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METHODS S1

In order to assess whether B and EU ratios were substantially unaffected by inter-specific differences, their
median values were tested for significant differences using Mann-Whitney's U test for independent samples.
Median B ratios were tested using the column vector reported in Data S1.

Median EU ratios were tested before outlier removal (overall EU ratio data), and separately in each EU ratio
sub-dataset after outlier removal (exposure time spans of 4, 8 and 12 weeks; Data S2-54). Statistical significance
was tested in all cases at a = 0.05 (Table S1).

SUPPLEMENTARY TABLES

Table S1. Results of statistical testing (Mann-Whitney U test for independent samples) for differences between
median values of B ratios (native lichens) in Flavoparmelia caperata and Xanthoria parietina, as well as between
median values of EU ratios (lichen transplants) in Evernia prunastri (Ep) and Pseudevernia furfuracea (Pf) (either
reported for the overall data or separately for each exposure time span). Data counts (n) are reported in
brackets in the headers.

B ratio
(Flavoparmelia caperata, n = 3005; Xanthoria parietina, n =768)

U V4 p-value
1120°389 1.245 0.213
EU ratio
(Evernia prunastri, n = 150; Pseudevernia furfuracea, n = 670)

Exposure time span U zZ p-value
Overall 49°992 0.098 0.922
4 weeks (Ep, n=77; Pf, n=92) 3406 -0.428 0.669
8 weeks (Ep, n=24; Pf, n =306) 3164 1.128 0.259
12 weeks (Ep, n = 48; Pf, n = 240) 5406 0.671 0.502




Table S2. Lichen Background Element Concentration values (BECs, ug g! DW) reported by Bargagli [2],
Bennett [9] and Cecconi et al. [13], with indication of target lichen species, reference areas and number of
sampling sites (in brackets, when available). Data reported by Bargagli refer to element concentration ranges

(2].

- Bargagli ! Bennett ! Cecconi et al. 2

g Foliose species  Hypogymnia physodes Pseudevernia furfuracea

= . . Eastern Central Western Apennines

= Multiple areas Multiple areas Alps (12) Alps (13) Alps (11) (18)
Al 150 + 300 448 (32) 688 1024 835 1600
As 0.7+2.0 1.33 7) 0.611 0.605 0.398 0.407
Cd <01+03 0.562 (37) 0.159 0.204 0.155 0.251
Cr 1+4 2.11 (33) 5.26 5.93 7.02 8.33
Cu 4+10 5.96 (37) 4.5 7.36 4.79 4.95
Hg <01+02 0.253 (15) - - - -
Ni 1+3 1.72 (33) 1.17 1.83 4.46 1.77
Pb 1+8 19.5 (39) 2.77 4.49 2.35 4.6
Ti 5+35 26.4 5) 434 60.2 55 106
\% <1+3 169 (8) 12 1.88 1.41 2.8
Zn 20+90 73 (43) 38 64.4 40 314

1 Review-based BECs.
2 Field-assessed BECs.



Table S3. Percentile-based, 7-class, naturality/alteration scale for bioaccumulation data provided by Nimis and Bargagli [14] (the abbreviations in brackets are the
same used in Table S5). Data refer to percentile thresholds, corresponding element concentration values (ug g DW) for the 11 elements included in the N dataset
after the methodological data filtering (Sect. 2.2 and 3.1), and the colours suggested by the authors [14] (data counts are reported in brackets below each element).

Class (abbreviation) Percentile Al As Cd Cr Cu Hg Ni Pb Ti v Zn Color
V.
(626) (435)  (626)  (654)  (656)  (606)  (655) (699)  (138)  (416)  (699)
1 Very high naturality (V.h.n) < 20th <350 <0.2 <0.2 <12 <7 <0.07 <1 <4 <13 <0.63 <30 Blue
2 High naturality (Hn) 20th - 50th 350-600 0.2-0.6 0.2-04 1.2-2.2 7-10  0.07-0.13 1-2 4-10 13-27 0.63-1.7 30-40 Dark green

3 Middle naturality (Mon.) 50th - 75th 600-1000 0.6-1.2 04-08 2.2-40 10-15 0.13-0.20 2-3 10-25 27-70 1.7-3.1 40-65 Pale green
4 Low nat./alteration  (L.a.) 75%h-90%  1000-1600 1.2-19 0.8-14 4.0-6.0 1525 0.20-0.29 3-5 25-55 70-97 3.1-5.1 65-94 Yellow

