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Community structure and diversity of macrozoobenthos in Fuxian Lake,
a deep plateau lake in Yunnan
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Abstract: Fuxian Lake is a representative deep plateau lake located in Yunnan Province, China. As human
activities have increased since the 1980s, nutrients in the lake have been gradually rising, thereby changing
the lake ecosystem. To describe the lake’s macrozoobenthic community and its response to ecological
changes, we surveyed the macrozoobenthic community in Fuxian Lake from June to July in 2005. Twenty
seven macrozoobenthic species belonging to 19 genera were collected in 110 sampling sites of 18 sections,
and the community’s frequency of occurrence, average density, and average biomass were 97.3%, 855
ind./m?, and 58.01 g/m?, respectively. Mollusca was the dominant taxa in the lake (up to 50.3% of total den-
sity), followed by Chironomidae (32.3%), and Oligochaeta (17.4%). Procladius choreus, Alocinma longicor-
nis and Bellamya quadrata were dominant species, accounting for 51.4% of total density. Oligochaeta and
Chironomidae were distributed throughout the lake, while Mollusca were mainly found in the near-shore re-
gion. All dominant species showed an aggregated distributional pattern. Average macrobenthic biomass was
significantly higher in the near-shore region than in the open-water region (P < 0.01), but average density did
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not differ between the two regions (P > 0.05). There were no differences in average density (P > 0.05) or
biomass (P > 0.05) between the southern and northern portion of the lake. Correlation analyses indicated that
total organic carbon in the sediment and dissolved oxygen were the key physical-chemical factors influencing
macrozoobenthic density, while dissolved oxygen was the key factor influencing macrozoobenthic biomass.
Macrozoobenthic diversity measured using Pielou, Margalef, Simpson, Shannon-Wiener, and modified
Shannon-Wiener indices were 0.74, 2.88, 0.87, 2.40, and 20.84, respectively. Macrozoobenthic diversity was
higher in the near-shore than in the open-water region, likely resulting from various submerged macrophytes
in the near-shore region, which increased habitat heterogeneity. Compared to a 1980 survey, macrozooben-
thic diversity in Fuxian Lake was higher in 2005, likely a result of increased nutrient levels and enlarged

distribution of submerged macrophytes.

Key words: Mollusca, Oligochaeta, Chironomidae, community, Fuxian Lake
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Table 1 List of macrozoobenthos in Fuxian Lake and their distribution in the different regions

kb WX
Species Southern portion
FE Oligochaeta
I QRIS Branchiura sowerbyi +
FE /K225 Limnodrilus hoffmeisteri ++
FEB/K2YE L. grandisetosus +
IK L2 J&—F Limnodrilus sp. -
Potamothrix J&—F Potamothrix sp.1 +
Potamothrix J&—F Potamothrix sp.2 ++
IEBS] Tubifex tubifex +

F A /K Aulodrilus pigueti -
HAEKE A. japonicus -
Z BRI A pluriseta -
WA K] A. limnobius -
SRR J& — Pl Spirosperma sp. -
FRISC4) HL Chironomidae
ELLRTSEREIL. Procladius choreus +++
SPIFRAL Chironomous plumosus ++
FaIRIE —Fl Cryptochironomus sp. +
RIEPRRRIL C. digitatus +
Z R HRBUE—F Polypedilum sp. +
INGERRI R —F Micropsectra sp. +
BAES) Mollusca

VR Corbicula fluminea +
JITER MR Bellamya quadrata ++
FUCI IR B. purificata +
Wil 2 N2 Radix swinhoei +
TGRS Semisulcospira cancellata ++
KARIR Alocinma longicornis +
AR )E—FF Assiminea sp. +++
IMBEYRE Gyraulus convexiusculus +
HAE[ 88 Cipangopaludina cathayensis +

Jex X WX
Northern portion Near-shore region Open-water region
+ + +
+ ++ +
+ + +
+ + +
+ + +
+ + +++
+ + +
+ + +
+ + -
+ +
+ + -
+ + -
+++ +++ +++
+ ++ -
+ + +
+ + -
+ + +
+ + +
+ + +
-+ o+ -
+ + -
+ + +
+ ++ +
-+ o+ -
+ +++ -
+ + -
+ + -

