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ABSTRACT

As some of the most charismatic megafauna to ever walk the earth, the physiology,
morphology, growth and evolution of non-avian theropods has been studied exhaustively,
yet little is understood about their roles in ecosystems as juveniles. For carnivorous
megatheropods, which exceed 1,000kg in mass yet hatched from eggs of limited size, the
likelihood of utilizing different prey through ontogeny was high, simply by proxy of the
immense difference in size between adults and juveniles. We found these ontogenetic
niche shifts, evidenced by significantly different dental microwear in Tyrannosaurids, to
have excluded dinosaurian mesocarnivores from Mesozoic communities. The few
dinosaurian mesocarnivores that did co-occur with megatheropods exhibited indications

of competition similar to those seen in modern mammalian carnivores, and may have



relied on highly efficient locomotion to remain competitive. Such impacts of juvenile

megatheropods highlight their importance within Mesozoic ecosystems.
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Chapter 1

The influence of juvenile dinosaurs on community structure and diversity
Katlin Schroeder?, S. Kathleen Lyons? and Felisa A. Smith!

! Department of Biology, University of New Mexico, Albuquerque, NM
2 School of Biological Sciences, University of Nebraska-Lincoln, Lincoln, NE

Originally published February 26", 2021 in volume 371, issue 6532 of the journal
Science
https://www.science.org/doi/10.1126/science.abd9220
Abstract

Despite dominating biodiversity in the Mesozoic, dinosaurs were not speciose.
Oviparity constrained even gigantic dinosaurs to <15kg at birth; growth through multiple
morphologies led to consumption of different resources at each stage. Such disparity
between neonate and adults could have influenced the structure and diversity of dinosaur
communities. Here we quantify this effect for 43 communities across 136 Ma and seven
continents. We find megatheropods (>1,000kg), such as tyrannosaurs, had unique effects
on dinosaur community structure. While herbivores spanned the body-size range,
communities with megatheropods lacked carnivores weighing 100-1,000kg. We
demonstrate that juvenile megatheropods likely filled the mesocarnivore niche, resulting
in reduced overall taxonomic diversity. The consistency of this pattern suggests
ontogenetic niche shift was an important factor in generating dinosaur community

structure and diversity.

Introduction
Dinosaurs were the dominant terrestrial vertebrates for over 150 million years, yet

their species diversity, particularly at sizes below 60kg, remained well below that of other



fossil groups (1). Moreover, their overall body size distribution differed from other
vertebrates. Because small-bodied vertebrates can finely partition resources and have
high turnover between environments (2, 3), they typically have the highest diversity
across regions. Yet curiously, large-bodied dinosaurs were the most diverse. This was
particularly true for herbivorous sauropods and ornithischians, while the predominantly
carnivorous theropods exhibited a more uniform range of sizes globally (4). While the
preponderance of large-bodied forms may partially be due to taphonomy (5), some 90%
of dinosaur species below 60kg would have to be missing from the fossil record for the
body mass distribution of dinosaurs to resemble that of extinct mammals, which display a
pattern less skewed by size (4). Rather, dinosaurs’ global body mass distribution patterns
may have been linked to their physiology; as oviparous organisms, the largest dinosaurs
grew from disproportionately small infants (6). Many dinosaurs exhibited significant
morphological differences between juveniles and adults (7-8), resulting in the utilization
of different resources through growth and development(9-12), a relatively rare terrestrial
life-history strategy observed mostly in large egg-laying reptiles (13). Moreover, rapid
growth combined with low adult survivorship (14-16) resulted in large populations of
juvenile dinosaurs (17), which may have competed with dinosaurs that were small and
medium-sized as adults.

Here we test whether low dinosaur species diversity and their unique body size
distribution was, at least partially, owing to the large disparity between neonate and adult
body size, with juveniles of larger-bodied species filling ecological niches that might
have otherwise been available to other taxa. This concept of ‘ontogenetic niche shift’

(ONS) in dinosaurs is widely assumed based on modern correlates (10, 13-14, 18-19).



For example, based on modelling of hypothetical dinosaur communities, Codron et al. (9,
11) predicted that ONS led to reduced dinosaur diversity between 1-1000kg. Despite
these predictions, little work has empirically explored juveniles’ influence on community
structure and overall dinosaur diversity (11, 19). Thus, we examine small-scale body size
patterns for evidence of competitive interactions using fossil evidence from dozens of
communities representing a wide variety of environments spanning the majority of
dinosaur evolution, and evaluate the potential effects of spatial scale and trophic
affiliation using well constrained groups of biologically interacting species.

Our analyses are based on 43 dinosaur communities constructed from data extracted
from the Paleobiology Database (20-21) (Table S1.1). From this baseline, each species’
occurrence and taxonomic validity were checked individually against the literature, with
taxa deemed synonymous by most experts removed, and novel taxa absent from the
PBDB added. Masses were derived using averages from the primary literature (Table
S1.1). Wherever possible, formations were limited to smaller subsets of co-occurring
species. Our dataset represents seven continents spanning 136 million years, including
>550 species. We predicted dinosaur communities with strong local drivers would
diverge from the global distribution (2, 22-23). As ecological interactions such as
competition might not have influenced carnivorous and herbivorous dinosaurs equally
(24) the shape of each carnivore and herbivore dinosaur guild within each community
was compared against the global distribution (4).

Results
We find the overall body size distributions within communities are consistently

bimodal regardless of continent, taxa, and time, resulting in less extreme skew towards



large size than evidenced in the global distribution (global skew = -0.577, community
average skew =-0.365; Table S1.2). The disparity between the local and global
distributions is driven primarily by small (10-100kg) carnivorous dinosaurs (Table S1.4,
Fig 1); when examined separately, local herbivore body mass distributions closely reflect
their global distribution, suggesting ecological interactions have little effect on their

distribution (K-S test p < 0.05 in 40% of communities; Table S1.3).
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Figure 1.1 Community divergence from global distributions. Distributions comparing
1,303 global taxa to local community taxa (median). Overall, global taxa are more left-
skewed and communities are more bimodal. A: largest deviation from the global
distribution- the same deviation is clearly shown in the carnivore distribution.

In contrast, most carnivorous guilds within communities differ from the global

carnivore pattern (K-S test p < 0.05 for 64% of communities; Table S1.4), as predicted



for strong local interactions. Pairwise comparisons between carnivore guild distributions
are non-significant in 92% of tests (Two tailed t-test, 0=0.05; Bonferroni correction for
multiple comparisons: 0=0.000058 non-significant in 99.7%, Table S1.7) despite
differing variances, means and sample sizes, suggesting similar underlying drivers across
communities. The only exceptions are formations lacking megatheropods (carnivores
>1,000kg) (e.g., Tremp, Bissekty), those dominated by very small taxa (e.g., Yixian), or
those containing multiple sauropods (e.g., Morrison, Lameta). The availability of
multiple enormous prey species may have reduced interspecific competition and allowed
the coexistence of an unusually diverse assortment of carnivores.

Community distributions exhibit a persistent lack of carnivorous dinosaurs weighing
between 100-1,000kg (Fig 2). The least likely body size of carnivorous taxa is
consistently in the 100-300kg range (Fig S1). For perspective, if the modern mammal
carnivore assemblage of Kruger National Park were similarly structured, there would be
no carnivores between the size of an African lion (190kg) and a bat-eared fox (4kg) (Fig
3). The carnivore ‘gap’ is above the expected limit of taphonomic size bias against small
dinosaurs (5), and the drivers of such bias are unlikely to selectively affect carnivores but
not herbivores, suggesting the gap represents a true biological signal. Moreover, it is
unlikely that other clades, such as mammals or crocodylomorphs occupied this body size
niche, as no known Mesozoic mammals exceeded 15kg (22), and crocodylomorphs were
predominantly semi-aquatic after the Triassic (25). Furthermore, the width of the
carnivore body size gap is correlated with the size of the largest carnivore (Kendall Rank
1=10.437, p=0.000652). The presence of megatheropods in the community decreases the

likelihood of co-occurring species between 100-1,000kg even further (Table S1.5).



Strikingly, formations without megatheropods, such as Yixian Lujiantun, do not exhibit

body size discontinuities in their carnivorous dinosaur assemblages.
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Figure 1.2 M-S distributions of nine formations (A Judith River, B Dinosaur Park, C Two
Medicine, D Bayan Shireh, E Barun Goyot, F Horseshoe Canyon, G Cedar Mountain, H
Cloverly, I Hell Creek). Brackets illustrate the gaps in carnivore distributions.
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Figure 1.3 The dinosaur gap vs modern carnivorous mammals. A Carnivorous mammals
of Kruger National Park organized to scale by mass. B Carnivorous dinosaurs of
Dinosaur Park Formation if the largest carnivore were scaled equal to the largest
mammalian carnivore in Kruger. Infants of largest species below adult for relative growth
requirement.



While the overall distribution of carnivore body size is consistent, the gap itself is
dynamic. From the Jurassic to the Cretaceous the size gap in carnivore species shifts
towards larger sizes, mirroring the evolutionary increase in overall dinosaur size (26) and
widens from an average of 436kg to over 2,060kg. We suspect the shift and expansion of
the body size gap is due to a number of changes from the Jurassic to the Cretaceous
resulting in increased competition, including 1) decrease by half of average prey body
mass, limiting the potential for size partitioning (26), 2) the diversification of small,
potentially endothermic carnivorous dinosaurs (27), and 3) heightened ONS in
Cretaceous megatheropods.

A smaller size gap is found in Jurassic communities, which are characterized by
multiple large allosauroids and medium sized ceratosaurs. Allosauroidea is a
morphologically diverse clade (28), which likely facilitated the co-occurrence of multiple
carnivores within communities. Juvenile allosaurs were more similar to adults than
Cretaceous megatheropods (29), resulting in fewer feeding niche shifts through ontogeny.
Predation on sauropods (30) may have reduced allosaurs’ competition with ceratosaurs,
which have been associated piscivory or omnivory, respectively (31). This relatively high
morphological differentiation and associated dietary niche partitioning, combined with
limited ONS in megatheropods may have allowed for the coexistence of large and
medium sized Jurassic carnivores.

The end of the Jurassic saw a drastic reduction in the diversity of both sauropods and
stegosaurs, and may have led to the disappearance of many allosauroid taxa (32).
Replacing the diverse megatheropod guilds of the Jurassic were Cretaceous communities

dominated by a single clade; tyrannosaurs in the north and abelisaurs in the south. Both



tyrannosaurs and abelisaurs have been associated with extensive morphological changes
through ontogeny (7, 33). Concurrent diversification of dromaeosaurs added competitive
pressure on the truncated prey base (34). The ornithischian prey that replaced sauropods
likely travelled in multigenerational herds (35) limiting the possibility of predation of
isolated juveniles. We suggest competition for a limited prey source by both large and
small carnivores, and the broadening of megatheropod niches resulted in a widening of
the carnivore gap.

For juvenile megatheropods to exclude smaller species from the community, they
must represent a non-negligible proportion (>50%) of the biomass. Moreover, juvenile
peak biomass must fall predominantly within the carnivore gap. To evaluate the effect of
juveniles (<16 yrs (12, 33)) on community composition, we calculated the proportion of
juvenile biomass using published growth rates derived from lines of arrested growth and
survivorship curves based on relative age abundance from mass-death assemblages
recorded in the fossil record (17, 36-38).

We calculated biomass through ontogeny for 1,000-individual cohorts of six
tyrannosaurs and four allosaurs by multiplying the mass (Ma) and survivorship (Sa.) at age

(a) such that the proportion of any species’ biomass represented by juveniles (BMj) is

_ M1%S1 M2x*S2 Mi6%S16
BM;= Y. ,
Z(Ml*SLMZ*SZ... Mmax*Smax) Z(M1*51 Mmax*Smax) Z(Ml*sl Mmax*Smax)

We then related (BM,) to the proportion of mass contained in adults, set to 1, so that

relative juvenile species proportion (RSP;) is equal to

RSPJ=BM]*[ - ]
1-BM;



For example, if juveniles represented 60% of the biomass of Tyrannosaurus rex, the
juvenile ‘morphospecies’ would be equivalent to 1.5x the taxonomic species.
Tyrannosaurs and other megatheropods did not live long past somatic maturity (16), and
juvenile growth rate approached that of mammals and birds (12). This supports our
finding that megatheropod biomass peaked at sexual maturity (age 16-19) and followed a
log-normal distribution (Fig S2). For all 10 species examined, juvenile biomass is
proportional to least 60% of adult conspecifics (Table S1.6), and exceeds adult biomass
in five tyrannosaur species. Substantial proportions of juvenile biomass, including peak
biomass, fall within the range of the size gap in all communities (Fig 4). Thus, juvenile
megatheropods represent taxonomically identical, but ecologically disparate
‘morphospecies’ within their communities, with the greatest potential influence in the
mass range of 300-1000kg. Our results support the hypothesis that juvenile
megatheropods effectively filled the niche of medium-sized, or meso-carnivores and
therefore likely limited diversification of theropods with adult body sizes that fell within

this range.
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Figure 1.4 Community distributions with juvenile megatheropods as morphospecies
stacked with adult conspecifics (Formations as in Fig. 2). The influence of juveniles is
highest within the carnivore gap and is proportional to at least 60% adults in all measured
communities. Megatheropods less than 3,000kg exert the most influence, matching or
outweighing their adult conspecifics in over half of the measured formations.

That large carnivorous dinosaurs may have filled multiple niches through ontogeny
is not a new assertion (7, 9, 11-12, 32), yet despite their morphological disparity, adults
and juveniles continue to be grouped together in diversity indices, which is accurate
taxonomically, but not ecologically. Our analysis demonstrates the influence juvenile
megatheropods would have had as morphospecies on their community. We find a gap in
the community body size distribution of carnivorous dinosaurs regardless of continent,
biome, formation size, or species examined. Our analysis demonstrates this gap was
likely filled by juvenile megatheropods and suggests that low taxonomic diversity in
carnivorous dinosaurs was not caused solely by taphonomy or collection bias, but rather

competition for resources within and among body size niches filled by juveniles.

Dinosaurs existed in a unique terrestrial community structure, largely organized as a

10



result of their extreme size, ovipary and resulting ontogenetic niche shift. The grow fast,
die young approach of megatheropods resulted in a predominance of juveniles in the
local communities, filling the morphological and functional role of mesocarnivores,
which as a result are absent from the fossil record as unique species, artificially deflating

diversity indices of dinosaurs as a whole.
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Chapter 2
Sinking teeth into ontogeny: Dental Microwear Texture Analysis quantifies niche
partitioning in tyrannosaurs
Schroeder, Katlin M.Y; Goodwin, Mark B.%; Mueller, Elsa®; DeSantis, Larisa R.G.2
1 Department of Biology, University of New Mexico, Albuquerque, NM 87131, USA
2 University of California Museum of Paleontology, Berkeley, CA 94720, USA
3 Department of Biological Sciences, Vanderbilt University, Nashville, TN 37240, USA
Abstract

Given the immense separation of body size between juvenile and adult tyrannosaurs it
is likely they consumed different prey. However, reconstructing the dietary niche of these
non-analogue carnivores is challenging, as their dentition provides relatively few clues to
specialized dietary ecology. While dental microwear texture analysis (DMTA) has been
effective in characterizing generalized diet in modern reptiles, recent studies fall short of
identifying specific dietary components that contribute to dental microwear. Further, as
inferences of tyrannosaur diet from extant reptiles may be limited due to reptiles’
relatively small body size, and inferences from oft-studied carnivorous mammals may be
misleading due to differences in form and function, it is necessary to calibrate
interpretations of DMTA across these taxa before they can be applied to tyrannosaurs.
Here we examine patterns of both DMTA and International Organization for
Standardization (ISO) texture analysis within and between mammalian and reptilian
carnivores and identify specific dietary components that correlate to dental microwear in
each. We then utilize these results to interpret the dental microwear of in-situ teeth of
four tyrannosaur genera at three age classes (juvenile, subadult and adult) between and

within each genus through ontogeny. We find significant differences in dental wear

12



through ontogeny within all genera, and among multiple age classes between genera,
indicating ontogenetic and taxonomic dietary separation. Specifically, our results indicate
adult and juvenile tyrannosaurs consumed brittle foods with relatively little bone
interaction, possibly indicative of consuming thick integument and flesh mostly whole.
Conversely, sub-adult tyrannosaurs, particularly Tyrannosaurus consumed more
malleable foods, with high instance of durophagy, potentially through the utilization of
defleshed carcasses as a dietary supplement. Finally, we find significant differences in
dental wear between multiple age classes of co-occurring tyrannosaurs, a possible avenue
of competition avoidance within these genera.
Introduction

The debate surrounding the feeding ecology of tyrannosaurs has continued for at least
60 years (379-386). While coprolites (387, 388), tooth traces (32, 389-391) and finite
element analysis (392—394) have characterized tyrannosaurs’ general carnivore niche, the
specifics of prey preference and prey acquisition strategy remain largely elusive. This
debate is further complicated by the potential for dietary niche shifts through ontogeny in
tyrannosaurs. Both the immense separation in size between juveniles and adults, and
changes in morphological characteristics such as bite force (395-397), gracility and
cursoriality (8, 12, 33, 398, 399) would have made the utilization of different prey and
prey acquisition techniques very likely through ontogeny (14, 19, 400-402). However,
the precise nature of these dietary shifts has yet to be quantitatively assessed.

One powerful technique for assessing the dietary ecology of animals is Dental
Microwear Texture Analysis (DMTA). DMTA examines the microscopic features left in

enamel during the processing of food items using scale sensitive fractal analysis (403,

13



404). Its engineering cousin, developed by the International Organization for
Standardization (ISO), uses a variety of metrics to assess surface textures similarly to
DMTA. Both DMTA and ISO textural analysis have been applied to a wide variety of
extinct and extant vertebrates, including mammals (405-407), lepidosaurs (408),
mosasaurs (409), archosaurs (410, 411) and dinosaurs (412). As such, both DMTA and
ISO textural analysis have been demonstrated as reliable proxies for diet within a wide
variety of taxa, particularly as a proxy for durophagy in carnivores (413).

However, with few exceptions (408) DMTA and ISO have yet to be compared across
taxonomic classes, where feeding structures and mechanics can vary significantly (414,
415). It is therefore unclear whether factors influencing microwear in mammalian and
reptilian carnivores are the same. This understanding is essential, as the majority of
interpretations underlying DMTA have been based on the diets of modern mammals
(405, 413, 416, 417). While we might expect tyrannosaurs to have diets analogous to
extant carnivorous mammals, tyrannosaurs’ use of reptilian food processing strategies
(414, 418) may significantly influence microwear patterns.

Here we compared published DMTA and ISO values for extant carnivorous lepidosaurs,
archosaurs and mammals against common dietary components to identify drivers of
microwear. Using these extant dietary correlations as a guide, we then characterized the
dental microwear patterns of four Late Cretaceous North American tyrannosaurids
(Albertosaurus, Gorgosaurus, Daspletosaurus and Tyrannosaurus) to assess dietary
niche partitioning between and within each genus through ontogeny. Were ontogenetic
niche shift an important life history strategy in tyrannosaurs, we would expect to observe

significant separation in dental microwear between ontogenetic stages within genera.
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Further, as competition was likely a significant factor in the formation of megatheropod
(carnivorous dinosaurs >1,000kg) assemblages (401, 402), we would expect dental
microwear to significantly differ between the co-occurring tyrannosaurs Gorgosaurus
and Daspletosaurus (419).

Materials and Methods

DMTA and ISO Calibration

As DMTA and 1SO are utilized unequally among studies of reptiles and mammals,
we identified metrics which approximate similar qualities in microwear texture. We used
simple linear regression on values recorded for our 33 tyrannosaur specimens to identify
covariance (coefficient of determination > 90%) between 5 DMTA and 20 1SO metrics.
We then examined the formulas underlying these metrics to identify which, if any,
approximate similar textural characteristics, but are calculated in such a way that
decorrelates them. For example, two metrics may assess the directionality of scratches,
but are poorly correlated because one calculates the average contiguous length of
scratches, while the other calculates the average angle of scratches.

To identify specific contributions to dental microwear among extant carnivorous
mammals and reptiles we collected published scat and stomach content data (Table S2.1,
(46, 48-101)) for 11 mammal species from 4 families and 26 reptile species from 12
families spanning from 1-700kg in body mass. These species were selected based on the
availability of dental microwear values in the literature (408, 410, 474, 475). As exact
diet information was not available for each specimen, and as specimens within species
were collected from differing geographic locations, we used the average of percent diet

by volume recorded for species. We estimated percent carrion use based on recorded

15



scavenge rates for mammals, and rate of carcass sharing for large reptiles, recorded as a
percentage of the portion of large mammals within each species’ diet. When available,
rates of bone marking were included from the literature. “Small” mammals were defined
for each species, based on the possibility of being consumed without dismemberment.
We then compared dietary proportions against averaged species values for each DMTA
and ISO metric using Kendall Rank correlation (o = 0.05). Prior to averaging, values
were normalized to a scan area of 102x138um to limit variation due to collection
technique.
Dental Microwear Collection

The tyrannosaur genera used in this study were selected based on the number of
occurrences of North American Tyrannosauroids recorded in the Paleobiology Database
(20) (Figure S2.1). We used teeth from the Museum of the Rockies (MOR), the Royal
Tyrrell Museum (RTMP), the Field Museum of Natural History (FMNH), the Burpee
Museum of Natural History (BMRP) and the University of California Museum of
Paleontology (UCMP). Specimens lacking provenance, containing obvious modifications
outside regular preservation were not used. In-situ teeth were collected preferentially,
although teeth no longer situated in the jaw were used when their source specimen could
be unequivocally identified (Table 2.1). An exception were “Aublysodon” teeth, which
are likely the juveniles of Daspletosaurus (476). These are so exceedingly small that they
cannot be mistaken for the teeth of older individuals, and were collected from formations

with only one tyrannosaur.
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Scanned Tooth
Specimen Age Source | Position Side Area Facet Location | Asfc eplsar Tfv Ix3HAsfix9HAsfi Sdr Vmp spk  smrl Sq Ssk Sku
Albertosaurus
TMP79-14-1056 8* (485) PostDent Labial Distal Posterior {Distal Labial 1.0388 0.0042 10696.2 0.3250 0.5684 0.6943 0.0148 0.2182 9.2151 0.5237 -0.4367 3.2386
TMPO7-7-1 8* (483) LDent3 Lingual 1.3730 0.0057 3117.9 0.2194 0.5150 1.3428 0.0205 0.2683 9.9899 0.4546 0.0288 3.4595
TM93-36-539 8% (490) LMax Lingual Anterior 2.0198 0.0058 9753.1 0.3314 05810 0.8976 0.0308 0.4840 9.7289 0.6484 -0.0906 3.1512
TMPE5-98-1 12 {53) MidDent Labial Labial 2.2109 0.0046 6956.2 0.4546 0.7464 1.6687 0.0177 0.2838 5.9852 0.6380 -0.2736 2.7668
TMPE6-64-1 15 (8) Premax2 Lingual Mesial Lingual 1.8248 0.0069 11672.4 0.4348 0.53493 0.9556 0.0054 0.1337 4.0018 0.4731 -0.3221 3.3765
MORO20-5 Adult® Antlat Lingual Mesial Anterior :Anterior 3.4485 0.0041 12567.8 0.5604 0.7748 2.6975 0.0267 0.4881 7.9344 0.8552 -0.4257 4.95001
TM3E-63-83 23* (53) LMax Lingual Mesial Anterior {Anterior 1.9806 0.0021 12663.9 0.2669 0.53386 1.0316 0.0313 0.6320 9.8063 0.5720 0.0029 4.0534
TMPEL-10-1 24 (53, 480):LMax11 Labial Mesial 1.1656 0.0028 6294.3 0.3271 0.6122 0.7281 0.0086 0.1894 6.3496 0.3205 -0.8062 3.9994
Daspletosaurus
TMP99-55-249* 2 {481) Premax Lingual Mesial 1.7162 0.0068 11445.3 0.7385 1.0029 1.5992 0.0568 1.0055 10.3849 0.9081 0.0067 3.0427
TMPO1-12-199*% 2 {481) Premax Labial 2.2822 0.0009 15942.4 0.3084 0.5453 1.4857 0.0160 0.3775 5.0600 0.5856 -0.3636 3.0223
TMPS0-117-6* 2 (481) MidLat Labial Anterior 3.53538 0.0018 15907.5 0.1773 0.4513 2.3799 0.0243 0.3211 7.3581 0.8659 -0.5325 3.6504
TMPS94-143-1 10 {53) RDent6 Labial Distal 2.6211 0.0041 B8261.6 0.7273 1.1206 1.6953 0.0174 0.3275 B.0782 0.4838 -0.8571 4.9034
MOR590 18 (&) RDentd Distal 3.0967 0.0044 10237.0 0.2834 0.5878 2.2401 0.0589 1.4718 14.6339 1.5124 0.1350 3.1713
TMPO1-36-1 21 {482) Premax3 Lingual Lingual 6.1116 0.0030 12836.8 0.3253 0.5586 4.2356 0.0237 04475 B.3707 0.6658 -1.1754 6.0960
TMPE5-62-1 23 (53) AntRMax Labial Mesial Anterior {Anterior Labial | 2.0737 0.0051 2171.1 0.5151 0.6908 1.3911 0.0166 0.6124 9.0527 0.4988 -0.7748 4.1478
Gorgosaurus
TMP09-12-14 8* (491) RMax5 Labial Distal Posterior :Distal Anterior | 3.0285 0.0031 3243.2 0.2925 0.56490 1.7684 0.0130 0.2501 8.2170 0.4420 -0.8771 3.74606
TMP91-36-500 10 {53) RMax5 Labial Distal Distal 1.0977 0.0036 4388.0 0.3722 0.6192 0.6222 0.0097 0.3682 6.4893 0.2578 -0.5059 4.1339
TMP353-5-1 12 (53) RMax4 Labial Distal 2.3915 0.0071 938l1.6 0.2900 0.3007 1.4929 0.0199 0.2918 10.015> 0.4487 -0.1652 3.0833
TMPO0O-12-11 13* (487) LDentd Labial Mesial Anterior 2.1708 0.0021 9652.8 0.2716 0.5635 1.2263 0.0127 0.2366 6.3524 0.8108 -0.6408 2.7014
TMP97-12-223 17 (16) RMax10 Labial Distal Anterior (AnteriorLabial | 1.7008 0.0051 13516.1 0.6492 0.8026 1.2958 0.0208 0.3361 5.5034 1.0816 -0.9221 3.9360
TMPS94-12-602 18 {53) RMax11 Lingual Labial & Lingual: 1.6848 0.0116 2776.7 0.4080 0.6051 0.9657 0.0084 0.1341 7.5703 0.4456 -0.2337 2.1106
TMP67-9-164 21 {53) LDent7 Lingual Mesial Anterior 3.2000 0.0041 11701.8 0.5847 1.2135 2.3372 0.0168 0.3162 6.9474 0.7238 -0.3509 4.5063
TMPS91-163-1 21 {483) Premax1l Lingual Mesial Lingual 54482 0.0020 141448 0.2399 0.41% 3.6091 0.0298 0.6068 10.5791 0.3477 -0.1529 4.0439
Tyrannosaurus
BMRP2002-4-1 11 {33) LMax2 0.7719 0.0025 3523.0 0.3084 04634 0.4287 0.0113 0.2110 6.2686 0.2828 -0.3025 3.3336
MOR3044 Juv® PostLDent Lingual Distal Anterior 2.2620 0.0034 16147.8 0.3303 0.7825 14600 0.0310 0.6701 9.9132 0.6495 -0.2754 4.0440
TMP14-8-1 15* (486) RDent? Labial 2.6778 0.0070 12423.3 0.2785 0.6923 2.1333 0.0222 0.2782 7.0816 1.5028 -0.3605 2.4300
TMP31-6-1 18 (8, 33) RDent7 Lingual Distal Distal Lingual 4.9719 0.0060 11190.7 0.6179 0.7710 4.1013 0.0270 0.1%40 7.0224 0.7072 -0.2318 2.8608
MOR1125 19 (33, 484):AntLMax  Lingual Mesial Lingual 7.6016 0.0057 11758.8 0.5211 0.8383 6.0142 0.0311 0.9025 7.4645 1.4814 -0.53655 3.4616
MOR980 21 (33, 302);mg 0.9687 0.0035 10065.7 0.2453 04705 0.55901 0.0184 0.1414 6.9544 0.83168 -0.4122 2.5453
MOROOS 22 (33, 53) \RDent?7 Labial Distal 0.8695 0.0030 10140.7 0.4437 0.6749 0.6225 0.0224 0.4125 9.2181 0.4732 -0.2442 3.1113
MOR1128 22 (484) MidLat 1.8533 0.0025 740.6 0.4011 05204 1.2470 0.0113 0.2357 B8.3954 0.2663 -1.3522 9.9927
UCMP131583 25*% (488) RDents 1.4527 0.0028 10788.5 0.6293 1.38%6 1.6255 0.0165 0.3124 6.0411 1.0013 -0.6466 3.4643
FMNHPR2081 28 (33) LMax4d Labial Distal Posterior 1.2723 0.0020 12177.6 0.5191 0.8372 1.1044 0.0306 0.6163 9.4859 0.7596 -0.2931 3.0990

Table 2.1: Age, tooth information, facet location and DMTA and ISO values for all tyrannosaur teeth analyzed
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We examined microwear from both the lingual and labial sides of lateral maxillary
and dentary teeth. Anterior dentary teeth and premaxillary teeth were used only when
lateral teeth were unavailable or did not yield viable microwear. While it would be ideal
to obtain microwear from teeth in the same jaw position and from the same tooth
location, the limitations of the fossil record of tyrannosaurs makes this unfeasible. The
dental microwear of premaxillary teeth might be expected to vary the most from more
posterior teeth due to their position in the mouth and slightly different morphology, yet
using a two tailed t-test with unequal variance (o < 0.05) premaxillary teeth could only be
discerned from other teeth in one of twelve significant microwear metrics (Tfv, p =
0.003).

We selected teeth with visible wear facets in the enamel whenever possible. Although
it has been hypothesized that the wear facets on archosaur teeth may be due to accidental
occlusion with other teeth, and might therefore obliterate microwear caused by food
(409), other authors have noted the presence of similar wear facets on non-occluding
saber teeth of Smilodon fatalis (477). The existence of facets on both the labial and
lingual sides of individual tyrannosaur teeth (Table S2.2) also contradict this hypothesis
(477-479). Regardless, wear was never recorded from the centers of such facets on the
tyrannosaur teeth in this study, where tooth-on-tooth wear is most likely to have
influenced results.

Teeth were cleaned with cotton swabs soaked in 91% Isopropyl Alcohol to remove
dust and debris. We then created high resolution molds using President Jet Regular Body
Polyvinylsiloxane (Coltene/Whaledent Itd.) Molds were retaken if visible debris detached

from the tooth surface. We then made casts from the molds using EpoTek 301 low
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viscosity medical grade clear epoxy resin and hardener, centrifuged at 2000rpm in 50mL
falcon tubes for 10 minutes to remove air bubbles. Casts were filled slowly using
disposable pipettes and left undisturbed to cure between 1-7 days due to the large size
(>3” deep) of some molds.

Casts of teeth were cleaned with 91% alcohol on cotton swabs and examined using
white-light confocal microscopy at 20x magnification to identify areas showing non-
diagenetic wear within the enamel. As many areas within facets were entirely worn
through into dentin, great care was taken to select areas entirely within the enamel
surface. Images of these areas were taken using a Sensofar PL profiler at 10x
magnification, generating 5nm vertical resolution 3D point clouds at lateral intervals of
0.166pum. For each tooth, four adjacent 102x138um images were sampled covering a total
area of 204x276um. Generated point clouds were analyzed with SSFA software
(ToothFrax and SFrax, Surfract Corp) to identify variation in 25 DMTA and ISO metrics,
which are described in the supplemental material (Table S2.3)

Tyrannosaur age assessment

Because we used teeth associated with cranial or post cranial anatomy, it was possible
to age all 33 specimens. While the majority of age estimates had already been assigned
by previous investigators (Table 2.1) (8, 17, 33, 53, 480-484), the ages of 9 specimens
were estimated based on the size of associated skeletal elements (53, 485-491). Although
some intraspecific variation is admitted likely in tyrannosaurs, we are not relying on
exact ages in any analysis, thus this variation is not likely to affect our results.

We categorized specimens into three age classes: “juvenile”, “sub-adult” and “adult”

such that “juveniles” were specimens that had yet to reach the rapid growth phase, “sub-

19



adults” were currently in the rapid growth phase, and “adults” had achieved relative
asymptotic growth following the rapid growth phase. The timing of the “sub-adult” phase
of rapid growth used to delineate our groups was based on growth curves of dozens of
specimens (33, 37, 398, 492), and occurs at approximately 10-18 years for the smaller
Albertosaurus, Gorgosaurus and Daspletosaurus and at approximately 15-20 years for
the larger Tyrannosaurus.

Tyrannosaur Microwear Analysis

To assess the potential for dietary separation between species of tyrannosaurs, we
transformed the values of 4 DMTA metrics and 7 1SO metrics (those found to be
significantly correlated with diet in reptiles) into ranked data. This allowed for the
parametric analysis of nonparametric data; a more statistically powerful method for small
datasets. We then used Kruskall-Wallis analysis of variance (o = 0.05) (403) to compare
mean values between genera and ontogenetic group. As ANOVA testing only determines
whether all groups tested have identical means, we followed each ANOVA with the
conservative Dunn’s multiple comparison test (493) to identify if any group mean varied
from any other.

As a test for dietary niche partitioning among genera, we compared the four
tyrannosaurs against one another as whole, with no consideration of ontogenetic
grouping. This test also acted as a general control with which to compare variation
through ontogeny. To more accurately assess taxonomic dietary separation through the
isolation of ontogenetic variation, we then compared the four tyrannosaurs within each
ontogenetic group: juveniles compared to juveniles, sub-adults to sub-adults and adults to

adults. To further identify potential dietary separation between genera, particularly those
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that co-occur, we compared variation in across ontogenetic stages between genera (e.g.
juvenile Daspletosaurus against adult Gorgosaurus). Finally, we assess variation within
each genus across ontogenetic grouping to identify shifts in diet with age.

