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From science to policy: evolving marine

biodiversity targets
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The Montreal-Kunming Global Biodiversity Framework (GBF) substantially advances biodiversity protection. We systematically
reviewed the scholarly literature published during the UN Decade on Biodiversity (2010-2020) to assess whether GBF targets align
with scientific approaches and improve upon the Aichi Targets in recognizing the complexity of marine biodiversity. Our findings
showed that the new targets have improved to address the full suite of essential biodiversity variable (EBV) classes, reducing the
risk of changes in crucial aspects of biodiversity being overlooked. We observed a high degree of alignment between research and
policy in EBVs and a relative increase in the reliance of the GBF on secondary variables such as ecosystem function. While this
alignment mirrors that within other global frameworks, we caution against overemphasizing secondary variables at the expense
of foundational variables such as community composition. Our analysis demonstrates that global policy targets align well with
scientific understanding of marine biodiversity. Future efforts should focus on improving national-level implementation and
refining indicators to foster transformative change in biodiversity conservation.
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hanges in biodiversity are occurring at an unprece-
dented pace across the planet, both on land and in the
ocean. These changes, in turn, are altering the relations

In a nutshell:

o New international targets for protecting marine life, out-
lined in the Montreal-Kunming Global Biodiversity
Framework, are more comprehensive than those of their
predecessors

o These targets cover all major aspects of ocean biodiversity,
from genetics to ecosystems, an improvement that will
facilitate tracking changes in marine biodiversity and en-
sure that no important aspect of biodiversity is
overlooked

o We observed a relative increase in secondary variables
and advise caution against overemphasizing these at the
expense of foundational variables

o Successful national implementation of these targets, along
with ongoing development of measurement tools, are
crucial for ensuring healthy oceans and continuation of
the many benefits they provide
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between people and the contributions they garner from
nature (ie nature’s contribution to people [NCP]) around the
world (Daskalova et al. 2021). Such relations include the
importance of marine protein resources for livelihoods or
the regulation of air quality and climate (Cimatti et al. 2023;
Fleming et al. 2023). Although the consequences of changes
in marine biodiversity on material NCPs (eg food) are usu-
ally the main focus of policy and management, the most
substantial impacts on human societies are likely to occur as
a result of alterations in regulating (eg climate) and non-
material (eg cultural) NCPs (Diaz et al. 2019).

To mitigate the impacts of these changes, national and inter-
national policies set targets for management and conservation
that aim to restore sustainable interactions between people and
nature. However, a key challenge in defining and setting these
targets is that “biodiversity” encompasses many diverse aspects
of genes, species, and ecosystems (Pereira et al. 2013). Single
“apex” target goals akin to the 1.5°C-target for climate change are
often dismissed due to their inability to capture these aspects
(Leclére et al. 2020; Purvis 2020; Hillebrand et al. 2023). If policy
targets are to be successful in tackling biodiversity change, this
complexity must be taken into account during formulation of
actionable goals (Hillebrand et al. 2018, 2023).

The extent to which recent research and policy assessments
sufficiently cover the inherent complexity of marine biodiversity
is unclear. The UN Decade on Biodiversity (2010-2020) moti-
vated considerable research on biodiversity and culminated in
the Kunming-Montreal Global Biodiversity Framework (GBF).
Before the adoption of the GBE the Convention on Biological
Diversity (CBD) developed the Aichi Biodiversity Targets (here-
after, Aichi Targets) in 2010—a set of 20 targets that aimed to halt
the global loss of biodiversity by 2020. However, none of these
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targets have been fully achieved (CBD 2020). In December 2022,
the CBD adopted the GBE with an update to the Aichi Targets
that will guide biodiversity policy through four overarching goals
to be achieved by 2050 and a set of 23 targets to be reached by
2030 (CBD 2022b). The period between the 2010 Aichi Targets
and the update in 2022 following the Decade of Biodiversity thus
created an opportunity to evaluate whether and how the inter-
vening science may have influenced the policy targets.

