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Climate change affects populations of plants, animals, and fungi not only by

direct modifications of their climatic niches but also by altering their ecological

interactions. In this study, the future distribution of suitable habitats for the

small-white orchid (Pseudorchis albida) was predicted using ecological niche

modeling. In addition, the effect of global warming on the spatial distribution

and availability of the pollen vectors of this species was evaluated. Due to the

inconsistency in the taxonomic concepts of Pseudorchis albida, the differences

in the climatic preferences of three proposed subspecies were investigated.

Due to the overlap of both morphological and ecological characters of

ssp. albida and ssp. tricuspis, they are considered to be synonyms, and the

final analyses were carried out using ssp. albida s.l. and ssp. straminea. All of the

models predict that with global warming, the number of suitable niches for

these orchids will increase. This significant increase in preferred habitats is

expected to occur in Greenland, but habitat loss in continental Europe will be

severe. Within continental Europe, Pseudorchis albida ssp. albidawill lose 44%–

98% of its suitable niches and P. albida ssp. straminea will lose 46%–91% of its

currently available habitats. An opposite effect of global warming was predicted

for pollinators of P. albida s.l., and almost all insects studied will be subject to

habitat loss. Still, within the predicted potential geographical ranges of the

orchid studied, some pollen vectors are expected to occur, and these can

support the long-term survival of the small-white orchid.
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1 Introduction

The sole representative of the genus Pseudorchis Ség., the

small-white orchid (Pseudorchis albida (L.) Á. Löve and D. Löve),

is a tuberous perennial geophyte growing in most of Europe and

northern Asia from Spain and Iceland to northwest Siberia

(Jersáková et al., 2011). This species is variable within its

geographical range, and the morphological differences

prompted taxonomists to divide P. albida into three

subspecies: ssp. albida, ssp. straminea (Fern.) Ä. Löve and D.

Löve, and ssp. tricuspis (Beck) Klein (Figure 1; Reinhammar,

1998; Klein, 2000; Jersáková et al., 2011). However, the

recognition of these taxa is still debated. Reinhammar (1995,

1998) recognized two species in the genus Pseudorchis, with

moderate morphometric support. The studies on their allozymes

also indicate that it is reasonable to accept the species status of the

lowland to subalpine P. albida s.s., and alpine P. straminea

(Reinhammar and Hedren, 1998). Klein (2000) accepted three

subspecies of P. albida: ssp. tricuspis (calcicolous, with an

alpine–boreal distribution), ssp. albida (acidophilous, with

alpine–temperate–boreal distribution), and ssp. straminea

(basiphilous, with west Arctic–north Atlantic distribution).

Jersáková et al. (2011) considered that the taxa of Pseudorchis

characterized by differences in distribution are not well-defined

and accept the broad concept of P. albida s.l. On the other hand,

Bateman et al. (2017) recognized Pseudorchis albida and P.

straminea as separate species, pointing out morphological

features and molecular divergence (ITS) sufficient for species-

level distinction. The same authors rejected the separateness of P.

tricuspis due to overlap in supposedly taxonomically useful

characters with P. albida and P. straminea (Bateman et al.,

2017). Considering the differences in the taxonomic approach,

it was decided to accept all taxa as subspecies in this ecological

study. The results of the analyses can be used in further

taxonomic studies on Pseudorchis.

Pseudorchis albida ssp. albida occurs in areas with a

boreal–montane climate and is found from United Kingdom

across Scandinavia to the northern Urals in the European part of

Russia as well as in mountain ranges from Spain across the Alps

to the Eastern Carpathians (Jersáková et al., 2011). Pseudorchis

albida ssp. straminea is restricted to areas with a west

Arctic–north Atlantic climate (Iceland, Faroes, Greenland, and

Scandinavia; Jersáková et al., 2011), and Pseudorchis albida

ssp. tricuspis is restricted to alpine–boreal areas (Swiss, Italian

and Austrian Alps, Tatra Mountains, and Eastern Carpathian;

Jersáková et al., 2011).

