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Effects of hydrological connectivity on the community structure of macrobenthos

in West Dongting Lake
DONG Rui, WANG Yuyu, LU Cai, LEI Guangchun” , XUE Binlin, CHEN Qiankuo

School of Ecology and Nature Conservation, Betjing Forestry University, Beijing 100083, China

Abstract: Anthropogenic disturbance to natural hydrological connectivity, both longitudinal, lateral, is threatening
ecological integrity of many landscapes across the globe. Floodplains of the world’s large rivers, including Yangize River,
the largest river system in China, are facing ecological crisis, such as catastrophic loss of biodiversity due to reduction in
hydrological connectivity. Understanding how hydrological connectivity affects dispersal potential of organisms, especially
those at lower trophic levels, among habitat patches, is critical for the management of river system aiming to restore and
maintain regional and local biodiversity. We evaluated the effect of river-floodplain hydrological connectivity on the
macrobenthos assemblage in West Dongting Lake, a Ramsar Wetland that has been threatened mainly by anthropogenic
hydrological alternation. We sampled 54 sites along the connectivity gradient from river channels (27 sites) , free-connected
lakes (9 sites), isolated lakes (9 sites), and modified mudflats (9 sites). Results showed that « diversity indices,
including richness, Shannon-weiner index and Margalef index, were significantly different (P <0.05) among different
habitats. Connected lakes and isolated lakes had higher richness and abundance. Whereas B diversity generally decreased

along the connectivity gradients; and the modified mudflats, with the lowest connectivity, had the smallest overall
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diversity. More importantly, richness replacement contributed to majority of variation in community composition in river,
connected- and isolated lakes, indicating that neutral dynamics under dispersal limitation might be the main process shaping
the macrobenthos communities. However, in modified mudflats, the importance of nestedness was high and comparable to
that of richness replacement, reflecting a non-random process of species loss resulted from niche sorting in the less favorable
environment. The generalized linear model confirmed that the key driver of the spatial turnover of macro-invertebrate
community composition was hydrological connectivity. Our study demonstrated hydrological connectivity is essential for

maintaining ecological integrity of floodplain ecosystems.
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Fig.1 Spatial distribution of the sample sites in West Dongting
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FETR] 2 W) 22 A RO R TR G 45 AR A5 A T T AR ( Freq, Frequency ) 2 | 045 BEL R A= 455 114 &0 Bl Fie {16 A5
A VSR 10 Ay 2 B i A 45 1) 3% 38 4315 (HC., Hydrological connectivity ) o SRR RS A AIFIL(R 1) .
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Table 1 Habitat types and sampling sites in West Dongting Lake

1705 4 72 lin=2 FESEL AR
Habitat group Code Number Connectivity/ %
T X River LK T1 15 100
&K T2 12 100
RN X Floodplain WA CL 9 83
BEL B 11 IL 9 50
B Y MM 9 10

T1.967K, Yuan river; T2 ;787K , Li river; CL; WA , Connected lakes ; IL ; BHJ# A ,Isolated lakes ; MM ; 203 ¥, Modified mudflat

1.2 EYEHERE S E
1.2.1 JEWShREaeR AR 5 % E

i 1716 m* AR DRI A RAEIRTE, BRI 3 WER , KeRERIWIFHE 60 B MFHTHTE, IFH A
FIRER BT A KRRWESh % — Pk T 10 9% H R VA T 1 58 OR A7 . ARABAH G 1 SCRRERL ™) 72 8
TBE SRR BE T AT o SR E, RS 5 5 B & BUR O A H RO, B R A B AN 25 3R
E
1.2.2 R TIE

