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Abstract The relationship between biomass and diversity is a hotspot of ecological research. The specific
model describing this relationship has not yet reached a consensus, and the underlying mechanism remains
controversial. This study investigated the variation in plant biodiversity and the relationships between species
diversity and biomass along a primary vegetation successional chronosequence in the foreland of the Hailuogou
Glacier in West Sichuan of China. The results indicated a high abundance of plants at the successional
chronosequence, with 68 species, 58 genera, 31 families, and 27 orders recorded across successional stages.
At the community level, a humped shape in the variation of plant species richness, Shannon-Wiener index, and
E. Pielou index along the successional chronosequence was observed, with peaks at the 59 (29.00 + 2.00), 87
(2.68 £ 0.21)- and 87 (0.88 + 0.07)-year time points. Moreover, the vegetation biomass varied at 0.95-207.80
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t/hm? along the chronosequence, with fluctuations along the succession, peaking at 87 years. Across the
successional chronosequence, there was a positive linear correlation between plant biomass and diversity at
the community level and a negative or no significant correlation at the canopy, mid, or ground layers. This study
provides empirical evidence supporting the biomass diversity hypothesis in forest ecosystems, thus contributing
to extending the generality of this framework. The results showed significant differences in species composition
at different succession stages and a positive correlation between community biomass and species diversity;

however, there was no unified trend within each level.

Keywords primary succession; biodiversity; biomass; species composition; lacier retreat area
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Table 1 Basic information of the sample plots

£ PR XIS R G AOE R A R W Rl 2 A R A
AT RE R R PR AEIEAL, R 9 N L AR S RS
R R T REZE 37 DL IBAL 2B 25 R 8 R R 3R ) 2 4

1 HRSTS

11 AR XHER
TR B VA UK )T 1 Ab 75 58 v R AR 2, AT DY AR ORI B
VM TR AR (29°20°-30°20°N, 101°30°-102°15'E) . HF1Z
VRV BN UKIRA LR R 2238 4, AEVK) AT TR 7K 292 km,
T £10.6 kmFIVK )R 45328 1, P43 £92.8 km. ZIX K #
SAUE, SAGEART BRIR, JE T Ll SIS S 2R Y, A B
7KE1 500-1 900 mm, FF34S5-8 °C, 13 <l sk
(-4.4 °C, THF¥ S Em (11.9 O, [IFEKEKR, H
B2/ R R 3 R VKA, O M O R
B, WERER AR S =S, FORE BAK, AR R
B, TEEEBERNERD. WEESHT, DRPERORN
0, 3B L AR . A A S 1304 I i [
BT — A58 HE 1) AR b 21 56 48 4 74 73 300 T 0 R 9 110 o 82
WS AR B AP AR A AR AE 2 X S A AL R
B MO B (RO« (D TN BL, B AL AR s
B BRI (Salix) « %4 )84 (Populus purdomii) il
Ik (Hippophae rhamnoides) B{5IBL: (2) T2Wr B, B ¥
4k 1% . # (Astragalus membranaceus) « Mk, & I Fi/b

=] MIYEE

e e R TR
Rg%riﬁaﬁtjtt]iae Succession }réliftﬁf Altitude Forest density Mlaﬁfﬁjjs
time (t/a)* © (h/m) (n/hm™)

KN IR YIRS & B

2011 6 T 2974 Populus purdomii, Salix, Hippophae rhamnoides seedlings, Astragalus
membranaceus, and moss
2N IR YOOI 2R T

1990 27 T2 2955 4100 P. purdomii, Salix, H. rhamnoides young trees, and Ribes
KM WIS DR MER AL AT A

1980 37 T3 2949 3300 P. purdomii, Salix, H. rhamnoides young trees, Betula, Abies fabri seedlings, and
Lonicera japonica
IR BB POIsROCRE, RS, WL

1970 47 T4 2902 3400 P. purdomii, Salix, H. rhamnoides young and adult trees, Betula, and A. fabri
young trees
KK WIS YOO HERT, VA2 AERY

1966 58 T5 2934 1550 P. purdomii, Salix, H. rhamnoides adult trees, Betula, A. fabri, and Rhododendron
simsii
LB KIE . =B B MR, 363k P. purdomii, Picea brachytyla and A. fabri

1958 59 T6 2897 1000 medium trees, Betula, and Viburnum dilatatum
LN 7PN NEd 79N N N 20

1930 87 T 2867 1267 P. purdomii, P. brachytyla and A. fabri adult trees, Betula, and Acer

