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AbstrAct

species distribution models are widely applied for generating the appropriate data for designing networks of reserve systems. the aim of the 
present study is to compare the use of presence/absence and continuous suitability data, derived from species distribution models, in reserve 
selection, and to detect any systematic trends in the reserve networks produced on the basis of these two types of data. the MAXent model 
was applied to predict orchids’ potential distribution in east Macedonia (northeast Greece). one presence/absence and one with suitability 
values data set was made and used in the ZonAtion decision support tool in order to prioritize the cells of the study area for inclusion in 
a reserve network. in the selection procedure, species weighting has been applied by using the species specialization index. results show 
that the presence/absence data set favors the selection of cells with more extreme climatic conditions and more distant from the mean hab-
itat of the study area. Furthermore, the continuous suitability data set provides higher suitability values for the specialist taxa in comparison 
with the presence/absence data set, while the opposite is happening for the generalist taxa. the present study reveals that the suitability data 
outperform the presence/absence data in reserve selection because: (a) they better represent the average environmental conditions of the 
study area in the selected networks; (b) they ensure higher suitability values for the specialist species, which are more prone to extinction in 
the future; and (c) they take full advantage of species weighting according to their habitat specificity. 
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Introduction

indirect and direct human activities, including climate 
change, are the main threats for plant species in the med-
iterranean Basin (montmollin and strahm 2005; Kladis 
et al. 2011). setting up conservation area networks is the 
main tool for in situ conservation of biodiversity across 
the world (ravenel and redford 2005). The first national 
park worldwide was created over a century ago and the 
increasing need for biodiversity conservation has result-
ed in many countries establishing networks of protected 
areas. however, the criteria for the establishment of these 
networks were in many cases their outstanding physical 
features, natural beauty, or the distribution of particular 
species (margules and sarkar 2007), rather than their 
contribution to the overall goal, protecting examples of as 
much variation in biodiversity as possible. 

in recent times, several methodologies for conserva-
tion network selection have been developed to redress 
this problem (Csuti et al. 1997; rey Benayas and de la 
montana 2003; Pawar et al. 2007). Due to the fact that the 
establishment and management of conservation reserves 
are expensive (rodrigues et al. 2000), the aim of these 
methodologies is to maximize biodiversity subject to 
a cost constraint, or minimize cost subject to a set of bio-
diversity constraints (targets). most traditional systematic 
conservation planning approaches do the latter. Zonation 
attempts to trade-off cost and biodiversity achievement 
therefore does not really maximize or minimize either. 
systematic conservation planning is usually based on 

biodiversity patterns, although the involvement of bi-
odiversity processes and dynamic threats has also been 
recognized as necessary (Pressey et al. 2007). The former 
concern usually biodiversity features that can be record-
ed and mapped in an area. as conservation planning is 
inherently spatial (Pressey et al. 2007), the effectiveness 
(this concerns the ability of a network to conserve in the 
long-term, the highest amount of biodiversity; rodrigues 
et al. 2000) of reserve networks depends much on the 
quality and the resolution of the data set that will be used 
(Brotons et al. 2004; Thuiller et al. 2005b; araújo et al. 
2006; margules and sarkar 2007), as well as on its uncer-
tainty (rocchini et al. 2011).

Biodiversity distribution data, even in the case of few 
and well-known biodiversity surrogates, are in many cases 
lacking, and their collection takes time, funds, and other 
human resources, which are often unaffordable (margules 
and sarkar 2007). in order to deal with the scarcity of dis-
tribution data, novel techniques such as species distribu-
tion models (sDms) can be applied. These methods use 
the relationship between species known distribution and 
environmental conditions to predict species potential dis-
tribution (guisan et al. 2002; Pawar et al. 2007), by identi-
fying areas that are ecologically suitable for a species. The 
outcome of these models is a continuous suitability map, 
which in conservation and environmental management 
practice, is usually converted into presence/absence data 
(liu et al. 2005). 

Despite the fact that the results of species distribution 
models often suffer from high levels of uncertainty due 
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to several factors, concerning biased species distribution 
data, errors in environmental variables used as predictors, 
spatial resolution and the modeling process – see elith 
and graham (2009) and rocchini et al. (2011) for fur-
ther information – sDms have become widely accepted 
tools to predict species distributions – see rocchini et al. 
(2011) and references therein. 

The outputs of these models can be used in two ways. 
The suitability map can be converted into a presence/ab-
sence map by applying a specific threshold. While there 
are many studies that deal with optimal threshold selec-
tion, no selection rules have yet been developed (liu et al. 
2005; Phillips et al. 2006). Pearson et al. (2007) state that 
most of the threshold selection techniques are applicable 
only in cases where absence data are available, while they 
suggest the use of the lowest presence threshold (lPt) 
for presence-only data as it can be better interpreted eco-
logically. alternatively, conservation planning can pro-
ceed using the continuous suitability data directly. This 
approach has the advantage of being able to account for 
differences amongst all sites in persistence probabilities. 
The use of presence/absence data instead of the suitabil-
ity ones causes an unnecessary loss of information and 
introduces an increased degree of uncertainty according 
to rocchini et al. (2011), which concerns the crucial role 
of threshold selection. Furthermore, the use of presence/
absence data cause a reduction of flexibility in choosing 
the reserve networks (Wilson et al. 2005; Pawar et al. 
2007) because they give equal weight to all the sites were 
a species has suitability values above the threshold, while 
suitability data give weight according to the species’ suit-
ability values (for the same reason the threshold selection 
is more crucial in the case of presence/absence data than 
in the suitability data). it is well known that the future 
persistence of the species under concern can be accom-
plished by selecting the sites that are most suitable for 
them to occur and persist (rodrigues et al. 2000). areas 
where species have high suitability values usually provide 
more appropriate habitats and lower local probabilities of 
extinction compared to areas where species have low suit-
ability values (araújo et al. 2002). The long-term persis-
tence of biodiversity is the ultimate aim of conservation 
area networks planning (matthies et al. 2004; early and 
Thomas 2007). 

