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ABSTRACT 

Tangasaurid eosuchians are represented by 

hundreds of specimens from the p~iassic 
strata of Madagascar and Africa. The confusion 

) . 
surrounding the identification and anatomy of th~8~ 

reptiles Is resolved by comparative anat~my and 

r~lative measurements, and three genera, Thadeosaurus, 

Tangasaurus and Hovasaurus, are described. Extensive 

growth series present a unique~opportunity to study 

,,, 
differences in growth strategies in two closel~ 

rela t ed- Permian genera, on~, that weB terrestrial 

(Thadeosaurus) and the oth~r aquatic (Hovasaurus). 

The vertebrae of Youniina have a derived character 

stat e that indicates close rela'tionship wJ.th the 

tangasaurids. A new genus and species of eosuchian, 

Acerosodontosaurus piveteaul, has a specializeâ 

feature 1~ the carpu8 that ls round in the Tangasauridae • 

'l'he relationships b~ween tangasaur,idl:3 anltlher 

ooBuchlans are consldered. 
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EXTRAIT 

) Les éosuch'iens' tangasauridés sont rejpr~sentés 

1 , 

par plusieurs centaines de specimens des strates ,1 

Permo-Trtassiquès de Madagascar et d'Afrique. La 
'~ 

c'onfusion concernant l' identificati'on et l t anatomie 
, , 

de ces reptiles se resout par comparaison anatomique 

'J 
et ~esures relatives, et trois genres, Thadeosaurus, 

""'lI'anga saurus, et Hovasaurus sont ,d~cr i t s. De longues 

séries de' croissances offrent une chance unique 

d' étu di er le s di fférenc e s de strat égi e de croi s sance 
. 

dans deux genres permiens étroitement lies, un qui 

.. . 
etait terrestre (Thadeosaurus) et un autre aquatique 

{Hovasaurus}. Les vertè'bres de Younglp.a poss è dent 
Ci' 

un etat de caractère dérive qui indique une proche 

relation avec les tangasaurides. Un nouveau genre et 

espèce d'eosuchlen, AcerOBodontosaurus piveteaui, 
<;-l) J 

, \ , \ 
est dote d'un trait specialise dans la carpe ;qui ,J 

se retrouve chez les Tangasauridae. Une nouvelle 
J 

classification de~s tangasaurid~s et genres • 1 

~"troitement li~. est propos~e. 
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PREFACE 

This thesis is presented in the s yle of 

Paleeontolos;a Arr1.en. w1Ù the lntf.tlon of 

submitting section V to that journal fn the nèar 

future. Sections l and II have alreahy beeh 

1 
accepted for publication (Currie, 1980, 1981), 

\ 

\ 

and' \ 
\ 

section IV i8 being reviewed for possible publicatloh 
\ 

by the South African Museum. These sections were \ 

, 
rewritten for integratio'n intÇl the body of the 

thesis. AlI parts of the thesis as presented are 

in terconnect ed a\ld int erdep€lndant , but pu bli cat. ion 

,as a unit would not have been possible because of the 

length. '\ 

Complete descriptions are given for Hovasaurus, 

a poorly understood' genus repre sented by more than 

300 weIl preserved specimens, and a new genus of 

eosuchian from Madagascar. Only those characters 

that were prev10usly unknown or 'misunderstood are 

described in the sections on'Youngina, Tradeosaurus 

and Tangasaurus. AlI descriptive sections are based 

on original research on the specimens unless otherwlse 

credited in the text. Three systems of relative 

measurement were utillzed tô distinguish-and defi~e 
," 

\ 

\-:.: 
~< 

the genera, . and to determine the biologica,l slgnificance 

of the relative slzes of elements to growth" habits 

and ecology. Much of the Introduction and section VI 

1 \ 

\ 
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1s 'based on the .\·pu~llshed research of' other worker8. 

\ 
These sections summarlze ,a large body of publLshed , 

da t'a, and indic~\~e ,where furthe'r research' 18 
'\ 

/ 

needed. \ 
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INTRODUCTION 

t 
\ 

Reptilian classification i9 traditionally based on the 

configuration of openings in the temporal region of the 

skull (Romer, 1956). The three major lineages of reptiles--

anapsids, synapsids and diapsids--were already distinct by 

the end ot' the Palaeozoic era. The anapsid condition is 

the most primitive (fig. 49a), and is characterized by the 

absence of ,fenestra in the temporal region. Synapsid reptiles 
1 

have a single opening iq the side of the skull ben1nd the 

orbit. In general, diapsid reptiles have lateral and upper 

te~~oral fenestra (fig. 49c). Lizards, snake~, crocodiles, 

dinosaurs, pterosaurs, plesiosaurs and birds are branches 

of the successful diapsid linèage. 

In 1914, Robert Broam announced the discovery of a new 

type of diapsid reptile from the Upper permian Karroo beds 
1 

of South Afrfca. Youngina (fig. 49~ had th~ characteristic 

lateral and dorsal temporal fenestra in the-sku1l, but averall 

had a more primitive 1evel of organizatian than any diapsids 

known until that time. Broom created a new reptilian suborder, 

the Eosuchia, fôr Youngina. 

Cfince Broom's original description of Youngina, a large 
) ---number of genera from around the world have been referred to 

the Eosuchia. The ear1i~st record, according to Reisz (1981), 

.... ~ . ~_._------_ .. ~-,---_._~-- ---.. --._--,_._. --~---_._. ---.' .. 
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is Petrolacosaurus,from the Upper Pennsy1vanian strata of 

