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Abstract; The relationship between species diversity and aboveground biomass may be affected by environmental conditions

and anthropogenic activities and is one of the central topics in ecological research. However, little is known about the
relationship between the biodiversity and biomass of sandy plants during community succession in semi—arid deserts. In the
Horqin Sandy Land of Inner Mongolia in China, vegetation restoration occurs under proper management regimes in fragile
environmental conditions, e.g., enclosing and non—grazing. During the process of restoring succession, shifting, semi-—
shifting or semi—fixed, and fixed sandy dunes correspond to early, middle, and late succession phases. Therefore, a field
experiment was performed to examine the aboveground biomass and species diversity of sandy communities during the

process of restoring succession. In early April 2014, six communities that corresponded to succession times of 1, 3, 5, 12,
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15, and 20 years were selected as experimental sites. At each site, three parallel 200—m line transects (20 m apart) were
established along a sandy dune (across the windward slope, dune crest, and leeward slope). For each transect, 20
sampling points of Im X Im were established at 10—m intervals. At each of the 360 sampling points, species composition,
coverage , height, and density were surveyed; whereas aboveground biomass was measured using a level cutting method,
and the dry weight of the biomass was measured after drying in an oven at 85 °C for 24 h. The frequency of each species was
calculated at each of the six sites, based on the frequency of occurrence among the 60 sampling points. (1) The number of
plant species increased by 400% from the shifting sandy dune to the fixed dune, and annual herbaceous plants were
dominant in each community, although perennial species increased with succession. In the shifting sandy dune community,
the dominance of the Chenopodiaceae was the most exaggerated, and this level of dominance gradually decreased in the
semi-fixed and fixed sandy dunes. Meanwhile, the richness and dominance of grass species gradually increased during the
process of restoring succession. There was a significant difference among the aboveground biomass of six communities ( F=
18.926, n=360, P< 0.001), and the aboveground biomass increased by 580% from the shifting sandy dune to fixed sandy
dune. (2) The Simpson, Shannon-Wiener, and evenness indices gradually increased along the restoring succession
gradients. (3) Regression analysis indicated a marked relationship between aboveground bhiomass and species diversity. The
fitting curve was a negative quadratic or a single peak function. The results of the present study support the single —peak
model of the relationship between biodiversity and productivity of plant communities, with maximum biodiversity occurring

at an intermediate level of plant productivity.
Key Words: species biodiversity ; aboveground biomass ;restoring succession ;single- peak pattern

YRR RE AW E TR AW 2R AR LR DL i s v 2 R 25 4 | DG B ) ik
R UL IR Rl RS IR R SRER AR S R A E N FEAES R, S
Y R R E SN RS R HOS Y L AR 2R Naeem SSFESHIABT M A K EHAL T 14
MANTAEBRG, SR E AR RIRER AR AT i 3 8 R GHFE IR Z CO, M B Ry A& 2
Y e DR B B A e Y RS Tilman 1 Downing 78 SR FEJFURN25 552 Hh 114 58560 b, 1d B 9 o 22
FEMEXE T 4EF5 28 77 S K SO VE A B 511 4R 117 Huston , Wardle 1 Grime 250\ R 3% 7] g2t T BURE RN 558
(4, B e b e S A BB 22 28 7 3 e i s B A JL AR B0 2 AR B A B, il R G 2B 7= I B2 T e
HA YR SRR B TE AR T SRR = i e R B R bk, i TIoE
RPE WA G WEE I 22 5 SEUVEM Z R S S REREZ MR RGIRE 57 (HRAEDHE
IR R T ARG D) E AR VA B EE MR 0 SR R R R AR P S R 2 ]
KFR T A 2 5 A S R G IR R ML N TENLHIA & E 2R 3L,

FEZRIO VD b A0 A R T 55 PN S5 ol v B ) e D b Pl T B M M O B R S A | A XU
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7 AR 23.7°C, = 10°CHRIR 3 000°C LA F, JCAEI 150d, T3S g vb i 545 + | 28I Jm IR AE S i
S+ W I AT RIS SR iU i RS AR AR AR e A
X TE R BE OO B4 AN BRI SO0, M 2 O, - vk ™, (HJE i T - RAFRYK
IIEIRERE , TR I AR B IEAFAE A T 00 T FNAE IR A0 B 1R T B A5 RO PRI | ARl T AP <7 JF
I e A R A SRR T RE T

1.2 BpAhAA ik

LU s Tb e e B ) —— V0 KR BB A W S RS A PO AR S R R ) R BB R &
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Table 1 Species composition and dominance of the communities during the process of restoring succession

