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(1) Spiral Creek and Kloftelv (Pre-Cambrian/Cam- 
brian) ; 

(2) Kloftelv and lower Bastion intra-Cambrian); 

(3) lower Bastion and upper Bastion (intra-Cam- 
brian); 

(4) Dolomite Point and Cass Fjord (?Middle Cam- 
brian/Lower Ordovician). 

Rdsumd. L'auteur  passe en revue la succession stra- 
tigraphique cambro-ordovicienne en ment ionnant  les 
fossiles caract6ristiques. I1 fait des observations sur 
les ph6nomhnes de s6dimentation et en tire des con- 
clusions pal4o climatiques. I1 constate les indices de 
mouvements  tectoniques pendant  le Pr6cambrien su- 
pfr ieur  et le Pal6ozoique inffrienr et discute la ques- 
tion de l'fige de l'orog6nie principale. 

The Fossil Vertebrates from East Greenland and their Zoological Importance 

By E. JARVIK* 

The collections of fossil vertebrates brought together 
by the collaborators of Dr. LAUGE KOCH during the 
Danish expeditions to East  Greenland in 1929 1957 
include more than ten thousand specimens. Much of 
this enormous material  has been or is being described, 
and since the beginning of the thirties the East  Green- 
land material has played a prominent role in the dis- 
cussions on the comparative ana tomy and phylogeny 
of the vertebrates. However, the importance of these 
collections is due not only to the vast  amount  of 
material, to the excellent state of preservation of many  
of the specimens, and to the careful studies of the 
fossils. As a mat ter  of fact, only a few of the numerous 
papers which have been published about East  Green- 
land material  deal exclusively with such material.  Fre- 
quently specimens from other areas, too, have been 
used, sometimes to a large extent, and in many  in- 
stances fossil vertebrates from East  Greenland have 
been considered more or less in passing, in order to 
elucidate special problems. But to be able fully to 
understand the value of the East  Greenland collections 
it is necessary to know, too, that  studies of both fossil 
and recent vertebrates have often been made with the 
main aim to produce a safe basis for the subsequent 
t reatment  of Greenland material. And of course the 
successful collecting work in East  Greenland which has 
been going on for many  years has encouraged fossil 
hunting in other parts of the world as well. 

For more than a quarter  of a century the fossil verte- 
brates from East  Greenland have thus in various ways 
stimulated the paleozoological research work, in parti- 
cular that  concerning the lower vertebrates, and the 
many  elaborate studies have contributed much to the 
great advance in vertebrate paleontology during the 
last few decades. In this article it is of course impossible 
to account for even the most important  results of these 
studies. Only a short and in many  respects incomplete 
review of the collections from the various geological 
periods will be given and some interesting results, 

which have recently been gained part ly  on the basis of 
studies of East  Greenland material, will be presented. 

The Devonian was an important  epoch in the history 
of the vertebrates and certainly the large and part ly  
unique Devonian collections from East  Greenland have 
at t racted considerable interest. In a recent article 1, 
most  of the papers dealing with these collections were 
recorded and the zoological importance of the fossils 
was briefly considered. However, with reference to 
what has been said above, it may  be added tha t  as a 
preparatory work for his description of the ichthyo- 
stegid material discovered in 1931, SAVE-S6DERBERGH 2 
made a detailed study of the dermal bones and sensory 
canals of the head in Osteolepis ; and, in order to be able 
to determine the important  osteolepid material  found 
in East  Greenland mainly in 1936, he began a thorough 
revision of the Middle Devonian osteolepids from Scot- 
land. Because of ill health he was regrettably unable to 
finish this work, which, however, later developed into 
a comprehensive morphological and taxonomic account 3 
and led to revisions of other osteolepids as well. Finally, 
it may  be worth mentioning that  SXvE-SODERBERGH'S 
paper 4 on Rhynchodipterus was a consequence of the 
discovery of peculiar dipnoans in East  Greenland. 

The Carboniferous vertebrates taken from East  
Greenland are few and only' some paleoniscids have 
been described so farS, 6. A slab with distinct te trapod 
tracks figured by WITZlG 7 indicates the presence of 
stegocephalians in East  Greenland in late Carbonif- 
erous times. 

* N a t u r h i s t o r i s k a  R iksmus6e t ,  Pa leozoologiska  Avde ln ingen ,  S tock-  
ho lm  (Sweden) .  

1 E. JARVIK, Devonian Vertebrates. Geology  of the  Arc t i c  (Unive r s i ty  
of T o r o n t o  Press ,  1961), p.  197. 

