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3.1.4 Descri ption

3.J.4.1 Tlio bones of the s k u H  (Figs. 10 and]I)

Due to the loss of the whole skull border except some of the posterior border 

(which has been slightly distorted) reconstruction of the shape of the skull 

is subject to error. Also, the left lover jaw is attached firmly to the 

skull and a broken smooth-edged fragment of jugal lies loosely to the right 

of the right orbit.

Anterior to the midpoint of the frontal, the bone is severely damaged 

and ro detail of sutures is evident. However, lateral line canals are 

easily recognized from anterior to the midpoint of the orbit.

The frontal:

Only the posterior and part of the lateral sutures of the frontal are 

visible. The lateral suture is slightly slanted towards the midline and the 

posterior suture is almost transverse and straight. This suture is 

indistinct but capable of being reconstructed. The frontal abuts the mid- 

line in a straight suture where visible.

ine anterolateral ed^e of the postfrontal forms part of the pisteiomedial 

border of the orbit. The suture with the postorbital is straight and 

parallel to the midline and then slopes medially at an angle of 130°, 

where it sutures with the supratempoval; the anteronedi~1 sutu*e with the 

frontal slopes towards the midline; the posteromedial suture with the 

parietal slants posterolaterally. Thus the postfrontal is a roughly penta­

gonal bone pointed posteriorly between the pariet.-.l and supratemporal.

the postorb i t 1 :

The postorbital is also roughly pentagonal. The anterior edge of the bor<- 

forms the posterior border of the orbit. The ant .remedial suture with the 

postfrontal is paraltt ' to t T. ■ midline; the p<̂ ‘ Lero 1 nteral border slants 

towards the posterolateral corn r of the skull. Anterolateral, ly the suture 

with the jugal (whose limit* .ire unknown) is slightly ..1 anted in a postero­

lateral direction while the posterolateral suture with the squamosal slants 

posteromedially. This results in the post orbital forming an obtuse point 

between the squamosal laterally and th. supratetnporal medially.

The modi -' 1 "ufcure of the parietal is a straight line. Halfv.'y along thi. 

suture - ular parietal foramen is visible. The anterior sut ire with the

frontal forms an almost straight transverse sutur. . T h n  .uture is badly
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damaged. Anterolaterally, the parietal autures with the postfrontal in a 

posterolaterally directed suture. Posterolaterally, the bone meet? the 

supratemporal which forms a concave edge to the parietal. The posterior 

border of the parietal is laterally convex and medially slopes posteriorly 

so that together with the r i t  side the parietal forms a sharp point 

in the midi inc.

The suprntcmpora 1_:

This is a roughly pentagonal bone. The anterior suture with the post- 

frontal is slanted slightly posteriorly. The anterolateral suture with the 

postorbital is slanted posterolaterally so that the anterolateral corner 

of the supratemporal is almost a right-angle. The posterolateral border with 

the squamosal and most of the medial border with the parietal are ir.ore or 

less parallel to each other and slightly slanted posterolaterally. The 

posteromedial corner of the supratemporal abuts the* postparietal in a 

posterolatt ral ly directed curved suture. Th.- posterior border of the supra- 

temporal is parallel to the posterior border of the skull, suturing v;ith the 

tabular posteromedially. The posterolateral corner of the supratemporal 

overlies part of the squamosal.

The squamosal:

Anteriorly tl. 1 squamosal forms an acute angle between the postorbit.il 

medially and the remains of the jugal and quadratojugal latera’ly. The 

latter bones are missing, except for a narrow piece of jugal which lies 

disarticulated on the lateral side of the right orbit. The posterolateral 

corner of the squamosal was probably gently rtunded. Posteromedially, tie 

squamosal has a slightly slanted herder with the supratemporal which 

appears to overlie tie- squamosal and a concave suture with the tabular 

(only the right tabular is preserved to some degree) at its posteromedial 

corner. The posterior dorsal edge of tlie squamosal turns at right-angles 

from the skull table to form an occipital flange which probably overlay 

most of the quadrate bone. The occipital , lange of the squamosal is badly 

,

that the squamosal has a curved border above a large otic recess and 

expands vcntrally to cov • most ol the quadrate.

The pos t par i e t al_:

The anterior suture of the postparietal has a lateral concave and medial 

posteriorly slanted suture with cue parietal. Medially the poitparietal 

abuts the midline in a straifht line; anterol.terally the- postparietal forms 

a posterolaterally directed curved border wifh the supratemporal.
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Posterolaterally the postparietal abuts the tabular in a short curved suture 

The posterior dorsal edge. of the postparietal forms the posterior border 

of the skull table. The postparietal then turns through 9()f onto the 

o c c i p u t .  The occipital flange of the postparietal when viewed dorsally is 

triangular in shape and when viewed laterally is a short round knob on 

the posterodorsal corner of the skull. In occipital view the posfparietals 

form the roof over the large space abo'\ the foran.jn rragnutn that was 

probably occupied by the cartilaginous supraoccipital. Laterally the suture 

with the tabular is slightly dorsolaterally slanted. The postpariatai is 

straight ventro~medially, then expands into a triangular flange. The 

lateral edge of this flange forms th*> dorsomedial corner of the post- 

temporal foramen.

The tabular:

Most of the right tabular is present. The anterior border is a transverse 

straight suture with the supratemporal. The lateral border is a postero­

lateral ly slanted suture with the squarosat. The medial limit is a curv'd 

juture with the postparietal. The posterior dorsal border of the tabular 

forms part of the posterior limit of the skull. The tabular then turns 

through 90° to appear on the occipit. The ventral limit of the tabular is 

straight medially then laterally forms a ventromedially directed rounded 

pillar which sutures with the dorsolat .al extension of the exoccipital 

and forms the posterolateral corner of the posttemporal foramen.

The quadrate:

The only part of the quadrate that is visible is the condyle. Seen 

posteriorly the condyle is shaped like a rounded triangle, the apex ot whic i 

lies ventrally. A rounded articular boss lies most posteriorly with the 

bone expanded laterally and anteriorly from each side of this projection.

The exoccipital:

In lateral view, the exoccipital conuyle is clearly seen with a rounded 

articular area. The foramen magnum is not visible in this view, only solid 

exoccipital is sesn risinR dorsal ly and anterol at oral ly from the condyle.

