankton
A Correlation 0.314 0.317 0.383 0.649 0.569 0.661 0.655
M Significance 0.015 0.014 0.003 <0.001 <0.001 <0.001 <0.001

RS IEREFEFEHUNRBERFHTRITER

Table 5 Redundancy analysis between crustacean zooplankton and environmental factors in Lake Linhuan

HEFP 4l Axes 1 2 3 4
FHF{E Eigenvalues 0.598 0.094 0.031 0.003
PIFh-A BT R EL Species-environment correlations 0.889 0.866 0.736 0.484
LRV BT 4 Cumulative percentage variance

TP Species data 59.8 69.2 72.4 72.7
WFh-F85% Species-environment relation 82.1 95.0 99.3 99.8
AFRFFIE(EE A Sum of all eigenvalues 1.000

AR RFAE(EL S A Sum of all canonical eigenvalues 0.729

R 6 A2 A HEFHANIAE E F E K R

Table 6 Correlation coefficients of environmental factors with the first two axes

i H Ttem SPEC AX1 SPEC AX2 ENVI AX1 ENVI AX2
TN 0.0183 0.3340 0.0206 0.3856
TP —-0.3424 0.6772 -0.3852 0.7818
Chla -0.6552 -0.0901 -0.7371 -0.1041
T -0.7474 -0.1951 -0.8408 -0.2251
pH -0.3676 -0.0122 -0.4135 -0.0141
SD 0.4960 -0.0750 0.5580 -0.0866
TSIy -0.6642 0.1002 -0.7472 0.1157

TN. BA W JE Total nitrogen concentration; TP . VR R Total phosphorus concentration; T JK 15 Water temperature ; pH ; iR W B Potential of

hydrogen; SD: % Secchi depth;Chla: 4¢3 a #JE Chlorophyll a concentration ; TSI, : 5 7245 4L Trophic state index

3.1 RGP TR H s T A R R R

KR B AR TR S A R A N R 0N BAR BB R e TR A M R K
U R 7 s R B ST 2 B ok U, DT [ 2 1 A 0 U TR e s 4 AR R BB 2 TE R TE R I AR
PET, BEF KR A TH 5, 270 T e s A 6 7 I6F TE) A L o8 7 30 T 7 sl 0 b R s 8 SR, 3 T 552 W0 9730 P
FEANPIRETE LA ARG A — S T HE Rl AR S AT KRR TP X R S S S AR
1M TN AERE /] Rk K RSl 2 AR X 5 g, 2 0 PP 7 sl M AT e v ) 3 B T 4 36 2 /K il ALl
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BEHF o 35 TSI B e 45 S — 80

PRI H e ) ER LI O & TR R )
TR R P o S RS AE A B R R
M AR o YRR PRI A A A ) AR !
bR fE—E R Bl DUARBLI il e sh i gy o4 ol
S IR R R o RS TR T8 -10 08

s ) 952 33 = Ik ot SESEVRIA Z
PR RIS X2 I R 7 sh A eI 45 A i 3= 10 22 1Y 3 Iiigs R S SIEE T W TR

Mg K ARSI, 2017 4F 7 H—10 A I8 4%  Fig3 Redundancy analysis between crustacean zooplankton and
Ko WENSER S, MR sh Y IR AL Z 401 environmental factors in Lake Linhuan
Y, G BT I 5 B 1 R R L L Pearson AMAT 25 TN i & ¢ & Total nitrogen concentration; TP i B ¥ & Total
W AR 2E o e E 5 TR 2 S B R L E MG phosphorus concentration; T: 7K i Water temperature; SD; i B Jif
) B ) Secchi depth; Chla: 42 a #¢ i Chlorophyll a concentration ; TSI ; %

