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Abstract Biodiversity hotspots are among some of the habitats most threatened by cli-

mate change, and the Brazilian Atlantic forest is no exception. Only 11.6 % of the natural

vegetation cover remains in an intensely fragmented state, which results in high vulner-

ability of this biome to climate change. Since[60 % of the Brazilian people live within the

Atlantic forest domain, societies both in rural and urban areas are also highly vulnerable to

climate change. This review examines the vulnerabilities of biodiversity and society in the

Atlantic forest to climate change, as well as impacts of land use and climate change,

particularly on recent biological evidence of strong synergies and feedback between them.

We then discuss the crucial role ecosystem-based adaptation to climate change might play

in increasing the resilience of local society to future climate scenarios and provide some

ongoing examples of good adaptive practices, especially related to ecosystem restoration

and conservation incentive schemes such as payment for ecosystem services. Finally, we

list a set of arguments about why we trust that the Atlantic forest can turn from a

‘‘shrinking biodiversity hotspot’’ to a climate adaptation ‘‘hope spot’’ whereby society’s

vulnerability to climate change is reduced by protecting and restoring nature and

improving human life standards.
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Introduction

The domain of the Brazilian Atlantic Forest biome is home to more than 100 million

Brazilians and is the economic engine of the country. It contributes to 70 % of the gross

domestic product (GDP) and 2/3 of the industrial economy (Martinelli et al. 2013).

Therefore, some of the largest Brazilian urban concentrations are within the Atlantic

forest territory, such as the metropolis of Rio de Janeiro and São Paulo. Although 90 %

of the Atlantic forest population lives in urban centres, at the same time more than half

of the national land dedicated to horticulture is within the biome (Pinto et al. 2012).

Urbanization, industrialization, and agriculture expansion meant loss of natural habitats

and, even though they led to economic growth, they did not translate into a fair dis-

tribution of wealth and human wellbeing is often challenged. Social inequality remains a

major issue, although there has been a reduction in poverty levels which afflicted some

twenty-five percent of the people that lived in the Atlantic forest domain until the end of

the last century (Galindo-Leal and Câmara 2003). For instance, a decade ago mean

Human Development Index of Atlantic Forest municipalities in the Brazilian northeast

was 0.630, against 0.744 from southeastern municipalities and 0.767 from southern

municipalities (IPEA et al. 2003).

Poverty and major loss of natural vegetation cover, as seen in the Atlantic forest

domain, interact with climatic changes in perverse ways. Societies that are experiencing

shortage of natural resources are the least resilient to climate change; and poor people are

the most vulnerable to climate impacts (Fisher et al. 2014; Magrin et al. 2014). Therefore,

due to the combination of natural resource decline and low human wellbeing standards, it

is not surprising that parts of the Brazilian northeast and the metropolitan areas of Rio de

Janeiro, São Paulo and Belo Horizonte are pointed as socio-climatic hotspots (Torres et al.

2012) and the Atlantic forest is classified as one of the 3 biodiversity hotspots most

vulnerable to climate change (Béllard et al. 2014).

In this context, and according to the definition of the Intergovernmental Panel on

Climate Change (IPCC), vulnerability to climate change is the propensity or predispo-

sition of a given system to be adversely affected by climate change, including climate

variability, extremes and hazards (Burkett et al. 2014). It therefore applies to social

systems, natural systems, or both. Vulnerable systems are subject to impact. ‘‘Impact’’,

according to the IPCC (Agard and Schipper 2014), refers to ‘‘effects on lives, liveli-

hoods, health, ecosystems, economies, societies, cultures, services, and infrastructure due

to the interaction of climate changes or hazardous climate events occurring within a

specific time period’’. Evidence of climate-change impacts is strongest and most com-

prehensive for natural systems (IPCC 2014). In order to reduce vulnerability and min-

imize impact, adaptation strategies are needed. In view of the high predisposition of the

Brazilian Atlantic forest to the adverse effects of climate change (Béllard et al. 2014;

Jantz et al. 2015), in this paper we review vulnerability, reported and projected impacts

on biodiversity, and we examine adaptation strategies based on ecosystems for the local

society to become more resilient to climate change. Societal adaptation to climate

change within the Atlantic forest domain, we propose, will rely heavily on ecosystem-

based practices, which simultaneously reduce poverty and enhance natural vegetation

cover.
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Vulnerability and impact

Biodiversity

Conversion of natural ecosystems is the main cause of biodiversity and ecosystem loss in

Brazil and South America as a whole, and is also a driver of anthropogenic climate change,

as native vegetation removal generates the release of greenhouse gases (Magrin et al.

