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ON T H E GENUS MEGALICHTHYS, AGASSIZ : ITS HISTORY, SYSTEMATIC 

POSITION, AND STRUCTURE. 

BY EDGAR D. WELLBURN, L .R.C.P . AND S.E., P . R . I . P . H . , F.G.S. , ETC. 

(Read November 2nd, 1899.) 

INTRODUCTION. 

A T t h e mee t ing of t h e Br i t i sh Associat ion, held a t E d i n b u r g h 
in 1834, D r . H i b b e r t r ead a paper before t h e Geological Section 
on a series of fossil remains found in the Burdiehouse l imestone, 
near Ed inbu rgh , These conta ined a series of fish remains , among 
which, besides Gyracanthus, Palceoniscus, Erynotus, Pygopterus, 
were some bones, scales, a n d teeth , r emarkab le for the i r g rea t 
size, a n d also some smaller rhombic enamelled scales.* 

Prof. Agassiz being presen t t h e remains were submi t t ed t o 
h im for his opinion. They proving new and s t range to him, 
he, Drs . H i b b e r t a n d Buek land formed a commit tee t o repor t 
on them. A b o u t th is t ime Agassiz, whilst on a visi t to Leeds, 
saw in t h e Museum t h e r e a fine and well-preserved head a n d 
p a r t of t h e t r u n k of a fish, which he seems to have considered 
of t h e same species as t h e Burdiehouse remains . This new find 
hav ing relieved his doub t s concerning t h e Burdiehouse fish, he 
took t h e Leeds specimen as t h e t ype of his genus Megalichthys, 
a n d a t t h a t t ime included t h e large rounded scales a n d gigant ic 
t ee th , as well as t he smaller rhombic enamelled scales, in th i s 
genus. La te r , however, he separa ted t h e large rounded scales 
a n d t h e tee th , placing t h e m in a new genus ffoloptychius.f 

* See Poissons Fossils (Agassiz), Vol. 2, Pt . L, pp. 89 and 90. 

t Poissons Foss., Vol. 2, Part I., p. 90. 
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I t is ve ry un fo r tuna te t h a t Agassiz m a d e the Leeds fish his 
type , as undoub ted ly t h e n a m e Megal ich thys was suggested to 
h im by t h e g r e a t size of t h e Burdiehouse remains , for which in 
1840* Prof. Owen ins t i t u t ed t h e genus Rhizodus. 

SYSTEMATIC P O S I T I O N . — A g a s s i z classed Megalichthys in his 

heterogeneous g roup of " Sauroides ."f 

Sir P . Edger ton j : n e x t proposed i ts inclusion in t h e family 
Sauroidei-dipterini (Sauroides-dipteriens of Agassiz) ; i t s posit ion 
in t h e Saurio - dipterini was also indica ted by P a n d e r § a n d 
H u x l e y 11 on account of t h e close re la t ionship of i t s head bones, 
<fec, to those of Osteolepis, t hough they bo th seemed t o hes i t a te 
for w a n t of knowledge of t he conformation and posit ion of t h e 
fins. 

I n 1861 Prof. Young , in Dec. X . Geol. Survey, ment ioned 
specimens in t h e J e r m y n S t ree t Museum, showing t h e form of 
fins, b u t unfo r tuna te ly gave no descr ipt ion or figures. 

I n 1875 Mr . J . W a r d , F .G.S . (Fossil F i sh of N o r t h Stafford
shire Coalfields), classed Megalichthys in th i s same family (Saurio-
dipterini), a n d also s ta ted t h a t t h e pectoral fin is lobate. 

Dr . R . H . Traquai r , F . R . S . , in a paper read before t h e 
Roya l Phys ica l Society, E d i n b u r g h , on Feb . 20th , 1894, says 
t h a t t he re can be no doub t t h a t t h e t r u e posit ion of Megalichthys 
is in t h e family Saurio-dipterini as defined by Pande r , Hux ley , 
a n d others . I n every m a t t e r of " Fami ly " impor tance i ts s t ruc
t u r e closely conforms to t h a t of Osteolepis. 

I n 1890 Mr . J . W a r d , F .G.S. , in his "Geo logy of t h e N o r t h 
Staffordshire Coalfields," classifies i t in t h e same f ami ly ; b u t in 
1891 Mr . A . Smi th W o o d w a r d , F .G.S. , in vol. ii. of his Cata logue 
Fos. F ishes in t h e Br i t i sh Museum, places t h e genus Megalichthys 

* Odontography, 1840, p. 75. 
fPoissons Toss., Vol. II . , P t . I I . , p. 152. 

