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Abstract: Ecuador is one of the most biodiverse countries in the world, but faces severe
pressures and threats to its natural ecosystems. Numerous species have declined and
require to be objectively evaluated and quantified, as a step towards the development
of conservation strategies. Herein,  we present an updated Red List Assessment for
amphibian species of Ecuador, with one of the most detailed and complete coverages
for any Ecuadorian taxonomic group to date. Based on standardized methodologies
that integrate taxonomic work, spatial analyses, and ecological niche modeling, we
assessed the extinction risk and identified the main threats for all Ecuadorian native
amphibians (635 species), using the IUCN Red List Categories and Criteria.  Our
evaluation reveals that 57% (363 species) are categorized as Threatened, 12% (78
species) as Near Threatened, 4% (26 species) as Data Deficient, and 27% (168
species) as Least Concern. Our assessment almost doubles the number of threatened
species in comparison with previous evaluations. In addition to habitat loss, the
expansion of the agricultural frontier and other anthropogenic threats (roads, human
settlements, and mining/oil activities) amplify the incidence of other pressures as
relevant predictors of ecological integrity. Potential synergic effects with climate change
and emergent diseases (apparently responsible for the sudden declines), has a
particular importance amongst the threats sustained by Ecuadorian amphibians.
Additional. Most threatened species are distributed in montane forests and paramo
habitats of the Andes, with nearly 10% of them occurring outside the National System
of Protected Areas of the Ecuadorian government. Also, it is essential to place
research efforts on little known species categorized as Data Deficient (DD), which may
turn out to be endangered. Such integration will help in better management and
conservation of amphibian species in countries of the Tropical Andes Biodiversity
Hotspot, like Ecuador. This assessment was a key step to develop the National Action
Plan for the Conservation of Ecuadorian amphibians.
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Abstract 58 

Ecuador is one of the most biodiverse countries in the world, but faces severe 59 

pressures and threats to its natural ecosystems. Numerous species have 60 

declined and require to be objectively evaluated and quantified, as a step towards 61 

the development of conservation strategies. Herein, we present an updated Red 62 

List Assessment for amphibian species of Ecuador, with one of the most detailed 63 

and complete coverages for any Ecuadorian taxonomic group to date. Based on 64 

standardized methodologies that integrate taxonomic work, spatial analyses, and 65 

ecological niche modeling, we assessed the extinction risk and identified the main 66 

threats for all Ecuadorian native amphibians (635 species), using the IUCN Red 67 

List Categories and Criteria. Our evaluation reveals that 57% (363 species) are 68 

categorized as Threatened, 12% (78 species) as Near Threatened, 4% (26 69 

species) as Data Deficient, and 27% (168 species) as Least Concern. Our 70 

assessment almost doubles the number of threatened species in comparison with 71 

previous evaluations. In addition to habitat loss, the expansion of the agricultural 72 

frontier and other anthropogenic threats (roads, human settlements, and 73 

mining/oil activities) amplify the incidence of other pressures as relevant 74 

predictors of ecological integrity. Potential synergic effects with climate change 75 

and emergent diseases (apparently responsible for the sudden declines), has a 76 

particular importance amongst the threats sustained by Ecuadorian amphibians. 77 

Additional. Most threatened species are distributed in montane forests and 78 

paramo habitats of the Andes, with nearly 10% of them occurring outside the 79 

National System of Protected Areas of the Ecuadorian government. Also, it is 80 

essential to place research efforts on little known species categorized as Data 81 

Deficient (DD), which may turn out to be endangered. Such integration will help 82 
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in better management and conservation of amphibian species in countries of the 83 

Tropical Andes Biodiversity Hotspot, like Ecuador. This assessment was a key 84 

step to develop the National Action Plan for the Conservation of Ecuadorian 85 

amphibians. 86 

 87 

Keywords 88 

Conservation, ecological niche modeling, threat modeling, risk categories.  89 

Resumen 90 

Ecuador es uno de los países con mayor biodiversidad del mundo, pero enfrenta 91 

severas presiones y amenazas a sus ecosistemas naturales. Numerosas 92 

especies han disminuido y requieren ser evaluadas y cuantificadas 93 

objetivamente, como un paso hacia el desarrollo de estrategias de conservación. 94 

A continuación, presentamos la Evaluación de la Lista Roja actualizada para 95 

especies de anfibios de Ecuador, basado en una de la más detallada y completa 96 

revisión hasta la fecha. Con base en metodologías estandarizadas que integran 97 

análisis taxonómicos, espaciales y modelado de nichos ecológicos, evaluamos 98 

el riesgo de extinción e identificamos las principales amenazas para todos los 99 

anfibios nativos ecuatorianos (635 especies), utilizando las Categorías y Criterios 100 

de la Lista Roja de la UICN. La evaluación revela que el 57% (363 especies) 101 

están categorizadas como Amenazadas, el 12% (78 especies) como Casi 102 

Amenazadas, el 4% (26 especies) como Datos Insuficientes y el 27% (168 103 

especies) como Preocupación Menor. Nuestra evaluación casi duplica el número 104 

de especies amenazadas en comparación con evaluaciones anteriores. Además 105 

de la pérdida de hábitat, la expansión de la frontera agrícola y otras amenazas 106 

antropogénicas (carreteras, asentamientos humanos y actividades mineras / 107 
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petroleras) amplifican la incidencia de otras presiones como predictores 108 

relevantes de la integridad ecológica. Los potenciales efectos sinérgicos con el 109 

cambio climático y las enfermedades emergentes (aparentemente responsables 110 

de los descensos repentinos), tiene una importancia particular entre las 111 

amenazas que sufren los anfibios ecuatorianos. Adicional. La mayoría de las 112 

especies amenazadas se distribuyen en los bosques montanos y los hábitats de 113 

páramo de los Andes, y casi el 10% de ellas se encuentran fuera del Sistema 114 

Nacional de Áreas Protegidas del gobierno ecuatoriano. Además, es 115 

fundamental centrar los esfuerzos de investigación en especies poco conocidas 116 

categorizadas como Datos Insuficientes (DD), que pueden resultar en peligro de 117 

extinción. Tal integración ayudará a un mejor manejo y conservación de las 118 

especies de anfibios en países del Hotspot de Biodiversidad de los Andes 119 

Tropicales, como Ecuador. Esta evaluación fue un paso clave para desarrollar el 120 

Plan de Acción Nacional para la Conservación de los Anfibios Ecuatorianos. 121 

Palabras clave 122 

Categorías de riesgo, conservación, modelo de amenaza, modelos de nicho 123 

ecológico. 124 
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Introduction 126 

One of the main aims of conservation biology is to assess, understand, and 127 

mitigate threats to biodiversity. The International Union for Conservation of 128 

Nature’s (IUCN) Red List of Threatened Species is a powerful tool that allows not 129 

only to estimate species extinction risks, but also to prioritize conservation efforts 130 

[1]. The Red List Assessment is widely used by experts on several groups of 131 

plants and animals worldwide,  as it applies standardized methods to assess 132 

threats and extinction risk, based on relevant quantitative and qualitative criteria 133 

