Monitor indicators of genetic diversity from
space using Earth Observation data
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Summary By providing images of the globe, measured fre-
quently across several optical domains, in the form of public
data, EO has high potential to facilitate and advance biodiver-
sity monitoring [33]. However, there is currently a consen-
sus that EO cannot contribute to monitoring genetic diversity
[33, 32]. Here, we challenge this consensus by explaining
how EO can help to develop the headline and complemen-
tary indicators of genetic diversity recently adopted at the
15™ Conference of the Parties to the CBD (COP15). We pro-
pose that EO should be rapidly integrated into genetic diver-
sity monitoring workflows to accelerate the ongoing devel-
opment of these indicators while helping Parties fulfill their
reporting commitments.

Use Earth Observation (EO) for monitoring and re-
porting on the Kunming-Montreal Global Biodiversity
Framework (GBF) indicators of genetic diversity. The
genetic variation distributed across the individuals and popu-
lations of Earth’s species is essential for their adaptation and
persistence in changing environments, and for the mainte-
nance of biodiversity [6, 24]. Its importance is recognized
within the monitoring framework of the GBF adopted at
COP15 [3], which includes a headline indicator on the main-
tenance of genetic diversity in species populations. Yet de-
spite rapid advances in sequencing technology, it remains la-
borious and expensive to monitor changes in genetic diver-
sity by repeatedly sampling populations and sequencing their
DNA. Fortunately, the COP15 headline indicator and other
key indicators of genetic diversity can be assessed based on
information about species populations inferred from local
knowledge, field surveys, and other sources, and do not nec-
essarily require genetic sequence data [24, 16, 17]. This rep-
resents a useful but indirect means of genetic diversity assess-
ment, and additional biodiversity observation data is needed
to improve indicator quality [23]. Here, we present a frame-
work and show examples for how existing, public data from
EO satellites can provide complementary biodiversity obser-
vations that could immediately be used to improve monitor-

ing and reporting on indicators of genetic diversity (Figure
D).

EO is generally not considered for genetic diversity assess-
ment because genetic information cannot be retrieved eas-
ily or directly from satellite observations [32]. However, EO
products can directly help countries to locate and delineate
species populations, and monitor their change over time. We
not only show how EO can facilitate genetic diversity moni-
toring as implemented within the GBF, but also look ahead to
potential EO contributions in assessing genetic Essential Bio-
diversity Variables (EBVs). We call for the advising of Par-
ties on how to use existing EO products for genetic diversity
monitoring and for the co-development and dissemination of
accessible tools, consistent with the approach proposed by
[33] for other CBD indicators.

Key indicators of genetic diversity can be effectively
monitored without genetic sequence information. Ef-
fective conservation and management of biodiversity rely
on maintaining sufficient genetic diversity within species to
safeguard adaptive potential, especially under rapid environ-
mental change [24]. This diversity is harbored within and
between populations of each species. A key concept from
population genetics, the effective population size (IN¢) indi-
cates a population’s probability to lose its genetic variation,
often due to random chance (“drift”) or inbreeding. Con-
cretely, N, represents the size of an imaginary population
that meets certain simplifying assumptions and which is pre-
dicted to lose genetic diversity at the same rate as a given real
population [18, 36]. NN, can be estimated from population
genetic data and is approximately one order of magnitude
smaller than the census number of reproductively mature in-
dividuals (IN.) in the real population [8, 24, 15, 16]. The
proportion of populations with an N, > 500, which is gen-
erally considered safe to avoid genetic erosion (although it is
not a guarantee [9]), is a headline indicator provided by the
monitoring framework for the GBF [3] and can be assessed
in the absence of DNA sequence data by estimating whether
the N, of populations is above or below 5000 [19, 24, 17]. A
complementary indicator requires assessing the proportion of






	Summary
	Use Earth Observation (EO) for monitoring and reporting on the Kunming-Montreal Global Biodiversity Framework (GBF) indicators of genetic diversity.
	Key indicators of genetic diversity can be effectively monitored without genetic sequence information.
	Publicly available EO resources can, and should, already support genetic diversity monitoring.
	Make EO more accessible to reporting Parties.
	Acknowledgements
	References

