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 742 

Figure A3 – Sensitivity of the Categorical Analysis of Neo- And Paleo-endemism (CANAPE) analyses 743 

to the mapping method and finer geographical scale (0.5  degree). (a–b) CANAPE results for ranges 744 

estimated with alpha hull polygons. (c–d) CANAPE results estimated from point-localities. Overall re-745 

sults for most regions are congruent, especially for mixed-endemism patterns, regardless the mapping 746 

technique and grid resolution.  747 
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 748 

Figure A4 – Sensitivity of the Categorical Analysis of Neo- And Paleo-endemism (CANAPE) analyses 749 

to the mapping method and larger geographical scale (2  degrees). (a–b) CANAPE results for ranges 750 

estimated with alpha hull polygons in an approximately 2 degrees grid (equal area projection). (c–d) 751 

CANAPE results estimated from point-localities. Overall results for most regions are congruent, espe-752 

cially for mixed-endemism patterns, regardless the mapping technique and grid resolution. 753 
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 754 

Figure A5 – Sensitivity of the Categorical Analysis of Neo- And Paleo-endemism (CANAPE) to the 755 

delimitation of the study area. (a) Complete dataset. (b) CANAPE without the Caribbean. (c) CANAPE 756 

without Mexican transition zone and Central America dominion (sensu Morrone 2014). (d) CANAPE 757 

including only cells in the cis-Andean South America. 758 

  759 
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 760 

Figure A6 – (a) Correlogram of the residuals of the best Spatial AutoRegressive error model (SARerr) 761 

compared to the respective Generalized Linear Model (GLM) for phylogenetic endemism (PE) ex-762 

plained by topographic roughness, precipitation seasonality, climatic buffer and distance to the biome 763 

borders. (b) Correlograms of the residuals of the best model for relative phylogenetic endemism (RPE) 764 

explained by topographic roughness, temperature seasonality and precipitation seasonality. SARerr mod-765 

els removed most of the spatial autocorrelation in the data. Lags correspond to successive neighbour-766 

hood levels. 767 
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ABSTRACT 

In order to implement effective conservation policies, it is crucial to know how biodiversity is 

distributed. However, defining optimal ways to measure biodiversity and how best to use such 

measures to prioritize conservation actions is still a topic of debate. One of the most widely 

used systems is the Key Biodiversity Areas (hereafter KBA) criteria, developed by the Interna-

tional Union for Conservation of Nature (IUCN). In this study we compare the KBA criteria to 

four primary biodiversity indices (species richness, phylogenetic diversity, weighted ende-

mism, and phylogenetic endemism) and to EDGE score to rank the conservation importance of 

eight remote sites in Northern Mozambique where we sampled for amphibians and reptiles. We 

find that none of these metrics is able to provide a suitable ranking of the sites surveyed that 

would ultimately allow prioritization. We therefore develop and validate the “WEGE index” 

(Weighted Endemism including Global Endangerment index), which is an adaptation of the 

EDGE score (Evolutionarily Distinct and Globally Endangered) and allows the ranking of sites 

according to the KBA but in a continuous scale. For our study system, the WEGE index yields 

the same ranking as in the KBA assessment, but outperforms it by being able to rank sites inside 

the same KBA categories. Prioritization may be crucial for policy making and real-life conser-

vation, allowing the choice between otherwise equally qualified sites according to the KBA 

categories. WEGE is intended to support a transparent decision-making process in conserva-

tion.
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INTRODUCTION 1 

In order to protect biodiversity and promote conservation, the decision-making process should 2 

be based more on scientific research and data, and less on empirical assumptions not supported 3 

by scientific studies (Sutherland et al., 2004). Threats to biodiversity such as conversion and 4 

degradation of natural habitats, and invasion by non-native species and overexploitation, have 5 

the potential of completely decimating biodiversity at local scales (Biofund, 2018; Mucova et 6 

al., 2018). Therefore, in recent years there has been an increased awareness of the value of 7 

protecting particular sites of high biological value, instead of focusing on large extensions of 8 

land (Butchart et al., 2012). Such decisions may ultimately determine whether biodiversity is 9 

preserved or lost. Thus, conservation planning should not only encompass the concepts of 10 

global conservation prioritization (Myers et al., 2000), but also include a more local-scale ap-11 

proach.  12 

 13 

The Global Standards for the Identification of Key Biodiversity Areas (KBA) is an attempt to 14 

gather a consensus on biodiversity and conservation practices by highlighting sites that contrib-15 

ute significantly to the global persistence of biodiversity (IUCN 2004). The criteria and meth-16 

odology for identifying KBAs was created by the IUCN World Commission on Protected Areas 17 

