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Materials and Methods 

Data 

Dinosaur assemblages were identified by downloading all vertebrate occurrences known to 

species or genus level between 200Ma and 65MA from the Paleobiology Database (PaleoDB 

https://paleobiodb.org/#/ download 6 August, 2018). Using associated depositional environment 30 

and taxonomic information, the vertebrate database was limited to only terrestrial organisms, 

excluding amphibians, pseudosuchians, champsosaurs and ichnotaxa. Taxa present in formations 

were confirmed against the most recent available literature, as of November, 2020. Synonymous 

taxa or otherwise duplicated taxa were removed. Taxa that could not be identified to genus level 

were included as “Taxon X”.  GPS locality data for all formations between 200MA and 65MA 35 

was downloaded from PaleoDB to create a minimally convex polygon for each possible 

formation.  

Any attempt to recreate local assemblages must include all potentially interacting species, 

while excluding those that would have been separated by either space or time. We argue it is 

acceptable to substitute formation for home range in the case of non-avian dinosaurs, as range 40 

increases with body size. Reaching masses of 80,000kg, it is not unrealistic for gigantic non-

avian dinosaurs to have home ranges that spanned the entirety of a geologic formation, 

particularly as none of the included formations exceed the modern range of some mammalian 

megafauna (39). Further, our research is focused on the overall shape of body size diversity 

distributions, so while there is time-averaging in our dataset, this is also acceptable, as we are 45 

examining the presence/absence of body sizes, rather than the exact species identified within the 

assemblage. Wherever possible, formations were reduced to biostratigraphic groups recognized 

in the literature to remedy this potential issue, resulting in an average time span of 4.8 million 

years for our formations. Only formations with at least 5 species were included in the overall 

dataset, and only formations containing at least 3 carnivores were included in the carnivore test 50 

set. 

Mass estimates from the literature were added to the final dataset of terrestrial vertebrates. 

When a range of masses were available for one species, the average was used to normalize for 

variability within mass estimate techniques, which included, (but were not limited to) 

volumetric, limb bone circumference, limb bone length, and polynomial regression. Where no 55 

mass estimate was available, estimates from similarly sized species within the same genus, 

family or order were substituted. Species were assigned to a 0.5 log(10) bin based on mass. 

While it is noted that a wide variety of mass estimate techniques are included within this dataset, 

as all analyses were performed on log10 scale, variability between estimates did not have an 

appreciable effect on our results.   60 

All species were assigned a basic trophic level designator based on species morphological 

and ecological descriptions in the literature. Species were categorized individually, regardless of 

taxonomic affinity in order to most accurately capture the intricacies of dinosaur community 

structuring. “Carnivores” and “Herbivores” were identified as any organism never having been 

contested in the literature as a non-carnivore or non-herbivore, respectively. As only a small 65 

percentage of the species included in our analyses fell outside of these two main categories, we 

subdivided the “omnivore” group in two, which were then added to either the “carnivore” or 

“herbivore” group as appropriate. “Meat-dominant omnivore” was assigned to any species that 

had been suggested as an omnivore after an initial designation of carnivore, or which was 

identified as an omnivore with identifiable faunivore morphology, and were grouped with 70 

carnivores for analysis. A similar method was used to designate “plant-dominant omnivore”, 

https://paleobiodb.org/#/
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which were grouped with herbivores. Recent accounts of dietary remnants, such as stomach 

contents and coprolites, were also considered when grouping species into tropic categories. 

While we endeavored to be as accurate as possible with these descriptions, some species, 

particularly enigmatic species within caenagnathidae and oviraptoridae, have yet to be 75 

definitively described within a single dietary category. Our inclusion of these species within the 

“meat-dominant omnivore” group may prove to be inaccurate as more evidence is presented in 

the literature. However, these enigmatic species represent an exceedingly small portion of the 

overall sample tested (1.6%) and therefore are unlikely to significantly change our results when 

grouped as herbivores rather than carnivores.  80 

Statistical Analysis 

To determine the shape of the M-S distribution, each dinosaur assemblage, as well as each 

carnivore and herbivore assemblage was tested for fit with K-S Goodness of Fit (alpha=0.05) 

against the global dataset, bootstrapped 1,000 times. Bimodality was assessed with Sarle’s 85 

Bimodality Coefficient, summary statistics, and fit to quadratic and 4th degree polynomial 

regressions. Bimodality was further tested through likelihood of bin occupancy for the entire 

dataset, as well as on carnivores and herbivores separately. To determine the effect of the 

presence of megatheropods in an assemblage, a Kendal Rank test was performed on 39 carnivore 

guild distributions. Likelihood of bin occupancy was further tested in relation to occupancy of 90 

surrounding mass bins to determine the influence of any larger species on occupancy.  

