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Neanderthals are commonly depicted as leading dangerous lives and permanently 13 

struggling for survival. This view largely relies on their reported high incidences of 14 

trauma1,2, variously attributed to violent social behavior3,4, highly mobile hunter-15 

gatherer lifestyles2, or attacks by carnivores5. The described Neanderthal pattern of 16 

predominantly cranial injuries is further thought to reflect violent, close encounters 17 

with large prey mammals resulting from a lack of long-distance hunting weapons1. 18 

These interpretations directly shape our understanding of Neanderthal lifestyles, health 19 

and hunting abilities, yet mainly rest on descriptive, case-based evidence. Quantitative, 20 

population-level studies of traumatic injuries are rare. Here we reassess the hypothesis 21 

of higher cranial trauma prevalence among Neanderthals using a population-level 22 

approach, accounting for preservation bias and other contextual data, and using an 23 

exhaustive new fossil database. We show that Neanderthals and Upper Paleolithic 24 

modern humans exhibit similar overall incidences of cranial trauma, which are higher 25 

for males in both taxa, consistent with patterns shown by later modern human 26 
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populations. Beyond these similarities we observed species-specific age-related variation 27 

in trauma prevalence, suggesting either differences in the timing of injuries during life, 28 

or differential mortality risk of trauma survivors in the two groups. Finally, our results 29 

highlight the importance of preservation bias in studies of trauma prevalence. 30 

 31 

Neanderthals are commonly depicted as robust hominins leading stressful, dangerous lives1,6–32 

9. Traumatic injuries, considered common among adult Neanderthal remains1, are a major 33 

piece of evidence supporting this hypothesis: not only are Neanderthals proposed to suffer 34 

from high trauma prevalence2,3,10,11, they are also thought to exhibit more traumatic injuries 35 

than early modern humans9,12,13. Explanations for this include violent social behavior3,4, a 36 

highly mobile hunter-gatherer-lifestyle in glacial environments2, and attacks by carnivores5. 37 

Moreover, Neanderthals are thought to show unusually high levels of head and neck injuries, 38 

attributed to their hypothesized reliance on close range hunting, leading to confrontations with 39 

large prey mammals1. These interpretations have important implications for reconstructions of 40 

Neanderthal paleobiology and behavior, and have shaped the prevailing perception of the 41 

species. However, they are largely based on anecdotal evidence, since trauma among 42 

Paleolithic humans is often reported on a descriptive, case-by-case basis. The few systematic, 43 

quantitative studies conducted to date have yielded contradictory results2,4,11,14,15, but question 44 

the prevailing view of 'the highly traumatized Neandertal'15. 45 

Current Paleolithic trauma research suffers from several limitations. Most previous work 46 

assessed the proportional distribution of lesions throughout the body in injured Neanderthal 47 

skeletons, comparing the derived ratios to those of recent humans1,5,15–17. Such approaches 48 

provide insights into individual life histories, but, since they focus exclusively on the injured, 49 

cannot elucidate population-level trauma prevalence. The latter requires an examination of 50 

both injured and non-injured individuals. Furthermore, contextual factors such as age-at-51 

death, sex, and skeletal preservation, are rarely accounted for15. These variables can 52 
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significantly affect trauma prevalence variation18–21 and lesion visibility in the fossil record, 53 

and should thus be integral to population-level analyses. Moreover, Neanderthals are 54 

routinely compared to recent humans – clinical1 or forensic5 samples, rodeo riders1, and 55 

Holocene hunter-gatherers / nomads2,4,15,16 – but only rarely to Upper Paleolithic modern 56 

humans17. However, the latter are the most appropriate comparative sample, sharing similar 57 

environments  and comparable mobile hunter-gatherer lifestyles. Finally, small sample sizes 58 

hampered the validity of statistical inference of most previous research. 59 

Our analysis is the first to assess the hypothesis of higher cranial trauma prevalence among 60 

Neanderthals (NEA) relative to Upper Paleolithic modern humans (UPH) through a 61 

population-level comparison, including contextual data and using the currently largest fossil 62 

dataset available. We systematically compiled published information on fossil crania from the 63 