Seen posteriorly, each exoccipital forms an oval condyle. Tie condyles 

project approximately 1mm from the posterior end of the occipital flange of 

the postparietal. From the condyle a flange of exoccipital which borders 

the foramen magnum extends do.sally hut is broken off a few millimetres 

above the condyle. DorsolaU rally to the condyle a broad flange of the 

exoccipital rises to meet the occipital flange of the postparietal. fhe
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forms the wall of the* occiput below l.h-i posttomporal foramen 

and lateral to it meets occipital flange of the tabular.

Seen postrriorly the pterygoid meets the exoccipital below the otic 

recess. This suture is not visible. The pterygoid continues laterally 

in a smooth curve and then turns through 90° to form a vertical flange which 

continues ventrally internal to the squamosal. The bones are distorted in 

this region. The basioccipital is evidently not ossified.

3.1. 4. 2 T)u- Sculpt m v� 

�he superficial sculpture of the skull roof is of typical brachyopid 

pattern, similar to that found in capitosaurs and consists of pits in the 

centre of ossification of each bone, Irora which ridges and grooves radiate 

outwards, hut show no areas of disproportionate grov/th, unlike in capitosaurs.

3. 1. 4. 3 The l.atera 1 I ine System 

The typical balrachosuchian ’lantern1 pattern of the anterior lateral-line 

system is visible on the skull roof a c. a series of irregular pits which 

have slightly broader-based bordering ridges than thoi’e of normal sculpture. 

The distribution of the canals differs from tho other two species but is 

closer to R. v;at cor1* (Welles and r ste«?, 196r), p. 25).

The supraorbit.- l canalt From the antero-lateral corners of the parictals 

the canals pass alonr the posterolateral sutures of the frontal s rr.d enter 

the prefrontals. Although the limits of the prefrentals and the nasals are 

damaged and not recognizable, the lateral line canals are virible. The 

supraorbital canals then turn medially and are lost to view.

The temporal can-.l: These canals run from the posterior border of the skull 

table where they form a curve, from the postero-medial borders of the post- 

parietals to the anterolateral limits of those bones. They then travei se 

the s u p r a t empora1 s from the posteromedial to the anterolateral corners 

displaying a sharp curve midway along their length. The temporal canals then 

enter the p o s t frontals medially along their posterolateral bordeis and 

continue straight on to the posterior borders of the orbits. From here they 

do not follow the pattern of the Batrachosuchua species as illustrated by 

Watson (1956), where the t mporal canals continue laterally around the orbit 

as well. This is probably due to the fact that in H. concordi , vncre the 

relevant bones are present, the s u r f a c e  detail is damaged and obscure. In 

B. concordi , the temporil c a n a l s  continue medially along th« medial borders 

of the orbits to join the supraorbital canals halfway elonft the length of

the orbits.

No other canal, arc discernible probably due to the- frafrcantation of 

tho relevant bones and the sculpture pattern itselt which makes it difficult

to follow irregularities.
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. . . T he 

Very litt le of morphological significance is preserved in the pal ale. 

Anteriorly, the choanae are visible as being transversely oval and relati- 

vely large. The stump of a larpe tusk is present lateral to each choana.

The p&rasphenoid forms a fiat plate which blends into the e x o c c i p ilals and 

pterygoids without a visible suture. Anteriorly, it sends out a cultriform 

process which is broad and flat.

The pterygoids extend outward from the parasphenoid until at Iheir 

anterolateral extremity they end ir a curved border, clearly part of the 

anterotnedial limit of the subtemporal vacuity. Laterally, the ptervp.c. ids 

curve through 90° to form vertical flanges. When viewed laterally, the 

pterygoid sweeps anterodorsally from the quadrate ccndylc posteriorly to a 

position directly ventral to the posterior border of the orbit. The ecto- 

pterygoid which sutures at this point with the pterygoid, continuer; 

anteriorly to a point beneath the anterior liuit of the orbic. The pterygoid 

and ectopterygoid form a characteristic shape very s i r c a r  to that illustrated 

by Watson (19*16) for Brt.m c h o s u c hnf vat soni Haughton

The exoccipitals form rourded condyles which project outwards from 

the midline. Each condyle measiues Siiji horizontally and Ainiu vet t' ly.

The less distorted left condyle projects 3 m  behind the dorsal edge of the 

skull table. The two condyles are 1.2mm apart and 12tm across. A flat 

parasphenoid separates the two condyles.

3.1.4.5 The Lower Jaw (Figs.12 and 13)

The jaw i' bowed upward to match th • concavity of the palate. The area 

between the symphysial region (the anterior pait of whic' is rniss'.ng in 

this specit n) and the adductot fossa is hip.h and narrow and is inclined 

ventromodtally. This aria dots not have a keeled ventral surface as in 

Blinasaurur. K. nwoodi (Cosgriff 1969). In dorsal view the jaw widens through 

the region of the adductor fossa and the articular facet. A flat ventral 

surface underlies the anterior hall of the adductor fosna. The ventral 

surface from the centre of the adductor fossa to the tip of the retroarticular 

process is K e l e d .  The large adductor fossa is spear-shaped in dorsal view 

with a flat posterior margin and an acute anterior margin. The labial wall 

is very high and ha*) a rounded upper margin. The lingual wall is low and 

its upper margin is concave downward. The articular facet is defined by pre- 

and post- condylar processes. Lingually, the articular facet forms a ledge 

which overhangs the surface of the jaw below it. The narrow retroarticular 

process is triangular in section. The posterior meckelian foramen is not

preserved.
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The left jaw ramus is f irmly atcached to the skull with the retro- 

articular process extendin'' approximately J.cm behind the skull table. The 

right jaw ramus is fi.ee and seems Lo be almost und.i storted, although the 

anterioi part is missing.

The dentary: The dcntary forms the tooth-bearing surface. Anteriorly there 

are two large teeth. Posteriorly and dorr,ally the dentary is capped by the 

coronoid. The dentary extend onto the labial wall of the adciurtor fossa as 

a slender and pointed process. Ventrally the dentary sutures with the 

remains of the second splenial anteriorly, then with the angulai and 

posteriorly with the surangular.

The splenial; Only the posterior part of the second splenial is preserved.

It. lies ventral to the dentary and forms the antero-ventral border of the 

jaw ramus. Lingually, in the posterior portion, it is overlapped by the 

angul j ventral ly in a slanted suture and by the prearticular dorsally, 

which forms a tapered point extending onto the splenial. A very smill 

part of the anterior border of the adductor fossa is bounded by the splenial.

