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Supplementary Figure 1. Spatial distribution of the 44 mountains used in the study. Colored points indicate
elevation gradients < 2500 m (red) and elevation gradients ≥ 2500 m (blue). The map was created in R (version
4.0.2)1 using the ggplot2 (version 3.4.1)2 and rnaturalearth (version 0.1.0)3 packages.
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Supplementary Figure 2. Mean species’ elevation ranges in each mountain used in the study. Colored points
indicate elevation gradients < 2500 m (red) and elevation gradients ≥ 2500 m (blue). The map was created in R
(version 4.0.2)1 using the ggplot2 (version 3.4.1)2 and rnaturalearth (version 0.1.0)3 packages.
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Supplementary Table 1. Details about each of the 44 mountain gradients used in the study. The elevation span
is the difference between the highest and lowest elevation observation in a given mountain. The number of species
is the number of species after naming homogenization.

Location Alpha-3 ISO Elevation span (m) No. of species Reference
Afghanistan AFG 5520 4274 (4, 5)
Alborz Mts. IRN 4800 2973 (6, 7)
Azores PRT 2350 192 (8)
Baekdudaegan Mts. KOR 1500 746 (9)
Bioko GNQ 2800 404 (10)
Canary ESP 3540 1345 (11)
Cantabria ESP 2600 129 (12)
Cape Verde CPV 2800 365 (13, 14)
Chicauma CHL 1700 487 (15)
Colombian Andes COL 5000 17764 (16)
Crete GRC 2500 1693 (17–19)
Cyprus CYP 2000 1582 (20, 21)
Denali USA 1660 626 (22)
Drakensberg ZAF, LSO 1500 1312 (23)
Euboea GRC 1700 1451 (24–26)
Golestan IRN 2000 1229 (27)
Hawaii USA 4110 1113 (28)
Hengduan CHN 5250 2142 (29, 30)
Jamaica JAM 2280 2263 (31)
Jaya IDN 4750 608 (32)
La Amistad PAN, CRI 4000 2973 (33)
Lazio ITA 2600 2389 (34)
Mt. Ararat TUR 3300 368 (35)
Mt. Etna ITA 3100 993 (36)
Mt. Kilimanjaro TZA 4070 2033 (37)
Nanga Parbat PAK 4300 876 (38)
Nepal NPL 6430 4907 (39–41)
Nevada Test Site USA 2240 987 (42)
Owens Peak USA 1900 418 (43)
Reunion REU 3060 778 (44–46)
Santa Rosa Mts. USA 2690 592 (47)
Sierra Nevada ESP 3200 2177 (48)
Sierra San Pedro Martir MEX 2940 478 (49)
Socotra YEM 1550 689 (50)
South-Eastern Pyrenees ESP 3400 2657 (51, 52)
Swiss Alps CHE 4310 3100 (53)
Tahoe USA 1950 663 (54)
Taiwan TWN 3990 1587 (55)
Tajikistan TJK 5500 3830 (56)
Tasmania AUS 1600 2520 (57)
Utah USA 4230 2846 (58)
Venezuelan Andes VEN 5100 5176 (59)
Western Kenya KEN 5310 1565 (60, 61)
Wind River Mts. USA 2740 1164 (62)
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Supplementary Figure 3. Response of mean species’ elevation ranges to diurnal temperature range (a), tem-
perature seasonality (b) and the variation of mean annual temperature from 0 to 1980 AD (c) using standardized
elevation gradients from lower elevations. Points represent the estimatedmean elevation rangeswith their respec-
tive standard error in each of the 30 standardized elevation gradients ≥ 2500 m in length. Thick blue lines are the
posterior mean calculated from 600 random draws sampled from the 95% credible interval (thin blue lines). Colored
dots indicate island (white) and continental (dark gray) mountains. Source data are provided as a Source Data file.
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Supplementary Figure 4. Response of mean species’ elevation ranges to diurnal temperature range, tempera-
ture seasonality and the variation of mean annual temperature from 0 to 1980 AD using a standardized elevation