Middle and Upper Paleolithic of Eurasia, dating to roughly 80-20 ka BP (Fig. 1). Cranial 64 

injuries, considered typical for NEA1, are a particularly reliable trauma archive because they 65 

heal with only minor bone remodeling and therefore leave visible lesions even after full 66 

recovery22. 67 

For each specimen we recorded whether a trauma was present (0 or 1), the taxon (NEA, 68 

UPH), sex (male, female, unknown), age-at-death (juvenile/young adult, old adult, 69 

indeterminate), preserved skeletal element(s) (14 major cranial bones), the preservation 70 

percentage of each skeletal element (≤ 25 %, 25-50 %, 50-75 %, 75-100 %), and location 71 

(five geographical regions within Eurasia; Supplementary Tables 1 and 2). We then used 72 

generalized linear mixed models (GLMM) to assess differences in trauma prevalence among 73 

taxon, sex, age, and preservation as explanatory variables, while accounting for variation 74 

among skeletal elements and locations.  75 

Our systematic literature survey revealed 21 specimens with one or several cranial lesions (9 76 

NEA, 12 UPH; Supplementary Table 3) in our sample of 114 NEA and 90 UPH specimens 77 
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(Supplementary Tables 1 and 2). At the level of skeletal elements, this corresponds to 14 of 78 

295 NEA, and 25 of 541 UPH cranial elements exhibiting at least one traumatic lesion. 79 

We calculated separate models to predict trauma prevalence at the specimen- and the skeletal 80 

element-level. Our analysis comprised two sets of four GLMM models each on hierarchically 81 

nested subsets of the raw data. The first set (models 1-4) followed an element-based approach, 82 

with skeletal elements being the unit of analysis; the second set (models 5-8) was based on 83 

individuals (see Methods). Trauma was modeled as a binary response variable in all models, 84 

either per skeletal element or per specimen. The random component of the GLMMs 85 

comprised skeletal element and location in models 1-4, and only location in models 5-8. 86 

Model 1 comprised the full dataset of all skeletal elements (n = 836) to exclusively assess 87 

overall taxon differences in trauma prevalence, while ignoring the incompletely scored 88 

contextual variables. Model 2 (n = 604) excluded skeletal elements of unknown sex and 89 

indeterminate age, thus assessing the additional influence of age, sex, element-preservation, 90 

and the age-by-taxon interaction. Given trauma predominance in males, we repeated these 91 

models on male-only subsets in models 3 (n = 462) and 4 (n = 407). 92 

Model 5 comprised all specimens (n = 204) and, corresponding to model 1, assessed overall 93 

taxon differences in trauma prevalence. Model 6 (n = 89) excluded sex unknown and age 94 

indeterminate specimens to assess how age, sex, specimen-preservation, and the age-by-taxon 95 

interaction affected trauma prevalence. We repeated these models for male-only subsets in 96 

models 7 (n = 76) and 8 (n = 59). 97 

None of the models showed a quantitative difference in cranial trauma prevalence between 98 

NEA and UPH (taxon effect in models 1-8 in Tab. 1, Fig. 2a-d, 3a-d). Instead, we found 99 

significantly higher trauma prevalence in males compared to females (sex effect in models 2 100 

and 6, Tab. 1, Fig. 2b, 3b). Furthermore, trauma prevalence significantly increased with 101 

preservation status, indicating a greater probability to detect a trauma on more complete 102 

skeletal elements / individuals (preservation effect in models 2, 4, 6 and 8, Tab. 1, Extended 103 
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Data Fig. 1a). Finally, in the element-based models, trauma prevalence varied between age 104 

classes with distinct patterns for the two taxa (age-by-taxon interaction in models 2 and 4, 105 

Tab 1, Fig. 2b,d, Extended Data Fig. 1b): NEA had significantly higher trauma prevalence 106 

when young, while UPH maintained similar trauma prevalence across age cohorts. While a 107 

similar pattern appeared to be present in the specimen-level models (Fig. 3b,c), the interaction 108 

failed to reach statistical significance. 109 

The mean model-predicted trauma prevalence for skeletal elements in preservation category 110 

