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Abstract

The Conservation Genetics Specialist Group of the International Union for Conservation of
Nature (IUCN) proposes introducing Evolutionarily Significant Units (ESUs) as an additional
new assessment unit in the IUCN Red List and Green Status. This proposal is made because
ESUs possess unique evolutionary trajectories present within species and harbour genetic
diversity that requires safeguarding. Given that genetic diversity is not formally incorporated
in the Red List or Green Status assessment, the inclusion of ESUs would help improve the
protection of valuable intraspecific biodiversity. In this framework, ESUs can be identified by
non-genetic and/or genetic data, including data on karyotype differences, distinct adaptations,
and deep evolutionary distinctiveness. Genetic load is purposefully not included in ESU
delineation, even though its important role in species conservation and management is
increasingly recognised. Here, we report on the discussion that led to this decision, explaining
the rationale and challenges that led us to exclude the genetic load from the ESU-defining
framework. We also discuss recent research on genetic load, and how this could help advance

conservation science and improve species conservation and recovery programs.
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Background

The International Union for Conservation of Nature (IUCN) has assessed the extinction risk of
over 163,000 species in the Red List of Threatened Species. Their risk of extinction was
assessed based on the best available data on occupation of the species’ past and present range,
census size and trends, habitat extent and quality, and level of fragmentation (IUCN, 2024).
Extinction risks have historically been assessed at three levels: entire species, subspecies, and
subpopulations (IUCN, 2024). Genetic or genomic data are not explicitly considered in these
assessments, although there are increasing calls that they must be (Willoughby et al. 2015;
Garner et al. 2020; Norderhaug et al. 2024). Furthermore, the Red List assesses the extinction
risk over 3 generations or 10 years (whichever is longest). Such a short time frame is
insufficient to assess the long-term threat to biodiversity caused by genomic erosion (Jackson
et al. 2022; Pinto et al. 2024). The IUCN recently established the Green Status of Species, and
although it too does not include genetic diversity in its assessment framework, its assessment
is over a 100-year timespan (IUCN, 2021). The Green Status of Species assessment provides
an appropriate platform to include genetic data and evolutionary genetic concepts relevant to
population recovery, in particular when combined with computer-modelling based population
viability forecasts. The Green Status of Species framework can help assess the contribution
that management of evolutionary genetic health can make to population trajectories (Jeon et al.
2024; Norderhaug et al. 2024).

The absence of genetic and genomic data in the [UCN’s assessments has been a subject of
considerable debate encompassing reasons why inclusion of these data would beneficial, and
how do so (Garner et al. 2020; Schmidt et al. 2023; Jeon et al. 2024; Norderhaug et al. 2024).
The Conservation Genetics Specialist Group (CGSG) was established as part of the Species
Survival Committee (SSC) of the IUCN with the aim to promote research, collaboration, and
awareness of genetic and evolutionary principles in conserving biodiversity. Growing concern
about the lack of recognition of evolutionary and genetic principles motivated the CGSG to
propose Evolutionarily Significant Units (ESUs) as an additional new unit of conservation in
the IUCN Red List and Green Status assessments (Geue et al. 2025). ESUs are defined based
on their unique evolutionary trajectories, and inclusion of ESUs in [IUCN’s assessments would
help protect intraspecific genetic diversity and enhance conservation management (Geue et al.
2025).
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The importance of ESUs

The first mention of the term ESU was by Ryder (1986). In his paper, he discussed the need to
conserve unique genetic attributes within a species that are important for present and future
generations. Ryder (1986) furthermore suggested a combination of genetic data, geographic
distribution data, life history information and morphometrics to delineate ESUs within species.
Considerable research on ESUs has since followed, briefly summarised in Geue et al. (2025).
The application of the term ESU has suffered long-standing issues resulting from a lack of
standardisation, partly due to the multidisciplinary nature of conservation science. Moreover,
scientists from different disciplines have defined and used ESUs with different approaches and
types of data. Geue et al. (2025) proposes a framework intended to consolidate the best
elements of ESU approaches into one feasible, stepwise approach, incorporating both genetic
data as well as data that do not require genetic analysis.