Results

Tyrannosaur Dental Microwear

Our results indicate significant variation across ontogeny in the dental microwear of
tyrannosaurs (Kruskall-Wallis with post-hoc Dunn’s test, a = 0.05). Generally, sub-adult
tyrannosaurs exhibited the most distinct microwear patterns in all four genera (Figure
2.1). We observed a trend of many sharp, tall peaks (high Sku and Smr1) in juveniles and
adults in Albertosaurus, Gorgosaurus and Tyrannosaurus, while sub-adults of these
genera had rounder peaks (Figure 2.2). Similarly, we observed high directionality of
scratches (high epLsar) in all four tyrannosaur genera.

We also found significant variation between tyrannosaurs at multiple stages of
ontogeny. Both juveniles and subadults of the Albertosaurine tyrannosaurs (Gorgosaurus
and Albertosaurus) had less pitting than the Tyrannosaurines (Daspletosaurus and
Tyrannosaurus), demonstrated by lower values of Textural Fill Volume (Tfv) and Peak
Volume (Vmp). Further, we found subadult Albertosaurines exhibited shallower wear
(low Smrl), and fewer tall peaks (low Spk), and exhibited lower complexity values (Asfc,
Sdr) when compared to Tyrannosaurines. Surprisingly, microwear complexity was
significantly lower in adult specimens of Tyrannosaurus than in both Dapletosaurus and
Gorgosaurus, whereas subadult Tyrannosaurus specimens exhibit the highest complexity

values of all specimens (Asfc and Sdr) (Figure 2.2).
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Figure 2.1: Separation in dental microwear characteristics for Albertosaurus (circles), Daspletosaurus (triangles), Gorgosaurus
(squares) and Tyrannosaurus (diamonds). Ontogenetic stages shown as shape size (smallest = juveniles). Significantly different values
shown by filled shape.
Results also indicated significantly lower complexity (Sdr) values in Albertosaurus, and lower peak height (Spk) values in
Gorgosaurus when species were compared as a whole (Figure 2.3, Table S2.2). Spk and Sdr values were also relatively low within
subadults and juveniles of Albertosaurus, and subadults of Gorgosaurus, although not significantly different from members of their

age group in other genera. As such, we suspect this reflects a lack of statistical power within the smaller ontogenetic groupings, rather

than an error in the significance of the variation between genera as a whole.
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Figure 2.2: Distribution of microwear values for DMTA and ISO values with significant
difference in at least one genus for genera through ontogeny. See supplementals for
actual values (Table S2.2). Center lines represent group median, box extents show
interquartile range for data, bars demonstrate minimum and maximum, non-outlier (open
points above distributions) values. Significantly different distributions indicated by p-
values in brackets above distributions (Dunn’s procedure, o = 0.05)
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distributions) values. Significantly different distributions indicated by p-values in
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DMTA and ISO Correlation

Overall we found poor correspondence between DMTA and ISO metrics based on
tyrannosaur microwear values, with only Asfc and Sdr following a linear relationship.
However, although not directly correlated, the DMTA metric epLsar and the ISO metric

Str are both good measures of the directionality of scratches. It is reasonable, therefore, to

24



assume that within a certain group, epLsar and Str, and Asfc and Sdr represent the
influence of the same dietary components on tooth microwear (Table S2.3).

Our results indicate that the dietary drivers of dental microwear are likely not the
same between carnivorous mammals and reptiles. While we identified a significant
correlation between percent carrion use and Asfc in mammals (Kendal Rank Correlation,
p = 0.003), this trend was not observed in reptiles or when mammals and reptiles were
grouped (p = 0.105). Further, significant differences in reptile and mammal epLsar and
percent insect values (p = 0.046) were not reflected in either reptiles (p = 0.903) or
mammals (p = 0.851) alone (Figure 2.4).

Within carnivorous reptiles we identified multiple significant correlations between
dietary components and microwear. Of the 9 ISO metrics found to be correlated with diet
in reptiles, 7 were strongly correlated with the percent of vertebrates and/or percent
faunivory in reptile diets (Kendal Rank Correlation t > [.3], p < 0.05), indicating
carnivory as a significant driver of microwear in the reptiles examined. The ISO metrics
Sq, Ssk, Sku, Vmp, Spk, and Str were all significantly correlated with more specific
dietary components (e.g. piscivory, carrion use, invertivory, etc) (Table S2.3). Neither
body size nor taxonomic family displayed significant correlation with microwear metrics

in reptiles.
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Discussion and Conclusions

Our dental microwear results indicate diet varied both between tyrannosaur genera,
and through ontogeny, supporting the hypothesis of ontogenetic and interspecific niche
partitioning in tyrannosaurs (Figure 2.5) (Figure 2.1). Specifically, juvenile
Albertosaurus, Gorgosaurus and Tyrannosaurus regularly consumed relatively rough
(high Smr1), brittle (low epLsar) food sources with little bone interaction (low
Sdr)(Figure 2.2). Such microwear textures may have resulted from the piercing of rough
integument during the oral manipulation of whole vertebrate prey. Indeed, the dental
microwear values of all juvenile tyrannosaurs most closely resembled those of
predominantly piscivorous and invertivorous crocodilians (Albertosaurus and
Tyrannosaurus = Spectacled Caiman (Caiman crocodilus chiapasius), Daspletosaurus =
American Crocodile (Crocodylus acutus), Gorgosaurus = Saltwater Crocodile
(Crocodylus prosus)) (Table S2.1), which regularly consume prey whole (431, 433, 438).
These findings are consistent with other features reflecting active predation of small
vertebrates, including high resistance to tortional stress in the skull (399) and cursorially
adapted limbs (398, 494).

Within juveniles, dental microwear also varied by genus. For example, juveniles of
Daspletosaurus exhibited higher values of durophagy (high Tfv) (Figure 2.3). As the
average age and mass for juvenile Daspletosaurus in our sample is just 2 years and 35kg,
this increased durophagy may indicate consumption of shelled organisms, such as insects,

crustaceans and turtles. Conversely, the older juveniles of Albertosaurus (avg. 8yrs)
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appear to have consumed softer (low Tfv)(Figure 2.3), rougher (high Smrl) foods (Figure

2.2).
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Figure 2.5: Typical dental microwear patterns of four tyrannosaur genera at each of our
three ontogenetic stages
The dental microwear of subadult tyrannosaurs was the most distinctive from other
ontogenetic stages (Figure 2.5). Subadults of all tyrannosaur genera exhibited more
directional scratches (high epLsar), indicating the increased consumption of non-brittle

foods. This trend was most obvious in Tyrannosaurus (Figure 2.1). High directionality in

scratches may indicate the avoidance of integument, and combined with high durophagy
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(Sdr) (Figure 2.2), Tyrannosaurus subadults may have regularly consumed defleshed
carcasses, possibly through the use of kleptoparasitism. As the second largest carnivores
in their communities, shared with a wide variety of carnivores between 10-300kg, it is not
unrealistic to propose the use of intimidation to secure food resources obtained by other
species or smaller conspecifics, a tactic employed in both mammal and reptilian
carnivores (495-497). Indeed, these relatively light, long legged subadults would have
been within the ideal mass for long distance travel between carcasses (498).

Both Tyrannosaurus and Daspletosaurus subadults exhibited higher instances of
durophagy (high Asfc and Sdr, and high Spk, respectively) (Figure 2.3), than the
Albertosaurine tyrannosaurs. High durophagy in Tyrannosaurines could be due to the
consumption of stripped carcasses and increased consumption of bone. Indeed, the
complexity values of subadult Tyrannosaurus were most similar to polar bears (Ursus
maritimus), which have been known to crush bone when scavenging (465), and the
durophagus roughneck monitor (Varanus rudicollis) (466). These findings are also
consistent with tooth marks on low-nutrition bones (disarticulated, toes, ankles and lower
legs) made by subadult Tyrannosaurus in the course of scavenging (391). Similarly, the
consumption of apparent carcasses with minimal dismemberment by multiple
Daspletosaurus subadults (326) correlates well with high durophagy and roughness
values observed in this study.

Although often characterized as a regularly opportunistic or even obligate scavenger
(381, 382, 385, 499), we found Tyrannosaurus adults had the lowest durophagy values
(Sdr) of all genera in our study (Figure 2.2). Adult Tyrannosaurus also exhibited

significantly less directional wear (epLsar) than subadults of their own genera (Figure
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2.2). Similar to microwear seen in juvenile tyrannosaurs, our results indicate adult
Tyrannosaurus likely consumed rough integument with relatively little bone interaction,
possibly through the consumption of whole or large dismembered portions of vertebrate
prey. These results strongly suggest active predation as a significant portion of adult
Tyrannosaurus’ dietary ecology, and are supported by healed Tyrannosaurus bite marks
on Triceratops (500) and large hadrosaurs (390). Further, considering the known
consumption of fresh dinosaur muscle and bone by Gorgosaurus (387), it is not
unrealistic to conclude adult tyrannosaurs in general were largely active predators.

As the only two large North American tyrannosaurs known to co-occur, the apparent
differences in the dental microwear of Gorgosaurus and Daspletosaurus may represent
competitive avoidance though niche partitioning. Lower complexity (Sdr) values in
Gorgosaurus subadults (Figure 2.2) may indicate more frequent active predation or more
preferential carcass use, including the avoidance of hard integument, tendon and bone.
Interestingly, the complexity and directionality (epLsar) values of Gorgosaurus most
resemble those of Varanus komodoensis, an animal well known for both its aggressive
removal of flesh from bones it cannot swallow whole (418), and frequent carcass use
(467). Increased carcass utilization may have also been common in the adults of
Gorgosaurus and Daspletosaurus, as evidenced by higher durophagy values (Asfc) than
in other adult tyrannosaurs (Figure 2.3). These observations are consistent with bite
marks attributable to either Gorgosaurus or Daspletosaurus adults on a theropod skeleton
that had already undergone moderate decay (501). Indeed, these two tyrannosaur genera
were found to have significantly different dental microwear between nearly every

ontogenetic stage.
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The separations we have observed between and within these genera strongly support
the argument for ontogenetic niche shift in tyrannosaurs. Our results indicate that juvenile
tyrannosaurs were predominantly active predators, transitioning from insects to small
vertebrates to small and medium dinosaurs as they grew. The “awkward teenager”
subadult tyrannosaurs- too big to chase down small vertebrates, but not yet experienced
enough to take on large prey- may have heavily supplemented a diet of small to medium
dinosaurs with kleptoparasitism or scavenging. Adult tyrannosaurs were likely
predominantly active predators, although readily utilized carcasses in areas of higher
competition.

These separations in dietary niche played a particularly important part in the
structuring of Cretaceous communities. By decreasing both intraspecific and interspecific
competition with other tyrannosaurs through the dietary partitioning of nearly every
ontogenetic stage, tyrannosaurs were able to successfully assimilate the niches of medium
sized carnivores as they grew (401, 402). This life history strategy may well have been
influential in the dominance of tyrannosaurs in Laurasia, and exemplifies the importance

of juvenile giants in community ecology.
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Abstract

Due to the disparity between infant and adult megatheropod mass, it is likely juvenile
megatheropods utilized separate feeding niches through ontogeny. This may have caused
dietary overlap with medium sized carnivorous dinosaurs. While many communities lack
mesocarnivores, a few species of giant paravians (100-1000kg) did co-occur with
megatheropods despite potential competition with juveniles. The traits that enabled giant
paravians to compete with megatheropods, the role of ancestral flight-adaptations and
whether paravians exhibited the effects of competition are unknown. Here we examine
the locomotor capabilities of volant and non-volant paravians and non-paravian theropods
across body size to determine top speed and efficiency. We assess prey availability and
competitive overlap based on body size and running speed in four dinosaur assemblages
containing giant paravians. Finally, we re-examine the phylogenetic placement of the
giant paravian Dakotaraptor steini to contextualize its competitive capacity. We identify
two distinct non-volant paravian cursorial styles: giant paravians had limited top speeds,
but were highly efficient runners, while small non-volant paravians were fast, but
inefficient. We further find volant paravians among the least adapted to cursorial

locomotion. Giant paravians may have competed with megatheropods such as
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Tyrannosaurus rex, and relied on highly efficient locomotion to utilize large hunting
ranges.
Introduction

During the Mesozoic, small-bodied carnivore niches were dominated by paravians
(369, 370, 376). As the dinosaurian clade most closely related to modern birds, many
paravians exhibited adaptations for flight, such as small body size, feathered forelimbs
and gracile bauplans. Such flight adaptations may have provided a physiological release
in hindlimb structuring that enabled the utilization of niches previously unavailable to
non-avian theropods (507). Indeed, in modern aves, flight-enabled hindlimb variations
have been correlated with the use of at least a half dozen different habitats or foraging
styles (508). Vertical niche partitioning has also been identified as an effective way of
avoiding competition for food resources in modern volant birds and mammals (509, 510).

However, at least four paravian lineages evolved giant size (100-1000kg) (511).
These larger-bodied paravians had limited potential for flight, were likely unable to use
arboreal habitats, and displayed adaptations for terrestrial foraging. For example, the
relatively short, robust metatarsals of eudromaeosaurs, combined with elongate pre-
ungual distal pedal phalanges indicate they were strong graspers (512), and may have
used their posteriorly positioned first pedal digit to restrain larger prey (513). Conversely,
the elongate metatarsals and increased horizontal range of motion in the second pedal
digit of Unenlagiids and Troodontids likely sacrificed grasping abilities in favor of rapid
movements of the feet, a possible adaptation for hunting insects and small vertebrates

(512). This increase in body size is intriguing, as it likely resulted in dietary niche
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overlaps between giant paravians and juvenile megatheropods (carnivorous dinosaurs
>1,000kQ).

Owing to the giant sized attained by many dinosaurs combined with restricted birth
mass, changes in the diet through ontogeny were likely common. This may have been a
major driver of community structure. For example, by occupying different ecological
niches at different body sizes, juveniles of the largest theropods may have outcompeted
other carnivores, leading to the wide-scale absence of medium-sized carnivores (100-
1,000kg) in their communities (401, 402). Certainly in terms of biomass, juvenile
megatheropods were abundant enough within medium body size classes to present a
significant competitive force within Mesozoic carnivore guilds. How then did other
carnivorous dinosaur species coexist? Likely explanations include the utilization of
niches not available to megatheropods, or the possession of adaptations that enabled
effective competition.

Here we examine cursoriality in giant paravians and whether enhanced running
abilities may have enabled co-occurrence with juvenile megatheropods. While all clades
containing giant paravians have been interpreted as cursorially adapted, it remains
unclear whether the running abilities of giant paravians exceeded those of
megatheropods. We focus on Dakotaraptor steini, one of the few medium sized
carnivorous theropods known to co-occur with megatheropods in the Cretaceous. Using
speed and efficiency metrics such as femur strength, cost of transport, and cursorial limb
proportion we identify trends within the running abilities of both volant and non-volant

paravians, and compare these to the running ability of non-paravian carnivorous
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theropods. We then assess food resource partitioning in dinosaur assemblages inhabited
by giant paravians based on prey available in terms of body size and running speeds.
Methods
Phylogenetic Analysis

Because the phylogenetic affinities of the formerly chimeric D. steini are unstable
(514), and characteristics suggested as ancestral cursorial adaptations may instead be
novel adaptations to non-cursorial foraging strategies, we re-examined it’s evolutionary
relationships. The phylogenetic affinities inferred for D. steini were calculated using
datasets from DePalma, et al., (2015), Hartman, et al., (2019) and Jasinski, et al., (2020).
These three datasets were themselves derived from the Theropod Working Group
(TWIG), whose theropod experts have compiled over 850 species level characters and
created coelurosaurian phylogenetic brackets for the last 20 years (515). We updated each
of the three datasets to reflect character scores confidently assigned to Dakotaraptor.
This included the recodification of the furcula, which was described in the holotype but
later determined to be a turtle endoplastron (516-518), as a character of unknown state
(“?”). Matrices were analyzed for parsimony using protocol modified from Madzia and
Cau, (2017) (519), using TNT 1.5 (520) with equally weighted, unordered multistate
characters. Using equally weighted characters avoids placing undue importance on
certain characters over others, and is the most commonly used method. Likewise, using
unordered characters ignores the number of steps required to transform a character from
one state to another, effectively making all character states equally likely (521).

Tree Analysis Using New Technology (TNT) utilizes algorithms to identify the most

parsimonious trees, allowing for the analysis of much larger datasets in less time. We ran
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100 "New Technology” search replicants on each of the three matrices, using sectorial
searches and tree-fusing. Sectorial searches randomly generate near-optimal portions of a
tree through repetitive random addition sequence (RAS) and tree bisection reconnection
(TBR). Tree-fusing then identifies all possible exchanges between these near-optimal tree
portions, maintaining swaps that improve parsimony to create globally optimal trees
(522). We then used TBR (via TNT “Traditional Search’) on the shortest trees generated
by the “New Technology” analysis to identify the most parsimonious tree from each of
the three published matrices.
Morphometric Analysis

We collected measurements of femur, tibia/tibiotarsus, and metatarsal length for 25
non-volant and 37 volant adult paravian genera (Table 3.1), as well as 18 carnivorous and
51 herbivorous dinosaurs that co-occurred with giant paravians (Table 3.2) from the
literature. Published skeletal measurements were used preferentially. For a subset of taxa
(7 of 62), we estimated dimensions from illustrations of elements published with scale
bars using ImageJ software (523). Limb measurements were then used to calculate

several metrics of running speed and efficiency.
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Body Proximodistal Midshaft Limb | CoT | Femur

Taxa Mass Length (cm) Width (cm) Meas. (J/kg*; Strength ' 9% Difference CLP | Speed at Transition (km/h)

Non-volant (kg) Mt Tibia Femur: Femur  Source | m) i(m’/GN) i Theropod Paravian 6 Walk-Trot Trot-Run _Max
Achillobator 269.00 : 23.44 49.04 50.50 6.73 (554)1 2.22! 4.46E-04 19.53 -6.37 13.54 21.81 21.81
Adasaurus 36.56 14.70 30.30 27.30 2.21 (557, 558); 3.34; 2.14E-04 24.19 213 10.38 16.72 32.82
Almas 0.41* 5.65 9.45 6.83 0.71 (555): 8.38; 2.57E-03 32.88 21.93 5.72 9.21 13.57
Austroraptor 376.21 : 33.00 56.25 56.00 7.10 (560)} 1.95! 3.38E-04 34.99 4.87 14.72 23.70 23.70
Bambiraptor 247 7.80 16.80 11.80 111 (324) 5.66; 9.34E-04 36.04 19.47 7.38 11.88 21.79
Buitreraptor 4,72 8.85 16.79 14.53 0.70 (561): 5.26: 9.94E-05 19.97 3.71 7.74 1246 23.75
Dakotaraptor 371.87 : 29.00 67.30 55.80 6.43 {202)} 1.89! 2.55E-04 46.09 13.53 15.06 24,25  24.25
Dalignsaurus 3.36 11.01 15.01 13.08 0.26 (378): 4.98; 2.88E-04 53.39 33.70 2.02 1291 25.29
Deinonychus 7171 16.44 36.80 33.60 2.96 (562): 2.90; 2.14E-04 23.49 -0.10 11.38 18.33 3173
Gobivenator 12.39 13.11 15.90 19.56 1.44 (563)1 4.54! 2.46E-04, 5.86 -10.62 8.51 13.71 28.10
Haolszkaraptor 0.58 5.02 10.55 7.62 0.65 (161): 8.02; 1.20E-03 25.05 13.76 5.88 947 14.31
Hesperornithoides 2.08* B8.17 16.80 11.28 1.09 (529): 5.69: 1.10E-03 44.44 27.3% 7.35 11.34 21.65
Limoningvenator 197 : 10.55 16.20 11.10 0.95 (376): 5.50; 7.79E-04 56.82 38.48 7.51 12,10 22.52
Linheraptor 2096 | 12.50 25.50 23.00 3.90 (556): 3.81; 2.45E-03 21.05 0.91 9.54 15.36 31.58
Mahakala 0.65 8.20 11.00 7.80 0.64 (556): 7.12; 1.01E-03 49.62 35.72 6.26 10.24  16.56
Mei 0.71 5.80 10.60 8.10 0.65 (564): 7.69: 9.55E-04 25.15 13.30 6.05 9.73 15.07
Neuguenraptor 2748 + 17.27 31.00 25.00 1.57 (557} 3.31) L.12E-04 43.40 18.75 10.45 16.83 34.92
Saurornitholestes 16.59 11.01 21.80 21.40 1.53 (565): 4.17: 1.99E-04! 11.01 -6.93 8.99 1448 27.96
Shri 1443 * 11.70 24.60 20.50 2.08 (566) 4.02; 6.09E-04 27.33 711 9.20 14.82 3181
Sinornithoides 4,19 11.10 19.06 14.00 1.10 (567); 4.89; 4.51E-04 45.58 26.21 8.12 13.07 25.84
Sinusonasus 3.72 8.61 17.38 13.50 0.94 (568): 5.33; 3.32E-04 29.28 12.40 7.67 12,36 23.39
Talos 16.02 17.59 23.10 21.17 1.89 (2158): 3.77: 3.96E-04 38.92 16.56 9.61 1547 33.53
Tignyuraptor 14.85 14.39 26.56 20.68 1.78 (569)1 3.78 3.66E-04, 42.58 19.85 9.59 1544 33.89
Utahraptor 407.53 21.12 50.50 57.40 7.95 (535); 2.14; 4.27E-04 6.11 -17.72 13.87 2234 2234
Velociraptor 17.88 10,13 24,92 21.90 1.61 (556): 4.02; 2.11E-04 16.31 -2.67 9.22 14.834 3041
Zhenyuaniong 11.95 12.98 26.02 19.34 1.0 (370): 3.94; 5.91E-04 43.67 21.41 9.33 15.02 32.88

Volant
Ambopteryx 0.05* 3.10 531 3.68 0.36 (570): 13.25; 4.51E-03 24,18 19.66 4.25 6.84 7.67
Anchiornis 0.37 5.52 10.64 6.62 0.32 (571)! 8.13! 2.57E-04 46.01 34.31 5.83 9.39 14.07
Archaeopteryx 0.17* 370 7.10 5.22 0.30 (572): 10.67; 6.04E-04 19.06 11.59 4.89 7.87 10.06
Archaeorhynchus 0.05* 2.20 4.06 3.58 0.24 (573)i 15.52; 4.39E-03 -5.37 -8.62 3.83 6.17 6.27
Auranis 0.36 4,40  9.05 6.60 0.55 (574): 8.97: 1.38E-03 21.83 12.10 5.47 8.81 12.47
Caihong 0.46* 450 820 7.09 0.39 (575} 8.93! 3.62E-04 11.76 2.25 5.49 8.84 12.55
Changyuraptor 5.59 11.12 17.72 15.30 1.16 (369): 4.89! 3.61E-04 29.23 11.25 8.11 13.06 25.83
Chongmingia 0.29* 3.73 694 6.16 0.49 (576) 10.27: 1.30E-03 2.40 —5.57 5.01 8.07 10.55
Confuciusornis 0.05 2,13 4.73 3.50 0.51 (577): 14.86; 1.64E-02; 6.56 3.09 3.54 6.35 6.63
Cruralispennia 0.01* 197 231 198 0.18 (573): 22.01; 7.42E-03 6.42 7.72 3.05 4.92 4.02
Eoconfuciusornis 0.06 229 438 370 0.39 (577): 14.91; 5.86E-03 -1.91 -5.51 3.93 6.33 6.60
Eosinopteryx 0.13 3.55 6.95 4.85 0.48 (578) 11.02; 3.37E-03 23.10 16.05 4.78 7.70 9.66
Epidexipteryx 0.16 3.10 68.30 510 0.52 (579): 11.52; 3.39e-03 5.66 -0.78 4.65 7.49 9.14
Hongshanornis 0.01* 210 370 204 0.22 (573} 18.49! 1.20E-02, 40.39 41.74 3.42 5.51 5.02
Jeholornis 0.23 470 6.72 5.73 1.25 (577): 10.12; 2.95E-02 16.44 8.34 5.06 8.14 10.74
linfengopteryx 0.45* 6.10 10.05 7.03 0.49 (580): 8.02; 7.33E-04 38.73 27.01 5.88 9.47 1431
linguofortis 0.17 3.09 586 520 0.40 (576): 11.71; 1.34E-03 -2.03 -8.23 4.60 741 8.96
Longusunguis 0.05* 214 418 3.58 0.28 (573)} 15.45 2.46E-03 -4.47 -7.74 3.84 6.19 6.31
Microraptor 0.85 6.71 1264 8.56 0.52 (581): 6.96; 3.85E-04! 40.99 27.09 6.45 10.39 17.02
Parabohaiornis 0.05* 135 4.00 3.60 0.33 (573): 15.89: 3.96E-03 -10.48 -13.59 3.77 6.08 6.09
Pengornis 0.11* 2.65 5.00 4.50 0.43 (573): 13.20: 3.25E-03 -4.51 -9.44 4.26 6.85 7.70
Piscivorenantiornis ~ 0.05* 218 4.13 3.50 0.29 (573)} 15.56! 3.07E-03 -2.80 -5.96 3.83 6.16 6.25
Pterygornis 0.01* 170 2.86 2.38 0.23 (573): 20.31; 8.03E-03 -2.99 -3.24 3.22 5.18 4.46
Rahonavis 0.89 4.82 12.00 8.70 0.43 (557): 7.45: 2.08E-04 20.90 3.54 6.17 9.93 15.66
Sapeornis 0.51 412 851 7.32 0.76 (573): 9.01: 2.34E-03 491 -4.26 5.46 8.78 1241
Scansoriopteryx 0.00 1.19 1.89 1.62 0.17 (579) 27.42 1.49E-02 -9.58 -7.03 2.65 4.26 3.03
Schizooura 0.11* 3.0 611 4.55 0.44 (573): 11.67; 3.30E-03 20.08 13.79 4.61 7.43 9.00
Serikornis 0.39* 4.85 9.52 6.74 0.64 (582): 8.62: 2.01E-03 27.90 17.49 5.61 .04 13.10
Sinornithosaurus 5.01 9.30 12.50 14.80 0.81 (583) 5.65) 1.40E-04 0.44 -13.30 7.39 11.90 21.84
Wulong 0.87* 5.67 11.70 8.62 0.71 (584) 7.35) 9.52E-04, 25.83 13.35 6.23 10.03 15.93
Xigotingia 0.80 271 9.37 8.40 0.63 (585): 8.83; 7.27E-04 -10.54 -19.25 5.53 8.90 12.73
Yangavis 0.07* 232 5.03 4.01 0.45 (577): 13.90: 6.35E-03 111 -3.22 4.12 6.63 7.21
Yanornis 0.17* 3.80 7.80 5.20 0.59 (586) 10.28] 4.62E-03 28.29 20.28 5.01 8.06 10.53
Yi 0.41 4.89 817 6.85 0.60 (587): 9.02) 1.55E-03 14.68 5.20 5.45 8.77 1239
Yixianornis 0.08 270 529 411 0.50 (573): 13.24; 7.76E-03 7.59 2,78 4.25 6.24 7.67
Zhongjianosaurus 0.25* 3.90 7.80 5.90 0.35 (588): 9.92: 5.70E-04 16.41 3.06 5.12 8.25 11.01

Table 3.1: Measurements and calculated values for cursoriality tests performed. All
masses from Schroeder, et al., 2021 (402) unless noted. (m = meters, GN = Giganewton)
*Mass estimated based on theropod regression from O’Gorman & Hone, 2012 (4)
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Body | Hip Height Height Speed at Transistion (km/h)  CoT Body | Hip Height: Height: Max. Prey :Min. Prey Speed at Transistion (km/h}  CoT

A bl Herbivores Mass (kg] (m Source Walk-Trot Trot-Run _Max__(J/kg*m)| Carnivores Mass m {Source| Mass | Mass Walk-Trot Trot-Run _Max _:(J/kg*m

Bonatitan 808.01 1.54 (70) 16.01 2578 14.99 1.76|Dromaeosaurid A 15.14 0.66 * (370) 20.31 8.90E-04 1050 16.91 31.03 3.57

Nodosaurid 1788.28 1.17 * (590) 1395 2247 12.19 2.31|Bonapartenykus 20.50 0.75 (83) 27.76 1.69e-03 11.16 17.96 31.58 3.26

Bonapartesaurus 2071.49 1.96 (74) 18.06 29.08 18.06 1.55|Austroraptor 373.85 1.30 (560) 518.91 0.69 1472 23.70 23.70 212

Hadrosaurid A 2071.49 1.96 * (67) 18.06 29.08 18.06 1.55|Quilmesaurus 460.00 1.52 (85) 638.66 1.06 1593 25.65 25.65 1.88

Allen Lapampasaurus 2071.49 236 (591) 19.82 3191 19.82 1.34|"Neibla" 491.67 0.55 * (589) 682.68 1.22 9.53 15.34 29.94 4.15
Argentina Saltasaurid 3741.30 2.17 * (592) 19.00 2060 17.79 1.43
Campanian- Saltasaurine 3741.30 217 * (592) 19.00 3060 17.79 1.43
Maastrichtian Hadrosaurid B 4000.00 4.19 * (593) 26.40 4252 26.40 0.86
Aeolosaurus 6000.00 174 (594) 17.02 2740 1593 161
Laplatasaurus 83095.23 3.47  (595) 2403 38.69 22.50 1.00
Panamericansaurus 11629.23 1.61 (78) 16.37 2636 15.33 1.79
Antarctosaurus 20817.15 2.47 (80) 20.27 32.64 18.98 1.22
Titanosaurian 22385.94 2.97 * (596) 22.23 35.80 20.82 113

Yamaceratops 2.00 0.36  (601) 7.74 1246 12.46 5.72|Avimimus 13.28 0.54 (597) 19.22 8.00E-04 9.44 1521 29.83 4.21

Graciliceratops 434 0.20 (108) 5.77 9.29 13.80 8.99|Velociraptor 18.73 0.51 (556) 27.18 1.62E-03 9.22 1484 29.52 4.37

Amtocephale 50.00 031 * (602) 7.18 1156 20.74 6.42|Saurornithoides 2175 0.46 (563) 3159 2.21E-03 872 1404 2880 4.76

Garudimimus 99.61 0.99  (603) 12.83 2067 43.04 2.62|Deinonychosaurian A 90.00 098 * (562) 131.23 0.04 1275 20.53 32.27 2.65

Archaeornithomimus 146.89 227 (604) 19.44 3129 5851 1.39|Achillobator 373.85 1.10 (554) 545.65 0.77 13.54 2181 21.81 2.42

Amtosaurus 300.00 0.82 * (282) 11.68 1881 31.91 3.03| Tarbosaurus (j) 376.00 1.40 (598) 548.79 0.78 1526 24.58 24.58 2.01

Erlikosaurus 430.00 0.96 * (605) 1264 2035 3225 2.69|Alectrosaurus 601.03 1.69 (599) 877.33 2.04 16.76  26.98 26.98 1.74

Bayan Shireh Tsagantegia 500.00 0.88  (606) 12.10 19.48 10.57 2.87 | Tarbosaurus 1742.73 1.65 (600) 254421 18.17 16.56 26.67 26.67 1.77
Mongolia  Enigmosaurus 960.17 147 * (607) 15.64 25.18 25.18 1.94
Cenomanian- Talarurus 1020.25 0.89 (608) 12.17 19.60 10.63 2.85
Santonian  Pinacosaurus 1100.81 0.83  (609) 1175 1892 1027 3.01
Gilmoreosaurus 1136.29 193  (610) 1792 2886 17.92 157
Bactrosaurus 147277 177 (610) 17.16 2763 17.16 1.68
Gobihadros 1712.60 220 (113) 19.13 3081 19.13 1.42
Gigantoraptor 2216.11 1.97  (115) 18.11 29.15 18.11 1.54
Segnosaurus 2633.20 2.43 * (605) 2011 3238 20.11 131
Erketu 11225.59 2.61* (611) 20.84 3356 19.51 114
Quaesitosaurus 25418.09 3.01  (612) 2238 36.04 20.96 1.05

Nedcolbertia 18.00 0.83 (613) 1175 1892 31.94 3.01|Geminiraptor 5.69 0.54 * (567) 8.13 1.40E-04 948 1527 29.88 4.18

Cedar Falcarius 109.00 0.87 (614) 12.03 1937 3207 2.90|Yurgovuchia 67.04 073 (562) 97.71 0.02 11.00 17.72 31.46 22E

Mountain Hippodraco 471.00 1.29 (615) 1465 2359 23.59 2.14|Utahraptor 410.58 1.16 (535) 599.28 0.93 13.87 2234 2234 233
(vellowcat Gastonia 1269.00 0.96 (616) 12.64 2035 11.04 2.69
Member) Iguanacolossus 2500.00 256 (615) 2064 3323 2064 1.26
United States Iguanodon 2897.00 3.03 (617) 2245  36.16 2245 111
Berriasian- Mierasaurus 4300.00 221 (618) 19.18 20.88 17.96 1.32
Hauterivian Camarasaurid 6900.00 2.53 * (619) 20.52  33.04 1921 1.27
Moabosaurus 11937.00 241 (620) 2003 3224 1875 1.25
Cedarosaurus 11965.00 203 (621) 1838 2959 17.21 127

Orodromeus 15.17 0.66 (624) 1048 16.87 3101 3.59|Richardoestesia 10.33 0.21 * (565) 1491 4.70E-04 591 9.52 1445 8.66

Stegoceras 27.66 0.49  (625) 9.03 1454 2926 4.51|Acheroraptor 18.50 0.65 * (556) 26.84 1.58E-03 1042 16.78 30.95 3.62

Citipes 56.36 0.71 (49) 10.87 1750 31.35 3.39|Saurornitholestes 23.70 0.49 (565) 34.44 2.64E-03 899 1448 129.20 4.54

Sphaerotholus 68.34 0.88 * (625) 12.10 19.48 32.10 2.87 | Pectinodon 47.38 097 * (219) 69.00 0.01 1271 20.47 28.17 2.66

Hell Creek Thescelosaurus 170.39 0.82 (626) 11.75 1892 31.94 3.01|Anzu 246.01 1.17 (201) 359.01 0.33 1397 2250 2250 2.30

United States Leptoceratops 212,98 0.77  (253) 1132 1823 1823 3.18|Dakotaraptor 285.00 1.36 (202) 415.93 0.44 15.06 24.25 24.25 2.05

Maastrichtian Ornithomimus 221.46 1.95 (627) 18.01 29.00 5531 1.56| Tyrannosaurus (J) 1245.90 1.91 (622) 1818.84 9.12 17.83 2871 2871 1.58

Pachycephalosaurus 342.02 1.63 * (625) 16.47 26,52 26.52 1.79|Tyrannosaurus 6428.60 273 (623) 9385.59 265.42 2132 3432 21.32 1.20
Ankylosaurus 387227 185 (191) 1755 2825 1533 1.62
Edmontosaurus 4596.00 4.26 (65) 2662 4287 26.62 0.85
Torosaurus 7598.52 221 (628) 19.18 20.88 19.18 1.41
Triceratops 8318.22 2.42 (628) 20.07 3231 20.07 132

Table 3.2: Body mass, running speeds and cost of transport for non-avian dinosaurs found in communities with giant paravians. Body
mass from Schroeder, et al., 2021
*Hip height estimated from closest available relative
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Sprinting Capacity

a) Femur Strength (Sr). To evaluate the capacity for sprinting ideally we would
employ a calculation that incorporated the material properties of all bone tissues being
directly loaded, as these are differentially deposited during growth and have complex
physical responses to stress. However, because data on bone histology and/or cross
sections were lacking, we used a generalized calculation based on femoral diameter.
Following Alexander’s index of athletic ability (524), as modified by Farlow (525) we

roughly estimated the impact resistance of the femur in square meters per giganewton,

Dp
0.5mx*Lp*g

[1] Femur Strength (Sg) =
where Dr is the midshaft diameter of the femur in cm, L is the proximodistal length of
the femur in cm, m is body mass in kg, and g is the gravitational constant 9.8m/s?.