2 G. SAVE-SI3DERBERGH, Nov.  A c t a  Reg.  Soc. Sci. Ups.  9, 1 (1933). 
3 E.  JARVIK, K. Vet .  A k a d .  H a n d l .  25, 1 (1948). 
4 G. S~.vE-SoDERBERGH, K. Vet. A k a d .  Ark .  Zool. 29B, 1 (1937). 
5 j .  A. MoY-THOMAS, Ann .  Mag.  na t .  His t .  9, 737 (1942). 
6 E. S. GOODRICH, Q u a r t .  J .  micr .  Sei., L o n d o n  N.S .  83, 459 (1942). 
v E.  W1TZIG, Medd.  o m  G r o n l a n d  72, 1 (1954}. 
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As may  be gathered from STENSIO'S recent review s, 
the Permian vertebrates are of interest mainly from a 
paleohistological point of view. In connection with his 
description of the Permian ganoids, ALDINGER thus 
made detailed studies of the scale structure of a large 
number of fossil ganoids, and as set forth by STE~SI6 ~ 
the edestids are of fundamental  importance for the 
understanding of the origin, composition, and evolu- 
tion of the exoskeletal hard tissues in vertebrates in 
general. ORVlG 9, too, used East  Greenland material for 
his paleohistological researches. 

The East  Greenland material of Triassic ganoids 
ranks among the best in the world, and hardly any- 
where else have such well preserved fossil actinoptery- 
glans been found. In an important  paper STENSIO 10 
described the material  found in 1929-1931, and on the 
basis of this material  he discussed the general principles 
of the evolution and classification of the actinoptery- 
glans. However, most of the Triassic material has been 
collected since 1932 by NIELSEN and his assistants. In 
1936 NIELSEN published a preliminary report on the 
material found up to that  time, and in two mono- 
graphs n, ~, which have become standard works giving 
invaluable information on the structure of fossil ganoids, 
he carefully described four different forms. Another 
interesting Triassic fish from East  Greenland is Laugia, 
remarkable fot its well preserved postcranial skeleton x0, 
but the fauna includes several other well preserved 
coelacanthids, too, together with elasmobranchs and 
various stegocephalians 13-~. In connection with his 
description of the dermal bones of the head of the stego- 
cephalians, S~.vE-SODERBERGH 13 discussed at length 
the pat tern of the dermal bones in lower tetrapods in 
general, and he advanced ~6 new and stimulating ideas 
about the classification of the vertebrates. Another 
consequence of the studies of the East  Greenland stego- 
cephalians was that  the Triassic stegocephalians from 
Spitsbergen were thoroughly revised ~7, and in order to 
be able to interpret safely the many  intricate structural 
details encountered in the Triassic stegocephalians, 
S.~vE-SODERBERGH made detailed anatomical studies 
of recent reptiles. These researches are being continued 
by  H. C. BJERRING, who, part ly on the basis of East  
Greenland material,  is engaged in studies of the com- 
parative ana tomy and phylogeny of the parts of the 
skull surrounding the hypophysis.  

The material  of post-Triassic fossil vertebrates from 
East  Greenland is inconsiderable. A well preserved 
head of a ganoid fish from the Upper Jurassic was des- 
cribed by  ALDINGER 18, but  unfortunately all the mat-  
erial collected later, which included both fishes and 
reptiles (probably mainly plesiosaurs), was destroyed 
during the war. 

The fruitful collecting work in East  Greenland has 
now ceased but  that  does not mean that  the vertebrate 
fossils have played out their role. Impor tan t  parts of 
the material  are still undescribed or have not been 

fully utilized. This is true of the outstanding collections 
of Triassic fishes, and it is also true of those Devonian 
vertebrates which have bearing upon the problem of 
the origin of the tetrapods, that  is in the first place the 
porolepiform crossopterygians and the ichthyostegal- 
ians (ichthyostegids and acanthostegids). 

A N~UNA REPTILIA AVES MAI4 MALIA 

u~ ~EIA d I' \ / .- . . . ~  

.~'~" e~ ~ t e o l e p i l O r  r~e 
poro~e~ '~\ 

Fig. 1. l ) i a g r a m  of the  p h y l o g e n y  of the t e t r apods .  F r o m  JARVIK TM. 
In add i t ion  to the i c h t h y o s t e g a l i a n s  ( i ch thyos teg ids  a n d  a c a n t h o s t e -  
gids), which are  k n o w n  only  f rom the U p p e r  D e v o n i a n  of E a s t  Green-  
l and ,  the genera  Glyptolepis a n d  Holoptychius al t long the  poro lep i -  
forms,  a n d  the genera  Gyroplychius a n d  Eusthe~todon, a m o n g  the 
osteolepiforms,  are r ep resen ted  in Eas t  Green l and .  