Populations of small-white orchid reproduce mainly sexually

(Jersáková et al., 2011), and vegetative propagation by tubers

contributes little to population growth (Summerhayes, 1951). As a

species that provides a nectar reward, several species of Lepidoptera

(Claessens andKleynen, 2011) are reported pollinators of Pseudorchis

albida.More recently, Jersáková et al. (2011) also reported species of

Empis (Diptera) as diurnal pollen vectors.

In terms of anthropogenic threats, P. albida is endangered by

agricultural development and afforestation (Reinhammar et al.,

2002; Foley and Clarke, 2005; Forbes and Northridge, 2012).

Reduction in traditional mowing and grazing has resulted in it

being overgrown by more competitive species (Reinhammar

et al., 2002; Holland et al., 2008). On the other hand, reduced

seed set and recruitment can result from over-grazing (Duffy

et al., 2009; Jersáková et al., 2011). The effect of global warming

on this species is yet to be evaluated.

According to the IUCNRed List, Pseudorchis albida is assessed

as a species of least concern because it is rather widespread

(Rankou, 2011). However, due to a considerable decline in its

distribution, it is currently considered to be critically endangered in

Greece (small population found by Tsiftsis and Antonopoulos,

2011), vulnerable in Great Britain (Cheffings and Farrell, 2005)

and Bulgaria (Petrova and Vladimirov, 2009), endangered in

Ireland (Curtis and McGough, 1988), Czech Republic (Holub

and Procházka, 2000), Germany (Ludwig and Schnittler, 1996),

and Sweden (Gärdenfors, 2010), and near threatened in Norway

(Artsdatabanken, 2010) and Poland (Kaźmierczakowa et al., 2016).

It is also protected in many European countries (Reinhammar

et al., 2002; Bilz et al., 2011), e.g., Poland (Kaźmierczakowa et al.,

2016), Czech Republic (Danihelka et al., 2012), Denmark

(Damgaard et al., 2020), Romania (Sârbu et al., 2020), Ukraine

(Kricsfalusy et al., 1999, 2010), Slovakia (Turis et al., 2014),

Norway (subordinate agency, 2022), Sweden

(Naturva˚rdsverket, 2022), Austria (Zulka et al., 2001; Jersáková

et al., 2011), Germany (Jersáková et al., 2011), Switzerland

(Jersáková et al., 2011), and Italy (Jersáková et al., 2011).

This study aimed to estimate the effect of global warming on

the distribution of climatic niches suitable for P. albida s.l. Since

this orchid relies mainly on sexual reproduction, the effect of

climate change was also evaluated for the pollinators of this

orchid. To improve the estimates and because the taxonomic

separateness of P. albida ssp. tricuspis is questioned by some

authors (Bateman et al., 2017), the differences in the preferred

climatic niches of the three-known subspecies of P. albida were

evaluated in order to assess their ecological distinctiveness.

2 Materials and methods

2.1 List of localities

The databases of localities of Pseudorchis albida s.l. in

continental Europe as well as records of pollinators of this

orchid were compiled based on information in public facilities

accessed through the Global Biodiversity Information Facility

(GBIF 2020; Supplementary Table S1). The information on

pollen vectors was obtained from previous reports on

pollination of P. albida by Claessens and Kleynen (2011) and

Jersáková et al. (2011). There was an insufficient number of

occurrences for Empis bistortae Meigen, 1822 for performing an
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analysis for this insect. From a total of 4518 localities for

Pseudorchis albida (ssp. albida—316, ssp. straminea—4170,

and tricuspis—32) and 69424 for insects (Chrysoteuchia

culmella (Linnaeus, 1758)—46299, Crambus ericella (Hübner,

1813)—1098, Crambus pascuella L.—4032, Plutella xylostella

(Linnaeus, 1758)—17643, and Udea uliginosalis (Stephens,

1834)—352) available in the repositories, only records that

were georeferenced with a minimum of 1 km precision were

selected. To reduce sampling bias, spatial thinning was carried

out using SDMtoolbox 2.3 for ArcGIS (Kremen et al., 2008;

Brown, 2014). The data were rarified by designating a minimal

distance of 5 km for calculating climatic habitat heterogeneity.

