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Biodiversity conservation 
in a changing environment 
beyond 2020

T
he massive and ongoing loss of biodiversity com-
prises a social and environmental emergency that 
the world’s governments must urgently address. 
The Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services (IPBES) 
global assessment has warned that biodiversity is 
declining faster than at any time in human history. 

To this end, the 15th Conference of Parties (COP 15) 
for Convention on Biological Diversity (CBD) in Kunming, 
China this October will focus on developing a post-2020 
global biodiversity framework to replace the 2011–2020 
Strategic Plan for Biodiversity (including the Aichi Bio-
diversity Targets). Given the failure to meet previous 
policy targets, how can the global scientific community 
provide strong science-based evidence to improve bio-
diversity conservation as well as address conflicts with 
the demands of an increasing human population?

In this special collection, leading conservation scientists 
identify grand challenges for biodiversity conservation, 
conflicts, and trade-offs between conservation and the 
exploitation of natural resources, and strategies for sus-
tainable utilization and management of biodiversity at 
global, regional, or national scales. A solid science founda-
tion can better inform recommendations for the develop-
ment and implementation of the post-2020 Biodiversity 
Agenda. The special collection papers contribute to this 
grand aim, by providing insights into the following issues.

MULTIPLE STRESSORS DRIVE BIODIVERSITY LOSS
While the roles of individual threats to biodiversity, in-
cluding climate change, habitat loss, and pollution, are 
well documented, much less is known about how these 
drivers interact and how their interactions vary across 
locations. Through analysis of the spatial-temporal dis-
tributions of threatened and declining species across 
China, Lu et al. (1) found that these “losing” species are 
affected by multiple stressors, with climate and human 
activities as the fundamental shaping forces. Expanding 
construction and intensifying pollution have led to 
habitat loss and degradation, threatening high propor-
tions of amphibians, mammals, and reptiles. However, 
the distributions of species and stressors vary greatly 
across different climatic zones and geographical areas. 
This finding suggests that policy and target setting for 
biodiversity conservation at regional scales needs to 
account for local context and the most important drivers 
of loss in any specific setting.

ELEVATED TROPOSPHERIC OZONE  
IMPACTS BIODIVERSITY
Despite progress in understanding the physiological 
mechanisms of O3 and other atmospheric pollutants on 
plants, we know little about the responses of communities 
and ecosystems to O3. Agathokleous et al. (2) suggest 
that O3 can affect (i) the composition and diversity of 
plant communities by affecting key physiological traits; 
(ii) foliar chemistry and the emission of volatiles, thereby 
affecting plant-plant competition, plant-insect inter-
actions, and the composition of insect communities; and 
(iii) plant-soil-microbe interactions and the composition 
of soil communities by disrupting plant litterfall and 
altering soil processes. Consequently, O3 changes the 
community composition of soil microbes, and their alpha 
diversity is often reduced, but the effects vary across 
different environments in time and space. These find-
ings will stimulate further studies on the impacts of 
atmospheric pollutants on biodiversity, communities, 
and ecosystem functioning.

MONITORING PHYLOGENETIC DIVERSITY
Phylogenetic diversity reflects the evolutionary history of 
species and has been used in the selection of biodiversity 
conservation priority areas (3). However, the amounts 
and spatial patterns of genetic and phylogenetic diversity 
of wildlife at the regional scale remain largely unclear. 
Using a meta-analysis of phylogenetic diversity in Chinese 
terrestrial vertebrates, Hu et al. (4) found strong positive 
spatial correlations among mitochondrial DNA–based 
genetic diversity, phylogenetic diversity, and species rich-
ness. Climatic factors had notable positive effects, 
while altitude and human population density had nega-
tive impacts on the levels of mitochondrial DNA–based 
genetic diversity in most cases. These findings highlight 
the need for governments at both national and regional 
levels to set up genetic diversity conservation plans.

TRANSFORMATIVE CHANGE IN FOOD SYSTEMS
Food systems are one of the major stresses on biodiversity, 
accounting for approximately 60% of global terrestrial 
biodiversity loss and the overexploitation of 33% of com-
mercial fish populations (5, 6). With the overarching 
goal to sustainably provide sufficient food for people while 
conserving and restoring biodiversity, Delabre et al. 
(7) examine how, and under what conditions, the 
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post-2020 global biodiversity framework can support leverage points 
for transformative change, with a specific focus on food production 
and consumption. It is important to set up specific targets and in-
dicators that could effectively address sustainable food production 
and consumption and present the enabling conditions to achieve 
these targets.

GLOBAL EXPANSION OF PROTECTED AREAS
Crisis Ecoregions, Biodiversity Hotspots, Endemic Bird Areas, and 
Intact Forest Landscapes are a few types of protected areas (PAs) 
that should help prevent biodiversity loss. However, the current 
global PA network has not successfully mitigated the ongoing decline 
of biodiversity and ecosystem services, and there is overwhelming 
agreement that Aichi Target 11 has not adequately conserved bio-
diversity (8). Yang et al. (9) suggest focusing on the spatial planning 
of global terrestrial PAs by identifying cost-effective priorities and 
setting global and national coverage targets. This paper considers 
how to practically achieve a target of 43% of land protected, which 
reflects the “half-earth” target set as a threshold to achieve effective 
biodiversity conservation. With high-resolution spatial planning for 
effective PA expansion, the most cost-effective sites for PAs can be 
designated, in consideration of both national targets and different 
regional environmental and social conditions.

