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Abstract

Aims The relationship between biodiversity and ecosystem function is one of the hotspots in ecological
research. In the past, the research on the relationship between biodiversity and ecosystem function only focused
on the experimental or observational investigation of single ecosystem function (SEF), ignoring the most essential
value that ecosystem can provide multiple functions and services at the same time. Identifying the relationship
between plant functional diversity and ecosystem multifunctionality (EMF) can provide a clear understanding of
changes in ecosystem function.

Methods In this study, Bayanbulak alpine meadow was taken as the study area, and five altitude sites were set at
an interval of 200 m from 2 194 to 3 062 m above sea level. Soil total nitrogen content, nitrate nitrogen content,
ammonium nitrogen content, total phosphorus content, available phosphorus content, total potassium content,
available potassium content, soil density, aboveground and underground biomass of plant community were
selected to characterize EMF, which were closely related to nutrient cycling, soil organic carbon accumulation and
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plant growth.

Important findings (1) The species composition of the plant community varied greatly along the altitude
gradient, and the species richness at the altitude of 2 600 m was significantly higher than that at the other altitudes.
Functional evenness index (FEve), functional richness index (FRic) and functional dispersion index (FDis) all
showed a “single peak” trend with the rise of altitude, and the highest values were found at 2 600, 2 800 and 2 800
m, respectively. Rao’ quadratic entropy (Rao’Q) showed a monotonically decreasing trend. (2) FRic and FDis at
each altitude were positively correlated with soil EMF, which accounted for 47% and 43% of the variation in
EMF, respectively. FEve was significantly correlated with nutrient cycling index and soil organic carbon storage
index at the altitude of 2 600 m. Rao’Q at 3 000 m was significantly correlated with soil nutrient cycling index,
organic carbon storage and EMF. The relationship between plant functional diversity and EMF along the altitude
gradient was analyzed by constructing a structural equation model, which showed that altitude could exert impacts
on EMF through changing functional diversity, with the greatest effect of functional richness on EMF. In
conclusion, with the alteration of altitude, the functional diversity may result in changes, thereby affect the SEF
and EMF, and the functional diversity is important to maintain the EMF.

Key words functional diversity; ecosystem multifunctional; single ecosystem function; altitude; alpine meadow
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2 000-3 600 mis [, A —EM &%, Bt
W) 22 B T TRRG R ) B AR i (R SR BE A%, 2017,
S, 2020). HET, ZXEXT A ZREE-AS R
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(IR JCHIE FLIR I N B Z o NI, ASHIT 7858 B B 5 A
v e FE RGOS B R R VE NI SN R,
ST TEAS R4k = B T Re 2 B 1% 5 EMF 1) 43 Aii
TR S AR B TR ) 2 &2, DARAEE — 25 I ot i 4
HIEE 2 FEME S R FE R EMF 0] ¢ R IR, N

DOI: 10.17521/cjpe.2022.0195

©U 00000 Chinese Journal of Plant Ecology



824 NHMIEZ R Chinese Journal of Plant Ecology 2023, 47 (6): 822-832

RV 2RV RS RS Z DR R IR IR
W

1 MRFAE

11 WAREXER
T A7 B 5 e € e M 4b 83.70°-85.85° E

42.98°-43.12° N, #H3E F N2 000-3 600 m, J& T
A ) FE L], RS HIK150-180K, &ZFEK,
HZ&M, wmSiEN30.5 C, RIKKIR %48 C,
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X MLk B B3NS mox 5 mAgRETT, EREAMRE
J7 AR B SN m > 1 mA/IMETT - 5K
L E T IS, 2257 IR AT AR
PG R R, UM, S, mES)
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Table 1 List of geographic information for sample plots in Bayanbulak
alpine meadow

W5 R 7T “hE Wi WiE

Plot No. Altitude Longitude Latitude Aspect Slope
(m) (E) CN) ©
2200-1 2194.12 83.86 4235  PH3E Sunny slope 132

2200-2 2203.71 83.86 4234 PH¥E Sunny slope 3.1
2200-3 2210.63 83.85 4234 PH¥E Sunny slope 5.4
2400-1 2406.20 83.53 42.68  [HIE Sunny slope 7.2
2400-2 2400.90 83.53 42,68  PAY Sunny slope 12.1

2400-3 2415.20 84.39 43.05
2600-1 2590.42 84.05 43.05

A% Sunny slope 10.7
BHH Sunny slope 7.9
A4 Sunny slope 9.4
A4 Sunny slope 6.7
BA% Sunny slope 3.9