The final database included 28 localities for P. albida ssp. albida,

414 for P. albida ssp. straminea, 11 for P. albida ssp. tricuspis

(Supplementary Data Sheet S1), and 3694 for its pollinators

(Chrysoteuchia culmella—1472, Crambus ericella—249,

Crambus pascuella—707, Plutella xylostella—1244, and Udea

uliginosalis—22; Supplementary Data Sheet S2).

2.2 Principal component analysis

Principal components analysis (PCA) was used to evaluate

the differences between populations of P. albida ssp. straminea,

P. albida ssp. albida, and P. albida ssp. tricuspis based on

19 bioclimatic variables from WorldClim v. 2.1 (Table 1; Fick

and Hijmans, 2017). Calculations were carried out using the

software package Statistica PL. ver. 13.3 (StatSoft Inc. 2011). The

data matrix was transformed (square root) before carrying out

the ordination analysis.

2.3 Ecological niche modeling

The modeling of the current and future distribution of the

species studied was carried out using the maximum entropy

method implemented in MaxEnt version 3.3.2 (Phillips et al.,

2004, 2006; Elith et al., 2011) based on presence-only

FIGURE 1
Photographs of the small-white orchid in its natural habitat. Pseudorchis albida ssp. albida in Rhön, Germany (A), and Zillertal Alps, Austria [(B);
photographer: Marco Klüber/www.m-klueber.de], Pseudorchis albida ssp. straminea in Newfoundland, Canada [(C,D); photographer: James
Fowler], and Pseudorchis albida ssp. tricuspis on Mt. Mangart, Julian Alps, Slovenia [(E,F); photographer: Amadej Trnkoczy].
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observations. For the modeling, bioclimatic variables in 30 arc-

seconds of the interpolated climate surface downloaded from

WorldClim v. 2.1 were used (Fick and Hijmans, 2017). Nine of

19 variables were removed from the analyses due to their high

correlation with other variables as indicated by Pearson’s

correlation coefficient (Table 1; Supplementary Data Sheet S3)

computed using SDMtoolbox 2.3 for ArcGIS (Kremen et al.,

2008; Brown, 2014). Because some previous studies (Barve et al.,

2011) suggest that modeling based on data for a restricted area is

more reliable than calculating habitat suitability at a global scale,

the area included in the analysis was restricted to 84.65–34.43˚N

and 74.65˚W–45.43˚E. Since this study investigated the effect of

climate change on the distribution of the species and soil

characteristics have little effect on models of Australian

terrestrial orchid, Leporella fimbriata (Kolanowska et al.,

2021a), we did not use these variables in the analyses.

Predictions of the future extent of the climatic niches of P.

albida and its pollinator in 2080–2100 were made using climate

projections developed by the CNRM/CERFACS modeling group

for the coupled model intercomparison project (CNRM–CM6-1)

for four shared socio-economic pathways (SSPs; O’Neill et al.,

2014): SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5. The layers in

2.5 arc-minutes were re-scaled to fit bioclimatic variables. SSPs

are trajectories adopted by the Intergovernmental Panel on

Climate Change (IPCC), which provide a broader view of a

“business as usual” world without a climate policy, with global

warming in 2100 ranging from a low of 3.1°C to a high of 5.1°C

above pre-industrial levels (O’Neill et al., 2014).

In all the analyses, the maximum number of iterations was set

to 10000 and that of convergence threshold to 0.00001. The

neutral (= 1) regularization multiplier value and auto features

were used. All samples were added to the background. The

“random seed” option, which provided a random test

partition and background subset for each run, was applied,

and 20% of the samples were used as test points. The run was

performed as a bootstrap with 100 replicates. The output was set

to logistic. In addition, the “fade by clamping” function in

MaxEnt was enabled to preclude extrapolations outside the

environmental range of the training data (Phillips et al.,

2006). All analyses of GIS data were carried out on ArcGIS

10.6 (Esri, Redlands, CA, United States). The evaluation of the

models was conducted using the area under the curve (AUC;

Mason and Graham 2002; Evangelista et al., 2008) and True Skill

Statistic (TSS; Allouche et al., 2006).

TABLE 1 List of variables used in the PCA and modeling (with an asterisk).

