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INTRODUCTION

ALTHOUGH FUNDAMENTAL to Mesaoic
palaeoeology, dinosar diversity has received little
attertion in the literatue. The pincipa
contibutions have been those d Dodson ard his
cadlaborators (Dodson 199; Dodson and Dawson
1992, Dodson 194; Holmesand Dalson 197) ard
Fastovskyet al. (2004).

This study presents four ralyses basean a
datbase mcorporating dinosaurian genera corsid-
ered \dlid as of31 March 2003. This database \as
compiled from the literatue, gincipaly from the
pubications of Glut (1997, 2000, 2002 2003). Aves
(Archaeopteryx + Neornithes) is xcluded ad
nomina nuda and nomina dubia areomitted. The
datbasewas anayysed n terms of he number of
valid genera within eachmajor clace, stratigaphc
stage, place of discoveapd yearof descmption.

Taphonamny, diagaess, eosion, llecing,
preparaton and publicaion preent a seres of
filters that seprate aparent from actwal diversity.
These reults, basel on appaent diversty, shaild
therefore e interpretedwith cauion.

RESULTS
Number of genera by clade

Figure 1A shows the phylogeny usel in this study
and thenumber of generain ead clade It is
suprising tat saurschians (300 generg outnumber
omithischians (180 genea) so hesily — they are
about 66% more dverse. More surprisingstill is the
predominanceof Theropodh: the total of 176 genea
exceeds that for Sauropodorpba (119 geera) and
is only four fewer tan Ornithischia (180 gene&a).
Theropods acount for 36% of al dinosaur genea,
degite having amuch more congivative tody-plan
than the ornithischans. If the cladgs
Omithomimosaura,  Therizinosauroidea and
Ovirapbrosauria are conglered hebivorous or
omnivorous (see Barrett @05 then the remairing
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carnivorous tergpods nunber 139 genera (0% o
all dinosarr generd. This is an wusually high
proportion of total diversity for carrivores toattain
within an eosystem. The 95 melurosar genea
represeh  54% of Thergpoda. Wilson ard
Upchurch's (2003) obsevation that titansaus
represen appoximatdy one third of sauopod
diversity is corrdoratedby this stug: they sypply
32 of the 99 sauropodgeneta. This contrasts with
Curry Roges and Frster's (2004) assdion tat
titanosaurs comrise rearly half of sauwopodgenera.

Number of genera by age

Figure 1B slows how dinosaur diversty varied
throughthe Mesaoic. Diversity generally increased
through time, with 40 genera first apgaring in the
fossilrecord in tle Triassic134 in the Juassic, and
310 in the Cretceous. Thisnbalance is partly due
to the aigin of the dnosaurs inthe Late Triassic
(Carnian)only, but eva when dversity acrosshe
three peiods is normalised byduraton, the trend d
increasing diversity is ewdert. The 40 Triassic
genera arce in the 217 million years fran the
begnning of the Carnian to the end of Raetan,
giving a genus density, or GD, of 1.84 generaper
milli on years.The 134 dJrrassc genga aosein 61.5
million years(GD 2.18) and the 310 Cretaceous
genea in 79.2 milli on years(GD 3.91).

The largg rumber of gene from the Carnia
(19), the earbst age from whit dinosurs ae
known, mplies that initial diversification was rajpd.
Of those geera, five are omithischians (all of
which are bo basalto be asgned to mgjor clades),
12 ae sarrischians and wo are ndetrminate. Cf
the saurischias, three are herrerass, five are
sauppodanorphs (all of them prosarropods and
the remaining four are therpods, of which orly
Coelophysis is clearly a netheropod. Sevente@
more genea ae fourd in the Norian, including the
ealtiest known sauropod Isanosaurus.
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A Coelophysoidea (9)
6rmosauria (25)
Neoceratosauria (16)

Carnosauria (12)

Avetheropoda (109)
Arctometatarsalia (25)
Coelurosauria (95)
Maniraptora (60)

Saurischia (300)

Prosauropoda (20)
Sauropodomorpha (119)
Sauropoda (99)
Diplodocoidea (18)
MNeosauropoda (81)
Brachiosauridae (11)
Macronaria (58)
Titanosauria (32)

Dinosauria (484)

Stegosauria (13)
Thyreophora (59)
Nodosauridae (16)
Ankylosauria (41)
Ankylosauridae (18)
Ornithischia (180)
Hadrosauridae (29)
Ornithopoda (67)

Pachycephalosauria (11)
Marginocephalia (40)
Protoceratopsidae (6)
Ceratopsia (29)
Ceratopsidae (16)