The orchid family, with approximately 25 000 species 
(Chase et al. 2003), is an important group with respect 
to conservation biology (Pillon and Chase 2006), being 
at the front-line of extinction (swarts and Dixon 2009). 
Their importance pertains to their complex biology (ras-
mussen 1995; van der Cingel 1995), to their sensitivity to 
environmental changes (vakhrameeva et al. 2008), as well 
as to their high extinction risk, compared to other plant 
families, as a result of natural and/or anthropogenic caus-
es (hutchings 1989; Kull et al. 2006). however, decrease 
of many orchid species happened in whole europe as a re-
sult mainly of the loss or even alteration of their habitats 
(Wotavová et al. 2004; Janečková et al. 2006; efimov 2011; 

Feldmann and Prat 2011). additionally, orchids are re-
puted as flagship species for many nature conservation 
organizations, while can be used as environmental quality 
indicators (Kindlmann et al. 2006). 

The aim of the present study is to compare the con-
servation networks that result applying both presence/
absence and suitability species distribution models de-
rived data and using the orchid family as a case study. 
Both types of data sets have been generated on the basis 
of extensive distribution data on the orchids in east mac-
edonia and they were obtained by using the maxent mod-
eling technique. The aim of the comparison is to detect 
any systematic trends in the results produced by the use 
of these two data sets and thus investigate their possible 
effects in the efficiency and effectiveness of the reserve 
networks under different sources of uncertainty.

Material and Methods

study site

The study area is situated in east macedonia (longitude 
23°20´ to 24°48´e, latitude 40°42´ to 41°34´n), corre-
sponding to an area of about 15,000 km2 and includes the 
mountains menikion, orvilos, Falakron, Pangeon, vron-
dous, rhodopi, lekani, symvolon, as well as a part of mt 
Kerdilion; for more details on the study area see tsiftsis 
et al. (2009). The orchid flora of the study area consists 
of 65 taxa according to tsiftsis (2009) and supplementa-
ry unpublished data. The climate of east macedonia can 
be characterized as mediterranean in the areas of lower 
altitude, while it becomes more continental at higher al-
titudes as well as in the northern areas (Flocas et al. 1983; 
Kotini-Zampaka 1983).

geologically, the study area belongs to the rhodopi 
crystalline massif, and is dominated by crystalline bed-
rocks (marble, gneiss, and schist) and igneous rocks 
(granite, rhyolites, and granodiorite) (mountrakis 1985). 
The vegetation of the investigated area is highly diverse 
due to meso- and microclimate and the substrate type dif-
ferentiation, and the different types and history of human 
impact.

species distribution data

The geographical distribution of the orchids was pre-
dicted by applying a specific ecological niche modeling 
technique. The prediction was based on real species’ oc-
currences and on few – among many – environmental 
variables that were not highly correlated each other, while 
the derived orchids’ distributions were further used in 
two different ways in order to determine the important 
areas for orchid conservation.

We used presence-only data of species distribution in 
the study area at a spatial resolution of 1 × 1 km. Distri-
bution data were obtained from Baumann and Baumann 
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(1988), hölzinger and Künkele (1988), Willing (1990), 
syska (1995) and mainly from tsiripidis et al. (2007), and 
tsiftsis (2009). also, unpublished data (detailed orchid 
records) of the authors of the present study, as well as of 
other colleagues (see acknowledgments) were added in 
the dataset. all the records were geo-referenced prior to 
the application of species distribution models and for the 
ones referring to grid cells of 1 × 1 km size, the coordi-
nates of grids’ centroid were used. however, the majority 
of the data (ca. more than 80%) used in the study rep-
resent field data with precise geographical coordinates, 
recorded mainly by the authors. in total, the data set com-
prised of 3,576 records of 65 orchid species occurrences, 
while the number of presence cells of each orchid species 
is presented in table 1. 

The geographical distribution of 54 out the 65 orchids 
was predicted by applying the species distribution models 
generated by maxent software version 3.3.1 (Phillips et al. 
2006; Pearson et al. 2007; Phillips and Dudík 2008). max-
ent is considered as an appropriate technique in modeling 
species distributions, even with very small sample sizes 
(elith et al. 2006; Pearson et al. 2007). Furthermore, it is 
preferable for conservation purposes, because although 
it generates high omission errors or false negative rates, 
it can simultaneously avoid commission errors (ander-
son et al. 2003; loiselle et al. 2003; Phillips et al. 2006). 
maxent estimates species distribution based on presence 
occurrence data and background absences, by using the 
maximum entropy principle and computes a probabili-
ty distribution based on environmental variables spread 
over the entire study area, corresponding to species’ 
habitat suitability. eleven taxa were excluded from dis-
tribution modeling, which concerned species growing in 
wet meadows (seven taxa), as well as those that were dis-
tributed in less than four presence cells (four taxa). The 
former species were excluded because they depended on 
rare and small-sized habitat types, which are not included 
in vegetation maps, and as a result, could not be modeled. 

initially, 54 environmental variables were selected as 
predictors. These were mapped at a 30 sec resolution (ap-
proximately 1 km2) and 19 of them were bioclimatic var-
iables, while the other 35 concerned altitude, vegetation 
type (18 categories of habitat types) and soil type (16 cat-
egories). The bioclimatic variables, as well as the altitude 
were obtained from the WorldClim database (hijmans et 
al. 2005), while the vegetation layer was obtained by dig-
itizing the vegetation maps of the study area. For the soil 
data we used the soil types from the soil map of eurasia at 
a scale of 1 : 1,000,000 (anonymous 2004). 

