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Supplementary Results

Testing for evolutionary effects. Cubic models detect a difference between coeval climate change and brain size, as can be seen in Figure 1. Time series regressions highlight these differences and show how they begin to converge over time when regressing across 5kyr, 10kyr, and 15kyr time periods (Fig. S1). As the climate record moves from present day back temporally, the time series trends more closely align with brain size trends over time, as would be expected in an evolutionary adaptation as opposed to acclimation.


[image: ]

Fig. S1. Time series trends in Homo brain size (g) and global average temperatures (changes in Antarctic surface temperature (°C) relative to the mean for the last millennium). Black lines represent linear trends; red lines represent cubic trends; gray lines indicate 95% confidence intervals around the observations; and dotted gray lines represent the confidence intervals for each LSR model.


A significant relationship persists as brain sizes are compared to climates that extend back 5kyr, 10kyr, and 15kyr prior to each specimen’s coeval time period (Fig. S2A, Table S1). When averaging climates over longer time periods, the significant relationship between brain size and climate persists. (Fig. S2B). 


[image: ]
Fig. S2. Standardized coefficients of Homo brain size (g) as compared to  global average temperature differences at different prehistoric time periods. Error bars represent the standard error of each standardized coefficient.

While it is difficult to ascertain the generational delay for adaptations to occur, the impact of climate appears to asymptote roughly 10kyr prior to the change in brain size, or after approximately 400 generations (using 25 years as an average generational unit for Homo) (Table S1).


[image: ]


Inclusion of sex and latitude using ANCOVA significantly increased the predictability of the model, with peak explanatory power of roughly 42% at 10kyr and 42% at 10kyr averages (Table S2).


[image: ]


Exclusion of modern skull sample. Because there are a disproportionate number of recent skeletal remains (181 of 298 crania, or 61%, are from the past 500 years), the sample is heavily biased toward modern and warmer Homo specimens. Removal of the modern sample did not change the directionality or significance of the above results (all tests, P < 0.001, ANOVA (n = 117) and ANCOVA (n = 76), see Table S3). In contrast, predictive power increased slightly in all cases as compared to the models using the entire sample.
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ITabIe S1. Standardized coefficients derived from brain mass (f_;) estimates

Lower Upper

Date of climate change Value Standard t Pr> |t| bound bound

error (95%) (95%)
| Coeval -0.362 0.054 -6.672 <0.0001 -0.468 -0.255
| +5kyr -0.398 0.053 -7.456 <0.0001 -0.503 -0.293
| +10kyr -0.388 0.054 -7.239 <0.0001 -0.493 -0.282
I+15kyr -0.337 0.055 -6.166 <0.0001 -0.445 -0.230
|5 kyr averages -0.341 0.055 -6.251 <0.0001 -0.449 —0.234|
10 kyr averages -0.382 0.054 -7.111 <0.0001 -0.488 -0.276
15 kyr averages -0.290 0.056 -5.221 <0.0001 -0.400 -0.181









Table S1. Standardized coefficients derived from brain mass (g) estimates

Date of climate change Value

Standard 

error

t Pr > |t|

Lower 

bound 

(95%)

Upper 

bound 

(95%)

Coeval -0.362 0.054 -6.672 <0.0001 -0.468 -0.255

+5kyr -0.398 0.053 -7.456 <0.0001 -0.503 -0.293

+10kyr -0.388 0.054 -7.239 <0.0001 -0.493 -0.282

+15kyr -0.337 0.055 -6.166 <0.0001 -0.445 -0.230

5 kyr averages -0.341 0.055 -6.251 <0.0001 -0.449 -0.234

10 kyr averages -0.382 0.054 -7.111 <0.0001 -0.488 -0.276

15 kyr averages -0.290 0.056 -5.221 <0.0001 -0.400 -0.181
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Table S2. LSR model of estimated brain size (g) and global temperature differences (mean AT 2C), controlling for sex and latitude

Time series Coeval +5kyr +10kyr +15kyr  5kyr averages 10kyr averages 15kyr averages |
Observations 257 257 257 257 257 257 257
Sum of weights 257 257 257 257 257 257 257
DF 253 253 253 253 253 253 253
R? 0.411 0.416 0.423 0.392 0.405 0.415 0.395
Adjusted R2 0.404 0.409 0.416 0.385 0.398 0.408 0.388
MSE 13679.333 13554.821 13401.741 14119.647 13815.237 13595.481 14052.036
RMSE 116.959 116.425 115.766 118.826 117.538 116.600 118.541
MAPE 7.273 7.234 7.232 7.387 7.290 7.233 7.355
DW 1.419 1.447 1.451 1.366 1.423 1.423 1.397
Cp 4.000 4.000 4.000 4.000 4.000 4.000 4.000
AIC 2451.544 2449.194 2446.275 2459.686 2454.085 2449.964 2458.453
SBC 2465.741 2463.391 2460.472 2473.883 2468.281 2464.160 2472.649
PC 0.608 0.602 0.595 0.627 0.614 0.604 0.624









