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A key trait of the Anthropocene is the rapid change of environmental processes (the so-

called global change drivers) and social attitudes towards their effects (Alley et al., 2003;

Brook et al., 2008; Pereira et al., 2010; Chen et al., 2011; Mace, 2014). Neither drivers nor

attitudes are new phenomena. Climate, atmospheric composition, habitats and biological

communities are ever changing, and human societies have overexploited, sustainably

managed and preserved species, habitats or sites throughout human history. Rapid global

change erodes populations, communities and whole ecological systems, usually in non-linear

ways. Non-linear effects will eventually lead to tipping points of sudden, irreversible change

in populations, communities and whole ecosystems (Brook et al., 2008; Lenton andWilliams,

2013; Rohr et al., 2014; Urban, 2015). Extinctions caused by overharvesting or by introduced

predators, competitors or diseases; community collapse due to extinction of keystone

interactors or to introduction of keystone predators, competitors or parasites; and

simplification of ecosystems due to loss of ecosystem engineers, pollution, habitat loss,

fragmentation and climate change are classical textbook examples of such tipping points

(Leakey and Lewin, 1996; Kolbert, 2014).

While initially local, collapses are becoming increasingly global. Increased human

capacities for harvesting and transporting organisms, for exploiting and transforming

habitats, and for changing the Earth’s climate are both cause and by-products of

globalisation (Diamond, 2011; Harari, 2014). Overexploitation and irreversible change of

ecological systems are no longer limited by technology. Solutions to global change threats to

biodiversity will thus come from new social attitudes to conservation (Mace, 2014). Sparing

areas from people’s use, or preventing intensive uses in protected areas, was the cornerstone

of last century conservation policy, and it is still defended by leading scientists (Wilson,

2016). Increasing intensity of exploitation of land outside preserves to fulfil the exploding

needs of a growing human population, and spill-over of intensification effects toward land

spared for conservation, fuelled the development of land-sharing approaches to conservation

(Phalan et al., 2011).

Productive land use systems are integrated with the conservation of wildlife in a shared

landscape, where wildlife provides ecosystem services sustaining such productive land uses.

This ‘Nature for people’ framework is supported by environmental economic research that

integrate commercial and non-commercial values and develop ways for considering non-

commercial values in accounting systems (Costanza et al., 2014; Campos et al., 2019). ‘Nature

for people’ frameworks underlie the recent history of large-scale land-use policies such as the

European Common Agricultural Policy (Dıáz et al., 2021a; Pe’er et al., 2022), as well as

integrative concepts such as the ecological intensification of agricultural systems (Clough
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et al., 2011; Geertsema et al., 2016). Limitation of economic theory to

estimate the social values that nature gives to people led to the

development of the ‘People and Nature’ framework. Ecological,

social and economic values are integrated into sustainable

socioecological systems (Mace, 2014). Both values and management

systems are based on long-term agreements within specific human

societies (Dıáz et al., 2018). This approach allows for incorporating

spiritual and local values and attitudes difficult to generalize to the

scale of the global economy, so that they can counteract

intensification trends of seemingly ‘green’ policies of energy

production, transport systems, and urbanization (Dıáz et al., 2018).

Climate change, pollution, biotic changes and land use change

have been identified has the main drivers of current global change

(Brook et al., 2008). These drivers are ultimately fuelled, or

attenuated, by social attitudes towards wildlife use (from

overexploitation to sustainable management to recreation),

urbanisation, global trade, agricultural patterns, water use, energy-

supply systems, and economic policy.

Knowledge on the effects of social trends on drivers, of drivers on

biodiversity and ecosystem functioning, and of ecosystem functioning

on sustainability of human societies is however still uneven and

usually too coarse. For instance, climate change predictions are

increasingly detailed and precise, thanks to the sustained work of

hundreds of first-class scientists during the last decades under the

Intergovernmental Panel on Climate Change (IPCC) platform

(Pörtner et al., 2022). How and why predicted climate changes will

determine changes in species, communities and ecosystems is still a

matter of active research, however (Peterson et al., 2011; Mendoza

and Araújo, 2019; Dıáz et al., 2021b). Translation of climate-

biodiversity relations into policy action to prevent and/or adapt

socioeconomic systems to expected consequences of climate change

is even more difficult (Polasky et al., 2011). Effects of the remaining

global drivers, and of interactions among them, are even less

understood, although research is advancing rapidly (Boulangeat

et al., 2012; Dıáz et al., 2021b). Finally, research on socioecological

systems promoted by the Intergovernmental Science-Policy Platform

on Biodiversity and Ecosystem Services (IPBES), the biological

equivalent to the IPCC, is starting to provide foundations for

translating knowledge on global change effects on ecosystems to

policy action to counteract them (Chaplin-Kramer et al., 2019).