1890 127 T8 2832 1300 TGRS P. brachytyla - A. fabri climax community

1860 157 T9 2820 1200 KSR BEV P. brachytyla - A. fabri climax community

38 B I [R) #1152 20174E. *The succession time is up to 2017.
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FEHEVE ;s (B) TORYBL, & M A% 58 15 3 v 45 K 38R AN ¢ i 1
AR, T2 0], MR R A AR S R R
(6) TTB B, Bl BEVA AR SEBE 0, Wk )8 442 (Abies fabri)
FZ A2 (Picea brachytyla) 5t Jq i N Mth, T34 B8 5 3k
PAK A7 R JE A2 R 34 B &L R TR S AR B (7) T8-T9
BB, f 2TV B LA J8 VA A2 N 22 5 254 9 100 34 Ao 10 A T K T
TRV, AR B B B A 4 4 30 3o ek ok 3B 46 3o R 1Y) BT 0T 0
M, G5B S B B AR R RS
1.2 I iR E
F20174E8 A 1E L iR 94N & b BE A i L B AR . fEHE A
BN BT BE3 M0 m x 10 mAe ARSI RE )y, A DBH
(Byf%2) = 5 em T TR AR AE, D3RRI, g5 Bz
s FEREANTEARFEIT ABEHLE B33 m x 3 miyE AR SLIRRE
FHRIBA m x 1 mETEASZIGRE T, BB T Y
M. 55T KRR, PGPSO A B AR, AR
A A A R R T A R B A R A A e TR
e P,
1.3 HEEPFHLSHMEITE
FEAFETT BT Fh 2 REVE R A £ E R (S) « Shannon-
WienerZ #PE48 40 (HD LLKE. Pielou ¥ 5 EHRE (BD &
s HEAR T P22
IVyee = (RD + RF + RS)/3 <)
K, Ve NI AR EZAE, RDEAHN B, RFZ M5,
RS2 M i 5
IV orub ang hers = (RC + RH)/2 (2)
FH S IVanrub and ners /Y THE B B B, RCI& A X 36 JE, RHJ& AT

.

S=N 3
S, SRR, NJFE T W IR P Fh 2L

H'= -3 Pjin P, @
A, P — ANFETT 5 AN M0 R B AR ) LL A

E=H'InS (5

1.4 HiELTE

i& G it A Excel 20195 % 15 # By B SERE B 9547
PIE AR AE R AL BE, 7N ] SigmPlot 14.0LL & Excel 2019
PAFRHEAT 4 . EHISPSS 25. 0% k47T BN & 5 2 /0 My

®2 REXMFEMMBMHAR SR

(one way ANOVA) Fllfiz/Nie 35 2 5+ 1% (least-significant
difference, LSD) X &1 & B BRI B0 E 47 2 5 B 1k
858, ) B2 2R 38h AH 9 43 BT et A 4t 5 W B 2 B 1k R AT A AT
WA

2 BERS57h

2.1 JKNIR4E X4 FhLE AR

TR VA UK 1B 45 X AE ) 3527 H 318158 )8 68 F, 5 o1IE
Wk P2 A R B4 20.5% . MUBEL8.4% . MR EL192.8%

(F2). XLy, FEEAF6R, Hhaimmka

FAfh Qi JEAAZ, A, fabri) ;5 BAMKITHI (Salix magnifica
HemsD) | & NH#TEF, & B R = HEFHEY. MEDIX R
HEE, #FE B R Bk, 53N EU EBRHFA, S
BHE12.9%; &3 MM ERIEHE 74, Sk En22.6%.
W X R S RS AR AR R B, A1 EA50,
R B 186.2%, (P E73.5%, ML T AR XA
WIFRh R 2 RE AV J . AR B TR B AT X R s
IRV VKN R 48 X 3R HEY v 29 54 434 X R BRI 34
A A (K 2) PO R AR RAL A S A e T b [ Ab TR B 0 A (X
AR Sy, BV VKR 45 X 53JE R T4 W] LA R 23 8
SRR 3ANAR 7 BT