2014). Landscape conversion started off even before the arrival of the Portuguese colo-

nizers at the Brazilian coast in 1500, when native Brazilians living in the Atlantic forest

biome intensely used forest resources for their livelihoods (Gaspar et al. 2008). Portuguese

colonization of Brazil began at the Atlantic forest domain (Dean 1996) and today more

than 60 % of the Brazilian population lives in this biome. The replacement of native forests

by agriculture or by urban centers intensified in the nineteenth and twentieth centuries. For

example, more than 1 million hectares of forest were lost between 1985 and 1996 (Young

2003). Despite a national legislation from 2008 that protects the biome, 23,948 ha of

remnant vegetation were still deforested between 2012 and 2013, 92 % of which were in

the states of Minas Gerais, Bahia, Piauı́ and Paraná (SOS Mata Atlântica and INPE 2014).

As a result, the Atlantic forest is a biodiversity hotspot, one of the 35 places in the world

where high biodiversity thrives although large portions of the habitats were lost (Mitter-

meier et al. 2005; Williams et al. 2011). This biome became an archipelago of small forest

islands surrounded by a matrix that can be agriculture, pasture, artificial forests (eucalypts

or pine-trees) or urban (Joly et al. 2014). Only 11.6 % of the natural vegetation cover of the

Atlantic forest remains (Ribeiro et al. 2009) and in an intensely fragmented state: 83.4 %

of the fragments are less than 50 ha (Ribeiro et al. 2011).

It has been estimated that this fragmentation means—over a 10-year period—a total

carbon loss of 69 Tg C (±14 Tg C) in addition to the loss due to deforestation (Pütz et al.

2014). In other words, deforestation is the largest contribution to carbon emission due to

land use (Ciais et al. 2013), but fragmentation significantly adds to that by a reduction in

biomass: diverse, old-growth flora is replaced by early successional plant species in highly

fragmented landscapes (Joly et al. 2014). Moreover, it has also been shown that Atlantic

forest fragmentation leads to a biotic homogenization. For instance, tree species with large

fleshy seeds or fruits, species pollinated by specialized vectors or emergent species are

becoming rarer in small fragments and pioneer and early successional species begin to

dominate (Lôbo et al. 2011; Leão et al. 2014).

Indeed, the forest fragments that remain in the Atlantic Forest are often too small to

allow for the persistence of many species. It is therefore not surprising that 1544 plant

species of the Atlantic forest are threatened with extinction, or 60 % of the entire list of

threatened species of the Brazilian flora (Martinelli et al. 2013). For the fauna, the situation

is similar: 380 threatened species or 60 % of the official list of Brazilian threatened species

(Paglia et al. 2008). Moreover, vertebrate loss has been intense (Canale et al. 2012) and

9 % of all terrestrial vertebrate known to the biome are threatened with extinction and,

among the endemic, one in each four species is threatened (Paglia et al. 2008).

The historic impact of land use change by deforestation on biodiversity turns the

Atlantic forest all the more vulnerable to climate change. Projections of future climate

scenarios indicate a reduction in the distribution range of many important plant species

such as the palm-heart (Euterpe edulis) and the legume tree known as ‘‘ingá’’ (Inga

sessilis), and also a distribution shift towards the south (Colombo and Joly 2010). For

vertebrates, there are also projections of local extinction for birds (Anciães and Peterson
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2006; Souza et al. 2011) and of amphibians (Loyola et al. 2014). Considering the high rates

of endemism in the biome (Mittermeier et al. 2005), such projections are indicative of

major future impacts if climate change and deforestation proceed business as usual (Brook

et al. 2008; Joly et al. 2014).

