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Biodiversity and ecosystem functioning:
exploring large-scale patterns in mainland
China
Jin-Tun Zhang (1), Cuihong Wang

(2)

Relationships between biodiversity and ecosystem functioning are vital to understand ecosystem properties, and have frequently been addressed in smallscale studies. However, interactions and changes differ at large scales, and
should be similarly evaluated to monitor biodiversity and ecosystem functional
alterations. In the present study, Mainland China was divided into 241 quadrats
of 2° latitude by 2° longitude. Ecosystem function was comprehensively assessed using three indicator variables in each quadrat, primary productivity,
bird species richness, and relative humidity. Relationships between each ecosystem function variable were regressed against seed plant species richness.
All three indicators exhibited the same change model, a linear model when
plant species richness was under 5.000 species, and a hump-back/quadratic
model when seed plant richness was over 5.000 species, with an increase in
seed plant species richness at a larger scale.
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Introduction

Ecosystem function is the capacity for natural processes and components integral to
those processes to provide goods and services, which ultimately meet human needs,
either directly or indirectly (de Groot et al.
2002). Indirectly, these services provide
refuge and reproductive habitat to wild
plants and animals. Many studies have
demonstrated the importance of biodiversity
to ecosystem functioning, and primary productivity has been representative of ecosystem function (Thompson et al. 2005, Grace
et al. 2007). Primary productivity is the rate
at which plants and other photosynthetic organisms (e.g., phytoplankton, macroalgae)
produce organic compounds i.e., biomass in
an ecosystem.
A persistent debate continues regarding the
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sions explaining biodiversity and functioning in mature natural ecosystems. Most experimental studies of constructed species assemblages determined that increasing diversity contributes to greater biomass production (e.g., Hooper et al. 2005, Spehn et al.
2005). Alternatively, species reduction experiments in natural systems revealed biomass was resilient to decreased biodiversity
(Smith et al. 2004, Suding et al. 2006), while
Foster et al. (2004) demonstrated during species addition experiments that species pools
or communities were integral to increased
biomass. These experiments were comparatively small. For large-scale studies, the productivity gradient was very often associated
with plant diversity. In most cases, a unimodal (also called “hump-back” or “humped-backed”) relationship emerged, which
exhibited the highest productivity at intermediate diversity levels (Grace 1999, Keddy
2005). This approach rapidly gained enthusiastic popularity among ecologists, and was
soon widely recognized as a general empirical relationship (e.g., Begon et al. 1996). Although later studies reported positive or negative response patterns, the unimodal relationship remains the most commonly reported in plants (Hector et al. 1999, Waide et al.
1999, Mittelbach et al. 2001, but see Gillman & Wright 2006).
In the present study, we explored the relationship between plant ecosystem biodiversity, and three potential ecosystem function
indicators (primary productivity, bird species
richness, and annual mean relative humidity)
at a large scale in Mainland China.
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Materials and methods

Mainland China was divided into 241
quadrats (including Hainan Island as one
quadrat), each 2° latitude by 2° longitude
(approximately 36 450 km2). If a quadrat had
an area less than half a standard quadrat on
national boundaries, it would be merged into
its neighboring quadrat (Zhang 2002). A
small geographic region such as a 2° latitude
by 2° longitude quadrat would typically be
characterized as a group of ecosystems
(Zhang 2002, Zhang et al. 2006). However,
ecosystems in the quadrats were similar in
composition, structure, and inter- and intra-environments, and correspondingly similar in function (Zhang & Dong 2010). Therefore, for the purposes of this study, we assumed the relationship between biodiversity
and ecosystem functions could be evaluated
at the quadrat level. Seed plant and bird species occurring in each quadrat were counted
based on available records (e.g., national
flora and fauna, provincial flora, and local
research literature, among other appropriate
reference materials - Wu 1980, 1987, 2004,
Chen 1993, Editor Committee of Fauna Sinica 1998, Northwest Research Institute of
Botany 2000, Zheng 2005). Primary productivity of each quadrat was estimated by
applying the following relationship (eqn. 1):
P=3000⋅[1−e 0.0009695(E−20)]
where E was obtained as follows (eqn. 2):
E=1.05 N / √ 1+(1.05 N / L)2
where L = 300 + 25T + 0.05T2, N is the annual precipitation, L is the annual maximum
evaporation, and T the annual mean temperature in each quadrat (see Lieth & Box
1972, Li et al. 1998). This equation was the
best fit with least error in simulating primary
productivity based on observed and remotely
sensed data in China (Li et al. 1998). For
each quadrat, annual mean relative humidity,
and climatic variables were obtained from
30-year records representing 830 county meteorological stations. Average values were
used if more than one meteorological station
was located in a quadrat; if no meteorological stations were present in a quadrat, data
from the nearest station in its neighbor quadrat was selected.
Regression analysis was chosen to assess
the relationships between plant species richness and ecosystem function indicators, and
analyzed using the SPSS statistical package
(SPSS Inc., Chicago, Illinois, USA). AIC
(Akaike’s Information Criteria) was applied
to compare different regression models as
follows: AIC = 2k - 2 ln(L), where k is the
parameter number, and L is the maximized
value of the likelihood function in the regression model (Akaike 1974).
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Tab. 1 - Comparison of regression results of linear and quadratic models in the analysis of relations between primary productivity of ecosys tem, species richness of bird and relative humidity with species richness of seed plant with and without the three highest quadrats in the
mainland of China. (x): refers to species richness of seed plant; (Y): refers to primary productivity of ecosystem, species richness of bird and
relative humidity respectively; (AIC): 2k - 2 ln(L), where k is the number of parameters in the regression model, and L is the maximized
value of the likelihood function for the regression model.
The 3 highest
Model
quadrats
Primary
With
Linear model
productivity
Quadratic model
Without
Linear model
Quadratic model
Species richness With
Linear model
of bird
Quadratic model
Without
Linear model
Quadratic model
Relative
With
Linear model
humidity
Quadratic model
Without
Linear model
Quadratic model
Variables