Variable code Description

bio1* Annual mean temperature

bio2* Mean diurnal range (mean of monthly (max temp–min temp)

bio3* Isothermality (bio2/bio7) (×100)

bio4* Temperature seasonality (standard deviation ×100)

bio5 Max temperature in the warmest month

bio6 Min temperature in the coldest month

bio7 Temperature annual range (bio5–bio6)

bio8* Mean temperature in the wettest quarter

bio9* Mean temperature in the driest quarter

bio10 Mean temperature in the warmest quarter

bio11 Mean temperature in the coldest quarter

bio12* Annual precipitation

bio13 Precipitation in the wettest month

bio14* Precipitation in the driest month

bio15* Precipitation seasonality (coefficient of variation)

bio16 Precipitation in the wettest quarter

bio17 Precipitation in the driest quarter

bio18* Precipitation in the warmest quarter

bio19 Precipitation in the coldest quarter
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SDMtoolbox 2.3 for ArcGIS (Kremen et al., 2008; Brown,

2014) was used to visualize changes in the distribution of

suitable niches of the orchid studied and its pollinator due

to global warming. To compare the prediction of the model of

the current distribution with future predictions, all SDMs were

converted into binary rasters and projected using the Goode

homolosine. The presence threshold was estimated based on the

values for grids in which the species studied were predicted to

occur using present-time data. Because about 70%–84% of

known localities of P. albida and its pollinators were located

in grids with values > 0.4, this threshold value was used to create

binary rasters. To determine the availability of pollinators for

the orchid, the overlap of the binary models of both organisms

was calculated.

3 Results

3.1 Ecological differences between
subspecies of Pseudorchis

The result of PCA analyses indicate that although the

preferred niche of P. albida ssp. straminea differs from that

of the two other taxa, P. albida ssp. albida and P. albida

ssp. tricuspis occupy similar habitats. This is indicated by the

second axis, which separated P. albida ssp. albida and P. albida

ssp. tricuspis from most of the records of P. albida

ssp. straminea. Our analyses indicate significant differences

in the bioclimatic preferences of the subspecies. of P. albida.

Along the gradient represented by the first axis, P. albida

ssp. straminea is correlated especially with precipitation in

the warmest quarter (bio18) and the mean temperature in

the wettest quarter (bio8). The ordination diagrams of PCA

explained 68.96% of the total variance. The first component

accounted for 51.77% of the total variance and the second for

17.19% (Figure 2; Supplementary Table S2). Based on the

morphological similarities of the two latter orchids, a

broader concept of P. albida ssp. albida was used, which also

includes P. albida ssp. tricuspis.

3.2 Model evaluation and limiting factors

The models had high AUC (0.871–0.998) and TSS

(0.517–0.9924) scores, indicating their predictions are very

reliable (Figure 3; Table 2). The most important variable

limiting the distribution of P. albida ssp. albida was

precipitation in the warmest quarter (bio18—47.5%). Much

less significant for its occurrence were the annual precipitation

(bio12—18.5%) and the annual mean temperature

(bio1—14.9%). The latter factor was crucial (42.6%) for the

distribution of P. albida ssp. straminea, followed by the mean

temperature in the wettest quarter (bio8—29.8%) and

precipitation in the warmest quarter (bio18—7.9%).

FIGURE 2
PCA ordination diagram (principal component analysis) of the distributions of populations of P. albida ssp. straminea (red dots), P. albida
ssp. albida (black dots), and P. albida ssp. tricuspis (blue dots) based on 19 bioclimatic variables.
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3.3 Effect of climate change on P. albida
and its pollinators

The predictions of the present-time models are congruent

with the known geographical ranges of P. albida ssp. albida and

P. albida ssp. straminea (Figure 3). Our analyses indicate the

critical changes in the distribution of small-white orchid (Figures

4–7). All models predict that the availability of suitable niches for

the orchids studied will increase as a result of global warming

(Table 3), but the significant increase in suitable niches is

expected to occur in Greenland, whereas habitat loss in

continental Europe will be severe. Overall, the potential range

of P. albida ssp. albida will be 27%–88% greater than at present,

whereas that of P. albida ssp. straminea will be 88%–156%

greater. The unexpected result is that while SSP1-2.6 is

expected to be the most advantageous climate change scenario

for the latter taxon, the same scenario is the least optimistic for P.

albida ssp. albida, which will mostly benefit from SSP5-8.5.