Although every piece of sound knowledge on the complex issue

of dealing with global biodiversity threats is urgently needed,

several pressing and promising topics can be highlighted. First,

it is still necessary to refine the use of climate change models to

predict changes in biodiversity and develop effective conservation

policies. Models that integrate additive and interactive effects of

other drivers are specially needed to increase predictive power

under realistic scenarios (Outhwaite et al., 2022). Routine use of

the sophisticated but easily accessible modelling tools to generate

simplistic ‘predictions’ of future species distributions and develop

‘effective’ policies are likely to be of very limited value (Pearson

and Dawson, 2003). Large-scale modelling exercises, and tests of

model predictions with past or future data, are much more

promising (Thuiller et al., 2005; Nogués-Bravo et al., 2008;

Brodie et al., 2022).
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The second promising field of research deals with the

development of sound theory on processes underlying extinction

and invasion risk. Increasing availability of global databases are

depicting detailed patterns of extinction and invasion potential, as

well as correlates with them. Such analyses focus on associations

between extinction or invasion with species traits (often in a

phylogenetic framework) or ecological drivers (Munstermann et al.,

2022). Yet we still lack integrated analyses that lead to more general

predictions. For instance, the best predictor of invasive potential is

whether the species is invasive in other area in the world, together

with propagule pressure (i.e., the number of introduction attempts)

and tolerance to humans (Møller et al., 2015), but little can be said

about species that have not been moved yet to other areas (Hawkins

et al., 2015). For this reason, policies tend to rely more on the

precautionary principle, declaring potential invasive species on the

basis of knowledge derived from other invasions and avoiding any

introduction as far as possible. However, since global trade trends

often do not follow these precautionary rules we need better models to

anticipate invasion potential (Hulme, 2021).

The search for more general patterns and processes underlying global

threats to biodiversity should also consider spatial and temporal variation

of drivers’ effects. Spatial patterns may arise from latitudinal, longitudinal

or altitudinal gradients of environmental suitability. Such gradients

usually show decreasing trends of suitability, and increasing effects of

drivers, from the centre to the borders of species´ ranges (Brown, 1984).

Asymmetric trends in the leading and rear edges of current climate-

driven northwards movement of ranges (Hampe and Petit, 2005), areas

of high suitability close to borders (Tellerıá et al., 2021), geographic

asymmetries (Dıáz et al., 2015) or intercontinental differences (Møller

et al., 2014) are most likely due to long-lasting effects of past events, from

glacier-age legacies (Hampe and Petit, 2005; Tellerıá et al., 2021) to

history of land uses (Møller et al., 2014; Dıáz et al., 2015). Research on

processes causing spatial and temporal variation in effects on current

biodiversity will help to adapt management recommendations to local

realities. It is extremely unlikely that management policies promoting

fixed practices across heterogeneous regions will be effective at

counteracting threats, as the recent history of the European Common

Agricultural Policy shows (Pe’er et al., 2014).

Finally, identifying threats is not enough: management practices

aimed at counteracting them should be developed, evaluated, and

modified if they are found to be ineffective (Pérez et al., 2012; Dıáz

and Concepción, 2016). Routine evaluation of the effectiveness of

measures using proper controls should be mandatory when developing

conservation policies (Kleijn et al., 2006). Both management plans and

evaluations should take into account scale issues, as actions are usually

applied by owners at the scale of their properties but landscape context

may greatly condition action’s effectiveness (Concepcion et al., 2012;

Meier et al., 2022). New accounting systems that incorporate non-

commercial values of biodiversity (Campos et al., 2019) will help

develop large-scale monitoring systems of biodiversity change, which

are essential to detect changes in trends and to evaluate whether

management actions scale-up to curb negative trend of species or

communities (Dıáz et al., 2022).

Globalization of commerce has expanded the threats to

biodiversity to global scales. Globalisation of conservation may,
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however, permit the rapid global dissemination of successes and

failures of local conservation actions. Scientific journals are the best

available tool for such dissemination (Dıáz et al., 2016). I encourage

our diverse readers and authors to submit papers to Frontiers in

Conservation Science that will help us rise to the challenge of defining,

understanding, and solving the global biodiversity threats faced in

the Anthropocene.
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Thuiller, W., Lavorel, S., Araújo, M. B., Sykes, M. T., and Prentice, I. C. (2005). Climate change
threats to plant diversity in Europe. PNAS 102, 8245–8250. doi: 10.1073/pnas.0409902102

Urban, M. C. (2015). Accelerating extinction risk from climate change. Science 348,
571–573. doi: 10.1126/science.aaa4984

Wilson, E. O. (2016). Half-earth: our planet’s fight for life (New York: WW Norton &
Company).
frontiersin.org

https://doi.org/10.1111/ele.14104
https://doi.org/10.1111/ele.14104
https://doi.org/10.1038/s41467-019-12995-9
https://doi.org/10.1038/s41467-019-12995-9
https://doi.org/10.1111/cobi.13852
https://doi.org/10.1371/journal.pbio.0060079
https://doi.org/10.1038/s41586-022-04644-x
https://doi.org/10.1038/s41586-022-04644-x
https://doi.org/10.1046/j.1466-822X.2003.00042.x
https://doi.org/10.1126/science.1253425
https://doi.org/10.1126/science.1253425
https://doi.org/10.1111/conl.12901
https://doi.org/10.1126/science.1196624
https://doi.org/10.1890/110175
https://doi.org/10.1126/science.1208742
https://doi.org/10.1016/j.tree.2011.04.007
https://doi.org/10.1126/science.1253497
https://doi.org/10.1111/jbi.14219
https://doi.org/10.1073/pnas.0409902102
https://doi.org/10.1126/science.aaa4984
https://doi.org/10.3389/fcosc.2023.1147470
https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org

	Dealing with global threats to biodiversity: A pressing but realistic challenge
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