2600-2 2 602.60 82.97 42.86
2600-3 2597.20 84.05 42.85
2800-1 2794.62 82.99 42.86

2800-2 281750  82.99 42.87 B3 Sunny slope 8.4
2800-3 2802.00  82.97 42.87  PH¥ Sumnyslope  17.5
3000-1 305270  83.47 42.51 B3 Sunnyslope  10.6
30002 3062.10 8347 42.51 [ Sunny slope 9.5

3000-3 3004.12 83.03 4251  PH¥E Sunny slope 7.7
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ERIS2PIFL, B T20R26/8. 20 A, [KIEFK
11X (2 200-2 400 m) AL [X (2 800-3 000 m)
TRV TR LE 822 R o AR M X 3 2 DL ;
I 5L (Kobresia capillifolia)~ F.F% Z 5% (Geranium

]2 LA T e TE R AN M R AR A e A 2 ke
Table 2 Composition of dominant species of plant community in
Bayanbulak alpine meadow at different altitudes

IR MFEEE  RAEZE)
Altitude (“*F¥#J{fi+fxifE2) Dominant species (importance value)

(m) Specie richness
(mean + SD)

2200 15.00 = 2.00°

ELH Carex sp. (0.212 5)

2 E 5 Kobresia capillifolia (0.187 5)
B Geranium collinum (0.212 2)
LR B 5 Kobresia capillifolia (0.186 3)
LR BT Kobresia capillifolia (0.251 6)
ELHL Carex sp. (0.145 8)

2400  14.49+2.33"

2600  16.13 +3.14®

2800 1517147 BRZEZ Polygonum viviparum (0.276 5)

£3 Stipa sp. (0.266 0)
3000 12.25+2.87° BRZEEL Polygonum viviparum (0.349 0)
RS Geranium collinum (0.188 1)

RAANGFEERE R EQ <005).

Different lowercase letters indicate significant difference (p < 0.05).

collinum) % F% S (Potentilla multifida). HE%
W& ¢ (Potentilla strigosa) NF . FHAG UK BT mfiE vk
AT R A T BB, 3BT AL N Bk 25F 2 (Polygonum
vivipara) G . BRibz b, BEERR DT, YR E
BRI ESS, I (16.13 + 3.14)HILLER
2 600 mAt.
22 EYBEENRSHEGEERBERNTL

H TR, BEgAR T, DIRe 2 AR EUR A&
BETAE. FRicHAKZE]/N A2 800 m > 2 600 m > 2 400
m>2200m>3000m, ZHLHEAIEBEaR; Tk
2200 mit 5iE4L2 600 m. 2 800 mAk [{JFRic/E7EK
B ER, 2 800mit 53 000mAb 7 1E M T 3 2 5
FDis‘5FRicHIZ2 L&A, UEE HILAE2 800 mAt,
42 800mAk 553 000mALFA7E R 2 3 22 57 . ANE)E
P& BYFEve d i1 K/ 2 600 m > 2 800 m > 2 400 m >
2200 m >3 000 m, KR BRAAER %2R
PRtz Ab, BEE RGN, Rao’ QB FEAK, K
2200 m52 600m. 2 800m. 3 000mAib 3777 & 2
Z5, 2 400mit 53 000mAb A7 T3 2 5

125 1251
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_ —
== — —
L 075} — o 075f =
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. éé =H= 4 [ —
025} % 025} —— i
0 1 1 1 1 1 0 1 1 1 1 1
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— [ *kk 1
100 ; 100F s - '
== £ |
s O % o onst S
=4 o —
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050 % % 0.50F E?
0.25 % % 0251 L.
1 1 1 1 T O 1 1 1 1 1
2200 2400 2600 2800 3000 2200 2400 2600 2800 3000
WK Altitude (m)

B A o e ) AN R AR AR R R Th BE 2 FEVE SR R 2 E bR HE ) . FDis, THEE TG4 FEve, ThREL)

