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Vision

Darwin’s frogs, unique in the world for their 
reproductive peculiarity, are conserved and valued as 
an emblem for the protection of the native forests of 

southern Chile and Argentina.  
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Executive summary

Darwin’s frogs Rhinoderma darwinii and Rhinoderma rufum are the only known species of 
amphibians in which males brood their offspring in their vocal sacs. We propose these frogs as 
flagship species for the conservation of the Austral temperate forests of Chile and Argentina. This 
recommendation forms part of the vision of the Binational Conservation Strategy for Darwin’s 
Frogs, which was launched in . 

The strategy is a conservation initiative led by the iucn ssc Amphibian Specialist Group, which in 
 convened  governmental, non-profit and private organizations from Chile, Argentina and 
elsewhere. 

Darwin’s frogs are iconic examples of the global amphibian conservation crisis: R. rufum is 
categorized as Critically Endangered (Possibly Extinct) on the iucn Red List, and R. darwinii as 
Endangered. 

Here we articulate the conservation planning process that led to the development of the 
conservation strategy for these species and present its main findings and recommendations. 

Using an evidence-based approach, the Binational Conservation Strategy for Darwin’s Frogs 
contains a comprehensive status review of Rhinoderma spp., including critical threat analyses, 
and proposes  prioritized conservation actions. Its goals are that by , key information gaps 
on Rhinoderma spp. will be filled, the main threats to these species will be reduced, and financial, 
legal and societal support will have been achieved. 

The strategy is a multi-disciplinary, transnational endeavour aimed at ensuring the long-term 
viability of these unique frogs and their particular habitat.
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A conservation strategy 
for Darwin's frogs
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Introduction

Halting biodiversity loss depends largely on developing  effective conservation policies and 
planning (Johnson et al., ). Evidence-based, inclusive, participatory conservation strategies 
are recommended when specific actions are needed to save species from extinction (iucn, ). 
Key species can act as umbrellas or flagships, transforming species-level conservation plans into 
ecosystem-wide benefits (Superina et al., ). 

The northern and the southern Darwin’s frog (Rhinoderma rufum and Rhinoderma darwinii) are 
named after Charles Darwin, who was the first to collect R. darwinii, in . These species are 
the only known amphibians in which the males brood their offspring within their vocal sacs 
(FiG. 1). In R. rufum the later larval stages develop in water, whereas in R. darwinii the entire 
larval development, lasting up to  weeks and including metamorphosis, takes place within the 
male’s vocal sac (Formas et al., ; Formas, ).  Endemic to the Austral temperate forests of 
South America, both species are highly threatened as a result of dramatic population declines, 
particularly during the last  decades (Crump & Veloso, ; Bourke et al., ; Soto-Azat et al., 
a). The habitat of Darwin’s frogs is an ecoregion characterized by a high degree of endemism 
and is thus of high conservation priority (Myers et al., ). Rhinoderma rufum has not been 
recorded since  and remaining populations of R. darwinii are small and isolated (Soto-Azat et 
al., a; iucn, ). Darwin’s frogs are found only in native forest (generally old-growth), and 
R. darwinii abundance has been positively correlated with the structural complexity of its forest 
habitat (Valenzuela- Sánchez et al., a). Although habitat loss is a threat, population declines 
and extirpations have also been documented within protected areas and undisturbed ecosystems 
(Crump & Veloso, ; Soto-Azat et al., a). 

Internal view of 
the vocal sac with 
developing larvae

Nasal protuberance

Female R.darwinii
Male R. darwinii

R. rufum footh
with interdigital 

membranes

R. darwinii footh
without interdigital 

membranes

Adult snout-to-vent length is around 2.6 to 3.2 cm

FiGuRE 1: Darwin's frog (Rhinoderma darwinii) morphology. Note that although dorsal colouration is not a sexually dimorphic trait, in
northern populations brown and green colourations are more prevalent in females and males, respectively.
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Recently, there has been growing concern about Darwin’s frogs, evidenced by several independent 
and uncoordinated research and conservation efforts. The majority (%) of all publications on 
Darwin’s frogs indexed in the Web of Science were published during –, when a number 
of in situ and ex situ conservation projects were established for R. darwinii. Thus, we identified an 
opportunity for collaboration to provide efficient and cost-effective conservation outcomes for these 
unique and highly threatened frogs. In  the Chilean section of the iucn ssc Amphibian Specialist 
Group convened stakeholders to develop a conservation plan for Darwin’s frogs, and as a result the 
Binational Conservation Strategy for Darwin’s Frogs was launched in . Here we summarize the 
process of the strategy’s development, present its main findings and recommendations and discuss the 
major challenges and opportunities of implementation. We conclude by presenting the conservation 
strategy goals, objetives, and actions, including a prioritisation table.
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The Austral temperate forests, which include the habitat of Darwin’s frogs (– °S), cover >  
million ha, mainly in Chile but also in Argentina (. and . million ha for R. rufum and R. darwinii, 
respectively; iucn, ). Rhinoderma rufum is endemic to the coastal range of Chile at – m 
altitude (Bourke et al., ; Soto-Azat et al., a; Cuevas, ). Rhinoderma darwinii is found in 
both the coastal range of Chile (including Mocha Island and the Chiloé Archipelago) and the Andes of 
Chile and Argentina (Soto-Azat et al., a) at –, m altitude (Úbeda & Pastore, ). Historical 
distributions of Rhinoderma spp. are shown in FiG. 2.

FiGuRE 2: Distribution of Darwin’s frogs in Chile and Argentina. Historical distribution of Rhinoderma rufum, Rhinoderma darwinii 
and the area of sympatry around Concepción. Localities with known current presence of R. darwinii are shown in solid dots. No 
population of R. rufum is currently known, but historical localities are shown in open dots. There is one unusual historical record for 
R. rufum in the Chilean foothills of the Andes (Barros, ).
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In July ,  Chilean herpetologists met at Universidad Andres Bello in Santiago to update the iucn 
Red List assessment of Chilean amphibians (Soto-Azat et al., ). This work highlighted the urgent 
need for conservation planning for Darwin’s frogs. Re-assessments of R. darwinii and R. rufum followed 
the iucn Red List methodology: literature and data searches, assessments by experts and external 
review.

