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Climate change will decrease

the coverage of suitable niches
for Asian medicinal orchid
(Bulbophyllum odoratissimum)
and its main phorophyte (Pistacia
weinmannifolia)

Marta Kolanowska

Considering the global biodiversity crisis and the growing demand for medicinal plants, it is crucial to
preserve therapeutically useful herbs. From a conservation management perspective under climate
change, identifying areas that enable valuable natural resources to persist in the future is crucial.
Machine learning-based models are commonly used to estimate the locations of climate refugia, which
are critical for the effective species conservation. The aim of this study was to assess the impact of
global warming on the epiphytic medicinal orchid—Bulbophyllum odoratissimum. Given how the long-
term survival of plants inhabiting shrubs and trees depends on the availability of suitable phorophyets,
in this research potential range changes in reported orchid plant hosts were evaluated. According to
conducted analyses, global warming will cause a decline in the coverage of the suitable niches for B.
odoratissimum and its main phorophyte. The most significant habitat loss in the case of the studied
orchid and Pistacia weinmannifolia will be observed in the southern part of their geographical ranges
and some new niches will simultaneously become available for these plants in the northern part.
Climate change will significantly increase the overlap of geographical ranges of P. weinmannifolia and
the orchid. In the SSP5-8.5 scenario trees will be available for more than 56% of the orchid population.
Other analyzed phorophytes, will be available for B. odoratissimum to a very reduced extent, as orchids
will only utilize these species as habitats only occasionally. This study provides data on the distribution
of climatic refugia of B. odoratissimum under global warming. Moreover, this is the first evaluation of
the future geographical ranges for its phorophytes. According to the conducted analyses, only one of
the previously reported tree species which are inhabited by B. odoratissimum, P. weinmannifolia, can
serve as a phorophyte for this orchid in the future. In this study, the areas designated as suitable for
the occurrence of both orchids and their phorophytes should be considered priority conservation areas
for the studied medicinal plants.
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Orchidaceae is the second largest family of flowering plants with more than 31,000 recognized species!.
Representatives of this group are found around the world, with the exception of polar regions and deserts. The
highest diversity of orchids is observed in the tropics®. These plants are known for their horticultural importance,
as they are among the most popular plants in the global potted plant trade*. Orchid flowers are also used for
cultural purposes® and as edible food products*®’. Orchidaceae are also widely used in traditional medicine®-1°,
including ayurveda and traditional Chinese medicine''.

One of the most interesting taxa in Orchidaceae is Bulbophyllum Thouars which encompasses approximately
2200 species occurring in Africa and Asia'?>"'%. Among the numerous representatives of this genus, Bulbophyllum
odoratissimum (Sm.) Lindl. ex Wall. is an economically and medicinally important species. It is native to
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Southeast Asia occurring from India and Vietnam to China, Thailand and Myanmar. This orchid is not only
valued by the horticulturists for its charming white and orange-tip flowers with a pleasant, sweet fragrance, but
it is also among the most popular Asian therapeutic orchids. Bulbophyllum odoratissimum was reported to treat
tuberculosis and chronic inflammation as well as fracture in Bhutan, China, India, Laos, Nepal, Thailand and
Vietnam'. It is also used to cure cough, rheumatism and toothache in China!>-'”. As proved via biochemical
analyses B. odoratissimum is a source of numerous biologically active compounds (e.g. phenanthraquinone,
biphenanthrenes and dihydrostilbenes), which can potentially be useful in the treatment of cancers such as
leukemia, lung adenocarcinoma, human hepatoma and stomach cancer!'®!.

Like numerous other tropical and subtropical orchids, B. odoratissimum is also threatened by anthropogenic
factors, especially over-exploitation as well as habitat alterations and destruction?. The survival of this species
is also endangered by climate change. Human-induced increases in global temperature and modifications in
precipitation patterns?! are more damaging to tropical ecosystems than to temperate ecosystems?2.