KT HF gL SM-5A & KR (WD, Water depth) , %% K #5152 37 W J& ( Tran , transparency ) , 8
SI(Shade index, W 5K H ) , W B 57K VR e, FP311 B2 U {30 A2 7 3 ( V7, Veelocity ) 5 R FH YSI
ProPlus FH5X L2 S E0K i A AL B3 1 52 H 53R ( Cond , Conditivity ) , FR A% (pH) , B AL A JR HL {2 (ORP,
Oxidation-reduction potential ) , HRHEARHEI E 57k, 76 550 % N DU E 7K A 1 GV A (TN, Total nitrogen ) |, &l
(TP, Total phosphorus) %77 [E1A ( SS, Suspended solids) %% 2 a( Chl-a, Chlorophyll-a) , Hill 2 mx2 m £
J1NTT/KAEY) 75 BE (SPC , Submerged plants coverage ) FIHFE/KALY) 75 B ( EPC, Emergent plants coverage ) , #f JiS it
2 (Sub, Substrate ) 73+ 8 (Mud) , Jé 7> ( Muddy Sand) FI¥>(Sand) !,
1.3 Hdaiban

R A F DX [ 25 B NN o 1) AR Ak 5 A 6 O 22 550 TR IR R O 2646 50 dl 5 LSD AT O X L, 4
AFFE T 225571, M 1 Kruskal-Wallis £ %, 48 J5 i . Bonferroni 4% 1E f) Mann-Whitney B¢ X Lt %2 >k 17 4k
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H, MR RIEAT Z-bR AR B, WhAE T OREVE S5 0 B T SR A, G5 ) Bl F B (Species Richness ) |, fi %
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Table 2 Environment parameters in the five habitats in West dongting Lake
F H: 45 Habitats »
Parameters T1 T2 CL IL MM
JKIR Water depth/m 1.12 1.13 0.68 0.83 0.52 0.369
B transparency/m 0.31 0.30 0.285 0.38 0.4 <0.001

5 5 KR B Shande index 0.47 0.43 0.59 0.74 0.77 0.024

Hi# Velocity/ (m/s) 0.23 0.21 0.05 0 0 <0.001

H1 5% Conditivity/ ( ps/cm) 300.91 227.5 221.44 273.441 422.33 <0.001

IR pH 7.52 8.16 7.8 6.43 7.78 0.003

AR JFHL A7 Oxidation-reduction potential/mV 237.14 268.45 279.37 222.71 236.48 <0.001

M Total nitrogen/ (mg/L) 1.2180 1.1981 1.2390 1.3204 1.3535 <0.001

S Total phosphorus/ ( mg/L) 0.0279 0.0400 0.0455 0.0589 0.0517 <0.001

B TEY) Suspended solids/ (mg/L) 7.28 5.67 6.07 3.93 4.53 0.08

LKA 5% Emergent plants coverage/ % 0.22 0.08 0.07 0.03 0 0.35

YUKHEY) 3 % Submerged plants coverage/% 0 0 0.09 0.12 0 0.006

4325 Chlorophyll-a/( mg/L) 0.6249 1.0416 1.9542 1.488 0.744 0.595

KSR Frequency 0.8333 0.7525 0.5878 0.7193 0.1000 <0.001
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Table 3 Species composition and dominant species of macrobenthos in five habitats in West Dongting Lake
5% Habitats
YIFh Species
T1 T2 CL IL MM

B Oligochaeta
BidEI AL Tubificidae
FEHTKLL] Limnodrilus hoffmeisteri
IR 2215\ J& —F Limnodrilus sp ++ ++ ++ ++ ++
LB Tubifex tubifex
Je BB Spirosperma nikolskyi
TR Branchiura sowerbyi
il BRL—Fh Naididae
RIRBIPIIT] Mollusca
5 R4 Gastropoda
S H2FRL Bithyniidae
KB Parafossarulus eximius T+
SUTRYR Parafossarulus striatulus ++

++

KA WAIR Alocinma longicornis
filE R Pomatiopsidae
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H: 5% Habitats

