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Fig. 3. Coastal ecoregions, pelagic provinces, and marine protected areas of the world oceans. (A) Coastal ecoregions and pelagic provinces. (B) Map of marine

protected areas.

population (72), and management of this habitat could be supported
under the OECM umbrella as megafaunal landscapes in that part of
the breeding tiger population, especially in India, that occurs outside
formal protected areas. The payoff for climate stabilization is dramatic:
An earlier study showed that forested areas that contain tigers have
three times the carbon density compared to forests and degraded lands
where tigers have been eradicated (71). Restoration in tiger habitat
and other megafaunal landscapes could center on protecting remain-
ing fragments of natural habitat, reconnecting and buffering them
by restoring degraded lands, thus aligning with the Bonn Challenge
that seeks to restore 350 million ha of forest by 2030 (73). The same
rationale could be used to extend protection in high-carbon density
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habitats for gibbons and other primates, hornbills and other large
fruit-eating birds, and fruit-eating bats.

The central role of indigenous lands

Potentially prominent among OECMs are indigenous peoples’ lands,
which account for 37% of all remaining natural lands across the Earth,
and these lands store >293 gigatons of carbon (74). Although many of
these lands meet the definition of a protected area, many others may
be appropriately characterized as OECMs. Here, the global policies
articulated in the Paris Agreement and the proposed GDN merge with
addressing human rights. The direction, insights, rights, and voices
of indigenous peoples are essential but rarely published in scientific
journals. The GDN could assist indigenous peoples, where requested,
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to keep lands intact—for hunting areas, protection of traditional life-
styles, or other features—and provide a mechanism to assist these
communities with securing tenure rights. Supporting efforts to main-
tain these lands, many of which are critical to global terrestrial bio-
diversity conservation, in many cases would result in lower rates of
deforestation and better protection of the biodiversity and eco-
system functions upon which these communities depend (75).
Furthermore, more than one-third of the carbon identified in com-
munity lands across the tropics lies in areas without secure tenure
rights. The Amazon Basin, Congo Basin, boreal, tundra, Borneo,
and New Guinea ecoregions all store massive amounts of above-
and belowground carbon (fig. S2A) and overlap greatly with indige-
nous lands.

Theme 3: Reducing major threats

Land conversion and infrastructure development risk compromis-
ing the ability of protected areas and CSAs to protect species and
store carbon. Slowing and stopping the clearing of intact natural
habitat for agriculture, the dominant form of land use today, is crit-
ical as part of the overall strategy to stay below 1.5°C. By increasing
intensification and directing cropland expansion to degraded lands,
and by reducing food waste, the 2050 world food demand could be
met without additional land clearing (76, 77). The total length of
paved roads globally is projected to increase by 20 million km (enough
to encircle the Earth more than 600 times), and 90% of all new
infrastructure is slated for the world’s tropical and subtropical bio-
diverse ecosystems (78). Infrastructure and energy development
projects—major sources of fragmentation and penetration into wilder-
ness areas, protected areas, indigenous territories, and CSAs—should
be closely scrutinized (see Table 3 for recommended targets and
policies) (79). Proactive approaches are needed to optimize human
benefits while limiting harm.

On land, hunting by humans imperils 40 to 50% of all threatened
bird and mammal species (80). In the marine realm, industrial fish-
ing is the largest hunting operation on the planet and targets more
than half of the ocean surface, spanning an area four times that cov-
ered by terrestrial agriculture (81). Currently, fishing exploitation
rates remain uncontrolled in vast ocean areas, including the high seas.
Only a small fraction of the fisheries of the world are managed and
science based, and they mostly concern single species targeted by
industrial fleets in developed countries (82). In many cases, reduc-
ing fishing effort could help increase efficiency and profitability
(83). Illegal and unsustainable trade in animals and plants, especially
in threatened species, must also be curtailed. Further, resources will
be needed to enforce protection as protected areas expand under a
GDN. The most commonly invoked intervention to counteract
poaching and overhunting is law enforcement patrolling to deter,
detect, and punish poachers. Halting illegal and unsustainable trade
in animals and plants, in particular of species threatened with ex-
tinction and where trade adds to the pressure on that species, is es-
sential (Table 3).