Development of the Binational Conservation Strategy for Darwin’s Frogs was facilitated by an 
Amphibian Specialist Group co-chair, a programme officer and a thematic group chair and followed 
iucn guidelines for species conservation planning (iucn, ). Initially, a -day symposium in 
September  convened  participants interested in the conservation of Darwin’s frogs. 
Here,  national and international speakers presented advances on Rhinoderma spp. research 
and conservation, and discussed iucn guidelines for effective conservation planning (iucn, ). 
Subsequently,  stakeholders that had been selected for their expertise, influence, and representation 
of relevant organizations, attended a -day conservation strategy workshop where we: 

() formulated the strategy’s vision, 

() defined the strategy’s time frame, 

() discussed the current status of Darwin’s frogs, 

() assessed the challenges, barriers and threats to their conservation, 

() established working groups, 

() developed conservation goals, objectives and actions, 

() prioritized objectives and actions 

() elected the coordination structure. 

Also, we formed four working groups based on identified conservation needs: 

() habitat loss, 

() captive breeding, research and climate change, 

() policy and education 

() diseases and invasive species

Conservation assessment

Development of the strategy
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Following a sMART (Specific, Measurable, Achievable, Realistic and Time-bound) approach, each 
working group proposed goals, objectives and actions, which were later discussed, validated and 
prioritized by all workshop participants. After the workshop, a draft of the strategy was distributed 
among participants and others involved in the development of the strategy, for comment and 
approval.
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Conservation assessment

A conservation strategy

Website

Rhinoderma rufum is categorized as Critically Endangered (Possibly Extinct) based on criterion D 
because its population size is estimated to be <  mature individuals (iucn, ). The species has 
not been recorded since  despite intense searches across its historical range (Busse, ; Bourke 
et al., ; Soto-Azat et al., a; Cuevas, ). Rhinoderma darwinii is categorized as Endangered 
following criteria Bab(iii) (iucn, ) because: 

() Its current area of occupancy is estimated to be  km (, km threshold; B). 

() Extant populations are small and isolated (a).

() The extent and quality of its remaining habitat continues to decline (b(iii); Crump & Veloso, ;                       
     Soto-Azat et al., a; Uribe-Rivera et al., ; Bourke et al., ).  

Only R. darwinii has been kept and bred in captivity.

Under the vision ‘Darwin’s frogs, unique in the world for their reproductive peculiarity, are conserved 
and valued as an emblem for the protection of the native forests of southern Chile and Argentina’, 
the Binational Conservation Strategy for Darwin’s Frogs was launched in October . The strategy is 
divided into two main components: a status review of Rhinoderma spp., and the conservation strategy 
itself, comprising a threat assessment (FiG. 3) and a list of prioritized conservation actions. 

The strategy aims to achieve the following goals by : 

() Obtain key information on the biology, management and status of Rhinoderma populations.

() Reduce the main threats to Darwin’s frogs. 

() Provide the financial, legal and societal support needed for the proposed conservation actions. 

To this end, the strategy contains  actions, grouped under  objectives. Each conservation action 
lists responsible stakeholders, deadlines, indicators, potential collaborators and funding sources. 
The strategy (iucn AsG–Chile, ) has been distributed among relevant authorities, conservation 
organizations, local communities and the general public.

The full Binational Conservation Strategy for Darwin’s Frogs can be downloaded from the strategy’s 
website (see full reference in iucn AsG–Chile, ). This website provides information on Rhinoderma 
biology and conservation along with relevant literature and other resources. The strategy is intended 
to be a dynamic and adaptive document, and the website will help with the coordination of identified 
actions.
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Darwin’s Frog Alliance

Threat assessment

A key outcome of the conservation planning process was the creation of the Darwin’s Frog Alliance, 
a network of  individuals, representing  institutions and a diverse array of stakeholders (from 
academia, government, zoological institutions, local communities, nGOs and the private sector) to 
enhance collaboration for the conservation of Darwin’s frogs. The Alliance is led by members of the 
Amphibian Specialist Group, and endorsed by the Chilean and Argentinian Ministries of Environment.

The status review supported previous claims that the decline of Darwin’s frogs has been largely driven 
by habitat loss, chytridiomycosis and climate change (Bourke et al., , , ; Soto-Azat et 
al., a, b; Uribe-Rivera et al., ; Valenzuela-Sánchez et al., ). Here we provide a brief 
synthesis of this review. 

FiGuRE 3: Conceptual model showing a threat assessment for Darwin’s frogs (R. rufum and R. darwinii). We identified direct and 
indirect threats, barriers, contributing factors and pressures, and plotted their interactions with each other and within the 
binational conservation strategy. *WOAH =World Organisation for Animal Health.
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Status of populations

Habitat loss

Amphibian chytridiomycosis

Climate change

Using species distribution modelling, Bourke et al. () identified areas with potential remnant 
R. rufum populations, providing guidance for future efforts to rediscover this species. Soto-Azat et al. 
(a) dated its extinction to  (% CI:  ) using historical sightings. In contrast, 
R. darwinii is found in small and isolated populations (Soto-Azat et al., a; Valenzuela-Sánchez et 
al., ). During the development of the strategy, we identified  extant populations in Chile and 
 in Argentina (Fig. ). In Chile, R. darwinii has recently disappeared from, or drastically declined in, 
many localities where it was abundant only decades ago (Crump & Veloso, ; Soto-Azat et al., 
a). The size of extant populations is c. – reproductive individuals (Crump, ; Soto-Azat 
et al., a; Valenzuela-Sánchez et al., , , a). In Argentina, the species has been less 
studied but, based on museum collections, it was probably much more abundant in the past (Úbeda 
& Pastore, ). 

