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ABSTRACT. Biodiversity and food security are often perceived as conflicting objectives, yet they are deeply
interdependent through ecological processes. Biodiversity regulates soil quality, water, climate dynamics and
ecological processes—such as pollination—thereby influencing food security, economic development, and
resilience to climate risks. In Brazil, the conservation of ecosystems and pollination services exemplify how bio-
diversity underpins key agricultural commodities such as soy and coffee. Aligning biodiversity conservation with
climate policy is therefore crucial, particularly in megadiverse countries that are major commodity producers.
With COP30 taking place in Brazil, there is a unique opportunity to integrate biodiversity into global climate
agendas, strengthen governance and legislation, and attract investment through sustainable frameworks. This
perspective emphasizes that protecting biodiversity is not only an environmental priority but also a strategic
pathway for food security, climate resilience, and sustainable economic development.
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Biodiversity conservation and food security are often
framed as competing objectives. However, they are deeply
interdependent, as human-dominated landscapes depend on
ecological processes sustained by natural ecosystems (Diaz
et al. 2015). Agriculture—the cornerstone of food supply
and a major component of the economy—depends on soil
functions, reliable water, and pollination, all maintained

by intact and restored ecosystems; consequently, protected
areas and ecological restoration that secure the continuity
of these services are integral to food security (e.g., Melo et
al. 2021). Anthropogenic climate change critically exposes
agriculture to hydroclimatic extremes (Koberle et al. 2021,
World Bank 2025) and can, for example, disrupt plant-polli-
nator interactions (Gonzalez et al. 2021), thereby threatening
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both food security and the economy. Because biodiversity
regulates water, soils, and biotic interactions that support
production, it directly influences economic development
and the capacity to manage climate risks. Aligning biodi-
versity conservation and climate policy through effective
governance and legislation is therefore essential to sustain
these services and bolster resilience (e.g., Hipdlito et al. 2021,
Pereira et al. 2024).

Robust theoretical and empirical evidence shows that
biodiversity is foundational to human well-being and socie-
tal development (IPBES 2019). Biodiversity sustains multiple
classes of ecosystem services—including provisioning (food,
medicines, freshwater, energy), regulating (pollination,
seed dispersal, nutrient cycling and decomposition, pest
and pathogen transmission regulation, air and water qual-
ity), cultural (recreation, aesthetics, spiritual and heritage
values), and habitat/supporting services (soil formation,
primary production)—as synthesized in classical and recent
frameworks (Millennium Ecosystem Assessment 2005, Diaz
et al. 2018, Haines-Young 2023, Vale et al. 2023). Biodiversity
also underpins nature-based solutions (NBS)—the protec-
tion, restoration, and management of ecosystems, including
urban green infrastructure—that help mitigate climate risks
and reduce social vulnerability (Seddon et al. 2020, Girardin
et al. 2021). Consequently, conserving biodiversity is a cred-
ible pathway to advancing the United Nations Sustainable
Development Goals (Tallis et al. 2018). By maintaining the
ecological processes that support production and health, bio-
diversity generates direct benefits for people and measurable
contributions to national economies through natural capital
and ecosystem accounting approaches (King et al. 2021).

Although well-documented, the relationships between
biodiversity, climate, and agricultural production are often
complex and diffuse, and the magnitude of their effects
remains subject to debate. The links between Amazonia
conservation and agricultural production show a clear exam-
ple of the strong connection between biodiversity and food
security in Brazil. Atmospheric moisture recycling associated
with Amazonian forests transports water vapor across South
America—the “flying rivers”—supplying vast agricultural
regions in Brazil (Nobre et al. 1991, Arraut and Satyamurty
2009, Arraut et al. 2012, Nobre 2014, Khanna et al. 2017). This
process is strongly dependent on global climate dynamics,
such as La Nina or El Nifo events, which affect water security
in central and southern Brazil. Moreover, animal pollination
supplied by diverse bee assemblages enhances yields and sta-
bilizes production in multiple Brazilian crops (Giannini et al.
2020). For instance, more than 60% of Brazilian crop species