The new ESU assessment framework proposed by Geue et al. (2025) comprises two steps: (1)
identifying distinct subpopulations and, (2) assessing whether these subpopulations meet the
criteria to be all or part of an ESUs or flagged as possible ESUs (pESUs) in case of data
limitations. Three types of data are used in this delineation framework: genetic evidence,
recorded biological evidence and inferred evidence. Genetic evidence derives from genetic or
genomic data (e.g., single nucleotide polymorphisms, microsatellites, mitochondrial
haplotypes, structural variants) or from quantitative genetic (breeding) studies. Recorded
biological evidence comprises observed biogeographic patterns, phenotypic or behavioural
variation. Inferred evidence is not observed directly in the focal units but inferred from
biogeographic patterns based on modelling techniques, related species, and traditional
knowledge (Geue et al. 2025).

From a genetics point-of-view, ESUs can be identified based on their deep evolutionary
distinctiveness, as evidenced from long-term restricted gene flow, reciprocal monophyly, or
genetic estimates of divergence times. In some cases, the distinction between ESU and species
can be blurry. Even in the absence of genomic evidence for local adaptation, “drift speciation”
can occur if ESUs are completely isolated and population sizes are sufficiently small (Black et
al. 2024). Such cases are likely to be rare, and often genetic data (e.g., karyotypes) can be used
to identify heritable differences in chromosome numbers or ploidy, or provide strong evidence
of no/rare/unfit hybrids. Furthermore, ESUs can be defined based on their adaptive uniqueness
in the form of local adaptation driven by natural- or sexual selection. Although the genetic load

of deleterious mutations is increasingly recognised as an important aspect in species
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conservation and restoration (van Oosterhout 2020), this aspect of genetic diversity was

ultimately not included in the ESU- defining framework.

Rationale to exclude genetic load from the ESU-defining framework

Here we report the debate concerning the relevance and issues relating to the exclusion of
genetic load in the ESU assessment framework. There are two fundamental arguments against
the inclusion of genetic load to define ESUs. First, these units are defined based on their
evolutionary uniqueness that needs to be conserved, whereas contemporary maladaptive
variation is by definition not useful and worthy of protection. Second, the framework focuses
on ESU delimitation, whereas ESU assessment and management—for which genetic load is
more relevant—is a separate process of goal-setting and decision-making. The practical
arguments against incorporating genetic load in ESU delineation include that identifying and
quantifying the impact of deleterious mutations remains challenging. We also explain why,
despite the exclusion of the genetic load from the ESU-defining framework, the assessment of
harmful mutations can be critical for the management of ESUs and how genetic load is

currently being analysed.

Analysis of genetic load

Genetic load can be considered a fitness concept, in which case it is estimated as a decrease in
the average fitness of a population relative to that of the optimal genotype (Bertorelle et al.
2022). Genetic load can now also be estimated based on genomic data, but the link between
the fitness concept and the molecular genetic concept of the genetic load remains largely
untested in wildlife (Grueber and Sunnucks 2022).

Studying genetic load tends to involve advanced bioinformatic approaches to assess the impact
of genetic variants, which are then ranked or categorised according to the level of assumed
severity (Bertorelle et al. 2022). Popular variant-prediction scores include GERP (Genomic
Evolutionary Rate Profiling), CADD (Combined Annotation-Dependent Depletion), and SIFT
(Sorting Tolerant From Intolerant), and many others (reviewed in Bertorelle et al. 2022).
Recent papers have proposed frameworks to examine the dynamics of genetic load in
threatened and recovering populations, and these approaches are increasingly being applied in

conservation genomics (Grossen et al. 2020; Mathur & DeWoody, 2021; Dussex et al. 2023;
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Smeds & Ellegren 2023; Kyriazis et al. 2023; Kleinman-Ruiz et al. 2022; Femerling et al. 2023;
Cavill et al. 2024; Hogg 2024; Hasselgren et al. 2024).

