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Abstract: As global biodiversity losses accelerate, there is increasing evidence shows that there may be neg-
ative impacts on ecosystem functioning, such as declines in plant primary productivity and imbalances in nu-
trient cycling. Thus, it is critical to understand the relationship between biodiversity and ecosystem function-
ing (BEF). However, ecosystems can provide multiple functions simultaneously (ecosystem multifunctional-
ity, EMF). Since 2007, the quantification of relationships between biodiversity and ecosystem multifunctio-
nality (BEMF) has generated additional questions and controversies, such as the lack of consensus in appro-
priate multifunctionality indices and uncertain trade-offs among ecosystem functions. In this review, we
briefly summarize the history of BEMF studies and the methods of EMF quantification, then outline the me-
chanisms of EMF maintenance and current research progress. We emphasize the importance of optimizing
EMF quantifications and investigating the relationship between different dimensions of biodiversity and
EMF. We also provide suggestions and directions for future research on BEMF.

Key words: ecosystem functioning; species loss; multifunctionality indices; multiple functions

(Cardinale et al, 2012) ,

:2015-04-12; :2015-08-24
: (C030301)
Author for correspondence. E-mail: jshe@pku.edu.cn



56

Biodiversity Science 24

(Loreau et al, 2001; Hooper et al, 2005; Balvanera et
al, 2006; Cardinale et al, 2006, 2011; Wagg et al,
2014),

(Hooper et al, 2005; Cardinale et al, 2006, 2012;
Wagg et al, 2014)
(ecosystem functioning) (Mooney et al, 2004)
, (biodiversity and
ecosystem functioning, BEF)

, BEF ,
, . (George Sinclair)
(Bedfordshire)

(mixture) ,

(monoculture)

, (Hector & Hooper,
2002) ,
(Carlander, 1955),

(MacArthur, 1955; Elton, 1958; May, 1973) 1975 ,
Goodman « ” ,
BEF 1992
(Biodiversity and Ecosystem Function)” ,
BEF (Schulze &
Mooney, 1994) 6 ,
(United Nations Conference on En-

vironment and Development),

(Cardinale et al, 2012)

1993 Biodiversity and Ecosystem Func-
tion (Schulze & Mooney, 1993) BEF

( , 2003) , BEF

, (ecotron)

(Naecem et al, 1994) Cedar Creek
(Tilman & Downing, 1994; Tilman et al, 1996, 2001)

(microcosm) (McGrady-Steed et al, 1997,
Naeem & Li, 1997) (Hooper &
Vitousek, 1997) BEF (Hector et al,
1999) ) ,

( , 2003; Tilman et al, 2014)

, BEF

, BEF
(Loreau
et al, 2002) , (1) Tilman (1997) «“
(sampling effect)” (complementary ef-
fect)” ;

(2) Huston (1997)

b

« (hidden treatments)” ; (3) Aarssen
(1997) Cedar Creek «
(selection effect)”,
, Loreau (1998) «“ ”

(4) Doak (1998)
(Tilman & Downing, 1994)

(statistical averaging) 5
(5) Grime (1998)
pothesis),

(mass ratio hy-

, BEF
(Harper, 1977; Vandermeer, 1981) -
(May, 1973; Tilman, 1999; Lehman & Tilman,
2000) - (Elton, 1958)
2006 100
: (Loreau et
al, 2001; Tilman et al, 2001; Hooper et al, 2005; Car-
dinale et al, 2006)
ments) ( BIODEPTH Agrodiversity )
(meta-analysis) (Cardinale et al, 2006, 2007,
2011, 2012; Gross et al, 2014),

(multisite experi-

] ]

(Cardinale et al, 2007,
Fornara & Tilman, 2008; Reich et al, 2012; Mueller et
al, 2013) 10 Cedar Creek ,



57

), ;
(Tilman et al,
2006)
(Knops et al, 1999; Naeem et al, 2000; Za-
valeta & Hulvey, 2004)

BEF ,
(Cardinale et al, 2012) 2009
600 , 500
(Loreau et al, 2002; Cardinale et
al, 2011),

, BEF
(Tilman et al, 1997; Kinzig et al, 2001; Tilman,
2004; Loreau, 2010; Liang et al, 2015),
(Mora et al, 2011; Paquette
& Messier, 2011; Maestre et al, 2012b)