Kansas. The greatest diversity appears to have'been in 

Late Permian times, and there w â-graduaI decline during 

the Triassie when deri groups rose ih prominence. Iwo 

~~~~~~~ (Erickson, 1972) and Simoedosaurus 

1-Si ogneau and Russell, 1978), survived unti1 the 

Eocene, about 60,000,000 years ago. 

By the Late Permian, sorne 230,000,000 years ago, at 

1east three major 1ines of ~Qsuchians had evolved. One 

1ine, charaeterized by Pro1acerta (Go~, 1975) and 

Protorosaurus_ (Watson; 1957), was long thought to have been 

the ancestral stock df 1izards. This i9 no longer aecepted 

by most palaeonto1ogists, but the line appears to have 1ed 
, 1 

" to the high1y speciaIi~ed Tanystropheu9 of the Middle 

Triassic of Europe (Wild, 1973). ~Research by Carroll (1975a, 

b, 1977) has shown that paliguanids are more suitab1e 1izard 
.' 

ancestors than prolacertiform eosuchians. èarro11 considers 

pa1iguanids ~ be primitive 1izards, but in a horizontal 

classification they wou1d be c1assified as eosuèhians. The 

third major 1ine of eosuehians had radiated in the Permian 

into a diverse and successful assemblage of terres trial forms 
,.. 

1ike Youngina (Gow, 1975) and aquatic forms such a~ Tangasaurus 

• '. , 

j 
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(Haughton', 1924). This 1ine appears to have given rise. to 

archosaurs (Carto11, 1976a) and sauropterygians (Carroll, 

1981) • 

Many genera of eosuehians indep~ndent1y became adapted 

for an aquatie existence. The Tangasauridae wére close 

'relatives of Youngina that ,lived in Afriea and Madagascar 
1 

during Permo-Tria~sic times. The fami1y inc1udes both 
, • 1 

terres trial and aquatic forms, presenting a unique opportunity 

to study the diversification within a we11-defined unit of 1 

eosuchians. 
l ' .... 

Tangasaurus was a small, lizard-like reptile that was· 

described by S.H. H8ughton in 1924. The genus was based on 

specimens from Upper Perm{an strata in the vicinity of 

a, Tanzania (fig. 1). The specimens are poorly preserved, 

felt that several characters indicated 

this genus was a swimming reptile. 

Numerouswel1 pceserved speci~ens from the Upper Perruian 

of Madagascar :/Nere identified as Tangasaurus by Piveteau 
1 t. , 

(1926). During the Permian, Madagascar wa~ much closer to 

Tanzania (fig. 1) than it ia now, and the Muzambique 'Chann71 
} , 

had just started to open (BBl!Ibach et al. 1980) '. ---1 This region 

\haS been referred 
l-

" ~ncient continent 

to as the Tangasaurid Province of the 

Gondwanaland (Anderson and Cruickshank, 1978). 

. -

l, 
(' 
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Figure 1. Eosuehian Iocalities of Afriea 

and Madàgascar. Madagascar has ", 

been moved on the map to its probable 
" 

position at the end of the Permian. 
1 

l, MOunt Eliva. 2, Ranohira. 

3, Tanga, Tanzania. 4, Mariakani, Kenya 

5, Youngina Lo~a1ities. 

Sea1e • 1,000 km. 
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\ unfortunate\y, reexamination of the specimens from Madagascar 

\ previously i,\entified as Tangasaurus has shawn :jat they 

------ , . 

~ represent a d«ferent genus; Thadeosaurus (Carroll, 1981), 

. \known on~y from \\,e Upper permian of KadagaBcar.' 

\.; Tbe .w,~t C_SIY recovered eosuchian from the Upper 

Permian of ~dagasCa~ is Hovasaurus (Piveteau, 1926). After 

Haughton's pa~er of l~O demonstrated the anatomical -- \ , 
siml1arities between Tangasaurus and Hov~aurus, these genera 

, :Y 
were usua11y included as the on1y known representatives of 

the Tangasauridae (Camp, 1945; Piveteau, 1955; Romer, 1956, 

1966; Orlov, 1964; Kuhn, 1969). 

,Kenyasaurus from the Lowe~ Triassle of Kenya was assigned 

by Harris and Carroll (1977) to the Tangasauridae on the basis 

of genera! body form, the presence of a sternum and particularly 

the anatomy of thE;:'foot. 

Piveteau (1926) tentatlve1y referred several specimens 

co11ected in Madagascar to~he European genus Datheosaurus. 

However, Datheosaurus Is a junior synonym of Haptodus, the name 

given ta a sphenacodont pe1ycosaur (Currie, 1979). The specimens 

fram Madagascar belong to an eosuchian, anL have been renamed 

Thadeosaurus (Carroll, 1981). The fosslls from Madagascar that 

were ideutifled as Tangasaurus are now referred ta as 
, , 

Thadeosaurus. 

• 1 

1 1.. =es =- ___ _ 
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The tangasagri~s are the focal point for this 

investigation. A further specimen in the collections 

of the Mus~um National d'Histoire Naturelle (Paris) had . . 
been identified as Tangasaurus, but is in fact a new 

" '. ~ 
genus of eosuchian. A description of this animal ia included 

here for comparison with tangasaurid anatomy. The scope 

of the investigation was further extended when the type 

specimen of Youngina was found to have a derived character 

in the vertebrae that unites it with the tangasaurids. 

Papers by Carroll (k975a, b, 1976a, b, 1977, 1978, 

1981 ) , Cu r rie (1980 , l 9 81 ) , Er i c k son (19 ? 2 ), Go w (197 5 ) , 

Harris and ,Carroll (19??), Reisz (1977, 1981), 

\ Russell-Sigogneau and Russell (1978) and Wild (1973) 

have substantial1y increased our knowledge of primitive , 

diapsid reptiles, ~nd it is appropriate to co"rÎsider 

the relationships of tangasaurids to other eosuchians. 



... j 

(' 

( 

( 

- - 8 -

Historica1 résumé 

In 1902, E.F. Gauthier mentioned the presence of a 

''bande triasique" on the is1and of Madagascar. The first 

fossi1s were collected from this region ln 1908 by Captain 

J. Co1canap, who sent at 1east two specimens ta Boule in 

Paris. Boule (1908) announ~ed the discovery of reptiles 

from the Sakamena River Valley, and pointed out that the 

association with G1ossopteris fronds suggested that the 

beds were Permi~n in age. The first two specimens sent 

are now known ta represent Thadeosaurus (MNHN 1908-5-1) 

and Daeda10saurus (MNHN 1908-5-2). The second shipment' 

(MNHN 1908-11) included the counterpart of the Daeda10saurus 

specimen sent in the first mailing, plus specimens of 
" 

Athersto;ia, Co~lurosauravus (Carroll, 1978) and Thadeo,aurus 

(Carrod, 1981). It wou1d aEpear 'that a11 specimens c~tlected 

up t~ that tinte were from a single locality becau~ no 
1 

subsequent collections have turned up the articulated remains 

1 
of the three reptiles. Two more shipments totaling mote than 

1 
j 

125 specimens collected by Colcanap in the Sakamena R~ver 1 

Valley reached l'aris in 1908. Almost ever) identifi~~le / 

reptile specimen belongs to the aquatic genus Hovasahrus,/except 
} 

for one ~pecimen that will be describ~d as a distindt eo~uchian 
genus • 

.... , "~t 

! '," 
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MOre than 90 iso1ated amphibian and reptile bones 

were sent by Co1canap to Paris in 1909. The elements 

recovered from numerous sites in the Benenitra~rea 

(fig. 2) have been identified as the ancestral sauropterygian 
) 

Claudiosaurus (Carroll, 1981), Acerosodontosaurus (Currie, 

1980) and therapsids. An arnphibian jaw found north of 

Ranohira was the strongest evidence used until recently 

for correlating the fossil beds of Madagascar with those 

of South Afdca. 

H. Perrier de la Bathie sent a fine collection of fossil 

plants to Zei1ler (1911), who conc1uded that the flora was 

Triassic in age. ,Amongst the plant fossils was a single 

specimen of Claudiosaurus (MNHN 1910-33-1) that had been 

eollected on the Sakamanigy River east of Ra~ohira (figs. 1, 

2) five metres above the contact with the Precambrian shield. 

Piveteau (1926) collected more than 200 fossils from the 

Permo-Triassic beds of Madagascar in 1925. Most of these 
I~ 

seem to h ve been collected at Mt. Eliva (fig. 2) and represent 

Hovasaur Is01ated bones collected from the Benenitra and 

Ranohira regions represent the same"genera found in the Colcanap 

collee t~ons • 

eosuehi~n8 of 

Piveteau published the first major paper on the 

Madagascar, and included the first rigorous 

-observatfons on'the Permian strataof the Sakamena River Valley. 

_ .. _ ....... ___ eE ... • ...... _ ....... "''"''-=-~--· -""-..,- ~- -....-- -- ---~ .. -~ .. _- .. ,..~-
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Figure 2. Upper Permian collectlng sites in 

Madagascar. Left, the Island of Madagascar. 

Right, collecting locallties for amphibians 

and reptiles of the Lower SakJimena Formation. 
" 

Cirele, collect lng si te; square J geographic 

location; l, Rhinesuchus; 2~ isolated 

bones of ?labyrlnthodont amphibians; 3, 

lso1ated bones of reptiles; 4, BarasaurUB 

besairiei Piveteau; 5, ?Acerosodontosaurus;o 

6, Hovasaurus boulei Plveteau; 7, 

Claud~osaurus germain! Carroll; e, 

?Daedalosaurus; 9, articulated, 
i 

,r, 
unldentlfled reptile remains in nodules. 

Hovasaurus remains were recovered a1so -=-= -

trom unknown localities in the lower 

courses of the Sakamena and Iànapera 

Rivers. Thadeosaurus, Coelurosauravus 

and Daedalosaurus collected from a site 

1 

in the Sakamena River Valley. Isolated 

therapsid remains are probably trom the 

Benenitra area. Scale la 50 kilometers. 

After Plveteai, 1926, Tortochaux, 1950 

and~ Besairle, 1953. 

Yellow, lower Sakamûna; green, Middl~ and 

Upper Sakamena Formation • 
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Between 1926 and 1929, H. Besairie studied the 

.• ~t~ti~r2phy of the Permian formations' south of the 

- Onilahy River (fig. 2). Spec~mens,_~f Hovasaurus collected 

at Mt. Eliva were sent to Paris (Basse, 1934)~~Dd the South 

African Museum. The rèpti1e-bearing beds were named the 

Lower Sakamena Fo~tion. 
1 

\ In 1929, L. Barrahe recognized that the Sakamena beis 

of the south of Madagascar extended a~'far north as Cape 

St. André. 

E. Basse (1934) studied the Permo-Triaasie outcrops 

between the Onilahy and Mangoky Rivers. She did not co11ect 

, any vertebrate fossils, but did find pelycopods that were 

studied by Cox (1936). 

From 1945 to 1949, F. Tortochaux (1949, 1950) examined 

the P~rmo .. Triassic beds between the Onilahy River and Cape 
Il 

Saint André. Many ~pecimens of vertebrates were co~lected 

and sent' to Paris, but their present iocation i8 unknown. 
j 

The published identifications of the foseil rep~i1es are 

Detalled s~dies on the stratigraphy and~niCS of 

unreliable. 

the Upper Permian of Mad~gascar were underfaken by'P.S. 
, ' . 

Rirtz (1949) and P. Criqüet (1950, 1951, 1952) for the 
t, 

" l " '" Syndicat d'Etudes et de" Recherches Petrolieres. 

'::\ 
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, ' In clearing an area to set \q a drilling ri.g, a large 
1. 

number of reptiles were found ~ty' nodules at the top of the 
/./ 

- - ~ ./ 1 ~ 

Lo~er Sakamena Formation (C. Ge~ain, 1953) near Leoposa 

(fig. 2). These have been described as Claudiosaurus 

(Carroll, 1981), a reptile with eosuchian affinities, and 

features expected in an ancestor ot"nothosaurs and plesiosaurs. 
/-

~ 

The most recently described collection of Permian reptiles 

from Madagascar included the type specim~n of the procolophonid 

Barasaurus (Piveteaor, 1955a) from the vicinity o~ Ranohira. 

" In 1973, R\L. Carroll examined the eosuchians from 

Madagascar in the collections of the South African Museum 

and the Mus~um National d 'Histoire Naturelle, and initi,ated 

the fir~l detai1ed studies of these reptiles (Carroll, 1978, 

1981; Currie, }..980) sinee Piveteau's paper in 1926. 

The known specimens of tangasaurids from Af.riea are few 

in number. The type speC!imens of Tangasaurus were found in 
{j 

1 the Mzimbazi River near Tanga, Tanzania by F.P. Mennell'in 

1922. Although Haughton described two specimens from this 

Site, Mennel1 (1930) reported that he had found a "number of 

near1y comp!ete -skeletons of a l1zard-like rep,ti1e ••• two 

being empedded in the ordinary sha1e and six in concretions". 

Thé w~reabout8 of these other tilpecimens i8 unknown. Janensch 

(1927) noted that reptilian bone fragments were diseovered by 

Reck -in the Tanga beds in 1913. There is no other record 

fi. 
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/ 

of this area. 

only' known specimen of K~yaseurus was found in Lower 

eds 25 miles from Mombasa ', Kenya (Harris and Carroll, 

1977) • N other reptile fossils have been reported from this 

regidn. 

--:" ___ ~"'---"-~ '/r-";"';'''---''--''';';' 0 f the Tangasau ridae 

series of Madagascar was divided lnto three 

groups by Besair e (1930), which are separated by discordances. 

The lowest i5 the akoa group, which was deposited during Early 

and Middle Permian This i8 unconfonnably overlain by 

~he Sakamena Group, overlain by the Upper 

Trciassic of the I8a10 Group. 

The intosix members 'south 

of the Oni1ahy River. to top, the8e members are: 

1. Basal 

2. with limestone intercalations. 

3. • The Vohipanana-Ambat 

4 • Upper shales and sands 

5. Marine sha1es with sept~ ian nqduJqs. 

6. The uppetred series • 

~mbers one to four' are cons:f,dered 

Formation, five i8 the Middle Sakame 
1 

Sakamena Formation. AlI records of 
1 

J 

the Lower Sakamena 

and six ia the Upper' 
ï 

~ 
rep' iles from the Lower 

~ 

__ "~~ ______ w-.-"""~. ___ .~ _____ ,,, __ ,,<. 
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Sakamena are from the fourth horizon. Tortochaux (1950) 

reported Tangasaurus specimens from the Middle Sakamena 

Formation. However, his identification cannot be confirmed 

and he included the upper level of Horizon 4 in the Middle 

Sakamena Formation, a practice not followed by anyone else. 
• 1_ 

The Sakamena fo11owed a tectonic phase, whicn explains 

the discordance between the Sakoa and Sakamena Groups. The 

basal conglomera te is not always present, but is widespread. 

The Sakamena can lie on-Sa~pa beds, or directly on the shie1d. 

) The basal facies are isotopic but not synchronous. 

The combined sha1e and sandstone comp1ex of Horizons 2, 

3 and 4 is thick and extensive. The litho1ogy ~as been described 

in detail by Besairie (1930), Tortochaux (1949, 1950), Hirtz (1949) 

and Cliquet (1950), and summarized by Besairie (1971). The 

complex is 870 metres thick in the·lambiky-Benaha region 
" -1{ 

(Tortochaux, 1950>', 950 m in the region of Ants~akaky (Cliquet, 

f 1950) a~d more-th~n 1,500 m south of t~e:Onilahy River (Hirtz, 

1949) . À borehole drilled into -the Sà'kamena Group north of the 

Onilahy River and west of Benenitra (fig. 2) traversed more 

than 2,500 m of Lower Sakamena strata witho~t rèaching the lower 

limit (Besairie, -1971). This suggests that the formation has 

a tendency to be thicker away from its eastern borders at the 
1 

shield. The Lower Sakamena thins out towards the north, where 

) " 

---
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the Middle Sakamena Formation becomes thicker. 
1 

Piveteau (1926) felt that the Lower Sakamena sediments 

cou Id have been depos!ted in lagoons. Sorne petroleum geologists 

(Rirtz, 1949; Cliquet, 1950,1951,1952) have expressed -their j 

belief that the Lower Sakamena Formatio~ is mainly of marine or 

estuarine origin. The limestones at the base of the formation 
1 

are unquestionably marine. Goubin (1965) concluded on the 

basis of microfossils that there are typical marine intercalations 

(with acritarchs, dinoflagel1ates and foraminiferans) throughout 

~he formatien~ but thht most of the formation is continental in 

'origin. Most authors consider the Lower Sakamena formation to be 

primari1y of continental origin-because of the presence of 

terres trial plants and vertebrates. 

Fossilized reptile remains can be fouqd at rnany levels in 

Horizon 4. Articulated remains are found in nodules, and usual1y 

1ack head and tail. The bene ~s softer than the fine grained 
1 

sandstone of the nodules~ and for the most part is eroded out 

after the nodules split. The majority of specimens are natura1 

moulds of the animaIs, and it is necessary to make high fidelity 

latex or silicone rubber casts as an aid in study (Baird, 1951). 

The nodules are common only at' certain sites.' Disarticu1ated 

bones are frequently found in th~sebeds of coarse grave1. 
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Age of the Tangasaurid-bearing Sediments 

The Sakamena Group ine1udes both Upper Permian and Lower 

Triassie strata (fig. 3). The Lower Sakamena Formation'has 

been referred to the Triassie by some authors, but is genera1ly 
1 

eonsidered as uppermost Permian: 
1 

Pollen has been used by Jekhowsky and Goubin (1964), 

Goubin (1965), Hart (1969) and Anderson and Anderson (1970) 

to show that the Lower Sakamena Formation i8 Permian. Hart 
1 

(1969) eorrelated the formation with the RusaiQn Tatarian 

(Dzh~fian Standard Stage). Goubin (1965) divided the Lower 

Sakamena Formation into three pa1yno1ogiea1 zones south of 
1 

the Menamaty.River. The zonation was not aS c1ear in the 

northern sample area"-'.1.:'.The dominant pollen types Jin the lowest 

zone~ lA, are Platysaccus praevius and Platysaccus fuscus. 

/ G1uttulapol1enites hannoni~us and(,incertae sedis B domina te lB, 
1 

and Vittatina atriata, Lueckisporites ~irrkiae and 

Gluttulapollenites gondwanensis are most common in TC. 

Alisporites papillo is ~haracteristic of aIl of Zone 1. 

Anderson and Anderson (1970) feel Vittatina is equivalent to 

Paravittatina of the Permian of Pakistan. 

The palynologieal zones correspond roughly with the 

lithologieal separation between the Lower and Middle Sakamena 

Formations at most sites. At Saloanivo (Madagascar geographic 

g~id co-ordinates X=289, Y-223, fig. 2), the top of pollen 

" ___ ~~ _____ .~ _N~~ -=-~~:..~~ 
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Stratigraphie correlation showing 

relat ive age of kn.own genera of 

younginid and tangasaurid eosuehians. 
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zone ,IC is 1n the Middle Sakamena, at Antsokaky (X=3l7, Y=273) 

it lEi 213 metres 'below the contact between the Lower 'and Middle 

Sakam~na Formations, at Ambalabe dC=462, Y=275) it is in the 

Middle sakamena\ and at Leoposa (fig. 2) it is almost exact1y 

f at the contact. \Pollen and spore dispersal tends to be widespread 

and ls usually a better indicator of absolute time than lithology. 

This suggests that the 1ithological contact between the Lower and 

Middle Sakam~na Formations 19 not synchronous , throughout 

southern Madagascar. 

Among the collections made by Colcanap in southern Madagascar, 
1 

there were specimens 1 of Glossopteris, which 1ed Boule (1908) to 

the conclusion that these b~ds ,were Permian in age. At least one 

reptile specimen (MNHN 1908-5-1) from the Sakamena River Valley 

:l:s assoèiated with a frond of Glossopteris (Haughton, 1930). 

Glossopteris has a1so been reported from Tambohazo (X=628, Y=326f! 

Carpentier. 1935), Ranohira (uppermost levels of the L. Sakamena; 

Besair;l.e, 1957), Lola (X=352, Y=288; Tortochaux, 1950), northern 

Madagascar (Ber;;airle, 1971) and many other localities ,in the 

lower Sakamena Formation. 

Carpentier (1935, 1936) described and il1ustrated plant 

fossils 'from severa! sites. His identlficst~ons were amended 

by Townrow (1966, 1967) and Andérson and Anderson (1970) • 

G1ossopteris sp., Baiera sp., and VOftziopsiS africana are 

repognized from ~amboh~X"6!8, Y"326), and Anderson and 

1-

-$1 
( 
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Anderson (1970) suggested tbe bed there ta be Upper Pe~an. 

Thinnfeldia calliptero:ldes, Lepidopteris madagascarensis, 

Taeniopteris sp., Rissikia~. Voltziopsis africana and 

y. wolganensis are known from Amboriky (X=695) and other 

loca1ities. Anderson and Anderson 1970) feel the flora 

of Amhoriky can he used to corre1ate the Lower Sakamena 

Formation with the lowermost Narrabeen (probah1y Upper 

permian) of Austra1ia. 

Another typical member of the Glossopteris flora, 

Schizoneura gondwanensis. has been identif~ed from numerous 

sites (Zei11er, 1911). Basse (1934) noted, that these were 
. " 

the best preserved plant remains between the Oni1ahy and 
f, 

Menamaty Rivers. Unfortunate1y, none of the sp~,~imens were 

il1ustrated, and therefore the identification has not heen 

inc1uded in recent pa1aeobotanica1 reviews of the Madagascar 

Permian. 

The Vohipanana-Ambatokapika 1imestone horizon south of 

the Onilahy River is dch in Syringopora and C1adochonus 

(Besairie, 1930), two cora1s that are not known from beds 

youngar than the Upper Permian. C1adochonus i8 known a1so 
\ 

from a iimestone bed just libove the cong1omerate level near 

Bena (X-335, Y"287), 5 tan south of Antso~ky (Tortochaux, 

1950) and near Ambohitra south of the Onilahy (Tortochaux, 1950). 

~,,"---- - ~---"--"' --- -__ ._._~1 ..--""-- ........ _ .... '_ .. ~ ". ......... ,. ...... ___ . ______ ~._ .. , ~-- .. ---- -~-
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Basse (1934) discovered a two metre thick 1ame11ibranch 

bed near Bena at the confluence of the Bena (= Benaha) and 

lmaloto Rivers. The bed is above the conglomerate and not 

far below the "Rhinesuchus" horizon. Numerous specimens 

from this locality were stuâied by Cox (1936). GerV~lia 
elianae and Modio1opsis stockleyi are known from the Lower 

Sakamena Formation of Madagascar, and fr~m Tanzania, but 

from nowhere else. The lamellibranch fossiis therefore cannot 

be used as reliable stratigraphie indieators. Cox (1936) 

concludes,hdwever, that the Tanzania lamellibranchs have Permian, 

not Triassic, affinities. He also suggested that Gervillia 

and Modiolopsis were freshwater genera. 

Middle Sakamena beds of northern Madaga~ear have been 

correlated with beds in southern Madagascar on the basis 

of litho1ogy and fish fossils. Under1ying horizons in the 

north near Ankitokazo are considered to be the top of the 

Lower Sakamena Formation, are of marine origin, and inelude 

the Upper Permian (Guad~lupla~ and Dzhulfian) ammonites 

Çyclolobus and Xenaspis (Brenon. 1972). Lower horizons in 

the Lower Sakamena.heds of the north include the Middle 

Permian hrachiopods Productus and Spirifer. ' 

Articulated fish-remalns are uncommon in the Lower 

Sakamena Formation. Colcanap co1lected four specimens of 

the palaeoniscoid Atherstonia (Boule, 1910) in the Sakamena 

tl.i.. __ 

~ -----~- ~- -f<-______ ... ~ 

: 
i 
\ 

\ 

, c 



(' 

J ( 

- 23 -

/ 
River Valley, presumably at the same' site as Thadeosaurus, 

Coelurosauravus and~aedalosaurus. Atherstonia colcanapi 
------ .::.::.::=;;;;::, ~ It 

was deseribed by Priem (1924) on the basis of these specimens. 

Piveteau recovered a good specimen (~ 1925-5-2) of 

Atherstonia colcanapi at Mt. Eliva. Dr. Brian Gardiner 

(letter to Dr. R.L. Carroll, March 8th, 1976) reexamined 
1 

these specimens, eonfirmed their generic identification, and 

pointed out that the genus is known only from the Upper Permian. 

Pa1aeoniscoid sca1es have been reported from numerous sites in 

the Lower Sakamena Formation (Tortochaux, 1950), but could 

represent genera-other than Atherstonia. A palaeoniscoid 

recovered from Ranohira'(Besairie, 1971) appears to be a Lower 

Triassie genus (B. Gardiner, pers~na1 communication). 

Boule (1910) was the first ta report on the remains of 

amphibians from Madagascar, referring to the mandib1e of a 

labyrinthodont. Piveteau (1926) identified the jaw as 

Rhinesuchus cf. senekalensis, a species known from the 

Daptocepha1us Zone (uppermost Permian) of South Africa. 

Besairie (1949) fe1t that the jaw probab1y came from Middle 

Sakamena beds, but aIl other workers seem ta consider the 

jaw as beinS from the, uppermost 1evels of the Lower Sakamena. 

Barasaurus besairei (Piveteau, 1955a) is a proco1ophon1d, 

that was found in Lower Sakamena strata 1,500 m northeast of 

Ranohira (Besairie, 1971). lt is close1y related to, and' 
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p08s1b1y 8ynonymous with, Owenetta of the Daptocephalus Zone of 
, 

South"Africa, which 18 considered to be Dzhulfian (fig. 3)". 

Cliquet (1957) ha~ suggested on t;~e basis of tect~mic 

evidence that sediments in the Early Sakamena depositional 

basin between Benenitra and the Mangoky River are somewhat 

older than those of the Sakamena River Valley. 

Even though the Lower Sakamena Formation may have been 

depodted over a long period of time and at different times 

in different areas, most, fossils indicate that the formation ,. 

i8 probably Upper Permian. 
, ~'·1 

The two best types'of fossUs for 

dating, pollen and ammonites, indicate that the Li'Wer Sakamena .,- . 
Formation is best referred ,to the Dzhulfian Standard Stage, with 

an estimated age of 225 to 230 millian years. 

Across the Mozambique Canal from Madagascar, the type 

specimens of Tangasaurus were found ip the Middle Division of 

the Tanga series of northeastern Tanzania. The supposed 

1 presence of Tangasaurus in the Lower Sakamena Formation of 

Madagascar was the strongest evidence for correlating ,this 

formation with' that in Tanzania. The Middle Division of the 

Tanga series is more th an 1,000 m thick (McKinlay, 19S6~, and 

has been compared lithologically with the Lo't..T .rSakamena 

(McKinlay ~ 1960a). Plants r~covered from these strata inc1ude 

severa! species found in the Lower Sakamena Formation (Seward, 

1934), and have been referred provisionally to the Upper permian 

. , 
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(HacKinlay, 1960b). 

\ 
Kenyasaurus was recovered from the upper part of 

the Maj i ya Chumvi Beds of Kenya, which àre usually . 

correlat.d: with the Middle Division- of the Tanga Beds 

(Miller, 1952; Caswell and Baker, 19?:~1 McKinla~, 1960a). 

A marine sha1e in the Middle of the Maj i ya Chumvi beds ' 

includes the remains of Boreosomus gillioti, a1so known 

from the Middle Sakamena Formation, which 18 considered to 

be Lower Triassic. Mos t authors, inc~uding Harris and 

Carroll (1917), conslder the upper part of the Majl Ya Chumvl 
, ' 

as Triassic, but the evidence is Inadequate. Anderson and 

Cruickshank (1978) refer Kenyasaurus to the Dzhulfian Standard 

Stage, but do not state their reasons for doing this. 

Younglna, a close relative of the Tangasauridae, la 

-found in the Daptocephalus zo~e of the Karroo of South Africa. 

Like the Lower Sakamena Forniation, this la consldered to be 

equiv~lent to the Dzhu;.1fian Stage of the Upper Permian 

(Anderson and Cruickshank, 1978). 

In summary, the tangasaurids Hovasaurus and ThadeQsaurus 

from ~dag.ascar are known on1y from Dzhulfian times of the' 

Late Peruu.an. Tangasaurus and KenyasauruB Jrom Africa could 

have been, contemporaries, although some weak evidence suggests 

that the latter genus 1ived 'during the Early TriaBsic. 

li 
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Youngina, an animal close ta the ancestral stock of the 

.-:_ tangasaurids, apparently also lived in Dzulfian times and 
r lU' 

.. 

could not have:been directly ancestrai unl~ss it had 

originated earlier. 

Distribution of the Tangasauçidae u 
o 

During the Late Permian, the known sites for tangasaurid 

eosuchians in Madagascar, Tanzania and Kenya were geographically 

close (fig. 1). Tangasaurus and Kenyasaur~s are known" from only 

one site each, whereas fossil reptiles are known from many 

~er ~e~ian sites';n Madagjscar (fig. 2, Appendix 1). 
1 

The " 

precise location of Colcanap's discoveries is unknown; there 

are discrepancies between locality names in the catalogues 

and ~he literature, and reptiles from sorne sites have been 

mis~deniified. lt is important ta clea~ up some of these 
1 • , 

problems if we are ta interpret the depositional environment 
r 

tbat contributed ta the preservation of the tangasaurids of 
1 

Madagascar, and ta understand the palaeoecology of the Lower 

Sakamena environments. 
j 

As pre~ously mentioned, the first collection made by 

Colcanap incl~~ed thé'tangasaurid -Thadeosaurus associated with 

Glossopteris, Atherstonia, Coelurosauravus and Daedalosaurus. 

This material probably came from a single site in the Sakamena 

River Valley, but not Mt. Eliva as Piveteau (1926) assumed. 
! 
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The absence of Hovasaurus is noteworthy because both Atherstonia 

and Glossopteris are found with Hovasaurus at Mt. 'Eliva, suggesting 

that both sites are probably synchronous. A sIngle rib of 

Daedalasaurus was found in a nodule with a skeleton of Claudiosaurus 
-.' 

'-near Ranohira, but Thadeosaurus and Coelurosauravus have not been 

found in any other localities. 

Piveteau collected more than two hundred fossils in 1925 

from the Permian beds between Mt. Eliva and Ranohira. The Paris 

catalogues state that 40 spepimens were collected ~ar the village 
1 

of Besakoa on the lower course of the Sakamena River, 45 s~ecimens 
',,-

were from the lower course of the Ianapera near the vi~lage of~~ 

Vohibory, 60 were from Mt. Eliva and 30 from the Imaloto River 

near Ampasindrasoa and Ranbhira. However, Piveteau (1926) only 

mentions Mt. Eliva and shows neither Besakoanor Vohibory on his 

maps. Villages of these names are not marked on any recent maps 

of the lower/~ourses of the Sakamena or Ianapera Rivers. It 

seems possible that aIl of Piveteau's specimens wer! recovered 
.. -

" 

from the Mount Eliva region and·that the catalogues are in error. 

There are two reasons for this assumption. 
1 

The lower course of , 

the Sakamena passes through Lower Triassi~ becls-<where one would 

not· expect to f1:nd Hovasaurus. Although the Lower Sakamena 
~ f 

~ormation ~s exposed along the lower courses of the Ianapera 

River, only disarticulated bones were found there by Tortochaux 

(1950). .' 

',. 
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A large number of disarticulated bones were co11ected 

from numerous sites in the Lower Sakamena Formation by 

1ortochaux (1950). Most were identified as Tangasaurus and 

Hovasaurus on the basis of erroneous criteria, and the 

. identifications have been pub1ished by Tortochaux (1949), 
[) 

Besairie (1971) and others. Because the identifications of 

the specimens are questionable and their present location 
- l' 

unknown, most loca1ities cited by Tortochaux are meaning1ess., 

The most common eosuchian in the Lower Sakamena Formation 

18 Hovasaurus. Co1canap co1lected many specimens of this genus 

somewhere in the Sakamena Valley in 1908, Pivèteau recovered 

more from the foot of Mt. ~liva and about a kilometre to the west 
/ 

of the rest stop named Sakamena in 1925, and Besairie collected 
} 

at 1east eight from Mt. E1iva between 1926 and 1929. 

Near Ranoh~ra (fig. 2), west of the junction of the 

Beroroha-Ihosy routes, there ia a bed of ai1tstone nodules 

containing reptile and plant remains. The bed was first n?ticed 

by Gence in 1938 (Tortochaux, 1950). QU~rtz pebbles are found 

in the abdominà1 region of the partial ske~etons. The s~ernum 

i8 ossified, the humerus is curved vith a greatly enlarged distal 

end, and the tail la specia1ized for swimm1ng. These are aIl 
) 

diagnostic characteristics of Hovasaurus. 

A specimen of Hovasaurus (AMNH 5333) co11ected at Kalivari ' 

ou Madagascar Is 1n the collections of the Americau Museum of 

1 
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Natural History. Kalivari is not on any of the maps of Madagascar 

tbat l have access to, and the specimen pas no other information. 
t 

Palaeoecology of Tangasaurids 
.. 

The known fauna and flora of the Lower Sakamen~ Formation 
1 

are summarized in Appendix II. The specimens were collected 

from strata representing many different depositional ~nvironments. <.-. 
The formation is extensive, both horizontally and vertically. 

.! 

,The number of specimens collected from each site and the associated 

data are usually Inadequate. Even 50, faunal differences can be , 

seen at different sites. 

Many plant genera considered typical of the Glossopteris 

flora of the southern hemisphere are not found in Madaga~car, and 

the flora lacks variety. The low diversity and the presence of 

growth rings in silicified wood Buggests seasonal variability. 

Seasonal stress i8 expeéted because the,study area was located at 

a a high latitude, 60 South during Permian times (Bambach et al, 

1980). 

The remains of reptiles are the Most co~only preserved 

vertebrates in the Lower Sakamena Formation. .The reptile fauna, . 
dominated by eosuchians, strongly contrasts w~th the contpmporary 

faunas of South Africa where therapsids are the dominant j 

vertebrates. For a long qime it seemed that therapsids were not . 

present in Madagascar, but a single vertebra was recovered ~ecently 
.25 

from the red beds of the underlying Sakoa formation (Besairie, 

•• ---~------~ .------.. ""_'"':'-.m.,~} 
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. ( 
~ 

1971). A number of isolated therapsid bones were found id 

collections from the Lower Sakamena Formation of the Benenitra ,. 

region (Carroll, personal communication, 1975). These have been 

tentatively identified as a dicynodont vertebra and tusk, and 
1 

./ 

the anterior end of the dentary of a carnivorous therapsid. It 

appears highly probable that the rarity of therapsid~ in the 

Lower Sakamena can be attributed to a different habitat from 

that represented by the Karroo System of South Africa. 

'" The osteology of Thadeosaurus and its association with 

" Coe1urosauravus and the gliding reptile Daedalosaurus suggests 1 

that this animal could have been terrestrial. Fish remains found 

at the site show that the depositional environment was aquaeous, 
( 

but the articulated nature of the terres trial specimens suggests 
-,' 

1 

that 18 was not far from land. The absence of the'aquatie 

tangasaurid Hovasaurus is Interestihg because it appears to have 
1 

been a contemporary of Thadeosaurus (both genera are associated 

with Glossopteris ànd Atherstonia). 

Hovasaurus ia common in Lower Sakamena atrata at Mt. Eliva, 

and is probably also'present at a site near Ranohlra. At this 

time, it can be aS,sociated with only two other animaIs from the 

Sakamena River Valley -- one specimen of the palaeoniscold fish 

Atherstoni~ and a single specimen of th~ eosuchian 

Acerosodontoaaurus. 
, 
J 1 

't 
" i 

( 

~ J 7 



" 

1 
1 
; 

l 
t 
f 

- ( 

( 

( 

J 

- 31 -

The type specimen of Acerosodontosaurus is associated 

with a large number of Hovasaurus specimens from the Sakamena 

River Valtey. Some isolated bones found in association with 
/ 

the aquatic reptile Claudiosaurus at Benenitra probably 

represent Acerosodontosaurus. The association with aquatic 

genera suggests that Acerosodontosaurus could have been an 
• 1 

aquatic reptile, whereas its rarity at the two sites could 

mean that its remains were washed in from a terres trial 

environmen t • 

-The remains of Claudiosaurus are commo~ at Benenitra 

and Leoposa, and one specimen was found near Ranohira. Because 
/ 

Acerosoâontosaurus is associated with both Claudiosaurus and 

Hovasaurus, it seem~ likely that thè latter two genera were 

contemporaries. This view is supported by the'fact that 

Claudiosaurus fossUs have been found at stratigraphic levels 
J 

above and below the Hovasaurus level at Ranohira. The apparent 

absence of Hov~saurus from sites where Claudiosaurus is 

abundant implies that these two awimming reptiles inhabited 

two distinct aquatic environments in the same general region 

during early Sakamena timea. 

~learly any conclusions made concernlng Lower Sakamena 

depositional environments and palaeoecolocy are specul~tive at 

this time. The data ia suggestive of at least four distinct 

-. 
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( 
palaeoenvironments distinguished by the following faunal 

associations~ 

1. Mar1rle invertebrates. No identifiable reptiles. 
\ 

2. Dom1nated by terres trial reptiles (Thadeosaurus, Daedalosaurus, 
, .' 

Coe1urosauravus); The pala~oniscoid Atherstonia makes up 

25% of the specimens. 

3. Strongly dominated by Hovasaurus (97-99%). Acerosodontosaurus-

1 

f 
and Atherstonia present. 

f 4. Dom1nated by Claudidsaurus. Associated terres trial elements 
i 

f inc1ude Acerosodontosaurus, Daeda10saurus and the tberapsids. 
t 

! 
<-
t 

1· ( 
1 

Fieldwork concentrating on the detai1ed stratigrapby, taphonomy 

and palynology of fossi1iferous sites is necessary to confirm 

the significance of these associations. 
1 
1 

f 
r , Measurements 

~ 
! Sp~ens of Acerosodontosaurus, Thadeosaurus and Hovasaurus 
( 

r-
I 

are preserved in siltstone nodules with calcareous, siliceous cement 
! 
1 

1 (Tortochaux, 1950). '~en c011ected, most of tbe bone bad eroded 
! 
1 

out of the split modules, leaving only the natural moulds of tbe 
j 
I-

l bones in the counterpart blocks. High fidel 4 ty latex or silicone 

rubber casts were made fiom t;be moulds as an . id in studying the 

specimens., AlI measurements were taken from the casta for 

consistent resu1ts, even though the nodules were available for ,\ 
! 

i 
some of th~ specimens. A hundred comp~rative measurements were 

made betweèn the original specimens ~nd casts to de~ermine how 

------_.~---- '·.l~ 
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much shrinkage had,occurred in the reproductions. lt was round 

that the average shrinkage in latex casts was 1.2%, while in 
1 

casts of silicone rubber shrinkage was 1.0%. This amount of 

shrinkage is negligible for the majority of me~surements because 

cf the small size of the bones, hence no attempt was ~de to add 

a ccrrecticn factcr tc measurements made from casts. 

"AlI measurements were made by means cf a calliper tc the 

nearest tenth cf a millimetre. 
< 1 

Because of the large number of 

specimens involv,ed and the large number of measurements per 

specimen, most meas~'rements were made cnly once. Bivariate 

graphs wer~ made, comparing the length or width of the element 

being studied (y) with the average length of a dorsal centrum 

(~) (fig. 4). 1 Any points on the~raphs that were inccnsistent 

vith the general trends were ncted. Once the list was long 

e~gh tc eliminate aIl memcry of why a particular point was 

inccnsistent, the measurements of the inconsistent points were 

taken again. This time each dimension"was measured four times 

" 1 and the average measurement was taken as the final figure. ln 

most cases there was not a significant difference from the 

original measurement, but some mistakes were found. 

~engths were measured between perpendiculars to the 

1 \ longitudinal, axes of the bones, and widtl,s between lines 

paraUel tc the lcngitudinal axes. L1mb bone measurements of 

length, prcx1malJwidth and distal width were made between the 
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• 
points of greatest separation, whereas shaft width ~as taken 

from the narrowest region of the shaft. 

In general, ,the skeletons had co11apsed into a single 

plane, but show signs of crushing'and distortion only in the 

largest bones. Crushing has litt1e effect on the length 

measurements of 11mb e1ements. In longitudinal section, the 

ûpper and lo~r surfaces of a limb bone are almost para11el 

and crushing forces are not severe ~ough to do more than 

col1apse the upper surface. 

J 
after crushing 

:,., s:t'!': :t_* # :=*:,%,#::*:::: :: 

Width measurements are more variable. In cross-section a 1imb 

bone is an ellipse or circle, the circumference of which ls 

greater than the width (diameter). When crushed. the apparent 

width can increase up to one half the circumference of the outer 

surface, a1though this is never reached because of ~urved, 

overlapping sections. 

W1dth before crushing 

Apparent width after crushing , 
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The curvature of the bone contributes to the higher 

variability of width ~~s~r_em~~~s in another way. Almost 

every bone is split when a nodule is cracked open. In most 

cases. the longitudinal division of a bone occurs at the level 

where the bone ia widest. 

Cross-sections 
split in 

If split above or below this level, the diameter or width 

of the bone at the level of division will be less than the maximum 

diameter. In'most cases, ooly one half of each nodule was 

recovered and it ia impossible to know whether or not the full 

width ia represented. 

Cross-sections of 3 bones. 
one split aseymmetrically 

Apparent wldth of bone if 
only upper portion found 
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Comparison of measurements is one way to answer questions 

of identification or relationship of extinct and living taxa. 

This proved critical in this study because Hovasaurus and 

Thaneosauru~ are so similar anatomically that many specimens 

could only be ~dentified by comparative measurements. It was 

ooly after the identifications were made that it became 

apparent that the genera are locality specifie. There are many 

ways to analyse the measurements made on specimens, and each 

méthod has some advantages. 

Multivariate analysis summarizes large numbers of 
, 

observations into a smalt number of axes (Gould, 1967). There 

• are numerous programs possible that can be ana!ysed quiekly by 

computer. Multivariate analysis has been used with pelycosaurs 

(Gould, 1967; Gould and Littlejohn, 1973) and modern repti~es 

(Dodson, 1975a, b), and proved useful tor establishing general 

trends. However, it did not provide information specifie enough 

for ~et,iled comparisons between genera, and therefore was not 
o 

used in this investigation. 

MOre specifie comparisons are possible if they are 

bivariate, provfded a suitable st:anda'rd for comparison can be 
1" 

established. Ramer and Priee (l940) developed a standard of 

; , 

'measurement that allowed them to compare objectively the relative 

dimensions of bones of animaIs of different sizes. The standard 

was based on half the transverse width of a vertebral centrum 

(~) from the Middle or pos~erior dorsal region. The orthometric 
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2/3 lineAr unit, ~ (Ramer, 1948), is proportional to the weight 

of the animal when it was alive, and appears to be the ideal 

yardstick for measuring bones. If the length of a bone is 

divided by the orthometri~ linear unit (OLU), the resulting 

figure is ca11ed the unit measurement. This measurement 

should be constant for ,any bone in closely related adult ~ 

animaIs, regardless of- differences in their absolute size~ 1 ~ 
However, Currie (1978) has pointed out that the OLU is 

based ori only isometric, interspecific size changes in its 

derivation, and should therefore be restricted to these same 
1 

dimensions in its application. The orthometric linear unit 

should not be used in studying sub-mature specimens because 

the coefficient of allometry is not the same in ontogenetic 

and interspecific series when ~ is used 'as the basis for 

comparison. Therefore, this system of unit measurement 

cannot be u~ed directly with Thadeosaurus and Hovasaurus 

because Most spectmens are immature. 

Unit measurement based pn the OLU is useful, for intergeneric 
1 1 

comparisons of mature animaIs. The larges~ known specimens of 

Thadeosaurus and Hovasaurus are mature but ~ lcomplete specimens.\ 
i 

~ever, if the al10metric equation for growth is known for any 
r-

elemènt, nu estimated Mean value (or th~ length or width of this 

element can be calculated from the known value of ~ of the 

largest specimen (Tables 3, 8). The unit 1ength can then be 
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calculated by dividing the estimated length by the OLU, and 

'this can be compared with the unit lengths of the srune element .... -, 

in other reptiles. 

Because of its relationship to the OLU, the Ideal standard 

of measurement for ontogenetic series in Thadeosaurus apd 

Hovasaurus would have been r. The unit measurements could have ... 

been solved by simply substituting the values of b' and k' of 

the ontogenetic power equation and r of a mature animal into 

the equation 

b (unit measurement) = b'rk '-2/3 (Currie, 1978). 

Unfortunately, ~ can be measured directly in very few specimens.' 

The length of a dorsal centrum can be measure~ easi1y in 

most specimens, and has a simple, direct relationship to r. Where 

it could be measured, it was found that in Hovasaurus the width 
l ' 

(2~) of the dorsal centrum was on the average 84% the le'ngth of 
1 

the éentrum regardless of the animal's age at the time of death. 

Furthermore, the relative lengths of dorsal centra are far more 

consistent in relation to ~ in eosuchians than length of 

• 
cervical vertebrae, length of limb bones, wid th of any element 

• 1 

or total body length. For these reasons, the dimension selected 

to be the standard of measurement in this investigation is the 

average length of' a 'dorsal centrum, x. . -
Both Thadeosaurus and Hovasaurus are represented by specimens 

ranging-from juveniles ta adults. The length of an average dorsal 

t> 
centrum of the largest kno~pecimen of Thadeosaurus i8 2.8 times 
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, 
'the 1ength of the same dimension in 'the sma11est known specimen , 

~ 

(Table 3). The ratio is 3.5 in Hovasaurus (Table 6). lt is 
\ 

evident' from the ossification of the largest specimens that 

these ~ere mature animaIs when, they died. The size ratio of 

adu~ts to hatchlings for 38 species of lizards and crocodylians 

was compared with the corresponding adult body length using the 
) 

least squares method. These measurements were extracted from 

the 1iterature specifically for this investigation. The 

correlation coefficient is high (.98), and the ratio of adult 

to hatchling length c!ln be define,d as 2.70 + .003 (adult length 

in mm) mm -1. Tangasaurids prObab~y laid egg~ and had the ,"same 
1 _ 

type of, met~bolism as e~tant speç~es of lizafds and 

crocodylians. Therefore it seems feasonable ta assume that 

growth rates and adu1t ta hatch1in~ size'ratios would have been 

similar to those 

hatch1ing length 

1 

1 

of living rePtilei~ The expected adult to 

ratio for Thadeosaurus (adult length 400 mm) ié 
1 

4.0 (95% confidence interval is ,3.8-4.3), and _ that for Hovasauru~ 

(adult length 550 mm) is 4.6 (95% confidence interval is 4.3-4.8). 
~ . 

Although these ratios were calculated for tot~l length, vertebral 

~ength at any age Is directly proportional to total length / 

because the total number of vertebrae does not change and th,ere 

18 no evidence that vertebral growth rntes are variable ln 

different regions of the body.' The adult to juvenile length 
,1 ... ~_ 

ratios of the vertebrae indicate that tlle imallest known specimens 

-
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of both Thadeosaurus and Hovasaurus 
7 

were not very old when they 

died, but were not hatchlings. Because reptiles gen~ra~ly 

double their length within the first yêar of lifè, the smallest 
, 

specimens of both genera would have been less th~ one year old. 

The power fonnula can be adap~ed to describe growth 

in Thadeosàurus and Hovasaurus. Simpson, Roe and Lewontin 

.(1960) point out that the relative growth of two dimensions ia 

a basic characteristic of a species. The individual ahimals 

~f eitber species could haye had different rates of growth, but 
1 

a random sampl~of individuals c~uld give measur~Fents that 

repres~nt simple power equations of growth. 

k' In the equation J.. .. b ',!. ,J.. ia the 1ength or width of the 
./ ~~ 

e1ement b,eing studied, .!. is the average 1ength of a dorsal 

centrum, and b' and k' are constants. The length of the centrum 

is not dependent on weight in ontogenetic development, so growth 
1 

is isometric when k' = 1.0 (Currie, 1978). The constant b ' and' 
• 1 

k' were solved for length and width measurements of every 

tangasaurid element for which the sample was 'large enough to be 

statistical\y significant (Tables 3, 8). 
\ 

The length of the skeletal elements'will be used to 

differehtiate growth strategies in Tangasaurus and Hovasaurus. 
/' 

For ,example the logarithm of h~rus t~ngth was p10tted "against 

'''-the logarithm of .! for six specimens of Thadeosaurus and 22 
fi 1 

specimens of Hov8saurus where both these dimensions are known 

<fig~ '4). 
1 tI 

The points on the scat ter diagram are consistent 
il 
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in,their alignment for each genus, the correlation coefficients 

baing .997 in Thadeosaurus and .991 in Hovasaurus'. The 
-, 

coefficient of all9metry, k '(ca1culated by the least squares 
yx 

l' method), is si~p1ficant1y higher than 1.0 in both genera. 

However, positive allometric growth is greater in Hovasaurus. 

Consequently, al~hough the humerus of Hovasaurus i8 re1ativel~ 

shorter in Juveniles th an it is in Thadeosaurus, it becomes 

relatively longer iO' adults. ,- ' 
" r 

As in the"hume~~he correlation c~effioient8 of other 

dimensions are high. This is à reflection of the excellent 

Bize range available for most elements. The correlation 

coefficierits of width measurements tend to be lower than those 

of length, relating direct1y to greater distortion in bone 
1 

widths as discussed previouslr. 

The measurements do not inc1ude the complete length.of 

the bone' because the carti1aginous ends are not preserved. 
1 

In mature spec"imens, the amount of cartilage wou1d be negligib1e. 

However, cartilage makes up a much higher percentage of t~e 

1ength of any limb bone in juveniles. The ossified por~~ons of b 

adjacent 11mb bones are separated by the cartilsginous ends of 

the bones. The unossified region 1s represE:: lted by gaps between 

adjacent bones in the fossils of ~it1cu1ated ske1etons. The 

Bep«ration between thèrhumerus and forearm was measured in the 

Bu1lest specimens of both genera. If it is assumed that haH 

the distance represents the carti1aginous distal end of the 
-_"", 1 

,) , 

-"', 

, / 
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Relationship between length or width of 

a 11mb element (y, ordinate) and length 

of associated thoracic centrum (abscissa) 

in Thadeosaurus (circ1es) and Hovasaurus 

(squares) • a) Length >of- humerus. 

b) Length of femur. c) Shaft width of 
1 

femur.' All measurements convert~d to 

logarithms. Data from Tables 3 and 6. 
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Fig. 4a 
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Fig. 4b. Length of Femur 
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Fig. 4c. Femur, Shaft D1ameter 
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hume rus , and that the cartilage of thè -pl<oximal end ~o~ld , 

have been about the same length, then an estimat~ ca~ ~e made 

of the percentage of total length of the humerus formed by , 

cartilage. On the average, 16.2% of the total length of the 

humerus was cartl1aginous in juv_eniles of 1ife stages A and B 

(Table 6) of Hovasaurus. The average (15.5%) cart'ilaginous 

composition for th-e sa~e 'bone in Thadeosaurus is not 

significant1y different. 

Allometric growth rates are frequent1y referred to in this 

study.- The growth rates calculated are for the ossified lengths 

of the bones, and not the total lengths. In most cases the 

&mount of cartilage cannot be estimated. There would-have been 

none in the derma1 bones, and the percent age in endochondra1 

J bones wou1d vary. The difference in growth rate of the total 

bone and growth rate of the ossified portion can be estimated 

for the humerus. The coefficients of al10metry for ossified 

lengths of the humeri of Hovasaurus and Thadeosaurus are 1.61 

and 1.30 respectively. If we assume that the total 1ength of 

the homerus is 16% cartilage in the sma11est specimens and 1% 

at maturity, the coefficients of allometry for total pone 
, 1" 

lengths are calculated to be 1.50 in Hovasaurus and 1.16 in 

Thadeosau:,:,us • Because the percentages Ilf cartilage in the bones 
J -

of the two genera are apparently the same at equivalent life 

stages, differences in the growth rates of the ossified portions 

of the bones are biologically significant. 

\ 
\ 
\ 
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In summary, the large number of well preserved tangasaurid 

specimens permits quantitative studies to supplement 

morphologieal information. Thadeosaurus and Hovasaurus are 

closely related, contemporary genera that had different habitat 

preferences. Comparative measurements make it possible to 

identify many partial skeletons that lack di~ostic 
, 1 

morphologiea! features. In the past~ new fos~il genera were 

o4en establ1shed on the basis of relative l,1mb proportions 

that differ from those of known genera. Study of the growth 

series of' tangasaurids is another indication of how much relative 

,proportions can change ln the l1fe of a reptile.' Relative 11mb 

proportions in adult animaIs can be used to indieate habitat 

preferences. Comparative study of growth rates indicates 

significant differences between the gen~ra that reflect different 
\\ 

life styles (prey prefe~ence, dispersal, etc.). These rill be 

discussed in de taU in subsequent sec tions • 

1 
/ 



,1 
f 

( 

( 

( , 

1 
1 
1 

- 48 -

l 

A NEW GENUS OF YOUNGINIFORMES 

(REPTILIA: EOSUCHIA) FROM THE 

UPPER PERMIAN OF MADAGASCAR 

--~~----------~.----------------------.-------
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ln re-examlning the tangasaurids of Afrlca and 

Madagascar, ft was dlscovered that one of the specimens 

(MNHN 1908-32-57) in the Paris col1ections labeJed 

tentativeJy as Tangasaurus is a new genus of younglniform. 

Most specimens that have been descrlbed and attributed to the 

Younginiformes are eitlier poor1Y preserved or juvenlJes. 

The new specimen provides a better understanding of the 

anatomy of primitive eosuchians, and tncreases the known 

dlversity. 

The specimen was preserved in a nodule of fine-grained 

sandstone. Most of the bone had eroded out of the spI i t nodu 1 e. 

leaving only the naturaJ molds o~ the bones in the counterpart 

blocks. Unfortunately, one of the bJocks was chipped 

ln the region of the skul J, and the Imprint of 

most of the outer surface of the skull was lost. 

Latex casts were made From the molds as an ald ln 

~ study i ng the spec imen (Ba i rd. 1951). 

The skul1, ~runk, front JJmbs, peJvic glrdle 
-

and part of. the Jeft hl,nd 11mb are preserved (fig. 5). 

The body of the animal had settled into the mud on 

Its rlght stge, and had started to decay before It 

was buried by sediment. The skul1 settled on top 

of the rlght manus and became dfsartlculated. The 

bQnes on the right side of the skul1 rematned ln 

1 
• j 

1 

1 
1 

\ 
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( 

Figure 5. Acerosodontosaurus pi~teaul. 

Specimen drawlng of MNHN 1908-32-57a, 
, : 

ho1otype. Ventral scales omltted 

trom drawing. Scale'. 1 cm. 
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association, but those of the left side drifted1away. 

Of the Jeft side of the skull, only the lacrimal and 

the postfrontal bones have been found ln the nodule. The 

braincase had drifted beyond the lImit of 

nodule formatio~. Sorne of the cervical and anterior 

dorsal vertebrae and ribs became dlsarticulated and 

we~e carried a short distance from tht:;ir original 

positions. The current that removed these bones 

appears to have been gentle, and there Is no evidence 

of macrophagous scavenglng. 

ln 1 Ife, the animal would have been 1 izard-Ilke 

ln appearance. The snout-vent length was approxlmately 

30 cm, and the length of the whole body \'Ias probably between 

60 and 70 cm. 

A ,number of features suggest that the an imal was st i II 

dl ed . The sku 11 15 di sa rt i cu Hhed . 

. ,Sutures e still visible between the centra atd the neural arches • 

ondylar foramen of the humerus is open. The 

separation between the head of the femur and the Internai 

trochanter Is Indistinct. The well-ossified quadrate, 

articular and carpus, the presence of muscle scars on the 

11mb bones, and other characters indicate that the 

animal was close to adult size. 
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Systemat i cs 

Class Rept il ia 

Order Eosuch i a 

Suborder Young i n i formes 

ACEROSODONTOSAURUS Currle 1980 

\ 1 

Diagnos i s 

Diapsld reptile of t~e suborder Younginiformes. 

Dfffers from Young;na. HeJeosaurus and Galesphyrus 

in having larger number of maxi llary teeth. Marginal 

teeth slender and sharply pointed in contrél.st to 

the blade-l ike teeth of Heleosaurus or ~he peg-l-ike 

teeth of GaJesphyrus Q
• Skul1 wider in the antorbital 

reglon than Younglna. Cervical centra s~orter than 

the thora.cJc centra, whereas in Heleosaurus 

the centra are about the same length 'throughout the 

col umn; neura 1 sp i nes ta 1 Jar and longer than those 

of Young i na, Ga 1 esphyrus. He 1 eosaurus or, He 1 eosuchus. 

Ventromediat-dorsoJaterat wldth of the pubis greater 

than 1 ts 1 ength. dl st ingul sh i ng i t from Young Ina , 

Galesphyrus and Héleosaurus; 1 llac blade extends 

relatlvely farther caudad than that. c:,,': Youngina. 
o 

Radius chas twlsted appearc1nce cbaracterlstl c , ' 

ôf Champsosaurus, but not known in any 

oth~r primitive dlapsid; ulna (excludfng olecranon) 

longer th~n,râdi~s, whereas ln YounSlina and 

Galesphyrus, the radius Is longer; Inteœdium and 

ulnare relatlvely shorter J.an in Galesphyrusi medial 

.. ' 
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centrale smaller than lateral centrale. 

Acerosodonto~~urus is distinctive trom 

Thadeosaurus (Carroll, in press) in that it 

.possesses -a more gracile humerus, has an ulna that 

longer than the radius and has a pubis \Vith 

ditferent proport ions. 
/ 

ACEROSODONTOSAURUS PIVETEAUI CURRIE 1980 

Etymology-Latin "aceros" - needle-shaped, Greek 

".Qdônt" - tooth, Greek "sauros" - lizard; pivete"aui 

honour of Dr. Jean Plvete.au, the tirst person 

study the eosuch1ans of Madagascar. 

Holotype--MNHN 1908-32-57a, b. Mus~um N~t1onal 

d'Histoire Naturelle, paris, France. 

Horizon and Localitx 

Lower Sakamena Formation, Upper Permian. 

Sakamena River Valley, southern Madagascar. Exact 

locality not recorded. 

Dlagnosis 

Sa me as for genus. 

Description 

q 

The state of osalflcat ion ln the skull suggest s 

is 

c. 

tha! th1s anlmal was immature at the t1me ot deatù. 

The derme1 bO~ were not co -ossified, and had become 

dlsarticulated betore burlal. Only two ~ndochondral 

bones, the rlght quadrate and the r1ght artiouler, 
/ 

" 
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are well-ossified. Ossification of endochondral 

bones ooeurs late in t'he dev.,ê"lo:pment of 

reptilian skulls (Howes and Sw1flnerton, 1901). 

Moat of the bones of the right side of the 

skull have retained the pro par rala t ion ships t 0 
\ 

~ / 
eac'h other} but can be sern in intern"al view only 

(fi g. 6). A maxilla, both lacrimals. prefrontal, 
1 • 

tro
D

ntal, jugal, both postfrontals, postorbi~al, 

squamosal, quadratojugal, ectopterygoid, 

quadrate, dentgry, splenia~, coronoid, 

anguiar, s~angular, prearticular and articular 
l "1 1. 

have baen iden t ifi ed in the spec imen. A number of 

thin bones in the orbital reglon could be the remains 

o~ scleral ossicles. . , . 
The rlght side of the skull ls disarticulated-

..... 
anough to reveal the full ext&nt "(of, most of the bones. 

It is therefore po'ssl ble to make El, reasonable 

reconstruction of thé' skull in extern'al v lew (fig. 8). 

The teeth would appear slightly sho-te~ in external 
, u 

view than they would in internaI viev. 
1 

An accurate estimate of the length of the skull 

cannot be made be~auBe ot the absence of the 

pr el1l8. x 11 la • If' the reconstruction ia correct, the 

akull would have been about'55 mm in length, or , ' 

.pproximately sIx times the leng'th of a dorsal centrum. 

-

.' 
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Figure 6. Acerosodontoseurus piveteaui, holotype. 

InternaI view of right side of sku11 
1 

j and dorsal view of righ t menus. , 
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Figure 7. 

o 

( " 

1 
1 

Aderosodontosaurus p1veteaui, bolotype, 

KNHN 1908-32 57b. Ventral view of right 

manus. 
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----
The preorbital reglon la long, almost one half the 

length of the skull. 

The lower margln of the skull shows Il ttle 

curvature in the maxilla, but turns ventrad in the 

postorbital reglon. The finished anterior edge of the 

maxilla indicat.es t hat the narial opening was 

probably large. The orbit la large, reflectlng the 

relatlvely small slze of the animal. It occupie~ 
- -----~--

àpproximately one-third the length of the skull, 

and most of the height. The orbit ls oval in shape, 

about ten per cent longer than it is high. The 

lateral temporal fenestra ia relatively large. 

Onl y one bone of the pala te, the eet opterygo id, ia 

preserved. The shape of this bone and the position 

of the suture for the palati~e on the maxilla Indlcates 

that the internaI narls and the suborbltal fenestra 
" 

are elongate, --é,Sthey are in most primitive diapsids. 

The maxilla la a long, moderately high bone, 

with a length almoat flve times 1ts height. It 

extends posteriorly to the mld-~rbital regton. The 

anterior edge rises sharply from the premaxillary 

ramus. The bone ia thlckened, along this edgé. 
t. 

ventrally. The ventral edge of the maxilla extends 

medially aa a narrow palatal shel~ above the marginal 

tooth row. 
. 

tourteenth 

A rugàse raglon above [the twelfth to 
1 

teeth marks the polnt 9f attachment to the 

) 

1 
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palatine. A recess in the dorsal surface o't the 

palatal shelf anterlorly, and a 'tacet at the base 

of the th10kened anterior edge cf the dorsal process 

of the maxilla could represent the poInt of contact 

with the septomaxilla. There ls no medial buttress 

of bone supportlng and strengthening the central part 

of the maxilla as reported by Gow (1975) in 

Prolaoerta. 
\' 

The lacrimal forma the anteroventral portion 
( 

of the orbital ri~. It does not extend anteriorly 

to the external naris like the lacrimal of 

Petrolacosaurus {Reisz, 1977}, the earIlest known 

diapsi d, but is larger than the Iacrimais o't most 
, 

other early diapsids. The posterior end of the 

lac rimaI iB overlapped lateraIIy by the jug~l and 

the maxilla. A heavy internaI buttress on the 

Iacrimal in thls region braces the maxilla against 

the orbital rim of the pref'rontal. The lacrimal 

overlaps the pretrontal, but not tG the extent sean 

in Eocaptorhinus (Heaton, 1979). Tl',e dorsal and 

ventral lacrimal puncti 'oan be seen on the posterior,. / 
"~--", 

surtaoe 0/1' the orbital rlm of the right laorimal. 

- '" The canalicull 'trom the punctl merge to form the 

oommon o~seous canal of the lacrimal duct, wh1ch 
1 

pleroes the heavy buttress of bone. '" / The course of 

thls canal can be seen on th~ l~tt lacrimal where 

-.. 
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the medial wall of the canal has collapsed. 

The prefrontal forms the anterodorsal rim of 

the orbite A wlde orbital rim extends medlally from 

the main body of the bone. A ridge on tho medial 

s~rf~ce of the orbital rim marks the attachment of the 

fibrous orbitonasal membrane. The external surface of the 

bone 1s strongly- convex in cross-section, 

indicating that 'the prefrontal must have been exposed 
,,/\ 

equally in dorsal and lateral aspects~ 
.\ 

curvature extends from the prefrontal cnto 

the lacrimal and the maxilla. That the skull of 

Acerosodontosaurus was broader in the antorbital 

region than that of Youngina 1s lndicâted by the 

curvature ana dimensions of th~ prefrontal. 

poaterodor~ally, the prefrontal overlaps a sutural 

surface on the frontal. 

Moat of the ventral and part of the poaterior 

portion of the orbital rim is formed by the jugall 

Ventrally, the jugal is excluded for more than half 

1ta length from the ventral margin of the skull by 

the maxilla. The suborbital ramua 1·8 low bu~ strong, 

aa would be expectëd for a relatively àmal~ reptile 

with large orbita~ The postorbital ramua of the 

jugal overlaps the end of the jugal ramua of the 

postprb1tal. The subtemporal ramua ia a thin plate 

ot bone that curves~ posteroventrally • 
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~, 

The quadratojugal ia a small, triangular bone, 

aimilar in shape to that of Youngina (Gow, 1975, 

fig. 2) and Heleosaurus (Carroll, 19768, fig. 2). 

In MNHN 1908-32-57, the bone has shifted slightly 

·from its original position, making it difficult te 

determine t~e~~iginal relationship ta the quadrate 

and' squamo s~. It appears tha t 1 t extend s post erior1y 
1 

! 

te contact/the quadrate, for there la a pronounced 
/ 

posterOjedia1 1sutural surface. The qua,dratojugal is 

overlapped lateratly by the squamosal, and appears ta 

have tverlapped the jugal anteriorly as in 

Heleosaurua (Carroll, 1976a). As in Petrolacosaurus 

and Youngina, the quadratojugal form~ part of the 

ve~tra1 border of the lat~ral temporal fenestra. 

The ,squamosal has the same basic configuration as 
1 

that of Petrolacosaurus (Rei~z, 19?7) and 

Youngina (Gow, 1975). It makes up Most of the posterior 

border of the lateral temporal fenestra, and descends * 

to the ventral skull margin. -A robust ridge extends 

dorsoventrally along the meslal surrJce of the bone. 
Q 

An elongate concavity p6steromedia1 to the ridge 

oradled the latera1 edge of the quadrate. 

The frontal is a long, narrow bone that 1s 

doraoventrally thickened in the orbital reglon and 

that th1ns bEttween the' pret1"ontals. Ant erior1y, 

the tronta'ls expand laterally, another indication that 

the skull lB broad in the antorbltal region. The 
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" 

Figure 8. Acerosodontosaurus piveteaui. 

) 
;... ,) 

Reconstructions of the skull in lateral 

and dorsal views. Scala = l cm. 
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frontals of Young1na (Carroll, ,197L fig. 13) 

may have expanded laterally at the anterior end in 

a aimilar manner, though not to ab great an extent. 

Poster10rly, the frontals diverge to reèelve the 

joined anteromedial processes of the parietals. On 

the ventral surface, a robust ridge exists aa a 

continuation of the interbai edge ot the orbital 

rim of the prefrontal. Posterolaterally. the 

frontal ia emarginated for its contact with the 

postfrontal, and is partlally overlapped by the 

sutural surface of the latter bone. In Prolacerta, 

1 

the frontal o~erlaps the postfrontal in this 

reg ion (Go w. 19 75. fig. 14). 

The postfrontal forms the posterodorsal 
i 

corner of the orb1t, and part of the anterior rim 

of the superior temporal fenestra. An oblique 

sutural contact wlth the poatorbital extends from 

the orblt posterodorsally to the superior temporal 

fenestra. The contact twists so that the postf,rontal 

overlaps the dorsal tip-Of the postorbital slightly 
\ 

as ln Youngina (Gow, 1975). There Is a relatlvely 

long contact with the ~ar1etal~ w~ich underlies the 

posterior corner of the post!rontal. As ln Younslna, 

the postfrontal separates the pa~ietal and postorbital, 

ànd forma part Of, the,anterior rim of the superlor 

temporal fenestra. This la not the case in 
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Petrolacosaurus (Relsz, 1977) or Pr01~certa (Gow, 1975). , 

The postorbital ls triradia te aIl d siml1ar 

in outllne to that of Youngina. The ~ature of its 

contact with t~e squamosal cannot be seen clearly, 

although lt probably overlapped tho latter bone in 

the same manner as in Youngina and other 

primitive reptiles(Heaton, 1979; Currie. 1979). 

Tho ectopterygold is ~ small bone located 

between the jugal and the coronold in MNHN 1908-32-57, 

and is se en in posterodorsa1 view. As in Petrolacosaurus 

(Reisz. 1977), lt formed part of the anterl0r boundary 
~ , 

of the subtemporal fenestra, and tee posterler margin 

of the suborbltal fenestra. 

The quadrat~ 16 a large bone with extensive 

immovable contacts ~l~h the squamo~a1. quadratojugal 

an~ pterygoid. In MNHN 1908-32-57, the quadrate 

be -se~n only in external (posterior) view. 
v/ 

, can 

The 

it 

It 

'. ' 
posterol~teral _B~rface i$ heavily scarred.where 

-, 
was 8utq.red to.;.the--occipita1 f'lange of tM sqamosal. 

is ~~ f'rom- the orie~tation of ,the articuh,r 
, 

that/each of' the arti~ular fondyles would have"been 

• 
on 8\lmo st· the same her izontal plane during lif e. 

In oU~line, the quadrates of Acerosodontosaurus 

~ 
and He~eosauru8 (Carroll, 1976a) are similar. ~ 

'\' . 
Th1~ bones fOllnd in the orbi ~al ragion may be 

the 'ré+i'ns of sc'~~~al ossi~les. These are known 

; 
in mal{Y primitive- ~eptlles, lncludlng Prolacerta 

t) 
~. 

,/ 

'~ 
1, 
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(Camp, 1945). 

The mand~ble ls long and slender, wlth a low 

coronold p~ocess. The toothed margin la only 

alightly concave in lateral view. 

Detailed descrlptiort of the mandibular 

elements ia not possible because of crush~ng. 

The aplenial forma the anterlor half of the internal 

l / su~face of the low~r jaw. The angular forms much 

of the ventral margln of the mand1ble, an9 the 

floor of the Meckelian canal. Anterlo~ly, it tapera 

to a point that is overlapped med1ally by the 
':> 

aplenial. The meâial surface of the angular 1s 

deeply scarred anteriorly, preaumably for 'muscle 
• 

attaohment. The ~orBar edie of the surangular ia 

thickenad medially into a ridge that forma the 

dorsal margin of Ith~/adductor fo ramen; Ant eriorly 
" l' 

.this .rldge continues onto th,e posterodoraal portion 

of the coronoid. The rldge beèomes a promlnent 
, ~ 

buttresa posteriorly, where it forma a posterome~ialll 

oriented facet ,conriecttng wi th the articular. The 
t> 

oordnold Is a r~latlyely small bone that forma the 

posterlor part o~ the r~of of the lIeckellan canal. 

Anterov3ntrally,· ,thera, la a siml-le butt j~lnt w'l th /144 

the prea~tiou1ar. Unlike the c~nditlon.~ 
Petro1acosaurus (ReIsz, X977) and Prolacerta (Gow, 1975), 

the ooronoid does not,extend v~ntromedlally tOttorm 
,1 

• 
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J 
part' of the antEtrlor rfm of the adduct.9r fooram0I?-. 

There 18 no coronoid in Heleosaurus (Carroll, 1976a). 
1 

Tpe dorsal surface of the àrtlcular is éonvex 

a~~eriorly. Approxlmate1y halfway along Its 1ength, 

the outline of the bone turne sharply ventrad to 
" • 4 1 J. , . 

torm a pair of concavitles that articulate with ·the 

quadrate. The lateral c~n~avl ty "ls mo;rtJ Ipronounced 
, 

than the medial on~.· The entire dorsal surface 01 

the articular la unflnlsned bone, suggestlng that , 

the surface was covered by a cap ot cartilage. A 
, " ".. " 

small.~rea of finlshed bone ls exposed anteromedially 

',bet.een·the ~orsal convexity and the preartlcular suture • ...,. 
, " 

The retroartlculer process lB minute. 

The marginai teeth are subconical structures' 
• l' 

~hat curve posterlorly and sllght1t lingually near 

the tlps. ThEt :.teetl1 'are sharply. point e d ln contrast., 

to the peg-Ilke teeth of Gal~sphyr~s (Carroll, 1976b), 
. ' 

andflack' Beirations and cutting edges auch as are 

round in Heieosaurus (Carroll, 1976a) or Prolacerta 
t 

('Go";', .1975)'. They 'are protothecodo.lt in implantation, 

t,ha·t' la, lset in shellow sockets witL, relatively higher 

wal1s ,labial+y' • 

. 'l'he preserved portion of the maxille 'ot 
v 

IINU 1908-32-57 bears 31- t1eeth, and' about six 
, ' 

, 
e.pty, &.lveo11. It ia l>robab1e that: a f'ew more 

t'eeth' "e~e, pre.ent in the .ant'el'lol'.,'tiP of the 

./ 

. ' , \ 
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maxilla, wh1ch 1a not preserved. Th1~ 1a a hlgher 
f 

number than has been reported 1n any other early 

diapaid with the exception of Petro1acosaurus, which , 

has up to 31 (Reisz, ~975). Youngina has approx1m~te1y 

20 funct16nal teeth (Gow, 1975), and Heleosaurus 

has about twe1ve. ,The total numb~r of teeth in 

Galesphyrus 1s unknown. However, Carroll (197Gb) 
) 

1 • 

estimated that B.P.I. 4286 wbu1d have had smaller 

and more numeroua teeth thaD Youngina. Acerosodontos~urus 

has more maxi11ary teeth than later eoauch1ana 

suc~ as Askeptosaurus (Kuhn-Schne1der, 1952) and 

Cham~sosaurus (Russell, 1956), wh1ch have m~xi11ary 

tooth counts of 12 and 29 respective1y. The teeth 

et the front of the maxil1a,ofAcerosodontosaûrua 

tend to be relatively ~onger and mor~ slender tha~ the 
, ~ 

poster10r ones. However, as~in all known early diapsids 
'\ ' \"'-

except Petro laco saur"ùa, th.ere' are no conap1ougus 

caniniform teeth. An accurate count of mand1bular 

teeth cannot be 'made. ~h1rty-two teeth are pre~erved, 

,b,ut there would h'!ve been more ,than thia. Nevertheless, 

the nùmber 1a higher than that of other ear1y'diapsids. 

Twenty-one p.ref3~cral ve.rte\ae are preserved. 

The anterior verteprae have become disart1culated 
, - ,\ 

and scatt-er8,d. and some are mi ssing. It 1s doubtful 

that ~he total ,resaoral count dittered lIluch 
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trom the typlcal early diapsid counts of 24 to 26. 

For convenience, it Is belng assumed in thls paper 

that there were 25 presacrale. Two sacral vertebrae 

are pre~erved, and it Is unlikely that there was 

a third ~ 

The canièra are notochordal, and each has a 
\ 

strong, longitudinal ventrel rldga. WeIl deflned 

~ lateral pits (foramina subcentralia) mark the 
" 

junctlon of tae ventral rldge and the lateral surface 

of the notochordal shea th- in the pre sacral s. The 

r1dge ls sharply ,def'ined as a keel in the cervical 
( . 

:'\ 

vertebrae, but is more rounded in the dorsal vertebrae. 

The suture between the neural arch and the centrum 
J 

ia visible in the posterior dorsals (fig. 9d). As . 

in most primitive reptiles, the neural arch forms 

part of the anterior intervertebra~ articuler 

surface of the vertebra. 
1· 

The average length of the last ni ne presacral 

centra ia. 9.0 'mm. This length ls used as a standard 

of measurement for comparison with other genera, and 

1~ rep~eeented througho~t th1s paper as "x." There 

le a decrease'in length of progressively more anter10r 

centra-as i~ Youngina. The.measured length of one 

éervlcal centrum 18 7.S mm (.S7x), and 1t appeara 

that none ot the cervical centra .ere elongated ae 
'l, 

-, 
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Figure 9. Acero~odontosaurus p1veteau1. a, 
1 

cervical vertebra; b, anterior vle~ ot 

~nterior dorsal vertebre; 0, posterio~ 

view ot ~nterior dorsal vertebra; d, 

posterior' dorsal vertebra and intercentrum. 
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they are in Petrolacosaurus,(Relsz, 1975) or 

Prolecerta. In Heleosaurus, cervical and dorsal 

:entDa Jre about equal in lengt~ (Carroll, 1976a). 

Cantra wldth, measured acroas the posterior 
1 

Intervertebral articulation, appears ta be constant 

throughout the presaeral column. The width of each 

Of~wo cervical centra and ot the lsst presaeral 

centrum ia 5.3 mm. The orthometric 11near unit 

(Romer~ 1948; Currie, 19'18) w,as cslculated -trom 

this. Unit mesaurements, represented by OLU in 

this paper, were calculated for t~e lengths of 

bones by dividing the absolute ~engths by the 
, 2/3 

o~thometric,llnear unit ( (5.3 x i) = 1.91). 

Centra height, measured at the poster10r 

1ntei-vert ebral art1 cula tian, 1ncréase s post eri or ly. 

Two cervical centra have a ~eight of 5.0 mm, whereas 
f' 

the' most ~osterlor presseraI centra are 5.8 mm hlgh. 

In the cervioal vertebrae, the dorsal surface of 

the transverse prooess ls at the"ame level as the 
, , 

~orse.l limits of the articuler surfe.ces of t1Îe 

zygapophyses ,. III relati10n to . the zygapophyseal 
.:-

level, the transverse proces~es become,more ventral . " 

in position 'n th~ mid and post,ario; dprsal vertebree. 

r ' 1 ~ In the last pres~cral vertebra, th~ transverse' 
/ Il li \\ 

processes are below the !avel 9'1' the ventral limite 

'1 1\ 
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of the zygapophyses. The transverse processes do not 

extend lateral1y muqh farther than the lateral 

limits of the zygapophyses. The wldth across the 

transverse processes of one of l the posterior cervical 

vertebrae is 11.8 mm (1.3x). The articulating 
( - 1 

) 
surface on the transverse procesa is wide an,9... rounàed 

dorsally where rit articulated with the tubercular 
. 

section of the rib head, tapera anteroventrally, and 

then expands somewhat for the capitular articulation. 
~ --( 

This shape ia typical for early diapaids, 

protorothyridids and prim1tive pelycosaurs (Curris, 

19'79). The rib articulations of the do,rsal vert~brae 

are e nt irely on t he 'neural arch. A ri dge on the 

anterior rim of the centrum extends posterodorsally '. 
ta ,support the lower edg~ of the tr~nsverse prooe·ss. 

1 

The transvers~ process ia jo1ned dorsally to the 

zygapophysea by ridges. 

The zygapophyses e~tend leterally beyond the 

oentrum. In the dorsal vertebrae, 'the art iouler 
, 

surfaces are Inclined at an angle of approximately 

300 to the horizontal. The ant~rior zygapophyses 

are jolned posteromedially by a thin horizontal 
1!1 

shelf ot bon~. There la no pronounced swelllng above 

th~ posterior zygapophyses. They are joined 

anteJ"omQdially by a thin horizontal shelt ot bone 
. 

that torma the ventral marg1n ot a pronounced 

.-
pocket in the posteriol" Burt.ce ot the neural 
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spine (fig. 9c). 

The thoracic neural spines are weIl developed, 

and are almost rectan,gular ,in lateral view. In 
li> 

contrast, the spine s of Gale sphyrus (Carroll, 197Gb) ' .. 

Heleosuchus (Owen, 1876) and paliguanids (Carroll, 

1975a) are short and triangular. The greatest 

dorsoventral height of the neural spines of 
\ 

Acerosodontosaurus lé reached in the elghteenth 

to twenty-second p~sacral vertebrae, -where the 

average height ls Il.8 mm (1.3lx, 6.18 OLU). This 

la re1atlvely and absolute1y higher than the neural 

splnes are in Youngina (Watson, 1957), Hé1eosaurus, 

(CarDoll, l ';I7Ga) or Kenyasau,r us (Harris and Carroll, 

1977). Neural spines undergo posit~ve allometry 

in growth, so it should be polnted out that the lower 

-re1é.tlve helght of the spines of Younglna la posslbly 

a faotor of the immaturity of the knawn specimens • 

• The only genus ~f primitive'4iapsid that has relatively 

"'t taller neural sp'ines in thE! dorsal regian la Hovasaurus 
1 

(Ourrie ~ personal observation) •. The height of the 
... '. 

neural sPlne-S\decreaaes atterlorly, and la 8.5 mm 

,,( .94X) in one of the I1nterlor dorsale • 

,1-______ .~ ___ ~ -. 

Tlie greatest anteroposterior length ot a neural 

\) 1 

splne 18 tound in the elgh:teenth to twenty-second 
p 

pres4crals, where the average -length 18 6.9 mm ('.76x). 

~h18 1ensth la re4uced in Dore a~terlor vertebree. In 

._-------~_._ .. _----
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the isolated cervical 1t ls 4'.1 mm (.46x)" The 

neural spines in the mid and posterior dorsal 

region have' their lowest longitudinal and lateral 

dimensions at a point where the anterodorsally 

or1ènted ridges'from the posterior zygapophy;es meet. 

Above thls point, the neural spines expand, although 

'1 

not to the degree seen in t,angasaur1ds. In the cervical 

~nd the an terior dorsal, vertebrae, t he neural splnes are 

inclined dorsoposteriorly, but are vertical in the m1d 

and poster~or dorsals. There ls no evidence to auggest 

',. 
that dermal oSBicies,were present as they are in 

Younsina (Gow, 1975)- and ReleosauruB (CarroÙ, 1976a)". 

Thr ee bone s of t·he a t las-axis complex have been 
, 

ident1fied (figs. 6, 7). The atlantal centrum, like~ 

that of Releoaaurus (CarrOll, 1976a), 16 poorly deflned, 

and lacks f1nished bone surfaces. It is excluded from' 

the'vent"ral margln of the vertebral column by the 

atlantal and axial intercentrat-. In lateral view, it 
. ',:J 

i~ ~oughly triangular, flat dorsally and tapering 
• " f 

ventrally. It is not fused to the axial Intercentrum. 

Th~ atlantal ~eura1 arch can be seen olearly 

on1y in medial vlew (fig. 6), becauas it 18 

largely obsoured' by other bone s ln la teral vlew (fig. 

7). 'Tàere la an.anterodorsal facet on the laterâ1 

surtace o.t the atlantel neural arch for a~iculatlon 

.1 th the proatlas. The art1cular tacet tor the centrum. 
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la, et the ventral end of a robust pediee!. In 

lateral view, the caudally directed spine la 

poorly developed relative to those of most primitive 
., 

reptiles, but may not have been osslfied at the time 

of death. A postèroventrally oriented rldge 

presumably ended ln a facet for the rib articulation. 

The only other e lement of t he a t las-axi s complex 
IN 

that ia preserved la the crescentic axia~ intercentrum. 
, ,J"Y~) 

The rib articulations on the sa.cral 'yèrtebrae 
, 

3 a.re presen,t on both the ne.ural arches ~nd the centra. 

A single caudal centrum, 8.2 mm (. 91x) in length, 
! , 

and attached rib Is preserved. The suture with the 
l' 

neural arch ia visible. Althou~h the neural arch 

.reached the front of the centrum, 1t did not participate 

in the intervertebral articulation. Most of the 

suture with the rib is o'n the centrum, but extends 
~ 

Û' ento the neural arch. From the l.engths of the "centrum 

and the caudal ri b, i t Is é atlmat ed t hat ,t his Is ODe 

of the.fifth to ten(J'th caudal \Tertebrae. ' 

Ossified Intercentra (fl,g. 9d) are round 

throughou1; the pressera! oolumn as 11 niost early / 

diapelds. They do not artlculate ~i'th the ribs. 

The Interc~ntra are 2.5 pœ '( .28x) long. 

\" ' 
Only one cervioal l'ib ls pres,erved (,r1gs. 5, 6. 

t 

,rl.Oa). It le 11.7 mm in length, and 1:8 presumab1y the 
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Figure 10. Aceroso dÔÏÏt"o saurus 'p1vet eau1. a, 

cervical ribj b, anter10r dorsal 

rlb; e, 14th (?) presaeral rlb; , 

d, 17th (?) presseraI r1b; e, 2lst 

presaeral r1b1 f, 23rd presseraI rlb; 

8, 24th presaeral ribj h, l~t sacral 

rlb; 1, med1an ventral ~cale; j, 

lateral vient raI scale. 
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, 1 

---the third or fourth rib (based on comparisons with other 

primitive diapsids). Therè are distinct capitular and 

tubercular heads, of which the former is mOre 

prono une e d. The' ahaft of the rib la nearly straight. o 
, 

and tapers distally: 

There were at least nJneteen pairs of dorsal 

ribs (figs. 0, 10). T~o disart iculated, anterio~ 

dorsal ribs ar~ long (,40 mm) and nearly straight. 

The mi d-dorsal' ri ba are up to 70 mm (7 .78:X:} long 

and curved throughout' thelr length. This indicates 

that the trunk of the animal was broad and roundeL -

!n oross-section, as it waB in Youne;lna (Gow, 1975) 
...... ~ï 

• 
and Kenyasa urus (Harris and Carrqll, l~77). Al though 

the dor"sal ri bs are holocephalous, the artlcular 

surfaces have dist Inot capitular and tubercular port ions 
u 

jolned by a thin bridgS' of bone. The pQsterior trunk 

ribs are short an,d somewhat curved. i<-
l 

The specimen includes two pa1~s of sacral riba, 
\ .' 

but only the first ls weIl enough preseryed for 

description. It ·is 10.3 lIIlI1 (l.14x) in 1engt~ with 

an 11iae suture 8 .. 8 mm in anteroposterlor length, and 

almost 5 mm in helght at the posterior end. There 

18 a horizontal groove in the posterior face at the 

t • 

distal end ot th.e first sa..oral ri b. Thl s grooV,e 

l ' 
cradled the anterior edge of the second sacral rib • 

'rh. aaoral r1bs are, 8utured to the vertebrae. 
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The' enly cauda-r-ri b preservsQ i s 5~a 'lIllIl ~O'llg, , 
. , 

t'lat and bluntly pointe d. The longi t udlnal ui s 1 U , 

of the rib i fi o!+~~ted posterclaterally. T·hl~ ri b la: 
sutured te the ~efi{e~~a. .' 

. An isolated bone which may 6e the ouly 
l , 

representative of the pectoral glrdle (fig. 11a) la 

p.robably a eleithrum. It la 23.4 mm .measur,ed o.n, 

/ ' ~ 
the OlJt si de of th'e curvature. The bone l.s gent ly .. 
eurved, wlth '\aperiilg ends and a "central' constrictlon. 

The proximal ends of the humeri (flgs. 12a:' 0) 1 

are n,ot preserved, and 1;he total lengths o~' these 

bones are un1tnown. The dlamet er 01' the shatt 1 s ' 
. / -\ . , 

8.0 DllI1, and the distal end expands"to 20.5 D;un/The 

di stal art'! cular surfa,ce 18 incoillpl~t~ly d1t1'er~ntlat ed 

into capitular and "trochlear" regions, but there 18 
. . 

no ossir1ed capi t ulull. 'rhe 'éeteplcond.ylar ror~men, 18 .. " 

~nly partially clO'sed. The enteptcondyle ~ia not as· 

well developed as that or tangasaurids. . , 
" 

! ' ) 
.,Both""!,! ght and 1eft rad1i and ulnae are pr,eaerve d 

; -. " 1 • 

(rlga.12a, b, 0). The radius la 33.9,{llm in length 
• " \ ()! 1 ... ~ ....... 1 

(17: 7 OLU). In m~dial a~d la ttl"''''j~l vi ews, 
. . l < " 

ia st_rongly arched 130 that 'the posterlor 

this bone 

outl1he te 

convex. 'l'hQ.r8 -la a pronounced- rldge runnlng tl;'om 

, , the posterio-r edge or the lateral surface" to· ~he mid-
1 • 

Iateral 8ur~"(),e ot the d1stal end.', 'The proX1l1làl " 

artioular l'urtaca.- 18 CODcan. 
/ 

ln an~ Of, poet,rior 

1 • 

\ 

--, 

JI 
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/ 

j 

Acerosodo ntosa urus pi veteaui. 
! 

MNHN 1908-3~-57. a, c1eithrum (?) 

in 1ateral and medial views; b, 

1eft ilium and pubis in external 

view. Posteromedlal outllne of 

p~bls restored t~om r1ght pubis. 

Sca~e : 1 cm·. 
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"-
view, the proximal end has an outline similar ta 

'that of the ulna. The ,distal ar~~cular surhca 

/ 

ia aval and'has praminent ridges that suggeBt that 

the movement at the articulatio,n Witt the radiale 

waB restricted. In lateral or mediar ~iew, the 

radius is twisted in appearance, looking very mUQh 

like the radius of a champsosaur (Russell, 1956; 
t 

Erie-k-son" ~9'72). It 18 interesting to note that 

Champsosaurus also has a prominent ridge on the 

~eral surface of the radius. 

The ulna is 34.7 mm (3.9x, 18.2 OLU), less 

than one mililmeter l~nger than the radlus. In 

Yaungina (Gow, 1975), Galesphyrus (Carroll, 1976b) 

f 
and tangasaurids, the radius is always longér than 

the ulna. ~he olecranon process was not ossif1ed 

when the animal died, and the entire proximal end of 

the bone la unflnished. 

The ~iWht car pus ia preserved in dorsal (fig. 6) 
1 

and ventral (fig. 7) 'viewB. It 1s similar ta those 

l , 

of most primitive reptiles. There are eleven elements. 
~ 

The radiale la triangular i~ dorsal vlew, tapering 

medially. The articulation with. the radius la broad 

and fIat. The distal articular surface 18 broad and 

rounded. The entire laterai surtace artiaulated 

wlth the lateral centrale, and there appears ta have 

bean no contact with the intermedium. The in~ermepium 

18 not elongate as in many primitive reptiles 

, , 
i_ , 

1 

\ 
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(e.g. Petrolacosaurus" Reisz, 1975; Ca torhinus, 

Holmes, 1977), and is only about 15% longer- -thaJl . it 

Is wide. The proximal ~rticulation with the ulna 1,s 

extensive and oriented Bomewhat ventrally, as la the 
~~ t 

articulation with tha ulnare. The ulnare is'the most 
/ 

prominent bone of the carpus. It la wider than it -:;. ---

la long. In Petrolacosaurus (Reisz, 1975) and 
[r 

G!lesphyrus (Carroll, 
( • 1 

1976b), the ulnare i5 longer 

~an it is wide. The pisiform 1s weIl developed. 

There is an extensive proximal articular surface for 

the 

the 

ulna an~nare. When properly articulated, 

piaiform 'W~Uld nave proJected primarl1y 
li 

posteriorly. The medial centrale Is smaller than the 

lateral centra~e, and relatively smaller than that-
i 

of primitive reptiles (Holmes, 1977), Petrolacosaurus, 

or Galesphyrus. lIt did not contact the third distal 

carp~l, in contrast with that of Captorhinus (Holmes, 

1977), Petrolacosaurus or Gales'phyrus. The first 

dlstal carpal articulates ~s much ~ith the se~ond 

matacarpal as it doea with the firsc. It ls 

larger than the second distal carpal. The fi~th 

distal carpal artlculates primarily w~th the fifth 

matacarp~l, but also contacts the~fourth metacarpal. 

All of the metacarpals and eleven of the 

phalanges of th'e right manUS---B.re preserved. The unguall3 

--, 

l 
" 

l. 
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Figure 12. Acerosodontosaurus piveteaui, 

/' 
/' 

/ 

MNHN 1908-32-57. a, 1eft hume ru s, 

(dorsal view), radius (poaterior 

-view), and ulna (posterior vlew); 

b,' rlght u1na (anterior I view ) and 

radius (lateral view)j c, right 

l1umerus (ventrEi} v-1ew), radi'us 
{'" 

(medial view) and ulna (po s'~erior 

view); d, left femur (posterio~ 
, ~ 

~- ," 

view); e, 1ett femur (anterior view), 

fibula, and tibia. 

- ._-~-------__ ...... _ .. __ N.-..P ._ ... __ .... , ... ___ ...... ~~ 
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are r and sharply,pointed. The penultimate 
\ 

/ \ 
phe.1an es of the first and fifth digits are about 

\ 

the same length as metacarpal land the-first phalanx 
, 

of the fifth digit r'espectively. This oharaoteristio 

has been not6d in many primitive reptiles and extant 

lizards, but its significanoè is unknown at present. 

MNHN 1908-32-57 in'cludes the l1ia and-pubes, but 

no Ischia. The left ilium and pubis had separated, 
. 

whereas the right ilium and pubis remair.ed firmly 

sut4red together. The ll1ao blade extends posterodorsally 

far beyond the acetabulum, and ls more extensi va 
Il 

than that of 'Youngina. The ilium, measured between 

" the anteriormost pOi\t of the pubolliac suture to the . \ 
MOst distal p01nt pf the ventral edge of the 11iac 

1 

1 

blade, la 31.5 mm (3.5x, 16.5 OLU) in length. The 
1 

lateral surface of\the i11eo blade has extended 

anterodorsa11y trom the prim,ive posi t fon seen in 
l ' 

Petro1acosaurus l(R~iSZ, 1975). As in otber younginiform 

eo aUéhian's, t--h-e pubis makes up only a 8mall part of 

the ecetabu1ar, surface (fig. Il). The pubis extends 
-J. 

22 mm ventromedia1ly trom it a su'ture with the ilium. 

The maximum 'anteropoaterior 1ength la 18 mm. The 

proport iOIrs, of the pubis sugge st that -the animal waB 

re1ati vely broad and low in 1 t s proport ions. In 

the anteroposter1or Young1na, GaleS.Phyrus a'd Heleosauru~, 

length 19 greater t han ,'the height. The 

l~~~ ___ ---~--,~( .~ 
posterior mergin 
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( ot the p~b'i'S Is emarglnated, suggesting that there 

\ - could ha'va bean an ·incipient thyroid fenestra. Thflre 

i 

! 
i 

1 
J 

\ 
t 
1 ( 
f 

( 

1_-_--"-~----- _' __ j 

t. 
"1 ia a powarful "pe1ctinaal" tubercle that terminates 

\ 
in unfinished bon~. The obturétor foramen Ls 

l, 
.J 

located olose to the do~sopoaterior corner. 
" 

, 1 

The en~ire length of the left femur ia 

presarved (fig. 12). ,--ft is 55 mm (S.lx, 28.8 OLU) 

/ III 
1 : 

~ong. As in moat eOSÜchi?ns, the articular head turns i 

markedly dorsal~~-a~d the distal end curves ventral~ • 

the ent1re proximal end of the bone 18 unfinished 

bone, but had already differentiated into a head 

and trochant er when the animal died. The femur 
" 

is similar to that of Heleoaaurua (Carroll, 1976a). 

Only t he proximal snds of the le t't tibia and 

fibula are preserved {fig. 12}. 

The ventral scales are disarticulated, and It 

is not posslb~e to know how many rows and how many 

ranks of scales there are. There are Median, 

chevron-shape d scal,e.s (fig. lOI) and straig~t, 

------tapering lat eral -scales (fig. ~OJ). 

Discussion ~ Conclusions 

Acera sodonta saurus can be groupe d wi th Youngina 

in the suborder Youngin1formea primari'ly on the basis of 
, ' 

cranial similarities. ComparisoDa p:f the poatcranlal 
i 

• .... _--------... _.- .......... 
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sk~leton are difficult becauàe of the immaturity 

of the Youngina materia1. 

The type specimen of Acerosodontosaurus 

was one of a group of one hundred reptile specimens 

sent to Pari s in 1908 from the Sakamena Valley of 

Madagascar. There is fia assurance that' aIl the 

specimens wera co'llact ed a t th a same local i ty, 

but it seemB like1y that they we\re. Twel!-ty-five 

of the best specimens of that group were\ examined 

by the author, and with the exception of MNHN 1908-32-57, 

every specimen ia attributable to Hovasaurus, 
, ' 

II f; ~ ~ 
a tangasau,pi~"that. wal:! high1y; specializ,ed 

for an aquati.\( eX,istence. The preaençe of so 

~any apeCimens~f Ho·vasaurus suggest s that the 

dèposit iona1 "·~nvironment could have baen a large body 

of water. Sediments of the Lower Sakamena Formation 

accumulated 'rapid1y in rift valleys (Cliquet, 1957). 

The environman t ,cou1d have bean near -shore marina 

(P.L. Cliquet, persona1 communication, 1977; Carroll, 

. 1981) • Dlsarti.culated bones are recovered from the region 

of Bsnenitra (fig. 2). :Most of th~ bo~es are 

attributable to another aquattc genus, C1asdiosaurus. 

However, an iaolated pUb,lB (MNHN 1925-5-83) ia 

iden~lca1 to thst of AcgroaodontossurUB, as 

are a number ot othel', 'lesa diagno~tlc banes. 

\ 
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The' association with aquatie ·genera.suggests tha,t 

Acerosodonto~aurus could have been an aquat1e reptil~, 

whereas its rarity st these two loealities suggests th~t 

ita remains, coula have been washed in from a terrestr1a1 

environment •• The signifieanee of the similarity between 

" 

the radi1 of Champsosaurus and Aeerosodontosaurus is not 

apparent, b~ could indieate funetional slmilarities. There 

are no. other osteological features that Fan be used to 

indieate that Aeerosodont6saurus was adapted to an aquatie 

existence. 

Aeerosodontosaurus is a.r~latively primitiveyounginiform 

eosuchlan that lacks most of the der1ved eharacters that are 

shared by Young1na and ~he tangasaurids. It ls one of the 

few Permian eosuehians with a reasonably weIl preserved skuil. 

\ - ' 
Unllke Youngina, ,the 11mb elements are well ossified and 

details ean be seen th~t were previously unreported in Permian 

eoauchlans. As will be seen in subsequent sections, 

Acerosodontosaur,us represe,pts a stage of morphologieal 
'". 

evolution that la intermediate between protorothyridid 

captorhinomorphs and tangasaurids. 
\ 
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THE VERTEBRAE OF YOUNG INA 

(REPTILIA: EOSUCHIA) 

------ . 
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r 
lu 1914, Broom established the genus Youngina on the 

bas1s of a specimen collected from the Daptocephalus Zone 

of the Karroo of South Africa. He recognized that the 

animal represented the most pt;'imitive· level of dlapsld 
. wi 

reptile found up to that time, and proposed"a new suborder, 

the Eosuchla, for Youngina. The Eosuchla, a diverse 

assembl~ge of terres tria.! ~.<U!atic -.aruLglid.ing __ repti 1 es , 

bas generally been accepted as the basal sta1k from which aIl 

later diapsids probably evolved. Youngina is represented by 

more than a dozen skulls (Gow, 1975), which are relatively 

unspecialized, and provide the basls of ou'r concept of the 

cranial anatomy of the Eosuchia. 

t 
The postcranial skeleton of Youngina ls known from three 

partial specimens, none of which were sufficiently ossified 
" 

at the Ume of death to permit an adequate knowledge of the 

postcranial os teo10gy. Recent examination of the type 

specimen indicates that the vertebrae are more complicated 

than was sugges ted by the previous descriptions. Because the 

presence of specialized, or dertved, features ls important in 
\ 

determining the relatlonships of aniuî'als, precise ~nderstanding 

of anatomieal details is important. 

The type specimen of Youngina, consisting of a skull and 

vertebral column, ls in the collections of the American Muselpll 

of Natural History (AMNH). A second, specimen (Broom, 1922) 

.-
\ 
\ 
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from the same locality was da~ged °during <collection, but 
o " ()' .\' L.<:J 

theré were a large' number ôf notochordal vertebrae, mostly 

imperfect: Broom (1922) noted that the caudal vertebrae 

are elong~te, and lack chevrons: In his examinatioJ}. of the, 

e,arly history of sauropsid reptiles', Watson (1957) reex'amined 
p o 

the vertebrae of the type specimen (AMNH 556p and figured 
.... 

the vertebral co!umn. He .pointed out that the: articular 

surfaces of the zygopophyses are wide and nearly horizontal. 
< " 

Youngina capensis specimens prepared in aeid ,were figur~d by 

Gow (1975). 
Il 

The vertebr,al "column preserved in. the type spec:l.me~ 

includes the 1ast twe1ve presacral vertebrae, two sacrais a~d 

six caudals. The total m~ber of presacrai vertebrae in 
, 

Youngina is unknoWn, ~lthough Gow (1975) shows 23 in his 

reconstruction. In contrast. mOst eosuchians have 24-26 

The average length.-J)f a 

" \ 

, ~------------
~'entrum of AMNH 5561 

presaerals. 

, 
(tigs. 13a, 14) is mm, and the average beight i8 4.2 I11III. , 

The neur sp:LnéS are ,relative!y low, 5.5 mm on thé average 

~ie 1), and anteropostèriorly long (5.2' mm). Th~re are ., 
/ two sacral vertebrae (Watson, !957: Gow, ---1975). The total 

~ ~ j 
~ ~v 
1 nUlllber of caudals is unltnown. , 
! ~ 

The zygopophyses extend lateral1y bfyond the Iateral 
- \ 

1imits of the centra, and the articQ1ar s,ur,faces are 

1 

1 ( 
\ 1 

! 

- j - ' 

J _ .. _____ . ____ ~_ \ 
\ 

r 

-1 
1 

j 

1 
i' 

1 
1 
1 

1 

1 , 

i 

1 

1 
~I 



.. , 

/ 

( ,1 

. () 

l!'1sure ~3. 

J 

f 
1 -

- ' 

.--- j 

, fI 
o! '~ 

- 9S -

Youngina capensis, type specimen 

(AMNH 5561). a, dorsal vertebrae 

(20th, 2lst and 22nd'?); b, ventral 
{.;..,' 

view ot 20th (?) 1ntercentrum; 

c, section through rront end of 

seoond caudal and posterior portion 

or,the neural spine of the first 

caudal (left side restored); dt 
1 

third caudal. Scala = 1 om. 
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inclined at a 10w angle from the horizontal (Watson, 1957; 
\ 

Gow, 1975) in the presacral ~eries. In the caudale 

(fig. 13c), the zygopophyseal articulating .surfaces aFe 

Inclined at an angle of more than 350 from the horizontal. 

Intercentra are present throughout. the" dorsal series, 

and are constricted anteropostertorly on ~e m~d1ine 
(fig. 13b). " . ') 

The specimen deséribed by'Broom (192l) does ndt have 
1 

haemal spines in the tai1.' However, haemal spines ar~ found 

poster~or to the first two caudals in the type specimen. 

Gow (1975) reconstructs the first five caudals as 1acking 
/ 

haemal spines. Perhaps Broom's specimen included only 

anterior caudals. 

A feature that bas gone unnoticed Is the presence of an 

extra i~tervertebral articulation between the pairs of 

zygopopbyses. These processes show in Watson 's f;gure of 

tbe vertebral column, a1tbough it appears he did not recognize 

them for what they are. He heither described them nor did he 

include them in his reconstruction of the vertebrae in dorsal 

view. The~e proce~ses would have bee~'easy to miss because they 

are s~ll, the specimen was only partially prepared, and because 

they could have been interpreted as being the medial surface of 

the unexposed, right anterior zygopophyses. 
'1 

In the mid-dorsals (fig. 13a), there 18 a very thin 

rectangular proces's on the anterior edge of the neural spine 

'1 

....... 
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on the midlin~. lt appeara to be long enough to contact 
. . 

the posterier face of the neural spine of the preceding 

vertebral 

The cervical vertebra (fig. l5f) figured by Gow (1975), 

shows there was a posterior, midline expansion at the base of 

the neural spine. 

As. will be seen in a subsequent section, the neural _ 

spines of Hovasaurus articulate by me~ns of such.processes. 
, , 

lt was found that these processes are quite variable throughout 

tne column and between different individuals of the sarne species 

as weIl. However, it appears Chat throughout the vertebral 

co1umn there is some forro of contact of the neural spines in 

between the zygopophyseal contacts, and i~ sorne cases this 

contact can extend vert1cally far up the neural spine. In the 

anterior dorsals, the extension is on the posterior surface of 

the neural sp~ne (fig. lS~)~ whereas i~ the posterior dors aIs 

tbe ~~pansion ia on the anterior surface (fig. 15h). The 

accea~ory contacts of the mid-dorsals are transitional in 

forro between the patterns seen in the anterior and posterior 

presacrai vertebrae. Although the proeesses are more complex in 

BovasaurùS, the same basic pattern of a posterior extension of 