++ PEIE =100 ind./m’; ++ 50 ind./m’ <R EE <100 ind./m’; + PR E <50 ind /m?; - RRE
+++ the average density is greater than or equal to 100 ind./m?; ++ the average density is greater than or equal to 50 ind./m’ but less than 100 ind./m%

+ the average density is less than 50 ind./m% - Not collected

R2 AR E R A H IR (%)

Table 2 Occurrence frequency (%)of macrozoobenthos in Fuxian Lake

S JEx WX WL X A2

Southern portion Northern portion Near-shore region  Open-water region Whole lake
FEZ Oligochaeta 89.3 81.5 82.6 95.8 85.5
HEBCK) . Chironomidae 85.7 68.5 70.9 100 764
WAESY) Mollusca 78.6 61.1 77.9 41.7 70.0
St Total 98.2 96.3 96.5 100 97.3
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Fig. 2 Comparison on density and biomass of different macrozoobenthic taxa in different regions of Fuxian Lake
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4y i F X% B (P<<0.05) AT AW 8:(P<0.01)3y 2. 3%
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1M AEY) 2 [0 22 S AN B35 (P> 0.05) . ARSI rE X
FIE DX % B (P> 0.05) Fl1 AE ) B (P> 0.05) 22 7 AN
S, TSRS B (P<0.01) A& (P<0.01)1
B RFWILX . AR s S, # R XA
Wi B2 KT X (P<<0.01), T W5 22 )55 i 2
FAEE(P>0.05); X ALK Z 1) % B (P>0.05)
AR (P>0.05)2 5 BN,
34 REBEMESH

TEIRAR S, o B w7 I SR AL SURT 548
U (Procladius choreus)(221 ind./m?, & & %% & (¥
25.6%) KA (Alocinma longicornis)(117 ind./m?,
13.6%) Kl 5 & 3 8 W& (Bellamya quadrata)(105
ind./m%, 12.2%), =& RS E151.4%. EHE

K, B /K228 (Limnodrilus  hoffmeisteri) 1 5 X
JE 85| (Branchiura sowerbyi) 5L H, M FEEIRE
JET148.6%, (T EYIEEN45.4%; (LRI, e
SUHT 5 B8 WO 2P B2 150 (Chironomous - plumosus) 7 4
Fe, P WY U R 94.9%, AR R
97.5%; {ESAKZYIh, KABIR T7TEH R A
Wi (Corbicula fluminea) 5%, &by ARG W) % i
[¥157.8%, di AP 1184.9%.

T BRFNRRI L) A8 o0 A, SRR AN
IKIRYEHE 41.2-140.9 m, ~F35445.0 m; FRI4) 2
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BN E B AN X, KR VI 24 1.1-118.0
m, “FIR31.0 me SRBEARFFI IR 41K
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Table 3 Distribution of the dominant species of macrozoobenthic taxa in Fuxian Lake

PHES HIL SRR 3 I5 index Fy
Species Occurrence Average depth Range of depth
frequency (%) (m) (m)

%EZ Oligochaeta

I RRESE] Branchiura sowerbyi 51.8 394 2.1-134 3.26 4.49%

FERI KLU Limnodrilus hoffimeisteri 42.7 28.5 1.2-140.9 6.70 18.37*
FEIC%) . Chironomidae

TESCRTRFEIL Procladius choreus 54.6 64.5 2.7-149.0 3.20 31.62%

PRI Chironomous plumosus 182 11.8 3.4-43.0 10.52 25.21%
AR Mollusca

KAfRR  Alocinma longicornis 182 8 1.1-32.3 35.40 26.88*

JITERBEWE Bellamya quadrata 429 10 1.5-31.6 12.89 48.98*

VTR Corbicula fluminea 46.8 24 1.1-77.6 8.15 13.46%*

F(0.05)(109, OO):124, * F()>F((]}05)(109, OO)