SIEEFE 3L FRic, ThAE

B TR Rao’Q, RaofI kM. *, p<0.05; **, p <0.01; ¥**, p < 0.001,

Fig. 1 Distribution of functional diversity index of plant communities at different altitudes in Bayanbulak alpine meadow (mean =+
SD). FDis, functional dispersion index; FEve, functional evenness index; FRic, functional richness index; Rao’Q, Rao’s quadratic

entropy. *, p <0.05; **, p <0.01; *** p <0.001.
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2Z4b, FEve. Rao’Q5EMFIE%5 R I H B 24
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REZ FEEARAR AN AR S RGN Re R br o iR 8 P 5 3k
FTRARME A BT R 3) AT A0, ARV MY Th e 2 i
PEFE RS A 78 R A D) ReFa £ (SEF EMP)FH G5
REE B, B HFREEHIFRIc. FDis 5 KE 04 4
ARG R AR BUAAAE B E MK R, NAEHEK
2 600 mAbFEve 57 7 IE M Fa 2. 1A HLak & F T

l 1.0
FDis S
40.8

0.10 FEve 106

0.10 —0.04 Rao’Q 104

102
oo o oo e« [N
10

030 006 012 023 NCI | ** o

0.2
078 021 021 078 046 PGI 1 04
073 —0.15 0.6 070 020 0.62 SCSI —0.6

-0.8
083 009 021 081 050 096 081 EMF

-1.0

B2 EEAEwmERMRIRS RS R4S
RGN RE(SEF) A2 35 RS2 DY RETE(EMF)F5 £ R AH A4 7
Hr. FDis, ThRE/S HUEIREL FEve, ThEEHISIFEEIREL FRic,
DIReFE & EHE: NCL FRATEMIEEG PGL A KIGE
Rao’Q, Raoff] —¥XJf; SCSI, HIEAHIMBIRIEE. *, p <
0.05; **, p < 0.01; *** p <0.001.

Fig. 2 Correlation analysis between community functional
diversity index and single elosystem function (SEF) and
elosystem multifuctionality (EMF) index in Bayanbulak alpine
meadow. FDis, functional dispersion index; FEve, functional
evenness index; FRic, functional richness index; NCI, nutrient
cycling index; PGI, plant growth index; Rao’Q, Rao’s quadratic
entropy; SCSI, soil carbon stock index. *, p < 0.05; **, p <0.01;
**x p<0.001.
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PR A0y R AT 3 — P (ISR (B4) . fE5E 4
PR R IR G FRICAE 76 A S 25 1) 1 1) B 4322
N (b 1 #% 42 22 B (Est.std) = 0.067), [A] Bf FRic %
EMFAZAE M 2 AR 5 (Est.std = 0.475); R
Rao’Q 5 M th M) 4 & 2% (Bst.std = —0.980), [A] B
Rao’ QX EMFA & 2 B 52 M (Est.std = 0.05). 1X3R
B AR B U RE L, 3R 1) H A 2808 PT JE I FRic Al
Rao’QfLIH45EMF . BRILZ A1, 4R X FEve MIFDis
FHH AR Z 535N . {HFEve. FDisXfEMF)H.
AR 2 B IR R B AR, HEst. stdfk ik 90.127.
0.283.
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Fig. 3 Regression analysis of community functional diversity index and ecosystem multifunctional index (EMF) in Bayanbulak
alpine meadow. FDis, functional dispersion index; FEve, functional uniformity index; FRic, functional richness index; Rao’Q, Rao’s
quadratic entropy; the gray part represents the confidence interval.

R3 EEA G m R E AR R ) 6 2 IR B S A S R A 2 DI RE 46 BU(EMF) [ AR Sk 047
Table 3 Correlation analysis between functional diversity index and ecosystem multifunctional index (EMF) at different altitudes in Bayanbulak alpine
meadow

W (m) R RAIIREFREL ThREZ FEPEFE %L Functional diversity index
Altitude Ecosystem function index FRic FDis FEve Ra0’Q
2200 EMF 0.0250" 0.8829" 0.139 4 0.3522"
44K Plant growth 0.984 9" 0.9477" 0.904 3 —0.705 4
FEAMEFS Nutrient cycling 0.8520° 0.6382° 0.890 6 -0.707 8
HHUBEER Soil carbon stock 0.918 4™ 0.8207 0.934 5 —0.5772
2400 EMF 0.9573" 0.926 7 -0.2809 0.162 8
4K Plant growth 0.938 5™ 0.8430™" —0.248 2 0.201 0
FR93E#F Nutrient cycling 0.8673"" 0.968 4™ —-0.323 6 0.011 4
HHUBE I Soil carbon stock -0.568 1" —0.642 5" —0.186 3 0.1370
2 600 EMF 0.080 7" 0.244 9 0.265 8 0.1520
44K Plant growth 0.099 7" 0.004 5 -0.100 6 0.176 0
FEAMEFS Nutrient cycling 0.168 0 0.078 8™ 0.2623" 0.1849
HHUBEER Soil carbon stock 0.171 4~ 0.080 3" 0.2572° 0.268 7
2800 EMF 0.5857" 0.2227 03737 —0.449 0
YK Plant growth 0.3453 0.194 2 -0.004 2 -0.238 8
FR93 & Nutrient cycling 0.961 4™ 0.504 5 0.203 5 -0.1619
HHLUBE I Soil carbon stock 0.5235" 0.220 6 0.495 6 —0.486 0
3000 EMF 0.868 2 0.918 5" —0.044 4 0.695 3"
44K Plant growth 09521 09751 0.054 0 0.690 9
FEAMEFS Nutrient cycling 0.7822" 0.8386"" -0.2676 0.668 2"
HHUBEER Soil carbon stock 0.856 8" 0.927 4" 0.005 6 0.734 5™

