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Biologia. — Some considerations on the forebrain o f the bipul- 
m onateD ipnoi^ . Nota di E r n e s t o  C a p a n n a  e P i e r r e  C l a i r a m b a u l t ,  

presentata dal Socio A. S t e f a n e l l i .

R iassu nto . — Lo studio dell’encefalo anteriore dei Dipnoi e degli Anfibi ha m otivato 
il presente scritto inteso a proporre un modello ipotetico di encefalo attribuibile a quei V er­
tebrati ittiomorfi del Paleozoico che possono essere già considerati sulla linea evolutiva che 
conduce ai Tetrapodi. Questo modello è stato essenzialmente costruito sulla base delle nostre 
personali osservazioni condotte su Protopterus annectens e P. dolloi. Il telencefalo di Protop- 
terus è infatti com pletam ente invertito e vi si possono riconoscere tu tte  le quattro  fondam en­
tali aree palliali e subpalliali; il diencefalo è caratterizzato da tu tte  le stru tture epitalam iche dei 
vertebrati inferiori e da un ipotalam o molto esteso. Il sulcus medialis divide il talam o in una 
area talam ica dorsale ed in un talam o ventrale; queste due aree diencefaliche si prolungano 
senza interruzione con il tetto mesencefalico e con il tegm ento rispettivam ente. Q uesta peculia­
rità  neuroanatom ica ci ha indotto a  proporre l ’ipotesi di una stru ttu ra  neurale meso-dience- 
falica, molto prim itiva, che precede la differenziazione delle aree mesencefaliche e diencefaliche 
nell’evoluzione delle stru ttu re  neurali dei V ertebrati inferiori. La morfologia del cervelletto di 
Protopterus ricorda l ’organizzazione cerebellare degli Anfibi; un ben distinto Nucleus isthmi 
è presente al confine tra  mesencefalo e metencefalo.

F o r a num ber of years we have been investigating the telencephalon 
of A m phibians for the purpose of shedding light on its cytoarchitectural 
features [1-9], the features determ ining its morphogenesis [10-14] as well 
as peculiarities in its fibre connections [15]. However, we were also careful 
not to lose sight of the wider problem  of the evolution of the nerve structures 
of the lower vertebrates a t th a t particular mom ent in their evolution which 
is m arked by the conquest of the subaerial environm ent.

A fter our recent observations on the brain of Dipnoi [16], it seemed to 
us that, in relation to the above phyletic problem, it was possible to sum  up 
our em pirical knowledge in the form of the model of a prim itive brain  which 
would be able to give us some idea of the neural structures of the ichthyom or- 
phous species at the origin of the evolution of land vertebrates.

The possibility of m aking such a model is based on the com parative neu­
rological study  of those living vertebrates which represent tru ly  preserved 
evolutionary stages differing only slightly from the Devonian species at the 
origin of both the Sarcopterygian radiations and the T etrapod line. (Capanna, 
1969 [17]). However, not all segments of the neuraxis lend themselves to an 
investigation of this type; the h indbrain  (rhombencephalon) and the spinal 
cord are two structures which vary  very little throughout the whole e voluti on- (*) (**)

(*) Lavoro eseguito presso l’Istituto di A natom ia Com parata, dell’U niversità di Roma 
e F « Equipe de N euroembryologie», U niversité Paris V IL

(**) Nella seduta del 26 novem bre 1973.
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ary  process. A lthough in the various V ertebrates it undergoes deep changes in 
m orphology and in its nerve connections, even the cerebellum itself is unsuited 
to phyletic considerations and  speculation as the modifications in cerebellar 
structures are due to far-reaching functional modifications (Stefanelli, 1944 
[18]; 1948 [19]) and do not give a true picture of the evolutionary position 
of the taxa they  belong to.

T he forebrain is quite a different m atter. Indeed, already in the case 
of the telencephalon the process of eversion and inversion of the telencephalic 
walls (Ariens K appers, 1908 [20]) provides a good exam ple of a basic dicho­
tom y in the evolutionary developm ent of the V ertebrates. The diencephalon 
itself follows telencephalic evolution, either exhibiting massive structures 
fused with the basal telencephalic formations in the A ctinopterygian line, or 
structures compressed perlâ terally and bilateralized because of the presence 
of a large m edian ventricle which cuts it m edio-sagittali y in the Tetrapod line.

