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Figure 1. Studied Species: Anchusa italica (Photo: Wikipedia).
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Table 1. The schedule of presence recording of Anchusa italica in Khorasan Razavi.
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Table 2. Description of bioclimatic variables used in modeling.
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Figure 5. A demonstration of trees used in boosting process in GBM model.

L,;Luemwm}?.»&)cﬁ;u:w\,;.m
O3 sl sl ol o 5 e glls oS el
Ol 1,y ble 3 Ky s Ades i
B Gl ra G S el S s
Giledde Jiay 5 eslinal U baazis ol s
J i 5 Lol 4y s S diledd 4 GBM

SLald o okl gnhy bl edd o b

I adlllas oo Bald s Olgr il ol
(HadGem2 Ju.s ; RCP8.5 lul, YeAs
sdul 5 b Ole 55 cpl s 458 (S| slaasd
Vsl A5 e 95 el sl Ll
Sl el 5y s ol 2l slasglis Vo
andlans;po Jloy ablis s Anchusa italica « S

iaty
[
|__Bred

Legend
B Absence
B Prescnce

——
0 2550 100

[rersy
[ QU

B e

o USRS

[T

Legend
Unsuitable
Barely Suitable (2
Semi Suitable
Mostly Suitbale

+

—— L
0 2650 100

ol Ol 4l icwily) ol Jb o3l i3 55 Anchusa

italica 45; 6‘1 rQJﬁ." L?.‘J‘:‘ . M WL'J PRV} s

(814 AUC jlae bl 1 ol Gble 4l i oKy,

Figure 6. Map the relative suitability of climatic conditions for Anchusa italica in the present climate (right:
the map of habitat suitability, left: map of potential sites based on maximized AUC).
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Figure 7. Map the relative suitability of climatic conditions for Anchusa italica in the 2080 with studied
scenario climate (right: the map of habitat suitability, left: map of potential sites based on maximized AUC).
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Table 3. Sensitivity and specificity values of the validation indices used in this research.
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Abstract

Background and Objectives: Climate change which has begun due to human activities in the
past centuries, intensified through positive feedbacks as time goes by. Changes in the
characteristics of the environment of organisms definitely affect their lives. In the last decade,
many studies have focused on the type, size, and extent of this effect on different organisms
(including plants) in various ecosystems. In this study, the effect of climate change on the
geographical distribution of Anchusa italica in Khorasan Razavi province was investigated at
2080 with RCP 8.5 and under the HadGem2 general circulation model. Despite its medicinal,
conservational, economic and even forage importance, this species has never been studied. The
impact of climate change on important species can only be examined through modeling, because
modeling studies in the natural sciences are the key of many issues that cannot be tracked in
normal studies.

Materials and Methods: At first, field studies were carried out including the record of
geographical coordinates of the species presence in the rangelands of Khorasan Razavi province
in late spring of 2018 (when the plant was flowering and easily visible and identified) and 113
presence points was recorded for Anchusa italica. Then the 19 bioclimatic variables alongside
three topographic variables were used as inputs to GBM model. This model, which is a decision
trees based methods, uses numerous incomplete trees to form the final model, and the algorithm
required in this study was programmed in the R environment. The model simulates the
relationship between the presence of species and climatic and topographical conditions, and
then uses this simulation to study the effect of changes in climatic factors on the distribution of
species. Two validation indices (AUC and TSS) were used to determine the model's potency.

Results: The maps of suitable areas for wild borage in current climatic conditions and under
climate change in 2080 were prepared and the model assessment indices showed that the model
has a high ability to predict suitable sites for species presence (AUC = 0.974 and TSS = 0.87).
Habitat suitability of this species was highly affected by (BIO1), (BIO2), (BIO15) and (BIO12).
Results showed that in comparison with current conditions, about 40% of the climatic suitable
area for this species will be diminished with the RCP 8.5 (from the IPCC scenario series). The
areas where changes in the habitat of this species occur are displayed in a map.

Conclusion: The effect of climate change on plants is divided into three groups: Adaptation,
Shifting and Extinction. According to the results of this study, in the case of wild borage,
physiological adaptation is not likely to be possible in the short term (less than few centuries
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to few millennia). So if this plant fails to alter its distribution range (Shifting or displacement),
will have to choose the third way (local extinction or get limited to refuges). Therefore, it is
necessary to plan local, national and regional programs to maintain and extend the current
habitats of this biological, ecological, medicinal and economic important species and providing
access to new habitats for it; alongside the preventive activities of climate change.

Keywords: Bioclimatic variables, Ecological niche, Range shift, Wild borage (4dnchusa italica)
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