WK EZ M Bt Restoration stage

YT k=) R VD [ 7E VD B
Species Shifting sandy dune Semi-fixed sandy dune Fixed sandy dune
la 3a 5a 12a 15a 20a
KR AL Corispermum macrocarpum — 56.00 21.50 12.78 3.04 0.91
$%E3E Salsola collina — 6.67 5.94 4.19 7.00 0.98
bk Agriophyllum squarrosum 48.54 0.94 0.23 — — —
T # Bassia dasyphylla 2.33 3.88 1.36 4.23 0.64 0.11
JREEEE Chenopodium glaucum — — — — 0.10 1.83
Hifk Kochia scoparia — — — — 0.31 0.66
B Tragus mongolorum — — — — — 0.11
=AU Aristida adscensionis — 1.43 5.59 13.20 3.46 4.24
W EL Setaria viridis 4.35 19.84 17.40 21.42 6.49 15.06
i J8 5 Eragrostis pilosa — — 0.99 4.20 13.34 17.60
FEFEH Chloris virgata — — — 0.42 15.45 2.06
B FE Digitaria cilliaris — — 2.10 3.31 1.28 0.0005
YR Eriochloa villosa — — — — 0.05 6.01
UM 35323E Ineris denticulata — — 0.86 1.22 — —
KA Artemisia sieversiana — — — — — 0.96
T8 Artemisia scoparia 0.38 — — — 0.33 19.69
X HR #. Kummerowia striata — — — — 0.29 0.39
¥ E\ Lappula myosotis — 0.66 4.32 6.34 2.12 0.15
i Euphorbia humifusa — 3.84 — — 0.02 0.09
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PR BBt Restoration stage
HiF A D [
Species Shifting sandy dune Semi-fixed sandy dune Fixed sandy dune
la 3a Sa 12a 15a 20a
PERE Tribulus terrestris — — — — 0.07 —
KPBAAE Erodium stephanianum — — — — 9.14 —
1596 Portulaca oleracea — — — — 4.34 0.21
KEBR T 5 Cleistogenes squarrosa — — — — 5.63 18.57
[ 5 Pennisetum centrasiaticum — — — 0.01 — 4.58
HRE Leymus secalinus — — 0.67 — 2.51 0.21
P35 Phragmites communis — — 0.15 — 0.14
Ji & 5. Melissitus ruthenicus — — 2.33 3.91 3.70 0.80
et K 48 Gueldenstaedtia stenophylla — — — — — 0.13
M L #] Olgaea leucophylla — — 1.31 0.38 — 0.58
HH Carex dispalata — — — — — 0.08
HiFE K Cynanchum theisiodes 0.39 — 3.42 0.25 0.37 0.76
FLAE K, Euphorbia esula — — 0.38 — — —
W24 Linaria vulgaris — — 0.70 3.45 — —
[ X5 Saposhnikovis divaricata — — — 0.57 3.42 0.30
V2 Allium mongolicum — — — — — 0.95
ZMIEE Artemisia halodendrom 44.02 6.76 28.62 12.23 0.06 —
K BT Lespedeza davurica — — 2.12 6.62 13.80 1.88
W75 ¥ TE Hedysarum fruticosum — — — 1.29 3.04 —
S Sum of species 6 9 19 19 26 30
F2 EHRBEEBHBEPHEEMEARNEFRLEY
Table 2 Life form composition of the communities during the process of restoring succession
]/ a —AEERIR Annuals AR R Biennials LA B Perennials HEARZE Shrubs
Succession time FhgeNs  EEE Dy AN MRBEED FMNs UBEDs O MEINs PR Dy
1 4 55.59 — — 1 0.39 1 44.02
3 8 93.24 — — — — 1 6.76
5 9 59.44 1 0.86 7 8.96 2 30.75
12 9 70.08 1 1.22 6 8.57 3 20.13
15 15 53.67 2 4.67 6 2471 3 16.90
20 15 50.18 2 12 28.04 1 1.88

Ns: Number of species; Ds: Dominance of species

PIF, B v B B ZERHED 3 TS 11% VT, 2RV 2 BT e sh U B 5 A3 =RV K |
OROR B SEAFZE LRI ™ S 00 10 M PR B 3 W ik, BB TR AT, AR AR ) 1 R ORI A 3 B S e 5
FRECER 1 AP ETHE] 11 Fh ARFEE M 4.35 BEINME] 68.65 , RABHEYAERETE 0 MO 2 s, 25 RHEY 25 1
WL v T Bl 0 e B Be B DU 2 B S | B e A A T, R 1 V0 e o 7R T2 U0 R B (20a) , 257
TS R 21.33, SRR I 32 B2 ¥ 18 (Artemisia scoparia) . VRE o FE v, S RME Yy 00 Fh B
hn AEAEH P Bh 1k
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Table 3 Family structure of the communities during the process of restoring succession

