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In order to reverse the global trend of biodiversity loss, the concept of ecosystem
services has been widely applied to make policymakers and the general public realize
that conserving biodiversity possesses both intrinsic and utilitarian values. However, to
achieve this goal, it is necessary to first have a clear understanding of the relationships
between biodiversity and ecosystem services (BES). To advance our understanding
of this issue, we first reviewed the major progress in current BES studies, with an
emphasis on three biodiversity dimensions (i.e., taxonomic diversity, functional diversity,
and ecosystem diversity). Based on the findings, we then propose three research
topics as future directions: (1) More direct and explicit studies on the effects of
different dimensions of biodiversity on various ecosystem service types; (2) developing a
biodiversity-based understanding of the formation of ecosystem services; (3) creation of
science-based ecosystem management plans and policies that can maximize synergies
between biodiversity conservation and ecosystem service enhancement. By conducting
such research, we will be able to not only further understand the complex relationships
between biodiversity and ecosystem services but also better promote the concept of
ecosystem services for more successful biodiversity conservation in the future.

Keywords: biodiversity conservation, ecosystem service, biodiversity dimension, review, future direction

INTRODUCTION

Natural ecosystems are the basis for human survival and the foundation for social stability and
sustainable development. However, according to the 2019 report by the Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services (IPBES), the global biodiversity level
and 23 essential ecosystem service indicators all showed declining trends in the past 50 years
(Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services., 2019). In
order to decelerate and reverse the trends, many ideas, goals and approaches have been proposed
and implemented, such as the “30 by 30” goal, “Half-Earth” target, nature-based solutions, etc.
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(Pimm et al., 2018; Anderson et al., 2019; Dinerstein et al.,
2019). Among the ideas, one particular school of thought is
to incorporate the relatively more anthropocentric concept of
ecosystem services, which can be defined as nature’s contribution
to human wellbeing, into biodiversity conservation (Mace et al.,
2012; Pearson, 2016). One of the strong drivers behind such
proposals is to make policymakers and the general public realize
that conserving biodiversity also helps to preserve the essential
benefits people obtain from nature (The Economics of Ecosystem
and Biodiversity, 2012; Bai et al., 2018). To achieve this goal, it is
paramount to first have a clear understanding of the relationships
between biodiversity and ecosystem services.

According to the Convention on Biological Diversity,
biodiversity should be viewed as “the variability among
living organisms from all sources,” which includes “diversity
within species, between species and of ecosystems” (United
Nations, 1992). Based on this definition, we can see that the
meaning of biodiversity is multidimensional and has several
aspects across scales. At the same time, the connotation
of ecosystem services is also diverse (The Economics of
Ecosystem and Biodiversity, 2012). In the seminal work by
Costanza et al. (1997), they presented a total of 17 important
ecosystem services and estimated their values around the world.
Later on, the Millennium Ecosystem Assessment initiated by
the United Nations classified these ecosystem services into
four categories, namely provisioning, regulating, cultural, and
supporting services (Millennium Ecosystem Assessment, 2005).
This classification has also been adapted in the recently released
System of Environmental Economic Accounting—Ecosystem
Accounting, which depicts over 30 ecosystem service types
(United Nations Committee of Experts on Environmental-
Economic Accounting, 2021).

These various ecosystem services will not form without the
support of biodiversity. According to the ecosystem service
cascade framework proposed by Haines-Young and Potschin
(2010), the effect pathways of ecosystem services can be
summarized as from ecosystem “structure and process” to
“functions,” then to “services,” then to socio-economic “benefits,”
and finally to the promotion of human “values.” This framework
establishes a link between natural ecosystems and socio-
economic systems. There is mounting evidence showing that
biodiversity, as one of the important characteristics of ecosystem
structure, is the main driver and regulator of many crucial
ecosystem functions (Isbell et al., 2011; Huang et al., 2018;
Albrecht et al., 2021). Biodiversity can affect ecosystem functions
like productivity, carbon storage and nutrient supply through
mechanisms such as interspecific complementation, increased
resource utilization and reduced disturbance (Tilman et al.,
2014; Slade et al., 2019). Since ecosystem services are derived
directly from these ecosystem functions, the supply of ecosystem
services will also be significantly affected by the biodiversity
(Wu and Li, 2019).

Recently, multiple major achievements have been made
regarding the understanding of the relationships between
biodiversity and ecosystem functions (Bongers et al., 2021;
Hong et al., 2022; Scherer-Lorenzen et al., 2022). Compared
with ecosystem functions, ecosystem services are more closely
linked to human wellbeing (Manning et al., 2018). Nonetheless,

how biodiversity affects ecosystem services still remains an
open question (Maasri et al., 2022). Here, to advance our
understanding of this important question, we first reviewed
major progress in the studies on the relationships between
biodiversity and ecosystem service (BES), with an emphasis on
three important dimensions of biodiversity. They are taxonomic
diversity, functional diversity and ecosystem diversity, which
represent the biodiversity dimensions at both interspecies and
ecosystem levels. Then, we summarized current challenges and
proposed possible future directions of BES studies.