Furthermore, there are biological evidences of a process of ‘‘secondarization’’ and even

‘‘savannization’’ in the Atlantic forest sites. Joly et al. (2014) reviewed several studies that

indicate a process of biotic reorganization especially of fragmented Atlantic forest where

land use changes and incidence of fire replace mature forests by early successional ones.

This process they call secondarization is very much related to the biotic homogenization

already described. A recent thesis (Sansevero 2013), still unpublished, has found however

an Atlantic forest site affected by fire and possibly climate change that is remarkably

similar to the Brazilian savanna (Cerrado) in traits related to vegetation structure, species

composition and plant functionality. Burned communities exhibited more C4 grass cover,

trees with thicker bark, and a lower canopy cover compared to old growth forests, and

81 % of the plant species observed in the burned communities presents a widespread

distribution and also occur in the Cerrado. This stands out as a biological evidence for

savannization of the rainforest, probably resulting from the synergy between land use

change (fragmentation, deforestation, fire) and climate change, resulting in a warmer and

drier climate. This is in harmony with some of the climate projections available for the

savannization of another rainforest, the Amazon (Salazar et al. 2007).

Finally, the marginal habitats in the rainforest periphery of this biome—the high altitude

vegetation above the tree line (or ‘‘campos de altitude’’) and also the coastal vegetation in

sandy coastal plains (or ‘‘restingas’’) and mangroves (Scarano 2002, 2009)—are also

vulnerable to climate change. High altitude ecosystems’ vulnerability is due mostly to the

sensitivity of such species to higher temperatures, whereas coastal habitats such as

restingas and mangroves are potentially threatened by sea-level rise (Magrin et al. 2014).

Since such habitats are well recognized for being important carbon sinks and storages

(Dias et al. 2006; Scarano 2007), habitat loss might mean a strong synergy with climate

change.

Ecosystem services and society

Since biodiversity underpins the ecosystem services that are essential both for survival and

wellbeing of human societies, food production, climate stability, water security and even

cultural services are highly vulnerable to further land-use change and climate change in the

Atlantic forest (e.g., Ferraz et al. 2014; Joly et al. 2014). Historic and ongoing impacts on

key ecosystem services expose residents of cities and rural areas in the Atlantic forest

domain to extreme events, along with freshwater and food insecurity. Magrin et al. (2014)

have recently described an increase in the occurrence of extreme events (heavy rains,

landslides, heat waves, floodings and droughts) in Central and South America as a whole,

and particularly in the southeast of South America, where much of Atlantic forest lies

(Nobre et al. 2010). Rainfall distribution pattern in the biome plays an important role in

climate regulation. The relative balance of this system controls the stability of soils on

mountain slopes, as well as the level of rivers and reservoirs. When this balance is impaired

by climate variability it often results in extreme events leading to floodings and landslides

as seen in recent years in the states of São Paulo, Rio de Janeiro and Santa Catarina (see

also Joly et al. 2014). On the other hand, there is also evidence indicating a positive

relationship between tree cover and number of rainy days in the Atlantic forest. Webb et al.
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(2005) have found that more fragmented and patchier forests are associated with fewer

rainy days.

Therefore, water scarcity recently became a major issue for cities in the Atlantic forest,

although Brazil has some 20 % of global water resources (Freitas 2003). Within the

Atlantic forest, the Brazilian northeast suffers from water scarcity during the dry season

and the relationship between water consumption and availability in some portions of the

biome is considered critical (ANA 2013). The situation may be worsened with time, since

water resources are poorly protected and managed: Nogueira et al. (2010) have shown that

29 % of the countrýs microbasins lost more than 70 % of their vegetation cover and only

26 % have a significant overlap with protected areas or indigenous territories. Moreover,

40 % of the Brazilian microbasins overlap with hydroenergy plants and have high rates of

habitat loss. Among degraded and threatened microbasins, a majority is found in the

Atlantic Forest biome. These numbers are reason for concern given that Brazil is one of the

eight nations that altogether respond for 50 % of the water footprint of the planet (Hoekstra

and Chapagain 2007) and irrigation for agriculture is responsible for 72 % of the water

consumption in the country (ANA 2013). Since Brazilian economy is very much centered

in agriculture, there is a tendency of water competition with other sectors, such as energy

or sanitation: 83 % of Brazilian energy is generated by hydros (Lucena et al. 2009) and

sanitation is still a major issue in the country. The population in the Atlantic forest domain

responds for 70 % of the Brazilian GDP, and as the region develops it will demand an even

greater use of water. The ongoing political conflicts between the governments of the states

of Rio de Janeiro and São Paulo for the water of the much deforested Paraı́ba do Sul river is

a symptom of the vulnerability of the biome regarding water security (see http://exame.

abril.com.br/brasil/noticias/guerra-por-agua-revela-crise-de-governanca). Vitule et al.