the neûral spine in the anterior part of the column (fig. l5f) 
r 

~ an anteriorly directed process in the posterior do~sais 

(fig. 15) is found in Youngina a1so. 

.i~ _____ ~ ___ . ____ ~~~~\ ~._ ~~~. __ 
---~~~ .. ~~~--:::;::------_ .. _-- ~~ ..... 
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Figure 14. Younglna capensis. Reconstruction 

, 
of mid-dorsal vertebra in dorsal l 

1 
'" 1 and,lateral v1ews. Bssad on AMNH 

"'i: __ .,,~ " 
5561. 
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A stmilar pattern of Intervertebral articulation is 

found in some other eosuchians. Kenyasaurus (fig: ISe) 

seems to have an extra, anterior1y directed proeess in the 

mid and posterior presaeral vertebrae, as does an animal from 

the Upper Permian of Madagascar that Piveteau (19'26, p.17l) 

referred to as "Datheosaurus" (Çarroll, 1981). 

The' type specimens of Tangasaurus"although badly preserved, 

seem to show the same 'adaptations. 

Contact between the neural spines in addition ta the 

zygopophyseal articulations would tend to restriet,dorsoventral 

motion, as would the large, almo~t horizontal zygapophyses in 

Youngina. As in modern snakes and Sphenodon, there would be 

no restriction on the lateràl flexibility of the column. 
, , ' 

The resson for restricting the vertical flexure, of the column 

• 

is not clear·in Youngina, although in Hovasaurus it is clearly 

..-----part of a highly specialized system to control Iateral undulations 

f~r propulsion in water. 
\ 

Accessory i~tervertebral articulations are not found in 
... 

protorothyridids (fig. l5~), the ancestral stock of eosuchians. 

Heleosaurus (Carroll, 1976) and Acerosodontosaurus (Currie, 1980) 
, ~ 

. were referred to the Younginidae, but neither have accessory 

intervertebral articulations (figs. lSb,c), suggesting thèY,' 

are not closely re1ated' ta Youngina. Midlinè articular processes 

have not been reported on the neural spines of other lines of 

eosucbians. They appea~ to be a derived cha~àcter that .ugge.~/ 

41l!i14~ . ., 
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Presaera1 vertebrae some primitive 

reptiles: (a) vertebra, 

after Heaton and Rei z (urlpublished manus'cript); . 

(b,e) ee~viea1 .and drrsa1 v~rtebrae of 

"Acerosodontosaurus.jafter Currie (1980); 
, - 1 

i (d) Heleosaurus, dorsal vertebre, after carroll l ,- , 
(1916); (e) posterlor dorsal vertéira of 

i 

Kenyasaurus. after/ Harris ana Carroll (1977); 

(f) cervical vertebra,of Youngina, after Gow 
\, . . 

(1975); (g) anterior dorsal of Rov~saurus, based 

on SAM 9463; (h) posterior dors~l vertebra o~ 

------- -
Bovasa~s, based on MNHN 1905-32-60; (1) dorsal 

• " J f 

vertebra of Youngina. Each saale represents 

1 CUl,p" 8CC1S00ry 'articulating'proceso. 
-------
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a10ng with other characters, close relationships ~ong 
~ / \ 

Youngina, Thadeosaurus, Kenyasaurus. Tangas8uru~ and 

Hovasaurus. It also suggests that Youngina ls too specia11zed 

in the vertebrae to be an ideal ancestral morpho type for 

other eosuchians, eolacertilans or archosaurs. 
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INTRODUCTION 

In 1926, J. Piveteau described the remains\ of several 

reptiles from the Upper Permian strata of southern Madagascar. 

One animal was referred to Tangasaurus, a reptile previously 

described (Haughton, 1924) from the Upper Permian of Tanzania. 

A second was tentatively referred to as Datheosaurus, a 

genus based on a single specimen from the Lower Permian of 

Europe. A new genus, Hovasaurus, was detailed on the basis of 

abundant materia1. Haughton (1930) showed that Tangasaurus 

and Hovasaurus are c10sely related eosuchians. They were united 

into a single fami1y, the Tangasauridae. A third genus, -'-

Kenyasaurus, from the Lower Triassie of Kenya was reeently 
.. ~ 

referred to this family (Harris and Carroll, 1977). 

! Carroll (1981) reeently redescribed the two specimens 
o 

o 

of Datheosaurus from Madagascar~hat Piveteau originally 

described)as a new genus of younginid eosuchian, Thadeosaurus 

eolcanapi. At the same time~ Currie was studying the 

tangasaurid specimens, and di~covered that Tangasaurus from 

Tanzani~ is a distinct animal !Jom the "Tangasaurus" 

specimens of Madagascar. The redescription of Thadeosaurus 

w~s in press before it wa~ realized that the ~dagascar 

specimens of "Tangasaurus" wer~ Thadeosaurus. 

Younginids and tangasaurids are closely related 

(Currie, 1981), and are distinguishable by relatively few . 
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osteo10gica1 characteristics. lhe new1y recognized specimens of 

Thadeosaurus indicate that this animal ia a tangaaaurid rather 

than a younginid. There are, however, no feattlres in tpe 

ske1eton of this animal ta Buggest aquatie habits, in contrast 

w!th the c1ose1y re1ated genus, Hovasaurus. A growth series of 

nine specimens i& now known for Thadeosaurus, and more than 

seventy specimens of Hovasaurus were'" available for study. 
\ 

Characteristics in the growth s~ries of the two generâ ~re 

different, "and can be corre1ated With differences in habitat 

preference. 

C1ass REPTILIA Linnàeus 1758 

Subc1ass LEPIDOSAURIA Dumeril and Bibron 1839 

Order EOSUCHIA Broom 1914 

Suborder YOUNGINIFORMES Romer 1945 

Family TANGASAURIDAE Camp 1945 

Subfamily KENYASAURINAE Currie 1981 

THADEOSAURUS Carroll 1981 
'4 

Diagnosis. --- Can be distinguished from its closest 

relative, Kenyasaurus,by taller dorsal neural spines and 

lower number of caudal ribs and trarlsverse processes 

(19 pairs compared with 28 in Kenyasaurus~. Ther" is no small 

tuberosity on the fifth metarsa1 for iasertion of the brevis 
" . 

branch of the peronaeus muscle as there is in Kenyasaurus. 
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THADEOSAURUS COLCANAPI Carroll 1981 ' 

Holotype --- MNHN 1908-11-8';; 'MNHN 1908-11-21, 

counterpart!' slabs in the Muséum '~ational d' Histoire .. 
.' 

Naturelle, Paris. 

Referred specimens see Table 3. 

"Horizon and Loca1ity --- Lower Sakamena Formation, 
\ 

Upper Permian. Sakamena River Valley, southern Madagascar. 

AlI specimens seem to be" from a single site, but the exact 
\ 

loca;Lity o t recorded. 

" Dia s -- same as for genus. 
=.;;;.w_~;;.. j " 

V"·;. DESCRIPTION 
1 

1 

1 

\ 

\ , 
Thadeosau~us<appears to 

l ' 
have beèn primarily terres trial 

reptile that wou1d have been lizard-1ike in appearance. The 

skull is known fro~on1y one specimen. The neck is very 

short, as tt is in Youngina and H~vasallrUs. The snout-vent 

length of a-1nature animal wou1d havé been 19 ta 22 

centimetres, assuming there,was no elongate rostru~. The 
- v 

ta!l was ~ong, about 32 centimetres at matur~. 

Measurements \ 

The length oa: an average dorsal centrum of the larges t 

known spe~imen of Thadeos3urus i~.8 times the length of 

the same dimension ~) in the 8mail~ known specimen 
1 

(Table 3). There 18 no evidence to sho~.that any portion 

1 

1 
o i 
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of- the vertebr{ll, column incr:eased' in length during growth 

at 8 differéft~~ rate than thaOt of t,Jl~.-dorsal series. Therefore, 

the l'ength of the vertebral column has a direct relationship to 

the total length of th~ body. 
1 

A ch~sge in the relative length 

of the skull, if it existed, would have had little affect on 

total body 1ength because the skull makes up only 10% of the 

" 

total body 1ength and any changes in relative skull length would ' 

have been only a fract~on of that 10%. lt is therefore 

reasonable to assume that the total length of the largest 
, . 

specimen of Thadeosaurus is/about three times the total length 

of the smallest known specimen. Comparison wi~h adult to ' 

hatchling length ratios in living reptiles (page 39) suggests 

l:hat ~ adul,t to hatchling length ratio would have been about 

J4.0 for Thadeosaurus. lt is evident from the ossification of 
) 

tne largest specimens that these were mature animaIs when they 

died, so presumably the smallest known specimens were not 

hatchlings. 

For convenience of reference, rthe ser~es of Thadeosaurus 

specimens has been dlvided into life stageR A to G on the'" 

basis of ve~tebrai length. It should be po nted out that the 
r 

word "stages" is used in a loose sense, because each subdivision 
~ 

represents a .6 millimetre interval of continuous growth of 

the dorsal vertêbrae. If an equivalent portion of the life 

span is represented by those specimens as that shown by 

, ~, 

1 

1 

L 
_. __ '_._":'::..}-" ~': _______ "~ __ -"_'_"';;;: __ -:O,_;-''''''''N _____ -_---'''''''--=-''''''''=~"'-"_~W="""'""""'-_~' _________ _ 
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1 

Hovasaurus, the life stages, in the two genera' should be 

~lmost equivalent. 

correspond ta those 

These subdivisions based o;~ do not' 

used by Piveteau (1926) and Haughton \ 

(1930), which were based~n specimens from three distinct 

gene~a (Table 2). 

Several: standards of relative measurement- can be used 

to compare e1ements of different genera. The orthometric 
1 

linear unit (OLU) should give a unit measurement independent 

of the anima1's weight provided it is used only on,mature 
1 

an~ls (Currie, 1978). In many cases the OLU cannot be 

calcu1ated because the diameter of the dorsal vertebrae 

cannot be measured. Therefore, a second system, based on 

"the ratio of the dimension being considered to the average 

length of a dorsal centrum (x), is also used. 
-0 -

Skul1. 

Very 1ittle cranial materia1 is known for Thadeosaurus . 
. 

Sorne fragments we're described by Carroll (1981). The on1y 

other skull materia1 is provided by one of the juveni1e' 
1 

specimens (MNHN 1908-11-16, fig. 16). This fossil seems to 

have suffered somewhat from eroaion, -because definition of 
, 

many of the bones is poor. 

The sku11 is exposed in ventral aspect. Although thè , 

anterior bones cannot be 'seen, \the degree of tapering suggests 
il 

1 that the sku11 would not have had an e10ngate rostrum, and that 

the skull would have been less than eighteen millimetres long. 
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This i8 5.6 times -the average 1ength of a dorsal centrum (~),' 
, , 
1 which 18 close to the sku11 l~ngth of Tangasaurus (fig. 17): 

r 1 
and Acerosodontosaurus (Currie, 1980). Most Permian reptilis 

have re1atively longer sku1ls th an this. In'Youngina, the 

akull i8 almo8t twice the- 1ength at lO.6~ (Gow, 1975). 

Pro1acerta (Gow, 1975) and Palaeagama (Carroll, 1975) have 

cranial lengths in excess of 7~. 

The maxilla, jugal, frontal, palatine, epipterygoid, 
/ 

1 

basisphenoid-parasphenoid complex, basioccipita1, 

exoccipital, quadrate, prdotic, opisthotic and,ceratobranchiale 

1 are represented i~ MNHN 1908-11-16 (fig. 16). 

The ventral margin of the left maxilla can be seen in 

external aspect. 1 No teeth are visible, but were ~obably 

lost when the skull disarticulated before burial. The external 

surface of the bone i8 shallowly sculptured. Anteriorly the 

maxllia formed the latera1 margin of the internaI naris. 

The jugal is a triradiate bone, which is larger compared 

with the quadrate (a bone weIl preserved in both genera) than 

the jugal of Hov.asaurus. Only the postorbital ramus can be 

seen clearly, but ~he base of the subtemporal branch is 

visible. The presence of a subtemporal ramus indicates that 

there wa~ probably a complete lower tLmporal bar. 

Ooly the orbital margin of the frontal can be seen in 

ventral view. As in Hovasaurus (fig. 26), an anterolateral 

, 
11 
" 
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proj~ction of the frontal excludes the posterior enq of the 

prefr~ntal from the orbital rime The frontals appear ta 

have tapered anteriorly along the midline to separa te the 

posterior ends of the paired nasals. The frontals are very 

narrow between the orbits as in Hovasaurus. 

A portion of the palat~ne is visibl~ where it forms the· 

media~ and posterior margin of the internaI naris. 

The pterygoid cannot be seen in this specimen, but . 
, 

in MNHN 1908-11-8 it bears two rows of small, sharp palatal 

tee th (Carroll, 1981). ~ 

The epipterygoid has broad base and long columella. , 

'" 1 i 

Compared with'other reptiles, the base is relatively small, 

w~ich Indicates that much of the bone was still carti1aginous 

when the animal died. 

Both quadrates are exposed in externa1 aspect, which ls 
t. 

unusual because the rest of the skull is exposed in ventral 

vlew. The condyles are oriented anterior1y, whereas most 
• f , 

specimens disarticulate 50 that the condyles face caudally. 

The " same type of dis articula tian occurs in Hovasaur~s, where 

additiona1 evidence indicates that the quad 'ate probably sloped 

anteroventrally. It is high1ly probable that the jaw 

articulation of Thadeosaurus was anterior ta the occipital 
. 

condyle. Th~ quadrate is a broad, relatively low bone with 
, 

a width to height ratio of greater than .8 as in Hovasaurus 
r 

(fig. 26). The quadrate of tangasaurlds would have been 

~ _____ ~ ____________ ...,~ ____ ,,_" ___ ~JUI...i,f.t 

! 
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somewhat taller in mature specimens •• The dorsal margln of 

the quadrate of tangasaurids is concave in posterior 4spec,t 

and would have been extended by cartilage. In most reptiles, 

includ1ng Young1na (OIson, 1936), tbe ~uadrate is a tali, 
- ,'1 Il 

1 

narrow bone. A ridge extends from the medial condyle to 
, , 

the' 'dorsal marg1n on the external surface as in Hovasaurus 

(fig. 26) and Youngina (OIson, 1936).. The pt~rygoid would-' 

bave overlapped the concave surface medial ta the ridge. 

A protlOunced stape~ial boss extends ,(oste"riorlY from tbe 

ridge above the condyles. The carti~1nous end of the 

stapes would have passed dorsal-· to--t!tis knob. 

The parasphe~oid-basisphenoid complex ls weIl preserved, 

" 1 

with the exception of the cultriform process. It 1s similar 
, ... 

to but distinct from the complex in Hovasaurus (Piv,eteau~, 

1926, Pl. XIV, ~ig. 1). ~e base of the cul~r1form pracess 

i~swollen laterally anterior to the bas~pterygoid tubercles, 
1 

1 

whereas th1s reg10n 18 narraw in Hovasaurus (fig. 31c). A 

low'"ridge runs along the midline of the cultriform process, 

and ends posteriorly in a rounded hump of bone between the 

basipterygoid processes,. A pair of ridges continue 

posterolaterally from this boss alang the crests of the 

eriata ventrolateralis. There are no earotid foramina visible 

in ventral aspect. The comple~ i8 vaulted between the crista. 

A eaudally direeted, rectangular process on the midline would 

have overlapped the ventral surface of the bas1occipital. In 

1 

1 
,,\ 
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contrast with Hovasaurus, the crista ventrolateralis ex tend 

posteriorly weIl beyond the posterior margin on the midline. 

They would have reached the exoccipitals distally and prevented 

any contact between the basioccipita1 and opiSehotic. The 

ossified portion of the crista of Hovasaurus do not extend 

much beyond the basioccipita1 suture, but could have been 

continued distally in cartilage. 

Only the bases of the exoccipitals are visible. These 

bbnes did'not form any portion of the occipital condyle. . / 

As in Hovasaurus, the semicircular notochoraa1 "pit" 

indents the posterodorsal margin of the occipital condyle. 

A pair of basioccipita1 tuberc1es diverge anterolaterally 

from the ventral margin of the occipital- condyle. A ventral 

depressfon between the tuber~les would have be~n covered by 

,the posterior midline pro cess of the Q&sisphenQid.-parasphenoid 

complex. A slight depression in t'he ventrolatera1 margin of 

-
the basioccipital could represent an area of muscle insertion. 

Few details of the prootic and,opisthotic can be seen in 

the specimen. The posterior surface of the opisthotic is 
f 

convex like that of Hovasaurus, and the paroccipital process is 

short. 

A pair o~ hyoid bones (Ceratobranchiale,r) are 

Indistinguishable in outline fr01ll those of Hovasau~us (fig\ 27), 
\ 

lIelecasaurus (CarroH, 1976a), Prolacerta (Camp, 1945) and many 

-----,---
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Figure 16. Thadeosaurus colcanapi, MNHN 1908-11-16. 

Ventral view of skull. Scale = 1 cm. 

.... 

) 

i 
i , 

1 , ' , 
'i 



( 

.'. 

( 

--~~---_ .. ---.. -...~~. ---- - ------_ ... - ...... '" 

117 

1 

1 

!' 
i 

i, 
1. 



, 

1 

1 
1 

1 

.\ 

1 

1 

( 118 -

( 

( 

other primitive reptiles. It is a long slender' rod that' has 

a concave posterior end for the cart;llaginous Epibranchia1e 1. 

Vertebrae and Ribs 

Most of the vertebral co1umn of MNHN ,-1908-11-16 can be 
~~ 

seen, and suggests that there were no fewer than 25 vertebrae 

and no ,m6re than 26. 

The cervical vertebrae are shorter than the dorsals. 

Where details can be' seen they are identica"1 to those of 

HovasauruB. The atlantal ~entrum of MNHN 1908-11-16 is about ,x 

.4x. .The atlantal neural arch has a 'caudally directed spine as in 
. 1 

a11 primitive reptiles. There is a relative1y small atlantal 

intercentrum, and a larger axial intercentrurn with a 1ength of· 

.3!. The axis is not well exposed. The third centrum is 

approximate1y' 85% the length of a dorsal centrum, and the fourth 

is 88%. The' articular facets for the ribs extènd clown on to the 

centrum from the neural arch in the cervicals. The neural arch 

seems to have been firmly 8utured' to the centrum in this 

specimen (stage B). The four th intercentrum iB ossified. 

whereas it is not in Isp.ecimens of Hovasaurur at the sam~ lite 

stag~. 

Sho,..t crescentic in~ercentra are prese~t throughout the 

trunk by stage B, whereas these do Dot oss1fy in Hovasaurus 

\ 
until stage F. 

1 

1:n the dorsa1/region, sutures between the two sides_ of 

the neural arch are still visible at stage B (MNHN 1908-11-4) 

and the attacbment to the centrum ls still visible at stage D 

_______ • ____ • ___ -...-.....1 __________ .,_ •• _. __ 
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(MNHN 1908-11-5). Both types of sutures ~e no longer visible 

by la te in stage D (MNHN 1908-11-15). The neural spines increase 

in size during growth with high posiçive a11ometry. The 

coefficient of a110metry (1.8) is greater than that of 

Hovasaurus (1.2), although the spines are relative1y lower at 

) 
any life stage in Thadeosaurus. 

-A1tough there are no zygosphenial joints, accessory 

articulations are found along the midline of the neural spines 

of· the presaeral vertebrae. These do not appear until stage F, 
\ . " 

and are simply butt joints dorsal to the neural canal. No 

known specime~ of Thadeosaurus has an accessory artic~lation as 
1 

comp1ex as that seen in Hovasaurus (figs. 32, 33). The Rresence 

of accessory articulations is a derived character that is al 50 

found 1n Youngina (fig. 13a), Kenyasaurus (fig. 15e) and probably 

Tangasaurus . 

The neural spines are constricted anteroposteriorly above 

the leveI of- the accessory artictt1ations, but exp and slighF1y at 

the distal end in mature specimens. The anteroposterior length 

of the neural spine of the mid-dorsa1s of MNHN 1908-5-1 is .77x. 
1 

As in Hovasaurus, the neural spines are re1atively thick lateral1y 

at the distal end in large specimens. 
) 

__ MNHN 1908-11-16 i5 a series of 33 caudal vertebrae in thre.e 

sections with two missing interva1s. The most anterior vertebra 

would have been between the fifteenth and twentieth caudals, and 

the two missing sections would have included at leaat a haH dozen 

.:;> 
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vertebrae. This specimen seems ta have had approximate1y 
f 

55 caudal vertebrae, in contrast with 47 in MNHN 1908-11/19 

(Carroll, 1981). The 1ength of the tail appears ta be varia~\,e 
in Thadeosaurus; and can be as long as that of Kenyasaurus 

(Harris and Carroll, 1977). Neverthe1ess, it was much shorter 

than the tail of Hovasaurus, which has a minimum count of 70 

vertebrae. 

The neural spines of the caudal vertebrae are shorter than 

those of the dorsals in contrast with Tangasaurus and Hovasaurus. 
., 

The caudal neural spines of Thadeosaurus are rectangular, and 

have a posterodistal slope . (fig. 17c). The length of the 

haemal arch and spine exceeds ,the length of the neural arch 

ând spine by more than 60%. 

There is no evidence of an at1anta1 db~. The axial rib is 

B~ort (.9x) and triangular. The four th and fifth cervical ribs 

are re1atively straight rods of bone that expand s1ight1y 

dista11y (MNHN 1908-11-16). The four th is 1.lx in length, 

and the fifth is 1.5x. 

The dorsal ribs are not pa~hyostotic 1ike those of 

Hovasaurus, but are otherwise indistinguishab1e. 
" 

The anterior caudal ribs either taper .throughout their 

1ength (MNHN 1908-11-13/19, 1908-5-1, 1908-11-15)' or exp and 

slight1y di~lY (MNHN 1908-11-4, 1908-11-5). The anterior 

caudals of Hovasaurus are expanded dista11y to a greater degree. 
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The first caudal t'ib of Thadeosaurus extends Iaterally beyond 

the tip of the ilium, rather than anterolaterally as it does 
1 

in HovasauruB. 

At leaat 19 caudal vertebrae have pointed l'ateral 

proce8ses (Carroll, 1981), c.ompared with a maximum of 12 

in Hovasaurus ,and 28 in Kenyasaurus (Harris and Carroll, 1977). 

Most of these Iaterai processes are fused caudal ribs, but the 

most posterior ones would be transverse pro cesses • The caudal 

ribs of the juveniles have not coossified with the centr~, and 

• 
are distinat as far back as the si~teenth caudal in MNHN 

1908-11-4. " 

Pectoral Gird1e and Limb 

The scapu1ar b1ade i8 short in tangasaurids. including 

Thadeosaurus. The scapula has -a large ventral exposure 

(MNHN 1908-11-5) and forms part of the screw-shaped glenoid. 

There is no supraglenoid ridge, nor is there a supraglenoid 

foramen. A d.epression in the supporting ridge ant~,rodo-tsal 

ta the glenoid f8 al$o seen in Hovasaurus and Champsosaurus 

(Sigogneau-Russell, 1979), and cou1d have 8erved as part of 
"-._ l 

'. 
the origin 'of the subcoracoscapularis-"> The scapula ls not 

fused to the coracoid by stage D (MNHN 1908-11-5). but fusion 

must have occ.urred shortly after. Coosificatlon seems to occur 

at the same stage in Hovasaurus. 
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The intercla\ricle (MNHN 1908-ll-5) has a t-shaped head 

"as in Saurosternon (fig. 53c) and, Hovasaurus (fig, 39). 
-, "Ii>'\ 

width of the head is more than 2!i, and the maximum width 

1 
1 The 0 

of the 
\ 

shaft is approximately .6x·, There is a weIl d~fined ridge 

along the midline on the central surface of the anterior part 

of the shaft, 

A pair of sternal ossifications are present in all 

specimens except the smallest (MNHN 1908-11-7). The allometric 

growth curves (for the ossified portions) suggest that the sternum 

should have started to ossify at an ear11er age than this, so 

the sternal plates may have been lost before buriaI. The length 

and width of each ossiUed sternal plate undergoes high allometric 

growth (k exceeds 2.2>'. 
yx 

n J 
The sternal elements do not fus~ into a 

single element until stage G. In Hovasaurus, the coefficients of 

allométry for length and width of the sternal plates are lower 

than those of Thadeosaurus, but the plates coossify by stage F, 

Otherwise,' the sternum ls not distinguishable amoagst tangasaurids. 

Carroll (1981) reported that there were three p~irs of prpcesses 

alol1g the lateral J1largins for attachment of the ribs, As in 

Hovasaurus (fig. 41), a pair of facets with unfinished bone can 

be se en in dorsa~ aspect behind the articulation with the coracoid. 

A1;tother pair o~ ribs prpbably attached here. The spacing also 
" 

1 ., 

----J.ndicates that another point of attachment would have been present 

n~~erior 'end as in~ 'Hovasaurus. Therefore t there are 5 
( 

~ 

1 
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pairs of facets on the sternum for attachment of ribs. 

In juveniles.:. the humerus is less th an 75% the length"e<\ 

of the feMUr. Allometric growth is posi~,ive in the humerus and 

isometric in the femur, so that at maturity the ratio of humerus 
,- J 

ta fe~ur length ex~eeds 1.1. The radius i9 70% the length of 
~~ .. 

the~umerus in juveniles, but because of the higher growth 

rate in the humerus, the radius to humerus length ratio is 

less than ~60 in adults. The tibia to femur length ratio ch~nges 
(1 

;from .87 to .90 as the aniels matures, and the ratio of radius to 

tibia increases from .60 .ta .73. The changes in 11mb 

proportions paraI leI those seen in Hovasaurus, Although the 

epipodia1s are shorter in the more aquatie genus. The two 
• 1 

1 specimens of Tangasaurus show the sftme trends as Hovasaurus. 

The changes in 11mb proportions in Thadeosaurus aIsô 

. parallel thosè of nothosaurs but not those of terres trial 

reptiles. The similarities suggest that Thadeosaurus ~ou1d 

ha~e spent a great deal of time in the water, even though there 

is no morph~10gica1 evidence in the ske1eton to suggest 

swimoiing habits.' Among living swimming lizards,' the marine 

iguana shows few ëkeleta1 adaptation~ even though it spends 

a great deal of time in the water. 

The coefficient of ailometry in the humerus ia high (1.3), 

but not as gre~~ AS t~8t of Hovas8urus (1.6). 
/'-~""-

At maturity, the 

''-~''''-~- ~ . 
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'-.' 

bumerus is re1ative1y long (25.8 oiu, 6.7~), a1thougb it is 
1 

significai1t1y shorter tban that of Hovasaurus (27.5 OLU t 7. 2~)r. 
-' 

In more primitive reptiles, the humerus tends to be m~ 

shorter. The 1ength of this bone is 19' OLU (5x) in 

Palaeothyris [(Carroll, 1970) and 5.4x in Petrolacosaurus 
""." 

(Peabody, 1952). The humeri ofknown specimens of Youngina are 

very short (4.8x, Gow, 1975), but this seems to be re1ated ta 
1 -

delayed ossification of the 1imb e1ements despite an advanced 

stage of ossification in the vertebrae. 

The ~ntepicodylar foramen i5 not enc10sed dista11y by 

bone in MNHN 1908-11-4 (stage &). a1~hough both thé' 

entepicondy1ar and 1 ectepicondy1ar grooves are visible. The 

ectepicondy1ar foramen is enc10sed in bone by stage F, but in 

~ovasaurus is not clo~ed dista11y unti1 stage G. Except for 

tts sma11er size at matùrity, the humerus of Thadeosaurus 

cannat b~ distinguished from that of Hovasaurus. 

The radius shows moderate positive al10metry in its growth. 

At maturity its length (15.1 OLU, 3.9o!) is' greater than that of 

Bovasaurus (14.4 OLU, 3.7_x) but not significlntly 50. The radius 
[ 

is short1er in Palaeotpy}:is (11.4 OLU, 3~), ,bt t: relative1y longer 
-"":.. "", 

-.. ~ê.p 

in terrestria1 forms~like Petro1acosaurus (6.5~) and Pro1acerta 

(19.4 OLU, 4.1x, Gow, 1975). - '" 

The ulna (exc1udin& the o1ecranon) is Bhorte~ than-the 
\ 

radius, a characteristic of mast eosucbians. The/olecranon 
[ , 

·process~~as either not deve10ped or unossified. The presence of 

---~------------ ----------~.;~.,)~----~----~ 
- "/'.,If' 

" ... ,~ 
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longitudinal striations on the lateral surfaces of the 

proximal end of the ulna marks the insertion of the tendinous 

sheet of the triceps musculature. This muscle normally 

inserts onto the olecranon (Holmes, 1977), so its point of 

attachment in tangasaurids ex tends more' distally ~han in 

captorhinids. 

No carpa1 ossifications are present in the smallest 

specimen (MNHN 1908-11-7v, but four have appeared by 

stage B (MNHN 1908-11-4). By stage D (MNHN 1908-11-5, 

1908-11-15), the full complement of e1even car pal e1ements 

have ossified. The medial centrale i8 a wide bone that 

articula tes with distal ~arpals l to IV. In captorhinomorphs 

and most eosuch~ans, the medial centrale is separated from 

the fourth distal by the lateral centrale and third distal 

carpal. The derived state 8een in Thadeosaurus is also 

present in Hovasaurus (fig. 60j) and probab1y Tangasaurus 

(Haughto~, 1924). 

At maturity, metacarpai IV"is significantly longer , 

(6.1 OLU,.l.6~) than the samé elem~nt in Rovasauarûs , 
1 

(5.2 OLU, l.3~). Digit IV i8 aS long as ,the radius, and 

relatively longer than the four th digit of Hovasaurus 

(1~.3 OLU, 3.5~). The first digit, including the metacarpa1, 

i8 44% the length of the fourth digit, the second ~s 61%, the 

third is B4% and the fifth 1a 63%. On the average, the fifth 

" , 
,J 

" 
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digit is 74% the length of the third. The relative 

proportions of digits l to V in Thadeosaurus are primitive, 

~hereas the central digits are shortened in Hovasaurus to 

form a more efficient swimming appendage.~ Growth in 

metacarpal IV is isometric, while the length of the fourth 

digit (excluding the metacarpal) incre~ses with negative 

allometry (k '= .7). yx 

The morphology and relative dimensions of the ilium 

• 
are not significantly different from those of Hovasaurus. 

The major dimensions of the pubis increase isome~riCally 
with age in Thadeosaurus. A mature pubis is wider (9.6 OLU, 

2.5~) than long ~.8 OLU, ,1.7~). and the ratio of width to 

length fs greater than in a~y other known eosuchian. The 

relative length ~f the pubis of Hovasaurus is greater,so 

the ratio of width to length is lower. Tqe obturator foramen 
. 

is open in sma11 specimens unti1 stage B, as in Hovasaurus. 

The length of the ischium increases at a slightly higher 
1 

rate than the width during growth. The length (9.7 OLU, 2.5~) 

and width (7.6·0LU, 2.0~) are signlficantly ahorter than the 

sarne dimensions in Hovasaurus. The suture with the pubis ia 
1 

strong in MNHN 1908-5-1, and there i8 no evidence of a thyroid 
i 1 

fenestra. 
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The femur shows weak n~gative al10metry (k '~.9) in 
yx 

'its growth. At ma turi ty it is 23.2 OLU (6. O!.) in length, which 

is not significantly different in the femur of Hovasaurus. 
, ' 

$ The femora of Pa1aeothyris (19.6 OLp" 5.2!.), Petrolacosaurus 

(5.7~ and most more primitive reptiles are shorter than those 

of tan~asaurids. Pro1acerta (28.5'OLU) and Acerosodontosaurus 

(28.8 OLU) have relatively longer fe~ora. The mature femur of 
1 

Thadeosaurus (MNHN 1908-5-1) cannat be distinguished from those 

of Hovasaurus (fig. 48j), hcerosodontosaurus (fig. 12d) and 

Heleosaurus (Carroll, 1976a). 

Three ossifications appear in the tarsus at sta~e A. 

These represent the astragalus, calcaneum and probably the 

r 
four th distal tarsal. Iwo more ossifications, the centrale and 

1 

third distal tarsal, have appeared by stage B, and aIl seven 
1 

elements are present by stage D. In contrast' the tarsus of 

Hovasaurus does not have a full complement of ossifications - -/ 

until stage F. As in Hovasaurus 1 (fig. 62), Kenyasaurus (fig. 

62) and Tangasaurus (fig. 17), the fifth distal tar~al has been 

lost as a discrete element. This charàcterj~tic distinguishes 

tangasau~ids from Youngina (Broom, 1922). 
1 

The length of metatarsal IV (11.6 OLU, 3.0~) ls attained 
\ , 

through isometrlc growth, and la not sigù~flcantly different in 
r, ! 

Hovasaurus. 
(' i '. 

1. 
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There ia no sma1l tbherosity on the fifth metatarsa1 

for insertion of the brevis branch of the peronaeus muscle 

as there is in Kenyasaurus (Harris and Carroll, 1977). 

There are only two specimens of Thadeosaurus with complete 

fourth digits, and both are less th an half grown. Because of 
! 

the 8mall sample size and the closeness in size, the calculated 

coefficient of aÜometry (1.3)· is not statistically significant. 

The ratio of length of digit four to that of the tibia is 1.16 

in one specimen and 1.17 in the other. In Hovasaurus, this 

ratio changes only slightlywith age, and it is reasonable to 

assume thàt the same would have been true in Thadeosaurus. If 

so"the length of digit IV in a mature specimen of Thadeosaurus 

could have been 24.3 OLU (6.3~). This calculation can be checked 

by an independent method because digit V and part of digit IV '- ' 

are preserved-in MNHN 1908-5-1, the largest specimen of 

Thàdeosaurus. The length ratio of digit ,IV to digit V (excluding , 

metatarsals) is 1.16 in the Thadeosaurus juveniles and 1.20 in 

Hovasaurus, and multiplication of the 1ength of digit V of 

MNHN 1908-5-1 by these ratios will give two estima tes for the 

1eng th of digi t IV. .These work out to be 22.2 OLU (5. S~) and . 
22.9 OLU (5.9~). None of the three estimates are significant1y - ' 

different from the le~gth of digit IV in Hovasaurus, but are 

re1ative1y longer than'this digit in Tangasaurus (4.9~). 
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Gastra1ia (ventral derma1 scaIes) cover th~ ventral 

surface of,the abdomen between the posterior end of the 

interclavicle and the middle of the pubis (betw~n the 

1 pectineal tubercles). The median segments cannot be seen 

c1ear1y in any of the specimens. At least 35 segments can 

be counted in MNHN 1908-11-4, for an average of a1most four 

per<rib segment. Each inc1udes two ,lateral segments in addition 

to t~ median e1ement. The Most distal segment is c10sely 
. 

appr6ssed to the anterior edge of the more medial 1aterai 

segment. 

Gastroliths are present in the posterior portion of the-

abdominal cavity of two specimens. The weIl rounded pebbles 
J 

in MNHN 1908-11-5 (Piveateau, 1926, Pl. XI, fig. 2) are up to 

2.5x in length, and 1.3x wide, but are not numerous. A1though 

not weIl exposed in MNHN 1908-5-1 (Piveteau, 1926, Pl. XII) 

it appears that the~e was a pebb1e mass in the abdo~en as large 

as in many specimens of Hovasaurus. The/mass of pebb1es do es 

not extend anterior1y beyond the 1eve! of the seventeenth 

presaera1 vertebra. 
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DISCUSSION 

Characteristics can be seen in the specimens recently 

identified as Thadeosaurus that clearly indicate its 'close 

relationship to Hovasaurus, Tangasaurus and Kenyasaurus. 

The skull of Thadeosaurus 18 similar ta that of Hovasaurus 

in aIl details known for the incomplete skulls. It Is 

relatively short apparently, i~ n,srrow betweery' the orbits, 

has an anteroventrally slopin~ jaw suspensorium, has a 

relative1y low. broad quadrate, and has a.short paroccipital 

process. The 1055 of contact between the 1ateral centrale 

and the third distal carpal i8 a derived character state of 
1 

tangasaurid~ that is also found 11 Acerosodontosaurus 

1980). Loss of the fifth distal ~arsal as a discrete 

lB another specialized character ~hat identifies 
1 
1 

ThadeoBauvus as a tangasaurid rather than a younginid. 

(Currie, 

e1ement 

\' l, 
The neuràl spine~ of ThadeoJaurus are' relatively longer' 

(l.lx) than th~se of Ken asaurusJ (.75x) in the dorsals of - , -
animaIs of the same absolute Thadeosaurus has only 19 

pairs of caudal "ribs" compared with 28 in Kenyasaurus. No 

other signlficant differences a e presently known to distinguish 

these genera~ which :In the subfamily 

Kenyasaurinae. 

Itw........ -
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Kenyasaurine tangasaurids are ~istinguishable from 

the Tangasaurinae (Tangasaurus, Hovasaurus) by the 

speciallzation of the ta!l as a swlmm!ng appendage in the 

latter subfamily. 

Although Thadeosaurus does not have any osteological 

characterlstfès to indicate a clear preference for aquatic 

habitats, several features suggest that such may have been 

the case. lts close relationship to aquatie genera is one 

clue. The limb proportions are elaser to those of Hovasaurus, 

Tangasaurus and notnos8urs than to more primitive, terrestria1 
" ' 

forms. The ossified portion of the scapular b1ade is very low, 

and the ventral portion of the pectoral girdle is 

proportional1y larger. This trend Is common in aquatie 

reptiles and is most highly developed ln plesiosaurs to lower 
j 

the centre of gravit y for stability and increase the area 

available for muscle attachment. The presence of ingested 

pebbles in the ab~ominal cavity could also serve to lower 
\ 

the centre of gravit y and incre~8e the .peéi~ic'gravity 'of the animal. 

Associated fossile, two fish and three unquestio~ably 
, 

terres trial reptiles, provide no evidence of the habitat 

preference of Thadeosaurus. Regard~ss of the weak evidence 

~hat may indicate Thadeosaurus spent part-of its life in the 

water, this genus was clearly not as weIl adapted for swimming 

as Hovasaurus. 
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In summary, newly recognized specimens of Thadeosaurus 
1 

show that this genus-i~~lQaely related to Kenyasaurus, 

Tangasaurus and Hovasaurus. Features seen in partial skullJ 
1 

of Thadeosaurus and Hovasaurus are distinctive when compared 

with other eosuchians. There are additional shared derived 

characters in the vertebrae, manus and pes that can be,used 

to define the Tangasaurid~e. No anatomieal speeialization 
. 

in either Thadeosaurus or Kenyasaurus indicate u~equivoeally 

that these genera were aquatie like Tangasaurus and Hovasaurus. 
- ' 

Growth series representing most of the life spans of 
, / 

Thadeosaurus and Hovasaurus can be comparéd, and indicate 
( 

that there are significant difrerences in the growth rates 

• of 11mb elements. These can be correlated with differences 

in habitat preference, which .will be discussed in a subsequent 

section. 
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J 

/ 

IV 

THE OSTEOLOGY AND RELATIONSHIPS OF 
" 

TANGASAURUS MENNELLI HAUGHTON 

(REPTILIA: EOSUCHIA) 
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1 

In 1924, S.H. Haughton described two fossi! reptile 

specimens that had been collected from U~per Permian strata 

in the vicinity of Tanga, in what 18 now Tanzania. These 

were recognized as a previously unknown taxon and named 

Tangasaurus mennel!i. Although the 'specimens were designat~d 

as co-types, the smaller, better preserved Qne (fig. l7a) iB 

here considered as tne lectotypev lt resides in the museum 

in Bulawayo, Zimbabwe, while its counterpart (SAM 6231, 

fig. l7b) and ~he 1arger specimen (SAM 6232, fig. l7e) are in 

the South African Museum, Cape Town. Anot~er naif sp~cimen 

in the South African Museum has not been described (R.L. Carroll, 
J 

personal communcation). on the basis of postcranial 

'charac~istics, Haughton (!924) feit that, Tangasaurus was 

probably a diapsid reptile that. ,because of the long, powerful, 

flattened tail, had become adapted for an aq~atic existence. 

Numerous specimens of small reptiles had been collected in 

beds of approximately the sarne age along the Sakamena River of 

southern Madagascar. One of the animaIs collected was described 

as ,Broomia madagascariensis (Piveteau 1925), but was referred 

the follow1ng year by\Piv~teau to Tangasaurus meneI1i (sic). 

Contrary to Haughton's conclusions, Piveteau feit that 
, ' ~ 

Tangasaurus was a primarily terres trial animal. Following Nopcsa 

(1924), he çonsidered it to be related ta Araeoscelis, 

---" '--~. 
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FigUre 17. Tangasaurus mennelli, syntypes. 

a, Ventral view of skeleton in 

Bulawayo' Museum, Zimbabwe; b, SAM 6231, . " 

counterpart of precedl~b specimen, 

~tter Har~is and Carroll, 1977; c, 

SAM 6232. 
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"<\"j 

J Ka~a1iosaurus, Broomia, Saurosternon and Pleurosaurus. 

Raughton restudied Piveteau's specimens from Madagascar, 
. 

and in 1930.published his observations. He concluded that 

Tangasaurus and Hwasaurus 're d1ied, aid that both we:r:e . , 

diapsids. Hovasaurus was recognized as a reptile adapted 
. l 

to an aquatic existence through reduction of the fore-11mb 

and coracotd, and retarded o~slfication and e1ongation of 
o 

the body. Tangasaurus was considered to be intermediate 

,morpho1ogica11y between YquQg1na and Hovasaurus. 
, 

t, " . 
Other specimens' described by Piveteau (1926) were not 

associated with Tangasaurus and Hovasaurus unti1 recent1y. 

f<> 
A ~arge number of caudal secti@ns were recovered along the 

. ! - " 

Sakamena River of Mad~gascar. The caudal verteb~a~ have high 
, " 

1 ... < 

neural spines, and the haemal spines are long and p1ate-1ike. 

Pivetefu reCOgniZed these as belonging to a reptile adapted. 

ta swi ing, but ~id not have any other skeletàl elements 
/ 

/ 
aS80ciared with the caudal vertebrae. rThese are now knowo>to 

belon to·Hovasaurus. 

A hird g~nus recognized by P~veteau 't926,·p. 171-172) 

was aasi ned with doubt to the European gen·.s Datheosaurus, 
/' 

to he eongeneri~ ~th Îlàptodus (Cunie 19.79). 

pelyco~aur. "The s~ecimens réferred to this 

genus were redescribed recently bY Carroll (1981) as 

MOrphologically this animal appears to be closè 

1 • 

/ 

1 

1 

1 
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to the ancestral stock of Tangasaurus and Hovasaurus. 

Kenyasau~us mariakaniensis from the Lower Iriassic 

of-Kenya (Harris and Carroll, 1977) was considered tô be' 

most closely comparable with Tangasaurus and Hovasaurus 
\ 

on the basis of generar body forro, the presence of a sternum 

and particularly the anatomy of the foot. 

In re-examin1ng the anatomy of 'tangasaur1ds, it became , 
-1$' 

obvious that there 1s a great deal of confusion concerning the 

identification. and anatomy of these animaIs. The anatomy of 

Tangasaurus and Hovasaurus is very simi1~!. and there are few , 

charac~ers to distinguish the- genera. Although -more than threé 

hundred specimens were collecte,d in Madagascar, in almost every 

case two of the' ~ost diagnlttic parts of/the tangasaurid body--

the skull and the tail--were missing. Th~ problem is compounded 

by poor preservation of the type specimens of Tangasaurus, 

which generally were ignored in favour of the better preserved 

specimens from Madagascar. Finally, many of the specimens were 

misidentified becau~e they are immature and show few distinctive 
j 

characters. As part of a revis ion of tangasaurid anatomy, the 

majority of specimens that have been fligured were re-examined 

and, in many cases, reidentified (Table 2). Hopefully, the 

confusion concerqing the ident~fication of tangasaurids has been 
1 

resolved. This will permit more a~curate conclusions concerning 

evolutionary and developmenta1 lineages, palaeoecology, 

J 
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, 
evolutionary and ;developmental 1ineages, palaeoecology, 

\ 
distribution and stratigraphy. _ \ 

eosuchians were relatively smaH reptiles, Tangasaurid 

lizard-1ike in appearance. Hovasaurus ls the 1argest of the 

known tangasaurids, with an estimated maximum snout-vent 

length of about 35 cm. The 1argest specimen of Tangasaurus 

la 20% smal1er than the 1argest} Hovasaurus. but the ends of 

the 11mb bones are not weIl ossified whlch suggests that 
} 

larger specimens prabably.existed. The linear dimensions 
} 

af a mature specimen of -Thadeosaurus are about 35% smaller 

than the same dimensions in Hovasaurus. 

Hovasaurus and- Kenyasaurus are valid genera. Use of the 

name Tangasaurus in this paper is restricted to the two 
/ 
specimens from Tanzania. When referring fo gener1c characters 

, ~ 

attributed by Pi~eteau (1926), Haughton (1930) and others to 

specimens from bath Tanzania and Madagascar, the name 
...----" 

Tangasaurus will he used in quotftion. Most of the specimens 

from Madagascar that Piveteau (1926) identified as 

Datheosaurus and Tangasaurus are now referred to as 

Thadeosaurus. 
/ 
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Class REPTILIA Linnaeus 1758 

Subc1ass LEPIDOSAURIA Dumeri1 and Bibron 1839 

Order EOSUCHIA Broom 1914 

Suborder YOUNGINIFORMES Romer 1945 

Fami1y TANGASAURIDAE Camp 1945 

Subfami~y TANGASAURINAE Piveteau 1926 

f TANGASAURUS Haughton 1924 

Types species: Tangasaurus mennel1i Haugh-ton 1924, P', 3 

1925 Tanganasaurus Piveteau, p. 155 
a, .' 

1926 Tangasaurus menelli Piveteau, p. 78 

1937 Tangasaurus minelli Payer, p. 115 \ 
Diagnosis. Tangasaurid eosuchian. Differs from 

Thadeosaurus ~d .Kenyasaurus in specia1ization of tai1 as a 

swimming appendage byen1argement of neural and haema1 spines. 

Height of neural spine of mid-caudal vertebra about 35% 

greater than length of associated centrum, and about\,75% 1ength 
f _ 

of associated haemal arch and _~pine-; - In contrast, the neural 

spine of a mid-~audar~i~ Hovasaurus i8 at least 125% greater 

than 1ength of associated centrum and 90% length of associated 

haema1 arch and spin~. 

Lectotype -- Ske1eton in Bulawayo Museum, Zimpabwe, and its 

counterpart, South African Museum SAM 6231. 

Referred specimen -- .SAM 6232. 

Horizon ~ Locality -- Middle Division of Janga series, Upper 

Permian. , Vicinity of Tanga, northeasi~rn Tanzania. 

io..._, . 

1 

i 



l 
l 

1 
1 , f 

( 

/ 
1 
1 

'" ). 

, 1 

- 141 -

DESCRIPTION 

SKULL 

CrantaI anatomy is poorly known in tangasaurids. One of 

the two known specimens of Tangasaurus has a poor skull 

preserved in palatal aspect. The bone is crushed fIat, 

and seems little better than a film of carbon. Further 

preparation of the specimen seems unfeasible. The anterior 

portion of the skull was not collected, but the preserved ., 
portion ls ~8 mm in length. Haughton (1924) fJlt that the 

~ 

full length of the skull would have been be~een 50 and 60 mm. 

In light of the anterior tapering of the skull, --there was 

probably no elongate SDout, and it is doubtful that the skull 

would have exceeded 45 ~ (6.8~). The only bone that can be 
1 

identified with any degree of certainty is the basisphenoid-
'-

parasphenoid compleXe The cultriform process is long and 

taperin~and the basipterygoid processes 'a;p~~r ta be short. 
, 1 ~ ~\ 

Th:>compiex is concave ventrally in transverse ~\ction 

~étween the tuberosities. Haughton (1924) made observations 

on the pterygoid and various palatal vacuities, but none of 

these cati be seen clearly enough in the specimen to merit 

further description. The basiocc'ipital can be seeh at the back 
1 

of the skull, but shows no distinctive cbaracters. Ven Huene 

(1926) identified one bone as either stape~ or quadrate, but 
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whatever it is, the bone gives us no b~tter understanding 

of the sknll. 

The contours and proportions of the 

parasphenoid-basisphenoid eomplex of Hovasaurus are 

similar to those of Tangasaurus. 

VERTEBRAE AND RIBS 

Haughton (1924) estimated that there were eighteen 

presaeral vertebrae in the le~totype (SAM-6231) of 

Tangasaurus menne1li. Thia number is mueh less than that 
1 

of other eosuehians, and it is as~umed that he had not 

ineluded the anterior presaerals in his total. Because he 
o ' 

stated that there were seven or fewer anterior ver~ebràe 

obscured by bones of the pectoral gird1e, his estimated 

presacral count can be raisea to a maximum of 25. This is 
\ . 

\ 

\ 

tbe number of vertebrae found in Hovasaurus. As in Hovasaurus, 

tbe neck of Tangasaurus ia sbort--probably ineluding only five 

vertebr,ae. 

Prim1tive diapsid reptiles characteristically have two 
;1 , 

sacral vertebrae:'. Haughton (1924, p. 3) stated that one· 

specimen of Tangasaurus mennelli (SAM 6231) had three fused 

sacral vertebrae. However, preservatio~ in the sacral region 

of th1s ~pecimen 1s poor, and it 1s likely that he 

misinterpreted the first caudal r1b as a sacral. In a later 
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paper (Haughton:. 1930), he implied~'that SAM 6231 has two 

sacraIs. 
( 

The total length of the tail is known in few eosuchians. 

1 

Twenty-four caudal vertebrae are preserved in the lec~otype 

of Tangasaurus, and 28 in SAM 6232. The tail was c1early much 

longer tban this however. Thadeosaurus ha~ at least 45 caudals , 
(Carroll, 1981) and lfovasaurus probal;l!y had more than seventy. 

Details of the dorsal vertebrae are difficu1 t ta 

de1ineatp in the type spe~imens of Tangasaurus. In Hovasaurus, 

there is a process at the base of the neural spine that acts as 

an elètra Intervertebral articulation. A similar accessory 

process appears to be present in at least one of the dorsal 

vertebrae of the larger specimen of Tangasaurus. Contact 

between the neural spines has a1so been noted in Youngina 

(Currie, 1981), Thadeosaurus and Kenyasaurus. 

Specimens of Tangasauràs (figs. l8a, b) have caudal 

vertebrae that are specialized as an adaptation for propulsion 

in the water. The neural spines a~e high, and the haemal 

./ 
spines of the mid-caudals are higher than the presacrai 

neural spines, but are not as long as t~e haemal spines. 
/ 

The specialization is not as great as in Ho~asa1rus (fig. lad) 

in that the spines are relatively lower, only about 35% greater 

than the length of the associated centrum compared with more 

il ====0'liI __ ... __ ....... 
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t:P 

Caudal vertebrae. a, Tanfjasaurua 
\ 

( Bulawayo Museum), 19t1f7to 2lst; 

b, Tangasaurus, SAM 6.232, 20th to 
1 

23rd; ~!. Thadeosaurus, MNHN 1908-5-1; 

d, Hovasaul'us, MNHN ,1908-32-64, "14th 
• 

caudal. Each scale 18 1 cm. 
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than 125% in the ~ame region of the tail of Hovasaurus. 

Nevertheless, the caudal special'izationsosuggest that 

Tangasaurus and Hovèlsauru5 are closely related. Specimens 

of Thade9saurus have un~pecialized caudal vertebrae with 

low neural spines (fig. ISe). 

The dorsal ribs of Tangasauru$,c have a single head and 

are not pachyo5totic. In Hovasaurus, moderate pachyostosis 

can be seen i~ the ribs of large individuals, but it i5 

usua1ly not apparent in jqveniles. 

An exact count of caudal ribs is not possible because 

of the poor preservation of the Tangasaurus specimens. The 

maximum number would have been twel ve. There is a maximum of 

twelve pairs of caudal ribs in Hovasaurus, which are replaced 

posteriorly by two pairs of transverse processes. In mature 
\ 

animaIs thE::. ribs are fused to the caudal centra and cannot 

be dis tinguished [rom the transverse processes. Nineteen 

pairs of caudal ribs and transverse Ilrocesses are found in 

Thadeosaurus and 28 pairs in Kenyasaurus. 

APPENDICur..AR. SKELETON 

Both, Piveteau (1926) and Haughton (1924, 1930) recognized 

that ~he relative lengths of elements of the appendicular 

skeleton change with age. More precise calculations have 
6 . . 

helped show that "Tangasaurus" specimens of Madagascar are 
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juveni1es of Thadeosaurus and that the growth rates for 

Thadeosaurus and Hovasaurus are different (fig. 4) • 

. The two specimens of Tangasaurus represent animaIs of 

different ages, and therefore show sorne differences in limb 

proportions. Comparison can be made with HOvasaurus by means 

'of the allometri~ growth equa tians ',. The cons tants b' and 
k , 

kyxl of pow~r ,equation y == b l!, yx (Currie, 1978) were solved 

to describe a growth series of Hovasaurus boulei. Tbe.~rage 

1ength of a dorsal centrum" which serves as the base for -

comparison is represented by !" whi1e the 1ength of the e1ement 

being comp-ared i8 represented by y. From this information, 

the expected mean 1ength (in mi11imetres) of each element was 

computed for Hovasaurus specimens the same 'size as the 

Tangasaurus specimens SAM 6231 (~ = 6.6 mm) and SAM 6232 

(!, &:: 8.0 mm). W~th the exception of thé length of metatarsal 

IV of SAM 6231 and the length of digit IV of the pes of 

SAM 6232, a11 measurements fell within the 95% confidence 

intervals for these dimensions in Hovasaurus (Table 4). This 
. ~ 

shows that the relativ~.1engths of 11mb e1ements are almost 

the satne in Tangasaurus and Hovasaurus. 

\ In the smaller specimen of Tangasaurus (SAM 6231), the 

humerus 16 shorter than the femur, whereas the femur 18 the 

shorter of the two in the larger specimen. This suggests that' 
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the hume~us grew faster than the femur as the animal increased 
1 

in size. The same thing happens in both Thadeosaurus and 

Hovasaurus whe,re more complete growth series are known. 

Haughton (1930) stated that \ the limbs of "Tangasaurus" are 

longer relative to th,e body than those of Hovasaurus. However" 

it is now known that the humerus of Tangasaurus is 5.8 times the 

length (x) of a dorsal centrum, that of a mature Thadeosaurus 

ia 6. 7.!, 1 and that of a mature specimen of Hovasuaurus is 7.lx. 

Similarly, other 11mb elements of Tangasaurus have slightly 
~ 

smailer relative lengths than the same ~Iements in Hovasaurus. 

In Tangasaurus, the radius ls 60% the length of the humerus, 

whereas in HovasaurU8 It 18 only 52% at maturlty. In the 

relatively unspecializect Thadeosaurus the radius ls 54% the 

length of the humeru8 at maturity. Relative to the length of 

a dorsal centrum however, the length of the forearm of 

Tangasaurus i8 only 3.3x, whereas that of Hovasaurus 18 the 

same as Thadeosaurus (3.7.!). Haug~ton's statement (1930) that 

the forèarm ls re1ative1y short:er in Hovasaurus, 18 true ouly 

for immature specimens. 

The tibia is 85% the length of the femur in Tangasaurus 

and Hovasaurus at maturity, and 90% in Thadeosaurus. 

Many eosuchians, inc1uding Youngina (B'room, 1922), 

Tangasaurus (fig. 17), Hovasaurus (fig. 40), Thadeosaurus 

(Carroll, 1981) and Kenyasaurus'(Harrts and carroi1, 1977), have 
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ossif!ed sterna, The dimensions and outline of the sternum 

of Tangasaurus' fal1 within the range of Hovasaurus. 

The coraeoids of Tangasaurus and Hovasaurus are simllar 

in ou~line. Haughton (1.930) atated they are distinguishable 

onl the basis of proportions, but the coracoids of the type 
<?> , 

specimens of Tangasaurus are too poorly preserved to' confirm 

this Btatement. 

The humeri of Tangasaurus are ident1cal in outline tp 

those of many mature specimens of Hovasaurus. Well ossified 

humer! of Tangasaurus, Hovasaurus and Thadeosaurus are 

distinctive in that the"entepicondyle is greatly expanded. 

The' w!dth of the distal end ia up to 40% the 1ength of the 

humerus. lt .1s worth pointing out that a11 of the described 

humer! of Youngina are from immature animaIs and consequentiy 

do not ~~ a weIl ossified entepicondyle. The curvature 

at the, base~f the e~tepicondyle and the po si tion I,f the 

entePlCOndYla\fOramen sugge.t that the humeru. J.YOUng1na 

also had a greatly expanded entepicondy1e at maturity. 

A specialized character uniting Tangas lUruS (Haughton, 

1924. fig. 1) 1 Hovaaaurus and Thadeosaurus i > found in the 

c:arpus. The medial centrale contacts the four th, distal carpa1, 

thereby preventing the primitive contact between the lateral 

,centrale and third distal carpa1. This condition has been 

reported in Acerosodontosaurus (Cûrrie, 1981), but was not 
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, , 
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present in protorothyridids (fig. 60a), Galesphyrus (fig. 60f). 

Claudio~a~;rus (fig. 60\t) or any other eosuchians. 

"" The tarsus is specialized in Tangasaurus, Hovasaurus. 

Kenyasaurus and Tliadeosaurus in the loss of the fifth 

distal tarsal, as a d1screte element. Harris> and Carroll (197'7) 
() \. 

refer to a specimen of Hovasaurus (MNHN 1908-21-10) and • 
suggest that the fifth fuses to the. fourth distal tarsal st 

maturity. 

o 

o 

o 

. ' 

J 

'\' ~~---'" , ... .. __ ._._ .... _- ~--

t ............... _ ..... , __ ==="" 

.' , 

n 



( 

.. 

" 1 

. ___ • ____ • ____ \_, __ • _. _. _ •. ____ ••• ___ .1 •.•• ___ •• 

\ "--. 
\ 

\ 
, '; 

\ 

\-
\ 
\ 

- 151 -

rl~SCqSSION 
\ 

\ 
\ 

, 1 

Tangasaurus mennelliJiS.represented by two known 

spe~imens from the,'Tanga r gion of Tanzania. Specimens . 
from Mad~gascar that have been attribtited to this species 

represent a distinct genus, Th~deo~aurus. 

Four senera from Africa and Madagascar have been assig~ed 
1 

to the Tangasauridae. They c~~be distinguished from 
J 

Youngina, Acerosgaontosaurus and other eosuchians by a 
< 1 • _ 

relatively shorter skul1, a low scapular blade, a large 

ventral scapulocoracoid plate, by 1imb proportions 
, 

(particularly the humerus to femur ratio which exceeds 1.0). 
and loss of the fifth distal tarsal as a discrete element. 

As in Acerosodontosaurus and Youngin~, the media1 centrale of 

tangasaurids contacts the fourth distal ,carpal. Youngina 

and tangasautids have a shared derived char acter in the 

accessory articulating p~cesses 'on the neural spines. f 
~ ~ -t \ 

/ Thadeosaurus and Kenyasaurus can be distinguished from 

Tangssaurus and Hovasaurus by differ-ences id the caudal skeleton, 

and are accor4ing~y being assigned to differ~:nt subfamilies. 
o 

The Kenyasaurinae bave unspecialized Itails-that carry 19 to 28 
~ 

~ . ' 
pairs of caud~l r1l?s a~ct transverse processes t a11 of which taper 

diata11y. The caudal neural spines are 8h~rter than the> dorsal 

neural spines, and are not expanded anteropo~teriorly. The 
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haemal spines are rod-1ike~nd do not expand into p1ate1ike 
l, 
1 

structures. The Tangasaurinae includes Tangasaurus and 
\ 

HOlvasaurus, which have a max:4num of twelve pairs of caudal 
,e. ",\. 

ribs and transverse processes. '\The anterior 
1 / 

1 

caudal ribs 1 

are expanded distally. The neJ\al spines in 
1 ~ 

!lnd mid-caudal regions are tall:j!r than those 

the p~oximal 
1 

01 the dorsal 

vertebrae. The haemal ~pines ol tangasaurines are large and 
, 

platelike. 

[' 
) 

... ) 

.". 

;' 
r 

/ 



j 

t 
1 
1 

1 (1 

1 r; 
~ '- '., ,1 » rI, 

.-~._,.L, ......... ~,~~. __ ............... ---

- 153 

1 



\ , 

( 
1 

( 

- 154 -

In 1926, J. Piveteau established the genus Hovasaurus 

i 
on the basls of a large collection.of specimens from the Upper 

Permian of Madagascar.' The paper was weIl illustrated with 

photographie plates and line drawings, but because of the 

natur~ of the specimens and.lack of comparative material the 

\ 
1 , 

description was based on only seven of the several hundred 

specimens in the Mus~ National d'Histoire Naturelle (Paris). 

Although Hovasaurus was recognized as an aquatic reptile, it 

was assumed ta be related to Mçsosaurus. The specimens ~ere 
" 1 " 

studied in Paris by S.H. Haughton who published on his results 

in 1930. Since that time, Hovasaurus and Tangasaurus have been 

recognized as èlosely related eosuchian genera. Subsequent 

papers by other researchers have megtioned Hovasaurus, but no 

detailed description has been undertaken, and this genua has 

remained poorly understood. 

"HO~asaurus boulei ls represented by more than three hundred 
........ 

':). ... 
spe~{~ens repre~enting most of the life span,which pe~its the 

l' 

study of morphological variation and the changes undergone during 

gro~tb in a single species. The length of an average dorsal 
/ 

centrum of the largest known specimen of H9vasaurus is 3.5 times 

the length of the same dimension in the amal1est known specimen 

(Table 6). lt Is evident from the ossification of th~ largest 

specimens bhat these were mâture animaIs when they died. 

Comparison with adult ta hat~hling length ratios in living 
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( 

Figure 19. Hovasaur-us boulei, lectotyps. 

MNHN 1908-21-2. Scala = 1 cm. 

( 

Figure 20. Hovasaurus boulei, MNHN 1908-21-'7, 

counterpart of MNHN'1908-2l-2. 

Sca1e = 1 cm. 

1 
1 
1 

"'~ , 
1 

(, 



1 

..., 156 -

i Ci 

" 

c 

1 

( , 

J 
"J '$ ~, 

•• < nef' ;' : rF f"Z:::::=-'; .. ST 



, 
~ 

f 
! 
t 
! 

( 

1 ( 

r 

1 
1 
i 

• 1 

( 

, . 

. ' - 157 ... 

,/ 

.-, ---. - ~:r""'"" ___ .,"""ijl 
,-~-'-~'-~ ~ ~ , . 

.-.....-_---..~-- -- ... -- ..-_------~_ ... - ..... -..,~~ .. ~ ... -' .. -.,>I 



1 

1 
,1 

j" . 
f -·.C J 
i -

J 

j 
, 
1 

~ 

1 

( 

...... 

158 

'f 

reptiles suggest that the smallest specimens of Hovasaurus 

were less than a year.old (page 39). 

For convenience of reference, the series of Hovasaurus 

specimens has been subdivided into life st~ges A to G on the 

basis of vertebral length (Tabl~ 6). ln most cases these 

do not correspond to life stages A to E used by Pivete~u 

(1926) and Haughton (1930), which were based on an irregular 
/ 

size progression representing only the early stages of the life 

history. 

Thadeosa~rus, a closely related genus, 18 known from a 
1 

amailer number 1 of SJ?eCimens., How'ever, e,ssenttàlly the same 

range of life ftages 18 represented. This provides a unique 

opportuniby tolstudY differe1ces in allornetric growth, relative' 

dimen~ions and variability n closely related Permian genera 
1 

that are exploiting diff rent ecosystems. 
, 1 

l ' 
. Several Istandards of relative measurement are used to 

. l ' 
compare elements of animaIs of different size The 

orthometric 1 near unit (OLU) should give independent 

provided.it is~used only ature animaIs 

(Currie, 1978 The type specimens of urus had not 
--"'",.-'+--

reached full ize before they"died, 50 the1' 

Hovasaurus by regression analysis (Table 4). 

'e compared wi 

A commonly us 

system of ~om ardson ia baaed on the ratio o· the dimension 

being conside ed to the,average length of ~ orsa~ centrum ~). 
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AlI known specimens of Hovasaurus were found in finely 

laminated nodules of siltstone. The abdominal cavity was 

the centre of nodule formation, possibly because of, the 

digestive acids released during decomposition of t~e animal. 

The action of nodule formation usually did not persist long 
l ' 

enough for the head and tail to be included, and these portions 

of the body are almost invariably lost. In most cases, only 

part of eacb nodule was recovered, and the soft split bone ' 

had already eroded out. Latex and silicone rubber casts were 

made from tbe high fidelity~ natural molds asoa~ aid in 
• 

studying the specimens (Baird, 1951). 

, The orientations of the nodules are unknown. The centre 
, ! 

of' gravit y wou1d~have been low in Hovasaurus, 50 most of the 

specimens probably settled upright in the mud. The 

disarticufation pattern of the skeleton supports this supposition 

in most specimens. For example; in MNHN 1908-32-24, the ventral 

bones bave maintained their correct,relationship to each other,' 

but the dorsals appear to have collapsed. The scapular blades _ 

protrude dorsally ab ove the vertebrae and ribs. The mid-dorsal 

vertebrae with their high neural spines have fallen on their 
Q 

side, but the sacraIs and anterior caudals have remained upright 

because or the fused ribs that extend laterally from the centra. 

lt appears that in aIL cases the éonnect~ve tissues 

disintegrated and the bones collapsed intoa single plane before 

the cadaver was covered to any apprec!able depth by the fine 
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Figure 21. Hovasaurus boulei, MNHN 1908-32-77. 
\ 

Scale = l cm. 
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sediments. There ia no evidence of macrophagous scavenging 

of anyof the ,specimens, and the relatively minor amount of 1 

~ ~ \ 
disartlculatlon evident can be accounted for by sett11ng and 1 

gentle currents in the water. 

Class REPTILIA Linnaeus j 1758 

Subclass LEPIDOSAURIA Dumeri1 and Bibron 1839 

Order EOSUCHIA Broom 1914 

Suborder YOUNGINIFORMES Romer 1945 

Family TANGASAURIDAE Camp 1945 
, a 

Subfami1y TANGASAURINAE Piveteau 1926 

HOVASAURUS Piveteau 1926 
\ 

Diagnosis. -- The most highly s~eciallzed tangasaurid 

for an aquatic existence. The ratio of interorbital to 
\ 

inter temporal width i8 .4,ccompared with 1.1 in Youngina; 1 

jaw suspension slopes anteroventra11y as in Thadeosaurus; 

triradiate jugal is relatively smaller than in Thadeosaurus 

or any othereosuchi~n knownj supratempora1 as long as but 

broader than in othei~osuchians; distinctive rod-like, 

// anteroventrally sloping ramus, on squamosa1; quadrate ràmus of 

the pterygoid less than half the length of palatal ramus 

whereas.it ls more than half in Youngl~; quadrate almost as 

vide as it i8 hlgh as in Thadeosaurus but in centrast with 

Youngina where tge width 18 half the height; external su~face " - , ,~ 
--..../ 

of opisthotic convex between maIn body and parocclpita1 process 

, , 



, 
r 

1 

1 
1 
t 

( 

( 

$ 

- 163 -

rather tban -concave as in most eosuchians. A Accessory ~ 

interverte~ral articulations on midline of neural spines 

more complex than in Young~na or otber tan~asaurids; 

mid-dorsal neural spines up to double tbe lengtb of centra, 

and a~e relatively higber than in any otber eosuchian known; 

anterior and mid-dorsal neural spines thickened dorsally by 

mammillary procèsses;càudal neural spines distinctive in 

outline and up to 2.2 times t~e lengtb of tbe centrum compared 

with J.4 times in Tangasaurus; haemal spine expanded into 

" large plate of bone that miroics neural spine in shape and 

size. Mid-dorsal ribs curved tbroughou~ their length; unlike 

other younginiform eosucbians, ribs pachyostotic in mature 

animaIs; up to 12 pairs of caudal ribs compared vitb 12 in 

Tangasaurus, 19 in Thadeosaurus and 28 in Kenyasaurus; anterior 

caudal rlbs expanded distally. Ossified portion of scapular , 

blade much shortèr than Youngina and exte~ds less tban 50% up 

body wall; balance of scapulocoracoid almost horizontal; 

prominent process on scapula fo~ long he ad on tricep~ Iateralis. 

Cle1'thrum more strongly curved than in other eosuchlans. 

Metacarpals II, III and IV subequal in leng~h: AbdOlllinal 

cavity usually includes,more substantial in$ested mass of 
l , 

pebbles t"an Tbadeosaurus. 
... 

BOVASAURUS BOULEl Piveteau 1926 

'Lectotype --- MNHN 1908-21-2, ~ 1908-21-7, counterpart ~labs \ 

In tbe Mus'um National d'Histoire Naturelle, Paris. 

"'mrr:tt=:-~-- 'j ~ , 
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Referred speéimens see, Table 6., 

Horizon and Locality --- Lower Sakamena Formation, Upper Permian • 
. 

Sakamena River Valley, southern Madagascar. Exact locality not 

recorded for lectotype, but probably from Mt. Eliva. 
?, 

Diagnosis --- same as for genus. 

Description 4 
. MQre than three hundred specimens in the Mus'um National 

a'Histoire Naturelle, the South African Museum and the American 
/ 

Museum of Natural Hi~tory may be identified as Hovasaurus boulei. , 
"-

This study iS,based on seventy.of the best specimens (Tables 5, 

6, 7). The specimen se1ectedl;.as the lectoty.re (figs. 19, 20) 
l' • 

, ~ more complete than the other specimens of the series on which 

the original description of Hovasaurus was based (Piveteau, 1926). 
. ' 

~n life, Hovasaurus would have been lizard-like in general 

,appearJn~e. The snout-vent length of 1 a mature animal would have 

been 30 ta 35 centime~res assuming it did not bave an elongate 

roétrum. The taU was exceptionally long, and a conservative 

esttmate of ta il length in a large ,~nimal would be 60 ce~~imetres. 

The majority of specimens assumed the sarne pose 1n death. 

The front 'limb is folded back against the bciy with the dorsal 

~urfaae8 of the. humerus and manus fadng upward. The outer digit 

of the manus is clo~er t~ the body than tbe innâr (figs. 19, 20, 
• 

, 23). Because of tbe poSition of the manus, the ulna lies /'* 
parallel and medial to .the radius, and has'i~JI>ant~rior face 

turned upwards~ The lateral side of the radius is usual1y~seen 
< 
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" 
.À: 

from ~bo~e. The_femora ~end to be direc~ed outward'(figs. 

19, ~O, 21, 24) with the posterior surfaçe facing'upward. 
, , - 1 • 

, 
. The foot has turned so that the dorsal surface remains up, 

e 

but~the outèr digit (V) lies closer to the tail than,digit 1. 

,The tibia was strongly attached ta the femur by ligaments and 
\ 

retalns.its proper orientation with that bone. However, the ... 
distal attacbme~ts.ot the fibula were stronger than the proximal 

J '7 .. " 

1 

.... so the bone tends to lie ,<;loser to the taU than tbe tibia and . 

ls exposed in anterior aspect. 'There appears to be litt1e br no 

• poS'tmortem contort-ion of the spinal column such as commonly 
- 1 

happened,to crocodiles, dinosaurs and sma11er reptiles and birds 
"" 

'(Sternberg, 1910). 

The most conapicuous diagnostic cbaracter of Hovasaurus 
1 

,is' the ~r~f abund~nt peb~es tb the abdominal C:Vity 

(figs. if, 20, 22, ';3, 24, 25). Th~ majority ,of these are, 

,quart~ and ha~~ a water-wprn ~ppearance. 50me of thè stones 

'are l~rgei than the vert~brae of the animal tbey ar~ found in. 
1 

Four spectmens bave pebbles, up to.2.!. long, ,although the widths 
1 

do not exceed 1. 5x. The 1arger piece:' are surrounded by -
, . 

$Daller oues, • most 1 of which are be tween .5 and .twO millimetres 
, 

in cti8mètèt' (fig. 25). These are still much coaner than the 

,fine gralned -,silts tb8t buried' the speci1llens. 
" , 

The- pebble 1IIàSS Is completeit enelosed wlthin the abdondnàl 
, .".. ~ . 

. ~~ :of' IIIQst specimens;· c1J:he 'tilla cover the mass dorsally; and ~ .... 

\ 
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.1 

Figure 22. Hovasaurus boulei, MNHN 19Q8-32-59. 

. , 

Scale = 1 "Om. 
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the artlculated gastralia underlle'the massa The pebble 

mass has a characterlstic shape that tapera anteriorly and 

caudally. It does not fill the ~tire abdominal cavity, but 
,(, 

in fourteen specimens la confined~hind the sixtee?th dorsal 
-, '", 

vertebra. In one ?pecimen it extends'~teriorly to the twelfth 
" 

dorsal, and in the balance of the specimert~t~dled the anterior 

Iimit cannot be seen. POBterio~ly the pebble~ss usually enter~ 
" . the pelvic ean'al dorsal to the pubis, but can ext~~ caudally to 

the back of the ischium. "" The sausage-shape9 pebble mas~ of one 
" ' 

of the sma~1est specimens, MNHN 1925~5-25. fills the peIvt~ 
, , 

canal and extends back to the level of the third caudal vertebra. 
, 
'-', 

The well-defined margina of the pebble mass indlcate that ït was 

enciosed within a membrane of soft tissue befote decomposition, 

which would a180 explain why the stones do not protrude through 

gaps betwèen the ribs and pelvic Dones. 

Tlie most logieal explanation in ii.ght 'of the observation~ 
18 that the pebbles were ingested when the animal was al1vé_ The 

lectotype (ftg. 20)' has a smaii m8SS of pebbles in ~he pectoral 

region tb"at it may hav~ b~ in the proce8S if swallowing when it 

died. Even the largest pebble~ are ~ess than a thirdthe ~idth 

of tbe skul1 in Any of the ind1vidual~, so no special adaptations 

would have been neceSsary to ingest them. 

Haugbton (1930) ~uggested that the stones were gastroliths. 

However, this 18 difficuit to accept because of the large number 
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presen,t and their close packlng. The smaH size of most 

would probably ~ke them ineffieient for grinding food, and 

the! would pass out of' the stomach with the food. Finally, 

they ~re too far back in the abdominal cavity ta have been 

in the stoma'ch. The consistent shape and position" of the pebble 

mass suggests that they were in a blind sac along the digestive 

system that was 'adapted to hold them. 

There are many possible alternative explanations. 
r 

Perhaps they were ingested accidentally with tbe normal source 

• of food. There are at le~st two specimens (MNHN 1908-21-6, 
j 

, 1925-5-60) without- any stones in the abdomen between the"ribs and 

gastralia, so their presence may not have been essential. Still, 

It seems that accidentaI acquisition of 80 many stones, Including 

àuch larte ones, i8 not a good explanation. Furthermore, the 
!t 

palatal teeth are slender, sharp and recurved, suggesting that 

Hovasaurus was an active predator that was not likely to ingest 

large amounts of gravel for the possible sma11 organisms or 

detritus that It might inclu~e. 

The most probably explanation for the pebble MSS la that it, 
• . 

functioned ~ ballast. Hovasaurus was an animal that spent a great 

dea1 of ttme in the water, uslng it~ long tail for propulsion. 

T?e syimnetry ?: the ~~il "suggests th~t It did most ,of its swimming 

underwat~r rather thsn on the surface. On the"-average, the specifie 

gravit y of reptiles i8 about 1.025 (RQmer ,~~d Priee, 1940)', slightly' 

denser than fre8~ "water. The centre of gratrity tends to be high ili 

,-
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Hovasaurus, boulei, MNHN 19~5-5-12. 

Scala = 1 cm • 

.. 
•• 

0, 

l ',t-~ 
(1 t\ 

... 
0. 

, 

\ 
1 
J 

1 

i 
1 
1 

1 

f 
l' 
1 



/ 

() 

~, 

J 

~. -'" 

.... 171 -

L- I 

C '. 

~ 

-J " 

, 

"-

~ 

1 
\ , 
1 
( 

,j 

i 

, .. 

," 

1-' 

1 

'f 



~ 
1 

1 

1 
! 

, 
1 

Ci 

Il 

.. 
o 

o .. 

- 172 -

the :body, whic:h a tendency to roll over in the. wa ter. 

reduction Jf the portion-of the scapu 

heavy ossificatio of the .ventral part of the 

and the pachyosto 

specrific _gravit y 

in the posterior dprsal region are short, 

red~ced like t~e scapular bladi," and the pubois 

ium is not 

plate ls 

not :as masslvely,developed-as the. ventral' part of the pectoral 

girdle. the ma'in propulsion for swinuning was provlded by the 

~ 

long power fuI tail. With the centre of gravit y low in the 

anterior end of the body and the relatively Iow density of the , 
! 

posterior haH of the body, a portion of the force provic1ed by the 
\ 

tail would tend to lift the back of the body. A ,great de81 of 

energy woulc:Î have been expended in the maintenance of vertical 

:~'. The pebb~e mass ls in the perfect POS1tiO~ to Iower 

the speé~ic gravit y of the ·pelvic region and to sUft the centre 
, 1. 

of gravit y posteriorly to maximize the forward component of force 

provided by the tail. .. 
It is possible to calculate the effect this pebble mass 

1 

wou~d have had bn the specifie gravit y • The estimated we,1.ght of 
l ' 
1 • " 

a -,ture. spec~s;nJ \taing the radius of a dorsal centrwn, an4 a ' 

'teC~!liqdë descr,~.bed by Romer and Priee (1940). would have been 
1 

~pproximail:ely 10 kilograms.. The same technique éannot be used 
'f ~. 

td~h a 'juv~i1e, beea~se the radius of a cen'trum 'is not 4irectly 
b 
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Figure 24 . ' Hova.saurus boulei, MNHN 1925-5-20. 
, . 

Sca.la· = l, cm; 
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re1ated to weight until maturity. The 1ectotype would have 

been apprcximately 40 eentimetres long including the 'tai1. 

By mu1tiplying the weight of the adu1t by t~e cubed'ratio ~f\ 
\ 

juvenile to adult Ilength, a crude weight estim~te of 300 to 

500 g~ams i8 reaehed for the leetotype. A cast was made of 

the three dimensiona1 pebb1e mass of MNHN 1908-21-2-/7 and the 
\ 

volume calculated by liquid dlsplacement. The welght of the mass 

was ca1culated using the specifie gravit y of quartz (2.5), and 
~ 

amounted to 25 grams. This is enough to raise the specifie 

gravit y of the animal by five to ten percenr, ta the lower 

end of the specifie gravit y range of aquade 'turtles (Zug. 1971). 

The use of ingested stones for ballast Is not a new idea. 

" Cott (1961) presented data ta show that the "gastroliths" 

" function to lowe~ the specifie gravlty and the centre of 

gravit y in the NUe crocodile. Large masses of ingested 

stones, similar in abundance to Hovas~urus, are found in the 

.. abdomens of many ~1esiosaur specimens, and, were probably used 

ror ballast (:q~rby a~d Ojakangas, ;t980). 

Stomach stones are found in at 1east two specimens of 

.Thadeosaurus (MNHN 1908-11-5, PtV'eteau, 1926, Pl. XI; MNHN 
.~ "-

1908-5-1, Piveteau,. 1926, PL XII, fig. 1) btJt are few in number 

and probably did serve as ga,strollths. When present, the 

re1ativê abundance of stomac.b stones ia a 'qu~ck way ta distingùish 

" 
Bovasaurus and Thadeosaurus. 
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Figure 25. HOV8S8urus boule 1 •. MNHN 1925-5-29. 

Ingested pebb1e~. Magnification 

D'ap~roXimatelY X3.7. 
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EV 

Absence of stones in the a~dolJlen of Tangasaurus does not 

necessarily me~n that this genus did no~ swallow pebb1es' l ~e .. 
gastnlia havè been los"t, and the pebbles ~ol;1id hA~é 

by post-mo..;tem rupture qf, the abdominal cavity. 

Skull 

General. The skul1 of Hovasaurus ~s poarly known. 'On1y 
1 

nine of the hundreds of specimens of this genus th~t have be~n 

col1ected have partial skul1so. Two of the best specimens 

ll> figured by Piveteau (1926, Pl. VII, fig, ·3 and ,PL. X:(V t fig: 

1), coulcf not be relo~ated for study. 
, , 

The most cOlnplete\ skull .studled is thât of MNHN 1925-5-34 

(fig: 26)." The skull has been dlsart:lculated, and t~e ~kull roof 

is visible ln ventnl v:lew only. 'M8x:llla, j~gal;, frontal. 
" ~ J" ~... • 

po8tfronta.1. par:letal, pt~rygo:ldt epipterygoid and quadrate 
, . , 

boues are repreeented. Elements of the lower jaw a't"e p'resent hut 
, . 

. -
are crushed and incomplete 80 that ooly othe r:lg~t surangular 

could be identif.led. 

~ ~92S-S-30 (f:lg
o
' ,21) ineludes part of the bas~sPh~1Jld­

parasphenoid complu. a prootie, op:f.sthotics, .. â basiocclp~tal and 

~ 

exocc1plta1s. " The poster:lor ends of two hyoid bones are preserved. ' 
1.0 ,~ ~\ 

~ortiona of- the skuli r~f and occiput -are ~lsiblè in MNHN 
, "/, 1 

1925-$-36 (fig. 2'9).' Parietàls,' a postorbital. a 'squamosal, a " , 

quadrate,. a 8upratemporal. a supraocc1.pital and a' ll-yoid have 
~ .) "~ 

been identified .• -

.', 
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Figure 26. 
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"- J 

1'79-

" , , 

Hovasàurus bo.ule1" MNHN 1925-5-34. 

Ventral view of skull roof. 
~ 

Scale = 1 cm. 
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The ~ame regitm i8 exposed in MNHN 1908-32-99 (fig. 30) 

wbere parietals, a _postfrontal. a postorbital, a 'squamosal, a 
1 

supratemporal, an opis~hotic and a stapes can he seen. \ 

Three specimenl, MNHN I908-32-~, 1908-32-23 and 1925-5-49, 

have 0111y portions. o} the most posterior bones. of the skull and 

.mandihles preserved. , 1 

The boues of aIl known skul1s were disarticulated after 

death, suggesting that none of these animaIs were mature enough 

for the bones tô have been firmly sutured. The largest specimen 

with a skul1 (MNHN 1925-5-36) is on1y three quarters of the 

maximum known size, and it is possible that the derma! bones were 

. mor.e strongly sutured in the largest animàls. ThEl endochondrai 

craniai bones, which are the las t ta ossify in the ontogeny of 
, 

modern reptile skulls (Howes and Swinnerton. 1901), are weIl 
,~ ~----"!. ,\' 

formed in~he smallest specimens. <.t,~1 
- 't, ~ J. 

~econstruction of the postorbital region of the skull is 
- ); 

possible in dorsal, lateral, ventral and occipital views (f~. 31). 

The~e restorations were based primarily on MNHN 1925-5-34, an 

anima'! that was intermediate in size ta other specimens with 

skulls. 

Cran laI proportions can change dudng ontogenetic growth,' 
1 

so it is n~t a good policy to rectlnstn'ct a skull ~sing animaIs of 
. 

) different ages." iIowever, not enough data is availAble to 

• 
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) calcula te the coefficient of allome~ry fOr the postorbital 

region. Growth of the 9kull i9 more or less isometric in at 

least sorne reptilian genera (Currie, 1979). Furthermore, 

the largest specimen wlth a skull i8 les~_than twice the size 

of the smallest, -and the reFonstructed sku11 ls Intermedla~e. 

Finally the other' skulls were sca1ed to the same -.Bize as 

MNHN 1925-5-34 on the basis of bones they have in common rather 

than on postcranial measurements. The effect of proportional 
\ 

changes due to growth should be minimal in the reconstruction. 

The antorblta1 reglon of the skull is unknown. Piveteau 

(1926) stated that the skull was probably e10ngate as in 

Mesosa~rus, ,but had no supportive evidence. A sku11 figured 

by Piveteau (1926, Pl XIII, fig. 5, Pl. XIV, fig. 1) Is 

missing the anterior end, but appears· to be tapering anteriorly 

at an angle that suggests tpere was no elongate snout. 

As reconstructed, the skull ls about 30 mm wide for an 

animal with a 6.4 mm long dorsal centrum. This is very close 

to the width of the skul1 of Heleosaurus (SAM 1070), an 
. ~ 

eosuchian with an average'length of 6.5 mm ~or the dorsal centra. 

In dorsal aspect (fig. 31a), the sku1l seems tQ have been 

broader in the quadrate region than immediate1y behind the\ 

orbits. Both temporal openings are visible in dorsal view. The 

pineal opening is approximately equidistant from the front and 
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back of the parieta1-along the midline, and is relatively 

large for an eosuchian. The sku11 18 narrow between the 

orbita compared td the distance between the upper temporal 

fenestra. The ratio of interorbita1 to intertemporal width 

is .4 in Hovasaurus compared with 1.1 in Youngina (Broom 

and Robinson, 1948), and an estimated 1.0 in Acerosodontosaurus. 
l 

The posterior margin of the skull table is emarginated centrally, 

b~t.nat tO,the degree seen in many Permian reptiles. 

The skuli is relative1y low i~ laterai view (fig.' 3lh) 

which is considered a primitive characteristic (Reisz, 1981). 
~ 

, 

The ratio of skull height in the orbital region to maximum sku1l 

width is the same as in the reconstruction of 

Acerosodontosaurus (fig. 8). _ The dorsal and posterior 

circumorbital bones show that the orbit is relatively large, 

and occuples most of' the height of the skul1. Thê lateral 

temporal fenestra was probably enclosed ventrally by a complete 

temporal bar, but a quadratojugal has yet to be identified with 

certainty. -------=-The jaw suspension apparently sloped forward, but 

did not extend rnuch be10w the level of the tooth row. 

Suborbital fenestrQe are presept in at leaat one $p~cimen. 

but the!r size and shape la not weIl enough knawn ta include 

ln the,palatal reconstruction (fig. 3lc). The interpterygoid 
t 

vacuity ia of moderate size and the subtemparàl fossae are large . 
. 
The occlpltal'eondyle seems ta have been located behind the jaw 

..\"..j 

articulation. The bas1pterygold articula t,ion was located 

------alightly anterior to the transverse process. Three toothbearing • 

, 
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ddges radiate anteriorly, anterolaterally and laterally . 

across the pterygoid from this region. 

The skull appears relatively low a\d 
\ \ " \ 

vi~ (fig. 3ld'. A sbaTp inflection a,t th~ back of the parietal 

" ....., " _clearly delineates the dorsal lim:j.t of the \ cciput. The 

parocc~Pital proc.sses are rel~'.~V~l'y ~hort ~ut cartilag!noua 

, entensions would have formed the venttal maT ~ns of the 
\ 

elatively large posterior tempor~l fenestra. \ 

, 
, 

Maxilla. The posterior en of the maxil1a can be seen in 

raI view in two specimèns. e ,ba~s of several posterior ' 
\ 

are preserved and have di metet,s of lees than one 
, 

miI1i etre. At least 'nine max! lary t~eth can be seen in the 
l , 

. - partia maxilla figured by Pive~eau (19f6, Pl. XIV, fig: 1), but 

\ 
the tota maxillary tooth. count mus t have been more than double 

\ 

this numb r. The maxilla extended posteriorly ta the back of the '\. 

orbit., '\ ' 

Jugal\ The jugal ia a triradiate boné that seems to b"e 

relatively s~aller than the same element in ~!1Y other eosuchian 

(fig. 49). The su~orbitai ramus la short~ and'. cou Id not have 

extended_ iinteriorly .for more than half the 1 'ngth of the orbi t. 

The bon~ is not th!ckened media11y as the' other circumorbital 

bones are. The ventr&l margin is strai6ht below the orbitt, but 
, _,,' ~ • l 

i9 inflected ventrally in the reglo~ .. of the subt~mPoral ramos. 
d 

there ls no evldence of a vent~omedial, tuberosity such as in 
'. \ 

Heleosaurus (Carroll, 1976a) and many ot~er primitiV~\ re~th~~ 
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l!'igure 27. Hovasaur~boulel, MNHN 1925-5-30. 
(;: 

Cervical region and part1~1 skull. 

1, proatlas; 2, base or neural spine. 

Scale = l.,cm • 
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, , 

Figure 28. Hovasaurus bou1ei. reconstruction of, 

1eft: opisthotic (posterior view). 

Based on MNRN 1925-5-30. X, lat:era1 

marg1n of, vagus foramen. Sca1e = Imm. 
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(Romer and Priee, 1940; Heaton, 1979). The subtemporal process 

is short and slender, but lts presence suggests that the lower 

temporal bar was complete. Most of the postorbital ramus of 

the jugal 18 excluded from the margin of the orbit by the 

postorbita1 bone. There Is a long diagonal contact with the 

postorbital which is twisted so that the dorsal end of the jugal 

ov~rlaps the suture. 

Frontal. The frontal (fig. 26) is distinctive in out1~ne. 

Anteriorly, the paired frontals taper ta a point on the midline 
• 

• to separa te the posterior enda of the nasals as in Youngina 

(Gow, 19]5). The frontal could have been overlapped externally 

by the nasal as it is in many primitive reptiles' (Currie, 1977; 

Beaton, 1979). 
1 

An antero1ateral projection of the frontal excludes 
-' 

the posterlor end of the prefrontal from the otbital rim. There 

is a narrow posterblatera1 emargination for the postfrontal. The 
, 

paired frontals are separated posteriorly by the pariet,als. The 

tapered, posterior end of the frontal fits into, a notch on the 

dorsal surface of the parietal. The same type of front'al-parietal 

suture is found in a probable petrolacosaurid from the Lower 

Permian of Oklahoma (Carroll, 1968) and in ~ ungina (fig. 50f) 

and Claudiosaurus (fig. 50h). 

Parietal. A pair of parietale meet in a longitudi~al, 

vavy suture anterior and posterior to the pineal openlng. 

The bone Is thickened into dorsal ridges along the margina of the 

pineal openlng and ,the u'pper temporal fenestra. Another ridge 

bordera the skull roof where lt meets the occ;:iput. The ventral 
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!Jurface of the parietal i8 vaulted between ventral ridges slong 

the margins of the upper temporal fenestra. The parietal has 

distinctive contacts with the frontal a~d postfrontal that 

are iden tical to I!ho.e desCt'iDed for Youngina (Broom and 

Robinson, 1948; Carroll, 1968; Gow. 1975) and Claudiosaurus 

(Carroll, 1981). The p08terior end of the fronh1 i8 separated 

-----"---_.:---
from the postfrontàl by the parietaf. A rostrally directed 

process of the parietal exc1ude8 the posterior end of the ---­

p08tfronta1 from the mArgin of the upper t~pora1 fenestra. 

'l11e postfrontal does not overlap the parietal. This pattern 

appears to be primitive because it 18 found in protorothyridids. 

The simi1ar1t~J.s particu1arly striking in Protorothyrls (Clark 

and Carroll, 1973, fig. 2). 

" The poster01ateral corner of the parietal Is notched on 

~ its dorsal surface for the attachment of the supra temporal 

(figs. 29, 30). The posterior margin of the skull is embayed 

med1ally, and the parieta1s apparently extended onto the occiput 

_ for a short distance (f:lg. 30). 

Postp.t!rietal, tabular. These bones are not seen c1ear1y 

in aoy of 'the 'specimens _ Fragments of one or both èlements are 

• 

present between the par:1e;a1 and supraoccipital of MNHN '1925-5-36 

fig. 29), sa they have been included as a single outline in the // 
/ 

reconsttuction on the basls of information from the ,surround/ing 

boues. 

/ 

~------_._-------------------.------ --~------_.~-. 
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Supratempo;al. The supra~emporal 1s an elo~gate bone " 
. 

, that tapers at both ends (fig. 30). It 18 relative1y ll,lrger 

than in any' other e08uchian or protorothyridid.. There 18 no 

apparent adaptive significance for 'tq.e enlargement of this 

bone in Hovasaurus, but'· it could, be cotrelated with the .... 

anterior position of the mandibular articulation and the change 

in orientation of the quadrate oa~d squamosal.; "The supra temporal ~ 

fills a deep notçh in the parietal (fig. 29), but becomes" 
, 

thinner where it O'verlaps the squalJ1()sal'distally. lt 

probably contacted the carti1aginous. latara1 end of the" 

paroccipital process. 

Postfrohta1. The postfrontal is an arched bqne that forms 

portions of the ~rgins of the orbit and the uBper t,emporal 

fenestra. The ventrolateral end Is 'tapered and over1aps the 
, , \ 

postorbital '(fig. 30) as' in most 'pr1mitive reptiles except for 
" 

Petrolacosauru8 (Reisz. 1981). The postfrontaJ. ls not eX,cIuded. 

from the margin of the upper temporal fenestra by the parietal 

and postprbital.~ 

post~rbita1. 

long inter temporal 

The postorbital :Le a tr:lradiat~ bone W±th a 
i 

1 
ramus (flg. JO) that contacts the sClu~sal 

"posterior1y in an overlapping sutuJ;e. The weak curvature of' the 

bone shows that both temporal .fene/ltrae woulcf be ~i.Ule "in -14teral 

v:lew. 

Quadratojugal. The quadratojugai cannot be 'identiUëct 

with certainty in any of the specimens. In the reconstruction, 
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Figure 29-. Rovasaurus boulei, MNHN 1925-5~,36. 

Partial skull. Sc~le = 1 cm. 
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the postorbital len8~b of the'skull and the size of the 
~ \ . .' 

, 
,-II 

lower temporal opening were determiped by the skull roof and 
; 

palatoquadrate elements. If the quadratojugal wa~ p,resent 

, \ in Bovasaurus, it was apparently a large element, at ieast 

as long as that of Heleosaurus (Carroll, 1976a.). 'Althougb 

the quadratoj~gal i8 present in all,pennian eosuçhians, it bas 
, . 

lost confact with the jugal in the prolacertids, paliguanids ' 

and Claudlosauru8. The close relationship b,etween Hovasaurus 

and Youngina lis weak evidence that the lower temporal arch 

was complete in the tangasaurld. The presence of a s~btemporal 
;1/'>' 

ramus on the jugal suggests that this bone contacted the, ' 

quadratojugal, although a similar pdBterior extension of 

the jugal does not meet the quadratojugal in Prolacerta 

(fig. 49m) or Tanystropheus (fig. 49n). Hàughton (1930) 

examined one of the mlssing skulls of Hovasaurus (Piveteau, 

1926, Pl. VII, fig. 3) and felt that the lower temporal bar 

was complete on the left side~ the specimen. Finally, 

Camp (1945) examiried a cast of another ~pecimen descri~ed 
, 

by Piveteau ,(1926, Pl. IX, fig. 1) and tentative1y identified 

a long, slim bone as'the quadratojugal. 

Squamos~. The posterior margins of the upper and lateral 

temporal openings are formed by tlle squamosal. There ls an 

,almost recta~gular dorsal region with a distinct posterior 

process (fig. 29). This process ls present, although it 1s not 
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( 
~')m1nent, in Younglna. This is the only Fion of the 

squamosal of Hovasaurus that e~tends onto thJ occiput, where 

1t posslbly would have met the,. paroccipital process. A 
.} , ' 

diStidlmost rod-like descending process of t:~e squamosB1 

"'1s inclined anteroventra11y, one indication that th~ jaw 
\ , 

~rt!cu1ation has shifted anteriorly ftom its primiti position 
, 

behind the occiput. 

Palate. The pa1ate illustrated by Piveteau (1926" 1.-

XIV, fig. 1) is basically the sarne as that of, Youngina in t e 

configuration of the suborbital and subtempora1 fenestra, and 

-ttre' interpterygoid. vacuity. The palatine la present but lacks 

a visible suture with the pterygoid (Piveteau, 1926), 
~ ~ ,1 

The palatal ramus of the pterygoid has two ventral ridges 

separated by a low vault -(Haughton, 1930). Both rid:,ses are 

tooth bearing, and the teeth on the media! ridge of MNHN 

1925-5-34 are up to .8 mm long. The palatal teeth are 'randomlY 

distributed on the crests of the,ridges. Both pterygoida of 

MHNH 1925-5-34 cp be seen in. medial vlew (fig.' 26).'> The 

medial edge of the palatal ramus of the pterygoid turns aharply 

dorsad anterior ta the interpterygoid vacuity, and forms a low, 

vertical plate of bone. 

The basipterygoid articulatio~ is located anterome~ial to 

tdr pronounced but low ~ransverse proces9 of the pte~go~d. 

The quadrate ramus of the pterygoid ia relatively short, 

less than half the length of the palatal ramus, because of the 
-, 

aqterior position of the jaw articulation. The medial surfacè of 
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the quadrate ramus is concave above the medially thickened 

ventral margin.~~e anterodorsal border 1s strengthened by 

another ridge that terminates dorsaUy Jin a low process. 

The epipterygoid would have convered most of the anterodorsal 
j 

margin of the quadrate process. \ , 
, 

Epipterygoid. The epipterygoid has a broad base and a 

long, rod-like dorsal extension. The base is_not completely 
" , 

ossified in MNHN 1925-5-34 (fig. 26) beC8use of immaturity, 

so the basicranial articulation is not preserved. There4s 
1 

a distinct, triangular depre~sioh on the medial surface of the 
1 

base, bounded anteriorly and posteriorly by ridges. The ridges 

converge and méet dors~lly, and continue up the medial surface 

of 'the columel1a to terminate at the anterior edge halfway hp., , 

Quadrate. Both quadrates of'MNHN 1925-5-34 (fig. 26) are 

exposed in external aspect, which i8 unus~l when the skull roof 
1 

ia exp~sed in ventral view. In mast disarticulated reptile 

skulls from the Paleozoic, the quadrates lie behind the sku1l 

witb the condyles facing caudad~ The position of the quadrates 
,;. 

in tbis specimen with the condyles oriented anteriorly suggeats 

that ln life-tha ventral end of the quadrate was anterior ta the 

dorsal end. The condyles of the right quadrate of MNHN 1925-5-36 

<,ig. 29)·are anter10r to the squamosal, the ventral ramus of the 

squaœosalis"d1rected anteroventrally, and the quadrate ramus 

of the pterygoid 1s short, aIl of whlch supports the con~ept of 
~ 

the jaw artlculat10n being anterior to the occiput. 
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\ 

The quadrate i8 a broad, re1ative1y 10w bone that 
/ 

terminated ~ra1ly in a pair of condyles for articulation 

with the mandible. The width to height ratio is .9, èompared 

with .8 in Thadeosaurus and .4 in Youngina (OIson, 1936), 

a1though the dorsal end was unossified at death in MNHN 

1925-5-34. The quadrate of Thadeosaurus is indistinguishab1e 

from that 'of Hovasaurus in shape, size'and position. A ridge 

on the external 'surface of the\ quadrate extends from the medial 
, 

condyle ta the dorsal edge as in ~oungina (Olson, 1936)~and 

Thadeosaurus (fig. 16). Medial to the ridge is an extensive 

Butural surface for the pterygoid. A stapedial boss protrudes 

frorn the ridge-abbve the condyles, and the cartilaginous distal 

end of the stapes wou1d have passed dorsal ta this knob. The 

quadrate of Hovasaurus i~ basica11y the same as those of 

Youngina, Thadeosaurus, Acerosodontosaurus and Heleosaurus. 

Braincase. The parasphenoid and basisphenoid (Piveteau, , ' 

1926, Pl. XIV, fig. 1) a,re fused and will be treated as a unit. 

The maximum width of the comp1ex is 28% of the ~otal length. 

J JI 
The elongate cultriform process rnakes up approximately two 

thirds of the total length. Anterior to the pasipterygoid 
,/ , 

tubercl~s the rostrurn i6 narrow at its base, expandsdsomewhat 

anteriorly, and then tapers to a point.' In Thadeosaurus it ls 
, î 

swollen anterior' to the tubeJ:'cles_ (fig. 16).. A. lQW~ ;idge ,runa 

along the midline of the cultriform pr~cess, and ends 

posteriorly between the basipterygoid processes. The 
--- \ 
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nova sauru's boule i, M~HN 1908-32-99. ... 
Partial skull. l, stapes, 2, intercentrum. 

Scale = 1 cm. 
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bas1pterygoid tubercles are oriented anteriorly, ventrally and 

laterally, and are not, fused ta the palate. No carotld foramina 

are vlsible'on the ventral surface '(Piveteau, 1926). The complex 
\ 

1s concave ventrally in transvers~ section between the cris ta 

ve~trolateralis. and this region would have been lined in life 

by the pharyngea! membrane. There lB a low, ventral ridge along 
\ 

the midline in the region where the complex overlaps the 

basioccipii:al. ~e criBta ventrolateralis does not"utehd as far 

beyond the posterior margin of the bone on the midline as .they 

do in Thadeosaurus. 

The supraoccipital la a large, platelike bone (fig. i9). 
/ 

There is a crest along the midline of the posterior surface, 

extending from the.faramen magnum ta a ptonounced medial process 

on the dorsal margin of the bone. Lateral to the margin of the 

foramen magnum, the ventral margin of the aupraoccipital has an 

oblique, bverlapping suture with the exoccipita~. A 

ventro!aterally faclng process abuts the dorsomedial portion of 

the opisthotic. A well-developed lateral ascending process 

extends dorsolatérally to contact the dermal roofing bones. 
- \ 

Ventrolateral to this procesB, a concave region would have been 
) 

continuoUB with the criBta alaris of 'the prootic. 

The exoccip1t~l, (fig. 27) 1s excavated medially by the 

foramen magnum and'laterally by the vagus foramen. It 18 

perforated by a single foramen for the hypoglossal nerve. 
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ventromedia1 to the vagua foramen. The vagus and hypoglossal 

foramina are separated by a well-defined ridge. There ia a 

sharp inflection on the ventral margin of the exoccipital 

where it contacts the basioccipital. The exoccipital does 

not take part in the occipital condyle, and there is no 

facet visible for the articulation with the proatlas. Xhe 

lateral margins dorsal and ventral to the vagus foramen are 

thickened for a strong suture with the opisthotlc. The dorsal 

suture for the supraocci~ital is relatively small, and the 

exoccipitals do not meet at the midline. 

The basiocciptal (fig. 27) forms the hemispheri~al 

occipital condyle. It.is concave dorsomediall~,where it' forms 

the floor of the foramen magnum. A semicircular notochordal 

"pit"'indents the posterodorsal margin of the occipital 

condyle. A pair of basioccipital tubercles diverge 

anterolaterally from the occipital condyle along the ventral 

surface. A pair of small concavities on the' posterolateral 

surfaces of the tubercles possib,ly represent the insertions 

o~ ~he M. longissimus capitis transversalis cervicus. The 
, \ -

basioccipitat ls thin and vaulted (except for a slight midline 
.... 

ridge) ~tween the basioccipital tubercles. The region ls 

overlapped ventrally by a thin posterior extension of the 

basisphtmoid. 
j 
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A partia1ly exposed prootic can he seen in MNHN 

1925-5-30 (fig. 27) in posterior view. Portions of two 

shallow grooves could have been for the vena capiti~ 

1atera1is on the external surface and the suharcuate fossa 

on the posteromedial face. 
\ 
The opisthotic i5 visible in posterior view in MNHN 

1925-5-30 (fig. 27) and MNHN 1908-32-99 (fig. 30), and in---\ 

anterodorsal view in MNHN 1925-5-36 (fig. 29). The 

exoccipita1 sutures and latera1 margin of t~e vagus foramen 

cannot be seen in any of the specimens but can be 

reconstructed from the exoccipita1 (fig. 28). As in 

Thadeosaurus, there is almost no development of an osseous 

\ 
paroccipital process in MNHN 1925-5-30. 

The distal end of the process i8 unfinished hone and would 

have been continued in cartilage. The paroccipital process 

would.have been more extensive in large animaIs, and probably 

extended to the re~here the supratempora1, squamosal and 

,4 quadra te converge. A bony protuberence occupies a "cen tral 

1 , 
l ' 

position on the posterior surface of the opisthotic at the 

intersection of two low tl~ge., The external surface of the 
r', 

bone is convex, wbere~~ in most other reptiles it is concave 
1 

posteriorly when vie~ep from dor~a11y or ventrally. This i8 

further evidence indicating an anterior position for the 

quadrate in relatio~ to the occipital condyle. There i5 a 

conspicuous but sma11 foramen ventro1ateral to the intersection 

f ___ - ------::,:---::-t--, ... -- .................. --·-------___ ... Ii_' ___ ... _ ... · _______________ .-__ ._ .. _-.... ,"~-_.''''I ... _!:..-"''-r.-_~_' ._~._ .. _ 
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Figure 31. \'Hovasaurus boulet. Reconstruction of skull. 
\1 

a, dorsal view; b, lateral view; c, palatal 

v1ew; d, occipital view. Scale e 1 cm. 
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of t~e' opisthotic. exoccipital and basioecipital in aIl 

s~ecimen~ tbat show this region: A brancb ef tbe fO,U", 