AR B By B AR P b 4H Rl 22 SRR (3R3) . T B
B AS AR o V0 i R0 A A 4l R 32, B 2248 43 7)) 9 0.525,
0.275#10.200, FEDBH = 5 cm#s fl T2-T3B B, 4k A
B VBN N E T TA-TEM BT AZ LA TR A MR Al
WHCNES, RN &E02MEM (Betula) ; TOM B4R H
B B i KAE (0.819) , [R] f A 85 BE{E X $10.181; T7-T8
MBI AR E EE LR JEA R N E T, HEAE 80.924-0.469;
T B JE A2 8 15 (EEEEH0.902) , [FIW &/ 2 i
=A% (P. brachytyla) (FE#{E0.098) . &k L, FFAREEES
RN 7R [V R b A v o N S N 7 B s P R R R
VAZEL RIS AR VA2 THUAR VR I A I ) 5 o

HARZRE LA THRETF 24, B4 —fHE. %
FE— M T RE. TR B BRER TS M (Salix ernesti) -
VIR /D 5 &R G Ah, TCREARZ s T2-T3M B # LA A
T (Ribes) F1Z%4 (Lonicera japonica) N=; TAMEL &
AT EAH L Bl K (0.501) , 33 (Viburnum dilatatum)

Table 2 Statistic table of families, genus, and species composition in the study area

4 J& 5 ¥ gtk B4 J& % FhEL ditl

Family Genus Species Percentage (P/%) Family Genus  Species Percentage (P/%)
B4k Liliaeea 5 6 8.82 B BER Actinidiaceae 1 1 1.47
JEILE} Labiatae 1 1 1.47 T Bl Aceraceae 1 1 1.47
&} Leguminosae 1 1 1.47 P E Rl Rubiaceae 2 1 1.47
FH54E %} Ericacaea 1 2 2.94 F#Fl Rosaceae 7 10 14.71
HAlFERF Balsaminaceae 1 2 2.94 ZA R} Caprifoliaceae 2 2 2.94
KAF Graminea 2 2 2.94 AR Umbellifela 2 2 2.94
AT TFl Elaecagnaceae 1 1 1.47 Rl Cyperaceae 1 1 1.47
e H % Fl Saxifragaceae 5 5 7.35 1IZE£ B3 %} Cornaceae 1 1 1.47
HeAF} Betulacea 1 1 1.47 fi¥A%} Lycopodiaceae 1 1 1.47
%%} Compositae 6 6 8.82 Al Vittariaceae 1 1 1.47
22k} Orehidacaea 2 2 2.94 FA%L Pinaceae 2 3 4.41
fi% & J#% Dryopteridaceae 2 3 4.41 K2 Araceae 1 2 2.94
Wikl Onagraceae 1 1 1.47 ¥k} Celastraceae 1 1 1.47
JEBE S AL Pyrolaceae 1 1 1.47 ¥iFl Salieaca 2 4 5.88
Il Loganiaceae 1 1 1.47 Jif3% 5kl Oxalidaceae 1 1 1.47
F Rl Ranunculaeea 2 2 2.94
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Table 3 Important values of main species in different vegetation layers at different succession stages

MrEt Stage Y Species B T IV e
FARE P -
Herb layer #M Paspalum thunbergii 0.318
i IR(%I 1) Hippophae rhamnoides -
HEAR R
Shrub layer Z (%R Populus purdomii -
JE L Pyrola calliantha 0.805
Hors ;
erb layer
Y LB B Sinacalia tangutica 0.034
T2 AR
Shrub layer KET Ribes -
SiASR 1 Salix 3
Tree layer
HAih Others 0.056
Eeﬁ}:zl_:ay or JAAliFE Impatiens balsamina 0.398
% L. japonica
T3 HEARE
Shrub layer —
¥Lf% Rhododendron simsii
TR Wi Salix
Tree layer
LAt Others
ﬁ:eﬁ%ayer #3155 W5 T 3% Dryopteris squamifera
% L. japonica
T4 s?gh*E
rub layer
Y KIET Ribes
AR Wikt Salix
Tree layer
HAth Others
ﬁeﬁ%‘y or P % Rubia cordifolia 0.123
. X L. japonica -
AR
T5 Shrub layer -
Sk V. dilatatum R
T Kkt Salix ;
Tree layer
HAth Others 0.027
ngﬁ%ayer % B )2 Arisaema elephas 0.084
ik V. dilatatum -
T6 AR
Shrub layer = —
% Rubus parvifolius -
TARE
Tree layer HeW Betula -
i Polygonatum sibiricum 0172
HARR
Herb layer . -
K4k Carpesium abrotanoides 0.314
T7 éghﬁ)l?layer M Helwingia japonica -
He Betula -
TR
Tree layer

gk J8 442 Abies fabri -

E*EE{E— IVshrub

0.275

0.200

0.279

0.166

0.141

0.501

0.124

0.245

0.184

0.142

0.112

0.454

0.215

TEAR T EA IV yee

0.334

0.065

0.428

0.075

0.034

0.924



e MRV D)3 445 DX I 2 8 e S ML W b 22 BE PR S PR B R R

Vol. 28 No.5 Oct. 2022

£33 Table 3 (continued)