Pseudorchis albida ssp. albida is currently known to occur

only in continental Europe, but apparently its suitable habitats

will be located mainly in Greenland in the future and will become

extinct in continental Europe based on SSP5-8.5. P. albida ssp.

straminea will also face significant loss of habitats in this part of

its range; however, it could potentially extend its range to

Svalbard (only in the less severe scenarios, such as SSP1-

2.6 and SSP2-4.5, is its occurrence in Iceland not completely

threatened). Within continental Europe, Pseudorchis albida ssp.

albida will lose 44% (SSP1-2.6)–99% (SSP5-8.5) of its suitable

niches, and P. albida ssp. straminea will lose 46% (SSP1-2.6)–

91% (SSP5-8.5) of its current habitat.

While in the future P. albida is predicted to occupy different

areas, the situation is completely different for the pollinators of

this species (Table 3). All models predict a significant loss of

habitat for them, which in the case of Udea uliginosalis could

result in its extinction (Table 3).

3.4 Availability of pollinators

Based on the analyses, Udea uliginosalis is currently present in

ca. 10%of the potential range ofP. albida ssp. straminea, but will not

be present there by 2100 (Supplementary Data Sheet S4; Table 4).

Plutella xylostella is predicted to be the most important

pollinator of P. albida, with a range overlap of 75% (SSP5-8.5)–

88% (SSP3-7.0) with P. albida ssp. albida and 70% (SSP2-4.5)–

100% (SSP1-2.6) with P. albida ssp. straminea. Chrysoteuchia

FIGURE 3
Current distribution of suitable niches for P. albida ssp. albida (A) and P. albida ssp. straminea (B) along with the localities included in the models
(marked by black dots).
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culmella is currently present in 74% of the range of P. albida ssp.

albida and 52% of that of P. albida ssp. straminea. The predicted

future distribution of this insect will overlap partially with both

subspecies of the small-white orchid, overlapping 66% (SSP1-2.6)–

91% (SSP3-7.0) of that of P. albida ssp. albida and 38% (SSP2-4.5)–

56% (SSP3-7.0) of that of P. albida ssp. straminea. The statistics for

Crambus ericella and C. pascuella are similar (Table 4).

4 Discussion

4.1 Implication for taxonomy

The recognition of three taxa within the Pseudorchis albida

group remains a topic of taxonomic discussion and concern in

terms of both their distinction and rank. This study indicates that

ssp. tricuspis occupies niches similar to those occupied by ssp. albida,

even if ssp. tricuspis is considered to be an alpine taxon and ssp. albida

associated with lowland to subalpine regions (Reinhammar et al.,

2002; Jersáková et al., 2011). On the other hand, Klein (2000) argues

that ssp. tricuspis should be considered to be a separate subspecies,

and this concept is also accepted by other scientists (Moore, 1980;

Reinhammar, 1998; Bournérias and Prat, 2005; Perazza, 2016).

Reinhammar (1995), Reinhammar (1998) based on the results of

amultivariatemorphometric study considering plants of ssp. tricuspis

as conspecific with P. straminea. The position of “tricuspis” as a

variety is proposed by Kreutz (2004), Delforge (2006), and Jersáková

et al. (2011). Landwehr (1977) believes that this taxon is just a form of

P. albida. Unfortunately, no molecular studies have included

ssp. tricuspis. The results presented indicate that their

morphological characteristics are very similar, which supports

merging them under ssp. albida.

Unlike Pseudorchis albida ssp. tricuspis, ssp. straminea is

more distinct. Only the rank of this taxon is debated. Analyses

presented in this paper reveal differences in the climatic

requirements of ssp. albida and ssp. straminea, which could

be a potential argument and area for research on whether to

elevate the latter taxon to a separate species. This is proposed

based on its morphology (Reinhammar 1995; Reinhammar 1998)

and differences in allozymes (Reinhammar and Hedren, 1998).

