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Abstract 

Background

Iberian orchids occur in plant communities designated as habitats of 
interest in the European Union, particularly in Mediterranean forests. 
Their ecological importance highlights the need for a deeper 
understanding of their distribution and ecological requirements in 
order to develop effective conservation and management policies.

Methods

This study focuses on the biogeographical mapping and 
characterisation of five Iberian and Balearic endemic orchid species at 
district level. Distribution data were collected from existing 
biodiversity databases and integrated into a Geographic Information 
System (GIS). In order to assign the correct biogeographical epithet to 
each taxon, a set of rules and criteria was developed to ensure an 
objective, simple and universal classification based on the species' 
distribution areas.

Results

For each orchid species, the study identified its phytosociological 
assignment, bioclimatic range and current conservation status. 
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Detailed maps were produced, providing insights into the 
biogeographical, bioclimatic and phytosociological attributes of these 
taxa.

Conclusions

The biogeographical mapping and ecological classification presented 
in this study provide a basis for effective decision-making regarding 
the conservation and management of these orchid species. In 
addition, the results can be used to update their conservation status 
to better reflect their ecological needs and threats.

Plain Language Summary  
We looked at some specific types of orchids that grow in certain parts 
of Spain and the Balearic Islands. These orchids are important 
because they live in habitats that the European Union cares about, 
especially in the forests around the Mediterranean. We wanted to 
understand more about where these orchids live and what they need 
to survive, so that we can better protect them.  
 
To do this, we used information from different databases about where 
these orchids have been found. Then we put all this information 
together using a special computer program called a Geographic 
Information System (GIS). This helped us make maps showing where 
these orchids are found in different areas.  
 
We also came up with some rules and criteria to help us understand 
more about each type of orchid and where it lives. This includes things 
like what kind of climate it likes and what other plants it hangs out 
with. Understanding all this helps us make better decisions about how 
to look after these orchids and make sure they continue to grow in the 
future.

Keywords 
Endemisms; Bioclimatology; Biogeography, Cartography, Flora 
Conservation, Iberian endemisms, Orchidaceae, Phytosociology, 
Species distribution.

 

This article is included in the Erasmus+ 

gateway.

 

This article is included in the Plant Ecology 

collection.

Open Research Europe

 
Page 2 of 26

Open Research Europe 2024, 4:210 Last updated: 05 FEB 2025

https://open-research-europe.ec.europa.eu/gateways/erasmus
https://open-research-europe.ec.europa.eu/gateways/erasmus
https://open-research-europe.ec.europa.eu/collections/plant-ecology
https://open-research-europe.ec.europa.eu/collections/plant-ecology


Corresponding author: Sara del Río (sriog@unileon.es)
Author roles: Penas A: Conceptualization, Project Administration, Resources, Supervision, Writing – Original Draft Preparation, Writing – 
Review & Editing; Alonso-Redondo R: Conceptualization, Formal Analysis, Investigation, Supervision, Writing – Original Draft 
Preparation, Writing – Review & Editing; González-Pérez A: Data Curation, Funding Acquisition, Investigation, Methodology, Software, 
Validation, Writing – Original Draft Preparation, Writing – Review & Editing; Álvarez-Santacoloma A: Data Curation, Investigation, 
Software, Writing – Original Draft Preparation, Writing – Review & Editing; Ochoa-Ramos NY: Data Curation, Formal Analysis, 
Visualization, Writing – Original Draft Preparation, Writing – Review & Editing; Ferreiro-Lera GB: Investigation, Methodology, Software, 
Writing – Original Draft Preparation, Writing – Review & Editing; del Río S: Conceptualization, Funding Acquisition, Project 
Administration, Resources, Supervision, Writing – Original Draft Preparation, Writing – Review & Editing
Competing interests: No competing interests were disclosed.
Grant information: This project has received funding from the European Commission [ERASMUS+ programme] under grant agreement 
No [20211FR01KA220VET000043186](DEMAIN: Vers la transition agro-ecologique en viticulture (TOMORROW: Towards the agro-
ecological transition in viticulture)); the European Commission [Zimbral for LIFE] under grant agreement No [101074592] (LIFE21-NAT-
PT-Zimbral-for-LIFE); the European Union [NextGenerationEU/PRTR], MCIN/AEI/10.13039/501100011033 under grant agreement No 
[TED2021-1311388B-I00]. Funding was also received from the Regional Ministry of Education, Junta of Castilla and León (Spain), 
EDU/667/2019 and by the European Regional Development Fund (ERDF) and the Junta of Castilla and León (JCyL). The grant was awarded 
to AGP author and included a Fellowship Scheme for a Doctoral Training Program: Order of 12 December 2019 from the Regional 
Ministry of Education (extract published in B.O.C. y L. No. 245, 23 December)). BDNS (Ident.): 487971 and Postdoc scholarship for AGP 
(UNAM-DGAPA Postdoctoral Program).  
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
Copyright: © 2024 Penas A et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
How to cite this article: Penas A, Alonso-Redondo R, González-Pérez A et al. Detailed biogeographical mapping as a useful novel tool 
for the conservation of endemic taxa: a case of study for Iberian orchids [version 1; peer review: 1 approved, 1 approved with 
reservations] Open Research Europe 2024, 4:210 https://doi.org/10.12688/openreseurope.17737.1
First published: 02 Oct 2024, 4:210 https://doi.org/10.12688/openreseurope.17737.1 

Open Research Europe

 
Page 3 of 26

Open Research Europe 2024, 4:210 Last updated: 05 FEB 2025

mailto:sriog@unileon.es
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12688/openreseurope.17737.1
https://doi.org/10.12688/openreseurope.17737.1


Introduction
The Iberian Peninsula, located in the western Mediterranean 
basin, is known as a hotspot of plant biodiversity1–3. With an 
estimated 6,500 species and subspecies of vascular plants, 
including those found in the Balearic Islands, and a remark-
able endemicity rate of 28%4,5, its ecological importance can-
not be underestimated. However, this region is currently facing 
significant challenges due to global warming, which has led to 
an increase in the frequency, duration and severity of 
droughts6. These climatic changes are fundamentally reshaping 
Mediterranean ecosystems.

In the midst of these changes, the dynamics of forest cover 
are significantly influenced by succession processes trig-
gered by land abandonment, which are currently having a 
greater impact than climate change7. Recognising this, Spain 
has prioritised increasing the resilience of forests to drought 
as a primary objective in the management of protected 
areas8. Proposed strategies to achieve this include promoting 
mixed stands, reducing tree density and introducing resilient 
species7,9.

However, a key aspect closely aligned with these proposed 
strategies is the recognition of the contribution of floristic 
composition to forest development and conservation.

In this context, the Orchidaceae family stands out as a group 
of significant biological, ecological and conservation interest. 
Despite its mainly tropical distribution, approximately 100 spe-
cies and subspecies of orchids have been documented in the 
Iberian flora10–15, with endemic orchids representing 0.7% of 
the total number of Iberian endemic taxa. This highlights the 
importance of considering the diversity of the flora present 
in efforts to increase the resilience of forests and ensure 
their long-term conservation.

The Orchidaceae family is one of the richest in species 
(about 20,000), but it is also one of the most threatened in the 
world by collecting and habitat destruction. So much so that 
orchids are considered flagship species for plant conservation 
worldwide16. Many orchids are rare and narrowly distrib-
uted in specific habitats17–20, possibly due to their mycor-
rhizal specificity, pollinator specialisation and germination 
limitation21,22.