in order to deal with multi-collinearity the variation 
inflation Factor (viF) was calculated using sPss v. 16.0 
(anonymous 2007), and the continuous variables pre-
senting viF values higher than 10 were excluded from 
the analysis. 

maxent was applied using the auto-features mode, as 
suggested by Phillips and Dudík (2008) and the default 
settings. as the occurrence data are always biased, to-

tal species presence cells were added to the background 
sample (3,145 presence cells) (Phillips and Dudík 2008) 
incorporating the same bias into the pseudo-absences 
(Phillips et al. 2009). seventy-five percent of the sample 
point data was used to generate species distribution mod-
els (training dataset) and the remaining 25% to test the 
accuracy of each model (test dataset). Finally, only those 
models with aUC values higher than 0.75 in the train-
ing data sets (elith et al. 2006), and those in which the 
test data curve overcame the random prediction curve 
were used. although there have been criticisms about the 
performance of aUC (lobo et al. 2008), it is consider as 
a useful tool for the evaluation of models performance 
(elith et al. 2006; elith and leathwick 2009). neverthe-
less, any bias produced by the application of aUC is com-
mon in the analysis of the two data sets and we do not 
consider that affects the validity of the comparison of the 
results produced by the two data sets. 

The output of the maxent model is a continuous suita-
bility map and in order to convert it to presence/absence 
data (liu et al. 2005), the lowest presence threshold (lPt) 
was used. This threshold was preferred due to its advan-
tage in identifying sites that are at least as suitable as those 
where a species’ presence has been recorded (Pearson et 
al. 2007).

Place prioritization

Place prioritization was determined using the Zo-
nation software (v.2.0) (moilanen et al. 2005; moilanen 
2007). Zonation is a site prioritization method (moilanen 
et al. 2005) that produces a hierarchical prioritization of 
a landscape, based on the biological value of sites (cells). 
The algorithm uses the complementarity principle to-
gether with connectivity, and as a result, landscapes can 
be zoned according to their potential for conservation. 
This is done by iteratively removing cells from the full 
landscape whose loss will cause the smallest marginal de-
crease in the overall conservation value of the remaining 
landscape. By removing cells only from the edge of the 
landscape the algorithm promotes structural connectivi-
ty in the remaining area, while previously removed areas 
are shown as buffer zones (moilanen and Kujala 2008). 
The prioritization was based on modeled (54 taxa), as 
well as, observed (11 taxa) species distributions. The re-
moval rule used was the core-area Zonation, because the 
primary aim of the analysis was to ensure the conserva-
tion of the total orchid flora in the study area (moilanen 
et al. 2005). in core-area Zonation, cell removal is done 
by picking cell i that has the smallest value (minimizing 
biological loss) for the most valuable occurrence over all 
species in the cell. however, when a part of the distribu-
tion of a species is removed, the proportion located in 
each remaining cell goes up. This means that Zonation 
tries to retain core areas of all species until the end of cell 
removal, even if the species is initially widespread and 
common (moilanen et al. 2009). 
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in order to determine the important areas for orchid 
conservation two data sets were used. The first was the 
presence/absence data set, which was made considering 
that a  taxon was present in a cell, when its suitability 
value in this was higher or equal to the lowest presence 
threshold. The second data set included the suitability 
values of taxa when these were higher or equal to the 
lowest presence threshold, while in the opposite case  
the taxa were considered as absent. The use of suitability 
values instead of presence/absence data, in the algorithm 
of Zonation, intended to give extra weight to those cells 
with high suitability values of taxa, while the consider-
ation of taxa as absent in cells with very low suitability 
values (lower than the lowest presence threshold) was 
aimed at securing the non selection of cells unsuitable 
for taxa conservation.

species specialization index (ssi) (tsiftsis et al. 2009) 
was used to ascribe different weights to species. species 
weighting is considered appropriate in conservation ac-
tion planning, as different species do not have the same 
importance with regard to nature and biodiversity con-
servation (arponen et al. 2005; girardello et al. 2009). 
species weighting is also a critical component of the Zo-
nation algorithm. although the full distribution of each 
species is assigned with the same value by that algorithm, 
weighting affects the order in which cells are removed 
during the selection procedure. Consequently, cells that 
include a part of the distribution of a valuable species 
(high weight) remain later in the iterative cell removal 
process than cells containing only low-weight species, as-
suming everything else is equal between the occurrences 
(moilanen and Kujala 2008). species specialization in-
dex (ssi) was based on the outputs of the outlying mean 
index (omi) analysis (Dolédec et al. 2000). specifically, 
the two data sets described above were used in omi anal-
ysis, to measure species tolerance and then by using the 
formula described by tsiftsis et al. (2009), to calculate 
the species specialization index (ssi). Therefore, two in-
dices resulted, which corresponded to the two data sets 
used. in the omi analyses, the taxa occurring in only one 
locality were excluded and the maximum ssi value was 
given to them. 

The solutions concerning the top fractions of 1, 2, 5, 
and 10% of the landscape prioritization, as well as the 
minimum number of cells required to safeguard at least 
one representation of each orchid in the study area were 
compared for the two data sets, using the Cohen’s Kappa 
coefficient. 

The mann-Whitney U test was applied to compare 
the solutions obtained using the two data sets regard-
ing: (a) the values of the environmental variables of the 
selected cells, (b) the euclidean distances of the selected 
cells from the mean habitat of the study area calculat-
ed in the omi analysis, and (c) the suitability values of 
each species in the selected cells. The comparison was 
made for all the top fractions mentioned above for (a) 

and (b), while the minimum number of cells required to 
safeguard at least one representation of each the orchids 
was excluded in (c), because of the very small number 
of cases.