Unfortunately, the rank scores of variants do not directly translate into selection (s) coefficients.
Consequently, unlike s coefficients, rank scores (e.g., CADD scores) cannot simply be summed
to estimate the genetic load. An additional complication is that the fitness impact of genetic
variants is often context-dependent. For example, the sickle cell mutation at the beta-globin
gene can be beneficial or deleterious depending on whether an individual carries one or two
copies, and the environmental conditions (notably whether malaria is endemic). More broadly,
many variants of polygenic traits can be deleterious or beneficial depending on their genetic

background and environment (van Oosterhout et al. 2022).

Nevertheless, some genetic load consists of variants that are unconditionally deleterious in
(nearly) all individuals and environments. For example, genetic variants that are shared by
highly diverged species are likely to be conserved by strong purifying selection. The
evolutionary conservation of such a variant suggests that its substitution is likely to be harmful
to fitness under nearly all conditions and genetic backgrounds. Ultra-Conserved Elements
(UCEs) consist of such highly invariable sites (Speak et al. 2024). Although it might not be
possible to determine the exact deleteriousness of a given variant at a conserved site in every
individual, we can be confident that the long-term average effect of a mutation at such a site is
harmful when considered across multiple individuals. Moreover, we can rank the impact of
these mutations using their variant-prediction score and compare the distribution of these
scores between individuals or populations. This enables researchers to estimate what
proportion of harmful mutations is expressed as realised load, and how much remains hidden

from selection as masked load (Speak et al. 2024).

Fitness-impact of genetic load in wildlife

Linking these variant-prediction scores to individual fitness remains a big challenge. Studies
addressing the issue are beginning to emerge. In Arabidopsis lyrata, an indicator of genetic
load (i.e., weighted mean frequency of derived alleles, Pnfn/Psfs) correlated with a fitness proxy,
population growth (Willi et al. 2018). More recently, arctic fox (Vulpes lagopus) individuals
with more homozygous loss-of-function genotypes (LoFs) were shown to have lower lifetime
reproductive success and reduced lifespans compared with individuals with lower proportions

of LoFs (Hasselgren et al. 2024). Similarly, LoF variants at specific loci associated with
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reproductive health reduced male reproductive success in the northern elephant seal (Mirounga
angustirostris) (Hoelzel et al. 2024). Moreover, in five loci associated with transcriptional
regulation during hypoxia, frequencies of minor alleles (e.g., putatively deleterious alleles)
were higher in individuals with lower dive performance. Importantly, genome-wide
heterozygosity was not a good predictor of the fitness components (Hoelzel et al. 2024),
implying that the genetic load at particular loci, rather than genome-wide diversity, was a better

predictor of the chosen fitness indicators in this species.

These are the first studies showing that it is possible to link the effects of putative harmful
mutations to fitness of individuals in wild populations of non-model organisms. There is an
urgent need for more studies that link individual fitness to genetic load and other genomic data.
We also need to critically test the potential added value of assessing and managing deleterious
mutations in biodiversity conservation (van Oosterhout 2020; Grueber and Sunnucks 2022;
Jackson et al. 2022). Genomics data have immense value for biodiversity conservation, but this
potential will be fully realised only when we go beyond categorising or ranking genetic variants
in relation to their relative severity (or benevolence). We need to be able to estimate the fitness
effects of genetic variants and express them into selection coefficients, which would enable us
to engage the powerful quantitative— and population genetic frameworks. That would be a step-

change in the use of genomics data in the studies of ecology, evolution, and conservation.