The angular* The angular covers a large area on the labial surface, where 

it forms a suture with the splenial anteriorly, the dentary dorsally and 

the surangul ar posteriorly. The angular taperr to a long thin projection 

which borders most of the ventral surface of the ramus and curves to a fine 

point at the limit of the retroarticular process.

The dermal sculpture retained on the labial surface shows broad ridges 

and grooves of the typical 1abyrinthodont pattern that radiate out from 

the centre of the lower edge. There seems to be no angular-prcarticulai 

suture on the ventral surfact of the jaw. The angular has a lingual process 

which abuts the prearticular in a straight longitudinal suture, midway along 

the lingual wall of the adductor fossa. According to Cosgriff (1969) a 

feature of the lower jaw that is diagnostic of the family as a whole is the 

position of the angular-prear!icular suture which is on the ventral surface 

or very low on the lingual surface. Cosgriff (op. cit.) also sLntes that a 

lingual pi tl U  U c l  ing in i vtr, «»

this material is almost certainly of the Kraehyopidao and probably a 

Batrachosuchian, this diagnostic feature no longer holds true.

The surangulnr:The surangular lies dorsal to the angular. Ante.iorly, in the 

labial view, it forms a sharp point between the angular ventrally and the 

dentary dorsally. Posteriorly, tie* surangular is excluded from the glenoid 

fossa by the p r e a r t i c u l a r  and articular. The surangular tapers to a ribbon 

of bone which extends to the limit of the vetvoarticulat process.
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The coronnid: wc-f-n labially, the corunoid has a ventral suture with the 

surangulai* posterior to ihe dcntaryourangul nr suture. Tn livgual view ib*’ 

coronoid sutures with the surangul;;r and font’s the antero-dorsal limit of 

the adductor fcssa.

The prearti cul nr ; In labial view the prearticular has a sni.il 1 lateral expo­

sure capping the precondyloid process, anterior to the glenoid lossa. In 

lingual view, anteriorly it forms the medial border of the adductor fossa, 

and ends in a slanted suture with the splenial. Ventrally, the prearticular 

meets the angular in a straight suture.

The art i oi l nr • The articular forms the glenoid fossa and extends posteriorly 

to the limit of the retroarticular process, where it lies dorsal to the 

angular, ihe articular forms the whole glenoid fossa and Lerminntes just 

.interior to this tossa. Seen from above, the glenoid fossa is roughly 

triangular, agreeing with the triangular quadrate.

Jaw m e c h a n i s m  Because of the relatively larp.e retroarticular process, a 

stronp depressor mandibular mu;rle was probably present attached to the 

dorsal fikul? table where muscle ridges arc discernible. The action o> a 

powerful muscle here would op n the jav rapidly. The relatively large 

adductor fossa and the large area available for muscle attachment on the 

pterygoid a:d the underside of the fkull roof indicates a strong adductor 

system consisting of the pterygoidcu and adductor mandibular muscles to 

snap the jaw shut.

The atlas is well p r e s e r v e d .  it has r square centrum 10;nm long in the 

ventral midline, 8mm from between the condylar articular facets to the notch 

of the axis articulation and tOan acr>88 the anterior face. The exoccipital 

condyles fit perfectly into the anterior sockets which are spheroidal hollows 

separated by approximately Iwm. In Uadrokknsaurus hrady j  (Weilea and Estes 

196'J), the condylar facet, are confluent ventral ly, whereas in ?Bfltr^rhO“ 

suchur(Vfatnon, 1956) from the Cynoy.nathus zone, the condylar facets are 

sepor ed by a "rather wide slightly h i  lowed and pitted surface . In 

B. concordi the condylar facets are also separated by « similar area.

The posteriorly directed neural arch rises from midway along the length 

of the centrum and consists of two pillars which fuse dorsal ly; the tip cf 

the neural arch is broken off. On either side of the neural arch on the 

lateral of the centrum a deep indexation it) nresep', probably for



muscle attachment. 'J’he floor of the neural r. il is vide and slightly 

hollowed along its length.

Ventrally the bone is more or less flat, unlike that of HaHrokUnsauruB 

which has a ventral keel. The atlas of ?Ratracho«ui-b,-is also lacks » 

ventral keel.

In posterior view the atlas of B. cciu-ordx lias a concave, verti­

cally oriented, hemicylindrical facet. There is no notochordal pit, unlike 

that occurring in Iladrokkosnurus, hut similar to that of ?Batrachosuchus; 

Batrachosuehoides lacer (Shiahlin 1966) includes .-in amp hicoeloufi atlas which 

does not have a ventral keel.

3.1.4.7 The Ay is (Fig.IA d-h)

Only the centrum is preserved with the floor of the neural canal clearly 

visible. The anterior articular facet is a vertical hemicylinder with a 

transverse conravj'”. This hemicylinrer fits perfectly into the posterior 

concavity the a las and it is apparent that relatively large lateral 

angular trover* nt s of the atlas on the axis were possible. The ventral 

surface of the axis i* more or les H a t  and Blightly expanded posteriorly. 

The dorsal surface shows the concave hollowed floor of the neural canal on 

either side of which indentations occur in the centrum, which indicate the 

position of «."* * :hc*‘r>t of the neural »rch. the axis of B. concc_r<li _ does 

not resemble i..t presumed axis of ?Datraehcsuchus figured by Welles and 

Estes (1969, fig. 24 f-j) which has a different cverall shape being less 

convex anteriorly and nore or lt-^s triangular in lateral view. It also 

has deep excavations on the antero-dorsal face which evidently housed 

the axial pleurocentra. These features are not present in the atlas of 

B. concordi . The two v rtebrae are ,' Inilar in their posterior faces,

X - r e  both ar, nearly circular. In ?H.;t rnchosu. hus (Watson 1956) this 

face is pierced centrally by an opening for the notochord, while in 

1, concordi a circular depreation approximately l.Swn in diameter is 

pre sent.

3 .1. 4.fi The Appendicular Skeleton (Fig.]5)

All elements pertaining to the appendicular skeleton were diassociated but 

found in close proximity to the *' 11 in the matrix. There can therefore be 

little doubt that they all porta to the pectoral girdle and forelimbs. 