The original habitats of R. rufum, the Coastal Mediterranean and Maulino deciduous forests 
(– °S), have been almost completely replaced by exotic pine and eucalypt plantations and 
agriculture, with < % of Maulino forest remaining (Smith-Ramírez, ; Echeverría et al., ). 
The Valdivian temperate rainforest (– °S) is the typical habitat of R. darwinii. To the north, the 
situation for R. darwinii is similar to that for R. rufum, but further south the native forest becomes more 
continuous as the coverage of protected areas increases, thus providing more suitable habitat for the 
species. 

Caused by the fungus Batrachochytrium dendrobatidis, this emerging disease is known for its 
catastrophic and ongoing impacts on amphibian populations worldwide (Scheele et al., ). This 
pathogen has been identified from museum specimens of wild Chilean amphibians collected since 
the s (Soto-Azat et al., b). This coincides with the documented onset of South American 
amphibian declines (Scheele et al., ). Surveys in Chile have demonstrated that B. dendrobatidis is 
infecting R. darwinii in the wild (Bourke et al., ), with evidence of lethal chytridiomycosis (Soto-
Azat et al., b), which leads to extirpation of infected populations (Valenzuela-Sánchez et al., ). 

Because of its specific habitat requirements (Valenzuela-Sánchez et al., a), slow life-history 
strategy (Valenzuela-Sánchez et al., ) and dispersal limitations (Valenzuela Sánchez et al., , 
b), Rhinoderma spp. are expected to be particularly susceptible to climate change (Soto-Azat et al., 
a). Using a dispersal-constrained species distribution model, Uribe-Rivera et al. () estimated 
that during –, climate change led to a reduction of suitable habitat for this species by 
–%. Bourke et al. () predicted an expansion of climatically suitable areas for R. darwinii by 
, especially in the south of its range. However, unless assisted by translocations, R. darwinii would 
not naturally colonize most of the emerging suitable areas (Uribe- Rivera et al., ). Incorporating 
dispersal limitations analyses of climate change projections for  and  show reductions of 
–% in the potential distribution of R. darwinii (FiG. 4, Uribe-Rivera et al., ).
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Other threats

Collection of wild Rhinoderma spp., mainly for hobbyists and museums, was common in the past 
(J.C. Ortiz, pers. obs., ; Soto-Azat et al., a). Other threats and barriers include livestock 
farming in forest habitats, non-compliance with current legislation, and lack of public awareness and 
engagement (FiG. 4).

FiGuRE 4: Boxplot (median, th, and th percentiles) of relative changes in the extent of potential habitat (suitable and accessible) 
of R. darwinii, projected to two temporal windows ( and ) and two climate change scenarios (Relative Concentration 
Pathway . and .; iPcc, ). The dashed line represents a scenario of no change compared to the present situation.

Ongoing conservation

Although there are  protected areas ( in Chile and two in Argentina) within the range of 
R. darwinii, none protect any of the historical sites of R. rufum. Since , three in situ conservation 
projects have been implemented for R. darwinii: in Huilo Huilo, Tantauco and Melimoyu private 
parks. Currently, there are two independent ex situ conservation projects for R. darwinii: one led by 
Universidad de Concepción in conjunction with Zoo Leipzig, Germany (since ), and another 
by the National Zoo of Chile (since ). There are also several education initiatives focused on 
Darwin’s frogs: one at the National Zoo of Chile (visited by > , people in ), a Darwin’s frog 
education centre in Huilo Huilo (> , visitors in ), and an education programme run by 
nGO Ranita de Darwin, which has reached > , people in local communities within the range of 
Rhinoderma spp.
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Multi-pronged strategies that combine research, management, education and policy are required to 
achieve successful species conservation (Superina et al., ). The Binational Conservation Strategy 
for Darwin’s Frogs is a multi-sectoral, participatory effort and follows an evidence based process 
to achieve the long-term conservation of Darwin’s frogs. Additionally, this strategy promotes these 
species as non-traditional flagships for the conservation of the Austral temperate forest, which has 
been identified as one of the world’s  biodiversity hotpots (Myers et al., ).

The coastal range of central Chile has the greatest terrestrial species richness in the country, but 
almost entirely lacks protection and has experienced a rapid loss of biodiversity (Smith-Ramírez, 
), especially since the s (Echeverría et al., ). If R. rufum is rediscovered,
it will be challenging to guarantee its immediate in situ protection, considering that it may occur on 
private land. In contrast, protected areas have allowed the persistence of R. darwinii. In Chile, % 
of known populations ( out of ; FiG. 2) are within areas with some level of protection, mostly 
private parks (%). Although < % of the range of R. darwinii lies in Argentina, all known populations 
() in this country are in two large and contiguous national parks: Lanín and Nahuel Huapi (Úbeda 
& Pastore, ). Private reserves (which cover . million ha in central and southern Chile) are key 
for the conservation of Darwin’s frogs. Similarly, a partnership with the forestry sector can boost the 
protection of Darwin’s frog habitat. Forestal Arauco is the largest forestry company in South America
(owning . million ha in Chile and Argentina) and a participating member of the Binational 
Conservation Strategy for Darwin’s Frogs. Most of their land is planted with exotic pines and eucalypts, 
but > , ha of native forests are protected as conservation areas, five of which currently protect 
populations of R. darwinii (Arauco, ). Improving the conservation status of Darwin’s frogs depends 
on increasing the area and connectivity of its habitat (Soto-Azat et al., a). The traditional approach 
to achieving this would be to create or expand protected areas (Smith- Ramírez, ), but a novel 
initiative is being implemented in southern Chile. In collaboration with local landowners and regional 
government, nGO Ranita de Darwin promotes amphibian conservation by voluntary agreements 
(Ranita de Darwin, a) to encourage planting of native forest, habitat management and monitoring 
of the Darwin’s frog population by landowners (Santangeli et al., ).

Wildfires are considered an emerging threat to Darwin’s frogs. During  and , central and 
southern Chile experienced the largest wildfires in recent history; > , ha were burnt in , 
% of which involved native forest (cOnAF, ). Climate change projections predict a trend of 
increasing damage by wildfires (Urrutia-Jalabert et al., ). Fire prevention or rapid containment is a 
key aspect of future conservation management plans for Rhinoderma spp.

