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ABSTRACT

Aim To describe patterns in new species descriptions, examine the spatial

distribution and the associated environmental conditions of the localities with

newly discovered species, as well as to assess whether protected areas encom-

pass the majority of the occurrences of undescribed species.

Location Ibero-Balear region.

Methods After an exhaustive literature review, the temporal and spatial

patterns of the terrestrial animal species described in the Ibero-Balear region

from 1994 to 2012 were mapped. Both linear and asymptotic functions were

used to compare the rates of discovered species using Akaike weights. General-

ized Linear Models were used to estimate the explanatory capacity of a large

set of environmental, land use and distance variables on the presence–absence
of newly discovered species and on the variation in the number of new

discoveries.

Results The average annual description rate was 112 species; 99% of the spe-

cies descriptions were invertebrates. Adjusted discovery curves suggest that we

still have an incomplete animal inventory. Environmental variables possess a

limited capacity to predict the characteristics of the localities where new species

are discovered (� 12%).

Main conclusions Our results indicate that it is not possible to provide an

advanced estimation of the environmental and land use characteristics of the

Ibero-Balear regions in which new species will be discovered in the future. Cur-

rent protected areas are not guaranteed to conserve these undiscovered species,

and non-protected areas should also be considered important reservoirs of

unknown biodiversity.

Keywords

Description rates, Iberian Peninsula, Linnean shortfall, protected areas, unde-

scribed species.

INTRODUCTION

Current habitat degradation is expected to cause severe bio-

diversity loss (Brooks et al., 2002), leading to large-scale

social and ecological consequences (D�ıaz et al., 2006). It is

widely accepted that this degradation is a global problem

that requires a global response (Wood et al., 2000). The

existing protected area network provides an invaluable ser-

vice in shielding habitat from destructive use and hence in

reducing biodiversity loss (Rodrigues et al., 2004). However,

habitat degradation continues to expand along with human

population growth. As a consequence, some now common

species will soon lose their habitat, while many others, which

have not yet been described, will go extinct before man has

ever known them (Wilson & Costello, 2005; Costello et al.,

2013). The scientific community is working to monitor these

changes and to provide useful information to minimise their

impact (Chapin et al., 2000), These efforts include the com-

pilation of available taxonomic and distributional informa-

tion on species in global databases, such as the Global

Biodiversity Information Facility (GBIF, www.gbif.org), and

the estimation of the capacity of current protected areas to

represent these species (Margules & Pressey, 2000). However,

despite great improvements in biodiversity knowledge
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(Chapman, 2009; Fontaine et al., 2012), our information

about biodiversity remains biased (Whittaker et al., 2005).

Many species are still not formally described (Linnean short-

fall), the distribution of those already described is poorly

understood (Wallacean shortfall), and in many cases, cur-

rently known distributions reflect opportunity circumstances

rather than real patterns (Hortal & Lobo, 2006; Hortal et al.,

2008). Thus, we need to ascertain how far we are from com-

plete inventories, how many species remain unknown, which

taxa they are likely to belong to and where we should search

if we want to find them. These issues are particularly worri-

some in the case of invertebrates, whose inventories are in

the early stages of development and for which failing to

account for these difficulties might result in severe erosion of

biodiversity.

The rates of species descriptions and the number of

authors involved in description exercises have been used to

estimate the proportion of species that remain to be discov-

ered (Joppa et al., 2010; Costello et al., 2012, 2013; Fontaine

et al., 2012; Essl et al., 2013), although the obtained extrapo-

lations are not exempt from criticism (L€obl & Leschen,

2014). Beyond the evident gaps in biodiversity knowledge,

there are also broad gaps in knowledge of the extent to

which biodiversity is represented (Rodrigues et al., 2004) and

protected within existing reserve networks (Gaston et al.,

2008). Protected areas may be key for local, regional, and

global strategies of biodiversity conservation, but are these

areas also essential to safeguard as yet undiscovered species?

In this study, we analyse data on the species description rates

of the Ibero-Balear region as a case study to estimate the

magnitude of undescribed terrestrial animal species present

in this territory. Many studies have tried to predict the total

number of species based on historical discovery rates. How-

ever, this study is the first attempt to describe the spatial and

environmental predictors of the locations at which new spe-

cies were discovered. Are these new species collected under

some particular environmental or spatial conditions? Follow

an environmentally predictable pattern these new discovered

species? Using this information, we also evaluated the current

reserve capacity for protecting unknown terrestrial biodiver-

sity. Are newly discovered species mainly collected within or

near natural protected areas? To what extent can extant

reserves represent undiscovered species? Assuming a future

scenario of continuous habitat alteration and fragmentation

in which non-protected ‘natural’ areas may tend to progres-

sively disappear, we assess the potential for protected areas

to serve as biodiversity refuges for as yet undescribed species.