(IUCN, 2016). The categorization of areas is based on criteria such as presence or absence of 18 

threatened species, species’ distribution ranges and ecological integrity. However, indices that 19 

directly measure biodiversity such as species richness (SR), phylogenetic diversity (PD:Faith, 20 

1992), weighted endemism (WE:Crisp et al., 2001) and phylogenetic endemism (PE:Rosauer 21 

et al., 2009) were left out of the KBA methodology.  22 

 23 

Although most biodiversity measures used in conservation relies on species richness, measures 24 

such as PD and PE add the evolutionary relations among species and minimize taxonomic con-25 

flicts. All these indices contribute to the understanding of how and where biodiversity is dis-26 

tributed in a continuous scale, and should allow the ranking of individual sites under consider-27 

ation for conservation. However, their accuracy is highly dependent on the quality and availa-28 

bility of data, making poorly sampled areas particularly hard to evaluate (Faith, 1992; Faith et 29 

al., 2004; Rosauer et al., 2009). 30 

 31 

Although both the KBA and the raw biodiversity indices may be useful in various ways in 32 

conservation, none of them incorporate information on the threat status of the constituent spe-33 

cies – the IUCN’s Red List Assessment parameter. One exception is the Evolutionarily Distinct 34 
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and Globally Endangered (EDGE) score (Isaac et al., 2007), which combines one biodiversity 35 

index – Evolutionary Distinctiveness (ED) – with the threat category of species. 36 

 37 

ED is a measurement of the branch lengths divided by the number of species inside each clade. 38 

The EDGE score combines ED with values for species’ extinction risk in order to generate a 39 

list of species that are both evolutionarily distinct and globally endangered (‘EDGE species’). 40 

The EDGE score is however tailored to rank species rather than locations. Location scores may 41 

be computed as the sum of EDGE scores for all species in a site (Safi et al., 2013). However, 42 

this is not guaranteed to maximize conservation importance of individual sites, since the pres-43 

ence of widespread, critically endangered species produces higher EDGE scores than a vulner-44 

able or endangered micro-endemic restricted to very few sites, which could rapidly go extinct 45 

if those sites are damaged. One example is the Atlantic bluefin tuna, which exists in great part 46 

of the Atlantic Ocean, but nevertheless is considered an endangered species (Collette et al., 47 

2011).  48 

 49 

In this study we tested whether biodiversity indices can be used to rank locations inside the 50 

categories recognized by IUCN’s KBA. We focus on two poorly studied vertebrate groups, 51 

amphibians and reptiles (K. A. Tolley et al., 2016; Titley et al., 2017) in eight remote and poorly 52 

sampled areas in Northern Mozambique, which we surveyed through our own extensive field-53 

work. To achieve our objectives of ranking individual sites for conservation, we introduce a 54 

new spatially explicit index –WEGE (Weighted Endemism and Globally Endangered). WEGE 55 

is an adaptation of the EDGE score (Mooers et al., 2008), were we have replaced the phyloge-56 

netic component with an endemism score and is presented as a tool for attributing a continuous 57 

scale for the Global Standard of Identification of KBAs. 58 

 59 

METHODS 60 

Study area 61 

This study focuses on Northern Mozambique. The country is one of the poorest countries in the 62 

world which makes conservation versus development a challenge. Exploitation of gold, ruby, 63 

coal, natural gas, and many other important minerals (Yager, 2002; FocusEconomics, 2018) is 64 

an important source of income but is also likely to have detrimental effects on the natural envi-65 

ronment. 66 

 67 
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Being one of the most poorly known areas Africa in terms of biodiversity assessments, Northern 68 