Dermal elements of the pectoral girdle are conventional and present no 

problem. The endochondral girdle and forelimb elements however differ 

markedly from all known labyrinthodont postcrania, including vh*t little
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b r a c h y o p i d  material t h e r e  is ( N i l l f u n  1.939; Homer j 9 A 7; Watson 1956;

P a n c h e n  1959; Welles and F.Gtcs 19G 9 ; Howie 1970). Tn view of tor' above, 

c,nlv tentative identifications way be made at: this stage.

The pectoral r.irdlt : The bones figured as 'scapulo-coracoid’ may possibly 

b ’. cleithra as discussed later. Other than that there are many small 

sculptured fragments which do not give a clue as to their original part in 

the interclavicle/nlav!cle configuration, which are thin and smooth medially 

with fine sculpturing externally. Not much more can be said abouf these 

frigmonts.

There is a slight possibility that the 'scapuIo-coracoid' elements 

are cleithra. These elements may be described as follows: they are gently 

curved elements which are expanded at both ends. There is no sculpture but 

the surface is finely pitted. On the inner surface of the curve there are 

no irregularities and the surface is smooth. On the oute.- surface of the 

curve, a rid;?e runs fron end to end. The end nearest the midline as illus­

trated ends ir a flat border, while the disial end is gently curved. The 

ridge on the outer surface starts at the anterior corner of the flat proximal 

head, runs str ::i*\ht along the interior edge of the shaft until midway t ■ oap 

the curve and then turns posteriorly to end midway along the curved distal 

end. Fanehen (1959) desciibed the clcithrum in typical labyr»nthodon’s a- 

being a bony rod clasping the edge of the seapula in a deep groove. No such 

groove is found in the ele.ient described. Also these elements bear no

elements could be part of the scapulo-coracoid except for the fact that 

there is no sign of any sort of glenoid fossa, or even an area of thickened

'

To summarize, four post cranial elements which may or may not have been 

connected, ray be either seapulo-coracoid elements, e’eithra or humeri. The 

evidence one way or other is minimal.

ForeUrol- ele m ents: Great difficulty is experienced in making identifica­

tions’ >>» 7ue to the unavailability of comparative material. There is an 

added pr 'r,-, ^-at this specimen may have been a young indi\idual 

increase* th* .ik-lihood of the presence of extensive cartilage.

The *htBM nr,' : bon ' rlb*d • O? cl«it 

possibly be hum. r . Ct they ate humeri the rounded head probably lay 

proximal „  the * « « . . ! «  c , r . U W  would of « « . . » ,  b. p r . ™ * .

anterior surf.ee h.» . low vide ridg. running the whole length o

“ 69 •*
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element, i rora midway along the proxinal head to the lcLeral edge of the 

distal head. Tho hono slopes down gently from the ridge so thnt the whole 

of the anterior surface is gently rounded, while the posterior surface is 

very concave. The proximal head lies at an angle of approximately 30° to 

the distal head; the proximal head is not at. an angle to the shaft, rather 

the whole; element is curved, smooth and featureless. These may not be 

humeri because there is no supinator process as described and figured by 

Welles and Ksles (1969 fig. 25) for Bat rachosuchus sp. , nor is the shaft 

m o d i f i e d  into the tetrahedral form cortm.m to the labyrinthodonts; and there 

are no deltoid or pec'.oral crests. Also the strong curve of thr bone seems 

to suggest an alternative possibility, as tire resultant of concurrent forces 

acting on a curved rather than a straight avis is greatly rcduced. Kovevei 

th’se elerents do sh> v slight similarities to the hunerus of Me gal oh at raehus

max'mus hmalhausen (after Miner 1925) as illustrated by Nilsson (1939 

H r .  8E, p. 31)

The bone labelled ulna ir, the text figure may be a humerus. Two such 

elements were round, they may be described as follows: If they are hu.se: i 

the r.ore *Xpand«d head probably lay proximal to the scapula. Both proximal 

and distal end. were probably covered extensively by cartilage in life. The 

larger proximal surface of each element is gently rounded and relatively 

featureless except for en ovite a. ticular area at the end of a wide ridge

on the p. " terior edg' of the v e n t n i  surface.

The slightly hollowed ovate articular area i* turned obliquely at a 

45° angle from the shaft. In primitive tetrnpods this is typical in con- 

trast to a strap-shaped proximal articulation ot the humerus CRomer 194?).

The proxin.nl entepic.ondylar region tapers from the breaJth of the head to tec

narrow posteriorly curved ectcpicondyiir border.

0„ the ventral surface there i. one large ridge which extends the 

enti.e lenfth of the element At the distal end. this ridge divides into two 

confluent ridges fro,, which the hone slopes at an .cut, angle to a dorso- 

ventrally flattened plate. The e-tepicon.-1. is a narrow ridge, the crest 

of which is smoothly rounded. The dorsal surface is ,-nothly rounded and

featureless.

These elements may no. be humeri because, there is no supinator process; 

the shaft is not modified into the tetrahedral form common to the l . b y n n -

thodonts; and there are no deltoid or pectoral crest.. However, these

, , ci { h 1 1 v to a general definition of the labyrinthodont

elements r,o conform slightly t.

humerus as given by Homer, I 1 1 i * *,s f(-)ll°'*
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"Troximal and distal plant's of the bony surfaces may be ’twisted' 

into a position it. right angles to one another, or the two ends

nay be_in the saim;i "lane1. The proximal articulation, when well

ossified exhibits an elongate spiral surface suited to articulate 

with the glenoid fossa. There is always a deltopectoral crest 

and frequent Iy a projecting supinator process ia present distally 

on the radial margin. This latter process may, however, be reduced 

or fused into a longitudinal ridge along tlie distal part of the 

margin of the hone. Beneath the ectepicondyle lies a rounded convex 

articular surface for the radius* medial (or posterior) to it a 

rounded terminal area articulates with the sigmoid notch in the ulna. 

The entepicondyle is always well-developed."

These elements bear a slight superficial resemblance to the humerus of 

Cacops aspihephorus Will (after Case 1911) es illustrated by Nilsson 

(1939, fig. 8 c, p . '11). However tlie strong curvature of that element seemr to 

preclude this possibility.