The proliferation of invasive species, pollutants, and toxins is a
major driver of species loss, population declines, and habitat degra-
dation around the world (84). The amount of plastic making its way
into the oceans is predicted to nearly double in the next decade;
allowing this to occur would unleash extremely detrimental impacts
on marine species and ecosystems (85). Beyond plastics, widespread
use of ecologically damaging toxins is causing massive declines in
global pollinators, invertebrate biomass, and degradation of aquatic
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ecosystems. To achieve the Sustainable Development Goals (SDG)
target to prevent and significantly reduce pollution, the world needs
to move from our current “linear economy” (make, use, dispose) to
a circular economy in which resources do not become waste but
instead are recovered and regenerated at the end of each service life
(86). A GDN should encourage appropriate regulations, market in-
centives, and enterprise in areas such as waste management upstream
to prevent plastic trash entering the ocean (Table 3). Funding for
research, technology, and invasive species management programs
in targeted areas can have marked effects in restoring native species
populations and ecosystem services.

The conservation biology literature offers extensive analyses and
detailed case studies of global threats and drivers of biodiversity loss.
We have distilled key papers from this literature to identify clear
milestones and targets that reflect their scope and intensity and how
to reduce their impact as an integral part of the GDN (Table 3).

DISCUSSION

The Paris Agreement offers a useful template for a GDN because it
sets global targets, provides a model for financial support, and sup-
ports bottom-up efforts. All nations have signed on to this agree-
ment. But the Paris Agreement is only a half-deal; it will not alone
save the diversity of life on Earth or conserve ecosystem services upon
which humanity depends. It is also reliant on natural climate solu-
tions that require bolstering outside of the Paris Agreement to en-
sure that these natural approaches can contribute to its success. Yet,
land-based sequestration efforts receive only about 2.5% of climate
mitigation dollars (4, 87).

At the same time that climate scientists were arriving at a single
numerical target for maintaining Earth’s atmosphere at safe limits,
biodiversity scientists identified multiple targets for the required
habitats to conserve the rest of life on Earth. But to communicate
effectively, as in the Paris Agreement, these many needs could be
encompassed within a single target: protect at least half of Earth by
2050 and ensure that these areas are connected (16, 23, 40). The evi-
dence arising since these calls were made clearly demonstrate that
while we may be able to afford to wait to formally designate 50% pro-
tected in nature reserves, we need to fast-track the protection and
restoration of all natural habitat by 2030 (2). A GDN that will en-
sure that we have at least 50% intact natural habitats by 2030 is the only
path that will enable a climate-resilient future and is one that will offer
a myriad of other benefits (3, 4). Since the crucial role of intact, di-
verse systems has also been demonstrated to be essential for carbon
storage (8, 15), the GDN will need to emphasize mechanisms for pro-
tecting intactness both inside and outside of protected areas (e.g. in
CSAs/OECMs) well before 2050.

Tallis and colleagues (3) demonstrated that with existing technol-
ogies and large-scale adoption of common conservation approaches
(e.g., protected areas, renewable energy, sustainable fisheries man-
agement, and regenerative agriculture), it would be possible to ad-
vance a desired future of multiple economic and environmental
objectives (including 50% of each biome intact, with the exception of
temperate grasslands). This spatial coexistence is possible even with
the prospects of feeding and supporting the material needs of a grow-
ing human population (88). The success of proposals to boost food
production while protecting biodiversity will likely depend on our
success in addressing human population growth, however, and our
willingness to marshal financial resources accordingly (89).

120f 17

0202 ‘v'g 1aquialdas uo /610’ Bewadusios saoueape//:dny wolj papeojumoq


http://advances.sciencemag.org/

SCIENCE ADVANCES | REVIEW

Table 3. Enabling policies, milestones, and targets to reduce major threats and drivers of change.