5 Middle alteration (M.a.) 90th - 95t 1600-2500 1.9-24 14-20 6.0-90 25-34 0.29-042 56 55-80  97-113  5.1-6.7 94-115  Orange

6 High alteration (H.a.) 95th-9gth  2500-3200 2.4-3.0 2.0-26 9.0-16.0 34-53 0.42-0.74 6-8 80-108 113-150 6.7-9.3  115-155 Red

7  Very high alteration  (V.h.a.) > 98th > 3200 >3.0 >2.6 >16.0 > 53 0.74 >8 >108 > 150 >9.3 >155 Crimson




Table S4. Accumulation/loss scale provided by Frati et al. [25] with 5 EC ratio classes (the abbreviations in

brackets are the same used in Table 56).

Accumulation/loss (abbreviation)

EC ratio

Severe loss

Loss

Normal
Accumulation
Severe accumulation

(S.1)
(Loss)
(N.)
(Acc.)
(S.a.)

0-0.25
0.25-0.75
0.75-1.25
1.25-1.75
>1.75




Table S5. Results of the comparative application of the naturality/alteration scales by Nimis and Bargagli [14] (nat./alt. class) and the bioaccumulation scale in Table 4 (B. class) to
a real case study. Data refer to three elements (As, Cd, Cr) measured in samples of Flavoparmelia caperata and Xanthoria parietina collected in 40 sampling sites (Figure 3).
Abbreviations for classes of naturality/alteration and bioaccumulation scales are reported in Table S3 and Table 4. The attribution of classes is based on absolute element
concentration expressed in ug g' DW (Elem. conc.) for naturality/alteration scales, whereas it is based on the B ratio for the bioaccumulation scale.

Flavoparmelia caperata Xanthoria parietina

Site As Cd Cr As Cd Cr

Elem. Nat./alt. B B. Elem. Nat./alt. B B. Elem. Nat./alt. B B. Elem. Nat./alt. B B. Elem. Nat./alt. B B. Elem. Nat./alt. B B.

conc. class ratio class conc. class ratio class conc. class ratio class conc. class ratio class conc. class ratio class conc. class ratio class
A2 023 2(Hn) 165 2(0) 011 1(Vhn) 081 1(A) 084 1(Vhn) 099 1(A) 085 3(Mn) 812 5(3 007 1(Vhn) 124 2() 140 2(Hn) 117 2@
A6 028 2(Hn) 267 3(M) 007 1(V.hn) 131 2(@) 110 1(V.hn) 092 1(A)
A7 020 2(Hn) 191 2(L) 009 1(Vhn) 172 2() 086 1(V.hn) 072 1(A)
A8 022 2(Hn) 210 3(M) 010 1(Vhn) 192 2() 141 2(@Hn) 117 2(L)
B3 027 2(Hn) 194 2() 018 1(Vhn) 133 2(@L) 161 2(Hn) 191 2() 025 2(Hn) 234 3(M) 012 1(Vhn) 221 3(M) 175 2(Hn) 146 2(L)
B4 012 1(V.hn) 115 2(L) 005 1(V.hn) 087 1(A) 110 1(V.hn) 092 1(A)
B5 032 2(Hn) 306 3(M) 022 2(Hn) 406 4(H) 130 2(Hn) 108 2(L)
B6 029 2(Hn) 277 3(M) 012 1(V.hn) 222 3(M) 092 1(V.hn) 077 1(A)
2 020 2(Hn) 191 2(L) 007 1(Vhn) 122 2(L) 230 3(Mn) 192 2(L)
c3 018 1(Vhn) 129 2(L) 017 1(Vhn) 123 2(@) 067 1(Vhn) 079 1(A) 029 2(Hn) 272 3(M) 009 1(Vhn) 162 2(L) 145 2(Hn) 121 2(L)
ca 024 2(Hn) 229 3(M) 028 2(Hn) 517 5(S) 160 2(Hn) 134 2(L)
C5 021 2(Hn) 201 2() 009 1(V.hn) 1.64 2(L) 097 1(V.hn) 081 1(A)

C6 031 2(Hn) 222 3(M) 045 3(Mn) 332 3(M) 220 3(Mn) 260 3(M) 025 2(Hn) 239 3(M) 064 3(Mn) 1182 5(S) 200 2(Hn) 167 2(L)
c7 035 2(Hn) 251 3(M) 024 2(Hn) 177 2() 150 2(Hn) 177 2(L)

cs 027 2(Hn) 194 2(@) 012 1(Vhn) 089 1(A) 110 1(Vhn) 130 2(L)