depend on or benefit from animal pollination (Giannini et
al. 2015). In soy, the absence of pollinators reduces yield by
~30% on average (Cunha et al. 2023); in coffee, proximity to
native vegetation and associated wild bees increases fruit
set and production by 12-28%, with a mean gain of nearly
18% (De Marco and Coelho 2004, Saturni et al. 2016). These
examples involving two of Brazil’s flagship commodities
make pollination one of the largest biodiversity-mediated
contributions to agricultural GDP in the country.

In megadiverse countries, which are generally com-
modity providers, the best strategy to maintain agricultural
productivity and increase landscape sustainability is to protect
biodiversity and promote ecological science, which is critical
for managing natural resources and optimizing their coexis-
tence (Grelle et al. 2022). Without a solid understanding of
biodiversity and its role in providing ecosystem services, it
is challenging to design and implement effective, long-term
conservation actions (Magnusson et al. 2018, Bustamante
et al. 2019, Rosa et al. 2021, Guimaraes et al. 2024). Being
intrinsically interdependent, the agendas of biodiversity
and climate change must advance in tandem, especially in
megadiverse countries, as recognized in the joint IPBES and
IPCC workshop (PoOrtner et al. 2021). In short, it is essential
to enhance our understanding of how biodiversity services
influence climate regulation, as well as how sensitive the
distinct components of biodiversity are to climate change
at various spatial scales (Urban 2024). This understanding is
not just important—it is urgent—as it can guide our actions
in mitigating the impacts of climate change on biodiversity.

The proposal of joining biodiversity and climate
change is not new (Pettorelli et al. 2021). Biodiversity plays
a crucial role in climate change mitigation (Pereira et al.
2024), and the Brazilian research network on Biodiversity
(PPBio, in its Portuguese acronym) is strategically positioned
to bridge existing gaps by linking biodiversity research in
different biomes with climate action. Through studies that
address nearly all 23 targets of the Kunming-Montreal Global
Biodiversity Framework (Rosa et al. 2021, Guimaraes et al.
2024), this initiative provides an essential pathway for inte-
grating biodiversity into efforts to mitigate climate change.

With COP30 set to take place in Brazil—the world’s
most megadiverse country—there is a unique and timely
opportunity to firmly integrate biodiversity into the climate
agenda. Doing so would not only strengthen global strategies
to mitigate and adapt to climate change but also unlock
international financial resources by aligning biodiversity
conservation with economic priorities. Clear and effective
environmental policies, backed by legislation, are crucial
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to position developing countries as leaders in attracting
investment through Environmental, Social, and Gover-
nance (ESG) frameworks, thereby reinforcing biodiversity
as a cornerstone of both climate resilience and sustainable
economic development.

Integrating biodiversity and climate-change agendas
is a necessary step toward environmental compliance and
food security, consistent with the One Health framework
that links ecosystem integrity with human and animal health.
Legislation promoting biodiversity protection is therefore fun-
damental for effective governance and should advance toward
comprehensive and interdisciplinary legislation (Hipdlito
et al. 2021). On the other hand, the dismantling of existing
environmental laws undermines both biodiversity protection
and climate commitments in Brazil and other megadiverse
countries (Barbosa et al. 2021, Fernandes et al. 2023).

In conclusion, integrating the biodiversity and climate
agendas is essential for ecological, social, and economic sus-
tainability, particularly in megadiverse countries. Achieving
this goal demands coordinated action and genuine dialogue
among research institutions, universities, governments, the
private sector, and civil society. As COP30 approaches, Brazil
can lead by incorporating biodiversity metrics and safe-
guards into its climate policy, finance, and implementation.