According to Duffy et al. (2011) the AFLP markers for P. albida

are very polymorphic, and there are significant differences both

within and among populations, and population genetic isolation

increases with distance but did not find any differences in plastid

microsatellites between Irish populations of ssp. albida and

Swedish ssp. straminea. Based on molecular studies, Bateman

et al. (2003); Bateman et al. (2017) show that the differences in

DNA sequences (nrITS, rbcL, and trnL-F) of the two taxa are near

the lowest level of acceptance for their being separate species.

Bateman et al. (2017) also reported at least 14 morphometric

characters that can be used to identify these taxa. Based on

TABLE 2 TSS scores, average training AUC, and standard deviations (in
brackets) for the replicate runs of the models.

Species Scenario TSS AUC

P. albida ssp. albida Present 0.9388 0.994 (0.001)

SSP1-2.6 0.9553 0.995 (0.001)

SSP2-4.5 0.9410 0.994 (0.001)

SSP3-7.0 0.9124 0.994 (0.001)

SSP5-8.5 0.9416 0.993 (0.001)

P. albida ssp. straminea Present 0.9158 0.973 (0.001)

SSP1-2.6 0.9172 0.973 (0.001)

SSP2-4.5 0.9196 0.974 (0.001)

SSP3-7.0 0.9217 0.973 (0.001)

SSP5-8.5 0.9220 0.973 (0.001)

Chrysoteuchia culmella Present 0.6317 0.884 (0.002)

SSP1-2.6 0.6333 0.888 (0.002)

SSP2-4.5 0.6412 0.884 (0.002)

SSP3-7.0 0.6520 0.887 (0.002)

SSP5-8.5 0.6341 0.885 (0.002)

Crambus ericella Present 0.7740 0.957 (0.003)

SSP1-2.6 0.7740 0.960 (0.003)

SSP2-4.5 0.7740 0.957 (0.003)

SSP3-7.0 0.7740 0.958 (0.004)

SSP5-8.5 0.7740 0.958 (0.003)

Crambus pascuella Present 0.7208 0.921 (0.003)

SSP1-2.6 0.7112 0.922 (0.003)

SSP2-4.5 0.6886 0.919 (0.002)

SSP3-7.0 0.7096 0.922 (0.003)

SSP5-8.5 0.7208 0.920 (0.002)

Plutella xylostella Present 0.5356 0.872 (0.003)

SSP1-2.6 0.5323 0.877 (0.003)

SSP2-4.5 0.5281 0.871 (0.003)

SSP3-7.0 0.5170 0.875 (0.003)

SSP5-8.5 0.5271 0.872 (0.003)

Udea uliginosalis Present 0.9800 0.997 (0.001)

SSP1-2.6 0.9425 0.997 (0.001)

SSP2-4.5 0.9843 0.997 (0.001)

SSP3-7.0 0.9806 0.997 (0.001)

SSP5-8.5 0.9924 0.998 (0.001)
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previous studies and the results presented, it is proposed that

“straminea” is a subspecies.

4.2 Effect of global warming on
occurrence of P. albida s.l. and its
conservation

The effect of predicted climate change will adversely affect

populations of P. albida in continental Europe. In the best-

case scenario (SSP1-2.6) both subspecies, ssp. albida and

ssp. straminea, will lose almost half of their current

suitable niches (44% and 46%, respectively). In the most

damaging SSP5-8.5, only 1%–9% of the currently available

habitats will still be suitable for small-white orchids.

Global warming is one of the most important causes of

changes in habitat (Opdam and Wascher, 2004; Troia et al.,

2019). This is particularly so for alpine species, the available

habitat for which is likely to significantly decrease (Freeman

et al., 2018; Lamprecht et al., 2018) and other species with

FIGURE 4
Future distribution of suitable niches for P. albida ssp. albida predicted under SSP1-2.6 (A), SSP2-4.5 (B), SSP3-7.0 (C), and SSP5-8.5 (D) climates.

FIGURE 5
Future distribution of suitable niches for P. albida ssp. straminea predicted under SSP1-2.6 (A), SSP2-4.5 (B), SSP3-7.0 (C), and SSP5-8.5 (D)
climates.
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very specific ecological requirements (Tsiftsis et al., 2019).