Here, we evaluated the degree to which the complexity of
biodiversity was recognized in research and policy, and if this
was improved upon in the latest iteration of global biodiversity
targets. We also discuss possible pathways to success.

@ Essential biodiversity variables to analyze the
coverage of biodiversity

Essential biodiversity variables (EBVs) represent a core set
of critical measurements designed to capture and monitor
changes in biodiversity. Each of the 21 variables are allocated
to one of six classes that provide a comprehensive view of
biodiversity, spanning from genetic variation to species
diversity and ecosystem complexity. As compared to other
frameworks that display the levels to biodiversity as the
“totality of genes, species and ecosystems of a region”
(Larsson 2001) or as the “species, genes, evolution, functions
and ecosystems” (Antonelli 2022), EBVs, in our opinion,
offer the most comprehensive framework that is, through
its categorization into classes, still operationalizable for pol-
icymakers. Focusing on this essential set of variable classes
allows scientists and policymakers to efficiently track the
multifaceted nature of biodiversity change across various
scales and environments, and ensures that no major aspect
of biodiversity is overlooked in monitoring and policy targets
(Pereira et al. 2013; Fernandez et al. 2020). As such, EBVs
offer a useful framework for our systematic review.

We examined the extent to which these EBV classes are
used in scientific literature pertaining to marine biodiversity
during the recently completed UN Decade on Biodiversity and
its corresponding marine biodiversity policy (UN 2011). We
covered only primary research articles on marine biodiversity
published between 2010 and 2020 to match the timing of the
UN Decade. Reviews, summaries, and policy papers, such as
overviews of management strategies, were excluded from our
analysis (see Methods for more details).

To assess whether or how biodiversity indicators and targets
changed over this same period, we considered the following six
policy assessments: the Convention on Biological Diversity
(CBD), the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES), the Convention on the
Conservation of Migratory Species (CMS), the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES), the Ramsar Convention on Wetlands (Ramsar), and the
UN Sustainable Development Goals (SDGs). These policy assess-
ments use indicators—quantifiable assessments of different
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biodiversity aspects in space and time—to determine whether
their targets have been met. For these assessments, we reviewed
publicly available indicator metadata in the Biodiversity
Indicators Partnership (BIP) database and the GBF database. For
the CBD assessments specifically, we reviewed the indicators of
the pre-2020 Aichi Targets (using the BIP database) and the post-
2020 GBF targets (using the Post-2020 Indicators database) and
compared them by analyzing which EBVs feed into which indi-
cator to assess how well they cover different variables of
biodiversity.

@ Methods

Biodiversity indicators

We extracted data on the biodiversity indicators from the
BIP (www.bipindicators.net) and the Post-2020 Indicators
(www.post-2020indicators.org) websites, both of which are
hosted by the UN Environment Programme World
Conservation Monitoring Centre (UNEP-WCMC) in
Cambridge, UK. We retrieved more detailed information
about policy matters, including Aichi Targets, the biodiversity
assessments, the UN Decade of Biodiversity 2010-2020, and
the Post-2020 Global Biodiversity Framework, from the CBD
website (www.cbd.int), which is hosted by the Secretariat
of the CBD in Montreal, Canada.

For the pre-2020 targets, we restricted our search on the
BIP website to indicators that covered the themes “Marine &
freshwater habitats” and “species”, which resulted in 77 indi-
cators that were further investigated to determine their
methodology. We excluded 48 of 77 indicators because they
(i) were derivatives of other indicators (eg Red List Index
[“impacts of invasive alien species”]), (ii) did not provide a
quantitative evaluation of the physical state of biodiversity
(eg Biodiversity Engagement Indicator), or (iii) did not assess
marine biodiversity (eg Wildlife Picture Index). We catego-
rized the remaining 29 indicators into the EBV classes
according to which biodiversity variable or variables that
they directly measured (Appendix S1: Table S1). For instance,
because the indicator of GBF’s Target 4 “Proportion of popu-
lations within species within an effective population size >
500” directly measures effective population size within spe-
cies, it was therefore categorized into the EBV classes “genetic
composition” and “species population” (Appendix S1:
Table S3). We then sorted the indicators according to their
integration in the biodiversity assessments. In the same man-
ner, we checked to see if the indicators were included in the
Aichi Targets.