(2015) argue that biodiversity conservation and restoration should be the main tactics to

revert the water shortage scenario in São Paulo.

Food security is also vulnerable to climate change. Globally, 800 million people live in

hunger and to feed these people—and also make sure that the 9–10 billion people expected

to be on the planet by 2050 are fed—agriculture will need pollinators. Brazil is currently

one of the most important agricultural producers of the planet and, therefore, if things go

wrong with Brazilian agriculture the whole planet will be seriously affected. Insect pol-

lination is needed for 70 % of cultivated crops in the world, and bees are particularly

relevant. Only in Brazil, the export value of eight cultivated crops that are dependent on

pollinators is estimated at 9.3 billion dollars (Freitas and Imperatriz-Fonseca 2004). The

relevance of Atlantic forest fragments for pollination of cultivated plants is exemplified by

a study that shows coffee plantation close to such fragments produce in average more than

15 % of plantations further away from forests, precisely because of the presence of pol-

linators in these native remnants (De Marco and Coelho 2004; Freitas and Nunes-Silva

2012). Indeed, recent projections are that coffee plantations within some areas in the

Atlantic forest domain may suffer pollination deficit in the near future (Giannini et al.

2015).

Of course, high population densities and low human development (low access to edu-

cation, health and poor income generation) can magnify vulnerability of societies to natural

disasters and food and freshwater insecurity (Cardona et al. 2012). Indeed, Torres et al.

(2012) estimated that while the Atlantic forest is not as highly exposed to climate change

as to other Brazilian biomes such as the semi-arid Caatinga, the Socio-Climatic Vulner-

ability Index assessed for some cities located in the Atlantic Forest is quite high, which is

explained—to a great extent—by the high population densities found in cities like Rio de

Janeiro and São Paulo. Further evidence of the perverse effect of high population densities
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on biodiversity conservation and consequently climate has been described by Specht et al.

(2015): fuelwood harvesting is a chronic source of forest degradation and fragmentation in

densely populated landscapes in poor areas in the Atlantic forest of the Brazilian northeast.

Ecosystem-based adaptation: building resilience to nature and society

Even in the most optimistic carbon emission scenarios mean planet temperature is likely to

increase at least by 2 �C until the year 2100 (IPCC 2013). Thus, carbon mitigation alone

will not suffice to halt or circumvent ongoing climate trends. Society therefore has entered

the ‘‘adaptation era’’. IPCC (2014) defines adaptation as ‘‘the process of adjustment to

actual or expected climate and its effects’’ and understands that ‘‘in human systems,

adaptation seeks to moderate or avoid harm or exploit beneficial opportunities’’ and that

‘‘in some natural systems, human intervention may facilitate adjustment to expected cli-

mate and its effects’’. To increase resilience and reduce vulnerability of the part of the

Brazilian society living within the Atlantic forest domain, poverty has to be reduced and

nature has to be protected and restored. The type of adaptation that seems to combine these

two goals and is therefore applicable to the case of the Atlantic forest is the so-called

‘‘ecosystem-based adaptation’’. The term refers to policies and practices that are based on

the premise that ecosystem services protected or restored reduce the vulnerability of

society to climate change (Vignola et al. 2009) and that, in the process of doing so, might

further reduce poverty (Magrin et al. 2014). Recent optimism with ecosystem-based

adaptation to climate change has led to recommendation of immediate inclusion of such

practices in National Adaptation Plans (Munang et al. 2013). In South America ecosystem-

based adaptation practices are increasingly common and include the effective management

and establishment of protected areas, conservation agreements and payment for ecosystem

services, community management of natural areas, and forest restoration (Magrin et al.