Recent research has made significant progress in elucidat-
ing the distribution patterns and ecological requirements of 
endemic orchids in the Iberian Peninsula and the Balearic 
Islands. Studies by De la Torre23, Pereira et al.24 have identified 
distinct biogeographical regions and hotspots of endemism for 
orchid taxa, highlighting the importance of localised con-
servation efforts. Endemic taxa, with their high evolution-
ary importance and vulnerability to extinction, are priority 
targets for conservation efforts at different scales25. Previous 
studies in endemic taxa have provided valuable baseline 
data such as IUCN categories26, floristic studies27 but there 
remains a need for more comprehensive biogeographical  

characterisations and in-depth analyses of the ecological niches 
of these species.

In this context, detailed biogeographical knowledge of these 
species and their corresponding cartographic representation 
is a fundamental tool for their conservation.

According to Rivas-Martínez et al. (2017), Biogeography is the 
science that studies the distribution of species, communities, 
habitats, biocoenoses and natural ecosystems on Earth, and the 
relationships between them. It considers the distribution areas 
of taxa and syntaxa (chorology), and combines information 
from other natural sciences (geography, botany, zoology, soil 
science, bioclimatology, geology, etc.), in order to estab-
lish a hierarchical biogeographic classification of the planet 
territories.

The main typological units in descending rank are king-
dom, region, province, sector, district, country, landscape cell 
and tesela28–32 (Table 1). Terrestrial biogeography has been 
linked to phytogeography due to the value of vascular plant 
species and communities in defining and delimiting the Earth.

The names of the biogeographical units are given on the 
basis of known geographical, orographic or historical terms. 
They are considered to be more or less congruent with the 
area they are intended to represent.

It should be emphasised that the delimitation of biogeographi-
cal units can only be accurately determined by their diagno-
sis and corresponding maps. All areas, with the exception of 
the teselas, must be contiguous by land, lake or sea routes 
and include all the small orographic accidents and lithologi-
cal diversity in the area. Sometimes, neighbouring areas invade 
biogeographical regions, creating “islands”, which often 
occur in areas with different lithologies or near regional or 
provincial borders. These islands may have a lower typo-
logical independence than the area they intrude, which 
depends on their originality, floristic richness, phytocoenosis 
and surface area.

One of the criteria traditionally used for the recognition and 
delimitation of biogeographical units, as well as for the deter-
mination of their entity, is the inclusion of information on the 
geographical distribution of those taxa (families, genera, spe-
cies, and subspecies) that are narrowly restricted to a particu-
lar area, up to the rank of biogeographical province. In this 
line, endemisms have been successfully used to define and 
delimit the chorological or biogeographical units (provinces, sec-
tors and districts), and they form part of the phytogeographical 
subelement that characterises them.

According to the proposal of Rivas-Martínez et al. (2017), 
the territory of the Iberian Peninsula and the Balearic Islands 
share two biogeographical regions: the Eurosiberian and the 
Mediterranean, both included in the Holarctic Kingdom. The 
numerical synthesis of biogeographical units is displayed in 
Table 2.
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Table 1. Typology of biogeographical units in ascending order.

Biogeographical 
Units

Definition

Tesela Geographical area of greater or lesser extent, ecologically homogeneous, it has only a single type 
of potential natural vegetation.

Landscape cell Constituted by a mosaic of teselas, it is assembled by networks of geosigmeta based on the 
geomorphology and the soils of the territory.

Country A large and clearly delimited geographic territory that has a rich set of landscape cells and its own 
topographical geosigmeta.

District A group of biogeographical countries characterised by a high number of differential species and 
even endemic taxa, which distinguishes it from neighbouring areas. It also includes units such as 
associations, series and geoseries that are not present in neighbouring districts.

Sector A group of biogeographical districts forming a largescale geographical unit with its own endemic 
taxa, associations and vegetation series, as well as original topographic and geoclinosequential 
(altitudinal zonation) geoseries.

Province It is a large geographical area that contains numerous endemisms and unique species (its own 
subelement), as well as particular macroseries

Region It comprises a vast area made up by a group of biogeographical provinces, each with its own 
regional floristic element, including endemic species, genera or even families.

Kingdom It is the supreme unit of biogeography, deals with the origin of the flora and fauna, as well as the 
origin of the major continents, orogenies and particular macrobioclimates.

Table 2. Number of biogeographical units in the Iberian 
Peninsula and Balearic Islands.

Biogeographic 
unit

Eurosiberian 
Region

Mediterranean 
Region

Total

Subregions 2 1 3

Provinces 2 6 8

Subprovinces 6 10 16

Sectors 12 37 49

Districts 64 182 264

Motivated by the need for a more holistic understanding of the 
distribution, ecology and conservation status of endemic orchids 
in the region, this study aims to fill existing knowledge gaps 
and contribute to the conservation and management of these 
unique taxa within the Iberian Mediterranean forests. By inte-
grating biogeographical mapping, bioclimatic analysis, and 
phytosociological description, we aim to provide a comprehen-
sive assessment of the distribution patterns, ecological pref-
erences and conservation status of endemic orchid species, 
including Epipactis cardina, Ophrys bertolonii subsp. balearica, 
Ophrys speculum subsp. lusitanica, Orchis cazorlensis and 
Serapias perez-chiscanoi.

Three aspects are present as novelty: 1) the biogeographi-
cal characterisation, a set of rules and criteria are proposed that 
allow us to assign in a simple, objective and universal way the 

correct biogeographical epithet that corresponds to the taxon 
according to its distribution area. 2) The current conservation 
status of the aforementioned species including their phytoso-
ciological behaviour. 3) The bioclimatic characterisation, which 
defines both the qualitative and quantitative requirements for 
this species, endemic to the Iberian Mediterranean forest.

Methods
Study area
The Iberian Peninsula (Portugal, Spain and Andorra) including 
the Balearic Islands (a total of 4992 km2) was studied.

Data compilation
Five taxa (three species and two subspecies) considered 
Iberian and/or Balearic endemisms11 were studied (Table 3).

To obtain plant occurrence records for each taxon, a search 
was conducted using the Global Biodiversity Information 
Facility33. This database stands as the primary source of Ibe-
rian plant distribution data due to the inclusion of all plant 
records from the Spanish Plant Information System ANTHOS 
(http://www.anthos.es). Additionally, we utilised the Flora-On 
database (https://flora-on.pt/) to supplement the information.

All presence points were compiled into an Excel data-
base. Records with uncertain origin and undefined locations 
were removed, following the distribution criteria outlined in 
Flora Iberica. Subsequently, the Excel data was exported to 
ArcGIS software for mapping the species’ distribution points. 
The final records underwent manual verification by our team 
of botanical experts to ensure accuracy.
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Table 3. Studied taxa.

Genus Species / Subespecies Authorship

Epipactis E. cardina Benito & C.E. Hermos. in Estud. Mus. Ci. Nat. Álava 13: 108-109 (1998)

Ophrys O. bertolonii subsp. balearica (P. Delforge) L. Sáez & Rosselló in Fl. Montiber. 7: 88 (1997)

Ophrys O. speculum subsp. lusitanica O. Danesch & E. Danesch in Orchidee (Hamburg) 20: 21 (1969)

Orchis O. cazorlensis Lacaita in Cavanillesia 3: 35 (1930)

Serapias S. perez-chiscanoi Acedo in Anales Jard. Bot. Madrid 47: 510 (1990)

Mapping generation
To generate the biogeographical maps for each taxon, we used 
the shape file from the Biogeographic Map at the District  
Level of the Iberian Peninsula and Balearic Islands (Annex 1  
in extended data) as our basis. This shape file was created  
through previous research34 conducted with ArcGIS 10.8 
software35. The occurrence points of each taxon were exported 
as a point shape file and overlaid with the polygon shape file 
of biogeographical districts in ArcGIS 10.8 software.