R4 FAHRBRME AR EN S IR

Table 4 Diversity indices of macrozoobenthos community in Fuxian Lake

iR PielouyJ%) Margalef=FE %  Simpsonfii#+  Shannon-Wiener Eeeid]
No. of EEi0 ¥ BERH EZEH Uiz Shannon-Wiener%
Species Pielou even- ~ Margalef richness Simpson Shannon-Wiener FEPEFR L
ness index index (dy) index (D) diversity index Modified Shannon-
(@) (H") Wiener diversity
index ()
H[X Southern portion 27 0.70 3.10 0.86 2.28 18.40
JtIX Northern portion 27 0.66 3.17 0.83 2.15 16.96
#iF X Near-shore region 27 0.76 2.95 0.89 2.46 20.83
WILMX. Open-water region 15 0.39 1.99 0.45 1.05 7.40
4= Whole lake 27 0.74 2.88 0.87 2.40 20.84

RS FWAHREREHNEE. £YESBUEFRIBEXSH

Table 5 Correlations between density or biomass of macrozoobenthos and the physical-chemical factors in Fuxian Lake

AN A ps¥i3 sk Fa S LI R X by T
Water Total Total Chloro-  Total organic Total Total phos-  Dissolved
depth nitrogen  phospho- phyll a carbon of nitrogen of  phorous of oxygen
(m) of water rous of (ug/L) sediment sediment sediment (g'L)
(mg/L) water (g/kg) (g/kg) (g/kg)
(mg/L)
WP R F 4
Gl carson Hl KX R ;e 01 0.059 0.184 0.275% 0.260 0.031 0.266*
Density Pearson correlation
(ind/m) g S PERY (P )
Sig. (2-tailed) 0.132 0.874 0.543 0.054 0.038 0.051 0.817 0.018
FEAHL
No. of samples 110 110 110 110 57 57 57 78
SO Pearson HI R R By 033 0.026 ~0.018 0.189 0.166 0.025 0.423%*
Biomass  Pearson correlation
@) GHEPERRER)
Sig. (2-tailed) 0.000 0.729 0.788 0.852 0.160 0.216 0.856 0.000
FEASL 110 110 110 110 57 57 57 78

No. of samples
** P<0.01; * P<0.05

#. Margalef=F & 4540, Simpsonfff# & 5 45 Wiener 2 FEPEFRE 2 ) 40.74. 2.88. 0.87. 2.40F0
Shannon-Wiener % £f ¥ 8 %t & & 3t ¥) Shannon- 20.84 (F4). B X RN S W Margalef= & & 5 ZUSK



294 4 ¥ % ¥ ¥ Biodiversity Science

16 %

T4bIX, {HH.Shannon-Wiener % FEEFR £ 50tk 1)
Shannon-Wiener % 1 545 . Pielout?) ) & 45 Hf
SimpsonfIt # SE FEE I mE = TARIX, 2 B R X R AN
I Z e S T AR . U R F S 2 R
AR, 2R A W 8K T
X, R B R XA S 22 2 BE A T IO
X o
3.6 INESH

KA Bl Py BEAAE R 57KER S KR AL
B e Ra, RZVIREAIK. 28, &
8 RS2 KA Al A 5 BRAL DR - AT A R A T (R S),
S5 R W B E B S R Z DR S A UK S
J2 K AR AR S B 25 TEAH SR (P<0.05), B IR
TR AR A B 25 TR A 9%(P<0.01), 55 7K UR M 2 25
HAIR(P<0.01)o AHIC/ BRI, DL A
AR RN, AP EY) R SRR RA B
(P>0.05), VI/KGAFEHIR T, A5 e
B IEAR(P<0.01), KWL, JRJZ KA
A4 A R M JES TG 50 40 A 0 e A TR SRR AL R

4 g

4.1 AR EEFFHER LB
BN, SR S AN A ) R KR T

FAAEA R R &, BIBEAS KRG R, 55 BRI AE )