* p<0.05; %%, p<0.01; *** p<0.001. FDis, DIASSrBUEEH FEve, ThREWISI 5% FRic, ThAETE & 5% Rao’Q, Raoffl — X /.
* p <0.05; **, p <0.01; *** p <0.001. FDis, functional dispersion index; FEve, functional uniformity index; FRic, functional richness index; Rao’Q, Rao’s
quadratic entropy.
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Table4 A summary of structural equation model of the effect of altitude on functional diversity and ecosystem multifunctional index (EMF) in Bayanbulak
alpine meadow

KA FEA AR 5 ab it
Regression Full mediation model (df= 15, SRMR = 0.08, GFI = 0.92) Partial mediation model (df'= 13, SRMR = 0.08, GFI = 0.81)
Est. std SE p Est. std SE P

Alt-FRic 0.067 0.127 0.008 0.004 0.059 0.952
Alt-FEve —0.044 0.111 0.147 -0.015 0.029 0.606
Alt-FDis —0.049 0.129 0.309 —0.080 0.058 0.165
Alt-Rao’Q —0.980 0.023 <0.001 —0.980 0.023 0.000
FRic-EMF 0.475 0.275 <0.001 0.506 0.161 0.002
FEve-EMF 0.127 0.089 <0.001 0.143 0.084 0.087
FDis-EMF 0.283 0.274 <0.001 0.233 0.167 0.163
Rao’Q-EMF 0.050 0.570 0.017 0.067 0.068 0.325
Alt-EMF 0.007 0.400 0.857

Alt, ¥§4; FDis, DIfEZ#HBETREL FEve, DhREISIRESREG FRic, DIt & EIE%L Rao’Q, Raof VUM, df, B HIE; Eststd, bRt 2% GFI, W&
REEFREL p, 4 e BRI EHR SR, SE, fiEiR; SRMR, bRty iRk % .

Alt, altitude; FDis, functional dispersion index; FEve, functional uniformity indes; FRic, functional richness index; Rao’Q, Rao’s quadratic entropy; df, degree of
freedom; Est.std, standard path coefficient; GFI, goodness-of-fit index; p, probability for a given model; SE, standard error; SRMR, standardized root mean

square residual.
01277
N\
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N i
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0.05"

Rao’Q
N
0.067" s ~0.98
Alt

B4 A& T m RO D RE 2 AR IR BN R 2 DI RETEFEEU(EMP)SEMA I 25 A 7 AR B I . A, ¥4k, FDis, 2
Ae 4y WU, FEve, DIREISIBE; FRic, DiReFE & ; Rao’Q, Raolt) IR . ik 3714 7 Findi Akt 1% R AR A AR IE RN,
TUEZRIR AR o SERARAFAE R ZE AN, RAREAAAAERZ RN # P AR B2 V2 R AR B & M, 4n
REEEMD). * p<0.05; ** p<0.01; *** p<0.001,

Fig. 4 Structural equation model diagram of the effect of altitude on functional diversity index and ecosystem multifunctional index
(EMF) in Bayanbulak alpine meadow. Alt, altitude; FDis, functional dispersion; FEve, functional uniformity; FRic, functional
richness; Rao’Q, Rao’s quadratic entropy. The number next to the arrow in the plot is the normalized path coefficient (positive values
represent positive effects, negative values represent negative effects). A solid line indicates a significant correlation, and a dashed line
indicates no significant correlation. The thickness of the arrow represents significant difference (thick represents high significance,
thin represents low significance). *, p < 0.05; **, p <0.01; *** p <0.001.
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