Y Species
T1 T2 CL 1L

MM

WIALATHZ Oncomelania hupensis

Jii WAL Planorbidae

RO ¥R Hippeutis cantori

HiERE Pleuroseridae

FT&SE IS Semisulcospira cancellata

HESZIZEAL Lymnaeidae

H% N Radix ouricularia

JB% IR Physidae

SRIEMEIZ Physafontinalis

THIZAL Ampullariidae

FFIR Pomacea canaliculata

HI2EL Viviparidae

FEABIR Bellamya quadrata ++ 4+ ++
HAEH AR IZ Bellamya aeruginosa ++ 4+ ++
FUIEABIZ Bellamya purificata ++

FRAERI IR Cipangopaludina chinensis

B2 Rivularia auriculata

MFEHA Bivalvia

WA} Corbiculidae

VAR Corbicula fluminea

EER} Unionidae

T ERIFEE Acuticosia chinensis

B TEREE Unio dougiasiae

[ %5 £ o 85 Anodonia woodiana epacifica

B 14 Insecta

B#H Diptera

FEICR} Chironomidae

PR —F1 Chironomus sp. ++ + i+
R IR —Fh Glyptotendipes sp. i
Z B NEIL Microchironomus tabarui ++
mARZ AR Polypedilum hubifer ++

IR —FP Cricotopus sp. ++

Z BRI Dicrotendips Kieffer

TESRATZEPEUL Procladius choreus ++

ZEIFHEIUE —Fl Clinotanypus sp.

W BEFRISUE —Fl Stictochironomus sp.

TR —F Cryptotendip sp.

[l FAFEIL Cryptochironomus sp.

KHEBUR —F Tanytarsus sp.

rPER L BRI Tanypus chinensis

KA} Tipulidae

TER R —F Hexatoma sp

Rl —Fh Ceratopogonidae T+ Tt

K2 #FF—F Dolichopodidae

THRBCR—F Limoniidae

%1% F Odonata

++

++

++

++

++

++
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H: 5% Habitats

Y Species

T2

CL MM

FWERL Gomphidae

N EBEMEE—FF Lamelligomphus. sp
22 WAL —F Lestidae

3 H Hemiptera

K45 R Notonectidae

N Sigara substriata

L AT B —Fl Polycentropodidae
74 H Ephemeroptera

BrIERL—Fh Neoephemeridae

1824 Clitellata

T ER} Glossiphoniidae

WPeUE Helobdella Blanchard

HAlh other

FiZKEH—Ff Asellota

HMUAEVR YR Macrobrachium asperulum
FUFJE Gammarus sp.

++

++

“H+" RRAERTF 0.02
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SRR e SGE B N, BB
R 7 OEL B T8 9 A o 1, ML A A 2 3 T8 91 R BEL B 1 91 Ak
R, AT AR TE B TN A A % B, B 4N 9% T
BELRA TSI A f5c i . AR 280 Kruskal-Wallis 6 56 45 5 %
T, 2 205 B M 4 ) 4% RS (RIS 2 b B A i o = 2
S (P<0.001) (£ 4), MEEY0, B R g0 K H A2 198
HIEA RIS M EA 1325 5 (P<0.05) (£ 5) .
2.4 VHIREEIR B AN S YRR I B AR ME AR

NMDS HEF 4347 B 7 14 38 70 5 BE B v 4 &
BMG , HA A AT E SIS, Hovd, oo )
RS AR A o S (B 3) o X 2R B % il 10 5 FH
BV SECAT S P e AR DI A v, AT 2 b A 7 A 0

P <0.001
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Fig.2 Species richness of macrozoobenthic in West Dongting