HEWTFEAR . WIE BRI A, AKEBEINT m, &

k6 20055 F01980F AR S IAE L R ELER

WG 2 By 55 1 98 2> 330 ind./m>( Bk P R0 R R K
1990 fHAS[A] (R 2R BEX VR FIEESR AN R], Wk 44 sh
YR —SE R0, B — AR AT T T
BRAEGOK X I IAF AT AR, PR K EE
47 miRAb 56 2808 B K AE (R 2 08 R 1 Ut 4,
2000). AL A S 1K, FCRAN Zh P i
AR R I — B RFR M, dndRiscgl ORI SE B 2K
TR0 DI H 28 R38R 38 KTy R X, HLRR 4l
R B A3 A KR B R IR AT DR (RE KA, 2007).
ARHFTLEE TR, XA RS YRR =, %
i) JHL 5 R 4 A7 (1) S B BEAG IR 7 A R Z VTR B
BUBRFN RS2 /KA AR AR, s e L A= 43 (1) G Bt
LR 1 A I 2 AR AR AR

2005 47 F1 1980 4% P Al il JEC A 2 4 14 £ 45 5 L
Feo(H FERNABE pg ot b3 5 AT, 1990). 20
ZAER, POALIRR IS H 2 T R A P 4 4 4
MENER 176, HERFEMEYRAEET
B, M2 B2 0 19804E (K 1/4F11/5 . TRAK S M kit
E )i AT WR (Lithoglyphopsis spp.) I %, L2 A
PR E R, SO ERN3.6%H137.3%. A5
FHLE, Rl AP = w e A T e, o
ERAEAEDYIFE B EIREE ETHER.

MARAFI A, FEBRABUAK, L) h
L TR BRI, RO R X AR AR . AR
7E20 20 SOFEAR I B A PR Wi (Margarya) 5 A H,

Table 6 Comparison of survey results of zoobenthos in Fuxian Lake between 1980 and 2005

ekt HEBE FRIH) BARB Y Mk
Groups Oligochaeta Chironomidae Mollusca Total
LR 1980 8 9 10 27
Number of species 2005 12 6 9 27
Margalef 5 i 15 %4 1980 1.11 1.57 1.07 3.03
Margalef richness index 2005 2.20 0.89 1.32 3.85
e 1980 560 164 4,569 5,293
Density (ind./L) 2005 150 275 430 855
) 1980 5.28 0.38 218.30 223.96
Biomass (g/m’) 2005 0.92 0.64 56.44 58.01
PRFFh 1980 I I R | TELLHT AR i A 2

Dominant species

Branchiura sowerbyi
s

Procladius choreus

Tubifex sp.

2005 I EC R s TELHT TR
Branchiura sowerbyi Procladius choreus
7K 22155 PRI

Limnodrilus sp.

Chironomous plumosus

Lithoglyphopsis spp.
TV I
Semisulcospira sp.

K AR

Alocinma longicornis
pip 22N 1
Bellamya quadrata
FEEY

Corbicula fluminea
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Table 7 Comparison of zoobenthos between Fuxian Lake and other lakes

HEK PRI B BARZNY) St AR
Oligochaeta  Chironomidae Mollusca Total Data sources

FeAllrs PIFEL No. of species 12 6 9 27 ENTISH
Fuxian Lake %% Density (ind./m%) 150 275 430 855 Present study

Margalef¥= & [ 741

Margalef richness index 22 0.89 132 3.85
AR ] IR No. of species 12 17 66 95 KA AR, 1995
Poyang Lake ¥ Density (ind./m?) 56 90 578 724

Margalef=F & R %L

Margalef richness index 2.73 3.56 10.22 14.28
R YIFIEL No. of species 29 22 17 68 =24, 2005
Elfli(ndamang # ¥ Density (ind./m?) 143 344 294 781

ake

Margalef¥ & J£ 541

Margalef richness index 5.64 3.60 2.82 10.06
THfF YIFhEL No. of species - - 30 RRIEAEZ K, 1999
Erhai Lake % Density (ind./m?) 371 2,025 6,475 1,219

Margalef== & [ 741

Margalef richness index - - 4.08
VEL PR No. of species 6 - 11 FHI24E, 2003
Dianchi Lake % Density (ind./m®) 6,841 4,707 - 11,548