Epiphytes like B. odoratissimum, are considered to be more threatened than terrestrial species®® in the context
of long-term shifts in temperatures and weather patterns. Moreover, a negative effect of changes in precipitation
and moisture is expected to have a more intense effect on habitats with less pronounced seasonality?*, which
are common near the equator. The increased frequency of hurricanes predicted to occur as a result of global
warming can also seriously damage epiphytic plant populations®*, which can be removed from their hosts by
wind force or fall to the forest floor with tree branches and trunks?®. The occurrence of approximately 70% of
orchids is closely related to the availability of suitable phorophytes?, as the host tree specificity influences the
distribution and abundance of epiphytic Orchidaceae in numerous cases®®?’.

As reported in previous studies, the distribution of B. odoratissimum is related to the occurrence of Pistacia
weinmannifolia J. Poisson ex Franch?® (Anacardiaceae), native to northern Myanmar and southwestern China.
The orchid was also reportedly growing on the branches of Rhizophora apiculata Blume (Rhizophoraceae),
Terminalia procera Roxb. (Combretaceae), Pterocarpus dalbergioides (Baker) Kuntze (Fabaceae) and Lagerstroemia
hypoleuca Kurz? (Lythraceae). While Rhizophora apiculata is a mangrove species broadly distributed in tropical
Asia and northern Australia, the native geographical ranges of L. hypoleuca and P. dalbergioides are restricted to
the Andaman Islands. The latter plant was also introduced into Bangladesh, Jawa, Madagascar, and Myanmar.
Terminalia procera occurs only within the southern edge of B. odoratissimum geographical range.

Considering the global biodiversity crisis and usefulness of medicinal plants, preserving these valuable
herbs it is crucial®’. In addition to direct human activities that disturb ecosystems, such as changes in land use,
overexploitation, pollution and the introduction of invasive organisms?!, climate change is considered the main
factor causing biodiversity loss*>. Machine learning-based models are commonly used to estimate the locations
of climate refugia, which are essential for effective biodiversity conservation under global warming®. However,
the usefulness of modeling depends on the incorporation of ecological factors in the analyses. Effective modeling
is especially important for organisms whose long-term survival depends on specific infraspecific relationships*.

The aim of this study was to estimate the impact of global warming on B. odoratissimum and its phorophytes,
and to evaluate the future overlap of the geographical ranges of the epiphyte and its hosts in order to identify
areas that can constitute climatic refugia for the studied medicinal orchid.

Methods

List of localities

Databases of localities of B. odoratissimum and its five reported phorophytes were compiled from the Global
Biodiversity Information Facility’>=*’. Only records that could be georeferenced with a precision of 1 km were
used in the ecological niche modelling (ENM) analyses. The duplicate presence records (records within the same
grid cell) were removed using MaxEnt application. To further reduce sampling bias, the localities were rarified
using 5 classes of topographic heterogeneity*!. Species records were reduced to a minimum distance of 25 km in
areas of low topographic heterogeneity and 5 km in highly heterogeneous areas). The complete list of localities
used in this study is available in Table S1 and datasets are presented in Table S2.

Climatic niche modelling

The modelling of the current and future distributions of the studied species was performed using the maximum
entropy method implemented in MaxEnt version 3.3.2%27%, which is based on presence-only observations.
Bioclimatic variables which are derived from the monthly temperature and rainfall values in order to generate
more biologically meaningful indicators in 30 arc-seconds of interpolated climate surface data downloaded
from WorldClim v. 2.1 were used for the modelling®. The study area was reduced to (49.12°N-11.13°S, 64.19-
131.44°E) in order to improve the models*®7.

Pearsons’ correlation coefficient was computed using SDMtoolbox 2.3 for ArcGIS*®* (Table S3) and
highly correlated (> 0.8) variables were removed from the ENM analyses to prevent problems associated with
autocorrelation. The final list of bioclimatic variables used in the analyses is provided in Table 1.

