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Abstract: Understanding the impact of biodiversity on ecosystem function and stability is crucial for developing effective
conservation and management strategies. However, relationships of biodiversity with community productivity and stability are
still controversial. Here, we investigated how the biodiversity indices were correlated with the secondary productivity and

stability of benthic macroinvertebrate communities in the Poyang Lake wetland. Thirty sites were sampled in the Poyang
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Lake wetland for obtaining benthic macroinvertebrate community data in the autumn of 2019. Twelve biological indices
representing taxonomic, phylogenetic and functional diversity, as well as indices of the secondary productivity and
community stability, were calculated for each sample site. We first investigated the relationships of secondary productivity
and community stability with single biodiversity indices by using generalized additive models ( GAMs). Then, we quantified
the explanatory power of taxonomic, phylogenetic and functional diversity on secondary productivity and community stability.
Biodiversity indices totally explained 81.9% and 54.8% of the variation in secondary productivity and community stability,
respectively. Functional diversity had the strongest explanatory power on secondary productivity (r* = 0.75), while
taxonomic diversity had the highest predictive ability on community stability (r*=0.37). Secondary productivity showed
significant and negative relationships with taxonomic indices (including Simpson’s diversity index, Shannon’s diversity
index, and Pielou’s evenness index) , taxonomic diversity, average taxonomic distinctness and functional richness index,
which was contrast with previous findings. Among them, Pielou’s evenness index had the highest correlation with secondary
productivity (r*=0.33). Community stability ( calculated as the ratio of second productivity to community biomass) had
significant and positive relationships with Simpson’s diversity index, Shannon’s diversity index, Margalef’s richness index,
functional evenness index and functional richness index, among which functional richness index had the highest correlation
(r*=0.22). Taxonomic, phylogenetic and functional diversity hadsignificant correlations with secondary productivity and
community stability, whereas their effects might vary depending on the specific biological communities. Our results can

provide valuable insights and guidance for the protection of benthic biodiversity in the Poyang Lake wetland.

Key Words: benthic macroinvertebrates; biodiversity index; secondary productivity; community stability; Poyang Lake
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Table 1 Descriptive statistics of water quality parameters in the Poyang Lake wetland

2R R E fe/MAE HIfH b2
Parameters Maximum Minimum Mean Standard deviation
pH 8.80 7.07 7.25 0.40

HL 53R Electric conductivity/ ( uS/cm) 340 18 113 58

42 a Chlorophyll a/ ( wg/L) 20.60 0.70 8.74 5.72

L RRER 5 L Permanganate index/ (mg/L) 5.24 1.71 3.40 0.92

M Total nitrogen/ ( mg/L) 2.68 0.84 1.16 0.43

W Total phosphorus/ (mg/L) 0.23 0.03 0.15 0.05
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Fig.1 Locations of sample sites for benthic macroinvertebrate assemblages in the Poyang Lake wetland

2 (B R AR R M T 5 T K SORSE T 4 DX, 20 ] s S SR i A TR BRI 5 58 S Fm RS BT om R i 5

1.3 JEA SR SR

3 3 2 B AR DG SCHRE ) AR IR S P T RE R 55 PR I8 1oL A AR DG A B T v | B AT R4 5 R b
T2 0 2 UAE DG HL AT S A s m] 23 2R A PRAR AR SR T 24 AN S A D REMEAR , 50 R A i SR AR AR A
PIRZE, Al R E AR S YA KL T JEBSRIE BT A SRR, A 2 MR 36 S Rl Y
RT3 AR A PP 5 2 s ShRE T (S RE D AR SCRITIR . D REMEIR RT LB A Wi v S PR A
ZIR A DIREC R AR MERE RS ST MUK A B HRORSHEAS R BRBE 1) B 3, Py 22 Ve L 2 e e Uk ) 2
PR, PR AT PRI i HAT S A TP 00 78 3% T PR R T A A 25 R e ) ST A 3 g e 3 0 X iy
Fet