(
Cardinale et al, 2012)
10 , BEF
( , 1999; Loreau, 2000; Loreau
et al, 2001; , 2003; Hooper et al,
2005; , 2010; Cardinale et al, 2012), Tilman
(2014) BEF
BEF

(ecosystem multifunctionality, EMF) (Sander-
son et al, 2004),
(Hector & Bagchi, 2007; Maes-
tre et al, 2012b),
(Byrnes et al, 2014a) ,
EMF ,

(Byrnes et al, 2014a)
2007 , BEF

(Hector & Bagchi, 2007),

(Gamfeldt et al, 2008)

Hector Bagchi (2007)

E

(biodiversity and ecosystem multifunctionality,

BEMF) (Bymes et al, 2014a),
1
BEMF
(1 ,

(Hector
& Bagchi, 2007; Gamfeldt et al, 2008; Zavaleta et al,
2010; Isbell et al, 2011; Peter et al, 2011; Maestre et al,
2012a, b; Perkins et al, 2015)

(2) (multifunctional redundancy)
(single functional redundancy)

(Gamfeldt et al, 2008; Peter et al, 2011; Miki et al,
2014)

B

(Lawton & Brown, 1994)

> B

3)
(Eisenhauer et al, 2012; Maestre et al, 2012b; Bowker
et al, 2013; Pasari et al, 2013; Wagg et al, 2014; Lef-
check et al, 2015) ,
(Lefcheck
et al, 2015)
4)
(Hector & Bagchi, 2007; Gamfeldt et al, 2008)
(%)
(Lefcheck et al, 2015)
, BEMF ,
(Bradford et al,
2014b; Byrnes et al, 2014a);
(trade-off)
(Vinebrooke et al, 2004; Zavaleta et al, 2010, Byrnes



58 Biodiversity Science 24
1 (BEMF)
Table 1 Key references on biodiversity and ecosystem multifunctionality (BEMF)
No. References Remarks
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study presented the first systematic investigation of biodiversity’s effect on ecosystem multifunctionality
across multiple taxonomy, trophic levels, and habitats.
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Fig. 1 The relationship between species richness and ecosystem functioning changes with redundancy. (a) The effect of species loss
on hypothetical communities. The solid line represents maximum loss in function if each species lost is the most efficient species of
the ones remaining in the community (as we move from high to low species richness). The arrow and the dashed line indicate how
the influence of species loss on ecosystem function shifts with changing redundancy. (b) A conceptual model of how the probability
of maintaining overall functioning depends on both the number of functions and the degree of multifunctional redundancy across
species. With some functional specialization, multiple functions will always be more susceptible to species loss than single functions.

Probability of sustaining overall function

— ISR ETINEE One ecosystem function
== NPMESFRSINEE N ecosystem functions

BThRERE
Increasing number /
of functions /

nmaanTs 7
Increasing redundancy /
across functions e

s

This susceptibility will increase with decreasing redundancy (Adopted from Gamfeldt et al, 2008).

>

(Gamfeldt et al, 2008)
Gamfeldt (2008) 5

B

0 (

(

( la) :

1b);

1b)

Peter (2011)

B



61

(Wohl et al, 2004)

Miki (2014) :
(MBGD),

b 2

, (Dan-
ovaro et al, 2008; Gamfeldt et al, 2008; Peter et al,
2011)

: (Miki et
al, 2014)

>

(Gamfeldt et al, 2008) , ,

> >

(Mouillot et al, 2013) ,

, (soil
taxa)

b

(Falkowski et al, 2008; Wall & Bard-
gett, 2013) ,
(Wagg et al, 2014),
BEMF
Bradford (2014a)

(Bradford et al, 2002),

, )
, 5
, 2
, 3
, 3
Bradford (2014a)
, Bradford
(2014a)
Byrnes
(2014b)
, (
) b 2
Bradford (2014a)
, Bradford

(2014b)  Byrnes (2014b) ,

, Wagg (2014) ,



62 Biodiversity Science 24
; Isbell (2011) 17
20
(Tilman et al, 1996;
Balvanera et al, 2006; Hector & Bagchi, 2007; Zava- (a
leta et al, 2010), , B )
(v ) , Pasari
(2013) 10 Cedar Creek ,
van der Heijden (2015) Hector Bagchi ,
(2007) - (@B v , 8
, (
( p ) )
90% , , 3
Py
Wagg (2014) , ,
) > Y
: B v
6 BEMF ’
(Duffy, 2008; Ridder et al, 2008) ,
(Isbell et al, 2011) , ,
, BEF , B