BIODIVERSITY CONSERVATION AND CARBON NEUTRALITY
Most countries set conservation priorities at a national or subna-
tional scale, but national accounts rarely mention regional or global 
targets and indicators. However, it is vital to seek synergies across 
scales and identify overlaps and differences to enable effective deci-
sions necessary for implementing the post-2020 global biodiversity 
framework. To avoid negative impacts on conservation outcomes, 
trade-offs and synergies with other priorities should be assessed. 
Zhu et al. (10) examine how to incorporate carbon targets into bio-
diversity conservation planning to maximize co-benefits. In this 
regard, CBD signatory countries should develop an actionable frame-
work that sets synergistic priorities for biodiversity conservation, 
carbon capture, and emissions reduction and makes better use of effec-
tive instruments for the delivery of both climate and biodiversity goals.

It is important to note that large knowledge gaps hamper our 
understanding of biodiversity itself. Terrestrial biodiversity, both 
above and below ground, and ocean biodiversity are critical areas 

for further study. In particular, we must include less studied parts 
of the world. Failing this, it will be difficult to develop international 
commitments on sustaining biodiversity in the oceans and soils. 
Over the next few years, key activities should emphasize species dis-
covery and the monitoring and mapping of biodiversity. We look 
forward to further international collaboration on biodiversity re-
search and implementation of targets at different scales.

 – Yonglong Lu and James M. Bullock

REFERENCES
	 1.	 Y. Lu, Y. Yang, B. Sun, J. Yuan, M. Yu, N. C. Stenseth, J. M. Bullock, M. Obersteiner, Spatial 

variation in biodiversity loss across China under multiple environmental stressors. 
Sci. Adv. 6, abd0952 (2020).

	 2.	 E. Agathokleous, Z. Feng, E. Oksanen, P. Sicard, Q. Wang, C. Saitanis, V. Araminiene, 
J. Blande, F. Hayes, V. Calatayud, M. Domingos, S. Veresoglou, J. Peñuelas, D. A. Wardle, 
A. De Marco, Z. Li, H. Harmens, X. Yuan, M. Vitale, E. Paoletti, Ozone affects plant, insect, 
and soil microbial communities: A threat to terrestrial ecosystems and biodiversity. Sci. Adv. 
6, abc1176 (2020).

	 3.	 D. Pio, O. Broennimann, T. Barraclough, G. Reeves, A. Rebelo, W. Thuiller, A. Guisan, N. Salamin, 
Spatial predictions of phylogenetic diversity in conservation decision making. Conserv. Biol. 
25, 1229–1239 (2011).

	 4.	 Y. Hu, H. Fan, Y. Chen, J. Chang, X. Zhan, H. Wu, B. Zhang, M. Wang, W. Zhang, L. Yang, 
X. Hou, X. Shen, T. Pan, W. Wu, J. Li, H. Hu, F. Wei, Spatial patterns and conservation of ge-
netic and phylogenetic diversity of wildlife in China. Sci. Adv. 7, abd5725 (2021).

	 5.	 Food and Agriculture Organization, The State of World Fisheries and Aquaculture (FAO, 
2018); www.fao.org/3/i9540en/i9540en.pdf.

	 6.	 H. Westhoek, J. Ingram, S. V. Berkum, L. Ozay, M. Hajer, Food Systems and Natural Resources. 
A Report of UNEP International Resource Panel (2016).

	 7.	 I. Delabre, L. Rodriguez, J. Smallwood, J. Scharlemann, J. Alcamo, A. Antonarakis, P. Rowhani, 
R. Hazell, D. Aksnes, P. Balvanera, C. Lundquist, C. Gresham, A. Alexander, N. Stenseth, 
Actions on sustainable food production and consumption for the post-2020 global 
biodiversity framework. Sci. Adv. 7, abc8259 (2021).

	 8.	 S. Woodley, N. Bhola, C. Maney, H. Locke, Area-based conservation beyond 2020: A global 
survey of conservation scientists. Parks 25, 19 (2019).

	 9.	 R. Yang, Y. Cao, S. Hou, Q. Peng, X. Wang, F. Wang, T. Tseng, L. Yu, S. Carver, I. Convery, 
Z. Zhao, X. Shen, S. Li, Y. Zheng, H. Liu, P. Gong, K. Ma, Cost-effective priorities for the 
expansion of global terrestrial protected areas: Setting post-2020 global and national targets. 
Sci. Adv. 6, abc3436 (2020).

	 10.	 L. Zhu, A. Hughes, X. Zhao, L. Zhou, K. Ma, X. Shen, S. Li, M. Liu, W. Xu, J. Watson, Regional 
scalable priorities for national biodiversity and carbon conservation planning in Asia. 
Sci. Adv. 7, abe4261 (2021).

10.1126/sciadv.abl8162

Citation: Y. Lu, J. M. Bullock, Biodiversity conservation in a changing environment beyond 
2020. Sci. Adv. 7, eabl8162 (2021).

D
ow

nloaded from
 https://w

w
w

.science.org at U
K

 C
entre for E

cology and H
ydrology on June 08, 2022

http://www.fao.org/3/i9540en/i9540en.pdf