AR RAE R BY R B TG HE S W) Z AR TR B, W) Fh 2 REVE 4 BG4 Margalef & B2 45 40
Simpson ZAEVEFE %L Shannon ZFEPEFEEUM Pielou Y75 BEHEEL X S48 bn k) i T PR A= U RV 0 W b 22
FEES S R ZRMEI R REMRE(A) TR E(AT) CPI R R AREL(AT) oy K28 S s
FEBU(AT) RFRIE, A ST AR ZIR] R 40O AL A ™ FT A" 73502 5 IE AN Z IR Tl 2 FE A5 B,
T B0 T AL R RR R GO0 R YT ; A W& Th Il R SR & o SR R S A ThRe 2 ek &
SR T DIREE B AR R (FRic) (IIRESI SIEHE K (FEve ) (DN AE D 5 BE SR KL (FDiv) A1 Rao HY IR J5 45 KL
(Rao’s Q) HKAE™ . FRic F/n B IIREMEIR 10 F= 5 B2, FEve Fm Motk 32 BE 7R T A 25 ) v 43 A A9 4 50 B

http ; //www.ecologica.cn



8 1 S A5 AR T8 A AR R AP I A Sl 2 R P X R T R AR ™ ) R RE TR S ) 3341

FDiv FR PR FBE 1925 52 E ) Rao’s Q ICBEDIREVEIR 0 4= 5 B S = B 25 S Wi i A B

K Brey B2 56 38 R ARG G A M Sh W BETE (R IR e A 72

1gSP =—- 0.271gA + 0.73711gB — 0.4

A SRS SRAE SR S ARECR: s B A RAE SR s A W it RIS SRAE AR sh 4T
JKFE(AFDW) Z Al g¢/m* ], RIFJEHSIYAREHRE-TERB XL RS BE =B HF MR SP MR %L
7 J1[g (AFDW) m™?a™' ],

AW R A A= S A ke (P/B AR TR A R R EE . P/B LB AR TE B KA 7= BE 1948
B, SRRV Sh ) 2 4 it A e i o B, BB IR S5 A W i o R R 3 B G P/B /R, 16 B IS 4G 3 4 4 1k
AN R ORI, AL ST R AR AR L, A I B R A5 1)/ MATE R SR B T L
Sk, BRI, P/B EL e BB B AR RR AR |, MR 52 B TR, RERS VSR & S R AR IR
1.4 40T

ARWFFERT MR (GAM ) SR AL [FI AL (R % R AT AR ) 194 W) e R I A 77 70
FUEMERIREE . 5 — MR AR Fo g, T SOMMMHASE RUR BESR B 22 1R 2543 A, T LAAEL 8 B R AR 2
AR R . B, R SO R AT B A AR Y R U S W 7= RE R e R . HOR DR
() 2 AL f) Z2 A P4 A5 (A S el 22 B 08 DU A48 K0 1R B R B IR 77 ) AR P4 BiVE R AR 5, 43
PO ARFEIZEB A ) AR TR R A 7 ) FRE MR . PR, DUIT A B ZRE AR B0 A A i, IR
P21 FaEME NI R PR A R SR AR B ) ATC) 43 S0 356 HH Uk A 7 g R e PR B B 1R 24 ( B AILC
(B AR AR A B AT A5 ) o 1 SUIPERE IR B ZE R G4 R A mgev” A H R gam” BRELSE L, 1B 1E
P AEAR BRI LA B