Finally, we compared the habitat suitability values of 
species between the cells selected by the two data sets, 
in order to explore if there is any systematic difference 
in them. specifically, we found all the possible combi-
nations of cells selected by the two methods and then 
we calculated the differences of habitat suitability values 
between them for each species. From these differences 
we found an average value for each species and then we 
calculated the non-parametric spearman’s  correlation 
coefficient between these averages and species ssi. This 
was done in order to investigate if there is any systematic 
bias of habitat suitability of species according the data 
set used in network selection and in relation to their ssi. 
The average difference between all the combinations of 
cells of the two networks for each species, which reach-
es in some cases to several thousands, was considered 
that represents well the mean difference of the suita-
bility values of species between the selected cells using 
the two data sets. spearman’s correlation coefficient was 
calculated for all species and for those ones found hav-
ing significant differences of probabilities of occurrence 
between the cells selected by the two data sets. The ssi 
calculated on the basis of the suitability data was used in 
the above-mentioned correlation analysis. mann-Whit-
ney U test and correlation analysis were done using sPss 
v. 16.0 (anonymous 2007).

results

From the total number of the continuous variables 
(19 bioclimatic variables and the altitude) eight of them 
(Bio2: mean diurnal range, Bio3: isothermality, Bio5: 
maxi-mum temperature of the warmest month, Bio6: 
minimum temperature of the coldest month, Bio8: mean 
temperature of the wettest quarter, Bio13: precipitation 
of the wettest month, Bio14: precipitation of the driest 
month, and alt: altitude) had values of viF < 10, and 
together with the vegetation and the soil type layers were 
included in the model.

models generated with the maxent software for the 
54 taxa were sufficiently accurate (aUC ≥ 0.854; mean 
± sD: 0.95 ± 0.04) and were used in the Zonation soft-
ware together with the taxa that were not modeled. 
The most important variables contributing to 64.5% of 
the species distribution models were those concern-
ing soil type (mean ± sD: 24.63% ± 15.74), vegetation  
(mean ± sD: 20.03% ± 15.19) and altitude (mean ± sD: 
19.89% ± 17.79), while those with less importance were 
the mean diurnal range (mean ± sD: 0.95% ± 0.04) and 
the mean temperature of the wettest quarter (mean ± sD: 
1.89% ± 4.45) (table 1). 
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Table 1 number of records (n), ratio of presence cells against background absences (r in % or training prevalence), Area Under the roc 
curve (AUc), and relative contributions of the used explanatory variables (in %). Alt : Altitude; soil: soil type; veg: vegetation type.

n r AUc Bio2 Bio3 Bio5 Bio6 Bio8 Bio13 Bio14 Alt soil veg

Anacamptis coriophora ssp. coriophora 11 0.3 0.961 0 0 0 0 0 14 58.4 5.2 5.3 17.1

Anacamptis coriophora ssp. fragrans 41 1.3 0.934 10.6 17.6 17.3 2.3 0.5 0 2.8 9.1 10.7 29

Anacamptis laxiflora 19 0.6 0.958 2.4 2.8 4.5 0.4 0 0.5 27.8 0.5 30.8 30.2

Anacamptis morio 45 1.4 0.95 0 0.6 0.1 0.9 0.6 9.4 9.7 41.1 23.4 14.1

Anacamptis papilionacea 34 1.1 0.917 22.1 5.6 4.7 0 0 13.9 7.5 16.2 25.9 4

Anacamptis picta 215 6.8 0.866 9.7 17.7 32.8 0.1 0.3 1.6 2.7 15.6 12.1 7.4

Anacamptis pyramidalis 115 3.7 0.878 12.6 27.5 8.2 0.2 19.7 10.7 4 5.7 6.7 4.7

Cephalanthera damasonium 120 3.8 0.927 0 3 0.3 7.5 15.8 6.1 5.5 41.7 7.8 12.3

Cephalanthera longifolia 105 3.3 0.854 24.9 0.1 2.2 8.6 0.1 13.1 11.3 1.3 18.1 20.2

Cephalanthera rubra 126 4.0 0.92 0.4 0.1 51.3 0.1 2.3 6.6 0.2 16.4 7.8 14.8

Coeloglossum viride 30 1.0 0.958 0.4 0.2 0.4 0.2 0 1.8 3.4 47.5 34 12.2

Corallorhiza trifida 89 2.8 0.978 0.2 0 7.2 4.1 0.2 0.6 37.5 46.2 1.8 2.1

Dactylorhiza romana 5 0.2 0.989 3.4 1.8 0 0.6 0 0.9 0 0.1 53.9 39.4

Dactylorhiza saccifera 17 0.5 0.975 0.7 0.5 0 1.2 17.3 0.1 1.5 2 20.8 56

Dactylorhiza sambucina 123 3.9 0.951 5.8 11 18 2 10.2 0.7 4.3 36.6 8.7 2.8

Epipactis atrorubens ssp. atrorubens 24 0.8 0.988 3.7 0.5 15.7 1.2 0 0.4 1.9 31.6 39.2 5.8

