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A B S T R A C T 

The different conditions of the premaxillary in primitive actinopterygians are 
individualized, or fused to adjacent bones. Their dental field can also be divi­
ded and fused to neighbouring bones, the premaxillaries may be separated 
across the midline, ot, finally, they have disappeared. This separation and 
absence can result in a rostral notch observed in rhadinichthyids, and presu­
med in o t h e r g r o u p s such as t he r ed f i e ld i i fo rmes . I t can be sug­
gested that the plesiomorphous gnathostome dermal skeletal condition is 
micromeric, that the primitive actinopterygian larval snout condition derived 
from that condition was mesomeric, and that heterochronic changes during 
early actinopterygian evolution gave rise during development (1) of mesome­
ric adult primitive actinopterygians through neoteny, (2) of macromeric 
adult primitive actinopterygians through fusions of bones, (3) to the condi­
tion of actinopterygians lacking a premaxillary through its loss. The neopte-
rygian condit ion may have arisen through paedomorphosis from either 
mesomeric primitive fossil actinopterygians, or directly by heterochrony 
from the larval primitive condition. 
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R É S U M É 

Les différentes dispositions du prémaxillaire chez les actinoptérygiens primi­
tifs sont : différencié ou fusionné à des os adjacents, le territoire dentaire peut 
être divisé et fusionné à des os voisins, les deux prémaxillaires être séparés 
sans contact l'un avec l'autre, enfin le prémaxillaire peut avoir disparu. Cette 
séparation ou cette absence se traduisent le plus souvent par une lacune 
osseuse rostrale observée chez des rhadinichthyidés et supposée dans plusieurs 
autres groupes dont les redfieldiiformes. Il est suggéré que la disposition plé-
siomorphe du squelette dermique des gnathostomes est micromérique, que la 
disposition larvaire du museau des actinoptérygiens dérivée de cette disposi­
tion plésiomorphe était mésomérique et que les changements hétérochro-
niques au début de l'évolution des actinoptérygiens ont donné pendant le 
développement, (1) par néoténie, des actinoptérygiens primitifs adultes 
mésomériques, (2) par des fusions osseuses, des actinoptérygiens primitifs 
adultes macromériques, (3) par disparition, des formes dépourvues de pré­
maxillaire. Les néoptérygiens seraient issus par pédomorphose, soit des acti­
nop té ryg iens pr imi t i fs fossiles mésomér iques , soit d i r e c t e m e n t , par 
hétérochronie de la disposition primitive larvaire. 

I N T R O D U C T I O N 

T h e snou t in te leostome fishes is a region of the 

dermal skull concen t ra t ing e lements sensitive to 

a d a p t a t i o n s a n d e v o l u t i o n , as i t b ea r s t e e t h , 

narial openings a n d the an te r io rmos t par t of the 

lateral sensory system. T h e variat ions of its ana­

t o m y h a v e b e e n o f t en d e a l t w i t h in t h e pas t 

(Westol l 1 9 3 7 ; Peh r son 1 9 4 7 , 1 9 5 8 ; G a r d i n e r 

1 9 6 3 ; W e n z 1 9 6 7 ; P e a r s o n & W e s t o l l 1 9 7 2 ; 

Pa t te rson 1 9 7 5 ; Pearson 1 9 8 2 ; Schaeffer 1984 ; 

L o n g 1 9 8 8 ) . M o r e r e c e n t l y t h e e v o l u t i o n a r y 

impl ica t ions of some of its b o n y uni ts in lower 

act inopterygians were discussed (Poplin & L u n d 

1995) . In the present work , analysis is focussed 

o n the area of t he premaxil lary a m o n g the der­

m a l b o n e s o f t h e s n o u t w h i c h u n d e r w e n t t he 

m o s t n u m e r o u s m o d i f i c a t i o n s o f a n y area o f 

skull bones . Therefore , it is potent ia l ly o n e of the 

mos t significant complexes of bones a n d lateral 

l ine canals for p h y l o g e n e t i c p u r p o s e s in lower 

act inopterygians . Because of difficulties in obser­

vat ion and preservat ion in fossil fishes, accurate 

descript ions a n d reconst ruct ions of the snou t are 

r a t h e r r a r e so t h a t w e refer h e r e t o t h e b e s t 

k n o w n taxa, even if reappraisials of t h e m shou ld 

be eventually desirable. 