CURRENT ADVANCES IN BIODIVERSITY
AND ECOSYSTEM SERVICE RESEARCH

Over the past two decades, the relationships between biodiversity
and ecosystem services have become one of the research
hotspots in the fields of both ecosystem services and biodiversity
conservation. Based on the search results from the ISI Web of
Knowledge database, more than 16,000 relevant studies have
been published with an increasing trend during the period from
2001 to 2020 (Figure 1). However, if we break down these BES
studies into different biodiversity dimensions and service types,
we found that not all dimensions of biodiversity and types of
services received the same amount of attention (Figures 1A,B).

Among the three biodiversity dimensions, taxonomic diversity
(or species diversity), which is the representation of biodiversity
at the species level, received the most research attention
(Figure 1A). This is understandable since taxonomic diversity
has also been the major focus of biodiversity conservation studies
and policies for a very long time. Some major advances in the
BES studies involving taxonomic species include Letourneau
et al. (2011) systematic analysis of 552 experimental results in 45
related studies of agroecosystems. They found that 39% of the
experiments suggested that high taxonomic diversity increased
food production, but 61% of the results showed that production
decreased with the increase of species diversity. On the other
hand, Gamfeldt et al. (2013)’s extensive survey results of 4,335
forest plots in Sweden found that the supply level of multiple
ecosystem services was generally higher in areas with higher
taxonomic diversity. In 2016, Ricketts et al. (2016) presented
their systematic review of over 500 studies on biodiversity
and ecosystem services and summarized three general types of
analysis methods for this issue. However, the conclusions of
different analysis methods were found to be inconsistent and
heavily affected by scale effects. More recently, Biber et al. (2020)
also projected that only neutral or weak synergistic relationships
exist between biodiversity and wood production as well as
carbon sequestration by using simulation models under three
combined climate and socio-economic scenarios across Europe.
All of these mixed results suggest that we are still far from fully
comprehending the relationship between taxonomic diversity
and ecosystem service supply.

Another dimension of biodiversity that is receiving more
and more attention from the research community is functional
diversity and its effects on the supply of ecosystem services
(Figure 1A). Functional diversity refers to the variation range of
functional characteristics among species in a community or the
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FIGURE 1 | Number of publications on biodiversity and ecosystem services from 2001 to 2020 in the ISI Web of Knowledge database. (A) The columns (right y-axis)
represent the “Overall” search results using “biodiversity” and “ecosystem service∗” as topic terms; the lines (left y-axis) represent refined search results using
different dimensions of biodiversity as topic terms (only a total of four “phenotypic diversity” related publications found in 2005, 2008, 2010, and 2015). (B) The
refined search results using different types of ecosystem services as topic terms.

value and range of functional characteristics of all species in a
specific ecosystem (Petchey and Gaston, 2002). In recent years,
functional traits of plants have gradually been seen as an effective
tool to reveal the formation mechanism of ecosystem functions
(Cadotte et al., 2011; Balzan et al., 2016). This is mainly due to
the fact that the various functional traits of plants can reflect the

differences in resource acquisition ability among plant species in
the community and plants’ adaptability to environmental changes
(Díaz et al., 2007). At present, studies have tried to quantify
the relationships between plant functional diversity and some
important ecosystem functions by using observation quadrats,
remote sensing data and controlled experiments. For example,
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FIGURE 2 | Conceptual diagram of the future research needs on the relationships between multiple biodiversity dimensions and ecosystem service supply. Line
widths correspond to the number of relevant publications found in our literature search from 2001 to 2020.

Bongers et al. (2021) analyzed the functional characteristics of
38 species of trees in 478 biodiversity control plots and found
that functional diversity became the main predictor of tree
productivity after 7 years of the experiment establishment. Furey
and Tilman (2021) also found that higher functional diversity
could effectively improve soil fertility by analyzing the long-term
data of a grassland biodiversity control experiment for 23 years.
It was shown that soil nitrogen, potassium, calcium, magnesium,
cation exchange capacity, and carbon in high functional diversity
areas increased by about 30–90% compared with areas with
only one species. On the other hand, negative relationships
between functional diversity and ecosystem functions have also
been reported. Yi et al. (2022) explored the relationship between
structural differences and vegetation productivity by using the
long-term survey and LiDAR data of nine different succession
stages of a one-hectare forest plot. The findings suggested that
the asymmetric competition between upper and lower crowns
for light resources might lead to a negative correlation between
canopy structural diversity and productivity. Nevertheless, most
studies involving functional traits focus on their effects on
ecosystem functions rather than services. Direct research on the
impacts of plant functional diversity on explicit ecosystem service
supply (e.g., cultural services such as recreation, education,
aesthetics, etc.) is still in its infancy and no unified conclusion
has been drawn yet.