The discovery of the Devonian ichthyostegids 2° in 
1931 is one of the great events in the history of verte- 
brate paleontology, comparable to the discovery of the 
famous Jurassic toothed bird Archeopteryx s ixty  years 
earlier. The ichthyostegids are not only the oldest tetra-  
pods known so far. In many  respects they are fishlike 
and more primitive than any other tetrapods, and in a 
most illustrative way they bridge the gap between fish 
and tetrapod. Moreover, they are represented by  a 
large and well preserved fossil material. Needless to 
say this unique material is of great scientific value and 
indispensible to unravel the changes which took place 
in one of the most important  phases in the history of 
the ver tebrates-- the transition from fish to tetrapod. 
However, to understand what really happened when 
the fishes left the water and became land animals and 
to understand also the complicated type of organiza- 
tion we meet in the early tetrapods, it is necessary to 

s E. STENSI6, Permian I "crtcbratcs. Ge(dogy of the Arc t ic  (Un ive r s i ty  
of T o r o n t o  Press,  1961), p. '231. 

9 T. ORVIG, 1{. Vet. A k a d .  Ark.  Zool. 2, 3'21 (1951). 
10 E. STENS16, Medd. om G r o n l a n d  s3, ! (1932). 
Xl E.  NIELSEN, Pa lacozoo log ica  G r o c n l a n d i c a  1, I (194~). 
i2 E. NIELSV. N, Palaeozoologiea  G r o e n l a n d i c a  3, 1 (1949). 
13 (~. SXVE'SODEEBERGH, Medd.  om G r o n l a n d  9,~, 1 (1935). 
14 G. SXVE-SODERBERGtt, K. Vet. Akad.  Ark. Zool. 3a~/, t (1944). 
is E.  NIELSEN, Medd.  o m  (~r~lflal/d 72, I (11)51). 
16 G. SXVE-SODERBERGll, K. Vet.  A k a d .  Ark.  Zool. 26A, l (1934). 
17 G. SAVE-Si3DERBERGII, K. Vet.  A k a d .  l l a n d l .  16, I (1936). 
18 H.  ALDINGER, Medd. om G r o n l a n d  $6, I (19112). 
19 E. JARVIK, Thdories de l'duolution (h's l'crtdbrds in/dricurs (Masson 

& Cie, Par i s  1960). 
20 G. SAVE-SOI)ERBERGII, Mcdd. om ( ; ronland 94, I (1932). 
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know from which kind of fishes the tetrapods evolved, 
and we must be familiar, too, with the detailed struc- 
ture of the ancestral fish. May be the greatest import- 
ance of the discovery of the ichthyostegids was, after 
all, that  it increased the interest in the problem of the 
origin of the tetrapods. 

In 1932, when the ichthyostegids were first described 
b y  S.~VE-SODERBERGH 2°, the origin of the tetrapods 
was still obscure, but  it was suspected that  they were 
descendants of some Devonian fishes, either of rhipi- 
distid crossopterygians or of dipnoans. SAvE-S6DER- 
BERGH therefore had to pay attention to these two 
groups, which at that  time were incompletely known, 
and it was for this reason that he made the study of 
Osteolepis 2 mentioned above. Later investigations ,1, 2~ 
eliminated the dipnoans as possible ancestors of tetra- 
pods, which are all descendants of rhipidisfids. How- 
ever, as was first established by my studies of the 
snout 21 twenty years ago, the rhipidistids include two 
widely separate groups, the Porolepi/ormes and the Osteo- 
lepi]ormes. Both these groups independently gave rise 
to tetrapods: the porolepiforms to the urodeles, and 
the osteolepiforms to the ichthyostegalians and most 
other stegocephalians, the anurans, and the amniotes 
(Figure 1). 