T H E D I F F E R E N T S T A T E S O F T H E P R E ­

M A X I L L A R Y I N L O W E R A C T I N O P T E R Y ­

G I A N S 

In order to avoid confusion owing to the m a n y 

b o n e n o m e n c l a t u r e s u s e d b y a u t h o r s , w h i c h 

s o m e h o w darkened the unde r s t and ing of the der­

mal snou t evolut ion in the past, the "premaxilla­

ry" is def ined he re as t h e m o s t an te r io r pa i red 

upper anamest ic t oo thbea r ing b o n e of the r im of 

the m o u t h . W h e n it is fused to o the r b o n y terri­

t o r i e s , c o m p o u n d n a m e s are u s e d ( P o p l i n & 

L u n d 1995) . As a whole , the five following states 

of t h e premaxi l la ry have been observed a m o n g 

pr imit ive act inopterygians . 

1. Ind iv idua l ized typical premaxi l lae are ra the r 

rare in lower fossil ac t inopterygians: for instance, 

in Lower Carboni ferous , fishes from Bear Gu lch 

( M o n t a n a , U S A ) , t h e T r i a s s i c Pteronisculus 

( N i e l s e n 1 9 4 2 ) , Perleidus (F ig . 1A; L e h m a n 

1 9 5 2 ) . A c c o r d i n g to H u t c h i n s o n ( 1 9 7 8 ) , it is 

also present in monophy le t i c lineages such as the 

Triassic Brookvali idae a n d Schizur ichthyidae . In 

recent forms, separate premaxillaries are present 

in l a rva l Polypterus (F ig . I B ; P e h r s o n 1 9 4 7 , 

1958) a n d in all the neopterygians , whe re they 

558 G E O D I V E R S I T A S • 1 9 9 7 • 1 9 ( 3 ) 



Evolution of the premaxillary in actinopterygians 

m a y even be larger t h a n the maxillae (Fig. 1C) . result ing in c o m p o u n d b o n y uni ts such as "ros-
t ro -p remax i l l o - an to rb i t a l s " , " ros t ro -premaxi l l a -

2 . M o r e often, in lower fossil ac t inopte ryg ians , ries" a n d "antorbi to-premaxil lar ies" (Fig. I D , E; 
t he p r e m a x i l l a r y is fused w i t h ad jacen t b o n e s Pop l in & L u n d 1 9 9 5 ) . In a d u l t Polypterus t he 

FIG. 1. — Dermal s n o u t s : A-G, left lateral view; H, front view. A, Perleidus piveteaui (after L e h m a n 1952 , fig. 86); B, Polypterus, 
9.6 m m larva (after P e h r s o n 1958 , fig. 8); C, Pomatomus saltatrlx (after Gregory 1933 , fig. 177); D, Birgerla groenlandica (after 
Nie l sen 1949 , fig. 69); E, Moythomasia nitida (after J e s s e n 1968 , fig. 1); F, Polypterus adul t (after D a g e t 1958 , fig. 1791); G, 
Watsonichthys pectinatus (after Gard iner 1963 , fig. 1); H, Howqualepis rostridens (after Long 1988 , fig. 14B). APx, antorbi to-pre-
maxillary; A o P x R , antorbito-premaxil lo-rostral ; IMx, Infraorbito-maxillary; Mx, maxillary; Na, n a s a l ; Px, premaxillary; Pr, post ros t ra l ; 
RAo, rostro-antorbital ; RPx, rostro-premaxil lary; RPrPx, rostro-postrostro-premaxll lary. 
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premaxil lary is fused to the lateral rostral a n d to 
t h e a n t o r b i t a l (Fig. I F ; P e h r s o n 1 9 4 7 , 1 9 5 8 ; 
L e h m a n 1958: 2 0 9 2 ) . 