Many of the post-2020 indicators have yet to be fully devel-
oped, resulting in limited data availability and uncertainty
about which EBV they were measuring. We therefore exam-
ined the general inclusion of EBVs in the indicators before
focusing specifically on marine indicators. We excluded 13 of
34 single headline indicators from the EBV analysis for the
abovementioned reasons and categorized the remaining 21
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indicators into EBV classes, as well as into a “to be determined
(tbd)” class (Appendix S1: Figure S1). Nine indicators that
assess terrestrial habitats were also excluded given our focus on
marine post-2020 indicators, resulting in a final count of 12
marine indicators. We sorted the marine headline indicators
according to their integration in the post-2020 biodiversity
targets.

Systematic review

For our systematic review of the inclusion of EBVs in
research conducted during the UN Decade on Biodiversity
(2010-2020), we searched the ISI Web of Science (WoS)
on 28 Nov 2022, using the search string “marine OR
coast* OR ocean* OR benth* OR plankton* and ‘biodi-
versity’ and ‘assess* OR conserve* OR trend* OR status*”
and focused on the WoS category “Marine & Freshwater
Biology”. Only studies published between 2010 and 2020
were included. This search string ensured that the output
record included only primary research that focused on
biodiversity in the marine environment and considered
conservation issues within the UN Decade on Biodiversity.
This filtering excluded policy papers and studies of non-
marine ecosystems, thereby reducing the number of records
returned.

We retrieved 2615 records, of which 507 were screened
for a random subset based on the title and abstract and then
fed into the machine-learning tool ASReview (van de Schoot
et al. 2021; ASReview LAB 2024). Of the subset of 507 initial
papers, we manually filtered about half, leaving a total of 262
relevant papers (~10% of the original corpus). We created
our ASReview project using the specifications listed in
Appendix SI: Panel S1. Setting the query strategy to
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“random” disabled acceleration of the review by machine
learning, thus presenting the records in random order with-
out considering relevance scores of certain topics or key-
words. We manually labeled the records as “relevant” if EBV's
were measured and the study therefore involved quantitative
assessment of the physical state of biodiversity. Manual sort-
ing of the random subset enabled evaluation of the AI-
algorithm performance, which was determined to be
excellent, with only 0.5% wrongly labeled inclusions detected.
We excluded models and reviews from further analyses
(such records were labeled as “irrelevant”) because our focus
was on primary, empirical research and monitoring papers
that were directly relevant to policy targets and indicators.
The remaining (relevant) records were then sorted into EBV
classes, for which inspection of the full text was sometimes
necessary to ascertain the exact methodology used if this
was not apparent from reading the abstract. The majority of
the papers included in the EBV analysis considered biodi-
versity conservation, whereas irrelevant records mainly con-
sisted of reviews, summaries, and overviews of management
strategies.

The integration of the biodiversity indicators in research as
well as in policy assessments and targets was visualized through
Alluvial plots, which we created using the networkD3 package in
R (RStudio v2023.03.0+386 “Cherry Blossom”™ R Core
Team 2021). On the left side of Figure 1, the 262 research papers
were sorted into the six EBV classes; for a research paper that
investigated more than one of the 21 available EBVS, that paper
would be counted once per each relevant EBV class. On the right
side of Figure 1, the 29 marine indicators among the six policy
assessments were sorted by EBV class; likewise, in Figure 2, the
pre-2020 Aichi indicators (left) and the post-2020 GBF indica-
tors (right) for marine targets were sorted by EBV class.
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Figure 1. Alluvial plot showing the six classes of essential biodiversity variables (EBVs)—genetic composition, species population, species traits, commu-
nity composition, ecosystem structure, and ecosystem function—found in the reviewed marine biodiversity research and policy assessments (2010-
2020); for exact percentages, see Table 1. Only policy indicators relevant to marine biodiversity were included. Band thickness reflects how often each EBV
is represented in research and indicators. CBD: Convention on Biological Diversity; CITES: Convention on International Trade in Endangered Species of Wild
Fauna and Flora; CMS: Convention on the Conservation of Migratory Species; IPBES: Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services; RAMSAR: Ramsar Convention on Wetlands; SDG: UN Sustainable Development Goals.
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Table 1. Percentages of studies (research) and indicators (policy) from 2010 to 2020, sorted into six classes of essential biodiversity variables