[1-4]. 134 

Amphibians are one of the most diverse vertebrate groups in the Neotropical 135 

region [5]. In addition to presenting an extraordinary richness specific to each 136 

ecosystem, they are one of the most threatened taxa [6]. Their ectothermy makes 137 

them particularly vulnerable to environmental changes, mainly related to 138 

temperature and humidity, but also to infectious diseases [7-9]. Therefore, habitat 139 

loss, climate change, and diseases represent important threats to their 140 

populations [7,10-12]. 141 

Ecuador is one of the countries with the highest number of amphibian species 142 

[13-16]. Ecuadorian amphibians are considered among the most threatened in 143 

South America, due to increased rates of habitat loss and deforestation, mainly 144 

by cattle raising, mining, oil exploitation, and expansion of agricultural frontier [17-145 

22]. Moreover, some historically conspicuous genera (harlequin frogs [Atelopus 146 

spp.], marsupial frogs [Gastrotheca spp.], and Andean water frogs [Telmatobius 147 

spp.]) have suffered dramatic populations  declines or extinctions [9,23-25], that 148 

seem to be related to the fungal panzootic Batrachochytrium dendrobatidis [9], 149 

although other factors, such as climate change may be also be related [11]. 150 
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Based on the data gathered by the IUCN Red List Assessment, amphibians are 151 

the most threatened vertebrates globally, and the proportion of threatened 152 

species increases more rapidly than both birds and mammals [26-28]. By March 153 

2020, from an estimated 8126 amphibian species, 6824 were evaluated (84% of 154 

the known species), and 2202 (32% of the evaluated species) were considered 155 

threatened [species assessed as Critically Endangered (CR), Endangered (EN), 156 

or Vulnerable (VU)]. However, globally, the proportion of threatened amphibian 157 

species would increase in a range between 41 and 53% if we considered that 158 

several  Data Deficient (DD) species  are likely to be in fact threatened with 159 

extinction [29,30]. 160 

In 2004, the Global Amphibian Assessment (GAA) published by the IUCN, 161 

Conservation International and NatureServe included, for the first time, the 162 

categorization for amphibian species of Ecuador; this was subsequently updated 163 

in 2006 and 2008 (www.iucn-amphibians.org). As a result of this process 447 164 

amphibian species were evaluated, from which 165 (37%) were found to be 165 

threatened or extinct [4]. In 2011, an updated assessment was published for 166 

Ecuadorian species [28], with 465 evaluated species, 142 (30.5%) of which were 167 

found to be threatened (CR, EN or VU) and nearly 29% classified as DD.  168 

Since 2015, the Ecuadorian Ministry of Environment and Water (MAAE) has been 169 

leading the project “Conservation of Ecuadorian amphibian biodiversity and 170 

sustainable use of genetic resources”. One of the main components of the project 171 

is focused on understanding the conservation status of the amphibians of 172 

Ecuador. Thus, the goals of our study are to: a) evaluate and update the 173 

extinction risk status of Ecuadorian amphibians, b) analyze spatial patterns of 174 

threatened species related to endemism, protected areas, and ecological regions 175 
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in Ecuador, and c) suggest actions towards a robust and objective methodology 176 

to evaluate species conservation status. 177 

Materials and methods 178 

Amphibian database compilation  179 

In order to gather the distribution data for Ecuadorian amphibians, we compiled 180 

occurrence records along the complete distributional range per species from: 181 

Global Biodiversity Information Facility (GBIF; https://www.gbif.org), iNaturalist 182 

(https://www.iNaturalist.org), VertNet (https://www.vetnet.org), Batrachia 183 

(https://www.batrachia.com), Anfibios del Ecuador [15], Museo de Zoología de la 184 

Pontificia Universidad Católica del Ecuador (QCAZ; https://bioweb.bio), as well 185 

as from national databases shared by the Instituto Nacional de Biodiversidad 186 

(INABIO), Museo de Zoología de la Universidad Técnica Particular de Loja 187 

(MUTPL), Museo de Zoología de la Universidad del Azuay (MZUA), Museo de 188 

Zoología de la Universidad Tecnológica Indoamérica (MZUTI), Museo de 189 

Zoología de la Universidad San Francisco de Quito (ZSFQ), Centro Jambatu 190 

(CJ), Proyecto Conservación de Anfibios y Recursos Genéticos del Ministerio de 191 

Ambiente del Ecuador (MAE-PARG), and records/photographs of specimens 192 

collected in the field and shared by the authors in the Red List Assessment 193 

workshops (S1 Table). The final dataset included data up to 31th October 2020 194 

(Fig 1). 195 

 196 

We followed the nomenclature proposed by Grant et al. [31] for Dendrobatidae, 197 

Guayasamin et al. [32] for Centrolenidae, Castroviejo-Fisher et al. [33] for 198 

Hemiphractidae,  Hedges et al. [34] for Strabomantidae; all other taxa groups 199 

follow AmphibiaWEB [13] and The Amphibian Species of the World [16]. Records 200 
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were error-checked and improved through a taxonomic assessment on 201 

specimens in scientific collections, validation of records based on biogeographic 202 

distribution, phylogenetic and taxonomic analyses published elsewhere [35-43], 203 

a systematic literature review and by taxonomic discussions in eight workshops 204 

(2017 to 2020) that were held with 33 expert herpetologists from all over the 205 

country, including the authors of this paper. Workshop participants were 206 

distributed on boards according to taxonomic families and geographic regions.  207 

Spatialized data per species was revised in QGIS 3.4.14, along with geospatial 208 

data as watersheds, digital elevation model, and base maps, in order to assess 209 

for data consistency [44]. As a double-check, information of elevation was 210 

extracted for every data point and represented in boxplots to find outliers and 211 

other possible mistakes. Problematic occurrence data, either at georeferenced or 212 

taxonomic level, were removed from the dataset. Taxonomic experts validated 213 

the data and highlighted errors or inaccuracies during workshops. Records with 214 

incorrect georeferenced data were fixed using the Google Satellite layer in QGIS, 215 

only when the collectors verified the exact location. This process aimed to obtain 216 

a clean and debugged database that met appropriate standards for ecological 217 

niche modeling [45-47], biogeographic analyses [48,49], and Red List 218 

Assessment [13,17,22], in accordance with Darwin Core guidelines 219 

(https://dwc.tdwg.org/).  220 

Environmental Data 221 

Climate variables for current and future scenarios were downloaded from the 222 

WorldClim2 database [50] (http://www.worldclim.org). We obtained 15 climatic 223 

variables at a 30 seconds (~1 km2) spatial resolution; we excluded the four layers 224 

that combine precipitation and temperature information into the same layer due 225 

https://dwc.tdwg.org/
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to spatial anomalies [51]. To characterize future climate conditions, we used data 226 

for two IPCC representative concentration pathways emissions scenarios (RCP 227 

4.5 and 8.5) from the Hadley Global Environment Model 2 - Earth System 228 

(HadGEM2-ES) global circulation model (GCM) [50]. Future RCP 4.5 scenarios 229 

assume relative slow income growth, increasing human population and modest 230 

improvements in technology and energy intensity, leading to a higher demand for 231 

energy and increasing greenhouse gas emissions in the long-term considering 232 

an absence of climate change mitigation policies, whereas the RCP 8.5 scenario 233 

represents a higher predicted greenhouse gas emissions [52].  234 

Data Analysis and Ecological Modeling 235 

Species were divided into two groups: 1) those that could be modeled, and 2) 236 

those that could not be modeled due to low number of occurrence  points (fewer 237 

than 5 localities) occurrence points situated in closely-located pixels, or models  238 

not statistically significant by AUC thresholds. For the first group, we implemented 239 

a modeling process with MaxENT [53]. The characteristics of the model (creation, 240 

calibration, selection, and evaluation) were carried out in kuenm R package [54]. 241 