Table S2. LSR model of estimated brain size (g) and global temperature differences (mean ∆T ºC), controlling for sex and latitude

Time series Coeval +5kyr +10kyr +15kyr 5kyr averages 10kyr averages 15kyr averages

Observations 257 257 257 257 257 257 257

Sum of weights 257 257 257 257 257 257 257

DF 253 253 253 253 253 253 253

R² 0.411 0.416 0.423 0.392 0.405 0.415 0.395

Adjusted R² 0.404 0.409 0.416 0.385 0.398 0.408 0.388

MSE 13679.333 13554.821 13401.741 14119.647 13815.237 13595.481 14052.036

RMSE 116.959 116.425 115.766 118.826 117.538 116.600 118.541

MAPE 7.273 7.234 7.232 7.387 7.290 7.233 7.355

DW 1.419 1.447 1.451 1.366 1.423 1.423 1.397

Cp 4.000 4.000 4.000 4.000 4.000 4.000 4.000

AIC 2451.544 2449.194 2446.275 2459.686 2454.085 2449.964 2458.453

SBC 2465.741 2463.391 2460.472 2473.883 2468.281 2464.160 2472.649

PC 0.608 0.602 0.595 0.627 0.614 0.604 0.624
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Table S3. LSR model of estimated brain size (g) and global temperature differences (mean AT 2C), excluding 0-500kyr specimens

ANOVA ANCOVA
ITime series Coeval +5kyr +10kyr +15kyr coeval +5kyr +10kyr +15kyr |
Observations 117 117 117 117 76 76 76 76
Sum of weights 117 117 117 117 76 76 76 76
DF 115 115 115 115 72 72 72 72
R? 0.169 0.221 0.214 0.128 0.452 0.472 0.479 0.416
Adjusted R? 0.162 0.214 0.207 0.120 0.429 0.450 0.457 0.391
MSE 17832.541 16728.988 16878.262 18717.619 13265.858 12779.132 12614.822 14145.145
RMSE 133.539 129.341 129.916 136.812 115.178 113.045 112.316 118.933
MAPE 8.051 7.472 7.561 7.944 6.881 6.754 6.820 7.171
DW 1.716 1.891 1.845 1.682 1.397 1.493 1.457 1.254
Cp 2.000 2.000 2.000 2.000 4.000 4.000 4.000 4.000
AIC 1147.270 1139.796 1140.835 1152.938 725.355 722.514 721.531 730.233
SBC 1152.794 1145.320 1146.360 1158.462 734.678 731.837 730.854 739.555
PC 0.860 0.806 0.814 0.902 0.609 0.586 0.579 0.649









Table S3. LSR model of estimated brain size (g) and global temperature differences (mean ∆T ºC), excluding 0-500kyr specimens

Time series Coeval +5kyr +10kyr +15kyr coeval +5kyr +10kyr +15kyr

Observations 117 117 117 117 76 76 76 76

Sum of weights 117 117 117 117 76 76 76 76

DF 115 115 115 115 72 72 72 72

R² 0.169 0.221 0.214 0.128 0.452 0.472 0.479 0.416

Adjusted R² 0.162 0.214 0.207 0.120 0.429 0.450 0.457 0.391

MSE 17832.541 16728.988 16878.262 18717.619 13265.858 12779.132 12614.822 14145.145

RMSE 133.539 129.341 129.916 136.812 115.178 113.045 112.316 118.933

MAPE 8.051 7.472 7.561 7.944 6.881 6.754 6.820 7.171

DW 1.716 1.891 1.845 1.682 1.397 1.493 1.457 1.254

Cp 2.000 2.000 2.000 2.000 4.000 4.000 4.000 4.000

AIC 1147.270 1139.796 1140.835 1152.938 725.355 722.514 721.531 730.233

SBC 1152.794 1145.320 1146.360 1158.462 734.678 731.837 730.854 739.555

PC 0.860 0.806 0.814 0.902 0.609 0.586 0.579 0.649

ANOVA ANCOVA
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