craniai nerve emerges from this region in crocod~les 

(Iordansky, 1973).' The anterodorsa1 view of the 

opi8thotic (fig. 29) shows broad sutural surfaces for the 

prootic and s,:!praoccipital, and confirms that this bo~e 

, enclosed portions of the posterior ampulla and posterior 

semicircu1ar canal. 

Stapes. The right stapes of MNHN 1908-~2-99 (fig. 30)' 

18 protruding through the fragments of otber bones. It ls 

2.8 mm in Iengfh, has a shaft diameter of 1ess than 1 mm and 

expands distal1y to 1.5 mm. Thé footplate 18 partial+y 

obscured and cannat be measureod. As in Youngi, and mOSt 

other primitive reptiles, the shaft is perforated by the 

stapedial foramen., - There is no evidence If an osseous dorsa). 

process. The dis tai end of the columel1a i8 unfiIlished bone, 

'and must have been extended in cartilage to the quadrate. 

Mandible. D~tails of on1y two b;ones of the mandible 
'1 

can be' seen. The dorsal margin of the surangular i8 visible 

in one specimen (fig. 26). It ia tbickened medially into a , 
ridge that forms the upper margin of thE' adductor foramen. 

Anterior1y this ridge i8 excavated dorsally for the coronoid . 
• •• -4111 

, ,,1 

P08teriorly it becomes a prominent buttress where it supports 

a short, wide, posteromedially oriented facet that connects 

to the articular. 

, ' 
" , 

" 1 t$ 
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Piveteau (1926) noted that/there was a short 
.. ~ 

retroarticular proceS8 on the articular. 

Hyoid. Hovasaurus has a pair ,of hyoid (ceratobranchialI) 

bones (figs. 2~, 29; Piveteau, 1926, Pl. XIV, fig. 1) simi1~~ 
to those of Thadeosaurus (fig. 16), and màny other prfniitive 1 

reptiles. The hyoi? is a long, slender, curved rod of bone. 

" The anterior portion is almost parailei to the longitudinal 

axis of the skull, and the posterior portion is inf1ected 

posterolaterally. The posterior end ~s cupped and probab1y 

had a cartilaginous extension (epibranchial I). The central 
( 

region of the bone is somewhat flattened. A 10w ridge extends 

,a1o~g the ventromediai surface of the ante~ior half of the 

;' bone, separating the inserÙon regions of two sets of hyoid 
.. ... \ 1 

'mU~culatu~e. The hyoid of'MNHN 1925-5-30 i8 more than nine 

mi1limetres .(2.4~) in 1ength with~ shaft diameter of about 

a Millimetre. 

Vertebrae 

General. The vertebrae'of Hovasaurus have notochorda1 
1 

centra (fig~. 32, 34b) as dO,most primitive reptiles. 

Piveteau counted 24 presacrai verte9rae in one specimen 

of Hovasaurus (1926, Plate VtI, fig. 3). A number of specimens, 
1 

lncluding MNHN 1908-32-99 (fig. 30) show that there are five 

cervical vertebrae, whereas others, such as MNHN 1908~32-24 

(Piveteau, 1926, Pl. XIII, fig. 1) have 20 dorsals". This 
II 
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. 
suggests that the presacral count ls 25, and is eonfirmed by 

\ MNHN 190a-32-l which has a -complete presaeral series. The 

number of presacral vertebrae falls within the range known 

for other genera of primitiv~ eosuchians. Numerous specimens of 

Hovasaurus are known to have tWQ sacral vertebrae (figs. 18, 19, 

23). It would be easy to misinterpret the first caudal rib as a 

'third saèral db beeause it eurves slightly anteriorly and 

a1most touches the ilium. Most primitive reptiles have between 
1 

fiftyand seventy caudâi vertebrae (Romer, 1956), but the total 

number is kno\m in few eosuchians, Gow (1975) has shown only 

30-35 caudals in his reconstructions of Youngina. However, 

none of-the specimens he examined has a caudal series preserved 

in its entirety, so it can be assumed that Ithe tail as 

reconstructed ls too short. Carroll (1975a) estimated ,that 

the caudal count of Saurosternon approaches seventy. Fifty-six 
• 

caudals are preserved in Kenyasaurus (Harris and Carroll, 1975) 

and 47 in Thadeosaurus (Carroll, 1981). In one spe~imen of 

Hovasaurus, MNHN 19087 32-58, the~g~th to 53rd caudals are 
1 \ 

preserved, but do not include any distal caudals. SAM '9546 
o 

includes fourteen distal caudals, none of wl.ich are the terminal 

caudal. 
1 

An estimate of seventy caudal vertel,t'ae is probably 

conservative for Hovasaurus. 

The presacral series can be divided into cervical and 
1 

dorsal sections. Pivetieau (1926) distinguished the cervicals 

, 
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" 

, by the absence of ribs. However, thefe are cervical ribs 

in Hovasaurus~ which must have been inconspieuous in the 

specimen he was 100 king at., This specimen has been misPlaee" 

and could not be relocated for study. Ribs have been 

disarticulated from the sterna in aIl known s~ecimens of 

Hovasaurus, so relationship to the sternum cannot be used 

to define the dorsal region. The ribs of the sixth presacral 
1 

segment are considerably longer than those of the fifth. and 
\ 

have the same bas~c form as more posterior ribs. For this 

reason, the sixth presaera! vertebra is considered to be 
\ 

the first dorsal. 
" 

Cervical Vertebrae. The atlas-axis complex is preserved 

in ventral (fig. 27), dorsal (fig. 29) and lateral (fig. 30) 

views. 

The proatlas is a small, paired element. The articulation. 

with the exoccipital is at right angles to the articular facet 

for the atlas and is separated from it anteroventrally by a 
\ 

small area of finished bone (fig. 29). A small process on 

the dorsoposterior surface may represent a rudimentary neural 

arch. 

The atlas centrum cannot be seen clearly in 'any specimens. 
\ . 

It i~ preserved in dorsal view in MNHN 1925-5-36 (fig. 29) and 
/ 

possibly +ateral view in MNHN 1908-32-99 (fig. 30). Unfortunately, 

the at~as-axis eomplex of the latter specimen la disarticulated, ,. , 

and the orientation ôf the atlas centrum is questionab1e. The 

close a~ticulation between the centra of the atlas and axis 
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\ 

\ 
suggests the for~~r 1s being viewed in dorsal ,~spect. However, 

the bone exposed ln this view ls finished, suggesting that it 

is a lateral surface. The bone interpreted as .'he ~tlant~ 
\ 

centrum in MNHN 1925-5-36 (fig. 29) is about 75% the length of 

the axial centrum, and shows ~rticular facets on the 

dorsolateral surfaces for articulation with the neural arch. 

The atlantal neural arch is paired a~ in aIl primitive reptiles. 

There is a caudally directed spine, and an anterolateral facet 

that· articula tes with the pr~atlas (fig. 29). The 'atIanta! 
" 

intercentrum is large, 'about 50% the length of the axis centrum. 

The atlantal and axial inter centra meet ventrally, thereby 

exeluding the atlantal centrum from the ventral margin of the 

1 
vertebral column-. In ventral aspect, the anter:ior margin of 

\ 

the intercentrum of the atlas ls concave for its articulation 

with the occipital condyle. The centrum of the axis i8 relatively '. 

short, about sixt Y percent of the length 'of a dorsal centrum. 

More than half of the central length i8 excluded from the 

" 
ventral margin of the vertebJ."al column by the Intercentra. 

There is a pronounced ventral' keel (fig. 27), and the.. lateral 
/ 

waHs of the centrum are. concave. The suture betweert the axial 

neural a~~h and centrum is typical for most of the presacral 

column of primitive reptiles (fig. 30). The anterior edge of 

the, neural spine curves strongly anterodor:sally (figa. 29~ 30). 

There ia a pronounced fac:et for articulation with the neural arch 
Ir 

of the atlas. The articular facet of the posterior zygapophysis 

' .. 
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la" inclined only slightly from the horizontal plane. The 
\ 

facet on the neural arch for the atta~hmedti of the rib is 
1 

, ~ ." 

Inconsplcuous in the specimens examined, and must have been 

minute. The neural spine ls blade-like, wlth a thin anterior 

.rgin and a thick posterior edge (fig. 29). The axial 

Intercentrum is a large element with a conspicuous mid-ventral, 

longitudinal ridge (fig. 27) a • In MNHN 1925-5-30, the bone i8 

unfinlshed on the ventral mld1ine. In lateral view;, the 
J 

intercentrum taper8 dorsa1ly and 18 not fused ta the atlantal 

centrum in MNHN 1925-5-30 (fig. 27) and MNHN 1908-32-99 (fig. 30). 

The centrum of the thlrd cervical 18 longer than that of 

the axis t but ia only 75% the 1ength of the average dorsal. 

The rib facet is found near the front of the neural arch. It 

la relatively small, ova1 in shape, and faces ventrally, The 

transverse process is weak, and ls located ventral to the 

zygopophyses, 11te neural spine curves posteriorly in large\ 

animaIs (MNHN 1925-5-49) and is relatively wide and 

anteroposteriorly short distally (fig" 29). The third intercentrum 

, is the last one ossified in innna~ure ,sp~dmens. The midventral 
. 

ridge is prominent anteriorly, and much weak r posterior1y. A 

slight. posteroventral protuberance would have fit snuggly into 

a depression at the anterior end of the ventral ridge of the 

1 
third centrum (fig, 27). This suggests that the thir.d intercentrum 

an~ centrum were firmly attached and functioned as a unit. 

.' '-l' 
, ' 
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The centrum of-the fourth vertebra is abou~ 85% the 

1ength of a dorsal centrum. The transverse process has become 

1 • 

more prominent, and the neural spine is approxima tely two thirds 

the length ~f one of th.e dorsal spines. The trànsverse process 

i8 stre~gthehed by strong anteroventral and posteroventral 
\ 

ridges, and J weaker 'dorsal' process O·fNIlN 1925-5-49). 
, 

'flle fifth cervical 1s transitional in morpho1ogy between 

the more anterior cervicals and the dorsals. The centrum is 

a1most the same 1ength as a dorsal cÉmtrum. The transverse 

process has a 'longer articular facet for the rib, and is 

oriented more l,a terally • The neural spine is almos t 75%, bhe 

length of the neural spine of a mid-dorsal vertebra. 

Dorsal Vertebrae ~ The basic structure,,, of a notochordal 

centrum is hourglass shaped, constricted at the centre and 

expanding anteriorly and posteriorly into round, hollow ends 

that form the Intervertebral articulations. The narrow waist 
\ 

i8 strengthened ventrally by a-longitudinal ridge of bone. 

When viewed laterally, there is' little 'curvature along the 

ventral ridge. The ventral edge of this ridge tends ta be 

developed hto a sha~p keel in the cervicals, but becomes 

weIl rounded in the dorsals. 

The w1dth of a dorsal centrum is approximately 83% its 

length (Table 5) t ,whereas the height of the centrum is only 

65% the length. 
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There is a pair ~f strong dorsolateral ridges for the 

. ·att.achment of the neural arch. The centrum is widest dorsally 

-;'cr088 the ridges. and \ t.pers ventrally. As 1n P1 ycosauru, 

(Romer and Priee, 1940) and most other primitive reptiles, the 

dorsal part of each side of the posterior rim of the centrum 

is beveled 80 that the surface faces somewhat dorsolaterally 

as weIl as pos teriorly (fig. 32). The anterior edge has 

complimentary dorsolateral expansions that articulate with the' 

beveled surface of the adjacent centrum. The ventral rims 
, 

of both anterior and posterior ends of the centrum are beveled 

u • 

for the intercentra. 

The articulation for the rib does not appear to extend 

\ 
from the neural arch to the' centrum in the dorsals. A strong 

ridge extends posterodorsally on the centrum to support the 
\ 

ventral edge of the' transverse process (fig. 32). In large 

specimens, this ridge is longitudinally striated, presumable 
• 1. \ 

for ligaments that hold the rib in position. 

The centrum forms the floor and part of the lateral walls 

. of the neural canal. Between the supporting but tresses for 

the neural spine, the centrum ia deeply excavated in young 

specimens, and the hourglass shapè of the notochordal sheath 
. \ 

ean be made out clearly (figs. 20, 24). In more mature 

specimens, the region Is only slil:l1lowly excavated, and there 

tends to be distinct "pits close to the centre of the 
.. 

! 
\ 
1 
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longitudinal axis. In adult ,specimens, i t appears that 

the bottom of the neural canal was nearly fIat when viewed 

laterally (fig. 34b). 
\ 

The neural arch does not co-ossify with the centrum 

until late in life. In the smallest specimens, thf right 

and left ha Ives of each neural arch disassociated after 
\ 

death. 

From the anterior margin of the centrum, the ventral 1 

1 

1 

• edge of each pedicel of the neural arch curves postéroventrally 

( 

--,--\-----~,-------­
" 

to a point approximately one third the longitudinal distance 

of the centrum from the anterior edge of the ceQtrum (figs. 19, 

20, 24). Posterior to this point, the ventral edge curves 

posterodorsally until it reaches the dorsal limit of the 

centrum. The suture çannot be seen in large specimens 

(figs. 22, 32). 
\ 

The anteroventral corner of each peGicel seems to reach 
. \ 

th~ anterior edge of the cQntrum, and could have taken a limited 

part of the Intervertebral arti~ulation. Between this point 

and the base of the anterior zygopophysls, the anterior 

margin of the pedicel is shallowlY'concave, and forms the 

\ 
posterlor margin of !the Intervertebral opening. The 

1 

posteroventral corner of the n'eura! arch 18 weIl forward 

from the ~oBterior 1imit of the centrum, cUrVes anterodorsally 

and then posterodorsally to the posterior zygopophysis. This 
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rim forros the anterior margin o~ the intervertebral'opening. 
, 

There is an extra intervertebral articulation between 

-
the pairs of zygopophyses. The terms zygosphene and zygantrum 

, . 
are inappropriate for these arçiculations for a number .Qf 

reasons. In the sense used by ~omer (1956), a zygosphene 
~ . 

bears slanting articular surfaces on either side of an 

anteriorly projecting proeess. The accessory articulation 

ls variable in Hovasaurus, but never bears ventrolaterally 

oriented fscets, ana is moS t prominent;: on the pos terior edge 

of the neural spine. 

The aceessory articulation i8 variable throughout the 

vertebral column (fig. 32), and ap'parently in different 

individuals as weI;!... It could be that sorne of thls variability 

, 18 age specifie, but more probably 18 jus t indilvldual variation. 

However, throughout the vertebral column there ~s sorne forro of 

contact of the neural spines, and in som~ cases this contact 

Can ex tend vertically far up the neural spine. Because most 

specimens are split along the midl~neJ details of the midline 

processes sre poorly preserved in -general. It is not possible 

to follow the changes undergone through the olomn for any 

single specimen. 

In the cervical 'region, it appears that the neural spines 
"\ 

are in contact along the midline near the base of the neural 

- spines, but there fa no spec'ialized articulation ,in this regio~. 

----------------------------____ ..... ___________________________ A.i __ ~ 
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There la a distinct proeess on the posterior surface 
, 

of the neural spine in the dorsals. lt does not seern to hav~ 

extended caudally b!-,!yond the posteripfÎJmi t of the posterio1 

zygopophysef! in the anterior d~rsals. In the sixth p,resaeral 

of SAM 9463, the process ls represe?ted by a low ridge that 

do es not extend dorsally or ea1,ldally beyond the zygopophyses. 

Th~ process la promlnent in the' ninth presaerai of SAM 9461, 

but lies below the dorsal limit of the p~sterior zygopophyses. 

The size of the process continues to increase progresslve1y, 

.J and i8 equally well deve10ped in the eleventh and tweVth 

.p -
vertebrae of MNHN 1908-32-59. The largest rectangular process 

1; obseryed was in about the thirteenth presaeral vertebra of 

SAM 9463 (fig. 32). lt ia relative1y long dorsoventrally, 

extending dorsally above the articu1ar surfaces çf the 

zygopophyses. The rectangular process extends farther caudally 

than the posterior zygopophyses. Generally in more posterior 

dorsa1s, the proees8 is redueed to a low ridge. By the 

eighteenth presaeral of. MNHN R146a, it la very smail. 'The 

process seems to persist throug~out the dorsal series for 
1 

there is a minute nubbin of bone on the midline of the 

posterior surface of the neural splne of the 25th presaerai of 

MNHN 1908--21-19. 

!here 18 a deep pit ont the posterior sU,rface of the neural 

spine on eaeh, side of the rectangular proeess in the ant~rior 
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Figure 32. Hovasaurus boulei, dorsal1vertebrae. 

Lert, SAM 9463, pa.rtially restored, 

posterior' and lateral l1iews of l3th 

dorsal V'ertebra; right, MNHN' 1906-32-60, 

16th and 17th dorsal vertebree. Sc~le 

= l cm. 
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dorsals. This pair of pits (f1g. 32) is close to the ventral 
1 1 

levei of the accessory process. The pits are separated by a' 
\ 

low r1dge that 1s continuous with the rectangular pr6cess 

dorsally, and which widens out ventrolaterally into a ridge 

jOlning the posterior margins of the posterior zygopophyses 

In most vertebrae,~ a prominent ridge extends along the 

midline of the anterior surface of the neural spine. Near 

the _ base of the neural ,spine~ this ridge is l'lnterior to 

the posterior limits of the anterior zygopophyses. In tbe 

1 

regions of the vertebral column where" the neural spine of the 

proceding vertebra ia extended posteriorly by a rectangu1ar 
, 

process, there had to be sorne way to accommodate the process 

or else the centra wou1d not have touched. Most vertebrae 

are exposed on1y in lateral view, and the anterior view of this 

mid1ine ridge cannot be seen. Fortunately it can be seen in 
, 

severai specimens. In an anterior dorsal of a juvenl1e 
~ 1 

specimen {MNHN 1925-5-28), there is a longitudinal depression 

along the crest of the anterior midline ridge. This depr~ssion 

is the right size and sh~pe to 1k~onunodate the posterior 

rectangular process of,the pr~ceding vertebra. In a more 
y . 

mature specimen, ~ 1908-32-24 (fig. 33), the comp1exity 

of these a~ticulations is revealed. There Is a distinct pit at 

~ the base of 'the anterior midline ridge of the twelfth presacrai. 

~t i8 higher chan it iS'wide, and i9 large enough for th'e 
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pôsterior reetangular proCess of the elevénth presacral to 

fit inside. VentItOlateral to the depression·'there are two 
/ ~ 

bony protuberances that would have inserted Jnto the pits 

ventrolateral to the posterior reetangular proeess of the 

prëceding v~rtebra. Ventromedial to thesé protubèrances is 
1 

a shallo"," depression into whi.ch fits the ventral expansion 

of the ridge that is continuous ~orsally with the rectangular 

process. The eomplex ~f anterior midline,depressions and 

protuberances is symmetrieal as a.unit, but offset to the 

1eft of the mid1ine. 

In more posterior dorsals, a prorninent prdcess, the 

anterior rnidliné proces~ of the neural spine, develops dorsal 
• r" 

to the contact with the posterior rectangu1ar proeess of the 

preeeding vertebra. The anterior midline process seerns to 

reach its maximum size in the Mid dorsals. Here it extends 

~. as far anteriorly as the anterior zygopophyses, and looks like • 

a prorninent'tubular process~ In the eighteenth presaeral 

vertebra of MNHN 1908-32-24 there is a eireular depression 
o 

dorsal to a sma1I posterior rnid1ine proéess for articulation 

with the anterior rnid1ine process of the ni.leteenth. 

Posterior to the 21st prèsacraI, the anterio,' midline process 

rapidly ' dirninishes in size, and has disappeared by the 24th 

presaerai in MNHN 1908-32-24. 

The contact between the bases of the neural spines along 

the midUne i8 variable in the mos t posterio'r presaerals. ]he 

posterior midline ridge of the neural spine of the 25th presseraI 

\ 
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Figure 33. Hovasaurus boulêi, MNHN 190e-~2-24. 

Accessory articulations on anterior 

surface of l2th neural spine. 

l, processesj 2, pit; .3, anterior 

z~gopophysesi 4, neural canal., X9 • 
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divided vent~allY~ a depression into 

whiêh fits the ventral end or the ani:erior midline ridge of 

the first sacral. The contact is different in MNHN ~908-21-f9 

where a minute posterior midline process of the 25th presaeral 

\ 
articulates with a minute, fIat facet at the base of the 

1 

anterior midline ridge of the first sacral. 

The presence of accèssory articulations along the 

midline of "the neural spines of presacral vertebrae is clearly 

a derived character that i8 not found in ancestral 

protorothyridids' (Carroll and Baird, 1972), nor in most lines 

of eosuch~ans. In reexamining the type_specimen of Youngiria 

capensis, it was discovered that accessory articulations are 

present (fig. 13a). Kenyasaurus (fig. 15e) seems to have an 

anterior midline process of the neural spine in the mid and 

posterior thoracics, as does Thadeosaurus. Tangasaurus, 

altho~gh badly preserved, seems to show the same adaptation. 

In juvenile specimens the anterior outline of the neural 

areh between the anterior zygopophyses and the posterior 

outline in the same plane are deeply embayed medially. This 

occurs because the ossification of the midline ridges cannot 

begip until the two halves of the neural spine coosify into a 

single unit. 

The anterior zygopophyses are supported by a buttress 

oriented dorsomed~ally and slightly anteriorly from the base 

, \ 
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1 

of the transverse process. The buttresa of each side la joined 

by a thin shelf of bone above the neural canal. The articular 

surfaces extend onto this shelf t but do Jnot meet. They are 
;/ 

separated anteriorly by ~ medial notch, and posteriorly by the 

ventral end of the anterior midline ridge of the neural spine 

(fig. 33). 

The posterior zygopophysis is supported by a strong 

ridge that extends dorsomedially~ and to a lesser extent 
1 

anterl~rly, to the neural spine. The dorsolateral surface of 

this ridge is convex alopg its longitudinal axis, but conc~ve 

where it meets the neural spine and near the postèrolateral tip 
1 

of the zyg~pophysis. 
1 

In most' dorsal vertebrae ot mature animaIs, 

there is a narrow shelf of bone that connects the posterior 

zygopophyses ventromed1ally. The posterior edge of the articular 

surface i8 almost straight and perpendicular to the midline of 

the v~rtebral column in the anteribr and mid dorsals. The 

articular surface is widest ,near its ventromedial limit and 

tapers as it extends dorsolaterally. The articular surface, on 
>,' , 

the average, is 60% as long anteroposteriorly, as it is in the 

p~ane perpendicular to it. In the\most posterior dorsals, the 

articular surface i8 diamond shaped with its widest expansion 
\ 

about half way between the laterai and medlàl bordera. In end 

view (fig. 32), the ventrolateral' outline of the zygopophysis 

16 convex tnedially, but becomes concave laterally. The' degree 
9 

of curvature is variable throughou~ the presacral column. 
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Because of the curvature of the articular surfaces, it i8 

difficu1t to determine the angle that the artic~lar surface has 

been rotated from the horizontal. This is particu1arly true in 

the cervica1s and anterior dorsals where the medial convex 
1 

region is broad and the curvature is gent1e. If a line is 

drawn from ,the ventromedJal edge of the articular surface to the 

dorsolateral edge, this line i8 about 350 on the average from 

o horizontal, but can be as high as 45 in the dorsals of some 
\ 

specimens. ln the posterior dorsals, the average inclination 

to the horizontal i's somewhat lower -- about 25°. In Youngina 

o (Gow, 1975), the \inclination is less than 3~ in the anterior 

do.rsals, whereas the inclination in most other primitive reptiles 

is closer to the condition seen in HoVasauru8. 

The lengest neural spines of the presacral column are 

found iJ--the vicinity of the nineteenth to -22nd vertebrae. In 

-large specimens, -the neul;al spines in this region can be more 

than 50% greater than the maximum 1ength of the centrum ,(Table 

5). The shortest-Aeural spine of the vertebral column is that 

9f the axis, which in MNHN 1908-32-1 ia 1ess th an Half the height 

of the longest dorsal neural spine. The he: 4ht of the neural 

spine increases gradually between tbe axis and mid dorsals, 

and then decreases in the posterior dor3a1s and sacraIs. 

Amang closely related genera, the presacral neural spines 
~ , 

of/Youngina and Kenyasaurus-are relative1y low, while tbose of 
--- / 
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Thadeosaurus and Tangasaurus are hlgher but still not as weIl 

developed as the neural spines of Hovasaurus. 

The neural spinès are constrlcted anteroposteriorly 

above the level of the midline processes of the neural spine. 

In mature specimens there ls a slight expansion dorsal to this 

level. The maximum anteroposterior length of a neural spine of 

the mld and posterior dorsals ls approximately 80% the greatest 

length of the corresponding centrum. Above this expansion~ 

the neural spine tapers.negligibIj and ends in a plateau of 

unfinished bone (fig. 32). 

The lateral thickness of the neural spines varies 
\ 

throughout the column. The neural spines of posterior dorsa-ls, 

sacraIs and caudal~ tend to be relatively thin. In the posterior 
\ 

dorsale of large animaIs (central length greater than 8 mm), the 

~istal ~idth of the spines is consistently almost three millimetres. 
, 

The neural spines of the anterior and mid dO,rsals are greatly 

thickened distally by lateral ridges that end dorsally in 

mannnilary processQs. The width of the neural spine of the tent-h 

presaeral of MNHN 1908-32-59 le 4.5 mm, 'more than half the length 

of the associated centrum. 

Sacral Vertebrae. The sacral centra are the same length as 
\ 

the posterior dorsals. In the two sacral vertebrae, the large 

articulations for the sacral ribs are found on bath the neural \' 
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arches and the centra. Because of these massive articulations, 

the ventral ridge of-~e centrum ls pronounced. The average 

ratio of sacral spine height to maximum dorsal spine height 

for six specimens is .85. Neural spine length increases in 

the second sacral, and continues to increase through the 

proximal caudals. The sacraIs do not coossify into a single 
<-

unit ln any of the specimens examined. 

Caudal Vertebrae. The anter~or caudal centra are 

either the s-ame len'gth as the dorsals, or are slightly shorter. 

The reductlon in the length of the caudal centra is graduaI. 

In the series of 4S caudals of MNHN 1908-32-58, the distal 

centra are only 10% shorter than the proximal centra., 

The shape of a caudal centrum Is different from that of a 

dorsal centrum. The anterior and posterior edges, ~s seen in 
\ 

lateral view, are nearly straight (fig. 34). The centrum i5 

longest dorsally, and nottceàbly 'Shorter along the ventral . ~.~ -
margin. The ventral edges of the rims are beveled where they 

articulate with the haemal arches. The width of the centrum 

la greatest dorsally, but tapers quickly be~ow the level of the 

notochordal canal. 

The midline ventral ridge ls conspicuous in the anterior 

caudals, but becomes less promlnent posteriorly, and disappears 

towards the end of the rlb-bearing series. A pair of 

ventrolateral ridges appear on the centra or the rib-b~arlng 
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caudals, become prominent by the end of the rib-bearing series, 

and continue on the remaining caudals. 

The articular facets for the caudal ribs are found mainly 

on the centra, but also extend onto the~ral arches (fig. 21). 

The ventrolateral outline of th~ pedicel of the neural 

arch is'essentially the same in the cervical, dorsal,-sacral and 

proximàl caudal vertebrae. The outline changes in the anterior 

caudals however, and before the end of the rib-bearing series 

has taken on a more symmetrical form (fig. 21). The ventral 
\ \ 

margin is almost horizontal in lateral view. but close to the 

centre of the centrum there is a ventral process on each pedicel 

\ 
that fits into a corresponding socket in the centrum. othe 

lateral surface of this process forms a relatively small part 

of the sutural facet on the vertebra. for the caudal db. The 

base of the pedicel of the neural arch does not take part in 

the intervertebral articulation. 
Il 

The,caudal neural spine is one of the most highly 

specialized features of Hovasaurus. It was tall ta maximize 

force that t~e taU would pr'~Atice in the water\ by its lateral 

# ~ndulations. Of the specimens examined, the highest ratio of 

caudal neural spine height ta length of associateà centrum was 

2.7, and the ratio of maximum neural spine height ta average 

length of a dorsal centrum is at least 2.5. In comparison, the 

same ratio of Tangasaurus ls 1.35. The neural spines of the tail 

-, 
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of Hovasaurus grow with h~gh positive allometry (Table 5). 

Because the coefficient of allometry is higher in the caudals 
\ - \ 

(1.43) than in the dorsal neural spines (1.34), the ratios of 

lengths of caudal neural spine to dorsal neural spfne are 1.07 

in Juveniles and 1.19 in l~rge animaIs. At aIl ages, the neural 

spi~es of the mid caudals are higher than the tallest preasacral 

neural spines. 

The neural spine of the fir~t caudal ls taller than that of 

the second sacral, but i8 shorter than the hlghest neural spine of 

the presaeral series. The second caudal has a neural spine taller 
\ 

than that of the first caudal; and, in aIl but the smallest 
1 

specimens, taller than any dorsal ~pines. Neural spine he1ght 

continues fO'1ncrease from the third caudal te the mid caudal 
-~-;- ,.---' 1 

'regio/n. 
1 

In MNHN 1908-32-58 and MNHN 1908-32-64/73, the ta1lest 

~eural splnes are those of the twe1fth to 24th cauda1s. Neural 
\ 

spine height diminishes by seven percent over the next ten caudals 

(MNHN 1908-32-94/73). No specimen shows a complete caudal series. 

However, on the basis of morp~o~ogical ~omparisons with MNHN 

1908-32-58, it can be conc1uded,that the first caudal preserved 

in SAM 9456 could not be more proximal th an the 50th segment. In 
"\ 

this region of the tait, neural sp!ne height i8 reduced by 35% 

over the series of thirteen cauda1s prese~ed in SAM 9456. The 

height of th~ last ~eural spine preserved, estlmated t6 be about 

" the 63rd c~uda!, lB 1.3 times the length of the associated centrum. 
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/'-

Hovasaurus boulei, caudal vertebrae. 

a, MNHN 1908-21-11, series of mid-caudal 

vertebrae (right 1ateral view); b. SAM 

9462, mid-caudal vertebra, broken open to 

show neural and notochordal canals; 
( 

c, SAM 9456, distal cau~als, approximately 
~ 
) 

58th-63rd. Seale ~ 1 cm. 
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- \ 
\ ' 

Three reg10n~ ean be defined in the tail on the basis of 

morphology of the neural arch and splne. Proximal caudals can 

be def1ned by the presence of zygopophyses, but there i8 no 

sharp distinction between the mid caudal and distal caudal 

regions. J 
vertebra~, t~ posterolater~l margin 

the large~ort"ion of theo border of 

As in more anterior 

of the neural arch forms 

the .intervertebral opening in the proximal caJdals. Proximal 

caudals (figs. l8d, 19, 20, 21, 24) have distinct ,zygopophyses. 

In MNHN 1908~32-64/73, the most"caudad'pair of posterior 

zygopophyses is found on the fourteenth caudal and the last 

anter~or zygopophyses are on the !ifteenth caudal. There is 

a pronounced anterior, midline ridge at the base,of the neural 
, " 

/ 

spine that contacts the base of the neural ,spine of the preceding 

vertebra in a simple butt joint. ,Above thls contact, the 

anterior margin of the neural spine curves posterodorsally, 
. 

the amount of curvature d~creasing until the margin is almost 

vertical distally. The posterior margin of the neural spine 1a 

_ almost straight, and is posterior to the centrum. The 
o 

anteroposterior length of the distal end of he neural spine is 

about 70% the length of the c~ntrum, and double the later~l 

width of the neural spine. 

bl,.~more symmetric.l"in The mid caudals (figs. 34a, 

lateraI view than~the anterior and di~tal caudals. In contrast 

~th the presaerals, sacraIs and proximal caudals, the 
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anterolateral margin of the neural arch forms as much of a 

border of the intervertebral opening as the posterolateral 

margin of the preceding neural arch does. The neural' Ispines \ 

continue to articulate above the neural canal. This 

articulation, laterally wide at the base and tapering 

dorsally, can extend as much as 20% thi height of the neural 

spine. In lateral view, the articular surface of the 

anterior midline ridge tends to be slightly convex, and 
~ . 

the posterior margin tends to?e concave. The neural spine 
l'" .' 

tapers distally, and becomes laterally thin. 'The anterior 
1 

margin of the neural spine tends to be slightly concave in 
J l 'J. .. ' 

lateral view and the posterior margin tends to be slightly . . 

convex. The centre of the nenral spine i5 only slightly 

posterior ta the centre of the centrum. 
o 

The intervertebral art;culation at the base of the neural 

spine persists in the distal caudals, and can makë up) to 25% 

of the h~,l~~t of the neul",al spine. Above the midline 

articulationa, the margins of the neural spine are co~cave 

in lateral view, but the curvature is more pronounced on the 

anterior màrgin (fig. 34c). The distal end expands to'about 
1 

65% the length of the associated centrum. The centre of the 

neural spine lies over the posterior qua~ter of the centrum. 

The terminal caudale are' presently unknown. 
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Intercentra 

Intercentra ossify early in the life of Hovasaurus in 

the first three c~rvicais and in th'e caudals. It would a~pear 

that the remaining intercentra ~emained cartilaginous until 

the animal was more than half grown. In mature animaIs, they 
\ 

are present throughout the vertebral column. 

The atlantal intercentrum i8 the largest of the series. 

Ossified 1ntercentra of mature specimens of Hovasaurus (fig. 23) 

are long 1n an an'teroposterior direction, and can be up t'o 45% 

J of the length of a dorsal centrum in ,large animaIs. They 

broadly overlap the ventral surfaces of the adjacent centra, 

and extend dorsally more than halfway up the outer rims of the 

centra. The shape of the intercentra is basically the same as 

that of aIl primitive reptiles. The ventral surface 1s convex, 

bath longitod1nally and transversely. 

,Normal 1ntercentra are found id the sacral segments 

(~ Rl46) , and in association with the f1rst two caudals 
o 

(~ 1908-32-77). The third caudal vertebra 1s preceded 

by a ~res~entlc intercentrum with a pair of rarallel plates 

of bone projecting posteroventrally (MNHN 19C3-2l-7, MNHN 

1908-32-77, SAM 9460). These plates do not meet dist~lly, and 

each plate 1s less than two thirds the length that ls required 
, ~ 

te enclose the haemal canal. The fourth caudal sectiqn 1s the 

firat to bear a complete chevron. 

\ 
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There is no indication of separa te centres of'ossification 

in the chevrorts of Hovasaurus such as s.een in Sphenodon (Howes 
\, 

and Swinnerton. 1901). Furthermore, the crescentic basal 

portion of the chevron is found thro~gh the tail (figs. 19, 

20, 21. 24, 34c). 

In laterai view, the chevron i5 pointed proximally. with 

two fscets for àrticulation with the adjacent centra. The 

haemal.arch is oriented slightly posteri~rly as weIl as 

ventral,ly (fig. 34a). In young specimens. the haemal canal 

occupies at Ieast half of the dorsoventral length of the chevron 

in the proximal part of the tail. In more mature specimens, 

the haemal sp~ne makes up a relatively larger percentage of 

the total length of the chevron. The dimensions of the haemal 
1 

canal grow with neg~tive allometry, whereas the haemal sp~ne 

exhibits positive allometric growth (Table 5). Regardless of 

the age of the animal, the haemal can~l _decreases in size 

posteriorly in the ta_g • __ ~'l'h1S feature was found ta be useful 
'. 

1n determining whether isolated series of caudal vertebrae 

were from Iproximal or distal p~rts of the ~il. 

The haemal spine expands posteriorly ar: ta a 1esser extent .. 

anteriorly fro~ ~he haemal arch to form a larfe, distinctive 

plate of bone with a vertical axis (figS. 19, 20,'21, 34a). 

T4e distal expansion of the haemal spine has the same 

anteroposterior length as th~ distal end of the neur~l spine 

of the same segment. 
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ln mature specimens, the haemal arch and spine are the 

Bame dorsoventral length (2.6~) as the neural arch and spine 

of the associate~ vertebra. This relatjonship ia consistent 

throughout the tail. 

Ribs 

Ribs are present in aIl but the atlantal segment of the 

presacrum, in both sacraIs, and the proxim~l caudals. 

The second rib is short, som~what less than the 1ength 

of, the assoc:i.ated axial centrum (figs. 27, 30), and tapers 
1 

~ 1 

d1.Sfa1ly to a point. !here are distinct tubercular and capitu1ar 

heads (MNHN 1925-5-49), the latter extending ta the 

intercentrum. The rib of the third cervica1-i.s longer than 

ita centrum, recurved (fig. 30) and dichocepha1ous (fig. 27; 
\ 

MNHN 1925-5-49).- The four th cervical rib is one third longer 

-than the associated centrum and about twice the length of the 

axial rib. ~e capitular head i8 still, distinct but ls very 

sma11 relative ta the tubercular head (MNHN 1925-5-49). There 

1.8 a flange extending from the tubercular head along the outside 

curve of the db shaft (fig. 30). The ~e1:t rib 1.s apparently 

holocephalus, with a continuous, dumbell-sh~~e articular 

surface that articulated with the transverse process of the 

fifth cervical (MNHN 1925-1~-49). The fifth rib ia approximately 
\ 1 

double tbe length of the associated centrum, is not as strongly 

curv~ as the more anterior cervicals, but still tapers ta a point 
.-/ 

distally. 
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The rib of the sixth vertebra i9 the first dorsal. The 
l ' 

head has a larger clrcumference than any other region of the 

rib, and is distinct in outline {rom more anterior rlbs 

(fig. 30). The articular surface ls continuous, but is 

'coostricted in the centre 80 that capitulaI' and tubercular 

pbrtions of the head can be distinguished. This pattern 18 
, 

found in aIl but the last dorsal. The primitive condition, as 

exemplifled by Hy1onomus (qarroll, 1964), 18 to have a notch 

\ separatlng the capitular and tubercular heads. The shaft of 

the sixth rib of Hovasaurus i8 almost straight, and 18 more 

than five times-the length, x of the dorsal centrum in MNHN 

1908-32-1. 

The anteroposterior length to height ratio of the proximal 

rib articulation increases from 1/3 in the anterior dorsals ta 

more th an ~ in the posterior dorsale. 

\ There is a progressive increase in length from the sixth 

to tenth dorsal ribs. The ~leventh to seve~teenth ribs are 

approximately 7.5~, measured along the outside of the curvature. 

The maximum db length ls 7 .8~ ln Acerosodontasaurus (Curde; 

1980), and 7.0,! ln Thadeosaurus and Tangasat~. In Hovasaurus 
, 

tl1ere la a graduaI reduction in length of more posterior ribs up 
\ 

to the 2lst, and a rapid reductlon in length fram the 22nd to - ' 

25th dorsal,; (figs. 19, 23 ). ,'!'he las t dorsal db 1s only 

about 1.5x in length. 
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The anterior dorsal ribs are curved fo,,: the proximal third 

of the shaft, and almost straigh~ dista11y. Ribs of the mid 

and posteriordorsal regions are curved throughout their 

length, suggesting that Hovasaurus was a relatively broad bodied 
j 

animal like Acerosodontosaurus (Currie, 1980), Youngina (Gow, .~ 

1975),' Kenyasaurus (Harris and tarroll, 1977) and Tangasaurus 

(fig. l7c). The 25th rib does not curve vent~ but ex tends 
\ \ 

." laterally and curves slightly anteriorly (fig. 23, MNllN R146, 

MNHN 1908-32-4, MNHN 1908-32-24, MNHN 1908-32-67). 

The dorsal ribs of Hovasaurus Juveniles are inaistinguishable 

from those of oth~r younginoid ~nera. The ribs of the adults 

are v1sibly pachyostotic (fig. 22), although not ta the degree 

seen in Champsosaurus and Mesosaurus. Tli'e distal expansion of 

the twentieth dorsal rib of a juveni1e (MNHN 1908-21-2/7) ia 

.3Ox whereas in MNHN 1908-32-67, an âdult, the diameter of the 

same rib Is .'43x. The maximum shaft dlameter of a dorsal db in 

Tangasaurus is .-30.!. Pachyostosis is more discernible in the 

posterior dorsals. which are banana-shaped ribs in adul ts • The 

maximum shaft diameter is 12% the 1ength of the 23rd db in a 

Juvenile (MNHN 1908-32-21) and 16% 1n an adult (MNHN 19P8-32-67). 

The distal, ends of the s~xth to 24th ribs are concave and 

probably continued in cartilage. It i8 possible that the 

cartilaginous extensions of the eleventh to fifteenth ribs 

attached directly to the sternum, while an unspecified number 
1 

of pairs of more posterior ribs wou1d have been connected to 
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cartilaginous mesosternal elements. 

raI ribs have the same shape and orientation as 
1 

1 

The proximal suture covers most of .- . \ 
the lateral surface of the centr'um and extends onto the neural 

arch.! A small, anteroventral extension of the proximal sutural 

surface do es not reach the intercentrum, but repr~sents the 

primitive capitular head. The first sacral t'ib extE!Îiè1s 

laterally, ventrally and anteriorly and meets the.ilium in a 

broad contact. The distance betwe~n the firat sacral vertebra 

and the ilium is 1. 6x. The diameter of. the shaf t is .5.!. at its 

narrowest point, and anteroposteriorly longer than the centrum 
1 

at the distal, end. Most of the distal expansion 1s 

anteroventral ta the longitudinal shaft of the sacral rib. 

The orientation 1s almost the same in the second sacral 

~ 1908-32-24), althôugh 1t curves anteriorly to a lesser 

extent. The bead of the second sacral i5 larger than that of the 

first sacral, and the measurement between the proximal and distal 

sutures ts five to ten per cent greater than the shaft length of 

the first sa~ral db, (figs. 19, 24, MNHN Rl46). The distal 

expansion is flat ~nd bladelike, and 1s a':l'teroposteriorly 

ahorter than the .centrum. The nature of contact between ·the 

distal ends of the sacral ribs cannot be seen in any~of the 

specimens examined. . Thé distal end does not bifurcate as it 

does in Youngina (Gow, 1975). 

. . 
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The number of pairs of caudal ribs is variable in 

HovalYlurus. There are a minimum of ten pairs (MNHN 190a-32-29) 
\ . , 

and a maximum of twe1ve (MNHN 1908-21-5). Ten pairs of caudal 

r~bs are preserved in MNHN 1908-32-73, but there are facets on 

the eleventh caudal vertebra for another caudal rib pair( In 

MNHN 1908-32-58, the tenth caudal rib is minute, and resembies 
> 

'. . 
a smaller projection of bone on the eleventh caudal vertebra. 

~ 
However, the eleventh ia clearly an outgrowth of the vertebra, 

\ 
does not l;'a~e a separate centre of ossification, and is 

,therefore not a rib. Ten pairs of ribs are preserved wi th 

MNHN 1908-32-77 (fig. 21), but articular facets on the 

eleventh and twe1fth caudal vertebrae show that the animal had 

twelve pairs of caudal ribs. There is a pronounced transverse 

process on each side of the thirteenth caudal vertebra, and a 

smaller process on the fourteenth. 

lt is difficult to distinguish fuped caudal ribs from 

tra,sverse processes in the mid caudal re&.ion of many pri.mitive 
/---

reptiles. the fact that a11 but one or two of the lateral ' 

procésses of the caudal vertebrae of Hovasaurus are true caudal 

rltls suggests that -the majority of S4ch processes in the taUs 
.. 

of other eosuchians are caudal ribs rather than' transverse' 

ptocesses. For simplicity, all'lateral processes of caudal 

vertebrae will be refei:rè'd to 8S caudal ribs. 
"~ 

J 
The anterior caudal ribs are constticted distal to the 

vertebral suture, but exp and distally into horizontal plates 
\ 

of bone in Hovasaurus (figs. 19, 20, 21, 24). A distinct 

i -, 
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" 

1 



1 

1 
1 
1 
1 

1 
1 

i 
1 
i 
! 

1 
i 

J 

- 243 -

proximoventral groove divides the: rib head into capitular 

and tuber~ular portions (figs. 20, 21). ·'The distal ends of 

the first two caudals are concave regions of unfinished 

bone in aIl b~t the largèst specimens. The remaining caudal 

ribs taper distally. The' first four cauda1s extend 1.5x 

latera11y, and the first has a maximum expansion of 

upproximately .75x. 

j The· ~rOXlmal :aUdalS 

probably Tangasaur\ls have 

in aU other eosuchians. 

of Thadeosaurus, Kenyasaurus and 
\ 
slender, taperlng caudal ribs, as 

The first caudal rib of Hovasaurus is oriented slightly 

anteriorly as weIl as laterB;1ly (Ugs. 20, 21, 24), and 

seems to almost reach the ilium. The unfinished bone on the 

diktal end suggests there was a cartilaginous or at least 

ligamentous attachment with the distal end of the ilium. 

lt probably represents the first stage of incorporation of 

a ,third rib :b:ito the sacrum,' and iiS present in Tangasaurus 

(figs. l7a, b) and Kenyasaurus (Harris and Carroll, 1977). 

Pectoral Girdle and L1mb 

Scapulocoracoid. The sca1?ula and a single coracoid fuse 
1 

into a si~181e element, the scapulocoracoid, in mature specimens. 

In contrast with most primidve reptiles, eosuchians have one 

rather than two coracoids. The coracoid foramen ia found in 

the anterior ,corë:\coid of pelycosaurs (Romer and Priee, 1940), 

1 
.j 

1 
, ! 
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and oss~fication of the posterior coracoid was often delayed. 

The presence of the coracoid foramen in Hovasaurus suggests 

that the single element is the same as the anterior coracoid 
\ 

of more primitive reptiles. 

The scapular blade 18 extremely low (figs. 37b, c), even 

in mature animaIs, and the almost horizontal ventral plate la 

massive. The orientation of the scapulocoracoid can be 

reconatructed wlth little chance of serioua error because of 

associated bones of the pectoral girdle. The poste~ior width 

aeross the paired scapulocoraeoids would have been the same as 

the maximum wldth of the sternum, and the anterior width was 

dellm1ted by the clavicles and iuterclavicle. As reconstructed 

(fig. 35a); the ossified scapular blade extends less than 50% 

up the side of the body. The clavicle and cleithrum extend 

slightly farther dorsally, but are still lower than expected. 

The posteriorI margin of the scapular blade: lies above the 

glenold, and Is higher than the anterlor margin. 'The 

"anterodorsal rim of the scapula ia longitudinally striated, 

indicating that there was a cartilaginous suprascapula. "For 

maximum advantage of the serratus musculature (Holmes, 1977), 

the supraseapular blade would have been extensive. 

The seapula and coracoid do not f~Be into a single unit 

until stage E (fig. 36) as in Thadeosaurus. The ventral, 

horizontal portion of the scapula was apparently larger than the 

ossifled scapular blade. 

.. _ ............ ~---..... _-----,.-~ - ~~ ... - -".--.._---- ~- -.. ' ", . .-
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i 

. \ 
j 

t 
,1 

f 

Hovasaurus boulei, reconstruction of 

pectoral region. a, 'anterior view. 

b. ventral view. Se ale ... l cm. 

, ) 



, \ 
t 

1 

1 

(~l 

Q' 

( 

0 .. 
.' 

<\ 

( 

- 24'6 -

'\ 

1. 
1. 

1 

l , 

• , 



1 , , 
~ 

1 
t 

! 

247 

( 

:; .. 

" 

(: 
J 

" 

1 , 
1 , 

l 
~ 
J ., 
1 

1 
J 
l 

ç j , 

, 

1 
Ï 
1 
1 

1~. 



·1 
1 
[ 
1 

Ci 

, . ( 

1 
1 

,,1 
i 

, 

- 248 -

In con~rast with ~q\st primitive rept,i1es, there 15 no 

supraglenoid ridge in Hovasaurus. The anterior facet of the 

. glenoid is supported by an anteroventral rldge. The 
, 1, • 

supr~glenoid\foramen has a1so ~,~n lost. In severa1 

8pecime~s , there Is a depressiL in t'be ridge antert,or to 

the glenoid (figs. 36b t d). This depression has a more 

dorsal posltion in larger specimens (fig. 34g), where it is 
1 

comparable to a similar pit in Champsosaurus (Sigogneau~Russell, 

1979). 
o 1 

Carroll note~ the presence of a similar depression in 

Thadeosaurus and speculated that it may hav~ been the openlng 

for the supraglenoid foramen, 'although this 18 unlikely. The 

depres,sion could have served as part of the orig1n of the o 

subcoracoscapularis. 

The vertical and horizontal plates of the scapula meet 
1 

at almost right angles. Anteriorly thére ls a well-deflned 

pro cess along the ~nflection. The position of the process 

anterodor~~~ to the glenoid suggests that it servad as the 
, , 

~ v 

origin for the long head of the triceps lateralis. In living , ' 

reptiles this muscle often originates from an area of the seme 
. 

relative size and position by means of a tendon. 
'" . , , 

" .The glenoid 1s formed by\both scapula and coracoid 
, i " 

(f1gs. 36a-e), and Is the primitive "screw-shaped" type common 
,-

to nea~ly all primitive reptiles •. The anteri9r tacet 1s 

s~~p~ly convu 1n transverse section, and faces more 

p. 
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HOV6SaUl'US boulei, s(}apu1ocoracoid, 

ventral view. a, MNHN 1908-21-8; , 
.,.) 

b, MNHN 1925-5-30; c, MNHN 1908-21-7; 

di MNHN 1908-32-23; 
1 • e, MNHN 1926-5-12; , 

, ' 

t, MNHN 1925-5-49, partia11y ~estorëd" 

trom'right side; g, MNHN 1908-32-26; 

h, MNHN 1908-32-27; 1, MNH~ 1925~5-56; 

j, MNHN I 1908-21-18; k, MNHN 1908-32-67, 
, 

p a rt1a11y restored f'rom right side; 

1, MNHN 1926-~-54, partial1y restored 

trom right side; m, 1925-5-38! reversed 

image. Scale = 1 CIn. 
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posteriorly than laterally. Centrally the, glenoid ls low, 

extending Into a p~t on the ventral surface of the coracoid. 

The posterlor facet is broad and relatively fIat. It 
1> 

extends as far laterally as the anterior facet, and faces 

anterolate~ally and somewhat dorsally~ The glenoid is . 

indisting~ishable from that of Thadeosaurus, the study of 

1 
which suggested to Carroll (1981) that; 

- Thadeosaurus coûld move its humerus more under the 

body than Captorhinus, and therefore cou1d have had a more 

lizard-like posture; 
1 

- the humerus had greater freedom of motion than 

Captorhinus, especially ventrally, and was capable of moving 

o in an arc greater than 60 ; 

- posterior1y, the hum~rus could approach the body wall. 

The base of the strong,lateral rldge on the coracoid that 
\ . 

supports·j.be posterior glenoid facet i8 heavily sc~rred 
... ~ ;:;:-.;:* ~ 

(fig. '3~), probably in part for the long head of the triceps, 

mediaIis, but mainly for the joint ligaments. The biceps and 

coracobrachialis muscles would have origina~~d on the external 

surface of the coracoid medial to the glenoiL.. The coracoid 

foramen is represented by à notc~in the coracoid at stage A 

(fig. 36b), but closes anteriorly ea~ly in lHe (fig-. 36d). 

The scapulacotacoid is preserved in inter~a~ view in 

MNHN R147 (fig. 37). The concave medial surface has some 

rt 
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Figure 37. povasaurus boulei, MNHN R147. 

Soapulocoracoid. a, lateral vle~; b f 

1 

v.entral view; Cf dorsal view. Scale 

= 1 cm. 
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muscle scarring centrally for insertion of the sternocoracoideua 

and costosternocoracoideus museul'ature. Anteriorly the inner 

surface has been damaged and muscle scarring cannot be seen. 

A distinct ridge on the media! surface of the laterai edge 

of the coracoid posterior to the glenoid.,may be tbe origin of 
" 

part 'of the subcoracoscapularis, wh1ch in !izards and Sphenodon 

inserts'onto the'proximal head of the humerus. The ridge extends 

v~ntromedjally to strengthen the ~apulocoracoid. , 

The scapulocoraeoid of Thadeosaurus has thè same features 

as that of Hovasaurus, including the limlted dorsal extent of , . 
• . tbe scapular bl'ade and an identical glenoid. Propor tians are 

.slightly different in/mature specimens of Thadeosaurus and 

Hovasaurua. In the former genus, the ~istanee from the anterior 
1 

margiû cf the glenoid to the poaterior margin of the coracoid la 
, . ... . ~ 

55% the' to~al'!ensth of the comple~ and the length of the glenoid 

Is' 25% the total length-. The ,respective figures ln Hovasaurus 

are 60% flnd 30X", sugge:sting .,that the glenotd 18 relatlvely 
, .. 

l arger • 

,The s,capula la paorly pr~served in Tangasaurus', but Haugh.ton 

(1924) felt that the scapular blade was short. .. ~. " 

!oungina, despite its apparent immaturity of ossification 
• 

, ~n other p$rts of the skeiéton, has a'well dev~lope~ scapular 

blade (f~g. 56c). • 
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Cieithrum. The c1eithrum can be seen in six specimens 

(fig. 3~, MNHN R147, MNHN 1908-32-1). lt is a relative1y 

amall bone that Is obscured by other e1ements in most specimens. 1 

lt iB thickest near its longitudinal centre, where the 
o , " 

mediolateral width ia about 20% the length of the bone, and 
1 

tapers at both ends. The outer surface is divided into 

proximal and distal segments by a well-defined inflection close 

to the middle of the bone. The outer surface of the p~9xlmal 

o section faces laterally, and the distal surface curves 50 

medially to face doraolaterally. ~e distal segment is 

situated dorsal to the ossified scapular ~~ade, and the 

curvature sugçests that the dorsal tip may have overlapped 

the a~teri~r margin of the first dorsal rib (fig. 35a). The 

distinction between the proximal and distal sections ~ 

cieithrum i8 not as evident along the mesial edge of the bone 

1 where the curvature is more graduaI. 

More than half of the anteromedial edge of the Cleithlum 

articulates with the clavlcle. The combined lengths and 

curvatures of thel clavicles and çleithra, liké the scapula 

blade, indicate that Hovasaurus had a broad, relatively loJ 

pectoral girdle. 

CIavlcle. 
\ 

Numerous specimens of Hoyasaurus include 

ciavicies (figs. 27, 38b, 39). The anteroposterlor length 
& ' 
"of the venérai plate 18 approximately .5x, slightIy less than 

the same dimension of the ,,~',1!al shafe of the clavicie. 
,'-"' 
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1 
Hovasaurus boulei. cleithrum. 

a. MNHN 1908-21-8. posterior view of 

1eft c1eithrum; b, MNHN 1908-32-99, 
o 

'anteriQr view of right èleithrum and 

posterior view of right clavicle; -., , . 
Ct ~ 1908-32-99, anterior view of 

l«;ft c1eithrum; d, 'MNHN 1908-32.-23, 

Anterior view of right cleithrum; 

e, MNHN 1925-5-34, posterior .view of 

right cleithrum. Scale = 1 cm. 
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The paired clavicles contact each other at ·the midline . \ 

ventral to the proximal end of the interclavicle. In MNHN 

1925-5-54 (fig. 39j) and other specimens, the proximal end of 

the left clavicle lies dorsal ta the p~oximal tip of the right 

one. Sculpturlng on the ventral surface of the clavicular 

blade suggests ~hat the dermis was closely adhering in this 

region. The articular surface for the interclavicle is convex 

in section. fitting snuggly into the concave anterior articulations 

of the latter bone. Lateral to the 1nterclavicle, the shaft of 

the clavicle curves sharply dorsad BO that the laterai surface 

ia at right angles to the ventral. 

A groove in the posterior margin (fig. 38b) of the distal 

shaft pfobably nested the proximal edge of the scapula. About 

halfway up the vertical height of the clavicle, the lateral 
j 

margin is emarginated (figs. 38b. 39f), and the m~dlai margin 

becomes tbicker anteroposteriorly. The laterai surface of this 

region ls concave and striated for a firm contact with the 

cleithrum. The clavicie overlaps anteriotly, medially and 

laterally the~proximal tip of, the cleithrum. The vertical shaft 

of the clavicle-of Hovasaurus ls sllghtly longer than the 

horizontal portion. 

The shape of the clavicle does not change- significantly 

during growth, although the coefficient of allometry Is 1ess 

than 1.0 (Table 8). 
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Figure 39. 'Hovasaurus boulei, dermal elements of '-

" 

pectoral girdle. a, MNHN 1925-5-30, 
, ' . 
Interclavic1e and c1avic1es; b, 

KNHN 1908-32-99, c1avicles and 
, 

c1elthra;' c, MNHN 1908-32-23, 

1nterc~avlcle and claviclesr dt 

MNHN 1925-5-38, interclavic1e-and 

clavlcles; e, MNHN 1925-5-49, 

Interc1avlc1e and c1avlclesj f, 

VNHN 1925-5-34, interclavlc1e, 

c1avlc1e; g, MNHN 1908-32-26, 

interc1avlcle, cla~lc1esj h, MNHN 

1908-21-24, interclavicle; 1, MNHN Rl47, 
" . 

interc1avlc1e, clavic1ej j, MNHN 

1925-5-54, interc1avicle, c1aviclsj 

k, MHHN 1908-32-25, interclavlcle; 

l, MNHN 1908-~1-18, Interc1avlcle; 

m, MNHN 1908-32-67, head of interc1avlc1e. 

Scale ,,= 1 cm. 
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Interclavicle. The head of the lnterclavicle ls t-shaped 

(fig_ 39), and the articulation wlth the clavlele ls primarily 

on the anterior surface of the cro~s bar. An .nterlor process 

on the mldline is overlapped venttal~y by the clavicles. 

The width of the lnterclavicular head le more than twice 
r 

the length of an average dorsal centrum (Tables 6,8) in mature , 
-

. animals, end ls relatively larger ln juveniles. 
• 1 

The shaft ls variable in outline. It 1~ b!padest 

approxlmately halfway along lts lonkitiudlnal axis where lt Is 

2/3x (1/3 the .ldth of the nead of the interc1avlcle). - ' -
Behind 

" thls point~' the sh.ft tapers rapidly in MNHN 1925-5-54 (fig. 
l ' 

39j), poJsible because of crushing, but tapers more gradually' 

in most specimens. The ventral surface ls convex in transverse 

section, and concave dorsally (MNHN 1908-32-1). The ventral . 
surface is smooth with sparse ,.}itting, and "served as 'part of -

the or1g10 of the pectoralis. the- posterior end of the shaft/ 

lies ln a groove on the ventral surface èf th~ sternum and ,ends 

just anterior to the posterior margln of the sternum.' Th~ 

dorsal and ventral sürfaces of the distal end are longitudinally . , 

.. ' 
strlated, possibly for attachment of ligaments tbat extended ta 

the' ga~tralia. The anterior and postarior tips or:--tl'nr-----' 

" interclavicle tend to bifurcate. , 
The coefficient of al10metry for the lens, of tbe 

interclavicle ls less than 1:0 in Hovasaurus. and the bone 18 
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relatively 10D8er in juveniles tban,adults. In an animal vith -a dorà~l vertebrâ ten 'Millimetres long. the expected" length 

df the~nterclavicle is almost 6~ (Table 8). ' 
~ 'l""" ~ 

Sternum. 'The sternum appears first in juvenile 

a8, a pair,of widely separated oval ossifications (fig. 40). 

~e lnterve~ing space was probàbl, ft1led by cartilage. As 

, the animal 'grew, the medial 'gap decreased until the sternal u 

ossifications contact on the midl1neo at stage D. They 

cQoss:tfied iltto a single unit by stage F (fig. 401). althougb Q 

the suture can still be seen on the dorsal surface of MNHN , 
; 

1908-32~38 (fig. 41), one of the largest sterna. 
.. ~ ~ Cl-

-The sterna of mature specimens show ëonsiderable vari~tion 

tn sh8pe (fig. 40j, k, Ij.m). This divéreeness~s partial1y . , 

, ,attributable to the age range represent~d, and partially tô a 
) r 

indivi~ual variation. 

, ~e ventral surface ie grooved along the m1dline for tbe 

1titerclâvi~l~. The ,:mrface. slopes at a l~ . angle from the 
\ 

horizontal lateral to the groove. and is smootb witb 8mall, 

.1t'regular pi ts. Mlich of the fleshy origin of the pee toralis r 
,~ ';t' ~~ '-

wo~ have been from tbis re8io~. 
.' '. 

Tbe anteroventral margin i8 notched on tbe midline. 
...., 

In 

ventral "d,ew t tb,e anter10r margin between the notch and th~ 
11 <> ~ r,: 

• 0 \ .... 

'poiDt where the sternua mee~B\tbe iun~r edge of the coracoid 

'facea uter1or1y or ànteromedially. The 'sternum i8 
" 
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Hovasaurus boulei, sternum, ventral view. 

a, MNHN 1908-21-8; b, "NHN 1908-32-29 ; 1 
f- ; 

, 
c, 14NHN 1.925-5-30; d, MNHN 1908-21-7; , 

1 
J4NHN" 1908-32-77; tu MNHN 1908-32-23; 1 e, 1 , 

1 

g, MNHN 1925-5-12; h, MNHN 1925-5-29; 1 d l , 

1, MNHN 1908-32-26; J, 'MNHN~~08-21-24; 
1 ( 

k, MNHN Rl47 ; l, MNHN 1908-21-18; , 
m, MNHN 1.908;..32-67. Scale = l cm. -
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1 

dorsoventrally thin on the midline but becomes thicker 

laterally (fig. 4la). In this region the ventral surface 

of the sternum underlies a pai.r of anterodorsally oriented 

facets, one on each side of the midline, that are heavily 

scarred, fini shed bone. As the coracoids are separated 
( 

---' 

from each other posteromedially, there 18 an opert area 

anterior to the facets. The superficial layer of the 

sternocoracoideus would, have orlginated from the scarred 
, . 

facets on the sternum and pas~ed through this open area onto , 

the internaI surface of the scapulocoracoid as in Sphenodon 

and Iguana (Holmes, 1977). 

·Lateral to the origin of the sternocoracoideus 
, 

superficia~is ie a laterally elongate, anter~~aterally 

oriented trough with a surface of unfinished bone. The 

coracoid would have articulated with this surface of the , 

sternum. The greatest thick~ss (fig. 41c) ~nd'width (fiç • 
. 

4lb) of the sternum ia at th~ latera! edge of the articulation 
~ 

vith the coracoid. 

The sternum has four, possibly five costal connections 
';(! 

oti each side. -'l'here appea~s "to be a dorsolaterally o'riented 

facet immedtately behind the lateraI limit of the coracoid 

arti~ulation (fig. 4lb)", to which the e1~venth rib, was , 
, '" . 

probably connected via çartilage. ,Pour concave facets of 
, ~ ~ 1 

. '~ -'itd.a~ b~e ~te f9Und on sbort ~roject1ons alona ~ch side 
~ ; , 

, ,J' 

, f 

i 
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of the sternum. The sternum i8 thicker anteriorly and would 

bave been almpst directly ventral to the distal end of the 

ribs. 'The first unquestionable costal facet therefore i8 
1 

dorsoventrally high and faces somewhat dorsally. The last 

facet i~ on the thin posterior edge of the sternum close to 

the midline (fig. 41c) and consequently i8 low with a 

horizontal orientation. The intervening two facets are 

intemediate in helght and dorsolateral orientation. With 

the exception of the lsst facet. aIl points of attach~ent 

for the ribs are oriented pri11l;arily laterally when viewed from' 

" 
above (fig. 4lb) and a11 have about the same anteroposterio,r 

, 
length. lt ~ppears that only one db would have attached to 

each of ,these facets by means of a cartilaginous extension , . 
- , 

(fig. 3Sb). The last facet is anteroposteriorly longE!'r and 

. is oriented more posteriorly than latera:l1y •. At lesst two 

ribs would have been connected to this facet via a mesosternal 

element (fig. 35b) of cartilage. 

Posteriorly the sternum has an extension slong the ~dllne 

in moet ma~ure' specimens' (fig. 40). which is sep~rat,ed from 

tbe last facet for the ribs by a shallow em'\rgination. 

The dorsal surface of the sternum 'ls mçre strongly concave 

ln transverse section at the. front (fig. ,4la:) than it 1a 

posterior!y. The cent~e of the dorsal ~rface i~ excavated 

alol1g th. miâline, possibly representing a r.qion where the, ... 
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two st~rnal plates have not ye~ coossified completely 

(fig. '4lb). A 'low ric;lge lateral to this pit is 'Scarred 
o , 

for the origi~ of the profu~dus layer of the sternocora~~id~us; 

The sternum of Tangasaprus falls within the range of 

vBriatio~ seen iri Hovasaurus. Thadeos8urus (Carroll. _ 

1981) has'a growth seties ~f sternal ossifications that 
'" ~ 1 4 

C~nDot be distingu!shed at equivalent'ages 'frQm those of 

Hovasaurus. Paired sternal ossifications'in Young1na 
, \ 

1 " 

(Broom; 1922), indicate that this specimen was ,immature., 
, -

A single, central sternal plate i8 present in Kenyaàa~rus 

(Har;J:'is and Carroll, 1977), ·and -shows the same charaéter1stics 
, ' . 

1 i ' 
, , 

.' as the sternum of Hovas~ur~. Mo~~ other easuch1ans had a 

cartilaginous sternum of smaller $l~e. 
~ ~ , " , 

. An oBsified sternum ,18 present in onè,specimen of 
. . 

Araeosçe11s (Vaughn, 1955), but it 18 ndt ~nown'whether It was 
J ' 
• ,IL ) 

a paired 01: single struèture. As recOnBtruc.ted (fig.' ~7b) 
o .. ~ \ 1 ~ ... 

lt bears no resemblance ta the, J,al(qMa:i:' an~ tlfngasaurid 
, ,,, 

type of stèrnum. 
, 

" ' In ganeral the ster~~. ~~ Hovas~~r~~ resembles th~( of , 

iaeerta (Ro~r, "19?6)'aqd. S2benodog (éo~es a~ SWinnerton, 
, ' . , , 

1901). " Al~hough the ste~ of modern lacertilians are, 

.cart~la&lno." eaell f~ruis o~Ogeneticilly froUl ~~ ..centres 
• "'" ~ Of Il ',' 1 

" o.f éondensèd meSOdêr1l tlylt·, 4re cont1nuous anterioily wi th . " 

W~ly J 19'32). 
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l,. ' 
Hova saurus bO\i.lel, MNRN 1'906-32-38. 

Sternum 11\ a'lÏterior, dorsal and 

ri gh t--lat eJ,"à'l ,v i ews. 
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L1mb proportions. In the smallest specimenS. of Hovasaurus 
.f. ' 

the humèrus 1s about 20% sharte! than the femu~ (Table 6). 

B~wever J the hUlllerus grow$' at a h1gher rate than the femur, and . ' 
~ 

1n matut;e specimens can be 10% longer than the femur (Tables 

6, 8). l11e coefficient of allometry of the humerus a1so exceeds 
. 

that pf the femur in Tangasaurus (Haughton, 1924) and 
\ '. \ TIladeo,saurus (Télble 3) and the length of the humerus' exceeds 

that of 'the femur. This appeats to, be. a characteristic of 
, 

tangasaurids not found 1.'n most other types of reptiles. 
> " , ... ~ , 

Compared to the femur,' the h\llllE!rus is re1ative1y shorter in 

Youn8~na than it ois at any 1ife stage in Hovasauruà., There 
JP'" , 

18 no information ava:l,la1r1e on growth of postcianial element~ 

in Young1na, .so although the humE;rus 18 32% shorter than the 

femur 1n tbe immature specimens that bave t>een found, th~ 
., .,; \ 

ratio of humerus to' feJllUr length could· bav~ beenj)!'Sber in \ 
~ " .. .-v .. 

l!lrger ~pecimens. 

Th!! length of the Jorearm of Hovaaaurus 18 77% tbe lëngth 
. ~ 

of the humerus in imma:ture ,specimens, and only 52% 1n large 
, 

individualB. 'The ratio of radius to hUllerus length 1a , . 
. -

"slisl\tly higher in the largest specimens of Thadeosaurus, 
, • 0 

(.59) and TaDgaSauru8 (.62)-_ However, the lengths of the 
; 

rallU are not a1g11ificantly different il). a~y of the three 

• 
senera. 
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t 
The' lQwer segments of Ithe front and back limbs maintain 

approximately the same ~atio thrc1ughout l1:fe in Ho'\Tasaurus 

(Table 6). The r'adius is 67% the length of the tibia. which 

i8 close to that of Thadebsâurus and Tangasaurus (73%). 

In the smallest specimens of Hovasaurus, the expected 

mean length of tlte dbil i8 88% that of the f~mur. The relative 
di 

length decreases to 85% in matUre spee,imens. "These figures are 

,comparable with Tangasaurus (85%) 1 Thadeosaurus (90%) and 

Younglna1 (89%). 

1.imb proportions are often used as an indication of 

ha~itat pr~feren~e.' Osteologi'Cal evidence shows that HôvasauruB 

and Tangasaurus were aquatie animals. There b notbing in the 

skeleton to indicste that Thadeosaurus preferred an 'aquat'te 
\ 

hap1t~t, yet its 11mb proportions are very similar ta thosè of 

,,' 't, 
Bovafiaurus. , Perhaps Thadeosaurus spent a. great deal ,bf time in 

the water, ~ut had not become specialized for an aquatte 

exi~tenp.e. Among living reptiles,' marine iguanas and squatte 

varano.1dtl are exc-ellent swimai.ers but do not show any 'special ~ 

~da.ptatiollê in the elteleton. 

ChamP80sauTUS and Askeptosaurus we~el1~tsozoic eo~l,1chiànS 

tbat unq~e8tianably spent mtach of t)'l..d,r life in the water. • 
" l 1 

1'he~f limb proportions are qu1.t;e different from tbose of 
1 • 1 

, 'lJeVasatŒu!i'- hovev.t. wh1ch 1!J" a strons indication tbiit~ the -limbs 
1 

. vert, uaed '1~ a different 1II8lUier. ' 
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Of the non-eosucbian reptiles 
~ ~ 

tbat are unquest'1onably 

aquatic. nothosaurs sbow the greateat similarity in 11mb 

proportions to tangasaurid8. In Pacbypleurosaurus (Zangerl. 

1935), the humerus ia only 80% the length of tbe femur in tbe 

smallest specimens, but 1s more than 115% in large animals. 

The forearÎn i8 about ,50% the length ,of the bumerus as in 

Hovasaurus. The signif1cance of li.mp proportions, will be 

d1scuBs'ed later. 

Humerus. In general configuration, tbe b~erus of 

Hovasaurus 18 primitive for a reptile. The 'power fuI 'developm~nt 
" . , 

of", the ~ntepicon9yle beyond the elbow joint increased the 
... 

mechan1cal advaRtage of the ~lexor musculature, lndicating 

tba t the animaIs were probably obUga tory -sprawlers • - , 

The bumerus grows with a high coefficient of. allometry 

(1.6) • ..t'he expected 1ength of a hUlllerus in 4n animal witb a 

10 lIIDl IonS dorsal cëntrum ia 72 mm (27.8 OLU t 7 .2~). Hovasaurus 
6 

bas a relatively long' bumerus cOmpared with other fermian 

reptiles. pq.1aeotblris has, a h1,J1llerus 19 OLU (5 ~O!,) in' le~g th 

: \ 1 
Çéarroll J 1970). The bumerus ~f the làrger ,specimen of 

Tangasaurpa-f411s clos~ to tbe'expected lengtb of a Hovasaurue 

of 81mil,flre sizE! (Table 4). The humerus. of Tbadeoraurus i8 
l' . 

,s1gnif1cantlY',sbN'ter (25.8 OUI, 6.7x). 
, _ p ) ~ , 7' / ' . 

in Juvenile ;p,~ 'of liov8;!aurus boulei (figs_, ,4'2a, 
f • • 1 ~' t 

434. b. ~), lU:tle mor~' the e~l~ndrICa1 ._liaft 'of the humerus 

1 . ' , 
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1 • 

was ossified at the time of death. The widtl\ of the distal' 
. 

end of the bone 1s 47% the l'ength of tbe bone. The plane 

of proximal expa?sion is-:'almost _perpendicular to that of 

the distal end. COtlsequently, the extent of the proximal 

expansion cannot be determinl;ld in the majority of the 

specimens because the eXpansion ·is directed into the matrix, 

and u~ual1y only ~alf of the spe~isen is p:r;eserved. The· 

~easurements triven' in Tables 6 and 8 for proximal width of 

the h\imerus are maximum width in the same plane as the distal 
• 1 

énd. This amounts to 34% of the. length of the humer,!s in 
~ 

juve.niles. ln juveniles the proximal' articuLation and the 

head bf' the _deI topectoral cres t form a continuous surface 

of unfinished bone. The entire distal end of the bone ~s 
- 1 • 

unfinished with no evid'énce of the specialized articulations 

for the ra~Uus and ulna. Gaps, between the boues of .articulated .-
. ' 

epee1mens indicate that the oS8ifle~ length of the bone may 
, 

have been extended in c.artilage by 16%. The 

entepicondylar forame~' does not become endosed lin bone until . 

the en4 of stage B when the an~l 18 almost half of its full 
t;l 

aize, ~ the ecteplcondylar foramen i8 closed much later in" 

. "tife. 

In tbe largest specime~t. the proximal articu~ation is 

l'estrictèd· to ~he pbsterior ha~f of the proximal expansion. 

tu 8ùrface :temains unfiniabëd boue ~th a 'èartilaginous cap,' 

". 
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Hovasaurus boulei. front limb. 

a. HNHN 1908-32-1, humerus (dorsal 

v1.ew). radius (anterior v~ew), ulna 

(anter~ôr Vi~); b, MNHN 1925-5-50, 

bUDleTus, Irevet'sed image; c:, MNHN 

1908-32-24. humerus. reversed'; 

d •• lOOlN 1908-32-59, humerua, radius, 

~ 

ulD.ti, carJ?us. reversed image; e, 

HNHN 1925-5-46, bumeru8; f. ~ 
, 1 

1908-32-60, h~rus. radius, ulna 

. revened. Scale - 1 cm. 
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and ls distlnguishable from the de1topectora1 crest, which ' 
; 1 

becomes ffnished and muscle scarred. The ventral margin of' 

" the articular surface is a1most straight, a~d the dorsal r \ 

" " / - -

out1ine arched. The length of the proximal articular surface 

, -of the humels i.s' doubleits height, and about ten per cent 

gréater than the 1ength of the glenold. As in Captorhinus 
,';) 

(Holmes, 1977) and,pelycosaurs (Jenkins, 1971), Hovasaurus 

has 8 humeraI groove that runs from ,the anterodorsal corner 

of the articular surface to a midventral point, describing 

a amaU part of a helix. The longitudinal axis of the 

------------_ proximal artIêuIan-on--is~e~Oo from the plane of 
---.....--.f"---"--_~_ 

the' 

distal head as in most eosuchians. 

_ The deltopectoral' crest is large. The crest extends 

ventrolat~rally to the same degree as in Captorh1nus, but 

the dorsoventra1 thlckness ls about 40% greater in Hovasaurus. 

The summit of the crest ia formed by a ridge running irom the" 

anteroventral marg!n of the proximal articulation to,the most 

ventral point on the crest. About halfway down the prOximal 
/ 

? surface of the de1topectoral crest, ~ second low ridge diverges \ 
.f . 

from the first and extenda to the anterioT; surface. This 

·ridge'se~arates the'areas of i~sertion of the pectoral1s and 

the deltoids (fig. 44d), The supracoracoideus would have 
, ~;~p 

inserted onto. the éoncave region p6st~ior to the summit of 

the proximal portion of the delt&pectoral crest. The i~sertion 
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'. 

Hov~saurus boul~i,. antetior li~b. 
, 

8 t HNHN 1908-21~8, humerus (ventral 

v:tew), ulna ('po~terior)," radiu~ 

(media! aspect), metacarpu$ (ventral 

view) 1 reverseè image; b. Î."MNHN 

190B-32-29j c, MNHN"1908-21-7; 
" \ 

------d~MNmLl9œ~2~J--.~..part4al-~y__resrDred 

from right side; e, MNHN 1908-32-23, 

reversed; f, MNHN 1925~5-12; 8, MNHN 

1908-32-25; h, MNHN 1925-5-56; 

1, MNmt' 1908-32-67. Scale'" l cm • 
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of this muscle is delimited posteriorly by a low ridge 
, , 

extending fram the most ventral point of the proximal humeraI 

articulation to the m~st ventral point of the deltopectoral\ 

crest. -Scarring on the ventral surface of the proximal head 

of the humerus posterior to the supracoracoideus marks the 

insertion of the coracohrachialis brevis. The extent of 

fleshy attachment cannot he made out, but it probably would 
[J , 

• 

have extended down the shaft of the humerus' as in living reptiles. 

A ~harply de!ined ridge extéhds from the deltopecto~al crest 
. 

onto the anterior margin of the shaft of the humerus, and 

shows the anterior extent of the proximal portion of the 

brachialis inferior insertion. The distal extent of this 

muscle is defined by a'tapering concavity near the 

ventroanterior margin of ~he distal he ad of the humerus. 

The posterior margin of the proximal head is scarred 

distal to the articulation for the suhcoracoscapularis 

insertion, which ex tends onto a scarred region on the dorsal 

surface. A low ridge discal t? the slightly concave, dorsal 
1 

insertion of the subcoracoscap~laris would haYe been'the point 

of insertion of the latissimus dorsi. 

The dorsal surface of the humerus ia divided into 

posterod~rsal and anterodorsal region& by a low'ridge 

extending from the posterodorsal corner proximally to the 

ectepicondyle. The ahort'head of the triceps medialis 
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would have originated posterior to this ridge along the 

shaft of the humerus, but there is nothing on the humeri 
. 

of Hovasaurus to indicate the extent of this muscle. The 

fleshy origin of the short head of the triceps lateralis 

would have been anterior to t~e_longitudinal ridge. Its 

proximal limit 18 marked by a prominen~ heavily scarred 

ridge near the anterior margin of the proximal head. Proximal 

to this ridge, the dorsal surface i8 excavated above the 
, 

deltopectoral crest, and scarred for t~ insertion of the 

scapulohumeralis. ~ 

\ 
The proximal head of the humerus of Hovasaurus is-different 

from the primitive condition exemplified by Captorhinus (Holmes, 

1977) in several minor, but significant, r'espects. The proximal 

articulation has taken a more posterior orientation and position, 

which by itself would suggest more restricted capability of 

anterior motion of the distal end of the humerus. However thls 

potential restriction has been compensated for by the Iateral 

extension of the posterior facet of the glenold. Similarly the 

proximal articulation has become more ventrally oriented in 

ijovasaurus than in Captorhinus, and cannot le seen, in dorsal 

aspect. This would restrict the dorsoventrai arc of movement of 

the hume",:,us from that seen'in Captorhinus, except that it hàs 1 

1 

been compensated for by increased convexity of the glenoid,_plu~ 
, 

greater exposure of its ventral surface. The articulatiQn ,\ . 

between the glenoi? and humerus indicates that Hovasaurus 
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was better adapted for bringing the front 11mb under the 

body and was somewhat less sprawling than Captorhinus. 

The distal end of the humerus could not have been raised ab9ve 
1 

the proximal end because the proximodorsal rim of the humerus 

would contact the dorsal margin of the glenoid. Hovasaurus 

would have been able to pull its hume'rus into a more vertical 

position than Captorhinus. But more importantly, when the 

humerus was brought under the body in Hovasaurus it would 

have been beneath the glenoid and not lateral to it. This 

means that the front limb was thrusting against the bony 

support of the scapulocoracoid wh~n it was brought underneath 

the body, rather than against the tendons and ligaments holding 

it to the sca~ulocoracoid. 

The separation between dorsal and ventral surfaces for 

muscle insertion is more pronounced in Hovasaurus and 

Captorhinus. The area of' insertion of the scapulohumeralis has 

shtfted anteriorly from the position in Captorhinus (Holmes, 

1977) and increased in arel!. The increased ability of this 

muscle to pull the distal end of the humerus dorsoanteriorly 

is correlated with the i~creased ability of the ventral 

musculature to, pull the humerus ventroposteriorly. The more 

ventral position of the deltopectoral crest and its increased 

size shows that more emphasis was plac~d on pulling the front 

11mb under the body in Hovàsaurus th an in Captorhinus and 
" 
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Pigure 44. 

" 

Hovasaurus boulei. Recons truc tion of 

humerus, radius and uIna; a. humerus 

in dorsal aspect; b, humerus, ventral 

view; c, d, muscle origins and insertions 

on dorsal and ,ventral s~rfaces of humerus;0 
Il ~ l, 

etf, ulnlfl, anteri~r and l'pèlste~ior aspects; 

g, posteromedial view of radius; 
1 

h, i, muscle origins an? insertions on 

anterior and posterior ~urfaces of uIna; 
1 

1 

j, posteromedial areas of muscle origin 
i 

aild insertion oI the Xadius. Scale '" 1 cm. 
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protorothyridids (Reisz, 1980). 

The distal end of the humerus i8 primitive in appearance • 

The entepicondyle is massive for an eosuchian, so that the 

distal expansion of the humerus is more than. double the 

shaft diameter. 

The dorsal opening of the entepicondylar foramen is 

~- located on the proximal surface of the entepicondyle rather 

\ 
than the more typical position on the dorsal surface. :rhe 

~ 

ventral wall of the eritepicondylar groove is 0 more pronounced 

than the dorsa). wall so that the dorsal groove and opening 

cannot be seen in anberoventral aspect. Because of its 

position, the foramen i9 often not seen in posteroqorsal 

aspect either (figs. 42a, b, d, e). When this happens. 

the more prominent ventral margin' of the entepicondylar 

groove i9 not sqowing and the inflection betweén the shaft 

of the humeru8 and the entepicondyle appears more pronounced. 

The ectepicondylar ridge is powerful in mature specimens. 

It i8 rounded dista11y with a surface of finished bone in 

MNHN 1908-32-60 and AMNH 5333. The extensor musculature of 

the forearm would have originated here. 

A distinct supinator proce9s an~ ectepicondylar groove', 

are present in MNHN 1925-5-$0 (fig. 42h). The distal ends of 

the supinator and ectepicondyle in this specimen are .unfinished 
• 

bone. sa the ectepicondylar forame~,was probably closed 
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dis~aIly by cartilage. In slightly larger specimens of 

Hovasaurus (MNHN 1925-5-46, fig. 42e; ~ 5333? the 

ectepicondylar foramen for the radial nerve and associated 

blood vesseis ls enclosed entirely in bone. The 

ectepicondylar foramina of Youngina (Gow, 1975) is open 

distally and shows that specimens of this animal were 

, immature when they died. 
! 

.' 

!here i8 a shallow groove distoiaterai to the 

ectepicondylar foramen on the posterodorsal surface where 

the supinator process and the ectepicondyle are joined by 

a bridge of bone. The supinator musculature would have 
<' 

~riginated here as in modern lizards (Ramer, 1944). The 

presence of this groove in MNHN 1908-32-60 (fig. 42e) 

indicates that the ectepicondy1ar foramen was comp1etely 

encircled by bone in this specimen. even though the foramen 

itself cannot be se~n because of damage. 

There i8 a pronounced ridge of bone on the anteroventra1 

surface of the humerus proximal to the entepicondy1ar foramen 

'for the insertion of the coracobrachialis ' ongus • The 
/ 

anteroventral sud ace of the entepicondyle _,s concave in 

'longitudinal section, ana heavily scarred for the origins 

of the flexor musculature of the forearm and hand. A .' . , 

/ 

distomedial1y oriénted ridge bounds this region distolaterally, 

an~ has longitudinal muscle scarring along its surface. The .' 
/ 

1 
'1 , 
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ridge terminates where the posterlor and distal surfaces 

of the entepicondyle meet and has a dlstoventrally oriented 

depression for muscle insertion. lt appears that the ulnar 

flexors originated on this ridge and in the scarred region 

between the ridge and the humeroulnar articulation. 

The ectepicondylar foramen emerges from the bone 

latera1 ta the -capitellum on the distal surface of the h 

and cannot be seen ln anteroventral aspect (fig. 43). 

There i8 an almost circular capitellum for arti 
l ' 

vi th the radius on the anteroventral surface on 

end. As in other primitive reptiles, the humeroulnar 

. articulation is medial to the cap,itellum and includes a 
} 

convex region posterior to a narrow concavlty next ta the 
J 

capitellum. 

Except for size, the humerus of Hovasaurus ls 

indlstingulshable from that of Thadeosaurus (fig. 58g) .. 

• • 

The prominent development of the entepic'ondyle ls also evident 

ln Tangasaurus (fig. 17). The humerus of Youngin~ 18 poorly 

oss1fled (fig. 58e) and only the base of the enteplcondylè' 

ls pre8erved. However, as ln tangasaurids t 18 sharply 
,.-

divergent from the shaft, and the entepicondylar foramen ls 

located close to the proximal margin of the entepicondyle. 

Radius. The radius shows moderate positive allometry in 

its growth. At maturity its length is approximately 14.4 OLU, 

or 3.7x. This is not significantly different from the length 
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in Thadeosaurus (15.1 OLU" 3. 9x) . The leng th of the radius of 

Tangasaurus falls w1bhin the rang~ of variation for this 

dimension in Hovasaurus (Tablé 4). 

The rad1us 1s slight1Y,longer than ,the ulna as in'most 

eosuchians. tn Acerosodontosaurus, the ulna ,~excluding the 
\ 

olecranon) is longer th an the radius. 

In general outline, the radius-of Hovasaurus has a 

twisted outline similar to that of Acerosodontosaurus 
j 

(fig. 12), Thadeosaurus (Carroll, 1981) and Champsosaurus 

(Erickson t 1972). The shaf t' is straight for the proximal two 

thirds of the bone, but curves posteriorly at the distal end 

(figs. 43b, c, d, e, f. h). The anterior and laterai surfaces 

r-
of the radius are visible in only two juvenile specimens 

(figs. 19, 42a) where no detaiis are preserved. The remaining 

specimens are exposed in posterior and mediai aspect. 

The 'proxi~l surface of the radius is concave for 
1 

articulation wit~ the capitellum. The outline of the 

articular surface 1s oblong with a Jl1ed101ateral longitudinal 

axis, a flattened posterior marg1n and a strongly convex 

media! rim. A slight lip extends over the end of the humerus 

like a miniature olecranon. The humeroradiai articulation 

Is co~tinuous posteriorly with a limited articu1ar surfa0e for 

the ulna. This posterior surface forms the dorsal and 

mediodorsal margins of a distinct concavity in the 

j 

," 
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proximopo,sterlor surface ofo the radiu's. Ventromedial to 
/ 

/ 

this ho11ow is a tubercle for insettion of a, tendo~ of the 

: biceps ~uscle., ,~ril:ige twis'ts ventromedia1 from ~hiS proce1s 

to a point about halfway along the longitudinal axis of the , , 

radius wh,are 1t ends (MNHN 1925-5-56. 1908-32-67). This 

~idge probably served' fôr insertion of 'the bi:C~P~ a1so. 

The distal end of the' radius is, exposed in ·medi.al view , 
r 0 p 

in MNHN 1925-5-12 (fig. 23) and 9post~romedia1 V,iew/MNHN 

1925-5-56 (fig., 4.,3h). A sharp ridge separate~ m~dial ~ 

and anterior surfaces of the distal baH of the radius as in 

Thadeosaurus (Carroll, ,1981). ~e supinator longus would pave 

inserted onto the ridge. The radius is flattened and scarred' ~ 
" . 

medial to the 'ridge, ,p'robab1y for the insertion of tboe fle.xqr 

"carpi radialis. The distal articulation lis oval in outline 

with a convex surf~ce. ~---

.!l.!!!!!c. The olècranon proce •• 10 ":'t 'O~d in 

Hovasaurus. There ls a series of !Ongitud:::: ~irooves 
\ 
( 

ridges on the lateral, anterolateraÎ and pos,te{olateral 

" . 
of the }rpx1ma1 end of the radius. A. similar series 

olecran~>n ~f captorhinids $ugge~ted to Hoi~es (1,977) th~t 
" 

the tricèps wou1d have inserted broad1y" on th:ts' region via 

a tendinous sheet. 
; ~ 

/ / / 
__ -Appronmatel;y ,a thir~ the 1ength of the u1na from t\ 

proximal end there 18 a protuberance of bone on th~" 1atera1, 
(:~ 
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\ 
margin (fig. 42d) that was probably the centre of insertion of 

l' , 

tbe anconaeua quartus as in Captorhinus (Ho11l!es, 1977) and i 
ti 

protorothyridids (Reisz, 1980). The'distal end of the ~\ 
artterior surface of the ulna ia sha1lowly concave over most 

of the surface. As in a11 living repÜles thi:s ;egion would 
, 

have served as the origin of the supinator manus, It ia 

bordered medially by a low but distinct rldge that runs along 

the medial edge of the radius in the distal half of the bone. 
\ 

1 

On the posterior surface of the ulna, the ridge of 

insertion for the triceps musculature is bounded medially 

by a shallow trough. There is a rtdge along the rim of the 

articulation. The posteroventral surfac~ of this narrow 

ç' 
,.-' ridge is ru~ose, suggesting perhaps that the joint ligaments 

••• ; > 

attached here. A longitudinal ridge originates distal to the 

proximal articulation on the posterior surface, and becomes 
1 

prominent distally as the media! edge of the bone (figs. 

43i, '44f). The aame ridge is present in Acerosodontosaurus 

(fig.' l2a) but is not as conspicuous.. In Thadeosaurus the 

rldge la as wèll developed as in Hovasaurua. The central 
\ 
,) 

area of the qlna is flattened poaterolateral to the ~dge. 1 

// ,'" 

One of the profundus.heads of ~he palmaris communia muscle 

probablY would bave had its origtn here. The pronator 

r \ 
quadrat~s'would have originated from the medial ed~e of the 

~J:ge. The ventral end of the ridge la relatively ·low and 

t

r
rm1nates posterodorsal to the articulation vith the ul.are 
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(fig. 45). J 

Manus. The carpus, like that of most primitive reptiles, 

j'" has eleven elements (figs. 42d, 45, ,~Oj). Each element tends 

ti have li} smaller surfac,e ~rea ventrally than it does dorsally. 

;;:e ele~ents key toge~h~r t~ forro a dolallY ~rched carpus. 

The carpus is not fully ossified until at least stage D 

(ftg. 43f). In at least one specimen, the!~ is partial 

ossification of the ulnare'at stage B (fig~ 43c). Three 
. 

ossifications can be seen at stage C (fig. 43e). In 
'i' 

elaudiosaurus (Carroll, 1981), the ulnare, intermedium and 

radiale are the first three bones to have finished surfaces, 

which suggests that these'three bones May have been the first 

/ to ossify in Hovasaurus.' , 

The radiale is ~0;~laÂvel; small element, approximately 

haIf the size of the ulnare. ~e articulation with the radius 

is broad and sllghtly concave. The lateral surface of the 
,/ 
i 

radiale articulated with the lateral centrale, but unlike 

• Acerosodontosaurps (Currie, 1980) there 18 al~o a small 

proximolat,ral articular facet for the intP~edium (fig. 60j). 
, . lt \ 

~ intermedium is at least 50% l6nger'than ite maximum 

width. The proximal articulation with the ulna is extensi~e 

and is delililited Nentrally by a low ridge Wére the joint 

lig~ents inserted. The 8ur~ace of the articulation with the . ' 
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Hovasaurus boulet, SAM 9457t'~nu~~ 

ventr41 aspect. 'Scale '0 1 cm. 
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ulnare i8 fIat, and has been expanded by a t'1;dge on the 

ventral surface. It i8 doubtful that much movement was 

possible at this joint. A protuberance on the medial rim 

of the intermedium (fig. 45) 18 the most dorsoiaterai point . 
of origtn of the extensor digito~um communis brevis. 

The ulnare is the most prominent bone of the carpus. 
(" 

It la w!der than it is long as in Thadeosàurus (fig. 60i), 

YQUngina (fig. 60g), Acerosodontosaurus (fig. 6) and most 

other eosuchians. The articulation below the perforating 

foramen with the Iateral centrale is broadened ventrally by 

a ridge, and the articular surface is relatively fIat and 

incapable of ~uch movement. The distal articular surface 

with the fourth and fiftn distal carpals is convex, and Is 

broader than the concave joint surfaces on the distal carpa1s • 
....-l. 

Rotation was therefore possible between the proximal and 

distal carpals. The ventrolateral surface of the ulnare·ls 
. . 

con~ave where the digiti minim\ inserted •. The dorsal surface 

i8 fIat and featureless (MNHN 1925-5-50). 

The pisiform would have projected posterolateral1y when 
A 

articulated proper1y with the ulna and ulnare. The ventral 

media! f~ce of the bone is concave fo~ the irisertion of the 

flexor cdrpi radialis. 

The lateral centrale appears to separate the intermedium 
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and ulnare at the base of the perforating foramen, and yet , . 
apparently,formed little or none of the border of tha~ 

foramen. 

The media1 centrale is a wide.bone that, like 

Acerosodontosaurus (Currie, 1980), articulated with the first 

tbree '~istal tarsals •. In aIl three specimens of Hovasaurus 

where this region shows, the medial centrale'has extended 

1atera1ly from the primitive position seen in most Permian 

r~ptiles, a~d contacts the fourth distal tarsal as weIl. This 

contact prevents the latera1 centrale from articulating with 

the third distal carpal. This specialized character exists 

in Thadeosaurus (Carroll, 1981), and probably in Tangasaurus 

(Haughton, 1924, fig. 1). \ 

The first distal carpal ls relatively small and contacts 

only the first metacarpal distally. In several eosuchians, 

including Acerosodontosaurus (fig. 60h), the first distal 

carpal Is large enough to articula te with the fJrst two 

metacarpals •. The second distal carpal of Hovasaurus i8 lar~er 

than the tirst, and contacts metacarpals l and II. The fourth 

distal carpal is large a~d contacts five of ~ ten other 
, .:1 

carpals plus the third and' four th metacarpal_s. As in 

Thadeosaurus, the fifth distal carpal articulates with the , 

four th and fifth metacarpals. 

. The metacarpa1s and phalanges are known from specimens 

of aIl ages (Table 7). The tirst and fifth metacarpals are 

,approximate1y the same length, and are about 25% shorter tban 

\ 
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the subequa1 secpnd, third and fourth metacarpals. These 
, 1 

proportions are essentia11y the same in C1audiosaurus and 

Champsosaurus (fig. 60)\, but in Thadeosaurus and Tangasaurus 
{J 

the fourth metacarpal is clearly ~onger th an the others. The 

increase in symmetry of the metacarpa1s of Hovasaurus could 

be related to the use of the-manus, as a paddle. ~hich is 

apparently the case in nothosaurs and crocodiles (J. Robin~on, 

" 1975). With the exception of the first metacarpa~, each 

metacarpal is overlapped dorsomedially by its neighbour in 
/~ 

Hovasatirus and Thadeosaurus. Metacarpal IV grows with strong 

positive allometry (Table 8) and at maturity is 13.4 mm .. 
(1.3x, 5.2 OLU) in length. This bone ia the saroe relative 

length in Tangasaurus (Table 4). In contrast growth in this 

e1ement in Thadeosaurus is isometric. but the mature 1ength is 
. 

significantly greater (1.6x, 6.1 OLU). 

The pha1angial ~ormu1a is 2.3.4.5.3' for the manus. The 

first digit, inc1udin& the metacarpal, i8 47% the 1ength of the 
.~ 

~ourth digit, the second is 68%, the third is 85% and the fifth 

is 64%. On the averag~ the fifth digit Is 75% the length of 

the third. These proportions are about th~ same at any life 

stage so aIl elements probably have approximately the same 

coefficient of a1lometry durlng growth. The coefficient 

for the phalanges of the fourth,digi~ ia 1.2, which 18 the 

lowest allometric growth rate in the front 1imb. At maturity 

the four th digit is 93,% the length of the radius, or 13.:3 OLU 

(3.5~). The fourth digit of the manus grows with negative 
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a110metry in Thadeosaurus, but at maturity the relative 

~:' 1ength of t~ digit (15.0 OLU, 3.9x) is greater than that of , -
Hovasaurus. 

The ventral surface of each phalanx is f1attened with 

a sha110w longitudinal groove for one of the ligaments of 

'the palmaris communis profundus. 

Thé'penultimate phalanx of each digit is as long as or 

longer th an the a~tepenu1timate pha1anx (or metacarpal in 

the case bf the first digit). This characteristic has been 

noted in many primitive and ex tant reptiles, but its 

significance is not understood at present. 

The unguals are recurved and sharply pointe~ distally. 
1 -

The fl"exoF t'ubereles are not s trongly developed (figs. ~ 9 f' 

t' 20, 21, 22, 23, 24), and the unguals are ind±st:f.nguishable from 

those of most other eOBuchians. 

Pelvic Girdle and L1mb 

Ilium. The three pelvic bones are known from aIl life 

stages in Hovasaurus (fig. 46). In even the largest specimens 
~ ~ 

the three elements are not eoossified, although the suture~ 

" have dma11· interfingering protuberances and pits for strength. 

The distal end of. thë iliae blade pas posteriorly facing, ,. 
\ 

concave facet in juvenile animaIs (flg~"46a, b, f, h, .1), 

-wbich indicates that the bone was continued distally in 
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cartilage. As an individual became more mature, the facet 

became relatively smaller. It has dis3ppeared by stage F, 

and in the larger specimens the iliae blade termina tes 

\, caudally in a point (MNHN 1908-32-24). 

Iwo measurements were taken (Table 6) -- the length of 

the base (between the anterior limit of the iliopubic suture 

and the posterior of the i1ioisehiatie suture) and the 

length of the iliae b1ade (between the anterior limit of 

the iliopubic suture and the most caudad point of the blade). 

Both dimensions increase isometrically in size during growth 

(k 'is not significantly different from 1.0). At maturity 
yx 

the base is 7.3 OLU (1. 9~) in length, and the blade ls 13.2 

OLU (3.4~). Growth is isometric in Thadeosaurus as weIl fnr 

/ 

these dimensions, and the base (6.6 OLlf, l.7~) and blade 

(13.1 OLU, 3.4~) are not significantly different from those of 

Hovasaurus. Compared with the average length of a dorsal 

centrum (~), the length of the ilise blade Is the same in 

Acerosodontosaurus. 

The lli'UDl, as would be expeeted in an" element where two 

of the major dimensions grow at almos.t the Jarne rate, do es 

not change mueh in 'outline through its life history (fig. 

46). 

As in most eosuchians, the acetabulum 18 formed mainly by 

the ilium in Hovasaurus. ,A strong ridge arches over the 

, 1 
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Hovasaurus boule l" pelvlc gii'dle. 

a, MNHN '1925-5-10, composite drawi:r:g 

from righ t and 1eft si de 5; b t MNHN 

1925-5-2..0, reversed j mage; c, MN,HN 

1925-5-25; d, MNHN '1908-21-8, revérsed; 
"~. 

e, MNHN 1908~32-29, composite; 

1', MNHN 1908-32-21, reversed;' 8, 

SAM 9460; h, MNHN 1908-,32-4, 

i~ium (medial view), "ilium (leteral 

view, rêversed i~age), pubis and 

ischium (dorsal view, revj:lrsed)'; 

i, MNHN 1908-21-2/7; j, MNHN 1908-32-22j 

k, MNHN 1908-21-5, composite; l, 

MNHN 1925-5-41, dorsomedlal view 01' 

, . 
ilium,; mJ" MNHN 1908-32-23, reversedj 

n, MNHN 1925 T5-32, composite; 0, 

MNHN Rl46, medial view of ilium, dorsal 

view of pubis, raveJ sed; p, MNHN 

1908-32-45, reversed; q, MNHN 1908-~2-49, 

reversed; r, MNHN 1908-21-6. Scale = 1 cm. 
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acetabulum anteriorly and dorsa11y, and 18 confluent posterior1y r- -_.-\ 
vith less prominent rldges from the ilioischiatic contact and 

the ventral margin of the iliae blade. This ridge system has 

replaced the supraacetabular buttress of protordfhyridids, 

and permits a more powerfu1 anteroQorsal thrust of the hind,limb 

against the pelvis for greater speed (Brinkman, 1979). 

The iliac bl~de extends caudally far beyond the 

acetabulum at aIl life stages, a~d i~ mueh more extensive 

than that of Youngina (Gow, 1975). The external surface of 

the blade ls coneave and the intern~l is convex. Consequently 

the internaI surface of the blade faces dorsomedi~lly for 

attachment of the sacral ribs. This region is striated 

(figs. 46h, 1) by ridges and grooves for strong contacts. 

The length of the sutural surface on the ilium of MNHN R146 is 

equal to the sum of the lengths of the'distal en~s of the two 
.. 

sacral ribs, which shows that the first caudal rib did not 

have an osseous contact with the ilium despite its orientation • 
• 

Pubis. Thé pubis is a large, platelike bone that, 

judging from the vertical, well-ossified interpubic suture , 

of MNHN 1908-21-16, must have been almost horizontal in the 

living/ animal. 

In small specimens (fig. 46c), aIl pelvic elements were 

widely separated by cartilage. The immature pubis is oval in 

outI1ne with the amalI protuberance to represent the "pectinesl" 
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,tuberele and a posterolateral slit for the obturator foramen. 

In contrast with the ilium, the allometric growth 
_1 

coefficients for bath 1ength (1.2) and width (1.3) of the 
/ 

pubis are significantly different (Table 8) from isometry. 

A mature pubis is wider (10.8 OLU, 2.8~) than long (8~6 OLU, 

in Hovasaut'us---Crowth--'itr-Thadeosaurus ia isometric 

tTable 3), and the width (9.6 OLU, 2.5x) ia not signifieant1y 
r~~ -

different from~Hovasaurus. The length (6.8 OLU, 1.7~) is~ 

relatively smaller than in the pubis of the more aquatie 1 

genus. 

The proportions of the pubis show that Hovasaurus was 

broad in the pe1vlc reglon. The ratio of pubis width to 

anteroposterior length in the adult is 1.27 compared with 

1.47 in Thadeosaurus and 1.22 in Acerosodontosaurus: In 

Youngina, the ratio Is less than 1.00, but the yubis Is not 

well ossified. 

The pubis contribu'tes on1y a smaU area (fig. 46p) ta 

the acetahular surface. 

There is a powerful "pectineal" tuberde t~~ t~rminates 
.. ' 

anteroventrally in unfinished bone. It can extend as much ., 

as .7x be10w the main surface of the pubis. Longitudinal 

striations along the finished bone of the ventromedia1 surface 

of the tubercle would have served for strengthing the 

attachment of the ambiens and pubotibialis muscles. 
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Thè_ante~ior margin of' the pubis medial to the tubercle 