The future extent of orchid and its phorophyte climatic niches for 2080-2100 was predicted using four
projections for three Shared Socio-economic Pathways (SSPs): 1-2.6, 3-7.0 and 5-8.5%0-52, developed in the 3rd
generation of Earth System Model (EC-Earth3-Veg) climate simulation®, as this simulation works well in the
analyzed geographical area®.

SSPs are trajectories adopted by the Intergovernmental Panel on Climate Change (IPCC), comprising
narrative descriptions of future world development®. The proposed storylines describe contrasting predictions
of future society and future climate change challenges, with global warming in 2100 ranging from 3.1 to 5.1°C
above preindustrial levels in various scenarios™.

In all analyses, the maximum number of iterations was set to 10,000 with the convergence threshold set to
0.00001. The neutral (= 1) regularization multiplier value and auto features were used. The “random seed" option
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Code | Variable description Used in ENM

biol | annual mean temperature +

bio2 | mean diurnal range [mean of monthly (max temp—min temp)] | +

bio3 | isothermality (bio2/bio7) (X 100) +

bio4 | temperature seasonality (standard deviation X 100)

bio5 | max temperature of warmest month

bio6 | min temperature of coldest month

bio7 | temperature annual range (bio5-bio6)

bio8 | mean temperature of wettest quarter +

bio9 | mean temperature of driest quarter

biol0 | mean temperature of warmest quarter

bioll | mean temperature of coldest quarter

biol2 | annual precipitation +

biol3 | precipitation of wettest month

biol4 | precipitation of driest month

biol5 | precipitation seasonality (coefficient of variation) +

biol6 | precipitation of wettest quarter

biol7 | precipitation of driest quarter

biol8 | precipitation of warmest quarter +

biol9 | precipitation of coldest quarter

Table 1. Climatic variables used in ENM analyses (marked with +).

Species AUC (standard deviation) | TSS | MaxKappa | Specificity | Sensitivity
Bulbophyllum odoratissimum | 0.949 (0.009) 0.735 | 0.414 0.768 0.967
Lagerstroemia hypoleuca 1.000 (0.000) 0.997 | 0.461 1.000 0.997
Pistacia weinmannifolia 0.959 (0.005) 0.777 | 0.424 0.828 0.949
Pterocarpus dalbergioides 0.980 (0.011) 0.830 | 0.440 0.830 1.000
Rhizophora apiculata 0.971 (0.005) 0.865 | 0.455 0.909 0.966
Terminalia procera 0.982 (0.010) 0.913 | 0.468 0913 1.000

Table 2. Scores of model reliability tests and value of minimum training presence.

provided a random test partition and background subset for each run, with 40% of the samples were used as
test points. The run was performed as a bootstrap with 100 replicates. The output was set to logistic. The “fade
by clamping” function in MaxEnt was used to prevent extrapolations outside the environmental range of the
training data®. All analyses of GIS data were carried out using ArcGIS 10.6 (Esri, Redlands, CA, USA). The
accuracy of the models was evaluated using the area under the curve (AUC)*® and True Skill Statistic (TSS)>*¢.

To compare the bioclimatic preferences of the orchid and its phorophytes, predicted niche occupancy
(PNO) profiles for each species and environmental variable were created®!. PNO integrates species probability
distributions (derived with MaxEnt) with respect to each environmental variable.

To visualize changes in the distribution of suitable niches of the orchid, SDMtoolbox 2.3 for ArcGIS*®*° was
used. To compare the distribution model created for current climatic conditions with future predictions, all
the SDMs were converted into binary rasters and analyzed using the Goode homolosine as a projection. The
presence thresholds used in the analyses equaled the calculated max Kappa value®.

Results

Model evaluation and limiting factors

All created models received high AUC scores (0.949-1.000) and mostly high TSS scores (0.735-0.997) tests.
Both sensitivity and specificity were also generally high indicating good reliability of the presented modelling
results (Table 2).