The question of the mesencephalic tectum  is a ra ther com plex one. A l­
though the m orphology and histology of this nervous centre are very sim ilar 
in all the V ertebrates, the organization shown in PTotoptcTus, especially when 
com pared w ith the mesencephalic tectum  structures of the Urodeles, could 
suggest interesting considerations pertaining to the discussion of the problem  
of evolutionary neurological affinities as set out in the present paper.

Also the choice of the m aterial requires some explanation. T he study 
of the only living Crossopterygian, Latimeria chalumnae (M illott and A nthony, 
Ï902 [21], 1966 [22]) and of the B ranchiopterygians (Nieuwenhuys, 1963 [23]) 
has clearly shown th a t the telencephalon of these species has already begun 
the process of eversion of th e  telencephalic walls which is to characterize 
the A ctinopterygian line. On the other hand, also am ong the Dipnoi the mono- 
pulm onate evolutionary line (Ceratodontidae: Neoceratodus forsteri) displays 
a telencephalon th a t although it cannot be described as everted, is indicative 
of a peculiar condition (Nieuwenhuys and Hicky, 1965 [24]) which already 
dismisses it as a possible precursor of am phibian forms. On the contrary, 
the line of the bipulm onate Dipnoi (Lepidosirenidae; genera Pvotoptevus and 
Lepidosiren) w ith their distinctly inverted telencephalon which repeats forms 
and connections typical of tetrapod neural organization, seems to present 
itself as the possessor of th a t very neuro-anatom ie model we set out to 
look for.

However, there still rem ains the doubt expressed by B ertm ar (1968 [25]) 
and by Jarv ik  (1968 [26]) th a t this and other anatom ical characteristics which 
are rem iniscent of batrachom orphic structures are m erely examples of evolu­
tionary  convergence. Nevertheless it m ust be pointed out tha t recent cyto- 
taxonom ic data  (Ohno and A tkin, 1966 [27]; Morescalchi, 1970 [28]; Denton 
and Howell, 1973 [29]; C apanna and Cataudella, 1973 [30]) tend to dem onstrate 
the close resem blance of the karyotype am ong Dipnoi, B ranchiopterygians 
and A m phibians and th a t such a character can hard ly  be im agined to have 
been shaped by  convergence and is instead the expression of a derivation from 
a hypothetical common Gnathostom e ancestor.
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On the other hand, because of their morphological features, the D ipnoi 
are considered (Schm alhausen, 1968 [31]) as being m ore prim itive than  the 
Polypterinae and even than  the Crossopterygii. W hat is even m ore im portant, 
these characters of prim itiveness such as the persistence of the notochord and 
the aspondylous vertebral situation have rem ained unchanged down to the 
present-day Dipnoi. T hus everything seems to indicate th a t even the anato­
mic structures th a t have left no fossil traces— and in this particular case 
we are interested in the encephalon— have rem ained unchanged from the 
m id-D evonian down to the present time.

For these reasons, and w ithin the scope of these evolutionary problems, 
we thus th ink  it of interest to give a brief outline of our in terpretation of the 
architectural m ake-up of the forebrain of the bipulm onate Dipnoi as can be 
inferred from  our observations on Protopterus annectens (Owen) and P . dottai 
Boulenger.

As m entioned earlier, the inversion of the telencephalic walls and the 
bilateralization of the telencephalic hem ispheres are complete in Protopterus. 
In  addition, the presence of the four foundam ental sulci in the lateral ventri­
cles allows the palliai and sub-pallial telencephalic areas typical of the A m ­
phibians to be detected. W hat does differ from  the neural organization of the 
Am phibians, bu t which could also well be a prim itive character of the telen­
cephalic structures of the lower V ertebrates as it is found in the Actinop- 
terygian line, is the predom inant developm ent of the basal areas as com pared 
with the palliai ones. One consequence of this hyperdevelopm ent is the tru ly  
unusual peculiarity  of an olfactory bulb being pushed upw ards because of 
a subpallial blind end which bulges out. As a result the olfactory bulb has 
no room below for its extensive developm ent due to the large am ount of pri­
m ary  olfactory fibres and so several bulbar structures such as the m itral cells 
slide backwards followed by the p rim ary  olfactory fibres, thus form ing a 
grey m agnocellular layer along the whole of the lateral palliai wall.