~~~u~es anteromedially and meets the other ~bi8 at the midline 

'\ " '''ln a~acute angle. The rim ls sharply offset from the' 

shallow1y concave ventral surface of the main body of the, 

pubis. -

The tubercle exte~ds posteriorly as a ridge that /ecreases 

in height and ends a short distance anterolatera1 to the 

obturator foramen for the obturator nerve., :f~e internaI 
, ::."" t... ' 

__ opening,of the obturator foramen (fig. 460) ls l~~eral 
.}/_I-

to the position of the,~xternal opening. ./ 
~\\I 

The suture with the ischlum (fig. 46r) i8 strong anq 
, 

interfingering. There ls no thyrold fenestra 8uch as may have 

Gxisted ln Acerosodontosaurus. A notch in the back of th~ 

pubis (fig. 61f) of Younginà was attributed to incomplete 

ossi~ication (Gow, 1975). However, a aotch as pronounced 

as this does not appear,in t~e posterlor mar&in-of the 'pubis of 

Hovasaurus or Thadeosaurus at any life stage. lt is pOssible 

th3t Youngina dld have an incipient thyrold fenestra~ 

Ischium. Th~ appearance of the'ischium do es not change 

much Jith increased siz~ in Hovasaurus (~ig. 46), a1though the 
" . \ 

curvature of the medial margin tends to be greater in 

juveniles. The degree of positive allometric growth 

(k '. 1.2) in the length and width of the ischium i8 
yx , . , 

about the sarne as that of the pubis. A l't'ge specimen would 
" 

have an ischiUm 10.9 OLU (2.8~) long and 8.9 g~u (2.3~) widè. 
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.. 
Grow~ in Thadeosaurus 18 isometric, and the mature 1schium 

1s 9.7 OLU (2.S~) by 7.6 OLU (2.Ox)! which 18 signif~cantly 

smaller than Hovasaurus. 
" 

" - 0 

- An anterolaterally orlentea facet on the ischium forma 
, 

about a quarter of the area of the àeetabulum. A ventral' 

ridge borders the acetabular faeet, and 15 scarred for 

'" attachment of joint ligaments. 

Thè ventral surface of the ischium is fIat in Most 

specl~ens, and slightly concave 1n others. The main part . \ 

of the iaehium would have faced more laterally than the 
\ 

pubis. 

C The femur (figs. 47 t 48) 1s a more gracile 

bone than the humerus. In juveniles. the ossified portion ls 
". ~ 

longer th an the humerus. A1lometrie growth of the femur is 

positive (k '= 1.3), but not as much as the humerus. ' When 
yx 

full grown, the femur i8 25.2 OLU (6.5x) long. The femur of 
, -

Tangasaurus falls withiri the expecte~ range of variation for 

Hovasauru!}l (Table 4). In Thadeosaurus, the femur"incteases C 
r ... (1 

isometrically in ~ength to reach 23.2 OLU 

which ia'not sign1ficantly dirferent from 

Hovasaurus. ~ 

(6.0~~~at maturi~y, 

the femu of 
, 

The entire proximal end of the femur is unfinished bone 

in immature specimens, and can be concave in the smallest ones. 
J , \ 

The prox1mal end ot' one mature specimen, MNHN 1908-~2-49 
o " 

(fig. 48j), le weIl exposed. As in other eosuchians, the 
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articular hea~ of Hovasaurus turns markedly dorsally, and 

is weIl differentiated from the internaI trochanter. The 

articulation ,is oval, and its longitudinal axis slopes 

. ~erodorsally about 450 when the distal condyles 'are 

horizontal. This is fundamentally the same in Thadeosaurus. 

The long axis of the articular surface is about /40% longer 

than the greatest width of the surface measured perpendicu1ar 

to the axis, and is equi~alent to 1.2x. A cartl1aginous head 

would have covered this S~ightly'convex surface of unfinished 

bone. The acetabu1um is \about 40% longer than the ossified 

head of the ferour, suggesting that there was either a great 

dé al of,carti1age involved in the joint, or th~t the head of 

the femJr was capable of moving a \great dea1 in the 

aCjabUlum. 

The internaI trochan~r for the tendinous insertion of 

the puboischiofemoralis externus is weIl 'developed and makes 

up more than haH of the dorsoventral height of the proximal 
~ 

head. lt terminates in an oval facet with a ventromedial 

orientation. This i8 connected proximodorsa11y by a sharp 
, '. 

ridge of fini8hed bone to the proximal art~culation. The . ---
ferour i8 cd~cave anterior to the internaI t"ochanter' with 

J. 
longitudinal scarring for the puboischiofemora1is internus 

muscle (fig. 48j), and bears a short ridge near the distal 
l' ' / 
end of the trochanter. This process can be seen in 
-

Thadeosaurus (MNHN 1908-11-8) a1so, and probab1y marks the 

insertion of the caudifemoralis m,us~le. 
l,) .. 1 .. ,rlo 
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reversed; d, MNHN 1908-21:2, reversed; J 

e, MNHN 1925-5-41 j' f, MNHN 1925-8-14; 

'g, MNHN 1908-32-24; b, MNHN 

190B-21-6, calcaneum and metatarsal 

V, reversed; i, MNHN 1925-5-61; 

j. 1908-21-"'4, reversed. Scale" l cm.\ 
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The distal head-of a mature femur i8 exposed only in 

SAM 9457. The femora! shaft curves posteroventra1ly at the 

distal end. The paired condy~es are not great1y 

differentiated from each other, and face distally. The 

changes are correlated with the greater abilil::y of 

~osuchians to bring their limbs under the body when moving 

quickly. 

There i8 a relatively deep but narrow intercondylar 

fossa fo~ the tendon of the quadriceps muscle on the dorsal 
/ 

su~face of the distal end of the femur. Ventrally, the 

poplitea1 area of primitive reptiles ls represented by a 

shallow depression, The distal end is scarred near the 

articular surface fn the anterior and ventral surfaces for 

the joint ligaments~ ;' 

Tibia. The coefficient of a110metry for ~he tibia of ~ 

Hovasaurus ls 1.3, so the 1ength of this bone is relatively J' 
greater in adults than juv~n\le~. The 1ength of this bone~ 

.. / 
is 21.3 OLU (5.5~), approximately 10% longer th an ~h~fibula. 

The tibia of Tangasaurus falls within the range of variation 

for Hovasaurus. The tibia of Thadeosaurus pttains almost 

the same 1ength (20.9 OLU, 5.4~) by means of isometric growth. 

The a~teroposterior width of the proximal head i8 about ... 
20% of the total length of the tibia, and is about the same 

absolute width as the distal end of the femur. The 

mediolateral width Is only slightly less than the 

anteroposterior width, but the proximal hea4 is flattened 

on the flexor surface. There i8 a pair of sha!low 
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\ 

concavities ~n the proximal artièular surface for the 

femoral condyles. "-, 
~ 

The tibia is strongly arched 50 that t~e medial 
\ 

,(flexor) side is longitudinally convex. The diameJet; 

of the shaft i8 about 80i. that of the femur, and is 

equivalent to 12% of the total 1ength of the tibia. 

A well-developed ridge éxtends from the proxi~al 

articulation on the anterior surface, twists to the 

medial, ,edge of the anterior surface, and continues to 
.~. 

the distal end (fig. 21). The medial edge of the ridge 

18 weIl defined, and often bears a pronounced tuberosity 

for the puboischiotibia1is as in protorothyridids 

(Reisz, 1980), Acerosodontosaurus (fig. 12e) and 

Thadeosaurus. o 

A second ridge originates near the proximal head in 

the midd1e of the posterior face. lt runs diagona11y across 

the posterior surface to the medial edge (MNHN 1908-21-14) 

where it forms a ridgelike prominence just distal ta the 

halfway point along the longitudinal axis of the bone •. This 

feature is also found in'protorothyridids (Reisz, 1980). 

. \ \ 
\ 
F~bula. Positive a110metric growth occurs at 

\ 

approximately the same rate as that of the tibia, and at 
1 

maturity the fibula 15 19.2 OLU (5.0~) long. 

The maximum diameter of the proximal head ls 11% the 

length of the bone, and only 17% greater tha~ the diameter 

• 
, , 
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Figure 48. Hova saurus bou1ei. Femur ~ ter10r 

vlew), tibia (anter1or view), fibu1a (pos-

1 

, 
\ 

'" 
terlor) and tarsus (ventral view). 

a, MNHN 1925-5-10; b, MNHN 1925-5-25; 

c, MNHN 1908-32-29; d, MNHN 1908-21-7; 

e, MNHN 1908-21-5; r, SAM 9459; 

g, MNHN 1925-5-32; h, MNHN 1908-32 -68; 
\ 

1; MNHN 1908-21-10, reversed; k, 

MNHN 1908-32-49, reversed. 'i Scale = 1 

\ -' 

cm. 
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of the shaft. The distal end expands to 16% of the total 

length of the bone. 

The proximal half of the bone ia convex medially (figs. 

47b,t c, g, j, 48g), whereas the medial margin is concave 
\ 

dlstally when viewed in antetlor or posterior aspect. The 
'l' , '6 

plane of the Rroximal head is twisted about 45 on the distal 

head. The dis~al articulation is mediolaterally elongate 9 , , 

bas a convex surface a t maturl ty, and tends to face more 

medially than lat~rally. 

Pes. The pes of fangasaurids has been describ~d recently 

by Brinkman (1979) as part of a study on the structural and 

functional evolution of the diapsid tarsus. Although sorne 

overlap is Inevitable t the pes of Hovasaurus i9 ,being 

redescribed here from the viewpoint of growth and 

comparative anatomy. 

The tarsus ls composed of seven elements 'at maturity 

,(figs. 47ft g, i, j, 481), although an additional element 

may have fused into the fourth distal tarsal. As in the 

carpus, the elements tend to taper v,entrally sa that the 

tarsus would have been arched when properly; articulated. 

A distinct intratarsal joint has developed between the 

proltimal elements (astragalus, calcaneum, centrale) and 

the distal tarsals (Brinkman, 1979). 

The tarsùs is fuily ossified by stage F in Hovasaurus, 

but stages D and E are not represented. In Thadeosaurus 

./ 
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it Is ossified at the equiva1ent of stage D. In even the\ 

oost Juvenile specimens of the aquatic genus the astraga1us 

and calcaneum have started to ossify (figs. 47a, 48a). By l, 
1 

stage B (figs. 47d, 48d) a third ossification has appeared. 

This one cannot be identified by its position, but may be 

, j 
the fourth distal tarsal as in Claudiosaurus (Carroll p 1981). 

The remaining tarsals appear in stages D, E or F. 
1 

One specimen, MNHN 1908-32-68 (fig. 48h), has the seven 

tarsals normally seen, plus a smaH bone in the position of 

the fifth distal tarsal in other reptiles. This bone is 1ess 

than haH the dorsoventral thickness of the other tarsals and 

cannot be seen in dorsal aspect (fig. 47f) of the same \ 
" 

specimen. Harris and Carroll (1977) have suggested that the 

fif th fuses into the fourth dis tal tarsal in large specimens p 

and is in the process of doing 50 in this specimen. 

The astragalus and calcaneum have been shortened 

proximodistal1y from the condition seen in primitive 

eosuchians (Carroll, 1976b; Reisz, 1981). The astragalus 
) 1 

of Hovasaurus is abou t 1. 5x long. - / 

The astragalus has a relatively smaH dorsal facet for 

the flbula, and a more extensive, dorsomedially concave , 

articulation for the tibia. A groove passes diagonally 

across the lateraI face of the astragalus and forms the medial 

border of the perforating foramen. The extensor surf~ce ls 

shorter below the perforating foramen than the flcxor surface 

-
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j 

in the same area. On the flaxor surface, a pronounced ridge 

runs from the ventral margin of the perforating foramen to 

the dorsal edge of the articulat1o~ with the tibia. Dorsal \ 

to this ridge there is a deep transverse groove for the 

perforating artery. The distal surface of the astragalus 
\ 

i8 convex in longitudinal and transverse section, anJ 

articulates with both the centrale and fourth distal.' 

The calcaneum ia almoat fIat medially with only a 

slight emargination for the perforating foramen. There 1s 

a, low ridge of bone on the ext;ensor surface to ~trengthen 

the articulation with the astragalus proximal to the 

1 

perforating foramen. Most' of the flexor, surface is relatively 

flat~ alth~ugh there 18 a low protuberance of bone near the 
, \ 

articulation with the astragalus below the perforating 

fo~amen. Tb_a medial half of the ventral (distaIY"edge 
, 

articulates ~ith the fourth distal tarsal, and this joint is 

st~engthened by a ridge on the extensor surface. The 

calcaneum becomes very thin lateral to the distal articulation~ 

and te~ds to be unfinlshed bone along the convex margine 

'l1lere 1s no evidence of a pronounced "heel" as in Youngina 

(Broom, 1921), or a muscle scar as in Kenyasaurus (Brinkman, 
i 

----1979) for the origin of the adductores digit five. 

The lateral centrale ls transversely elongate (figs. 

47f~, g,'j) in dorsal (extensor) aspect. There is an elongate. 

-
troughlike depression on the proximal surface for articulation 
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with the astragalus. Latera11y the centrale broadly over1aps 

the four th distal (Ugs. 48h, i). A convex articular surface 

on the distal end has distinct but continuous contacts for the 
-ij} 

first three dist?l,tarsals. 

The first two distal tarsals are ,relatively smaH but 

seem to have articulated with two metatarsa1s each (Brinkman, 

1979). The third distal tarsal has double the proxlmodista1 

length of the first two, and has five facets (figs. 47f, g) 

around the extenSor surface for articulation with the 

centrale, the second and fourth distal tarsals, and 

metatarsals III and IV. 

The fOl:1rth distal tarsal articula tes with aIl the tarsals 

except the first and second distals, and supports the fourth and 

fifth metatarsa1s. The 1ateral surface ls unfinished bone in aIl 

specimens in which it can he seen, and there ls a gap hetween the 
\ 

fifth metatarsal and calcaneum in most specimens. The possible 

fifth distal of ~rnHN 1908-32-68/1924-8-14 (fig. 48h) fills part 

of thls space. In MNHN 1908-21-10 (fig. 48i) this area has been 

Infilled on the flexor surface by a latera1 extension of the 

fourth distal that may be the coossifled fifth distal. 

The metatarsals and phalanges are known from specimens of .. 

aIl ages (Table 7). The le~Of the metatarsals Increase from 

1 to IV, and V decreases to the length of III. In the sma1ler 

specimen of Tangasaurus (SAM 6231), metatarsals~rI and V a~e 
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equal in length and III and IV are subequal. The larger 

specimen of Tangasaurus (SAM 6232) has an assymmetrical 

metatarsus like Hovasaurus. 

With the exception of the ~irst metatarsal, each element 

of the metatarsus is overlapped dorsomedia11y by its 

neighbour. The overlapping nature in Hovasaurus and 

oth~r eosuchians probably Indicates a consolidation of the 

metatrs in response to an increase in the propulsive 
,) 

force passing through it ·(Brinkman, 1979). The head of the 

fifth metatarsa1 ia greatly expanded from the primitive 

condition seen in Ga1esphyrus where the ratio of proximal 

width to shaft length is .33, compared wi.th .53 in Hovasaurus, 

.53 in Tangasaurus and .63 in Kenyasaurus. The proximal end 

of metatarsal five i8 expanded in Youngina (Broom, 1921). 

The expansion of the proximal head ~ay represent the initial 

change 1eading to the development of the hooked fifth 

metatarsal of prolacertids and later diapsids. The 

articulation between this èlement and the four th distal 

tarsal is fIat in tangas/llurid's and there would have been 

. '. 

little movement possible here (Brinkman, 1979). 

Metatarsal IV grows with the sarne rate of positive 
, ~ L 

/ 

allometry as Mefacarpal IV (Table 8), and at maturity 18 

10.9 OLU (2. 8.!). The fourth metatarsal of Thadeosaurus 

grows isometrically but i8 slightly longer (11.6 OLU t 3.0x) 
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than that of Hovasaurus. The 1ength of metatarsal IV in 

Tangasaurus falls within the range of variation of Hovasaurus. 