X Morris's Catalogue Brit. Fossils. 
§ Die Saurodipterinew, &c, devon Syst., p. 5. 

|| Dec. Geo!. Survey X., 1861, p. 12. 
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54 WELLBURN : ON T H E GENUS MEGALICHTHYS, AGASSIZ. 

along w i t h Osteolepis, Thursius, Dipterns, a n d Glyptopomus in t h e 
family Osteolepidse, a n d in th is view Dr . T raqua i r seems to 
concur .* 

S T R U C T U R E . — T h e body is much elongated, being abou t five 
t imes t h e l eng th of t h e head, rounded a n d covered w i t h rhom-
boidal scales which r u n in obliquely sigmoidal paral le l l ines 
from before backwards , t h e g rea tes t obl iqui ty being on t h e 
dorsal a n d ven t r a l surfaces, t h e scales becoming smaller on t h e 
l a t t e r surface. W e l l m a r k e d r idge scales present (at least) in 
t h e poster ior half of t h e fish, where t h e y pass some l i t t le d is tance 
on to a n d s t r e n g t h e n t h e an te r io r basal por t ions of t h e unpa i red 
fins; t hey also pass for some d is tance on to a n d s t r eng then t h e 
upper lobe of t h e caudal fin. 

S C A L E S . — T h e superior surface is divisible in to a n an te r io r 
or covered, a n d a poster ior or exposed, por t ion (PL V I I I . , F ig . G). 
T h e anterior covered a rea is smooth a n d covered w i t h a t h i n 
layer of non-corpusculate bone or kosmin, and is crossed by a 
grove which runs more or less paral le l w i t h t h e an te r io r a n d 
superior edges of t he poster ior or exposed por t ion. The " o v e r l a p " 
of t h e scales is from above downwards a n d backwards . T h e 
poster ior exposed area is rhomboida l in form and is covered 
w i t h a g l i t t e r ing layer of ganoine which ceases on t h e sides w i t h 
a b r u p t rounded marg ins which d ip down to a n d slope t o t h e 
surface of t h e scale. This p a r t of t h e scale is deepest a t t h e 
centre , a n d on section is seen to be composed of non-corpusculate 
bone, tuf ts , capil lary tubes a n d t h e upper series of t h e havers ian 
canals (Wil l iamson) . The internal surface is smooth w i t h t h e 
except ion of a n e longated r idge or boss (not present in 31. Iwvis 
Traqua i r ) which r u n s more or less ver t ical to the ax is of t h e 
body of t h e fish, a n d is s i tua ted be tween t h e an te r io r border 
a n d t h e cen t re of t h e scale. 

The H a v e r s i a n system is in d i rect communica t ion w i t h t h e 
scale surface giving rise to t h e wide pores. 

*Geo. Mag., Dec. III . , Vol. VIII . , No. 321, p. 123, Mar. 1891. 
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L A T E R A L L I N E . — I have n o t seen a n y evidence of th i s " s e n s e 
o rgan ," b u t i t p robably arises a t a po in t on a level w i t h t h e 
upper bo rde r of t h e operculum a n d t raverses a longi tudinal series 
of scales t o a n inde te rmined po in t on t h e caudal pedicle. 

S H O U L D E R G I R D L E . — T h e pectoral a rch exhib i t s well developed 
m e m b r a n e bones, t h e r e be ing a large clavicle (Fig. C , PL X I X . ) 
a n d a smaller infra clavicle (Fig. D , PI . X I X . ) . A supra 
clavicular e lement was in all p robabi l i ty also p resen t (as is t h e 
case in some o ther members of t h e order) , b u t no t hav ing seen 
t h e bone I am unable to offer a n y opinion as to i t s charac ters . 

F I N S . — ( a ) Paired fins. These were represented b y t h e 
" P e c t o r a l " a n d " V e n t r a l " fins, t h e l a t t e r be ing abdomina l i n 
posi t ion. 

(1) Pectoral fins. These fins a re obtusely lobate, a n d t h e i r 
superficial charac te r s a r e beautifully shown in a specimen in t h e 
Science a n d A r t Museum, E d i n b u r g h (PI. X V I I . , F ig . B) , a n d 
also in the fine fish in t h e Leeds Museum (see F ig . C , PI. X V I I . ) . 

C H A R A C T E R S . — ( a ) Superficial. A t t h e base of t h e fins a re 
a series of large scales, which a re cont inued a long t h e post-
ax ia l a n d preaxia l borders , t h e space be tween these being occupied 
b y smaller scales a r r anged in m a n y paral le l rows. (6) T h e 
in t e rna l skeleton is, as po in ted ou t b y Prof. Mial l ,* indica ted 
in Magalichthys, as in o ther fishes wi th lobate fins, by t h e 
ex te rna l charac ters , t h e larger or fulcral scales covering t h e more 
rigid, a n d t h e smaller t h e more flexible p a r t s of t h e in t e rna l 
s t ruc tu re (in t h e near ly allied family Rhizodontidse th is charac te r 
is clearly ind ica ted in a pectoral fin of Strepsodus, which is in 
t h e Science a n d A r t Museum, E d i n b u r g h ) . The lobe of t h e fins 
seems t o be, as poin ted ou t b y Mr . A . Smi th Woodward , sup
por ted by a n endoskeleta l car t i lage (covered w i t h a t h i n layer of 
dense bone, Cope), a r r anged on t h e p lan t e rmed archip terygia l b y 
G e g e n b a u r ; t h e axis be ing shor tened, whi ls t t h e pa rameres of t h e 
one side a re a t rophied , those of t h e o ther border enlarged. There 
is t h u s no di- or tr i-basal a r r a n g e m e n t of t h e car t i lages as in 