3 . T h e terr i tory of the premaxil lary denta l field 
may also be divided in to two uni ts tha t are fused 
to ne ighbour ing bones ( M o y - T h o m a s 1934; Ten 
C a t e 1 9 8 5 ) . T h i s is t h e case for i n s t a n c e in 
Watsonichthys pectinatus (Fig. 1G) w h i c h shows 
an antorbi to-premaxi l la ry together w i t h a rostro-
premaxillary. T h e D e v o n i a n Moythomasia durga-
ringa a n d Howqualepis rostridens (cf. G a r d i n e r 
1984; Long 1988) are m o r e complex a n d ques­
t ionable cases (Fig. 1H) ; their anter ior marginal 
teeth are b o r n e by three bones : paired an to rb i to -
p r e m a x i l l a r i e s (= G a r d i n e r ' s a n d Long ' s "p re -
maxi l la r ies" ) a n d a m e d i a n r o s t r o - p o s t r o s t r o -
premaxil lary (= "dent igerous rostro-postrostral") . 
Accord ing to ou r in terpre ta t ion, the territories of 
the right a n d left premaxillaries (or their denta l 
fields) are d iv ided i n t o four un i t s : t he m e d i a n 
ones are fused to the single rostro-postrostral a n d 
the lateral ones are fused to the paired antorbi tals 
(Poplin & L u n d 1995) . 

4. I n s o m e cases, such as in s o m e Bear G u l c h 
taxa, b o t h premaxillaries are so weak and so loose 
tha t they are n o t in contac t w i th each other. T h i s 
s i tuat ion results in a small m e d i a n rostral n o t c h 
qui te like tha t described below. 

5. T h e last state of the premaxil lary is encoun te ­
red in a n u m b e r of pr imit ive fossil ac t inoptery-
gians: its d isappearance revealed by the comple te 
absence of the characterist ic features of its terri­
tory, i.e. anamest ic a n d presence of anter ior mar ­
ginal tee th (Poplin & L u n d 1995) . 

Such a lack has been somet imes observed, or sus­
p e c t e d , in t h e pas t . W e s t o l l ( 1 9 3 7 ) a n d la te r 
Heyler (1969) no t iced that the Aeduel l idae have 
n o premaxillaries. T h e Redfieldiiformes gave rise 
to a small d isagreement o n this respect be tween 
H u t c h i n s o n ( 1 9 7 3 , 1978) a n d Schaeffer ( 1967 , 
1984): the former th inks tha t the lack of a pre­
m a x i l l a r y c h a r a c t e r i z e s o n l y t h e f a m i l y 
Redfie ldi idae, a n d the la t ter c la ims t h a t it is a 
fea ture of t h e w h o l e order . M o r e r ecen t ly t h e 
absence of this b o n e has been directly observed 

in Lower Carboni ferous paleoniscoids from Bear 
G u l c h ( M o n t a n a , USA; Popl in & L u n d 1995) . 

T h e absence of the premaxil lary results ei ther in 
t h e a n t e r i o r d e v e l o p m e n t o f t h e m a x i l l a r i e s 
w h i c h t h e n m e e t each o t h e r above the m o u t h 
(e.g. Aeduella, Fig. 2 C ) , or in the snou t skeleton 
h a v i n g a m e d i a n n o t c h above t h e m a n d i b u l a r 
symphys i s . Such a n o t c h is obse rved in Lower 
Carboni fe rous rhad in ich thy ids (Fig. 2A, B) like 
those from M o n t a n a (Poplin & L u n d 1995) a n d 
Scot land ( M o y - T h o m a s & D y n e 1938) . W e sus­
pect t he p resence of th is n o t c h in m a n y o t h e r 
paleoniscoid forms which lack the characteristic 
features o f t he p remax i l l a ry a n d show, in s ide 
view, a t y p i c a l l y p r o t r u d i n g s n o u t a b o v e t h e 
aper ture of the m o u t h : for instance Palaeoniscus 
(Fig 2 D ; Aldinger 1937) , Cycloptychius, Elonich-
thys ( M o y - T h o m a s & D y n e 1938) , Boreosomus 
( N i e l s e n 1 9 4 2 ; L e h m a n 1 9 5 2 ) , Dicellopyge 
(Brough 1931) . 