9 The phalangéal fOl;1llula is 2.3.4.5.4 for the pese The 

proportional lengths of the digits are relatively constant. 

throughout life (Table 7) t and must have &rown at approxilllately 

the same rate. The coefficient of allometry for digit IV, 

excluding the metatarsal, i~ high (1.4). The combin~d length ., 

of the fourth metatarsa1 and phalanges is equal to that of the. 

tibia in large specimens, and amounts to 21. 2 OLU (5. 5.!). 
·t( 

~ -The four th digit of Thadeos·aurus. apparent1y grew i~oDfetrica11y 

to approximately 22 OLU in length. Tang~saurus (Tabl~:--4) has 

a four th digit that is significantly shor;ter than that of 

" Hovasaurus, and amoun ts . to onl y 4. 9x.· 

The first di.git, including the metatarsal, i8 40% the 

length of the fourth, the second Is .64%, the third is 84% and 

the fifth is 83%. On the average, digit V is 99% the_length 

of digit III. The proportio~s are very close to this ln 

Tangasaurus, Thadebsaurus and Kenyasaurus. 

'1& digit l of Hovasaurus, the first phalanx ls as long 
1, 

as the !irst metatarsal in only fifteen specimens. In 

digit II, the penultimate phalanx la as or longer than 
\ J 

the ant~penultlmate in 58% of the spe ime~s, in digit III 91%, 
" 

;ln digit· IV 40% and 'in none of eleven specimens _of digit V. 

This contrasts strongly with 1 the manus where the penu1timate 
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pha1anx exceeds the antepenu1timate bone 90% of ,the time. 
, 
1 This strongly suggests that there was a functional difference 

between the 
, 1 

digits of the ~nus and peso _ ~oSSibly th~ manui -

was adapted better '~or grrsping food. Whatever the reason for 

,he difference, it a1so, s~ems to be 'prese~t in Thadeos~~us. 

The peQultimat~ does not consist~ntly exceed the antepenultimate 

'in e:ither the manus or. pes of Tangasaut'us (Table 7). It 18 
J 

apparent that the re11\tive length of the penult:imate phalanx 

cannot ~e correlated with aquatic lifestyles (Section YII) . 

ln Hovasaurus and Tangasaut'us the largest phalanx in the 

foot i8 the first one in digit V. \ ' 
The first phalanx in digit 

IV ls t~~ larges t in the pes of Kenyasaurus. In Thadeosaurus 

(a11 ages), phalanges IV-'l and VTl are subequal. 
/ 

The unguals of the pes of Hovasaurus are similar to those 
c 

of the manus, but tend to b~longer in equivalent digits • 

Integument of Hovasaurus 
/ 

'Piveteau (1926, Pl. X, fig. 3) described a amall specfmen 
J 

----/ of skln impression that he found with the remains of Hovasaurus 
" 

, -
" st, Mt. Eliva. The scale-like impressions are~ smaU, ranging 

frOUi' one to two mil1imetres in diameter. The 8maller ones 

are, round, and the larger tend to bé penta- or octagonal 

because they are more closely packed. There is no consistent 
" 

arrangement, and they could be osteoderms. The pr~Bence of 
\ 

granules of thie Bize and shape in the caudal region of somé" 

spec:im.ens of Hovasaurus indicates -that this specimen (~ 

" 1~2S-S-33) ~ou; he from the taU of. tlds genus. 

,; , 

,. , 

i 

1 
\ . 
! 



( 

. '. 

/ 

) Epiderma1 sca1es can be seen in MNHN 1908-21-24 on the 

ventral' surface between th~ st~rnum and gastralrâ: The 

sc ales àre aval, and are aIl about the same size. The 
, 

anteroposterior length ranges 'between 2,5 and 3.0 mm, and 

the width between 2.0 and 2.5 mm. Each scale on the right 

side of the spe~imen overlaps the anteromedia1 and 
'J, 

anterolateral por~ions of the two scales posterior to it. 

Saurosternon (Carroll, 1975, fig. 6) has scales in the sternal 

region that are approximately the same size and configuration 

as those of Hovasaurus • 
. ; t 

,Epide~1 scales are present in the anterior caudal 
u , 

reglon of Kenyasaurus (Harris and Carroll, 1977). Dorsa11y 
, 

~~ey~re rectangular and diverge from the midline posteriorly. 

On the ventral,surface the scales are square and aligned 

parallel to the centra. 

Epider~a1 scales near the tai1 region of Tangasaurus 

(SAM 6231) are elongat~ rhomboids in 'outline, eight millimetres 

by three (Haughton,.1924)" Each scale has a low, longitudinal 

. medlan ridge. The free posterior border of e~ch scale overlaps 
\ 

the anterior edges of ,the two directly caudad. 
~ 

'rhere Is no evidence in tà'ngasaurids of dermal ossie1es 

along the spine 8S in Youngina (Gow, 1975) and Heleosaurus ,. '" 

(Cârroll~ 1976a). 

, Gastralia (ventral demI scales) und'erlie the abdomen 

between the sternum and pubes (figs. 20, 22, 2J). They are 

" 
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present in the\ smal1est specimens' (MNHN 1925-5-27). Gastra1ia 

lncreased in size a~ the animal grew, but the number per 
• J' 

ind~yidûal remained constant. Approximately fort y segments 

can be counted along the mldline of each of four specimens, 

which gives an average of four gastra1ia per vertebra. Each 

lncludes a median pieGe with an anteriorly oriented apex on , , 

the midline, and one or two pairs of long latera! segments. 

thé first two have one\lateral section per side (MNHN ,.,-
"" ... 

1908-21-24), the last one has none (MNHN 1908-21-16), imd \ 
J, 

four before the ultimate have one. There are two laterals 

on each side of every remaining median segment. 

'There is rostral proc~ss on the mid1ine of thls median -

section (fig. 23) that Is often fused to the prec~ding ventral 

scale. The bone extends posterolaterally as much as 3.5~, and 

tapers ta a needle-like point. Th~ tirst latera1'segment is 

c1ose1y appressed to the anterior surface of the median element, 

and sometimes reaches the midline proximally. The 
\\ 

proximodistal 1ength of this segment ~an be as much as 5x 

\ \ (MNHN 1908-21-2/7), although th~ maximum thickness ls on1y. 
" 

.2x. It does not extend far beyond,the po~ :erblateral end 

of the median element before it picks up the' proximal end of 

the second lateral section on its enterlor surface. The more 

1atera1 segment is the longest of the three, up.to 5.5~ 
\ 

(MNHN 1908-21-2/7), and lB slightly thicker (.3~) than the 
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first lateral scale. The distal end does not taper as gradually 

as-the proximal end. 

Gastralia are poorly known in most eosuchians, but se~ 

to have been universally present in the living animaIs. The 

1 
~entral armature of Claudiosaurus i9 weIl preserved (Carroll, 

.../ 

1981), and ls numerically.and morphologtcally indistinguishable 

from that of Hovasaurus. The shape and size of the gastra1ia 
<, 

-
in Thadeosaurus, Kenyasaurus, Acerosodontosaurus and 

Heleosaurus aIl Indicate that a slmilar pattern of ventral 

armature exlsted ln these genera. 

Considerlng the tertdencies in the ventral bones of l 
Hovasaurus towards lowering the centre of gravlty, It ls 

surprising that the gastral1a are not pachyostotic as in 

Champsosaurus\ (Russell, 1956). 
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DISCUSSION 

Hovasaurus was the most highly adapted, for 

swimmiLg of any known tanga~aurid eosuchian. The 

most eonspieuous anatomieal adaptations are in \ 

the taU, which is at least double the snout-vent 
\ 

length. The caudal neur.al splnes are taller than 

the splnes in the dorsal region. They contact along the 

mldline above the neural canal ta restriet the 

dorsoverttral flexure of the tail. The haemal spine 

mimies the shape and size of the assoeiated,neural 

spine, so th~ taii is dorsoventrally symmetrieal. 

This suggests that the animal 8wam beneath the 

su.rface of the water. If it had been sWlmming 

primarily on the s~rface, the haemal spines probably 

would have been longer than the dorsals. ,Lateral 
\ 

\ 

undulations of the tail would have provided the neeessary 

force to push the body through the water as it does 

;in sea snakas (Hydrophiidae), semi-aquatie lizards 
" ~ 

(iguanids, agamids,' varanids), crocodiliens, eaudate 

amphibians and many elongate flsh. 

Pachyostosis of the ribs ls another 

indication of the aquatic habits of Hovasaurus. 

Enlargement of the rib shaft has occurred in 

mesosaurs, sorne nothosaurs and sirenian mammals 

as well, and serves ta increase the specifie 

\ " 
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gravit y of the animal. 

The scapular blade Is very short, 
C 

<1 

as it is in 

Mèsosaurus, ichthyosaurs, nothosaurs and plesiosaurs. 

It should be ~inted out that some terrestrial animaIs, 

sueh as varanid lizards, also ha~e low scapuler 

blades. More importantly, the ventral portion of the 

pectoral girdle is massive ta lower the centre of 

gravit y for etability underweter, ta increaee the 
\ j 

specifie gravit y, and for muscle attachment. As 
Il 

1 . 

in plesiosaurs, the scapulae of Hovasaurus meet at 
1 
\ 

the m~dline ta firmly brace the gi~dle during the 
1 
1 

po~er \stroke. 

The presence of a large mass of pebbles in 

the abdominal cavity is comparable with a similar 

mass in plesiosaurs. This wou1d have increased 
\ 

tb._ ~peoir'iC gravit~ of th_ animal by fi ve to , 

ten perce~t, shifted, the centre of gravit y 

posterove~trallY and ;stabillzed the animal in 

1 1 the water"~ 
1 

Delayed oS8ifica~ion la a chara~teristlc of 

l ' 

many aq atic.tetrapods •. For example, the carpal 

and tar a~ elements of nothosaurs, p1acodonts, 
\ 

marine rocodiles and'mosasaurs never fully ossified. 

This Is not the case in Hovasaurus. The total 1engths 

Of the humeri of Thadeoseurus and Hovasaurus juveni1es 

are composed of about 16% cartilage. The obturator 

l ' 
1 

"-~~. __ • --;,; 1 77 -
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, 
foramen is surrounded by bone by stage B'in both 

genera, the carpus is ossified by stage D, and the 

scapula and ~oracoid coalesce by stage E. The 
,\ , 

tarsals are aIl ossified in Thad&osauru~ by stage\ 

D, but' the tarsus of this life stage is no~ known 

in Hovasauru's. The eQt~plcOndylar foramen i8 e~CirCled 

by bone 

stage,G 

by stag" F in Thadeosaurus, 

in its~ore aquatic,relative. 

and not unt il 

The sternal 

plates, which fuse into a single element by stage 

F in Hovasaurus, do~not 000s6ify until stage G in 

Thadeosa~8. Therefore, ossification is not delayed 
::>' 

in Hovasaurus. At maturity this animal could have 

moved effidiently on land to lay eggs or extend its 

range. 
'. 

r 
Limb proportions are an indication of aquati? 

\ 
habits in Hov~saurus. This genus is similar to 

nothosaurs and plesios8uroids in that the humerus 

to femur ratio 'la less than 1.0 in juveniles, but 
\ 

greater than 1.0 in adults. The forearm is about 

,haIt the length of the humerus in HQv8saurus, 
\ 

Mesosaurus and nothosaurs at maturity. The 
,~ 

metacarpus ia symmetrical, and digit IV ia shdrter' 

relative to the tirst three digits ~f the manus 

than in Thadeosaurus. 

Desplte the presence of a powerful tail 

for sw~mmlng, Hovaaaurus had power fuI front 

------------~----~--, .. ~~, 
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limbs that, by analogy with other aquatie 

genera , were used when awimming. The manus, 
\ 

like that of alaudiosaurus, has'become broader 

. 
and more Symmetriea1 distal1y than in Thadeosaurus. 

The similarity in shape of the manuS to that of other 

aquatie genera (extinct and living) suggests that 

,there eould have been webbing between the digits. 

The f~~nt 1imb wou1d have adted as an Dar or 
, / 

padd1e when swimming, rather than as an und~rwater 

"wing" {J. Robinson, 1975}. Like a padd1e, the 

distal end of the front 1imb ls broad and flattened 

to maximize drag. The front limb could have been used 

in the same manner that a duck uses its webbed feet, 

and probably also behaved aS a rudder for controlling 

direction. Qn land or the bottom of a body of 

water, the front 11mb was not 80 highly adapted 

\ 
~hat it eO,uldn't be used for walking. 

1 

The pelvie girdle and limb do not show any 

aquatle adaptations. The tibia is about 85% the J 

'length of the femur, a normal rat h for a 

terrestrial animal, eompared with 50% in 

Askeptosaurus (an aquatie eosuchian) and many 

nothosaurs. The ~elative lengthi of 'the digits of 

the pes are not slgn~fieantly different ~rom those 
) 

of Thadeosaurus. It would appear that the hind 11mb 

waS used for walklng on land or on the floor of a 

- -----_._. ---"'-_. ------~~_. 
iI~" • 
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body of water. On the basis of the we1l developed 

1imb with a large internal trochanter, the 

puboischitibia1is 'insertion on the tibia and the 

perforating foramen in the tarsus, Br1nkman 

(1979) conc1uded that tangasau~ids .ere capable 
1 

of terrestrial locomotion. 

The coefficients of allometry were calculated 

for 41 common dimensions in Thadeosaurus and 

Hovasaurus - (T'abl~V' 8). Differences in the 

coeffiCientsf~een the genera are on1y considered ,,/ . 

slgnifican~ when the coefficients of Thadeosaurus 
• 1\ 

fal1 outSi~_ the 95% confidence intervals of the 

corresponding coefficients of Hovasaurus. There 

is no significant difference in al10metric growth 

rates for fifteen dimensions, but the coefficient 

ls significant1y higher in Hovasaurus for 2~, and 

lower than Thadeosaurus for four. These figures 

were ca1culated on the basis of the preserved, 

ossifled portions of the bones, and do not make 

a1lowance for cartilaginous &xtensions. As 

prevlous1y indicated, gaps between the bones of 
/ 

the articu1ated ske1etons of juveni1es are the same 

relative size in Thadeosaurus and Hovasaurus. This 

indicates that the same percentages of the total 

1engths of, the 11mb bones in Juveniles were formed 

by cartilage in specimons of the two genera. The 

-- - -. -- --~~'-'--~-'_I I_"*~_--- ".~.::~ ~;-~--:--:--._"'_"""'$l"" 
t ~ "'; . , 
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percentage composition of cartilage therefore does 

not account for the higher coefficients of allometry . " 

in Hovasaurus. This can be confirmed by an alternate 

method. Even if the length of the humerus 

the smalleat specimens of HovasaurJ~ (MNHN 

of anelof 

1908-2i-8 ) 

is'increased by 20% (the maximum possible percentage 

of cartilage that would have filled the gaps between 

the humerus and adjacent bones in articulated specimens), 

the total l~ngth would have been only 12.3 mm. The ,---
expected length of the ossified portion for this 

element in a specimen of Thadeosaurus t~e same 

size is 17.4 mm, and cartilage .would have increased 

this length. It appears that the limb elements of 

\ immature specimens of the Fore terrestrial genus were 
.l 

significantly longer than in Hovasaurus even if 

cartilage ia inclùded, and that the differenc~s 

in allometric coeff-icients are real. 

If we exclude the limb elements of the two 

genera, there are thlrteen dimensions in the 

vertebrae and 11mb girdles ,in which the growth 
~ ..... 

aoef~icie~ts ~re known for ~oth ge~era. Of these, 

there ls no significant difference in sev&n, and 

the coefficients are hlgher in th:Je dimensions 

of Thadeosaurus and lower in three. This is another 

r 

indication that the differences lin a~lometrlc growth rates 

are blologically significant. If the coefficient 

waB consiatent~y hlgher in Hovasaurus for aIl 
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'; 
dimensions, i t would sh'6w t ha't dlfferences in the 

coefficients of the two genera are re1ated te negative 

allometric gl'owth of the dorsal centra (.!l .. in 

Hovasaurus. 

It ls significant that the degree of al10metry 

is generally higher in the larger animal, Hovasaurus. 

Usua11y, the opposite effect ia discovered in 

c10aely re1ated animaIs becau'se allometrie 

coefficients that differ markedly from 1.00 are 

strongly size-limiting (Dodson, 19?5b). 

In juveniles, the 11mb bones of Thadeosaurus 

are longer than those of Hovasaurus (figs. 4a, bl, 

and the genera are distinguishable by measurement • 

This is a clear indication of functional differences , 

in the use of the limbs in the two genera as juvenilea. 

It Is possible that a newborn 'Hovasaurus entered the 

watér as sea turtles do, and seldom ventured onto land 

until mature. In adults, the higher allomet~lc growth 

~n Hovasaurus has reaulted in r~lative1y longer limb 

bones, and this genus could have blen as mobile on 

land as Thadeosaurus. Dodson (1975b) suggested that 

\inereased rela t i va length of 'limbs in Sc eloporus 

adults Is related to the increaae in home range. 

Slmllarly, Hovasaurus adults could have spent more 

time on land for range dispersal, mati~g or laying egga. 
~ 

Differences in the relative lengths of the 1imb 

-
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bones of' Thadeosaurus and Hovasaurus are evldent 
, 

from the unit measurements based on ~ and the OLU. 
, 
t 

The two systems correlate well,~although ono 18 a :ll~ear 

comparison and the other iB geomatric. Even thougk 
\ 

mOBt of the bones in Hovasaurus grow wlth positlve 

allometr'y, comparison of unit maasurements based on 

the orthometrlc linear unit ha~-biological significance 

provided the interspecific size changes are lsometric 

(Currie, 1978). Unit measurem~nts of ninetaen dimension~ 

measured in both genera can be compared. Of these, 

thara are no significant dif'f'erences in thirteen cases. 

Fiva unit measurements (length of neural spina, length 

of' humerus, 1ength and widt}l of' pubis, width of' 

-i-s-cni~;}-'are greater in Hovasaurus, whereas the 

length ~f' the f'ourth metacarpal i8 signlficantly lesa 
j 

than in Thadeosaurus. 

Unit measurements basad on OLU and ~ ,are not 

biologically signif'ican~ for widths of' 11mb bones, 

particular1y if' comparisonB are being made between 

animaIs of' d~lferent mature siz~~ (Cur~ie, 1978). 

! 
Bone wldths are more cl08eiy related ta the weight 

of tne animal than to the function of' the limb. 

Because Thadeosaurus and Hovasaurus have ove;lapping 

size ranges, 1t can be shawn on sc.atter diagrams 

(fig. '40) that differences in width measurements are 
1 

inslgnificant. 
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VI 

THE RELATIONSHIP OF THE 

TANGASAURIDAE 

TO OTHER PRIMITIVE 

DIAPSIDS 
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---1 

~ 

Skulls of primitive" reptiles in 

lateral view. a, Proto -..;;-----\-_ ........ _-
after Heaton and Reisz, unpublished 

manuscript, 1979; 

b, Araeoscelis, after Va ghn, 1955;­
, Il 

---

, 

c, Petrolacosaurus, afte Reisz, 1977; 

d, Palaeagama, after Car 011, 1975~; 

e, Paliguana, after Carro l, 1975a;" 

r, Daedalosaurus, after Carroll, 1978; 

g, Youngina, after Carrol 1977; 

h, Acerosodontosaurus, aft r Currle, 1980; 

1, Heleosaurus, after Carr 11, 1976a; 
/ 

j, Claudlosaurus, after Carroll, 1981; 

k, Askeptosaurus, alter Robinson, 1967; 

1, Tha1attosaurus, after M 1905j 

m, Prolacerte. , lafter k'bl son :~967· • • 
n, Tanystropheus, a~ter ~ll~, 1973; 

0, '>W'8igel t lsa ur}ls, ba'sed on the plate s 

of the original description (Weige1t, .1929). 

Eaeh saale = 1 cm. 
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Figu~e 50. Skulls of primitive reptiles in· dorsal 

view. a, Protorothyrls, after Heaton 

and Reisz_ in prepa.ration; b, 

Araeoscelis, after Vaughn, 1955; 

c, Petrolacosaurus, arter Reisz, 1977; 

d, Palaeagama, after Carroll, i9?5a; 

e, Paliguana., after Carroll, 1975a; 

f, Youngina, after Carroll, 1977; 

S, Acerosodontosaurus, after Currie, 1960; 

h, C1aud'iosaurus, after Carroll, 1981; 
~ 

i, Askeptosaurus, after Robinson, 1967; 

j, Thalattosaurus,after Merriam, 1905; 
.. \ 

k, Cham'pso sa urus~, Rus sell, 195,6; 

l, Prolaoerta, after Robinson, in prep.; 

m, Macrocnemus, after Ku~n-Schnyder, 1962; 

n, Tanystropheus, after Wild, 1973. 

Eeoh sca1e = 1 cm. 
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Skulls ot primitive reptiles in 

palatal view. a, Protorothyris, 

Bfter Clark and Carroll, 1973; b, 

Araeoscelis, aiter Vaughn, 1955; 

c, Petrolacosaurus, after Reisz, 1977; 

d, Youngina, att~r Carroll, 1977; 

e', Heleosaurus, after Carroll, 1976a; 

'",f, Claudiosaurus, after Carroll, 1981; 

g, Champsosaurus, after Russell, 1956; 

h, Prolacerta, after Camp, 1945; 

1, Tanystropheus, after Wild, 19'73. 

Scale = 1 cm. 
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Figure 52. Skulls of primitive reptiles in 

.. , 

D 

occ 1pi tal view. a, Protorothyri s, 

a.fter Clark and. Carroll, 1973; 

b, Araeoscelis, afte~ Vaughn, 1955; 

c, Petrolacosaurus, after Reisz, 1977; 

d, Youngina, after Carroll, 1977; 

e, Cleud~osaurus, aiter Carroll, 1981; 

.f, Prolacerta, aftar Robinson, 1967; 

g, Tanystropheus, aitar Wild, 1973. 

Each scale : 1 cm. 
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ligure, 53. Cervical vertebrae of prim.i t 1 ve 
1 

reptiles. a, Pratocaptorhinus, 

4th, after Clark 'an(l'"Carro1l, 1973; 

b, Araeoscelis, 4tn, after Vaughn, 

1955; c, Petrolacosauru~, 4th, after 

Reisz,,1975; d, Caelurasauravus, 4th, 

af'ter Carroll, 1978; e, Daedalosaurus, 

4th, after Carroll, 1978; f, Your.gina, 

after Gow, 1975;g,Acerosodontosaurus, 

after Currie, 1980; h, He'leosaurus, 4th, 

after Carroll, 1976a;1, ASkeptosaurus, 
1 

arter Kuhn-SchnYder, 1952; j, 
\.JV' 

Champsosaurus, 4th, after Russell, 1956; 

k, Prolacerte., 7th, arter Gow, 1975; 

l, Tanystropheus, 9th, Wild, 1973. 
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1 

Thoracic vertebrae of primitive 

reptile s. a, Protorothyri s, after 

~ea1on and Reisz, in preparation; 

b, ~raeoscells, mld dorsal, after 

. Vaughn, 1955; c, Petrolacosaurus, 

mid-dorsal, after ~eisz, 19?5; 

d, Ooelurosauravus, 18th, arter 

Carroll, 1978; e, Youngina, 22nd, 

. AMNH 5561j f. Acerosodontosaurus, 

posterioJr dorsal, aft-er Currie, 1980; 

g, Heleos1ul'us, 15th~ after Carroll, 

19768; Thadeosaurus, after Carroll, 

1981; 1, Kenyasaurus. 18th, 

Harri Carroll, 1977; J, Hovasaurus, 

13th, SAM 9463; k, Claudio sauru s, 

16th, aftel' Carroll, 1981; 1, 

Askeptosaurus, Kuhn-Schnyder, 1952; 

m, Thalat tosaurtfius, anterior dorsal, 

after Merriam, 1905; n, Champsosaurus, 
1 

16thi, after Russell, 1956; 0, 

Prolacerta, 21st, artel' Gow, 1975; 

p, Tanystropheus, posterior thoraclc, 

.'arter Wild, 1973. 
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Caudal vert ebrae of pr imi t ive 

"" 1"ept1les. a, Petrolacosaurus, anterlor 

caudal, artel' Reisz, 1975; b, 

Youngina, 3rd caudal, AMNH 5561; c, 

Thadeosaurus, an t erio r caudal, MNHN 

1908-5-1; d, Tangasaurus, reéonstruction 

of 20th caudal; e, Hovasaurus, mid 

oaudal regia~iiy MNHN 1908-21-11; 

f,' Askeptosaurus, ,10thLcaudal, arter 

"Xuhn-Schnyder, 1952; g, Thalr,ttosaurus, 

anterior caudal, a't'ter 1.lerrie.m, 1905; 

h, Champsosaurus, 2nd caudal J at'ter 

Eriokson, 1972; 1, Prolacerts, 2nd 

caudal, arter Gow, 1975; j, 

Tanystl'opheus, anterior oaudal, ~rter 
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!'igure 56. L~teral view.ot pectoral glrdle or 

primitive reptiles. a t Protorothyrls, ~ 

&tter Clark and Carroll, 1973; b, 

Araeoscelis, Vaughn, 1955; c, Younglna, 

atter Gow, 1975; d, Hovasaurus; 

j et Olaudlosaurus, atter Carroll, 

1981; t, Champsosaurus, atter 

Russell, 1956; St Thalattosaurus, 
.~ 

atter Merrlam t 1905; h, Prolacerta, 

atter Oow, 1975; l, T~nY8tropheus, 

arter Wl1d, 1973. 
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Figure 57. Ventrel view of pectoral girdle of 

, 1 

1 

1 

J­
l' 

L~ .. ___ ~,:~.~, ___ ~-:::-: ,_ _ . 

primitive reptiles. a, Protorothyris, 

a~ter Clark and Carroll, 1973; 

b t Araeosce11s, after Vaughn, 1955;-

Ct Saurosternon, a~ter Carroll, 1975a; 

d, p~l1gu~id (Albany Museum 4133), 

a~ter Carroll, 1975a; e, Youngina, 

fragments of r~ght coracoid and r1ght 

ster"nal plate, 1eft sternal plate, 

a~ter Broom, 1922; ~, Youngina, 
} 

interclav1cle, after Gow, 1975; 

gt Thadeosaurus, after Carroll, 

1981; b, TangasauruB, specimen 

in Bu1away'o Museum; 1, Hovasaurus, 

MNHN 1908-21-24 (sternum); j, HovasauruB, 
-', \ . 

-'14NHN 1925-5-~8 (clav1c1es and interc1avlcle) j 

k, Claud1osauruB, after C~rroll, 1981; 

l, ~skeptosaurus, atter Kuh~-Schnyder, 

1960; m, Champsosaurus, lnterclav1cle, 

after Er1ckson, 1972; n, T~nystropheus, 

af~r Wild, 1973. Each scale = l cm. 
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() 

Figure 58. Dorsal vlew ,of humeri ot primi t ive 

reptiles. a, Paleothyris, Heaton and 

Reisz, in preparat ion;' b, Petro1acosaurus, 

after Reisz, 1975; c, Araeoscells, 

1 

after Vaughn, ~955; d, Saurosternpn, 

after Carroll, 1~75a; e, Younglna, 

/ 
after Gow, 1975; t, Acerosodontosaurus: 

af'ter Currie, 1980; g, Thadeosaurus" 

af'ter Carroll, 1981; h, 
f 

Hov8saurus; i, Claudlosaurus, after 

Carroll, 1981; j, ~ttosaurus, 

af'ter Merrlam, 1905; k, Champsosaurus, 

after Brown, 1905; 1, Tanystropheus, 

af'ter Wl1d, 1973. Each scale a 1 omo 
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Ventral view of humerus of primitive 

a, Araeoscelis, atter 

) 

rept 1les. 

Vaughn, 1955; b, Petrolacosaurus, 
'" 

after Reisz, 1975; c, Palaeagama, 
=-'1 
'~ter Carroll, 1975a; 

after Cal'lro11, 1975a; 

4133, after Carroll, 1975a; t, 

Daeda1osaurus, atter Carroll, 1978; 

g, Acerosodontosaurus, after Currie, 

1980; h, Tbadeosaurus, after 

,Carroll,1981; i, 

Tangasaurus, specimen in Bulawayo. 

Museum; j, Hovasaurus; k, CtaUdiO sa~ruB, 

after Carroll, 19,81; l, 

Prol.acerta, af'ter Gow, 1975; Dl, 

Thal.attosaurus, af'ter Merriam, 1905; 

n, Champsosaurus, atter Brown, 1905; 

0, Tanystroph~us, after Wild, 1973. 

Each scale = 1 cm. 
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Figure 60. Carpus of prim! t ive rept ile s. 

a,_ Pa1aeothyr1s, after Heaton and 

Reisz, in preparation; b, 

Petro1acosaurus, after Reisz, 1975; 

c, Araeoscelis, af:er Vaughn, 1955; 

,dt Saurosternon, after Carroll, 1975a; 

et Daeda10saurus, after Carroll, 1978; 

f, GalesphyruB, atter Carroll, 197Gb; , 
gt Youngina, after Gow, 1975; h, 

~ "0 

Acerosodontosaurus, after Currle, 1980; 

Q 

1, Thadeosaurus, aiter Carroll, 

1981; j, Hovasaurus,- MNHN 

1925-5-31; k, Claudiosaurus, 

after Carroll, 1981; l, 

Askeptosaurus, Kuhn-Schnyder, 1952; 

m, Champsosaurus, after Russell, 1956; 

n, Protorosaurus, after Wt'111 ston; 

0, Tanystropheus, after Wild, 1973. 

Each sca1e = 1 cm. 
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Figure 61. Pelvic glrdle of primitive reptiles. 

a, Protorothyris, after Cl~rk an~ 

Carroll," 1973; 
/ 

b, AraeoBcells, 

atter Vaugbn, 1955; c, Petrolacosaurus,' 

atter Reisz, 1975; d, Saurosternon, 

atter Carroll, 1975a; et 3aedalosaurus, 

atter Carroll, 1978; f, Youn~ina, 

attel' Go"" 1975; g, Heleosaurus, 

\ 
atter Carroll, 1976a; h, ThadeOsaurus, 

j atter Carroll, 1981; 

i, HovasauruB,' .MNHN 1908-3~-45; , 

j, Acerosodontosaurus, after Currie, 1980; 

k, Claudlosaurus, atter Carroll, 1981; 

l, Champsosaurus, ilium siter Parka,' 

1933, pubis and lschlum aiter Er lckson, 
( 

1972; m, Askeptosaurus, aiter Kuhn-

SChnyder, 1952; n, Thalattosaurus, 

pubis and ?ischium, atter Merrl&n, 

19Ô5j 0, Prolacerta, atter Gow, 1975; 

p, Tanystropheus, after Wild. 1973. 
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Figure 62. Tarsi ot primitive rept 11e's. 
Y' 

a., Palaeothyr1s, atter Br1nkmaD, 1979; 

b, Petrolacosaurus, atter Reisz, 1975; 
1 

, 
0, Araeosoelis, atter Vaughn, 1955; 

d, Saurosternon, atter BrinkmaD, 1979; . ./ 
e, Coelurosauravus, ~tt.r Carroll, 1978; 

t, YguDg1na,_ at'ter -Broom, 1921; 

g,., Gales'phyrus, at'ter Carroll, 1976b; 

h, Thadeosaurus, atter Carroll" 1981; 

1, Xenyasaurus, at'ter BrinkmaD" 1979; 

j, Hovasaurus, atter Br1nkman, 1979; 

k, Claud10s8urus, atter Carroll, 1981; 

l, Askeptosaurus, atter Kuhn-Sohnyder, 1952; 

m, Cha!2sosaurus, at~Qr Parks, 1933; 

n, Prolacerta, atter Go., 1975; 

,q, Protorosa~rus, atter W11d, 1973;' 

p, Kacrocnemus, atter Yild, 1973; 
j 

q, Tanystropheus, att~r .ild, 1973. 
( 

Rach sqale • 1 cm. 
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\ 
In l1ght, of the improved knowledge of 

eosuchian anatomy, it is worthwhile ta consider 

the interrelationships within the Tangasauridae, 

and the relationship of the family to other reptiles. 

It has become wid~ly accepted i~ rece~t years 

that a proper taxonomie diagnosis should emphasize 

d~rived or advanced char6cter states (synapomorphies) 

JI 

rather than shared primitive character states 

(symplesiomorphies of Hennig, 1966}. Although 

a cladogram is u~ed to show the interrelationshi~s 

of tangasaurids and younginids, the approach ia 

phylistic (Holmas, 1980)," notocladistic. 

Th, Orlgin of Eosuchians ' 

Protothyrid1d captorhlnomorphs are probably 

âncest<ral to al,~ eo suchlans. ' At l~ast, this family 
'( 

does not have any uniyersali derived charactera 
c , • 

that wou1d bar them from ancestry, of diapaid 

reptiles. Reisz J 1981) has already used shared 

der1ved cha~acters to test the hypotheaes of 
1 

relati'onship between Pal'eothyr1s and· 
1 • 

Petrolacosau~us, and between Petrolacosaurus and 

YOungi)a. As. it 1a necessary to k~ow what charactèrs 
; 

are primitive to appreclate synapom~ph1c changes 

" 1 l ' 
1n eosuch1a~ genera, the, osteology of protorothyrid1d 

captorhinoaorphs (Carroll, 1964, 1969, 19'0; Oarroll '. 
and', Baird. 19'12; 

1. 
" 
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will be reviewed here. 

The skull of protorothyridlds (figs. 49a, 

50a, 51a, 52a) lacks temporal openings and suborbital 

fenestra, and has a pineal foramen. The lacrimal 

extends fram the orbit to the external naris • 

The posterior end of the frontal and posterodorsal 
\ 

corner of the postfrontal are clasped in some 
\ 

genera by rostral processes of the parietal. These 

distinctive contacts are retained by Youngina and 

, 

~ the tangasaurlds. The postorbital contacts the 

parietal in the Protorothyridae, and the squamosa1\ 

torms the posterolateral margln of the skull. The 

quadratojugal, supratemporal, tabular and postparletal 

bones are pre'sent. The palate is' movab~y attached 

to "-the brainease. There is a massive footplate on 

the stapes, and a st~pedlal toramen and ossified 

dorsal proceas are present. There are four to six 

premaxill~ry teeth, fitteen to 35 maxillary (one or 

two ot whieh are caniniform), and teeth on 

all ot the palatal. bone s. The dent 1cles on the 

pterygold are usually a~ranged in two rows on t~e 
\ 

palatal ramua, and are enlarged on the transverse 

" tlange. Generally two coronoid bones are present, 

and there 1 a no retroart ioular proe eas on the 

- artlcul.r. 
1 

There are 29 to 32 presaeral vertebrae. T~e 

;;~ .. 
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neck is short, composed of fiv~ or six cervical 

vertebrae that are shorter than the dorsal centra. 

There are one or two sacral. vertebree, and more 

than fifty caudals. The centra are amphicoelous 

and notochordal. Neural arches are narrow in· 

relation to central width, and have relatively 

low, triang~ neural spines in Hylonomus and 

Paleothyris t and high, rectangular spines in 

Protorothyris (fi~. 54a). The axial intercentrum 

is distinct from the atlas centrum in Hylonomus 

but fused (en advanced character 1 in most other 

genere. In matur~ animaIs, the tuberculir and 

capituler articular surfaces on the transverse 

process are separated by a groove f~r the 

segmental artery, as are the two rib heads. 

Cervic~l r~bs are flattened rods of bone. Thero 

are six tOJeight pairs of long, sllm, posteriorly 

curved caudal ribs that are not fused to the 

centre. The cleithrum iB present" (fig. 5Ga). 

The clavicle ia broadly expanded (1 1 g. 57a) ~here 

It overlaps ventrelly the broad, pl~telike head 

of the Interclevicle. The scapular blede ls 

". 
relatively hlgh (fig. 56a) and has a well~developed 

supragleno~d buttress and foramen •. Both anyerlor 

and posterlor coraooids are present, but fuse int9 

a. slnglè unit with the saepula at matbr1 ty. "The, 

~lenold art1ou1at1on 1e screw-shaped. The sternum 

_. 
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wa a pre aent, but not ossified. The humerus 

is slightly shorter than the femur (Table 9), 

and the epipodials are about two thirds the length 

of the propodials. / Total lengt hs of manus and 
. 

pes are greater than sums of the corresponding 
1 

propodials and eplpodlals. There ia an entepieondylar 
c 

foramen and an entepicondyle of moderate size 

(fig. 58a) in ~be humerus. At least some genera 

have an osslfied supinator process, but there ls 

always an ,eetepieondylar groove and strong 

'j 

eetepicondylar ridge. The ulna has a weIl developed 

olecranon and subterminal sigmoidal noteh, and 

the shaft exceeds the length of the radlus. There 

are eleven earpals (fig. 60a), 'most of which are 
\ 

proximodistally longer than thelr maximum.widths. 

The lateral centrale contacts the third distal carpal. 
. 

T~e phalangeal formula of the .anus ~a 2,3,4,5,3. 

The penultimate phalanx ia longer than the antepenultimate 
r 

bone. No anterodorsal.expansion of the latera1 

surface of the ilium (fig. 61a) la Jvident, and the 

aupraacetabu~ar buttresa of thia bone ia distinct. 

1 
A lateral pubte tubercle, a pectineal tubercle 

and an obturator ro~amen are present, and the 
\ . 

,pubie forms at least a quarter of the acetabular 

surface. Tha~e la neve~~any ev1dence of a thyro1d 

tentstr.. A terminal, anterior articulation, the 

" 
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Y-shaped adductor ridg~ system, a wé Il-def ined 

intartrochanteric fossa, the more lateral extension 
, 

of,the posterior distal condyle in comparison with 

the anterior distal condyle, a distinct intercondylar 

fossa and articu1ating surfaces that extend onto the 

ventral surfaces of the distal condyles are all 

primitive chara~teristics of the femur that 

indic~te a spraw1ing gait of the hind limbe The 

tibia has a well deve10ped triceps tubercle on the 

cnemial ~rest. The tarsus is a flexible mosaie 

of bones with four axes of rotation • .. The astragal us 

has a condyloid process distally, and the lateral 

centrale ls hourglass shaped. Carroll (1969) 

reconstructed the pes of PaleQthyris with à small 
~ 

medial centrale. Reisz (1981) suggested that this 

was an artifact and that the larger centrale with 

'. 
~he hourglass shape repr~ents fusion of the laieraI 

• and medial centrale of pelyco,saurs. It shou1d be 

pointed out that in at reast one,pelycasaur, 

Haptodus garnet t ens i s (Currie, 19',7), the latera1 

centrale seems to be formed ontogeneti~a~ly from 

two centres of ossif1ca~ioh. As pelycosaurk retain 

a medial oentrale, the hourelass shape ot the 
," . 

. , lateral centrale could represent fusion of the 

second an.d third centre.l~a of, amp·hi bians. Therefore 

the shape of. the ·larser oentra1e in Paleothyris 
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r' 

cannot be used to prove that the smaller element 

18 not the medial centrale. The met~tarsals of 

protorothyridids, do not overlap proximally, ana 

the phalangeal formula of the pes ia 2,3~4,5,4. 

" The skin' ls pebbly but does not seem te have any 
n 

" dlsdrete epide~mal scales. The ventral scales are 

short, bro~d and Itwheat-shaped," are arranged 

in rowS wi th up t 0 fi ve ranks per s ide, and do not 

articulate with a chevron-shaped scale bn the midline. 
- 1 

The Earliest Diapsids 

Primitive reptiles of the late Paleozoic include 

pareiasaurs, procolophonians', millerasaurs, mesosaurs, 

pelycosaurs, ca.ptorhinomor'phs and lepi dosaurs. 

Araeo seelt s, Petrolac 0 sauoos and ilosuchians have the 

shared, derived characterij of an upper temporal 

opening, and Quborbi tal fene stra. A foramen i s 

found i,n the poslt,lon of the suborbltal fenestra 
\ 

in pareiasaurs and captorhiuomorphs, but Is only 
, 

~ 

lar/ga enough ta permit passage of T he la t eral 

palatal'ramus of the ~aciai nerve a'd possibly a 

brancp of the in~erior orbital artery (Heaton, 1979). 

The enlargement of this f~ariten into a ~enestra 

in aven the earliest lepidosaurs could indlcate that 

.the pterygoid,vein a1so passed thr~ugh it as in 

Sphenodon and l1zards. Most"lepidosaurs have a 

lateral temporal open1ng J but so do m111erosaurs, 
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j 

mesosaurs and pelycosaurs. Al thoug'h the number of 

deri ved charaèters unit ing the Lepi dosaur la, ia ~ew, 

there are no strong synapomorphi~s 'i6~1dent at th1s 

\ . 
time that would unite any of the lepido8aur components ...-

more closely to any other groups o~ Pal~ozoic 

rept i l~ s. 

The order Araeoscelid1a (WJlliston, 1913) 18 

~ the most primitive level of l~pidosaur known, and 

inc1udes Araeoscelis (Vaughn, 1955), Kadaliosaurus 

(Credner, 1889) and Petrolacosaurus (Reisz, 1981). 

There are a number of d~rived character8 in the 

membsrs ·of this order that indicate they have 

a common ancestor that had already diverged from 

the lins 1eading ta the eosuchia. The supratemporal 

extends anteriorly to the upper temporal ~enestra 
\., 

(figa.49b, 0, 50b, cl, the postemparal fenestrae 

are small, the axial intercentrum 18 fused to the 

atlantal centrum, there Is an Increased number of 

• 
cervical vertebrae, the cervical vertebrae are longer 

than the do~sals, there ls alternat ion of neural 

spins height in the anterlor dorsals, mammilary 

proceE'ses are *~sent oh the anterlor neural splnes, 

a conspicuous lateral fossa excavates the neural 

arch, the 11mb bonee are Blender and hQ110w and 

the ep1podia1s are elonga te. Arae'ê scelidians are 

similar tQ protorosaurlds in the efongâtion O~" tl1e 

neck and the eplpodials. The~e are probably features 

-
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that can be correlated with similar life styles, • 
because araeoscelidlans are very primi ti ve and have 

none of the fifteen derived characters shared by 

younginifor'tIl and prolacertiform eosuchians. 

Some of the signi1'icant primitive eharacters 

retained by the Araeoscelidia inelude: lacrimal 

extends to the external nar~s (fig's. 49b,c)i the 

post orbital contacts the parietal (figs. 50b,e); 

caniniform t eeth in Pet rolac 0 saurus and some 

specimens of AI'aeoscelis; dichocephalous ribs in 

.the ,d,orsal regian; ho,ô'k-sha,Ped anterior caudal 

ribs; ihree scapulocoracoid oSBification~ (fig • 

~ 56b); 'supraglenoi d ~idge and foramen j ,:,xpande d 

clavlcular blade where i t covers diamond-shaped 

he ad of interclavicle '( fig. 5?b); entepicondylar 
1 

and ectepicondylar "foramin, and supinator 

process"{figs. B8b, c, 59a, b) retainedj 11 

carpal elements (figs. 60b, c); supraaeetabular 

.-'ridge, lateral pubic tubercle (figs. 6lb, cl 

,;. 
present; terminal proxima.l art i culation on femuI', 

Y-shaped adductor r.idge ~ystem, assymetrical 

dists,J. condyles; condyloid proc9sB on astragalus, 

dumbell-shaped centrale (figs. 62b, c): 7 tarsal 

elements. ee.eh 01' which 1s longer ,than broad; 

tarsals form' e. flexible mosaie without a meso;tal'sal 

joint. 

'-.: 
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Eosuchian Reptiles 

There are a large number oi' shared, derived 
1 

c heract er s the t ~ni te the arder Eosuchia. Even 

though the order is extremely diverse, the suite 

oi' deri ved characters is not found in captorhinomorphs, 
" 

pereiasaurs, procolo phonia ns 1 millero saurs, mesosa urs, 

pelycosaurs or araeoscelidians. Many of the 

synapomorphie s are corre le t ad wi th improvad l imb 

mechanics,,p but the pl'esence of so many S:}iared 

derived characters in the skull, vertebl'ae, ribs,_ 

11mb girdles and limbs fs a strong indication that 

the Eosuchia ls paraphyletic .• 
- 1'" ~I 1::10 

Tangasaurids'share the ,fol'lowing characteristics 
• 

with aIl eosu~hians. Lateral temporal fenestra are 

present in the skull. The quadrate forms the 

posterior margin of the skull rather than the IqWl1lU) .. l 
I!P 

None of t"he teeth are caniniform, an.d the parasphenoid 

never ha s teeth. Between 24 and 26 presacra l vert ebra«:, 
, 

and two or three sacral vertebree are generelly present. 

The atlantal rib lS lost in aIl but the coelurosauravf'dà. 

Cervical ribs taper to a point distally. The 

- 1 

articuler facets of the capitulum and tuberculum 
-, 

o't a dorsal rib are continuous but distinct. 

Rathel:' than being hook-shaped, thè caudal ribs 
A 

are stralght. The supr~g~enotd buttress and foramen 

are lost slong with the prominent process behind the 

The 
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h,ead of the interclâvicle is t -shaped, and the 

ventral head of the clavicle is narrow. The· 

11mb elements are generally longer than those of 

protorothyridid captorhinomorphs. The ulria has 

a reduced olecranon, and the shaft is shorter than 

the radius in most genera. The external surface of 

the ilium has expanded anterodorsally. The 

supraacetabular buttress of mor~ primitiv~ reptiles 

has been replaced by a strong ridge that bounds the 

oval-shaped acetabulum anteriorly and dorsally. 

Wi th increased development of the -"pectineal" 

tubercle, th~ lateral pubio. tubercle was lost. 

" / 
The head of the femur ia strongly turned 

l' 

pos'terodorsally and there is a prominen"t internaI .. 
t rochant er correlat ed wi th re duot ion of the Y-shaped 

ventral ridge system and fourth trochanter. The 
//// . , 

distal condyles of ~he femur' are subequal, and 

the articular surface is r'estricted to the distal + '" 

surface. There is no ,knob-like process on the 

c~mial crest of' the tibia. Unlike protorothyridids 

and ~aeoscelidians, there i s no condylo~d p.r0ç e ss 

on the astragalus and the centrale ia not 

hour-glaSs shaped. A mesotarsal joint has 

. d-evelope d in all eo su-chiens' except Gale aphyru8. 
, 

The ventral dermel scale~ aré ~hevron-shap.d on 

and needle-1ike 1aterally. 

, , . 
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Taxonomie RelationShips ~ Acerosodontosaurus, Youngina 

and ~ Tangasauridae 

In light of the improved knowledge of the 

morphology of the tangasaurids ,and related genera, 

it is worthwhile to refine the classification of 

these forms. Numbers in brackets refer to significazrt 

\ 

character traits noted, on figure 63. 

Class RE~TILIA Linnaeus 1758 

Subclass LEPlDOSAURIA Dum~r.il and Bibron 1839 

Oi;)der 'EOSUCHIA Bro'om 1914 

Suborder YOUNGINIFORMES Ramer 1945 

Family ACEROSODONTOSAURIDAE 

Genus. -- Acerosodontosaurus'Currie 1980 

Diagnasis. - Skull wider in entorbital reglon than 
, , 

Younglna (fig. 50g; 1); more than 30,maxlllary teeth, a count 

higher than any known 'eosuchian. Ulna longer than radius (2), 

in cantr'ast wi th most eosuchians. , Thyroid feiestra '(3) not 

a amall notch as ,in Younglna. 

Discue sion. There are no acceesory 

articulations on the neural spines (fig. 54f) suah 

as are found in younginids and tang~saurids. 
\ 

Neverthel:ess, a deri ved character i a the carpus 1 

whereby the lateral ce~trale has lost contact with the 

third d,i stal carpel, i s found in these threè :familie s. 

The lengths of two bones, the radius and the :femur t 

- J 
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'1 
are known, and these are close to ,the relative lengths 

of the same elements in tangasaurids. 

" 

Superfami ly YOUNGINOI DEA 

Diagnosis -- Additional intervertebral 

articulations found"'o~ the midline near the base of the 

neural spine {#4}. A pair of' ossif'ied sternal 

1 

"plate s cooss if Y in ta a single unit in mature animals 

(#5 ) • Entepic~\ndyle fl.trongly developed at 
, 

maturity (#6). Proximal head of 5th me,tatarsal expanded (#?). 

Discussion. -- Ossif1ed sterne are f'ound in 
l , 

Araeoscelis (fig. 57b) and paliguanid lacertilians 

(figs. 570, dl. 
l 

-: 1" 
T'he na t ur e or the sternum in 

Araaos/celis ls not 'olear, although it is quite 

d1fferent in appéarance. The otâ'fried sterna of' 
~ ff"/ 

pal1guap.lds may lndlcat e sharecLdiIl,cestry with 

younginoid eosuch.ians. This ,hypothef!lis la supported 

by the presence of' accessory intervertebral articulat ions 

in Sauro sternon (Carroll, 19?5) and a weIl developed 

entepicondyle. Young1noid eosuchia..ls .lack the 

special~ized character.,s ot the skull (rigs. 49d, e, 
1 

50d, e) and ske'ileton, scapulocoraooid 'and taraus of 

paliguanida. 

Fam:iÎy yOUN(}INIDAE BrQom 1914 
, , 

Genus. - YounSina Broom 1914. 

DiaSnosis. -- Zygapophyses ot anterior'dorsal 

Tertebl'oa'e extend laterafly beyon'd t,he oentra and, are 

.. ~, .•. 

! 

1 
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, 
incH.nad at low angle t'rom hor i ~ontal (Ha)., 

, 
,Iliac b lade short ana almoat vertica l (fig. GU) 

(fl9)i small ~hyroid fenestra l>resent (10)., 

Humerus relatively short (11). 

... 

Discussion. - Numerous specimens al'e knofln, 

but all show a degree of oasifi cation that auggests 

lmmaturl1;y and prevents a full understanding of Many 
;\! • , • . ~ 

rf'eatura s. The skull ia r~lati vely long (lOx) and - , 

has about :3 premaxl1Jaary, .. 15-23 ma.xillary'and 20 
, 

dentary teeth. The neural sp:Lne s a"re low and rectangular 

Jflgs., 531', f.~4e).' The humerus ls about the 'Same l,éngth 

as that of Paleothyris, but ''the remaining limb bones 

are ~bout what 16 ~xpected in youngi"niform eosuchians. 

o • 

The humeru8 la only 70~ the lengt,h of the temur, 

compared wit h '75~ in immature Hovasaurus and 110~ 

iD mature 'ffova§8u.ry.s. 
~"._"' .... _-- --_// .. 

J ~ 

Family TANGÀSAURI DAE Oamp 1.945 
1 

Dlalno'sl s . .:....t. Front~ls narrow between orb~ t s 

. 
~ (12); 'posteromadia1. corner, of prefronta 1 separa.t ed 

. l'rom orbi tal rim by ante~olateral process of frontal 

(13) j jaw art iculat ion anterioI' to occlpl t a~ condyle 
~, 

(14);quadrate almost 'as wlde aS"it Is high (15). 

'. Ossified 8"ca.p~lal' blede extends ~e8S ,:th8~ 5,O~ of. 
, , 

the way up 'the. 'body wall (16') j coracoid ·la-rger than -, . 
8capular 'blade (17); cle1thruJll J3..Urved (lB). Relatl.ve 

\ 
-~' le:D:8th of h~ .. er,us 18 h1gh '80 t ha.t th1s bons ,is 
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, ~ 

as long as or longer than the femur in mature '~ 

animaIs ,( 19). Firth distal tarsal l'ost as a 
1 

d'isérete element t~igs. G2h, 1, j) (.20). 
:-'~ 

DiscÛ"esion.; - This family includes terrest'riaJ.' 
'l-' 

and aquatic forms. ThE! greater proportional ,1ength 

of the humerus ls attained thro~gh elongation .of 
,~-

this element and not shortening of the other long 

limb bones. The fifth distal tarsal has apparently 
., 

fused into the fourth (Harris and Carroll, 1977.). ,--
The pr~?Clmal head .. ~f metatarsal Vis expanded to 

at least .5 of. the total length "of the ,'bone. 

Sûbfamily K~NYASAURINAE 
: , 

____ ', ",1";.. • .... ( 

Genera. -- K~nyasaurus Harris and Carroll 1977 
1 

Thadeosaurus Carroll·!981 

" DlagnosiS. -- 1~-28 pair~ of éaudal rïbs and 

transverse proeesses, all of which taper distally 

( 21) • 
D 

Discussion. Kenyasaurine tangasaurids do not 
1 

have the aqua t ie spee1ial izat ions seen in tangasaurine 

genera, and were probably terrestrirlJanimals. The 

taU ia composed of, fewer than 56 vEl'r'tebrae. Only.the 
./ 

/ . .-
paligua~id Saurosternon has su~h a high number of 

oaudal ribs and .~ransve~~e processes as the kenyasaurines. 

Most eOBuchi.ans have twelve or fewer. The lateral ~\rgin 

of the basio~cipital ls separated t'rom the opisthotic 

by the baaisphenoid-patasphenoid complex j but it la , 

,',' '",,' "-- 'f 
r 
l 

! 
j 

1 

-1 

1 
l' 

Dot known how widespread thls ~rait ia among'the Younginiformes • 
o 
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'igure 63. Cladogram showing the possible • 

re1ationships between Acerosodontosaurus, 

Youngina and the Tangasauridae. Numbers f 

In.brackets represent significant derlved- 'j' 

characters and are explained in the text. 
j 

'. 1 

, / 

Younsinoidea 
.. 

Ac.rosodontosauridae 
1 
Younginldae 

1 

Tangasauri dae·-

Aceroso dontosaurus 
(1-3) 

,}.. , 

Young.lna 
(a-11) 

\ 

Kenyasaurinae Tangasaurinae; . 
Kenyasaurus, ~angasaurus, 
Thadeosaurus .' Hovasaurus (2\. 724) 

7°) JI /.7) 
Contact lost -between 
lateral centrale and' 
th1rd~1 carpal 

.. 

1 
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Subfamily TANGASAURINAE Pi~eteau 1926 

Genera. -- Tangasaurus Haughton 1924 ilt, ....... --.~ 

Hovasaurus Piveteau 1926 • 

. nfagnosis. - Neural s'pines high in dorsal 

ragion but ewen higher in the proximal and Mid 

caudal vertebrae (figs. 55d, e) (22). 12 pairs 

of caudal ribs; anterior caudal ~~bs expanded 
...... J..~, 

distally ("23 ). Raemal spines expanded into 
'1 

platelike s,tructures ( 24 ). '- ,,""" 

, Discussion. - There are 5 cervical, 20 

dor saI and a t least 70 caudal vert e brae. The 

h'aight of the neural spine s in the cauda.l vertebrae .. 

ls 1.55.! in Tangasaurus and 2.25x in Hovasaurus. 

Hovasaurus ls more s'peciali'zed in that there are 

mammilary processes on the neural spines of t'he 

anterior dorsals, and the ribs are slightly 

pa.chyostotic. The distal end 'of the second 

sacral rib does not bifurcate as it doea in 

Youngina and prolacerta (Gow, 1975). The 

clavicle overlaps the ventral tip of the 

cleithrum anteriorly, whereas ~n protorothyridid 

captorhinomorpha the cleit hrum fi t s into a weIL 

defi1;led gr;Dove ~n the ~nteromedial margin ,of the 

~lavicular stem (Clark and Carroll, 1973). The 

primitive arr~ngement ia retained by Petrolacosaurus 

(Reis~, 19B1), but the situation in other eosuchiaqa 

18 unknown. Large numbers of ingested pebblE)_s in J 
/ ~ 
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Hovasauru! were_probably used for ballast. 

Relationship between Coelurosauravids and 

Tangasaurids, " 

In many :t'eatures, ~oelurosauravills are the mfst 

primitive of eosuchians. There are 29 presaeral 

1 

l 

i_ 
verte'brae as in protorcthyri di ds, and the atla s -r~l-b~i-~S=~===~_· J -
apparently retained. Limb elements are the same relative 

.----lengthl1S (Table 9) as. thoee {)f c prat orothyri di ds • In other 
\ 
1 t 

oharaoteristics, these animaIs are highly specialized. 
, 

The maxilla enters the orbital margin (figs. 49f, 0). 

The quad~atojugal of Weigeltisaurus is relatively large 

with distinotive toothlike projeotions (fig. 490), 

and there is some evidenoe to suggest that those of 

CoelurosauraVUB and Daedalosaurus (Carroll, 19?8) may 

have been the same. The rib~ of Daedalosaurus and 

Weigeltisaurus are elongate (up to 30 times the length 

of a dorsal centrum) presumably to support a gliding 

membrane, whereas those Coelurosauravus are only.3x 

in length. Th~ ribs of tanga~aurids and ~ost other 

Permian eosuohians are abo~~ ?~ lo~g. Coelurosauravids 

are cle~rly not 0108ely related to the Tangasauridae~ 

Relationship ~ Galesphyrus ~ ~ Tan~asaurldae 

Only two partial skeletons have been ld~ntlfled 

as Gal~sphyrus (Carroll, 197Gb). The pr~sence of 

holocephalou~ riba, straight caudal ribs, a single 

- - ---' ------------------::----_. 
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centrale in the tarsus and an advanced type qi 

femur clear1y indicate that this animal le an 

eosuchian. Carroll (1976b) assjgned the genus 

to the Younglnidàe, but Gale s phyrus i s more 

jprimi t ive than any you~gin1form or prolacerti·form 

eosuchian. The carpal an'd tarsal ele~ents are as 

elongate as those/ of protorothyridids and araeoscelidlans. 

A mesotarsal joint has not developed, and the ~ 
1 

proximal heads of the metatars~ls do not overlap 

(Brinkman, 1979). The head of metatarsal V is 

narrow; its width is about a third the total 

length of the bone. The hum~rus ia relatively 

shorter than tha't of Pa1eothyris, 
.' 

the radius and 

femur are the same relative lengths as those of the 

captorhinomorph, and the tibia is intermediate in 

le~gth to those of Paleothyris an~ more advanced 

eosuchians (Table 9). There are no derived 

characters known that can prove that Galesphyrus 

ls not the ancestral morpnotype o~ both younginiform 
1 

and prolacertiform eosuchians. 

Relationship ~ Heleosaurus to Tangasaurids 

The bladelike teeth with cutting edges along 

the anterior and posterlor surfaces, the loss of the 

coronold, the presence of a sixth c~rvical verte~ra 

and'elongation of the cervicals to the same length 

1-,a8 the dorsals are derived characters that are not 

- J 
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found 1n youngin1 da or tangasaurids. Carroll (19?6a) 

has suggested that this genus is close to the ancestry 

of archosaurs. It does not appear to be closely 

. relat ed to younginids and tanga sauri ds. 

Relationship of Tangasaurids ~ the Prolacertiformes 

Members -of the suborder Prolacertiforme~ have 

become highly specialized in many respects. The 

lower temporal bar is lost (figs. 49m, n), the 

squamosal 1s tetraradiate (s1ckle-shaped in! 

Tanystropheus), the quadrate is streptostyl~ with 

------an offset pterygoid flange, there 1s no stapedial 

foramen, the teeth are implanted in sockets,. the 

vertebrae are amphicoelous, the cerv1cals are longer 

than the dorsal vertebree (figs. 53k, 1) and number 

m~re t han seven, and the entepicondylar foramen is 

lost. In at least one respect, the retention of 

contact_ between t he post orbital and par1etal, the 

prolacertiform eosuchians are less specialized than 

---the Younginiformes. Clearly these two suborders 

have diverged considerably. 

Relationship of Tangasaurids t'o other Aguatic Eosuchians 

Aske;Et 0 saurus and.Thalattosaurus are h1.ghly 

.!# 

specielized marine rept iles that have elongate 
----- \ 

premax1l1ae (figs. 49k, 1), external nares '·pl,:ced far 
~ ... 

... back from the anterior ptargin of the skull, nasels-

--~._ ..... _---
~-, ., ~.,. ,... -- .~- _ ...... "...... .... 
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separated by premaxillae and f:tontals (figs. 50i, j) 

and upper temporal fenestra that are reduced to a 81it • 
. ' \ 

Askept 0 sauru s has 14 cervica,l vert ebrae and 25 

dorsale. The humerus, radiu~ and tibia are relat\iVal'y 

Sharter than in any other eosuehians. There ls a 

large thyrcd d fene stra. The presence of, thecodont 

teeth, 'amphicoelous vertebrae and an elongate, neek; 

and, the loss of the firth distal carpal and the 

entepieondylar foramen suggests that thalattosaurs 

are mol' e cIo sely related t 0 prolaeert i form eosue hians 

than to the Younginiforme s. 
} 

Champsosauns have many derived eharacters not 

found in other eo~uehla~. The post'ero~ateral 

'ma:rgin of the skull ls greatly expanded, and t,he 
: " 

confluent external nares àl'e located at the end of the 

elongate snout (fig. 50k). The prefrontals ~ontact 
v-

I 

each other 'on the midline, 'and the posttemporal 

fenestra i8 lost.) As in tangasaurlds-,---th& ·rl·b-a--·- . -

'are pachyostot i,e, and th e eplpodlals are relat i vely 

shorter tha'n the' pro'podials (Table 95., These are 

\ -
charaeters'"p.eveloped in response to an aquatlc life 

style however, and do not indica,te relationshlp. 

The Ipos,torbÙal-parYetal contact, lOBS of the 

enteplcondylar for!lmen, the presence of a. hooked 

fifth metata;sal (fig.,62m) and other similarlties 

! 
·suggest that cha~psosaurs are more elosely relat ed 

ta the Prolacertifarmes than to tangasaurids. 
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Figure 64.· Phylogenetic ch~rt showing the 

1nte:çrelat1onships of eosuchians 
:1\ 

a.~d their de scendan ts. 
j ~ 1 

l, Pr~torothyrididae j ,:A -' 
j2, Ara~osoeli di/l; 

~. 

3, Coelurosauravidae~ 

4, Galesphyrusj 
) 

5. Acerosodontosa urus, Youngina ;jTangasauri d\e; 
,-~~--,I' , . • , 

6, Prolacertif'ormes; 

7, . Thalatto8a.qr~a;· 

8, Champsosauridae. 
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EOSUCHIAN DESCENDANTS 

Eosuchians have been considered as the ancestral 

stock of both archosaurs and lizards ever sinee 

the discovery of Youngina (Broom, 1914). The oclgin 

of these and other diapsid lineages have proven to 

be complex prob1ems that are not within the scape 

of this investigation. However, it 16 worthwhlle 

to determine if tangasaurids could have g1ven rise 
j 

ta any other groups of reptiles. 

~ Origin of Lizards. -- Carroll (1975a, b~ 19??) 

has preposed that the Permo-~riassic pa1iguan1ds 

----- -ot South Africa are ancestral te th~ Lacertilia. 

He has ~ovisiona11y placed the Paliguanidae, long 

considered as eosuchians, into the infraorder 

Eo1acertilia. There are many derlved characteri, 

sueh as a streptostylic quadrate, -shared by paliguanids 

and more recent lacertilians that-âre not round in 

eosuchians. These have been d'iscussed in detail 

by C~rroll (19?5a, 1977) and will not be reiterated 

here because they shed no, light on the origin of 

the paliguanidae. , 

Palaeagama, Paliguana and Saurostern6n are 

the three known genera of paliguanids. A specimen 

trom South Africa that was originally described as 

Baurosternon (Owen, 1816) w~s renâmed HeleosuchuB 

by Broom (1913). The original specimen-has been 

,----------"'""'''"-- - ..... --......--"~",,. ... 
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misplàced, but on the basis of a oast Carroll 

(1981) has suggested that thls animal ls a younglnid. 

, In contrast wi th paliguan'lds, the lower temporal 

bar la apparently complete (Carroll, pers. comm., 1981). 

However, the akull of thls animal ia broad', about 

85% of Hs length and about seven times' the length 

of a dorsal centrum. This Is very close to the 
~ 

estimated skull proportions (wld~h/length = .~5) 

and wi dth (6~) of Pala~agama, (Carroll, 19758.). In 

contrast, the akulls of Youngina, Heleosaurus ,: 

Acera sa donto saurus and othe r ~osuch 1a1).s are, mors 

elongat e' ~nd narrower (3:x-5x). The neural spin,es 
l - - , 

are low and tr,iangular, whereas those of young~nids 
\ ~ , ,-

and tangasaurl da are relat 1 vely taller an d \ l'" 

rectangular in outline. :rhe abso!ute sizes and 

proport Ions of the vertebrae a,nd limbs are ,very 

close to those ot Palaeagama (Table 9). Beca'~se of 

1 
the pOOl" preservation of the only known apecimen of 

~ 

Heleoauchus, it ia not possible to deterÏnine w;ith 

ce~tainty whether this genuS ia a pa iguanid or , , 

an eosuchian. If the latter identification Is 
1 

corr'eet, this animal mU,st f1~ve "De en close to the 

ancestral st oak of pallguani da. 

The parietal does not contact the postorbital 

ln paliguanids, which auggests (but doea not prove) 

relat ionsh1p w1 th younginiform eoallch1ana. In 

----------_.~--"-- -" - - -. "" " -" - -;,-- ---------"- -
j, __ ~ _ _... ___ • ___ ..., _ "" ... ~ __ ,,_ .... _1''' M"" " ..... _ ........ ..-__ ..... __ ",E ..... _ .... . ,...~ ....... ~._-,.,-,-............... --
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contraat witb prolace7til'orm eosuchians, the 

. 
entepi condylar roram"en, the f if'th distal c arpal 

and the firth distal tarsal have l>e~n retained, 

and the vert e brae are notochor da!. The ne ok is 

short. There are only l'ive cervical vert ebrae and 

aIl ,are short er t han the dorsal cent ra as in 

younginids, tangasaurids and t_h~ncestral 

protoro thyri d 1 ds. 

Pa1iguanlds abare a number of apparent 

synapomorphi es wi th younginids and t angasaurids. 
, 1. 

As in Hovasaurus, the Jaw art i culat 10n i s 

anterior to the'posterior lIlargin ot the skull 

(figs. 49d, e, 50d, e). The interorbital to 

1ntertemporal width ratio (.6) ls close to that 

of tangasaurids, whereas 1Il0st e08uch1ans have 

a h1gher rat i o. Acce.ssory art 1culat 1ng processe s 

are found on the midlïne or the neural arch fn 

S~urosternon (Carroll, 1975a), but becaus e the 

neural spine is sa low in paliguanids, these 
1.. 

prooesses do not look like those of Youngina and 

the tangasaurids. The scapular blape of Saurosternon 
) 

ls very low like that of tangasaurid's, but in 

oonîrast with Youngina. The sternum (fig. 57c) 

ls ossif'ied 'in pali-gUan1ds, and fuses lnto a 

single unit at maturity as in tangas6urids. The 
\, 

humerus 1a :reletively longer than those of' Youngina 

/ 
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and more primitive eosuchians~ (Table 9); but 

shorter tban° any tangase.urid hulll.erus. The .paliguanid 
1 

specimehs are re~a t i vely mature , but the h,umerus' 

'of each ie et" least 15% 'shorter than the femur. khe' 

radius and tibia Eire m?r~ elongate ,th'an those of, 

younginids and ,tangasaurids, and the femur 1s· 

-l;'elatively longer than in any eosuchian •. -Limb 
------~. 