The detailed biogeographical final map for each taxon was 
obtained by colouring the districts that match the occurrence 
points of the taxa, using the geostatistical tool selection by  
location. This method allows for a quick and easy visualisation 
of the presented information.

Proposed criteria and biogeographical characterization
Biogeographical terminology is often used very loosely and 
therefore with little specificity. Although sometimes the use 
of a macro-territorial term may be sufficient, when it comes 
to biogeographical nomenclature applied to an endemism, 
a more specific term is usually required. Widely used terms 
such as Eurosiberian, Circummediterranean, Western Iberian, 
etc. provide rather limited information on the distribution area 
of endemic taxa such as those we are dealing with here.

For this reason, we propose a set of rules and criteria that will 
allow us to assign in a simple, objective, and universal way 
the specific biogeographical epithet that corresponds to the 
taxon according to its more detailed area of distribution. On 
the basis of this proposal, the biogeographical characterisation 
of each taxon is presented.

Bioclimatic range
For establishing the qualitative and quantitative diagnosis, 
we have calculated the bioclimatic parameters and indices for 
each location of each taxon studied, following the Worldwide 
Bioclimatic Classification System36. Monthly temperature and 
precipitation values were obtained from the WorldClim data-
base (www.worldclim.org) from 1970–2019. For each taxon, 
we calculated the maximum, minimum and interquartile range 
(Q1 and Q3) of each variable examined. To present these results 
in an easily understandable format, we used box-whisker 

plots. A box-whisker plot is a visual representation of descrip-
tive statistical data that shows the minimum, first quartile, 
median, third quartile and maximum values. The top of the box 
symbolises the third quartile, while a horizontal line near the 
centre of the rectangle indicates the median. The base of the 
box represents the first quartile, and in the edge of the vertical  
lines extending from the top and bottom of the rectangle 
represent the maximum and values minimum respectively37,38.

Phytosociological adscription and conservation status
In order to know the type of habitat in which each taxon occurs, 
a bibliographic review was carried out to describe their phy-
tosociological behaviour at the level of class, order and alli-
ance when possible29–31,39. In addition, the information has been 
completed with data from the Iberian and Macaronesian Vegeta-
tion Information System (SIVIM database, www.sivim.info)40,41. 
For taxa for which no phytosociological information was found, 
an adscription is proposed on the basis of the habitat charac-
teristics reported in the literature11,42–44, and data of Interactive 
Flora of Portugal (FLORA-ON database, https://flora-on.pt/).

Furthermore, the information for each taxon is completed with 
up to date data on its legal protection status and threat cat-
egory, if available, (legal provisions and Red Lists and Red 
Books at regional, national or international level) obtained from: 
the PHYTEIA database (Information System on the Protected 
and Threatened Flora of Spain, module of ANTHOS, http://
www.anthos.es); the DRIADA web (https://www.conserva-
cionvegetal.org/driada/), that includes all the Spanish vascular 
flora taxa listed in the Spanish Catalogue of Threatened Species,  
besides the List of Wild Species under special protection  
regime, and the regional catalogues; and the Red List of the 
vascular flora of continental Portugal (https://listavermelha-flora.
pt/).

Results and Discussion
Figure 1 to Figure 5 show the biogeographical maps obtained 
for the taxa studied: Epipactis cardina (Figure 1), Ophrys 
bertolonii subsp. balearica (Figure 2), O. speculum subsp. 
lusitanica (Figure 3), Orchis cazorlensis (Figure 4), and 
Serapias perez-chiscanoi (Figure 5). The legend shows the 
names of the biogeographical districts in which the plant occurs. 
The occurrence records obtained for each plant are also given.
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Figure 1. Biogeographical map of Epipactis cardina. ( ) Occurrence records.

Figure 2. Biogeographical map of Ophrys bertolonii subsp. balearica. ( ) Occurrence records.
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Figure 3. Biogeographical map of Ophrys speculum subsp. lusitanica. ( ) Occurrence records.

Figure 4. Biogeographical map of Orchis cazorlensis. ( ) Occurrence records.
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Figure 5. Biogeographical map of Serapias perez-chiscanoi. ( ) Occurrence records.

Proposed criteria and biogeographical characterisation
We propose the following rules and criteria for the 
biogeographical characterisation of the taxa:

1.	 The biogeographical characterisation epithet of 
a taxon shall be formed from the names of the 
biogeographical units in which that taxon occurs.

2.	 The epithet shall always be formed from the lowest 
possible biogeographical unit in which the taxon 
occurs.

3.	 If the taxon occurs in 1, 2 or 3 of those lower ranked 
units, the epithet is formed using the names of those 
units.

4.	 If the taxon is present in more than 3 of these lower-
level units, the name of the immediately higher-level 
unit or units is taken.

a.	 If the taxon occurs in more than 3 districts, 
the epithet is formed from the name of the 
corresponding sector(s).

b.	 If the taxon occurs in more than 3 sectors, 
the epithet is formed from the name 
of the corresponding subprovince or 
subprovinces.

c.	 If the taxon occurs in more than 4 
subprovinces, the epithet is formed from 
the name of the corresponding province or 
provinces.

d.	 If the taxon occurs in more than 5 provinces, 
the epithet shall be formed from the 
name of the corresponding subregion(s).

e.	 If the taxon occurs in more than 3 subregions, 
the epithet shall be formed with the name 
of the corresponding region or regions.

5.	 In any case, if the units used to form the epithet are 
the only ones comprising the immediately superior 
biogeographical unit, the name of that superior 
unit shall be taken.

6.	 In the case of points 4.b and 4.c, if the name of the 
subprovince or province used to form the epithet is 
derived from the presence of the taxon in a single 
district or sector thereof, the name of that district 
or sector should be given in brackets.

7.	 In the absence of an auxiliary unit (subprovince 
or subregion), the biogeographical unit at the 
immediately higher level should be considered.
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8.	 The names used to form the epithet should be 
adjectival, separated by commas and arranged in 
alphabetical order.

This proposal follows the biogeographical units established  
by Rivas-Martínez et al. (2017). It is necessary that the  
distribution territory of the taxa is thoroughly studied, both  
floristically and phytosociologically, and that there is a detailed 
cartography defining the boundaries of each biogeographical 
unit, which is the case in the Iberian Peninsula.

On the basis of this proposal and according to the biogeographi-
cal maps obtained, the biogeographical characterisation of 
the taxa studied (Table 4) was carried out.

Bioclimatic characterisation
The box plots obtained for the different parameters and  
bioclimatic indices analysed for each endemism are presented 
in this part.

The compensated thermicity index and the positive tempera-
ture make it possible to define the thermal component of the 
bioclimatic zone.

The thermotype boundary for the taxa studied in this 
research showed two distinct groups (Figure 6). Firstly, both  
Epipactis cardina and Orchis cazorlensis reached a similar 
range of thermotype levels: mesomediterranean and supramedi-
terranean, although O. cazorlensis is mainly developed at the 

Table 4. Biogeographical characterisation of the studied endemic orchids.