METHODS

Data

The locus typicus of newly described animal species in the

terrestrial environment of the Ibero-Balear region were gath-

ered from the literature (see Appendix S1 in Supporting

Information) and from a revision of the Zoological Record,

the world’s oldest continuous database on animal biology

provided by Thomson Reuters. Formerly well-known taxa

that have been elevated to a species level were discarded. We

assumed that the spatial and environmental conditions of

the locus typicus reflect the average regional environmental

conditions that each newly discovered species inhabits.

Because the probability of finding a new species is propor-

tional to its abundance, this assumption was justified by the

general positive relationship between probability of occur-

rence, abundance and optimal niche conditions (Sagarin &

Gaines, 2002). In total, information on 2123 newly described

species identified in the Ibero-Balear region over a 19-year

time span (1994–2012) was compiled in a database which

can be available from the authors upon request. This rela-

tively short period of time was selected for two main reasons:

first, we can assume that no major changes in taxonomic

effort occurred during those two decades. As information on

the temporal variation in the number of taxonomists is lack-

ing, selecting a wider temporal sequence of data would

increase the probability that changes occurred in this

unknown taxonomic workforce. Second, and most impor-

tantly, the probability of changes in the landscape is higher

over increased time periods, thus undermining the search for

relationships between new descriptions and land-use prac-

tices or the presence of protected areas. If a species was

described a long time ago in a recently transformed urban

area, our analyses could erroneously infer that urban areas

harbour new species to be discovered. All the localities where

specimens were found were georeferenced using the Geon-

ames geographical database (www.geonames.org) and Google

Maps (https://maps.google.com) when necessary.

Description rates

Mean annual description rates (� 95% confidence interval)

were calculated for each of the nine highest-ranked taxo-

nomic categories, which each account for more than 2% of

the total species descriptions during the considered time per-

iod. These categories were as follows: the phyla Mollusca and

Nemata, the subphylum Crustacea, the subclasses Arachnida

and Collembola, and the insect orders Coleoptera, Lepi-

doptera, Diptera and Hymenoptera. Altogether, these taxo-

nomic clades represented more than 86% of the newly

described species considered herein and approximately 71%

of all the terrestrial animal species recognised in the world

(Scheffers et al., 2012).

The number of different author combinations for works

describing species within each taxon during the study period

was also calculated. These values cannot be considered as a

surrogate of taxonomic effort because they do not reflect the

total number of taxonomists working in the region under

consideration; this number was assumed to be constant

across the short period of time examined. However, the cor-

relation between the number of different author combina-

tions and the number of described species was examined to

determine if the description of new species is a participatory
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process (positive correlation) or a practice dominated by a

low number of taxonomists.

To estimate how far we are from relatively complete

inventories in the Ibero-Balear region, we did not follow the

effective procedure proposed by Wilson & Costello (2005),

which is based on non-homogeneous renewal processes,

because this method assumes a logistic-type relationship. A

logistic curve is the most common shape obtained when the

analysed data come from a large time period, beginning at

the time of Linnaeus (Costello & Wilson, 2011). However, in

our case, the initial phase of the logistic curve, in which

growth is slow, should be lacking. Instead, the accumulated

number of described species was regressed against year using

a linear model and two sigmoidal models with an upper

asymptote (the Morgan–Mercer–Flodin (MMF) and Weibull

models; see Flather, 1996 and Tjørve, 2003; for a description

of these models). For these calculations, the software

CurveExpert 1.4 (www.curveexpert.net) was used, which

enables a large number of regression models to be compared

simultaneously (e.g., linear, exponential, power, sigmoidal,

growth, etc.) in order to find the one with the greatest

explanatory capacity. MMF and Weibull models were

selected because they had a higher explanatory capacity when

the total number of newly discovered species was considered.

A logistic fitting procedure was also calculated in order to

examine the general explanatory capacity of this function.