B Stage Y)#h Species FERE B Voen TEAE B IV TEARE B 1V e
R i3 % Oxalis acetosella 0.429 - -
ijlérblxayer Y5 Pternopetalum davidii 0.092 =

RJ7 M R %E Fragaria orientalis 0.330 - -
. ) 3% V. dilatatum 0.421 -
T8 (Sghﬁ)t?l ayer FHJEM H. japonica 0.472 -
4 L. japonica 0.083 -
HEW Betula - - 0.319
ﬁ;’;’éyer A Acer - . 0.213
Ik JE 412 A. fabri - - 0.469
HAh Others 0.146 0.024 -
e LA Clintonia udensis 0.305 -
ﬁeszjllidyer 1IfE 2% 5 Oxalis acetosella 0.374 =
7R )7 W ELAE Fragaria orientalis 0.151 - -
. FH M H. japonica - 0.885 -
™ ?ﬁﬁ?layer 3% V. dilatatum - 0.029 -
W FEEE Smilax stans - 0.042 -
FAE Ut JE 442 A. fabri - - 0.902
Tree layer # M A2 Picea brachytyla - - 0.098
HAih Others 0.170 0.072 -

HoAh ey B FAE T /N T 0. AR TARY BOvb i, w0 &M i 42328/ T°5 em, RIIA2E N HER.
Other species’ importance value is much less than 0.1. The diameter at breast height of Hippophae rhamnoides, Salix, and Populus purdomii is

much less than 5 cm at T1 stage, so they are classified as shrubs.

FES BT 8 B AE 43 5~ 0.130F10.124; TS BLHE AAR 345 47) Fl
NAfH I (Rubus coreanus) « ZAFZEE, HE DA
0.562. 0.184#110.142; TORT7Hr B, 33 B PP A& (&
ZE0.109)  fEHHEE, SN AEARD T, BHEAG 55N
0.454f10.621; T8-TOWI L, EAKZHH M M EILF F 5
BRI £ S (HEE{H0.885) (R3I).

Bl 5 5 AT, TR B A2 DL R 22 (Paspalum
thunbergii) 33, HEAH 4 7 50.669410.318, [ %A
B FMIHSE (Epelobium hirsutum) ; T2-T6r B & A< 4
W FEA LB B (Pyrola calliantha) A3, B EAH 55K
0.805. 0.191. 0.774. 0.835/10.651; T7Hr Bt H A JZ LK
4% (Carpesium abrotanoides) . fi% (Huperzia) 1
¥5 (Polygonatum sibiricum) A3, 244 %5 40.314.
0.175.0.172; T8-TOMr Bt A Y LLILBE K % (Oxalis
acetosella) . 477 ¥ 5% (Fragaria orientalis) F1-t fif ik

(Clintonia udensis) NE. Bk L, BEARBEERAMME
TR — M, BRI — AL e R —FA—
TR WIBER B — R 7 M R — L Ak L R (R .
2.2 PFhHEEREIE R AV LA

Wit B IR T, HE 9 Shannon-Wienerig %1, ¥t 3= 5 &
FEHANE. Pielousy SIFEHa 438 & “ig” a4 (B , WEE
HIZET6-T7H B, 207l h2.68 £ 0.21. 29.00 + 2.00410.88
+ 0.07. A1, MMM Z rAD A E GEAD Rt 2

3.04 A Herb %0 #EA Shrub
g 25- 2
k) <
= 2.0 T 20 -
c i .H+ =
1574 4 4o ¢4 Zg
g 1.0 = X810
< Q.
9 0.5 n
0.

CHEAR) AN 2 UCRE T D Rl 22 BE T B I8 2 S fb B 33 A ok
25 (E2) . H, JrAE Shannon-Wienerfs . ¥)Fh =&
FREOE. Pielouts 21 FE F8 #is A8 £ ZH BL/E TA-TSR B, 4351
91.23 + 0.06. 4.00 + 0.20#10.97 + 0.05; A )= Shannon-
Wienerfg 3. ¥ Fh = I HFIE. Pieloudy &) FE 48 304 E
EEHBAETI-T3H B, 705 81.72 £ 0.14. 12 + 1.5f10.99
+ 0.08; A EShannon-Wienerfg %, ¥ £ 5 B 45 HUAE.
Pielouy 51 FE 8 $ il = ZHIMAETO-TTI B, 77 5128192 +
0.09. 16.00 + 3.00f10.70 + 0.04.