Thanks to excellent Eusthenopteron material from 
Canada, we have a most detailed knowledge of the 
structure of one representative of the Devonian osteo- 
lepiforms 2~-~ and we have a good knowledge of the 
exoskeleton in several other forms 3. We are thus in the 
fortunate position to be able to compare the ichthyo- 
stegids with their immediate ancestors among fishes. 
Such comparisons were made with respect to the der- 
mal bones of the head, the vertebral column, and the 
skeleton of the median fins 2°-~3. However, studies of 
the paired fins and their transformation into the tetra- 
pod limb are in progress, and comparative studies of 
the skull are planned. The material available thus en- 
ables us to make out in detail the changes occurring at 
the transition from fish to tetrapod in the osteolepi- 
form-tetrapod stock. However, the researches on the 
osteolepiforms and the ichthyostegids now going on 
have also other, and for us as human beings most inter- 
esting, aspects. Man and other mammals are descend- 
ants of the osteolepiforms, too, and by  studying these 
ancient fossil vertebrates, we also throw light upon a 
remote but  significant phase in our own prehistory, 
and, as will be exemplified below, we can now bet ter  
than before understand many structural details in 
human anatomy and embryology. 

Up to quite recently, the other group of fishes giving 
rise to tetrapods, the porolepiforms, was incompletely 
known. The snout of an early representative (Poro- 
lepis) was described in detail in 1942 21, and several 
years ago I started a description of the remainder of 
the porolepiform material at my disposal. However, 
this material, consisting mainly of specimens of Poro- 

i~V - , 

Urodefa 

m.im 

Porofepiformes 
Fig. 2. A, restoration of the head of tloloptychius in ventral aspect to 
show the skin flaps of the mandibular  (rod) and hyoidean (by) gill- 
covers, and the series of supporting dermal bones, the submandibular  
series (Sbm) along the lower jaw (L]) and the operculo-gular series 
(Op-G) of the hyoidean gill-cover. Made mainly on the basis of 
material  from East  Greenland. B, head of larva of urodele (Sala- 
mandra) in ventral  aspect. The skin removed to show the musculature 
of the mandibular  (m.im, museulus intermandibularis) and hyoidean 
(m.hy) gill-covers. The m. intermandibularis of the right side removed 
to expose the persisting ventral  portion (spit) of the spiraeular gill- 

slit, From JARVIK 24. 

lepis from the Lower Devonian of Spitsbergen and of 
Holoptychius from the Upper Devonian of East Green- 
land, is in many respects incomplete and important  
parts of the endoskeleton of the head and body are 
lacking. I t  was therefore most fortunate that  in 1956, 
the last year Dr. KOCH had the opportunity to alTange 
collecting work in the Devonian of East Greenland, 
several excellent specimens of Glyptolepis were found 
in the Middle Devonian of Canning Land. This out- 
standing new material shows well the endoskeleton of 
both head and body, and an almost complete descrip- 
tion of the structure of the porolepiforms, too, can now 
be given. Preparation of some of the specimens and a 
grinding series through one of the well preserved heads, 
which is now in progress, have revealed numerous new 
interesting structural details~a, 25. New urodele-like 
characters in the snout have thus been discovered, and 
it is of particular importance to note that  the ventral 
part  of the branchial basket (the hyobranchial skele- 
ton) and the underlying subbranchial series are devel- 
oped very much as in urodele larvae (see Figure 4). 
These and many other new facts prove definitively 
that  the urodeles are closely related to, and descend- 
ants of, the porolepiforms, and that  accordingly the 
tetrapods are diphyletic in origin (Figure 1). Quite in 
accordance with these conclusions, too, are the surpris- 
ing results which were recently gained 24 concerning the 

21 E. JARVIK, Zoo1. Bidr. Uppsala 21, 235 (1942). 
23 E. JARVXK, Medd. om Gronland 114, 1 (195~). 
2a E. JARVIK, K. Vct. Akad. Handl. 6, 1 (1959). 
24 E. JARVIK, K. Vet. Akad. Handl. 9 (will be published in 1963}. 
25 E. JARVIK, Les Porolgpi]ormes et l'origine des Urod~les. Colloque 

Internat ional  du C.N.R.S. 104 (Paris 1961). 'Probl~mes actuels de 
Paleontologic' (1962). 

2n E. JARVXK, K. Vet. Akad. Handl. 5, 1 (1954). 
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A B 

Fig. 3. The muscles of the floor of the mouth cavi ty  of, A, Devonian 
osteolepiform (Eusthenopteron; at tempted restoration) and, B, Ho~no 
(after SPALTEHOLZ). m.im, musculus intermandibularis (mylohyoi- 
dcus in man) of the mandibular  gill-cover; ~n.gh, musculus genio- 

hyoideus. 

composition of the floor of the mouth cavity and the 
origin of the tetrapod tongue. Since these results in 
essential respects rest upon the Devonian porolepiform 
material from East Greenland, and since they may be 
of a general interest, a brief review will be given. 