As a first step, the Jackknife procedure and the correlation statistics (-0.8 to 0.8 242 

in Pearson r values) were used to assess the importance of the variables in a first 243 

run with all values by default.  244 

Once the climate variables were selected, we obtained candidate models with 245 

different parameters (seven multiplication regulators - 0.1, 0.4, 0.7, 1, 2, 3, 4 - 246 

and seven feature classes - linear (l), quadratic (q), product (p), and all the 247 

combinations lq, lp, pq, lqp-). The maximum number of background points was 248 

10,000. We randomly selected 70% of the data for training and used the 249 

remaining 30% for testing. A total of 500 runs were set for model building. The 250 
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best model was selected according to the criteria of omission rate < 10% and 251 

delta AIC > 2.  252 

An important step in ecological niche modeling is to define a calibration region, 253 

the accessible area (“M”, hereinafter) for species [45,47,55]. In this study, we 254 

delimited “M'' using the biogeographic provinces for the Neotropics [56], 255 

watersheds, and a digital elevation model to find the physical barriers that 256 

determine the accessibility area of each amphibian species. We found similar 257 

distribution patterns among several species, reiterating the same physical 258 

barriers (i.e. the Andes, basins, mountain ranges, etc.). For these reasons, some 259 

generic “M'' were constructed for the different regions (i.e. highlands, coast, and 260 

Amazon), and these were assigned to each of the species. 261 

In the case of taxa that lacked enough data points for ecological modeling, the 262 

Area of Occupancy (AOO) was calculated [57] in R software (https://www.r-263 

project.org/), using a 2 x 2 km grid created in QGIS 3.4.14 and extracting and 264 

counting the number of cells occupied by the species. 265 

Cumulative Species Richness Model 266 

The cumulative species richness models (CSRM) were performed adding up the 267 

results of the Maxent binary models (suitability area) and Area of Occupancy 268 

(AOO) for each of the families and conservation categories. The results are 269 

shown using the tmap package [58] in R software (https://www.r-project.org/). 270 

Endemic species were determined based on the categories proposed by Ron et 271 

al. [15]. We used a Kruskal-Wallis test and a Wilcoxon test for paired samples to 272 

compare groups of endemic/ non-endemic taxa and conservation threat 273 

categories related to altitude ranges. 274 

https://www.r-project.org/
https://www.r-project.org/
https://www.r-project.org/
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Threat Model 275 

To have a better understanding of the potential impacts of human activities on 276 

the distribution of Ecuadorian amphibians, we followed standardized criteria to 277 

define risk elements and potential threats, based on expert supervision for 278 

hierarchical classification by IUCN-CMP (International Union for Conservation of 279 

Nature - Conservation Measures Partnership) [3,57,59]. Overall, eight major 280 

threats with 34 subcategories were used to develop a threat or Environmental 281 

Risk Surface (ERS) model (Table 1).  282 

We used a standard lexicon for classifications of threats [59]. These elements 283 

were spatially mapped (ArcMap v.10) as points, polygons, and lines, and then 284 

converted to raster files to calculate Euclidean distances of each threat. The 285 

Influence Distance (meters) was assigned to each subcategory based on buffer 286 

areas with a respective decay function, giving values according to the intensity of 287 

anthropogenic and natural threats. To reduce subjectivity by decision-making 288 

bias, regarding the ascription of Intensity to each risk element, we applied a Multi-289 

Criteria Decision Making (MCDM) through Analytic Hierarchy Process (AHP) on 290 

the analysis (S3 Table). Once the inputs were obtained, the process was 291 

automatized using ModelBuilder from ArcMap, with an iterative process per 292 

subcategory (S1 Fig.). Finally, the outputs were overlapped with a raster 293 

calculator to develop an ERS, which considers a weighted overlay of amphibians-294 

specific threats in Ecuador, with a resolution of 30 m x 30 m. 295 

Red List Assessment 296 

The conservation status of amphibian species in Ecuador was assessed following 297 

the protocols, standards, criteria, and subcriteria proposed by the IUCN [4]. The 298 

dataset was compiled in a geospatial database used to assess the distribution 299 

Realce

Nota
Did you follow the guidelines for regional assessments? For species endemic to Ecuador, it is clear that regional assessments match global assessments (published by the IUCN). But for species shared with other countries, regional/national assessments (i.e. not taking into account the entire distribution) usually have some specificities. I suggest making it more clear in the methods if the evaluations only considered data restricted to Ecuador and, if so, making clear that this is a regional/national assessment and that you used the specific guidelines accordingly.

Realce

Nota
What is the difference between 'protocols', 'standards' and guidelines? It is not clear to me if you followed the IUCN guidelines or just used the IUCN categories and criteria. Moreover, it would be important to know if you followed the guidelines for regional assessments. Please use the reference to the IUCN guidelines, and not to the Red List itself here.

Realce

Nota
Can you please explain this further?  You say "we followed standardized criteria (...) based on expert supervision". What do you mean by 'expert supervision'? Who decided what is a relevant threat in which region and who mapped the threats? The herpetologists or experts in land use (geographers, etc.)? Ideally, it would be great if this kind of analysis could be conducted by experts in the field (using standardised techniques and definitions) and not by herpetologists (that may be biased on their 'impressions' of what is in fact happening in the analysed regions). But we know that, given funding limitations, in most cases it is impossible to achieve this. So please specify and explain better who conducted these analysis and what do you mean by 'expert supervision'. Who are these experts and what kind of support did they provide?

Realce

Nota
Same here: who mapped the threats? Land use experts or the herpetologists?



13 
 

and threats in a series of workshops promoted by the working group led by the 300 

authors. Data by species were analyzed mainly by  number of records (N), 301 

percentage of records in Ecuador (%), area of occurrence (AOO, km2), suitability 302 

area reconstructed by niche modeling (km2), environmental contractions [60,61] 303 

in future scenarios (% reduction relative to current ecological model), and values 304 

higher than 0.5 (in the third quartile) of the threat model. 305 

All statistics (43 in total) used to apply criteria and subcriteria to assess the 306 

conservation status of a given species are detailed in S2 Table. Additional data 307 

related to population size or decline of the number of mature individuals were 308 

documented from literature or data from the authors provided in the workshops. 309 

As additional support for the evaluation, we used basic maps for National System 310 

of Protected Areas (SNAP - Sistema Nacional de Áreas Protegidas), Forestal 311 

Heritage, Protected forests and vegetation, Conservation Areas, Ramsar 312 

wetlands, Land Use and forested areas (until 2018) and Natural Regions of 313 

Ecuador, downloaded in vector format from national servers [28,62-64]. We 314 

calculated the threatened representativeness in a taxonomic group (TR): the 315 

number of threatened taxa / total number of taxa per family X 100. Comparative 316 

assessment of threatened taxa regarding the last National Red List follows Ron 317 

et al. [28]. 318 

 319 

Results 320 

Red List Assessment 321 

A total of 126 databases belonging to various institutions and on-line resources 322 

were used to consolidate the dataset for the Ecuadorian amphibians (S1 Table). 323 

