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Landscape Ecology

Methods Applied for Calculating Permeability Scores

Permeability Scores (P.S.) were established through a two-step process, combining statistical analysis and literature-based
refinement. In the first step, Resource Selection Functions (RSF) were used to perform statistical calculations of habitat
preference, and in the second step, the preliminary scores were adjusted and validated using information from the
scientific literature.

The method was applied to the following variables: LULC, SOIL, ASPECT, SLOPE.

Step 1. The methodology for assigning permeability scores (on a 0—10 scale) is based on statistical analysis derived from
the principles of RSF. We used the Selection Ratio (w;) to quantify habitat preference, which was then logarithmically
linear normalized (scaled 0—10) to obtain the Permeability Scores (P.S.). The Selection Ratio quantifies the relative
preference of the species for a particular habitat class (i) by comparing resource use (presence) with its availability
(background)(Boyce et al., 2002; Manly et al., 2002).

We used 483 presence points and 5000 pseudo-absence points. Environmental variable values were extracted for each
point, and selection ratios (SR) were then calculated. For each class (LULC, SOIL, ASPECT, SLOPE), we calculated the
proportion of presence points and the proportion of background points:

Calculation of proportions:

Npresence,i
%Presence; = —PTEeREel %100

Ntotal presence

nbackground,i

%PseudoAbsence; = ——— x 100

total background
where,
Hpresence, i = NUmMber of presence points in class i
Niotal presence = total number of presence points
Nbackgrouna, i = number of background points in class i
Niotal backgrouna = total number of background points
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Calculation of the Selection Ratio (w;):

The selection ratio is calculated as the ratio between the proportion of presence points and the proportion of background
points:

%Presence;

W= %PseudoAbsence;

Interpretation:
wi > 1 the habitat class is selected more than expected (preferred)
wi < 1 the habitat class is avoided

Normalization and Scaling to a 0—10 Scale.

To obtain a final intuitive permeability score (P.S.) ranging from 0 to 10, the wiw_iwi values are transformed using a
logarithmic linear normalization, a simplification of the min—max normalization. This allows the minimum and maximum
values to be scaled appropriately:

In(1+w;) —In(1+wp,)

P.S.. =10
i T (T + Wmax) — 10 (1 + Wi,

where,

P.S.; = permeability score for the class i

Wmar = maxi (w;) = maximum value of the selection ratio among all classes (the class with w; = wyq receives a score of
10, while classes w; = 0 receive a score of 0)

Wmin = min (w;) = minimum value of the selection ratio among all classes.

The results of these calculations, along with the data used for the analysis, are presented in Table 1.



Table 1. Selection ratios (w;) and calculated permeability scores (P.S.) for each class of environmental variables (LULC, SOIL, ASPECT, SLOPE) used in the analysis.

COD CLASS Presence | Peudoabsence | %Presence; | %PseudoAbsence; | w; Winax Wanin Permeability Score;
LULC Water 0 15 0.0 0.3 0.0 4.0 0 0
Shrubs (SWF) 47 212 9.7 4.2 2.3 4.0 0 8
Built-up Area / Artificial Surfaces 1 104 0.2 2.1 0.1 4.0 0 1
Agricultural Crops / Arable Land 53 1392 11.0 27.8 0.4 4.0 0 2
Roads 3 26 0.6 0.5 1.2 4.0 0 5
Orchard 0 69 0.0 1.4 0.0 4.0 0 0
Bare Land / Sparsely Vegetated Area 7 18 1.4 0.4 4.0 4.0 0 10
Coniferous Forests 0 57 0.0 1.1 0.0 4.0 0 0
Deciduous Forests 29 1322 6.0 26.4 0.2 4.0 0 1
Pastures / Grassland 343 1785 71.0 35.7 2.0 4.0 0 7
SOIL Argiluvisols 62 2043 12.8 40.9 0.3 3.4 0 2
Cambisols 70 852 14.5 17.0 0.9 3.4 0 4
Supplementary Classes (Water) 0 1 0.0 0.0 0.0 34 0 0
Mollisols 217 661 44.9 13.2 3.4 3.4 0 10
Halomorphic Soils 0 2 0.0 0.0 0.0 34 0 0
Hydromorphic Soils 25 318 5.2 6.4 0.8 34 0 4
Undeveloped/Truncated/Disturbed Soils 98 1077 20.3 21.5 0.9 34 0 5
Organic Soils (Histosols) 0 3 0.0 0.1 0.0 34 0 0
Spodosols 0 2 0.0 0.0 0.0 34 0 0
Umbrisols 0 7 0.0 0.1 0.0 34 0 0
Vertisols 11 34 2.3 0.7 33 3.4 0 10
ASPECT | Flat/ Level (-1) 0 0 0.0 0.0 0.0 1.8 0 0
North (0-22.5) 44 525 9.1 10.5 0.9 1.8 0 6
North-East (22.5-67.5) 66 565 13.7 11.3 1.2 1.8 0 8
East (67.5-112.5) 50 699 10.4 14.0 0.7 1.8 0 5
South-East (112.5-157.5) 39 509 8.1 10.2 0.8 1.8 0 6
South (157.5-202.5) 91 702 18.8 14.1 1.3 1.8 0 8
South-West (202.5-247.5) 83 483 17.2 9.7 1.8 1.8 0 10
West (247.5-292.5) 47 631 9.7 12.6 0.8 1.8 0 6