On the lower side of the head in the rhipidistids 
(Figure 2A) two series of dermal bones, the operculo- 
gular and the submandibular series, may be distin- 
guished in the area between the lower jaws. The oper- 
culo-gular series, which is found in other teleostome 
fishes too, is composed of branchiostegal rays, proved 
to be the supporting elements of the main or hyoidean 
gill-cover. A most remarkable but  previously over- 
looked fact is that in all gnathostomes this gill-cover 
has antero-laterally fused with another well developed 
gill-cover. The latter is carried by the lower jaw and is 
the persisting original gill-cover of the mandibular arch 
(Figure 5A). The submandibulars, which, as far as the 
teleostomes are concerned, are present only in poro- 
lepiforms and osteolepiforms, are the persisting sup- 
porting elements of the mandibular gill-cover, serially 
homologous to the branchiostegal rays of the hyoidean 
gill-cover. A remarkable fact is that  in the porolepi- 
forms (Figure 2A) even the skin flap (rod) of the man- 
dibular gill-cover was retained, which is to be consid- 
ered as a very primitive condition. The mandibular 
gill-cover has always fused with that  of the other side 
in the median line and usually it has become modified 
in various other ways, too. However, the musculature 
(Figures 2B, 3, 5) which is represented mainly by  the 
m. intermandibularis or, as it is generally called in 
mammals, the m. mylohyoideus, has been retained 
with surprisingly small changes and is well developed 
even in man. The intermandibular muscles of both sides, 
which have fused in the median line or meet in a median 
raphe, generally form a thin muscular sheet stretched 
between the lower jaws. As may be gathered from 
Figure 3, there is no important  difference in this respect 
between man and his Devonian forerunners, and in 
man, as in other gnathostomes, the mandibular gill- 
cover is an important  constituent of the floor of the 
mouth cavity. 

Inside the mandibular gill-cover, between the man- 
dibular and hyoid arches, there is often a pocket, 
which, as proved by the conditions in Eusthenopteron, 
is a vestige of the ventral portion of the gill-slit be- 
tween these arches. This gill-slit, the spiracular gill- 
slit (Figures 2B, 5A-C, 6), is generally well developed 
in embryos, but  according to current views only a 
postero-dorsal portion persists in the adult (spiraculum 
in fishes, tympanic cavity in tetrapods). I t  was there- 
fore surprising to find that  also a ventral portion is 
often retained in the adult. This portion may be recog- 
nized even in man and is the pocket which contains 
the main portions of the salivary glands. These glands 
in the human embryo arise in the tissues lining the 
inner side of the m. intermandibularis (mylohyoideus). 
In other words they arise on the inner side of the 
mandibular gill-cover (see Figure 5B), and since the 
latter forms part of the outer wall of the spiracular 
gill-slit, they may be regarded as derivatives of that  
gill-slit. 

Porolepgormes 

Bb 

B 

C 
OsfeoleNormes 

(Eusthenopteron) 

Uh 

BbJ ~ 2 

Fig. 4. A, C, the hyobranchial skeleton and the subbranchial series in 
ventral aspects, and, B, D, the basibranchial and subbranchial  series 
in lateral aspects to show the differences between, A, B, the porolepi- 
forms and, C, D, the osteolcpiforms. In the osteolepiforms there are 
two basibranchials (Bbl, Bb Z) and two elements in the subbranchial  
series: the sublingual rod (Sl) and the urohyal (Uh). In the porolepi- 
forms there is only one basibranchial (Bb), the sublinguat rod is 
lacking, and in sharp contrast  to conditions in the osteolepiforms, too, 
the urohyat is a narrow rod, bifurcating posteriorly. In al l  these 
respects the porolepi forms agree closely with the urodele larva. More- 
over, the branchial arches art iculate with each other in the way 
characteristic of urodeles, and the external  side of the eeratohyal (Ch) 
carried muscles (ram) arranged exact ly  as in urodele larvae. In the 
osteolepiforms the external  side of the ceratohyal is covered by dental  
plates (dpl), si tuated in the medial wall of the spiraeular gill-slit. 

From JARVIK 24. 