Conservation challenges

Habitat protection

Managing wildfires
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Reintroductions

There are plans to reintroduce R. darwinii individuals from captive breeding projects to areas from 
which they have been extirpated, or to use them for population reinforcement. Translocation success 
will depend on evidence-based management of the threats that led to the extirpations or declines at 
the release sites (iucn, ; Molina-Burgos et al., ).

The Chilean Ministry of Environment administers the legal instrument of Recovery, Conservation 
and Management (REcOGE) Plans to execute research, protection and conservation programmes for 
threatened species. The Ministry has been part of the development of the Binational Conservation 
Strategy for Darwin’s Frogs since its inception; inclusion of REcOGE criteria in the strategy will 
facilitate its adoption. In Argentina, where R. darwinii is present only in two national parks, 
the National Park Administration is responsible for implementing the strategy. Once signed by 
the environment authorities of both countries, the strategy will facilitate interdisciplinary and 
international working amongst public agencies. Another area in which both countries can take action 
involves animal health departments, with the enforcement of amphibian import regulations and the 
implementation of biosecurity protocols aimed at limiting the spread of B. dendrobatidis (and other 
invasive species) both at national and local levels (Valenzuela-Sánchez et al., ; Bacigalupe et al., 
). Official recognition of the strategy is also relevant for establishing nation-wide conservation 
education programmes. Improving the public’s knowledge of and attitudes towards Darwin’s frogs will 
be critical to achieve the strategy’s objectives (Márquez-García et al., ).

Studies on population trends and threats to R. darwinii in 
Argentina are lacking and little is known about the genetic 
diversity of Rhinoderma. There have been no genetic 
studies of R. rufum and limited information is available 
for R. darwinii (Crump & Veloso, ). A characterization 
of the genetic structure of Rhinoderma spp. across their 
range would inform in situ management and assessment of 
potential reintroductions using captive-bred animals (iucn, 
).

Other critical investigations include improving our 
understanding of two known major threats: amphibian 
chytridiomycosis and climate change (Soto-Azat et al., 
b; Uribe-Rivera et al., ). For R. darwinii, research 
is underway to assess mitigation actions addressing 
infections with B. dendrobatidis (Ranita de Darwin, b). 
Besides phenotypic plasticity, amphibians have two options 
to deal with climate change: evolutionary adaptation and 
dispersal (Uribe-Rivera et al., ). No information exists 
concerning evolutionary or phenotypic responses to rapid 
and ongoing climate change (iPcc, ); studies addressing 
this issue will allow us to predict, and potentially mitigate, 
the impacts of climate change on Rhinoderma.

Policy and public engagement

Future research
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The Binational Conservation Strategy for Darwin’s Frogs is the first conservation strategy exclusively 
dedicated to amphibians at the species level in both Chile and Argentina. It provides an informative 
case study of a comprehensive programme for iconic, yet under-appreciated, fauna and an example 
of how small ectothermic animals can become flagship species for conservation, a role usually 
assigned to larger charismatic mammals. The development of the strategy is a constructive example 
of stakeholders, including local communities and industry, working together to generate a robust 
instrument to combat the amphibian extinction crisis. This multi-disciplinary conservation planning 
initiative is an effort to coordinate existing work in Chile and Argentina and to catalyse further 
conservation actions based on scientific evidence. Successful implementation of the strategy will help 
to ensure the long-term viability of these unique frogs and, by extension, of their habitat, the Austral 
temperate forest.

Conclusions
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Goals, objectives, 
and actions
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Goal 1

Goal 2

Goal 3

By the year 2028 all the key information on diverse aspects of the biology and the 
current status of the populations of the genus Rhinoderma is available, such that:

By the year 2028 all the main threats to Darwin’s frogs have been reduced, including:

By the year 2028 this conservation strategy has all the necessary legal and financial 
support, including support from key stakeholders and the public:

Environmental factors that allow predicting Darwin’s frogs occurrence are well understood. 
This will facilitate the finding of new populations as well identification of potential 
reintroduction sites.

The population dynamics of Darwin’s frogs are well understood. We understand the effects of 
climate change and chytridiomycosis on these dynamics.

The taxonomic status of R. rufum is determined and the genetic diversity of the populations of 
both species of Darwin’s frogs is known. 

There are protocols, databases, and training programmes in place to assist in situ and ex situ 
management of Darwin’s frogs.

The habitats of Darwin’s frogs have been protected effectively across all the priority sites with 
confirmed presence of Darwin’s frogs. Population at these sites are self-sustaining. 

Ecological restoration of the habitat of Darwin’s frogs has started (threats associated with 
habitat degradation have been controlled) in sites with degraded habitat. In sites with recent 
local extinction of Darwin’s frogs, re-introduction of captive breed individuals has started after 
a threat assessment considering genetic factors, environmental stressors, and biosecurity and 
ethical aspects. 

Invasive species that could have a negative impact on Darwin’s frogs are controlled (e.g. chytrid 
fungus, wild boars) in a way that no longer represent a threat to the known populations of these 
species.

This conservation strategy is legally recognized in Chile by the elaboration and approval of 
a “Plan de Recuperación, Conservación y Gestión de Especies” (Minister of the Environment, 
Government of Chile).

This conservation strategy has all the financial and human resources to ensure its long-term 
implementation.

This conservation strategy has been incorporated into the operational planning of at least four 
key actors from different sectors (e.g. public organisms in charge of managing state protected 
areas, Ministerio del Medio Ambiente (Chile), Ministerio de Ambiente y Desarrollo Sustentable 
(Argentina), forestry companies, conservation organizations).