S SR R 3R} Chenopodiaceae Ea con}positae ﬁm Gl‘amineete T#} Leguminosae

Succession fime Ne N BEC M SRRE OEEC R MRRE BB REC RBE REC R fRRE

Ng Ns Ds Ng Ns Ds Ng Ns Ds Ng Ns Ds

1 5 4 2 2 50.86 1 2 44.40 1 1 435 — — —

3 9 5 4 4 67.49 1 1 6.76 2 2 2021 — — —

5 18 6 4 4 29.03 2 3 30.79 6 6 26.90 2 2 4.45

12 19 8 3 3 21.20 2 2 12.61 6 6 42.56 3 3 11.82

15 25 11 5 5 11.09 1 2 0.39 8 8 48.21 4 4 20.83

20 29 11 5 5 4.49 2 3 2133 11 11 68.65 4 4 3.20

Ng: Number of genera; Nf; Number of families;Ns: Number of species;Ds: Dominance of species

2.2 HEEWRZAEE

% 4 DY Fh Z R BRI I8 5] B 45 7 1T S AR TS 0 FP A S I A5 A K S5 5R R B, TR b 2R Rl
RGN, R 12a BUBEVR BT, N BB K, 2 Jm Bl T R 2 R (IS 38 Bl Vb B R AR B R A2 TR RS
ZOREPEIN BE (B fe /N, O 3] 12a W23V e, 2R PRI BE(E R B e K, Z R AE B E v BN B, BLRID YD
HOAB DL PR S S A R vh VR LR D TR B A SE S e 07, UK B EE AR 1, 22 CVIRDE PR T T, VD Hb 3R
BRA T AL, R HAWR AR S RHE Y B AR GNE T 454, PR BN W3S I, A= 9 22 4 0t A 35 A 38 0 1)
K

x4 EREBEREHEREENYTSEE
Table 4 Species diversity of the communities during the process of restoring succession

KB BBt Restoration stage

YR ZHEE shib I el 7E ¥ 5 ¥ I
Species diversity Shifting sandy dune Semi-fixed sandy dune Fixed sandy dune

la 3a Sa 12a 15a 20a
Simpson F§%X Simpson index 0.5682 0.6347 0.8298 0.8869 0.8788 0.8638
Shannon-Wiener 78 %% Shannon-Wiener index 0.4251 0.6066 0.9287 1.0484 1.0399 1.0114
LI EEFEHL Evenness index 0.5463 0.6356 0.7263 0.8198 0.7349 0.6847

2.3 BEEM LAY

O M B S O R 9 b B M AR R SRR R ST e B U (3 MR E B B B {E T
B, TR ERINT 580% (£ 5) . 2 Hras R  Ae D HAE K R 50 RIS Hh A Y A7 AE B 2 1
225 (F=18.926,n=360,P<0.001) , ULAN, VHbAS Bl PR 52 02 oE R v ) AN [RIARL 0 o ) b1 26 i 28 Ak 5l
AN, VDK R B S A Wyt B /b | 2 EIREES 3K 5 BB RG  DA SR AR ) 45 52 LU 3 AR 4k
2.4 FEIKYIFhZREMERIML AR 2 ] 5 R

WE A2 BA V0 HAB W VR 2 0 R 80 L BEVR PRl Z AR MR b 2 i 22 ) 35 A A 25 AR DG OGR4
AT R RBOC R BRI R RO R (B 1) o DR A0S A4 Wy it 22 18] 9 504 R 80O 22 7T BB 2 7 o
PEAE B AR SRR B AU SR ) WA AL Simpson $5 %, Shannon —Wiener 15 5URI1Y &) B 850 5 4 Wy it
HIHELE 2500 91 4 0.9354 .0.873 ,0.8448 Fl1 0.4736( P<0.001) , T DA H Vb b A W% 42 3k A8 AR X i 2B 72 g
RIREE HA S R 2 A5 . [ U i B m AR Y s R = A Z AR v i, i s R Is B
A A s IR b Z R (R A )
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R5 HEWREREHBREEM FEYE (g/m’) HEL
Table 5 Aboveground biomass of the communities during the process of restoring succession (g/m?)
PRI G EL Restoring stages