Top Speed
b) Velocity (v). While femoral strength can provide a relative estimate for sprinting
capacity, it falls short of an estimate of actual locomotor speeds, which may influence

dietary overlap in carnivorous dinosaurs. Thus, we employed the method of Thulborn

(526) to estimate the locomotor speeds in meters per second for all 131 dinosaur genera,

LH*H)2.564
1.8H

[2a] Velocity (v) = \/gH(
where H is the hip height in meters, and LH is stride length by height in meters.
¢) Maximum Velocity (Vmax). As the calculation in equation [2a] assumes the capacity

for a genus to achieve certain stride lengths which may not be plausible, we

physiologically constrained maximum speeds,
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[2b] Max Velocity (V)yax = % * f
where LH/H is maximum stride length in meters, and f is maximum stride frequency in
strides per second. In the event that any locomotor speed derived from equation [2a]
exceeded this speed, the lesser of the two values was used. For quadrupedal dinosaurs,
the shorter of the limbs was used to calculate maximum speed.

d) Hip Height (H). Hip height in meters was calculated based on the lengths of the
major hindlimb elements held above the ground. To adjust (H) for the crouched stance
employed by bipedal dinosaurs (527, 528), total hindlimb length was multiplied by a
constant calculated based on the average ratio of hip heights in rigorous skeletal diagrams
to the sum of limb bone lengths for 8 theropod dinosaurs between approximately 1-
6,000kg in mass (529-533),

[2c] Hip Height (H)pipeq = 0.8964(F, + T, + MT})
where F is the proximodistal length of the femur, Ty is the proximodistal length of the
tibia or tibiotarsus, and MT_ is the proximodistal length of the longest metatarsal in
meters.

e) Maximum Stride Length (LHmax). The ratio of maximum stride length in meters
per height was calculated by distributing a physiologically appropriate range proportional
to the body size range of a given taxa. For example, in theropods with H<1m, LHmax was

distributed between 3-4 (526), with smaller animals achieving rates closest to 4, using the

equation,
[2d] Stride Length (LH3_,) = 4 — (Hl,Hz;Hs...I{I'I::;,;—l_Hmin )
Hpmin

where H is ranked in order from smallest to largest.
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f) Maximum Stride Frequency (f). The fastest cadence at which a dinosaur can move
was calculated per Thulborn (526) using the longer of the front or rear limbs for
quadrupedal dinosaurs,

[2€] Max Stride Frequency (f) = 3H %63
and limited to an absolute maximum of 5 (526).

The calculations of formulas [2a-e] were repeated for speeds at walk-trot transition,
trot-run transition and at maximum sprint speed, setting LH equal to 2, 2.9 LHmax,
respectively.

Cursorial Limb Proportion

As sprinting potential does not necessarily equate to habitual running speeds, a
measurement of relative limb proportions was also used to assess cursoriality. As the
majority of forward motion during the gait of a theropod is achieved with the lower
portion of the limb, it is to be expected that theropods with relatively longer tibia and
metatarsals will be more capable of rapid cursorial locomotion. Cursorial Limb
Proportion (CLP), which relates known upper and lower limb lengths to an “expected”
ratio by body size was calculated following Persons and Currie, (2016) (483).

g) Cursorial Limb Proportion (CLP). The percent deviance from the expected CLP
indicates the relative cursorial ability, with positive values indicating better than average
cursoriality, given in Persons and Currie, (2016) as:

[3a] Cursorial Limb Proportion (CLP) = (T, + MT;) — (Lyg/100L,g)
where Ty is the proximodistal length of the tibia, M Ty is the proximodistal length of the
longest metatarsal and Lye is the expected lower limb length based on theropods (Lte) or

paravians (Lpg) in mm.
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h) Expected Lower Limb Length (L+g, Lre,). We compared volant and non-volant
paravians to both the theropod ratio derived in Persons and Currie, (2016) and an
equation derived using simple linear regression of the limb lengths of 62 paravians to
calculate an “expected” ratio for paravians,

[3b] Theropod Expected Length (Lyg) = 4.178(F,%8371)
[3c] Paravian Expected Length (Lpg) = 2.2818 (F,%9162)
where F_ is proximodistal length of the femur in mm.
Cost of Transport

i) Cost of Transport (COT). Finally, as the ability to sprint at a certain speed does not
equate to unlimited capacity to move at such speeds, the energetic cost of transport
(COT) in joules/kg*meter was calculated following Pontzer, et al., 2009 (534):

[4] Cost of Transport (COT) = 90.284H~%77

J) Percent Change COT (Ae). As exceedingly high cost of transport in one stage of
locomotion may indicate a reticence to maintain such speed for extended periods, we
calculated the percent change in energetic requirements between low and high speeds

over a set period of time,

(Ver*COT) = (Wt xCOT)
Vye*COT

[5] % Change COT (Ae) =

where vy IS the velocity at the trot-run transition and vt is the velocity at the walk-trot
transition in meters per second.
Niche Overlap

We examined four dinosaur assemblages with giant paravians: the South American
Campanian-Maastrichtian Allen Formation (84), the North American Berriasian-

Cenomanian Yellow Cat Member of the Cedar Mountain Formation (535) and
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Maastrichtian Hell Creek Formation (202), and the Mongolian Cenomanian-Santonian
Bayan Shireh Formation (117). Using estimated body size and maximum running speeds
for both carnivorous and herbivorous dinosaurs, we evaluated the likely predator-prey
relationships within these communities.

K) Prey size (Mprey, Nprey). Prey utilization for carnivorous dinosaurs was estimated
based on carnivorous dinosaur stomach contents and coprolites, and modern predator-
prey mass allometry. We calculated maximum prey mass from the allometry developed
for modern mammalian carnivores (400):

[6] Max Prey Mass (Mpyey) = 1.39Mpreqator — 0.74
where m is mass in kg. This allometry yields accurate estimates when applied to modern
carnivorous reptiles (536). Minimum prey mass was derived from the log-log body mass
relationship (r? = 0.99) of small terrestrial prey consumed by large crocodilians and
theropods (387, 388, 537, 538),

[7] Min Prey Mass (Nprey) = 2.05Mpreqator — 5.74
where n is mass in kg.

We then limited the subset of herbivorous dinosaurs within the mass range prescribed
by equations [6] and [7] by maximum sprint speed calculated for predators in equations
[2a] and [2b]. Although specialized ambush predation styles could enable slower
predators to consume faster prey items (418, 539), lacking clear evidence of this specific
hunting style in dinosaur taxa, we assumed a limitation on prey availability based on
maximum predator speed. Therefore, the area prescribed by carnivore running speeds and

available prey body size was used to identify prey overlap between potentially competing
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carnivorous dinosaurs by simply counting the number of carnivorous dinosaurs
competing for the prey items within these prescribed areas.
Results
Phylogenetic Reassessment

The phylogenetic affinities of Dakotaraptor remain uncertain at best. However, based
on reanalysis with updated characters in three separate matrices our results indicate the
placement of D. steini near or within the Unenlagiidae was the most plausible, as this
placement was supported by the largest percentage of scores available (Hartman = 17%
of 700 characters, Jasinski = 14% of 180, DePalma = 14% of 361). While parsimony
analysis using the matrix from DePalma, et al., (2015) did place D. steini as sister to U.
ostrommaysi and Dromaeosaurus albertensis (540) (Figure S3.1), we believe results from
the DePalma database were potentially influenced by the a priori constriction to a limited
number of only non-volant taxa (Depalma = 86). Widening the phylogenetic bracket to
include all of deinonychosauria, as in the Jasinski, et al., 2020 matrix, resulted in the
placement of D. steini outside of the dromaeosauridae, on the basal branch leading to
Zhenyulong suni, Tianyuraptor ostromi, and Hulsanpes perlei (Figure 3.1). Similarly,
parsimony analysis using the matrix from Hartman, et al., (2019) placed D. steini outside
of dromaeosauridae, as sister to the South American Unenlagia ‘sensu lato’ (Figure

$3.2).
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Archaeopteryx_lithographica

Sinovenator_changii
Stenonychosaurus_inegualis
Eyronosaurus_jaffei
Hahakala_ omnogovae
Rahonavis ostromi
Neuguenraptor_argentinus
Buitreraptor_gonzalezorumnm
Austroraptor_cabazal
Unenlagia_paynemili
Unenlagia_comahuensis
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Graciliraptor_lujiatensis
Hesperonychus_elizabethae
Sinornithosaurus_millenii
Microraptor zhaoianus
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Dakotaraptor_steini
Zhenyuanlong_suni
Tianyuraptor_ostromi
Hulsanpes_perlei
BEambiraptor_ feinbergi
Saurornitholestes_langstoni
Atrociraptor_marshalli
Eoreonykus_certekorum
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Achillobator_giganticus
Utahraptor_ostrommaysi

Deinonychus_antirrhopus
Acheroraptor_temertyorun

Adasaurus_mongoliensis
Velociraptor osmolskae

Tsaagan_mangas

Figure 3.1: Result of parsimony analysis using matrix from Jasinski, et al., 2020.

Dromaeosaurus_albertensis

Velociraptor_mongoliensis

Dineobellator_notohesperis

Linheraptor_exguisitus

Dakotaraptor recovered as sister to Dromaeosaurs with Zhenyuanlong, Tianyuraptor and

Hulsanpes. Volant taxa highlighted in green.

Cursorial Ability

Among paravians, femur strength (Sf) was significantly negatively correlated with

body size in volant taxa (Fisher corrected Pearson’s rho = -0.787, p = 5.44E"%%) (Figure

3.2; Table 3.1). A similar negative correlation was found in non-volant taxa (rho = -

0.491, p = 0.011). However, as the confidence interval is large enough for the trend to

approach zero (rho = -0.118), and linear regression explained a limited among of

variation in the data (r? = 0.241), this trend may be biologically noninformative. Femur
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strength decreased more rapidly with body size in volant taxa compared to non-volant

taxa, and was highest among small volant taxa.

Sprint Capacity

® Non-Volant

05 O Volant

Log,o(Sg) m2/GN
o

Log,e(Mass) kg

Figure 3.2: Sprinting capacity in paravians based on femur strength per body size. Linear
Hﬁgd for volant taxa shown by dotted line (r2 = 0.6198) and for non-volant taxa by solid

Although femur strength implied that volant taxa had stronger femora, and therefore
larger capacity for high sprint speeds, the cursorial limb proportion (CLP) of volant taxa
were frequently below expected for theropods as a whole (Figure 3.3A). Furthermore, of
the nearly /3" of paravians that had below expected CLP values compared to other
paravians, all were volant (Figure 3.3B). In contrast with femoral strength index, CLP
scores generally increased with body size in both volant and non-volant paravians (volant
log10(CLP) = 0.292l0g10(m) + 1.231, r2= 0.94; non-volant logio(CLP) = 0.241l0gi0(m) +
1.289, r2=0.957). Among non-volant paravians, members of the Unenlagiidae and

Dakotaraptor fell consistently above expected values (Figure 3.3B). However, we did not

find a trend toward increased CLP within giant paravians as a whole.
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Figure 3.3: Deviation from expected CLP for theropods (A) and paravians (B) by volant (open shapes) and non-volant (filled shapes).
Dromaeosaurids shown in diamonds in (A) and Unenlagiids shown in triangles in (B).

Generally, both running efficiency (as shown by lower COT) and running speed increased with size among paravians (Figure 3.4).
This trend was most robust for large, non-volant taxa (Figure 3.4). Perhaps unsurprisingly, most volant taxa had relatively poor
running efficiency. Interestingly, the trend of increasing top speed with size plateaued significantly (two tailed t-test with equal
variance, p = 0.005, df = 142) above body sizes of approximately 75kg, with the highest potential top speeds found in non-volant
paravians ranging from 15-30kg. This did not appear to be a physiological limitation in speed, as the increasing top speed trend was

continued outside of paraves in ornithomimosaurs.
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Cost of Transport and Top Speed
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Figure 3.4: Running efficiency and speeds in theropods at walk-trot transition (low line extent), trot-run transition (center point) and
maximum top speed (upper line extent). Volant paravians shown in open circles, non-volant paravians shown in filled circles and non-

paravian theropods shown in open squares. Increasing top speed trend shown by solid line, plateau shown by dotted line. Body mass
increases from left to right across x-axis.

Curiously, when we examined the percent change in energetic expenditure from walking speeds to running speeds, we found that

non-volant taxa between 10-30kg had the greatest increase in energy required between walking and running (Figure 3.5). Conversely,

paravians above 75kg had decreasing separation between their walking and running energetic expenditures, and resemble other

medium and large theropods in this respect.
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Figure 3.5: Increase in energy expenditure from walking speed to running speeds in
theropods. Non-volant paravians shown by filled circles, non-paravian theropods in open
squares.
Niche Assessment

Based on overlapping regions of top speed and body size, giant paravians appear to
have been limited in terms of prey availability; no dinosaur assemblages contained
herbivorous dinosaurs available only to giant paravians (Figure 3.6). Paravians
commonly filled the small-carnivore body size niche, and with relatively high running
speeds could have easily consumed both small herbivorous dinosaurs or small mammals
and reptiles. Competitive overlap was highest at low speeds and small body size in all
communities examined, and higher overall at small body sizes (1.4-2.6 predator:prey
ratio) in the Bayan Shireh and Hell Creek Formations (Figure 3.6C and D).

Both the Allen and Cedar Mountain Formations lacked herbivorous dinosaurs within
the top speed and mass likely to be consumed by the giant paravians present,
Austroraptor and Utahraptor, respectively (Figure 3.6A and B). However, numerous

mammals, turtles and crocodilians within this range are present in both formations.

Interestingly, within the Allen Formation all herbivorous dinosaurs fell outside the likely
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prey body size margins for carnivores, which may indicate the consumption of juvenile
herbivores, or that carnivorous dinosaurs exceed the predator-prey mass relationship seen
in modern carnivorous mammals.

Giant paravians were generally the slowest of all carnivorous dinosaurs in
assemblages examined, outrunning only adult megatheropods (Table 3.2). Giant
paravians overlapped both in size and running capacity with juveniles of cohabitant
megatheropods (e.g. Dakotaraptor with Tyrannosaurus, and Achillobator giganticus with
Tarbosaurus bataar) (Figure 3.6C and D).

Discussion

While an exact understanding of Cretaceous Food webs is still largely elusive, it is
clear that niche partitioning was common both within and between dinosaur species (12,
142, 402, 541-543). Among paravians, three distinct locomotion styles may have enabled
the co-occurrence of these dinosaurs with juvenile megatheropods. The most apparent of
these was the ability to fly. It is unlikely that volant paravians, who had access to arboreal
niches and fed on prey below the body size cut off for juvenile megatheropods would
have been in direct competition. These paravians were poorly adapted to running, with
low top speeds and high energetic requirements. Although the finding of high femur
strength in small, volant paravians seems to contradict this claim (Figure 3.2), we argue
the majority of this finding was a result of post mortem crushing (544-546) and the use
of femur diameter. Instead, running was likely a mostly superfluous adaptation in these
species, as the capacity for flight would have expanded the available niche vertically

beyond that of larger, non-volant carnivores.
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Figure 3.6: Speed and body mass for communities with the four largest giant paravians. A) Allen Formation, B) Cedar Mountain
Formation, C) Bayan Shireh Formation, and D) Hell Creek Formation. Dinosaurian prey availability by mass and top speed for each
carnivore shown by grey box. Prey availability box for giant paravians outlined in grey. Darker areas represent high functional areas

of competition.
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Among non-volant paravians, a divide in locomotion style was evident between small
and large body sizes. Small (10-30kg) paravians were capable of rapid, but costly,
cursorial locomotion, which likely translated into ambush or short-range pursuit hunting,
analogous to modern cheetahs (Acinonyx jubatus) (Figures 3.4, 3.5). This rapid, cheetah-
esque cursoriality likely enabled small non-volant paravians to co-occur with larger,
slower theropods, who likely pursued somewhat larger, slower prey. Conversely, our
results indicated paravians exceeding 75kg in body mass had limited top speeds (Figure
3.4). Indeed, they were regularly the slowest carnivores in their communities, outpaced
by both smaller deinonychosaurs and juvenile megatheropods. As a result, there were no
prey items available exclusively to giant paravians in terms of speed or body size, and
therefore limited potential for food resource partitioning (Figure 3.6).

As megatheropods appear to regularly utilize all available habitats (547), the
opportunity for spatial partitioning by carnivores may have been reduced in assemblages
with megatheropods. As such, the presence of both the large tyrannosaur Tarbosaurus
and the smaller tyrannosaur Alectrosaurus may have been in direct competition with the
giant paravian Achillobator in the Bayan Shireh Formation. Similarly, the presence of the
megatheropod Tyrannosaurus may have been in direct competition with the giant
paravian Dakotaraptor in the Hell Creek Formation.

Intraguild competition has been found to result in low population densities in modern
mammalian carnivores such as the African wild dog Lycaon pictus, which competes for
food resources with lions (Panthera leo) and hyenas (Crocutta crocutta) (548). This
appears to have been the case for giant paravians co-occurring with megatheropods. For

example, despite over 150 years of collection in the Hell Creek Formation (499), only a
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single specimen of the giant paravian Dakotaraptor has been identified, despite the
presence dozens of much smaller and much larger carnivorous dinosaur specimens. This
same census frequently identified sub-adult megatheropods in the same size class as
Dakotaraptor. Conversely, in communities where giant paravians occurred without
megatheropods, their relative abundance is much higher. For example the Yellow Cat
Member of the Cedar Mountain Formation has produced abundant giant paravian tracks
(549) and skeletal remains from rigorous censusing has shown the giant paravian
Utahraptor to be relatively abundant (550).

A potential response to direct competition for food resources is the utilization of large
home range (509, 548), a tactic that giant paravians’ superb locomotor efficiency and
moderate size may have allowed. The ability to traverse long distances through high
locomotor efficiency and moderate size may also have made scavenging an effective
strategy to supplement the diets of giant paravians (498). This approach may have been
particularly effective within giant Unenlagiid paravians, which exhibited consistently
above average cursorial limb proportions even when compared to other paravians (Figure
3.3). The rapid foot maneuverability enabled by the gracile lower limb morphology of
Unenlagiids (512) could have been employed to avoid retaliation during persistence
hunting of larger herbivores, a strategy sometimes employed by Varanus komodoensis
(467, 536, 551) and frequently by Lycaon pictus (552, 553).

The placement of D. steini as either a uniquely derived member of the Unenlagiidae,
or as a non-dromaeosaurid deinonychosaur allows for a more contextualized
interpretation of its morphology. Rather than an extraordinarily gracile member of the

dromaeosauridae, which were relatively robust, stocky animals at large size (512, 535,
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554), D. steini was likely an unusually large relative of the more gracile Unenlagiids. As
such, Dakotaraptor was likely an extremely efficient runner, which may have made it
particularly well suited to long distance foraging, a strategy that may have facilitated its
cohabitation with larger megatheropods like Tyrannosaurus rex (399, 502).

The evolution of flight and flight-adapted features in many paravians likely enabled
their expansive radiation in the Cretaceous (376, 555, 556) and the domination of small-
body size carnivore niches across the globe. However, at least some paravian clades
evolved away from characteristically small size. The loss of rapid locomotion with the
development of medium body size resulted in large overlaps in prey availability and
potential competition, particularly in dinosaur assemblages containing megatheropods.
Co-occurring with carnivorous dinosaurs that underwent significant shifts in morphology
through ontogeny likely amplified competitive pressures on giant paravians. However,
ancestrally flight-adapted frames may have enabled giant paravians to avoid competitive
exclusion through highly efficient cursorial locomotion, although still potentially
suffering the effects of enhanced competition with juvenile megatheropods. It is clear that
while for some paravians, adaptations away from flight and towards gigantism were
advantageous in reducing competition with the multitude of small, agile dromaeosaurs,
for those co-occurring with the niche-shifting megatheropods of the Cretaceous, it was

“out of the frying pan, into the fire”.

54



Appendix 1
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 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
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 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 examining the presence/absence of body
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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
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 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.

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

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 Bimodality Coefficient, summary statistics, and fit to quadratic and
4™ 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
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Rank test was performed on 39 carnivore guild distributions. Likelihood of bin
occupancy was further tested in relation to occupancy of 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 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 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,
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.
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Juveniles were defined as individuals in the cohort that had not reached somatic maturity

based on asymptotic growth (approximately age 16).

Supplementary Text

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 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 S3.1. 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:

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 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)

Chungkingosaurus jiangbeiensis- has been identified as a possible juvenile of

Tuojiangosaurus (43)
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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)

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 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)

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)

Leptorhynchos elegans- caenagnathid redescribed as Citipes elegans (49)

Majungatholus atopus- originally described as a new pachycephalosaur, material has
been re-assigned to Majungasaurus (50)

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). Following the discovery of a second, more complete skeleton,
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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 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)

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)

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.

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

Willinakage 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).
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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” taxa as possible. Only those that we found to be definitively synonymous,

or those that showed a preponderance of evidence towards synonymizing were excluded.
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Figure S1.1. Number of species in each mass bin, by guild, in formations from the
Jurassic and Cretaceous periods (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.
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Figure S1.2. Growth vs survivorship of three megatheropods shows biomass is highest at
sexual maturity, which occurs shortly before somatic maturity in dinosaurs.
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Table S1.1. Taxon list for each community with mass in kg and references

Herbivores / Plant Dominant Locality Carnivores / Meat Dominant Locality
Assemblage Omnivores Ref Mass (kg) Mass Ref Omnivores Ref Mass (kg) Mass Ref
Bonatitan reigi (70) 808.0086 (26, 71) Dromaeosaurid A (76) 15.142 (43)
Nodosaurid A (72) 1788.277 (4,9, 26,43,73) iBonapartenykus ultimus (23) 20.5 (57)
Bonapartesaurus rionegrensis (74) 2071.494 (43,57, 73) Austroraptor cabazai (84) 373.849 (4, 26-27, 43)
Hadrosaurid A (67) 2071.494 (43,57,73) Quilmesaurus curriei (85) 460 (43, 57, 86)
Lapampasaurus cholinoi (75) 2071.494 (43,57, 73) Carcharodontosaurid A (70) 491.667 (26)
Allen Saltasaurid A (76) 3741.3 (4,43,57,71,73)
Argentina Saltasaurine A (76) 3741.3 (4,43,57,71, 73)
79-69MYA Hadrosaurid B (70) 4000 (43)
Aeolosaurus (77) 6000 (43)
Laplatasaurus araukanicus (72) 8395.233 (4,43, 71)
Panamericansaurus schroederi (78) 11629.23 (26, 71)
Antarctosaurus wichmannianus (79) 20817.15 (a, 26, 43, 71, 80)
Titanosaurian A (81) 22385.94 (43,82)
Gasparinisaura cincosaltensis (87) 8.96212 (a, 26, 43) Aerosteon riocoloradensis (93) 672.43 (26, 43, 86)
Saltasaurine B (87) 3741.3 (4,43, 57,71, 73) {Aucasaurus garridoi (27) 734.233 (4, 26, 43, 86)
Neuquensaurus australis (87) 3802.349 (4, 26-27, 43, 71) Abelisaurus comahuensis (87) 2325 (43, 86)
QOverosaurus paradasorum (88) 5250 (43, 71)
Anacleto Pitekunsaurus macayai (89) 5500 (43, 57)
Argentina Laplatasaurus araukanicus (87) 8395.233 (4,43, 71)
84-79MYA Narambuenatitan palomoi (90) 8919.105 (27, 43, 57, 73, 86)
Barrosasaurus casamiquelai (91) 13500 (71)
Nemegtosaurid A (92) 14139.36 (43,71)
Antarctosaurus wichmannianus (87) 20817.15 (4, 26, 43, 71, 80)
Pellegrinisaurus powelli (87) 29050 (43,71)
Ornithopod D (94) 8.96212 (4, 26,43) Neugquenornis volans (95) 0.3795 (73)
Elasmarian Ornithopod (94) 300 (a3) Alvarezsaurus calvoi (95) 2.79242 (26-27, 43, 86)
Rinconsaurus caudamirus (95) 3426.56 (26, 43, 71) Velocisaurus unicus (95) 3.94576 (26, 86)

Bajo de la Carpa  Bonitasoura salgadoi (95) 5250 (43,71) Achillesaurus manazzonei (96) 16.5 (43, 86)
Argentina Lithostrotian Sauropod A (95) 5250 (43,71) Viavenator exxoni (95) 700 (43)
85-84MYA Lithostrotian Sauropod B (95) 5250 (43, 71) Tratayenia rosalesi (97) 1150 (43, 86)

Overosaurus paradasorum (95) 5250 (43, 71) Carnotaurine A (98) 1925 (43, 86)
Laplatasaurus (87) 6488.299 (4, 43,71, 73)
Traukutitan eocaudata (95) 32064.56 (26, 71)
Bagaceratops rozhdestvenskyi (93) 4.271304 (4, 26, 43) Parvicursor remotus (99) 0.16883 (26-27, 43, 86)
Magnirostris dodsoni (99) 4.271304 (4, 26, 43) Ceratonykus oculatus (103) 0.57999 (26-27, 43, 86}
Tylocephale gilmorei (100) 40 (43) Hulsanpes perlef (104) 1.36383 (105)
Protoceratops hellenikorhinus (100) 180 (43) Shuvuuia deserti (103) 2.9821 (26-27, 43, 86)
Baruungoyot Qrnithomimid B (100) 315.6433 (4, 26-27,43,73) !Mononykus olecranus (93) 3.95592 (4, 26, 43, 26)
Mongolia Pinacosaurus mephistocephalus (99) 1100.806 (4, 43) Machairasaurus (99) 10 (86)
70-70MYA Saichania chulsanensis (99) 1305.986 (26, 43) Avimimus (99) 13.2792 (4, 26, 43, 26)
Tarchia gigantea (93) 2000 (43) Velaociraptar osmalskae (100) 18.734 (4, 26-27, 43, 73)
Zaraapelta nomadis (101) 2500 (101) Conchoraptor gracilis (99) 24.5 (43, 86)
Hadrosaurid C (100) 3062.165 (4, 26, 43, 57, 73) ; Oviraptor philoceratops (100) 33.0698 (4, 43, 86)
Quaesitosaurus (100) 12172.7 (43,71,102) Ingenia (99) 43.4805 (286)
Tarbosaurus bataar (108) 3103.15 (26, 43, 73, 86)
Yamaceratops darngobiensis (107) 2 (43) Avimimus (112) 13.2792 (4, 26, 43, 86)
Graciliceratops mongoliensis (108) 4.335756 (4, 26) Velociraptor (112) 18.734 (4, 26-27, 43, 73)
Amtocephale gobiensis (109) 50 (108) Saurornithoides mongoliensis (112) 21.7546 (26, 43, 86)
Garudimimus brevipes (100 99.61264 (26-27, 43, 73, 86) | Deinonychosaurian A (116) 90 (4, 26, 43, 36)
Archaearnithomimus (110) 146.8911 (28, 85) Achillobator giganticus (117) 373.849 (4, 26-27, 43)
Amtosaurus magnus (100) 300 (40) Alectrosaurus olseni (100) 601.026 (25, 86)
Erlikosaurus andrewsi (100 430 (43, 86) Theropod A (116) 1742.73 (4, 26, 43, 73, 26)
Bayan Shireh / Iren Tsagantegia longicranialis (107) 500 (43)
Dabasu Enigmosaurus mongoliensis (100) 960.1667 (43, 57, 86)
Mongolia Talarurus plicatospineus (100 1020.246 (4, 26, 43)
101-90MYA Pinacosaurus disparoserratus (100) 1100.806 (4, 43)
Gilmoreosaurus mongoliensis (111) 1136.287 (4, 26,43)
Bactrosaurus (112) 1472.773 (4, 26, 43)
Gobihadros mongoliensis (113) 1712.598 (43,73)
Gigantoraptor erlianensis (114) 2216.107 (4, 26, 43, 86, 115)
Segnosaurus galbinensis (100) 2633.2 (26, 43, 86)
Erketu ellisoni (116) 11225.59 (43, 71, 116)
Quaesitosaurus orientalis (107) 25418.09 (102)
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Table S1.1 (continued)
Herbivores [ Plant Dominant Locality Carnivores / Meat Dominant Locality
Assemblage Omnivores Ref Mass (kg) Mass Ref Omnivores Ref Mass (kg) Mass Ref
Levnesovia transoxiana (118) 175 (43) Caenagnathasia martinsoni (122) 1.4 (43)
Bissektipelta archibaldi (110) 300 (40) Richardoestesia isosceles (123) 10.1954 (3, 86)
Bissekty Ornithomimid C (119) 315.6433 (4, 26-27, 43, 73) :Urbacodon itemirensis (123) 10.8333 (57, 36)
Uzbekistan Turanoceratops tardabilis (120) 483.7592 (26, 43) itemirus medullaris (124) 12.422 (26)
92-90MYA Bactrosaurus (104) 1472773 (a, 26, 43) Paronychodon asiaticus (123) 12.9875 (36)
Therizinosauroidea (120) 4750 (43, 26) Timurlengia euotica (125) 220 (125)
Non-lithostrotian Titanosaur A 121) 7000 (43)
Callovosaurus leedsi (126) 108.3666 (4, 27) Eustreptospondylus oxoniensis (131) 348.725 (4, 26, 43, 86)
Callovian Oxford SGFCD!ESIES leedsi . . 127) 187.5 (57) Metriacanthosaurus parkeri (132) 1184.89 (26, 86)
Clay Lexovisaurus durobrivensis (1286) 2155.233 (4, 43)
. X Omosaurus durobrivensis (128) 2155.233 (8, 43)
United Kingdom N B
166-163.5MYA Lortlcatosqurus priscus ‘ (104) 2257.871 (4, 26,57, 73)
Cetiosauriscus stewarti (129) 12160.95 (4, 26,43, 71)
Cetiosaurus (130) 12232.49 (4, 26, 43, 71)
Neoceratopsian A (133) 1.5 (134) Velociraptorine A (142) 5.82906 (4, 43, 85)
Zephyrosaurus (135) 20 (43) Richardoestesia (142) 10.2398 (s, 43, 86)
Pachycephalosaurid A (136) 27.6576 (4, 26, 43) Paronychodon (142) 12.9875 (3, 26, 43, £6)
Cedar Mountain  Animantarx ramaljonesi (137) 411.8695 (4, 26, 43) Caenagnathoid A (136) 13.2792 (4, 26, 43, 86)
Mussentuchit  Ornithopod E (136) 500 (43) Troodontid C (142) 21.7546 (26, 43, 86)
United States Tenontosaurus (138) 818.362 (4, 26-27, 43) Dromaeosaurine A (142) 83.1907 (4, 26, 43, 88)
102-95.64MYA  Eolambia caroljonesa (139) 1000 (a3) Alectrosaurus (135) 601.026 (26, 86)
Peloroplites cedrimontanus (140) 2000 (43) Siats meekerorum (143) 3950 (86, 143)
Cedarpelta bilbeyhallorum (140) 5000 (43)
Astrodon (135) 10800 (71, 141)
Aquilops americanus (134) 1.5 (134) Microvenator celer (144) 3.62685 (4, 26)
Zephyrosaurus schaffi (144) 20 (43) Deinonychus antirrhopus (144) 83.1907 (4, 26, 43, 88)
Cloverly Ornithomimus velox (104) 175.6667 (9, 43, 6) Acrocanthosaurus atokensis (144) 4558.8 (4, 26, 43, 86)
. Tenontosaurus tilletti (144} 818.362 (4, 2627, 43)
United States
113-100.5MYA Sauropelta edwardsorum (144) 2000 (43)
Tatankacephalus cooneyorum (144) 2505.082 (43, 145)
Rugocaudia coonevi (146) 6300 (71)
Sauroposeidon proteles (144} 34146.02 (26, 43, 147)
Stegoceras validum (148) 27.6576 (4, 26, 43) Hesperonychus elizabethae (152) 2.55 (43, 86)
Hanssuesia sternbergi (148) 28.07162 (43) Bambiraptor feinbergi (153) 5.82906 (4, 43, 86)
Prencephale (148) 38.50373 (26, 43) Richardoestesia isosceles (153) 10.1954 (3, 86)
Struthiomimus altus (149) 215.0365 (4, 26-27, 43, 73) Richardoestesia gilmorei (153) 10.3284 (9, 43, 86)
Panoplosaurus mirus (150) 1436.424 (26, 43) Zapsalis abradens (153) 12.3333 (g6, 104)
Dinosaur Park MAZ- Fuoplocephalus tutus (150) 1617.899 (4, 26, 43) Dromaeosaurus albertensis (153) 14.7467 (3, 43, 86)
1b Centrosaurus apertus (150) 2214.703 (4, 26, 43) Saurornitholestes langstoni (153) 23.4053 (4, 9, 26, 43, 57)
Canada Chasmosaurus belli (150) 2244.365 (4, 26, 43) Pectinodon (153) 47.3759 (25)
76-75.5MYA Chasmasaurus russelli (151) 2258.128 (4, 26-27, 43) Caenagnathus collinsi (154) 61.5 (43, 155)
Edmontonia rugosidens (150) 2265.253 (28, 43) Troodon formosus (153) 68.1649 (4, 25, 43, 86)
Corythosaurus intermedius (104) 2977.832 (26, 43) Chirostenotes pergracilis (154) 74.7759 (9, 43, 73, 26)
Lambeosaurus lambei (150) 3248.555 (4, 26, 43) Gorgosaurus libratus (156) 2554.78 (4, 26, 43, 86)
Lambeosaurus clavinitialis (150) 3300 (43) Daspletosaurus (158) 2565.55 (4, 43, 73, 86)
Parasaurolophus walkeri (150) 3549.646 (4, 26, 43)
Bagaceratops (157) 4271304 (4, 26, 43) Parvicursor remotus (1539) 0.16883 (26-27, 43, 86)
Goyocephale lattermorei (100 27.6576 (4, 26, 43) Mahakala omnogovae (160) 0.53745 (28, 43, 86)
Oviraptor philoceratops (100) 33.06984 (4, 43, 86) Halszkaraptor escuilliei (161) 0.76234 (26, 161)
Protoceratops andrewsi (100) 99.57581 (4, 26, 43) Shuvuuia deserti (162) 2.9821 (26-27, 43, 86)
Aepyornithomimus tugrikinensis  (158) 105.9753 (158) Gobivenator mongoliensis (113) 12.7809 (26, 43, 86)
Djadokhta Udanoceratops tschizhovi (110) 736.087 (26, 43) Avimimus portentosus (100) 13.2792 (4, 26, 43, 86)
Mongolia Pinacosaurus grangeri (100) 1100.806 (4, 43) Byronosaurus (183) 13.6 (43, 86)
75-71MYA Nemegtosaurus (100 14139.36 (43,71) Velociraptor mongoliensis (100) 18.734 (4, 26-27, 43, 73)
Kol ghuva (164) 20 (43)
Tsaagan mangas (185) 20.5 (43, 86)
Saurornithoides mongoliensis (100) 21.7546 (25, 43, 86)
Khaan mckennai (166) 23.9839 (2627)
Citipati osmolskae (118) 93.9976 (26, 43, 86)
Tyrannosauroid (99) 3103.15 (26, 43, 73, 86)