Maastrichtian (6.0 myr)

44 genera
Campanian (12.5 myr) 98 genera
Santonian (2.3 myr)
Coniacian (4.1 myr)
Turonian (3.6 myr) 8§ genera
Cenomanian (5.4 myr)

8 genera
20 genera

Albian (13.3 myr) 30 genera

Cretaceous

Aptian (8.8 myr) 25 genera

Barremian (6.0 myr)
Hauterivian (5.0 myr)
Valanginian (5.0 myr) 4 genera

25 genera
9 genera
Berriasian (7.2 myr) 6 genera
Tithonian (6.5 myr) 9 genera
Kimmeridgian (3.4 myr)
Oxfordian (5.3 myr) 6 genera
Callovian (5.0 myr) 10 genera
Bathonian (4.8 myr)

14 genera

Bajocian (7.3 myr) 5 genera

Aalenian (3.6 myr) 1 genus

Jurassic

Toarcian (9.5 myr) 2 genera
Pliensbachian (5.7 myr)
Sinemurian (6.6 myr)
Hettangian (3.8 myr)

12 genera
Rhaetian (3.9 myr) U genera

Norian (11.1 myr) 17 genera

Triassic

Carnian (6.7 myr) 19 genera Genus density (genera/myr)

41 genera

0 1 2 3 4 5 6 7 8 9 10 11

12

13

Figure 1. Dinosaur diversity A, cladogam of Dinosauria indicating sizesf illustrated cladesthickness of branches is
proportional tonumber of genera, inclimy those in subclades; B, diversiby dratigraphic age: thickness of bars indicates
durationof age, lengtlindicates gaus densityfgenera pemyr) andareaindicatesnumber of gnera.
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The six nost productive stages arethe
Campanian (98 genea), Maastichtian (44),
Kimmeridgian (41), Albian (30), Aptian (25) and
Barreman (25). These stag#tal 50million years
(31% of the Carman-Maastichtian interval) am
produced 263 d the 481 genera (54%).

GD gives a nore realstic indication of diversity
in each age than spie genus countsThree ages
stard ou as much more diverse ttan others: the
Kimmeridgian (GD 12.06), Campanian (7.84) ard
Maastricliian (7.33. Theseages tdal 219 million
yeas (13%) ard suppy 183 genera (38%) No
otha stage has a GD ater than4.17. While
sanpling biases account for s@mof the irreg-
ularity, thee does gpear tohawe beena substatial,
sustaired diversification in the last twety million
years of he Mesodic.

Genus counts correlatmly weakly with globd
sea-lee (R* = 0.208), andGD more wealky still
(R* = 0.177. Thus, this study @es nd supmrt the
claims of Hawold (1990 and Hunt et al. (1994)
that taphonamic biases cause pprent dinosaur
diversity to behighest at tines of highest sea-lesl.

Number of genera by place

Asia was he most goductive cortinert with 166
genea, followed by North America (14.), Europe
(75), South America (®), Africa (38), Australasia
(11), andfinally Antarctica ().

Three ountries account fomore than half of &l
dinosaur diversity, with 247 genea beween them
the USA (108), China (8)), ard Mongolia (59). The
top sk courtries ato nclude Argentna (46),
Englard (34), and @Gnada (32, and tgeher
provide 359 genera nealy three quaters of the
total.

All 32 Canadan genea ae from Albera. The

most productive Arericanstates are Montana (17),

Wyoming (16), Cdorado (16), Utah (13) ard New
Mexico (12),which togetter account forwo thirds
of all Americandinosairs

Number of genera by year of description

Apart from a general upwvard trend there is litle
patern to the yearby-year fequencyof namng: for
exanple, 1997, wth just five rew genera, was a
relatively barren year sandwiokd between two
bumper crops: 14 in 1996 ard 23 in 1998
Aggregating the decaas, the tedency is fa the
naming rate to gow exporertially. The exepion
is a fou-decack fall-off from the 1930s to the
19605, which coregpond with a perod in which
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mammal pakbeonblogy dominated he field (Bakker
19795. This was bought to an drupt end in the
1970s by the “dinosar renaissace”, widely
considerd to have bea catalysed byOstroms
desciiptions of Deinonychus antirrhopus (Ostram
196%, b). After this period, the expmential naming
rate recovered as hough the trouch of the 18B0s—
60shad never happened

The first year to yiell a large crop of new
dinosaurs was 1877, at the heght of the Marsh-
Coperivalry. The eght genega naned in that year
(all but Titanosaurus and Dryptosaurus from the
Morrison Formatia), more than dowbled the
previous reord o three (hamed n 189 ard
increasd the total number of dinosaurian genea
thenknown by nealy a quarter.