Lake ( different letters indicate significant difference)
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Table 4 Average macrozoobenthic density in different habitats, and their Kruskal-Wallis test results( ind/m?,+SE)
5340 Class 4:3% Habitats »
Tl T2 CL IL MM
HTEHN Oligochaeta 10.67+5.13 12.00+3.56 17.19+7.05 69.33+46.64 15.41+8.01 0.416
84 Gastropoda 10.31+2.49 39.11+23.37 93.63+26.13 89.48+35.00 59.85+8.45 <0.001
W5 Bivalvia 1.42+0.61 6.67+2.75 6.51+3.73 2.37+1.70 0.00+0.00 0.058
14 Insecta 44.80+11.92 28.89+6.81 65.78+23.94 122.07+36.84 11.85+5.15 0.041
HAlh Other 2.13+0.84 4.44+1.38 5.33+3.84 21.33£13.60 0.00+0.00 0.068
®5 ENEXBEEMETVNEERESHREER (o/m”  FIMEIRERE)
Table 5 Average macrozoobenthic wet weight and their Kruskal-Wallis test results( g/m*, +SE)
S5 Class A:5% Habitats ,
Tl T2 CL IL MM
BN Oligochaeta 0.0032+0.0014  0.0051+0.0016 ~ 0.0072+0.0032  0.0183+0.0092  0.0064+0.0032 0.348
J§ /240 Gastropoda 97.4100+£79.81  104.4500+65.42  98.2400+26.86  179.2900+64.04  44.3900+2.84 0.025
W5 Bivalvia 7.1800+3.60 89.3300+53.23  114.4300+44.88  115.3200+103.19  0.0000+0.00 0.067
B 14 Insecta 0.4500+0.41 0.3700+0.34 3.7100+1.07 2.9200+1.39 6.3400+2.47 0.015
Al Others 0.1000+0.05 1.2800+0.57 0.3700+0.20 1.9000+1.07 0.0000+0.00 0.043
F6 WREWARKMIYEE B SN
Table 6 Beta diversity of macrobenthos community in West Dongting Lake
A B ZHE JEe e
Habitats B diversity Turnover Nestedness
4514 Whole lake 0.85 0.79(93%) 0.06(7%)
VE7K Yuan River 0.79 0.68(86%) 0.11(14%)
787K Li River 0.77 0.72(94%) 0.05(6%)
FEMIHIIA Connected lakes 0.75 0.67(89%) 0.04(11%)
BELBRHIIA Isolated lakes 0.74 0.70(95%) 0.04(5%)
Pl A Modified mudflat 0.48 0.24(50%) 0.24(50%)
BT Sgrensen [ B R W28 A RUE_E ARG R WIA IR AL BT R B0 SR ZRENE s 355 TP BOR BTk 1 43 1L

42 7 7R, Shannon-wiener $i& B A T B P 1 B R B B W 5K IR L R SR S 4R
a (N AR R R AL R REAE A 5 500 g 319% o H A S J5E IR PR A A 3 WA A5 /TR LU A Je Tl 22 £ 3
i, Simpson 45 BB e PRV L HE -5 K TR, %ﬁ?ﬁ”’raﬁ 22%., Pielou 5 KUY e PEHE /K AR Y 56 |

A SRR R R 7% , Margalef F5 4B R £ %0 | Sk AR I HL A SR TR, il RS 1
27% ., {EFTA BRI  HC S80S
F7 BEREESKEEEDYSHENRRT LEIEETR
Table 7 Summary of the generalized linear models for macrobenthos diversity in West Dongting Lake
. o - UEY ) & 1F 5 ff R i
SRR o HWAE gy PR
. . : Akaike information : Adjusted P
Diversity index Variables . Weight
criterion R-Squares
. o
Shannon-weiner 51 HC,Sub,SI, Cond, Chla -61.3 0.003 0.31 <0.001
Shannon-weiner index
Simpson 84X Simpson index HC,WD,V -222.7 0.153 0.22 0.002
Pielou %% Pielou index EPC,HC,Sub -40.4 0.004 0.07 0.08
Margalef LR Margalef index HC,TP,ORP,WD 125.1 0.124 0.27 0.002
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Fig.3 Ordination plot of macrozoobenthic communities based on Bray-Curtis similarity coefficients

NMDS:; Non-metric multidimensional scaling analysis
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Fig.4 « diversity indices of macrozoobenthic communities ( different letters indicate significant difference)
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