Regression equation
Y = 0.4123x + 447.95
Y = -0.0001x2 + 0.9998x + 144.01
Y = 0.4909x + 385.46
Y = -0.0002x2 + 1.1049x + 101.77
Y = 0.0362x + 121.3
Y = -7E-06x2 + 0.0657x + 105.87
Y = 0.0356x + 121.54
Y = -0.005x2 + 0.0934x + 94.844
Y = 0.0079x + 52.686
Y = -3E-06x2 + 0.0198x + 46.547
Y = 0.0095x + 51.454
Y = -0.0006x2 + 0.0219x + 45.723

R2

P

0.4995
0.667
0.5515
0.669
0.1911
0.2121
0.1507
0.2046
0.3453
0.4727
0.3819
0.4709

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Results
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Primary productivity g/m .a

F

P

12.225 8.982 0.000
12.065 10.437 0.000
11.405 8.78 0.000
12.032 10.302 0.000
10.563 8.523 0.000
9.887 8.987 0.000
9.538 8.736 0.000
10.203 9.02 0.000
8.683 9.868 0.000
8.657 7.986 0.000
8.23
9.431 0.000
8.509 7.505 0.000
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Linear and quadratic models were compared in an analysis of the following relationships: ecosystem primary productivity,
bird species richness, and relative humidity,
each against plant species richness. Results
indicated quadratic models were more robust
(with smaller AIC) when all quadrat data
were used, but linear models were better
(with smaller AIC) when the three highest
quadrats were excluded from the analysis
(Tab. 1). A linear model could be chosen
when plant species richness is less than 5000
species, and the quadratic model could be
applied when plant species richness exceeds
5000 species (Tab. 1). Ecosystem primary
productivity was significantly associated
with plant species richness; and a hump-back
model relationship between primary productivity and seed plant species richness was
evident (R2 = 0.6671, P < 0.001, n = 241 Fig. 1). Primary productivity exhibited steep
increases within the first 2000 seed plants,
and continued to increase until reaching a
maximum biomass of 2100 g m-2 at 3500
species (Fig. 1). Productivity decreased
when the number of seed plants was over
4000 species. Bird species richness was also
significantly correlated with plant species
richness in mainland China (R 2 = 0.2121, P
< 0.001, n = 241 - Fig. 2). The number of
bird species increased rapidly as seed plant
species richness reached 1000 species; and
subsequent slow increases occurred until
reaching the maximum number of plant species (i.e., 5000). The relationship between
bird and plant species richness also followed
a loosely defined hump-back model.
Results depicted a close relationship
between relative humidity and the number of
seed plant species in mainland China (R 2 =
0.4727, P < 0.001, n = 241 - Fig. 3). The
number of seed plant species increased with
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Fig. 1 - Regression analysis between primary productivity of ecosystem and species richness
of seed plant in the mainland of China. (A): quadratic model; (B): linear model.
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a rise in relative humidity, which reached a
plateau at 80% relative humidity within
2000 species, and reached a maximum at
3500 seed plant species. Gradually, seed
plant species richness over 4000 species was
associated with lower relative humidity (Fig.
3). Therefore, the relationship between ecosystem relative humidity, and seed plant species richness was quadratic (hump-back).
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Fig. 2 - Regression
analysis between
species richness of
bird and species
richness of seed
plant in the mainland of China. (A):
quadratic model;
(B): linear model.
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Fig. 3 - Regression
analysis between annual mean relative
humidity of ecosystem and species
richness of seed
plant in the mainland of China. (A):
quadratic model;
(B): linear model.
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Primary productivity is the fundamental indicator of ecosystem function, and is at the
base of ecosystem function (Díaz & Cabido
2001, Hughes & Petchey 2001, Partel et al.
2007, Zhang & Zhang 2007). Animal species richness is typically associated with
food plant availability, and the diversity of
vegetation habitats in an ecosystem (Loreau
2001, Grime 1997). Therefore, animal species richness can be used as an indicator of
ecosystem functioning, and bird species richness is particularly suitable to this purpose,