(EBVS).
Marine biodiversity research Marine biodiversity policy
EBV class Percentage of studies Sum of class contributions Percentage of indicators Sum of class contributions
A: Genetic composition 8 8 0 0
B: Species population 24 76 35 73
B: Species traits 15 B
B: Community composition 37 33
C: Ecosystem structure 9 16 20 27
C: Ecosystem function 7 7

Notes: categories A, B, and C correspond to gene-related variables, species-related variables, and ecosystem-related variables, respectively.

@ Results and discussion

Marine biodiversity research is well-integrated into global
policy assessments

Our analysis shows that research focused primarily on
species-related EBVs, followed by ecosystem-related and
then gene-related EBVs (Figure 1; Table 1). However, when
used as indicators in marine biodiversity assessments,
ecosystem-related EBVs had a noticeably higher representa-
tion in policy documents (27%) than in research (16%).

The bulk of marine research and policy indicators (more
than 60%) assessed community composition and species pop-
ulations (Figure 1; Table 1). In marine research, species traits
were included within 15% of the studies, whereas ecosystem
structure, genetic composition, and ecosystem function each
constituted fewer than 10%. In policy documents, indicators
for ecosystem structure were more common (20%) than indi-
cators of ecosystem function (7%) and species traits (5%).
Genetic composition has yet to be considered in policy, and
species traits are underrepresented as compared to what is
available in marine research (Table 1). While less thoroughly
studied than species diversity or ecosystem diversity (Caldwell
et al. 2024), genetic diversity is nonexistent in policy assess-
ments of the UN Decade on Biodiversity. This discrepancy is
most likely due to the lack of generally policy-accepted indica-
tors for species traits and genes (Hoban et al. 2020). Intraspecific
genetic diversity comprises both the variation in DNA
sequences among individuals of the same population and the
divergence in genetic composition among different popula-
tions of the same species. Traits often reflect morphological or
physiological attributes of organisms but can also comprise
aspects of behavior and/or spatial mobility of organisms.
Despite the plethora of metrics for genetic and functional
(trait-based) diversity available for use in marine research, they
have only rarely been implemented in assessments.

Therefore, development of relevant policy indicators for the
EBV classes of genetic composition and species traits is a key
area for improvement. More broadly, however, we observed

that most biodiversity aspects are successfully integrated into
policy assessments. All global assessments combine several
indicators from multiple EBV classes, covering a respectable
slice of marine biodiversity.

CBD assessments exhibited distinct changes from the
pre-2020 to the post-2020 iteration

After the GBF negotiations in December 2022 (CBD 2022b),
we chose to focus on the CBD assessments more closely
by comparing pre-2020 and post-2020 indicators. Because
global protection of terrestrial areas is far more extensive
than for marine areas (Jenkins and Van Houtan 2016) and
because marine habitats are historically considered “out of
sight, out of mind”, marine habitats are thought to be
underappreciated in biodiversity negotiations. However, for
the CBD assessments, we found that about one-third of
pre-2020 and post-2020 indicators address marine habitats,
which is a similar proportion to that for both terrestrial
and freshwater habitats (Figure 2, top).