LITERATURE CITED

Arraut J, Nobre C, Barbosa H, Obregon G, Marengo J (2012)
Aerial rivers and lakes: Looking at large-scale moisture
transport and its relation to Amazonia and to subtro-
pical rainfall in South America. Journal of Climate 25:
543-556. https://doi.org/10.1175/2011JCLI4189.1

Arraut J, Satyamurty P (2009) Precipitation and water va-
por transport in the southern hemisphere with empha-
sis on the South American region. Journal of Applied
Meteorology and Climatology 48: 1902-1912. https://doi.
0rg/10.1175/2009JAMC2030.1

Barbosa L, Alves M, Grelle C (2021) Actions against sus-
tainability: Dismantling of the environmental poli-
cies in Brazil. Land Use Policy 104: 105384. https://doi.
org/10.1016/j.1andusepol.2021.105384

Bustamante MMC, Metzger JP, Scariot A, Bager A, Turra A,
Barbieri A, et al. (2019) Tendéncias e impactos dos veto-
res de degradacao e restauragao da biodiversidade e dos
servigos ecossistémicos. In: Joly CA, Scarano FR, Seixas
CS, Metzger JP, Ometto JP, Bustamante MMG, et al. (Eds)
12 Diagnostico Brasileiro de Biodiversidade & Servigos
Ecossistémicos. Editora Cubo, Sao Carlos, 93-213.

Cunha N, Chacoff N, Sdez A, Schmucki R, Galetto L, Devo-
to M, et al. (2023) Soybean dependence on biotic polli-
nation decreases with latitude. Agriculture Ecosystems
& Environment 347: 108376. https://doi.org/10.1016/j.
agee.2023.108376

De Marco P, Coelho F (2004) Services performed by the
ecosystem: Forest remnants influence agricultural
cultures’ pollination and production. Biodiversity and
Conservation 13: 1245-1255. https://doi.org/10.1023/B:-
BIOC.0000019402.51193.e8

Diaz S, Demissew S, Joly C, Lonsdale W, Larigauderie A
(2015) A Rosetta Stone for nature’s benefits to people.
Plos Biology 13: 1002040. https://doi.org/10.1371/jour-
nal.pbio.1002040

Diaz S, Pascual U, Stenseke M, Martin-Lépez B, Watson R,
Molndr Z, et al. (2018) Assessing nature’s contributions
to people. Science 359: 270-272. https://doi.org/10.1126/
science.aap8826

Fernandes GW, Roqueb F, Fernandes S, Grelle CEV,
Ochoa-Quintero J, Toma T, et al. (2023) Brazil’s democra-
cy and sustainable agendas: A nexus in urgent need of
strengthening. Perspectives in Ecology and Conservation
21: 197-199. https://doi.org/10.1016/j.pecon.2023.06.001

Giannini T, Alves D, Alves R, Cordeiro G, Campbell A,
Awade M, et al. (2020) Unveiling the contribution of
bee pollinators to Brazilian crops with implications for
bee management. Apidologie 51: 406-421. https:/doi.
0rg/10.1007/s13592-019-00727-3

Giannini T, Cordeiro G, Freitas B, Saraiva A, Impera-
triz-Fonseca V (2015) The dependence of crops for polli-
nators and the economic value of pollination in Brazil.
Journal of Economic Entomology 108: 849-857. https://
doi.org/10.1093/jee/tov093

Girardin C, Jenkins S, Seddon N, Allen M, Lewis S, Wheeler
C, et al. (2021) Nature-based solutions can help cool the
planet—if we act now. Nature 593: 191-194. https:/doi.
0rg/10.1038/d41586-021-01241-2

Gonzalez V, Cobos M, Jaramillo J, Ospina R (2021) Climate
change will reduce the potential distribution ranges
of Colombia’s most valuable pollinators. Perspectives
in Ecology and Conservation 19: 195-206. https://doi.
0rg/10.1016/j.pecon.2021.02.010

Grelle CEV, Brum FT, Dobrovolski R, Duarte L, Varassin
IG (2022). Ecological science and the myth of cassan-
dra in Brazil. Oecologia Australis 26: 1-6. https:/doi.
0rg/10.4257/0ec0.2022.2601.01

Guimaraes AF, de Alagao Querido LC,Rocha T, de Jesus Ro-
drigues D, Viana PL, de Godoy Bergallo H, et al. (2024)

ZOOLOGIA 42: €25079 | https://doi.org/10.1590/51984-4689.v42.e25079 | November 3, 2025 3/5



ZOOLOGIA

An International Journal for Zoology

C.EV.Grelle et al.