Mozambique has recently attracted efforts leading to surveys and the discovery of many new 69 

species for science of reptiles, mammals, amphibians and plants. Many of these new species 70 

appear to be restricted to single mountains (Branch et al., 2014; Bittencourt-Silva et al., 2016), 71 

making these mountains important areas of endemism and consequently in need of effective 72 

conservation policies. 73 

 74 

Fieldwork 75 

To give consistence and comparable results we sampled amphibians and reptiles in eight sites 76 

in Northern Mozambique for three full days in each individual site (Figure 1). All sampling 77 

took place between October 9th and November 16th of 2017 and was carried out by 3–4 scientists 78 

each time (members of our team), with the same three members of the team being present in all 79 

8 sites. All sites consisted of small inselbergs (400 – 1200m) with similar areas (1-2 km2) and 80 

were sampled by the same team and methods. The inselbergs consisted of exposed bedrock and 81 

patchy vegetation (Fig. 3). The methods consisted of opportunistic and active search and trap-82 

ping with funnel and glue traps. We excluded species that were recorded only once at each site 83 

in order to reduce the effects of false negatives on our analyses e.g. species might be present in 84 

locations, but we failed to record them.  85 

 86 

Key Biodiversity Areas 87 

Although the Global Standard for the Identification of Key Biodiversity Areas (KBA) (IUCN, 88 

2016) has five main criteria and thresholds for the assessment, namely: A. Threatened biodi-89 

versity; B. Geographically restricted biodiversity; C. Ecological integrity; D. Biological pro-90 

cesses; and E. Irreplaceability through quantitative analysis, only criteria A and B could be 91 

applied to our dataset consisting of a georeferenced species list. The full list of criteria and 92 

applicability in this study is provided in Appendix S1.  93 

 94 

Biodiversity indices 95 

To test whether we could use widely used biodiversity metrics to rank our locations, we calcu-96 

lated the scores of four indices: SR, PD, WE, PE and the EDGE score in a grid of 0.1 degrees 97 

(equivalent to approximately to 10 by 10 kilometers) and compared with the Global Standards 98 

for the Identification of KBAs. Details and resources used to calculate the different metrics can 99 

be found in the Appendix S1. 100 
 101 
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The WEGE index 102 

We sought a measure that would align its results with the IUCN’s KBA categorization of our 103 

locations. Since such measure has not yet been proposed to the best of our knowledge, we cre-104 

ated an index capable of ranking locations in a continuous scale inside the categories of the 105 

KBA.  106 

 107 

The WEGE index proposed here is an adaptation of the EDGE score (Isaac et al., 2007) using 108 

the probability of extinction risk as in Mooers et al. (2008). The idea of the EDGE score is to 109 

measure biodiversity by taking into account both the evolutionary distinctness (ED) and the 110 

Probability of Extinction (ER).  111 

 112 

To calculate EDGE, the following formula is used in Mooers et al. (2008): 113 

EDGE = ln(ED * ER) 114 

 115 

To calculate WEGE, we apply this formula: 116 

WEGE = SQRT(WE*ER) 117 

 118 

In order to calculate the values for the WEGE index of all the locations in this study we created 119 

a package in R, available at devtools::install_github('harithmorgadinho/wege'). 120 

We used the IUCN50 transformation for the ER as in (Davis et al., 2018), which scales the 121 

extinction risk over a 50-year period using the following extinction probabilities: LC = 0.0009, 122 

NT = 0.0071, VU = 0.0513, EN = 0.4276, CR = 0.9688.  123 

 124 

The EDGE enables the ranking of species, rather than directly scoring areas, in regard to prior-125 

itization. The WEGE index, in contrast, allows the ranking of locations rather than individual 126 

taxa. Another advantage of the WEGE index over the EDGE score for conservation is that 127 

EDGE does not explicitly take into account distribution ranges of the constituent species, since 128 

distribution isn’t alone a requirement for the attribution of a threatened status. One example is 129 

the Mount Gorongosa Pygmy Chameleon, assessed as LC but with an estimated area of occu-130 

pancy of 108 km2 (K. Tolley, Menegon, M. & Plumptre, A, 2014). Mount Gorongosa may 131 

therefore not be classified as an important conservation area based on EDGE, but the only way 132 

to protect this species is to protect this area. Using species distribution ranges can be crucial in 133 

assessing the importance of locations comprising all known populations of a species with a low 134 

threat category in IUCN’s Red List, which we argue should be of higher conservation priority 135 
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than a location containing a more threatened species but with larger total distribution (see fig. 136 