S c h a e f f e r ' s d e s c r i p t i o n s u g g e s t s t h a t t h e 
Redf ie ld i idae (Fig. 2E) p r o b a b l y also h a d th is 
an ter ior n o t c h ( 1 9 6 7 : 3 0 7 , 3 0 8 ) : "As the m a n ­
dibles are abou t the same length as the infraorbi­
tal r amus of the maxilla, the tooth l ike denticles 
a long the ventra l m a r g i n of t he rostral a n d the 
an torb i ta l could n o t have func t ioned in seizing 
prey. F u r t h e r m o r e , it has n o t b e e n poss ible t o 
r e c o n s t r u c t [...] t h e s n o u t [...] in a w a y t h a t 
w o u l d pe rmi t the rostral teeth to mee t the m a n ­
dibular ones, even if the lower jaws were actually 
l onge r . P a r t o f t h e space b e t w e e n a n t o r b i t a l s 
mus t have been occupied by the mand ib le w h e n 
the m o u t h was comple te ly closed, b u t we have 
been unab le to e l iminate the result ing space bet­
w e e n the ventra l m a r g i n of t he rostral a n d the 
m a n d i b u l a r symphysis ." T h e presence of an an te ­
rior n o t c h is conf i rmed, according to us, by the 
character is t ic p r o t r u d i n g s n o u t in side view, as 
explained above. 

In this peculiar redfieldiid snou t , covered wi th a 
q u a n t i t y of small d e r m a l tubercles , w h a t cou ld 
be t h e f u n c t i o n o f a n a n t e r i o r n o t c h ? Fi rs t it 
could cause a smaller aper ture of the m o u t h and , 
t h u s , i n c r e a s e t h e i n h a l i n g s t r e n g t h d u r i n g 
e x p a n s i o n of t h e m o u t h : th i s w o u l d faci l i ta te 

560 G E O D I V E R S I T A S • 1 9 9 7 • 1 9 ( 3 ) 



Evolution of the premaxillary in actinopterygians 

B 

FIG. 2 . — Dermal s n o u t s : A, ventral view; B-E, left lateral view. A, B, Rhadlnichthyld from B e a r Gulch (after Lund & Poplin In prep. ) ; 
C, Aeduella (after Heyler 1969, fig. 92); D, Palaeoniscus freieslebeni (after Aldinger 1937 , fig. 25B); E, Cionichthys greeni (after 
Schaeffer 1967 , fig. 7) . Ao , antorbital; Mx, maxillary; md, mandib le ; n, notch; Ro, rostral; RPr, rostro-postrostral . 

suc t ion in a ben th i c feeding m o d e (Lund et al. 
1985) . Indeed, this c o m b i n a t i o n of an a rmored 
p r o j e c t i n g s n o u t a n d t h e n o t c h w o u l d p e r m i t 
these fishes to root a r o u n d (like hogs) , us ing the 
denticles to stir u p the sed iment a n d the n o t c h 
to facilitate suc t ion u p o n those prey i tems tha t 
were scared ou t of their h id ing places. Moreover, 
Schaeffer a n d H u t c h i n s o n emphas ize tha t these 
fishes could have h a d a th ick fleshy lip suppor t ed 
by these dent icles a n d ove rhang ing the m o u t h : 
th i s l ip h e l p e d t h e m to feed at t h e s e d i m e n t -
w a t e r in te r face , s o m e w h a t l ike t h e p r o t r u s i v e 
m o u t h of recent teleosts. In this hypothesis cou ld 
an a n t e r i o r n o t c h have b e e n l i n k e d to a ve ry 
shor t appendage like a t iny t runk? Like t he p ro ­
t rus ive p r e m a x i l l a e in r e c e n t t e l e o s t e a n s , th i s 
w o u l d increase the buccal vo lume du r ing a b d u c ­
t ion of the lower jaw, as well as just after the food 
was engul fed a n d t h e m o u t h was closed again 
(Alexander 1967) . 