66




Table S1.1

(continued)

Herbiveres / Plant Dominant Locality Carnivores / Meat Dominant Locality
Assemblage Omnivores Ref Mass (kg) Mass Ref Omnivores Ref Mass (kg) Mass Ref
Iguanodontian A (167-168) 6 (43) Noasaurid A (174) 13.7896 (4, 26, 43)
Ornithopod A (163) 8.9165 (43,57) Noasaurid B (174) 26.5 (43, 86)
Ornithopod B (169-170) 20 (43) Rapatar ornitholestoides (167) 156.745 (4, 26, 43, 57, 73)
Griman Creek Weewarrasaurus pobeni (168-169) 50 (169) Megaraptorid A (175) 201.729 (26, 43, 86)
Australia Ornithopod C (169, 171) 90 (43) Avetheropoda A (175) 672.43 (26, 43, 86)
09.6-93.5MYA Ankyfojsaurf‘un A (168) 300 (43)
Fostoria dhimbangunmal (168, 172) 355.8834 (27, 43)
Ankylopollexian A (168-169) 910.3948 (4, 26-27, 43)
Iguanodontian B (169) 4225.792 (4,9, 27, 73)
Titanosaurian B (168, 173) 6000 (43)
Hanson Prosauropod A (104) 554.9922 (4,9,71,73,176) ;Coelophysoid A (178-179) 6 (43, 178, 120)
Antarctica Glacialisaurus hammeri (177) 745 (71, 177) Coelophysoid B (179) 25.0459 (25, 43, 86)
194-188MYA Cryolophosaurus ellioti (181) 349.387 (26,43)
Orodromeus makelai (182) 15.1695 (4, 26) Richardoestesia isosceles (196) 10.1954 (9, 86)
Stegoceras (183) 27.6576 (4, 26, 43) Richardoestesia gilmorei (197) 10.3284 (9, 43, 86)
Citipes elegans (184) 56.36128 (9, 43, 185) Acheroraptor temertyorum (198) 18.5 (86, 199)
Sphaerotholus buchholtzae (186) 68.33955 (43, 57, 73) Saurornitholestes (197} 23.7026 (4,9, 26, 43, 57)
Hell Creek Thescelosaurus (187) 170.3897 (4, 26, 43) Pectinodon bakkeri (200) 47.3759 (26)
United States Leptoceratops gracilis (188) 212.9821 (4, 26, 43) Anzu wyliei (201) 246,013 (43, 86, 201)
56.8-66MVA Ornithomimus (183) 221.4634 (4,9, 2627,43) ;Dakotaraptor steini (202) 285 (a2, 86)
Pachycephalasaurus wyomingensis (190) 342.0206 (4, 26, 43) Tyrannasaurus rex (55) 6428.6 (4, 26, 43, 73, 86)
Ankylosaurus magniventris (197) 3872.272 (4, 26, 43)
Edmontosaurus annectens (192) 4595.999 (4, 26, 43)
Torosaurus (63,193) 7598.517 (4, 26-27, 43, 73)
Triceratops horridus (154) 8318.221 (4, 26-27, 43, 73}
Ornithomimus edmontonicus (149) 138.7235 (4, 26-27,73) Richardoestesia gilmorei (203) 10.3284 (9, 43, 86)
Struthiomimus (149) 215.0365 (4, 26-27, 43, 73) {Paronychodon (149) 12.9875 (9, 26, 43, 86)
Horseshoe Canyon Arrhinoceratops brachyops (149) 1300 (a3) Dromaeosaurus (149) 13.56 (9, 43, 86)
Drumheller- Ldmontonia longiceps (143) 1985.43 (4,26, 43) Atrociraptor marshalli (203) 15.25 (43, 86)
Horsethief Anodontosaurus lambei (203) 2164.816 (43, 204) Troodontid D (203) 22.496 (36)
Canada Anchiceratops ornatus (149) 2229.013 (26,43) Albertavenator (203) 50 (205)
73.1-71.5MYA  Pachyrhinosaurus canadensis (149) 3139.13 (4, 26, 43) Epichirostenotes (149) 98.0518 (86)
Edmontosaurus regalis (143) 5260.076 (4, 26, 43) Apatoraptor (203) 115.552 (206)
Albertosaurus sarcophagus (149) 2345.18 (4, 26, 43, 86)
Pachycephalosaurid B (207) 27.6576 (4, 26, 43) Richardoestesia gilmorei (208) 10.3284 (3, 43, 86)
Hypsilophodontid A (207-208) 170.3897 (4, 26,43) Zapsalis abradens (208) 12.3333 (86, 104)
Avaceratops lammersi (208) 579.6361 (4, 43) Paronychodon (207) 12.9875 (g, 26, 43, 26)
Judith River Coal Nodosaurid B (208) 1436.424 (26, 43) Dromaeosaurus albertensis (208) 14.7467 (3, 43, 86)
Ridge Mercuriceratops gemini (208) 2070.972 (43, 209) Troodon formosus (208) 68.1649 (4, 25, 43, 86)
Canada Monoclonius crassus (207) 2396.318 (43, 210) Gorgosaurus libratus (104) 2554.78 (4, 26, 43, 36)
76.2-75.2MYA Zuul crurivastator (211) 2500 (211)
Lambeosaurus (207) 3117.374 (4, 26, 43)
Gryposaurus (208) 3428.063 (4, 26, 43)
Spiclypeus shipporum (208) 3500 (208)
Hadrosaurid D (207-208) 4000 (43)
Stegoceras validum (104) 27.6576 (4, 26, 43) Richardoestesia (213) 10.2398 (3, 43, 86)
Hypsilophodontid B (212) 40.23712 (26, 43) Paronychodon (213) 12.9875 (3, 26, 43, 86)
Ornithomimus velox (213) 175.6667 (9, 43, 6) Dromaeosaurid B (213) 13.56 (9, 43, 86)
Kaiparowits Akainacephalus johnsoni (214) 1500 (43) Velociraptarine B (213) 23.7026 (4,9, 26, 43, 57)
United States Nasutaceratops titusi (215) 1500 (43) Talos sampsoni (219) 29 (43, 219)
76.1-74MYA Kosmoceratops richardsoni (218) 1850 (43, 216) Hagryphus giganteus (220) 80 (43, 86)
Utahceratops gettyi (216) 2750 (43, 216) Teratophoneus curriei (221) 1532.18 (26, 43, 86)
Gryposaurus monumentensis (217) 3000 (43)
Parasaurolophus cyrtocristatus (218) 3292.803 (4, 43)
Segisaurus (222) 6 (43, 178, 180) Kayentavenator elysiae (227) 17.75 (43, 57)
Kayenta/Navajo  Scutellosaurus lawleri (223) 14.8132 (26, 43) Coelophysis kayentakatae (228) 30.1113 (26, 43)
Sandstone Seitaad ruessi (224) 85 (43,71) Dilophosaurus wetherilli (229) 340.609 (4, 26-27, 43, 88)
United States  Sarahsaurus aurifontanalis (225) 163.7259 (26-27, 43, 71)
199-182MYA  Ammosaurus (222) 355.1782 (4,26,43,71)
Scelidosaurus (226) 500 (86)
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Table S1.1 (continued)

Herbiveres / Plant Dominant Locality Carnivores / Meat Dominant Locality
Assemblage Omniveres Ref Mass (kg) Mass Ref Omnivores Ref Mass (kg) Mass Ref
Psittacosaurus mongoliensis (230) 14.01595 (4, 26, 43) Troodontid A (230) 2.5 (43)
Harpymimus okladnikovi (230) 99.94297 (4, 43, 86) Troodontid B (232) 10.8333 (86)
Ornithomimid A (230) 146.8911 (26, 86) Carnosaurian A (1186) 1742.73 (a, 26, 43, 73, 86)
Khuren Dukh .
Mongolia Mongolostegus exsp‘ectabw‘as (66) 950 (43, 57)
107-100MYA Chr?yr.odon bmsboh;ﬂ (231) 1000 (43, 231)
Altirhinus kurzanovi (104) 1100 (43)
Shamosaurus scutatus (230) 2000 (43)
Sauropod A (116) 11225.59 (43,71)
Stegoceras validum (233) 27.6576 (4, 26, 43) Richardoestesia (238) 10.2398 (9, 43, 86)
Sphaerotholus goodwini (233) 64.06949 (43, 57, 73) Dromaeosaurid C (239} 13.56 (g, 43, 86)
Ornithomimus edmontonicus (234) 138.7235 (4, 26-27, 73) Troodontid E (240) 17 (86)
Ornithomimus antiquus (233) 221.4634 (4,9, 26-27,43) Saurornitholestes langstoni (233) 23.4053 (4,9, 26, 43, 57)
Kirtland Hunter- Nodocephaf?saurus lkfm‘ana‘ensis (233) 1500 (43) Trloodqn ‘ (239) 68.1649 (4, 28, 43, 86)
Willow Washes Zﬁopelml sanjuanensrsl (235) 2164.816 (43, 204) Bistahieversar sealeyi (241) 2900 (43, 86)
. Anasaozisaurus horneri (233) 2500 (43)
United States A
75-73MYA Parasaurolophus tubicen (233) 3183.813 (4, 26,43)
Kritosaurus navajovius (233) 4000 (43)
Naashoibitosaurus ostromi (233) 4000 (43)
Pentaceratops sternbergii (233) 5471.06 (4, 25, 43)
Titanoceratops ouranos (236) 5500 (43, 236)
Alamosaurus sanjuanensis (233) 37468.47 (4, 26,43, 71, 237)
Kota Ankylosaurian B (242) 500 (g86) Dandakosaurus indicus (28) 2300 (g6)
India Thyreophoran A (243) 3374.023 (4, 26, 43,73)
152-139MYA Kotasaurus yamanpalliensis (244) 5366.125 (4, 26-27, 43)
Barapasaurus tagorei (245) 9286.718 (4,43, 71)
Titanosaurus blanfordi (60) 8650 (57, 71) Theropod B (248) 9.12639 (4, 9, 43,57, 73)
Titanosaurus indicus (248) 10362.15 (4,43, 71) Noasaurid C (249) 12 (86)
Lameta Isisqurus colberti (246) 15000 (43) Laevisuchus indicus (246) 34.5 (86, 250)
India Jainosaurus septentrionalis (247) 15555.35 (26-27, 43) Indosaurus matleyi (246) 491.25 (86)
72-66MYA Indasuchus raptorius (246) 1500 (43, 57, 86, 251)
Rahiolisaurus gujaratensis (252) 2519.65 (43, 86, 252)
Rajasaurus narmadensis (246) 3500 (43, 86)
Leptoceratops gracilis (253) 212.9821 (4, 26,43) Richardoestesia (198) 10.2398 (s, 43, 86)
Thescelosaurus neglectus (104) 214.9144 (4, 26, 43) Paronychodon (198) 12.9875 (s, 26, 43, 86)
Pachycephalosaurus wyomingensis (254) 342.0206 (4, 26, 43) Dromaeosaurus (256) 13.56 (3, 43, 26)
Ornithomimus sedens (255) 350 (43) Saurornitholestes langstoni (153) 23.4053 (4,3, 26, 43, 57)
Lance Edmontonia longiceps (104) 1985.43 (4, 26, 43) Pectinodon bakkeri (153) 47.3759 (26)
United States Ankylosaurus magniventris (191) 3872.272 (4,26, 43) Chirostenotes (104) 65.5686 (43, 26)
66.8-66MYA Edmontosaurus annectens (256) 4595.999 (4, 26, 43) Troodon (104) 68.1649 (4, 26, 43, 86)
Dyslocosaurus polyanychius (257) 5000 (43) Anzu (258) 246.013 (43, 86, 201)
Torosaurus (63) 7598.517 (a4, 26-27, 43, 73)  Tyrannosaurus rex (259) 6428.6 (4, 26, 43, 73, 86)
Triceratops horridus (63) 8318.221 (4, 26-27, 43, 73)
Triceratops prorsus (63) 8902.168 (4, 26-27,43)
Thescelosaurus (260) 170.3897 (4, 26, 43) Alvarezsauridae (104) 8.93 (43)
Laramie Edmontonia (260} 2125.341 (4, 26, 43) Paronychodon (104) 12.9875 (3, 26, 43, 86)
United States Edmontosaurus annectens (261) 4595.999 (4, 26, 43) Dromaeosaurus (260) 13.56 (3, 43, 86)
69-68MYA Torosaurus (260) 7598.517 (4, 26-27, 43, 73)  Tyrannosaurus rex (260) 6428.6 (4, 26, 43, 73, 86)
Triceratops horridus (260) 8318.221 (4, 26-27, 43, 73)
Triceratops prorsus (261) 8902.168 (4, 26-27,43)
Draconyx loureiroi (262) 322.0178 (27,43) Coelurosaurian A (254) 10.2398 (9, 43, 86)
Lourinha Miragaia longicollum (263) 4729.744 (26, 43) Lourinhanosaurus antunesi (262) 249.344 (28, 43, 26)
Spain Dinheirosaurus lourinhanensis (262) 5000 (43) Ceratosaurus nasicornis (262) 580.377 (4, 26-27, 43, 73)
152-146MYA Dacentrurus armatus (262) 6121.788 (4, 26-27, 43) Allosaurus (262) 1742.73 (4, 26, 43, 73, 86)
Lourinhasaurus alenguerensis (262) 18201.68 (26, 43, 71) Torvosaurus (262) 3483.33 (26, 43, 86)
Lusotitan atalaiensis (262) 32249.65 (26,43, 71)
Lufeng BII Eshanosaurus deguchiianus (265) 26 (86, 265) Panguraptor lufengensis (285) 9.7 (86, 266)
"Zhangjia’ac” Yunnanosaurus huangi (265} 591.7413 (26-27, 43, 57, 71} ; Coelophysis (265) 25.0459 (26, 43, 86)
China Chuxiongosaurus lufengensis (265) 650 (43, 71) Sinosaurus triassicus (265) 324.792 (4,43)
199-190.8MYA Lufengosaurus huenei (265) 1884.985 (4, 26, 43, 71)
Jingshanosaurus xinwaensis (265) 3158.544 (4, 26-27, 43)
Maevarano Rapetosaurus krausei (267) 4581.365 (4, 25, 71) Rahonavis ostromi (269) 0.84205 (25, 43, 86)
Madagascar Vahiny depereti (268) 8672.855 (26, 71) Masiakasaurus knopfleri (104) 13.7896 (4, 26, 43)
70-66MYA Majungasaurus crenatissimus (104) 1195.68 (26, 43, 57, 73, 86)
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Table S1.1 (continued)

Herbiveres / Plant Dominant Locality Carniveres / Meat Dominant Locality
Assemblage Omnivores Ref Mass (kg) Mass Ref Omnivores Ref Mass (kg) Mass Ref
Acrotholus audeti (270) 40 (270) Richardoestesia isosceles (272) 10.1954 (9, 86)
Gryphoceratops morrisoni (271) 50 (271) Richardoestesia gilmorei (272) 10.3284 (9, 43, 85)
Milk River Brachyceratops (104) 1300 (43) Zapsalis (272) 12.3333 (26, 104)
Canada Paleoscincus (104) 1617.899 (4, 26, 43) Atrociraptor (272) 15.25 (43, 85)
84.5-83.5MYA Nodosaurid C (272) 2125.341 (4, 26,43) Saurornitholestes langstoni (104) 23.4053 (4, 9, 26, 43, 57)
Ankylosaurid A (272) 2297.224 (a3) Saurornitholestes (272) 23.7026 (4,9, 26, 43, 57)
Hadrosaurid E (272) 3428.063 (4, 26, 43) Tyrannosaurid A 272) 2554.78 (4, 26, 43, 86)
Centrosaurine A (104) 3500 (43)
Nanosaurus agilis (273) 24.29303 (4, 43, 57, 73) Coelurus fragilis (273) 20.3806 (26, 43, 86)
Mymoorapelta maysi (273) 300 (a3) Stokesosaurus clevelandi (273) 92.5 (43, 88)
Camptosaurus (273) 910.3948 (4, 26-27, 43) Marshosaurus bicentesimus (273) 212.5 (43, 86)
Stegosaurus stenops (273) 3353.66 (4, 26, 43) Ceratosaurus nasicornis (273) 580.377 (4, 26-27,43,73)
Ankylosaurus (273) 3872.272 (4, 26,43) Allosaurus fragilis (273) 1913.75 (4, 26, 43, 73, 86)
Stegosaurus ungulatus (273) 5376.958 (26, 43) Allosaurus jimmadseni (273,278) 1913.75 (4, 26, 43, 73, 86)
Diplodocus carnegii (273) 10877.24 (9,43,71,274)  iTorvosaurus (273) 3483.33 (26, 43, 86)
Morrison Brushy Camarasaurus lewisi (273) 12499.94 (4, 26, 43) Saurophaganax maximus (273) 3758.72 (26, 43, 86)
Basin Zone 3 Camarasaurus lentus (273) 13254.41 (4, 26, 43, 71, 275)
United States Haplocanthosaurus (273) 14217.57 (4, 26,43,71)
150-149.2MYA  Camarasaurus grandis (273) 14224.85 (26, 43, 71)
Dipladocus longus (273) 17338.44 (4, 26,43, 71)
Barosaurus (273) 21136.82 (4, 26,43, 71)
Barosaurus lentus (273) 21136.82 (4, 26, 43, 71)
Camarasaurus supremus (273) 22974.7 (4,43, 71)
Apatosaurus lovisae (273) 25385.81 (4, 26, 43, 71)
Diplodocus hallorum (273,276) 26689.4 (26, 43)
Apatosaurus ajax (273) 29708.57 (4, 26-27, 43, 71)
Prenocephale brevis (148) 10 (43) Saurornitholestes langstoni (286) 23.4053 (4, 9, 26, 43, 57)
Hanssuesia sternbergi (148) 28.07162 (43) Daspletosaurus torosus (53) 2631.11 (4, 43, 73, 86)
Struthiomimus altus (279) 215.0365 (4, 26-27, 43, 73)
Wendiceratops pinhornensis (2280 1250 (43, 281)
Ankylosaurid B (282) 1617.899 (4, 26, 43)
Oldman Spinops sternbergorum (283) 1896.318 (43, 283)
Canada Coronesaurus brinkmani (150) 2000 (43)
77.5-76.5MYA  Nodosaurid D (150) 2125.341 (4, 26, 43)
Centrosaurus apertus (284) 2214.703 (4, 26, 43)
Chasmosaurine A (150) 2244.365 (4, 26, 43)
Hypacrosaurus stebingeri (150) 3293.245 (4, 43)
Albertaceratops nesmoi (285) 3500 (43)
Brachylophosaurus canadensis (150) 5729.18 (26, 43)
Hypsilophodontid C (287) 82.79609 (4, 26-27, 43, 288) : Dromaeosaurus albertensis (34) 14.7467 (3, 43, 86)
Alaskacephale gangloffi (287) 130 (283) Saurornitholestes langstoni (34) 23.4053 (4,9, 26, 43, 57)
Prince Creek Ornithomimid D (287) 221.4634 (4,9,2627,43) iTroodon formosus (34) 68.1649 (4, 26, 43, 86)
Alaska Ceratopsid A (250) 1300 (43) Nanugsaurus hoglundi (294) 750 (43, 294)
70.6-69. 1MYA Pachyrhinosaurus perotorum (291) 2260.778 (4, 26, 43)
Pachyrhinosaurus canadensis (287) 3139.13 (4, 26, 43)
Lambeosaurine A (292) 3594.614 (4, 26, 43)
Edmontosaurus annectens (293) 4595.999 (4, 26, 43)
Leptaceratops gracilis (203) 212.9821 (4, 26, 43) Richardoestesia (203) 10.2398 (9, 43, 86)
Scollard Thescelosaurus neglectus (203) 214.9144 (4, 26, 43) Paronychodon (203) 12.9875 (9, 26, 43, 86)
Canada Pachycephalosaurus (104) 342.0200 (4, 26, 43) Dromaeosaurus albertensis (203) 14.7467 (s, 43, 86)
66.8-66MYA Ankylosaurus magniventris (203) 3872.272 (4,26, 43) Troodon (203) 68.1649 (4, 26, 43, 86)
Triceratops horridus (203) 8318.221 (4, 26-27, 43, 73)  Tyrannosaurus rex (203) 6428.6 (4, 26, 43, 73, 36)
Gongbusaurus shiyii (295) 20.05596 (4, 26, 43, 73, 296) Sinocoelurus fragilis (295) 25.0459 (26, 43, 86, 298)
Yandusaurus hongheensis (295) 140 (43) Chienkosaurus ceratosauroides (295) 420 (g8)
Yingshanosaurus jichuanensis (295) 1277.148 (4, 43,73) Szechuanosaurus campi (295) 1001.33 (57, 86, 299)
Gigantspinosaurus sichuanensis (295) 1460.431 (25, 43) Yangchuanosaurus shangyouensis (295) 2950 (43, 85)
Daanosaurus zhangi (295) 3517.054 (4, 43, 71, 73) Yangchuanosaurus hepingensis (295) 3000 (43)
Tugjiangosaurus multispinus (295) 3532.595 (4, 26-27, 43)
Shangshaximiao  Omeisaurus maoi (295) 6232.125 (43,71, 73)
China Mamenchisaurus youngi (295) 6746.814 (26, 43, 71)
170.3-166.1MYA  Omeisaurus changshouensis (295) 6900 (71-71)
Mamenchisaurus fuxiensis (295) 6967.05 (43, 57, 73, 297)
Omeisaurus fuxiensis (295) 7400 (71)
Mamenchisaurus constructus (295) 11334.89 (4, 26,43, 71)
Mamenchisaurus hochuanensis (295) 14411.76 (4, 43, 71, 73, 80)
Mamenchisaurus anyueensis (295) 25000 (a3)
Mamenchisaurus jingyanensis (295) 28500 (43, 71)
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Table S1.1 (continued)
Herhivores / Plant Dominant Locality Carnivores / Meat Dominant Locality
Assemblage Omnivores Ref Mass (kg) Mass Ref Omnivores Ref Mass (kg) Mass Ref
Dryosaurus lettowvorbecki (300) 80 (43) Abelisauroid A (303) 10.742 (86)
Dicraeosaurus hansemanni (301) 7268.766 (4,9, 43, 71, 274) i Non-coelurosaurian Tetanuran A (303) 15.1685 (4, 26, 43)
Tendaguru Middle Giraffatitan brancai (302} 36554.87 (4, 26-27, 43, 71) Eluphrosuu‘rus bambergi (303) 248.155 (4, 26, 43)
Saurian Ceratosaurid B (303) 481.333 (86)
. Ceratosaurid C (300) 712.644 (86)
Tanzania X )
157-152MYA Abelisaurid A (303) 1002.5 (86)
Veterupristisaurus milneri (303) 1175 (57, 86)
Allosaurus tendagurensis (300) 2143.4 (4, 26, 43, 73, 86)
Carcharodontosaurid B (303) 2981.55 (86)
Kentrasaurus aethiopicus (305) 1149.464 (4, 26, 43) Abelisauroid A (303) 10.742 (86)
Australodocus bohetti (305) 4000 (43) Ceratosaurid A (300) 481.333 (86)
Tendaguru Upper Dicraeosaurus sattleri (301) 7154.417 (26,43, 71) Abelisaurid A (303) 1002.5 (86)
Saurian Tendaguria tanzaniensis (305) 10000 (57, 71) Ostafrikasaurus crassiserratus (307) 1150 (s6)
Tanzania Tornieria africana (305) 12025.71 (26-27, 43, 71) Megalosauraid A (303) 1966.67 (36)
152-145MYA  Janenschia robusta (305) 12332.74 (4, 27,43,71) Megalosaurus ingens (303) 5700 (86, 251)
Wamweracaudia keranjei (308) 12332.74 (4, 27,43,71)
Giraffatitan brancai (302} 36554.87 (4, 26-27, 43, 71)
Euhadrosaurian A (308) 600 (43) Richardoestesia (311) 10.2398 (s, 43, 86)
Pararhabdodon isonensis (309) 1250 (43,57) Euronychodon (311) 12.9875 (86)
Tremp Nadosaurid E (104) 1817.855 (4, 9, 43, 73) Paronychodon (311) 12.9875 (9, 26, 43, 86)
Spain Hadrosaurid F (309) 3274.599 (4, 26, 43, 57, 73) | Dromaeosaurus (311) 13.56 (3, 43, 86)
67.6-66MYA Lambeosaurine B (309) 3363.898 (4, 26, 43) Pyroraptor olympius (311) 14.7361 (86, 312)
Hypselosaurus (310) 6300 (57,71) Theropod C (311) 757 (313)
Titanosaurus indicus (309) 10362.15 (4,43, 71)
Orodromeus makelai (314) 15.1695 (4, 26) Bambiraptor feinbergi (324) 5.82906 (4, 43, 36)
Prenaceratops pieganensis (315) 20 (43) Richardoestesia isosceles (323) 10.1954 (9, 85)
Stegoceras validum (314) 27.6576 (4, 26, 43) Dromaeosaurus (314) 13.56 (9, 43, 86)
Hanssuesia sternbergi (314) 28.07162 (43) Saurornitholestes (323) 23.7026 (4,9, 26, 43, 57)
Montanaceratops (316) 134.4206 (4, 43) Troodon formosus (323) 68.1649 (4, 26, 43, 86)
Cerasinops hodgskissi (317) 151.9703 (4, 26-27,43) Caenagnathus sternbergi (314) 74,7759 (9,43, 73, 86, 325)
Einiosaurus procurvicornis (318) 974.7027 (a,43) Daspletosaurus horneri (326) 2500 (43)
Brachyceratops montanensis (318) 1300 (43) Gorgosaurus (314) 2554.78 (4, 26, 43, 86)
- Stellasaurus ancellae (319) 1521.933 (319)
Two Medicine
United States Prosaurolophus blackfeetensis (314) 1532.758 (a)
92.6-7AMYA Euoplocephalus tutus (214) 1617.899 (4, 26, 43)
Achelousaurus horneri (318) 1709.393 (4, 26, 43)
Oohkotokia harneri (320) 1750 (43, 320)
Chasmosaurus (314) 2251.247 (4,26-27, 43)
Edmontonia rugosidens (314) 2265.253 (26, 43)
Rubeosaurus ovatus (314) 2289.302 (43,57, 321)
Maiasaura peeblesorum (314) 2873.436 (4, 26,43)
Acristavus gagslarsoni (322) 3000 (43)
Hypacrasaurus stebingeri (323) 3293.245 (4,43)
Gryposaurus latidens (323) 3365.19 (26, 43)
Abrictosaurus consors (327) 1.797141 (4, 26-27, 43) Coelophysis rhodesiensis (336) 13.0264 (26, 43)
Lycarhinus angustidens (327) 3.763795 (43, 328) Dracovenator regenti (337) 217.5 (43, 86)
Pegomastax africanus (329) 4 (329)
Heterodontosaurus tucki (327) 4.02759 (4, 26, 43)
Upper Elliot Lesothosm."rus diugnosn‘culs (327) 4.959149 (4, 26, 43)
Lesotho Stormbergia dangershoeki (327) 35.54129 (4, 26-27)
201-199.3MYA Arcusaurus pereirabdalorum (330) 51.32899 (331)
Massospondylus kaalae (332) 280 (43, 71)
Massospondylus carinatus (330) 430.3565 (4, 26, 43, 71)
Melanorosaurus (333) 1300 (43)
Aardonyx celestae (230 2604.76 (4, 71, 334)
Pulanesaura eocollum (330) 3200 (43, 71, 335)
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Table S1.1 (continued)
Herhivores / Plant Dominant Locality Carnivores / Meat Dominant Locality
Assemblage Omnivores Ref Mass (kg) Mass Ref Omnivores Ref Mass (kg) Mass Ref
Valdosaurus canaliculatus (338) 29.05354 (27, 43) Maniraptaran A (351) 0.1 (43)
Valdoraptor oweni (339) 435 (86) Ornithodesmus (352) 13.56 (9, 43, 57, 88)
Polacanthus foxii (340) 1148.738 (4, 26, 43) Altispinax dunkeri (353) 1070.9 (43, 73, 253)
Stegosaurian A (340) 1149.464 (4, 26, 43) Baryonyx walkeri (352) 1600 (43, 86)
Wadhurst Clay Pleurocoelus valdensis (341) 1194.873 (26,71, 73)
. ) Hylaeosaurus armatus (340) 1676.957 (26, 43)
United Kingdom 3 5 3
141-137MYA Hygs.efospanusﬁtlrona (242) 2773.986 (27, 43)
Barilium dawsoni (343) 3589.012 (27, 43, 344)
Haestasaurus becklesii (345) 4047.026 (71, 345)
Xenoposeidon proneneukos (346) 7300 (71, 347)
Cetiosaurus brevis (348) 9000 (71)
Ornithopsis hulkei (349) 15854.83 (71, 350
Thescelosaurus (104) 170.3897 (4, 26, 43) Richardoestesia (104) 10.2398 (s, 43, 86)
Diablocerataps eatoni (354) 1300 (43) Paronychodon (104) 12.9875 (9, 26, 43, 86)
Nodosaurid F (355) 1436.424 (26, 43) Dromaeosaurid D (355) 13.56 (g, 43, 86)
Wahweap Ankylosaurid C (356) 1500 (43) Velociraptorine C (213) 18.734 (4, 26-27, 43, 73)
United States Hadrosaurine A (257) 2873.436 (4, 26, 43) Troodon (213) 68.1649 (4, 26, 43, 86)
80.6-76.1MYA Acristavus gagslarsoni (322) 3000 (43) Lythronax argestes (360) 1466.67 (43, 86, 360)
Gryposaurus monumentensis (357) 3000 (43) Tyrannosaurid B (213) 1532.18 (26, 43, 86)
Adelolophus hutchisoni (357) 3342.087 (4, 26,43)
Machairoceratops cronusi (358) 3500 (359)
Brachylophosaurus (358) 5729.18 (26, 43)
Xiaosaurus dashanpensis (295) 5.24155 (26-27) Chuandongocoelurus primitivus  (295) 86.5221 (26, 26)
Agilisaurus louderbacki (295) 85.7595 (26, 43) Gasosaurus constructus (295) 201.054 (4, 26, 36)
Yandusaurus hongheensis (295) 140 (43) Gasosaurus lini (295) 201.054 (4, 26, 86)
Huayangosaurus taibaii (295) 440.5137 (4, 43) Xuanhanosaurus gilixiaensis (295) 250 (a3)
Abrosaurus dongpoi (361) 4550 (43, 71) Yangchuanosaurus zigongensis  (364) 1745 (43, 86)
Xiashaximiao Omeisaurus junghsiensis (295) 5100.288 (26,43, 71) Yangchuanosaurus shangyouensis (365) 2950 (43)
China Shunosaurus lii (295) 5776.958 (4, 26-27, 43)
172-170MYA Protognathosaurus oxyodon (295) 6300 (71)
Datousaurus bashanensis (295) 7196.814 (4,43, 71)
Dashanpusaurus dongi (362) 7511.192 (25, 71)
Omeisaurus luoguanensis (295) 8000 (71)
Omeisaurus puxiani (363) 8000 (57)
Omeisaurus fiaoi (363) 10090.81 (26, 71)
Omeisqurus tianfuensis (295) 11952.59 (4, 9, 26-27, 43)
Ningyuansaurus wangi (366) 2.3 (36-36) Sinosauropteryx prima (367) 1.12591 (4, 26-27, 43, 86)
Beipiaosaurus inexpectus (367) 69.72641 (26,43, 86) Caudipteryx zoui (367) 2.2 (a3)
Dongbeititan dongi (268) 6450 (43, 71) Changyuraptor yangi (269) 3.06667 (432, 86, 363)
Sinornithosaurus millenii (367) 3.47873 |4, 43, 36)
Yixian Jianshangou Pmmlrchaeoptery{c robusta (367) 4.70168 (4, 26, 43, 86)
China Caudipteryx dongi (367) 6.14309 (4, 43)
195-122.5MYA Zﬁenyuam‘ong suni (370) 7.2 (a3, 86)
Dilong paradoxus (367) 11.7091 (4, 26-27, 43, 86)
Huaxiagnathus orientalis (367) 17.3632 (26-27, 43, 86)
Jianchangosaurus yixianensis (371) 20 (43)
Sinocalliopteryx gigas (372) 35.4102 (26-27, 43, 86)
Yutyrannus huali (373) 1300 (43, 86)
Liqoceratops yanzigouensis (367) 2 (43) Mei long (367) 0.55869 (25, 43, 86)
Hexing gingyi (374) 4.33697 (26, 26) Liaoningvenator curriei (376) 0.78033 (4, 43, 73, 376)
Incisivosaurus gauthieri (367) 4.701678 (4, 26, 43, 86) Sinovenator changii (367) 1.90301 (26, 43, 86)
Yixian Lujiantun  Psittacosaurus lujiatunensis (375) 5 (43) Daliansaurus liaoningensis (377) 1.90903 (378)
China Jeholosaurus shangyuanensis (367) 5.667104 (4, 26) Changyuraptor yangi (369) 3.06667 (43, 86, 369)
130-128.2MYA  Shenzhousaurus orientalis (367) 13.08922 (28, 43, 86) Sinusonasus magodens (367) 3.19335 (26, 43, 86)
Hongshanosaurus houi (267) 15 (43) Graciliraptor lujiatunensis (267) 3.47873 (4, 43, 86)
Psittacosaurus major (375) 18 (43) Dilong paradoxus (367) 11.7091 (4, 26-27, 43, 86)
Jianchangosaurus yixianensis (371) 20 (a3)
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Table S1.2 Summary Statistics, KS Test and polynomial tests for full communities. o = 0.05, Sarle’s b =.555