3 for a schematic representation on how the WEGE index ranks locations). 137 

 138 

Unlike amphibians, reptiles in Africa are largely unassessed. In order to avoid a biased threat 139 

status attribution, we therefore treated unassessed species as “UA” (Under Assessment) as in 140 

Tonini et al. (2016) and attributed a value of extinction risk similar  “LC” (Least Concern). Our 141 

dataset didn’t contain any “DD” (Data Deficient) species, although we would recommend treat-142 

ing them as VU. 143 

 144 

To showcase the main differences between EDGE and WEGE we created two hypothetical 145 

scenarios. In the first we removed the new species of Elasmodactylus recorded from locations 146 

5 and 6 and in the second scenario we added a record of an endangered reptile that is expected 147 

to occur in our sampled locations, the terrapin Cycloderma frenatum. In order to calculate 148 

WEGE for the second scenario we downloaded the species records from GBIF 149 

(https://doi.org/10.15468/dl.u9bqnu). 150 
 151 
RESULTS  152 

 153 

3. Fieldwork data collection 154 

We recorded 15 species of amphibians and 29 species of reptiles (Appendix S1) in eight loca-155 

tions in Northern Mozambique (Fig. 1). The most remarkable findings were a putatively new 156 

amphisbaenian, Geocalamos sp. nov, a putatively new species of gecko Elasmodactylus sp. nov 157 

and a new distribution record for Cordylus maculae (64 km east to the only previously known 158 

locality, Mount Mecula).  159 

 160 

IUCN’s KBA fit 161 

From the five major criteria and nine sub-criteria of IUCN’s KBA, seven sub-criteria could be 162 

applied to species inventories carried out in this study (Appendix S1). In criteria A (Threatened 163 

Biodiversity; see details in Table 2), the focus of A.1. is on the Critically Endangered (CR), 164 

Endangered (EN) and Vulnerable (VU) categories. The Red List assessment for amphibians 165 

and reptiles in Mozambique has 18 species assessed and their respective statuses can be found 166 

in Appendix S1. During the sampling for this study, the only species collected that has been 167 

assessed as threatened (Endangered), was Cordylus meculae at Location 4, at 65 km West from 168 

Mecula Mount, the only previously known location for the distribution of the species (Branch 169 
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et al., 2005). Since this species is assessed as Endangered and its range is restricted to a single 170 

mountain, Location 4 would trigger KBA status according to A.1 a), e) and B1. In addition, we 171 

also found a putatively new species of Geocalamus sp., in this case, the site would also qualify 172 

for B2 since there are more than one species in this particular site. 173 

 174 

Criteria B (Geographically restricted biodiversity), B1: “Individual geographically restricted 175 

species” can be applied to Locations 5 and 6 and trigger KBA status because a putatively new 176 

species was found on those locations, Elasmodactylus sp. nov. Until further evidence is pro-177 

duced, its known distribution is restricted to those locations.  178 

The remaining locations did not meet any of the criteria for a KBA status. 179 
 180 

a. Indices’ scores 181 

In order to compare the results from the IUCN’s KBA, for each location we calculated SR, PD, 182 

WE, PE, ED, the EDGE score and the WEGE index. 183 

For amphibians (Fig. 4), locations with higher SR scored higher in all indices calculated, being 184 

location 3 the one with highest scores. No threatened amphibians were collected in this study, 185 

hence we expect WEGE index to rank all the location in the same way as WE.  186 

 187 

For reptiles (Fig. 4), although SR and PD were relatively constant across locations, WE, PE, 188 

EDGE and WEGE ranked locations differently. The WE and PE indices selected locations 5 189 

and 6 as highest and location 4 in third place unlike WEGE and EDGE which selected location 190 

4 as top priority followed by locations 5 and 6. 191 

 192 

When comparing the WEGE scores between taxa, despite the value being highest in amphibians 193 

in location 3, it still scored 10.5 times lower when compared to location 4 for reptiles (0.037 – 194 