2 HRE5S

2.1 KRBT HES W EVE FRAE

YRR S 4205 KRR TCEHESI Y MK, S8 3 175 4913 H 27 B 45 )8 57 Fh, Hb lE 2
NP B 2EREN) 58.8% , SN 5 B2 BER) 34.3% , B AW (5 M0 EBERY 6.3% , BN A &
SYHER 0.4% WGEH i A BENY 0.2% . KRURE AIR)E TRIRJE TRIRJE LR LU SR RS R 2SR
(MBS AT B =5% ), HAIXHEE 90 R 21.4% 21.1% 17.4% 16.1% 15.6%F 5.3% , 15 A )iE
Wizh¥ v, 40 L K EF ( Caridina nilotica var. gracilipes ) 1 3 i 5, 35 3] 21. 6%, 4 45 PR 4% 12 ( Bellamya
aeruginosa) KRR (Alocinma longicornis ) F1SUIA R ( Parafossarulus striatulus) 1773 ( Corbicula fluminea ) ¥
Z 5008 21.3% 16.3% 16.3% 15.8% . B RAE S HWIFECR A T 4 F 18 Z ], Wy Rh B 5 8 1 SR A A
h S16, eI ARAE 1A S20, P H(E AR AEZE 43 31 R 9.37 1 3.47, BEVERIRYAETE 1/ F 0.93 £ 102.96 ¢
(AFDW) m™ a™' Z[a], SF-HI{E - SHRHEE 20 510 26.82 1 30.06 , 2 A [6] SRAE 45 22 [l R G 72 S A 3k i 22
5. P/BH(REBEREME) 75 0.30 5 0.94 Z [BAR 4k, -2 AR AE2E 4300 0.53 #1018,
2.2 RV REERTR B T R

MR GAM BRI HTH  Simpson ZREPEFE % Shannon ZEEVETE S Pielou XA) 8% M2 RETESS
B (D) CFRIPRZERRE(A+) THREF & B8 B (FRic) 5 RN Sl M)V BOUCER A 7™ O 52 B 8 25 14 6 A
5 BHE RBL(F) AT 0.14—0.33 Z 1A (P<0.05) , Hort Pielou 3447 B 5 $06 U G AL 7 7 A fide 8 2 e K (T
2) ., HAREYZHMAIR S IRBAE T T TC B3 I  IRGA 7 T A 3k R NI RE 2 HEPETE 2 GAM
BN P B 53318 0.53,0.43.,0.75( 3K 2) , RIHDIREZ FEME XS A h ) 1 IR G A 7 o e B e, 1S R 2 R
FRBOT H B R B B/l . Margalef , Simpson ,Shannon A Fl FRic #{E B ALK G A 7= 77 1) 5 ] £ 580 | B ()
r{H} 0.82( £ 3) , HiHt Margalef . Shannon F1 FRic 7EAERIH Y BTRk A K (P<0.001)

http ; //www.ecologica.cn



3342 JAE = 44 %

100 N : . R
" [} N N ~ ) ()
?=0.20 4 NS o ?=0.30 s ° ?=0.33
80  P=0.02 . o . ® P=0.001 4r P<0.001
3+ 3L
°
2+ 2 b
2 N R N
= o o ~ Ly ° ) 1+ e,
51 ° CRRN ° o o~ o °
-§ 0t ° .~ ° ..3\ ° 0.
g ° o oo 0F 0 r °
g 0.2 0.4 06 0.8 1.0 0.5 1.0 1.5 2.0 2.5 0.2 0.4 0.6 0.8 1.0
§ Simpson £ A FR % Shannon Z 4 %k Picloud) 5] BEHa %L
A Simpson’s diversity index Shannon’s diversity index Pielou’s evenness index
R o5 100 50
i; ~Ut 2=017 o ° % 2=0.14 g =030
~ _ ° _ -
X4 R ~e P=001 g L P=0.02 aFX P=0.001
= Q
3 3T
2 27
1 Lr
o °
0 or * e
20 40 60 80 60 80 100 120 140
P Ty S A S S
Average taxonomic distinctness index Functional richness index

Taxonomic diversity index

2 RBEFH(SP) EEMSHERMNERR NINEERRNSER
Fig.2 Relationships between secondary productivity (SP) and single biodiversity indices based on the GAM models
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Table 2 Explanatory power of species, phylogenetic and functional diversity on the secondary productivity based on the GAM models

il A 2% |l B P 2 p
Explanatory variables Reference degrees of freedom

WyFh Z R FEEL Species diversity indices 0.53

Margalef 2.93 2.25 0.10
Simpson 1.00 12.75 <0.01
Shannon 1.00 6.43 0.02
Pielou 1.00 1.15 0.29
% R ZFEPEFEEL Phylogenetic diversity indices 0.43