Enabling policies to reduce threats and drivers

Feature 2018 Benchmark Milestone for 2030 Target outcome for 2050 References
Agricultural Cropland covers at least 12% of (i) Expansion of agro-commodity No loss of natural habitat for (94-96)
expansion the planet’s ice-free surface; production and supporting roads and commercial agro-commodity
the expected range of settlements is moved to degraded or production and sourcing
cropland expansion is previously converted areas such that is occurring
123-495 Mha per annum range of cropland expansion into
natural areas is halved from
2020 levels.
(i) Priority biodiversity and biospheric
areas are experiencing no net loss of
habitat due to agricultural expansion.
(iii) Targets established and met for
increase in per ha productivity
Roads At least 25 million km of new (i) Transnational transport corridor All transnational transport corridor (78,79,97)
roads projected by 2050 projects that will affect priority projects that can affect priority
(a 60% increase in the total biodiversity and biosphere function biodiversity and biosphere function
length of roads over that in target areas are subject to target areas are subject to
2010); 70% of the world’s international oversight of strategic international oversight of strategic
forests are less than 1 km from road planning that minimizes impacts road planning that minimizes
aforest edge on biodiversity and biosphere impacts on biodiversity and
function targets. biosphere function targets. All
(i) Top 50 planned road networks or planned road networks or
improvements that would directly improvements that would directly
affect priority biodiversity and affect priority biodiversity and
biosphere function habitats and biosphere function habitats and
regions are not eligible for regions are not eligible for
international financing. international financing
(iii) International financing is predicated
on ensuring overpasses and
underpasses in engineering designs
to ensure integration of social and
ecological connectivity
Dams, barrages, More than 800,000 dams and (i) No further planning or building of Restoration of 25% of the world’s rivers (57,93, 98)

channelizations 45,000+ large dams exist;

more than half the world’s

rivers blocked by large dams,

thousands of smaller dams
being planned

Overfishing
in 1996 and has been
declining since, with more
than 30% of fisheries
collapsed; more than

1000 species threatened with

extinction due to fishing

Wildlife trade
three-fourths of threatened

species; wildlife products are
legally traded internationally

at volumes of an average of
100 million whole organism

equivalents per year over the

past 10 years

continued to next page
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The global marine catch peaked (i) Subsidies that contribute to

Overexploitation affects

large- to medium-sized dams on the
world’s rivers
(ii) Maintain two-thirds of all headwaters
of the Earth’s major river systems
undammed by 2030 through
protection and removal of blocking
infrastructure

overcapacity and overfishing
are eliminated
(ii) Global fishing capacity cut in half
(iii) Regional Fisheries Management
Organizations reformed and made
accountable to a new independent
global fisheries agency

(i) Sport and commercial hunting of

threatened terrestrial, marine, and
freshwater animals and parts are
banned nationally and internationally
(i) Agreements in place to prohibit
international trade/sale/transport for
commercial purposes of all
wild-caught threatened species

to free-flowing state by 2050
through removal of dams and
barrages

(i) End of overfishing (24,81,99, 100)
(i) All commerecial fisheries

management is science based and

sustainable and is based on

access rights
(iii) Sustainable aquaculture based on

non-fish feed has replaced half of

the marine catch

(i) Global ban in international transport (9,100, 107)
for commercial purposes of all
wildlife species and threatened
plant taxa
(ii) Global legislation and enforcement
banning any trade in
threatened species
(iii) Legal trade volumes considered
sustainable for all species
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Table 3. Enabling policies, milestones, and targets to reduce major threats and drivers of change.