The final dataset included 37,328 records, from which 29,189 were located in 324 
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Ecuador, of a total of 635 taxa (plus Rana catesbeiana, as an invasive species), 325 

which represent 100% of the species currently reported for Ecuador (Fig 2). GBIF, 326 

QCAZ, and INABIO were the data providers with the most representative 327 

collections included in the current Red List evaluation (Table 2).  328 

 329 

Overall, the IUCN Red List assessment resulted in the assignment of a 330 

threatened category (CR, EN, VU) for 57% of the Ecuadorian amphibian species, 331 

while 12% were considered as Near Threatened (NT), 4% as DD, and 27% as 332 

Least Concern (LC) (Fig 2, Table 3). Eighty-five taxa were considered as Critically 333 

Endangered CR (13.4%), including taxa from the genera Atelopus (24 spp.), 334 

Hyloxalus (9 spp.), and Pristimantis (12 spp.); 147 taxa (23.1%) were considered  335 

Endangered (EN), and 131 (20.6%) qualified as Vulnerable (VU). 336 

Strabomantidae is the family with the highest number of threatened taxa (CR = 337 

18 species, 3%, EN = 67 species, 11.1%; VU = 87 species, 14.5%, respectively). 338 

Strabomantidae (28.6%), Bufonidae (7%), and Centrolenidae (6.3%) harbor 42% 339 

of the total threatened species in Anura. An additional 78 taxa (12.3%) were 340 

evaluated as NT, and 168 as LC (26.4%). Finally, 26 taxa (4.1%) are considered 341 

as DD because the information was insufficient for a proper assessment of their 342 

conservation status (Fig 3, S3 Table). Regarding the taxa under threatened 343 

categories, 56.7% (341 species) of Anura, 72.7% (8 species) of Caudata, and 344 

60.9% (9 species) of Gymnophiona qualified for one of these categories (Table 345 

3). A total of 16 genera had all of their taxa considered as threatened [i.e. 346 

Atelopus (25 spp.), Lynchius (4 spp.), Epicrionops (3 spp.), Telmatobius (3 spp.), 347 

Ctenophryne (3 spp.), Sachatamia (3 spp.)]; seven genera had 70–90% of taxa 348 

as threatened [i.e. Hyloxalus (22 spp.), Nymphargus (15 spp.), Gastrotheca (14 349 
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spp.)]; 12 genera had 50-70% as threatened [i.e. Pristimantis (155 spp.), 350 

Hyloscirtus (13 spp.), Caecilia (7 spp.)] (Fig 3, S5 Table). 351 

 352 

A total of 287 species (45%) occurring in Ecuador are endemic. Four families 353 

(Andinobates, Ectopoglossus, Paruwrobates and Telmatobius) have all their 354 

endemic species as threatened; the families Bufonidae, Dendrobatidae, 355 

Strabomantidae have 70–90% of their endemic species categorized as 356 

threatened. 18 genera have all of their endemic taxa evaluated as threatened (i.e. 357 

Atelopus, Lynchius, Niceforonia, Paruwrobates, Rhaebo, Telmatobius) and 10 358 

(Caecilia, Chiasmocleis, Epipedobates, Espadarana, Gastrotheca, Hyloscirtus, 359 

Hyloxalus, Nymphargus, Osornophryne, Pristimantis) have been identified with 360 

70-90% of their endemic species as threatened (S5 Table). Our assessment 361 

incorporates 178 species that had never been evaluated; also, we present the 362 

conservation status for 127 species that were considered as DD in previous red 363 

list evaluations (S3 Table).  364 

 365 

Major Threats 366 

The ERS model is presented in S2 Fig This model reveals high-risk areas (red) 367 

mainly located in the vicinity of large and medium-sized cities: Guayaquil (Coast), 368 

Quito (Andes), and Lago Agrio (Amazon). The medium-to-high-risk areas 369 

(orange) are primarily placed on the eastern and western foothills of the Andes 370 

mountain range, northern Amazonia, and northern Coast, with high threats 371 

scattered on central Coast and Amazonia regions, nearby roads. Medium-risk 372 

areas (yellow) can be identified along the Andes, as well as in the center-southern 373 

part of the Coast. We noticed that the areas of low impact (green) are isolated, 374 
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related to protected areas, inaccessible forests, and mountain ranges located in 375 

northwestern Ecuador, Amazonian foothills of the Andes, and southern Amazonia 376 

(Fig 4).  377 

Agriculture, transport, infrastructure (i.e. roads, oil pipelines, etc.), production 378 

areas (mining, oil camps, etc.) and deforestation are the most important threats 379 

for Ecuadorian amphibians, with 70-98% taxa associated to each of these 380 

categories (Fig 5, S7 Table). Near to 21-36% of assessed species will have a 381 

contraction in more than a half of the area that represents their ecological niches 382 

(loss of environmental conditions, RCP 45/85) in future scenarios. We 383 

documented the presence of Rana catesbeiana, an introduced species, in 384 

several locations mainly distributed in southern slopes of the Andes and coastal 385 

regions.  386 

 387 

Biogeographical patterns 388 

Cumulative species richness models (CSRM) by threatened category are shown 389 

in Figure 6 (models per species, genera, and families are detailed in 390 

Supplementary Material SM4). CSRM for threatened species generated a 391 

maximum value of 57 species overlapped per pixel. A high concentration of 392 

threatened taxa is related to the northern montane forests in both sides of the 393 

Andes, paramos, and valleys in the central Andes and eastern montane forest 394 

towards southern to Cutucú and Condor ranges and foothills of the Amazon basin 395 

(Fig 6). 396 

 397 

CR taxa CSRM generated a maximum value of 12 species overlapped per pixel. 398 

A high concentration of taxa is located along both sides of the Andes, in northern 399 
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Ecuador near Cayambe Coca Ecological Reserve and Napo Sumaco-Galeras 400 

National Park, and the montane forest of southeastern Ecuador close to the 401 

Cutucú and Condor Mountain ranges. Models for EN taxa generated a maximum 402 

value of 28 species overlapped per pixel. The highest concentration of taxa was 403 

in the northwestern Andes, in areas west of Pichincha volcano, Mindo, 404 

Guayllabamba basin in Esmeraldas, Pichincha, Imbabura and Carchi provinces. 405 

Models for VU taxa generated a maximum value of 27 species overlapped per 406 

pixel. The higher concentration of VU taxa was located along with mountain 407 

forests and foothills in both sides of the Andes, in the Chocó region, in nearby 408 

areas of Napo Sumaco-Galeras National Park and southeastern Ecuador (Fig 6). 409 

 410 

Locality records of threatened species reveal differential patterns of distribution 411 

depending on the family (Fig 7). For example, Bufonidae, Centrolenidae, 412 

Dendrobatidae, and Strabomantidae are related to the Andes and foothills. 413 

Telmatobiidae, which have all of their species categorized as CR, is restricted to 414 

southern Andes (Fig 7). Strabomantidae is the only family that presents CR taxa 415 

limited to the coastal region. On the other hand, Hylidae and Leptodactylidae 416 

have been recorded on both sides of the Andes, related to foothills and tropical 417 

forests. Threatened salamanders (Caudata, Plethodontidae) have been 418 

registered in northern Ecuador, towards foothills on both sides of the Andes, and 419 

tropical forests in the Chocó region (Fig 7). 420 

 421 

Records of NT taxa are distributed on both sides of the Andes by Centrolenidae, 422 