KS Good of Quadratic R

4th degree polynomial

Formati Raw Data = Log2( (kg)) M-S Distribution Fit (vs Global) (bins) regression Bimodality Coefficient
Jurassic N | Min Max IQR Qi Q3 Median Mean Py, | Skew P, kurtosis Py, D P F P R2 F P R2 bl b2 b (Sarle)
Upper Elliot 14| 1.8 32000 643.7 4.0 647.8 434 5822 0.032| 0.3142 0.157 -1.201 0.555| 0.4535 0.0090| 3.0044 0.1064 0.4289| 1.8307 0.2420 0.5496| 0.1159 1.7870 0.1983
Lufeng BIl "Zhangjia’ao" 8 9.7 31585 1551.0 25.3 1576.2 458.3 833.9 0.254| -0.5714 0.994 -1.729 0.335| 0.5249 0.0020| 1.3960 0.3020 0.2587| 0.5478 0.7084 0.2675| 0.4444 1.5102 0.2253
Kayenta/Navajo Sandstone 9] 6.0 500.0 3316 163 347.9 850 168.1 0.040| 0.0363 0.320 -1.818 0.316| 0.6402 0.0000| 2.5982 0.1351 0.3938| 1.5300 0.3051 0.5050| 0.0017 1.4454 0.1665
Hanson 5| 6.0 745.0 634.5 155 650.0 349.4 336.1 0.132] -0.7560 0.794 -2.479 0.171| 0.6402 0.0000| 0.7537 0.5013 0.1585| 0.3046 0.8651 0.1688| 1.0160 1.3802 0.2149
Xiashaximiao 21| 5.2 11952.6 71835 1705 7354.0 2950.0 3844.0 0.608| -0.6533 0.919 -0.453 0.926| 0.2532 0.2620| 1.5944 0.2613 0.2850| 1.3187 0.3622 0.4678| 0.4728 2.3752 0.2503
Shangshaximiao 21| 20.1 28500.0 6044.3 1139.2 7183.5 3532.6 6398.5 0.188| -1.4961 0.146 1.883 0.129| 0.1693 0.7670| 1.8521 0.2183 0.3165| 6.5876 0.0220 0.8145| 2.4802 4.1911 0.4520
Callovian Oxford Clay 10{108.4 122325 4565.9 167.7 4733.6 1670.1 3290.0 0.472| 0.3895 0.134 -0.782 0.827| 0.3249 0.1280| 1.4842 0.2830 0.2706| 1.1403 0.4209 0.4319| 0.1920 2.0123 0.1877
Tendaguru Middle Saurian 12| 10.7 36554.9 2650.0 122.0 2772.0 741.9 4370.2 0.967| 0.0157 0.335 -0.113 0.698| 0.3582 0.1280| 2.4018 0.1524 0.3752| 1.2333 0.3890 0.4512| 0.0003 2.4675 0.1539
Tendaguru Upper Saurian 14| 10.7 36554.9 10989.7 1112.7 12102.5 4850.0 7561.5 0.087| -1.4106 0.186 3.114 0.053| 0.2170 0.4850| 3.6299 0.0755 0.4757| 7.9123 0.0143 0.8406| 2.3352 4.7080 0.3901
Kota 5/500.0 9286.7 5926.4 1400.0 7326.4 3374.0 4165.4 0.152| -1.2578 0.277 0.313 0.449| 0.3485 0.1280| 0.9583 0.4236 0.1933| 1.9624 0.2196 0.5668| 2.8125 2.0781 0.3783
Morrison Brushy Basin Zone 3 | 27| 20.4 29708.6 16428.0 910.4 17338.4 3872.3 9554.0 0.132| -1.1571 0.346 0.228 0.495| 0.1476 0.7670| 1.8688 0.2158 0.3184| 2.2611 0.1778 0.6012| 1.4481 2.9734 0.3853
Lourinha 11| 10.2 32249.7 5799.8 322.0 6121.8 3483.3 6608.3 0.254| -0.7265 0.824 0.552 0.360| 0.1667 0.7670| 2.5311 0.1407 0.3875| 1.9438 0.2226 0.5644| 0.6516 2.8312 0.2360
Cretaceous
Wadhurst Clay 17| 0.1 15854.8 3065.1 753.0 3818.0 1600.0 3204.3 0.657| -2.0267 0.040 4.173 0.023| 0.2896 0.2620| 1.1494 0.3641 0.2232| 2.0168 0.2111 0.5735| 4.6736 5.7093 0.6057
Yixian Lujiantun 17 0.6 20.0 10.4 2.0 12.4 4.3 6.7 0.000| 0.1170 0.264 -1.516 0.407| 0.8865 0.0000( 2.1308 0.1812 0.3476| 14.2267 0.0032 0.9046| 0.0156 1.5610 0.1946
Yixian Jianshangou 15| 1.1 6450.0 323 31 35.4 7.2 529.0 0.000| 1.4492 0.002 1.636 0.145| 0.6675 0.0000| 2.1760 0.1760 0.3523| 16.7500 0.0021 0.9178| 2.4359 3.7646 0.4561
Cloverly 11 1.5 34146.0 4538.8 20.0 4558.8 8184 4601.1 0.608| -0.1915 0.535 -0.889 0.761| 0.2576 0.2620| 1.7993 0.2263 0.3103| 0.8358 0.5491 0.3578| 0.0453 1.9665 0.1704
Khuren Dukh 12| 2.5 112256 1546.5 355 1582.0 975.0 1616.0 0.562| -0.5796 0.997 -0.370 0.874| 0.4416 0.0090| 1.0199 0.4032 0.2032| 0.5282 0.7206 0.2604| 0.4065 2.3054 0.2219

Cedar Mountain Mussentuchit | 18| 1.5 10800.0 1236.8 13.2 1250.0 247.5 1404.3 0.204| 0.1482 0.239 -1.251 0.530| 0.3624 0.1280| 1.2570 0.3352 0.2391| 0.5752 0.6917 0.2772| 0.0248 1.7546 0.1909
Bayan Shireh / Iren Dabasu 25| 2.0 254181 15227 70.0 1592.7 500.0 2131.6 0.562| -0.4327 0.828 -0.348 0.854| 0.4449 0.0090( 2.7860 0.1207 0.4106| 1.3721 0.3466 0.4777| 0.2039 2.4874 0.2040

Griman Creek 15 6.0 6000.0 652.4 20.0 672.4 156.7 869.2 0.152| 0.3391 0.146 -0.654 0.914| 0.5068 0.0020( 6.0900 0.0247 0.6036| 2.9697 0.1131 0.6644| 0.1334 2.1694 0.1908
Bissekty 14| 14 70000 7190 12,0 731.0 1975 1055.6 0.132] 0.2035 0.210 -0.676 0.899| 0.4357 0.0410| 1.4119 0.2984 0.2609| 0.5693 0.6953 0.2751| 0.0486 2.1422 0.1753
Bajo de la Carpa 15| 2.8 32064.6 5233.5 165 5250.0 1925.0 4472.4 0.967| -0.7169 0.834 -0.828 0.799| 0.2818 0.2620| 0.4695 0.6415 0.1050| 0.9024 0.5177 0.3756| 0.5960 2.0483 0.2743
Milk River 17| 10.2 4000.0 2406.7 19.3 2426.0 50.0 1237.2 0.345| 0.1520 0.237 -2.035 0.256| 0.3485 0.1280| 0.8039 0.4807 0.1673| 0.3644 0.8261 0.1955| 0.0263 1.1828 0.2120
Anacleto 14| 9.0 29050.0 11732.5 1927.3 13659.8 5375.0 8346.8 0.119| -2.1792 0.022 5.608 0.005| 0.2072 0.4850| 1.5445 0.2709 0.2786| 5.3188 0.0356 0.7800( 5.5734 6.3964 0.6421
Two Medicine 28| 5.8 3365.2 22555 27.8 2283.3 1411.0 1263.3 0.562| -0.4497 0.854 -1.528 0.402| 0.4535 0.0090( 1.1325 0.3689 0.2207| 0.5157 0.7284 0.2558| 0.2181 1.5248 0.2491
Wahweap 18| 10.2 5729.2 3029.7 55.8 30855 1483.3 1928.0 0.967| -0.7784 0.756 -1.135 0.599| 0.3485 0.1280( 1.0083 0.4069 0.2013| 0.7372 0.5994 0.3295| 0.6840 1.8407 0.3088
Allen 18| 15.1 223859 6115.1 483.8 6598.8 2071.5 5049.0 0.307| -1.1339 0.370 1.116 0.224| 0.1818 0.7670| 2.3972 0.1529 0.3747| 6.1289 0.0259 0.8034| 1.4514 3.5131 0.3440
Oldman 15| 10.0 5729.2 2416.1 215.0 2631.1 2000.0 1918.6 0.812| -1.1793 0.327 -0.116 0.699| 0.3485 0.1280( 0.8121 0.4774 0.1688| 0.7073 0.6155 0.3204| 1.6130 2.5440 0.4139
Judith River Coal Ridge 17| 103 4000.0 28149 21.2 2836.1 1436.4 1523.5 0.657| -0.3687 0.745 -1.696 0.343| 0.3485 0.1280| 1.3925 0.3028 0.2582| 0.6884 0.6259 0.3146| 0.1547 1.4299 0.2270
Kaiparowits 16| 10.2 32928 17459 24.7 1770.5 127.8 989.9 0.276/ 0.1364 0.248 -1.965 0.278| 0.4624 0.0090| 1.1112 0.3751 0.2174| 0.4196 0.7900 0.2186| 0.0214 1.2443 0.2062
Dinosaur Park MAZ-1b 27| 2.6 3549.6 22418 234 22653 748 11435 0.276| -0.0515 0.390 -1.495 0.419| 0.4138 0.0410| 1.3834 0.3048 0.2570| 0.5585 0.7019 0.2713| 0.0029 1.5534 0.2033
Djadokhta 21| 0.2 141394 88.3 8.5 96.8 20.5 785.2 0.001| 1.0087 0.023 1.686 0.138| 0.6104 0.0000| 1.2975 0.3250 0.2449| 1.0873 0.4405 0.4202| 1.1274 4.0377 0.2819

Kirtland Hunter-Willow Washes | 19| 10.2 37468.5 39723 27.7 4000.0 1500.0 3645.9 0.812| -0.0008 0.351 -1.421 0.441| 0.2958 0.2620| 1.2698 0.3319 0.2410| 0.5260 0.7220 0.2596| 0.0000 1.6262 0.1923
H. hoe Canyon Drumheller-f 17| 10.3 5260.1 2178.0 189 2196.9 138.7 1124.4 0.345| 0.0459 0.313 -1.725 0.336| 0.4661 0.0090| 1.8652 0.2163 0.3180| 0.7229 0.6070 0.3252| 0.0024 1.4091 0.1979

Baruungoyot 23| 0.2 12172.7 13017 4.3 13060 331 1127.9 0.024| 0.2470 0.190 -1.047 0.656| 0.4814 0.0090| 1.4630 0.2874 0.2678| 0.7251 0.6058 0.3259| 0.0670 1.9175 0.1985
Lameta 11| 9.1 15555.3 10327.7 345 10362.2 2519.6 5239.5 0.562| -0.8124 0.718 -0.696 0.885| 0.1476 0.7670| 1.8320 0.2213 0.3141| 4.3288 0.0550 0.7427| 0.8149 2.0825 0.2504
Prince Creek 12| 147 4596.0 2847.7 71.8 29195 4857 1348.4 0.608| -0.1062 0.456 -1.484 0.422| 0.3582 0.1280| 5.9497 0.0261 0.5980| 2.9375 0.1153 0.6620( 0.0137 1.6044 0.1798|
Maevarano 6| 0.8 86729 5593.7 10.6 5604.2 2888.5 3174.3 0.812| -1.0837 0.418 -0.839 0.793| 0.3485 0.1280| 0.1531 0.8605 0.0369| 1.0161 0.4686 0.4038| 1.8351 1.8551 0.3498
Laramie 10| 89 89022 77650 13.4 77784 3360.7 3817.5 0.967| -0.6980 0.863 -1.521 0.404| 0.3485 0.1280| 0.4370 0.6605 0.0985| 0.6667 0.6381 0.3077| 0.6166 1.5944 0.2724
Hell Creek 22| 10.2 8902.2 4026.5 26.7 4053.2 217.2 1975.3 0.390| 0.3287 0.153 -1.481 0.423| 0.3578 0.1280| 1.9890 0.1990 0.3321| 0.7490 0.5931 0.3330| 0.1191 1.5737 0.2214
Tremp 13| 10.2 10362.2 33060 13.3 33192 757.0 2137.7 0.702| -0.1500 0.494 -1.819 0.315| 0.2715 0.2620| 0.7828 0.4892 0.1637| 0.4703 0.7572 0.2387| 0.0268 1.3803 0.1935
Lance 23| 102 8902.2 45726 23.4 4596.0 246.0 2301.2 0.608| 0.0280 0.327 -1.748 0.328| 0.3485 0.1280| 1.4320 0.2940 0.2636| 0.5949 0.6798 0.2840| 0.0009 1.3593 0.2078
Scollard 10| 10.2 83182 4497.0 143 45114 2139 19495 0.431]| 0.3048 0.160 -1.629 0.365| 0.3485 0.1280| 1.5372 0.2723 0.2776| 0.5775 0.6903 0.2780| 0.1176 1.5329 0.1903
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Table S1.3 Summary Statistics, KS Test and polynomial tests for herbivore guilds. a = 0.05, Sarle’s b = .555

KS Goodness of | Quadratic Regression | 4th degree pelynomial

Formation Raw Data = Log2(mass(kg)) M-5 Distril Fit (vs Global) (bins) gressi Bimodality Coefficient

Jurassic Min Max IQR a1l Q3 Median Mean P, | Skew Py, kurtosis P, D P F P R2 F P R2 bl b (Sarle)
Upper Elliot 1.8 3200.0 1078.6 4.0 10826 43.4 0.006 0.2829 0.110 -1.4683 0.391| 0.7917 0.0000( 1.2707 0.3317 0.2411| 0.8434 0.5454 0.3599| 0.0968 0.1942
Lufeng BIl "Zhangjia'ac” 260 31585 22129 3089 25218 6500 0.262| -1.7356 0.246 3.2510 0.176| 0.6667 0.0000( 1.3061 03229 0.2462| 0.8051 0.5643 0.3493| 5.3551 0.5877
Kayenta/Navajo Sandstone 6.0 5000 3788 126 3914 1244 0.007( -0.3827 0.441 -1.4813 0.387| 0.7273 0.0000( 4.1315 0.0586 0.5081| 2.7250 0.1313 0.6450( 0.2289 0.1559
Xiashaximiao 5.2 119526 7860.0 140.0 8000.0 5777.0 0.957( -1.2712 0.616 0.8317 0.695| 0.2051 0.8430| 0.7981 0.4830 0.1663| 1.0851 0.4414 0.4197| 1.8740 0.4121
Shangshaximiac 20.1 28500.0 8376.6 1974.6 10351.2 64895 0.452( -2.0360 0.132 4.4682 0.082| 0.5000 0.0510( 1.3932 0.3026 0.2583| 3.6460 0.0774 0.7085| 4.7586 0.6033
Callovian Oxford Clay 108.4 12232.5 9557.0 128.1 96852 2155.2 0.859( 0.2765 0.112 -1.3917 0.418| 0.5278 0.0510( 1.0217 0.4026 0.2035| 0.6426 0.6519 0.2999( 0.1041 0.1680
Tendaguru Middle Saurian 80.0 36554.9 36474.9  80.0 365549 72688 0.684| -0.9352 0.967 0.3333 0.1700| 1.1120 0.3749 0.2175| 0.6273 0.6607 0.2949| 3.4985
Tendaguru Upper Saurian 1149.5 36554.9 7544.1 4788.6 12332.7 110129 0.076( -0.4877 0.539 0.4208 0.882| 0.3750 0.1700| 47277 0.0441 0.5417| 6.1118 0.0261 0.8029| 0.3238 0.1781
Kota 5000 92867 7088.1 12185 8306.6 4370.1 0.528( -2.0000 0.145 4.0000 0.111| 0.6389 0.0090|0.5768 0.5834 0.1260| 0.9225 0.5086 0.3808| 9.0000 0.6316
Morrison Brushy Basin Zone 3 24.3 29708.6 17783.2 3353.7 21136.8 13254.4 0.213( -2.0478 0.131 3.8594 0.118| 0.6316 0.0090| 1.4041 03002 0.2598| 1.4557 0.3238 0.4925( 4.7014 0.6204
Lourinhd 3220 32249.7 18085.9 3627.8 21713.7 5560.9 0.171( -0.4401 0.492 1.3350 0.530| 0.3333 0.1700| 2.5238 0.1413 0.3869| 1.8270 0.2426 0.5491| 0.3026 0.1472
Cretaceous
Wadhurst Clay 29.1 15854.8 45244 11491 56735 27740 0.776( -2.0090 0.144 5.5074 0.040| 0.1099 1.0000( 1.3285 0.3175 0.2493| 3.3187 0.0925 0.6887( 4.8031 0.5743
Yixian Lujiantun 20 18.0 10.1 4.4 145 5.3 0.000| -0.4041 0.456 -0.2286 0.826| 0.9333 0.0000( 1.2138 0.3464 0.2328| 4.0217 0.0639 0.7283| 0.2222 0.1716
Yixian Jianshangou 2.3 64500 64477 23 64500 69.7 0.007( 0.42332 0.078 0.6667 0.0000|0.1035 0.9029 0.0252( 0.2206 0.9174 0.1282| 0.7166
Cloverly 1.5 34146.0 5292.4 589 53513 14092 0.262| -0.4742 0.526 00175 0.931| 0.1389 0.8430| 05205 0.4367 0.1871( 04167 07919 02174 0.3061 0.1804
Khuren Dukh 140 112256 1426.6 1234 15500 1000.0 0.377( -0.3645 0.427 -0.1324 0.867| 0.1111 0.8430( 1.6962 0.2432 0.2978| 0.9844 04817 0.3962( 0.1735 0.1700
Cedar M. in M hi 1.5 10800.0 27243 25.7 27500 659.2 0.171| -0.6523 0.716 -0.3727 0.763| 0.1545 0.8430| 1.0059 0.4077 0.2009( 0.7075 0.6154 03205 0.5386 02337
Bayan Shireh / Iren Dabasu 2.0 25418.1 1703.4 1351 18385 9902 0.262( -0.8488 0.908 0.7106 0.756| 4.0000 0.0000| 1.5294 0.2739 0.2766| 1.0649 0.4491 0.4152( 0.8134 0.2657
Griman Creek 6.0 60000 17220 172 17392 1950 0.033| 0.2376 0.128 -1.1019 0.505| 0.5000 0.0510| 2.8299 0.1176 0.4143| 11395 04212 0.4317| 0.0714 0.1736
Bissekty 1750 7000.0 4450.0 3000 47500 4838 0.528( 0.3587 0.100 -2.0895 0.273| 0.6234 0.0090( 1.8306 0.2215 0.3140| 1.4175 0.3340 0.4859( 0.1852 0.1748
Bajo de la Carpa 9.0 32064.6 40059 1863.3 5869.1 5250.0 0.776( -1.6337 0.309 2.9275 0.200| 0.2222 0.4490| 0.5202 0.6132 0.1151| 05317 0.7184 0.2617| 3.4860 0.5272
Milk River 40.0 4000.0 2789.0 675.0 34640 21253 0.776( -1.2468 0.649 0.1714 0.993| 0.3778 0.1700( 1.0227 0.4022 0.2036| 1.0745 0.4454 0.4174( 2.0305 0.4292
Anacleto 9.0 29050.0 10337.0 3802.3 141394 83095.2 0.313( -2.9477 0.006 9.2967 0.003| 0.8091 0.0000(1.1022 03777 0.2160| 3.1630 0.1010 0.678310.7269 0.9577
Two Medicine 15.2 3365.2 21445 1388 22833 15753 0.377( -1.0316 0.850 -0.4318 0.744| 0.2000 0.8430(0.9518 0.4258 0.1922| 0.6369 0.6552 0.2980( 1.1858 0.3691
Wahweap 170.4 5729.2 2063.6 14364 3500.0 3000.0 0.776( -1.5076 0.393 3.5232 0.141| 0.6591 0.0090| 0.9631 0.4219 0.1941| 16611 0.2753 0.5255( 2.8061 0.4335
Allen 808.0 223859 7940.7 2071.5 10012.2 37413 0.377( -0.2108 0.322 -0.5456 0.684| 0.3846 0.1700( 2.0947 0.1855 0.3437| 19.3094 0.0014 0.9279( 0.0529 0.1714
Oldman 100 5729.2 2036.3 7325 27688 2000.0 0.684( -1.4499 0.437 1.0172 0.620| 0.3077 0.4490| 0.8705 0.4549 0.1787| 0.8863 0.5251 0.3714| 2.5018 0.4888
Judith River Coal Ridge 27.7 4000.0 2848.4 5796 34281 23963 0.776( -1.6202 0.318 2.7817 0.220| 0.5273 0.0510( 1.4354 0.2933 0.2641| 1.8759 0.2340 0.5557( 3.2409 0.5088
Kaiparowits 27.7 32928 2767.0 108.0 28750 1500.0 0.377| -1.0176 0.863 -0.2875 0.804| 0.6667 0.0000| 1.0694 03876 0.2109| 0.7037 0.6175 0.3193| 1.3525 0.3449
Dinosaur Park MAZ-1b 27.7 35496 28746 1709 30455 22295 0.528( -1.0848 0.788 -0.2373 0.822| 0.3143 0.4490| 1.0604 0.3904 0.2095| 0.8893 0.5237 0.3722| 1.3810 0.3791
Djadokhta 4.3 14139.4 9806 29.0 10096 102.8 0.042 0.5879 0.044 -0.0778 0.893| 0.5000 0.0510| 4.6877 0.0449 0.5396| 2.2795 0.1756 0.6031| 0.4705 0.2043
Kirtland Hunter-Willow Washe| 27.7 37468.5 4555.4 180.1 47355 25000 0.859( -0.5558 0.616 -0.2175 0.830| 0.6923 0.0000| 1.4919 0.2814 0.2716| 1.0225 0.4660 0.4053| 0.3676 0.2152
Horseshoe Canyon Drumheller 1387 5260.1 24253 486.3 29116 20751 0.776( -0.9129 0.996 -0.1270 0.870| 0.2143 0.8430| 0.9315 0.4328 0.1889| 0.8808 0.5277 0.3700( 1.1343 0.2975
Baruungoyot 4.3 12172.7 2460.0 400 25000 1100.8 0.171( -0.5413 0.597 -0.5608 0.675| 0.5894 0.0090|0.7931 0.4850 0.1655| 0.4015 0.8018 0.2111| 0.3618 0.2151
Lameta 8650.0 15555.3 6338.5 9078.0 15416.5 12681.1 0.058( -2.0000 0.145 4.0000 0.111| 0.6731 0.0000| 1.5461 0.2706 0.2788| 1.8944 0.2308 0.5581| 9.0000 0.6316
Prince Creek 828 4596.0 33279 1529 3480.7 17804 0.607( -0.5176 0.572 -1.3423 0.435| 0.1528 0.8430( 1.8825 0.2138 0.3200| 1.5478 0.3008 0.5078( 0.3647 0.2070
Maevarano 45814 8672.9 40915 45814 86729 45814 0.262 0.3333 0.1700| 0.4018 0.6819 0.0913| 0.8214 0.5562 0.3538
Laramie 1704 8902.2 6827.6 1636.6 B8464.2 6097.3 0.684( -1.9517 0.159 3.6570 0.130| 0.7500 0.0000|0.7206 0.5155 0.1526| 1.1472 0.4185 0.4334| 59518 0.7206
Hell Creek 15.2 8902.2 5977.9 1194 6097.3 3420 0.313( -0.3149 0.386 -1.4689 0.391| 0.1346 0.8430| 1.6267 0.2554 0.2891| 0.8608 0.5371 0.3646| 0.1180 0.2019
Tremp 600.0 10362.2 5050.0 12500 6300.0 3274.6 0.452( -0.2767 0.370 0.0420 0.938| 0.3333 0.1700( 1.8404 0.2200 0.3151| 9.2714 0.0097 0.8607( 0.1102 0.1448
Lance 2130 8902.2 6604.9 3440 69489 42341 0.859( -0.8715 0.940 -1.0103 0.531| 0.1667 0.8430| 0.9629 0.4220 0.1940| 1.2439 0.3855 0.4533| 0.9191 0.3233
Scollard 2130 83182 58813 2139 60952 3420 0.607| 0.3154 0.104 -3.0813 0.151| 0.6316 0.0090| 1.2132 0.3466 0.2327| 0.8350 0.5495 0.3576| 0.1768 0.1275
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Table S1.4 Summary Statistics, KS Test and polynomial tests for carnivore guilds. o= 0.05, Sarle’s b =.555

KS Goodness of | Quadratic Regression | 4th degree polynomial

For Raw Data = Log2(| (kg)) M-S Distrik Fit (vs Global) (bins) regression Bimodality Coefficient

Jurassic N | Min Max IQR Q1 Q3 Median Mean Py | Skew P, kurtosis P, D P F P R2 F P R2 b1 b2 b (Sarle)
Lufeng Bl "Zhangjia'ao" 3| 97 3248 3151 97 3248 250 119.8 0.391| 1.2933 0.016 0.4424 0.0170| 1.0215 0.4026 0.2034| 0.7075 0.6154 0.3205
Kayenta/Navajo Sandstone 3| 17.8 3406 3229 17.8 3406 30.1 129.5 0.669| 1.7321 0.004 0.4424 0.0170| 0.6646 0.5407 0.1425| 0.3818 0.8147 0.2029
Hanson 3| 6.0 3494 3434 60 3494 250 126.8 0.391| 1.2933 0.016 0.4424 0.0170|1.0215 0.4026 0.2034| 0.7075 0.6154 0.3205
Xiashaximiao 6| 86.5 2950.0 1873.8 172.4 2046.3 2255 905.6 0.170| 0.4899 0.266 -1.4667 0.442| 0.2242 0.4720| 1.6356 0.2538 0.2902| 1.1923 0.4027 0.4429| 0.3750 1.6400 0.1743
Shangshaximiao 5| 25.0 3000.0 2752.5 222.5 2975.0 1001.3 1479.3 0.034|-1.9245 0.006 3.6667 0.006| 0.3309 0.1270|0.8279 0.4712 0.1715| 0.5481 0.7082 0.2676| 6.5844 2.9167 0.6948
Tendaguru Middle Saurian 9| 10.7 2981.6 1527.5 131.7 1659.2 481.3 948.8 0.128(-1.0103 0.190 -0.5336 0.783| 0.2216 0.4720| 1.6278 0.2552 0.2892| 0.8973 0.5200 0.3743| 1.3331 2.1198 0.3487
Tendaguru Upper Saurian 6| 10.7 5700.0 2536.3 363.7 2900.0 1076.3 1718.5 0.012(-1.7628 0.013 3.5586 0.006| 0.3643 0.1270|1.1351 0.3682 0.2210| 1.0644 0.4493 0.4151| 4.8553 3.3629 0.6091
Morrison Brushy Basin Zone 3| 8| 20.4 3758.7 2968.4 122.5 3090.9 1247.1 1496.9 0.034|-0.5401 0.577 -1.0500 0.783| 0.1559 0.7580| 4.4837 0.0494 0.5285| 3.4725 0.0850 0.6983| 0.3970 1.8333 0.2075
Lourinhd S| 10.2 3483.3 24832 129.8 2613.0 580.4 1213.2 0.090|-0.5901 0.513 -0.0219 0.374| 0.1840 0.7580| 3.8576 0.0672 0.4909| 2.3152 0.1714 0.6068| 0.6191 1.9945 0.1620