According to the jackknife test of B. odoratissimum models, used to evaluate the relative importance of
single explanatory variables included in the analyses, biol was the variable with the most useful information by
itself while bio3 had the most information that was not present in the other variables. Considering the relative
contributions of the environmental variables to the phorophyte models, the most important variable shaping
model of P dalbergioides and Rhizophora apiculata was biol (49.8% and 33.2%, respectively). Bio2 was crucial
in L. hypoleuca (61.9%), bio3 was critical T. procera (82.6%), and biol8 was vital in P. weinmannifolia (31.7%)
model.
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The PNO profiles (Fig. 1) for B. odoratissimum and its phorophytes, indicated that the orchid has bioclimatic
preferences similar to those of P. weinmannifolia with respect to all the analyzed bioclimatic factors. On the other
hand, the bioclimatic tolerance of L. hypoleuca is the most distinctive, especially for bio2, bio3, bio12, and biol5.

Current potential orchid and its phorophytes range

The models created for all studied species for the near-present time are presented in Fig. 2. The potential
geographical range of B. odoratissimum is generally congruent with the known distribution of this orchid. Only
some regions of except for South Korea which was indicated in the analyses as suitable for this plant, have the
species not been recorded thus far.

The model of L. hypoleuca indicated that the Andaman Islands and southern Vietnam are areas suitable for
this species. There are some discrepancies in the projected and actual distributions of P. weinmannifolia, however,
some records of this species could be derived from cultivated material outside its natural range. The generated
distribution of Pistachio’s suitable niches is congruent with data presented by previous authors®® except for South
Korea and the North China Plane. According to the conducted analyses, the habitats suitable for P. dalbergioides
are also located outside its current range, such as in the Philippines and Indonesia. Within the study area, the
models of R. apiculata and T. procera are generally congruent with the known distributions of these species. In
the case of the latter plant, Malaysia, which is outside the known geographic range of the species, was indicated
as a suitable region for its occurrence.

Changes in the distributions of suitable niches for orchid and its phorophytes
The calculations of future changes in the coverage of suitable niches of the studied orchid and its hosts are
presented in Table 3 and visualized in Fig. 3 and Figs. S1-S5.

As a result of global warming, B. odoratissimum will face significant habitat loss (Fig. 3). In the SSP1-2.6
scenario, it is estimated that the species will lose 20% of currently suitable niches within its geographical range.
Even more significant range contraction is predicted to occur in the SSP3-7.0 (59%) and SSP5-8.5 (64%)
scenarios. Generally, poleward orchid range shift are observed, with the most stable niches located in the eastern
Himalayas.

Predicted niche occupancy profiles

004

000 oot
/

s ® o
bio2 bio3 bio4

bio6 bio7 bio8

o0 oooes ocoo 00015 00020

bio10 bio11 bio12

000 001 002 003 004 005 006 007

000

J
p:
oos
———
I

£ 10 15 Y ) -0 o 0 ) @ 0 m a0 &0 0

bio15 bio16 bio17

0000 0001 0002 0063 0004 0005 0006

| Species
Bulbophyllum_odoratissimum
Lagerstroemia_hypoleuca
Pistacia_weinmaniifolia
Pterocarpus_dalbergioides

bio18

Rhizophora_apiculata
Terminalia_procera

00 a0 o 1000 200 2000 4000 00

bio19

ERCOON

Fig. 1. Predicted niche occupancy (PNO) profiles created for studied species and 19 bioclimatic variables.
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Fig. 2. Present potential range of Bulbophyllum odoratissimum and its phorophytes.