Genetic load in ESUs

Genetic load plays a pivotal role in biodiversity conservation and management. However, the
framework proposed by the CGSG is designed to delineate ESUs for consideration in
conservation management, not to prescribe particular conservation interventions. Conservation
management of ESUs can benefit from a better understanding of genetic load. If individuals
from one ESU have become fixed for deleterious variants at different loci than those in another
ESU, gene flow between these ESUs could improve fitness. Conservation management that
promotes gene flow can help to mask realised load by making loci heterozygous, thereby
improving fitness and population viability. Future conservation management of threatened
ESUs subject to genetic rescue may benefit from balancing the harm of introducing deleterious
variants versus the benefits of adding beneficial alleles and replenishing lost adaptive variation
(Mathur et al. 2023). Knowledge derived from genomics-informed conservation about genetic

load is valuable in conservation management, but at present, these analyses are prohibitively
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complex for applied conservation of most threatened species (Ralls et al. 2020; Speak et al.
2024). Important progress can be made by combining population genomics with quantitative
genetics and linking detailed observational fitness and experimental data to genomics-based
estimates of genetic load (Willi et al. 2018; Bertorelle et al. 2022; Grueber & Sunnucks 2022;
Hasselgren et al. 2024; Hoelzel et al. 2024). Improving and validating fitness inferences from
genetic variant predictions would be a major advance in conservation science, enabling better

use of genomics data for the conservation and recovery of ESUs and threatened species.

Competing Interests

The authors have no relevant financial or non-financial interests to disclose.

Author Contributions

All authors contributed to the study conception. The first draft of the manuscript was written
by Cock van Oosterhout and all authors commented on previous versions of the manuscript.

All authors read and approved the final manuscript.

Acknowledgements

The authors would like to thank fellow members of the Conservation Genetics Specialist Group
(CGSQG) of the IUCN for discussions about genetic load and ESUs.

References

Bertorelle G, Raffini F, Bosse M, Bortoluzzi C, lannucci A, Trucchi E, Morales HE, van
Oosterhout C (2022) Genetic load: genomic estimates and applications in non-model
animals. Nat Rev Genet 23:492-503. https://www.nature.com/articles/s41576-022-
00448-x

Black AN, Heenkenda EJ, Mathur S, Willoughby JR, Pierce BL, Turner SJ, Rizzuto D,
DeWoody JA (2024) Rapid vertebrate speciation via isolation, bottlenecks, and drift.
Proc Natl Acad Sci 121:p.e2320040121.
https://www.pnas.org/doi/abs/10.1073/pnas.2320040121



https://www.nature.com/articles/s41576-022-00448-x
https://www.nature.com/articles/s41576-022-00448-x
https://www.nature.com/articles/s41576-022-00448-x
https://www.pnas.org/doi/abs/10.1073/pnas.2320040121
https://www.pnas.org/doi/abs/10.1073/pnas.2320040121
https://www.pnas.org/doi/abs/10.1073/pnas.2320040121

261
262
263
264

265
266
267

268
269
270
271

272
273
274

275
276
277
278
279
280

281
282

283
284
285

286
287
288
289

290
2901

Cavill EL, Morales HE, Sun X, et al (2024) When birds of a feather flock together: Severe
genomic erosion and the implications for genetic rescue in an endangered island
passerine. Evol Appl 17:p.e13739.
https://onlinelibrary.wiley.com/doi/full/10.1111/eva.13739

Dussex N, Morales HE, Grossen C, Dalén L, van Oosterhout, C. (2023) Purging and
accumulation of genetic load in conservation. Trends Ecol Evol 38:961-969.
https://doi.org/10.1016/j.tree.2023.05.008

Femerling G, van Oosterhout C, Feng S, Bristol RM, Zhang G, Groombridge J, Gilbert MTP,
Morales HE (2023) Genetic load and adaptive potential of a recovered avian species
that narrowly avoided extinction. Mol Biol Evol 40:p.msad256.
https://doi.org/10.1093/molbev/msad256

Garner BA, Hoban S, Luikart G (2020) IUCN Red List and the value of integrating genetics.
Conserv Genet 21:795-801. https://link.springer.com/article/10.1007/s10592-020-
01301-6

Geue JC, Bertola LD, Bloomer P, Briiniche-Olsen A, da Silva JM, DeWoody JA, Fedorca A,
Godoy JA, Grueber CE, Hunter ME, Hvilsom C, Jensen EL, Kopatz A, MacDonald AJ,
Pérez-Espona S, Piaggio AJ, Pierson J, Russo IM, Senn H, Segelbacher G, Sunnucks P,
van Oosterhout C, Leigh DM (2025) Practical genetic diversity protection: an
accessible framework for IUCN subpopulation and Evolutionarily Significant Unit
identification. Submitted to BioScience.