Taxon Biogeographical characterisation Criteria 
applied

Epipactis cardina Betic, Castilian, Oroiberian, Valencian endemism 4b, 6, 7

Ophrys bertolonii 
subsp. balearica

Balearic endemism 4a, 5

Ophrys speculum 
subsp. lusitanica

Betic, coastal Lusitanian-western Andalusian, European Atlantic, western Iberian 
Mediterranean (Mariánica Range) endemism

4c, 6

Orchis cazorlensis Betic, central Iberian Mediterranean, European Atlantic (Espigüete Sierran), 
Pyrenean ( Jacetania), Valencian-Provençal-Balearic endemism

4c, 6

Serapias perez-
chiscanoi

Coastal Lusitanian- (Lusitanian Douro) western Andalusian, Lusitanian-
Extremaduran endemism

4b, 5

Figure 6. Boxplots for Compensated Thermicity Index (Itc) and Positive Temperature (Tp). Abbreviations: EC: Epipactis cardina, OBB: 
Ophrys bertolonii subsp. balearica, OC: Orchis cazorlensis, OSL: Ophrys speculum subsp. lusitanica, SPC: Serapias perez-chiscanoi.

Page 10 of 26

Open Research Europe 2024, 4:210 Last updated: 05 FEB 2025



supramediterranean level. The other three species, Ophrys  
bertoloni subsp. balearica, Ophrys speculum subsp. lusitanica  
and Serapias perez-chiscanoi, showed higher thermotype 
levels from thermomediterranean to inframediterranean.

If we focus on the rainfall for plants, the annual precipitation 
rate is more important than the amount. The annual ombroth-
ermic index (Io) represents the ratio of the average rainfall in 
millimetres to the total rainfall in months where the tempera-
ture is above freezing, as the root water absorption processes of 
plants are hindered below this temperature. In this research, 
results have shown that the species that exhibited the 

widest range of ombric tolerance was Orchis cazorlensis, 
spanning from dry to humid environments (Figure 7). This 
nuance supports with the information provided in the avail-
able Flora Iberica data, which indicates locations ranging from 
900 to 1850 m in altitude. Additionally, on the website of Flora 
Protegida (http://www.floraprotegida.es), it is defined solely 
as supramediterranean subhumid, in this regard this research 
gives more detail.

In addition, the summer ombrothermic indices are funda-
mental as they discriminate between Temperate and Mediter-
ranean bioclimatic areas. The species studied have distinctly 

Figure 7. Boxplots of annual ombrothermic index (Io); ombrothermic index of the hottest two months of the summer quarter 
(Ios2); ombrothermic index of the summer quarter (Ios3) and ombrothermic index of the four-month period (Ios4) for each 
one the taxon studied. Abbreviations: EC: Epipactis cardina, OBB: Ophrys bertolonii subsp. balearica, OC: Orchis cazorlensis, OSL: Ophrys 
speculum subsp. lusitanica, SPC: Serapias perez-chiscanoi.
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Mediterranean macrobioclimate characteristics, except in 
some places where E. cardina develops, which are Temperate 
macrobioclimate. This is consistent with the habitat descrip-
tion in dry mountain locations but some of the points achieve 
more precipitation and less temperature as can be seen 
in the values of Ios245,46.

The species with the most restrictive bioclimatic range is  
S. perez-chiscanoi (Figure 7), it grows in a strict summer 
drought, and it does not usually tolerate constant waterlogging  
for long periods of time. In addition, can only be found in  
low elevation47. Previous research establishes this species as 
Upper Mesomediterranean thermotype and Lower subhumid 
ombrotype48. Our research establishes a more detail biocli-
matic belts. Furthermore, if climatic conditions persist in the 
future as indicated by the IPCC49,50, this species could see its 
populations affected by climate change.

According to Continentality index, that reflects the amplitude  
of the annual oscillation of temperature36, results show 
(Figure 8) that the more continental species is E. cardina and 
the more oceanic one is Ophrys speculum subsp. lusitanica.

Finally, the qualitative bioclimatic characterisation was deter-
mined according to the bioclimatic classification outlined 
by Rivas-Martínez et al. (2011). As indicated in previous 
research51, we have specified the most common isobiocli-
mate in which a taxon develops. Brackets are used to denote 
situations where a taxon might occur in another isobioclimate 

on an ad hoc basis. Quantitative diagnoses include the low-
est value, the interquartile range (in bold and brackets) and 
the highest value for each measured variable.

Epipactis cardina
Mediterranean pluviseasonal oceanic and Temperate oceanic 
submediterranean semicontinental supramediterranean and 
supratemperate lower dry to upper subhumid

(Temperate oceanic semicontinental lower supratemperate 
from upper subhumid to lower humid)

T
avg

: 7.8 (9.8-13.3) 16.1; T
max

: 5.90 (16.9-20.3) 23.0; T
min

: -5.3  
(2.7-6.4) 9.3; Tp: 953.1 (1181.0-1603.7) 1936.0; Pp: 349.1 
(405.9-571.6) 668.9; Itc: 63.4 (123.8-219.7) 312.3; Ic: 17.4  
(18.9-20.2) 21.5; Io: 1.8 (2.5-4.9) 6.3; Ios

2
: 0.3 (0.5-1.3) 2.1;  

Ios
3
: 0.5 (0.7-1.8) 2.6; Ios

4
: 0.8 (1.1-2.5)3.5.

Ophrys speculum subsp. lusitanica
Mediterranean pluviseasonal oceanic subhyperoceanic 
to semicontinental lower thermomediterranean to upper 
mesomediterranean lower dry to upper humid

T
avg

: 14.8 (16.5-17.8) 19.1; T
max

: 19.5 (21.3-23.2) 26.0; T
min

: 
7.9 (11.2-12.7) 13.8; Tp: 884.0 (1046.0-1386.0) 1977.0; 
Pp: 454.0 (590.8-822.5) 1303.0; Itc: 261.0 (370.5-413.5) 
440.0; Ic: 9.4 (12.1-14.0) 20.4; Io: 2.1 (2.8-4.3) 7.0; Ios

2
: 0.1 

(0.1-0.3) 0.9; Ios
3
: 0.1 (0.2-0.5) 1.3; Ios

4
: 0.4 (0.5-1.2) 2.2.

Figure 8. Boxplots of Continentality index (Ic) and Positive precipitation (Pp) for each one of the taxon studied. Abbreviations: 
EC: Epipactis cardina, OBB: Ophrys bertolonii subsp. balearica, OC: Orchis cazorlensis, OSL: Ophrys speculum subsp. lusitanica, SPC: Serapias 
perez-chiscanoi.
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Ophrys bertolonii subsp. balearica
Mediterranean pluviseasonal oceanic and Mediterranean xeric 
oceanic weak euoceanic lower thermomediterranean to lower 
mesomediterranean upper semiarid to lower subhumid

T
avg

: 14.9 (17.4-17.8) 18.9; T
max

: 20.1 (21.6-23.0) 24.4; T
min

: 
10.5 (12.4-13.6) 14.3; Tp: 1785.0 (2086.9-2135.7) 2266.6; 
Pp: 412.3 (577.3-679.5) 752.8; Itc: 303.6 (380.9-395.4) 
417.8; Ic: 15.2 (15.4-15.9) 16.8; Io: 1.8 (2.7-3.2) 4.2; Ios

2
: 0.4 

(0.5-0.7) 0.9; Ios
3
: 0.4 (0.5-0.7) 1.0; Ios

4
: 0.5 (0.8-1.0) 1.4.