0.389) (Fig.4). Showcasing the fact that location 3 for amphibians, by not having any narrow 195 

ranged or threatened species, had low conservation importance. The same pattern emerged for 196 

the EDGE index, but a lesser extent, 7.7 times lower for amphibians. 197 

 198 

WEGE versus EDGE 199 

In order to test the behavior of WEGE and EDGE we made slight changes in our datasets. When 200 

we remove the geckos from location 5 and 6, WEGE stops ranking locations 5 and 6 as conser-201 

vation priorities while EDGE still kept one of them (Fig. 5: B). When we add the terrapin to 202 

location 3, WEGE still ranks location 4 higher than location 3 because it considers that an area 203 
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which has both an endangered species and range restricted has more conservation importance 204 

than an area with a widespread equally endangered but phylogenetically more distinct species. 205 

Unlike EDGE which started to rank Location 3 as the top priority (Fig. 5: C). 206 

Using the WE index in the formula (rather than ED) guarantees that rare species will have an 207 

equal contribution to the ranking of a location, independently from the range of their sister 208 

species, unlike the EDGE score. 209 
 210 
DISCUSSION 211 

IUCN’s KBA and Biodiversity indices 212 

This is the first study that attempts to compare IUCN’s KBA site selection process with biodi-213 

versity metrics, so for this purpose we included four of the most widely known metrics, SR, 214 

PD, WE, PE and EDGE. 215 

 216 

The analyzed dataset is relatively small but it is typical of many empirical situations for land 217 

owners or governments e.g. decision where to allow mining or logging. It also has the benefit 218 

that all areas are assessed by the same methods and experts meaning that we do not have to deal 219 

with issues of variation in knowledge as a function of different skills between biodiversity as-220 

sessors (Ahrends et al., 2011). 221 

 222 

The IUCN’s KBA uses a set of guidelines to check whether a particular site triggers a KBA 223 

status, unlike biodiversity metrics which attempt to quantify different spectrums of biodiversity. 224 

Hence, different biodiversity metrics are expected to weight sites differently. The biodiversity 225 

of specific sites should arguably not be assessed by just summing the number of species existing 226 

in each location, but also taking into account other factors such as genetic diversity, distribution 227 

ranges or conservation status (Magurran, 1988; Barthlott et al., 1999). Otherwise, the presence 228 

of many widespread species producing a high SR would mask the importance of vulnerable or 229 

endangered micro-endemic taxa (restricted to very few sites). The fact that SR and PD indices 230 

are known to be highly correlated with sampling effort (Bunge & Fitzpatrick, 1993; A. 231 

Rodrigues et al., 2005; A. S. Rodrigues et al., 2011; Tucker & Cadotte, 2013) advocates against 232 

their use in inconsistently and poorly sampled regions, compared to dense sampling which will 233 

in most cases show higher species diversity. In addition, SR and PD completely disregard the 234 

information on species range in their score, which is a strong predictor of extinction risks for 235 

species (Purvis et al., 2000) and one of the fundamental aspects of conservation prioritization 236 
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and management of natural resources (Anderson, 1994; Myers et al., 2000; Roberts et al., 2002; 237 

Slatyer et al., 2007).  238 

 239 

WE and PE are also expected to correlate with sampling effort, since new sets of records can 240 

only consolidate or increase the score but never decrease it (Lande, 1996; Nipperess, 2016), 241 

although this correlation seems to exist at lesser extent than in SR and PD (Soria-Auza & 242 

Kessler, 2008; Oliveira et al., 2016). But besides the sampling effort issue, the use of WE and 243 

PE in conservation policies might encounter additional problems. A benefit of PE is that for 244 

two recently diverged taxa, the vast amount of their evolutionary history is shared and it there-245 

fore matters very little if they are treated as separate species or not. This is critical for groups 246 

with large genera, which often comprise both widespread and range-restricted species as a result 247 

of species radiations. One example is the widely distributed skink of the genus Cryptoblepha-248 

rus, which if analyzed through WE would score considerably higher compared with an analysis 249 

using PE. Cryptoblepharus is very widespread, with some species occurring from the eastern 250 

fringes of the Indo-Australian archipelago, Australia and Oceania, to the islands of the far West-251 

ern Indian Ocean and adjacent parts of the African coast (Rocha et al., 2006). The WE index, 252 

in contrast, gives a weight of 1 for every species, which makes the index more vulnerable to 253 

taxonomic changes but guarantees the equal contribution of species inside large genera. 254 