50-75 % ranged between 0.03 and 0.17 (0.0002-0.39 95 % CI) for NEA, and between 0.02 111 

and 0.12 (0.00006-0.35 95 % CI) for UPH (Fig. 2a-d). For specimens at their mean 112 

preservation score these values ranged between 0.04 and 0.33 (0.000002-0.62 95 % CI) for 113 

NEA, and between 0.02 and 0.34 (0.000001-0.62 95 % CI) for UPH (Fig. 3a-d). 114 

Our results reject the hypothesis that Neanderthals exhibit more cranial trauma than Upper 115 

Paleolithic modern humans in Western Eurasia, and rather indicate that the two taxa exhibited 116 

a similar overall prevalence of cranial injuries. Previously suggested values of 30-40 % 117 

cranial trauma prevalence for NEA3,10 represent the very limit of our models’ predictions for 118 

NEA (mean prevalence of 3-17 % for skeletal elements, and 4-33 % for individual 119 

specimens), values comparable to those found for UPH (2-12 % for skeletal elements, 2-34 % 120 

for specimens), and reported for later modern humans, including Mesolithic hunter-121 

gatherers23, Neolithic agriculturalists24,25, and recent hunter-gatherers26. Nevertheless, trauma 122 

prevalence derived from skeletal remains must not be equated with actual numbers of injuries 123 

experienced during an individual's lifetime, and comparisons of crude trauma frequencies 124 

should be considered with caution since the methods used for their estimation are not always 125 

comparable among studies. 126 

The significant relationship between trauma prevalence and sex in both taxa is consistent with 127 

observations of greater trauma prevalence among males in later periods18,21,24–27, generally 128 

explained by sex-specific differences in activities and behaviors (division of labor, initiation 129 
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rites, or violent conflict)18,20,21. Trauma prevalence was further affected by the preservation 130 

state of skeletal remains, with more complete crania / cranial elements more likely to preserve 131 

traumatic lesions. We therefore caution against quantitative trauma analyses that do not 132 

address preservation bias. 133 

Both taxa presented mostly healed traumata, and we did not find markedly higher trauma 134 

prevalence among ‘old’ skeletal elements in either. This finding contradicts the expectation 135 

that healed traumatic injuries accumulate with increasing age as a result of longer exposure to 136 

dangerous situations28, given that cranial defects remain visible in the long term due to the 137 

limited regenerative bridging capacity of cranial bone healing22. However, death assemblages 138 

are likely to deviate from such an expected accumulation pattern29,30 because injured 139 

individuals, even if their injuries were survived, exhibit increased risk of dying relative to 140 

individuals who were never injured31,32. Thus, our observed age pattern across taxa is 141 

consistent with the well-documented increased mortality risk of trauma survivors. 142 

An age-by-taxon interaction in trauma prevalence was found by our element-based analysis. 143 

For NEA, this result suggests that cranial trauma was sustained early in life (before 30 years) 144 

and that trauma survivors were more likely to die while still ‘young’ - therefore accumulating 145 

in the ‘young’ age cohort in the fossil record. Once a trauma is healed it is not possible to 146 

determine when it was acquired. Therefore, UPH were either less likely than NEA to sustain 147 

trauma when ‘young’; and/or they sustained trauma in a similar frequency when ‘young’, but 148 

‘young’ UPH trauma survivors had lower mortality risk relative to ‘young’ NEA trauma 149 

survivors. In other words, ‘young’ UPH injured individuals had greater probability to survive 150 

into the ‘old’ age cohort. Possible explanations for these patterns include cultural or 151 

individual differences in injury proneness and healing, and different long-term consequences 152 

of healed trauma, resulting from, for example, differences in injury severity or differential 153 

treatment of the injured, which did not, however, affect the overall trauma prevalence. 154 
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Our study addressed the controversial topic of trauma prevalence in the Paleolithic by 155 

reassessing cranial trauma data using a novel state-of-the-art methodological approach. It is 156 

the largest population-level investigation of Neanderthal cranial trauma to date and the first to 157 

account for differential skeletal preservation and contextual explanatory variables using 158 