Orchis cazorlensis
Mediterranean pluviseasonal oceanic and Mediterranean plu-
viseasonal continental and Temperate oceanic submediterranean 
weak euoceanic to weak subcontinental mesomediterranean to 
supramediterranean and upper supratemperate lower dry to upper 
humid

T
avg

: 7.4 (10.3-12.4) 15.4; T
max

: 13.6 (16.8-18.6) 22.3; T
min

: 0.2 
(3.5-5.9) 10.2; Tp: 915.3 (1238.5-1485.8) 1845.0; Pp: 401.3 
(480.4-626.8) 966.0; Itc: 35.8 (141.4-202.1) 310.6; Ic: 15.2 
(18.5-19.3) 21.8; Io: 2.1 (3.3-5.2) 8.0; Ios

2
: 0.1 (0.4-1.2) 2.0; 

Ios
3
: 0.3 (0.7-1.6) 2.6; Ios

4
: 0.6 (1.2-2.3) 3.6.

Serapias perez-chiscanoi
Mediterranean pluviseasonal oceanic weak semihyperoceanic 
weak semicontinental and upper inframediterranean to upper 
mesomediterranean lower dry to lower subhumid.

T
avg

: 13.0 (17.0-17.62) 17.8; T
max

: 17.5 (23.0-24.2) 24.6; T
min

: 
2.8 (4.3-5.1) 11.4; Tp: 1558.0 (2043.1-2114.6) 2141.5; Pp: 
413.7 (554.0-589.6) 1191.0; Itc: 242.3 (354.2-375.4) 470.5; 
Ic: 11.5 (16.4-18.0) 18.9; Io: 2.1 (2.6-3.0)7.64; Ios

2
: 0.1 

(0.1-0.2) 0.8; Ios
3
: 0.3 (0.3-0.4) 1.45; Ios

4
: 0.7 (0.7-0.8) 2.43.

Phytosociological adscription and conservation status
The phytosociological description of the taxa studied is 
given in Table 5. Information of legal protection status 
and threat category is shown in Table 6.

These orchids live mainly in Mediterranean forests and scrub 
clearings of the classes Quercetea ilicis and Rosmarinetea  
officinalis, and only Serapias perez-chiscanoi has higher soil 
moisture requirements and is found in meadows and pastures  
of Molinio-Arrhenatheretea and Stipo-Agrostietea.

These plant communities are included in Annex I of Direc-
tive 92/43/EEC52, which obliges Member States to establish 
a network of special areas that guarantees their conservation 
or restoration to a favourable state52, with the following codes 
of Habitats of Community Interest (HICs): 9340-Quercus ilex 
and Q. rotundifolia forests, 5330-Mediterranean scrub and 
thymes, 6420-Mediterranean tall humid grasslands of the 
Molinio-Holoschoenion, and 6220*-Mediterranean xerophytic 
perennial and annual grasslands. The last one has the category 
of Priority Natural Habitat.Molinio-Holoschoenion, and 6220*-
Mediterranean xerophytic perennial and annual grasslands. 
The last one has the category of Priority Natural Habitat.

All taxa are legally protected at regional level apart from 
Ophrys bertolonii subsp. balearica. The orchids Orchis 
cazorlensis and Serapias perez-chiscanoi are listed as endan-
gered (category of “In danger of extinction”) in some Spanish 
territories such as the Balearic Islands, Catalonia, the Basque 
Country, or Extremadura. None of them are legally protected at 
national or European level.

Furthermore, all of them are included in a regional or national 
Red List. However, two of them (Epipactis cardina and  

Table 5. Phytosociological adscription of the studied endemic orchids.

Taxon Phytosociological adscription Ecology

Epipactis cardina Quercetea ilicis Br.-Bl. ex A. & O. Bolòs 1950 Rosmarinetea 
officinalis  
Rivas-Martínez, T.E. Díaz, F. Prieto, Loidi & Penas 2002

Pine forests and sclerophyllous 
scrubland, on dry and preferably 
basic soils.

Ophrys bertolonii 
subsp. balearica

Querco rotundifoliae-Oleion sylvestris Barbero, Quézel 
& Rivas-Martínez in Rivas-Martínez, Costa & Izco 1986 
(Quercetea ilicis Br.-Bl. ex A. & O. Bolòs 1950)

Mediterranean Scrubland and 
forest glades

Ophrys speculum 
subsp. lusitanica

Rosmarinetea officinalis Rivas-Martínez, T.E. Díaz, F. Prieto, 
Loidi & Penas 2002

Scrub and grassland on stony 
soils

Orchis cazorlensis Quercetea ilicis Br.-Bl. ex A. & O. Bolòs 1950 Rosmarinetea 
officinalis Rivas-Martínez, T.E. Díaz, F. Prieto, Loidi & 
Penas 2002

Mediterranean Scrubland and 
forest glades

Serapias perez-
chiscanoi

Holoschoenetalia vulgaris Br.-Bl. ex Tchou 1948 (Molinio 
caeruleae-Arrhenatheretea elatioris Tüxen 1937) 
Agrostion castellanae Rivas Goday ex Rivas-Martínez, 
Costa, Castroviejo & E. Valdés 1980 (Stipo giganteae-
Agrostietea castellanae Rivas-Martínez, Fernández 
González & Loidi 1999)

Meadows and pastures with 
certain soil moisture
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Table 6. Conservation status and threat category of the studied endemic orchids.

Taxon Legal protection status IUCN category

Epipactis cardina Protected at regional level by Murcia legislation with the 
category “Of Special Interest”53

Included in the regional Red Lists of 
Murcia54 and Catalonia as Data Deficient 
(DD)55

Ophrys bertolonii 
subsp. balearica

Not legally protected Included in the regional Red List of the 
Balearic Islands as Least Concern (LC)56

Ophrys speculum 
subsp. lusitanica

Protected at regional level by Andalusian legislation as 
“Vulnerable”57

Included in the regional Red List of 
Andalusia as Data Deficient (DD)58

Orchis cazorlensis Protected at regional level by the legislation of the Balearic 
Islands (“In danger of extinction”)59,60, Catalonia (“In 
danger of extinction”)61, Castilla y León (“Of preferential 
attention”)62, Murcia (“Vulnerable”)53 and the Basque 
Country (“In danger of extinction”)63

Included in the regional Red Lists of 
Baleares as Vulnerable (VU)64, Catalonia 
as Critically Endangered (CR)64, Murcia as 
Vulnerable (VU)65] and Basque Country as 
Critically Endangered (CR)66

Serapias perez-
chiscanoi

Protected at regional level by Extremadura legislation with 
the category of “In danger of extinction”67,68

Included in the Red List of Spanish Flora 
as Near Threatened (NT)69, and in the Red 
List of the vascular flora of continental 
Portugal as Endangered (EN)70

O. speculum subsp. lusitanica) are listed in the DD category, 
which implies that more knowledge is needed to assign them  
(or not) a threat category. Others are in non-threatened IUCN 
categories such as NT (S. perez-chiscanoi) or LC (O. bertolonii 
subsp. balearica) and others are in IUCN threatened cat-
egories (VU, EN and CR). Of particular concern is the case 
of Orchis cazorlensis in the Basque Country and Catalonia 
where it is classified as CR. Only S. perez-chiscanoi appears on 
the national Red Lists of Spain and Portugal, in the latter case 
with the category EN.