Compared to taxonomic and functional diversity, ecosystem
diversity (or habitat diversity), which stands for the number,
kinds and patterns of landscape ecosystems and their processes,
has received much less attention in BES research (Lapin and
Barnes, 1995; Figure 1A). Since there are differences in the main
types of ecosystem services provided by different ecosystems (e.g.,
forests, grasslands, wetlands, etc.), greater ecosystem diversity can
lead to more diverse supplies of ecosystem services (Alsterberg
et al., 2017; Xie et al., 2017). Currently, empirical evidence
on the effects of different habitat diversity levels on ecosystem

service supply is still lacking. Some attempts include Shen et al.
(2020) study, which identified seven ecosystem service clusters
in the Beijing-Tianjin-Hebei region of China, and found that the
service clusters provided by different land cover compositions
vary largely. This result demonstrates that trade-offs among
ecosystem services might be common in areas with different
ecosystem compositions. Moreover, Oehri et al. (2020) also
analyzed the abundance of land cover types and landscape
productivity in 4,974 plots ranging from 6.25 to 25 hectares in the
European Alps and concluded that there was a significant positive
correlation between more diverse land cover types and landscape
productivity as well as its temporal stability. Furthermore, Yang
et al. (2021) used the villages and towns in Sichuan, China
as research units and reported a strong correlation between
landscape-scale diversity indices and three types of ecosystem
services, namely soil conservation, water conservation, and
carbon sequestration. Despite these efforts, a lot more studies
are needed to answer how ecosystem diversity could affect the
supply of ecosystem services at the landscape scale and what the
potential effect pathways are.

In terms of the types of ecosystem service considered, our
review agreed with Harrison et al. (2014) finding that most BES
studies considered multiple ecosystem service types. In addition,
we also found that cultural services are the most common
topic followed by provisioning and regulating services such as
biomass production, climate regulation and erosion control in
BES research (Figure 1B). Multiple other reviews have also
shown that different ecosystem services respond differently to
the influence of biodiversity. For instance, after systematically
analyzing 108 relevant studies on the relationship between 40
functional traits and 11 grassland ecosystem services, Hanisch
et al. (2020) suggested that different ecosystem services could
have distinct associations with various functional traits. Some
associations (e.g., the one between biomass production and
root tissue density) could be positive and strong; while others
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(e.g., the one between climate regulation and specific leaf area)
could be negative and weak. Similarly, Zheng et al. (2021)
conducted a meta-analysis on the association between 13 forest
ecosystem services and 79 plant traits and discovered six groups
of common “trait-service clusters” in forest ecosystems. They also
found that many of the clusters among ecosystem services and
various plant traits were not stable and could vary greatly in
different environments. Nevertheless, there has been very little
research into whether various ecosystem services have the same
associations with different biodiversity dimensions.

DISCUSSION

After reviewing the current advances in BES research, we
found that there are still great uncertainties in the current BES
study results regarding how biodiversity affects the supply of
ecosystem services (Figure 2). The academic community has
not yet reached a consistent conclusion on the formulation of
universal strategies for biodiversity conservation and ecosystem
service enhancement. Studies have shown that great complexity
is embedded in both ecosystem services and biodiversity (Meyer
et al., 2018). On one hand, ecosystem services might be the
result of multiple instead of one single ecosystem function
(Cardinale et al., 2012; Hanisch et al., 2020). For instance,
the temperature regulation service provided by urban greenery
is the result of both evapotranspiration and shade provision
(Wong et al., 2021). On the other hand, biodiversity includes
many aspects across different dimensions. These biodiversity
dimensions might not act equally in terms of influencing the
supply of ecosystem services (Harrison et al., 2014; Ricketts et al.,
2016). Some studies emphasized the importance of functional
diversity; whereas others showed significant effects of species
richness and ecosystem diversity. The lack of empirical evidence
of the relationships between multiple biodiversity components
and ecosystem services makes it difficult to reach more general
conclusions on BES relationships.

To address these challenges, we propose three possible
research directions for future BES studies. The first and foremost
is the need for more direct and explicit studies that quantify
the effects of different dimensions of biodiversity on various
ecosystem service types, especially from the perspectives of
currently overlooked dimensions. For example, measurements of
all taxonomic, functional and ecosystem diversity in experimental
or observation plots can be recorded along with the data
of ecosystem services to explore the potential effects of

each biodiversity dimension on service supply. These studies
should also be conducted across different times, places and
environmental change scenarios to obtain more universal
patterns (Isbell et al., 2018). Secondly, we suggest developing a
biodiversity-based understanding of the formation of ecosystem
services. For instance, functional trait-based mechanisms can be
hypothesized and tested to explain the formation of ecosystem
service supply under different environmental conditions (van
der Plas et al., 2020). The results from biodiversity-ecosystem
functioning studies can be used to identify potential candidate
traits, such as those related to the leaf economics spectrum, leaf
structure, leaf chemicals, stomatal conductance, stem hydraulics,
etc. (Bongers et al., 2021). Last but not least, how to create
ecosystem management plans and policies that can maximize
synergies between biodiversity conservation and ecosystem
service enhancement should also be a research focus for
broader BES results applications. Policies like the Ecological
Redline Policy proposed by the Chinese government to promote
sustainable land use planning can greatly benefit from such
research (Bai et al., 2018). By conducting these studies, we will
be able to not only further understand the complex relationships
between biodiversity and ecosystem service supply but also better
promote the concept of ecosystem services for more successful
biodiversity conservation in the future.
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