Thus, we assessed whether the increase in the number of

described species in the Ibero-Balear region is far from

reaching an asymptotic tendency or follows a declining

trend. In order to enable detection of even small asymptotic

trends, the natural logarithm of the accumulated number of

new species descriptions was used in the sigmoidal and logis-

tic models. Model selection was based on the Akaike infor-

mation criterion corrected for finite sample sizes (AICc; see

Burnham & Anderson, 2002). The best model was deter-

mined by examining the normalised relative likelihood values

given the data (Akaike weights; wi) following the recommen-

dations of Burnham & Anderson (2002) to compare a model

of the data against models based on transformed data.

Environmental variables

Eighteen environmental variables (two topographic, nine cli-

matic, three land uses and four geological) were calculated

for each 100 km2 UTM cell of the Ibero-Balear area. Envi-

ronmental data from digital cartography at a resolution of

1 km2 were averaged to generate the values for the 100 km2

cells. This resolution (100 km2) was chosen because it is the

standard scale used in Iberian invertebrate atlases (e.g., see

Mill�an et al., 2014) and is thus a compromise between the

resolution of the biological data and that of the environmen-

tal information used to characterize the localities in which

other, nearby populations might exist.

The mean altitude of each UTM cell, as well as the range

of elevations, was extracted from a Digital Elevation Model

(Clark-Labs, 2000). The climatic data for each cell were

obtained from WORLDCLIM (version 1.3, www.worldclim.org;

see Hijmans et al., 2005) using average monthly precipitation

and temperatures values from 1950 to 2000. Aridity was cal-

culated following the formula provided by Valencia-Barrera

et al. (2002). Geological variables were the percentage of land

with basic rocks, acidic rocks, basic deposits and acidic

deposits in each UTM cell; these data were obtained by

reclassifying the lithological map provided by the Instituto

Geol�ogico y Minero de Espa~na (www.info.igme.es). These

variables were used to examine if newly described species

had been collected under specific environmental conditions.

Land use variables were extracted to assess if the cells har-

bouring newly described species were those experiencing

lower human impact. To perform this extraction, we reclassi-

fied the 44 categories (label 3) established in the land use

map provided by the Corine Land Cover 2006 project (see

www.eea.europa.eu), to obtain two main types of land uses:

anthropogenic and natural (see Hern�andez-Manrique et al.,

2013 for more details). Next, we calculated the percentage of

the area in the UTM cell covered by each of these two basic

land use types. Finally, we estimated the percentage of the

area in each UTM cell currently covered by protected areas

to determine if the occurrence of cells with newly described

species was associated with the proportion of protected area.

Digital maps of protected areas were obtained from the

Spanish Banco de Datos de la Naturaleza (www.mma.es) and

from the Portuguese Instituto de Conservac�~ao da Natureza

(http://portal.icn.pt).

Three distance variables were also considered: the distance

from the centre of each UTM cell to the border of any pro-

tected areas, the distance to areas of anthropogenic use, and

the distance to urban areas catalogued as such for the Corine

Land Cover project. These variables were included to esti-

mate whether the proximity to protected areas or the dis-

tance to human altered conditions (proxies of naturalness

and accessibility) are key factors explaining the likelihood of

discovering new species.

Statistical analyses

From total Iberian UTM cells (n = 6150) the majority

(81.5%; n = 5010) do not have observations of newly discov-

ered species. Generalized Linear Models (GLMs) were used

to examine the relationship between environmental variables

and either the presence–absence of newly discovered species

or the number of new discoveries. Separate models were run

because of the excess of unsampled areas within the study

region and the possibility that the explanatory capacity of

the selected environmental variables accounting for whether

a new species was discovered in a UTM cell may differ from

those accounting for variation in the number of newly dis-

covered species (Heilbron, 1994). For the first case, we use a

binomial error distribution linked to the set of predictor

variables via a logit link function, while in the second case, a

Poisson distribution was assumed and a logarithmic link

function used. Our aim with these models was simply to

Diversity and Distributions, 22, 73–82, ª 2015 John Wiley & Sons Ltd 75
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estimate the individual explanatory capacity of the selected

variables in order to assess if the process of discovering new

species follows an environmentally predictable pattern. We

also built saturated models, which included all the consid-

ered variables, to estimate the maximum explanatory capac-

ity. All calculations were performed using STATISTICA, version

12 (StatSoft, 2013). All explanatory variables were standard-

ized to a mean of zero and standard deviation of one to

eliminate the effect of measurement scale differences.