T h e exis tence of this an t e r i o r n o t c h raises t he 
ques t ion of the a n a t o m y of the under ly ing e n d o -
cranial a n d visceral regions: e thmoida l endoske-
le ton a n d vomers , as well as oral valves, if there 
were any in these fishes. In the total absence of 
da ta it is difficult to answer. 

D I S C U S S I O N A B O U T T H E P R I M I T I V E 
S T A T E A N D F U R T H E R E V O L U T I O N A R Y 
T R E N D S O F T H E A C T I N O P T E R Y G I A N 
P R E M A X I L L A R Y 

T h e a n a t o m i c a l var ie ty of t h e p remax i l l a ry in 
p r imi t ive fossil ac t inop te ryg ians , briefly descri­
bed above, leads to two fundamenta l quest ions: 
- W h a t was the cond i t i on of the premaxillary, in 
the ancestral m o r p h o t y p e of act inopterygians? 
— W h a t does this vat iety indicate ab o u t the rela­
t ionships of the m a i n ac t inopterygian lineages? 
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I n t h e p a s t t h e t h r e e f o l l o w i n g h y p o t h e s e s 
(absent, fused to o the r bones , present) have been 
p roposed c o n c e r n i n g the ancestral cond i t i on of 
the premaxil lary in ac t inopterygians . 

H Y P O T H E S I S 1 

Absence of the premaxil lary: Westoll (1937) was 
a m o n g the first to speculate abou t the fate of the 
premaxillary. H e not iced that the holos tean and 
te leos tean p remaxi l l a ry was q u i t e c o m p l e x a n d 
different from wha t was k n o w n of paleoniscoids 
at his t ime. Therefore he t h o u g h t tha t the very 
first ac t inopterygians h a d n o premaxil lary a n d he 
p roposed four schemes to explain the existence 
of a premaxil lary in the upper act inopterygians: 
(1) it is a neoformat ion ; (2) it results from a frag­
m e n t a t i o n of the paleoniscoid rostral; (3) the pr i ­
mit ive maxillary has been split in to maxillary a n d 
premaxillary; (4) or the lineages which gave rise 
to the upper act inopterygians have been separa­
ted very early from the paleoniscoid ones , wh ich 
impl ies t h a t premaxi l lar ies deve loped i n d e p e n -
dan t l y in b o t h g roups . Wes to l l cons ide red this 
l a s t h y p o t h e s i s as i m p r o b a b l e . T h e f i r s t o f 
Westoll 's suggestions can n o w be discarded since 
all o t h e r o s t e i c h t h y a n g r o u p s share t he p les io-
m o r p h o u s occurrence of a premaxillary. Westoll 's 
o t h e r schemes are early previews of t h e subse­
q u e n t hypotheses stated below (premaxillary p ro ­
d u c e d by f r a g m e n t a t i o n of c o m p o u n d b o n e s , 
very early separa t ion of the l ineages l ead ing to 
pa leoniscoids a n d neop te ryg ians , paral le l ism of 
eventual s t ructures) . 

H Y P O T H E S I S 2 

P r e s e n c e o f t h e p r e m a x i l l a r y as a c o m p o u n d 
b o n e , macromer ic snout : m a n y authors , such as 
Pehr son ( 1 9 4 7 , 1 9 5 8 ) , G a r d i n e r ( 1 9 6 3 , 1984) 
a n d Jessen (1968) suggested tha t a premaxil lary 
was present in the first ac t inopterygians bu t as a 
ros t ro-premaxi l lo-antorbi ta l . T h i s view, based o n 
the observat ion tha t this c o m p o u n d b o n e is pre­
sent in the mos t pr imit ive Devon ian forms and 
in t h e R e c e n t Polypterus, is p a r t o f t h e m o r e 
generalized hypothesis of a macromer ic pr imit ive 
p a t t e r n o f t h e d e r m a l s n o u t ( G a r d i n e r 1 9 6 3 ; 
Pat terson 1975) . Later in ac t inopterygian history, 
different a n d successive spli t t ings of the ros t ro-
p r e m a x i l l o - a n t o r b i t a l w o u l d h a v e led t o t h e 
va r ious d i spos i t i ons obse rved in pa l eon i sco ids 
a n d to the mesomer ic snou t a n a t o m y of neop te ­
rygians (Fig. 3) . 