Conclusions
Detailed mapping and biogeographical characterisation iden-
tified specific regions of endemism for each species, pro-
viding valuable insights into their distribution patterns. The  
proposed rules for biogeographical characterisation provided a 
systematic approach that increased the precision of the defini-
tion of their endemic areas. Bioclimatic analyses revealed dif-
ferent climatic preferences, shedding light on their ecological 
niches and phytosociological patterns. These results lead to the 
following conclusions:

- The orchids Epipactis cardina, Ophrys bertolonii subsp. 
balearica, Ophrys speculum subsp. lusitanica, Orchis cazorlen-
sis and Serapias perez-chiscanoi, represent unique and diverse 
taxa within the Iberian Peninsula and the Balearic Islands.

- Biogeographical characterisations reveal the complex rela-
tionships between these taxa and their respective regions, indi-
cating their adaptability to local environmental conditions. In 
addition, the biogeographical maps illustrate the specific dis-
tribution patterns of these orchids, providing insights into their 
geographical ranges.

- The proposed criteria for the biogeographical charac-
terisation of taxa are objective, useful and relevant both for  
endemics from very localised and restricted areas, such as 
Ophrys bertolonii subsp. balearica, and for those with a wider  

distribution, as is the case of Orchis cazorlensis and Ophrys  
speculum subsp. lusitanica. Understanding their biogeo-
graphical distribution and ecological requirements is crucial  
for their conservation in Mediterranean forests.

- In terms of precipitation, annual ombrothermic index (Io) 
results highlight the diverse ombric tolerances of these spe-
cies, with Orchis cazorlensis showing the widest range, thriving  
from dry to humid environments.

- Serapias perez-chiscanoi emerges as the most sensitive spe-
cies, restricted to severe summer drought conditions and lower 
elevations, making it vulnerable to future climate change impacts. 
This sensitivity to climatic factors, including drought, under-
lines the vulnerability of this species within Mediterranean  
forests to changing climate patterns.

- The habitat of these endemic orchids is mainly linked to  
Mediterranean scrubs and forests, and to a lesser extent to  
grasslands and pastures (classes Quercetea ilicis, Rosmarinetea  
officinalis, Molinio-Arrhenatheretea and Stipo-Agrostietea).

- All the orchids studied are part of the Habitats of Community  
Interest (HICs) and, in the case of Serapias perez-chiscanoi,  
it is also a Priority Natural Habitat. This reinforces the need to 
conserve these species and plant communities in which they  
develop.

- In the case of Orchis cazorlensis, despite regional legal pro-
tection, its Critically Endangered (CR) status on the Red 
Lists of certain regions raises alarm about the immediate 
threats it faces. It is also important to note the case of Serapias  
perez-chiscanoi, listed as Endangered (EN) in the Portuguese  
Red List. Urgent conservation efforts are therefore essential. In 
addition, Epipactis cardina and Ophrys speculum subsp. lusi-
tanica are listed as Data Deficient (DD) on the regional Red  
Lists, requiring immediate comprehensive surveys to determine  
its population size, habitat health and potential threats.
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This research will allow greater prospection to obtain a more 
reliable knowledge of the species studied in the Mediterra-
nean forests, scrubs and grasslands of the Iberian Peninsula  
and the Balearic Islands. It is worth noting the support that 
this type of study can bring together to improve the data  
available to environmental management professionals. In 
this regard, the comprehensive biogeographical, phytoso-
ciological, and bioclimatic characterisation of these taxa will  
provide the basis for appropriate decisions on the manage-
ment measures necessary for their protection and for the 
possible updating of their conservation status, especially  
those focused on the conservation of endemic taxa.

Data availability
Zenodo: Data for the research: Detailed biogeographical  
mapping as a useful novel tool for the conservation of endemic 
taxa: a case of study for Iberian orchids. https://doi.org/10.5281/
zenodo.1332427371,

The project contains the following underlying data.

•	 File name: RData

•	 File name: - Rhistory-

•	 File name: DBioclimendem.xlsx

•	 File name: - Endem.xlsx

•	 File name: Endemismos nuevo boxplot.R

•	 File name: Endemismos21.R

Data are available under Creative Commons Attribution 4.0  
International

Extended data
Zenodo: Data for the research: Detailed biogeographical map-
ping as a useful novel tool for the conservation of endemic taxa:  
a case of study for Iberian orchids. 10.5281/zenodo.1332427271

The project contains the following extended data.

•	 File name- Annex1ProyectFloraEndemicDistrict.pdf

Data are available under Creative Commons Attribution 4.0  
International
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This study, focused on wild orchids, presents a new and interesting tool for the biogeographical 
characterization of endangered species. This methodology jointly identifies the biogeographical 
distribution, bioclimatology, and phytosociological classification as well as Habitats 92/43 for 
species of interest, specifically tested here with five endemic orchids from the Iberian Peninsula 
and Balearic Islands. 
The concept is innovative, and the study demonstrates its potential as an additional system for 
species conservation. In addition, detailed bioclimatological and phytosociological data have led to 
a more robust classification. The proposed criteria for biogeographical classification are well-
designed and follow coherent hierarchical steps. This methodology can be easily reproduced for 
other endangered plant species and even for Habitats of Community Interest, protected by the 
European Directive. In this context, the 11 biogeographical regions defined by the European 
Commission could be enhanced with a more detailed classification based on local or regional data, 
as demonstrated for orchids in the Iberian Peninsula and Balearic Islands in the present study. In 
summary, data on biogeography, bioclimatology, and phytosociology-habitats are crucial for 
developing any recovery/conservation plan and/or to improve red lists or books of threatened 
species. The combination of these data along with a proposed nomenclature for distribution 
allows for a more accurate understanding of the plant species of interest. 
Regarding the data presented, the structure and format are appropriate; the document is easy to 
follow, and the conclusions are clear and concise. The structure of the article is correct and 
readable. Overall, all sections are accurate, and the holistic approach to studying plant distribution 
is very positive. 
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them are found in Habitats of Community Interest (HCI). Unfortunately, many species exist outside 
of HCI and even Natura 2000 areas. 
Habitat 92/43 that generally contains the orchids is explicitly not a type of forest but rather 
grasslands (it is also a priority habitat): “6210 Semi-natural dry grasslands and scrubland facies on 
calcareous substrates (Festuco-Brometalia) (* sites with notable presence of orchids).” Throughout 
the article, it appears that the forest ecosystem in general is considered the most important for 
this type of plants in Iberia.