RESULTS

Species description rates

The mean annual discovery rate within the Ibero-Balear

region was 111.74 � 10.50 species; invertebrates accounted

for 99% of these new species descriptions. The description

rates of each group were highly correlated with the number

of species described worldwide (Spearman correlation coeffi-

cient, rs = 0.73; P < 0.03) or within the Ibero-Balear region

(rs = 0.74; P = 0.02), such that more species were described

from the most diverse groups. The number of newly

described species in each group was also positively correlated

with the number of author combinations (rs = 0.92;

P < 0.001), suggesting that the process of describing new

species is not dominated by a small number of taxonomists.

Model selection (Table 1) revealed that a linear model was

3.8 times more likely than a Weibull model to represent the

yearly increase in the cumulative number of newly discov-

ered species (wiLIN/wiWEI; 0.69/0.18) and 5.3 times more

likely than the MMF model (wiLIN/wiMMF; 0.69/0.13); a logis-

tic relationship was highly unlikely. A linear increase in the

cumulative number of newly discovered species was also the

most probable relationship for Coleoptera, Arachnida, Dip-

tera and Crustacea. In contrast, MMF models seemed to be

the most likely for Hymenoptera, Collembola and Nemata, a

Weibull model was most likely for Lepidoptera, and the

logistic model was most probable in the case of Mollusca

(Table 1, Fig. 1).

Environmental correlates

A total of 1140 UTM Ibero-Balear grid cells (18.5% of total)

contained localities in which a new species was described

(Fig. 2). The mean number of described species in these

UTM cells was 1.84 � 0.14, although in three of the cells,

more than 15 new species had been described. Two of the

cells (with 99 and 17 described species, respectively) were

located in the Los Monegros region, an unprotected steppe

area with xerothermic conditions, which is noteworthy for

having been subjected to a relatively intense survey effort

(Ribera & Blasco-Zumeta, 1998; Blasco-Zumeta & Melic,

1999). The remaining UTM cell (with 25 described species)

corresponds to a mid-mountain locality (El Ventorrillo) of

the Sierra de Guadarrama, near Madrid City, which was

also subjected to a relatively intense survey effort because it

is the field station of the National Museum of Natural

Sciences.

Of the 21 considered variables, 17 were statistically signifi-

cant when accounting for the presence–absence of newly

described species in the UTM cells; 15 remained significant

after applying a Bonferroni correction (Table 2). However,

of these variables, only three explained more than 3% of the

total deviance: altitude range (5.3%), distance to protected

areas (4.9%) and protected area (3.2%). Considering curvi-

linear relationships by including quadratic terms of the con-

sidered variables did not greatly improve the explanatory

capacity of these variables. The signs of the obtained parame-

ters indicated that the cells where new species had been

described had a higher topographic heterogeneity and a

higher percentage of protected area and were usually located

near reserves. When a saturated model including all the con-

sidered variables was carried out, only 12.1% of the total

deviance could be explained.

Ten explanatory variables were statistically significant for

explaining the frequency of species descriptions within the

cells with positive counts, although only four variables

remained significant after a Bonferroni correction (Table 2).

However, only one variable accounted for more than 2% of

the total deviance (protected area, 5.1%), such that a greater

number of new species were described when the percentage

of the protected area within the cell was higher. The explana-

tory capacity of the saturated model was also low for this

case (12.8% of total deviance).

DISCUSSION

A total of 112 terrestrial animal species were described per

year in the Ibero-Balear region, which represent 17% of the

species — including freshwater species— described yearly in

Europe (Fontaine et al., 2012) and approximately 1% of the

total terrestrial species described yearly worldwide (IISE,

2012; Costello et al., 2013). Our results show that the cre-

ation of the Ibero-Balear animal biodiversity inventory is a

process that is relatively unbiased from the taxonomic point

of view (more species are described in the a priori most

diverse groups) and is participatory (with more author com-

binations describing species in the most diverse groups) and

that taxonomic inventories are far from being considered

completed. Because we examined species described over a

short time period of almost two decades, in which the taxo-

nomic workforce should not experience large variations, our

results suggest that a yearly linear increase in the number of

described species is the most plausible explanation. Of

course, although we used the available information for all

terrestrial animal taxa, the detected patterns inevitably reflect

the description dynamics of the most diversified invertebrate

groups. The description curves of some of these groups seem

to be approaching a plateau. These asymptotic relationships

can be the consequence of (1) a higher degree of difficulty

for discovering new species assuming a similar sampling

effort across the considered years, (2) an undetected decline
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Figure 1 Increase in the accumulated