~rOPQrt1ons ~n4 size Bugges~that palig,uanid13 were 

Q " 

more aff icien t as t errestr1al animal s than 
i 

younginid and_:tangasaurid e.osuchlans. but do not 
, . 

dlsprove rela tionship. 

The possible retention of two primitive 

, 
characters cbuld falsHy the hypothesis that 

.,~ 

pal1guanids are more clo sely rel àt ad t 0 ,th e Youngino1dea 
) 

than te an~ other eosuchlans." 'In Pala'eagama: 
\ 

(fig. 49d), the lacrimal is shown as extending ta 

the erternal naris. This region of the'specimen; 
, 

le poorly preserved (Carroll, 1975a) however., 

Because the 1aorimal extends to the external narlS 

in only tne IllO st 'primi ti ve eosuchlans, 1 t ls , 

possible that this detail of the reconstruction ia 

incorrect. As reconstructed (flg.·60d), the 
1 

1ateral centrale of, Saurosternon contacts the third 

distal carpal. In Acerosodontosau..rus and the 
Q 

tangasaurids, th~ se bone B are sepax-a t ed by the 

'm.edial centra~e and tourth distal carpa!. However, 
, . 

. ;~i. "',. ~ .. ~ 1-oC''-''-'' -----

• d r ~ 'tI~!~~; , .' 
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" the carpus of Saurosternon does not show the 

relationship of the various elements, 
1/, , _ 

so i t 18 

p08s1bl~ ihat the same arrange.ent existed in 
~ . , ! 

> -

paliguanids and ~angasaurlds. This hypothesia 

~ 

18 supported by th~ fact that the med1"i centrale .,,-

of Sau'~osternon, ls almost liouble t-he size of th~ 

·laterai ,centrale. 

It appears highly probflb~e that the' earllest 

known lizards~ the railguanid~e, were closely 

related ta 1'ounginids and t~n~a~r~d8. 1 

ru Orisin ot ArCho[.nr~.;~-J I~ hi. r.description 
$ -., \ 

of Heleosaurus, Carroll (1976a)\tSUggested that this 

~,n>1"al may be closer to the ancbstry of archosaurs 
~ ~ i 

than any other easuch~an known. The bladelike, 
7'~'" ' 

,. 
~~ finely serrated tee~h are set in sockets and/are 

1 

not di~tingU1Shabl~ f~om thoae,or,the ~rchosrur 

Euparkeria. Both Heleos;B.urus and ar_chosauI's have 
~I 1 

; 

lost both coronoid banes, 'and other Iess aignificant 

/, /s~milarl t 1 es exl st. Etl sting evi den,ce suggest s that 
) 

.Heleoseurus Is & younglniform eosuchian. However, 

oharacteristics of the skuil roof and tarsus that . , 
;7are .us~d ta clistingulsh the two tiiajor eosuchian lineages 

1 \\ , .. • 

a'l".e not pre ser,ved in 'the -only known' spec Imeln, 'so it i S 
. f " ' 

possibl~ th~t Releosaurui 1s 
, 

a prolacertiform eosuchian • 
.' 

In el ther. oase, t his animal i s not close 11' r.elat'ed to 
[ 

, 
tangas-aurids~ 
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There are alternate theorles o~ the origin of 
~\~ 

archosaurs. Gow (1975L~f like ;~nj:à~~,~er autho~s, 
has notAd the simi1ar~ties between prolacertitorm 

" 1 

eosuchiana and primitive archosaurs. Brinkman (1~?9) 
1 

concluded that the tarai of prolacert1f~rm eoauchians, 

)p\,imitive rhynchoaaurs and.,prirnitive archosaurs 
, 1)Q 

, are st ructurally the saza-e ... '-

No charactera are'-':~wn' to suggest that 

'. "ianï3.8Saur·idS are clo se t 0' ~~. ancestry \ 
of' archosaurs 

\ 
," r 

1 or rhynchoaaurs •. 

~ Origin of sauroPt~rygians. Examinat fon 

,of the situll of the nothosaur Anaro sauru s puro!li 0 

. 

(fig. 65) lad Jaekel (1910) to the' conclusion that 
, , 

sauroptery.gians were descendants of 'diapsld reptiles. 
;. l ' 

"Kuhn-Schhyder (196,2, 196'7) has also stated that 

diapsids were the precursors of nothosaurs and'p1esiosaure. 

"0It reasons discussed by Carroll (l 9181), most 
\ 

palaaontologists have looked elsewhere for the ancestry 

of sauropterygians. 

In 1955, J. Plvetealit announced the dlscovery of 

~wo specimens from the Upper Permian of Madagasc~r 

representing a very primitive level of sauropterygian 
.J 

evo];utiOi. G1audiosaurus (Oarroll, 1981) iB alearly ! 

derlvad fra~ e9Buchian reptiles~ The sauropterygian 
tI 

o _ 

Oha,ract erist ie S 0 f' this genus have been descri bed 

in detail (Ca~roll, 1981). Consequently, only the 

~ , -', 
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F.igure 65. Anarosaurul1 pum1l10. Recohs,tî'uct1on 
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ot the ekull in dorsal, ventral and 

'lateral views, based on Noposa, 1928 

and specimen draw1ngs br Cait'roll, 

(unpublished) . 
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eosuchian affin1ties will be oonsidered here. 

Claudiosaurus (t'ig~1 50h), primitive nothosaurs 

(tigs. U ,66 ) and plesiosaurs resembie younginiform 

c, eosuchians in the loss of contact between the par~etal 
1 

and postorbital. The configurations of the ci~cumorbital 

bones, partioularly the frontal. are similar to those 

') 

in youngi ni d an d tangasaurid eo such,ians. Th ere are no 

8ccessory articulations at the bàse of the neural spine, 

and the sternum is not ossified (fig.-57k).- The humerus 

1a phorter and more graoile than the tangasaurid hpmerus, 

but the other long limb bones are comparable in lengt~ 

The primitive articulation between the lateral centrale-

and third distal c-arpal Is persistent (fig. 60k). The 

J 

mesotarsal joint (Brinkman, 1971) ia aimilar to that 

of Hovasaurus, although there are some minor differences 

that suggest divergence since ~e development of the joint, 

The fifth metatarsal is not hooked, but has' a wide proximal 

head as in younginids and tangasaurids. Claudiosaurua 

~ . may be more closely related ta younginlform eosuchians 

than to, the Frolac ert i t'orme s, but- ls not deri ved from 

tangasaurid sto~k. 
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Figure 66. Pachypleurosaurtrs edwardsi, speoimen 

/ 
drawing ot ekull (KaZ). 
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CONCLUSIONS 

1. Four genera of tangasaurid eosuchians are known ' 

trom the Permo-Triassic strata of Afr1ca and 

Madagascar. Specimens from Madagascar that were 

originally ~dentitied as Tangasaurus and Datheosaurus' 

are now assigned to Thadeosaurus. ThadeasaMrus 

and Kenyasaurus are not specialized for swimming 

to the degree that the other two kno~n tangasaurids, 

:Tangasaurus and Hovasaurus, are. 

2. Tangasaurid specimens from Madagascar are found 

in the Lo~er Sakamena formation. Pollen, spores, 

macro plants, corals, bi valve s, ammonite s -and f 1 sh 

fossils have been used ta show that thls formation ls 

equivalent to the Dzul~ian Standard/Stage of the Upper 

Permian. The Tangasaurus bearing beds of Africa are 

cansidered to be ~quivalent in age on the basls o~ 

\0 • 
lithologieal similarities and p-lant fossils. The 

strata fram whlch Kenyasaurus was recovered is ) 

j 
considered to be Lawer Triassic by Most authors. 

3. Tangasaurus, Kenyasaurus and Thadeosaurus are 
l ,"'\. 

each known from a single site. Hovasaurus is known 

tram at least three localitles, and'is the Most 

common in the Lower Sakamena formation. 

4. Faun association data suggests that there were 

at least distinct palaeoenvironments. Thadeosaurus 

j 
.1 
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and Hovasaurus were apparently aontemporaries living 

ln the samé general region, but lived in different --
environment s. 

t 
4. Comparative measurements aan be used t9 identify , 

-individuel, partial skeletons of Thadeosaurus and 
) .. , -

Hovasaurus that Iack diagnostic charaate~s in. the 

preserved sections. 

Two systems of relative measurement, based on 

the orthomet rie linear unit and the ave,rage length 

oï a dorsal centrum, '\IIere ';f';ound to be useful for 
- , '; :'~ 

meking comparisons batween ~~fure specimens of different 

genera. The two systems cprrelate weIl, although 

neither has biologieal slgnificance for dimensions 

cpntrolled b~ the animaIs' weight süch as the shaft 

~ -----widths of 11mb bones. Regression analysis had tà be 
1 

us&d'for comparison of immature specimens. 
1 

The ratio of adult length to hatchling length 
/~ 

-
was ~nalysed for 38 extant sp~cies of lizards ~nd 

crooodylians and was found to be equivaltent to 
"'\. 

2.70 t .003(adult length in mm) mm-le 
J 

From this formula it was determined that the smallest 

known Epecimens of Thadeosaurus and Hovasaur~s were 

not hatah~lpgs, but probably were less than a year 

old when they died. 

The presence of long growth series for these genera 

presents a unique ,opportunity to s~udy differences in 
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growth strategies in two c108e1y re1ated Permian 

genera, oné 
! _;.e 

waa essentially terrestrlal and the éther 

aquatie. 

es calculate4 might better be 

-re1'erred to -as T4e amount of 

~ l , 

cartilage in the majority of endochondral bones cannot 
L_~~' ._____-"" 

be measured, but a rough estimate of cartilaginous 

oomposition wai calcu1ated for the humerus of ea6b 

J 
genus. Humeri of immature specimens of Thadeosaurus 

and Hovasaurus had car~ilaginouB ends making up to 

16% of the total length of the bones. Because the 

amou~t of cartilage in the 11mb bones of both generà 

aeeme to be equivalent, dlf'ferencés in the' growth , 

rates of the ossified portions of the same bones of 

Thadeosaurus and Hovasaurus are biologically 

signlf lcant • r 

5. A new genus and species of eosuchian, 

Acerosodontosaurus piveteaui, la described. This 

\ 
animal ls not a tangasaurid, but ia a relatively 

unspecialized younginiform eosuchian. A derived 

character, loss 01' contact between the laterel 

centrale and third distal carpel, ia found in 

Acerosoaontoaaurus and the Tangasauripae.'-'This 

probably indicates common ancestry. Acerosodontosaurus 

18 anatomically primitive enough to be close to the 

~ ~~ ... - .. .,.- --~--- , " 
-~- , ,---
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/ --.. 
ancestral form"\of younginids and tangasaurids, 

J 

although the presence of several specialized 
:---

characters Indicate that it was not the ancestor 

itself. 
J • 

# 
, 

6. The type specimen of Youngina shows that this 

genus is nat as primitive as is generally thought. 

Accessory intervertebral articulations are found 

at the bases of the heural spines, and their 

----pr~sence allie:" this animal with the tangasaurids. 

Youngina is~close to the ancestry of tangasaurids 
.. 

and possibly paliguanid lepidosaurs, but ls not 

directly ancestral to any known t~xa. 

...,.>li,\, ' 

" J' 

7. Specimens from Madagasç,lir that .nad been ident i f le d 

as Tangasaurus have been reassigned ta three other 

genera. The majority are Juveniles of Thadeosaurus, 

and indicate that th1s animal was a tangasaur1d. 

Anatomicsl charact er1st le s not seen in tha spec imans 

descrlbed by Carroll (1981) are deslribed here. 

Thera ara significant differences iL the allometrl0 

grawth patterns of Thadeosaurus and the 0108ely 

~ 1 > 

related but more specialized Hovasaurus. 
1 

8. The type specimens of Tan5âsaurus are redescribed. 

,. ~ The tail 0 this animal la specialized &s a swimming 

appendage, ~t not to tihe degree seen in Hovasaurus. 

" 
Regression analY~is shows that the 11mb elements of 

1 

/ 

b 

\' 
1 
! 

• ,j 

l' 
i 
l 



1 

1 
!' , 
! 

j 

1 

! 
1 

397 -

both genera are the saMe relative lengths except 

that the fourth üigit of the pes is relatively 

shorter in Tangasaurus. 

9. Hovasaurus i8 represented by hundreds of~ 

specimens, both Juveniles and adults~ and . 
,f 

therefore should be the b~st known Paleozolc 
1 

reptile. The original d~scriptiou (Piveteau, 1926), 

although well illustrated with photographie platesL-' 

was based on only seven, immature specimens however. 

Thi,s paper, the first detal1ed descriptiion of 
1 

Hovasaurus, reveals that th1s genus is more 
1 

Interesting than previously suspected. It ls the 

most highly adapted of the known tangasaurlds for 

sw~mming. The skull is only partially known, but 

1s more special1zed than Young~ in that the jaw 

suspension slope8 - anteroventrally.,. The palatal 

teeth are long, slender and recurved dlstally, 

showlng that Hovasaurus was carnivorous. The neck 

'\ 18 short, and the taU lB at least double the 

snout-vent length of the body. Accessory intervertebral 

articulations are present throughout the vertebral 0 

column as in Youngina and other tangasaur1ds, but are 

more comP:icrted. ~1l-e neural spines in the pre sacrum 

are taller than in oth~r known eosuchians, and bear 

mamm1lary processea in the ~nterlor dorsals. The 
• ~ .. _ Il • 

cau'dè); neural spine a ar-e tallé~"- t'hfl.n the pre sacral 

.-' 
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1 

ones, and are platelike and laterally ~ompressed. 
1 

, " 
The haemal spines ~imic the associated neural spinss 

in size and shape. There i's no doubt that 'the ta!l 
1 

j 

was a powerful swimming appendags
v

' The ribs, liki 

those of sorne aquatic reptiles, and mammals, are, 

pachyostotic at maturity. The dorsal pQrtions of 
" 

the pectoral girdle are reduced, and t he vent raI 

bonea a:t;.~. relat i V!31y Qlarge and platelike. This 

would serve to lower t~e centre of gravit y for 

increase d st abi li ty 1 n th e-' wa ter, and toi ncresse 

the areas of attachment fo~ muscles associated with 

th~ power stroke of the front 11mb, The humerus 

la longer than thoae of other eosuchians, ~nd 

'I.~""X , 

excaeds the length of the femur. It superficlally 

appears primitive, but analysis of the morphology 

and mu~cle insertions Ind1cates that the front 11mb 

1 '.~ 
waB mechanically more efficient than that of 

captorhinomorph~. The radius is almost haIt the 

" , 

J 

length of the humerus and the manus ia more symmetrical 

than in terrestrial"eosuch1ans. The front limb ~s 

paddle-like in shape, and would hav~ been·used 

for awimming and for direction control when swimming. 

The hind limb ia mechan1cally as efficient, tor 

terrestrial locomot ion as mo st e osuch~ ans and has 

'no" characters te ind-icate that 1 t was usad for 

8wlmming. The abdominal cavity of Most spe~lmenB 
1 

--'includes enough 'ingested pebb1es ta have raissd the 

.' ,._--_._-----------~-------~-:-"---_ ... 
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spec1fic, gravit y of individuals by five to ten percent. 

The pebble mass ls posltioned to shift the cent~e of 

. , 
gravit y posteroventrallyfôr greater stability when 

Bwilflllling. 

10. Anatomieal evidence suggests that Thadeosaurus 

was primarily a terrestrial animal, and Hovasaurus 

was main1y aquatic. ' -tJ.n1ike mast aquatie g~Jera, the 

replacement of cartilage with bone did not 'accur at 

a slower rate in Hovasaurus than in its terrestria1 

reletive. Neverthe1ess, the limbe of Hovasaurus 
, 

are relatively shorter than those of Thadeosaurus 

at birth. Allometric grqwt~_rates are similar in 

vertebrae and limb girdles, but are significantly 

higher in the limb ~ones of Havdsaurus. Usually 

if there are differ~ in allometrie g~awth rates 

in two cl08e1y related animaIs,' the smaller farm 

will have the'higher rates because al10metric 

coeffIcient s that differ marked1y from 1.0 are 

strong1y si~e/limiting. In mature specimens, the 
\'" J 

limt ~lements of/~ovasaurus are relatively longer 

than thoae of Thadeosaurus and cou1d ha~ ~unctioned 

It 18 possible th~ a newborn as efficiently on land. 

Hova8aurus entered the water as sea turtles do, . and 

se1dom ventured ento land unt!l mature. Adults may 
" 

have spent more time on land ror matin'g,l laying eggs 

(' 

{ > 

and/or range dispersal. 
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1 

11. The improved knowledge of tangasaurids makea 

(it worthwhile to consider th~ relationship of this 

tamily to other eosuchians. The most signifieant 

synapomorphy of lepidosaurian" reptiles is the 

presence of bath upper temporal and suboxbital fenestra. 

, The ~osuchia is defined by a suite of at least fifteen 

share'd deri ved charact ers, and is probably monophylet ie. 

Tangas~urids are younginiform eosuchians, and are 

- , 
united with the Younginidae into the superfamily 

Younginoidea. Onlyone other eosuchian, Aceros.Qdontdsaurusf 

seems te be closely related to the tangasaurids. 

Two subfamilies are recognized in the 

TangJsauridae. The Kenyasauritlae, whieh includes 

Thadeusaurua and Kenyaaaurus, are essentially 
1 

terrestfial animal s. Tangasaurus and Hovasaurua are 

united as the Tangasaurinae on the basls of the 

speeialization'of the ta il as a swimming appendage. 

Among eosuchian descendants, only paliguanid 

l!leertilia,ns might have come from reptiles 

cl?sely related ta t~ngasaurid~. 
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Table 1. Vertebral measur~ments of the holotypa 

of Youngina capensis (AMNH 5561). ft 

has been assumed that there was a typical 

presaeral vertebral count o~ 25. , 

C = caudal, S = sacral. Mea surement\~ in mm. 

# 

14 

15 
\ 

16 \ 

Centru::n 
(maximum 
length) 

5.7 

5.8 

5.3 

\ 
17 \ 5.5 

18 5.3 

19 5.4 

20 ' 

5.3 

5.4 

23 5.4 

24 4.9 

25 5.7 

Sl 

82 

Cl 

C2 -' 
C3 4.9 

C4 5.1 

C5 5.8 

CG 

Centrum 
(height) 

4.3 

4.2 

4.6 

4.0\ 

4.0 \, 

Neural 
spine 
(height) 

5.2 

5.4 

5.6 

5.3 

5.6 

5.9 

\ 5.8 

5.9 

5.2 

4.4 5.0 

3.8 4.1 

-' l" " 

Neural 
spins 
(length) 

5.8 

5.3 

4.9 

4.9 

4.9 

~-

4.3 

-

Total 
vert e braI 
height 

10.0 

10.5 

11.0 

11.9 

11.1 
:. t ~ .. 

11.3 

11.3 

10.8 

10.7 

10.0 
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Table 2. F1gured' specimens of Tangasau!idae. 

Identification Specimen Previous identification 
(thls paper) number ) 

\ 
Thadeosaurus MN~ 1908-5-1 Tangasaurus menelli (Piveteau, 1926, 

Pl. XII, Fig. 1) 

Thadeosaurus ,MNHN 1908-11-4 T. menel1i (Piveteau, 1926, Pl. X, 

"- Fig. 2) 

Thadeosaurus MNHN 1908-11-5 T. menelli (Piveteau, 1926, Pl. XI, 

\ Fig. 2, Text-Figs. 17, 18; P1veteau, 

...-.., 
\ ." '-

~ Thadeosaurus MNHN 1908-11-6 

1955, Fig. 9; Gladstone & Wakely, 1932 

Fig. a; Kuhn, 1969, Fig. 18-6, 18-8) 

T. menelli (Piveteau, 1926, Pl. XVI, 

Thadeosaurus MNHN 1908-11-7 

Thade.osaurus MNHN 1908-11-19 

'. ' 

- ---- -...._ .... ~ .. __ ,L_~ , " 

\ 
\ 

Fig. 2) 

T. menel11 (Piveteau, 1926, Pl. X, 

Fig. l) 

?Datheosaurus sp. (Piveteau, 1926, 

Pl. XVII, Fig. 2) 

\ 
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Identification 
(this_ ~aJ>erJ 

Hovasaurua bou1ei 

H. bou1ei" 

~ 

H. boule i 

\ , 
J 

H. bou1ei 

H. boulei 

H. bou1ei 

H. boule i 
., .. ..; 

H. boulei 

-, 

",:'f 

--... - .....,.-~ ..... "'-. 

r 
Spedimen 
number . 

MNHN 1908-21-2 

MNHN 1908-21-7 

MNHN 1908-21-8 

...-. 
1 

MWN 1908-21~10 

MNHN 1908-21-11 

MNHN 1908-21-16 

MNHN 1908-32-22 

MNHN 1908-32-23 

Previous identification 

Hovasaurus bou1ei (Piveteau, .1926, 

Pl. VIII, Fig. 2) 

H. boulei (Piveteau~ 1926, Pl. VIII, 

Fig. 1; Haughton, 1930, Fig. 3C) 

H. boulei (Piveteau, 19~6. Pl. VII, 

Fig. 1) 

T. mennelli (Harris and Carroll, 

1977, Text-Fig. 5B) 

Indeterminate reptile (Piveteau, 
, 

1926, Pl. X, Fig,.. 4) 

T. menne11i (Piveteau, 1926, Pl. XV, 
-

Fi~. 5, Text-fig. 20; Gladstone and 

Wake1y, 1932, Text-~~g. 2) 

H. boulei (Piveteau-·, 1926, Pl. IX, 

Fig. 4, Text-fig. 14) 

H. boulei (Piveteau, 1926, Pl. IX, 

Figs. l, 2, Text-fig. 16) 
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Identification 
Lthj.J! paper) 

H. boulei 

H. boulei -

H. bouléi 

H. boulei 

H. bpulei 

H. boulei 

H. boulei 

\ 

___ ~ __ ..... ~ ___ ~~ __ '_,. T ____ ~ \ ~ ___ -_.,..,.~ __ • __ .......-.-_"P'-"",,_~~ _. 

, , 

Specimen 
number 

MNHN 1908-32-24 

,~ 

MNHN 1908-32'-25 

MNHN 1908-32-26 ' 

MNHN 1908-32-29 

MNHN 1925-5-30 

MNHN 1925-5-31 

MNHN 1925-5-32 

(' o 

Previous identification 

T. mennel11 (P1veteau, 1926, Pl. XIII, 

Fig. li Harris and Carroll, 1977, 

Text-fig. 5A) 
1 

T. mannelli (P1veteau, 1926, ~1. 

XIV, Fig. 3) 

T. menne1l! (Plveteau, 1926, ri. 
xv, Fig. 1) 

~. boulei (Plveteau, 1926, Pl. VII, 

Fig. 2) 

!L. boulei (Piveteau, .1926, Pl. IX, 

Fig. 3, Text-f1g. 12) 

T. mennel11 (P1veteau, 1926, Pl. XV, 

Fig. 4, Text-f1g. 22; Piveteau, 1955, 

Text-fig. 10) 

1. ~~ (Piveteau, 1926, Pl. 

XVI, Fig. l, Text-fig. 23; Haüghton, 

1930, Text-fig. 4Cj Piveteau, 1955, 

Text-fig. Il; Kuhn, 1969, Text-fig. 18-7; 

Harris and Carroll, 1977, Text-fig. 5C) 
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Identification Specimen, Previous identification 
( t 11 i s. pal' e r ) ___ J:!.\lm_b e:r -' 

.!!. boule i ': MNHN 1925-5-33 T. mennelli (Piveteau, 1926, Pl. X, 

Fig. 3) 

H. boulei MNHN 1925-g-34 T. mennelli (Piveteau~ 1926, Pl. 

XIV, F~g. 2; Camp, 1945,cText-fig. 10) 

H. boulei MNHN, number H. boulei (Piveteau, 1926~ Pl. VII, 
. , 

unknown Fig. 3; Haughton, 1930, Text-fig. lA) 

?H. boulei T. mennelli (Piveteau, 1926, Pl. XIII, 
( 

MNBN, number 

unknown Fig. 5, Pl. XIV, Fig. 1) 

"-. " 

KenyaBaurus mariakaniensis KNM-MAI K~nyasaurus mariakanienais (Ha~riB 

and Carroll, 197~, Text-figs. l, 2, 3, 4) 

Tangasaurus menne11i SAM 6231 Tangasaurus mennelli(Raughton, 1924, 

Pl. II, Text-figs. 1, 2, 3; von Ruene, 

1926, Text-fig. 33; Romer~ 1956, Text-
~ 

figc 186E; Orlov, 1964, Text-fig. 468; 

KUhn, 1969, Text-fig. 17-12; Harris and 

Carroll, 1977, Text-fig. 6) 
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\ .1_ mennell! SAM 6232 . 

Not a tangasaurid 

Not a tangasaurid 
~ 

Not a tangasaurid 

Not a tangasaurid 

" 

MNHN 1909-3~30 
\. 

MNHN, number 

unknown 

MNHN, number 

unknown 

MNHN, mimber 

unknown 

Q 

r' T. menne11i (Haughton, 1924, Plate I) 

T. mennelli (Piveteau, 1926, Pl. XV, 

Figs. 2,3) 

T. mennelli (Piveteau, 1926, Pl. 
1. 

XII l, . ,F i g s . 2, 2 A ) 

T. mennelli (Piveteau, 1926, Pl~ 

XIII, Fig. 3) 

'T. menne11i (Piveteau, 1926, Pl. 

XIII, F~~S. 4, 4A) 
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Table 3. Postcrania~ measurements (in mm) and growth 

) 

in Thadeosaurus. Lengths are me,asured between 

perpendiculars to the. longitudinal axes and widths 

between Ilnes parallel to the axis. When sternal 

plates are paired, thç average wldth of one plate of 

the pair la given. When the sternal plates are fused, 

one 'half of the total width la given. The lengths 

of digi ta IV of the manus and pes do not include the ., 

lengths of the metacarpal and metatarsal. The constants 

b' and k ' of the power equation yx 
~ 

k yx ' 
y = b'x have 

been 801ved using the1least, squares method. Growtb 18 

lsometric when kyx = 1.00. Abhrevlatlons: dw, distal 

widthj' h, height; l, lengthj Metae., metacarpal; 

Metat., metatarsal; N . f li" L~-;-----, S1ze 0 samp ei pw, prox ma~";, 

w.1 dth j R, correlation coef~icientj sw, shaft width; 

x, average length of centra of posterior dorsal vertebrae. 
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cTab1e 3 (cont1nued)' 

IlNHN 1906-5-1 

MNHN 190e-l'1';;'4 

MNHN 1908-11-5 

MNHN 19.08 .. 11-6 

MNHN 1908-11-7 

MNHN 1908-11-8/20 

MNHN 1908-11-13/19 

MNHN 1908-11-15 

lIINHN 1908-11-16 

N 

R 

k ' yx 

b' 

\., -./ 

Vertebrae 
x Neural 

6.4 

3.0 

4.2 

. 6e 

2.3 

6.0 

5.5 

4.5 

3-.2 

9 

". 

spine 
'height 

7.2 

1.8 

6.8 

4.8 

3.9 

5 

.991 

1.78 

.26 

..... ~=--

(î 
-~ 

Interclavlcle 
1 Head 

width 

33.0 

,. 

~ 

~ 

Sternum Scapula 
1 ' Width l, li 

(xi> 

4.0 2.8 

11.0 7.0 11.0 8.0 

20.0 13.1- 27.0 16.0 

17.8 11.0 --

4 4 2 2 

.989 .993 1.00 l~OO 

2.32 2.20 2.52 1.71 

.34 .27 .• 30 .69 

" 
v 
\ 

; 
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Table 3 (cont1nued) 

Coraco1d 
1 h 

JlNHN 1908-5-1 

MNHN 1908':11-4 5.8 

KNHN 190e-11-5 13.0 

DHN 1908-11-6 .. 

IINHN 1908-11-7 

MNHN 1908-11-8/20 26.8-

KHHN 1908-11-13/19 ~ 

MN~-11-15 
MNHN 1~08-11-16 

N 

R 

k ' yx 

b t 

3 

,,999 

2.21 

.52 

Q 

5.6 

9.0 

18.0 

3 

.996 

1.69 

.85 

~ 

Humerus 
1 

15.0 

2~.5 

--
10.5 

36.4 
,.-

32.6 -

15e 

6 

.99-'7 

1.30 

3.84 

--------- .... - ,-----~~~~._, ... ---------- ----- ~ - ---

fi --

pw 

3. 5'~ 

5.5 

2.0 

9.0 
., 
~ 

4 

.996 

1.68 

.51 

-/ 

sw dw 

2.5 5 .. 5 
o 

4.0 '9.5 

1.7 3.8 

5.6 14.9 

5;3 14.0 

0 4 • 0 9.5 

~ 
c 

6 
" 6 

.99'6 .~7 
0 

1.25 1'.46 

Il 
.62 1.12 

'O' 

t 

\ 
l 
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Table :3 (contlnu~d) 
<:> 

Radius 
1 pw 

MNHN 1908 ... 5-1 

MNHN 1908-11-4 10.5 2.5 

MNHN 1908-11-5 14.0 3.3 

MNHN 1908-11-6 

lINHN 1.908-1.1.-,7 7.4 1.8 

MNHN 1908-11-8/20 22.4 

MNHN 1908-1.1-13/19 21.0 4.9 

MNHN 1908-11-15 17.0 3.5 

MNHN 1908\>.11-16 11.2 2.5 

N 7 6 

R .995 .990 

~ 

k t 
yx 1.10' 1.08 

J 

b l 
,;1.,.- 3.04 .72 

~I-<----- - - --- - -~ --------\._...--... ~ ........... ~ --.... ~~ -~-

sw 

1.3 

2.1 

1.0 

2.5 

2.2 

1.5 

6 

.991 

1.11 

.40 

".-. 1 1 
'-' 

dw 

2.0 

2.8 

1..5 

4.0 - .. 
2.7e 

' 2.0 

6 

1 
.983 

1.06 

.60 

t: 
,. ;f 

\. 

U1na 
1 

23.2 

10.0 

13.3 

7.2 

21. 9 

20.5 

16.2 

10.5 

8 

.996 

~.16 

2.72 

. \ 

r~~~' "'-

pw sw dW. 

?e 

2.5 .1.3 2. 5~ 

3.6 2.0 3.4 

1.7 1..0 1.6 

5.7 2.4 5.4 

Ô.3 2.5 5.3 

1.9 4.0 

2.5 1.3 2.3 

6 7 8 

.998 .979 .990 

1.27 .97 1.36 

.59 .45 ' .51 
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Table 3 (cont1nued) 

KNHN 1908-5-1 

MNHN 1908-11-4 

, MNHN 1908-11-5 

MNHN 1908-11-6' 

MNHN 1908-11-7 
'" 

MNHN 1908-11-8/20 

MNHN 1908-11-13/19 

MNHN 1908-11-15 

MNHN 1908-11-16 

'N 

R 

kyx ' 

br 

.. 

~._-_. 

.------

-. 
t...;J 

".~, 
r 

" \ \ 
Metac. --i51gTt-- Ilium PubTs~- _ ... _--~~ ::.t-schium 

IV 'IV blade base 1 hl' h 

1 1 

~ 
10.8 25.2 16.2 17.0 12.6 

4.7 14.2 8.0 5.7 5.6 7.3 7.2 6.0 

6 i 7 - 18.3 13.2 7.0 9.5 . 9.8 8.5 

-- T 

3.5 7.6 3.8 5.8 4.7 

8.7 22.4 17.5 9.5 11.0 l4.0 

8.2 22.6 19.0 10.0 
• 1 

/ 

7.8 21.1 15.0 

5.3 ,: ,9.6 6.0 7.1 

8 6 7' 4 4 4 5 4 

.986 .972 .971 .984 .985 • 991 .988 -1.000 

1.00 .'71 1.05 .97 .95 1.03 1.07 .97 

1.58 _ 6.72 2.91 1.80 1.94 2.28 2.21 2.09 

~ 
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~.. " ............ '" ~ 
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Table 3 (contlnued) / 

" 

/~/ 
Femur Tibia 
1 pw aw dw 1 pw sw/ dw 

'-. 

MNHN J.90S-5-1 37e S.O 4.9 35e 

MNHN 1908-1i-4 20.0 4.3 2.3 3.2 1?5 2.7 1.9 2.7 

MNHN 1905-J.J.-5 26.0 5.'7 3.0 4.'7 p2.5 4.1 2.5 3.3 

----~ 
MNHN J.908-J.J.-6 

MNEN 1908-11-7 14.2 , 2.8 1.6 2.1 12.4 2.1 1.5 2.0 

MNHN J.908-J.J.-S/20 37.4 \ 7.3 4.2 5.4 \ , 

MNHN 1908-11-i3/19 33.2 6.9 3.7 ., 29.3 4.4 3.0 4.4 

MNHN 1905-J.J.-J.E 
û' 

5.3 3.6 

MNHN 1.908-11-16 2fl."i 2.5 3.2 19.0 2.8 ,1.8 2.5 

N ' 7 7\ 8 5 6 5 5 5 

R .995 .983 .984 .966 .993 .977 .987 .986 
;f 

kyX 
t .93 .9'5 .98 .99 .96 .91 .82 ~88 

, 
b' 6.85 L37 .75 1.0J. 5.89 1.00 .75 (~9 6 

'/ 

,~ 

-~ ~~ - "" ....... __ .. _ .... _- .. ~,,~ 
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Table 3 (continued) 

Fibu1a 
l. pw 

MNHN 1.908-5-1. 

MNHN 1908-11-4 16.5 

MNHN 1.908-1.1.-5 21.5 

MNHN 1.908-1.1.-6 

MNHN 1908-11-7 11.9 

MNHN 1908~11-8/20 

MNHN 1~08-11-13/19 26.8 
J 

MNHN 1908-1.1-15 

MNHN 1908-11-16 

N 4 

R .995 

kyx 
, .91 

h t 5.75 

2.0 

3.3 

2 

.83 

.80 

~ t, .... 'tl: "" ~-- ..... _-"-

'-

sw 

1.3 

2.0 

1.0 

2.3 

1.8 

5 

.983 

.96 

.45 

o 0 

'-

Metat. Digit 
dw IV IV 

(Pes) 

4.8 1.9.8 

2.5 10.0 20.5 

3.0 12.9 

1.6 ?2 14.4 

~ 

4.2 16.1 .. 

5 5 2 

.987 .995 

1.02 .94 1.34 

.73 3.38 4.71. 
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Table 4. Comparisons of the ~engths 01' postcranial 

elements of Hovasaurus boulei and Tangasaurus mennelli. 

The constants 

k yx ' 
y a b' X 

b" and k yX ' of the power equatlon 

hava boa. solvod 00 describe a g.o_ol 
series of li. boulei. From this information, the 

expected mean lengths (in mm) of each element have 

been computed for H. boulei spécimens the ,same size as the 

co-types of T. mennelli (x = 6.6 mm for SAM 6231,. 

8.0 mm for SAM 6232). Lengths of thk metacarpals and 

metatarsals are not Included in the lengt~s of the digits 

of the manus and peso Abbreviations: N, si ze of 
/ 

sample; R, correlation coefflcient. 
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Table 4 (continued) 

y = length o~; N R kyx' b' 

Coraco1d 9 .981 2.229 .360 

Sternum 15 .98'T 1. 780 .739 

Humerus 20 .993 1.638 1.674, 

Radius 13 .994 1.306 1.893 

Metacarpal IV 12 .991 1.354 .599 

Digit IV (man~s) 12 
~ 

.983 ,1.236 2.035 

Ilium 14 .996 1.057 2.952 

~ Femur 
" 

.... 16 .990 1.334 '3.145 

«>.1 

" x 

~ 

6.6 

8.0 

6.6 

8.0 

6,.6 

8.0 

6.6 

8.0 

6.6 

6.6 

5.6 

5.6 

8.0 

,<, 

'Î} 

Est1mated Mean Value 
of y for H. boulei 
y 95% confidence 

interval 

24.1 20.7 - 28.0 

37.0 30.8 - 44.6 

22.1 20.7 - 23.7 

29.9 27.4 - 32.7 

35.8 35.5 - 38.1 
", 

50.5 48.4 52.7 

22.2 21.2 - 23.3 

28.6 26.9 30.3 

7.7 7.2 - 8.2 

20.9 19.2 - 22.7 

22.1 21.1 - 23.1 

39.0 36.9 - 41.2 

50.4 47.1 - 54.0 

n .,.,. 

Measured 
value of 
y for T. 
mennelïi 

25.3 

31. 7 

21.8 

30.3 

35.0 

48.5 

2,1.5 
1 

28.0 

8.0 

21.0 

23.0 

39.0 

47.2 

~ 
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"~~l"'. .' Table 4' (cont lnued) 

Î
/· 

'J 

~\-

.' 

,'J", 

~~-lJ • ...:P" 
~ . , ~, ~.:.. 

:;..,~~:: 
~ r: ~ , 
~4.-'\ 

~. 

'1 = length.of; 

Tibia 

Metatarsal IV, 

Digit IV (Pes) 

~ 

N R . 
~./' k

yx
' 

15 .991 1.298 

y 

14 .995 1.340 

9 .991 1.493 

, 

o o 

Est1mated Mean Value Me'asured 
b' X of '1 for H. boulei value of 

y 95~confldence '1 for T. 
1nterval mennelll 

2.872 6.6 33.2 31.3 - 35.1 34.0 

8.0 42.6 :39.6 - 46.0 40.0 

1.310 6.6 16.4 15-.6 17.2 17.4 

8.0 21.2 20.0 - 22.6 -20.5 
" 

1.996 6.6 33.3 30.8 - 36.2 32.2 

8.0 44.5 39.9 - 49.5 39.1 
1 

~ 
W 
~ 

.r-; 

\ , 
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Table 5. 

~ • 

o 
, 

1.' 

l , 
I10vasaurua 

(in mm) and 

~entruni; 2, 

ff centrum; 

- 4~5 

boulei. Vertebral measurements 

growth. l, maximum length of 

width of centrum; 3, height 

4, width of vertebra across 

transverse processesj 5, height of neural 

1 spins; 6, anteroposterior length of neu~al 
J 

1 spine; 7, width of neural spine; 8, total 

heigh t of vertebra; 9, length of haemal 

. spine "( excluding haema! arch). 

Note: allometric gr.owth of neural spine 

of caudale and haemal spine calculated 

by comparison with the maximum length of 

the associated caudal centra and not with 

x. 
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Tab~e 5 (cont1nued) 

Specimen 
number. x 

MNHN R146 

MNHN ~908-2~-2/7 

MNHN 1908-21-5 

MNHN 1908-21-6 

MNHN 1908-21-8 

MNHN 1908-21-11 

MNHN 1.908-2~-1.2 

MNHN 1908-21-14 
J 

. MNHN 1.908-21.-iô 

MNHN 1908 .. 21-18 

MNHN 1908-21-19 

MNHN 1908-32-1 

MNHN 1908 .. 32:';4 

8.7 

4.2 

4.4 

9.2 

3.2e 

8.0e 

9.3e 

8.2 

8.6 

·9.6e 

4.8 

4.0 

<~ 

o 

Anterlor 19th to 
dorsal. l.5th - 1.8th 22nd 

6 7 l. 2 3 4 5 6 5 

----
·14.0 

~.2 5.2 5.7 
\~ 

5.0 

~-

.. 
7.9 J.-2.3 

8.6 

4.0 14.8 

4.8 7.8 

4.3 4.7 
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r Table 5 (eontinued) 
--_._-

Specimen Anterfor , 19t11 to 
number x dorsal 15th - 18th 22nd 

6 '7 1 2 3 4 5 6 .!! 
MNHN 1908-32-'75 

f_ MNHN 1908-32-'7'7 4.9 4.9 :;;; 
1 

MNHN 1908-32-99 4.8 4.8 4.1 2.8 6.6 5.8 

MNHN 1925-5-10 3.0 2.9 
. 

MNHN 1925-5-12 6.7 6.'7 

MNHN 1925-5-l8 3.5 3.9 
0 

MNHN 1925-5-20 3.1 4.0 ~ 
w 
co 

MNHN 1925-'5-25 3.2 -- 3.2 .,' 2.0 5.0 3.4 

MNHN 1925-5-27 3.1e 

MNHN 1925-5-28 5.0 4.8 - 6.9 6.7 
.~ 1 ~, 

r . J 
MNHN 1925-5-29 6.9 6.8 4.6 

MNHN 1925-5-30 3'.8 -
MNHN 1925-Q-34 6.4 6.4 

r 

j,.J 
, '"t. ",' 
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Table 5 (continued) 

Specimen 
num..ber-- x 

-MNHN 1925-5-41 5.0 

MNHN 1925-5-60 5.4 

SAM 9455 

SAM 9461 9.3 

SAM 9462 -. 

SAM 9463 

N 

R 

kyx 

b' 

" 
~-

'~ 

? 

Anterior 
dorsal 

6 7 1 

5.0 

5.4 

6 
./' .... 

• 7 /< . 

/' 9.3 

6.1 3.5 7.0 

!':. _:i 

~""" 

,,-' 

- r~'~" 

t}~ .. ............ "" .,. .., _. -------Ç~ 

p 

n~ -

15th - 18th 
234 

7.8 6.0 

~,-; 

5.6 4.6 
~ ~ ~~ 

10'.7 

5 6 

16.5 7.8 

14.3 6.2 

15 

.98 

l.34 

.89 

19th to 
22nd 

5 

, 
i 

i 

II 

.99 

1.20 

l.03 
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Table 5 (cont1nued) 

Specimen 
number 

MllHN 1908-32-21 

~ . 
1908-32-22 

JlNRN 1906-32-23 

lINHN J.908-32-24 
, 

l 

3.8 

4.3 

5.6 

9.0-

MNHN 1908-32-15, 8.3 
// 

MNaN l.908-a2-29 3;6 

KNHN 19"08-32-45 

MNHN 1908-32-49 

KNHN l.908-32-58 

MNHN ~906-32-59 

KNHN 1908-32-60 

MNHN 1909-32-64j?3 

J4NHN 1908-32-67 

" 

9.2 

~' 

2 

'-

20th 
3 

3.l. 

25th 
4 

-. 

.. 

~ 

.......... \_, 

5 

4.2 
" 

4.8 

l.5.4 

11.0 

~. / 

" 

6 

7.5 

8.3 

7 

2.9 

2.6 

, Il 

3l 
5 

3.7 

5.1 

12.0 

\ 

.. 

- 1'< 

1 -

" 

32 
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Table 5 (continued) 

Specimen 
number 1 

'Ç' 

5.0 

3.0 

MNHN 1925-5 .. 12, 

MNHN 1.925-5-18-

JlNHN 1925-5-20 3.0 

MNHN1925-5-25 

MNHN 1925-~-27 3.1 

MNHN 1925-5-28 

MNHN 1925-5-29 
-' 

l4NHN 1925-5-30 3.8 

KWN 1925-5-34 

If' -~----- - -

'"<-

2 

.. 
'--

" 
________ ~CM __ ~· tU %4 42A. _____ ......... _ ....... , ... '*"'" ........ ~~ ... , a (11('0;0,13 

o 
'-.. 

20th - 25th 
3 4 5 6 

3.3 l' c, 

' . 
.' 

3.3 

, 
? 

-' 

~ 

" 

81. 
5 

3.1 

S2 
5 

\ 
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Table 5 (contlnued) 
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Table 5 (conti~ued) 
" 

, ~ei 

Speoimen 10th - 15th caudal 
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MNHN 1908-21-2/7 - .' 

MNHN 1908-21-5, 4._0 ,6.0 13.0 9.0 

MNHN 1908-21-6 
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MNHN 1908-21-8 

KNHN 1908-21-11 
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MNHN 1908-21-12 8.0 16.0 24.0 
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Tab1e,5 (continued) 

Specimen 
number 

MNaN 1908-32-21 

MNHN 1908-32-22 

MNHN 1908-32.23 

MNHN 1908-~2 ... 24 

MNHN 1908-32-25 

MNHN 1908-32-29 

QHN,1908-32-45 

MNHN 1908-32-49 

MNÈN 1908-32-58 

MNHN 1908-32-59 
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Table 5 (continued) 

Specimen 
number 

MNHN 1908 ... 32-75 

](NHN 1908-32-77 

'MNHN 1908-32-99 

MNHN 1925-5-10 
. 

14NHN 19~5-5-12 

](NHN 1925-5-18 

MNHN 1925-5-20 

MNHN 1925-5-25 

MNHN 1925-5-2'7 

MNHN 1925-5-28 

MNHN 1925-5-29 
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Table 6. Postcranial measurem~nts (in mm) of tangasaurids 

Lengths are measured between perpendieulars te the 
'", 

, p 

longitudinal axes and widths between lines parallel to 

the axis. When sternal plates are paired, the average 

width of one plate of the pair 1s given. When the 

~ternal pla~es are fus~d, one hal! of the tot~l width 

ia gi ven. 'rhe lengths 'of digits IV of- 'the manus and pes 

do no~ include the lengths of the ~etacarpal and 

metatarsal. Abbreviations: A, shortest distance betweep 
1','- , .. : 

1 

the extremeties of the claviele; B, Besakoa; c, calculated; 

dw, distal widthj E, Mount Eliva; e, est'imated (measurement 

May be sl1ghtly' more or less than reeordedh fem, femu:r:) 

h, height; hs~ length of haemal ~pine and arch; hum, 
, 

humerus; l, lengthi Metac.~ metacarpal; Metat., metatarsal; 

ns, ,hei8ht of neura~ spine; pw, proximal width; rad, 

• 
radius; sw, shaft width; T," Tanzania; tib, tibia; 

, ., 
\ 

J, Vohibory; x, average length of eentra' of dorsal vertebrae. 
\> 

'Ot. -
Si~e range i A ~ 3.9 < B ~ 4.9 < C ~ 5.9 < D ~ 6.9 < E ~ 7.9 < F ~ 8.9 < G 

li.. 
(acoording to x). 
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Tabl:-e 6 (eont1nued) 

Local. 

)(NaN 1925-5 .. 10 ., 
- DHN 1925-5-20 E 

MNHN 1925-5-2'7 E 

MNHN 1908-21-8 

MNHN 1925-5-25 E 

MNHN 1908-32-29 

MNBN 1925-5-18 

MNHN 1908-32-21 

lINHN 1925-5-30 

MNHN 1908-32-4 
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JiNHN 1908-32-22 
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B 

B 

B 

" 
/ 

"'---~ 

_________ ~ __ ~~~~.~~~~w~.~=>~~~>~.~~~ ______ _ 

o 
..; 

Vertebrae 
x Dorsal Caudal 
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Table ~ (continued) 

MNHN 1908-21-2/7 

, MNHN 1908-21-5 

MNHN 1908-32-99' 

MNH;N" 1908-32-1 

MNHN 1908-32-64/75 

MNHN '1908-32-77 

MNHN 1925-5-28. 

MNHN 1925';'5-41 

MNHN 1925-5-66 

MNHN 1908':32-23 

SAM 9459 

MNI!N 1925-5-34 
l' 

Loca~. Size 
range 

E 

E 

E 

E 

B 

B 

B 

B 

B 

B 
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c 

c 

. C 

c 

D 

-;---'" -_ ................ ---~. -~ -._. 
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Vertebrae 
x Dorsal 
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4.2 5.7-

4.4 

4.8 

4.8 ?8 

4.ge 

4.9 

5.0 6~7 
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5.4 

5.5 -
5.9c 

6.4 

" 
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Looal. Size Vertebree " î 

" 1 range x Do'!'sa l Caudal 
na 1 ns ha 

1 
j 
1 
1 
\ KNHN 1925-3-12 E D 6.7 

MNHN 1925-9-29 E D 6.9 

r ,i SAM 6231 T E 6.6 

1 1 MNHN 1925-5-38 B E 7.5 

JiNHN 1925-5-49 E E '7.6e -~~ 

KNHN 1908-32-26 E 7.7e - . s:-
UI 

JiNHN 1908-21-12 F 8.0e 8.0 16.0 
1-' 

~ 

SAM 6232 T F 8.0 '-
MNHN 1925-5-32 F '7.9+ 

~' 1 DHN R14? F 8.1e 

MNHN 1908-21-16 F 8.2 ,-
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MNHN 1908-32-59 F 8.2 12.3 
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Ta ble e ( cont1.nued) -

Local'. Size 
range 

SAM 9457 ;- E G 

MNHN 1925-5-54 G 

MNHN 1908-32-38 l} 

MNHN 1908-21-6 G . 
MNHN 1908-32-45 'G 

14NHN 1925-5-46 v G 

SAM 9461 E - G 

JiNHN 1908-21-14 G 

MNHN 1908-3~-ÔO G 

• DHN 1.908-32-49 G 
-

MNHN 1908-21-19 

14NHN 1925-5-36 
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9.3e 
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Table ~ (cont1nued) 

MNHN 1925-5-10 

MNHN 1925-5-20 

MlmN 1925-5-27 

l4NHN 1.908-21-8 

MNHN 1925-5-25 

·:M.NHN 1908-32 -29 

MNHN 1925-5-18' 

J4NHN 1908-32-21 

MNHN 1925-5-30 

1U!HN 1908-32-4 

SAM 9460 

l4NHN 190~2-22 

'" 
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--
~ 

'-. 

.' 

o 
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0 

Jœ.BN 1908-21':'2/7'. 

JOfJIN ~goo-S-21-5 . 
l(NHN 1908-52-99 14.Q 13.0' "1.8.0 

'JlNHN 1..'90S..,52-1 . 14& 16e 
... .. *NRN 1908-32-64/73 

IINHN "190é-32-7~ -
/JilUDl 1'925-5-28-

mN (;25 .. 5-41 

IINHN 1925-5-60 

~N 19~08-32~23 17.0 17.5 20 •. 0 
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~ 
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JDmN 1925-5 ... 12 

.NHN 1925-5-29 ~ 

-~AJI ~23i- 49.0 14-

" 

MNHN ]"~92-5-5-38 
" ' 

j 50.0 19.4 

JlNBN 1925-5-4'9' 18.0 
, . 

JINIDl 19Q8.32-26 1'6~·. 0 52e 17.0 

~»NRN 190e.21~12 ~ .., ., 
SA)( 62'32 

DHN 1.925-5-32 
. 

JlNlUI R147 16.5 54e 20.0 

JlNHN 1908-21-16 --., 
-

JlNHN 1908-32 ... 59 -r 
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Sternum 
1 Wldth 

(xtt 
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21.8 12.6 

21.0 
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l 
j 
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1 Tabl~ 6 (continued) 

~ 

-
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IlNHN 1925-5-54 

MNHN 1908-32-38 

KNH~ 1.9'08-21-6 
. 

c MNHN 1908-32-45 

" MNHN 1925-5-4-6 
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SAIf: 9461, 

. -JlNHN '1908-21":1.4-

JlNfiN "190S-32-60 

MNllN 1908-32-4-9 

MNHN 1908-21-19 

JlNHN~l925-5-36' 
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Tabl-e '6 (-cont 1nued) 
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,1 h 1 h 
c 
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JlNHN 1925-5-10 

ORN 19'25-5-20 
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" DRN, ).908-21-8 -4.? , 3.6 

JlNUN 1.925-5-25 

KmtN 1908-32-29 
~-
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, 

DaN 1925-5-18 ....... 

MNHN 1908-32-:21 -
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JiNHN 1908-32-22 
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Table 6 (cantinued) (J 

Scapu1a 
1 h 

, 
( 

.1 
.. -- -7 

. " ! MNHN 1908-21-2{7 8~5 9.0 
".-

IlNHN 1908-21-' 

MNHN 1908~32-99 10,8 

MNHN .1908-32-1 , 

MNHN T908-32:64/?3 

MNmt 1908-32-77 

IWHN 1925-5-28 

IlN{IN- 1925-5-41 

llNHN 1925-5-60 

IlNHN 19-08-32-23 

SAM 9455' 

KNH" 1925-5-34 

13.0 

12.5 

10.5 

r-
14.5 

-" 

....... + 

~ f-, 

Coraooid 
l h 

8.0 6.9 

J 

~ 

12.5 10.0 

-
<#' 

'\""',----œJ lIl:!!id w: _;~ __ ~_" 

, 1 

Humerus 
1 pw 

17.5 

20.0 

21.5 

24.0 

22.5 

25.3 

5.0 

'7.0 

7.4 

7.5 

-. 
8.0 

sw 

4.6 
" 

4.2 

6.0 

6.5 

5.5 

6.9 

dw 

·7.3 

8.5 

9.2 

11.0 

8.5 

, 
10.5 

11.5 

18.6 

0-

~ 
0\ o 

, , 
1 

< 

~ .. 

~ ~ of 

~ , 

t 

/ 
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Table 6 (cont1nued) 

~ l Scapu1a Coracoid :. ,"------- -lfum e rua ! 

~ h ~' h .1 pw BW dw l" 
1 

1 " / ' " 

f _ 

~H~ . .l-~2'5 ;;;5-,12- 35 ... 5 10.5 9.2 11.0 

~ .. MNHN 1925-5-29 
, 

36.0 8.? " 7.5 16.5 t 
L<~;;> • .. 1 

l' ~,;·S.AM 6231 .- 25.3 36.0 8.3 15.8 1 , - IY' , 
e ~ _ .... ~- ., JlNEN 1.925-5-38 /~ 45.0 23 .. 0 , 

/' 
, 

! IINHN 1925'::~~-9'/ 
/-

- -..... 24.0 12.2 8.0 § ~ . 
JlN!iN ;Hr08~32-26 33.5 là.o 45.0 13.5 10.0 '18.54 

1 

i " " ~ 

Y- 0\ 1 

MNHN 1908':'21-12 .... 
Œ\ 

SAJl c 6232 31.7 . 17.8 48'~5 . 12.0 , 20.3 . , 
l'J 

MNHN 1925-5-3.2 ~- ,,: 

J' 09 

MNHN· tU47 -32.0 45.0 42.0 24.5 60.0, 14.0 23.0 

~HN 1908-21-1& - " ~. 

, l' 

MNHN 1908-3'2-59 .- - 55.0 12.0 
~-

.... 
" .' ..... _ .. -,-

) -
. . 

-, 
-, 

,. 

'. , - 0 ... 
,'- 0 

'" 
-l. 

/'- . -
"' ,: . 

/ . ~ . / .... 
~- ~ ,1''- ~-"'''--..;".,..., ........... 11.1'''' __ ~'''' --'" ... - .~. ~ . 

" <' "'~-';"""-"'''':.''' ~-

.-
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'TalUe' :s (cont lnued)-

-------....;=--,~---' ~.- -"--~-- . ~-,~~ ---"-

'. !; , 
---.--'~ --- -~, Soapufa- ._~--- . côrac~o id - -- " 

i - h _, .1 h " 
. ~ 

" 
~~~----~-------------~-------~------~~------------~~-~,---... ._~ 

.. > 

JOmN 19·25-5.-51' 
',-= .. ~, 

lUHN 1908-.32":25 35.,0 19.-8 

. -uaN 1-90'8-21-1,8' - " 

[' 'fJooi '~, 
" '.' - 'N ,i908:'52-'68/' 

. - 1925-8--;14, ;-

27.9 
<. 

',_ " lOIHN R146 

) 

"'---­
MNl:IN :l908-52-24 

lINHN 1908-2~-24 

'MNHN 190a-52-58 

J4NHN 1925-5-50 
Q 

DHN 1925-5:"56 

-
. liNHN 1908-32-67 

.~ 

0: 

. 
.,.. .... 7"" 

-" 

• 
- 26.0 

"'-
47.5 26.0 

.. 
... 

• 
- ... - - ..................... _ ... Io#it..~--'..---, ........ ~~ 

.' ~ 

HUil),erus 
,'J. ''4 pw 

~~-

54.0 . 13.7 

62.0 19.5 

~ 

54.0 13.5 

-
--------55-

61.0 

66.0 20.7 

" 

~ 

._--....,-----.,.. ......... ---_ ... _--,-.. ~ .. 

". 
sw dw 

11.5 ~O.5 

Q22.0 

11.0 21.8 

14.0 28.0 

1:3.2 26.2 

9.5 26.2 . 

AÀ 

0-

-:> 

~ 
0\ 
kl 

""-

' . 
1 
• 1 
t 
~ 
J 
~ 
~ 

] 
! , 
j 
~ 
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!rable .6 (cont Inued) 

\ . 

~ 

VA,* '* ..... , ,;pa 

'0 o > 

r 

--------scapuraT-~-- ---~-Coracoid--------Humerus---- -.----
,.,. ~ h ~ h 1 pw Slf dw 

" 

, -

.. 

() 

SAIL 9457 - " 

'JlNHN 1925--5-04 
, 

~RN' ~908-52-38 

.JlNHN :~908-:n~6 

. ~N 1908-32-45' 

JlNHN 1925-5..;.46 

SAM ~461 

DHN 1908-21-14 

" 
~NHN 1908-32-60 

MNHN ~908-32-49 

JlNHN 1908-21-19 

JlNHN ~925-5-36 
./' 

'-

r 
"J 

--------_._---------

f 

-\ 

- 45 .. 0 25--

5!)? 18? - 14.5 30.0 

. , ? -

64.0 2,0.0 15.5 29.5 

--
0 

- ot 14.8 .' 

--------........... - .... lo~'le:~~~--~~----~ 
ct 

,J:!­
o­
w-

1 ' 

! 
} 

L 

1 
1 
t 4 . 
~ ~ 
~" '" .... , 
l ~ 

1 
~ 
> 

i 
! 
1 
~ 
! 
t 
j 

, 1 

, 
\ r 

~---'""-'\O 

.i 



:. 

~~~ 

c 

Q 

---

.. 

r 

-,0 

~ -
llNHN 1925-5-10 

DEN 1«;125-5-20 , 

-MNHN-1925-5-27 
). 

JINHN j..908-2l-8 

"'JlNHN 1925-5-25, 

lINHN 190~-32-29 

JlNHN 1925-$ -lB· 

JlNHN 1908-52-21 

MNHN 1925-5-30 

JiNHN '1908''':32-4 

SAM 9460 

JINaN 1908-32;;'22 

-~ 

!AMS il tU • 

_8 ~5 la 1.4 7.6 2.4 

...-
" 

7.9 2.4 1.4 1.9 7.2 ~fo'rA5 , 

" 
2.2 8.5 2~0 7'.5 2.0 1.4 

4 1.ÏJ 

,.-

10.,9 2.7_ 1.B 2.5 10.0 3.0 ' 

'< ... ~ 

Q 

'" 

------- ----........... _-'---......... _.,. ... _- - ~ ~ -~ - -~-

ft ~_ 

\ 

1.2 1.8 

1.8 

1.4 2.0 

1.4 2.Q 

2.0 

1.8 2.9 

o 

~ 
0\ 
~ 

~ 

i , , . 
4 

i 
" 

1 

i 
ï 
i 

ï 
1 • l ~/ 
1 . , , 

r· 

'\ 
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'~ab1e 6 (continued) 

Radius 
l: 

~ 

i 

)(ND 1908-2J..-.2/7 11.6 
, , 

IINHN 1908-21-5 

'JlNHN 1908-32-99 

lMNHN 1908-32-1 14.5 . / 

D~N~ 9.08~32-,64 /7 3 
, l' 

)(ND 15J08-32-77 15.5 

,NNHN ~2q-5-28 v-

MN1m 19.25-5-41 
~ '-

...... . MNHN 1925.-5":90 18.5 

lINHN '1-908-3"2-23 17.0 

SAJ4 9459 

JlNHN 1925-5-"34, 

" 

.. 

o <i 

\') 

U1na 
pw sw dw 1 pw,.s-,. sw 

, ~~ 

3.0 .... 1.9 2.3 10.5 3.0 1.9 

t 

3.3 2.1 13.5 3.5 2.0 

4.2 2.7 3-.0 13.5 3.8 2.6 

-
4.4 2.5 3.6 14.1 4.3 2.5 

... 4.2 2.2 2.9 

4.1 3.0 3.2 16.0 4 •. 9 2.7 

-P' 

--;. 

;; 

dw 

2.4 

3.7 

4.0 

3.9 

~\ 

" 

,.: ._--



~------:...:, ... 
.~----. 

t 

----_.~ .. _-- ..... ~'Q(4! i 
-----~ 

iL __ .. ___ ~~_ .... ~_'-

" 
0 0 

1 0 c ... 
1 

~ ~~ i 
i 

1 

'. - _ . .:,. .... 
'IIf. , 

: '.ra~l~ fi '. (cont 1nued) 
- 1--_-

Radius . Ulna , 
"" , 

1: p. 8W' dw 1 p. aw dw l' 
1 
i 

, . f JlNHN 1925-5-12 22.0 5.3 3.? ~.6 20.0" 6.8 3.2 15.5 • .. f 
JlNHN, 1925-5-29 23,5 6.0 3.8 4.0 21.3 6.0 3.4 5.0 î 

\ 
SAM 6231 21.6 5.? 3.4 5.1 21.0 5.8 3.1 4.9 , 

1 • 
JlNHN 1.925-5 -38 

) 
·1 

0 t 
DHN 192,5-5-49 - ~ , 

if. 

JlNHN 1908~32-26 -
~ 

,Cl Q\ 

Jm,HN 1,?O8-21-12' 
Q\ 

1 

SAM 62~2 29.0
0 8 .. 0 4.6 5.9 28.0 7.4 4.6 

$l-, 

JiNHN 1925 .. 5-32 ..... 
, JlN1!N 'R147 

G 

KNHN 1908 ... 21-16 

KNHN'1908 ... 32-59 316 5.0 29.1 9.3 4.0 8.0 

.1 
, ~. 

~-

,rs>, .. 
J 

J f 
- _. -------~·_ .. "":"" ... ~-... ...... -~.....u.. ... --.,,-.....~""'~~tti.fri·1 ... 1 .'1 -' ,. r ""'-_ .... ~~-~..,.. ~ 

~ .....,.~~ 

'ff 



~~:.~-------. 

.0 o , 

'-'able 6 :' (cont 1nued) 

Radiu8 Ulna 
,~ pw 8W dw + . pw sw dw 

, --JmHN ~925-57!3~ !3~. 0 6.8 5.5 ~. 5, 31.0 9.5 4.2 7.3 

IlNHN 1~'08-32-25 • 9.0 

" '1l1q:IN 1908-21-18 

,)(NaN 190B-32-68/ 
1925-8-14 

MNIm R14ô .. -
~ 

.l(NHN 1908-32-24 .3~.0 
. 8.5 - 4.7 

MNHN 1908-21't"~4 • .-.J 
c_ -. . 

~. 

t JlNHN 1908~~2-B8 

MNHN 192'5-5-BO 28.5 ':'8.9 29.0 9.8 5.~ 8.2 

JOmN 1925-f$-56 32.0 9.5 .. '-6:0 7.0 10.0 6.2 
r:-d 

)(NHN ~9O;;S-32-67 . ~0.-2 6.0 33.-0 Il .. 5 5.2 10.~ ,e 

"<'1; _e' , 

'" ;\.--:- \' 

'" x ,-~ 
1 

j' , ., .. , 
,t 

c. 

~ 'lit bciU 1*7 r'l' ............... _ .... --~~~-
"'.",J..v"V·_<;t.o,"~~ùi ..... ..."OtM""''''''''' .. 

. -. 
1 _~_ 

o 

~ 
0-
..." 

1 . 

1. 
\ 

~~ . 

. 
: \ 

, 
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" 

:, ~ 

·.~,f<.-"'~"; •• ~~ ....... ~- -.. 
,;3t."'f:~' '" ,. 

o 
\, ·v '1'abl~ , 6 (~ont1~ue-d) 

\,' . Radius .. _._.~ 
1 

,\. 
, :1' ~ pw •• 

L 

\ 

", 
SAM 91:57 ~ 

\ JlNHN 1925-5-54 
, 

JatHN .1908'-32-38 

JlNHN 1908-21".6, 
; 

IUlHN 19.08-32-45 
, 

lOOiN 1925-5-.6" 

SAll~9461 .". 

'" KNHN 1908-21-'14 

JINHN ~908-32-50 

IINHN 1908-32-49 
" "". .JOOiN 1908-21-1""'-

l 

, , 

,e 

r 1925-5-36 

.. 
~ 

.li' ~. 

" 

...... 

-
f 

-
'-

f- ~ 
'. 

---

--

'" \ , 

ù 

\ ' 

/\'< 

~ 

). 

--
-
6.5 

6.2 

-.' 

~ 

o 

dw 

.. 

" 

~. 

Ulna 
l 

'-

-..., 

pw 

~ 

9.0 

-

, , 

sw dw 

4.2 8.9 

-- 0-
4.0 _c 

~~ ..... ~ 

6.0 10.0 

~-' 

~ t . 
? ç ~::.~ ~------"-- \: ~:' .. ---._ .. --_ .. ~'-~'--'" 

o 

" 

~ 
0-
Qg 

" 

CT, 

1 
! 

! 
1 
} 

~ 
~ , 
( 

~ 
'1 
) , 
( 
1 

• 
L 

, 
~ 

-4 , 

, 
r 
( 

~ 
1 

~--~-.....t 
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Table 6 (cônt1nue-d) 
, , 1 

" Jletac. D1g1t 
:r;V IV 

MNHfl 1925-5-10 2.B 
~ 

!mHN 1925-5-20 '. 

, 
- MNHN 1925-5-27 3.2 8.8 

KNHN '190B-21-8 2.5 7.0 

/ MNHN l.925-5-25 \-
IlNHN ":'19 08 - 3,'2 - 2 9 ,2.9 Be 

. '" 
~IDr 1925 -; ~iè--\9, 
MN@--t908-32-'21 

, 
3.2 9.9 

MNHN 1925-5-30 , d 

ri 

MNHN 1908-32-4 ·-a.9 12.0 

SAM \9460 

MNHN 1908-32-22 .. 

~ 

.\ \ 
" 

J 

,1 

-

Ilium 
b1~de 

1. 

9.6 

9 • .$ 

12.0 c 

) 

13.3 

14.0 

~2.3 

o 

base 
l. 

5.5 

5.0 

5.4 

~ 

.. 
6.3' 

'7.3 

6.3 

Xl ZR 

~b1s 
1 " 

5.2 

'-

,5.0 , 

5.5 

6.5 
0,-

.. 

6.9" 

7.8 ' 

7.9 

-----~-------------___ H_--- . ___ ._, ~ __ 
--

" .. 
.-<', o , . 

l . ' 
j 
L 

~ 

Isch1ulIl 
h .1 Il 

6.5 6.'9 
f 

6.0 

. 1 \ -
'i'.0 7.3 6.2, 

6.0 6.7 6.0 
~ 

1 
6.8 7.2 6.2 ~ 

<" 
\0 - l , 

,. 