The ulna: It is also possible that the bones labelled ulna and already 

described as the humeri may actually he the ulnae. If they are the ulnae, 

the question arises as to other of the elements found could be the 

humeri. There are none, bar the 'scapula'; therefore t'.e ulna bc.ies hcve 

strong support for bcir.g hur^r: , However, as the possibility does exist

,

The ulnae ssay he describ d as follows: Proximal ly and distally the 

articular areas arc ovate. Between the articular .ireas a large riiigc 

runs anteriorly along the whole length of the bone. From the ridge the bone 

slopes at an acute angle to a wide flange distally, which narrows proximally. 

The whole bone is gently curved on ihr medial border, the lateral border has 

an outward bulge. Distally the posterior surface of the bone is smoothly 

rounded, alnost straight and bowed-out distally. These bones may not be 

ulnae because: they are very large for ulnae and there is no evidence of an 

olecranon depression, although the olecr.non process may have been

cartilaginous.

There is a strong case for the radii being ulnae (they are tigered as 

radii which is a possibility diacua.ed later). They nay he described ar 

follows: The shaft is ovate proxiaally, become, thin and rounded in the 

middle and becomes expanded distally in an anteroposterior plane. The 

medial border is gently c u r v e d  an.' the lateral border is almost stra.ght 

and slightly bowed-out proximally so that the proximal and distal ends of 

the bone are expanded towards the radius. The characteristic olecranon 

depression as we.l as .he olecranon process a,e not preserved. Tf these 

bones arc the ul,,.-, the radii are probably missing; seme cyl.ndr.cal smooth 

shattered fragrant, possibly belonging to the radii exist



An alternative description of the* radii* bones as radii is as follows?

The bones fire columnar will) proximal and distal ends expanded. Seen anteriorly, 

the gently incurved dorsal surface is rounded and the ventral surface it; 

flattened. Eoth of the terminal surfaces arc shallowly cupped for the 

rather extensive cartilages of the articular surfaces. There- are no easily 

identified muscle origins oj insertions. Thus, to summari/.e: of the fore- 

limbs, the bone figui ! as an uV.a may be that or the humerus; the bone 

figured as the radius may be that or the ulna.

Ribs: Of the remaining broken remnants <>r Ltie skelctoi , a few can be 

recognized as ribs; roost shov.- portions of narrow shafts and are clearly 

doubleh« ■ d « U • thase presumably w i n  from the trunk or neck region,

3,1,5 Discussion

It is quite clear that thin material belong:* to the family Bracjwop_jdae_ 

because of the following rharac*eristics:

1. It has a short broad skull and latj anteriorly pis -d orbit .

3, There ate v ry lar e p»latal tus .

5, It has a highl . vaulted { uc.

■

lateral to the pterygoid*, the latter is expand'd posteriorly.

HaugtlCcn (1925) cxccpt for lit�! the »k.'U .»( B. » £  i‘ «PPT>.ld«tcly

- 1  -

1 .

.

extend, further po.trriorly than In »■  hut lhi. M y  h. du. 

to a tran verse rrarV in B._hrow;>t_.

than in «■ bmw.-i. In B. concordi__. tta lateral linn 

.

those of the batrachosuchi.ms.

3. An iot*rfront«l i *» &V. * *  ****** * ' ^

In B. ron.ordi the P r « e n «  of an intrr.Tnntal ». I n d a t e m m a t e .
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4 . The r.liapes of the individual bones of the skull roof are essentially 

the same in B. concord i as in the two batrachosucbian species: 

where the sutures fan be positively identified.

5 . The shape of the posterior skull table is slightly convex, which 

agrees wi th B. watsoni, but not B. hrowni. (Further preparation has 

revealed a parabolic crack in li. browni which passes through th*- 

pineal foramen; l lie crack is filled with matrix, this distorts the 

posterior curvature of the skull).

6 . The skull of B. conc:-rdi is much narrower than in both B . browni and 

B. watsoni, but it is closer in breadth to B. browni (B:L). This 

charact.i of B. concordi may be a juvenile feature,

.

larger forms. This is a primitive feature which could also be a 

juvenile character (A:L).

8 . The preorbi t,.1 length of B_. concordi is slightly Sorter than t'le 

other two forms (0 :L).

9. The relfttiv* orl it length of B. concordi is approximately the same 

as in the other two species (U:I,).

(D:L).

11. The interpterygoid .* acuity is al » st the r e relat . o l<*»v th «.■»

B. browni and B^ ’■•at '-on; (Q:F).

being closest to B. brovni (<:!•)•

the parietal foramen in front of the back of skull table: midli*' 

length of skull (T:I.) shows that ir> 5. concord i_ it is greater than

■

placed on the skull than either of the other tv?o forms.

14. a  lingual process of the angular is present bncordl^

Cosgriff (1969) state# is ab ent in Batrai hosuehu?-.

15. The para sphenoid in B, concordi. reach,:. th< po*€«t

parasphcnoid does not reach the end of the skul1 .

In the reconstruction certain changes are made to the skull. These 

are illustrated in Table VII as differences in the Measurements obtain u by 

measuring directly off the skull and measuring from the reconstruction.
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These differences are:

(a) the height of the post par iet.nl s above the condyles has been raised 

the reconstruction ns the postparietals definitely display a dorso-ventral 

depression which probably did not: exist in life;

(b) the breadth across the quadrates is greater, as the bones lateral to 

the squ^uiosal are missing and have been inserted in the reconstruction from 

illustrations of F.nt rat.hosuc.htis wat son i, as illustrated by Watson (1959) 

and Batrachosuchus b ro v n’ as redescribcd here;

(c) the length of the skull is consistent with that of the reconstruction 

as some of the preorbital bones are present in the skull >1 though badly 

damaged and the postorbital region has been reduced in the reconstruction. 