Upper Paleolithic modern humans as a comparative sample. The available evidence indicates 159 

similar overall trauma prevalence in Neanderthals and Upper Paleolithic modern humans in 160 

Western Eurasia, rejecting earlier hypotheses of highly traumatized Neanderthals. Beyond this 161 

overall similarity, our observed age-dependent differences between the taxa also suggest 162 

possible differences in the likely age of trauma acquisition or in trauma-survivor mortality 163 

risk. 164 

 165 
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Table 1. Summary statistics of generalized linear mixed models. 253 

Model n Predictor variable Parameter estimates 
   posterior 

mean  
lower 
95 % 
CI 

upper 
95 % 
CI 

p MCMC 

model 1 836 a taxon 0.020 -0.889 0.933 0.965 
        
model 2 604 b taxon -0.060 -2.017 1.687 0.949 
  sex 1.515 0.178 2.921 0.017* 
  age -0.973 -2.154 0.210 0.100 
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  element-preservation 0.866 0.232 1.514 0.006** 
  age x taxon 2.595 0.573 4.645 0.008** 
       
model 3 462 c taxon 0.052 -1.167 1.329 0.940 
       
model 4 407 d taxon 0.220  -1.934 2.439 0.863 
  age -0.340 -1.553 1.050 0.605 
  element-preservation 0.671 0.048 1.376 0.037* 
  age x taxon  2.149 0.048 4.355 0.046* 
       
model 5 204 a taxon -0.651 -1.719 0.472 0.231 
       
model 6 89 b taxon -0.715 -2.864 1.650 0.522 
  sex 3.533 0.865 6.397 0.002** 
  age -1.490 -3.454 0.561 0.137 
  specimen-preservation 0.882 0.054 1.730 0.032* 
  age x taxon 2.019 -1.190 5.030 0.196 
       
model 7 76 c taxon -0.743 -2.443 0.749 0.354 
       
model 8 59 d taxon -0.513 -2.902 1.858 0.660 
  age -1.153 -3.333 0.736 0.255 
  specimen-preservation 0.739 -0.106 1.623 0.082(*) 
  age x taxon  1.584 -1.762 4.621 0.320 
Trauma prevalence was modelled using a Markov chain Monte Carlo algorithm in two model 254 

sets with four data subsets each: models 1-4 comprise skeletal elements, models 5-8 comprise 255 

cranial specimens. Parameter estimates given as their posterior mean with 95 % credible 256 

intervals (CI) and statistical significance (p MCMC; ** p < 0.01, * p < 0.05, (*) p < 0.10). 257 

See Methods for detail. a full dataset; b exclusion of sex unknown and age indeterminate 258 

elements/specimens; c exclusion of female and sex unknown elements/specimens; d exclusion 259 

of female, sex unknown, and age indeterminate elements/specimens. 260 

 261 

Fig. 1. Neanderthal and Upper Paleolithic modern human sites. 262 

NEA sites: blue triangles, UPH sites: red dots. Numbers in brackets indicate number of 263 

specimens / number of skeletal elements respectively. Sites Chagyrskaya (34) and Pokrovka 264 

(74) were projected 2670 and 2975 km west respectively for better visualization. 265 

 266 

 267 
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Fig. 2. Predicted cranial trauma prevalence for skeletal elements of Neanderthals (NEA) 268 

and Upper Paleolithic modern humans (UPH). 269 

Predictions based on posterior estimates of four GLMMs using a Markov chain Monte Carlo 270 

algorithm. Sample sizes represent single skeletal elements, treated as biologically independent 271 

samples in models 1-4 (see Methods). Markers denote predicted means, bars lower and upper 272 

95 % credible intervals for (a) model 1 (full dataset, n = 836) comprising the predictor 273 

variable taxon; (b) model 2 (excluding sex unknown and age indeterminate skeletal elements, 274 

n = 604) comprising variables taxon, sex, age, element-preservation, and the age-by-taxon 275 

interaction; (c) model 3 (excluding female and sex unknown skeletal elements, n = 462) 276 

comprising the variable taxon; and (d) model 4 (excluding female, sex unknown, and age 277 

indeterminate skeletal elements, n = 407) comprising variables taxon, age, element-278 

preservation, and the age-by-taxon interaction. Predictions given for skeletal elements when 279 