 255 

Regarding our analysis, in a dataset consisting only of widespread species belonging to the 256 

same threat as for amphibians, we obtained a similar pattern between the indices, while for the 257 

reptiles, with both widespread and range restricted species, we obtained contradictory values 258 

depending on the index. As expected, our results show that different indices rank sites differ-259 

ently. 260 

 261 

Suitability of the WEGE Index 262 

While WEGE and EDGE produced very similar ranking of locations in the empirical dataset, 263 

this is not a guaranteed output of the two measures. In our empirical dataset we only have one 264 

endangered reptile while all other reptiles are least concern, and since the extinction risk for 265 

endangered species are so much higher than least concern, both indices are governed solely by 266 

the IUCN status part of the index. The two measures will however respond differently if mul-267 

tiple species with the same IUCN score are present. 268 

 269 
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The IUCN’s KBA attributed a KBA status to different locations when compared to the best 270 

performing locations for the SR, PD, WE and PE indices. In contrast, the new index proposed 271 

here (WEGE) is capable of ranking locations in a continuous scale and matching the KBA status 272 

triggered by IUCN’s KBA. The WEGE index adds the component of conservation status of 273 

each species to the WE index. The internal logic of this metric is to combine conservation scor-274 

ing of each species with a measure of the relative importance of the site in question for each 275 

species. This could also be achieved by combining a conservation score which incorporating 276 

evolutionary history such as e.g. PE rather than WE, but since KBA by design weigh all species 277 

equally irrespective of their evolutionary uniqueness we chose to select a measure with the same 278 

lack of taxonomic weighing. By incorporating WE in the EDGE score formula and creating the 279 

WEGE index, we obtained an index in line with the IUCN KBAs standards criteria compared 280 

to the SR, PD, PE, WE and EDGE. Additionally, the WEGE index allows the use of species 281 

which although being published haven’t yet been assessed by IUCN. This is achieved by the 282 

attribution of the UA (under assessement) category to the species which in turn will be con-283 

verted to the ER component in the formula. In the case of Mozambique, there are 226 species 284 

of reptiles (Uetz et al., 2019) of which only 90 have been assessed (IUCN 2019).  285 

The WEGE index can be used either to find suitable candidates’ areas to be considered as 286 

KBA’s or as a mechanism of weighting the contribution to conservation of particular KBA’s as 287 

well as areas outside KBA’s. Additionally, it uses a simpler methodology by employing only 288 

two metrics instead of a set of seven conditions (A1a - e and B1 and B2). Finally, WEGE can 289 

act as a complement in the process, by which, sites selected using IUCN’s KBA can now be 290 

ranked objectively according to their conservation value. 291 

 292 

Avoiding the categorical ranking of locations can bring great advantages when prioritizing ef-293 

forts with limited resources. IUCN’s criteria lack this aspect by attributing a binary system 294 

where one particular site either triggers KBA status or not. By using WEGE, we rank sites 295 

within the same category and enabling the decision-making process to be objective and trans-296 

parent as possible. This methodology can highlight areas which even though they trigger KBA 297 

status, their score is low and might be on the cusp of losing their KBA status. 298 

KBA sites which are driven either by the presence of one threatened or range restricted species, 299 

will change if species become non-threatened or get their range considerably expanded. Con-300 

sequently, lower performing WEGE sites have higher odds of losing their KBA status. One 301 

example that illustrates this scenario is the species Cryptoblepharus ahli Mertens, 1928, de-302 

scribed by Mertens (1928), synonymized to the widespread species Cryptoblepharus africanus 303 
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by Brygoo (1986) to later, based on a morphological examination of the species to be elevated 304 

to full species by (Horner & Adams, 2007). This species by itself meets the requirements for 305 

the Mozambican Island to trigger KBA status, regardless of its IUCN status, since it is at the 306 

moment an accepted species confined to a single small island. Further analysis of the genetics 307 

of this particular species will have an impact on the KBA status of this island.  308 