D1 020 2(Hn) 143 2(L) 018 1(Vhn) 133 2(L) 092 1(V.hn) 1.09 2(L)

D2 021 2(Hn) 151 2(L) 027 2(Hn) 19 2(L) 077 1(V.hn) 090 1(A)

D3 028 2(Hn) 201 2(L) 023 2(Hn) 166 2(L) 138 2(Hn) 163 2(L)

D4 016 1(Vhn) 115 2(L) 011 1(V.hn) 081 1(A) 110 1(Vhn) 130 2() 018 1(Vhn) 169 2(@L) 005 1(Vhn) 1.00 1(A) 127 2(Hn) 106 2(L)
D5 051 2(Hn) 366 4(H) 018 1(Vhn) 133 2(L) 210 2(Hn) 248 3(M) 026 2(Hn) 248 3(M) 007 1(Vhn) 129 2(L) 069 1(V.hn) 058 1(A)
D6 030 2(Hn) 215 3(M) 015 1(Vhn) 111 2(L) 345 3(Mn) 4.08 4 (H)

D7 100 3(Mn) 955 5(5) 075 3(Mn) 1385 5(S5) 510 4(Ln) 426 4(H)
E1 035 2(Hn) 247 3(M) 037 2(Hn) 269 3(M) 145 2(Hn) 171 2
F2 020 2(Hn) 140 2() 020 2(Hn) 144 2(L) 080 1(V.hn) 094 1
E3 023 2(Hn) 165 2(L) 024 2(Hn) 173 2() 071 1(Vhn) 084 1
F4 024 2(Hn) 172 2(L) 024 2(Hn) 177 2(L) 056 1(V.hn) 066 1
E5 033 2(Hn) 237 3(M) 020 2(Hn) 148 2(L) 160 2(Hn) 189 2
F6 061 3(Mn) 434 4(H) 019 1(Vhn) 137 2(L) 365 3(Mn) 431 4(H)
F1 021 2(Hn) 151 2(L) 020 2(Hn) 148 2(L) 084 1(V.hn) 099 1
Fp 018 1(Vhn) 125 2(L) 019 1(Vhn) 137 2() 059 1(V.hn) 069 1
F3 026 2(Hn) 189 2(L) 044 3Mn) 322 3(M) 057 1(V.hn) 067 1
F4 019 1(Vhn) 133 2(L) 024 2(Hn) 177 2(@) 053 1(Vhn) 062 1
F5 026 2(Hn) 186 2(@) 067 3(Mn) 495 5(S) 100 1(Vhn) 118 2
F6 031 2(Hn) 296 3(M) 010 1(Vhn) 177 2(@) 310 3(Mn) 259 3(M)
Gl 023 2@Hn) 165 2(@L) 016 1(Vhn) 114 2(L) 120 2(@Hn) 142 2@ 020 2(Hn) 191 2(L) 006 1(Vhn) 116 2(L) 250 3(Mn) 209 2(L)
G2 021 2(Hn) 151 2(L) 024 2(Hn) 175 2(L) 068 1(V.hn) 080 1(A)

G3 020 1(V.hn) 141 2(L) 027 2(Hn) 199 2(L) 045 1(V.hn) 053 1(A)

Gs4 031 2(Hn) 222 3(M) 029 2(Hn) 210 3M) 102 1(Vhn) 121 2(L)

G5 023 2(Hn) 162 2(L) 021 2(Hn) 153 2() 097 1(Vhn) 115 2(L)

Go 048 2(Hn) 344 4(H) 033 2(Hn) 240 3(M) 410 4(Ln) 485 4(H)




Table S6. Results of the comparative application of the accumulation/loss scale by Frati et al. [25] (Acc./loss classes)
and the bioaccumulation scale in Table 5 (B. class) to a real case study. Data refer to three elements (As, Cd, Cr)
measured in samples of Pseudevernia furfuracea collected in 30 transplant sites (Figure 4). Abbreviations for
naturality/alteration and bioaccumulation classes are reported in Table S4 and Table 5. The attribution of classes is
based on the EU ratio (former EC ratio) for both scales.