H Y P O T H E S I S 3 

Presence of an individual ized premaxillary: meso­
m e r i c s n o u t evo lv ing by f r a g m e n t a t i o n s . T h e 
ancestral ac t inopterygian m o r p h o t y p e has indeed 
i n d é p e n d a n t premaxillaries in a mesomer ic snou t 
( P e a r s o n 1 9 8 2 ; Schaef fe r 1 9 8 4 ; L o n g 1 9 8 8 ; 
G a r d i n e r & S c h a e f f e r 1 9 8 9 ) . T h i s is m o r e 
consis tent wi th the mesomer ic snou t disposi t ion 
o f s a r cop te ryg ians a n d of t he larval Polypterus 
t h a n w i t h Westoll 's first th ree schemes or w i t h 
tha t of a macromer ic pr imit ive pa t t e rn . W e no te 
t h a t th i s h y p o t h e s i s fits b e t t e r w i t h t h e m o r e 
recent da t a a b o u t t he p a t t e r n of occu r r ence of 
separate premaxillaries a m o n g the paleoniscoids. 

Primitive hypothet ic d i spos i t i on Primitive ac t inopteryg ians Neopteryg ians 

M A C R O M E R I C 

rp71+[Na1 

I RPxAoI 

fragmentations 

+ 

iNâl 

RPxAo 

RPx 

I R A Q I + [ f x ] 

Adults 

M E S O M E R I C 

> N a |  

~Pxl  

"Âô| 

~RÔ1 

FIG. 3 . — Hypothes i s abou t the evolution of t he de rma l snou t after P e h r s o n (1947, 1958) , Gard iner (1963 , 1984) , J e s s e n (1968) , a n d 
o t h e r s ( s e e text). Ao , antorbital; APx, antorbito-premaxil lary; Na, na sa l ; Px, premaxillary; Pr, post ros t ra l ; RAo, rostro-antorbital; Ro, 
rostral; RPx, rostro-premaxil lary; RPxAo , rostro-premaxil lo-antorbital ; RPr, ros t ro-postrostra l . 
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T h e lack of premaxil lary is bet ter explained as a 
m e r e lack of its t e r r i to ry in t he e m b r y o ra the r 
t h a n as an invo lu t ion d u r i n g later deve lopmen t 
(Poplin & L u n d 1995) . In order to specify this 
t h i rd hypothes i s , Schaeffer ( 1 9 8 4 : 5) adds tha t 
"[...] the pa t te rn in the 2 4 m m Polypterus repre­
sents the pr imi t ive ac t inopterygian larval cond i ­
t ion , whereas tha t in the m a t u r e Polypterus [...] 
m a y be regarded as t he p r i m i t i v e a d u l t c o n d i ­
t ion ." 

disappearances du r ing deve lopment of its ter r i to­
ry resul t ing in the absence of premaxil lary; a n d 
(3) n e o t e n y m a i n t a i n i n g t h e larval p a t t e r n in 
adults (Jollie 1969) . T h e neopterygian adul t pat­
te rn (also characterized by the absence or fusion 
of a pos t ros t r a l ) s p r u n g after p a e d o m o r p h o s i s 
either from already k n o w n lineages of mesomer ic 
pr imi t ive ac t inopterygians , or direct ly from the 
pr imit ive hypo the t i c larval pa t te rn . 