2014).

In the case of the Atlantic forest biome, a number of adaptive strategies are also taking

place. Perhaps the most ambitious one is the so-called ‘‘Atlantic Forest Restoration Pact’’.

This is a multisectoral initiative with more than 200 institutions involved that was launched

in 2009 (Calmon et al. 2009) to restore 15 million hectares of Atlantic Forest until 2050.

Success would more than double the current natural cover and would ensure 30 % veg-

etation cover in relation to the original extension (Melo et al. 2013; Pinto et al. 2014). This

ambitious goal is equivalent to what would be necessary for farmers to fulfill the Brazilian

environmental legislation (the Forest Code) that requires a given percentage of land inside

private properties to be protected (Melo et al. 2013)—and currently many such properties

do not abide to the law. Indeed, Strassburg et al. (2014) have shown that up to 18 million

hectares of low productive pasture lands could be restored in the Atlantic forest without

halting national agriculture expansion. Additional bonuses, these authors argue, would be

slowing down species extinction and sequestering 7.5 billion tons of CO2eq. This logic has

been transformed in an actual plan for large scale restoration for the Atlantic forest state of

Espı́rito Santo, southeast Brazil (Latawiec et al. 2015).

However, there are currently only 58,000 ha (or 0.03 % of the goal) in process of

restoration under the guidelines of the Pact (Melo et al. 2013), which indicates a clear need

for scaling up. Although costs of forest restoration are normally high in Brazil (USD

5000–8000 per hectare; Soares-Filho et al. 2014), Banks-Leite et al. (2014) give a more

optimist perspective and demonstrate that proportionally such values may not be so high
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and that full implementation of an initiative such as the Pact might be equivalent to 6.5 %

of what Brazil spends in agricultural subsidies annually, or 0.0092 % of Brazil’s annual

GDP. Moreover, recent evidence of fast spontaneous regeneration of forests cleared in the

past increases the perspective of cost reduction of restoration (Rezende et al. 2015, in this

issue). Of course, forest restoration also plays an important role in mitigation, through

carbon sequestration and storage. Shimamoto et al. (2014) have found in a modeling

exercise the exponential increase of the carbon sink service of restored Atlantic forest over

a 60-year period.

The effective implementation of the Pact will require projects that generate legal,

environmental and socioeconomic benefits to landowners and other stakeholders. The

possibility to promote livelihoods and businesses from, for instance, production and

plantation of seedlings or seed collection will often demand training and capacitating local

actors. Such types of initiatives simultaneously enhance carbon sequestration, promote

community organization, economic activities and human wellbeing in rural areas (Chazdon

2008), as already seen in some areas of the Atlantic forest biome (Calmon et al. 2011;

Rodrigues et al. 2011). Moreover, recent evidence of a highly positive perception by local

communities of cultural services (aesthetic improvements, tourism, recreational, spiritual

and educational) provided by restoration efforts in the Atlantic forest suggest popular

adherence to such initiatives (Brancalion et al. 2014).

Another important adaptive mechanism is the set of initiatives generally called payment

for ecosystem services, which is becoming widespread in South America (Balvanera et al.

2012; Magrin et al. 2014) and in the Brazilian Atlantic forest. Such schemes ensure the

flow of a given environmental service (or the type of land use capable of ensuring it)

through conditional payments or compensations to voluntary providers. Ecosystem ser-

vices subjected to these agreements include freshwater flow, carbon storage or seques-

tration, and habitat provision for biodiversity (Tacconi 2012; Magrin et al. 2014). Since

ecosystems that provide such services often times are found inside private lands, as in the

case of the Atlantic Forest, such incentives are designed to support landowners to maintain

the offer of such services in time. Until 2012, six states of the Brazilian federation within

the Atlantic forest domain had created some legal mechanism related to ecosystem ser-

vices, as well as investments and programs, while three other states were defining policies

along those lines (Mesquita et al. 2010). More than 40 initiatives of payment for ecosystem

services are in phase of planning, implementation or operation at the Atlantic forest, which

are related to either water or carbon (Pinto et al. 2012; Young and Bakker 2014). The

amounting evidence of potential co-benefits between carbon and biodiversity in protected

forest fragments indicate the opportunity for REDD? (reducing emissions from defor-

estation and forest degradation) to contribute not only with mitigation but also with

adaptation to climate change (Strassburg et al. 2010; Magnago et al. 2015).