50-75 % complete; predictions for other preservation categories scale linearly. 280 

 281 

Fig. 3. Predicted cranial trauma prevalence for Neanderthal (NEA) and Upper 282 

Paleolithic modern human (UPH) individual cranial specimens. 283 

Predictions based on posterior estimates of four GLMMs using a Markov chain Monte Carlo 284 

algorithm. Samples sizes in models 5-8 represent cranial specimens, comprising one or 285 

several skeletal elements of the same cranium (see Methods). Markers denote predicted 286 

means, bars lower and upper 95 % credible intervals for (a) model 5 (full dataset, n = 204) 287 

comprising the predictor variable taxon; (b) model 6 (excluding sex unknown and age 288 

indeterminate specimens, n = 89) comprising variables taxon, sex, age, specimen-289 

preservation, and the age-by-taxon interaction; (c) model 7 (excluding female and sex 290 

unknown specimens, n = 76) comprising the variable taxon; and (d) model 8 (excluding 291 

female, sex unknown, and age indeterminate specimens, n = 59) comprising variables taxon, 292 
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age, specimen-preservation, and the age-by-taxon interaction. Predictions given for mean 293 

specimen- preservation scores; predictions for other preservation scores scale linearly. 294 

 295 

 296 

Methods 297 

Data Collection 298 

We collected data through a comprehensive literature review and aimed at gathering a full-299 

evidence dataset comprising all currently known fossil crania with and without traumatic 300 

lesions. We focused on Eurasian Middle and Upper Paleolithic sites yielding skull remains 301 

from classic Neanderthals (NEA, ca. 80-30 ka BP) and early to mid-Upper Paleolithic modern 302 

humans (UPH, ca. 35-20 ka BP) (Fig. 133,34; Supplementary Tables 1 and 2 provide 303 

information on studied specimens). We excluded specimens comprising only dental remains 304 

and restricted our sample to adolescent and adult specimens with a minimum estimated age-305 

at-death of 12 years35. For each specimen we recorded the taxon (NEA or UPH), sex (male, 306 

female, or unknown), age (young: 12-30 years, old: > 30 years, or indeterminate, if there was 307 

no further estimate published), the skeletal element with its preservation status (see 308 

Quantification below), and if the skeletal element was affected by trauma (binary). Because 309 

trauma prevalence may vary across geographical regions due to differing social or 310 

environmental conditions, we furthermore recorded the location of each specimen (five 311 

geographical regions: Iberia, South, Central, East, Near East). We adopted the assignments of 312 

taxon, sex, age, and the diagnoses of traumatic lesions as published by the specimens’ 313 

examiners. These literature-based assignments may be influenced by observer bias or by the 314 

use of different methods. Nevertheless, we decided in favor of a full-evidence approach based 315 

on all available published data in order to keep data collection as consistent and complete as 316 

possible. Moreover, many fossil specimens are not available for original examination, 317 

precluding a single-method based systematic assessment. We conducted an extensive 318 
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literature review seeking to combine past research with most recent results, so as to base our 319 

data on a complete synthesis of all available evidence, representing best-practice of research 320 

in the field. Importantly, we expect misclassifications of traumatic lesions, age, or sex to be 321 

equally likely in NEA and UPH, and therefore not to introduce systematic biases into our 322 

group comparisons. Supplementary Table 3, a catalogue of specimens with described 323 

traumata, provides detailed descriptions of each lesion as published by the respective authors. 324 