This conservation strategy is communicated to the public using an specific education and 
outreach programme. 
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Goal 1 

N° Responsible 
institutionsActions Timescale Indicators Potential 

collaborators Funding

Obj. 1.1

1.1.1

1.1.2

1.1.3

1.1.4

Construct species 
distribution models or 
refine existing models, 
considering bioclimatic 
variables and land 
use, to determine 
current areas with high 
probability of occurence 
of Rhinoderma 
populations

Construct species 
distribution models, 
considering bioclimatic 
variables and land use, 
to explore the impact 
of projected climate 
change scenarios on 
Rhinoderma distri-
butions

Determine low- and 
high-risk areas for the 
presence of chytrid 
infections in Rhinoderma 
populations to prioritise 
areas where disease 
mitigation is required

Survey at least 30 
new localities for R. 
rufum, and at least 20 
new localities for R. 
darwinii in Chile and 
10 in Argentina, ideally 
informed by species 
distribution models, 
to attempt to find new 
populations of these 
species and improve 
knowledge about their 
current distribution

ORD

ORD, 
unAB and 
Bioforest

ORD, uAcH,
unAB

ucH, ORD,
unAB, 
uDEc, ZOO 
nAciOnAl, 
APn

October 
2018 - July 
2019

October 
2018 - July 
2019

October 
2018 - July 
2019

November 
2018 - 
December 
2021

Maps with habitat 
suitability for 
each species are 
published

Maps with habitat 
suitability for each 
species, projected 
into the future 
(2050 and 2080) 
are published

Maps with high- 
and low-risk 
areas for chytrid 
fungus infections 
in Rhinoderma are 
published

New populations 
are detected and 
published

cOnAF, DGA

cOnAF, DGA

cOnAF, DGA

Bioforest,
cMPc, nn,
uncO, REcH,
sAG, cOnAF,
MMA, FHH,
Forestal
Arauco s.A.,
Tnc, MADs

ORD

ORD

FOnDEcYT
post-
doc
N°3180107,
uAcH y
potentially
ZOO lEiPZiG,
unAB, ORD

Potentially 
nGOs, public 
agencies, 
FOnDEcYT, 
and other  
conservation 
grants

Identify areas with high probability of occurence of Rhinoderma populations, considering the impact of 
climate change, chytrid fungus infection, and invasive species on species presence

By the year 2028 all the key information on diverse aspects of the biology and 
the current status of the populations of the genus Rhinoderma is available



24 Binational Conservation Strategy for Darwin's frogs

1.1.5

1.1.6

1.1.7

1.2.1

1.2.2

Determine the level of 
habitat degradation in 
sites with presence of 
Rhinoderma species

Conduct a literature 
search, complemented 
with field studies, 
to identify invasive 
species that might 
represent a threat to 
Rhinoderma

Strengthen citizen 
science programmes 
in order to find 
new Rhinoderma 
populations

Implement long-term 
monitoring programmes, 
including 
epidemiological 
vigilance of chytrid 
fungus infections, at 
least in 20 populations 
of R. darwinii 
(distributed evenly 
across the species 
distribution) and in all 
detected populations of 
R. rufum

Study the metapopu-
lation dynamics of R. 
darwinii (capture-re-
capture and genetics), 
to understand how 
dispersal processes 
operate in this species, 
evaluate the role of 
sympatric species as 
reservoirs or vectors 
of B. dendrobatidis and 
evaluate how habitat 
fragmentation may 

Academia,
OnGs

uDEc, APn

ORD, ucH,
ZOO 
nAciOnAl,
uDEc

ORD, unAB,
uDEc,
Bioforest ,
APn, cOnAF,
uncO, nn,
ZOO 
nAciOnAl

ORD, uAcH,
unAB

First 
semester 
2019 - 
second 
semester 
2020

2018 - 
2020

October
2018 - 
December
2020

2019 - 
2023

August
2018 - 
February
2021

Report about the 
habitat quality of 
monitored sites 
published

Database 
and scientific 
publication

At least one 
platform is 
operational as of 
December 2018, 
and remains 
operational until 
2028

Programmes 
are established 
by 2019. Data 
generated 
is published 
periodically 
(e.g. every 3-5 
years) to provide 
necessary 
information for 
management 

Scientific article 
is published and 
recommendations 
applied to the 
management of 
the species are 
delivered through 
the website of 
the strategy and 
related organi-
zations

AiFBn, cMPc,
Arauco,
public services
(MMA, sAG,
cOnAF, APn,
DGA, MADs),
academia,
ORD,
consultants

ORD, sAG,
cOnAF,
academia,
FHH, MERi,
PT, Tnc,
other private 
protected 
areas

nn, REcH,
sAG, cOnAF,
MMA, APn,
uncO, MADs

sAG, MMA,
Arauco,
cMPc, FHH,
MERi, PT,
Tnc, other 
private 
protected 
areas and 
forestry 
companies,
MADs

FHH, cOnAF,
sAG, MERi,
PT, Tnc, Zsl,
other private 
protected 
areas

Potentially 
nGOs, public 
agencies, 
FOnDEcYT, 
and other 
conservation 
grants

ORD and 
potentially 
ZOO lEiPZiG, 
nGOs, 
public 
agencies, 
FOnDEcYT, 
researchers, 
and other 
conservation 
grants

FOnDEcYT
postdoc
N°3180107,
and 
potentially
FHH,
ZOO lEiPZiG,
unAB and 
ORD

Obj. 1.2
Launch or strengthen Rhinoderma-focused population monitoring programmes, aiming to fully understand 
the population dynamics of these species to inform in situ management

N° Responsible 
institutionsActions Timescale Indicators Potential 

collaborators Funding

Potentially 
nGOs, public 
agencies, 
FOnDEcYT, 
and other 
conservation 
grants

Potentially 
nGOs, public 
agencies, 
FOnDEcYT, 
and other 
conservation 
grants
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1.2.3

1.3.1

1.4.1

1.4.2

1.3.2

Identify factors that 
increase the risk of Bd 
infection in Darwin’s 
frogs and how climate 
change could modify 
this risk

Define the taxonomic 
status of R. rufum and 
define Evolutionarily 
Significant Units (Esu) 
for R. darwinii 

Implement a online 
platform of 
geographical 
records of Rhinoderma 
populations (e.g. 
mandatory for publicly 
funded institutions or 
individual to upload 
relevant 
data)

Collate information 
from public and private 
organisms about 
sites with Rhinoderma 
presence and its habitat 
quality

Obtain morphological 
data and samples for 
genetic analysis of 
the genus Rhinoderma 
(priority given to 
museum samples)