Disentangling the veil line for Brazilian biodiversity: An
overview from two long-term research programs reveals
huge gaps in ecological data reporting. Science of the
Total Environment 950: 174880. https://doi.org/10.1016/;.
scitotenv.2024.174880

Haines-Young R (2023) Common International Classifica-
tion of Ecosystem Services (CICES) V5.2 and Guidance
on the Application of the Revised Structure. https://
www.cices.eu

Hipdlito J, Coutinho J, Mahlmann T, Santana T, Magnusson
W (2021) Legislation and pollination: Recommendations
for policymakers and scientists. Perspectives in Ecology
and Conservation 19: 1-9. https://doi.org/10.1016/;.
pecon.2021.01.003

IPBES (2019) Global assessment report on biodiversity and
ecosystem services of the Intergovernmental Science-Poli-
cy Platform on Biodiversity and Ecosystem Services. IPBES
Secretariat, Bonn. https:/doi.org/10.5281/zenodo.3831673

Khanna J, Medvigy D, Fueglistaler S, Walko R (2017) Re-
gional dry-season climate changes due to three decades
of Amazonian deforestation. Nature Climate Change 7:
200. https://doi.org/10.1038/NCLIMATE3226

King S, Vardon M, Grantham H, Eigenraam M, Ferrier S,
Juhn D, et al. (2021) Linking biodiversity into national
economic accounting. Environmental Science & Policy
116: 20-29. https://doi.org/10.1016/j.envsci.2020.10.020

Koberle A, Mittal S, Donovan C (2021) Climate Change and
the Future of Food Part 1 — Risks to the Agricultural Sec-
tor. Centre for Climate Finance & Investment, Imperial
College Business School, London.

Magnusson WE, Grelle CEV, Marques MCM, Rocha CFD,
Dias B, Fontana CS, et al. (2018) Effects of Brazil’s politi-
cal crisis on the science needed for biodiversity conser-
vation. Frontiers in Ecology and Evolution 6: 5. https://
doi.org/10.3389/fevo.2018.00163

Melo F, Parry L, Brancalion P, Pinto S, Freitas J, Manhaes A, et
al. (2021) Adding forests to the water-energy-food nexus.
Nature Sustainability 4: 85-92. https:/doi.org/10.1038/
s41893-020-00608-z

Millennium Ecosystem Assessment (2005) Ecosystems and Hu-
man Well-being: Synthesis. Island Press, Washington, DC.

Nobre AD (2014) The future climate of Amazonia, scientific
assessment report. CCST-INPE, INPA, ARA, Sao José dos
Campos.

Nobre C, Sellers P,Shukla J (1991) Amazonian deforestation
and regional climate change. Journal of Climate 4: 957-
988. https://doi.org/10.1175/1520-0442(1991)004<0957:A-
DARCC>2.0.CO;2

Pereira C, Kenedy-Siqueira W, Negreiros D, Fernandes S,
Barbosa M, Goulart F, et al. (2024) Scientists’ warning:
Six key points where biodiversity can improve climate
change mitigation. Bioscience 74: 315-318. https://doi.
org/10.1093/biosci/biae035

Pettorelli N, Graham N, Seddon N, Bustamante M, Lowton
M, Sutherland W, et al. (2021) Time to integrate global
climate change and biodiversity science-policy agendas.
Journal of Applied Ecology 58: 2384-2393. https:/doi.
org/10.1111/1365-2664.13985