Epipactis gracilis 93 3.0 0.979 0.9 0.1 0.7 1.4 0.1 14.3 39.9 23.8 8.6 10.1

Epipactis helleborine 206 6.6 0.881 1.7 6.2 28.3 0.5 5.7 3 3.3 37.7 4.8 8.8

Epipactis microphylla 33 1.0 0.975 1.7 2.5 2.4 2 1.1 23.8 5.1 22.4 15.1 23.9

Epipactis nauosaensis 4 0.1 0.998 0.5 2.9 0 0.1 0 3.7 0.4 9.6 29.9 52.9

Epipactis pontica 4 0.1 0.999 0.6 3.9 3.4 9.2 0 2.1 19.7 8 16.4 36.7

Epipogium aphyllum 4 0.1 0.993 0.5 0.1 0.2 0.4 5.2 0 6.4 22.7 12.6 52.1

Goodyera repens 43 1.4 0.991 0 0.3 4.1 0.2 1.4 0.2 5.3 30 29.6 29

Gymnadenia conopsea 70 2.2 0.957 0 0.6 3.5 0 0.6 0.8 0.3 70.9 12.9 10.4

Gymnadenia rhellicani 5 0.2 0.998 0 0.2 0 0 0 0 0 53.1 22.4 24.3

Himantoglossum caprinum 119 3.8 0.901 11.1 15.1 25.3 6.8 1 6.4 1.5 11.6 9.9 11.4

Limodorum abortivum 75 2.4 0.883 11 1.1 5.9 7.1 0 11 0.6 29.1 31.4 2.8

Neotinea tridentata 160 5.1 0.937 5.2 21.2 4.4 1 10.6 2.9 14.1 13.1 20.8 6.7

Neotinea ustulata 48 1.5 0.955 2.8 0.4 14.9 2.8 0 2.3 8.3 43.9 11.3 13.2

Neottia cordata 5 0.2 0.996 4.9 0 0 2.5 0 0 0 11.8 24.4 56.4

Neottia nidus-avis 267 8.5 0.931 1.5 3.1 0.2 1.8 2.4 3 6.1 39.1 18.7 24.2

Neottia ovata 47 1.5 0.956 0 0.8 16 0 0.6 6.5 13.3 34 17.5 11.3

Ophrys apifera 18 0.6 0.924 0 7.2 0 23.3 0 1.4 0 0 20.8 47.3

Ophrys cornuta 87 2.8 0.865 22.2 10.1 2.4 0.2 0.5 6.4 1.8 6.7 40.7 9

Ophrys epirotica 5 0.2 0.997 15 0.1 0 0 0 0 26 6.4 42.3 10.2

Ophrys grammica 21 0.7 0.974 1.2 7.4 24.8 0.3 0 14 4.4 12.6 24.2 11.2

Ophrys mammosa 135 4.3 0.932 18.5 26.5 6.6 0.6 3.4 4.2 5.1 17.6 11 6.5

Ophrys reinholdii 7 0.2 0.993 0.1 0.8 0 1.1 0 5.7 7.9 0 57.2 27.3

Ophrys zeusii 5 0.2 0.984 0.6 0.4 0 0 0 4.7 0 16.9 32.9 44.5

Orchis italic 38 1.2 0.982 4.2 4.9 1.6 2.1 0 25 21 8.2 24.5 8.6

Orchis militaris 4 0.1 0.996 0 0.3 0 0 0.7 8.6 0.6 44.1 36.6 9.1

Orchis pallens 10 0.3 0.991 0.2 0 0.7 0.5 0 3.9 2.4 15.1 31.2 46

Orchis pauciflora 8 0.3 0.987 0.1 0 22.2 0.6 0.2 3.4 0 0.7 45.1 27.7

Orchis pinetorum 90 2.9 0.924 0.3 0.4 0 0 0.1 2.2 2.3 63.3 19 12.4

Orchis provincialis 5 0.2 0.998 0.6 0 0 2.8 0 6.5 0 0 69.9 20.2

Orchis purpurea 64 2.0 0.904 0.1 0 0 0.9 0 22.3 0.1 38.3 21.4 17
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n r AUc Bio2 Bio3 Bio5 Bio6 Bio8 Bio13 Bio14 Alt soil veg

Orchis quadripunctata 39 1.2 0.986 1.7 0.7 1.5 0.6 0.1 21.7 6 15.5 43.7 8.5

Orchis simia 36 1.1 0.946 0.3 2.5 2.1 4.2 0 2 4.3 8.1 48 28.6

Platanthera bifolia 8 0.3 0.991 0 3.3 0 0 0 6.4 8.2 0.7 50.1 31.1

Platanthera chlorantha 160 5.1 0.901 0.4 1.3 57.3 0.1 1.3 17.3 0 11.2 3.9 7.2

Serapias bergonii 8 0.3 0.992 0 0.8 0 4.4 0.2 0.9 62.7 5.5 15.9 9.6

Serapias cordigera 4 0.1 0.989 0 0.2 0 7 0 0 0 7 57 28.8

Serapias vomeracea 26 0.8 0.984 1.9 0 0 1.1 0 12 54 12.3 15.2 3.5

Spiranthes spiralis 65 2.1 0.932 7.6 3.7 0.8 3.3 0 17 13.8 6.3 26.3 21.1

Mean 58.24 1.85 0.95 3.97 4.04 7.26 2.19 1.89 6.41 9.69 19.89 24.63 20.03

sD 61.73 1.96 0.04 6.36 6.73 12.57 3.79 4.45 6.85 14.96 17.79 15.74 15.19

Prioritization of east macedonia using presence/ab-
sence data, as well as probabilities of occurrence is pre-
sented in Figure 1. The areas that had the highest con-
servation priority when the presence/absence data set 
was used were located mainly in rhodopi and Falakron, 
and to a lesser extent on mt. Pangeon and in the south-
western parts of mt. lekani. Furthermore, scattered cells 
were located on mt. orvilos and on mt. vrondous as well 
(Fig. 1a). When the continuous suitability values were 
used, the highest conservation priority areas were located 
on the same mountains, but had a more scattered distri-
bution (Fig. 1b). The minimum number of cells required 
to safeguard at least one representation of all orchids of 
the study area was 13, for both data sets. 