Enabling policies to reduce threats and drivers

Feature 2018 Benchmark Milestone for 2030 Target outcome for 2050 References
Invasive species ~17,000+ invasive species (i) Solidify gains in the Actions and (i) Solidify gains in the Actions and (84, 100)
documented Milestones of Aichi Target 9 invasive Milestones of Aichi Target 9 Invasive
alien species prevented and alien species prevented and
controlled, namely, “By 2020, invasive controlled, namely, “By 2020,
alien species and pathways are invasive alien species and pathways
identified and prioritized, priority are identified and prioritized,
species are controlled or eradicated, priority species are controlled or
and measures are in place to manage eradicated, and measures are in
pathways to prevent their place to manage pathways to
introduction and establishment.” prevent their introduction and
(ii) Control of top plant or animal establishment.”
invasive species in 100 global priority (i) Control of top plant or animal
islands invasive species in 200 global
priority islands
Plastics The amount of plastic making its ~ Global ban on all nonrecyclable, Global ban on all single-use plastics; (85,86,102)
way into the oceans is single-use plastics; recycling of 30% of recycling of 50% of the
predicted to increase from the world’s plastics world’s plastics
9 million metric tons in 2015 to  To achieve the SDG target to “prevent
16 million metric tons in 2025 and significantly reduce marine
pollution” by 2025, the world needs to
move from our current “linear
economy” (make, use, dispose) to a
circular economy in which resources
do not become waste but instead are
recovered and regenerated at the end
of each service life. Government
should embed the circular economy
into national strategies
Toxins Current widespread use of The most ecologically damaging classes  Global program to monitor and (103)
ecologically damaging toxins of commercial toxins (e.g., certain enforce no production, sale, and use
occurs, causing massive pesticides, herbicides, nematocides, of most ecologically damaging
declines in global pollinators, and fungicides, especially those that toxins, including testing newly
invertebrate biomass, kill pollinators, poison freshwaters, developed commercial toxins
and degradation of and sterilize soils) no longer
aquatic ecosystems produced, sold, or used globally
Ozone-depleting The Montreal Protocol on A global ban on production and use of (104)

chemicals Substances that Deplete the
Ozone Layer currently
regulates ozone-depleting

chemicals

enforced

Gross costs for nature conservation measures across half the Earth
could be $100 billion per year, but the international community cur-
rently spends $4 billion to $10 billion per year on conservation (90).
Extending the area-based targets in the post-2020 strategic plan for
biodiversity to 30% by 2030 will likely require direct involvement of
the private sector. In key sectors—fishing, forestry, agriculture, and
insurance—corporations may be able to align their financial returns
directly to reaching targets recommended by the GDN. However,
the typical approach to conservation planning does not involve the
real (net) costs because the direct benefits of conservation and the
averted costs of inaction are not included in the calculations. Barbier
and colleagues (90) showed that potential direct benefits from bio-
diversity conservation for various sectors range from increasing an-
nual profits by $53 billion in the seafood industry to $4300 billion in
the insurance industry. In addition, marine reserves can provide
more economic benefits from tourism than fishing in many loca-
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ozone-depleting chemicals effectively

tions worldwide (91). Financial investments of even 10 to 20% of
potential benefits from biodiversity conservation from three key
industries could make up as much of one-third of the commitment
needed to implement a GDN. A GDN may appeal to a broader set
of nonstate actors, including corporations and local government
entities. The solutions could be implemented in ways that have direct
positive benefits to local or regional communities and especially
indigenous peoples. Land-based jobs, food security, green space,
access to wilderness, and ecosystem services are benefits that deliver
advantages to rural and urban dwellers alike.

Complex life has existed on Earth for about 550 million years, and
itis now threatened with the sixth mass extinction. If we fail to change
course, it will take millions of years for Earth to recover an equiva-
lent spectrum of biodiversity. Future generations of people will live
in a biologically impoverished world. Adopting a GDN and the mile-
stones and targets presented here would better allow humanity to
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develop a vibrant, low-impact economy and conserve intact ecosys-
tems, all while leaving space for nature. Linking the GDN and the
Paris Agreement could solve the two major challenges facing the
biosphere and all the species within it and result in a return to safe
operating space for humanity.
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Section S1. Maps of important biodiversity and carbon layers
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Fig. S1. Maps used to increase representation among terrestrial ecoregions and unprotected
sites of biodiversity importance that contribute to the global milestone of 30% protected by
2030.

Fig. S2. Maps showing total terrestrial carbon and overlap with intact large mammal
assemblages.

Fig. S3. Overlay of tiger conservation landscapes and protected areas.
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areas of high priority.
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