F, RDASPHFBFNT, WA o KIE SR FIRIR. & A D, b
SRR AT K R IEMOCOCER PFUEF S ook sk 0 tewckarsis v 3248 81K 3 C. vicinus; Bo: % 3 3%
TEEERISEMa AR, BRI, 4R 3R o WRIESZSE MG Bosmina sp; Co: W0 B 16 % C. ovalis; Aq: 77 9% 22 1 3% A,
R o By s i R A 2= R quadranyularis; Ha: A 7K #& Harpacticoida; Sd: ¥ & 4 ¥ K &

fifE 5 20V U S B R ELA W R R, Sinocalanus dorrii; Nu; JG17 41k Nauplius
BLRBIPEIE R s s b &, S BRI sh YR 451 /)
RIS (R R T R B ARSI, HATSh A, R ) Rt 885t A Bk e me /1 L A% (2019) #F
GRS A0 A 1 R ) R B il TR P e sh i R SR B A FEL AR Y I W 32 R A
% Gt H DL NREIE R ST s ) (R S T A th S K ) S B R BEE W R 75 A AR SR T 2008 %
FE SR SN 7K 28 S5 KA IR H 52 sl 8 BE I DRIt 5% S €00 190 6 3 M A 120 2 s I ol 090 07 3 Y 5 2 )
PSSR/ NI TR AT RN R
3.2 EEFACNTEEE P ST s WV S5 A A R 2R R 5

KR E BTG 170 T e sh A S5 B AR B UIAROC ™ B IR R B K R B
DUZR WA TR Ui TR 5 sh P E Vi 45 P TE A TR X LA S [l o A S B LR 380 KR 38 FR Al — S R 2
T i 52 AR B ) BRI H S sh s N . IV = Z AR S Fh R 2 B R B IR
AP Sk & BN B B R R RS, B S FK TR TR, SRR ARBFIE R, Pearson 43 HT 45 S
T EFRIRSEEC(TSL, ) 517 i H 52 2l 1 % B S W I 38 TE A DG KR a3 R 3R & T TR U SR sh i 1 %
£, RDA F3Hr 85 3R W, TSL, S5 R TR ) A th 7K S FI G B 2 IEAH COC R, WP H 7 sl ) i B
VR R R, XS5 EFNOIIRSR -5

BB S R 2R AR A A AR N R AR T R, K K A
FIRUREAR T IR R e s R ZRE D ARBEE P S IR TS B TSIy, ) 5771 TP 52 sh i i) Z R k4R
B IEADC, BEE KA B IR IR 52 R SS sh i 2 REPESR BON K. s B IRk il B b, 2461
— ST IR B FE S FROK T BRI EE M A%, 2R i s AE R BB SR KT I BR IR A R R o, 2R AR
A BB SRR R I e KR S I b B T ACE O 1) B B IR PRI, B B SRR TR E(TSI,)
W T TR 2 s I 2 e 2 T
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3.3 ik AR B WA ) LL A

HIZR 7 Al A, TR ATEC SRR B 90T B SR Eh vk B TRl W s sh e v b S o B A — @ Y 28 ) 22 57
ARV A SE R 7R | a6 W) 97 Ui FP 0 Sl 400 s P8 v T 90 1 AP0 I 83 B T80T, L T g R 9 1 33 o 09 0 D FRY e 3l
Wy BE IR . WURR ST T, THE P ANTEC 338 [ IR o T TR e sh Wy 2/ s it N . B FRERRE i
USRS I T e 2 4 g T 9 e o I A, T e 2 A T e 3 B AT K A S B S T R
HE AL, PRI, B sEX TE R ARG SRAR S B WA K SR B BRI, 0D 0 SR B I B, R E TR I A
T AR AR A S5 £ 0k P Ui TP 7 s A B2 1 ), A BEAE 28 R LI BRI ER

®7 SiEmEMEILRESRERIZRTSHWEEEMNLLR

Table 7 Comparison with crustacean zooplankton community structure in small lakes of Huainan and Huaibei excavating coal subsidence region

(mgL)  (mgL)  mumber (VL) (pg/L)  species  (kg/km®)  species state
A w01 S5 68 ge D GREUORERE  REAERL  AFRE
i 1.9 0.07 12 49 149 EEZ: 1310 B ZHFKE REGERL SR
TR 5.8 0.94 14 8.5 68.3 ZEE 40x10*  REE TSIk E BERERL AdEbY
LA 1.52 0.14 8 128 55.8 Zi{i 2.5-3x10* %ifﬁi }; Zf RE mewn 77 S
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4 g
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i 35950 B A AR PEFE B4 52 1B S IR AT OG

(4) TUARAT A R FW KR SR B RN S 28 @ Vi BE 2 52 1) I 6 080 0 i R e sh W A Vs 45 il 28 Ak 1 1
TR AT
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