ORD, uAcH,
unAB, uDEc

ucH, unAB,
uDEc

MMA, APn

MMA, ORD, 
APn

ucH, unAB,
uDEc

2018 - 
2028

August
2018 - 
December
2019

2019 
online 
platform, 
2020 - 
2028 data 
is updated 
annually

2018 - 
2019

March
2018 - 
December
2019

Scientific 
articles 
published

Scientific 
articles 
published

Online platform 
available 
and updated 
annually with all 
the information 
collected 

Cartography 
of the level 
of habitat 
degradation in 
sites with the 
presence of 
Darwin's frogs 

Scientific 
articles 
published

cOnAF, sAG,
DGA, FHH,
MERi, PT,
Tnc, Zsl,
others

National and 
international 
museums, 
ORD

cOnAF,
Academia,
ORD, sEiA

AiFBn, private 
(forestry), 
public 
agencies (sAG, 
cOnAF, DGA), 
academia, 
nGOs, 
consultants

Cardiff 
University 
(United 
Kingdom), FHH, 
MERi, PT,
APn, Tnc

uAcH, unAB
and 
potentially
FOnDEcYT,
ZOO lEiPZiG,
ORD

Potentially 
MMA, APn 
and other 
public 
agencies

Potentially 
MMA,  ORD, 
APn

Potentially 
nGOs, public 
agencies, 
researchers 
and other 
funds for 
conservation

impact the persistence 
of these 
metapoplations 

Obj. 1.3 Define the taxonomic status of R. rufum and define Evolutionarily Significant Units (ESU) for R. darwinii 

Obj. 1.4
Compile and communicate (using databases, protocols, and training resources) all relevant information 
regarding geographic distribution, ecology, behaviour, and population status of Rhinoderma, in order to 
inform in situ and ex situ management

N° Responsible 
institutionsActions Timescale Indicators Potential 

collaborators Funding

Potentially 
nGOs, public 
agencies, 
researchers, 
and other 
conservation 
grants
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1.4.3 Elaborate (ideally 
during a workshop) a 
population monitoring 
protocol for Rhinoderma 
feasible to be applied 
by both researchers 
and conservation 
practitioners (e.g. park 
rangers)

ORD, unAB,
uDEc,
Bioforest,
nn, ZOO
nAciOnAl,
uncO, ucH,
uAcH, APn

October
2018 - 
March
2019

Document 
published on 
strategy website 
by November 
2018 and 
regularly updated 
as necessary

sAG, cOnAF,
MMA, MADs

ORD and 
potentially  
ZOO 
lEiPZiG, 
academia, 
nGOs and 
other 
public 
agencies

1.4.4 Deliver training and 
capacity building to 
researchers and conser-
vation practitioners 
conducting Rhinoderma 
population monitoring

ORD, APn,
academia

2019 - 
2020

Staff trained 
in all areas of 
interest

cOnAF, forestry 
companies

Potentially 
public and 
private funds 
(MMA training 
programs, 
cOnAF, 
forestry 
companies)

1.4.5

1.4.6

1.4.7

Elaborate a protocol 
(ideally during a 
workshop) about ex situ 
managment and 
conservation 
re-introductions of 
Rhinoderma

Develop a protocol 
(ideally during a 
workshop) with a 
response plan if a 
population of R. rufum is 
found

Determine the mating 
system on Rhinoderma 
through genetic 
methods for inferring 
paternity to inform ex 
situ management

uDEc, ZOO
nAciOnAl,
ucH, ORD

ORD, uDEc,
unAB, ZOO
nAciOnAl,
ucH

ucH

October
2018 - 
March
2019

October
2018 - 
March
2019

November
2018 - 
December
2020

Document 
published on 
strategy website 
and regularly 
updated as 
necessary

Document 
published on 
strategy website 
and regularly 
updated as 
necessary

Findings 
published 
(e.g. scientific 
article) and 
informing ex situ 
management

sAG, cOnAF,
MMA, APn,
MADs

sAG, cOnAF,
MMA

ORD, Cardiff 
university 
(United 
Kingdom), 
unAB,
uDEc, ZOO
nAciOnAl

Potentially 
uDEc, ZOO 
nAciOnAl, 
nGOs

ORD, uDEc,
unAB, ZOO
nAciOnAl,
ucH

Potentially 
ucH and 
other 
consevation 
grants and 
research

N° Responsible 
institutionsActions Timescale Indicators Potential 

collaborators Funding
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Goal 2

Obj. 2.1

Obj. 2.2

Increase the level of protection of sites with Rhinoderma presence

Restore degraded Rhinoderma habitat

2.1.1

2.1.2

2.2.1

2.2.2

Prioritise sites with 
presence of R. rufum and 
R. darwinii (in the latter 
only those sites located 
across the coastal range 
between Concepción 
and Valdivia) for the 
creation of public and 
private protected areas

Promote the use of 
conservation easements 
(Derecho Real de 
Conservación) to protect 
Rhinoderma populations 
in private land

Prioritise sites with 
presence of Darwin's 
frogs for habitat 
restoration

Design and implement 
Rhinoderma-focused 
and community-friendly 
habitat restoration in 
priority sites

cOnAF, MMA

MMA,
cOnAF

Academia 
and nGOs

MMA 
(besides
AsP),
cOnAF y
APn (en AsP),
forestry 
companies

January 
2020 (in 
the case 
of R. rufum, 
populations 
of the 
species 
must be 
previously 
identified)

January 
2019

First 
semester of 
2021.