Geppert et al. (2020) indicated that ranges of some alpine

orchids are or will decrease, especially since they are also

threatened by other factors, i.e., habitat modification and

loss of specific ecological relationships. Similar results are

reported in a study on another orchid with a Scandinavian-

alpine distribution in Europe, Nigritella nigra s.l. (Kolanowska

et al., 2021b). However, global warming will result in

the transformation of currently unsuitable habitats in

Greenland. Shifts in the ranges of species may enable

them to access and colonize these areas (Kelly and

Goulden, 2008; Cannone and Pignatti, 2014; Geppert et al.,

2020). However, as the populations of P. albida are usually

very small (Jeřábková, 2006; Pearman et al., 2008; Jersáková

et al., 2011), it is unlikely that ssp. albida will be able

to colonize and adapt to new habitats in Greenland in the

next few decades. These should be accessible for ssp.

Straminea, which is more likely to be able to colonize this

FIGURE 6
Changes in the distribution of suitable niches for P. albida ssp. albida predicted under SSP1-2.6 (A), SSP2-4.5 (B), SSP3-7.0 (C), and SSP5-8.5 (D)
climates.

FIGURE 7
Changes in the distribution of suitable niches for P. albida ssp. straminea predicted under SSP1-2.6 (A), SSP2-4.5 (B), SSP3-7.0 (C), and SSP5-
8.5 (D) climates.
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area. That distributions of orchids can change as a result

of global warming is unlikely, but is suggested in some

previous studies (van der Meer et al., 2016; Kolanowska

et al., 2017).

An important aspect of the occurrence of Pseudorchis in

Greenland is that currently most of the island is covered by ice

(GrIS). Studies indicate that by 2100, the thickness of the GrIS will

decrease significantly, but the area occupied will not differ much

(Muntjewerf et al., 2020;Greve andChambers 2022; Yang et al., 2022).

This means that many areas predicted suitable by the models will still

be inaccessible to Pseudorchis, and its occurrence will be limited to the

island’s coastal zone. Of course, this has implications for the future,

when the area of the GrIS is expected to decrease significantly and

thus there will be new areas for colonization by plants (Chambers

et al., 2022; Greve and Chambers 2022; Yang et al., 2022).

While a similar decline in the availability of a pollinator

previously predicted for the Australian orchid Leporella fimbriata

(Kolanowska et al., 2021a) is unlikely to affect P. albida,

changes in climate will probably not limit the long-term

survival of this species. According to data available in GBIF

(Table 5), at the beginning of the flowering season (June–August)

of both subspecies of Pseudorchis, their pollinators are active and

TABLE 3 Changes in the coverage of suitable niches [km2] for P. albida and its pollinators.