Species Scenario | Range expansion | No range change | Range contraction | Change
SSP1-2.6 | 165,273.7 1,214,818 522,581.4 —20.57%
Bulbophyllum odoratissimum | SSP3-7.0 | 151,404 552,836.4 1,184,563 —59.47%
SSP5-8.5 | 190,192.6 425,765.6 1,311,634 — 64.55%
SSP1-2.6 | 21,605.99 13,497.9 1585.825 +132.73%
Lagerstroemia hypoleuca SSP3-7.0 | 42,015.9 12,960.02 2123.713 +264.47%
SSP5-8.5 | 355,021.9 12,219.3 2864.427 +2334.68%
SSP1-2.6 | 138,233.2 609,838.6 263,807.6 —14.37%
Pistacia weinmannifolia SSP3-7.0 | 155,434.7 438,125.1 435,521.1 — 32.06%
SSP5-8.5 | 239,300.4 393,789.6 479,856.6 —27.53%
SSP1-2.6 | 1,063,299 738,506.1 48,571.97 +128.92%
Pterocarpus dalbergioides SSP3-7.0 | 3,097,008 786,504.4 573.6808 +393.41%
SSP5-8.5 | 3,612,794 786,939.9 138.2004 +459.00%
SSP1-2.6 | 1,356,065 586,025.3 231.6597 +231.27%
Rhizophora apiculata SSP3-7.0 | 1,271,746 250,096 336,161 +159.59%
SSP5-8.5 | 2,912,193 586,147.6 109.3672 +496.72%
SSP1-2.6 | 249,741 873,735.7 19,459.41 +25.78%
Terminalia procera SSP3-7.0 | 564,908.5 886,666.9 6528.229 +62.51%
SSP5-8.5 | 665,367.3 890,636.9 2558.199 +74.21%

Table 3. Changes in the coverage (km?) of the suitable niches of Bulbophyllum odoratissimum and its

phorophytes.

Global warming will also damage stability of P. weinmannifolia populations which will face 14-32% habitat
loss (Fig. S2). Range contraction in the southern ragion is predicted. This reduction will be accompanied by the
expansion of the suitable niches in the central part of the geographical range of the species. The potential range
of L. hypoleuca will significantly expand in response to climate change (Fig. S1). According to the estimations
presented in the SSP5-8.5 scenario, this value can be even 23 times greater than currently observed. A significant
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Fig. 3. Future distribution of the suitable niches of Bulbophyllum odoratissimum in various climate change
scenarios.

Phorophyte Scenario | Overlap with orchid
Present 0.000%
SSP1-2.6 | 0.000%
SSP3-7.0 | 0.000%
SSP5-8.5 | 0.166%
Present | 39.312%
SSP1-2.6 | 37.474%
SSP3-7.0 | 49.903%
SSP5-8.5 | 56.369%
Present 2.533%
SSP1-2.6 | 2.421%
SSP3-7.0 | 2.983%
SSP5-8.5 | 2.952%
Present 0.044%
SSP1-2.6 | 0.034%
SSP3-7.0 | 0.076%
SSP5-8.5 | 0.146%
Present 0.000%
SSP1-2.6 | 0.000%
SSP3-7.0 | 0.000%
SSP5-8.5 | 0.000%

Lagerstroemia hypoleuca

Pistacia weinmannifolia

Pterocarpus dalbergioides

Rhizophora apiculata

Terminalia procera

Table 4. Overlap of the potential geographical range of B. odoratissimum and its phorophytes.

though not as extraordinary increase in the coverage of suitable niches was also predicted for P. dalbergioides
(Fig. S3), R. apiculata (Fig. S4), and T. procera (Fig. S5).

Future overlap of orchid and its hosts

The results of the analysis of the overlap of the potential geographical range of B. odoratissimum and its
phorophytes are presented in Table 4. Among all trees studied, only P weinmannifolia can be considered an
important phorophyte for the orchid. This is the only species which is present in a significant part of the B.
odoratissimum geographical range. All other trees appear to serve as occasional hosts (Figs. S6-59).