Second 
semester
2021 - 2028

Proposals for the 
creation of at least 
one protected area 
per species

By 2028, at least 
five properties 
with presence 
of Rhinoderma 
populations have 
a conservation 
easement

Prioritisation list 
available to inform 
habitat restoration

By 2028, habitat 
restoration 
succesfully 
implemented in at 
least five priority 
sites

AiFBn,
academia,
ORD, nn,
cMPc

AiFBn,
academia,
ORD, nn

Private 
(forestry 
companies), 
cMPc, Arauco, 
public 
agencies (MMA, 
sAG, cOnAF, 
APn, MADs), 
AiFBn

ORD, cMPc,
Arauco,
AIFBN,
Academia,
nGOs, MADs

Potentially 
public 
and/or 
private 
funds 
for land 
acquisition 
to create 
protected 
area

Potentially 
MMA, cOnAF 
and other 
funds for 
conservation

Potentially 
public and 
private 
funds 
available 
(cOnAF, 
MMA and 
forestry 
restoration 
programs)

N° Responsible 
institutionsActions Timescale Indicators Potential 

collaborators Funding

Potentially 
nGOs, 
public 
agencies, 
and other 
conservation 
grants

By the year 2028 all the main threats to Darwin’s frogs have been reduced
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Obj. 2.3 Eliminate B. dendrobatidis as a threat for Darwin’s frogs

N° Responsible 
institutionsActions Timescale Indicators Potential 

collaborators Funding

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

Test the effectiveness 
of different methods 
(e.g. exclusion of 
reservoir host using 
fences, in situ antifungal 
treatment) to either 
prevent chytrid fungus 
infections or reduce 
infection prevalence in 
Rhinoderma populations

Explore the suitability 
and effectiveness of 
Rhinoderma translo-
cations from chytrid-
positive sites (after 
proper antifungal 
treatment) to 
chytrid-free areas

Develop and reinforce 
biosecurity protocols 
for researchers, park 
rangers, tourists, etc.

Evaluate the incorpo-
ration of chytrid fungus 
and Ranavirus as 
notifiable diseases in 
Chile, as recommended 
by WOAH (i.e. listed 
infections in the Aquatic 
Code)

Awareness campaign 
about the negative 
impacts of chytri-
diomycosis directed to 
policymakers and the 
public to reduce the 
spread of this pathogen

ORD, uAcH,
unAB

ORD, uAcH,
unAB

unAB, ORD,
sAG, cOnAF,
uAcH, REcH

sAG

MMA,
cOnAF, APn

2018 -
2021

2021-
2028

Protocols 
available by 
2019 and 
imple-
mented 
from 2020 
to 2028

2018

Awareness 
campaign 
designed 
and 
launched by 
2019 and 
active until 
2028

Findings 
published (e.g. 
scientific article, 
management 
guidelines) 
and effectively 
informing 
Rhinoderma 
conservation 
management

Findings 
published (e.g. 
scientific article, 
management 
guidelines) 
and effectively 
informing 
Rhinoderma 
conservation 
management

Protocols 
available on 
streategy website. 
Research permits 
(e.g. sAG, cOnAF, 
APn) require 
specific measures 
to reduce the risk 
of chytrid spread 
or infections

If incorporated,  
passive survei-
llance in place 
and inclusion of 
infections in WOAH 
reports

Information 
material 
distributed in 
protected areas, 
schools, and 
social media. 
Meetings with 
policymakers.

FHH, cOnAF,
sAG, MERi,
PT, Tnc,
other private 
protected 
areas

cOnAF, sAG, 
APn, uDEc, 
ZOO nAciOnAl, 
cOnicYT, 
cOnicET, 
Fundación 
Huilo Huilo, 
Fundación 
MERi, Parque 
Tantauco, Tnc

sAG,
cOnicYT,
cOnicET,
FHH, MERi,
PT, Tnc,
other private 
protected 
areas

unAB, ORD, 
uAcH

sAG,
Academia,
FHH, MERi,
PT, Tnc,
other 
private 
protected 
areas,
MADs

Proyect
FOnDEcYT
postdoc
N° 3180107,
and 
potentially
ZOO lEiPZiG,
unAB, 
ORD

Potentially
unAB,
FOnDEcYT,
ZOO 
lEiPZiG,
ORD

Potentially
unAB,
FOnDEcYT,
ZOO 
lEiPZiG,
ORD

sAG

Potentially 
MMA, sAG, 
cOnAF, 
ORD, 
APn, ZOO 
lEiPZiG and 
other 
conservation 
grants
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Obj. 2.4 Eradicate or control invasive species that are threats for Darwin’s frogs (for example, wild boars)

N° Responsible 
institutionsActions Timescale Indicators Potential 

collaborators Funding

2.4.1 Design and implement 
programmes for the 
control of invasive 
species identified as 
threats to Darwin's frogs

Academia,
sAG, cOnAF,
APn

Programmes 
developed 
by 2019 
and imple-
mented 
from 2020 
to 2028

Programmes 
implemented. 
Findings 
published (e.g. 
research articles, 
management 
guidelines) 
to inform 
management

FHH, cOnAF,
sAG, MERi,
PT, Tnc,
other private 
protected 
areas

Proyect
FOnDEcYT
postdoct
N° 3180107,
and 
potentially
ZOO lEiPZiG,
unAB, 
ORD
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Goal 3

Obj. 3.1 Validate the conservation strategy according to Chilean law under the Planes de Recuperación, Conservación 
y Gestión de Especies (RECOGE) framework

Obj. 3.2 Secure funding for implementing all the actions of this conservation strategy

Obj. 3.3
Incorporate this conservation strategy in the operational planning of at least four key stakeholder 
organisations

N° Responsible 
institutionsActions Timescale Indicators Potential 

collaborators Funding

3.1.1

3.1.2

3.2.1

3.2.2

3.3.1

Submit a REcOGE 
plan proposal to 
the Ministerio del 
Medio Ambiente de 
Chile following the 
abbreviated pathway

Elaborate the REcOGE 
Plan for Darwin's frogs 
in coordination with 
the MMA Planning 
Committee

Define a budget with 
estimated costs for each 
action of this 
conservation strategy

Apply for grants to 
implement the 
conservation strategy 
actions

Create a regulatory 
framework to make sure 
that all relevant organi-
sations and individuals 
share geographical 
records and other 

EcRD 
participants

Plan 
Develop-
ment Group 
(core group), 
in coordi-
nation 
with the 
Department 
of Species 
Conservation 
of the MMA