Cretaceous

Wadhurst Clay 4| 0.1 1600.0 14643 3.5 1467.7 5422 671.1 0.669|-0.8546 0.301 -1.2893 0.574| 0.2758 0.2480(0.4395 0.6590 0.0990( 0.2361 0.9081 0.1360| 1.6431 1.6281 0.1747
Yixian Lujiantun 9| 06 200 63 13 7.6 3.1 5.2 0.000| 0.8248 0.107 -1.0794 0.760| 0.7758 0.0000( 1.9772 0.2006 0.3308| 3.9698 0.0655 0.7258| 0.8885 1.8333 0.2949
Yixian Jianshangou 12| 11 13000 162 32 193 6.7 117.7 0.024| 1.7714 0.004 4.0246 0.004| 0.6091 0.0030|2.1738 0.1762 0.3521|13.7609 0.0035 0.9017| 3.7970 5.0714 0.5269
Cloverly 3| 3.6 4558.8 4555.2 3.6 4558.8 83.2 1548.5 0.724( 0.9352 0.068 0.2826 0.2480|0.2955 0.7519 0.0688| 0.3571 0.8309 0.1923
Khuren Dukh 3| 2.5 17427 17402 25 17427 10.8 585.4 0.391| 0.9352 0.068 0.4424 0.0170|0.3759 0.6982 0.0859| 0.3571 0.8309 0.1923
Cedar M in M hit| 8 5.8 3950.0 460.6 109 4716 17.5 587.3 0.669| 1.4286 0.010 1.3571 0.055| 0.4008 0.0500| 1.0008 0.4093 0.2001| 0.8257 0.5541 0.3550| 2.7778 2.9796 0.4794
Bayan Shireh / Iren Dabasu 7| 13.3 17427 5823 187 601.0 90.0 408.8 0.796| 0.3830 0.345 -2.1066 0.171| 0.2437 0.4720( 1.6756 0.2467 0.2952| 0.7696 0.5824 0.3391| 0.2112 1.3723 0.1788
Griman Creek 5| 13.8 6724 4169 20.1 437.1 156.7 214.2 0.976|-0.1656 0.948 -2.4074 0.106| 0.3866 0.0500| 1.7421 0.2355 0.3034| 1.1822 0.4062 0.4407| 0.0488 1.3981 0.1116
Bissekty 7] 14 2200 28 102 130 124 401 0.105| 0.0000 0.717 3.0000 0.008| 0.6329 0.0000(0.6446 0.5501 0.1388| 0.6248 0.6622 0.2940| 0.0000 3.5000 0.1124
Bajo de la Carpa 6| 2.8 1925.0 1340.1 3.7 13438 3583 633.0 0.976|-0.1526 0.923 -2.5338 0.083| 0.2758 0.2480| 0.7064 0.5218 0.1501| 0.4831 0.7491 0.2436| 0.0364 1.2741 0.1377
Milk River 8| 10.2 25548 129 108 237 193 3342 0.308| 2.8284 0.000 8.0000 0.000| 0.6508 0.0000|0.3976 0.6845 0.0904| 0.3656 0.8254 0.1959|10.8889 6.1429 1.0766
Anacleto 31672.4 2325.0 1652.6 672.4 2325.0 734.2 12439 0.012| 1.7321 0.004 0.5309 0.0070]| 0.9709 0.4193 0.1953| 0.9243 0.5078 0.3813
Two Medicine 8| 5.8 2554.8 1882.7 11.0 1893.7 459 656.4 0.796| 0.9570 0.064 -0.5060 0.762| 0.3660 0.1270| 1.4517 0.2898 0.2663| 0.8841 0.5261 0.3708| 1.2466 2.0924 0.3213
Wahweap 7| 10.2 1532.2 1453.7 13.0 1466.7 187 446.1 0.920| 1.0879 0.040 -1.0282 0.796| 0.3472 0.1270| 0.7415 0.5065 0.1564| 0.3938 0.8069 0.2079| 1.7044 1.8216 0.3745
Allen 5[ 151 4917 4580 17.8 475.8 3738 272.2 0.622|-0.6086 0.497 -3.3333 0.041| 0.3866 0.0500(0.7967 0.4836 0.1661| 0.3728 0.8207 0.1990| 0.6584 1.1667 0.1809
Judith River Coal Ridge 6| 10.3 25548 6780 11.8 689.8 139 445.6 0.519| 2.1482 0.001 4.6399 0.004| 0.4493 0.0170|0.7093 0.5205 0.1506| 0.5267 0.7215 0.2599| 7.2104 3.7337 0.8224
Kaiparowits 7| 102 15322 67.0 130 80.0 237 243.1 0.427| 2.3466 0.000 5.5804 0.003| 0.4901 0.0170(0.6368 0.5538 0.1373| 0.5111 0.7313 0.2541| 7.9297 4.5751 0.8952
Dinosaur Park MAZ-1b 13| 2.6 25656 612 103 715 23.4 419.3 0.427| 0.9280 0.069 1.0217 0.077| 0.4621 0.0170| 1.5507 0.2697 0.2794| 1.2414 0.3863 0.4528| 1.0249 3.2404 0.2825
Djadokhta 14| 0.2 31031 199 24 223 162 239.0 0.012| 0.8632 0.097 2.5585 0.022| 0.6989 0.0000| 0.9229 0.4359 0.1875| 0.7649 0.5848 0.3377| 0.8745 4.3319 0.2294
Kirtland Hunter-Willow Washe{ 6| 10.2 2900.0 763.4 127 776.1 20.2 505.4 0.519| 2.1482 0.001 4.6399 0.004| 0.4493 0.0170|0.7093 0.5205 0.1506| 0.5267 0.7215 0.2599| 7.2104 3.7337 0.8224
H hoe Canyon Di hell 9| 10.3 23452 935 133 1068 225 298.2 0.572| 1.7708 0.004 3.0326 0.008| 0.3938 0.0500| 1.2662 0.3329 0.2404| 0.9668 0.4892 0.3919] 4.0957 3.9921 0.5950
Baruungoyot 12| 0.2 31031 292 18 309 116 2713 0.028| 0.8791 0.085 1.4872 0.049| 0.5326 0.0070| 2.5866 0.1360 0.3927| 2.0331 0.2086 0.5754| 0.9352 3.4744 0.2578
Lameta 7| 9.1 3500.0 2507.6 12.0 2519.6 491.3 1152.4 0.278|-0.3718 0.770 -1.6856 0.325| 0.1024 0.9670| 2.4335 0.1494 0.3783| 1.1934 0.4023 0.4431| 0.1990 1.5477 0.1726
Prince Creek 4| 147 7500 5626 169 579.5 458 214.1 0.669| 1.4142 0.011 1.5000 0.049| 0.3866 0.0500( 1.4257 0.2954 0.2628| 0.9957 0.4770 0.3990| 4.5000 2.0000 0.3548
Maevarano 3| 0.8 11957 11948 0.8 11957 13.8 403.4 0.391| 0.9352 0.068 0.4424 0.0170|0.3759 0.6982 0.0859| 0.3571 0.8309 0.1923
Laramie 4| 89 64286 48149 9.9 48248 133 1616.0 0.669| 1.8128 0.004 3.4835 0.008| 0.5258 0.0070(0.3585 0.7094 0.0823| 0.7780 0.5780 0.3415| 7.3941 2.2645 0.5325
Hell Creek 9| 102 64286 2511 144 2655 474 791.8 0.865| 1.7271 0.004 3.2998 0.008| 0.3580 0.1270(1.6144 0.2576 0.2875| 1.1516 0.4169 0.4343| 3.8962 4.1324 0.5625
Tremp 6| 10.2 757.0 1880 123 200.3 13.3 136.9 0.308| 2.4495 0.000 6.0000 0.003| 0.6091 0.0030(0.4964 0.6263 0.1104| 0.4113 0.7955 0.2152| 9.3750 4.2000 0.9928
Lance 11| 10.2 64286 552 130 682 234 630.8 0.572| 2.3002 0.000 5.8097 0.003| 0.4342 0.0500| 1.0868 0.3824 0.2136| 0.9146 0.5121 0.3788| 6.5318 5.9858 0.7419
Scollard 5| 10.2 64286 3236.8 11.6 32484 147 1306.9 0.865| 2.0315 0.003 4.1512 0.004| 0.4160 0.0500| 0.5525 0.5960 0.1214| 0.4500 0.7703 0.2308| 7.3371 3.0378 0.7553
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Table S1.5 The likelihood of bin occupation by guild with and without larger species

present
Percentage of Communities Containing at least one Species

log(kg)) -1 05 0 05 1 15 2 25 3 35 4 45

Carnivores 2 5 21 28 8 47 23 42 63 23 O 0

=  Herbivores 0 0 14 23 42 37 63 53 67 79 37 14
< Carnivores with larger Carnivore 2 5 21 28 8 47 19 26 9 0 0 0
Herbivores with larger Herbivore | 0 0 14 23 40 37 63 49 65 35 5 0

S Carnivores 2 5 21 23 67 42 12 21 44 16 O 0
§ Herbivores 0 0 12 16 33 28 49 35 53 60 23 7
*g Carnivores with larger Carnivore 2 5 21 23 65 42 9 12 2 0 0 0
S Herbivores with larger Herbivore | 0 0 12 16 30 28 49 35 53 21 0 0
o Carnivores 0 0 0 5 21 5 12 21 19 7 0 0
§ Herbivores 0 0 2 7 9 9 14 19 14 19 14 7
5  Carnivores with larger Carnivore 0 0 0 5 21 5 9 14 7 0 0 0
- Herbivores with larger Herbivore | 0 0 2 7 9 9 14 14 12 14 5 0
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Table S1.6 Proportional biomass for 10 species of large theropods

Biomass Proportion

Species Adult Juvenile RSP,

Acrocanthosaurus atokensis 0.32 0.68 211%
Albertosaurus sarcophagus 0.31 0.69 219%
Alectrosaurus olseni 0.21 0.69 219%
Alioramus altai 0.31 0.69 217%
Allosaurus fragilis 0.55 0.45 82%
Daspletosaurus torosus 0.63 0.37 60%
Gorgosaurus libratus 0.40 0.60 148%
Siats meekerorum 0.32 0.68 211%
Tarbosaurus bataar 0.36 0.64 179%
Tyrannosaurus rex 0.40 0.60 148%

76



Table S1.7 Pairwise t-test of communities with Bonferroni correction alpha value

Pairwise t-test - E 8 k] g
@ =0.05 (bold) £ . gx E = g 3 g 3 o ”
Bonferroni Correction = ﬁ g =2 o L. - E & = - ] o = __E E g g
@=0.000058 (bold & outlined) 2 8 3 F E = & g H E 2 - 3 3 = ‘E : E s =y E
2 ° 3
ig i ¢ 2% ¢ 5 3§ i@ ¢ ¢ § F 3§ & ¢ i §f 3
Baruungoyot 0729365 0569573 0352394 0673321 0480607 094334 0356891 0439320 DS9B0E5 0165487 0439290 0485196 0475351 0297476 0887606 0777779 0741626 0941639
Bayan Shireh / Iren Dabasu 0726212 0397208 0972291 0589137 0726543 0393318 0.578107 0633004 0170936 0565271 0.122716 0503026 0.026798 0505895 0.441853 0936694 0587117
Cedar Mountain Mussentuchi | 0519951 0705182 0799543 0565334 0583282 0.903003 0593342 0466442 0940619 0.281075 0.855663 0.127217 0536510 0553150 0.831276 0523471
Cloverly 0100648 0.454536 0126263 0908150 0.318064 0230588 0.827003 0351604 0097865 0.545463 0.021352 0213137 0312906 0283974 0.153918
Dinosaur Park MAZ-1b 0616205 0758362 0.434402 0.640392 0.730186 0250455 0658381 0287860 0.632805 0.126872 0.633755 0593130 0.961576 0663504
Hell Creek 0495448 0757959 0.868222 0573300 0721660 0857393 0336152 0986554 0.177765 0532584 0577715 0707012 0.493313
Horseshoe Canyon D-H 0354737 0448250 0940051 0151086 D.436545 0364511 0.448626 0.179901 0510012 0.697440 0766313 0.873151
Oldman 0294997 0134147 0929922 0297150 0.035031 0621191 0.003123 0119310 0211543 0238171 0080737
Two Medicine 0451769 0451801 0965617 0.156130 0.896107 0.046720 0390928 0422691 0725118 0.379598
Allen 0078189 0269307 0.020650 0.195622 0.000550 0695830 0.376163 0.670334 0.894651
Anacleto 0197453 0003232 0.495325[ 0.000048] 0.028365 0.068389 0151430 0.021442
Bajo de la Carpa 0053121 0827871 0.006891 0248778 0273210 0706965 0.272156
Bissekty 0.046028 0329954 0152405 0412991 0316495 0332545
Callovian Oxford Clay [0.000022] 0.050514 0.089188 0474650 0.078317
Djadokhta 0088995 0259365 0283347 0274944
Griman Creek 0617165 0.574878 0897706
Hanson 0.441261 0591082
Judith River Coal Ridge 0.629844
Kaiparowits

Kayenta/Navajo Sandstone

Kayenta f Navajo

Sandstone

0781423
0.444621
0.555124
0.313586
0.595350
0.579107
0.701261
0.212062
0.424484
0.376219
0.068450
0.274520
0.379684
0.088767
0224397
0.622519
0.983972
0.584513
0.728603

Khuren Dukh
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Khuren Dukh

0653161
0.768572
0.598293
0.505034
0.818006
0.871626
0.658786
0465116
0.529678
0.544816
0.366141
0.541734
0.283627
0.754914
0.250510
0.479606
0.394576
0.851787
0.559353
0.396308

Kirtlhind Hunter-
Willow Washes

0.681036
0.849629
0.906541
0.319193
0.882727
0.761643
0.701022
0.277879
0.812055
0.613504
0.2116938
0.813503
0.311185
0.597731
0.281290
0.532115
0.420031
0920242
0.601097
0.422697
0.888570



Table S1.7 (continued)

Baruungoyot

Bayan Shireh / Iren Dabasu
Cedar Mountain Mussentuchit
Cloverly

Dinosaur Park MAZ-1b

Hell Creek

Horseshoe Canyon D-H
Oldman

Two Medicine

Allen

Anacleto

Bajo de la Carpa

Bissekty

Callovian Oxford Clay
Djadokhta

Griman Creek

Hanson

Judith River Coal Ridge
Kaiparowits
Kayenta/Navajo Sandstone
Khuren Dukh

Kirtland Hunter-Willow Washes

Lameta
Lance |

Laramie

Lourinha

Lufeng Bll Zhangjia’ac
Maevarano

Milk River

Morrison Brushy Basin Zone 3
Prince Creek

Scollard

Shangshaximiao
Tendaguru Middle Saurian
Tendaguru Upper Saurian
Tremp

Upper Elliot

Wadhurst Clay

‘Wahweap

Kiashaximiao

Yixian Jianshangou

meta

3
0.151888
0.191977
0.427843
0.685267
0.237455
0.694646
0150732
0.808651
0.451106
0.107061
0.876298
0.374574
0.042956
0.478846
0.032941
0.089513
0.071672
0.268549
0111611
0072107
0356913
0.330960

g

£

3
0.561939
0.707040
0.949345
0.300063
0.735396
0.846078
0582807
0.326816
0568723
0.529964
0.326507
0997084
0.301782
0.814986
0.280442
0.467570
0.381830
0.769893
0.510091
0384113
05941384
0.847367
0.452720

2

£

£

3
0.370516
0417112
0516761
0.970736
0.425592
0.639324
0378361
0.859807
0.534203
0.366936
0.806504
0512756
0.286120
0.578149
0.268264
0.348253
0.333442
0.448039
0.356847
0334159
0508498
0.477055
0.769241

. 0564147

Lourinhd

0.191532
0.230195
0.456840
0.773010
0.275804
0.698074
0189815
0.894498
0473170
0.143873
0964821
0.400480
0.068232
0.492269
0.053548
0.125013
0.108922
0.308792
0.148489
0.109410
03591452
0.368051
0942016
0.569874
0.777010

Lufeng BIl
Zhangjia'ao

0.766834
0.428881
0.546842
0.310670
0.583632
0.573622
0.684860
0.209171
0416127
0.342781
0.066710
0.265705
0.420487
0.085261
0.252880
0.581508
0957783
0.573105
0.706195
0939909
0386938
0.556242
0.208158
0.639218
0.394401
0.192364

evarano

-

0.826132
0991169
0.825387
0.418533
0979839
0.752206
0846191
0.341552
0.727199
0717347
0.199485
0676128
0.297738
0.434289
0.254417
0.610220
0.456591
0.948850
0.727330
0.459093
0766606
0.887962
0.385717
0.840759
0492021
0.354642
0.443809

Milk River

0.883459
0.839699
0.648141
0.167609
0.848119
0.558842
0927940
0.107668
0.516255
0.843183
0.049703
0.459546
0.341519
0.228213
0.301173
0.704930
0.509440
0.807274
0.798874
0514081
0559520
0.728156
0.158278
0.682720
0.240084
0.132877
0.494597
0.850461

Morrison Brushy

Basin Zone 3

0.050491
0.065727
0.199945
0.955709
0.086392
0.427804
0050044
0.809446
0.203366
0.034086
0667131
0.150100
0.012289
0.199589
0.008198
0.028216
0.022645
0.106114
0.035448
0.023786
0149467
0.140272
0.620495
0.305348
0916118
0.682494
0.023020
0.072886
0.065602

Prince Creek

0901597
0.569816
0.584780
0.269784
0.676367
0.578702
0834971
0172011
04459606
0765611
0.054793
0.316536
0.303296
0.100915
0.228091
0999374
0637118
0.653535
0926440
0643860
0434907
0.615470
0.193284
0.661545
0.354629
0173391
0.605639
0.579942
0.793753
0.107258

collard

w

0.404466
0.452116
0.585633
0.876460
0.475850
0.728879
0413276
0.988004
0611102
0.394201
0959637
0.584942
0.294756
0.661170
0.277269
0.359960
0.343382
0.498202
0.384303
0344311
0570356
0.534601
0.906555
0.638700
0.860065
0943443
0.340630
0.470148
0.436711
0.887222
0.375022

Shangshaximiao

0.096290
0.115424
0.291448
0952114
0.147304
0.527076
0094301
0.858670
0.291328
0.067639
0733283
0.224745
0.028903
0.283944
0.019693
0.058549
0.054680
0.176093
0.070539
0054894
0231768
0.220485
0.694687
0.408346
0922979
0.749126
0.053567
0131724
0.118937
0983776
0.065654
0.895042

Tendaguru
Middle Saurian

0.130141
0.171109
0.509255
0.458838
0.244552
0.834224
0124146
0.500880
0.552562
0061222
0.487265
0.444105
0.013324
0.614634
0.008736
0.045859
0.029614
0.2822593
0073647
0.029864
0407641
0.371885
0710914
0.650529
0.510007
0.629253
0.028293
0.171765
0.168754
0.351793
0051411
0.701309
0.334925

Upper Saurian

Tendaguru

0.105236
0.131303
0.247000
0.887555
0.146167
0.422541
0107810
0689811
0.253279
0.093840
0.584605
0215951
0.051354
0.271525
0.040697
0.083690
0.077546
0.158980
0.091109
0077862
0217819
0.199569
0.556050
0.326473
0942165
0.559568
0.076393
0.144498
0.125413
0.821464
0.089101
0.7581598
0.801472
0387855

remp

-
0718764
0.324349
0.417812
0.151292
0.478369
0.440179
0619278
0.071339
0.276309
0.366578
0.012544
0.146504
0.426099
0.021791
0.312647
0618222
0.940300
0.459803
0.670633
09555438
0244270
0.433624
0.087749
0524233
0.230625
0.075233
0.897459
0.331036
0.594550
0.039620
0.661654
0.284707
0.031289
0.068003
0068749

Upper Elliot

0.801885
0.505634
0.618606
0.411741
0.647525
0.643458
0731914
0.320285
0.500800
0.387697
0.130446
0.353097
0.426638
0.165616
0.215375
0.5614992
0936196
0.640067
0.746051
0918512
0479177
0626426
0.297142
0.699092
0.487802
0281110
0973162
0.525886
0723701
0.206152
0.690676
0.539883
0.187613
0253061
0273733
0.520849

Wadhurst Chy

0.478391
0.575554
0910747
0.458468
0.666245
0911072
0471649
0.423597
0982079
0.305545
0.316770
0940991
0.102374
0.824215
0.078295
0.251333
0.184703
0.709554
0.349873
0185586
0878944
0.801310
0.529074
0967817
0533715
0.480613
0.178718
0.573236
0.549040
0.319241
0.272436
0646242
0.287727
0647740
0326044
0.188794
0.186276

Wahweap

0.674811
0.913084
0.800398
0.227351
0950821
0.670355
0.697037
0.155405
0.668423
0.525598
0.071077
0.624235
0.135281
0.316632
0.107299
0.407035
0.252562
0.999074
0.539202
0.255065
0736029
0503243
0.224564
0.805447
0.306850
0.150293
0.241454
0.900123
0.786799
0.099144
0.425429
0.400564
0.084176
0274151
0.119503
0.281382
0.235523
0.550284

Xiashaximiao

0.275308
0.342136
0.650418
0.530402
0.410952
0.904051
0272768
0563581
0.696266
0.191631
0.550714
0.617877
0.075643
0.778701
0.060107
0.159696
0.123525
0.449838
0.203470
0124278
0580443
0.533459
0.727007
0.756151
0.575409
0.663442
0.120237
0.345145
0.325936
0.431730
0.159550
0.731641
0.418844
0942656
0379767
0.121716
0.124136
0.665645
0.393635
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.:E
0.571215
0.158295
0.238317
0.038924
0.297523
0.263603
0448467
0.009185
0.1183%0
0.216083
0.000478
0.041149
0.470513
0.001454
0.347201
0.448865
0936711
0.276769
0.503878
0917481
0092704
0.251524
0.016412
0.352369
0.085106
0.012092
0.984887
0.159955
0.421580
0.004245
0.491465
0.131943
0.002619
0.011140
0.010470
0.884677
0982221
0.027094
0.150794
0.028748

Janshangou

Yiiian Lujiantun

0.361625
0.056649
0.194272
0.054711
0.1887665
0.254223
0242804
0.013975
0.090718
0.002575
0.000663
0.021409
0.177315
0.000398
0.107440
0.022857
0.043215
0.184856
0.196893
0.031735
0.059350
0.184618
0.018987
0.319817
0.109864
0.015230
0.039313
0.058768
0.257902
0.006481
0.068330
0.153182
0.004309
0.009429
0.017028
0.177766
0.010413
0.014583
0.067228
0.026346
0.355788



Table S1.8 Global taxon list with mass in kg
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Logyg Carnivores / Meat Dominant Herbivores f Plant Dominant
Bin Omnivores Mass(kg) Omnivores Mass(kg])|
-2 Scansoriopteryx heilmanni 0.005
-1.5 Zhongomis haoae 0.024 I
Confucivsomis dui 0.066
-1 Fosinopteryx brevipenna 0.100
Maoniraptora sp. 0.100
Soltopus elginensis 0.110 |Epidexipteryx hui 0.312
Confuciusomis jianchangensis 0.115
05 Foconfuciusomis zhengi 0.128
Parvicursor remotus 0.169
Scipionyx samniticus 0213
Auromis xui 0260
Omnivorogtenyx sinousaarum 0.379 |Pneumatoraptor fodon 0510
Confuciusomis sanctus 0.390 |Pedopennao doohugouensis 0.590
lurovenaotor starki 0.420 |Tianyulong confuciusi 0.644
ligobueino andesi 0.425 |Echinodon becklesii 0728
Alnashetri cerropoliciensis 0.500 |Fruitodens hoogarorum 0.764
¥iqi 0.520 |Agquilops amenicanus 1500
Anchiomis huxleyi 0.530 |Neocerotopsia sp. 1.500
Maohakalo omnogovoe 0.537 |Abrictosgurus consors 1.797
Dalionraptor cuhe 0.540 |Alwalkerio maleriensis 2.000
Xixianykus zhangi 0.546 |Liooceratops yanzigouensis 2.000
Mei long 0.559 |Yomacerotops domgobiensis 2.000
Cerafonyrus oculofus 0.580 |Ningyuansaurus wangi 2.300
Microraptor zhaoianus 0.617 |Omithamimus minutus 2.300
Xigotingia zhengi 0743 |Wonnonosaurus yansiensis 2360
Shenzhouroptor sinensis 0.756 |Agrosourus macgillivroyi 2.B00
2 Haolszkaroptor escuilliei 0762 |Psittacosaurus xinfiangensis 2821
Ligoningwenator curmei 0780 |Eocursor pansus 24916
JIeholomis palmapenis 0796 |Socisqurus agudoensis 3.150
Albinykus baotar 0.809
Rahonavis ostromi 0.842
linfengopteryx elegans 0.887
Confucivsomis feducciai 0.887
Yixianosaurus longimanus 0.908
Shanag ashile 1.000
Yondangomis longicoudus 1.000
Sinosauropteryx prima 1126
lixiangomis orientalis 1.158
Procompsognathus triassicus 1172
Dromomeron romern 1.200
Linhenykus monodactylus 1221
Banji long 1.250
Apgrun zhaoi 1.268



Table S1.8 (continued)
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Logyg Carnivores f Meat Dominant Herbivores f Plant Dominant
Bin Omnivores Mass(kg] Omnivores Mass(kg])|
Hulsanpes perlei 1364
Coenagnothasio martinsoni 1.400
Sidormimus sp. 1.450
Saopeomis chaoyangensis 1508
Microroptor gui 1552
Sinovenator changii 1903
Dalionsourus liooningensis 1.909
Compsognathus longipes 2.087
Coudipteryx zoui 2.200
FPaoronychodon coperatus 2.200
0 Xixiosourus henanensis 2.300
Yoverlondio bitholus 2.300
Koparion douglassi 2.400
leholomis prima 24498
Troodontidoe sp.3 2.500
Hesperonychus elizabethoe 2550
Paomparaptor micros 2.600
Alvarezsaurus calvoi 2792
Shuvuuia deserti 2982
Changyuraptor yangi 3.067
Sinomithoides youngi 3.087
Sinusonasus magodens 3.193 |lycorhinus angustidens 3.764
Grociliraptor lujiotunensis 3.479 |Ngwebosourus thwazi 3.780
Sinomithosaurus millenii 3.479 |Pegomastax africanus 4 000
Microvenator celer 3.627 |Heterodontosaurus tucki 4028
Velocisgurus unicus 3046 |Gobicerotops minutus 4 200
Mononykus olecranus 3.956 |Yueosourus iontaiensis 4240
Daemonosaurus chauliodus 4100 |Psitocosgurus sinensis 4253
Tawa hallae 4 388 |Bogaoceratops sp. 4271
Protarchacopteryx robusta 4 702 |Bagoceratops rozhdestvenskyi 4271
Buitreraptor gonzalezorum 4 737 |Magnirostris dodsoni 4271
Segisaurus halli 4741 |Microceratops gobiensis 4.304
0.5 Albertonykus borealis 5.060 |Grociliceratops mongolisnsis 4,336
Braodycneme droculae 5.100 |Hexing gingyi 4 337
Bambiraptor feinbergi 5.268 |Incisivosaurus gauthier 4702
Vitokrsourus saraiki 5.300 |Gongbusourus WucQiwanensis 4930
Avigtyrannis jurassica 5.500 |lesothosourus diognosticus 4959
Fodromaeus murphi 5.640 |Buriolestes schultzi 5.000
Mirischio asymmetrico 5.724 |Psittocosourus lujiotunensis 5.000
Baombiraptor feinbergi 5.829 |Xigosourus dashanpensis 5242
Velociraptornae sp.2 5.829 |Micropachycephalosaurus hongtuyanen. 5.263
Podokesaurus holyokensis 5.965 |Gideonmantellio amosanjuanas 5.468
Coelophysoidea sp. 6.000 |lehelosourus shangyuanensis 5.667
Caoudipteryx dongi 6.143 |leaellynasoura amicographico 5.706
Sontonoroptor placidus 6.270 |Pontydroco coducus 54922



Table S1.8 (continued)
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Logig Carnivores / Meat Dominant Herbivores f Plant Dominant
Bin Omnivores Mass(kg) Omnivores Mass{kg])|
lulieraptor sp. 7.100 |lguanadontia sp. 6.000
Luanchuanraptor henanensis 7.150 |Segisourus sp. 6.000
Zhenyuanlong suni 7.200 |Pompadromaoeus barberenai 6222
Eoraptor lunensis 7.315 |Yondusourus sp. 6.600
Varnraptor mechinorum 7.636 |Archaeoceratops yujingziensis 6.884
Aristosuchus pusillus 8.000 |Psittocosaurus meileyingensis 3.000
0.5 Omithodesmus cuniculus 8.000 |Psittocosaurus gobiensis 3428
Elopteryx nopcsai 8.202 |Omithopodo sp.2 8917
Luoyanggio livdianensis 8.500 |Gasparinisaura cincosaltensis 8062
Pterospondylus trielboe 8.700 |Omithopodo sp.1 3962
Alvarezsouridae sp. 8.930 |lgnavusaurus rachelis 9969
Jubbulpuria tenuis 9126
Ponguroptor lufengensis 9.700
Machairasaurus sp. 10,000 Changchunsgurus panius 10.000
Machaoirasourus leptonychus 10.000 FPrenocephale brevis 10.000
Richardoestesia isasceles 10.195 Panphagia protos 10,148
Coelurosouria sp. 10.240 Paolgeopteryx thompsoni 11.500
Richardoestesia sp. 10.240 Lliooningosourus poradoxus 12.000
Richardoestesia gilmaorei 10.328 Chromogisgurus novasi 12 526
Abelisguroid sp. 10.742 Hoyo griva 12,670
small abelisouroidea sp. 10742 Kinnareemimus khonkaenensis 13.000
Troodontidae sp.4 10.833 Richardoestesio asiotico 13.000
Urbacodon itermirensis 10.833 Technosaurus smalli 13.000
Composaurus ORzonensis 11.000 3Shenzhousaurus orentalis 13.089
Dilong parodoxus 11.709 Yinlong downsi 13535
Compsosuchus solus 12.000 Asylosgurus yalensis 14.000
Noasauridoe sp.1 12.000 Psittocosaurus mongoliensis 14.016
Zopsalis sp. 12.333 Scutellosaurus lawleri 14 813
1 ZFopsolis abrodens 12 333 Hongshanosaurus houi 15.000
ltemirus medullaris 12.422 QOrodromeus makelai 15.169
Gobivenator mongoliensis 12781 Fulgurothenum australe 15.193
Euronychodon sp. 12988 Fogualosourus ogudoensis 15.500
Euronychodon asiaticus 12 988 Albertadromeus syntarsus 16.000
Poronychodon sp. 12988 Hypsilophodon foxi 16.071
Troodontidae sp. 12988 Pelecanimimus polyodon 17.000
Inosourus tedreftensis 13.000 Limusourus inextricabilis 17.393
Ozraptor subotaii 13.000 MNedcolbertia justinhofmanni 17 965
Coelophysis rhodesiensis 13.026 Psittocosaurus major 18.000
Avimimus 5g. 13.279 Fobrosgurus sp. 19702
Avimimus portentosus 13.279 Helioceratops brachygnathus 20.000
Coenagnathoidea sp. 13.279 Omithopoda sp.3 20.000
Boreonykus cerfekorum 13500 Prenoceratops pieganensis 20.000
Megalosourus cloacinus 13500 Zephyrosourus sp. 20.000
Dromaoeasaurdae sp.1 13.5680 Zephyrosourus schaffi 20.000




Table S1.8 (continued)

Logig Carnivores / Meat Dominant Herbivores f Plant Dominant
Bin Omnivores Mass(kg) Omnivores Mass(kg])|
Dromoeosaurus sp. 135680 Gongbusourus shiyii 20.056
Omithodesmus sp. 13560 MNotohypsilophodon comodorensis 20.275
Byronosgurus sp. 13.600 Stenopelix valdensis 20.549
Omitholestes hermanni 13.755 Psittocosourus sibinicus 20557
Masiakasaurus knopflen 13.790 Lomaceratops tereschenkoi 22 000
Noasouridoe sp. 13.790 Gonzhousaurus nankongensis 23.000
Beelemodon sp. 14.000 Hexinlusaurus multidens 24146
Tionyuraptor ostromi 14263 MNonosaurus agilis 24293
Tugulusaurus fociles 14.298 Eshanosaurus deguchiionus 26.000
Borogovio gracilicrus 14 402 Grusimimus Suru 27.000
Pyroraptor olympius 14736 Goyocephale lattermorei 27 658
Dromaeosaurus albertensis 14747 Pachycepholosaurnidae sp. 27.658
Heptasteomis andrewsi 15000 Stegoceras sp. 27 658
Dromoeosouridae sp. 15.142 Stegoceras validum 27.658
noncoelurosaurion basal tetonuran 5 15.169 Hanssuesia sternbergi 28072
Similicaudipteryx yixionensis 15.190 Anaobisetio saldiviai 283611
Atrociraptor sp. 15.250 \Valdosaurus canaliculatus 29.054
Atrociraptor marshalli 15.250 Homalocephale calathocercos 31.443
Paronychodon asioticus 16.000
Achillesourus manazzonei 16.500
Souromitholestes robustus 17.000
Huaxiognathus orientalis 17.363
1 Coelophysis baun 17611
Eucoelophysis baldwini 17.700
Kayentavenator elysiae 17 750
Zonabazor junior 18.000
Zunityrannus sp. 18000
Stourikosaurus pricei 18.266
Acheroraptor temertyorum 13.500
Velociraptor sp. 18.734
Velociraptor mongaoliensis 18.734
Velociraptor osmolskoe 18.734
Velociraptoringe sp.1 13734
Chindesaurus bryansmalli 19.000
Hoplocheirus sollers 19 489
lionchangosaurus yixionensis 20,000
Kol ghuvao 20.000
Coelurus fragilis 20.381
Bonapartenykus ultimus 20.500
Tsoggan mangas 20.500
Linheraptor exquisitus 20984
Souromithoides mongoliensis 21.755
Troodontidae sp.1 21.755
Elmisgurus rorus 22.250
Troodontidae sp.2 22 4496
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Logyg Carnivores f Meat Dominant Herbivores f Plant Dominant
Bin Omnivores Mass(kg] Omnivores Mass(kg]|
Souromitholestes langstoni 23.405
Paoronychodon locustrs 23703
Souromitholestes sp. 23.703
Velociraptoringe sp. 23703
Khoan mckennai 23984
Calomospondylus oweni 24.000
Concharaptor gracilis 24 500
Coelophysis sp. 25.046
Coelophysoidea sp.1 25.046
1 Sinocoelurus fragilis 25.046
Leptarhynchaos gaddisi 26111
Noosaundoe sp.2 26.500
Noasourus leali 26.500
Linhevenator tani 26.766
Ingenia yanshini 27.407
Nemegtomaia barsboldi 27 500
Colomasaurus foxii 29.000
Talos sampsoni 29.000
Coelophysis kayentakotos 30111
Souromitholestes sullivani 31.000
Geminiroptor sSUgrezarum 31.688 Heyvuannio huangi 31.740
Potagonykus puerfai 31.808 Owiroptor philoceratops 33.070
Wulatelong gobiensis 31.883 Guoibosaurus candelanensis 33717
Bicentenaria argenting 33.000 Aniksosaurus darwini 35.144
Loevisuchus indicus 34500 Stormbergio dongershoeki 35.541
Shixinggia oblita 35.000 FPrencephale sp. 38.504
Sinocalliopteryx gigas 35.410 Mochlodon vorosi 38.519
Nemingia gobiensis 37.416 Hypsilophodon wiclandi 39.204
Fosterovenator churei 40570 Acrotholus audeti 40.000
Tochiroptor admirabilis 42 000 Tylocephale gilmorei 40.000
Ingenia sp. 43 480 Hypsilophodontidae sp.1 a40.237
lepidus praecisio 44 000 Onectodromeus cubicularis 40 237
1.5 Rinchenio mongoliensis 44 362 Sotumalio tupiniquim 42 509
Ojoraptorsaurus boerei 44 552 Comanchesaourus kuesi 44 000
Yurgovuchio doellingi 45500 Adeopapposaurus mognai 47 837
Pectinodon sp. 47 376 FElrhazosaurus nigeriensis 48 107
Pectinodon bakkeri 47 376 Amtocephale gobiensis 50.000
Adosaurus mongoliensis 48 609 Gryphoceratops momisoni 50.000
Dromaeosauraides bomholmensis 49 000 Weewarrasaurus pobeni 50.000
Neuvgquenraptor argentinus 49705 FPrenocephale prenes 51.259
Albertavenator sp. 50.000 Arcusaurus pereirabdalorum 51.329
Elmisaurus elegans 50.000 Parksosaurus Warreni 52832
Velocipes guerichi 53.000 Huonansourus ganzhouensis 60.000
Xinjiangowvenator pan/us 53.6680 Unaoysourus tolenfinoi 60000
Leptarhynchos elegans 56.361 Coelosourus antiquus 61.500