span of 1500 m. The different panels show the responses of species’ range sizes to each temperature variation
predictor using all species (a-c) and after discarding species found exclusively in the upper and lower 250 m (a-f)
and 500m (g-i) of the elevation gradient. Thick blue lines are the posterior mean calculated from 600 random draws
sampled from the 95% credible interval (thin blue lines). Colored dots indicate island (white) and continental (dark
gray) mountains. Each elevation gradient length was standardized from upper elevations. Source data are provided
as a Source Data file.
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Supplementary Figure 5. Response of mean species’ elevation ranges to diurnal temperature range, tempera-
ture seasonality and the variation of mean annual temperature from 0 to 1980 AD using a standardized elevation
span of 2000 m. The different panels show the responses of species’ range sizes to each temperature variation
predictor using all species (a-c) and after discarding species found exclusively in the upper and lower 250 m (a-f)
and 500m (g-i) of the elevation gradient. Thick blue lines are the posterior mean calculated from 600 random draws
sampled from the 95% credible interval (thin blue lines). Colored dots indicate island (white) and continental (dark
gray) mountains. Each elevation gradient length was standardized from upper elevations. Source data are provided
as a Source Data file.
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Supplementary Figure 6. Response of mean species’ elevation ranges to diurnal temperature range, tempera-
ture seasonality and the variation of mean annual temperature from 0 to 1980 AD using a standardized elevation
span of 2500 m. The different panels show the responses of species’ range sizes to each temperature variation
predictor using all species (a-c) and after discarding species found exclusively in the upper and lower 250 m (d-f)
and 500m (g-i) of the elevation gradient. Thick blue lines are the posterior mean calculated from 600 random draws
sampled from the 95% credible interval (thin blue lines). Colored dots indicate island (white) and continental (dark
gray) mountains. Each elevation gradient length was standardized from upper elevations. Source data are provided
as a Source Data file.
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Supplementary Figure 7. Posterior distributions from the global-scale analyses for diurnal temperature
range (DTR), temperature seasonality (TS) and the variation of mean annual temperature from 0 to 1980 AD
(∆MAT0-1980). The plots show the median values of the regression coefficients (vertical thick lines) with the 80%
(dark shading), 95% (light shading) and 99% (outlines) credible intervals for standardized elevation gradient length
of 1500, 2000 and 2500 m. Colors indicate analyses with exclusion zones of 500 m (yellow), 250 m (red) and 0 m
(blue).
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Supplementary Table 2. Results of the model selection. ∆WAIC and ∆LOO are the relative difference in infor-
mation criterion between a given and the best model. WAIC and LOO values are from models using standardized
gradient length (from upper elevations) and exclusion zones of 2500 m and 250 m, respectively. DTR: diurnal tem-
perature range; TS: temperature seasonality; MAT: mean annual temperature; AP: annual precipitation; ∆MAT0-1980:
temperature variation from 0 to 1980 AD; MAP0-1980: mean annual precipitation from 0 to 1980 AD.