North-West (292.5-337.5) 30 558 6.2 11.2 0.6 1.8 0 4
North (337.5-360) 33 328 6.8 6.4 1.1 1.8 0 7
SLOP 0-3° 55 1475 11.4 29.5 0.4 1.7 0 0
3-10° 275 2299 56.9 46.0 1.2 1.7 0 7
10-20° 128 1076 26.5 21.5 1.2 1.7 0 7
20-30° 25 149 52 3.0 1.7 1.7 0 10
>30° 0 1 0.0 0.0 0.0 1.7 0 0

Step 2. In the second step, the preliminary permeability scores were adjusted and validated using information from the scientific literature. This involved integrating habitat characteristics,
species preferences, and previously published ecological knowledge to obtain the final P.S. values. Thus, the final scores reflect both the statistical analysis based on presence and background
data and the documented ecological information, providing a realistic estimate of habitat permeability for the threatened species (Table 2).

Table 2. Adjusted Permeability Scores for Environmental Variables of Analyzed Species with Justifications and Literature Sources

Environmental CLASS Preliminary score | Adjusted score Justification Literature source(s)
variable
LULC Water 0 0 -
Shrubs / Scrub (SWF) 8 8 -
Built-up Area/Artificial Surfaces 1 0 Non-habitat
Agricultural Crops / Arable Land 2 1 Non-habitat
Roads 5 0 Non-habitat
Orchard 0 1 Species have also been observed in orchards
Bare Land / Sparsely Vegetated Area 10 5 Habitat vegetation cover between 40—90%
Coniferous Forests 0 1 The species have also been observed within open
: (sparse) coniferous forests. (D. S. Chirila, 2022; S. D.
Deciduous Forests 1 1 - Chirild, 2021; S. D. Chirila,
. . . . . Badarau, et al., 2025; S. D.
Pastures / Grassland 7 10 Main habitat type mentioned in the literature Chirila, Doroftel. et al., 2025;
SOIL Argiluvisols 2 7 Nutrient-rich, well-drained soils formed on loess, S. D. Chirild et al., 2022; S. D.
. s Chirila & Kiril, 2024; Cieslak,
similar to Feozem/Chemozerq conditions favorable 2013: Cicdlak, 2013:
. - for the sp.e01es. - - FloraVeg.EU, 2025; Mucina et
Cambisols 4 8 Moderately fertile, well-drained soils with neutral to al., 2016; Sadlo et al., 2007)
slightly acidic pH (6.0-7.0), providing suitable
conditions for the species
Supplementary Classes (Water) 0 0 -




Mollisols 10 10 -
Halomorphic Soils 0 -
Hydromorphic Soils 4 The species does not tolerate excessive soil moisture;
hydromorphic soils are generally unsuitable for
establishment.
Undeveloped/Truncated/Disturbed 5 5 -
Soils
Organic Soils (Histosols) 0 0 -
Spodosols 0 0 -
Umbrisols 0 0 -
Vertisols 10 5 Clay-rich, poorly drained soils may hinder
establishment despite high nutrient content.
ASPECT Flat / Level (-1) 0 0 -
North (0-22.5) 6 5 Less favorable exposure habitats
North-East (22.5-67.5) 8 8 -
East (67.5-112.5) 5 8 Eastern-exposed habitats are also preferred
South-East (112.5-157.5) 6 8 South-eastern-exposed habitats are also preferred
South (157.5-202.5) 8 10 Ideal exposure habitats
South-West (202.5-247.5) 10 10 Ideal exposure habitats
West (247.5-292.5) 6 8 Western-exposed habitats are also preferred
North-West (292.5-337.5) 4 7 North-western-exposed habitats are also preferred
North (337.5-360) 7 5 Less favorable exposure habitats
SLOP 0-3° 0 5 Habitats with slightly preferred slope. Species were
observed rarely.
3-10° 7 10 Habitats with ideal slope. Species were observed
frequently.
10-20° 7 9 Habitats with optimal slope. Species were observed
regularly.
20-30° 10 7 Habitats with optimal slope. Species were observed
regularly.
>30° 0 5 Habitats with slightly preferred slope. Species were

observed rarely.
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