As Cd Cr
Site Element EU Acc./loss B. Element EU Acc./loss B. Element EU Acc./loss B.

concentration ratio class class concentration ratio class class concentration ratio class class
Al 026 106 N 2(L) 023 121 N. 2(L) 1.74 135  Acc. 2(L)
A2 026 .02 N 2(U) 0.46 244 Sa.  3(M) 1.59 123 N 2(U)
A3 0.32 126  Acc.  2(L) 0.23 122 N.  2(L) 235 182  Sa.  3(M)
A4 0.25 098 N. 2(L) 021 110 N 2(L) 153 119 N 2(@U)
A5 037 147  Acc.  2(L) 0.46 244 Sa.  3(M) 238 184 Sa.  3(M)
A6 027 1.10 N.  2(L) 0.25 134  Acc.  2(L) 1.85 144  Acc.  2(L)
B1 031 1.24 N. 2() 0.25 130  Acc.  2(L) 1.46 1.13 N.  2(@)
B2 234 935 Sa.  5(5) 0.17 090 N. 1(A) 146 114 N. 2
B3 0.28 1.12 N. 2 (L) 0.22 1.14 N. 2 (L) 1.85 143 Acc. 2 (L)
B4 0.32 128  Acc.  2(L) 0.26 135  Acc.  2(L) 1.35 1.05 N.  2(@)
B5 0.29 1.16 N. 2 (L) 0.30 1.60 Acc. 2 (L) 2.02 1.57 Acc. 2 (L)
B6 0.27 1.07 N. 2 (L) 0.23 1.21 N. 2 (L) 1.40 1.09 N. 2 (L)
B7 033 131  Acc.  2(L) 0.28 148  Acc.  2(L) 1.63 126 Acc.  2(L)
BS 033 131  Acc.  2(L) 0.24 129  Acc.  2(L) 2.09 162  Acc.  2(L)
C1 0.37 1.48 Acc. 2 (L) 0.28 1.49 Acc. 2 (L) 2.37 1.83 S.a. 3 M)
c2 035 138  Acc.  2(L) 0.24 129  Acc.  2(L) 2.09 162  Acc.  2(L)
c3 0.22 0.88 N.  1(A) 0.21 113 N.  2(@) 1.16 0.90 N.  2(@)
cs5 031 126 Acc.  2(L) 0.30 160  Acc. 2(L) 1.60 124 N 2(@)
Cé 0.29 115 N 2() 0.20 107 N 2() 1.81 141 Acc.  2(L)
D1 021 0.84 N.  1(A) 0.20 1.03 N.  2(@) 1.65 128  Acc.  2(L)
D2 0.22 0.90 N.  1(A) 021 1.10 N.  2(@) 1.33 1.03 N. 2@
D3 0.29 1.15 N. 2 (L) 0.44 2.31 S.a. 3 M) 2.03 1.57 Acc. 2 (L)
D4 023 0.93 N. 2() 021 1.11 N.  2(@) 1.19 0.92 N. 2@
D5 0.37 150  Acc.  2(L) 0.40 209 Sa.  3(M) 2.06 160  Acc.  2(L)
D6 0.24 0.97 N. 2 (L) 0.25 1.33 Acc. 2 (L) 1.69 1.31 Acc. 2 (L)
El 0.24 0.95 N. 2 (L) 0.27 1.41 Acc. 2 (L) 1.75 1.36 Acc. 2 (L)
E2 025 1.02 N. 2() 0.22 1.15 N.  2(@) 1.63 126 Acc.  2(L)
E3 0.25 1.01 N.  2(L) 027 141 Acc.  2(L) 1.54 120 N.  2(L)
E4 022 090 N. 1(A) 0.22 114 N 2(U) 1.76 137 Acc.  2(L)
E5 0.22 0.90 N. 1(A) 0.19 0.99 N.  2(@) 1.28 0.99 N.  2()
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Figure S1. Distributions of element concentration data for Flavoparmelia caperata (Fc: pale green bars) and Xanthoria parietina (Xp: orange bars) in the dataset N (panel
I: Al, As, Cd, Cr, Cu, Hg; panel II: Ni, Pb, Ti, V, Zn).
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Figure S1. Distributions of element concentration data for Flavoparmelia caperata (Fc: pale green bars) and Xanthoria parietina (Xp: orange bars) in the dataset N (panel
I: Al, As, Cd, Cr, Cu, Hg; panel II: Ni, Pb, Ti, V, Zn).
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Figure S2. B ratio data, separately reported for 11 elements or not (overall), in the lichen species Flavoparmelia caperata

(Fc: pale green) and Xanthoria parietina (Xp: orange). Data are shown as means and 95% confidence intervals.

Figure S3. EU ratio data, separately reported for three exposure time spans (4, 8 and 12 weeks) or not (overall), in
the lichen species Evernia prunastri (Ep: pale blue) and Pseudevernia furfuracea (Pf: grey). Data are shown as means

and 95% confidence intervals.
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