The comparison of the solutions for each data set, as 
measured by the Kappa coefficient, indicated a low agree-
ment when the top 1% fraction was used, as well as when 
the minimum number of cells required for the conser-
vation of all orchids was used (k = 0.32 and k = 0.38, re-
spectively). a moderate agreement was found when the 
top 2% fraction was used (k = 0.41), and a substantial 

agreement when 5 and 10% of the top fractions were used  
(k = 0.61 and k = 0.72, respectively) (Figs 2–6). 

The results of the mann-Whitney U test concerning 
the environmental variables, as well as the euclidean 
distances of the selected cells from the mean habitat 
conditions are presented in table 2. These results show 
that in the case of the presence/absence data set, the 
selected cells have higher altitudes, usually lower values 
of mean diurnal range, maximum temperature of the 
warmest month, minimum temperature of the coldest 
month and mean temperature of the wettest quarter, 
and higher values of isothermality and precipitation 
of the wettest month. however, statistical differences 
(P < 0.05) for altitude, maximum temperature of the 
warmest month, minimum temperature of the coldest 
month and mean temperature of the wettest quarter 
were found only for the top 5 and 10% fractions, while 
for mean diurnal range and precipitation of the driest 
month only for the latter top fraction. isothermality 
was not found to differ significantly in any of the top 
fractions. 

Fig. 1 results of Zonation analysis using (a) presence/absence distribution data, and (b) continuous suitability data.
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Table 2 Univariate comparisons (Mann-Whitney U test) of environmental variables and the euclidean distances of the selected cells from 
the mean habitat conditions in oMi analyses. each row represents the different top fractions of the landscape considered; rc: minimum 
number of cells required to safeguard at least one representation of each species; 1: indicate higher values for the presence/absence data 
set; 2 indicate higher values for the data set of the suitability values.

Alt Bio2 Bio3 Bio5 Bio6 Bio8 Bio13 Bio14 euc. Dist.

rc 1 1 1 2 1 2 2 2 1

1% 1 2 2 2 2 2 1 1 1

2% 1 1 1 1 1 1 2 2 2

5% 1* 2 1 2* 2* 2* 1 1 1**

10% 1* 2* 1 2* 2* 2* 1 1* 1**

*p < 0.05, **p < 0.01

Figs. 2–6 comparisons of the reserve networks resulted by the two 
data sets; (2) in the minimum number of cells required to safeguard 
at least one representation of all orchids; (3) in the top 1% fraction; 
(4) in the top 2% fraction; (5) in the top 5% fraction; (6) in the top 
10% fraction. the green squares represent cells selected by the 
use of the presence/ absence data set; the blue squares represent 
cells selected by the use of the continuous suitability data; the red 
squares represent cells selected by both data sets. shaded regions 
represent natura 2000 network sites.
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The euclidean distances of the selected cells using the 
presence/absence data set were higher for all the top frac-
tions used, except from the top 2% fraction. also, in this 
case the test was found to be significant (P < 0.01) for the 
top 5 and 10% fractions of the landscape. 

The results of the pair-wise mann-Whitney compari-
sons with regard to the species’ suitability values in the se-
lected cells by each data set, are presented in appendix 1.  
The results are shown together with the species ssi, in 
order to investigate any trends concerning their niche 
breadth. The number of species having significantly dif-
ferent suitability values between the two data sets fluctu-
ated from 15 to 19 species, depending on the top fraction 
of the landscape. species presenting significant difference 
between the two data sets were usually those with a nar-
row niche breadth.

spearman’s correlation coefficient revealed that there 
are significant correlations between the average difference 
of suitability values of species in the cells selected using 
the two data sets and species ssi (see table 3). significant 
correlations were found for all the top fractions of the 
landscape tested when all the species were used and for 
all except the 2% top fraction when the species showing 
significant differences of suitability values between the 
cells selected by the two data sets were used. taking into 
account that the differences were calculated abstracting 
from the suitability values of species in cells selected us-
ing the presence/absence data set those in the cells se-
lected using the suitability data, and that the correlation 
coefficients are always negative, it may be concluded that 
the higher is species ssi the lower is the average differ-
ence. in other words, the presence/absence data set favors 
the suitability values of the generalists in the resulted net-
works, while the data set with the continuous suitability 
values favors the ones of the specialists. 

Table 3 spearman’s rho correlation coefficient between the 
average difference of suitability values of species in the selected 
cells using the two data set, and species ssi (calculated on the 
basis of the continuous suitability data). second column presents 
the correlations calculated on the basis of all taxa, third column the 
ones for the taxa having significant differences of suitability values 
between the cells selected by the two data sets, and fourth column 
the number of the above-mentioned taxa.

ssi all species ssi sig. species cases

 rc −0.428**

 1% −0.544** −0.624* 15

 2% −0.467** −0.335 17

 5% −0.432** −0.588* 19

10% −0.557** −0.792** 17

*p < 0.05, **p < 0.01

Discussion

in previous studies, the outputs of species distribution 
models have been used as input data in area selection 

algorithms either as presence/absence data (araújo et 
al. 2004; Wilson et al. 2005) or as suitability data (Pawar 
et al. 2007; leathwick et al. 2008; girardello et al. 2009; 
tsiftsis et al. 2011). in the present study both presence/
absence and continuous suitability data were used in the 
Zonation algorithm with the core-area removal rule and 
the resulted networks were compared and found that dif-
fered in terms of the climatic and habitat extremes sam-
pled, habitat suitability values of generalist vs. specialists 
taxa, and the level of fragmentation of the reserve system. 
These differences were greater in the cases where the re-
serve systems are relatively small. This is logical as when 
more sites are included in the selected networks, there 
are more possibilities of having similar sites between the 
networks. however, taking into account that resourc-
es are limited and reserve systems are often very small 
fractions of a landscape (margules and sarkar 2007), our 
results are of crucial importance for the practice of con-
servation planning.