A 1.00 2.30 0.14
A 2.09 1.33 0.32
A* 2.99 3.34 0.01
A* 1.11 0.06 0.92
e L RETEFE L Functional diversity indices 0.75

FRic 2.99 13.33 <0.001
FEve 1.00 3.67 0.07
FDiv 2.95 3.06 0.04
Rao’s Q 1.38 1.07 0.35

AR REMEFEEL taxonomic diversity index; A ™ ;4328 25 5 BE $8 %L taxonomic distinctness index; A* ; -3 222 T35 %L average taxonomic
distinctness index; A" ;432575 AR 8% variation in taxonomic distinctness index ; FRic: TAE T & JE 54X functional richness index; FEve ; I EXY &) &

F8%X functional evenness index; FDiv: DJRE/>5 B F54L functional divergence index;Rao’s Q:Rao B KI5 HF5 %L Rao’s quadratic entropy index
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Table 3 The most parsimonious GAM models for secondary productivity (SP) and the ratio of SP and biomass (P/B)
M 1 A5 ik A e Z% A mE

Response variables Explanatory variables Reference degrees of freedom F r P
RYH=T) Margalef 2.56 18.04 0.82 <0.001
Secondary productivity (SP) Simpson 2.79 7.98 <0.01
Shannon 2.96 10.89 <0.001
A 1.00 1.38 0.26
FRic 3.00 9.60 <0.001
HEVEARE M Shannon 1.48 20.26 0.55 <0.001
the ratio of SP and biomass (P/B) A* 1.00 6.38 0.02
Rao's Q 1.75 7.10 <0.01

2.3 YRR R AR TR R

P/B HIHK R GAM BERIZE R Won | BT A WP 35 R HREZFEMEFR RS P/B (HE IEASC, Hh Py ff
ZFEAEHEEL( Margalef | Simpson , Shannon , Pielou)  DIGEF= 5 FE 4844 (FRic) 5 P/B {2 W ¥ IEAHC (P<0.05;
Kl 3), Frfa ik R ZEMTe50S P/B A AR 2, o, Shannon I FRic W84 A2 R0 () AHXT
K (>0.20) , RULXPIAFEEOT P/B (R REEEAEXT R . P/B AEIIYIRD 3 R AT REZ FEME TR 41 GAM £
AU P {E 39000 0.37.,0.28 ,0.32( 3 4) , REAYIF XTSI BE IR Reoe PR R e , T R 2 HEPESR
B H A B eI . Shannon 432825 2 AE AR EL( AT ) Al Rao B9 K 5 485X (Rao’s Q) ¥ 1HL P/B {H 1Y fix
AT (3 3) BRI PR 0.55, Hirp Shannon PEREHY A 9 STk K (P<0.001)

F4 P/BESUH EER INEESEIEIERNT USRI A R

Table 4 Explanatory power of species, phylogenetic and functional diversity on the ratio of secondary productivity and biomass ( P/B) based

on the GAM models

itk TR ik S% H B » 2 p
Explanatory variables Reference degrees of freedom

Wik ZREPEHEEL Species diversity indices 0.37

Margalef 1.00 0.67 0.42
Simpson 2.94 2.58 0.06
Shannon 2.99 1.93 0.15
Pielou 1.00 0.45 0.51
1% R ZREMEFE %L Phylogenetic diversity indices 0.28

A 1.00 10.21 <0.01
A 1.00 7.97 <0.01
A* 1.00 0.08 0.77
A* 1.00 3.25 0.08
LIfiE ZAREPETS X Functional diversity indices 0.32

FRic 2.64 6.05 <0.01
FEve 1.00 0.80 0.38
FDiv 1.00 1.22 0.28
Rao's Q 1.00 1.08 0.31
3 itie

3.1 AEWEREIEXS IR T BRI
AT TR A ICEHESI IR B0 7™ 1 S W0k Z RV B D RE 4 o B AR 52 B 3 A ARG
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