Close above the medial parts of the muscles of the 
mandibular gill-covers a strong paired muscle, the 
geniohyoideus, extends forwards to the symphysis of 
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t h e  lower  jaws,  a n d  in th i s  respec t ,  too,  t he r e  is r e m a r k -  
ab le  a g r e e m e n t  b e t w e e n  m a n  a n d  his p i sc ine  ances to r s  

(F igures  3, 5 A - D ) .  T h e  g e n i o h y o i d e u s  be longs  to t he  
h y p o b r a n c h i a l  m u s c u l a t u r e .  O t h e r  musc les  of  th is  

c a t e g o r y  are  t h e  o v e r l y i n g  hyoglossus  a n d  genioglossus ,  

wh ich  c o n s t i t u t e  t h e  m a i n  musc l e s  of t h e  t ongue .  As 

was  r e c e n t l y  p r o v e d  24, t h e  h y p o b r a n c h i a l  muscles ,  b o t h  

in fish a n d  t e t r a p o d ,  a re  s u p p o r t e d  b y  a spec ia l  series 
of e n d o s k e l e t a l  e l emen t s ,  t he  s u b b r a n c h i a l  series. Th i s  

series (F igures  4, 5 A - D )  was  f irs t  r ecogn ized  a n d  des-  
c r i bed  in  t h e  o s t e o l e p i f o r m s  (Eusthenopteron~6) ,  bu t ,  

t h a n k s  to  t h e  n e w  m a t e r i a l  of Glyp to lep i s  f r o m  E a s t  
Green land ,  i t  is n o w  wel l  k n o w n  in t h e  po ro l ep i fo rms ,  

too.  H o w e v e r ,  t he  series is d i f f e r e n t l y  d e v e l o p e d  in t h e  

A C 
(Homo) tongue 

~ ~ ' - ~  ~ ' o¢  v''~ ' ' " ' _ ~  in.fnc ~ ~ : ~ _  mJm re.Oh - 
,~Iv.pr _ ~ . . . .  aom 

mJm re.Oh up-u (llrodelo) 
El Lj gl.f ~ c~ 

,, m.gg. ti. ,~ m.bgl [a 
~J , . ~ . ,  . . ~ . - . - . . . . . . . . . , ~  . . . . . . . . .  , , ,~ . ., 

E~. glf mlggl mOb 

hy ~ " ~ ¢  

D 

Fig. 5. A-C, three transverse sections through the floor of the mouth 
cavity to illustrate the general composition and the differences and 
resemblances between man and his Devonian forerunners. A, 13, 
Devonian osteolepiform (Eusthenopteron). In order to show the com- 
position the main constituents (the lower jaw with the mandibular 
gill-cover, and the hypobranchial muscles with the supporting sub- 
lingual rod) are drawn separate in A. In B the approximate position 
of the salivary glands and the lateral lingual swelling of the amniotes 
are indicated. In man (C) the musculature of the mandibular gill- 
cover (m.im) and the geniohyoid nmscles (m.gh) have retained their 
original position (Figure 3) ; the tuberculum impar has grown to form 
the main part of the tongue and has got a new mucous membrane 
derived from the lateral lingual swelling; the subliilgual rod has 
become reduced but often persists as a row of small cartilages (Sh,) ; 
the salivary glands have increased in size and fill the spiracular gill- 
slit; and finally superficial facial nmscles (mJac; probably derivatives 
of the musculature of the hyoidean gill-cover) have developed. 
D, E, longitudinal sections to demonstrate some tundamental differ- 
enees in the evolution of the tongue between, D, the osteolepiform- 
tetrapod and E 1, E 2, the porolepiform-tetrapod stocks. D, primitive 
tetrapod stage (based on conditions in Eusthenopteron), E 1, E '2, two 
stages in the ontogenetic development of the tongue in urodele larva 
(Triturus; after KALLIUS). A, B, D, E, from JARW~ 24, C, from SEAL- 
TEHOLZ. Lj, lower jaw; Op-G, operculo-gular series; S1, sublingual 
rod; Sly, approximate position of vestiges of sublingual rod in human 
tongue (marked with x). /.c, foramen caecum (site of thyroid in- 
vagination); gl.], glandular field of Kallius; ll.sw, lateral lingual 
swelling; md.gc, mandibular gill-cover; m.[ac, facial muscles; m.ggl, 
museulus genioglossus; m.hgl, museulus hyoglossus; m.hy, muscu- 
lature of hyoidean gill-cover; m.im musculus intermandibularis (m. 
mylohyoideus in man); salv, salivary gland; sah,.pr, presumed 
position of primordium of ditto; spit, prehyoid part of ventral portion 

of spiracnlar gill-slit ; t.i, tuberculum impar. 

o s t eo l ep i fo rms  a n d  t h e  po ro lep i fo rms ,  a c o n d i t i o n  

which ,  as  we shal l  n o w  see, is of f u n d a m e n t a l  i m p o r t -  

ance  for t he  u n d e r s t a n d i n g  of t he  or ig in  of  t h e  t e t r a p o d  

tongue .  