 309 

Within the current IUCN ranking system, a site can have either one or many endemic species 310 

and they would trigger a KBA status and be treated the same, using WEGE, we are able to 311 

objectively demonstration that areas with more endemic species have higher conservation 312 

value. 313 

 314 

Limitations and challenges of the WEGE index 315 

The two measures, EDGE and WEGE combine two clearly different and unrelated metrics, 316 

whilst WEGE makes use of species distribution and it’s IUCN status just as in the IUCN’s 317 

KBA. These two criteria are not independent since range size is one of the criteria for IUCN 318 

status. Importantly, however, the two criteria in WEGE clearly still measure distinct processes 319 

which for instance can be seen by the existence of widespread but endangered species like the 320 

already mentioned Bluefin tuna or highly restricted and least concern as the Mount Gorongosa 321 

Pygmy Chameleon. By combining the two we show that we get a better measure than solely 322 

relying on IUCN criteria or solely on WE. 323 

 324 

Despite ranking locations according to the KBA’s guidelines, the WEGE index does not incor-325 

porate all the KBA’s criteria. We expect poorly sampled areas to only have limited data on 326 

species distribution, and thus information such as Ecological Integrity (criteria C), Biological 327 

Processes (Criteria D) and Irreplaceability Through Quantitative Analysis (Criteria E) are likely 328 

to not have been assessed for the area in question. 329 

 330 

The last step of before proposing a particular site as a KBA requires an analysis of the manage-331 

ability of the site in regards to its physical attributes such as forest cover limits or rivers and 332 

anthropogenic factors such as roads and existence of human settlements. The WEGE index in 333 

itself is not aimed at replacing this process, we believe this step to be of crucial importance and 334 

should be done case by case and involving local authorities. The aim of the WEGE index is to 335 

highlight and rank sites which should in the following step be scrutinized at a local level as in 336 

the KBA process or rank already existing KBAs.  337 
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Final remarks 338 

The prioritization of areas in regard to biodiversity is complex. Different indices prioritize dif-339 

ferent areas. IUCN KBAs do not contemplate biodiversity indices in the decision-making pro-340 

cess. However, for the case of amphibians and reptiles in northern Mozambique, we found a 341 

correlation between the areas that would in theory be considered as future protected areas and 342 

the WEGE Index.  343 

 344 

Mozambique is a developing country that struggles to conciliate its rich biodiversity with the 345 

for the mining industry, and the high potential economic gain that could follow. The country 346 

also has one of the highest corruption levels in the world, and unbiased methods to quantify 347 

biodiversity are a crucial parameter for a transparent decision-making process in conservation. 348 

WEGE is able to rank locations according to the IUCN’s KBAs while giving a continuous value 349 

to each site, thus facilitating their ranking and prioritization in real-world conservation. 350 

 351 

SUPPORTING INFORMATION  352 

Methods used for calculating indices, r packages used, KBA guidelines and raw data (Appendix 353 

S1), is available online.  354 

  355 
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Figure-Legend Page 471 

 472 

 473 
 474 

Figure 1: Map of Northern Mozambique with administrative borders showing sampled loca-

tions in Northern Mozambique. The eight sites sampled (indicated by triangles) correspond to 

largely isolated inselbergs amidst a savanna landscape.  
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 475 

Figure 2: View from location 5, showing the inselberg emerging from the surrounding savanna. 

The rocky outcrops host a rich diversity of lizards and amphibians. 
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 478 

Figure 3:Infographic of how the WEGE compares with SR, PD, WE, and PE in three hypothet-
ical scenarios. 
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Figure 4: Comparison between indices calculated for each location for amphibians and reptiles. 

The size of the circle was transformed by dividing each value of the metric by the maximum 

value observed in each index 
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 480 

Figure 5: Comparison between the real dataset for reptiles (A) and the two hypothetical 

scnerios. B. Removal of Elasmodactylus from locations 5 and 6, C. Addition of record of Cy-

cloderma frenatum to location 3. Bars have been squareroot transformed for visualization pur-

poses but values are real. 
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