Dendrobatidae, and Hylidae; while Hemiphractidae and Leptodactylidae are 423 

represented mainly in the Amazon basin and eastern slopes of the Andes. A 424 
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wider distribution of locality records in Ecuador (except the dry area in the coastal 425 

region) of NT taxa is identified for Strabomantidae. DD taxa are mostly located in 426 

the foothills and lowlands along the Amazon region, mainly for Bufonidae, 427 

Hylidae, Aromobatidae, and Centrolenidae; also, DD species in families 428 

Strabomontidae have been registered in the Andes (Fig 8). 429 

 430 

The database had records from lowlands to highlands in Ecuador (min = 6 m, 1st 431 

Qu. = 821 m, median = 1694 m, mean = 1760 m, 3rd Qu. = 2728 m, max. = 5299 432 

m). We report differences in the distribution of Red List categories and endemic 433 

taxa related with altitude [KW test (χ2) = 591.58, d.f. = 5, p<2.2e-16]. Threatened 434 

species were distributed commonly in highlands, montane forests, and foothills 435 

of Andes i.e. CR (median = 2240 m, n = 1159), EN (median = 1862 m, n = 2096), 436 

VU (median = 1533 m, n = 3599), compared with NT taxa (Fig 7). 437 

 438 

The highest number of species was essentially encountered in three natural 439 

regions: eastern montane (318 taxa), western montane (224 taxa), and the 440 

Amazon (208 taxa). The montane regions also harbored the highest proportions 441 

of threatened, 27% for each one, and DD of the total species in Ecuador. 442 

Regarding species richness in each region, the paramo had the highest 443 

proportion of threatened species (80%), followed by the western montane (74%), 444 

Andean shrub (69%), and western foothills (65%). (Fig 9, S6 Table). 445 

 446 

The Vegetation and Protected Forests and the SNAP protected areas  are the 447 

most important types of protected areas for threatened amphibian species, with 448 

an overall record of 203 (32%) and 196 species (31%), respectively (Fig 10, S6 449 
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Table). Sixty-five species (10%) are not included in any protected area, with 26 450 

rated as CR, 25 as EN, and 14 as VU. 451 

 452 

Discussion 453 

The current conservation status of Ecuadorian amphibians  454 

The conservation status of 635 (plus R. catesbeiana, as invasive species) 455 

amphibian species was assessed, which represents all the native species 456 

documented to date for Ecuador (S4 Table). Herein we report that 57% of the 457 

evaluated amphibian species are classified under some extinction risk using the 458 

IUCN Red List standards (13% CR, 23% EN, and 21% VU), with a further 12% 459 

falling into the NT category, and 4 % of DD taxa.  Our data present a rather 460 

pessimistic situation of one of the most diverse countries in amphibian species in 461 

the World [16]. This is especially true as the data are correlated with the fact that 462 

Ecuador also boasts one of the highest deforestation rates [21,65],  an immense 463 

pressure for mining development [66], and an important expected human population 464 

growth in the future [67]. 465 

Compared to the previous Ecuadorian Amphibian Red List [28], we add 466 

assessments for 174 species, and additionally provide a status evaluation for 127 467 

species that were considered DD at that time (S3 Table). As a result of our study, 468 

the conservation status of 139 taxa has changed - 81 species have now been 469 

found to qualify in a higher Red List category, while 58 have been assigned to a 470 

lower extinction risk category. The differences are probably due to broader 471 

knowledge, including taxonomic revisions and species descriptions, but also to 472 

the different assessment procedures.  473 
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Amidst a general trend of  loss of biodiversity, some amphibian taxa show a 474 

phylogenetic sensitivity to change, as they are considered at high risk of 475 

extinction in their entirety (i.e. genus Atelopus, Telmatobius, Lynchius, etc.), most 476 

likely as a result of their distinctive life-history traits [24,40,68-71]. Because they 477 

contribute uniquely to the functioning of their communities, the loss of such 478 

species is especially worrisome as it is expected to have a disproportionate 479 

impact on the stability of local ecosystems, beyond their taxonomic loss [11]. This 480 

is of particular importance since most of them are endemic species not only for 481 

Ecuador, but also for specific habitats [15]. 482 

 483 

Major Threats 484 

We have generated a quantitative and objective ranking of threats for Ecuadorian 485 

amphibians, using clear and comprehensive rules [59]. A ranking of threats helps 486 

to identify and prioritize the conservation actions needed to mitigate them and 487 

allows results that are comparable and replicable [72]. Agriculture is of particular 488 

importance amongst the threats experimented by Ecuadorian amphibians. In 489 

Ecuador, the unsustainable use of forested lands and agriculture-related 490 

deforestation, even in areas where human population is low, are important threats 491 

making a priority the need for better strategies to improve the rural population 492 

management practices. Also, some anthropogenic threats (roads, human 493 

settlements, and oil activities) amplify the incidence of other pressures and, as 494 

shown in previous studies, are the most relevant predictors of ecological integrity 495 

[1,36,73]. 496 

The ecological  characteristics and microhabitat preferences of the species can 497 

lead to deep variations in the  susceptibility to certain drivers of extinction 498 
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amongst taxa [2]. In amphibians, species respond differently to disturbance [74], 499 

therefore a distinction should be made, and conservation measures to be adopted 500 

must be different along environmental gradients [75]. For example, we found a 501 

different distribution pattern in the case of threatened species, as well as endemic 502 

ones, both showing a higher density along an altitudinal gradient, with a peak 503 

toward montane forests and highlands (Fig 7). However, cases of amphibian 504 

species interaction with spatial patterns of human impacts are puzzling. An 505 

alarming trend is that the greatest density of endangered taxa occurs in montane 506 

and paramo ecosystems, regions that we would expect to be under a lesser 507 

anthropic impact. Further considerations on climate change and synergic effects 508 

with habitat loss and emergent diseases, like Chytridiomicosis, must be 509 

considered as major threats to Ecuadorian amphibians [11,69], especially to 510 

endemic species.     511 

 512 

Future assessment efforts should include the presence of invasive species as 513 

another potential threat to Ecuadorian amphibians. Currently, there are few 514 

studies focused on determining the expansion of these species and their effect 515 

on native amphibian populations. The bullfrog (R. catesbeiana) has been 516 

reported in six Ecuadorian provinces [76]; rainbow trout (Oncorhynchus mykiss) 517 

and common trout (Salmo trutta) are present in Andean areas of the whole 518 

Ecuadorian highlands [77]. The threat that these species represent to amphibians 519 

could be significant, considering their predatory and expansionist biology, but 520 

also because it generally overlaps with other threats that affect the habitat of 521 

species listed at extinction risk. A special case is represented by the Galápagos 522 

Islands, which do not have any native amphibian species, but scattered records 523 
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of established tree-frog populations (Scinax quinquefasciatus) are reported in 524 