The use of the presence/absence data set resulted in 
the selection of cells at higher altitudes, with more ex-
treme climatic conditions and more distant from the 
mean habitat of the study area. This trend was found for 
most top fractions of landscape selected, and the fact that 
it was found to be statistically significant for the high-
est ones, may be attributed to the higher number of se-
lected cells in these top fractions. The cells with extreme 
conditions may be favored because they host one or few 
rare species and as the continuous habitat suitability val-
ues in a cell are not taking into account using the pres-
ence/absence data set, the selection procedure is driven 
mainly by the occurrence of rare species. on the other 
hand, the conservation value of such cells may be greatly 
downweighted in the case of the continuous suitability 
data because of the possible low habitat suitability for 
most of the other species occurring in them. Therefore, 
the presence/absence data set prioritizes higher cells with 
rare taxa, which tend to occur in more extreme ecological 
conditions, while the suitability data gives higher priority 
to cells with high habitat suitability for species and mod-
erate ecological conditions.

The continuous suitability data ensures higher suitabil-
ity values for the specialist taxa in comparison with the 
presence/absence data set, while the opposite is happen-
ing for the generalist taxa. This trend was found for all the 
top fractions of landscape tested. This result seems, at first 
glance, to be contradictory, with the trend of the first data 
set to select cells with more extreme conditions. however, 
many of the rare taxa in our data set were not found as 
specialists. examples of such taxa are the Orchis pallens, 
Anacamptis coriophora ssp. coriophora, and Epipactis at-
rorubens ssp. atrorubens, which occur in few scattered 
localities, representing, however, different environmental 
conditions. These rare species are usually of northern or-
igin, having their southernmost limits in the study area 
and their rarity is not related with their habitat specificity. 
Furthermore, the high altitude areas, which are selected 
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more often by using the presence/absence data set, mostly 
harbor generalist species (e.g. Orchis pallens, Dactylorhiza 
sambucina, Gymnadenia conopsea, Corallorhiza trifida), 
with high suitability values, while the cells having high 
suitability values for specialist species (e.g. Serapias cor-
digera, Serapias bergonii, Ophrys zeusii, Ophrys epirotica, 
Orchis provincialis) are found at medium altitude and in 
moderate climatic and edaphic conditions. The latter cells 
are more frequently selected by using the suitability data. 
This finding supports the opinion that species which are 
rare at local or regional scale, but not at broader scales or 
they do not owe their rarity to their habitat specificity but 
rather to their vagrant occurrence may bias the selection 
procedure in favor to the areas and habitats they occur 
(he and gaston 2000; hartley and Kunin 2003; tsiftsis 
et al. 2009). 

in addition, the continuous suitability data, tak-
ing into account both species suitability values in each 
cell and species weighting according to the ssi (niche 
breadth), drives the selection algorithm to prioritize 
cells with specialist taxa having high suitability values in 
them. on the other hand, the use of the presence/absence 
data in combination with the application of ssi cannot 
ensure that the cells selected for the conservation of the 
weighted specialist taxa also have high suitability values 
in them. Therefore, the presence/absence data does not 
fully take into advantage taxa weighting, while the suit-
ability data does. 

Finally, another difference between the networks as 
a result of the two data sets concerns their fragmenta-
tion. The presence/absence data set resulted in more 
compact networks than that with the suitability values 
(Figs 1−6). Connectivity is one desirable feature of con-
servation networks (Williams et al. 2005; Pressey et al. 
2007), which theoretically enhances the probabilities 
of species persistence through metapopulation dynam-
ics and reduction of edge effects, and it also facilitates 
conservation management (moilanen and Wintle 2006). 
however, differences in connectivity between the results 
of the two data sets should not be used for comparison, 
as many methods have been developed to improve the 
connectivity of conservation networks (e.g. aggregation 
methods in Zonation or boundary length modifier in 
marxan; game and grantham 2008; moilanen and Ku-
jala 2008), which, however, have not been applied in the 
present study. 

according to rodrigues et al. (2000), the species ex-
tinction rate is significantly and negatively correlated 
with the local species abundance and density, and the en-
dangered species should receive a higher conservation in-
vestment. Thus, the continuous suitability data, ensuring 
higher suitability values for the specialist species, which 
for several reasons are also more prone to extinction 
(travis 2003; Thuiller et al. 2005a), and weighting them 
in an appropriate and logical way, should lead to higher 
possibilities of long-term species persistence. The latter is 

of the most urgent challenges that systematic conserva-
tion planning must face (Pressey et al. 2007).

Furthermore, the fact that the suitability data favor the 
selection of cells representing mostly average and not ex-
treme environmental conditions may also be considered 
to improve long-term species persistence, especially in 
the face of climate change. sites representing the centers 
of the geographical and environmental distribution of 
species may be anticipated to provide the optimal condi-
tions for their long-term persistence, rather than the ge-
ographical and environmental marginal sites (Whittaker 
et al. 2005). although there are arguments that marginal 
sites may harbor genotypes with higher capacity to adapt 
to suboptimal conditions (e.g. produced by adverse cli-
matic change conditions; smith et al. 2001), core areas 
should be prioritized first, as we already know that popu-
lations occurring in them are generally better adapted to 
cope with the current environmental conditions (Whit-
taker et al. 2005). This is true, especially in cases where 
limited area may be allocated to reserve networks and 
a small representation target has been set for the species. 

in conclusion, suitability data offer advantages over 
presence/absence data in terms of (a) offering higher 
suitability values for the specialist species, and (b) taking 
full advantage of species weighting. These advantages are 
expected to have positive effects on species persistence 
in a selected conservation network. suitability data may 
tend to offer a better representation of the average en-
vironmental conditions of the study area in the selected 
networks, but a more fragmented network, when com-
pared with presence/absence data. Both of these factors 
should therefore be addressed explicitly in a conservation 
planning objective. Finally, our results reveal that species 
distribution models may not differ only in the degree and 
causes of uncertainty (see rocchini et al. 2011), but they 
may also have systematic trends in the differentiation of 
their results.
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Appendix 1 species specialization index (on the basis of the suitability data), and number of cells where each taxon is distributed  
in the resulted networks for the top fractions considered. numbers in bold indicate where the data set resulted higher suitability values 
(suit: suitability data; Bin: presence/absence data set); *p < 0.05%.

ssi rc 1% 2% 5% 10%

taxa suit. Bin. suit. Bin. suit. Bin. suit. Bin. suit. Bin. suit.