Model WAIC ∆WAIC LOOIC ∆LOOIC
DTR -6.37 0.00 -6.18 0.00
DTR * MAT -3.73 2.63 -3.12 3.05
DTR * land type -3.16 3.21 -2.57 3.60
DTR * AP -3.02 3.35 -2.51 3.66
∆MAT0−1980 * land type 0.86 7.22 1.78 7.96
TS * land type 2.40 8.76 3.10 9.28
TS 5.73 12.09 5.87 12.05
∆MAT0−1980 5.74 12.11 5.91 12.09
∆MAT0−1980 * MAP0−1980 9.10 15.47 9.70 15.88
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Supplementary Table 3. Statistical details of the global-scale analyses. Multiple values in the 𝑃(𝛽 < 0) column
are the 𝑃(𝛽 < 0) of the first, second and the interaction of the two predictors, respectively. DTR: diurnal temperature
range; TS: temperature seasonality; MAT: mean annual temperature; AP: annual precipitation; ∆MAT0-1980: tempera-
ture variation from 0 to 1980 AD; MAP0-1980: mean annual precipitation from 0 to 1980 AD. Statistics are frommodels
using standardized elevation gradients from upper elevations.

Model Elevation
span (m)

Exclusion
zone (m)

𝑅2 Standard
error

𝑃(𝛽 < 0)
DTR 1500 0 0.22 0.10 1
∆MAT0−1980 1500 0 0.05 0.06 0.92
TS 1500 0 0.05 0.06 0.91
DTR 1500 250 0.35 0.10 1
∆MAT0−1980 1500 250 0.06 0.07 0.93
TS 1500 250 0.19 0.10 1
DTR 1500 500 0.32 0.11 1
∆MAT0−1980 1500 500 0.06 0.07 0.93
TS 1500 500 0.13 0.09 0.98
DTR 2000 0 0.32 0.11 1
∆MAT0−1980 2000 0 0.05 0.07 0.89
TS 2000 0 0.04 0.07 0.88
DTR 2000 250 0.47 0.10 1
∆MAT0−1980 2000 250 0.09 0.08 0.95
TS 2000 250 0.19 0.10 0.99
DTR 2000 500 0.42 0.11 1
∆MAT0−1980 2000 500 0.05 0.07 0.9
TS 2000 500 0.18 0.10 0.99
DTR 2500 0 0.29 0.12 1
∆MAT0−1980 2500 0 0.11 0.09 0.96
TS 2500 0 0.05 0.07 0.88
DTR 2500 250 0.43 0.11 1
∆MAT0−1980 2500 250 0.12 0.10 0.97
TS 2500 250 0.12 0.09 0.96
DTR 2500 500 0.41 0.11 1
∆MAT0−1980 2500 500 0.08 0.09 0.93
TS 2500 500 0.10 0.09 0.95
DTR * AP 2500 250 0.44 0.10 0.99; 0.29; 0.56
DTR * land type 2500 250 0.46 0.10 0.91; 0.17; 0.82
DTR * MAT 2500 250 0.46 0.10 0.77; 0.15; 0.87
∆MAT0−1980 * land type 2500 250 0.39 0.11 0.27; 0.01; 0.93
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(continued)
Model Elevation

span (m)
Exclusion
zone (m)