Margalef=F & R4 0.7 0.47 _ 1.07

Margalef richness index

80 A X IR il 32 W W K, 7 RE A WRORT R V) i
(Semisulcospira) Ly, T H HI 32 ZM A KA
WL T TR MR W A T A

JEA B4 1) 43 A AR A 3 B AT AR B ) 43
AR TTTH . 19805417 Jifl A7 R AE Y 5 X S PRtk el 4%
WR AT, JLAPP R PR R L (5 FH RIS | 4%
ASCAE Y 10 Y] g 0] 4 PRI 0 K AL X 43 AT o T E T,
KAWIE ., AR, JUTHIE . WG S S hg Ry i &5
R AW R XA — 2 A .

JEAN S A RV 45 8 (R AR 2 B a5
. . Vot WARASE 2 J7 11 ) RS W (Petur,
1984; Lathrop, 1992; Lozano et al., 2001). R /KJEA
) FELL EE DT £ R BRI S Y Ok
TEAL B M SR AN G I, 4 I Bh 4 it
TRAREY. 20055F6-7 A A AN, FLAlIRK
XK JZH AL 3 mg/L, FEARREIH & IR K DX AT
PR TR, HE 19804 AH LU iR A LI H T %
R, ] RO S L SN B ) 3 2 IR BT S o
PEAl .28 3 2O sh ) e a2, RSP &
PR RN Z, DRI ] LA A (6 A B V&
SEWAN K o V5 G IR A B0 0V £ 38 AR K5,
BEAE NW1TS G 2, PEALENE T2 7K 1 16 A Wi 4

fa, DUBRPIEAER ()8 4k ] A2 1 e S8 e s A
R R {5 A Ay RV 2R TR R KT, X Ry AT IR AN
Flo PAIEIHY 7 X KT A4, G KRR,
il /D T SE PR R NS I R AR B R, DA
VR R DX IR K A 22, 3K R i b S QP R s 1 A
AR T 5. BRI IS, oA TTKEI
RIS TR FRAEA, 202 455K, TRALIT/KAEY)
R80T KR, Rl HURIN R B (Myriophyllum
spicatum) M EE Ui IR 2% (Potamogeton pectinatus)“%
i 75 AR TR e, O S B AR S ) 1) R e A
TRAT, AEHE T RN 2 AR R
42 SHMHARELE

HRILH R REaAH e, TeAld At sh 9
B g v, AR LRSS HORI YR R 2 AR A (R
7)o TS B0 Ay e I 55— DRy /K, B VL, 1)
MR B R A, B2, ARSItk
B %, PRk S2 R (B AR B 4%, 1995), 1T
2005 FAEPAL R BN LR o i HLI D St [
ANBYR K BERNIA, KA LA 5 A, 510
ERRGERAR G R RE, hIRmsh Pt
T REFRE BN SRS Al
h BT (ROKIIN, R R B A e, B b R RHE
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IKAEW) o3 A, FUCACHE D) 53 A7 A 2 190 1R )
1.51%(fE K 5E, 2006), Bl RHEK XA A 5E
KRR B oA, T > BARS Y, AR T
AR KR, BART IR Z A0 Pl
WV R X AN B0 2 R PR Tl X, R B K
AR ILE AR A 34 22 FE Dy T A AR .
VEE . I S YA R 2 e e JEye, T
R EERIKI, A R I E R IR, IR
WKW, O E IR, AN E RS IR
) s R, A R S B R 2 REAE A i
> oAl > et . T IS IR ACEESAL E, R
AL T 5 ks, AU 53
A TR 4T 140.39%(H /) 145, 2005), 425 T
WS RS W0 s bk, BRI R A 304
B B Rl w P e = T AL o T
T EE S IR, WS RS TR IR
A, VUKAYIE 5 %0 201 4 504E 4K 11790% | B4
FI90FEARHI3%(F YL %, 2006), A 2 8] 5 vk
FEAR, DIRh 2 AEvE T B, WIS s a T
H—1h, DRI RASE BN =, HE RS

Silt: b AR FLIE S5 A AL PT2004 008
A ZRMEL R, FEAF KL L DR
B £ R T BT B0, R
=

.
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