Interim 
Governance 
Committee, 
ORD, unAB

According 
to distri-
bution of 
tasks in the 
strategy

cOnAF, sAG 
and APn 
(research 
and 
collection 
permits), 

First 
semester 
2019

Second 
semester 
2019

Second
semester
2018

2018-2028

Second 
semester 
2018 - first 
semester 
2019

MMA resolution 
to start the 
abbreviated 
procedure of the 
REcOGE Plan for 
Darwin's frogs

REcOGE plan for 
Darwin's frogs 
officially published

Budget available 
and used for 
fundraising 
purposes

Documents 
proving application

As of 2019, public 
agencies in 
charge of granting 
research permits 
and wildlife 
licences have 

MMA

EcRD 
participants

MMA, cOnAF,
APn, sAG,
nGOs and
academia,
MADs

MMA, cOnAF,
APn, sAG,
nGOs and
academia,
MADs

Academia, 
nGOs, forestry 
companies, 
MADs

MMA, ORD,
unAB and
potentially
ZOO lEiPZiG

Potentially 
ZOO lEiPZiG, 
ORD, MMA,  
and other 
conservation 
grants

Interim 
Governance 
Committee, 
ORD, unAB

Potentially 
nGOs, public 
agencies 
and
researchers

Potentially
cOnAF,
sAG, MMA

By the year 2028 this conservation strategy has all the necessary legal and 
financial support, including support from key stakeholders and the public



30 31Binational Conservation Strategy for Darwin's frogs

Obj. 3.4 Develop and implement an Rhinoderma-focused environmental education programme 

N° Responsible 
institutionsActions Timescale Indicators Potential 

collaborators Funding

3.3.2

3.3.3

3.3.4

3.4.1

Indentify national, 
regional, and local key 
stakeholders (including 
forestry companies) and 
incorporate the conser-
vation strategy actions 
into their operational 
planning

Incorporate as parterns 
of this conservation 
strategy to all the 
forestry companies 
holding a Fsc (Forest 
Stewardship Council) 
certification

Increase awareness 
among high-level 
decision makers about 
the importance of 
implementing the 
actions of this conser-
vation strategy

Design and implement 
a Rhinoderma-focused 
education programme 
for different audiences 
and prioritised 
according to 
conservation needs

Interim 
Governance 
Committee, 
ORD, unAB,
AiFBn

Bioforest, 
Interim 
Governance 
Committee, 
ORD

Interim 
Governance 
Committee, 
AiFBn, ORD

ZOO 
nAciOnAl

Second 
semester 
2018 - first 
semester 
2019

October
2018 -
December
2020

Second 
semester 
2018 - 
second 
semester 
2019

Programme 
designed 
by 2019; 
programme 
activities 
imple-
mented 
from 2020 
to 2028

Agreements signed 
to demonstrate 
the incorporation 
of actions into 
operational plans

All forestry 
companies 
certified in the 
Forest Stewardship 
Council are 
incorporated into 
the EcRD

Number of 
meetings held with 
high-level decision 
makers

Program designed 
and implemented 
(includes the 
creation of a 
manual for 
teachers). 

Regional 
directorates 
of public 
agencies, nGOs, 
academia, 
Forestal 
Arauco

Forest
Stewardship
Council Chile,
cMPc

Academia,
privates
and
public
agencies

ORD, AiFBn,
unAB, FHH,
MERi, PT,
privates,
cOnAF,
APn, REcH,
MADs, MMA,
Ministerio de
Educación

Interim 
Governance 
Committee, 
ORD, unAB,
AiFBn

Funds from 
forestry 
companies 
and Forest 
Stewardship 
Council 
Chile

Interim 
Governance 
Committee, 
AiFBn, ORD

relevant data into the 
Darwin's frogs online 
database

MMA (sEiA) implemented 
this regulatory 
framework to allow 
compulsory data 
sharing

Potentially 
nGOs, public 
agencies, 
and other 
consevation 
grants

3.4.2 Strategic communication 
of this conservation 
strategy to the public
 and relevant 
stakeholders

Interim 
Governance 
Committee,
ORD, nGOs

First quarter 
2019

Number of 
communication 
activities and 
products. Conser-
vation strategy 
website developed 
and maintained.

Academy 
and public 
agencies 
(e.g. MMA, 
municipalities, 
Municipal 
Environmental 
Certification 
System), MADs

Potentially 
ORD and 
ZOO lEiPZiG
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Prioritisation table

2.2 Restore degraded Rhinoderma habitat

2.1 Increase the level of protection of sites with 
Rhinoderma presence

1.3 Define the taxonomic status of R. rufum and define 
Evolutionarily Significant Units (esU) for R. darwinii 

1.1 Identify areas with high probability of occurence 
of Rhinoderma populations, considering the impact of 
climate change, chytrid fungus infection, and invasive 
species on species presence

1.2 Launch or strengthen Rhinoderma-focused 
population monitoring programmes, aiming to fully 
understand the population dynamics of these species to 
inform in situ management

2.3 Eliminate chytridiomycosis as a threat for 
Darwin’s frogs

3.2 Secure funding for implementing all the actions of 
this conservation strategy

3.3 Incorporate this conservation strategy in the 
operational planning of at least four key stakeholder 
organisations

2.4 Eradicate or control invasive species that are threats 
for Darwin’s frogs (for example, wild boars) 

3.4 Develop and implement an Rhinoderma-focused 
environmental education programme 

3.1 Validate the conservation strategy according to 
Chilean law under the Planes de Recuperación, 
Conservación y Gestión de Especies (recoge) 
framework 

1.4 Compile and communicate (using databases, 
protocols, and training resources) all relevant 
information regarding geographic distribution, ecology, 
behaviour, and population status of Rhinoderma, in order 
to inform in situ and ex situ management

* The ranking is based only on the sum of Urgent (U) + Important (I), understanding that the objectives considered as 
Opportunistic (O) can be achieved without additional effort and do not indicate importance or urgency.
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9
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0
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3

1

1

8

4
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0

0

1

0
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9

9

9

1

5

0

3

3

1

0

U: urgent I: important O: opportunistic

Objectives U I O Total U+I Ranking*
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