The st year n which no new dinosaurs were
descrbedwas 1965 the last before tat was 1%56.
New dnosarrs have therefore beea descibed in
every year btione of the last 4. Until 1977, only
four yeas (1877, 1914 1924 and 1932 yielded
more than sixnew gaera. Since hen, 19 years-
more than wo thirds —have done so Of the 484
genera valid at the cu-off point for this sudy, just
over half (243) had been desciibed in the previous
23 yeas (1981-2003). Naming the first half had
taken 156 years (825-1%0).

The oifgin of dinosaur palaemtology in the
northern henmisphee, and the sulsequent increase 6
work in the suthen henisphereis refleced in the
history of new genea from the two Mesozot
supercontinents (counting India and Qoatia as
Gondwanan). As recerlly as 1913 when 81
dinosaur gerera hal beennaned, aly six were
Gondwanan: Massospondylus (1854, South Africa),
Euskelosaurus (1866, South Africa), Titanosaurus
(1877, Inda), Argyrosaurus (1893 Argertina),
Genyodectes (1901, Argentna) and Algoasaurus
(1904, South Africa). At the ed of March 2003
the 373 Laurasiangenera (7®%0) still dominate tle
111 Gondwanan genera (@23%), but the gap &
closing.

DISCUSSION

First occurrences and ghost lineages

The ealiest ard next known genea for some clades
are hee shown, togethewith the elapsedtime
(myr) between the ages in which tbegenera
originated indicaing the minimum length of the
ghostlinegge from their conmon ancesr:



Sauppada: Isanosaurus (Norian) and Vulcanodon
(?Hettangan), 15.0 myr;

Spnosauoidea: Magnosaurus (?Adenian),
Poekilopleuron ard others (Bathonian), 109
myr;

Avetheppada: Eshanosaurus (Hettangan) and
Cryolophosaurus (?Pliersbachian), 104 myr;
Carrposauria: Cryolophosaurus (?Pliensbadiian) ard

?Piatnitzkysaurus (Callovian), 30.9 myr;

Coelurosarria: Eshanosaurus (Hettangan) and
Proceratosaurus (Bathonian), 36.5 myr;

Maniraptora: Eshanosaurus (Hettargian),
Ornitholestes and ohes (Kimmeridgian), 51.6
myr;

Ankylosauria:  Sarcolestes  (Callovien) and
Dracopelta (Kimmeridgian), 10.3 myr;

Pachycephal@siria: Stenopelix (Berriasian) ad
Yaverlandia (Barreman),17.2 myr;

Cerat@sia: Chaoyangsaurus (Bathaiian) and
Psittacosaurus (Valanginian),32.2 myr;

Ornithopoda: Yandusaurus (Bathonian),
Camptosaurus and ohers(Kimmeridgian); 15.1
myr.

These reslis must be interpretedwith cautim,
as the ages of samof the cited gema (e.g.
Magnosaurus) are not certan, and the taxaomic
affinities o others have been disputed
Specifically,M. Lamanna (perenal conmunication
cited in Kirkland andWolfe 2001) hasrguedthat
the type deatary of Eshanosaurus is that ¢ a
prosarropod— an idatification which, if accepted,
would spnificantly reduce the ghost lingas for
Avethemppada, Coelurosauia andManirapbra. The
pachyephabsaurian idenity of Yaverlandia has
also bee questionad. If it is renoved fom that
clade, hen the next oldest pachygephalosaur s
Goyocephale (?Sartonian), exendng the pacty-
cephabsaur ghost lineageto 58.4 nyr. Themean of
these gbst lineages is 23myr, indicating that the
early divesification of theseclades rerans poorly
understood

The Kimmeridgian sauropod boom

The Kimmeridgian saw & unparaleled boom in
sauopod diversity, with 19 sauopad genera
appeaing during its 34 milion years. The
“sauopad genus density” of 5.59 is ecuivalent to a
new sawopod every 179,000 years. The next most
sauropod-dese ageswere he Hauterivian (1.40)
and Maastichtian (1.00). Kimmeridgian sarropods
include al seven o the diplodocids (sensu Taylor
and Naish 2005; and d these, dl but the
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PorugueselLourinhasaurus are fromthe Morrison
Formation.  So this clade, widely considd
succeskil, was in fact atremely limited in time
and pace.
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