Ontogenetic Biomass Calculations 

In order to identify potential competitive exclusion in dinosaur assemblages, biomass was 

calculated for megatheropods from nine formations from the total dataset. These formations were 95 

selected because they represent multiple geographic locations and geologic periods, and contain 

theropods for which growth and survivorship curves have been calculated. Growth rates from 

Erickson and Bybee were multiplied by survivorship of the same species from Erickson, using a 

1,000-individual cohort. As it has been hypothesized that giant theropods would all employ a 

similar rapid growth curve, and as neither growth curves nor survivorship curves for 100 

Acrocanthosaurus atokensis and Siats meekerorum were available in the primary literature, 

growth curves for these species were created by averaging growth rates from Tyrannosaurus rex 

for its increased size, and Allosaurus fragilis for its taxonomic similarity to A.atokensis and S. 

meekerorum, Survivorship curves from Daspletosaurus torosus were substituted directly, as the 

mass of all three species is similar. The same method was utilized for Tarbosaurus bataar, 105 

averaging curves from T. rex and D. torosus. Biomass estimates for Achillobator giganticus were 

not included as there are no existing comparable growth curves or survivorship estimates 

available. 

The relative biomass for juveniles and adults of each species was multiplied by the 

proportional biomass for each mass bin, normalized so the adult proportion = 1.  Juveniles were 110 

defined as individuals in the cohort that had not reached somatic maturity based on asymptotic 

growth (approximately age 16). 
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Supplementary Text 115 

Inclusion and exclusion of taxa 

Our database of 557 non-avian dinosaur taxa are based on downloads from the Paleobiology 

Database, an extensive recording of all published taxa, updated and maintained by a group of 

paleontologists from around the globe. Downloads from the PBDB provided a baseline of all 

potential taxa to be found in a community, which was then independently verified against the 120 

literature, as of November, 2020. Sources for every occurrence of every species were identified 

independent from the PBDB to confirm their accuracy temporally and spatially, and are listed in 

Table S1. All obsolete taxa (e.g. Deinodon) were excluded. Morphological and phylogenetic 

reassessments were followed as much as possible, and taxonomy was updated accordingly, 

specifically pertaining to the following species: 125 

Amtosaurus archibaldi- fragmentary remains that have been described with ankylosaur or 

hadrosaur affinities have since been renamed as Bissektipelta (40) 

Anatotitan copei- hadrosaur material from western North America which most recently has been 130 

demonstrated to be the remains of Edmontosaurus (41).  

Chialingosaurus kuani- based solely on juvenile remains from the Shaximiao formation that 

cannot be distinguished as a unique taxon, and is therefore a nomen dubium (42) 

135 

Chungkingosaurus jiangbeiensis- has been identified as a possible juvenile of Tuojiangosaurus 

(43) 

Compsosuchus solus- based on fragmentary remains from the Lameta formation, has since been 

determined to be a nomen dubium and is therefore listed as “Noasaurid C” in this paper (44) 140 

Drinker nisti- neornithischian remains from this species were reclassified together with at least 

one other taxon as a single taxon Nanosaurus agilis (45) 

Iguanodon dawsoni- limited post-cranial material from the Wadhurst Clay formation that has 145 

since been reclassified as Barilium dawsoni (46) 

Iguanodon orientalis- poorly described skull material from Khuren Dukh that has since been 

reclassified as Altirhinus kurzanovi (47) 

150 

Jubbulpuria tenuis- based on fragmentary remains from the Lameta formation, has been 

determined to be a nomen dubium and is therefore listed as “Theropod B” in this paper (44) 