Santa Cruz and Isabela islands [15,78]. The effects of this species on the local 525 

ecosystems should be monitored in the future.  526 

 527 

Protected areas and threatened species 528 

An evaluation of existing protected areas overlapped with the endangered 529 

species distribution reveals that much work is still needed to ensure the long-term 530 

survival of amphibians. Since the existence of protected areas is considered the 531 

main hope for preserving threatened species from extinction [79], the fact that 532 

10% (65 species) of the Ecuadorian threatened amphibian species occur 533 

uniquely outside protected areas is preoccupying and highlights the limitations of 534 

the current National Protected Areas Network. 535 

Our study emphasizes several areas of that are home of a high number of 536 

threatened amphibian species and that are not protected (Fig 10). This is 537 

especially evident in three locations: the Chocó area (north of the "Los Ilinizas" 538 

ecological reserve and the Pichincha volcano), the area among Cayambe-Coca, 539 

Antisana, and Sumaco, and in the southern part of the country (south of Sangay 540 

National Park). By including these areas with high amphibian species diversity 541 

(Figs. 4, 6 and 10) in the national protected area network would maximize 542 

ecological representativeness and threatened species’ coverage [80].  543 

The dataset of distribution records reveals an important sampling effort bias, 544 

mostly related to roads or accessible areas (Fig 1). Large areas have been under-545 

sampled, especially coastal areas, Andean paramo, and Amazonia. As a result, 546 

species categorized as DD are mostly located in the Amazon Region and on the 547 

eastern slopes of the Andes (Fig 8). In many cases, the remoteness of the areas 548 
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prevents access due to logistical difficulties [80]. Although for the same reasons, 549 

the anthropic impact should be lower, in the case of high-altitude Andean 550 

habitats, we notice an overlapped high density of threatened species (especially 551 

CR), emphasizing the importance of focused searches for healthy populations in 552 

these secluded regions.     553 

In the case of coastal areas, the shortage of inventories is not caused by limited 554 

access, severe habitat loss, but rather of insufficient sampling. Although a lower 555 

amphibian diversity is likely, mainly because of extreme climatic factors that 556 

restrict the distribution to a low number of resilient species, the total absence of 557 

records over large areas suggests a sampling bias [80]. However, the revision of 558 

threats indicates that the coastal region has a high proportion of its surface 559 

included under the highest risk, as well as a low representation in the Protected 560 

Areas Network (Fig 4). We emphasize the need for urgent base-line information 561 

regarding the amphibians inhabiting this region, as the lack of data makes it 562 

impossible to detect and monitor potential population declines or local extinctions. 563 

 564 

Towards a robust and objective methodology to evaluate species 565 

conservation status 566 

The methodology implemented herein is explicit, objective, and consistent, which 567 

are the main requisites to produce a solid assessment of species conservation 568 

categories. We are confident that we have produced standardized parameters to 569 

estimate robust risk variables that integrate interacting threats [2,59]. We 570 

consider it as a key step of improving the protocol for Red List assessment in the 571 

effort to validate the taxonomic and spatial database. Ecological modeling was 572 

performed using all available data points for nominal species, and as such 573 
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included historical records, identifying and avoiding species complexes, and 574 

candidate new species based on phylogenetic evidence [36,37,40,42,81-84]. 575 

Although experts participated in the evaluation of the current status it is possible 576 

that  the risk of extinction of some species is higher than assessed, due to the 577 

decline in their distribution range over time, as well as limitations  on our 578 

understanding of population dynamics and ecological interactions [11,85]. 579 

Demographic information is lacking for the vast majority of Ecuadorian 580 

amphibians (Fig 2b). This constitutes a serious obstacle for obtaining a more 581 

comprehensive evaluation of their conservation status, preventing the early 582 

detection of declines. It is a particular case for Ecuador, where an important 583 

number of species are known only from a small number of specimens, and some 584 

have not been encountered for decades [e.g. 25]. This can be the result of cryptic 585 

habits that characterize some taxa (e.g. cecilians), but might as well indicate 586 

severe population declines or even extinctions (Telmatobius, Atelopus, or some 587 

centrolenids). This emphasizes the need for an intensive effort to gather base-588 

line information on abundance and community composition for a diversity of 589 

amphibian populations.    590 

Additionally, incomplete taxonomic delimitation has the potential to seriously 591 

impact amphibian conservation [71,86]. In widely distributed species complexes, 592 

which are often assessed as LC, sometimes underlie cryptic taxa  [37,42,83,87], 593 

which might be facing particular conservation threats. We highlight the 594 

importance of taxonomy as a cornerstone for extinction risk assessments and 595 

conservation, especially in tropical mega-diverse regions. Assessments based 596 

on non-nominal species-level lineages or ambiguous names must be prioritized 597 

for taxonomic research [88].  598 
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Conclusions 599 

We offer the Red List Assessment for amphibian species in Ecuador, as one of 600 

the most detailed and complete taxonomic coverage for any Ecuadorian 601 

taxonomic group to date. Our evaluation assessed that 57% of species qualified 602 

as Threatened, 12% as Near Threatened, and 4% as Data Deficient. This 603 

assessment surprisingly almost doubled the number of species considered as 604 

threatened compared to the previous evaluation in 2011 [28]. Most threatened 605 

species are widely distributed towards montane forest and paramo in the Andes, 606 

with nearly 10% of them found to occur only outside protected areas. To 607 

complement the results of this work and other future works, there is an urgent 608 

need for increasing the number of integrative taxonomic studies to describe new 609 

species and generate data on the ecology and genetics of populations and 610 

communities for those considered as taxonomic complexes. It is essential to 611 

focus research efforts on species categorized as DD, that may be in danger of 612 

extinction [30,89]. Such integration will help in better management and 613 

conservation of amphibian species in hot-spot countries, like Ecuador. 614 
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Figures 890 

Figure 1. Spatial distribution of 37,328 records from 635 species (plus Rana 891 

catesbeiana, as invasive species) assessed for the IUCN Red List of Ecuadorian 892 

amphibians. Details of collections, sources, and databases are provided in S2 Table.  893 

 894 

Figure 2. IUCN Red List of amphibians from Ecuador. The number of species by (a) 895 

Categories and (b) Criteria. Categories: CR = Critically Endangered, EN = Endangered, 896 

VU = Vulnerable, NT = Near Threatened, LC = Least Concern, DD = Data Deficient, NE 897 

= Not Evaluated - corresponds to Rana catesbeiana, an invasive species in Ecuador. 898 

Atelopus ignescens (Critically Endangered) was believed to be extinct until its 899 

rediscovery in 2016. Illustration by PARG. 900 

 901 

Figure 3. A taxonomic perspective of the Red List status of amphibians in Ecuador. The 902 

species composition (% of threatened species) of each family in Anura (dark blue), 903 

Caudata (bright blue) and Gymnophiona (purple) is characterized by ribbons connected 904 

to the current Red List status for each species. The numerical values below each country 905 

name depict the relative percentage with the associated Red List category: CR = 906 

Critically Endangered, EN = Endangered, VU = Vulnerable, NT = Near Threatened, LC 907 

= Least Concern, and DD = Data Deficient. Two endemic and threatened frogs are 908 

illustrated for Atelopus coynei  (Critically endangered) distributed in northern Andes of 909 

Ecuador, whereas Excidobates condor (Endangered) is distributed in the Cordillera del 910 