Grueber CE, Sunnucks P (2022). Using genomics to fight extinction. Science 376:574-575.
https://www.science.org/doi/10.1126/science.abp9874

Grossen C, Guillaume F, Keller LF, Croll D (2020) Purging of highly deleterious mutations
through severe bottlenecks in Alpine ibex. Nat Commun 11:1001
https://www.nature.com/articles/s41467-020-14803-1

Hasselgren M, Dussex N, von Seth J, Angerbjérn A, Dalén L, Norén K (2024) Strongly
deleterious mutations influence reproductive output and longevity in an endangered
population. Nat Commun 15:8378. https://www.nature.com/articles/s41467-024-
52741-4

Hoelzel AR, Gkafas GA, Kang H, Sarigol F, Le Boeuf B, Costa DP, Beltran RS, Reiter J,
Robinson PW, Mclnerney N, Seim | (2024) Genomics of post-bottleneck recovery in


https://onlinelibrary.wiley.com/doi/full/10.1111/eva.13739
https://onlinelibrary.wiley.com/doi/full/10.1111/eva.13739
https://onlinelibrary.wiley.com/doi/full/10.1111/eva.13739
https://doi.org/10.1016/j.tree.2023.05.008
https://doi.org/10.1016/j.tree.2023.05.008
https://doi.org/10.1016/j.tree.2023.05.008
https://doi.org/10.1093/molbev/msad256
https://doi.org/10.1093/molbev/msad256
https://doi.org/10.1093/molbev/msad256
https://link.springer.com/article/10.1007/s10592-020-01301-6
https://link.springer.com/article/10.1007/s10592-020-01301-6
https://link.springer.com/article/10.1007/s10592-020-01301-6
https://www.science.org/doi/10.1126/science.abp9874
https://www.science.org/doi/10.1126/science.abp9874
https://www.science.org/doi/10.1126/science.abp9874
https://www.nature.com/articles/s41467-020-14803-1
https://www.nature.com/articles/s41467-020-14803-1
https://www.nature.com/articles/s41467-020-14803-1
https://www.nature.com/articles/s41467-024-52741-4
https://www.nature.com/articles/s41467-024-52741-4
https://www.nature.com/articles/s41467-024-52741-4

292
293

294
295

296
297
298

299
300

301
302
303

304
305
306
307

308
309
310

311
312
313

314
315
316

317
318
319
320

321
322

the northern elephant seal. Nat Ecol Evol 8:686-694.
https://www.nature.com/articles/s41559-024-02337-4

Hogg CJ (2024) Translating genomic advances into biodiversity conservation. Nat Rev Genet
25:362-373. https://doi.org/10.1038/s41576-023-00671-0

IUCN (2021) IUCN Green Status of Species: A global standard for measuring species
recovery and assessing conservation impact.

https://portals.iucn.org/library/sites/library/files/documents/2021-022-En.pdf

IUCN (2024) Guidelines for Using the IUCN Red List Categories and Criteria.
https://nc.iucnredlist.org/redlist/content/attachment files/RedListGuidelines.pdf

Jackson HA, Percival-Alwyn L, Ryan C, et al (2022) Genomic erosion in a demographically
recovered bird species during conservation rescue. Conser Biol 36:e13918.
https://doi.org/10.1111/cobi.13918