I n  t h e  o s t eo l ep i fo rms  (Eusthenopteron,"  F i g u r e  4C, D) 

t he  s u b b r a n c h i a l  series cons is t s  of t w o  e l e m e n t s ,  t h e  

sub l ingua l  rod,  wh ich  is of specia l  i n t e r e s t  in th i s  con-  

nec t ion ,  a n d  t h e  u rohya l .  T h e  sub l i ngua l  rod  s u p p o r t e d  
t h e  a n t e r i o r  p a r t s  of t h e  h y p o b r a n c h i a l  musc les  a n d  

t o g e t h e r  w i t h  t h e m  i t  f o r m e d  a d i s t i n c t  m e d i a n  e l eva -  
t ion ,  t h e  t u b e r c u l u m  impar ,  in t h e  f loor  of  t he  m o u t h  

c a v i t y .  T h e  t u b e r c n l n m  i m p a r  (F igures  5 B - D ,  6A-C) ,  

wh ich  is s i t u a t e d  in f ron t  of t he  s i te  of  t h e  t h y r o i d  
i n v a g i n a t i o n  ( fo ramen  c a e c u m  in man) ,  is f o u n d  in 

e m b r y o n i c  s tages  of all  t hose  t e t r a p o d s  (anurans ,  r ep-  
ti les,  birds,  m a m m a l s )  w h i c h  are  d e s c e n d a n t s  of t he  

os t eo lep i fo rms ,  b u t  n o t  in t he  urodeles .  I n  c o n n e c t i o n  
w i t h  t h e  g r o w t h  of t h e  gen iog lossus  a n d  hyog lossus  

musc l e s  in o n t o g e n y ,  t h e  t u b e r c u l u m  i m p a r  swells  
(F igure  5 D) a n d  in t h e  a d u l t  i t  fo rms  t h e  whole  or, as  

in t h e  a m n i o t e s ,  t h e  m a i n  p a r t  of  t h e  t ongue .  I n  t h e  
a m n i o t e s  t h e  m u c o u s  m e m b r a n e  of t h e  i n n e r  side of t h e  

m a n d i b u l a r  g i l l - cove r  fo rms  a k i n d  of fold,  t h e  l a t e r a l  

l i ngua l  swel l ing  (F igures  5B, 6A, C), wh ich  g r a d u a l l y  

g rows  o v e r  a n d  rep laces  t h e  o r ig ina l  m u c o u s  m e m b r a n e  

of  t h e  t u b e r c u l u m  i m p a r .  T h e  m u c o u s  m e m b r a n e  of  

A C 

0 
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B D 
Fig. 6. Diagrams of the evolution of the tongue in, A-C, the osteo- 
]epiform-tetrapod stock and, D, E, the porolepiform-tetrapod stock. 
The floor of the mouth cavity in dorsal aspect of, A, embryo of 
reptile (Lacerta: after KALLIUS), B, Devonian osteolepiform (Eusthen- 
opteron), C, Homo (embryo, fifth week; after NELSEN), D, Devonian 
porolepiform (after material of Glyptolepis and Holoptychius from 
East Greenland), and, E, urodele larva (Triturus). From JARVIK .4. 
Ha, hyoid arch; L], lower jaw (mandibula); Ma, mandibular arch; 
'Op', the so-called opercular of urodele larvae and its equivalent in 
porolepiforms; Ps, teeth of parasymphysial dental plate of porolepi- 
forms and their equivalents in urodele larva. ].c, foranaen caecum; 
gl.[, glandular field of KALLIU~ in urodele larva and its equivalent 
(prolingual field) in porolepiforms; ll.sw, lateral lingual swelling; 
md.gc, mandibular gill-cover; pr.to, primitive tongue (Fischzunge of 
KALLIUS) ; spir, ventral portion of spiracular gill-slit ; t.i, tuberculum 

impar. 
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the dorsaI side of the tongue in amniotes and thus in 
man, too, is accordingly derived from the mandibular 
gill-cover, and this explains why this membrane is in- 
nervated by a branchial nerve (n. trigeminus). Another 
remarkable fact is that  the sublingual rod is retained 
in all the descendants of the osteolepiforms. In man it 
is represented by a row of small cartilages, which is 
frequently found in embryos, and sometimes in the 
adult, in or just below the median septum of the tongue 
(Sly, Figure 5 C). 