These two reasons, i.e. the presence of preorbital bones in the skull and 

the shortening of the postorbitnl region (which is discussed later) keep 

the skull length constant;

(d) the interorbital distance is shorter in the reconstruction as the 

borders of the left orbit .'re extremely distorted where not actually 

missing;

(c) the distance from the tip of the snout to the level of the anterior 

edge of the orbit is greater ir the reconstruction as the maxilla and 

premax: ’a have been inserted in the reconstruction as being similar tc 

those of j5_. browni and B, watsoni;

(f) midline postorbital length has been shortened in the reconstruction 

because in this region the bone; are not closely sutured, but have conside­

rable gaps between them. These gaps are removed in the r e c o n r truction;

(g) the distance from the mid-line of the orbit to the lateral edge of

the same side is increased in the reconstruction because only the right side 

of the skull gives any indication of this area and even here only a small 

disar-’culated part of the jugal lies next to the orbit though somewhat 

displaced In the reconstruction, r. larger juf .1 is added lateral to the 

orbit to cover the underlying pterygoid couplet*ly (in dor*«l »■*«*> 

which seems to be more or less in its correct position;

(„) thr breadth of the owrnt o m ~ m . h  of th. .Vul) ...", fro. th. tip o<

the s„out i. narrower in the reconstruction th.m would oppe.r to hr th, 

case from the photograph. .. the left lower jaw i. final, attached dcra.ll,

on the lateral part of the skull;

(i) the distance fro,, the level of .he po.tcrio, ll.lt of .he o r h U  to .he

, . reconstruction because as mentioned above,

parietal foramen is less in the r e t o n s t r m u

• i i ii nnf nrp^pnt in t he reconr >t i uct iou»

the gaps between the bones in the s .1

y <  „

-
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Welles ?mcl Cosgriff (1965) ado;: ted a method of analysis for capi t.o- 

saurs whereby a series of arbitrary measurements is made on the skulls and 

indices are then derived from these measurements. Comparison of these 

indices lead to significant phylogenetic and taxonomic conclusions. The 

validity of the conclusions is dependent upon the accuracy of the measure- 

ir. nts, the number of characters that are susceptible to numerical analysis 

and the number of specimens available.

Vie lies and 1'stes (1969) developed this method by assuming that the sum 

of the differences between indices for any two species is a useful indica­

tion of the relationship between these specie:., which can then be compared 

with the sum of the differences between indices for any other t wo species. 

They acknowledge the various shortcomings of this method of analysis of 

which the most serious is that even though large numbers of species are 

included, there is a strong likelihood that in any group with a long 

geologic time span, those, forms at a similar stage of evolution will be 

closer together numerically than later forms in a phylogenetic sequence.

If there is a large number of specimens f ro.n each species, thi s obje tir ;. 

can be reduced by measuring differences 1rom trend lines if such exist.

This was useful in the analysis of capitosaurs (W< lles and Cosgriif, 196';) 

but it is of less value in dealing with the small nur-oer of Vnown br.ich\- 

opids. However, nine of the indices used by Wei lew and hstes (19o9) 

show trends and these arc probably indicative of the relative evolution.-.:

level of the various genera.

Other objections are that non-numerical characters are excluded from 

this analysis and must be considered separately, but adequate kneeledee 

of ontogenetic changes within a species is not a v a i l a b l e  nor is it known 

just how much or how little thes> changes affect the valiJ ity of the 

indices.

Nevertheless, as Welles and Frtes (1969) point out, this index method 

of analysis does have the advantage of presenting in tabular form a series 

of sumraries that are not otherwise readily comprehensible. This methodo­

logy can only he improved with accurate data, and it is important that 

accompanying every description of a specimen accurate indices are include’. 

By the collection of such data the probability of the validity ot the 

..suits is increased so that a revision every :*ew years including new data

should add to the clarity o� our understanding of the group.

of the specimen is an essential ingredient in this

The reconstruct ion

flow ot data. Where- much of the skull is .haltered, « . . » » *

or severely
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distorted, jner.surements taken directly off the ykull are misleading and 

hear no relationship to indices taken from undistorted skulls, thus the 

onus falls on the palaeontologist to reconstruct with the utmost accuracy 

(i.e. as far as the specimen al lows) ; skull which takes into account the 

limitations of the material.

In conclusion, index methodology is important with regard to many 

aspects of palaeontology, and it should he regarded ar, standard practice 

to include in descriptions accurate data which car hi used in the future 

to correlate the mass of information vhich has been and is being a  ) lect ed.

Indices for B. concordi :

00H

. 1 
1
—
*

C
S

T> : L 57
Q

: K 30

A : I. 28 P : A 75 Y : I. 46

0 : 1. 17 : A 107 Z : Y 52

U : la 2 5 li : B 19

Suns of differences
Using 6 

indices

Using

11 indie•s

Bat rachosuchu c on corc! i 

Hadrokkosauvus brer’yi

82
224

T. concordi 

IT'^watson i

35
110

B. concordi
37

121

B. bruwni

K. 1 ;u i' . s

P, conrordi

B1 inas. urus Iienwoodi

B, ccricord 1
lfot'hV) ceps justral is

59 1 ^ 8

111

/ , 3  1 2 2

B. i:>ncordi

Brachyops- alios

Using 11 indices B. concord i seeus to he closely rel.it nl t bill:-----...

honvoodi. The T : A index which i. not included for tho c^-.tn.ion o.

S T ^ S t a .  f i s « .  u  th. r, to. t w

and R m  rarhnRiirtitis concordi both lutvf orhits io>.n iv. ly >• •» 

compared with other braehyopid., hut «« far a. JaJ2SS.-2.-U. U  ■

thi, character .scorns to ho a .juvenile feature. Thus i, „ay he poaarb. t. 

add another shortcoming of the mothodolopy, i.e. youns xodrvulual ray



show similar proportions to an unrelated adult rorn at a different evolu­

tionary level. However, other than the above disparity assuming that the 

„.-ialler totals of index differences are real measures of relation hip, tha 

conclusion reached that B. concordi is a hatrachosuchi; u seems to he

correct.

Thus it is possible that B. concordi is of the genus Batrachosuchus 

but a new species. It could possibly be a r.mall member of either B. brown' 

or B. watsoni, but for two characteristics which may not be completely 

explained by ontogenetic growth, i.e. the close proximity of the orbits 

and the very small projection of tin occiput. There is a possibility that 

the orbits move laterally during growth, but the sculpture in the 

interorbital bon^s i: pitted, rather than having ridges and grooves. 

According to Bystrow (1935) and Welles and Cosgriff (1965) longitudinal 

grooves are probably regions of intense growth and where growth is slow, 

transverse ridges an able t develop so that such I mi consist wo tly cf 

pi i. Thu. it seems unlikely th it the interorbital n ■; ion was in a st.te 

of intense growth that would be needed to separate the orbits to a position 

comparable to either B. browni or B. vatsoni. If it is a juvenile form of 

one or OLhtr of the batrachosuchians it would more likely be a small

B. watsot < es \ he par .(Sphenoid of > ri - ■ 1 i_ is in '•. *, it-oni, rrt»:nd?-

to the edge of the skull, where s in B. br li the par isphf noid does rot

reach the edge.