Condor, southeastern Ecuador. Both species are threatened by habitat loss, mining and 911 

climate change. Illustrations by PARG. 912 

 913 

Figure 4. High resolution (30 m x 30 m) Environmental Risk Surface (ERS) model for 914 

Ecuadorian amphibians. Values of the ERS range from 0 (Green, low) to 1 (Red, high) 915 

to represent threat intensity. Shaded areas correspond to the National System of 916 

Protected areas shown in Fig 1. 917 
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Figure 5. Major threats associated with amphibian taxa (% of locality records in 918 

database) by conservation categories in Ecuador. Environmental contractions on climate 919 

change scenarios for RPC4.5 and RPC 8.5 are shown for those species with more than 920 

50% of shift. 921 

 922 

Figure 6. Cumulative species richness for threatened taxa (n = 265 models) by Red List 923 

category. Maps with cumulative species (Num sp) models per category and family are 924 

shown in S3-5 Figures.  925 

 926 

Figure 7. Occurrence data of threatened Ecuadorian amphibians by (a) taxonomic 927 

families, (b) endemic taxa, and (c) Red List categories in an altitudinal gradient. Risk 928 

categories: CR = Critically Endangered, EN = Endangered, VU = Vulnerable, NT = Near 929 

Threatened, DD = Data Deficient. Least Concern taxa have been removed. 930 

 931 

Figure 8. Occurrence data of NT (green), DD (grey), and NE (blue) Ecuadorian 932 

amphibian species, by Red List category and family. Only families with species in these 933 

categories are shown. Boana picturata (NT) is an inhabitant of the Chocoan region in 934 

northwestern Ecuador, threatened by habitat loss and fragmentation. 935 

 936 

Figure 9. Frequency of locality records of amphibians in each risk category by Natural 937 

Regions in Ecuador. Categories: CR = Critically Endangered, EN = Endangered, VU = 938 

Vulnerable, NT = Near Threatened, DD = Data Deficient. Least Concern taxa have been 939 

removed from this figure. 940 

 941 

Figure 10. The IUCN Red List of amphibians from Ecuador representation in the National 942 

System of Protected Areas. Categories: CR = Critically Endangered, EN = Endangered, 943 

VU = Vulnerable, NT = Near Threatened, LC = Least Concern, DD = Data Deficient. 944 

SNAP – Governmental National System of Protected Areas, from the Spanish acronym. 945 
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Tables 946 

Table 1. Major threats with their subcategories, influence distance, decay function, and Analytic 947 

Hierarchy Process (AHP) intensity value estimated for modeling threats to Ecuadorian 948 

amphibians.  949 

  

Major threats and categories Influence Distance (m) 
Decay 

function 
AHP Intensity 

Agriculture and aquaculture       
Crops       

Permanent crops 1875 Logistic 0.015 
Annual crops 1250   0.023 
Semi-permanent crops 375   0.016 
Grassland 375   0.036 
Agricultural mosaic 375   0.003 
Forest plantations 250   0.007 
Other agricultural lands 125   0.005 

Aquaculture       
Shrimp farm area 1250 MSSmall 0.051 

Biological resource use       
Deforestation 125 Logistic 0.34 

Emerging diseases and Invasive species       
Fungus Chytridium 1250 Constant 0.035 
Rana catesbeiana (Bullfrog) 1250 Constant 0.012 

Energy production and mining       
Operations 1250 MSSmall 0.026 
Explorations 1000   0.005 

Mining and quarrying       
Concessions 625   0.002 
Construction Materials/Free use/Artisanal 

mining 
250   0.007 

Oil drilling       
Active oil fields 1250 Logistic 0.015 
Oil wells 625   0.021 
Dormant oil fields 250   0.004 
Oil blocks 250   0.003 

Hydroelectric power plants       
operative 1250     0.009 
Building 625   MSSmall 0.012 
In project 250   0.001 

Natural system modifications       
Megaprojects area of influence 1250 MSSmall 0.033 

Population density       
Population density Continuous raster Continuous 0.22 

Transportation       
1st order 1250 Lineal 0.025 
2nd order 1000   0.016 
3rd order 625   0.011 

Roads       
Trails 250   0.008 

Airports       
Airports 1250 Logistic 0.006 
Airport runways 625   0.003 
Oil pipeline/Polyduct 625 Logistic 0.002 

Pipelines       
 Gas pipeline 250   0.002 

Stochastic events       
Flood-prone areas 625 MSSmall 0.005 
Volcanism area of influence 12500 MSSmall 0.016 

 950 

 951 
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Table 2. Species and records by conservation categories in a database for Red List Assessment. 952 

CR = Critically Endangered, EN = Endangered, VU = Vulnerable, NT = Near Threatened, LC = 953 

Least Concern, DD = Data Deficient, NE = No Evaluated, corresponds to Rana catesbeiana, an 954 

invasive species in Ecuador.  955 

 956 

Collections 
Databases 

CR EN VU NT LC DD NE* Species (%) Records (%) 

Global 
Biodiversity 
Information 
Facility 

70 (702) 107 (715) 98 (1320) 64 (1201) 162 (11313) 19 (122) 1 (3) 521 (82%) 15376 (41%) 

BIOWEB-
PUCE 

47 (239) 114 (1216) 101 (1889) 68 (2065) 168 (10161) 10 (211) 1 (2) 509 (80%) 15783 (42%) 

Instituto 
Nacional de 
Biodiversidad 

18 (29) 81 (238) 91 (314) 59 (321) 152 (1883) 6 (31)   407 (64%) 2816 (8%) 

Museo de 
Zoología 
Universidad 
del Azuay 

4 (6) 10 (56) 28 (169) 13 (43) 84 (262)   1 (5) 140 (22%) 541 (1%) 

Museo de 
Zoología, 
Universidad 
Técnica 
Particular de 
Loja 

8 (16) 14 (71) 31 (496) 21 (320) 57 (956)     131 (21%) 1859 (5%) 

Red List 
Assessment 
Workshop 

8 (25) 22 (58) 13 (40) 14 (29) 40 (145) 4 (9) 1 (1) 102 (16%) 307 (1%) 

Centro 
Jambatu 

8 (16) 14 (20) 17 (21) 10 (51) 32 (65)  ()   81 (13%) 173 (0%) 

Escuela 
Politécnica 
Nacional 

5 (17) 8 (12) 11 (29) 10 (19) 19 (65) 1 (1)   54 (8%) 143 (0%) 

Fundación 
Herpetológica 
Gustavo 
Orcés 

1 (1) 3 (3) 1 (1) 7 (16) 16 (64) 1 (1)   29 (5%) 86 (0%) 

Batrachia   3 (30) 4 (13) 1 (1) 2 (21)     10 (2%) 65 (0%) 
Museo de 
Zoología 
Universidad 
Tecnológica 
Indoamérica 

    2 (2) 2 (2) 4 (4) 1 (1)   9 (1%) 9 (0.02%) 

Literature 
review 

2 (2)             2 (0.3%) 2 (0.01%) 

Proyecto 
PARG 

2 (168)             2 (0.3%) 168 (0.5%) 

Total 
Species 
(records) 

85 (636) 147 (2419) 131 (4294) 78 (4068) 26 (24939) 168 (376) 1 (11)  37328 

 957 

 958 

 959 

  960 

Realce

Nota
I didn't really understand this description.