Jeon JY, Black AN, Heenkenda EJ, Mularo AJ, Lamka GF, Janjua S et al (2024). Genomic
diversity as a key conservation criterion: proof-of-concept from mammalian whole-
genome resequencing data. Evol Appl 17:e70000.
https://onlinelibrary.wiley.com/doi/full/10.1111/eva.70000

Kleinman-Ruiz D, Lucena-Perez M, Villanueva B, et al (2022) Purging of deleterious burden
in the endangered Iberian lynx. Proc Natl Acad Sci 119:€2110614119.
https://www.pnas.org/doi/abs/10.1073/pnas.2110614119

Kyriazis CC, et al. (2023) Genomic underpinnings of population persistence in Isle Royale
moose. Mol Biol Evol 40:msad021.
https://academic.oup.com/mbe/article/40/2/msad021/7024794

Mathur S, DeWoody JA (2021) Genetic load has potential in large populations but is realized
in small inbred populations. Evol Appl 14:1540-1557.
https://doi.org/10.1111/eva.13216

Mathur S, Tomeéek JM, Tarango-Arambula LA, Perez RM, DeWoody JA (2023) An
evolutionary perspective on genetic load in small, isolated populations as informed by
whole genome resequencing and forward-time simulations. Evolution 77:690-704.
https://academic.oup.com/evolut/article/77/3/690/6936536

Norderhaug KM, Knutsen H, Filbee-Dexter K, Sodeland M, Jorde PE, Wernberg T, Oomen
R, Moland E (2024) The International Union for Conservation of Nature Red List does


https://www.nature.com/articles/s41559-024-02337-4
https://www.nature.com/articles/s41559-024-02337-4
https://www.nature.com/articles/s41559-024-02337-4
https://doi.org/10.1038/s41576-023-00671-0
https://doi.org/10.1038/s41576-023-00671-0
https://portals.iucn.org/library/sites/library/files/documents/2021-022-En.pdf
https://portals.iucn.org/library/sites/library/files/documents/2021-022-En.pdf
https://portals.iucn.org/library/sites/library/files/documents/2021-022-En.pdf
https://nc.iucnredlist.org/redlist/content/attachment_files/RedListGuidelines.pdf
https://nc.iucnredlist.org/redlist/content/attachment_files/RedListGuidelines.pdf
https://nc.iucnredlist.org/redlist/content/attachment_files/RedListGuidelines.pdf
https://doi.org/10.1111/cobi.13918
https://doi.org/10.1111/cobi.13918
https://doi.org/10.1111/cobi.13918
https://onlinelibrary.wiley.com/doi/full/10.1111/eva.70000
https://onlinelibrary.wiley.com/doi/full/10.1111/eva.70000
https://onlinelibrary.wiley.com/doi/full/10.1111/eva.70000
https://www.pnas.org/doi/abs/10.1073/pnas.2110614119
https://www.pnas.org/doi/abs/10.1073/pnas.2110614119
https://www.pnas.org/doi/abs/10.1073/pnas.2110614119
https://academic.oup.com/mbe/article/40/2/msad021/7024794
https://academic.oup.com/mbe/article/40/2/msad021/7024794
https://academic.oup.com/mbe/article/40/2/msad021/7024794
https://doi.org/10.1111/eva.13216
https://doi.org/10.1111/eva.13216
https://doi.org/10.1111/eva.13216
https://academic.oup.com/evolut/article/77/3/690/6936536
https://academic.oup.com/evolut/article/77/3/690/6936536
https://academic.oup.com/evolut/article/77/3/690/6936536

323
324

325
326
327

328
329
330
331

332
333

334
335

336
337
338

339
340
341
342

343
344

345
346
347
348

349
350
351

352
353

not account for intraspecific diversity. ICES J Mar Sci 81:815-822.
https://doi.org/10.1093/icesims/fsae039

Pinto AV, Hansson B, Patramanis I, Morales HE, van Oosterhout C (2024) The impact of
habitat loss and population fragmentation on genomic erosion. Conserv Genet 25: 49-
57.