BT Wl LEED T Bl E I [T v »
Species Shifting sandy dune Semi-fixed sandy dune Fixed sandy dune

la 3a 5a 12a 15a 20a
KBS Corispermum macrocarpum — 12.94 + 3.85ab 17.83 + 3.92a 13.40 £ 2.23ab 6.18 £ 2.89h 124+ 0.7lc 8.7 <0.001
WK Salsola collina — 249 + 1.61a 442 +220a 497 £23% 2432+7.52b 1.67+085% 7.8 <0.001
bk Agriophyllum squarrosum 1.63 £ 020a  0.02%0.01b  0.01  0.01b — — — 4.1 <0.001
TR # Bassia dasyphylla 0.03+00la 1.15+098a 020+0.07a 473+291b 038 +0.20a 001 £0.0la 25 <0.05
JKEFEE Chenopodium glaucum — — — — 0.02+0.0la 127 +0.61b 4.7 <0.001
Hulik Kochia scoparia — — — — 0.02 +0.0la  0.07 +0.02b 6.8 <0.001
BE1-HE Tragus mongolorum — — — — — 0.02 + 0.02 — —
=5 Aristida adscensionis 0.01 £ 0.0la 0.68 + 0.35a 458 + 1.22b 177 + 0.88ac 259 + 0.7lc 7.8 <0.001
T RE Setaria viridis 0.10 £ 0.04a  4.40 + 2.11ac  11.55 + 2.14b  18.36 £ 3.63d  9.86 + 1.49bc 20.52 = 3.08d  14.1 <0.001
0 JE 55 Eragrostis pilosa — — — 1.82 + 1.03a 876 + 1.37h  23.54 + 451c 254 <0.001
JREEEL Chloris virgata — — — — 2001 +4.84a 3.14+270b 138 <0.001
E 5% Digitaria cilliaris — — 0.66 +0.23a  2.60 £ 2.14a  0.40 = 0.15a  6.48 = 1.32b 7.1 <0.001
A 353K Ineris denticulata — — 0.74 £ 0.50a  0.96 = 0.52a — — NTES
KHEE Artemisia sieversiana — — — — — 1.38 = 0.95 — —
HE Artemisia scoparia 0.001 + 0.001a — — — 0.14 + 0.05a  19.93 + 3.64h 2.3 <0.05
KA Kummerowia striata — — — — — 0.07 +0.05 328 <0.001
HUBR Euphorbia humifusa — 0.03 £ 0.02a 0.84+0.23 161 +020a 2.07«0.7la  0.07% 0.04a NTES
PEAE Tribulus terrestris — 1.91 + 1.75a — — 0.01 £ 0.0la  0.09« 0.08a NTE
KIHAE Erodium stephanianum — — — — 0.01 +0.0la  0.18+0.10b 3.6 <0.01
%% Portulaca oleracea — — — — 0.01  0.01 — — —
BT 5 Cleistogenes squarrosa — — — — 38.65 + 8.69a 42.63+ 3.64h  33.4 <0.01
F & Pennisetum centrasiaticum — — — — — 5.55+ 1.55 — —
W Leymus secalinus — — 0.17 + 0.14a — 0.01 + 0.0la  0.20+ 0.20a NTES
7% Phragmites communis — — 0.06 = 0.06a — — 0.1+ 0.11a NTES
JiTE 5. Melissitus ruthenicus — — 194 + 1.61a  4.91 £2.87a  2.66 + 2.27a  0.65% 0.35a NTE S
H L] Olgaea leucophylla — — 1.63 0372 0.26 « 0.14a — 1.56+ 1.18a N
B Carex dispalata — — — — — 0.02+ 0.02 — —
HRSIK Cynanchum theisiodes 0.01 £ 0.01a — 124 £ 0.28b  0.08 £ 0.04ac  0.04 + 0.03a  0.67+ 0.45bc 6.1 <0.001
FLIKT Euphorbia esula — — 0.31 = 0.31 — — — — —
MI5E44 Linaria vulgaris — — 0.38 £ 0.27a  2.86 + 1.33b — — 4.9 <0.001
B XU Saposhnikovis divaricate — — — 047 +047a 023 +0.12a  0.09% 0.06a NTE
YO Allium mongolicum — — — — — 0.28+ 0.12 — —
FUEH Artemisia halodendrom 2825 +5.550  0.76  0.40b  1.86 + 1.43b  14.70 £ 477¢  0.02 = 0.02b — 11.8 <0.001
IR BT Lespedeza davurica — — 46.04 + 11.53b  5.65 £ 2.55a  81.56  11.73¢  3.84x 1.85a  27.4 <0.001
WA B EE Hedysarum fruticosum — — — 148 £ 0.98a 28,91 + 11.45h — 6.8 <0.001
/Nt Totals 29.79 + 5.82ab 23.70 + 10.74b 90.56 = 25.64ac 83.43 + 29.43ac 226.04 + 54.47d 137.87+ 28.92¢ 18.93 <0.001
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Fig.1 Relationship between species diversity and aboveground biomass during the process of restoring succession
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