7.7 "1. 
8.4 1 , 

8.7 8.9 

9.2' 9.5 

9.0 10.0 7.9 ~ . 

,:,,\, 

1 
J,' ~ 
1 
1 
1 

~ 

\. 

1 
1 , - ·1 

"-
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., 
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~ 
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~< 

~'" 

r~ 
1 

,j 

0' 

. ..-i!a'ble 6 (collt 1nued) 

\ 

~HN 1908-21-2/7 
-~ 

'MNHN 1908-21'-5 

MNHN 1908-32-99 

DHN 1908-32-1 

4 \ 
\ " 

lIetac. 
.., IV 

4 •• 0 

'r-~ 

c.... 

--1 

IINlIN 190B~32._64(?3;--
(-~N 1908-32-77 5.'0 

! 
.1 '~~5-5-2~./ 

MNHN 1925-6-41 
~,.IJ 

MNHN 1925-5-60 
.-

MNHN .1908-32-23 6.1: 

SAM .9459 ,0-
llNHN'1925-5':34 

D1g,i:t 
IV 

12.3 ~ 

-

19.6 

.17.2 

- \ 

~ 
" 

LI 
" :i 

\ 

Ilium 
'plade 

1 

13.2 

14.0 

16.5 

16.5 

-

-,' 

o 

base. 
1. 

7.0 

7.0 

-~ 

8.9 ' 

\ 

" 

-.J \~ 

., 0 

\ 

---.;> \ , 

, ~ 

Pubis 
1 

7.9 

\-15'. ? 

9.6 

h 

9.0 

10.0 

10.6 

.. 

\..:? 
\,-

\ 

~ 

..... 

....v 

Ischium 
. 1 

10.5' 
. 

10.3. 

,-
.-

1~.4 

-

'- 1 • " ., 

o Q i' 
l 

l' 

.. ~ 
\. : 

h 
, , 

8:6 
1 

8.3 

'" '~' 

, 
10.2 .j)o 

'-l' 

1 

Q 

" " .... '\ 

'- ,/ 

'---....-/ i 

t 
i • 
f \-

....--~~'~'" . t .. ~ ( 1 ..... . 
':' '-

i ,-
i 

~ ,n , -, --,.m' ......-.-. ___ ----~_~_ ..... M 

'~-----• ., ........ --... --............. ~ ..... .,. """""~"lI.~ "",,,w .. l!~ h"'. & art ANI" ,". :.., 
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Table 6 (cont!nued) , ~ ~ 'f .. 

e ~ 

Iletac. Digit I~1um Pubis Isc~ium 
IV IV 'b~ade base .~ ~ . h l h 

11 ... 
(r'--- , .. ~' --- -'\ 

MNHN ~920-0-12 8.~ ". : ~~ - -
MNHN 1925-5-29 8.5 \22.3. ,--' 

SAJ4 6231 8.0 2~.0 23.;0 \ ----
1" 

.. 
MNfIN 1920-0-38 \.-

DHN ~925-5-49 

·MNHN 1908-32-26 . A "'" .... ..... 
MJŒN'-î9Ô8-2~-~2 

" 0 
,..--- .... \ ~ ----- ..... / 

SAM 6232 1 
/ 

- _. 

14.7 , 19.6 ._..., 

'" 
. \ 

y 
~ 

MNHN 1925-5-32 , -~~--~ 

MNHN R147 '\ 
. , \ 

\ ,-' -
1 

" 

c. 

MNHN 19'à8-.21\-16 , - 20·,,7 26-,0 { " 

, MNHN 1908-32-59 10.,1 28.9 

q.. q.-~ ':\ 
\. 

'" 

" ~ 

~ '"\ 

. i 
" J 
-( 

\ 

" ., 
PI - .... --...---- - -- -- ---~--- -- - ........ ---.. -------~-"--------'-~~.L!'A'e"" i t , Il' 'gf'511 4.~;:rO fi p. ___ .... 

~ . 
"'--~I" 
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a 
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Table 6~~ontlnued) 
- ! 

/ 

1 

MNHN 1925-5-31 

'1lNHN l...908-32":25 

?mRN 1908-21-18 

MNHN "i'908-32-6S/ 
1925-8-14 

.., ImHN R146 

IINHN 1908-32-24 

DHN 1908-21-24 

>,~,< ' .... lfNHN 1908-32-58 
~' 

10 
l 'l!\ 

llNHN 1925-5-50 
" ,-

MNH~l925-5-56 

DHN ~~ôe-32-67 
" , 

, ~ ... 

" 

Î 

Metac. Di:git 
.IV IV 

• 
10.5 3-0;3 

29.2e 

\ 

.... 

-
't 

....... 

~ 

" , 
"-

,,-,,~ 

111ul,l} 
b1ade 

1 

-\ 

.' 
30.5 

30.5 

.. _,-~~- --

o 

ba'se 
,1 

;) 

\ 

" 16.2 

-' 
·z 

.-

• 

\.., 
j' 

P---..J 

\ 

~ 

PUbis 
1 h 

~ 

\.., 

\, 

- .... - ---------~~~~ ".~ ,.. -'f --~-

"~ ______ ~~~Rn~ __________ ~ _____ ~_~~ 

; 

o 

Ischium 
1 h 

\... 

", 

'-~ 

,i ' 

1 

I( 

:l'r~""i"\'"""~ 0._'. '-;--1ij.f1t:.ili1~ 

" 

"'" 

1 : 
.f>­..., 
N 

\: 

\ 

/' 

1 

t 
L 
1 

,1 

1 

.! 
l. 

1 

1 
rI 

1 
1 
! 
) , 

-'-

(, ' 
1\ 
1 \ 

\ 
\ 
\ 
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,Table 6 (coat Inued) 

Ketac. Digit 
IV IV 

SA],{ 9457 10.5 -\ 

MNHN 1925-5-54 

KHHN 1908-32-38 -<-' 

-~ . 
,~ 

DHN 1908 .. 21-6 - 2ge 

MNHN 1908-32-45 

)(NHN 1925-5-46 

SAM 9461 

DHN 1908-21-14 
\ 

MNHN 1908-32-60 

MNHN 1908-32-49 -

DaN 1908-21-19 -, 

MNHN 1925-5-36 
1 -

:J. " - ~ 

~ _ f.,S '-" 
.!'_ ~ e O tf/ 

,0 1 

'~ 

. .'- , 

q 

çllium 
b1ade 

l 

31.0 

32.0 

l 

.1 

" 

o 

base 
l 

\ 
1 

18.5' 

"-- .. 

Pubis 
1 

20.0 

20\.5 

". 

22.5 

"-

h 

-'" 

23.0 

,25.5 

29.0 

o 

Isahium 
l h 

..... 

27.0 " 22. O· 
'-.. 

--

28.0 24.0 

--

~ 

- 1 

n __ • ___ • __ 

1 

1:-

" W 

-4 

"-

, 

i 
t 

f 

1 
1 
1 
r ' 
1 
l 
j 

i 
l , 
1 
~ 

l 

\ ~ 

1 
I~ 

~ 
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"Table 6 (cont lnued) \ 

Femur Tibia • !:w j ~ 8.. , dw l' pw •• 

,~MNHN 1925-5-10 15.0 3.2 
1 

J4NHN 1925-5-20 .3.0 

MNHN 1925-5-2'7 
1 

MNHN 19D8-21-8 ~13.5 4.0 . 
MNHN 1925-5-25 14.5 2.à 

MNHN 1908-32-29 15.5 4.0 

MNaN 1925-5-18 17.0 " 3.9 

.1 !NIjN 1908-32-21 17.5 4.1 
. 

JiNHN 1925-6-30 
'. 

MNHN .1908-32-4 17.7 4'.7 

SAM ~460 20.8 4.6 , . 
tt-""""" .'\ 

/"JIN,HN 1908'.l.32-22 1.9.5 4.6 

" 
'. 

,J 

~~-- - ---~-

2.2 

2.0 

2.3. 

2.0 

2.5 

2.3 

2.5 

2.8 

/2.8 

2.3 -

2.8 13.1 

3.5 11.3 

3.3 12.6 

3.2 13.5 

3.0 14.1 

4.0 15.1 

4.0 15.9 

,4.0 19.0 

3.7 

;7 

2.2 1.7 

'- J 1.2 

\~ 

2 • 6 "':-.- 1. '7 

2.4 1.5 

1.8 

2.6 1.7 

3.2c 2.0 

3.4 1.8 

. :--/0 2.4 

3.2 1..7 

~ 
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l , 
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2.0 ~~) 
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3.5 

~ 

\' 



, 
" , , 1 

,\ 
\ 

.. ; 

l'· 

\ 

f l '\. 
t 

} 
) 
f' 
" , 

" , 

1 

j~, 
L 

• 

l-

- '1 

, - ~ ____ .......... ~ H _____ .-'. __ : ;4 ., ,M .... _4 ~ ___ ....... _ __ .. ~ ,.....-~"- .... - -- -

o 

'l'able 6 (<tant 1nued t 

Femur 
1 pw 

o 

\ 

SW' dw 

____ ~~_ _________ ,"-.1 

MNHN 1908-21-2/7 

MNHN 1908-21-5 

MNHN 1908-32-99"" 
~, 

MNHN 1908-32-1 . 
MNHN 1908-32-64/73 

fNHN 1908-32-77 

MNHN 1925-5-28 

JlNHN 1925-0-,41 

• 
MNHN 1925::-5-60 

MNHN i909-32-23 

SAM 945~ 

MNHN 192,5-5-34' 
~ 

~ 
~, 

• 

4 

20.7 

23.3 

27.0 

26.5 

33.9 

'---
30.5 

,f 

, -r- ! 

5.0 3.0 3.8 

4.5 3.2 4.5 

~ 

6.0 4.0. 5.0 

5.5 4.2- 4.5 

7.5 3.5. 5.2 

7.8 4.5 ,--
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'" 

.. 

~ 
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-.\ 

Tibia 
1 

17.3 

20.6 

;:!3.9 

23.0 

27.8 

26.0 

\ 

\-

• 

pw 

3.9 

4.0 

5e 

,~ 

4.7 

7.0 

'6.0 

G 

sw dw 

2.0 3.3 

2.6 4.0 

~ 

3.0 4--.2 

3.2 4.8 

'2.8 ' 4.0 

3.0 4.7 
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Tabl:e - 6 (cont 1nued) J 

! 
. \ Fem.ur 

J. pw S'Ir 

MNHN Jl925-5-12 , 

IIN~(1925-5~29 
; 

SAM" 39.0 8.0 5.9 
'--" , 

KNHN 1925-,5;-38 -' 

MNHN 1925-5-49 

KNHN ;L 9 08-3.?_""!'2 Ô 

\ 

--- KNHN 1908-21-12 
,. 
. 50.0 11.5 6.0 

SAM 6"2'32 47.2 11.0 6.2 

MNRN 1925-5-32 12.0 5.2 

MNHN'R147 

'" 
\ \ 

KNliN'1908-21-16 

KNHN 1908-32'-59' 
'-- ~ 
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'~ 
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---~. __ . ---
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'l'a bl. e 6 (con:tlnued) 

Femur Tibia 
l. 'p. aw dw l. pw ar- d. 

"-

MNHN 1.925-5-31. 

MNHN 1908-32-25 

MNHN 1908-21-l8 -
MNHN 1908-32-68/ -l" 

i925-9-1.4 -' .J 

MNHN R1'-46 

IlNHN.1908-32-24 - ~ ___ --="'9<';~ 6.8 8.0 46.0- 7.8 
// 

MNHN 1908-2l-24 ~/ -' 
~ 

'" MNHN 1908-32-58 -
MNHN 1.925-5-50 ~..:::-

, 

MNHN 1925-5-56 -:-

~ - '-

MNHN 1908-32-67 ...:.:-..,--:...~ 
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! 
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Table 6 ,(contln~ed) 

Femur Tibia 
1 pw aw dw 1 pw aw dw 

" SAJ! 9457 7.3 10.0 10.5 -1 ~ 

'MNHN 1925 ... 5-54 

JlNHN 1908-32-38 

MNHN 1~O8-21-6 
-\ 

)(NHN 1908-32-45 

MNHN 1925-5-46 

SAM .9"'461 .. 
MNHN 1908-21-14 -;--~ 51. 0 10.0 5.4 10.0 

'-. 

'" • " 
MNHN 1908-32-60 ..... 
MNHN 1908-32-49 60e 15.5 8.5 -
MNHN 1908-21-19 

MNHN.1925-5-36 '\-
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Table 6 (oont1nued) 

Fibu1a 
t 1 pw 

llNHN 1925-5-10 12.0 

14NHN 1.9a5-5-20 1.2.5 

MNHN 1925-5-27 

MNHN 19.08-21-8 10.5 . 
KNHN 1.925":5-25 

'--
MNHN 1.908-32-29 13-.-0 1.3 

MNHN 1925-5-1.8, 1.3.21 

MNHN 1908-32-21 13.1 1.7 
1 
[ 

UNHN 1925-5-30 

MNHN 1908-32-4 14.6 -, 

SAM 9460 
.. 

KNHN ;1.908-32-22 1..9 

\ 

~ 

'--

\8W dw 

1.2 1.6 

1..2 1.6 

-/ 

1.2 1.7 

1..1.' 1.7 

1.-2 1...7 

1..3 .. 
1.4 2.1 

1.4 2.3 

1..6 

~ 

~ 

Iletat. 
IV 

6.4 

6.2 

"-

;S"i 

6.4 

6yl 

7.2 

7.3 

-
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-Table e (contlnued) 
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Jletat .1 F1bu1a 
; 1 

1 pw ~w dw IV 

DHN 1908-21-2/7 lp.7 1.6 2.7 8.6 

IINHN 1908-21-5- 18.5 2 .• 3 1.9 2.9 9.6 

MNHN 1908-32-99 - '. 

llNHN; .1,908-32-1 
-

MNHN 1908-32-64/73 

MNHN 1908-32-77 21.5 1.8 3.4 11.3 

KNHN 1925-5-28' .. 
MNHN 1925-5-41 21.5 2 r9 2.2 !3. 6 11.5 

MNHN 1925-5-60 2.1 --
MNHN 1908-32-23 

.. 

SAM 9459 ,'- 2.1 3.6 -' '(, 
' 1 

""'~ 14NHN 1925-5-34 J 
~ .-
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JlNHN 1925-5-12 

MNHN 192fi-5"'29 

SAM 6231 

MNHN 1925-5-38 

MNHN 1925-5-49 

JlN1ÎN 1908-32-26 

MNHN 1908-21-12 

SAM 6232 

MNHN 1925-5-32' 

MNHN lU47' 

JlNHN 1908-21-16 

MNHN 1908-3~59 

" 
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." 
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F1bu1a Metat;' D1gi,t 
l. pw sw dw - ' IV I~ 

Q' (PeF=J) ,. 
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31.0 a ~3. 2 • 0 4 • 3 
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, " .. . ~\. ' 

\ , .' 
_"t>-· .... u·,_~ 

~ 

-~ - F,lb-ula ~ , Metat. ' Digit , 
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MNHN 1.9~8- o,)':'2~\ ..l... ~. ,.".- . 
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~~6-32-&8/p~ 
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SAM 9457 

MNHN-1925-5-54 

MNHN 1908-32-38 .. 
DEN 1908-2l;-6 
. V JlNHN 1908-32-45 

DEN 1925-5-46 
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KNHN -1925.:.5·';10 

1lNHN 1.925-5-20 

DHN 192~-~-27 

l4NHN.1908-21-8 

MNHN--1925-5-25 
-

MNHN 1908-32-29 
·1 

MNHN 1925-5-18' 

MNHN 1908-32~21-
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KHHN 1908-21-2/7 
, 

AmHN 19'08-21-5 

MN1:%N 1908-32-99 
r 

KNHN ],908-32-1 

~NHN 1908-32-54/73 

KHHN 190e-32-77 

MNHN 1925-5-28 
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Table ~ (cont1nued) 
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DHN 1925-5-12 

lINHN 19'25-5-29 

SAM' 6231 

: orui 1;,925-5-38 

MNHN-1925-5-49 

MNHN 1908-32-26 

MNHN 1908-21 .. 12 
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Table fi (continuA) 

~ Froportions 
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dHN 1925-5-31 

14NHN 1908-32-25 

MNHN 1.9'08-21-18 

MNHN'1908-32-68/ 
'1925-6-"14 

MNHN R146 

MNHN 1908-32-24 

DHN 1906-21-24 

MNHN 19'08-32-58 
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MNHN 1925-5-56 
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Table 6 (cont1nued) 
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SAM 9457 

MNHN 1925-5-54 

MNHN 1908-32-38 -
MNHN 1;908-21-6 

MNHN 1908-32-45 

DHN 1925-5-46 

SAM 9461 

MNHN 1908-21-14-

MNHN 1908'-32-60 

MNHN 1908-32-49 • 

MNHN 1908-21-19 

MN.HN 1925-5-36 
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Table 7. [' Manus !lnd' pes. measurèmen t s (in 
! 

mm) 

of ~arigasaurus and Hovasauru s. il , sum of 
1 

lengths of phalanges; b, sum of length of 

met'apod1al and phalange s·; mp, metapodiaL, 
~ 
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TabLe 7 (cont1nued) 

,-" 
i } ---
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-----\ 

Specimen number Manus l II \ 

MNHN 19,25-5-10 
\ 

MNHN 1925-5':'27 

MNHN 1908-21-8 

MNHN 1908-32-29 

MNHN 1-908-32-21 

MNHN 1:908-32-4 

MNHN '"1908-32-22 

MNHN 1908-21-2/7 

MNHN 1908-32-77 

MNHN 1925:'5-60 

KNHN 1908-32-23 

Pas mp 1 2 a b mp 1 2 _ 3 a· b 

14 

M 

M 

M '~ 

M 

M 

M 

M 

M 

M 

M" 

\ 
\ 

1.8 2.0 2.8 1.8 -.. 
2.1 2.1 1.6 3.7 5.8 2.9 1.8 2.0 1.6 5.4 8.3 

1.5 1.4 1.1 2.5 4.0 2.1 1.3 1.5' 1.4' 4.2 6:3 

1.8 ·1.9 1.3 3.2 5.0 2.5~1'09 1.2 4'.8 7.3 

2.2 2.3, 1.6 3.9 6.1 3.0 2.0 2.3 1.& 5.9 8.9 

2.6 3.0 2.0e 5.0e 7.6e 3.3 2.5 2.8 2.1e 7.49 10.1é 

\ 
2.5 2.7 2.0 4.7 .. 7.2 3.7 2.5.,2.8 2.2' 7.\5 Il.2 

• 3 ~ 5 . 2.3 9 .0 13 .6 3.4 \ 4.6 3.2 

" 
3.0 4.0 4.1 ~ 3.1 

4.3 4.3 2.6 6.9 ~1.2 5.7 :L7 4.1 2.00 10.38.16.0'8 
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Table 7 (cont1nued) 

S'pecimen number IV 
4 

KNHN 1925-5-10 

V 
5 a: b~ mp' 1 2 3 4 ..a. '-..b 

1.1. t 1,.8 

KNH~ 1925-5-2-7 1.8 1.5 - 8.8 12.0 2.1. 2.0 2.1. 1.5 5.6 7.7 
1 

MNHN 199'8-21-8 1.4 1.3 7.0 9.5 1.8 1.5 1 ., 
MNHN -1908-32-29 1.7 

1 .. -
1.4e 8.0e 10~ge 1.9 1.? 1.8 1.1 4.6 6 .• 5 , 

MNHN 1908-3'2-21 2.2- '--
1.5 9.9 13.1 2.2 2.2 2.4 1.5. ~.l 8.3 

'--

MNHN 1908-32-4 2.6 2.5 1.2.0 15.9 2.9 2.3 - 2.9 1.8 7 .Jr-~~. 9 
---/ \ 

MNHN 1908-32-22 2.5 
. 

al - ( -- i 

1 

KNHN 1908-21-2/7 2.4 
\ 

16.0 2;0 12.3 16.3 3.0 2.7 2.6 1.7 ·7.0 
• > 

llNHN 1908-32-77 3.1 -2.1 .• 3.8 

lINHN 1925-5-60 4.0 2.7 19.6 4.4 2.8 
\ 

MNHN 1908-32-23' ,J.8 2.5 1?~2 23.3 4.6 3.7 3.9 2.5 
1 

10.1 14.7 
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Table ~ (cont1nued) 

Speci1nen numbe:r 

. ' 
MNHN 1925-5-10 

~ MloIHIL ~~25-5-27 
-~--

MNHN 1908-21-8 

-- 'M.NRN 1908-32-29 

JmHN 1908 ... 32-2-1 . 
• 

llNHN 1908-32-4 

\_ DHN 1908-3f-22 

~ 1908-21-2/7, 

llNHN 1908-32-77-

MNHN 1925-5-60 
. 

lfNliN 1908-32-23 
'" 

~ 

, , 

\ 

t 

il 

l II' III 
IV ÏV Iv 

.48 .69 .8? 
'-

.42 .66 .79 

.4ô .ô7 .82 
'-- \ 

.4 7 ~ .68 .83 
1 

.48 . .6'7 .88 

.44 ~69 ' .82 
'" 

' '" , J 

.48 .69- .85 

. -- '--~. , 

---. 
o o i -

, 
./ 

,~' -V V IV 1 

IV ÏÏÏ -:x 
'-1 

.64 .?4 3.87 

/ 2.97 

.60 .73 3;30 
1 'l-. 

.63 .76 3.54" 

1 
.62 .'71 3.98 "L.. 

-~I~ 1 .61 .75 '3.'-88 w 
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Tabie 7 (continued) 

Specimen number Manus [ II 
Pes mIL _J_ .?_ __\ a. _bl _mp 1 2 3 a • --- -- ------ --- -- -I-~ -----

MNHN ,1925-5-12 Il 5.3 5."-5' 4.0 9.5 14.8 7.2 4.7 5.1 4.0 13.8 

IINHN 1925-5-29 

SAM 6231 

MNHN 1908-21-15 
-

M 

M 

M 

5.9 5.9 3.5 9.4 15.3 7.5 5.3 5.6e 3.6 14.5e 

5 \ 5.0 4.0 9.0 J.4 .0 7.0 5.5 4.5 4 .. 0 J.4 .0 

~ 9.5 7.0 7.0 5.1 19.1 

0 

b 

21.0 

22.0e ,. 
2J..0 

• 
28.5 

MNHN- 1908-32-59 , 6.0 5.7 4.5 11.2117.2 9.0 6.2 6.5 4.5;:.d7.2e.25.2e -
'-

MNHN 1925-5-31 M 

MNHN 1908::'32-25 M 

MNHN 1908-32-24 li 

SAM, 9457 14 

l4NHN 1908-21-6 M 

.. 

6;8 7;1 5.5 12.5 19.4 9.5 5.5 6.7 6.0 18.2 27.7 
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Table '7 (cont1nued) 

Specimen number III - -- ~~ IV-----
mp 1 2 ____ ~3_ _ _ _4_ _a b_m.IL .. ~ _1. 2 .3 

MNHN 1925-5-12 \ 8.0 5.0 4.3 4.6 3.6 17.5 25.5 8.2 5.0 4.5 

MNHN 1925-5-29 8.3' 5.2 4.8 4.7 3.5 . 18.2- 26.5 8.5 '5.1 4.5 4.4 

'"SAM 6231 7.5 5.0 5.5 5.0 4.0 19.5 27.0 8.0 5 .. 0 4.0 4.5 
-

!4NHN 1908-21-16 5.0 

MNHN 1908-32-59 /10.0 6.2 5'.4 5.7 4.59 21.8e 31.8e 10.1 6.0 6.3 .5.6 

6.4 6.5 6.0 24 .61" 34.9 MNHN 1925-5-31 ! 10.3 5.7 10.5 6.5 ~ .. 8 À5.,7 

! 
-, 

MNHN 1908-32...;25 6.2 10.3 6.6 5.7~5.6 i 

MNHN 1908-32-24 6.7 

" 
SAM 9457 9.8 6.1· 6.4 10.5 S.5 s.a 

• 
MlffiN 1908-21-6- 5.ô 6.3 6.6 5.5 • 25.0 6.6e 5.7 5.7 
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Table 7 (contin~ed) 

~o1men number IV V 
\ 

4 5, a b mp, 1 2 3 4 a b 

MNHN 1925-5-12 

MNHN 1925-5-29 
"--;--

SAli 6231. . ,... 

MNRN 1908-21-16 

MNRN 1909-32-59\ - 1 

MNHN 1925-5-31 

llNHN 1908-32-25 
'-., .... 

.! KWH 1908-32-24 

SAM 9457 ~ 
MNHN 1908-21-6 

4.7 3.6. 

4.0 3.5 
r.... " 

\. -
6 :Oe .5. Oe 

6.5 & 5.8e 

6.2 5.1e 

5.0 

6,.2 4.8e 
Cl 

~ 
" "-

" 

5.~ 5.0 

22.3 30.8 6.2 5.5 

21.0 29.0 5.0 5.0 

\.-
28.ge 39.0e 8.0 6.2 

-
30.3e 40.8e 8.0 5.3 

29.:ae 39.5e 6.1 

9.0 '7.2 .. 
7.5 6.5 

.-
29.0-

.' 

"" 

5.0 
... 

"- 3.5 5.6 14.6 ,20.8 

5.5\ 4.0 14.5 1:9.5 

. 
6.3 5.0 - 17.5 25.5 

6.5 ·{5.3 18.1 26.1 

'7.0 5.1 18.2 

7.0 4.6 18.8 27.8 
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5.5 ~.~ .. . 
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Table" (continued) 

'.Specimen number r-- Ir --II-I- '1----
ln Iv ÏV IV-

IUmN 1936-5-1.2-

MNRN 1925-5-29 

,SAM 6231 

MNRN- 1908-21-16 

MNHN.190~ .. 32-59 

~HN 1,9.a5-5~31.­
\' 

KNHN 1908-32-25 

llNHN 1908-32 .. 2~ 

SAM 9457 

MNHN 19'08-21-6 

o 

\ 
1 

, .50 .-71 

--.48 .72 

.44 .67 
, 

.48 .68 

'-

,/ 

'--. 

" 

~ 

.86 .68 

.93 ~67 

.82 .~5 

.86 .64 
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Table 7 (cont1nued) 
\ 

,0 

y 

~~ 

" .... r-­
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'\ . 

Spe'cimen number ~Manus- -1 II 
m 

3 

Pas mu 1 2 a b 1 2 3 b 

MNHN ;t.925-5-~0 P 3.0 \ - 5.0 

- t3:.6 2.5 "-- r-
MNHN 1925-5-20 P 3.0 2.6 

. - 5.7 J.9 3-.6 6.0 4.2 2.2 2.0 1.5 -MNHN 1908-21-8 P 

~" 
'~ 

2.4 2.0 1.6 
~ ~ 

,~MNHN 1925-5-25 P 2.8 2.4 5.0 2.5 

MNHN 19 08 ~32 -2~ P . ~.1 2.9 '2.5 1.6 7 •• 0 5.0 6.3 
J 

~:l.1.3 2.3 2.5 1.5 

MNHN 19?5-5-18 P 3.3 o 5.5 
\ 

MNHN 1908-32'121 P 3.4 3.2 2.0 5.2 8.6 5.6 3.0 3.0 ~~3 8.3 13.9 

MNHN 1908-21-2/7 P 

MNHN 1908-21-5 P 

MNaN 1908-32-77 P 

4.0-.3.8 2.4 6.' ,'1D.2 ~: 
4.5 4.,5 3.0 7.5 12.0 .9 4.2 

5.8 4.9 3.1 8.0 13.8 .0 4_.3 

3 • 3 2 • 5 . 9. ,1 16 • 0 

- 4'. 4 ~3 • 0 11.6 19.5 

4.~ 3.0 ,11.8 20.8 -
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Table 7 (contlnu\ed) 
, .. 1 

" 
. ," 

1 

"- • .,. 
Specimen nUIIlber III IV 

" IIlp ~ 2 ___ 3 ____ . __ 4 ______ ~ __ b m"p ~ 2 3 

~ 

MNHN 1925-5-10_ 6.3 6.4 ..: < -
MNHll 1925-5-20 5.8- 2:? 2.0 6.2 3.3 '2~3 .2.1 1 

·1 MNHN 1908 -2;1.--8 5.1 2.2 2.0 2.0 1.6 7.8 12.9 5.1 2.7 2.1 2:-;-0 i 
MNHN 1925-5t1~' .- ' 1 J 

6.0 6.4 '3.2 i , 
1 

. MNHN 1908-32-29 6.0 2.6 2.1 2.2 r.5 8.4' 14.4 6.1 3.0 2.3 1.9 

t 
... ' . 

MNHN 1925-5-18 7.2 3.8 - 1 " 
2.8 ' 1.9 10.6 2 '.7 • MNHN 1908-32-21 6.8 3.2 2.7 17.4 7.3 3.9 2.4 

~ 
j~ 

\C) t 
KNHN 1908-21-2/7 8.0 4.0 3.2 3.4 2.4 13.0 21.0 8.6 4.9 4.0 3.0 

\C) 

" i #- , 

i if~N 1908-21-5 "-9 • 6, 4".8 3.8 4.0 3.1 15.? 25.3 9.6 5.5 5.0 3.5 

MNHN 1908-32 .. 77 11. 0 5.2 4.0 4.1 3.0e 16 .3e ,2'7.3e 11.3 6.2- 4.5 4.0 
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Table 7 (continued) 

Specimen number 

MNHN 1925-5-10 

MNHN ~925-5-2C 

MNHN 1908-21-8 

MNH~ 1925-5-25 

MNHN ~908-32-29 

MNRN 1925-5-18 
. \ 

MNHN ~908-32-2~ 

MNHN 1908-21-2/7 

MNHN ~908-2ù.-5 

MNHN 1908-32-77 

'.1Y~.-dH<""-~"""'" .... -_ .... ~ - -

\ 

IV 
4 

2.0 

1.9 

.. 
2.1 

2.3 > 

3.0 -
3.7 

4.0 

.. 
-" o 

\ 5 
V 

~ b mE 

\ 
! - 4.6 

.~ .5. 11.2e 17.4e 4.5 

~.7 10.4 ~5.5 4.1 

1- 5.0 
\ 

1.5e ~0.8-16.9 4.5 

-' 5.5 

2.0 ~3.3 20.6 5.5 

2.3 1?2 25.8 6.9 
, 

29.8'> 7.6 2.5 20.2 

3.0e 21.7e 33.0e 8.4 

~ 

3.9 

3.4 

. '5.9 
, 

.3.6 

4.4 

4.6 

5.5 

6.3 

7·9 

" 

~ __ ~_~r_~,~-.~ __ 

<. 

2 . 3 

r 

d'. 6 2.3 

2.3 2.2 

3;1. 3.0 

3.5 3.2 

4.~ 3.8 

4.8 4.2 

-' 

• 

4 

1.2 

1.7 

-,-

1.4 

2.0e 

2.2 

2.1 

2.4 

".;:: 

'0 , - " 

\ 

a b 

-
10.0 I4.5 

9.5 14.0 
" 

IG 

~2.?e ~8.2e 
Ut 
0 

1~.4 .21.~ 
0 

16.3 23.9 

18.4 - 26-.8 

• 
, 
~ 

.... ./ 

'-

t 
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Table 7 (continued) 

r 
Specimen number l II III V V IV 

IV IV IV 'IV ÏÏÏ x 
1 .....--1 MNHN' 1925-5-10 ! 
l 

MNHN 1925-5-20 .83 5.61 
'-

1 MNHN' 1908-21-8 .39 .64 .83 4.84 1 • 

1 
MNHN 1925-5-25 -'-

MNHN 1908-32-29 .41 .67 .85 .83 .97 5.12 '.\./' .. 
MNHl'! 1925-5-18 .. 
~N 1908-32-21 .42 .67 .84 .88 1.05 5.57 '" VI 

MNHN 1908-21-2/7 .40 .62 .81 
0 

.83 1.01 6.14 t-' 

1 

MNHN 1908-21-5 .40 .65 .85 .80 .94 6.77 

MNHN 1908-32-77 .42 .63 .83 .81 .98 6.73 \ 
\ 

\ 
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• j \ 

'-- r , . 

c, 
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Tab~e 7 (cont~nued) 

Specimen number 

MNHN ~925-5-41. 

SAM 6231 

SAM 6232 

MNHN 1925-5-32 

MNHN -1908-21-10 

MNHN 190a-32-68 
1925-8-14 .. 

MNHN 1925-5-61 

MNHN 1908-32-24 

],tiRN 1908-21.-6 

MNHN 1908-21-14 

..... 

"'--

___ ... , ___ ....".:...........- .. ~ ....... ~~?~"r"'f ........... ~T<_ ... ~ ...... ,.. 

-0 
"-

• 

;; ~,... ... +_ ... ...,.....--""~I:<~-,,:~ ... _,---.-.... - ~ 

~ -­\,,,,,,,' 

~\ 

Manus 
Pes 

p 

p 

P 

p 

P 

p 

p 

p 

p 

p 

l II 
m~ 1 2 a b mp 1 2 3 a b' .., 
5.7 5.0 3.2 8.2 1.3.9 9.5 4.9 4.8 3.1 12.8 22.3 

\ -
.8.0 B.5 5~0 Il.5 19.5 14.0 6.5 6.5 5.0 18.~ 32.0 

8.0 7.5 7.0 14.5 22.5 15.5 7.5 7.0 5.0 19.5 35.0 

10.6 9.9 7.0 16.9 27.5 17.5 8.6 42.2 

11.0 10.0 8.0e 18.0e29.0e18.2 9.6 6.6e 44.8e 

11.0e 

12.1 9.2 19.9 
., 

12.5 9.2 20.0 9.5 8.5 

12.0 9.5e ~19.5 

'.~ 
... 

, 
~~ 

\ 

.. 

\J1 
o 
N 

, 
\ 
1 

~ 

,-

\ 
l, 

-;-
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Table 7 (continued) 

Spec1~mber 

llNHN 1925-5-41 

SAM 6231 

SAM 6232 

MNHN 1925-5-32 

MNHN 1908-21-10 

MNHN 1908-32-681 
1925-8-14 

MNHN 1925 .. 5-61 

-MNIUt 1908-32-24 

MNHN 1908-21-6 

MNHN 1908-21-14 

\ 
L 

!:J ' 

- \ 

III .. ' IV 
mp l 2 3 4 a b mp l 2 3 

11.0 5.5 4.5 4.7 . 
17.0 7.5 6.5 6.0 

18.5 9.0 7.0 7.0 

20.3 10.1 7.6 8.0 

2L3" 1'0.6 
.", 

8.0 8.0 

'"' 22.1 

23.0 . 

23.1 10.5 7.5 

- 1 
23.0 

~ 
"'-l> 

r 

------_ ... -..-- .-~--

3.0 17.'7 28.7 Il.5 6.5 

5.5 25.5 42.5 17.4 10.0 

5.0 28.0 46.5 20.5 11:5 

7.5e 33.2e 53.5e 21.2 11.5 

4.'7 4.0 

6.5 5.5 
1 '7.4\ 'l-.f? 

8.5~ 
1 

7.5e 34.1e 55.4e 22.6 12.9 8.8 

~--

-.. 

'~-

24 • 0 ....... "12 • 8 8 '-5 

25.5' 

24.7 12.5 

24.8 

1 

\ 

.c. 
-1 

1 

1 

- ----_..,_.....::....""'~ pt ....... ______ ~,.,....,., __ 

\ -

o 

\ 

1 

\J1 
o 
w , 

1 
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l 
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1 
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î 
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--.... ....... 



'1-----
j-
1 

1 , 
,J 

" 
i 

-1 

! j 
t 1 

li 
11 

,,.t. 

------------------

o 

Table 7 (contlnued) 

Specimen number IV 
4 

MNH~ 1925-5-41 4.1 

B~·~~ 5.7 , 

SAM 62 . 6.8 
'" 

MNHN 1926-6-32 7.3e 

MNHN 1908-21-10 

lU)N 1908-32-68/ 
, 1925-8-14 

MNHN 1~25 .. 5 ... 61 

MNHN 1908-32-24 

MNHN 19'08-21-5, ,,-, 

MNHN 1908-21-14 
~ 

5 

3.1e 

4.5 

5.9 

7.6e 

\ 

\ 

" 

a b 

~ 

t __ " 

V 

t P 

22.4e 33.ge 8 .. 7 

32.2 49.5 14.0 

39.-1 59.6 16.5 

42.1e ô3.3e 17.5 

18.5 

\18.6 

20.6 

2Q .. O 

2l;.0 

20.0 

~-~ - ..... -......-.~~ ..... ,.. - -~I -~ ..... _-

'-.. 

'.~ - i 
',-

'~--~~-_.--, .#., 

., o 
:). \ 

j 

l 
1 2 3 4 a b 

1 
1 
î 
J 

'7.3 5.0 4.6 2.5 19 .. " 28.1 -1 

11.0 7.5 6~ O_.~~_U--- 2!? 5 42.5 i) 
12,.0 8.0 7.0 5.0 32.0 48.5 , 

13.3 8.5 '7.9 5.2 35.0 52.5 
j 
1 

t 1 
14.2 9.5 

~< 

" 15.0 9.4, 8.g 

j 

~ 
~ 

t , 
1 

1 1 , - \.n '1 

<1 1_{ 0 
~ 

15.4 10.0 - ~ , 

1 

-1 & 

li: 

----~-~ 

\ 
• 

1 

fr 
\ 

--"' ~.'~ - - ~ ~ .... ~ '_'~~~ .. "..L.._._~ 
~ ... ~ 
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Table? (cont1nued) 

Spe,:imen nUlllber 

. , 
MNHN 1925-5-41 

SA!( 6231 

SAM 6232 

l4NRN 1925-5-~2 

llNHN -1908-21-10 

MNHN 190a-32-ôa/ 
1925-8-14 

IINHN 1925 ... 5~61 ' 

~ 1908-3.2.-24 
, \ 

MNHN 1908-21-6 

~ llNHN 1908-21-14 

'-

, ~ 

~ 

'~ 

# ,~ , 

r rr III 
IV IV ÏV 

.41 .66 .85 

.39 .65 .• 86 
:;> 

.38 .59 .78 

.43 .67 '.85 

'-
'\ 

---- - ----~~~-~--. ,!Ii_M'ilI.,I •• _ .. _~-,"-~ 

V 
"IV 

• 83 

.86 

.81 

.83 

'-. 

~, '-

~IV 
TIÏ 'x 
.98 6.78 

1.00 '71.. 52 

L04 7.45 

.98 8.01-

:-

-. 

~ 

~ 

__ .,..., ~- ... - ~~ - - ~ ~~----~T""-----""'''''-

"-------------~----------~---------~ 

• 

" L 
--' 

" '-. 
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'-. 

Ion o 
"" 

1-

'\ 

1 i 

1 ., 
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1 • 
i 
l 

1 . f . , 
J' 

1 

j 
~ 

·f 
~ 
; 

1 
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1 
1 
î 
~ 
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_______ Table e. 
------

Growth in tanp;asaurids. The c"onstants h' and 
kyx ' 

k • of the power equatlon y:. b'x have been solved yx 

uaing the least squares methoA-. Growth ia lsometrlc when 

kyx/: 1.000. From this information, the expected meàsurements 

(in mm and, where applicable, in unit measur ement) of each 

. ,. 

1 0 ~ 

dimension has bean computed for an adult specimon of Hovasaurus 

9Y Bubstituting x = 10 mm into the power aquation. 

N = aize of sample. R = c~rrela~n coeffic lent.' 

• I~ 

.' . 

.. 

. .. 

) 

1 1 

o 
~ ..... -. - ')' Il 

~' 
l' 
f 
1 

f 
1 

1 
1 

! 

.. 
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;., '.\ 
.~:: 1 . : 
. I!:t ~ 
.~r .>' 
.,:!t!"-! 
~-; :{ 
,'" j 

·:';1 
''': 1 

" 

·1 . 1 
"\ \,1 

1 

~- ! ~ , . 

., 

" 

o o 
.... 
------_._------- ----- -- ------------ ---

~r5~ . ----.--

N ~ k yx ' . confidence 
iD.tèrva~ 

Neural spine 
he1ght ~~ .992 ~.~97 ~.08~-~.31.~ 

Clavio1e 
a, height 6 .932 .708 .469-.893 
b 5 .993 .8133 .626-1.140 
c, width < 6 .915 .921~. 381.-1.461 

Interc1avi~1e 
length 6 .979 .548 .387-.709 
head, width 7 .878 -.734 .234-1.'234 

Ster.num 
length 17 .98? 1~??5 .. 1.662.:.1.888 
i width 21 .968 0 1.660 1.444 -1. 876 

Sca.pula 
height 5 .9~n 2.448 1. 528-3.368 
1ength 6 .963 1.874 1.360-2.388 

Coraco1d . 

1ength Il .981 2.194 1.'786-2.602 
height 13 .978 l .666- -1..487-1.845 

Humerus 
length 1/1 22 .991 1.612 1.520-1. 704 
prox. width 18 .981 1.421 1.246-1.596 

, shaft width 22 .95'7 .1.282 1.103-1.461 
dist. w1dth 23 .979 1.488 1.390-1.586 

~ < '4 

,. 

/' 

95% 
b t. confidence 

iD.terva~ 

~~. 03 .84-~.26 

4.79 2.94-7.82 
. 4.46 2.97-6.71 

2.87 1.12-7.33 

, 
'16.87 12.42-22.91 

4.06 1. 54-10.72 

.74 .60-.91 

.60 .40-.90 

., 

.25 .05-1.16 , 

.60 \6-1.~~ 

/ 

\ .38 . . Yl-. 81 
/ 

\.67 '.48-.94 

1.75 1.47-21.08 
.73 .54 -1. 01'-. 
.'73 .52-1.01 
.94 .79-1.27 

'-., 

. _0 -.-- .--.. --:--------"-' .... --------.-.. ------~.--(.,---.-.. -.-.. --~~. ~----.------.. -- .. 

o 

, 

Ut o ..., 

, , 
j'-. 

1 
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0- o 

--- -~---- ---------til-~--- --~-- % 
~- 95/'1 95 

N R kyx' confidence b' confidence 
interval interval 

Radius 
length 15 .993 
prox. width 15 .97Q 

shaft width 17 .979 -
dist. width ~5 .969 

U1na t, 

leng~h 17 .995' 
prox.- width 19 
~t w1dth 18 

~ 41 . t~ width 1~ 

.981 

.978 

.974 

1 IV 
13 .992 

git IV 
sum 01:" lengths 
'Of phalanges 13 .983 

Ilium 
blade 1ength 15 
base lengtn 11 

.996 

.986 

Pubis­
iength 
width 

Iachium 
1ength 
-w1dth 

o o 

15 .989 
14 .986 

14 .994 
14 .988 

~ \ 

1.285 
1.378 
1.387 
1.263 

1.387 
1.345 
1.270 
1.479 

1.342 

1.225 

1.064 
1.107 

1.183-1.387 
1.149-1.607 
1.234-1.540' 

_ 1.102-1.424 

-1-.311-1.463 
1.194 -1.496 
1.123-1.417 
1.268-1.690 

1.229-1.455 

1. 062-1.388 

.955-1.173 

.987-1.227 

1.20U, 1.149-1.251 
1.260 1.110-1.410 

1.200 1.123-1.277 
1.172 1.082-1.262 

" 

~ , 

1.94 1.63-2.1'1 
.43 .29-.64 
.27 .20-.35 
.41 .31-.53 

1.53 1.34-1.74 
.49 .37-.64 
.:31 .24-.41 
.34 .24-.49 

.61 .51-.73 

2.06 1.57-2.72 

2.96 2.47-3.56 
1.49 1.24-1. 79 

1.41 1.30-1.54 
1.54 1.21-1.98 

1.79 1. 58-2.02 
1.515 1.,35-1,.81 

.. 

l 

-~----

.. us ._- --'- - '---------' ---- --~ ~-~ ..... _--- -~ ~ ~ ..... ,..-- ~-~-~""'" ~~~~"".~~_ ........... -~ . 
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N R 

Femùr 
length 18 .991 
prox. w1dt.h ·21 ' .972' 
eha"ft w1dth 21 
dirl. width "17 

Tibia 
1ength - 1? 
prox. width 15 

}shaft; Width\ o~9 
~ dist. w1dth \ 19 

l'1bula 
~engt;h ~5 

.969 

.969 . 

.993 

.982 

.958 

.972" 

.993 
.prox. width 7- '- .975 
shà:t't width 19 . 991 
dl.st. ~1dth ~6 .986 

Metata:t'sa1 IV 
length 16 --99.5 ---------- --

Pa1:J;' dig1 t IV 
sum\of lengths 
of phalanges 11 .990 

• 
kyx ' 

1.300 
1.256 
1.185 

.987 

1.272 
1.243 
1.236 
1.226 . 

1.256-
1.221 
1.203 
~.326 

1- .. 3-3-0 

1~378 

" 

-~-~--.;: 

o 

95~----~, -~--~ 

conf!dence , b' 
intarval 

1.182-1.418 3.28 
1.~32-1.~80 .80 
1.038-1.332 .55 
~ .856-1.138 1.00 

1.166-1.378 
;, 

2.96 
1. 092-1. 394 .60 
1...028-1.444 .38 
1.091-1.361, • .57 

1.131-1.'381 2.78 
.877-1.565 ,34 

1.13?-1.269 .29 
~~.239-~.4~3 ' .38 

1.256-1.404 1.33 

1.1..95-1.561- 2.31 

, 

c!I:a ilA) Pi ~ ..... _ .... _ 

- ~ 

95% 
confidence 
interv'al 

2.13-3.95 
.66-.97 
.43-.69 
.90-1. 26 

2.51 .. 3.50 
.48- .. 76 
~27-.52 
.46-,~r 

2.28-3.39 
.19-.60 
.26-.33 
.33-.44 

. , 
1.18-1.50 

1.,73-3."10 

d 

c 

r ' 

.. 

à ~ ~----. , -

~'-1 ---
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o 

Neural spine 
he1ght, 

Cla_v.1c1e 
a, lleight 
b 
c, width' 

Intere1avlc1e 
1ength 
heàd, width 

Sternum 
length & 

i w1dth 

Scapula 
height' 
1ength 

Coracoid 
1.ength 
he1ght 

Humerus 
l~ngth 

prox. wldth 
shaft width 
dist. width 

/- , 

'0 
\ 

Estimated mean vaîue of y when 
95% . Y (unit 

y (mm) confidence measure-

( 

16.18 

~4.49 

-34.12. 
~3.93 

59 •. 60 
21.98 

44.26 
27.23° 

70.15 
45.29 

58.61 
31.12 

71'.'6:1. 
19.63' 
13.90 

628 • 97 

interval ment) 

14.96-17.50 

16.85-35.56 
27.73-41.98 
16.69-34.36 

55.21-64.25 
17.66-27.35 

41.21-47.51 
',24.03-30-.83 

35.75-137.7 
31.19-65.77 

c 

45.92-74.82 
26.03-37.24 

., 

67.92-75.4,9 
17.46-21.49 
12.45-15.52 
27.23-30.84 

\~-

. , 

6.22 

9.42 
13.12 

9.21 

22.92 
, 8.45 

17.02 
10.47 

26.98 
17.42 

22.54 
Il.97 

27.54 

1 ... 
.' 

, 
• J 

1 

J 

;x ::: 10 mm 
95% 
confidence 
interva1 

'5;;75-6.73 

6.48-1;3.68 
10.67-16.15 
' 6.42-13.22 

21.23-24.71 
6.79-10.52 

,/ 

15.85-18.27-
9.24-11.86 

\ 

13.74-53.0 0 

12.00_25.~ 
,J 

17.66-28.7 
10.01:-14.32 -

26.12-49.03 

r 
, 
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\ " 0 o • 

'--0_ " 
E'stiJlùited-me-li-n value of ywhen x II! 10 mm. 

\95% yi (pnit 95% 
:Y (mm) ~ence mè-éiÙ,re- conridence' 

interval ment) interva1 
}. 

Radius" 
1ength 37.41 34 • 6 7 -4 O. 36 14.39· 13.33-15.52 
pr<?x. w1dth 10 .-~5 8.8~-12.1~ 
shatt width 6.49 . 5.37-7.83 - ... -~ 
di·st. wldth !7.48 ' 6. 6 J. -8 • 4 7 ' . 

Ulna 
length 37.24 35.32-39.26 , 14.32 13:57-15.10 
prox. width J.0.79 9.76-J.J..94 
shart w1dt'h '5.83 . 5.28-6.46 
dis-tal width 10.35 , "7:67-13.96 

'~ 
1',-' 

': 

Metacarpa1 l'V' 
1ength 13.40 12:17-14.76 5.15 4 .t;8-5. 68 1 

<Œ Manu-S;~ dig1 t IV 
sum -o+, .1ength s 

30.57-~9 .36 of phalanges 34.67 

, .~,. 

'- \ ' 
\ 

,. l \ 

i3.33 _ 1 Il.76-15.14 -i" 

Ilium c 

b1aqe length 34.36 31.5'5':'37.38 
. base 'length 19.--:".L 17.08~21.18 

,~ 
1 

13.22 12.13-14.38 r-' 
7 .. 31 6 .. 57-8.15, 

'" 
.-:;--

Pubis \ 
length 22.39 21.48-23.34 8.61 8.26-8.98 

~ he1ght 28.12 24.77-31.92 10.82 9.53-12.28 
""'-

Ischium 
~e-ngth 28:31 - 25.50 ... 31~40 10.89 9.81-12.08 
height 23.23 21'.53-25.06 8.93 8.28-9.64 
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Femur 
1ength 

.. 
------~~--------.. --~~~~~ •• ~$~-~~~~ .. ~~------- ~ • - <~ 

• o 
Eatimated mean value of y ·when 

95%- y (unit 
y (mm) confidence" measure-

interva1 ment) 

" 

65.46 59.16-Z2.44 25.18 

F 

x • 10 mm 
95% 
conf1deI].ce 
interva1 

22.75-27.86 -'~ 

o 
_\ 

, 
'~ 

1 
! ' 
l 
i 
~ 

( 

'--

prox. width ,14.3~ 13.23-15.67 ' ,.; 
1 
-1 shaft width 8.36 

distal width 9--::73 

'l'ibia 
1ength 55.4? 
prox. width 10.49 
shaft wldth 6.50' 
di sta 1 ---wi dt h 9.p2 

Fibu1a 
1ength 50.:1.2 -

---prox. width 5,64 
shaft widt-h 4.69 

difJta1 wldth 8.00 

Metatarsal IV 
1ength 28,.44 

Pest digit IV 
sum of 1engths 

- ',of phalanges 55.21 

1 , 
" C. 

\ 

.'" 
.a-

'. ,. ---~_ .. _------

7.41-9.43 
8.53-11.09 

50 • 70- 6 0 • 6 O' \ 
'9.18-12.00 
5.42-7.80 
8.82-10.50 

44.98-55.85 , 
4.32-7.35 
4.44-4.95 
7.43-8,61 

26 . -7 0 - 3"0 . 27 

" 47.3,2-64.42 

", 

.-/ 
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. \ 

21.33 

- <7 

19.2'8 
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10.94 

2-~.23 
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Table 9.' Comparison of ,relative lengths, of 
1 

cranial and 11mb elements of protorothyridids, 

araeoBcelidians, eosuchians, paliguanids,and 

claudiosaurids. The average l~ngth of a dbrsal 

.. 

centrum ia, represented bY.!t and the average width 

.----

/ 

at the posterior end of the centrum is equivalent 

to 2r. Some measurements were taken from 

immature specimens, so a weight related factor 

had to be built into the orthometrie 1inear 

unit (r 2 / 3 = OLU). A pos\script "e" 

identifies those figures that have ~aen 
\ 

ad~usted. The ratio iO/1t represent~ the 

interorbital width d1vided by the 1ntertemporal 

width. The length (y) of aach element is 

dividad by either~ or OLU to produce a unitless 

relative measurement. The length and width of 

the skull and x are in millimetres. 
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Table 9 (oontinued) 
-----'--- --_ .. _-------_ .... _---- -- < -- ~ 

Tha1attosaurus 

Askeptosaurus 

Champsosaurus 

Protorosauru-s 

Pro1acerta 

Maerocnemus-

Tanystropheus 

Tanytrache10s 

Pa1aeagama 

Saurosternon 

He1eosuohus 

'. Claudiosa-urus 

, ' 

"""'~--~-_ ... 

; 
/ 

x r 2 / 3 
~ 

16 5.1 350 

22 4.'7 285 

28 6.1 430 

'-

9.0 1.9 69 

9.0 2.30 86 

42 147 

7.7 

3.7 1.0e 26 

2.8 .8c 

3.5 28 

9.2 2.20 35e 

Skul1 Humerus Radius 
w 1o/it y/x y/OLU y/x y/OLU 

94 ' 1.1 4.? 15 2.5 8 

105 1.2 3.2 15 1.7 8 

195 :4-1.4 5.1 23 2.9 13 

~ ~. 31'- .8 4.7 22 "4.1 

.9 6.1 ~ 240 5.2 200 

1.1 , 4.7 3.1 () 

4.3 2.0 

22 .7 6.3 23c 4.2 15c 

6.2 230 4.2 150 
~ 

23 

25e ·~~k·9 200 3~ 
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T~~~-9 (cont1nusd) o 
. Femur Tibia 

:y /x y/OLJL/1 y/x y!OLU H/F R!HT!F RiT 

Paleothyris 5.2 20 

__ Pe_t_1"c:l_1~co saurus 6.0 20 , 

Araeoscelis 7.7 32 

Kadaliosaurus 5.'7 

Coelurosauravus 4.6 
.4.5 

Daedalosaurus 6.0e 

Wei.&!lltisaurus . 4.7 22 

Ga1esphyrus 4.9 18 

He1eosaurus 7.0 26 

-Acerosodontosaurus 6.1 26c 

Young1na 6.5 250 

Thadeosaurus 6.0 - 23 

Kenyasaurus 7.5 290 

Tans;asaurus 5.9 

Hovasaurus 6.5 ~ • 

~ ~ 

Tj 

-.~--........... ' .... ~ ... 

3.3. 13 

6.9 22 

8.0 33 

5.3 

3.0 - -1 

3.0 

3.8c 

3.4 16 

4.5 17 

5.8 220 

5.4.21,-

5.'7 220 

-5.0 

5.5 21 . 

~ 

.,.. 

.97 .60 .65 .90 

.90 1~10 1.20 .89 

.86 .98 1.03 .82 

1.00 

.93 

.93 

.95 

.92 

.78 

.68 

.93 

.63 

.66 

.71 

.81 

.'78 

lU 
1.00 .6 

1.09 .52 

-------

.93 1. 00 

.65 
-.64 .92 

.65 .98 

.'72 .91 

.93 .68 

.89 .59 

.90 .'73 

.'77 

.85 .73 

.85 .67 
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Table 9 (continued) _ 

~- -"'"1 , 
j Femur Tibia 

1 

y/x y/OLU y/x y/OLU 

Thalattosaurus '; 1 

\ Il'\ -1 

Askeptosaurus 4.1 19 2.3 

Cham;esoaaurus 6.4 29 4.4 20 

Protorosaurus 

Prolacerta 6.0 28 6.5 30 

Ml:l-croonemua 8.0 31 7,9 31 ~ 

ho 

Tanystropheus (:.-c:-_ 7.0 5.2 

Tanytrachelos 5.2 3.5 

Palaeagama 8.1 30c 7.6 28 

Saurosternon 8.4 300 7.5 27 

He1eosuchus ts.6 8.0 

G1audiosaurus 5.4 220 5.0 210 
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-- --- -.-----..:---~_,_'-_.J>_ ........... ____ 

H/F R/B TIF 

.~ .55 

... 80 .58 .69 

.74 .81 .95 

.78 .88 1.0'7 

.73 .93 l.06 

.6'8 .65 .74 

.84 .46 .68 

.78 .66 .93 

.72 -.71 .'89 

.93 

.91 .63 .91 

RIT 

.74 

-.67 

.62 

.64 

.&4-

.60 

.57 

.55 

.5,? 

.64 
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3J.7 274 

323 283 

334 28J. 

335 28'7 

373 288 

382 290 

390 292 

395 296 

39 '7 302 

402 298 

419 293 

49'7 270 

510 299 

552 321 
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Antsakaky C1adachonus (Tortochaux, 1950) 

Saaravy Equise~es trartochaux, 1950) 

Anteteza R. 

Benaha 
Imaloto 
confluence 

Ilakaka R. 

Leaposa 

Iso1ated reptile banès 
(Tortochaux, 1950) 

. ' 
Actinostromides (Briere, 1924), 
8mall cora): resfa (Cl'iquet, 1950), 
Cladochonus (Basse, 1934), 
Gervillia slianae, Modiolopsis 
stockleyi (Basse, 1934, Cox, 1936) 

Isolated reptile bones, 
incorrectly identified as 
Hovasaurus (Tortochaux, 1950) 

Claudiosaurus ,ermaini 
( Carro Il, 1981 

Ianakan- Estheriids (Basse, 1934, Cliquet, 
drereza R. 1950) 

Ranohira G1ossopteris (Beaairie, 1971), 
equisetes ( Tortochaux, 1950), 
estheriids (Basse, 1934) t 
Lower Triassic palaeoniscoid 

) 

(B. Gardiner, pers. comm.), , 
isolated amphibian bones 
(Basse, 1934), Hovasaurus 
(Tortochaux, 1950), Barasaurus 
besairei (Pi veteau, 1955a), 

Sakamanigy . 
River 

Tanambao 

lso1ated reptile bones (Tortochaux, 
1950) 

Equisetes (Zeiller, 1911), 
Claudiosauru9 g~rmaini (Carroll, 
1981) 

Fish and r,'ptile akeletons 
in nodules (Besairie, 197~) 

Menamaty R.~ J~w referred to Rhlnesuchus 

Bevila 

Beklnaina 
", 

Man dranar i vo-

." • t 

cf. seneka1ensis (Piveteau, 1926) 

Unidentified reptile bones 
(Tortochaux, 1949) 

Iso1ated reptile bones identified 
incorrect1y as Hovasaurus 
(-Tortachaux l' 1950) l 

, t ~ , 
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1 



570 322 Sakeny R. 

590 327 Manambaeo 

628 326 Tambohazo 

695 Ankoriky 

842 277 Sa10ka 

. Kali vari 
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. 
Edmondia ~f. amabi1is, 
Fosidonia cf. bacheri 
(Tortochau~, 1950) 

. \ 

Estheria minuta (Eesairie, 1971) 

1 

G1ossopteris cf. indica' 
(Carpentier, 1935), Baiera sp. 
(Anderson and Anderson, "1 «;}?O) , 
Voltziopsis africana (Townrow, 
1967) • 

Thinnfe1dia cal1iptel'oides 
{Townrow, 1967), Lepidopteris 
madagascariensis (Townrow,1966), 
Taenipteris sp., Baiera sp., 
possible ginkgophyte (Anderson 
and Anderson, 1970), Rissikia 
media' (Townrow, 1967), 
Voltziopsis afrjcana (Townrow, 1967), 
V. wolganensis (Townrow, 1967) . 
Estheria minuta (Besairie, 1971). 

G1ossopteris cf. indica, 
Estheria minuta (Besairie, 1971) 

HovaS8urus boulei 
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APPENDIX 2 
''\ FLORA AND FAUNA 

OF THE 
~QWER SAKAMENA FORMATION 

PROTISTA 
"'.IIHALLOPHYTA 

DINOPHYCEAE dinoflagellates 
PERIDINIALES 

acritarchs 
FORAMINIFERA 

PLANTAE 
TRACHEOPHYTA 

SPHENOPSIDA 
EQ. ~I SETALE S 

~ SCHIZONEURACEAE 
Schizoneura gondwanensls 

CYCADOPSIDA 
PTERIDOSPERMALES 

Thinnfeldla callipteroides 
TaenilteriS sp. 

CAYTONIACE E 1 

?Vitreisporites patlidus 
?Alisporites papilio 
?Pityosporites insularis 

___ ~....-'---~'.. ?Falcisporit,es e,nodis 
PELTASPERMACEAE 

Lepidopteris madagascarensis 
GLOSSOPTERIDALES 

Glossopteris cf. indica 
OONIFEROPSIDA 

Rissikla media ~ 

Voltziopsis africana 
Voltziopsis wolganensis 

GIN.KGOALES 
Baierà sp. 

VQLTZIALES 
?Lueckispo' ites vfrrkiae 

OORDAITALES 
. Dadoxy-lon 

OONIFERALES 

GNETOPSIDA 

?Ar~uc~riacites austra1is 
PODOOARPACEAE 

?~odocarpites cf. elipticus 

, GNETALES J 

A ?Vittatina.striata 
TRAOHEOPHYTA 1acertae sedis 

~aeniaesporites noviaul~nsiS 
~rotohaploxyplnus pellucidus 
Stroter§porites panti 
Platysaccùs cf. leschiki 

1 
\.. 

'::~,'~r:~:~~~~~~~:;~' _·~,l~-,~~-."-;-.. ,----,t-;·-:---,,.-,-, ----.":"'r'.":"" -. _-'.,-...:.t-f,-,.----!.-.,~, ,,'7"'\-~----:" .. :-.-,7',.'":" . .,.;:-' "':',':'!J:'t:':r,r}-"-'t"" --:"-~.~.,-. 
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", 
incértae sedi s 

1 

Platysaccus fuscus 
Platysaccus praeviu$ 
Sulcatisporites prolatus 
Guttulapollenites hannonicus 
Guttulapollenites gondwanensls 
Inaperturopollenltes cf. orbicularls 

, ANAMALIA 

.' 

COELENTERATA 

, 
STROMATOPOROIDEA 

STROMATOPORIDEA 
ACTIJWSTROMIDAE 

ANTHOZOA 
TABULATA 

1 AULOPORIDAE 
Syringopora Spa 

Cladochonus Spa 

MOLLUSCA 
BIVALVIA 

1 

PTERIOIDA 
BAKEVELUIDAE 

Gervill'ia 
POSIDONnDAE 

elianae 

Posidonia cf. becher! 
MODIOMORPHlOIDA 

MODloMORPHIDAE 
Modlo1opsis stockleyi 

PRO LADOMYO l DA 
EDMONDII DAE 

: Edmondit'l.. cf amabilis 
CEPHALOPODA 

GdNIATIT~DA , 
POPANOOERATIDAE 

Popanoceras Spa 

CYOLOLOBIDAE 
Cyololobus walkeri 

PROLECANITIDA 
MEDLICOTTIIDAE 

Propinaooceras sp: 
EPISAGEGERATIDAE 

" Episagecerus Spa 

CERATI'rIDA 
XENODISCIDA'E 

Xenaspis SPa 

ARTHROPODI\. ' 
CRUS-iACEA 

CONCHOSTRAOA 
?ASMUSSllpAE 

Esther1Et,minuta 
o EBTHERIELL IDAE ' 

Esther1ella Spa 

CHORDATA 
OSTEIOHTHYES 

CHONDROSTEI 

} 0 

, 
1 

1 

!, 

1 
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PALAEONISCIFORMES 

AMPHIBIA 
'Atherstonia colcap.api 

TEMNOSPONDYLI 
RHINESd'CHIDAE 

, , 

~ cf. Rhinesuchus sp. 
REPTIL1A 

COTYLOSAURIA 
PROCOLOPHONIA 

, PROCOLOPHONIDAE 
Barasaurus besairei 

EOSUCHIA 
y:OUNGINIFO RMES 

YOUNGINOIDEA 

, 

Acerosodonto saurus piveteaui 
TANGASAURIDAE • 

1 
~ 

KENYASAURINAE 
Thadeosaurus coléanapi 

TANGASAURINAE 
HovasauruB,boulei 

EOSUCHIA incertae sedis 
COELtiROSAURAVIDAE 

Coelurosauravus el~ven8is 
Daedalosaurus madagascariensls 

SAUROPTERYGIA 
CLAUDIOSAURIDAE 

, Claudiosaurus germaini 
THERAPSIDA i 

DICYNODONTIA incertae sedia 
THERIODONTIA incertae sedia 

.. 

• 

, 

\ l, 

J.,.'1j 

1 
1 

1 
, 
1 

1 
1 1 • 

1 
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AMNH~ 
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Jal 
e.q 

ar .... 
. ATL-c 

jJ 
A'TV-na 

AX 

b 

bo 

bps 

-br 
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j 
1 • 

cal 

cbl 
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co 

COR 
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ABBREVIQATIONS 

\) 

astragalus 

American Museum of Natural H1stor,y 

, l ' 
/ 

quart us' 

atlantal centrum 

a t lant al neural arch. 

axial interc~ntrum ,j 
biceps 

basioc cipl tal 

/ , 

o • 

! 
/ 

! 

./ 

/ 

/ 
! 

combin,d basisphenoia and parasphenoid 
o 

brachiàlis inferior 

clavicle 

capitellüm 

calcaneum ü 

j 

coracobrachialis ~revi8 

co~acobr~hialis longus 

cleithrum 

corono1d 

coracoid 

oervical rlb 
1 

dentary 

del~o1ds 

ectep1condyle 

-~ ,j 1 

1 
1 

1 
i 

1 

i 
l, 
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MNHN 

n . 

op 

p 

p~l 

pc 
pe 
pf 

pi 

po i 

pq 

pr 

pt 

ptf 

PU 

q 

qj 

R 

r 

s 

s 

sa 

SAM 

so 

sos 

, ." ~ ,. ~ 
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Museum Natlona~ d'Histoire Naturelle, Paris 

nasal 

opisthotic 

parietal 

palat-ine 

palmaris communis profundus 
pectoralis 
po stfr·ont al 

pisiform 

postorbi tal \ 

pronator quad~atus 

prearticular 

pl'efrontal 

prootic 

pterygoid 

transverse flange of the pterygoid 

pUbis 

quadrate 

quadratojugal 

radius 

radiale 

soapula 

supinator manus 

suran'gular 
A 

South Arrioan,Museu~~ 

supraco-rac oideus --./ 

subooraoosôapularis 

1 

i. 
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() sh scapulohume~aliS / 
sl _ supinator longus ' ........... -~"'- .. 

sp sp~enial 

f '? 

sq squamosal 

sr sacral rib 

, ST sternum 

• st supra. t emparaI 
/ 

1 

eta stapes 

T tibia. 
,-

tr tric.eps 

trl triceps lateralis ( short head) 

t'rm triceps medialis (short head) 

(- U ulna 

'U ulnare 

1 ( 1-5 distal carpals, di st al tarsals , 
i 
1 I-V metacarpals, metatarsals 

l 
" 

1 l 

~--,-----.-
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