Portner HO, Scholes RJ, Agard J, Archer E, Arneth A, Bai X,
et al. (2021) IPBES-IPCC co-sponsored workshop report
on biodiversity and climate change. IPBES and IPCC. ht-
tps://doi.org/10.5281/zen0do0.4782538

Rosa C, Baccaro F, Cronemberger C, Hipolito J, Barros CF,
Rodrigues DD, et al. (2021) The Program for Biodiver-
sity Research in Brazil: The role of regional networks
for biodiversity knowledge, dissemination, and conser-
vation. Anais da Academia Brasileira de Ciéncias 93: 19.
https://doi.org/10.1590/0001-3765202120201604

Saturni F, Jaffé R, Metzger J (2016) Landscape structure in-
fluences bee community and coffee pollination at diffe-
rent spatial scales. Agriculture Ecosystems & Environ-
ment 235: 1-12. https:/doi.org/10.1016/j.agee.2016.10.008

Seddon N, Chausson A, Berry P, Girardin C, Smith A, Turner B
(2020) Understanding the value and limits of nature-based
solutions to climate change and other global challenges.
Philosophical Transactions of the Royal Society B-Biological
Sciences 375: 0120. https:/doi.org/10.1098/rstb.2019.0120

Tallis H, Hawthorne P, Polasky S, Reid J, Beck M, Brauman
K, et al. (2018) An attainable global vision for conserva-
tion and human well-being. Frontiers in Ecology and the
Environment 16: 563-570. https://doi.org/10.1002/fee.1965

Urban M (2024) Climate change extinctions. Science 386:
1123-1128. https://doi.org/10.1126/science.adp4461

Vale MM, Vieira MM, Grelle CEV, Manes S, Pires APF, Tar-
din RH, et al. (2023) Ecosystem services delivered by
Brazilian mammals: spatial and taxonomic patterns and
comprehensive list of species. Perspectives in Ecology
and Conservation 21: 302-310. https:/doi.org/10.1016/;.
pecon.2023.10.003

World Bank (2025) Agriculture, forestry, and fishing, value
added (% of GDP). https://data.worldbank.org/indicator/
NV.AGR.TOTL.ZS

Submitted: September 2, 2025
Accepted: September 22,2025

4/5 ZOOLOGIA 42: €25079 | https://doi.org/10.1590/5S1984-4689.v42.e25079 | November 3, 2025



5 ZOOLOGIA

An International Journal for Zoology

Integrating biodiversity into climate policy

Editorial responsibility: Ricardo Moratelli

Author Contributions

CEVG: Conceptualization, Writing, review and editing. CRY,
GRC, WEM, AAG, GO, HGB, AA, LJ, JAFDF, MPCT, RRS, CR,
DJR, FLM, GWF: Writing, review and editing.

Competing Interests

The authors have declared that no competing interests exist.
Data Availability

Datasets generated or analyzed in this study are available
from the corresponding author on reasonable request.
Funding

This study is a contribution and received support from
PPBio/CNPg/MCT]I, INCT/CNPq Centro de Conhecimento em

Biodiversidade, INCT/CNPq Ecologia, Evolugao e Conservagao
da Biodiversidade, and INCT/CNPq Biota Cerrado.

How to cite this article

Grelle CEV, Vieira CR, Colli GR, Magnusson WE, Garda AA,
Overbeck G, Bergallo HG, Akama A, Juen L, Diniz-Filho
JAF, Telles MPC, Silva RR, Rosa C, Rodrigues D), Man-
telatto FL, Fernandes GW (2025) Integrating biodiver-
sity into climate policy: From ecosystem services to
food security in Brazil. Zoologia 42: €25079. https://doi.
0rg/10.1590/51984-4689.v42.e25079

Published by

Sociedade Brasileira de Zoologia at Scientific Electronic
Library Online — https://www.scielo.br/zool

Copyright

© 2025 The Authors.

ZOOLOGIA 42: 25079 | https://doi.org/10.1590/S1984-4689.v42.25079 | November 3,2025 5/5