This subpallial hyperdevelopm ent gives rise to a peculiar situation also 
in the basal region, i.e. the superim position of a striatal grey layer over the 
septal periventricular grey layer in the more ventral area of the hemisphere. 
This is the form ation we referred to as “ Superpositio ventralis ” (Clairam ­
bault and Capanna, 1973 t 1̂ ]) thereby  replacing the am biguous denom ination 
of “ olfactory tubercle ” given to this basal area by num erous A uthors (Elliot 
Smith, 1908 [32]; Rudebeck, 1945 [33]; Schnitzlein and Crosby, 1963 [34]) 
on the strength of an  absurd hom ology w ith the olfactory tubercle of M am ­
mals. W hat is of greatest interest as far as the superpositio ventralis is concer­
ned is the continuity  of this striatal form ation w ith two large ventro-lateral 
neuropilary masses which we in terpret as am ygdalae because their neuro- 
anatom ie connections correspond to the prim itive position of the am ygdalae 
in the A m phibians. In  the latter, the am ygdalae are displaced slightly upwards 
because of palliai development into two occipital cones projecting the telen­
cephalic masses backw ards and upw ards so th a t the foram inal and postfora-
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m inai striatal grey m ater (i.e. the am ygdalae) is superim posed on the dience­
phalic nuclei.

Both the Protopterus species examined by us lack this superim position 
of the telencephalon on the diencephalon which seems to pedunculate at the 
level of this very junction. It follows th a t the reciprocal position of the dience­
phalic parts appears in its most linear, and thus m ost prim itive, situation. 
Thus in the epithalam us we find two alm ost sym m etrical habenula ganglia 
which clearly separate two parietal organs, the rear one of which displays 
cells of the photoreceptor type. The habenulas are followed by a sub- and 
post-habenular ependym al area which is continuous with the subcom m is­
sural organ. A  very deep sub-habenular furrow separates the epithalam us 
from  the talam us which, in  its turn , is divided by a sulcus medialis into an 
area thalam ica dorsalis and a thalam us ventralis. T he sulcus hypothalam icus 
separates the thalam us from the hypothalam us. T he diencephalon of P ro­
topterus is thus disconcertingly schematic, alm ost as if it had been deliberately 
created to represent the theoretical design of the diencephalic structures of 
the A m phibians. However, even in their linearly schem atic and prim itive 
nature, the thalam ic areas of Protopterus possess cyto- and fibro-architectural 
levels of organization which we find to be characteristic of the A m phibians, 
such as the stratification of the area thalam ica dorsalis and a neuropil whose 
position and structure recall those of the neuropil of Bellonci in the A nurans. 
All these structures are thus evidence that, at the level of the thalam us, a 
position of possible convergence of various kinds of sensitive influences has 
been reached.

T he developm ent of the hypothalam us is enormous, especially the pre­
optic formations. I t  m ust not be forgotten, however, th a t in the lower V erte­
brates the nuclei in the preoptic area p lay  a part in the neuro-endocrine regu­
lation of the w ater and salt balance and if there were ever anim als w ith a 
real w ater balance problem  these are the Dipnoi.

Tfie boundary  between diencephalon and m esencephalon is extrem ely hard 
to m ake out. The mesencephalic tectum  does not extend laterally  to produce 
the characteristic hem ispherical formations as in all V ertebrates. Instead, the 
m esencephalic ventricle rem ains a narrow  slit which continues the diencephalic 
ventricle w ithout interruption. This slit-like arrangem ent of the ventricle 
and the vertical position of the tectal layers is like th a t of the Urodoles even 
if, in the latter, the mesencephalic ventricle is rhom boidal in cross section and 
not a narrow  slit as in Protopterus. As a result, the position of the posterior 
commissure is not enough to set the boundary between two areas which appear 
homogeneous in the grey m atter and m ay be characterized only by  a few 
cyto-architectural peculiarities (e.g. the cells of the mesencephalic nucleus of 
the fifth nerve or the bipolar tectal cells) found at caudal levels.