Table S1.8 (continued)
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Logyg Carnivores / Meat Dominant Herbivores f Plant Dominant
Bin Omnivores Mass(kg) Omnivores Mass(kg])|
Tochisourus nemegtensis 57.262 Sphaerotholus goodwini 64 069
Megalosaurus lonzeensis 60.000 Saltillomimus rapidus 66000
Coenagnathus collinsi 61.500 Sphoerotholus buchholizae 68.340
Chirostenotes elegans 63.000 Beipioosourus inexgectus 69.726
Sonjuansaurus gordilloi 63.000 [leonerasourus toguetrensis 70.000
Chirostenotes sp. 65.569 leyesourus marayensis F0.000
Zuolong salleei 65707 Thecocoelurus daviesi 70.000
Troodon sp. 68.165 Qiupalong henonensis 77.883
Troodon formosus 68.165 Dryosourus leffowvorbecki 20.000
Zupaysourus rougiern 70,000 Sinomithomimus dongi 20618
Chirostenotes pergracilis 74776 Hypsilophodontidoe sp.2 82.796
Unenlagio paynemili 75.000 Seitoad ruessi 85.000
Unenlogio comaohuensis 76.125 Agilisgurus louderbacki 85.760
1.5 Bogaraatan ostromi 76.748 Dryosaurus grondis 90000
Hogryphus giganteus 30.000 Omithopoda sp.4 90.000
Betosuchus bredai 83.000 Unescoceratops koppelhusae 91.000
Deinonychus ontimhopus 83191 Macrocollum itogquif 95.000
Dromaoeosauringe so. 83.191 Walgettosuchus woodwardi 95.000
Kokuru kujani 85.000 MNaonkangia jiangxiensis 97170
Sarcosaurus woodi 86.153 Profocerotops andrewsi 99 576
Chuandongocoelurus primitivus 86.522 Gorudimimus brevipes 99 613
Deinonychosauriao sp. 90.000 Hompymimus okladnikowi 99043
Tarascosaurus salluvicus 90.000
Stoxesosourus cevelandi 92.500
Citipati osmolskae 93 9498
FProceratosourus bradleyi 95.000
Lilienstermnus lilienstemi 96.762
Epichirostenotes sp. 98.052
Nuthetes destructor 100.000 Chilesaurus diegosuarezi 100.000
Genusaurus sisteromis 101.071 Aepyomithomimus tugrikinensis 105975
Apatoraptor sp. 115552 Callovosaurus leedsi 108.367
Lukousaurus yini 120,000 Thescelosourus assiniboiensis 108.545
Timimus hermani 125552 Folcarius utahensis 109.262
Guanlong wucaii 128431 Gyposourus sinensis 112141
Newtonsourus cambrensis 130.000 Dysolotosaurus lettowvorbecki 119984
3 Tanycologreus topwilsoni 134841 MNambalia roychowdhurii 125.000
Eotyrannus lengi 135.000 Tototimimus packardensis 125.000
Lophostropheus oirelensis 136.000 Anchisaurus polyzelus 125941
Orthogoniosaurus matieyi 145.000 Alaoskacephaole gangloffi 130.000
Daohaolokely tokana 150.000 Montonaceratops sp. 134421
Rapator omitholestoides 156.745 Omithomimus edmonfonicus 138724
Gojirasaurus quayi 185.008 Yandusourus hongheensis 140.000
Gososgurus constructus 201.054 Archosomithomimus sp. 146,891
Gososaurus ling 201.054 Omithomimidae sp. 146.891




Table S1.8 (continued)

Logig Carnivores f Meat Dominant Herbivores f Plant Dominant
Bin Omnivores Mass(kg) Omnivores Mass(kg])|
Megaraptoridoe sp. 201.729 Neimongosagurus yangi 1453542
Hemrerasaurus ischigualastensis 211.599 Archaeomithomimus bissektensis 150.000
Marshosaurus bicentesimus 212 500 loncosaurus argentinus 150.000
Drocovenator regenti 217500 Centfrosaurus brinkmani 151.076
Berberosaurus liassicus 220000 Thecodontosaurus anfiguus 151.297
Maognosaurus nethercombensis 220,000 Cerosinops hodgskissi 151.970
Timurengio evotica 220,000 Meontanoceratops cerorhynchus 152 147
Xiongguanlong baimoensis 223.410 Anserimimus planinychus 160.550
Anzu sp. 246.013 Sorohsaurus aurfontonalis 163.726)
Anzu wyliei 246.013 Dryosaurus alfus 163.868
Elaphrosaurus bambergi 248155 Struthiosourus fransylvanicus 164118
Lounnhonosaurus ontunesi 249 344 Archosomithomimus osiaticus 164,423
Scivrumimus albersdoerferi 250,000 Arkansgurus fridayi 170.000
Siamosourus fusuiensisis 250,000 Hypsilophodontidae sp. 170.390
Xvanhanosaurus gilixioensis 250,000 Thescelosaurus sp. 170.390
Siomosaurus sutesthomi 255000 Llevnesovio transoxiana 175.000
Coeluroides largus 265.000 Omithomimus velox 175.667
Comarillasourus cirugedoe 270,000 Protoceratops hellenikorhinus 130.000
Utohraptor ostrommaysi 277.693 Sarcolestes leedsi 187.500
Daokotaraptor steini 285.000 Gorgantuavis philoings 188.847
Bayosaurus pubica 295.000 FErfionsaurus bellamanus 192 296
Dromiceiomimus brevitertivs 193 689
2 Bolong yixianensis 200.000
Efroasia minor 201122
Zalmoxes shgiperorum 204 335
Leptoceratops gracilis 212982
Thescelosaurus neglectus 214914
Struthiomimus sp. 215.036
Struthiomimus altus 215.036
Omithemimidae sp.2 221.483
Omithomimus sp. 221.463
Omithomimus antiguus 221.463
Zolmoxes robustus 229265
Xixiposgurus suni 2315949
Jloklapallisourus asymmetrica 237.000
Kangnasaurus coctzeei 242119
Tethyshadros insularis 258.003
Planicoxa venenica 261.767
Comptosgurus prestwichii 268.400
Scelidosaurus onzonensis 270.000
Massospondylus hislopi 230.000
Massospondylus koaloe 280.000
Scelidosaourus harrisonii 288915
Amtosourus mognus 300.000
Ankylosauria sp. 300.000
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Logyg Carnivores f Meat Dominant Herbivores f Plant Dominant
Bin Omnivores Mass(kg] Omnivores Mass(kg]|
Bissektipelta archibaldi 300.000
Dracopelta zhyszewskii 300.000
“large elasmarian” 300.000
Meroktenos thabaonensis 200.000
2 Mymoorapelta maysi 300.000
COrosaurus capensis 310.000
Minmi paravertebro 311.766
Fendusaurus eldoni 315.000
Omithomimidoe sp.1 315.643
Koijiongosaurus lini 316.288 Draconyx loursiroi 322.018
Sinosourus trigssicus 324792 Alvosourus elesitaiensis 327554
Dilophosaurus wethenlli 340,609 Huayangosaurus taibii 341214
Unguiliosaurus ceibalii 342 000 Pochycepholosaurus sp. 342021
Achillobator giganticus 342.079 Pochycephalosaurus wyomingensis 342021
Eustreptospondylus oxoniensis 348725 Omithomimus sedens 350.000
Cryolophosaurus elliofi 349 387 AmmosOUrUs 5. 355.178
Condormaptor curmumili 364.544 Fostora dhimbangunmal 355.883
Fukuiraptor kitadaniensis 372.394 Gaollimimus bullotus 362702
Austroroptor cobozai 373.849 Uteodon ophanoecetes 365.027
Duriavenator hesperis 380.000 Crichtonsourus benxiensis 373.004
Australovenator wintonensis 381.840 Nipponosourus sachaolinensis 389441
Spinostropheus gautien 400.000 Animantarx ramalionesi 411 870
Streptospondylus altdorfensis 410,000 Blikanosaurus cromptoni 420.000
Chienkosourus ceratosauroides 420.000 Amurosourus rabinini 425196
Dilophosaurus sinensis 455 802 FErikosourus ondrews) 430.000
Quilmesaurus cumiei 460000 Massospondylus cannatus 430.356
25 Cerofosouridoe sp. 481.333 Voldoraptor oweni 435.000
Indosaurus matieys 491,250 Huoyangosaurus taibaii 440514
Carcharodontosauridae sp. 491 6R7 Gryponyx africanus 447 500
Cruxicheiros newmaonorum 505.000 Xingxivulong chengi 460.000
Piatnitzkysourus floresi 508921 Hippodroco scutodens 471.176
llokelesio aguodagrandensis 520.000 Taolenkauen santacrucensis 471176
Shoochilong moortuensis 525.000 Turonoceratops tardobilis 483,759
Monolophosaurus fiongi 549 754 Beishanlong grandis 491 308
Mifunesaurus sp. 550.000 Nanyangosaurus zhugeii 497 040
Ceratosgurus magnicomis 560.000 Gorgoyleosgurus parkpinorim 497 540
Rugops primus 580.000 Ankylosouriasp.d S00.000
Cerotosgurus nasicomis 580.377 Omithopoda sp. 500.000
leshonsaurus gionweiensis 580532 Polososourus froserionus S500.000
Concavenator corcovatus 582418 Scelidosaurus sp. 500.000
Phoedrolosaurus ilikensis G00.000 Theiophytalio ke 500.000
Alectrosaourus sp. 601.026 Tsagantegio longicranialis 500.000
Alectrosaurus olseni 601.026 FProsouropoda sp. 5540932
Erectopus superbus 614.055 Sefopanosgurus Zastronensis 555.000
luratyrant langhami 627.090 Eucnemesaurus entaxonis 560.000




Table S1.8 (continued)

Logyg Carnivores f Meat Dominant Herbivores f Plant Dominant
Bin Omnivores Mass(kg) Omnivores Mass(kg)|
Xenotarsosaurus bonapartei 638.837 Avoceratops lammersi 579.636
Aerosteon riocolorodensis 672.430 Colorodisourus brevis 590.000
Avetheropoda sp. 672.430 Yunnanosaurus huangi 591 741
Megalosaurus pannoniensis 675.000 Pleurocoelus nanus 592 309
Saltriosourus sp. 680.000 Euvhodrosauria sp. 600000
Qignzhousourus sinensis 699172 Telmaotosourus tronssylvanicus G00.000
Kileskus aristotocus 700,000 lophorhothon atopus 622 293
Viavenator exxoni 700000 Nothronychus mokinlewi 636.204
Aucaosagurus garmidof 734.233 Chuxiongosaurus lufengensis 650.000
Nonugsourus hoglundi 750,000 Hungarosaurus tormai B57.294
Alioramus alfai 757.000 Naonshiungosaurus brevispinus GE5. 000
Theropoda sp.1 757.000 Hoplitosaurus marshi 688.739
Genyodectes serus 790,000 Proboctrosourus gobiensis 694 469
Prodeinodon kwangshiensis 790.000 lguanodon mantelli 705.277
Poekilopleuron bucklandii 800.000 Tenontosaurus dossi 707 .109
Eoobelisaurus mefi 822 610 Udanoceraotops tschizhowi 736.087
Deltodromeus agilis 855967 Glocolisourus hammeri 745.000
Chingkankousaurus fragilis 890.000 Chialingosaurus kuani 500406
Dryptosgurus macropus 890.000 Bonatitan reigi 208.009
Afrovenator abakensis 894787 Sonchusourus sp. 815.000
2.5 Cerofosaurus denfisulcatus 917 368 Rhobdodon priscus 816.332
Arcovenator escotae Q50.000 Tenontosgurus sp. 8318.362
Shidaisourus jinae Q50.000 Tenontosourus tilletti 818.362
Appalochiosaurus montgomerniensis  994.492 Ahshislepeltao minor 820065
Pradhaonia gracilis 830.000
Tianzhenosaurus youngi 833.010
Crichtonsaurus bohling 836.715
ingentia primo 350.000
Magyaorosaurus dacus 897 626
Zhejiongosaurus lishuiensis 904925
Ankylopollexia sp. 910.395
Camptosgurus sp. 910.395
Comptosourus dispar 910.395
Gresslyosaurus ingens 920.000
Europosaurus holgeri Q22 613
Niobrarasaurus coleii 929.836
Martharaptor greenriverensis 945.530
Mongolostegus exspectabilis 950.000
Enigmaosaurus mongoliensis 960.167
Einipsaurus procunicormis 974703
Nothronychus graffami 986.962
Allosaurus europaeus 1000.000 Arkhoravia heterocoelica 1000.000
3 Avstrocheirus isasii 1000.000 choyrodon barsboldi 1000.000
Szechuanosourus campi 1001.333 Dokotodon lokotoensis 1000.000
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Logyg Carnivores f Meat Dominant Herbivores f Plant Dominant

Bin Omnivores Mass(kg] Omnivores Mass(kg])|
Abelisouridae sp. 1002 500 Folombio caroljonesa 1000.000
Altispinax dunkeri 1070905 Omithopsis greppini 1000.000
Skormpiovenator bustingomyi 1086942 OsmoKkosourus depressus 1000.000
Nototyrannus violantei 1100.000 Silvisourus condrayi 1000.000
Siomotyronnus isanensis 1125000 Talorurus plicatospineus 1020.246
Megaraptor namunhuaiguir 1150.000 Cloosaurus agilis 1090589
Ostafrikosaurus crassisematus 1150.000 Alfirhinus kurzanowi 1100.000
Tratavenio rosalesi 1150.000 Ohmdenosaurus liasicus 1100.000
Ekrixinatosourus novasi 1152.675 Pinocosourus disparosemratus 1100.806
Veterupristisaurus milneri 1175.000 Finocosaurus grongeri 1100.806
Metriacanthosaurus parker 1184892 Pinocosourus mephistocephalus 1100.806
Majungasaurus crenatissimus 1195680 CEucnemesaurus fortis 1106.028
Chilantaoisaurus zheziongensis 1200.000 Gilmoreosaurus mongoliensis 1136.287
Suchosaurus cultridens 1218.333 Arenysourus ardevoli 1139207
Dryptosourus oguilunguis 1225.067 Polocanthus foxir 1148738
Prodeinodon mongoliense 1282 500 Kentrosourus aethiopicus 1149 464
Yutyrannus huali 1300.000 Stegosauria sp. 1149 464
Megalosaurus insignis 1383.333 Lomplughsaura dharmarensis 1154 337
Antrodemus valens 1400.000 Jinzhousaurus yangi 1163918
Chilontaisaurus sibiricus 1400.000 Ruehleio bedheimensis 1172114
Orkoraptor burkei 1400.000 Astrodon valdensis 1194 873
MNeovenator salerii 1405533 Sonposgurus yooi 1200.000
3 |ythronox argestes 1466.667 Tiontoiosourus sifengensis 1200.000
Megalosaurus bucklandii 1497 270 Ploteosaurus longiceps 1243333
Dryptosguroides grandis 1500.000 Mantellisourus otherfieldensis 1247 345
Indosuchus raptonius 1500.000 Pororhabdodon isonensis 1250.000
Teratophoneus curriei 1532.177 Wendiceratops pinhomensis 1250.000
Tyrannosoundoe sp.2 1532.177 Gastonia burgei 1269.754
Kelmayisaurus petrolicus 1550.000 Yingshanosaurus jichuanensis 1277.148
Baryonyx walker 1600.000 Armhinoceratops brachyops 1300.000
Embasaurus minax 1700.000 Brachyceratops sp. 1300.000
Allosaurus sp. 1742.726 Brochycerotops montanensis 1300.000
Camosauria sp. 1742 726 Cerotopsidoe sp. 1300.000
Theropoda sp. 1742726 Dioblocerotops eatoni 1300.000
Yongchugnosourus Zigongensis 1745.000 Isonosourus attovipachi 1300000
Sinroptor dongi 1748.619 Melanorosourus sp. 1300.000
Sinotyronnus kazouensis 1850.000 Poludititan nalatzensis 1300.000
Kryptops polaios 1900.000 Saoichania chulsonensis 1305986
Allosaurus fragilis 1913752 Dyoplosourus acutosguameus 1312 354
Allosaurus jimmadseni 1913.752 Melanorosourus readi 1324.002
Comotaunnge sp. 1925000 Plateosauravus cullingwarthi 1347 136
Camotourus sastrei 1964 887 Mussourus potagonicus 1350.000
Megalosauroidea sp. 1966.667 Chondrosteosourus gigas 1400.000
Dotonglong guangxiensis 2100.000 Nodosourndoe sp.2 1436.424
Allosaurus tendagurensis 2143 402 Nodosouridoe sp.5 1436424
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Logig Carnivores f Meat Dominant Herbivores f Plant Dominant
Bin Omnivores Mass(kg] Omnivores Mass(kg])|
Dandakosaurus indicus 2300.000 Ponoplosgurus mirus 1436424
Abelisaurus comahuensis 2325000 Gigantspinosaurus sichuanensis 1450431
Albertosaurus sarcophagus 2345182 Boctrosaurus sp. 1472773
Ichthyovenator laosensis 2400.000 Probocfrosourus mozongshanensis 1488 336
Dospletosaurus homerd 2500.000 Akaoinocephalus johnsoni 1500.000
Rohiolisourus gujaratensis 2519.649 Ankylosouridae sp.2 1500.000
GForgosaurus sp. 2554782 Brohisourus kirthari 1500.000
Gorgosaurus libratus 2554782 Compylodoniscus ameghinoi 1500.000
Tyronnosouridae sp.1 2554732 MNosutoceratops titusi 1500.000
Daspletosaurus sp. 2565.553 Nodocephalosaurus kirtlandensis 1500.000
Lobocanio anomalo 2600.000 Regaliceratops peterhewsi 1500.000
Daospletosaurus torosus 2631106 Sousabitan sp. 1500.000
Torvosaurus tannern 2844 424 Yizhousgurus sunae 1500.000
Bistahieversor sealeyi 2900.000 Boctrosaurus johnsoni 1501.805
Yongchuonosaurus shongyouensis  2950.000 Stellosourus ancellae 1521933
Carcharodontosaundae sp.1 2981552 Sellosaurus grocilis 1530443
Yongchuanosaourus hepingensis 3000.000 Prosaurolophus Blockfestensis 1532.758
Torbosourus batoar 3103.146 Nodosourus fextilis 1543 311
Tvronnosauridae sp. 3103.148 Quranosgurus nigerensis 1590.264
Ankylosauridaoe sp.1 1617.899
Fuoplocephalus futus 1617.899
Paleoscincus sp. 1617.899
3 Leinkupal loticaudo 1650.000
Omosaurus lennieri 1672636
Hyloeosaurus armatus 1676.957
Nebulasaurus taito 1700.000
Achelousourus homeri 1709.393
Gobihadros mongoliensis 1712 595
Riojosaurus incertus 1713.256
Souropelta edwardsi 1730632
Oohkotokia homeri 1750.000
Nodosauridoe sp. 1788277
Zizhongosaurus chuanchengensis 1800.000
Nodosauridoe sp.4 1817.855
Kosmoceratops richardsoni 1850.000
Zhuchengtitan zangjiozhuangensis 1850.000
Yimenosaurus youngi 1852.053
Lufengosaurus huenei 1884 985
Spinops stembergorum 1896.318
Koatedocus siber 1900.000
Pochyrhinosaurus lakustal 1303981
Joxartosaurus aralensis 1907.761
Euskelosaurus browni 1948 480
Karongasaurus gittelmani 1950.000
Nigersaurus taqueti 1950.000
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Logig Carnivores f Meat Dominant Herbivores f Plant Dominant

Bin Omnivores Mass(kg) Omnivores Mass(kg])|
Aletopelta coombsi 1955471
Plateosourus engelhardti 1968.405
Edmaontonia longiceps 1985.430
Atsinganosaurus velauciensis 2000000
Coronosaurus brinkmani 2000.000
Judiceratops tignis 2000.000
Nicksourus razashahi 2000.000
Peloroplites cedrimontanus 2000.000
Sormientosaurus musacchiod 2000000
Souropelta edwardsorum 2000.000
Shomosourus scutotus 2000.000
Torchio giganteo 2000.000
Xenoceratops foremostensis 2000000
Agujoceratops mariscalensis 2061417
Mercuriceratops gemini 2070972
Hodrosaurndoe sp. 2071.494
Lopampasaurus chalingi 2071.494
Willinakoge salitralensis 2071.494
Pochysuchus imperfectus 2100.000
Edmontonia sp. 2125341
Nodosauridae sp.3 2125341
Lexovisaurus durobrivensis 2155233
3 Omosaurus durobrivensis 2155233
Anodontosaurus lambei 2164816
ZFiopelta sanjuanensis 2164 816
Medusaceratops lokii 2200.000
Centrosourus apertus 2214703
Gigantoraptor erianensis 2216107
Anchicerotops omatus 2229.013
Chasmosournae sp. 2244 385
Chasmosaurus belli 2244 365
Chosmosourus sp. 2251.247
Loricatosgurus priscus 2257 871
lessemsaourus sauropoides 2257 905
Chasmosourus russelli 2258128
Pochyrhinasourus perotarim 2260778
Edmaontoniao rugosidens 2265253
Lufengosaurus mognus 2279506
Rubeosaurus ovatus 22890.302
Ankylosauridaoe sp. 2297 224
Lovocabisaurus aogrioensis 2300.000
Anodontosaurus inceptus 2329632
Platypelta coombsi 2329632
Scolosgurus cutler 2329632
Scolosaurus thronus 2329632
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Bin Omnivores Mass(kg) Omnivores Mass(kg]|
Styrocosourus albertensis 2394 461
Monoclonius crassus 23096.318
Amazonsgurus maronhensis 2500.000
Anasazizaurus homen 2500000
luticosaurus valdensis 2500.000
liangjunosaurus junggarensis 2500.000
Shunosaurus ziliujingensis 2500.000
Zoroapelta nomaodis 2500.000
Zuul crurivastator 2500.000
Totankacephalus cooneyorum 2505.082
Suzhousourus megatheroides 2532784
Tanius sinensis 2533 388
Yunnanosaurus youngi 2600.000
Aardonyx celestae 2604 760
Segnosourus galbinensis 2633.200
Uberabatitan riberoi 2650.000
Bellusourus sui 2689.406
Stegosaurus armatus 2701 647
3 Chinshakiangosaurus chunghoensis 2750.000
Utahceratops gethyi 2750.000
Hypselospinus fitfoni 2773986
Topuiasaurus macedoi 2800.000
Lombeosourus magnicristatus 2803.569
Astrophocoudio slaughteri 2850.000
Hodrosourinae sp. 2873.436
Maiosaura peeblesorum 2873.436
Liroinosaurus astibioe 2876.473
Hodrosgurus foulkii 2897941
Corythosourus infermedius 2977.832
Acristavus gagslarsoni 2000.000
Gryposourus monumentensis 3000000
Gondwanatiton faustoi 3052 312
Haodrosouridae sp.2 3062.165
Chungkingosourus fiongheiensis 3065.789
Lombeosaurus sp. 3117.374
Pochyrhinosaurus canadensis 3139.130
Jingshanosgurus xinwoensis 3158.544
Boharasourus ingens 3193.750 Parasaurclophus tubicen 3183.813
Suchomimus tenerensis 3287.648 Lohuecotiton pandofilandi 3200.000
Megalosourus chubutensis 3400.000 Pulonesoura eocollum 3200.000
3.5 Ton'osaurus sp. 3483.326 Neuguensourus robustus 3204915
Rojasourus narmadensis 3500.000 Hypacrosaurus alfispinus 3206.217
Pycnonemosaurus nevesi 3600.000 Tsintoosourus spinorhinus 3228915
Teinurosaurus sauvogei 3600.000 Lambeosaurus lombei 3248.555
Sourophoganax maximus 3758.721 Demandasourus darwini 3256.091
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Bin Omnivores Mass(kg) Omnivores Mass(kg])|
Souroniops pachytholus 3800000 Hodrosourndoe sp.5 3274599
Copitalsourus potens 3900000 Tongaonosaurus hei 3286.856
Sigts meekerorum 3950.000 Paorosaurclophus cyrfocristatus 3292 803
Torvosaurus gumeyi 4000.000 Hypacrosgurus stebingern 3293.245
Fhuchengtyrannus magnus 4000.000 Amygdalodon patogonicus 3300.000
Chilantaisourus toshuikouensis 4013.267 Histriosaourus boscarollii 3300.000
Acrocanthosaurus atokensis 4558 800 Lombeosourus clavinitialis 3300.000
Corcharodontosourus iguidensis 4500.000 Sonidosaurus saihangaobiensis 3300.000
Sigilmassasourus brevicollis 4700.000 Tienshonosgurus chitaiensis 3300.000
Oxaoloia quilombensis 5000.000 Adelolophus hutchisoni 3342.087
Carcharodontosaourus soharicus 5247 366 Stegosourus stenops 3353.660
Megalosaurus ingens 5700.000 Lombeosauringe sp.1 3363.898
Tyrannotiton chubutensis 5761.379 Rocosqurus muniozi 3364518
Spinosourus oegyptiocus 5983.333 Gryposaurus lotidens 3365190
Maopusaurus roseae 6160274 Thyreophora sp. 3374.023
TWrannosourus rex 6428 604 ledumohaodi mafube 3400.000
Giganotosaurus carolinii 7095831 Corythosourus cosugrnus 3426501
Rinconsaurus caudamirus 3426.560

Gryposaurus sp. 3428063

Hodrosouridoe sp.4 3428.063

Antetonitrus ingenipes 3444 BT 2

Angulomastacator daviesi 3455.663

3.5 Aepisourus elephantinus 3500.000
Albertaceratops nesmaoi 3500.000

Baurutitan britoi 3500.000

Centrosouringe sp. 3500.000

Gobisourus domoculus 3500.000

Hesperosaurus mjosi 3500.000

Machairoceratops cronusi 3500.000

Spiclypeus shipporum 3500.000

Doanosaurus zhangi 3517.054

Tugjiangosaurus multispinus 3532.595

Porasourclophus walkeri 3549 646

Barilium dowsoni 3589.012

Lambeosauringe sp. 3594 614

Thotobolosaurus mobeatae 3600.000

Gryposaurus notabilis 3659581

Kozoxlombio convincens 3689.151

Soltasauridoe sp. 3741.300

Soltasauringe sp. 3741.300

lguanodon bemissartensis 3761.238

Figongosaurus fuxiensis 3800.000

Neuguensaurus australis 3802 349

Llurdusaurus arenatus 3833.292

Ankylosgurus sp. 3872272
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Bin Omnivores Mass(kg] Omnivores Mass(kg]|
Ankylosaurus magniventns 3872272
Kunmingosgurus sg. 3873825
Chioyusaurus lacusiris 3900.000
Loplotosourus modagoscanensis 3900.000
Shingopana songwensis 3900.000
Tengrisaurus starkowi 3900.000
MNonningosaourus dashiensis 3914659
Australodocus bohetti 4000.000
Hodrosouridoe sp.1 4000.000
Hodrosourndae s5p.3 4000.000
Kritosaurus sp. 4000.000
Krtosgurus navajovius 4000000
Naashoibitosourus ostromi 4000.000
Sorigtiton golmaoyensis 4000.000
Yibinosaurus zhoui 4000.000
Haoestasourus becklesii 4047 026
Saltasaurus loricatus 4072.108
Zopalosaurus bonapartei 4095 950
Olorotiton orharensis 4132471
Vogoceratops irnvinensis 4167 906
Filmotueio foundezi 4200.000
Camelotia borealis 4214112
3.5 lguanodontio sp.1 4235792
Muttaburrosourus langdoni 4235792
Mierasagurus bobyoungi 4300.169
Normanniagsaurus genceyi 44.00.000
Sargikimasoom vitakr 4400.000
Atocomatitan chilensis 4491 549
lschyrosaurus manseli 4500.000
Lisoningotitan sinensis 4500.000
Abrosaurus dongpoi 4550.000
Ropetosaurus krausei 4581.365
Ropetosauris madaogascariensis 4581.365
Edmontosaurus annectens 4595999
Aconthophalis homido 4500.000
Sourclophus oshomi 4604 236
Kotepensourus goicoecheai 4700.000
Miragaia fongicollum 4729744
Thernizinosauroidea sp. 4750.000
Thenzinosaurus cheloniformis 4750.000
Volkheimerio chubutensis 4797 765
Huangshonlong anhuiensis 4900.000
Barsboldia sicinskii S000.000
Cedarpelta bilbeyhallorum 5000.000
Dinheirosaurus lourinhanensis S000.000
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Bin Omnivores Mass(kg) Omnivores Mass(kg])|
Dyslocosaurus polyonychius S5000.000
Titanosourus rahioliensis 5000.000
Galeomopus pabsti 5100.000
Omeisaurus junghsiensis 5100288
Moshisourus sp. 5200.000
Qifianglong guokr 5200.000
Bonitosoura solgodoi 5250.000
Lithastrotia sp. 5250.000
Overosaurus paradasorum 5250.000
Edmontosaurus regalis 5260.076
Maondschurosaurus amurensis 5330.144
Notronasourus longispinus 5332431
Hypselosourus priscus 5357333
Kotosourus yamanpalliensis 5366.125
Stegosaurus ungulotus 5376.958
Fuhelopus zdanskyi 5402 830
Deinocheirus mirificus 5442 743
Pentoceratops stermbergii 5471.060
Boreolosagurus wimani 5500.000
Brasilotiton nemophagus 5500.000
Muyelensaurus pecheni 5500.000
Pitekunsgurus mocayoi 5500.000
3.5 Titanoceratops ouranos 5500.000
Eomamenchisgurus yuanmaouensis 5619281
Qinlingosaurus luonanensis 5700.000
Brachylophasaurus sp. 5729.180
Brachylophosourus canadensis 5729.130
Shunosourus lii 5776.958
Balochisaurus malkani 5000.000
Jivtoisourus xidiensis 5900.000
Aeolosaurus sp. 6000000
Boalsaurus mansillai 6000.000
Paokizourus balochistani 6000.000
Titanosauriformes sp. GO00.000
Xinghesaurus sp. &000.000
Dacentrurus armatus 6121.788
Omeisaurus maoi 6232125
Sourolophus angustirostns 6266.345
Anhuilong diboensis 6300.000
Dongyangosaurus sinensis 6300.000
Hypselosaurus sp. 6300.000
Protognathosourus oxyodon 6300.000
Rugocoudio cooneyi 6300.000
Gongxianosaurus shibeiensis 6371.723
Totoouinea hannibalis 6400.000
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Bin Omnivores Mass(kg] Omnivores Mass(kg])|
Dongheititan dongi 6450000
Laplatasaurus sp. 6488.299
Cetiosauriscus leedsi 6500.000
kKhetranisaurus barkhani 6500.000
Trigonosaurus pricei 6500.000/
Otogosourus sarulai 6700.000
Mamenchisaurus youngs 6746814
Malowisaurus dixeyi 6822 435
Fukuititan nipponensis 6863.042
Dystrophaeus vicemalae GEE9 200
Brontomerus mcintoshi 6200.000
Mongolosourus haplodon 6900.000
Omeisaurus changshouensis 6300.000
Mamenchisaurus fuxiensis 6967 050
non-lithestrotion titanosaur sp. 7000.000
Quetecsaurus rusconii F000.000
Amorgasaurus cazaui 7034243
Ferganasaurus verzilini 7052 482
Maoxokolisourus topai 7097.311
Rayososaurus ogricensis 7126534
Dicroeosaurus sattler 7154417
Datousourus bashanensis 7196814
3.5 Amargatitanis mocni 7252918
Dicraeosaurus hansemanni 7268.766
Xenoposeidon proneneukos 7300.000
Suuwassea emilieae 7334927
Ampelosourus atacis 7352.433
Omeisaurus fuxiensis 7400.000
Oplosourus ormatus 7450.000
Archoeodontosourus descouensi 7500.000
liongshanosaurus lixionensis 7500.000
Yongjinglong datangi 7500.000
Dashanpusaurus dongi 7511.192
Probrachylophosaurus bergei 7586.500
Torosaurus sp. 7598517
Vulcanodon karibaensis 7616.727
Rukwatitan bisepultus 7900.000
Lingwulong shengi 8000.000
Omeisaurus luoqguanensis S000.000
Omeisourus puxiani 2000.000
Venenosourus dicrocei S000.000
Tambatitanis amicitioe 8100.000
Epochthosourus sciuttoi 8173.881
lguanacolossus fortis 8268.264
Triceratops homidus 8318221
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Table S1.8 (continued)
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Logyg Carnivores / Meat Dominant Herbivores f Plant Dominant
Bin Omnivores Mass(kg) Omnivores Mass(kg]|
Loplotosaurus aroukanicus 8395.233
Damalasaurus laticostalis 8500.000
Maognapaoulia loticaudus 8590.844
Eucamerotus foxi 8600.000
Pukyongosaurus milleniumi 8600.000
Titanosaurus blanfordi 8650.000
Vahiny depereti 8672 855
Tozoudosaurus naimi 8723913
Saovannasaurus elliottorum 8200.000
Supersaurus lourinhanensis 83800.000
Triceratops prorsus 5902 168
Aegyptosaurus baharijensis 8910562
2.5 Norambuenatitan palomoi 8919.105
Cetiosourus brevis 9000.000
Qingxivsourus youjiongensis 9048.166
Comohuvesourus windhauseni 9065.746
Angolatitan adamastor 9166.986
Vouivriao domparisensis 9200.000
Baropasaurus fagorei 9286.718
Laopparentosaurus modagascarniensis 9306.661
Spinophorosaurus nigerensis 9384739
Gigantosourus megalonyx 9500.000|
Brachytrachelopan mesai 9582 086
Torosaurus lotus 9658.961
Hoplocaonthosaurus priscus 9781.545
Agustinio ligabuei 9300.000
Austroposeidon magnificus 10000.000
Eotricerotops xerinsularns 10000.000
Galeamopus hayi 10000.000,
Tendogurio tanzaniensis 10000.000
Omeisaurus jiooi 10090.807
Yuanmousaurus jffangyiensis 10127 .566
Limaysaurus tessonei 10261.174
Dinodocus mackensoni 10300.000
a Titanosourus indicus 10362.151
Cetiosaurus mogrebiensis 10700.000
Tastavinsgurus sanzi 10748.307
Astrodon sp. 10800.000
Wintonotitan wattsi 10838 664
Klamelisaurus gobiensis 10863.428
Diplodocus camegii 10877.238
Mornosaurus typus 11000.000
Marsourus jeffi 11200.000
Erketu ellisoni 11225595




Table S1.8 (continued)
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Logyg Carnivores / Meat Dominant Herbivores f Plant Dominant