Ralls K, Sunnucks P, Lacy RC, Frankham R (2020) Genetic rescue: A critique of the
evidence supports maximizing genetic diversity rather than minimizing the introduction
of putatively harmful genetic variation. Biol Conserv 251:108784.
https://www.sciencedirect.com/science/article/abs/pii/S0006320720308429

Ryder OA (1986) Species conservation and systematics: The dilemma of subspecies. Trends
Ecol Evol 1:9-10. https://doi.org/10.1016/0169-5347(86)90059-5

Schmidt C, Hoban S, Hunter M, Paz-Vinas I, Garroway CJ (2023) Genetic diversity and
IUCN Red List status. Conserv Biol 37:€14064. _https://doi.org/10.1111/cobi.14064

Smeds L, Ellegren H (2023) From high masked to high realized genetic load in inbred
Scandinavian wolves. Mol Ecol 32:1567-1580.
https://onlinelibrary.wiley.com/doi/full/10.1111/mec.16802

Speak SA, Birley T, Bortoluzzi C, Clark MD, Percival-Alwyn L, Morales HE, van
Oosterhout C (2023) Genomics-informed captive breeding can reduce inbreeding
depression and the genetic load in zoo populations. Mol Ecol Resour: e13967.
https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13967

van Oosterhout C (2020) Mutation load is the spectre of species conservation. Nat Ecol Evol
4:1004-1006. https://www.nature.com/articles/s41559-020-1204-8

van Oosterhout C, Speak SA, Birley T, Bortoluzzi C, Percival-Alwyn L, Urban LH,
Groombridge JJ, Segelbacher G, Morales HE (2022) Genomic erosion in the
assessment of species extinction risk and recovery potential. bioRXiv.
https://doi.org/10.1101/2022.09.13.507768

Willi Y, Fracassetti M, Zoller S, Van Buskirk J (2018). Accumulation of mutational load at
the edges of a species range. Mol Biol Evol 35:781-791.
https://academic.oup.com/mbe/article/35/4/781/4810769

Willoughby JR, Sundaram M, Wijayawardena BK, et al (2015) The reduction of genetic
diversity in threatened vertebrates and new recommendations regarding [JUCN


https://doi.org/10.1093/icesjms/fsae039
https://doi.org/10.1093/icesjms/fsae039
https://doi.org/10.1093/icesjms/fsae039
https://www.sciencedirect.com/science/article/abs/pii/S0006320720308429
https://www.sciencedirect.com/science/article/abs/pii/S0006320720308429
https://www.sciencedirect.com/science/article/abs/pii/S0006320720308429
https://doi.org/10.1016/0169-5347(86)90059-5
https://doi.org/10.1016/0169-5347(86)90059-5
https://doi.org/10.1111/cobi.14064
https://doi.org/10.1111/cobi.14064
https://onlinelibrary.wiley.com/doi/full/10.1111/mec.16802
https://onlinelibrary.wiley.com/doi/full/10.1111/mec.16802
https://onlinelibrary.wiley.com/doi/full/10.1111/mec.16802
https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13967
https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13967
https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13967
https://www.nature.com/articles/s41559-020-1204-8
https://www.nature.com/articles/s41559-020-1204-8
https://doi.org/10.1101/2022.09.13.507768
https://doi.org/10.1101/2022.09.13.507768
https://doi.org/10.1101/2022.09.13.507768
https://academic.oup.com/mbe/article/35/4/781/4810769
https://academic.oup.com/mbe/article/35/4/781/4810769
https://academic.oup.com/mbe/article/35/4/781/4810769

354 conservation rankings. Biol Conserv 191:495-503.
355 https://www.sciencedirect.com/science/article/abs/pii/S000632071530032X



https://www.sciencedirect.com/science/article/abs/pii/S000632071530032X
https://www.sciencedirect.com/science/article/abs/pii/S000632071530032X
https://www.sciencedirect.com/science/article/abs/pii/S000632071530032X