𝑅2 Standard
error

𝑃(𝛽 < 0)
∆MAT0−1980 * MAP0−1980 2500 250 0.19 0.09 0.76; 0.25; 0.73
TS * land type 2500 250 0.35 0.11 0.64; 0.03; 0.65
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Supplementary Figure 8. Names of the elevation gradients as shown in Fig. 2. Response of mean species’
elevation ranges to diurnal temperature range (a), temperature seasonality (b) and the variation of mean annual
temperature from 0 to 1980 AD (c) using standardized elevation gradients of 2500 m and exclusion zones of 250
m. Standardization was performed from upper elevations. Colors indicate continental (orange) and island (blue)
mountains. 1: Afghanistan; 2: Alborz Mts.; 3: Bioko; 4: Canary; 5: Cantabria; 6: Cape Verde; 7: Colombian Andes;
8: Crete; 9: Hawaii; 10: Hengduan; 11: Jaya; 12: Western Kenya; 13: La Amistad; 14: Lazio; 15: Mt. Ararat; 16: Mt.
Etna; 17: Mt. Kilimanjaro; 18: Nanga Parbat; 19: Nepal; 20: Reunion; 21: Santa Rosa Mts.; 22: Sierra Nevada (Spain);
23: Sierra San Pedro Martir; 24: South-Eastern Pyrenees; 25: Swiss Alps; 26: Taiwan; 27: Tajikistan; 28: Utah; 29:
Venezuelan Andes; 30: Wind River Mts.
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Supplementary Figure 9. Response of species’ range sizes to full elevation spans (difference between the
highest and lowest observation in any given mountain) in island and continental mountains. Top panels show
the influence of full elevation spans on species’ range sizes estimated frommodels using no standardization and no
exclusion zones for elevation spans ≥ 1500m (a), ≥ 2000m (b) and ≥ 2500m (c). Bottom panels show the influence
of full elevation spans on species’ range sizes estimated from models using standardized elevation gradients of
1500 m (d), 2000 m (e) and 2500 m (f) and exclusion zones of 250 m. Standardization was performed from upper
elevations. These plots show that the standardization minimized the influence of elevation spans and effectively
accounted for mountain heights. Island mountains (white dots, blue regressions) have larger mean species’ ranges
than continental mountains (dark gray dots, orange regressions) due to different short-term temperature variation.
Source data are provided as a Source Data file.
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Supplementary Figure 10. Illustration of Gilchrist’s hypothesis in mountains with low within-generation varia-
tion but variable among-generation variation. Assuming that individuals can survive any temperatures, Gilchrist’s
hypothesis links the reproductive success of individuals to performance breadth (i.e. the suitable temperatures for a
population to produce the next generation; represented here by the shaded blue areas). Shaded red areas represent
elevations where individuals can survive but cannot reproduce due to unfavorable conditions, thereby being unable
to sustain a population over successive generations. Under such assumptions, and in the absence of other factors,
a species will occupy the full range of temperatures corresponding to its performance breadth.
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Supplementary Figure 11. Response of mean species’ elevation ranges to the variation of mean annual temper-
ature from 0 to 1980 AD for elevation gradients with low within-generation variation (lowest third of the diurnal
temperature range gradient). Settings of these analyses are similar to that of the first column of Fig. 4 in Gilchrist63,
which shows that the influence of among-generation variation on species’ performance breadth is stronger when
within-generation variation is low. The different panels show the responses of species’ range sizes for standardized
elevation gradients of 1500 m (a), 2000 m (b) and 2500 m (c) with exclusion zones of 250 m. Thick lines are the
posterior mean calculated from 600 random draws sampled from the 95% credible interval (thin blue lines). Colored
dots indicate island (white) and continental (dark gray) mountains. Each elevation gradient was standardized from
upper elevations. Source data are provided as a Source Data file.

16



2500

2000

1500

-2 -1 0 1 2
Posterior parameter estimates

Supplementary Figure 12. Posterior distributions from the variation of mean annual temperature from 0 to
1980 AD for mountain gradients with low within-generation variation (lowest third of the diurnal temperature
range gradient). The plots show the median values of the regression coefficients (vertical thick lines) with the 80%
(dark shading), 95% (light shading) and 99% (outlines) credible intervals for standardized elevation gradient length
of 1500, 2000 and 2500 m. Dashed line indicates 0.
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Supplementary Figure 13. Range of thermal variability within mountains. The thermal range corresponds to the
difference between the maximum and minimum values for diurnal temperature range and temperature seasonality
within each elevation gradient.
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Supplementary Figure 14. Responses of species’ elevation ranges to diurnal temperature range (a, c, e) and
temperature seasonality (b, d, f) within each 44 mountains used in the study. The different panels indicate analy-
ses performed using all species (a-b) and after discarding species found exclusively in the upper and lower 250 m
(c-d) and 500 m (e-f) of the elevation gradients. Histograms are of mean slope terms divided by their standard de-
viation from the 95% credible interval for the local-scale analyses. Colors indicate whether the 95% credible interval
includes 0 (light blue) or not (dark blue). Dashed lines indicate 0. Source data are provided as a Source Data file.
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Supplementary Figure 15. Influence of elevation gradient length on slope direction within mountains for tem-
perature seasonality (a) and diurnal temperature range (b).
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Supplementary Table 4. Ratio of positive and negative slope estimates (%) for the local-scale analyses.

Model Exclusion
zone (m)

Positive Negative Positive low
uncertainties

Negative low
uncertainties

Positive high
uncertainties

Negative high
uncertainties

DTR 0 50 50 50 39 0 11
DTR 250 45 55 34 39 11 16
DTR 500 34 66 16 30 18 36
TS 0 52 48 43 43 9 5
TS 250 52 48 41 34 11 14
TS 500 55 45 32 25 23 20
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