While perspectives with forest restoration and payment for ecosystem services are

reason for optimism, there remains a still unrealized adaptive potential related to pro-

tected areas. Protected areas that exclude human activities add up to only 2 % of the

Atlantic Forest territory and have a mean average size of 10,000 ha. Privately owned

protected areas have in average only 200 ha (Pinto et al. 2012). Only 1 % of the

threatened plant species (Martinelli et al. 2013) and 15 % of the threatened animal

species occur inside protected areas (Paglia et al. 2004). Furthermore, protected areas in

the Atlantic forest and in Brazil as a whole have a highly unrealized ecotouristic

potential (Da Riva et al. 2014).
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Conclusion

As science advances, it will need to further improve its dialogue and communication

with policy-making (see Scarano and Martinelli 2010) in a time span that is most likely

short given the climatic changes the planet is already facing (IPCC 2014). In Brazil, the

effectiveness of this dialogue and its translation into practical action varies greatly

according to a myriad of interests that are often at stake. This political hesitation has for

now stopped Brazil from establishing itself as a true global leader in sustainability and in

the fight against climate change (Scarano et al. 2012a; Ferreira et al. 2014; Loyola 2014),

but there is still some time to reverse that trend especially during this year of 2015, as

the planet fast approach its decision on Sustainable Development Goals (Griggs et al.

2013) and pressure increase for significant commitments and agreements at the climate

convention in Paris (Geden 2015). Societal adaptation to climate change will demand a

lot of basic biological sciences, but will also demand more solution-driven interdisci-

plinary approaches in the realm of sustainability science (Scarano et al. 2012b; Liu et al.

2015).

We believe the Atlantic forest can turn from a ‘‘shrinking biodiversity hotspot’’ (Ribeiro

et al. 2011) to a climate adaptation ‘‘hope spot’’ (sensu Sylvia Earle; see McKenna 2010)

where societýs vulnerability to climate change is eradicated by protecting and restoring

nature and improving human life standards (Fig. 1). There are at least three reasons for

optimism:

1. Natural resilience of the biome: this is apparent from the growing body of literature

showing the high ecological plasticity and adaptive capacity of many Atlantic forest

species (see Scarano 2009; Lüttge et al. 2013; Scarano and Garbin 2013; Rezende

et al. 2015), especially plants. This natural resilience is probably related to the fact that

so much diversity still thrives within so few forest remnants left, and also a handicap

for ecosystem-based adaptation.

2. Increasing production of papers that are solution-driven: most papers cited in this

review are solution-driven, interdisciplinary, and indicate the growing concern of

Atlantic forest scientists to communicate with policy-making; and

Vulnerability
and impact

“Shrinking 
hotspot”

More 
sustainable 

society

“Climate 
hopespot”

Biodiversity
11.6% of natural remnants
high % of threatened species

Ecosystem services
droughts, water shortage
natural disasters

Socioeconomics
persistence of poverty
inequalities

Ecosystem-based adaptation
Payment for ecosystem services

Ecosystem restoration

Strengthening and management of 
Protected Areas

Biodiversity and ecosystem 
services above critical

halted deforestation
15 million hectares restored
reduced % of threatened species

Effective socio-environmental
governance

payment for ecosystem services
well-designed compensation projects
Atlantic Forest Restoration Pact  

implemented
new and well managed Protected Areas

Fig. 1 Atlantic forest’s theory of change: a history of impacts turns the biome and the local society
vulnerable to climate change. Ecosystem-based adaptation can help turn the biome from a ‘‘shrinking
hotspot’’ to ‘‘climate hope spot’’, whereby society is increasingly resistant and resilient to climate change
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3. Some policies and agreements are already in place (e.g., payment for ecosystem

services in many states, strong environmental legislation, a protected area network, the

restoration Pact), so achieving large scale will be a matter of funding and of time.
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