Ih  the case of Protopterus it is thus possible to speak of a very prim itive 
neural situation consisting of a single sensitive form ation, thalam us dorsalis-f 
tectum , and ventral to the sulcus of Hiss, of a single m otor unit, thalam us 
ventralis +  tegm ent. In  the course of the evolution of the lower V ertebrates,
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starting  from its m ore caudal area, this single neural structure probably  dif­
ferentiated into a specialized sensitive district (mesencephalic tectum ) inde­
pendently  in the two lines characterized by the inversion and eversion of 
the telencephalic walls.

This picture of the forebrain of Protopterus can thus now be com pleted by 
stressing one feature of the m ore cranial part of the hindbrain: the cerebellum 
is sim ilar in all respects to th a t of the A m phibians and between the m esen­
cephalic tectum  and the cerebellum a small but distinct nucleus of the isthm us 
can be identified. The dorsal m etencephalic structure thus confirms the p ri­
m itive nature if the P rotopterus encephalon, especially when the cerebellar 
structure is com pared with th a t of Latimeria (Lemire, 1970 [35]; 1971 [36]) 
and of the Branchioptérygians (Nieuwenhuys, 1967 [37]) where the cerebellum 
is already shaped after the A ctinopterygian model.

I f  the forebrain scheme we are looking for is thus a prim itive one with 
respect to the rad iation  of land V ertabrates, it m ust w ithout doubt be im agined 
as being very sim ilar to the Protopterus encephalon. In  addition, the consi­
derations m ade earlier concerning the meso-diencephalic and m etencephalic 
structures indicate th a t the model based on the Protopterus encephalon is 
to be considered as prim itive and ancestral also with respect to the A ctinop­
terygian rad ia tion  itself. Thus our model of the encephalon of a gnathostom e 
vertebrate which m ay be considered as being ancestral to all the branches of 
bony fishes can be sum m ed up as having a bilateralized inverted telencepha­
lon (sensu Ariens K appers) followed by a long meso-diencephalic structure 
which tends to differentiate anteriorly  into diencephalic structures (habenu­
lae, parietal organs, anterior thalam us, hypothalam us, etc.) and posteriorly 
into mesencephalic structures (tectum, ganglion of the isthmus, etc.). In  
this scheme, the cerebellum  is to be conceived as a small lam inar form ation 
of the kind found in the A m phibians.
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E X PLA N A TIO N  OF PLA TES I - I I  

P l a t e  I
M edian sagittal and  horizontal sections of the forebrain of Protopterus dolloi. The lettering 

corresponds to the list of abbreviations below.

P l a t e  I I

P ara-m edian  sagittal section of the forebrain of Protopterus dolloi th a t better shows the telen- 
cephalic-areas; for the lettering see the abbreviation list below.

A b b r e v ia t i o n s  u s e d  i n  t h e  p l a t e s

ab: habenula; ipf: hypophysis;
amg: am ygdala; ip.v: ventral hypothalam us;
ap: archipallium ; nb: neuropil of Bellonci;
apo: area praeoptica; nls: nucleus lateralis septi;
atd: area thalam ica dorsalis; nms: nucleus medialis septi;
bo: olfactory bulb; nmV°: mesencephalic nucleus of the 5th
ca: anterior commissure; nerve;
Cab: com m issura habenularis; no: olfactory nerve;
cer: cerebellum; noa: anterior olfactory nucleus;
ch.o: optic chiasma; pa: paraphysis;
cm: m itral cells; pp: paléopallium ;
cp: com m issura posterior; rb: rhom bencephalon;
d.po: decussatio post-optica; ssf: pars sub-foram inalis septi;
fcsp: subpallal blind end; sv: ventral septum;
f.m s-dnc: m eso-diencephalic formation; su.v: superpositio ventralis;
f.tg -tv : tegm entum -ventral thalam us for­ ta: thalam us anterior;

mation; tm: mesencephalic tectum.
ip.d: dorsal hypotalam us;
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