2.3 EHEBIREPEME T

TRV UK R 48 X 5 2R I8 B AN R B B B 2B A
F0.95-207.80 t/hm’2 ] (EI3) , K FRAZEDEN T
0-206.90 t/hm’2 [, #EARZEWEA F0.21-717 t/hm® 2 [,
BORZ Y EA T 0.17-0.29 t/hm?2 8], FE & & 4T, UK
JIEE 4 XA Bl S A= 5 iR W e, s KM BET7E B (K
3) 5 I 5 N 1) 48 e AR e A 2B AT R A R B
FRTIR B Ah, BB BT AR AW & LB LY REIT%L 1.
REANFI B o B AR 1 R
24 KIEBHEXIFHZHEESENEN KRR

BEVK MR ) & 5 Shannon-Wienerf& %t (P < 0.05) . ¥
P E R (P < 0.05) FIE. Pieloutd 51 % (P < 0.0
BIEMLHEME (R . FARZEVESHEE RHAMHK (P
< 0.05) , 5Shannon-Wienerig 3 fy 3= 5 FE 45 400 B3

a 1.0 { 7+ 4 Tree a
0.8 A
>
© 0.6
[3)

04
w

0.5 4

0
T1 T2 T3 T4 T5 T6 T7 T8 T9

0
T1 T2 T3 T4 T5 T6 T7 T8 T9

0
T1 T2 T3 T4 T5 T6 T7 T8 T9

I Bt Succession stage
B FEEREMBREE B AR SHMHE. HhANSFRRREEEZR (P<0.05) ; N=3; “FHEERHERE.
Fig. 1 Community species diversity characteristics at different succession stages. The lowercase letters in the picture represent significant

differences (P < 0.05); N = 3; mean + SE.

1133



\1134 28% £E5H 2022£10R

HiA Herb a WEZA Shrub e Tree
= 2.0 2.0
o b
845 c c 15
= 1.5 T | -9 a
= d b T b
g 1.0 ef e e ¢ 1.0 A c
£05 0.5 d de g e
0.0 0.0 0.0
T1 T2 T3 T4 T5 T6 T7 T8 T9 T1 T2 T3 T4 T5 T6 T7 T8 T9 T1 T2 T3 T4 T5 T6 T7 T8 T9
a
T 6-
w151 15 1
4 b b a @ g
™ c bc 44 = T
=510 1 2 c e B I b ‘bl' ? c
s d c
0 5 5 Jde 24
8 18 i
Q.
T1 T2 T3 T4 T5 T6 T7 T8 T9 T1 T2 T3 T4 T5 T6 T7 T8 T9 T1 T2 T3 T4 T5 T6 T7 T8 T9
a a a a
1.0 1.04 T b
b 1 b b i cl ¢
c 0.8 ¢ be g 0.8 ¢
0.6 0.6 1 d
0.4+ d  04- e ¢
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0
T1 T2 T3 T4 T5 T6 T7 T8 T9

% Hr B Succession stage
E2 SEHBEFAEEEM BN SHMRE. Hh NS PR REEEZER (P<0.05) ; N=3; PHMHE ML

Fig. 2 Species diversity characteristics of different vegetation layers at different succession stages. The lowercase letters in the picture

represent significant differences(P < 0.05); N = 3; mean + SE.
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Fig. 3 Total biomass of each vegetation layer and its allocation in each succession stage.
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Table 4 Correlation coefficient between biomass and species
diversity in succession zone

JZ Ik Layer ‘E¥) & Biomass Sig.
H' -0.725 0.04*
K Herb layer S -0.249 0.05*
5 -0.382 0.31
H' -0.219 0.57
#EAJZ Shrub layer S -0.095 0.82
E -0.496 0.18
H' -0.680 0.06
T*ARJZ Tree layer S -0.014 0.97
5 -0.749 0.03*
H' 0.658 0.05*
V& Community S 0.693 0.05*
E 0.829 0.01**

H': Shannon-Wienerfig4; S: ¥F+ 5 E: E. Pieloufg4; *: 7£0.05
AL **: 1E0.014 51 1235

H': Shannon-Wiener index; S: species richness; E: E. Pielou index;
* Significant at the 0.05 level; ** Significant at the 0.01 level.
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