Climate change will significantly increase the overlap of geographical ranges of P. weinmannifolia and the
orchid. In the SSP5-8.5 scenario, the trees will be available for more than 56% of the orchid populations (Fig. 4).
Pterocarpus dalbergioides is currently present in only 2.5% of the geographical range of B. odoratissimum,
while global warming will not significantly change its availability as an orchid phorophyte (Fig. S7). Currently,
Rhizophora apiculata is available for just 0.04% of the orchid populations, but it will become more common
within the B. odoratissimum geographical range, especially in the SSP5-8.5 scenario (Fig. S8). Lagerstroemia
hypoleuca which currently only occasionally serves as an orchid host will be more available for B. odoratissimum
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Fig. 4. Overlap of potential ranges of Bulbophyllum odoratissimum and Pistacia weinmannifolia in the present
time and in various climate change scenarios. Areas suitable for the occurrence of both species marked in
green, areas suitable only for orchid occurrence marked in grey.

only in the SSP5-8.5 scenario (Fig. S6). Terminalia procera will not become an important host for the orchid
(Fig. $9).

Discussion

Impact of global warming and species conservation implications

While more than 50 orchid species are used in traditional medicine®’, numerous more orchid species should
be tested for their therapeutic potential®. Unfortunately, the future survival of these potentially useful plants
is uncertain. The simulations of climate change’s impact on Asian medicinal orchids are limited to terrestrial
species such as Crepidium acuminatum®®, Dactylorhiza hatagirea®”®® and Satyrium nepalense®®. These published
analyses indicate that the first two species will face habitat loss, while S. nepalense can increase its potential
geographical range. However, it is important to note that all these studies were based exclusively on climate data.
Unlike the three aforementioned species, B. odoratissimum usually grows as an epiphyte and it is relative fragile
with regard to changes in the environment®. Previous studies conducted on pantropical orchid species that can
grow as epiphyte, lithophyte or terrestrial and that, in some regions, is used as therapeutic plant, Polystachya
concreta (Jacq.) Garay & H.R.Sweet, revealed that the global warming has various effects on this species in
different geographical regions®. This study is the first report on the impact of global warming on epiphytic
medicinal orchid that includes also an analysis of the future overlap of the plant and its phorophytes.

As simulated in this research, global warming will cause a decline in the total coverage of the suitable niches
for B. odoratissimum and its main phorophyte. The most significant habitat loss in the case of the studied orchid
and P. weinmannifolia will be observed along the southern part of their geographical ranges, while some new
niches will simultaneously become available for these plants in the northern part. This poleward range shift is
commonly predicted to occur as a result of climate change in numerous organisms’-7%.

The potential geographical range of four other trees reported as occasional phorophytes of B. odoratissimum
will increase. The suitable niches of a mangrove, Rhizophora apiculata, will relocate inland. This modelling result
is consistent with previous studies conducted on the tall-stilt mangrove in India”. A similar pattern of inland
range shift is predicted to occur in the case of Terminalia procera. The created models revealed the enormous
expansion of the suitable niches for Pterocarpus dalbergioides and Lagerstroemia hypoleuca which are endemic
to the Andaman Islands. However, these plants are unlikely to migrate into areas characterized by proper
bioclimatic conditions. While Pterocarpus dalbergioides has already been introduced into Bangladesh, Jawa,
Madagascar and Myanmar, no natural dispersion outside the Andaman Islands has been reported thus far. The
future potential range of both endemics will be limited by their low dispersal abilities”.

This study provides an important insight into location of climate refugia which considering limitations of ex
situ conservation”>® are crucial for orchid long-term survival. The conservation efforts should be focused on the
areas which were identified as suitable for the occurrence of B. odoratissimum and its phorophytes in the future.
These climate refugia are located mostly along southern Himalayas and the eastern part of the Tibetan Plateau.

Model limitations

Two ecological factors should be considered when predicting the impact of global warming on the long-term
survival of orchids - availability of pollinator(s) and presence of organisms crucial for orchid development”””8.
The life cycle of all Orchidaceae depends on symbiosis with mycorrhizal fungi and endophytic bacteria during
germination’®8!. To date, both fungal and bacterial partners of B. odoratissimum have been poorly explored?,
and it is not possible to evaluate the availability of these organisms for orchids studied under global warming
conditions using ENM techniques.