Plain Language Summary:○

Caution: The Balearic Islands are part of Spain.
Introduction:○

End of the first paragraph: It would be better to say "…reshaping Mediterranean ecosystem 
distribution" instead of "…reshaping Mediterranean ecosystem." 
This phrase may lead to an environmental conflict because introduction is usually applied to alien 
species that are foreign to the natural composition of forests (“…introducing resilient species”): 
“Proposed strategies to achieve this include promoting mixed stands and the resilience of species, 
and reducing tree density 7,9.” 
This recent reference does not appear in the work and is important because it partially aligns with 
its biogeographical objective and is globally relevant: “Yajun Wang et al. 2024. Progress in 
systematics and biogeography of Orchidaceae. Plant Diversity 46 (2024) 425-434.” 
Regarding the use of biogeographic methodology (Rivas Martínez et al., 2007), it should be 
emphasized as significant in its corresponding section that the biogeographic identification of a 
species does not only produce chorological data but also assigns properties related to the physical 
environment, some of which were not studied in this work, such as lithology, soils, succession 
dynamics, and land use. [Rivas-Martínez, S. et al. (2007) Map of series, geoseries, and 
geopermaseries of vegetation in Spain. Report on the Potential Vegetation Map of Spain. Part I. 
Itinera Geobotanica. 17, 5-436.] 
Regarding the phrase: “The names of the biogeographical units are given on the basis of known 
geographical, orographic or historical terms”. I believe it would be more accurate to state that 
these are existing place names that have been declined. Place names are assigned through 
standardized methodology for cartography, at least in Spain. 
Why were these five species chosen? It seems they were selected due to being Iberian endemics; 
however, this is not clearly stated in the text. Please specify that testing endemics better validates 
the methodology for using the peninsula as a study area. 
When citing threat status, include abbreviations in the text; e.g., “In danger of extinction” should 
be noted as (EN). 
The first conclusion may not be necessary since it is implied that endemic orchids represent 
unique and diverse taxa within the Iberian Peninsula and Balearic Islands: “represent unique and 
diverse taxa within the Iberian Peninsula and Balearic Islands.” 
Regarding Serapias, it seems more appropriate to discuss conditionally that it could be affected by 
climate change according to IPCC scenarios. However, this effect appears more likely in those 
orchids with narrower bioclimatic ranges across all studied parameters.

Methods, Data compilation.○

Please could you change "Excel data-base" by "Excel file"? It refers to a spreadsheet program 
rather than a database management system. In the same paragraph, could you also provide the 
proper reference for Flora Iberica? It is listed as number 11 in the bibliography. 
Regarding the WorldClim database, it is well-known and widely used by the scientific community. 
However, the authors should include the following reference alongside the link, as proposed in 
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the web site: Fick, S.E. and R.J. Hijmans, 2017. WorldClim 2: new 1 km spatial resolution climate 
surfaces for global land areas. International Journal of Climatology 37 (12): 4302-4315.

Phytosociological adscription and conservation status:○

In the second paragraph: ‘…regional, national or international levels’ instead ‘…regional, national 
or international level’.

Results and discussion:○

Please, review some ‘subsp.’ written in italics in the caption of the Results and discussion section.
Phytosociological adscription and conservation status:○

In the third paragraph, please review the last sentence; it seems that something is repeated.
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biogeographical characterization of endangered species. This methodology jointly identifies 
the biogeographical distribution, bioclimatology, and phytosociological classification as well 
as Habitats 92/43 for species of interest, specifically tested here with five endemic orchids 
from the Iberian Peninsula and Balearic Islands. The concept is innovative, and the study 
demonstrates its potential as an additional system for species conservation. In addition, 
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detailed bioclimatological and phytosociological data have led to a more robust 
classification. The proposed criteria for biogeographical classification are well-designed and 
follow coherent hierarchical steps. This methodology can be easily reproduced for other 
endangered plant species and even for Habitats of Community Interest, protected by the 
European Directive. In this context, the 11 biogeographical regions defined by the European 
Commission could be enhanced with a more detailed classification based on local or 
regional data, as demonstrated for orchids in the Iberian Peninsula and Balearic Islands in 
the present study. In summary, data on biogeography, bioclimatology, and phytosociology-
habitats are crucial for developing any recovery/conservation plan and/or to improve red 
lists or books of threatened species. The combination of these data along with a proposed 
nomenclature for distribution allows for a more accurate understanding of the plant species 
of interest. Regarding the data presented, the structure and format are appropriate; the 
document is easy to follow, and the conclusions are clear and concise. The structure of the 
article is correct and readable. Overall, all sections are accurate, and the holistic approach to 
studying plant distribution is very positive. 
Author Response: 
Dear Reviewers, we are very grateful for your thorough evaluation of this paper. Your 
constructive feedback and suggestions have provided valuable guidance that has 
significantly improved both the clarity and quality of our work. We have carefully considered 
each of your comments, which are addressed individually in the blue text below. 
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I believe that "Many Iberian orchids occur…" is preferable to "Iberian orchids occur…" as not 
all of them are found in Habitats of Community Interest (HCI). Unfortunately, many species 
exist outside of HCI and even Natura 2000 areas. 
Habitat 92/43 that generally contains the orchids is explicitly not a type of forest but rather 
grasslands (it is also a priority habitat): “6210 Semi-natural dry grasslands and scrubland 
facies on calcareous substrates (Festuco-Brometalia) (* sites with notable presence of 
orchids).” Throughout the article, it appears that the forest ecosystem in general is 
considered the most important for this type of plants in Iberia. Thank you, reviewer, we 
have modified the wording in the text to give importance to grasslands as well.

Plain Language Summary:○

Caution: The Balearic Islands are part of Spain. 
Author Response: 
Thank you, reviewer, we have changed the text as “grow in certain parts of Spanish 
Peninsula and the Balearic Islands” 
 
Reviewer Comments:

Introduction:○

End of the first paragraph: It would be better to say "…reshaping Mediterranean ecosystem 
distribution" instead of "…reshaping Mediterranean ecosystem." 
This phrase may lead to an environmental conflict because introduction is usually applied to 
alien species that are foreign to the natural composition of forests (“…introducing resilient 
species”): “Proposed strategies to achieve this include promoting mixed stands and the 
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resilience of species, and reducing tree density 7,9.” Authors agreed and we have modified 
the first two paragraph to address your comments, please see in the final version of the 
manuscript. 
This recent reference does not appear in the work and is important because it partially 
aligns with its biogeographical objective and is globally relevant: “Yajun Wang et al. 2024. 
Progress in systematics and biogeography of Orchidaceae. Plant Diversity 46 (2024) 425-
434.” 
 Author Response: 
Thank you, reviewer, we have added that new research [30] that was published after we had 
finished this research. 
 
Reviewer Comments: 
Regarding the use of biogeographic methodology (Rivas Martínez et al., 2007), it should be 
emphasized as significant in its corresponding section that the biogeographic identification 
of a species does not only produce chorological data but also assigns properties related to 
the physical environment, some of which were not studied in this work, such as lithology, 
soils, succession dynamics, and land use. [Rivas-Martínez, S. et al. (2007) Map of series, 
geoseries, and geopermaseries of vegetation in Spain. Report on the Potential Vegetation 
Map of Spain. Part I. Itinera Geobotanica. 17, 5-436.] 
Author Response: 
We appreciate the reviewer's valuable point about the wider implications of biogeographic 
methodology. In response, we have included a clarification in the relevant section to 
emphasise that the biogeographic identification of species provides not only chorological 
data, but also valuable insights into properties of the physical environment, such as 
lithology, soils, successional dynamics and land use. Although these aspects were beyond 
the scope of this study, we recognise their importance and potential for future research. A 
reference to Rivas-Martínez et al. (2007) has been retained to highlight these additional 
dimensions and their importance. 
 
Reviewer Comments: 
Regarding the phrase: “The names of the biogeographical units are given on the basis of 
known geographical, orographic or historical terms”. I believe it would be more accurate to 
state that these are existing place names that have been declined. Place names are 
assigned through standardized methodology for cartography, at least in Spain. 
Author Response: 
We appreciate the reviewer's comment on the wording. To ensure accuracy and consistency 
with cartographic standards, we have revised the text to clarify that the names of the 
biogeographical units are based on existing place names that have been assigned using a 
standardised methodology for cartography in Spain. The updated wording reflects this 
point and ensures consistency with established practice.   
 