3 . 1 . 6  SinITJi

Batrach <su*-hu’. . ; 'j,, is erected for the 

material No. F 3/28 from Locality 15 of the 

N'tavere Formation of tie I'ppe* Luangwa Valley, 

Zambia.

(?) According to the evolutionary scheme of the 

brachyopids as discussed by Welles and I.sie*.

(1969), B. com or<!i confer* a Lover-Hrdi' 1 e 

Triflssic age for Locality 1 J.
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trschosucirii ■■ concordi ~ showin" d: !t.arences in :'easuronetttts 

b e tween r^fjon-irurt ion ,;nd fosVi 1

Directly from From

skull (.ivorage reconstruction 

mean of 5 in cms

measurements 

in cms

- 78*

Height of postparietals above 

parasphen.ii d H

0.9 1

Breadth of skull acros quadrates B 5.2 5.7

Length of skull L 4.8 A.8

Interorbital distarce taken at 

mid-length of orbit A

1 . 6 1.3

Distance from tL^ of snout to level of 

anterior edge of orbit 0

0.5 0 . 8

Distance from level of posterior lir.it 

of orbit to level of centre limit 

of skull

3.1 2 . 8

Distance from mid-length of orbit to 

lateral edge of san«' side

0 . 2 0 . 6

Breadth of snout l/5th of skull 

length from tip

3.7 3.5

Distance from level of posterior limit of 

orbit to parietal foramen taken at 

centre of skull

1.3

r
-
4

Distance of parietal forar- . in 

front of end skull tabic T

1 . 6 1 . 8



B. browni B. v.vitsoni* 

cms .

Interorbita'l breadth, A

Breadth of skull roof across 

quadratojugals, 15

Midi i ne postorbital length, 1)

Kiclinc distance between 

nostril:; and orbits, F

Height of parasphun Id, H

Interior i; ' breadth, J

Length of skull roof, I.

Midiinc preorbital length, 0

Distance behind orbits of 

parietal or . n, r

Length of I .><:>• < ; > : ■ ■ °

Breadth acrors pterygoids at 

concavity, R

Distance of parietal f o r u e n  in 

in front of end s’uil table, T

Breadth of ur.out l/'it.h of skull 

length from tip, S

Midline orbital lenyth, I’

2 A

Length oi inti rptery. oi •!, Y

Breadth of intcrpterypoid, 7.

Distance b tween chuanae, G

Distance exoccipital project*? 

behind skull deck

in

3.0

cn-.r,.

5

16.5

7.0

A, 5

20

A . 8

18

6 . 6
A.9

1.1

11.5

2, A 

3.3

3.A 

11,2

9.2

*- • -/

5.7

3. 3

3

I

* Froa V.’.i lies .;nd » St es (1969) p.*’A



Local i ty: Aliwal North, Cape Province

Hot i zop : f’yno 11ms zone

3 .2 . 1  I) i a gno sj_s

Large brachyopid with broadly parabolic skull outline; orbits far forward, 

postorbital part of skuli long; extremely narrow intornarial area; inter- 

front.nl presc.nl; lateral line grooves well defined, but relatively much 

rov.’f’- and ibly more -shaped in section than in watsoni; well, 

developed vomerine foramen in centre of vomer; paraspnenoid does not 

itach posterior 1 ir.iit of skull; three lateral line canals present on post- 

lrental; evidence of paired tusks on von r, palatine rectopterygoid.

3.2..?. M h t r_rj il and ‘V t hod of Pr par.nt i on

The material consists of a well preserved skull whose antero-lat.eral 

borders are missing. The skull does not seem to be � v ry distorted. 

Additional preparation was eider taken or the skull by Dr. J. Kitching 

by ueaiii' of a vibro-tool and needles,

3,2. 3 Oi (f erent i a 1 I'm s

Compared to B atrai ' o 1 uchus 1 t s i : according to Welles and Estes (1969)

"R. watsoni is very close to B. browni, but has more extreme (advanced) 

values for 6 of 9 characters. The main differences, relative to skull 

length are: very rcch broader skull than B. browni, narrower internalial 

area (thought to be more primitive), greater interorbital breadth, longet 

preorbital region, shorter orbits and longer postorbital deck, longer 

body of pterygoid and broader interpterygoid vacuity". These differences 

according to Welles and Fstcs (1969) are at least of specific degree and 

might even justify flection of a new genus. However, they consider 

B. watsoni a more advanced species with a much broader skull than B r o w n i . .

Welles and Estes (1969) in comparing B. browni. with Brachjrpgs state: 

"Relative to skull length the skull is slightly narrower; the nares are 

much closer together; che orbits are almost equally far apart, extremely 

far forward and exactly the same length; the postorbital part of the skull 

table is very long; and the interpterygoid vacuity is very short. In 

relation to interorbital breadth, the parietal foramen is closer to the 

orbits end farther from the back of the deck. The vomer is longer relative 

to its breadth, and the length or the pterygoid compared with the breadth
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a c -oss che pterygoids is slightly greater. The interptery/o:d vacuity Is 

na; rower relative to its ovm length. _B it \ or bos i: onus is thus very -lc> ly 

related to Brachyopt-".

Welles and r'.stes (1969) continue: "Compared v.'ith Bothri cep?,

B3 1 rachosuchus browni shows many of the same differences as it, Lrachy u-s 

but to a slightly greater degree. Relative to the skill length, the skull 

is mieh broader; the nates are closer together; tin orbits ar« much farther 

apa-t and extremely far forward; the orbits are about the sane length, 

but the pootorbital deck is very long; the interpterygoid vacuity ls very 

shoi t• In relation to interorbital breadth, the parietcl toraw n is the 

sanu distance behind thts orbits and not nearly so far ivy' the end of the 

skull table. In palatal view, the vomerine plate is considerably broaaor 

relative to ics length; the pterygoid is abort the same length relative 

to the breadth across the pterygoid; and the interpterygoid vacuity is

much broader relative to its length".