Therefore , based o n this view, the th i rd h y p o t h e ­
sis is c o m p l e t e d as fo l lows w h e n w e a d d t h e 
recent da ta (Fig. 4 ) . T h e pr imi t ive larval pa t t e rn 
of the snou t in act inopterygians was mesomer ic 
w i t h separa te pos t ros t ra l s , rostrals , nasals, p r e -
maxil lar ies a n d an to rb i t a l s . Different processes 
d u r i n g d e v e l o p m e n t a n d m a t u r a t i o n led to the 
va r ious d i spos i t i ons obse rved in t he p r i m i t i v e 
fossil adul t ac t inopterygians: (1) fusions leading 
to the variety of macromer ic snouts observed in 
p r imi t ive fossil ac t inopterygians ; (2) precocious 

C O N C L U S I O N 

W e propose the following hypothes is ab o u t the 
mechan i sms wh ich gave rise to the ma in pa t te rns 
of the dermal snou t in act inopterygians: the pr i ­
mit ive mesomer ic snou t evolved a n d diversified 
ei ther t h r o u g h he te rochronous processes, such as 
n e o t e n y a n d p a e d o m o r p h o s i s , e i t h e r t h r o u g h 
fusions or disappearances . T h i s hypothesis leads 
to the following considerat ions . 
- T h e ancestra l larval m o r p h o t y p e o f t he act i -

Primitive hypothet i c d i s p o s i t i o n Primitive ac t inopteryg ians N e o p t e r y g i a n s 

M E S O M E R I C 

+ [Rcn + [Px~L + [Äol 

M E S O M E R I C 

fpTI + fNal 
+ [ R Ö ] + [ P x ] + [ Ä ö ] 

paedomorphosis 

M A C R O M E R I C 

Larvae 

I RPxAo I + etc. 

|APx | + etc. 

|RPx | + etc. 

I RPr I + etc. 

etc. 

M E S O M E R I C 

[№¡1 +fRo1+[Px1 

+ [ÄÖ] 

Adults 

FIG. 4 . — Hypothes i s p r o p o s e d in this p a p e r abou t t he evolution of t he de rma l snou t , b a s e d on t h o s e of P e a r s o n , Schaeffer , Long, 
Gard iner & Schaeffer ( s e e text). Ao, antorbital ; APx, antorbi to-premaxll lary; Na, na sa l ; Px, premaxillary; Pr, post ros t ra l ; Ro, rostral; 
RPx, rostro-premaxll lary; RPxAo, rostro-premaxll lo-antorbital ; RPr, ros t ro-post ros t ra l . 
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nopterygians is likely to have been provided wi th 

a separate premaxillary. 

- It is m o r e pa r s imonious , from a phylogenet ic 

p o i n t of view, to t h i n k tha t the lineages w i t h a 

m e s o m e t i c d i s p o s i t i o n a n d p o s s e s s i n g a p r e ­

maxi l lary are m o r e closely related to n e o p t e r y -

gians than the o the r lineages (macromer ic a n d / o r 

lacking premaxillaries). 

— T h e mul t ip le states of the premaxil lary (parti­

cularly its loss) a n d their systematic d is t r ibut ion 

indicate that , at least some of t h e m could have 

appeared m o r e t h a n once . T h e s e da ta a n d n e w 

i n f o r m a t i o n s o n t h e a c t i n o p t e r y g i a n r e l a t i on ­

ships of Polypterus can be in terpre ted as suppor ­

t i n g t h e h y p o t h e s i s t h a t t h e l o w e r a c t i n o -

p t e ryg i ans c o n v e n i e n t l y cal led "pa leon i sco ids" 

m a y n o t be a natural g roup . 

Finally, this review of the p rob lems conce rn ing 

the pr imit ive pa t te rn of the premaxillary, a n d of 

its subsequent evolut ionary t rends , is a d e m o n s ­

t r a t i o n of t h e paral lel e v o l u t i o n of k n o w l e d g e 

a n d ideas . It is r a t h e r a m u s i n g to n o t i c e t h a t 

Westoll 's first th ree schemes are inva l ida ted by 

r ecen t da t a , a n d t h a t h is last s c h e m e , t h a t h e 

considered as the less likely, t u r n e d to be the o n e 

favoured here in . In sixty years from now, w h a t 

will r emain of the analysis exposed in this paper? 
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