In the porolepiforms (Glyptolepis) the sublingual rod 
is lacking, as in the urodeles. The subbranehial series 
consists only of the urohyal and, as pointed out above, 
this element and the overlying hyobranchial skeleton 
are developed fundamentally as in urodele larvae 
(Figure 4A, B). In these respects, there are thus very 
great resemblances indeed between the urodeles and 
the porolepiforms, and other most striking similarities 
are found farther forwards in the floor of the mouth 
cavity (Figure 6D, E). The anterior part of each of the 
jaws of the porolepiforms thus carries peculiar tooth- 
bearing structures (Ps, 'Op'), which can easily be iden- 
tiffed in urodele larvae but are lacking in all other 
tetrapods, and between the jaws there is a crescent- 
shaped field (gl.]) of dental plates. This field, the pro- 
lingual field, no doubt contained glands and undoubt- 
edly it corresponds to the similarly situated, also 
crescent-shaped glandular field of KALLIUS, which is 
characteristic of the urodele larva and plays an im- 
portant  part in the formation of the tongue in this 
group of tetrapods (Figure 5 El ,  E2). Fibres of one of 
the hypobranchial muscles, the genioglossus (a true m. 
hyoglossus is lacking in the urodeles) grow up into the 

glandular field and the floor of the mouth cavity in the 
area of that field rises and forms the tongue of the 
adult. 

The tongue is thus formed in a different way in the 
urodeles, on the one hand, and in the anurans and the 
amniotes, on the other; and, as is now evident, this is 
due to the remarkable differences between the poro- 
lepiforms and the osteolepiforms in the structure of the 
floor of the mouth cavity (Figures 4, 6B, D). The fact 
that, in the detailed structure of this part of the head, 
the porolepiforms agree closely with larvae of urodeles 
-- there are hardly any other differences than such as 
refer to the degree of ossification--whereas the osteo- 
lepiforms in all essentials are as anurans and amniotes, 
is in full accordance with the results gained by the 
studies of the snout2~, 2~, and that  the tetrapods are 
diphyletic in origin (Figure 1) cannot be doubted any 
longer. 

Zusammen/assung. Kurzer Bericht fiber die d~inischen 
Expeditionen nach Ostgr6nland (LAUGE KOCH) 1929- 
1957. Die zoologische Bedeutung des fossilen Verte- 
bratenmaterials (fiber 10000 Exemplare) wird ange- 
deutet. Neuere Ergebnisse fiber die Evolution der 
Tetrapodenzunge werden besonders im Zusammenhang 
mit Gr6nlandmaterial besprochen. Damit wird die An- 
sicht bestitigt, dass sich die Urodelen selbst/indig aus 
porolepiformen Crossopterygiern entwickelt haben, 
w~ihrend Anuren, Sauropsiden und S~iugetiere yon 
Osteolepiformiern abzuleiten sind. Die Auswertung des 
umfangreichen Fossilmaterials ergibt eine diphyle- 
tische Herkunft der TetralSoden. 

The Jurassic Ammonite-Faunas of East Greenland 
By J. H. CALLOMON* 

To those geologists primarily interested in the 
grander aspects of the science such as the tectonics of 
mountain-building, or the petrology of igneous and 
metamorphic processes, the Mesozoic era has relatively 
little to offer, for it marked a period of comparative 
calm in movements of the earth's crust. This quiescence 
is one of three main factors which make Mesozoic rocks 
particularly suited for stratigraphical studies. The 
second is that in two of the three systems which make 
up the Mesozoic, namely the Jurassic and Cretaceous, 
relatively shallow seas covered a considerably greater 
proportion of the earth's surface than they do at 
present, leaving widely-spread sheets of usually little- 
disturbed sediments now readily accessible and well ex- 
posed. The third factor is that  the Mesozoic period 

marked the acme in development and abundance ot tile 
ammonites. 

The stratigrapher classifies rocks according to the 
fossils they contain. In correlating beds found at differ- 
ent places, and generalizing his finding into a standard 
succession, or geological column applicable to a whole 
area, he makes use of what we may call the first prin- 
ciple of stratigraphy: rocks containing the same [ossils 
are o~ the same age, with the more trivial extension that 
in undisturbed sediments, the higher beds are the 
younger. The evolution of fossils is made the basis of 

* University College London (England). 