The reproduction of Orchidaceae representatives mostly relies on very few specific animal pollen vectors
The pollen vector of B. odoratissimum remains unknown, but generally, the genus representatives are assumed
to be pollinated by flies®*#>. While worldwide analyses of the general pattern of the response of Diptera to
global warming have not been conducted, some studies have indicated that the phenology of insects changes
in response to rising temperatures®, resulting in disturbances in the pollination®”. More observations of B.
odoratissimum pollination are needed to evaluate the possible disturbance to the sexual reproduction of this
species caused by global warming.
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In this study, the overlap of the orchid and its phorophytes was analyzed; however, while B. odoratissimum
occurs on tree trunks in semievergreen and mixed forests, it can also grow as lithophyte, especially in the valleys®.
For this reason, outside forests, where the phorophyte of this species is absent, the studied orchid can potentially
survive on rocks if the bioclimatic conditions are suitable for its occurrence. The records of B. odoratissimum in
the GBIF include both epiphytic and lithophytic populations and it is not possible to assess which populations
are growing on the rocks, and which are found on the trees. Thus, at this point, evaluating whether epiphytic
populations significantly differ in their climatic preferences from lithophytic populations to improve the
precision of the evaluation of the future distribution of phorophyte-related populations is not possible. Indeed,
the topic of the differences in climatic preferences in the case of facultative epiphytes/lithophytes remains poorly
explored. Apparently, some species, such as Lepanthes rupestris Stimson, can grow both on trees and on rocks in
the same relatively small area, which suggests that the macroclimatic preferences of both types of habits do not
differ significantly®.

Considering technical issues, after spatial thinning only 3 (out of 8 georeferenced records) and 9 (out of 28
georeferenced records) distribution points were used for L. hypoleuca and P. dalbergioides, respectively. While
the small sample size can negatively influence the outcome of modelling, MaxEnt is robust to sample size®’, and
the high model performance scores, together with the consistency of the modelled current potential ranges of
both species with their known distributions (see Fig. 2), suggest that analyses of L. hypoleuca and P. dalbergioides
are reliable.

Conclusions

The conservation of medicinal plants which are valuable sources of therapeutic compounds and potential
reservoir of new drugs should be prioritized worldwide®®. Due to the challenges in ex situ preservation and
reintroduction of orchids, the conservation efforts should be primarily focused on the natural habitats of these
plants. This study provides data on the distribution of climatic refugia of B. odoratissimum under global warming.
Moreover, this is the first evaluation of the future changes of the potential geographical ranges of the studied
orchid phorophytes. According to the conducted analyses, only one of the previously reported tree species
which are inhabited by B. odoratissimum—P. weinmannifolia—can serve as a phorophyte for this orchid in the
future. Areas designated in the presented analyses as suitable for occurrence of both, orchid and its phorophytes,
should be considered as priority conservation areas for studied medicinal plant. These climatic refugia are
buffered from contemporary climate change over time enabling persistence of physical and ecological resources
despite changes in the climate in the surrounding landscape. Determining the best location of climate change
refugia and assuring the proper management of these areas is a key analytic process for establihing effective
conservation stategies’!. Morelli et al.”? provided the information about practical usefullness of identification of
climate refugia in nature management agendas.

This study revealed also the need for additional research on several aspects of B. odoratissimum ecology — (1)
recognition of fungal symbionts of this orchis, (2) identification of pollen vectors, (3) evaluation of similarity of
climatic preferences of lithophytic and epiphytic populations within the geographical range of the species. These
poorly explored topics will allow to improve the conservation activities by providing additional data which can
be used to further specify the location of the most suitable climatic refugia which will assure the survival of
complicated ecological networks allowing orchid to effectively reproduce and germinate under climate change.
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