Species Scenario Range expansion No change Range contraction Change

P. albida ssp. albida SSP1-2.6 66505.58 31020.44 45720.92 +27.08%

SSP2-4.5 96261.33 11635.83 65105.53 +40.60%

SSP3-7.0 104480.4 1910.023 74831.34 +38.64%

SSP5-8.5 144083.0 409.486 76331.88 +88.29%

P. albida ssp. straminea SSP1-2.6 508313.6 104807.2 134675.1 +156.02%

SSP2-4.5 485026.9 55570.46 183911.8 +125.74%

SSP3-7.0 451762.1 30816.04 208666.3 +101.51%

SSP5-8.5 436690.5 15737.52 223744.8 +88.92%

Chrysoteuchia culmella SSP1-2.6 329513.2 1025813 575486.4 −15.36%

SSP2-4.5 299677.4 903473 697826.3 −24.86%

SSP3-7.0 312333.2 771202.9 830096.4 −32.33%

SSP5-8.5 314846.2 616610.7 984688.7 −41.83%

Crambus ericella SSP1-2.6 423770.1 331805.3 239292.9 +32.30%

SSP2-4.5 362709.5 241766.3 329332 +5.84%

SSP3-7.0 348517.7 139041.3 432056.9 −14.63%

SSP5-8.5 247644.7 76063.9 495034.4 −43.32%

Crambus pascuella SSP1-2.6 239193.1 808203.6 341319.9 −8.88%

SSP2-4.5 345567.2 764014 385509.5 −3.47%

SSP3-7.0 398812 678053.4 471470.1 −6.32%

SSP5-8.5 442073.3 590718 558805.5 −10.15%

Plutella xylostella SSP1-2.6 977527.1 1318081 586601.3 +20.52%

SSP2-4.5 871332.8 1163715 740967.3 +6.84%

SSP3-7.0 748247.1 1067649 837033.1 −4.66%

SSP5-8.5 759111.1 1047278 857403.5 −5.16%

Udea uliginosalis SSP1-2.6 286.4351 8737.296 18757.06 −67.18%

SSP2-4.5 8.887008 1552.492 25941.86 −94.32%

SSP3-7.0 4.101696 2.734464 27491.62 −99.98%

SSP5-8.5 0 0 27494.35 −100.00%
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can transfer pollen. For September and October, there are no

reports of Crambus ericella and Udea uliginosalis, so late-

flowering populations are unlikely to reproduce. The effect of

climate change on the flowering time of orchids and activity of

their pollinators is poorly known; however, previous studies

indicate that global warming can lead to desynchronization

and decline in the fruiting process of plants (Robbirt et al.,

2014; Hutchings et al., 2018). Similar findings are reported by

Tsiftsis and Djordjević (2020) for two deceptive species of the

genusOphrys, and they highlight a disruption of plant–pollinator

interactions due to climate change, resulting in serious

conservation consequences for these species. On the other

hand, Molnár et al. (2012) reported that the phenology of

nectar-rewarding orchids or short-lived species with non-

Mediterranean distributions is less affected by global warming

than that of autogamous or deceptive, long-lived species with

mainly Mediterranean distributions. Pseudorchis albida belongs

to the first group of species.

As the predicted changes in the ranges of the taxa studied

differ, their future need of conservation is also likely to

differ. Pseudorchis albida ssp. straminea is not threatened

in the near future by changes in climate, whereas

populations of P. albida ssp. albida are, especially in Central

and Eastern Europe. Nevertheless, Pfeifer et al. (2010) indicated

that relict areas are likely to occur in which this taxon

can survive much longer than in new areas, which could be

affected by various non-climate related factors. It is, therefore,

best to maintain current populations in the best possible

condition. Reinhammar et al. (2002) studied the population

dynamics of P. albida over 6 years in two permanent plots (3 ×

3 m), one mown and the other left to succession revealed that

in the mown plot, the number of new individuals appearing

annually was large and stable, whereas in the unmanaged plot,

there was little or no recruitment. It is, therefore, important to

maintain the stability of semi-natural habitats inhabited by P.

albida.

TABLE 4 Overlap of potential ranges of P. albida and its pollinators.

Scenario C. culmella (%) C. ericella (%) C. pascuella (%) P. xylostella (%) U. uliginosalis (%)

P. albida ssp. albida Present 73.76 76.50 72.95 74.40 0.00

SSP1-2.6 65.52 72.26 83.42 80.38 0.00

SSP2-4.5 74.02 73.33 88.10 86.92 0.00

SSP3-7.0 90.63 77.19 89.52 88.10 0.00

SSP5-8.5 80.43 83.18 89.55 74.81 0.00

P. albida ssp. straminea Present 51.91 57.94 57.34 46.11 10.98

SSP1-2.6 44.55 61.87 47.92 100.00 0.00

SSP2-4.5 37.60 55.49 39.39 69.60 0.00

SSP3-7.0 56.03 64.79 48.07 74.74 0.00

SSP5-8.5 52.12 67.04 59.89 72.34 0.00

TABLE 5 Overlap of potential ranges of P. albida and its pollinators.

Species Month

I II III IV V VI VII VIII IX X XI XII

P. albida ssp. albida x x x x x

P. albida ssp. straminea x x x x x

Chrysoteuchia culmella x x x x

Crambus ericella x x x

Crambus pascuella x x x x x x

Plutella xylostella x x x x x x x x

Udea uliginosalis x x x
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