A case was recorded as (possible) trauma once an author expressed confidence that a lesion 325 

represents a trauma, or considered a traumatic origin to be an alternative explanation for an 326 

observed lesion. 327 

 328 

Quantification 329 

Skeletal preservation has a direct impact on the census of trauma prevalence, because it is 330 

more likely to detect an injury on a more complete bone36. In chronologically older fragments, 331 

the preservation of skeletal remains commonly deteriorates and fragmentation of both single 332 

bones and associated skeletons increases. Moreover, the assignment of fragmented and 333 

commingled remains to specific individuals is often impossible or insecure. To account for 334 

differential skeletal preservation among sites and specimens, and to remove bias between 335 

geologically older NEA and younger UPH, we quantified the preservation status for each of 336 

the 14 major skull bones, i.e. skeletal elements, separately. These are the frontal and occipital 337 

bones, as well as each left and right parietal, temporal, maxilla, mandible, zygomatic, and 338 

nasal bones. Except for the zygomatic and nasal bones, we rated the completeness of skeletal 339 

elements in four preservation categories: up to 25 %, 25-50 %, 50-75 %, and 75-100 %. Due 340 

to their small size, the left and right zygomatic and the nasal bones were rated in just two 341 

categories: up to 50 % and 50-100 %. We performed the quantification procedure by visually 342 

judging the preserved portion of a given skeletal element in comparison to its complete 343 

equivalent using published pictures, sketches, virtual representations and verbal anatomical 344 
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descriptions. Skeletal elements whose preservation could not be quantified were excluded 345 

from the sample. In total, we collected data on 836 skeletal elements from 204 specimens. 346 

The quantification revealed a differential preservation among NEA and UPH skeletal remains, 347 

with NEA being biased towards incompletely preserved skeletal remains (see Extended Data 348 

Fig. 2a-e). 349 

 350 

Statistical methods 351 

We predicted trauma prevalence using generalized linear mixed models (GLMM). To obtain 352 

robust GLMM estimates despite a large proportion of trauma absences (zeros) in our dataset 353 

we used a Markov Chain Monte Carlo (MCMC) algorithm as implemented in the 354 

MCMCglmm package37 for R version 3.4.338. Trauma presence or absence was modeled as a 355 

binary response variable with a binomial error distribution using a logit-link function. 356 

Our statistical analysis of trauma prevalence comprised two sets of four GLMM models on 357 

subsets of the raw data. The first set (models 1-4) followed a skeletal element-level approach, 358 

while the second set (models 5-8) represented an individual specimen-level approach. 359 

 360 

Element-level models (models 1-4) 361 

We entered the two-level predictors taxon (NEA vs. UPH), age (young vs. old, with 30 years 362 

as the cut-off), and sex (male vs. female), as well as the z-transformed four-level covariate 363 

element-preservation (0.25, 0.5, 0.75, 1) as fixed predictor variables. Visual data inspection 364 

indicated a potential for variation in the taxon-effect with age-class but not with sex, so we 365 

added the age-by-taxon interaction to all models. 366 

Because traumata are not equally frequent in the different cranial regions24,27,39, we entered 367 

intercepts for skeletal element into the random component of all element-level models, 368 

enabling us to derive marginal predictions for trauma prevalence beyond element identity 369 

while statistically accounting for variation in trauma prevalence between skeletal elements. 370 
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Moreover, given that trauma prevalence may vary regionally, we added location as a second 371 

random intercept to the models. 372 

We ran four separate models to assess trauma prevalence using four data sub-sets and 373 

different explanatory variable combinations, while maintaining the same two random 374 

components in each case. Model 1 comprised taxon as the only fixed predictor. The exclusion 375 

of the other, incompletely scored, contextual predictor variables enabled us to analyze the full 376 

dataset of n = 836 skeletal elements. Model 2 comprised all fixed predictors, i.e. taxon, age, 377 

sex, element-preservation, and the age-by-taxon interaction. We excluded all sex unknown 378 

and age indeterminate skeletal elements from model 2, resulting in a reduced sample of n = 379 

604. Given a prevalence of trauma in male individuals (see results), we reproduced these two 380 

model variants using a male-restricted data subset. In model 3 (n = 462) we exclusively tested 381 

for taxon differences, excluding female and sex-unknown skeletal elements. Model 4 382 