Bin Omnivores Mass(kg] Omnivores Mass(kg)|
Souropoda sp. 11225595
Maomenchisourus constructus 11334 885
Cathartesguro onosrobica 11379410
Cardiodon rugolosus 11400.000
Arogosaurus ischioticus 11586.080
Panomericansourus schroedern 11629229
Xianshonosgurus shifiongouensis 11632.086
Phuwiangosaurus sinndhomae 11744952
Moaobosaurus utahensis 11937.282
Omeisaurus tignfuensis 119525594
Cedorosaurus weiskopfoe 11965.238
Tomiera africana 12025711
Cetiosauriscus stewarti 12160946
Quaoesitosaurus sp. 12172 697
Cetiosaurus sp. 12232 489
Padillosaurus leivoensis 12300.000|
lanenschia robusta 12332736
Waomwerocoudia keranjei 12332736
Comarasourus lewisi 12499939
Huanghetitan liujiaxioensis 12500.000
Drusilosaura deseadensis 13000.000|
Qicowanlong kangxii 13000.000
4 Austrosaurus mokillopi 13200.000
Camarosourus lentus 13254 405
Aeolosaurus colhuehuapensis 13300.000
Opisthocoelicoudiao skarzyn skif 13350531
Borrosasourus cosamiguelai 13500.000
Chuanjiesaurus anaensis 13500021
Aeolosgurus Aonegrnus 13636.407
Shantungosourus giganteus 13869.000
Galvesagurus hemeroi 13900.000
Brontosaurus panius 14000.000
Nemegtosouridae sp. 14139 364
Nemegtosaurus sp. 141359.364
Haploconthosaurus sp. 14217.567
Camargsourus grandis 14224 855
Durigtitan humeracristatus 14360906
Adaomantisourus mezzalirai 14400.000|
Maomenchisaurus hochuanensis 14411761
Andesaurus delgodoi 14430767
Petrobrasaurus puestohemandezi 14457 244
Aeolosourus maximus 14740.399
Isisgurus colberti 15000.000,
Volgatitan simbirskiensis 15000.000
Bothriospondylus modagascariensis 15153.115




Table S1.8 (continued)

Logyg Carnivores f Meat Dominant Herbivores f Plant Dominant

Bin Omnivores Mass(kg] Omnivores Mass(kg)|
Gobititon shenzhouensis 15237 0944
Cetiosgurus oxoniensis 15551 982
lainosaurus septentrionalis 15555.349
Omithopsis hulkei 15854.831
Maocrurosgurus semnus 16000.000
Maolorguesaurus florenciae 16000.000
Diplodocus hayi 16333.063
Atlasaurus imelakei 16455.484
Maaojonding afami 16500.000
Diomantinasaurus matildae 16538.392
Angloposeidon sp. 17000.000
Morosaurus agilis 17000.000
Triunfosaurus leonardii 17000.000
Diplodocus longus 17338.437
Potogosourus fariasi 17598.530
Antarctosaurus brasilensis 17715547
Rhoetosaurus brownei 17748561
Choconsaurus baileywillisi 13000.000
Lourinhasourus alenguerensis 18201.685
Bootianmansaurus henanensis 18500.000
Nurosourus gaganensis 13500.000
Huabeisourus ollocotus 18528983
4 Brachiosourus nougaredi 18650.000
Omithopsis leedsii 20000.000
Ligobuesaurus leanzai 20434 810
Rebbachisourus garasbae 20518.715
Sibirotitan astrosacralis 20750.000
Antorctosourus wichmannianus 20817.151
Tangwayosaurus hoffeti 20938.944
Maomenchisourus gnyuensis 21000.000
Barosqurus so. 21136.821
Barosourus lentus 21136.821
Chubutisourus insignis 21157.381
Brontosaurus excelsus 21180.642
lobaria tiguidensis 21216121
Europatitan eastwoodi 22000.000
Titanosaurus fallot 22000.000
Haploconthosaurus delfsi 22028589
Brontosaurus yahnaohpin 22270963
Titanosauna sp. 223859041
Sonorasourus thempsoni 22455917
Shatungosaurus sp. 22467.100
Caomarosaurus SUPremus 22974 699
Astrodon johnstoni 23000.000
Daxiatitan binglingi 23000.000
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Table S1.8 (continued)

Logy Carnivores / Meat Dominant Herbivores f Plant Dominant
g Bin Omnivores Mass(kg) Omnivores Mass(kg])|
Bananabendersaurus sp. 24000.000
Tehuelchesaurus benitezii 24305257
Gannansaurus Sinensis 25000000
Momenchisaurus anyueensis 25000.000
Ultrasaurus tobriensis 25000.000
Xinjiongtitan shanshanensis 25000.000
Apotosourus louisae 25385.810
Memegtosaurus mongoliensis 25418.092
Quaesitosaurus orentalis 25418.092
a4 Abydosaurus mcintoshi 26000.000
Livbangosaurus hei 26000.000
Zby otlanticus 26275.912
Diplodocus hallorum 26689 405
Mendozasourus neguyelop 28000.000
Mamenchisourus jingyanensis 28500.000
Yunmenglong ruyangensis 29000.000
Pellegrinisaurus powelli 29050.000
Apatosgurus ajax 29708.575
Huanghetitan ruyangensis 30000000
Argyrosaurus superbus 31696.028
Troukutitan eccoudota 32064564
Losillosourus gigonteus 32145991
Lusotitan ataolaiensis 32249653
Elaititan lillof 33723230
Souroposeidon proteles 34146.021
Hudiesourus sinojapanorum 34500.000
Fusuisaurus zhaoi 35000.000)
Neosodon proecursor 35000.000
Giraffatitan brancai 36554.866
Alomosaurus sanjuanensis 37468 469
Supersgurus vivianage 37600000
Turigsourus riodevensis 38818.533
Futalognkosaurus dukei 39379524
4.5 Motocolossus Gonzalezparejasi 40000.000
Brochiosaurus brancai 41754 800,
Brochiosaurus altithoro 41849 848
Ruyangosaurus giganteus 43998.135
Amphicoelias altus 44514277
Paoralititan stromen 46589 638
Francoposeidon charantensis 47000.000
Dreadnoughtus schrani 47183794
Maomenchisourus sinocanadorum 49500.000,
Puertasourus rewili 50000.000
Patagobitan mayorum 55000.000
Antarctosaurus giganteus 64666.667
Moroopunisourus frogillimus 70000.000
Argentinosourus huinculensis B0926.696
Bruhathkoyosourus matleyi 95000.000
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Appendix 2

Figure S2.1: Number of occurrences for North American Tyrannosauroids in the PBDB.
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Figure S2.2: Correlations in dietary components and ISO values in extant carnivorous
reptiles. Significance from Kendall Rank correlation, o = 0.05
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Table S2.1:

Dietary components and DMTA/ISO values for extant mammalian and reptilian carnivores

Herbaceous ‘Woody small large rept./ mol./ iBone % 33
Species plants plants ;Fruit :mammal imammal :amph.:fish :birds ;insects | crust. iMarks ;carrion |Asfc  ieplsar Tfv HAsfc iSdr% Vmp Spk Smrl % Str Sq Ssk Sku Diet ‘Wear
Acinonyx jubatus 23.48! 65.93: 2.21: 3.96; 4.42 0.083 0.01| 1.5386: 0.00513 (426, 435, 440, 506) (474)
Canis latrans 19.84 7421 15 38.22 11.96 5.83 1.71 18;  16.8 6.045: 0.00202: 13523.7 1420, 421, 503) (474)
Canis lupus 4.8 24.8 59.8; 7.8 2.8 5 6.66| 2.8265; 0.00249: 12531.9 (422-424) (474)
Crocutta crocutta 5.5 92.45 1.3 0.75 50.2 26.9| 9.3147: 0.00312. (441, 444, 445) (474)
Lycaon pictus 2.76! 95.86! 1.38; 3.38 3| 4.2118: 0.00183 14182 (425-427) (474)
Panthera leo 1.96: 97.52! 0.52; 5.3 16| 5.3106: 0.00279 (426, 441) (474)
Puma concolor 85.37 14.63 0.004 7.8| 4.8887: 0.00367 8650 (442, 443) 1474)
Tremarctos ornatus 20.31: 11.71: 62.6 1.22; 2.61; 0.42: 1.125 2.22| 4.3475; 0.00337: 8543.51 (455, 456) (475)
Ursus americanus 40.34 1.28: 444 5.48 8.49 2.09 11| 4.2074: 0.0029: 9992.05 (457-4539) (475)
Ursus malayanus 13.47 43.8 0.71; 0.7 41.35 1.4386; 0.00305; 11057.4; (460) (473)
Ursus maritimus 19 7.29 69,24 4.47 1: 11.36| 4.9144: 0.00372; 10649.8 (461-465) (475)
Alligator mississippiensis 5.1 30.3i 571 6.7 0.6: 71.9: 2.81]| 2.9432. 2.2923: 0.0176! 0.3547: 10.65: 0.3633! 0.2619; -0.947: 14.227|  (428-430, 504) 410)
Caiman crocodilus chiopasius 9.9; 1.23 58.2: 30.86 1.3337, 0.9122: 0.0086; 0.1795: 9.9333: 0.3638; 0.1369: 0.0116: 6.5738| (431) (410)
Crocodylus acutus 2.33 66: 6.45 25.05 2.4364. 1.9011: 0.0148: 0.296: 10.357: 0.2759; 0.2399: -1.08: 9.2139 (432, 433) (410)
Crocodylus niloticus 7.01; 50.88; 4.78; 36 0.64; 50.725 9.58| 2.8825 2.241:0.0107; 0.2275; 10.35: 0.2955; 0.2063: -0.631: 9.2133 (434-436) (410)
Crocodylus porosus {adult) 20! 10: 5: 50 5 10: 3.625 2| 2.7838 2.1563; 0.009: 0.1956: 9.4167: 0.4285: 0.1681. -0.724: 8.3246| (437, 505) (410)
Crocodylus porosus (juvenile) 1.3 0.6 0.1 88.8! 3.0228: 2.3614: 0.0282; 0.5603: 14.02: 0.2264: 0.3126: 0.477: 10.932 (438) {410)
Dracaena guionensis 5 95 1.5871; 0.00865 0.3358; 4.4038: 0.0261 0.4212: 0.5132: -0.124: 1.923 (447) (408)
Furcifer oustaleti 10 8 a0 2 4.8583: 0.00517 0.244: 10.297: 0.0145 0.3971: 0.3254! 0.0056; 3.7918| (448) 408)
Gavialis gangeticus 5 95 2.1128; 1.5806: 0.0062; 0.1332: 8.6571: 0.2843: 0.1614: -1.425: 8.0737 (439) (408)
Pogona barbata 43.02 56.98 1.8416: 0.00543 0.3665: 3.7631: 0.0144 0.5826: 0.3341 -0.159! 2.6548 (449) (408)
Pogona vitticeps 100 2.2165; 0.0091 0.3018; 4.8295: 0.0158 0.5045: 0.3141: -0.218: 3.8274 {430) (a08)
Pseudopus apodus 86.15; 13.85 3.9105: 0.01008 0.3174: 8.9547: 0.0225 0.5333: 0.5453; -0.364; 2.8442 (451) (408)
Smaug giganieus 14.65 85.35 0.4619: 0.00816:! 0.4642: 1.2232: 0,0117 0.4425: 0.2269! 0.117: 2.3511 1452) (408)
Sphenodon punctatus 40.49 0.3 1.02: 58.19 1.6031; 0.0095 0.241; 3.2452: 0.0096 0.5897; 0.2304: -0.201: 2.4857 (446) (408)
Tiliqua scincoides 23.88 8.95 5.97 34.34! 26.86: 3.3155: 0.00887 0.5993: 7.3864: 0.0161 0.7823: 0.3798: -0.757; 17.463 (453) (408)
Tupinambis teguixin 4.23 49.3 3.61 1.42; 35.22; 142 0.9483: 0.00859 0.2839; 2.223!0.0135 0.3194: 0.2737; -0.199; 4.6725 (434) (408)
Varanus giganteus 56.8. 5 3 0.2755: 0.00897 0.3341: 0.7205; 0.0085 0.2181: 0.1883: 0.1151; 2.3739 (466) (408)
Varanus griseus 83.85 1115 0.2251: 0.0099 0.2393! 0.656: 0.0112 0.2905: 0.2189: 0.1436; 2.3403 1466) 1408)
Varanus komodoensis 27.6: 62.1;: 10.3 14.42 43.4( 1.6934; 1.2208:0.0101; 0.2121: 11.425: 0.2295; 0.169: -0.488: 7.0937 (418, 467-469) (410)
Varanus nebulosus 1.02; 1.02; 15.39 2.9843 2.3289: 0.0188: 0.373: 11.009: 0.34597: 0.2286: 0.396; 8.9774 (469) (410)
Varanus niloticus 3.12; 6.22; 3.12; 65.72 2.7528 2.1298: 0.0112; 0.2361; 9.55: 0.4388; 0.2123: -0.548: 8.1571 (466) (410)
Varanus ofivaceus 52.7 0.43 3.45; 43.35 2.0491 1.526; 0.0279: 0.5168; 13.133. 0.208! 0.2666; -0.012; 14.313 (470) (410)
Varanus prasinus 22.1! 3.2403 2.548: 0.0141: 0.291 11.6: 0.2857: 0.1835: 0.488: 6.5442| (466) {410)
Varanus rudicollis 54.5 3.5 4.208 3.3783: 0.018; 0.3717: 10.725: 0.2651; 0.2527: 0.2313: 8.4889 (466) (410)
Varanus salvator 0.9 18.19: 10; 30: 19.1: 21.81 6.25| 1.6775; 0.01636! 0.664: 1.7197: 0.0133: 0.2355: 10.725: 0.1978: 0.3425: -0.118: 10.332| (471) (408, 410)
Varanus varius 30.98; 1.77; 6.19: 38.94 21.28 30.1| 0.7168; 0.00962. 0.2413; 1.5294: 0.0088 0.2084; 0.1722: -0.182; 8.8724 (472, 473) (408)
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Table S2.2: Average and standard deviation for all species at all ontogenetic stages

Asfc  eplsar Tfv  3x3HAsfc ox9HAsfc  Sdr Vmp Spk Smrl Sq Ssk Sku

X 1.8827 0.0045 92152 0365 06107 1.252 002 03497 7.8764 0.6042 -0.4822 3.6259

Al o 07120 0.0015 22106 0.1027 0.0909 06244 0.0084 0158 20718 01725 02534 0.6384

“g" — % 14772 0.0052 78557 02919 05548 09782 0.022 03568 9.6447 0.5423 -0.1662 3.2831

S c 04072 00007 33722 00514 0.0286 02708 0.0066 0.0922 03219 0.0802 0.1974 0.1297

§5ubadulti 2.0179 0.0057 93143 0.4447 0.6479 13121 0.0135 02087 4.9935 0.5556 -0.5479 3.0717

g c 01931 00011 23581 0.0099 0.0985 03566 0.0041 0075 009917 0.0824 0.2743 0.3049

X 2.1982 0.003 10509 0.3848 0.6419 14857 0.0222 0.4365 8.0301 05826 -0.4097 4.3176

Adult 59446 0.0008 29803 01266 0.0987 08658 00098 0.843 14128 02181 03305 0.4124

o X 3065 00037 10972 04422 07082 21467 0.0305 06519 89912 07886 -0.5374 4.0049

. c 13698 00019 44418 02117 0235 0921 00175 04019 2.7549 03332 0.4333 1.0633

2 lwvenile X 25174 00032 14432 04147 06665 18216 00324 0568 7.601 07865 -0.3631 32385

2 c 07684 00026 2111.8 02489 02409 03975 0.0176 03102 2.1806 0.1432 0.2618 0.2914

k] X 28589 0.0043 92493 0.5053 0.8542 19677 0.0381 0.8996 11.356 09981 -0.361 4.0373
QS”bad”“ c 02378 00001 987.68 0.2219 0.2664 02724 0.0207 05721 3.2779 05143 0.496 0.866

= % 40027 00041 7504 04202 06247 2.8133 00202 05299 87117 05823 -0.9751 5.1222

Adult 50180 00011 53329 00949 00661 14222 00036 00824 0341 00835 02003 0.9744
o X 25903 00048 86006 03885 06716 16647 00164 03175 77343 05048 -0.5436 3.589

c 12642 0003 42808 01422 02299 08787 00066 0.1285 1.6621 02457 0.3065 0.8419

3 % 30285 0.0031 32432 02925 0.649 17684 0013 02501 8217 0442 -0.8771 3.7466
§ Juvenile o ) ) ) ) . ) | ) _ ) ) )
S % 1.8091 0.0050 7943 03982 06182 11206 0.0143 02732 7.2262 06089 -0.4935 3.203

SS”bad”“ c 04479 00033 3882.8 01353 0.101 0301 00051 0.0825 15404 02966 0.276 0.7693

adur ¥ 43241 0003 12923 04123 08166 29732 00233 04615 87632 06357 -0.5019 4.4751

c 11241 00011 12215 01724 0397 06359 00065 0.1453 1.8158 0088 0.349 0.4312

%X 24702 0.0039 98957 0.4355 0744 19327 0.0222 03974 7.7846 0.7941 -0.4689 3.8393

. Al 20791 00016 42561 01286 02545 16928 00073 02381 13061 04112 03221 2.0977

2 \wvenile © 1517 00020 08354 03493 0623 09444 00212 04405 8.0909 04662 0289 3.6888

3 o 0745 00004 6312.4 0041 0.1595 05156 0.0099 02296 1.8222 0.1824 0.0135 0.3552

g % 50838 0.0062 11791 0.4725 07672 4.083 0.0267 0.4582 7.1896 1.2305 -0.3859 2.9341

§S”bad”h ¢ 2.0117 00006 5037 01428 0.0597 15844 00036 0316 01961 03701 0.1374 0.4041

. % 12833 0.0028 87826 0.4477 07785 10379 0.0198 03437 8019 06635 -0.5907 4.4426

Adult 53533 00005 40918 01274 03314 03915 00064 0.1628 13249 02612 0.4051 2.7906
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Table S2.3: Correlations between ISO and DMTA values and carnivorous reptile and
mammal diet. Explanation of metric and calculation included.

Reptile Diet | p- Cor. Mammal Diet |p- Cor.
Metric  System Correlation  value [Coeff. Source Correlation value [Coeff. |Source Description Calculation
asic | owra None % Carrion 0.0032] 0.7333 How much the surface texture changes from | Maximum difference in surface texture between 87 scales
Durophagy Positive (408) Durophagy (474) |small to large field of view between 0.02-100um
#Sources 0.002]  0.464
Sku IS0 Marks perbone  0.05 0.8
Z % small verts 0.038 -0.44 h of peaks Kurtosis of height profile
H
H
a| so 150 ; )
£ None Roughness of surface Difference between average absolute distance from core surface
G
S| sdg IS0 |None Difference in slope of features standard deviation of slopes
Sdr ISO % Vertebrates ' 0.0446 -0.282 Deviation from flat plane % of surface area contributed by peaks and pits
% Fauna 0.0012/  0.648
Smri | 150 | Piscivory Negative (410) Bearing surface (material remaining following
Durophagy Positive  (410) initial abrasion) % Material above core height (Sk)
Tfv | DMTA N/A Durophagy Positive (474) |Number and depth of pits Difference in volume filled by 10um vs 2um cuboids
Ssk 150 § ) ) o
% Fish 0.0005 =il Ratio of surface above and below core material | Skewness of height distribution above or below core surface
% vertebrates | 0.002  -0.43
w
H % Small Verts | 0.005,  -0.50
E| vmp | 150 ZTETEE -
£ Piscivory Negative (410)
Durophagy Positive | (410) Volume of material contained in peaks Volume of material above areal material ratio 10%
Vmc | 150 None Volume of core material Volume of material between areal material ratio 10% and 80%
vve 150 None Volume of void in core material Inverse of Vmc
vov IS0 None Volume of void in pits Inverse of Volume of material below 80% areal material ratio
2| eprsar  owTa MO . None . N Average vector length (sum of profiles lengths taken at Sdegree
= Carnivory Positive (408) Meat slicing Positive (474) |Degree of parallelism in scratches intervals)
H % Fruit 0.042 1
2
S| str 1SO 1% Insects 0.028  -0.33 Uniformity of surface texture (texture aspect | Length of the least parallel features (autocorrelation decays to
a % Vertebrates/F 0.0109| -0.359 ratio) 0.2 fastest) divded by length of the most parallel features
% Vertebrates | 0.0008  -0.47
5 1o Marks perbone. 0,014 1
% smallverts | 0.002 _ -0.64
% Fruit 0.042 -1 Height of surface above core material Standard deviation of peak heights
Sp 150 :None Maximum peak height Height of the tallest feature above core surface
sv IS0 None Maximum pit depth Depth of the lowest feature below core surface
o o= IS0 None Maximum height Diff between depthand height
5 Height at which slope of secant line of height s areal material
2| smr 150 ! ! !
s None Height of core surface ratio curve is lowest
s Height at which areal material reaches defined
smc | 150 o
-.E None % Inverse of the areal material ratio
&l 50 Average height of peaks after removing Height difference between core material and peaks below 97.5%
X1
? None extremes areal material ratio
vm IS0 None Volume material Volume material
w 150 None Volume void Volume void
% Fauna 0.019  -0.47
Marks per bone, 0.041 1
Spk D == o
Piscivory Negative (410)
Durophagy Positive {410) Average height of peaks Average height of peaks
& |Hasfc3x3| DMTA |None N/A Difference in texture from one area to another |Difference in Asfc between 9 area subsamples
2 |Hasfeoxo DMTA N/A N/A Difference in texture from one area to another |Difference in Asfc between 81 area subsamples
g
2
]
X
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Table S2.4: Percent difference between all species and all ontogenetic stages. Significant
values (Dunn’s p < 0.05) shown in bold face and dark grey.

Asfc  eplsar Tfv 7 HAs)%vS HAs)  Sdr Vmp Spk Smrl 5q Ssk Sku

Albertosaurus 5 -3660 -965 -1857 -5234 -1678 -3413 3846 4150  48.23 -245 -22956 644
A -4881 4292 -3377 -3182 -1570 -5188 -104 -2233 1674 -744 -14650 -3151
] -7042 3914 [-B371 -4207 -2014 -86.21 -4697 -59.19 2119 -4505 -11849 136
Dospletosaurus 5 -9354 1823 -17.74 -7311 -5387 -101.15 -73.29 -152.13 -17.74 -84.07 -117.25 -2297
= A -177.06 2234 448 -4394 -1260 -18759 844 -4552 9.67 -7.39 -4B6.73 -56.02
§ J -105.02 4000 5872 -0.21 -16.89 -80.78 4074 2092 1480 1848 -42777 -1412
= Gorgosaurus § -2247 -1310 -111 -3640 -1143 -1455 3495 2339 2508 -1229 -19697 244
A-192.72 4165 -p451 -4134 4715 -20383 -580 -2934 914 -17.24 -20202 -3631
b1 ] -269 4378 -2520 -1967 -1229 346 390 -2346 1611 1403 -73.87 -1236
g Tyrannosgurus 5 -244.15 -19.37 -50.09 -61.87 -38.29 -317.37 -21.38 -28.42 2545 -126.92 -13223 1063
= A 1313 4623 -11.80 -53.36 -4033 -6.10 9.88 3.69 16.86 -22.37 -255.42 -3532
E Albertosgurus A -894 4794 -1282 1347 092 -1323 -5420 -10911 -6081 -486 25323 -4056
=< 5 -4168 2543 070 -1363 -31.85 -4996 -181.61/-330.98 -12742 -7966 3410 -3144
Daspletosaurus
£ A -102.82 2917 19.44 551 358 -11441 -4875 -15387 -7446 -481 -7798 -b6.J6
H 5 1034 -315 1472 1046 458 1460 -571 -3095 -4471 -961 992 -4.28
= Gorgosaurus
@ A -114.29 4679 -38.75 7.29 -26.04 -12659 -7194 -12108 -7549 -l1444 B39 -4569
5 -15194 -887 -26.59 -6.26 -18.42 -211.17 -97.26 -119.52 -43.98 -121.48 32955 4.48
Tyrannosaurus
A 3640 5096 571 -0.67 -2017 2050 -4644 -6464 -6055 -1544 -781 44863
_ | Daospletosaurus | -8618 -36.06 2859 919 268 -8936 938 -2140 -849 005 -13803 -1863
E Gorgosaurus E -9671 -223 -2298 -7.14 -2722 -10012 -471 -5.73 -9.13 -9.13 -2252 -365
Tyrannosaurus 4162 580 1642 -1634 -2129 3014 1081 2127 014 -13590 -4419 -290
5 1584 -80.15 3546 -7.22 2.80 27597 5813 63.25 3430 2937 -50.88 5.15
Albertosaurus
A 12568 622 2718 721 370 1844 3125 2316 -565 2583 -1282 -3332
5 -1357 -3434 35591 -2184 -28.16 -BO02z -1791 -5838 -4540 -1680 057 -2467
Daspletosaurus
- A 5257 -2760 4800 -2184 628 -5444 3770 671 -14p1 2597 -16854 -58.17
= J -2030 143 77153 -1184 162 2492 5968 5598 -3.10 43.80 -14155 -1569
]
E Gorgosourus 5 28.14 -B5.83  44.96 -21.84 7325 3848 5574 5188 493 2258 -3592 1.09
" - A 7177 413 1045 -2184 -2251 -5322 2801 1875 -1529 1917 -38.23 -3818
3
5 1 3874 763 3185 -2184 654 4816 3451 2245 -645 4073 2042 -1380
g Tyrannosgurus 5 -101.94  -96.12 1830 -21.84 -15.10 -12414 1741 1933 541 -56.44 -5.25 5.40
% A 4902 1166 3914 -2184 -1680 4302 3868 3950 -550 1564 -62.67 -37.18
‘g Albertosgurus A 2311 3019 -1362 2385 2486 2449 4169 5148 2929 4163 -1345 -694
Daspletosaurus A -43 16 5.02 1887 1685 2687 -4298 4716 4109 2329 4166 -17008 -26.87
e 5 3672 -3832 1412 2120 2763 4305 6246 6962 3637 3899 -3670 2066
P Gorgosaurus
A -5125 2864 -3972 1841 441 -5110 3894 4870 2283 3631 -39.02 -1084
5 -7782 -4599 -2748 649 10.15 -10750 2555 4506 3669 -23.28 -690 2733
Tyronnosourus
A 5511 3424 5.05 11.41 8.86 4725 4800 6180 2939 3352 -63.60 -1004
% Gorgosgurus 5 -5.65 2487 -72.22 188 -30.72 -5688 -1556 1291 -0.59 -9.18 48.53 1263
-
= | Tyrannosourus E 68.64 3077 -17.04 -655 -2463 63.11 1.58 35.15 795 -1395 3942 1327
5 3337 -8276 -187.20 -52.02 0.18 2580 -384 1652 3923 -2568 3754 1802
Albertosaurus
A 2742 486 -22402 -3155 111 1599 -7051 -7456 227 -3179 5329 -1524
5 560 -3629 -185.19 -72.75 -3161 -11.27 -192.43 -259.77 -38.20 -125.79 5884 -7.76
Daspletosaurus
o A -3514 -2945 -13138 -4364 375 -5909 -5451 -11192 602 -3173 -1117 -3672
5 5 4026 -88.52 -14491 -36.12 475 36.63 -8.77 -9.31 1206 -37.75 4373 1451
E Gorgosaurus
al = A -4278 275 -20848 -40094 -2581 -58.12 -7855 -B455 -665 -43.82 4277 -1044
5 J 4991 630 -203.26 -1942 402 4660 -6218 -76.17 153 -5.45  67.06 154
§ Tyrannosgurus 5 -67.87 -98.96 -263.56 -61.53 -18.20 -13088 -104.84 -83.25 1250 -178.35 56.00 2169
g‘ A 5763 1038 -170.80 -553.04 -1995 4131 -5207 -3743 3241 5010 3266 -1858
Albertosgurus A -2151 4953 -3230 336 -3.83 -3258 -5533 -5969 -1113 433 1700 -3480
Daspletosgurus A -126.22 3133 5.53 -5.52 -1.05 -15106 -4075 -93.87 -20.56 4537 -597.57 -58.82
E Gorgosaurus A -139.01 4841 -62.70 -3.54 -32.00 -165.32 -62.65 -58.83 -21.27 -4.41 -1.70 -3971
5/-181.01 -554 -4844 -1867 -2410 -264.36 -B6.60 -67.64 051 -102.07 21.80 8.40
Tyrannosgurus
A 2007 | 5246  -1057 -12.43 -2593 7.38 -3853 -2572 -1097 -897 -1968 -3870
<L : Tyrannosgurus A 7032 7.85 32.04 -8.59 4.66 65.08 1483 2553 8.49 -4.37 -17.68 033
5 -33.02 9504 530 -2730 -400 -3894 3597 5262 3828 -19.18 -8960 1673
Albertosaurus
A -44091 -153 -6.84 -10.16 -3.04 -5732 -514 092 075 -2497 -4177 -17.05
5 -8846 -4545 596 -4466 -37.12 -10836 -8032 -10421 -40.36 -114.12 -2495 -945
Daspletosaurus
| = A -169.80 -38.15 2370 -20.28 -0.28 -19791 473 -2029 -767 -2491 -23745 -38386
5
3| 5 -1926 -101.19 1924 -1399 076 -1866 3231 3795 1069 -3062 -7080 1317
3 Gorgosaurus
3 A -18505 -379 -3140 -13.02 -31.08 -21483 -1009 -476 -8.31 -36.38 -73.70 -2132
g Tyrannosaurys 5-235.13 -112.33 -19.88 -35.27 -23.15 -332.35 -2630 -402 1114 -163.96 -33.57 2046
E ¥ A 1540 4.36 1070 -28.16 -2497 -990 6.23 21.99 0.89 -42.34 -10442 -2044
Albertosaurus 56.76 | 5218 1088 1856 1634 6361 1676 474 -1169 5265 -6.14 4715
e Dospletosaurus £ 1950 34594 3636 1108 1858 3110 2457 -1565 -21.17 5268 -152.65 -7457
v Gorgosaurus z 1494 5112 960 1275 -544 2718 1283 -071 -21.89 4833 -30.05 |-52.52
Tyrannosaurus 74.76 54896 2551 5.26 -1.48 74.58 2576 2500 -11.54 46.07 -53.05 -5141
Alberto. vs Daspleto. -62.80 17.01 -19.06 -21.16 -1596 -71.46 -5275 -8642 -14.15 -30.51 -11.45 -1045
- Alberto. vs Gorgo. -37.58 -7.48 6.67 -6.45 998 -3296 1791 921 1.80 157 -1273 102
% Alberto. vs Tyranno. -31.20 1434 -7.38 -19.32 -21.83 -54.37 -1093 -1365 117 -3142 275 -5.88
==‘( Daspleto. vs Gorgo. 1549 -29.51 2161 1214 5.16 2245 4526 5130 1398 2458 -115 1039
Daspleto. vs Tyranno.  19.41 -3.21 9.81 1.52 -5.06 9.97 2738 3904 1342 070 1274 4.14
Gorgo. vs Tyranno.  4.64 2030 -1506 -12.09 -10.77 -16.10 -3513 -2518 -0.65 -33.52 1374 -597
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Appendix 3
Character states used in each of the phylogenetic analyses

DePalma et al. 2015

Hartman et al. 2019
D909 DDIIVVVVVIIIIVVVVVIDIIVIVVVVIIIIIVVVVVIVIIIVVVVVIVIIIIVVVVVVIIIIIVVI

Jasinski et al. 2020
DD0DDIIIVVDDDIDIIIVVVVIIVIIVVVVVIIIIVVVVDIDVIIIVVVDIIIIIVVVVVIVDIIVVVVVDIIIIVVVVVNVIVIIIIVIIG

?17???077000077??0?7?
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Figure S3.1: Parsimoy results using matrix from Depalma, et al., 2015

Allosauroidea
Coelurus_fragilis
Tanycolagreus_topwilsoni
Dilong_paradoxus
Eotyrannus_lengi
Gorgosaurus_libratus
Tyrannosaurus_rex
Huaxiagnathus_orientalis
__{::t::Sinosauroptervx_prima
Compsognathus_longipes

Harpymimus_okladnikovi
Deinocheirus_mirificus
Shenzhousaurus_orientalis
Pelecanimimus_polyodon
Garudimimus_brevipes
Archaeornithomimus_asiaticus
Gallimimus_bullatus
Struthiomimus_altus
Ornithomimus_edmontonicus
Anserimimus_planinychus
r— Ornitholestes_hermanni
Falcarius_utahensis
Beipiaosaurus_inexpectus
Alxasaurus_elesitaiensis
Nanshiungosaurus_bhrevispinus
Nothronychus_mckinleyi
Erliansaurus_bellamanus
Neimongosaurus_vyangil
Segnosaurus_galbiensis
Therizinosaurus_cheloniformis
Erlikosaurus_andrewsi
Alvarezsaurus_calvoil

Patagonykus_puertai
Shuvuuia_deserti
Mononykus_olecranus
Incisivosaurus_gauthieri
Protarchaeopteryx_robusta
Caenagnathus_collinsi
Avimimus_portentosus
Caudipteryx
Microvenator_celer
Oviraptor_philoceratops
Conchoraptor_gracilis
Khaan_mckennai
Heyuannia_huangi
Ingenia_yanshini
IGHN100_42_ unnamed_oviraptorid
Rinchenia_mongoliensis
Citipati_osmolskae
Hagryphus_giganteus
Chirostenotes_pergracilis
Elmisaurus_rarus
Epidendrosaurus_ningchengensis
Wellnhoferia_ grandis
Archaeopteryx lithographica
Jeholornis _prima
Sapeornis_chaoyangensis
Confuciusornis_sanctus
Yanornis_martini
Protopteryx_fengningensis
Sinovenator_changii
Mei_long
BEyronosaurus_jaffei
Sinornithoides_vyoungi
IGH100_slash_44_unnamed_troodon
Troodon_formosus
Saurornithoides_junior
Saurornithoides_mongoliensis
Buitreraptor _gonzalezorum
Rahonavis _ostromi
Unenlagia
Sinornithosaurus_millenii
NGHNCS91
Microraptor_ zhaoianus
Bambiraptor_feinbergi
Tianyuraptor_ostromnmi
Adasaurus_mongoliensis
Tsaagan_mangas
Saurornitholestes_langstoni
Velociraptor_mongoliensis
Deinonychus_antirrhopus
Atrociraptor_marshalli
Achillobator_giganticus
Dromaeosaurus_albertensis
Dakotaraptor_steini
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Figure S3.2: Parsimoy results using matrix from Hartman, et al., 2019
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