Anacamptis coriophora ssp. coriophora 0.571 1 2  20  29  31  54  85 119  202  207

Anacamptis coriophora ssp. fragrans 0.613 7 8  81  86 161 167 448 420*  873  856*

Anacamptis laxiflora 0.659 2 2  27  27*  62  50* 193 149  432  391

Anacamptis morio 0.622 3 3  30  34  62  62 183 156  361  318

Anacamptis papilionacea 0.634 2 5  48  54 116 110 294 273  620  622

Anacamptis picta 0.610 8 8  79  84 167 159 393* 435  810  852

Anacamptis pyramidalis 0.609 7 8  73  83* 148 153* 370 400  764  783*

Cephalanthera damasonium 0.497 10 8 108  80 197 162 475* 433  863*  827

Cephalanthera longifolia 0.571 11 11 114 109 223 229 560 540 1095 1063*

Cephalanthera rubra 0.528 10 9 111  90 203 187 498 463  909  888

Coeloglossum viride 0.519 6 5  47  42  84  85 211 219  343  377

Corallorhiza trifida 0.461 7 6  56  42 104  90 271 196  438  361

Dactylorhiza romana 0.765 1 2  14  12*  31  23*  78  62*  182  144*

Dactylorhiza saccifera 0.554 5 3  50  30  91  63 221 151  304  258

Dactylorhiza sambucina 0.399 9 9  83  78 156 156 420 375  729  676

Epipactis atrorubens ssp. atrorubens 0.685 3 1  31  21  58  51 135 134  191  197

Epipactis gracilis 0.610 5 2  61  34 108  73 249 187  390  353

Epipactis helleborine 0.536 12 13 141 137 280 273 704 665 1299 1294

Epipactis microphylla 0.648 3 2  40  29  67  61 154 143  235  227

Epipactis nauosaensis 0.700 1 1  11  11  25  20*  47  43   47   47

Epipactis pontica 0.650 1 1  13   8  13  13  13  13   13   13

Epipogium aphyllum 0.637 1 1  12  10*  26  22*  64  57*  150  123*

Goodyera repens 0.419 2 1  36*  21  70*  48 198* 111  267*  207

Gymnadenia conopsea 0.476 8 7  80  68 144 138 389 322  640  569

Gymnadenia rhellicani 0.708 1 1  12  11*  27  23*  65  63   65   65

Himantoglossum caprinum 0.648 6 7  67  82 142 149 332 381  770  802*

Limodorum abortivum 0.637 6 9  80  86* 168 168* 420 432*  859  863

Neotinea tridentata 0.577 10 9  77  80 143 150 356 360  614  645

Neotinea ustulata 0.548 8 5  69  53 127 114* 289 278  492  464

Neottia cordata 0.711 1 1  15  12*  32  24*  80  60*  106  106

Neottia nidus-avis 0.490 10 8 108  89 191 176 446* 420  841  782

Neottia ovata 0.582 5 7  58*  62 112 119 301* 275  603*  559

Ophrys apifera 0.629 2 1  34  37  84  77 177* 192  394  392

Ophrys cornuta 0.640 7 9  79  94 166 181 431 486*   980 1046*

Ophrys epirotica 0.802 1 1  14  12*  31  26*  78  70   82   82

Ophrys grammica 0.614 3 5  24  28*  56  61 158 168  303  328

Ophrys mammosa 0.686 4 5  42  40  90  85 214 235  431  472*

Ophrys reinholdii 0.742 1 1  16  17  36  42  88 100  168  165*

Ophrys zeusii 0.872 1 1  15  17  34  34  83  89*  194  193*

Orchis italica 0.777 2 2  24  16  53  35  76  93*  169  186*

Orchis militaris 0.734 2 1  14  13*  30  25*  69  61  121  113

Orchis pallens 0 1 2  13  15  22  23  50  51   86   68

Orchis pauciflora 0.602 1 2  14  13  26  29  62  74*  145  141*

Orchis pinetorum 0.485 9 9 100  90 183 185 475 432  806  770

Orchis provincialis 0.787 1 1  16  13  36  27*  65  65   65   65

Orchis purpurea 0.552 6 7  74  74 138 136* 347 334  712  675
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Orchis quadripunctata 0.641 1 1  16  14  29  44 107 125  211  221*

Orchis simia 0.687 2 4  32  38  60  88 143 183  284  326

Platanthera bifolia 0.814 2 2  14  13*  31  26*  77  71*  181  157*

Platanthera chlorantha 0.527 10 10 110 100 210 209 541 504  997  960

Serapias bergonii 0.890 1 1  16  14*  35  29*  86  74*  186  163

Serapias cordigera 0.941 1 1  17  15*  37  30*  92  84*  179  179

Serapias vomeracea 0.622 1 1  17  15  37  31  79 102  249  229

Spiranthes spiralis 0.655 1 3  26  38  73  79 219* 221  488  449