(n = 407) comprised the predictors taxon, age, element-preservation, and the age-by-taxon 383 

interaction. We excluded female, sex-unknown, and age indeterminate skeletal elements from 384 

this model. 385 

 386 

Specimen-level models (models 5-8) 387 

As a complementary conservative approach, we repeated the above analyses on the specimen-388 

level. This overcomes potential pseudo-replication of trauma incidence when lesions extend 389 

over multiple skeletal elements of the same cranium, or a single cranium exhibits several 390 

lesions, but does not allow to take variation in trauma incidences between skeletal elements 391 

into account. 392 

Specimen-level models 5-8 were identical to the element-based models 1-4, respectively, as 393 

described above. Cranial trauma presence or absence, however, was here scored at the level of 394 

specimens, resulting in sample sizes of n = 204 in model 5, n = 89 in model 6, n = 76 in 395 

model 7, and n = 59 in model 8.  The preservation score in these models (specimen-396 
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preservation) is a combined proxy of skull completeness and its average preservation 397 

category, calculated as the sum of all available element-based preservation scores divided by 398 

14 skeletal elements. Location was added as the only random intercept in models 5-8. 399 

 400 

As suggested for binary response variables40, we fixed the residual prior to 1 and chose an 401 

inverse Gamma prior for random effects41. Model parameters were chosen so as to maximize 402 

model fit, visible with (i) an autocorrelation value40 between posterior parameter estimates ≤ 403 

0.05, (ii) parameter estimates reaching conversion between four independent model chains42 404 

as reflected in the so-called potential scale reduction (PSRI) factor < 1.01, and (iii) observed 405 

trauma prevalence falling within the 95 % highest posterior density (HPD) intervals of their 406 

respective posterior distribution. These criteria were met after 5,100,000 MCMC iterations, a 407 

burn-in of 100,000, and a thinning interval of 1000, resulting in approx. 5000 samples in all 408 

posterior distributions. From these posterior distributions, we derived HPD intervals (= 409 

credible intervals) for each parameter estimate and denoted them statistically significant (at 410 

99 % = ** or 95 % = *) or statistical trend (at 90 % = (*)) when not including zero. These 411 

intervals formed the basis for statistical inference and hypothesis testing. Plots in Fig. 2 show 412 

model predictions for element-preservation category 50-75 %, plots in Fig. 3 show the 413 

predicted trauma prevalence for specimens at their mean preservation score. In both cases, 414 

predictions linearly scale with the other preservation categories, generating overall slightly 415 

larger or smaller values but no change in the effect pattern for taxon, sex, age and age-by-416 

taxon interaction. 417 

 418 
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Data availability: Specimen-level data that support the findings of this study are provided in 441 

Supplementary Tables 1 and 2. Quantification data for skeletal elements are available from 442 

the corresponding author upon reasonable request. Source Data for Figures 2 and 3 and 443 

Extended Data Figures 1 and 2 are provided with the paper. 444 

 445 

Code availability: The R code used to analyze the data in this study is available upon request. 446 

 447 

Extended Data Fig. 1: Ratio of skeletal elements with and without trauma. 448 
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Bars indicate ratios of skeletal elements with and without trauma, (a) per preservation 449 

category for the full dataset of n = 836 skeletal elements, and (b) per age cohort (young/old) 450 

and taxon (NEA/UPH) excluding sex unknown and age indeterminate skeletal elements (n = 451 

604). Sample sizes given below bars represent numbers of skeletal elements of each 452 

subsample. 453 

 454 

Extended Data Fig. 2: Preservation of NEA and UPH skeletal elements. 455 

(a) Bars and white labels illustrate the number of skeletal elements in each preservation 456 

category for NEA and UPH for the full dataset of n = 836 skeletal elements. Graphs b-e 457 

display the percentages of the four preservation categories for each skeletal element for (b) 458 

NEA (full dataset, n = 295 skeletal elements), (c) UPH (full dataset, n = 541 skeletal 459 

elements), (d) NEA (reduced dataset excluding age indeterminate and sex unknown elements, 460 

n = 198), and (e) UPH (reduced dataset excluding age indeterminate and sex unknown 461 

elements, n = 406).  462 

 463 
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