38 
 

Table 3. Species (percentage) and categories of risk, assessed by a family in Ecuadorian 961 

amphibians. CR = Critically Endangered, EN = Endangered, VU = Vulnerable, NT = Near 962 

Threatened, LC = Least Concern, DD = Data Deficient. Pale red-shaded numbers are highlighted 963 

for families with the highest number of species in each threatened category. Threatened 964 

representativeness (TR): (number of threatened taxa / total number of taxa per family)*100. 965 

 966 

Class/Families CR EN VU NT LC DD Threatened Taxa Total Taxa 
TR 

(%) 

Anura 81 (13.5%) 136 (22.6%) 124 (20.6%) 78 (13%) 162 (27%) 20 (3.3%) 341 (56.7%) 601 (100%) 56.7% 

Aromobatidae     2 (0.3%)   4 (0.7%) 1 (0.2%) 2 (0.3%) 7 (1.2%) 28.6% 

Bufonidae 29 (4.8%) 7 (1.2%) 6 (1%)   12 (2%) 2 (0.3%) 42 (7%) 56 (9.3%) 75% 

Centrolenidae 8 (1.3%) 22 (3.7%) 8 (1.3%) 7 (1.2%) 11 (1.8%) 4 (0.7%) 38 (6.3%) 60 (10%) 63.3% 

Ceratophryidae     1 (0.2%)   1 (0.2%) 1 (0.2%) 1 (0.2%) 3 (0.5%) 33.3% 

Craugastoridae         1 (0.2%)     1 (0.2%) 0% 

Dendrobatidae 10 (1.7%) 12 (2%) 9 (1.5%) 9 (1.5%) 7 (1.2%)   31 (5.2%) 47 (7.8%) 66% 

Eleutherodactylidae   1 (0.2%)     1 (0.2%)   1 (0.2%) 2 (0.3%) 50% 

Hemiphractidae 7 (1.2%) 8 (1.3%) 1 (0.2%) 7 (1.2%) 2 (0.3%)   16 (2.7%) 25 (4.2%) 64% 

Hylidae 5 (0.8%) 14 (2.3%) 6 (1%) 18 (3%) 55 (9.2%) 2 (0.3%) 25 (4.2%) 100 (16.6%) 25% 

Leptodactylidae 1 (0.2%) 2 (0.3%) 2 (0.3%) 2 (0.3%) 18 (3%)   5 (0.8%) 25 (4.2%) 20% 

Microhylidae   3 (0.5%) 2 (0.3%) 1 (0.2%) 5 (0.8%) 1 (0.2%) 5 (0.8%) 12 (2%) 41.7% 

Pipidae         1 (0.2%)     1 (0.2%) 0% 

Ranidae       1 (0.2%) 2 (0.3%)     3 (0.5%) 0% 

Strabomantidae 18 (3%) 67 (11.1%) 87 (14.5%) 33 (5.5%) 42 (7%) 9 (1.5%) 172 (28.6%) 256 (42.6%) 67.2% 

Telmatobiidae 3 (0.5%)           3 (0.5%) 3 (0.5%) 100% 

Caudata 3 (27.3%) 5 (45.5%)     2 (18.2%) 1 (9.1%) 8 (72.7%) 11 (100%) 72.7% 

Plethodontidae 3 (27.3%) 5 (45.5%)     2 (18.2%) 1 (9.1%) 8 (72.7%) 11 (100%) 72.7% 

Gymnophiona 1 (4.3%) 6 (26.1%) 7 (30.4%)   4 (17.4%) 5 (21.7%) 14 (60.9%) 23 (100%) 60.9% 

Caeciliidae   5 (21.7%) 4 (17.4%)   3 (13%) 4 (17.4%) 9 (39.1%) 16 (69.6%) 56.3% 

Rhinatrematidae 1 (4.3%) 1 (4.3%) 1 (4.3%)       3 (13%) 3 (13%) 100% 

Siphonopidae     1 (4.3%)   1 (4.3%)   1 (4.3%) 2 (8.7%) 50% 

Typhlonectidae     1 (4.3%)     1 1 (4.3%) 2 (8.7%) 50% 

Total general 85 (13.4%) 147 (23.1%) 131 (20.6%) 78 (12.3%) 168 (26.5%) 26 (4.1%) 363 (57.2%) 635 (100%) 57.2% 

 967 
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Supplementary Tables 969 

S1 Table. Institution Code, Institution name, database source, categories, 970 

number of records, and number of species assessed in the Red List for 971 

Ecuadorian amphibians. 972 

S2 Table. Multi-Criteria Decision Making (MCDM) through the Analytic Hierarchy 973 

Process (AHP) for construct the threat model (Fig 4). 974 

S3 Table. Species list of Ecuadorian amphibians, endemism, conservation areas, 975 

major threats, extinction risk criteria, subcriteria, and metrics used for the Red 976 

List Assessment.  977 

 978 

S4 Table. The Red List for Ecuadorian amphibians, with details of criteria and 979 

subcriteria used for the evaluation of national categories. Categories: CR= 980 

Critically Endangered, EN=Endangered, VU= Vulnerable, NT= Near Threatened, 981 

LC= Least Concern, DD= Data Deficient, NE= Not Evaluated, correspond to 982 

Rana catesbeiana, an invasive species in Ecuador.  983 

 984 

S5 Table. The number of taxa assessed by genera in the current evaluation, 985 

categories, and threatened representativeness in the group (%). 986 

 987 

S6 Table. Species (percentage) and categories of threat assessed by type of 988 

protected area in Ecuador. CR= Critically Endangered, EN=Endangered, VU= 989 

Vulnerable, NT= Near Threatened, LC= Least Concern, DD= Data Deficient. 990 

SNAP= National System of Protected Areas, from the Spanish acronym. 991 

 992 
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S7 Table. Species (percentage) and categories of the conservation status of 993 

amphibians by major threats in Ecuador. CR= Critically Endangered, 994 

EN=Endangered, VU= Vulnerable, NT= Near Threatened, LC= Least Concern, 995 

DD= Data Deficient. 996 

 997 

S8 Table. Species and categories of threat assessed by Natural Regions and 998 

Protected Area in Ecuadorian Amphibians. CR= Critically Endangered, 999 

EN=Endangered, VU= Vulnerable, NT= Near Threatened, LC= Least Concern, 1000 

DD= Data Deficient. 1001 

 1002 

S9 Table. Species (percentage) and categories of threat assessed by natural 1003 

regions and provinces in Ecuadorian Amphibians. CR= Critically Endangered, 1004 

EN=Endangered, VU= Vulnerable, NT= Near Threatened, LC= Least Concern, 1005 

DD= Data Deficient. 1006 
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Supplementary figures 1008 

 1009 

S1 Fig. Automated procedure was designed using the ModelBuilder tool in 1010 

ArcMap v.10 to perform the iterative threat model and its analysis. 1011 

 1012 

S2 Fig The threat model for Ecuadorian amphibians, raster image (.tiff).  1013 

 1014 

https://drive.google.com/file/d/1wkdx8DgDwKhVEyElDhc23wmEiknFw4DE/view1015 

?usp=sharing 1016 

 1017 

S3 Fig. Cumulative richness models of taxa qualified as Critically endangered by 1018 
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