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Abstract: The relationship between biodiversity and ecosystem multifunctionality (BEMF) is a hot issue in
current ecological studies. The measurement of ecosystem multifunctionality (EMF) is a crucial aspect of
BEMEF research; however, the metrics of EMF have been inconsistent among previous studies. We reviewed
seven approaches of quantifying EMF (single function approach, turnover approach, averaging approach,
single threshold approach, multiple thresholds approach, orthologous approach and multivariate model ap-
proach) and classified the related studies based on the metrics of EMF used. We illustrated the mul-
tiple-threshold approach with published data from our previous work to help researchers better understand
the approach. The inconsistent use of EMF metrics made it difficult to compare different studies, which con-
strains further development of BEMF research. Hence, there is an urgent need to develop a general approach
to measuring multifunctionality appropriately.

Key words: biodiversity; ecosystem functioning; ecosystem multifunctionality; multifunctionality index

(biodiver- ,
sity and ecosystem functioning, BEF) (ecosystem multifunctionality, EMF) (Hector & Bag-
(NPP) chi, 2007)
, ( NPP) EMF ,
(Hector

& Bagchi, 2007; Gamfeldt et al, 2008; Zavaleta et al,
2010),

:2015-10-16
(C030301)
Author for correspondence. E-mail: jshe@pku.edu.cn

:2015-06-17;

(Hector & Bagchi, 2007,



73

Zavaleta et al, 2010)
(trade-off) ,
EMF
( ,2016)

(Zavaleta et al,
2010; Gamfeldt et al, 2013),

(biodiversity and ecosystem multifunctionality,
BEMF) ;
——EMF
(Byrnes et al, 2014a), BEMF
Hector Bagchi (2007) -
(turnover approach) EMEF,
BEMF ,
EMF BEMF
Hector Bagchi ,
EMF , Hooper Vitousek (1998)
(averaging approach) EMF,

>

1 (EMF)

EMF —
, (single function
approach) (Duffy et al, 2003),
BEF (Tilman et al, 1997a; Duffy et al, 2001;
Downing, 2005; Spehn et al, 2005),

B

, EMF Duffy (2003)

, EMF ,
) > EMF
(single threshold approach) (Gamfeldt
et al, 2008)
(Byrnes et al, 2014a)
approach) (Miki et al, 2014)
(multivariate model approach) (Dooley et al, 2015)

(multiple-threshold approach)
(orthologous

b

EMF ,

7 EMF

BEF

Table 1 The list of the metrics of ecosystem multifunctionality (EMF) and their uses in the literatures

Approach No. of papers published Sum References
in top journals
Single function 1 2 Duffy et al, 2003; Jing et al, 2015
— Turnover 3 5 Hector & Bagchi, 2007; He et al, 2009; Isbell et al, 2011; van der Heijden et
al, 2015; Lefcheck et al, 2015
Averaging 5 14 Hooper & Vitousek, 1998; Mouillot et al, 2011; Maestre et al, 2012a, b; Que-
ro et al, 2013; Bradford et al, 2014a; Pendleton et al, 2014; Soliveres et al,
2014; Wagg et al, 2014; Constan-Nava et al, 2015; Jing et al, 2015; Lefcheck
et al, 2015; Lundholm, 2015; Valencia et al, 2015
Single threshold 3 5 Gamfeldt et al, 2008; Zavaleta et al, 2010; Peter et al, 2011; Pasari et al, 2013;
Bradford et al, 2014a
Multiple-threshold 3 5 Bradford et al, 2014a; Byrnes et al, 2014a; Jing et al, 2015; Lefcheck et al,
2015; Perkins et al, 2015
0 1 Dooley et al, 2015

Multivariate model

Orthologue 0 1 Miki et al, 2014
Others 0 1 Bowker et al, 2013
(1) Nature Science Nature Communications ; (2) Bradford (2014a), Lefcheck (2015) Jing (2015)
3 3 EMF 5 (3) Byrnes (2014a) 5 s s

1 (4)

(1) The journals used in this survey include the top journals such as Nature, Science and Nature Communications; (2) Bradford et al (2014a), Lef-
check et al (2015) and Jing et al (2015) all used three metrics to qualify EMF; (3) Although Byrnes et al (2014a) used five metrics, the authors’ pur-
pose was to propose the multiple-threshold approach. Thus, this paper is only listed in the multiple-threshold approach; (4) Review articles are here

excluded.
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Fig. 1 The relationship between diversity of arbuscular my-
corrhizal fungi (AMF) and the number of functions beyond a
threshold of the maximum observed value. Different colors
indicate different thresholds. Cooler colors imply lower thre-
sholds; and warmer colors higher thresholds. Ty, is the mini-
mum threshold whose slope is significantly different from 0.
Tnge 18 the threshold with the steepest slope. Tin.x is the maxi-
mum threshold where the slope is not significantly different
from 0 again. All indices preceded by M indicate the number of
functions at or beyond the threshold (Data from Jing et al,
2015).

2 s (AMF)
, +1 Thin 0
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( Jing et al, 2015)

Fig. 2 The slope of the relationship between diversity of ar-
buscular mycorrhizal fungi (AMF) and the number of functions
beyond a threshold of the maximum observed value at different
thresholds. Points are the fitted values and shading indicated +1
Cl. Ty, is the lowest threshold whose slope is significantly
different from 0. T4 is the threshold with the steepest slope.
Tinax 1s the maximum threshold where the slope is not signifi-
cantly different from 0 again. R4 indicates the maximum
slope estimated at 7},,4. (Data are from Jing et al, 2015).
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