The GBF is split into headline, binary, component, and
complementary indicators (CBD 2022a, 2024). Our analysis
focused only on marine headline indicators because, for
most other indicators, no metadata were available for the
exact physical aspect of biodiversity being measured, and
therefore we could not assess which EBV was involved. In
addition, some complementary and component indicators
may be modified at a later date (Appendix S1: Figure SI;
CBD 2022a, 2024). For instance, while “Target 10 — Enhance
Biodiversity and Sustainability in Agriculture, Aquaculture,
Fisheries, and Forestry” aims to cover marine aspects, they
are currently not covered by the two nominated headline
indicators “10.1 Proportion of agricultural area under pro-
ductive and sustainable agriculture” and “10.2 Progress
towards sustainable forest management”. Therefore, Target
10 is excluded from our analysis (Table 2; Figure 2).

The distribution of EBV classes across all marine Aichi
Targets and GBF goals/targets, respectively, is similar overall
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Figure 2. (top) Pie charts showing pre-2020 Aichi indicators and post-2020 Global Biodiversity Framework (GBF) indicators split into habitats. (bottom)
Alluvial plots showing policy indicators relevant for marine biodiversity. (a) Pre-2020 Aichi indicators split into EBV classes. (b) Post-2020 GBF indicators
for Goals (A and B) and Targets (1-5, 7, 9, and 11) split into EBV classes. For exact percentages of the EBV classes, see Table 2. Band thickness reflects

how often each EBV is represented in indicators.

Table 2. Percentages of indicators employed by the Convention on Biological Diversity (CBD) in the pre-2020 Aichi indicators and the post-2020
Global Biodiversity Framework (GBF) indicators, sorted into six classes of essential biodiversity variables (EBVs).

Marine pre-2020 Aichi indicators

Marine post-2020 GBF indicators

EBV class Percentage of indicators Sum of class contributions Percentage of indicators Sum of class contributions
A: Genetic composition 0 0 7 7

B: Species population 36 72 29 50

B: Species traits 2 3

B: Community composition 34 18

C: Ecosystem structure 16 28 18 43

C: Ecosystem function 12 25

Notes: categories A, B, and C correspond to gene-related variables, species-related variables, and ecosystem-related variables, respectively.

(Figures 1 and 2; Tables 1 and 2). However, all current GBF
headline indicators relating to marine biodiversity exhibited
changes as compared to the Aichi Targets (Figure 2b; Table 2).
In terms of EBV classes, the GBF now includes indicators for
genetic composition, which is a marked improvement. At the
same time, however, species traits are still largely absent,
likely due to the abovementioned lack of accepted indicators
for measuring traits. Indicators associated with the measuring
of species populations remain the most common, but

indicators related to ecosystem function now rank second.
This outcome is a result of the GBF including an ecosystem-
specific reference under Goal A, whereas the Aichi Targets
did not include a specific ecosystem goal. Notably, we
detected a shift away from more foundational biodiversity
variables (genetic composition, species population, species
traits, and community composition) toward secondary varia-
bles (ecosystem function and ecosystem structure) that derive
from foundational ones (Loreau et al. 2001).
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Caution with putting ecosystems at the center of biodiversity
management

The increased focus on ecosystem-related variable classes is
intentional, as noted in the GBF (“ecosystems are central
to meeting all three objectives of the CBD”; Nicholson
et al. 2021). This is also reflected in other prominent exam-
ples of policy-relevant research, such as the more recent
iterations of the Planetary Boundaries framework, which
only assess natural ecosystem area and functional integrity
of ecosystems as proxies for biodiversity (Rockstrom
et al. 2023). We appreciate the utility of ecosystem structure
and function in management practicability and communi-
cation. Functions like primary productivity, carbon seques-
tration, and coastal protection directly affect human
well-being, and are therefore much easier concepts to com-
municate to decisionmakers than, for example, the importance
of protecting one specific type of coral.

Although well situated at the center of the CBD objec-
tives, ecosystems are not the central building block of biodi-
versity (Antonelli 2022). The variable classes “ecosystem
structure” and “ecosystem function” indeed build on the
other four classes and would not exist without them (Schuldt
et al. 2018; Ramus et al. 2022). Genetic and species diversity
contribute substantially to ecosystem multifunctionality. A
diverse array of species supports a wide range of ecosystem
functions, such as nutrient cycling and energy flow, which
are essential for ecosystem health (Mori et al. 2023). A siza-
ble portion of those species disproportionately support eco-
system functions, highlighting the necessity for holistic
management of biodiversity.