Welles and Estes (1969) compare R. bro’>Tii with jUjlnasaurus as follows: 

"Rel.it ive t 11 length, the skull of B a t r a cho s e. r ’. i i s ■> ry i* tWCh

broader, the internarial width is grea^r; the orbit i u:e extremely tar 

apari ; the preorbital snout is much shorter; the orbits ire smaller; the- 

postc rbital deck is much longer, and the interpterygoid vacuity is much 

shorter. In palatal view the vor^ririe plate is much broader relative u  

its 'ength, and relative to breadth across the pterygoids, che body of the 

pter ’goid is much shorter. The interpterypoid vacuity is b-oader relatve

to its own length".

Welles and Cojjriff (1967) compar. Batrachosuchus with ggarokk,^«l31 

as follows: "The skull of o t r o c h o s u c h w  is narrower, the n a r s  very close 

togtther; the orbits are also clo.er together. The preorbital skull table 

is r.herter: a much longer poscorbita! skull table. Relative to inter- 

orb.tel width, the parietal foramen is much further from the orbits, but 

abojt the same distance from the end of the postparietal. In palatal v.ew. 

the vomerine pl.t. is much l o w e r  and narrower) and the pterygo.d bod, is 

vS:y .lightly l o w e r  relative to the breadth across the pterygotds. In

relation to skull the int.,pterygoid vacuity i. shorter. Pelat.ve

\1 

to its own length, the intcrptei yg'J 1' v.u .1 > - •-

, . , .. - uti.rVp0 id extend? much farther posteriorly t..aa

th'1 vertical flange of t he ptc ryg‘

in B. browni".
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Cosgriff (1973) compai cf B.. i i achosncb’is watwOiri with Motob -nr.hyops 

as follows: " The skull in much broader, the orbits p. re r.iuch farther 

apart; the prcorbital sktil 1 'able is much shorter. Ip Notohrachyops, 

each bone of the skull is elevated in thi* ossification centres and 

d e p r e s s e d  at the sutural ed^s's. A1no, in Notobr^chyopst the posterior 

cdf-e of the skull roof is st rongly convex and evenly curved between the 

otic ombaymeiUs".

3 .2 . 4  Pe; c r’pt ~’cn (fig.' .16 and 17 )

3. 2 . 4 .1 T h e  bo no £ o� _ the HaI'I 1

The a n t e r o - lateral limits of the skull are missing; no premaxillary or 

maxillary sutures are discernible and only the posterior half of the 

right narial border is preserved as an impre:»;;ion. Unless otherwise stated 

thr left side of the skull is described, because the bones on the right 

hand side ha.e suf ’ered sone displacement and slight da-~ge.

The nasals: The posterior part of the right nasal is preserved. The mid- 

1 jne suture is s i n u o u s  posteriorly the nasal sutures with the intei- 

fr,nt .l t« an rerolater* 1 1 y slanted M t U t e *  Laterally part of the suture 

with the nrt-£rc:ital is visible as a pv-iteror-.-dially sl.-«nt«.d sut-ire, 

at the posttrolfttera I corner, the u u r f  form, a sharp point. The posterior

suture with the prefrontal is curved.

The interfrontal: The irtcrfron.nl I. roughly diamond-shaped br.no with it. 

anterior extremity lying between tb» two nasala its * > * * * " "  Crd

between the frontals. It is widest at the naso-frental » « « « •

The prefrontal: The prefrontal f o r m  part of the antir.ov t^r.ler ol

act limit, are not vt.ib.e. The p o s t e r s  bor,er , the

, tot LTdB .......fWt. P;h « of th« *"

postfrontai is curve*, late, a ly „ t

i je vi«Lble; thin slants r-edially. lostcr

lateral tuture with the nrf.nl slanted

ith the frontal tn a Inter ally sK.ntc 

laterally the prefrontal sutures va .

, t, 0 r the luofrontal has an obtuse angle

suture co that the Jatei'n -1' ■' • ■

approxima'uly halfway down it 'l "> '

. > i- i fairly larr.e hone! anterom. dially the 

l i - f r o m a l t  The ....  ,1 ■ ^  ^  ^  _  fronta„ .

posterior half of the r.He ^  ^  ^  ^  curve, round .suturing with

Lateral to the interfroa.a . T,„. i.teral Uu„ t

the nasal anteriorly and t.n< \
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0f the frontal is a mere or less straight suture with the postfvontal. The 

posterior suture with the parietal differs on each side; on t ? right side 

it is straight, while oti the left it has a small projection into the 

parietal.

The postfrontal: The postfror.tal forms the posteromedial border of the 

Anteriorly the suture with the prefrontal curves anteromedially. The 

anterolateral suture with the frontal is more or less straight. The antero- 

lateial corner of the postfrontal f irms «■> sharp point between the prefrontal 

and the frontal. The posterolateral suture with tho parietal is slanted 

posterolaterally so that the lateral suture of the postfrontal hcs an 

obtuse angle along its length. Laterally the suture with the postorbital is 

almost transverse anteriorly and parallel to the midline posteriorly, so 

that the lateral oorder of the postfrontal forms a rough right angle along 

its length. The posterior border of the postfrontal is straight and almcst

transverse,

The nostorbitaj; The postorbital is a roughly pentagonal bone. The anterior 

median part forms the posterior border of the orbit. On either side of the 

orbital border formed by the postorhital tha anterior sutures w e t  with 

the jugal laterally and the prefrontal medially and are almost transverse 

and straight, sloping slightly posteriorly. The medial suture with the 

prefrontal forms a rough right angle; postetomedially, the postorhital 

sutures with the supratamporal in a posterolaterally slanted suture. The 

anterolateral suture with the jugal is almost parallel to the midline. 

Posterolaterally, the suture with the squamosal is anteromedially directed 

so that the apex of the rough pentagon is solely projected into the 

squamosal and not between the squamosal-supratemporal suture.

The jugal: The lateral limits of the jugal are not preserved. Anteriorly 

the jugal enters the orbit in an almost straight posterolaterally directed 

suture. Anterolaterally th. suture with the postorhital is also slanted 

in 3 posterolateral direction and also enter, the orbit. Thus the po.terc- 

lateral border of the orbit is formed by the jugal. PosteroUterally. the 

jugal meets the postorhital in an almost straight suture parallel to tie

...hirfi with the squamosal in a curved 

midline. Posteriorly, the jugal suture* witn s

posterolaterally directed suturo.

-rt. ; n M 1 is loncer and wider than the frontal. The 

The parietal: The parietal is longer a ...........

-------------- frontal is curved on the left and almost straight

anterior suture with the iron .

i _ ; a circular parietal foramen lies just 

and transverse on the .lght.
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