as bird species diversity is dependent on species composition in a given ecosystem, horizontal and vertical habitat structure, patch
mosaic structure, and ecosystem area (Zheng
2005, Hu et al. 2001). Relative humidity is a
climatic index, which is related to some but
not all climatic factors, including precipitation, wind, and temperature. However, humidity is also related to the ecosystem function, as it is related to ecosystem type, structure, and distribution area (Huston 1993,
Tilman et al. 2001, Zhang et al. 2006). In
low and medium precipitation regions, the
humidity on sunny days depends largely on
evaporation and transpiration (Li et al. 1998,
Hooper et al. 2005), therefore it is suitable to
consider it as a proxy for ecosystem functioning. All three ecosystem function indicators on a large scale generated the same
model; a linear model when plant species
richness was under 5000 taxa, and quadratic
model when plant species richness was over
5000. The regression analysis comparisons
of the relationships between plant species
richness and relative humidity, bird species
richness, and primary productivity using linear and quadratic models with and without
the three highest quadrats demonstrated that
both models produced reasonable results
(Tab. 1). This may suggest a rule for the relationship between biodiversity and ecosystem functioning at a large scale (Gillman &
Wright 2006).
The linear and hump-back relationships
have been supported by several empirical
studies, but showed variability at the small
scale. Indeed, positive and negative curve
patterns of biodiversity and ecosystem functions have previously been reported (Hector
et al. 1999, Waide et al. 1999, Gillman &
Wright 2006). This may be due to the problems of scale (Mittelbach et al. 2001, Chase
& Leibold 2002), and the species richness

iForest (2012) 5: 230-234

Zhang JT & Wang C - iForest 5: 230-234
gradient length. Experiments addressing a
few species, monocultures, and mixtures are
not comparable to the complexity of a natural ecosystem (Hillebrand & Matthiessen
2009). Tilman et al. (2001) suggested the
biological features of selected experimental
species might exhibit one or more important
influences on results. Another factor affecting results is species removal from study
under natural conditions, mainly where the
species is limited in number. In addition,
grasses or herbaceous species are frequently
used in these experiments, but woody species are excluded due to difficulties in cultivating woody taxa under greenhouse conditions. Most experiments at the small scale
are carried out within one- or two-year time
frame, and therefore historical and evolutionary effects are not evaluated. Large-scale
biodiversity and ecosystem functioning studies are vital, and cannot be substituted by
small scale experimental research (Chapin et
al. 2000, Chase & Leibold 2002).
Moreover, productivity is one indicator frequently assessed for ecosystem function in
empirical studies. It is a viable parameter because productivity is the primary result of
ecosystem function (Grace et al. 2007, Partel
et al. 2007). However, it emphasizes the
goods generated by ecosystems, but neglects
to ascertain habitat functions yielded by wild
plants and animals, and is not a comprehensive ecosystem measure. In our study, we
used three ecosystem indicators, primary
productivity, bird species richness, and relative humidity to comprehensively reflect ecosystem function (Loreau 2001). Primary productivity evaluates an ecosystem’s capacity
to produce biomass, bird species richness
emphasizes the effects of ecosystem structure and the overall species pool on bird
biodiversity, and relative humidity is an indicator of ecosystem capacity for balancing
habitat conditions, stability, and service
functions (Zhang & Zhang 2007, Cadotte et
al. 2009). Former studies suggest these three
indicators characterize ecosystem function
better than any single index. A similar response model for the three indicators to seed
plant richness in mainland China ensured
that the relationship of biodiversity and ecosystem functions was linear when the biodiversity gradient was comparatively short,
and a hump-back model when the biodiversity gradient was at a larger scale.
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