(Pasari et al, 2013) ,



C N P )
, o C N
> B y > >
7 BEMF ’
(Millennium Ecosystem Assessment, Valencia (2015)
2005; IPCC, 2014), , 45 ,
(Perkins et al, 2015) ,
b b ( ) (
, )
(Cardinale, 2011) ;
Perkins (2015) ,
5 (Maestre et al, 2012b)
BEMF , ) ’
b b (
, ) (Valencia et al, 2015)
, BEF ,
b b 8
(Woodward et al, 2008) 81
(Bradford et al,
, 2014b)

(Maestre et al, 2012b, ,
c), (Maestre et al, 2012b) (Bymes et al, 2014a),
(Eldridge et al, 2011), ,

(Knapp et al, 2008; Maestre et al, 2009; Li et al, Bradford (2014b) ,
2013) Maestre (2012b) , ,
, , Byrmnes
; , , (2014b)



64

Biodiversity Science 24

BEF ,
(Byrnes et al, 2014a)

, (Byrnes
et al, 2014a)

>

(Bradford et al, 2014b; Byrnes et al,
2014a) )

8.2

(Gamfeldt et
al, 2008): ,

(Grime, 1974);
(Vinebrooke et al,
2004),
(Zavaleta et al, 2010) Kareiva
(2007) ,

; ( )

(Grime, 1974; Diaz et al, 2004) ,

> >

(Zavaleta et al, 2010)

(Byrnes
et al, 2014a)

(Byrnes et al, 2014a) ,

(Zavaleta et al, 2010; Gamfeldt et al,
2013),
Byrnes (2014a) ,

(structural

equation modelling)

(confirmatory factor analysis) (Bollen, 2014)

, (principle

components analysis)

8.3 BEMF

b

(Hector & Bagchi, 2007; Gam-
feldt et al, 2008; Zavaleta et al, 2010; Isbell et al, 2011;
Maestre et al, 2012b),

(Maestre et al, 2012b) ,
(Godbold &
Solan et al, 2009; Maestre et al, 2012a), R

(Wardle & Jonsson, 2010)
84

(Wagg et al, 2014),

(Falkowski et al, 2008; Wall &
Bardgett, 2013),

b

(Helgason et al, 1998; van der Heijden
et al, 2008; Wall et al, 2010; de Vries et al, 2013)



a) Fisher's C =7.705; P = 0.463; AIC = 59.705; AICc = 102.251

0.16

b) Fisher's C = 7.482; P = 0.486; AIC = 59.482; AICc = 102.027

I 0.06 |
| I
2 @ (b) 2 S CY
( ) » (b)
(P <0.05), (P <0.05), (P> 0.05)
Shipley d : C (
P > 0.05, , ) AIC MAP, ; MAT, ; SM, ;

Plant SR, ( Jing et al, 2015)

Fig. 2 Structural equation models (SEM) of climate, soil and biodiversity as predictors of ecosystem multifuncitonality (EMF),
represented by two hypotheses: (a) plant species richness drives belowground biodiversity (soil biodiversity), and conversely, (b)
belowground biodiversity drives plant species richness. Solid black arrows represent positive paths (P < 0.05, piecewise SEM), solid
gray arrows represent negative paths (P < 0.05, piecewise SEM), and dotted gray arrows represent non-significant paths (P > 0.05,
piecewise SEM). We report the path coefficients as standardized effect sizes. Overall fit of piecewise SEM is evaluated using Ship-
ley’s test of d-separation: Fisher’s C statistic (if P> 0.05, then no paths are missing and the model is a good fit) and Akaike Informa-
tion Criterion (AIC). MAP: Mean annual precipitation; MAT: Mean annual temperature; SM: Soil moisture; Plant SR: Plant species
richness (Adopted from Jing et al, 2015).
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3 2

Fig. 3 The impacts of multiple biodiversity dimensionality on ecosystem multifunctionality under global change. The purple dashed
box indicates current research focus while the red dashed box represents proposed future directions.
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