number of newly described species in the

Ibero-Balear region between 1994 and

2012 for all of the considered animal

species and for the nine highest-ranked

taxonomic categories that accounted for

more than 2% of the total species

descriptions during the considered time

period.
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in the supposed constant taxonomic workforce during recent

years and/or (3) a simple consequence of random variation

in the number of described species that cannot be ruled out

due to the short period of time considered. Thus, both the

limited temporal scope of the data and the lack of a reliable

measure to represent variation in taxonomic effort are draw-

backs that limit the universal character of our predictions.

Taking into account the available estimations on the Iberian

species richness of animals (Lobo, 2015) as well as the per-

ceived reduction in taxonomic resources (Lobo, 2000;

Mart�ın-Piera & Lobo, 2000; Mart�ın Albaladejo, 2003), we are

inclined to think that the observed asymptotic tendencies,

when detected, underestimate the number of species remain-

ing to be discovered.

In our opinion, the most interesting result of this study

was the inability to identify relevant environmental and land

use predictors able to explain the characteristics of the locali-

ties in which species have been found. Neither the presence/

absence of newly discovered species nor the variation in their

numbers within cells with positive values was associated with

broad scale explanatory variables. Although there were some

statistically significant environmental variables capable of dis-

criminating those localities that were home to recently

described species, the best predictive capacity that we calcu-

lated accounted for less than 13% of total variability. Thus,

our results indicate that the localities in which most of

future species descriptions will occur cannot be easily

predicted or associated with a clear environmental pattern

Figure 2 Terrestrial 100 km2 UTM cells within the Ibero-

Balear region with at least one new animal species described

between 1994 and 2012 (black dots). The background map

shows altitude from lowland (light green) to mountain (dark

green).

Table 2 Individual relationships between each of the explanatory variables and the presence–absence of newly discovered species

(binomial models) or the number of new discoveries (Poisson models) using Generalized Linear Models. Wald statistics (Wald) were

used to test the statistical significance of the effects, while Param are standardised parameter estimates. The change in deviance of each

explanatory variable from a full model, in which any one predictor is entered in the model, was calculated to estimate the percentage of

explained deviance (%).

Binomial Poisson

Wald Param Deviance % Wald Param Deviance %

Altitude 8.56* 0.0941 5888.6 0.14 6.27* 0.0444 1654.7 0.37

Altitude range 310.31*** 1.7030 5582.6 5.33 31.00*** 0.0908 1631.1 1.79

Aridity 11.12** �0.1136 5885.6 0.19 12.89** 0.0614 1648.5 0.74

Winter precipitation 21.15*** 0.1434 5876.5 0.35 0.65NS

Autumn precipitation 72.29*** 0.2557 5828.0 1.17 2.62NS

Spring precipitation 48.55*** 0.2104 5850.7 0.79 2.22NS

Summer precipitation 25.66*** 0.1541 5872.5 0.42 8.81* �0.0557 1651.8 0.55

Winter mean temperature 7.06* 0.0877 5889.9 0.12 0.13NS

Autumn mean temperature 0.001NS 0.08NS

Spring mean temperature 2.31NS 0.07NS

Summer mean temperature 14.60** �0.1238 5882.5 0.25 4.24NS

Anthropogenic land use 92.70*** �0.3311 5800.5 1.64 1.88NS

Natural land use 53.14*** 0.2428 5843.1 0.91 4.17NS �0.0473 1656.7 0.25

Protected area 197.92*** 0.3794 5711.2 3.15 93.19*** 0.1309 1576.2 5.10

Acidic rocks 18.01*** �0.1451 5878.5 0.31 1.75NS

Basic rocks 55.17*** 0.2167 5845.4 0.87 0.00NS

Acidic sediments 0.00NS 1.63NS

Basic sediments 25.14*** �0.1723 5871.0 0.44 7.29* 0.0625 1653.7 0.43

Distance to protected areas 226.53*** �0.6765 5610.7 4.86 7.17* �0.0719 1653.4 0.45

Distance to urban areas 19.14*** �0.1479 5877.5 0.33 6.83* �0.0546 1654.0 0.42

Distance to anthropogenic areas 0.26NS 12.67** �0.1029 1647.3 0.82

Values that were significant at a Bonferroni-corrected significance level (0.05/21 = 0.002) are shown in bold.