Reviewer Comments: 
Why were these five species chosen? It seems they were selected due to being Iberian 
endemics; however, this is not clearly stated in the text. Please specify that testing endemics 
better validates the methodology for using the peninsula as a study area. 
Author Response: 
Thank you, we write a sentence in section 2 Methods, to make it clearer as follows: “These 
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five species were specifically chosen because they are Iberian endemics, making them ideal 
candidates to validate the biogeographical methodology and demonstrate the suitability of the 
Iberian Peninsula and the Balearic Islands as a representative study area for this type of 
research". 
 
Reviewer Comments: 
When citing threat status, include abbreviations in the text, e.g., “In danger of extinction” 
should be noted as (EN). 
Author Response: 
Thank you, authors state not right to abbreviate that term, because that abbreviation is 
used only when we are talking about IUCN categories (Red Lists/Red Books). EN would be 
the abbreviation of the IUCN category ‘Endangered’ (it appears for example in the IUCN 
category column of that table), but it does not correspond to the categories of the 
legislations, where the full term must be kept (as the meaning is not the same in both cases, 
‘Endangered’ of the IUCN (which is abbreviated as EN) is not the same as ‘In danger of 
extinction’ of the corresponding autonomous legislation). Therefore, they shouldn´t be 
abbreviated either in the table or in the text. When they can be abbreviated, they already 
are (column IUCN category of the same table 6 and second paragraph after the table). 
 
Reviewer Comments: 
The first conclusion may not be necessary since it is implied that endemic orchids represent 
unique and diverse taxa within the Iberian Peninsula and Balearic Islands: “represent 
unique and diverse taxa within the Iberian Peninsula and Balearic Islands.” 
Regarding Serapias, it seems more appropriate to discuss conditionally that it could be 
affected by climate change according to IPCC scenarios. However, this effect appears more 
likely in those orchids with narrower bioclimatic ranges across all studied parameters. 
Author Response: 
Thank you, reviewer for your comments.  We have changed in the text the wording to clarify 
the ideas in those two conclusions. 
 
Reviewer Comments:

Methods, Data compilation.○

Please could you change "Excel data-base" by "Excel file"? It refers to a spreadsheet 
program rather than a database management system. In the same paragraph, could you 
also provide the proper reference for Flora Iberica? It is listed as number 11 in the 
bibliography. 
Regarding the WorldClim database, it is well-known and widely used by the scientific 
community. However, the authors should include the following reference alongside the link, 
as proposed in the web site: Fick, S.E. and R.J. Hijmans, 2017. WorldClim 2: new 1 km spatial 
resolution climate surfaces for global land areas. International Journal of Climatology 37 
(12): 4302-4315. 
Author Response: 
Thank you, reviewer, we have modified your comments in the text, please see section 2. 
Methods in the final version of the manuscript 
 
Reviewer Comments:
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Phytosociological adscription and conservation status:○

In the second paragraph: ‘…regional, national or international levels’ instead ‘…regional, 
national or international level’. 
Author Response: 
We have modified that issue. 
 
Reviewer Comments:

Results and discussion:○

Please, review some ‘subsp.’ written in italics in the caption of the Results and discussion 
section. 
Author Response: 
Thank you, reviewer, we have modified the format of some subsp. That were in italics in the 
text. 
 
Reviewer Comments

Phytosociological adscription and conservation status:○

In the third paragraph, please review the last sentence; it seems that something is 
repeated. 
Author Response: 
Thank for your appraisal, que have modified the repetition  

Competing Interests: No competing interests were disclosed.
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Carlos José Pinto Gomes  
Environment and Planning, Institute for Mediterranean Agrarian and Environmental Sciences 
(ICAAM), School of Science and Technology,, University of Évora (Portugal),, Évora, Portugal 

This work highlights the importance of utilizing biogeographic units (district level), supported by 
bioclimatology and phytosociology, in the conservation of the orchids addressed in this study. 
Overall, the Introduction section is well written and informative. However, in the second 
paragraph, clarification is suggested regarding “reducing tree density.” How does lower tree 
density contribute to the resilience of forests? 
In the last sentence of the Introduction, why is the phrase in the singular? “This species” should be 
replaced with “these species.” 
At the end of the Introduction, the authors clearly present the objectives of the study. 
The Methodology is well suited to the objectives defined by the authors. 
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The Results and Discussion are presented very clearly and do not raise any doubts. 
This work should be regarded as a reference for future studies that address plants, communities, 
and habitats of significant community interest.
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and does the work have academic merit?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: This work highlights the importance of utilizing biogeographic units (district 
level), supported by bioclimatology and phytosociology, in the conservation of the orchids 
addressed in this study. Overall, the Introduction section is well written and informative. However, 
in the second paragraph, clarification is suggested regarding “reducing tree density.” How does 
lower tree density contribute to the resilience of forests? In the last sentence of the Introduction, 
why is the phrase in the singular? “This species” should be replaced with “these species.” At the 
end of the Introduction, the authors clearly present the objectives of the study. The Methodology 
is well suited to the objectives defined by the authors. The Results and Discussion are presented 
very clearly and do not raise any doubts. This work should be regarded as a reference for future 
studies that address plants, communities, and habitats of significant community interest.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.

Author Response 17 Jan 2025
Alejandro González Pérez 

Reviewer Expertise -  
 
This work highlights the importance of utilizing biogeographic units (district level), 
supported by bioclimatology and phytosociology, in the conservation of the orchids 
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addressed in this study. Overall, the Introduction section is well written and informative. 
However, in the second paragraph, clarification is suggested regarding “reducing tree 
density.” How does lower tree density contribute to the resilience of forests? In the last 
sentence of the Introduction, why is the phrase in the singular? “This species” should be 
replaced with “these species.” At the end of the Introduction, the authors clearly present the 
objectives of the study. The Methodology is well suited to the objectives defined by the 
authors. The Results and Discussion are presented very clearly and do not raise any doubts. 
This work should be regarded as a reference for future studies that address plants, 
communities, and habitats of significant community interest. 
 
Author Response - 
 
Thank you, reviewer, for taking the time to assess this paper. Your insights and suggestions 
have been extremely helpful. Your expertise and guidance have made a significant 
difference in the quality of the paper. Besides, your feedback has been invaluable in helping 
us to improve our writing and the comments to do so. Each of them is answered point by 
point in blue below. 
 
The second paragraph, clarification is suggested regarding “reducing tree density.” How 
does lower tree density contribute to the resilience of forests? The authors agree with you 
and the sentence has been addressed as “reducing tree density to decrease competition for 
water and nutrients during dry periods, and introducing resilient species to drought” and 
we have included two new citations: 
 
1) Zamora-Pereira, J.C., Yousefpour, R., Cailleret, M. et al. Magnitude and timing of density 
reduction are key for the resilience to severe drought in conifer-broadleaf mixed forests in 
Central Europe. Annals of Forest Science 78, 68 (2021). https://doi.org/10.1007/s13595-021-
01085-w 
 
2) Cavender-Bares, J., Grossman, J. J., Guzmán Q., J. A., Hobbie, S. E., Kaproth, M. 
A., Kothari, S., Lapadat, C. N., Montgomery, R. A., & Park, M. (2024). Forest and Biodiversity 
2: A tree diversity experiment to understand the consequences of multiple dimensions of 
diversity and composition for long-term ecosystem function and resilience. Methods in 
Ecology and Evolution, 15, 2400–2414. https://doi.org/10.1111/2041-210X.14435 
 
- In the last sentence of the Introduction, why is the phrase in the singular? “This species” 
should be replaced with “these species.”. 
 
Thank you, reviewer, we have modified that word in the text  

Competing Interests: No competing interests were disclosed.
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