Koutalisaurus kohlerorum- synonymous with Pararhabdodon (48) 

155 

Leptorhynchos elegans- caenagnathid redescribed as Citipes elegans (49) 
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Majungatholus atopus- originally described as a new pachycephalosaur, material has been re-

assigned to Majungasaurus (50) 

160 

Maleevus disparoserratus- originally described as a new ankylosaur from the Bayan Shireh 

formation, has since been determined to be a junior synonym of Pinacosaurus (51) 

Nanotyrannus- based on a skull originally described as Gorgosaurus lancensis from the Hell 

Creek formation, Nanotyrannus was erected as a new genus of pygmy tyrannosaur (52). 165 

Following the discovery of a second, more complete skeleton, numerous morphological analyses 

have overwhelmingly shown the two specimens attributed to N. lancensis to be juvenile 

specimens of Tyrannosaurus rex (8, 12, 53–56) 

Ornithomimus minutus- based on isolated toe bones from the Laramie formation with likely 170 

Alvarezsaurid affinity (57), is listed as “Alvarezsauridae” in this paper   

Richardoestesia asiatica- although likely a valid species, this tooth taxon cannot be distinguished 

from R. isosceles and has been included within this taxon in this paper (58) 

175 

Styracosaurus ovatus- ceratopsian remains from the Two Medicine formation that have since 

been reclassified as Rubeosaurus (59) 

Titanosaurus madagascariensis- based on fragmentary remains from the Maeverano formation, 

has been identified as synonymous with Laplatasaurus (60)  180 

Triceratops / Torosaurus- although the validity of the genus Torosaurus has been called into 

question (61-62) as a possible ontogenetic stage of the earlier named Triceratops, we feel this 

assertion has yet to be definitively proven, particularly in light of more recent morphometric 

analyses (63-64). As such, we include both genera in our paper. 185 

Ugrunaaluk kuukpikensis- hadrosaurid remains from the Prince Creek formation that have since 

been reclassified as remains of juvenile Edmontosaurus (65) 

Wuerhosaurus mongoliensis- informally named stegosaur material from the Dzunbain formation 190 

which has since been formally described as Mongolostegus exspectabilis (66) 

Willinakaqe salitralensis- originally described as a new saurolophine hadrosaur from the Allen 

formation(67), W. salitralensis has since been determined to refer to multiple species and is 

therefore a nomen dubium (68).  195 

Yunnanosaurus robustus- material from the Lufeng formation represents an ontogenetic series, 

synonymous with Y. huangi (69) 

In the interest of capturing as much biodiversity as possible, we removed as few “problematic” 200 

taxa as possible. Only those that we found to be definitively synonymous, or those that showed a 

preponderance of evidence towards synonymizing were excluded.  



6 

Fig. S1. 

Number of species in each mass bin, by guild, in formations from the Jurassic and Cretaceous 205 

eras (bars) appears more normal than global distribution. Herbivores (light grey) mirror their left-

skewed global distribution, while carnivores exhibit a unique bimodal trend. Likelihood of at 

least one species existing in mass bin in any formation (lines) shows the distinctly more 

platykurtic distribution at local scales, as well as the severe drop in likelihood in medium size 

carnivore bins. 210 
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Fig. S2. 

Growth vs survivorship of three megatheropods shows biomass is highest at sexual maturity, 215 

which occurs shortly before somatic maturity in dinosaurs. 
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Table S1. 

220 
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235 
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240 

Taxon list for each community with mass in kg and references 

245 
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Table S2. 

Summary Statistics, KS Test and polynomial tests for full communities. α = 0.05, Sarle’s b = 

.555 

250 
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Table S3. 

Summary Statistics, KS Test and polynomial tests for herbivore guilds. α = 0.05, Sarle’s b = .555 

255 
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Table S4. 

Summary Statistics, KS Test and polynomial tests for carnivore guilds. α = 0.05, Sarle’s b = .555 

260 
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Table S5. 

The likelihood of bin occupation by guild with and without larger species present. 
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Table S6. 265 

Proportional biomass for 10 species of large theropods 
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Table S7. 

270 

Pairwise t-test of communities with Bonferroni correction alpha value. 
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