*P ≤ 0.01, **P ≤ 0.001, ***P ≤ 0.0001. NS = not significant statistically
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(e.g., more species are not discovered in mountain than in

valley areas). Both ecological and collector reasons could be

adduced if an environmental determinism were to appear on

the occurrence of newly discovered species; the higher species

richness in some environments could favour the collection of

new species, and/or influencing the detectability, accessibility

or collector interest. Discriminating between these causes

would require knowledge about the temporal variation in

survey effort. In any case, this lack of environmental signal is

a consequence of the highly dispersed character of these

localities across the Iberian territory. An uneven geographical

or environmental distribution of the taxonomic and survey

effort could be affecting our results, provided that this effort

is higher in areas harbouring a low number of unnamed spe-

cies. However, the large number of new species found under

contrasting environmental conditions, when those localities

were subjected to a relatively intense taxonomic effort (as in

the cases of Los Monegros and El Ventorrillo), suggests that

environmental conditions play a minor role in the discovery

of new species and that it is enough to carry out a relatively

intense taxonomic and survey effort to identify new species.

The three most outstanding localities, which harbour almost

7% of the total species descriptions, seem to have reached

this prominence by contingent and unpredictable circum-

stances. Could we obtain similar description rates in other

localities if they were subjected to the same intensity of taxo-

nomic work? We believe so.

The unpredictable and serendipitous characteristics of the

localities in which new species could be discovered in the

future are linked to the low relevance of land uses and pro-

tected areas for explaining the location of newly discovered

species. Forty-three percent of the cells in which a new spe-

cies had been discovered had some protected area, while

19% of cells without data on newly discovered species had

some protected area. However, despite the fact that the

amount of area protected and the distance to protected areas

were among the best predictors, these variables only

accounted for 3–5% of total variability. Although the limita-

tions of the used land cover data (D�ıaz-Pacheco & Guti�errez,

2014) and the probable role played by micro-environmental

conditions in explaining the occurrence of invertebrates are

uncertainty sources, our results show that the descriptions of

new species did not seem to be exclusive to the cells with

natural land uses; 34% of the cells with new descriptions had

at least 50% of their area affected by anthropogenic activity

(48% in the remaining cells). The special authorization

required by amateur taxonomists to collect specimens in

protected areas may also influence these results. However,

similar legislation requirements are in place in Spain in natu-

ral, unprotected environments. In our opinion, the occur-

rence of newly described species outside protected areas and

within human-altered landscapes would be the consequence

of the incapacity of reserves to fully represent the terrestrial

biodiversity in a Mediterranean region where biodiversity is

deeply influenced by a long history of intense human settle-

ment (Blondel & Aronson, 1995). Previous studies show that

current Iberian protected areas are clearly insufficient, not

only for ensuring the representation of endangered inverte-

brate species (Hern�andez-Manrique et al., 2012), terrestrial

vertebrates and plants (Ara�ujo et al., 2007; L�opez-L�opez

et al., 2011), but also for guaranteeing adequate future cli-

matic conditions for the long-term survival (S�anchez-Fern�an-

dez et al., 2013) or the maintenance of the phylogenetic

diversity (Abell�an et al., 2013) of some groups. If reserves

have not been selected to represent biodiversity, especially in

the case of invertebrates, it is not surprising that a large pro-

portion of newly discovered species are collected outside pro-

tected areas. This reasoning does not deny the conservation

value of protected areas, but emphasizes the biodiversity

value of the non-protected territory.

A recent meta-analysis (Coetzee et al., 2014) determined

that protected areas worldwide generate significant biodiver-

sity benefits compared to surrounding areas, although their

impact in mitigating land use impacts have most likely been

exaggerated (Joppa & Pfaff, 2010). Without a doubt, natural

reserves should be a cornerstone in any conservation strat-

egy, but their effectiveness for conserving biodiversity and

providing ecosystem services is highly dependent on their

management, location, number and connectivity as well as

on the sustainable management of the surrounding unpro-

tected areas (Mora & Sale, 2011). Here, we show that current

protected areas may not be enough to guarantee the conser-

vation of those species that might be discovered in the

future, and that adequate conservation management should

be required in unprotected areas to diminish our uncertainty

about real biodiversity patterns.
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