The increasing relative representation of ecosystems, and
therefore secondary variables, in biodiversity management is
understandable but raises concerns. Overly focusing on sec-
ondary variables can lead to unintended outcomes, with indi-
vidual species lost despite the maintenance of ecosystem
function. We suggest that a balance between the four founda-
tional variable classes (genetic composition, species popula-
tion, species traits, and community composition) and the two
secondary variable classes (ecosystem function and ecosystem
structure) be maintained through biodiversity conservation
management targets and indicators. All six variable classes are
important for a holistic understanding of biodiversity change,
and excessive focus on ecosystem-based biodiversity proxies
will fall short.

We recognize that foundational and secondary variables can
overlap, both with regard to their underlying processes and in
the manner in which they are measured. Indeed, EBVs are ver-
satile in their data sources and applications—a single data
source often contributes to multiple EBV classes (Fernandez
et al. 2020). For instance, in ecosystem-based fisheries man-
agement, foundational indicators like the age and size struc-
ture of forage species can be incorporated into broader,
secondary indicators of ecosystem function. This nested
approach allows for the aggregation of data from multiple
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stocks, providing a more comprehensive view of the ecosystem
in question (Shin et al. 2005; Scotti et al. 2022).

A potential limitation of our assessment is that every
indicator is assumed to be of equal importance in policy and
application, which might not necessarily be the case.
Although we suggest there is overemphasis of the number of
secondary variable indicators, in practice they may not
weigh as heavily.

@ Conclusions

During the UN Decade on Biodiversity (2010-2020), research
articles covered the complexity of marine biodiversity well
and simultaneous policy assessments converted this knowledge
into actionable targets reasonably well. With the adoption
of the post-2020 GBF targets, the situation has improved,
as the targets include all six classes of EBVs. Our main find-
ing is that the targets and associated indicators of the GBF
sufficiently cover the multifaceted, complex nature of marine
biodiversity, reducing the risk of changes in biodiversity going
unnoticed. Overall, the targets are well linked to meaningful
headline indicators (CBD 2024). Yet despite this progress,
we caution against moving too far in the direction of sec-
ondary variables, at the risk of losing focus on indicators
that monitor foundational variables, especially in terms of
the species traits and genetic composition variable classes.

For biodiversity to be monitored holistically, the founda-
tional variable classes (genetic composition, species popula-
tion, species traits, community composition) of biodiversity
must be thoroughly covered before indicators of secondary
roles (ecosystem structure, ecosystem function) are empha-
sized. When implementing these much-improved global tar-
gets of the GBF, we would advise national governments to be
aware of this need and ensure that a balance is struck
between indicators of foundational variables and secondary
variables. If the goal is to protect biodiversity, then indicators
that thoroughly assess its foundations must be developed.
Investing in monitoring and evaluating ecosystem-related
variables should not be made at the expense of their
foundations.

In summary, global and national attention should focus
on achieving the targets and implementing science-based
policies for successful marine biodiversity conservation and
restoration (Perino et al. 2022). Achieving this outcome will
require paying attention to the functioning not only of
marine biodiversity but also of governments and other
decision-making organizations (eg nongovernmental organ-
izations, corporations) as they are involved in policy efforts
and lobbying of national and international target implemen-
tations. These efforts require ongoing facilitation and sup-
port of the science-policy interface resulting from the
integration of marine social sciences (McKinley et al. 2020)
with natural sciences (Franke et al. 2020). National science
foundations and practitioners could especially assist in
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identifying more suitable national-level indicators that
match the coverage in EBVs of the global indicators.
Together, these efforts could provide evidence-based knowl-
edge more effectively, to inform decision- and policymaking,
and improve governance practices to safeguard marine bio-
diversity and its benefits to humankind.
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