* Quart. Journ. Geo. Soc, Vol. XL., p. 347. 
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Polypterus, t h e skeleton being more like t h a t found in Ceratodus, 
w i t h the difference t h a t t h e basal car t i lage [Metapterygium) is 
somewhat shortened, t h e radia ls on i ts an te r io r border a t rophied , 
those on t h e posterior border enlarged, a n d t h e car t i lage seen 
along t h e post axial border of t h e fin being elongated t o form 
a propterygium, th is g iv ing a s t ruc tu re similar to t h a t shown 
in Fig . A , PI . X V I I . 

Prof. Cope gives a section (Proc. W . S. N a t l . Museum, 
Vol . X I V . , p . 457) of t h e lobe of t h e pectoral fin of M. nitidus 
Cope, which shows a wel l -marked metap te ryg ium, w i t h radia ls 
spr inging from i ts t ip and outer or posterior edge. 

The dermal fin rays form a fringe a round t h e lobe, t hey a re 
closely ar t icula ted , t h e ar t icula t ions be ing r a t h e r longer t h a n 
broad, a n d covered w i t h ganoine similar t o t h a t on t h e scales, 
dis ta l ly they increase in number by dichotomisat ion a n d become 
much finer. T h e an te r ior rays a re m u c h more robus t t h a n those 
s i tua ted fur ther back. 

Ventral fins.—The fins are abdominal a n d the i r posi t ion a n d 
charac te r a r e well shown in a fish in t h e H u g h Mil lar Collection 
in t h e Science and A r t Museum, E d i n b u r g h . Thei r basal 
charac te rs a re also well shown in t h e Leeds fish, t h e r i g h t one 
be ing t h e be t t e r preserved. 

The fin is obtusely lobate, t h e base being invested wi th large 
scales which a re cont inued a long t h e in t e rna l or pos t -ax ia l 
b o r d e r ; along t h e outer or preaxia l border is a shor ter series of 
large scales which meet t h e others (post-axial) a t an acute angle. 
The space be tween these rows is occupied by a close series of 
smaller scales a r ranged in m a n y paral lel rows. He re , again, t h e 
ex te rna l charac te rs p robab ly indica te t h e in t e rna l skeleton which 
is t h u s described by Prof. M i a l l : " T h e la rger scales conceal a 
s t rong pro- a n d a metap te ryg ium, whi ls t t h e smaller scales cover 
numerous radia ls which spr ing from t h e outer edge of t h e 
me tap te ryg ium." 

The section of t h e basal por t ion of th is fin given b y Cope 
(op. cit.) goes t o prove t h a t a s t rong, well-marked axia l rod or 
me tap te ryg ium was present , w i th well-marked radials spr inging 
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from i t s t i p a n d poster ior border, b u t none a re shown on t h e 
an te r io r marg in . I don ' t t a k e th i s as p rov ing t h a t t h e y were 
absen t from t h e an te r io r border , as t hey m i g h t easily have been 
missed owing to t h e direct ion of t h e section, a n d i t is h ighly 
probable , considering t h a t t h e dermal rays n o t only spr ing from 
t h e t i p a n d poster ior border , b u t also from a t least t h e d i s ta l 
por t ion of t he an te r io r border of t h e fin lobe, t h a t t he r e 
were shor t radia ls on t h e an te r io r marg in of t h e axial suppor t 
d i s t a l l y ; a n d considering the fact t h a t t he de rmal rays, spr inging 
from t h i s por t ion of t h e lobe, a r e much s t ronger and more robus t 
t h a n t h e others , i t is very probable t h a t the i r suppor t ing ossicles 
were, a l t hough short , s t rong a n d robust , a n d from the above the 
conclusion seems to be t h a t t h e skeleton of th is fin was of a 
n a t u r e similar t o t h a t shown in F ig . E , PI . X V I I . 

The dermal fin rays a re similar to those of t h e pectoral fin 
in charac ter a n d a r r angemen t . 

T h e pelvis is p robab ly represen ted by a n e longated cart i la
ginous element , covered wi th a layer of dense bone a n d hav ing 
t h e dis ta l end concavo- t runcate (see Cope, op. cit., p . 458). 

I n t h e Leeds fish, be tween these fins a re t h r ee large, elon
ga ted scales, one med ian a n d t w o la tera l , which m a y be called 
" p e l v i c scales." O n t h e left side of t h e median one t h e anus 
is well shown. The anus is no t a lways in th i s posit ion as is 
shown by o ther specimens. T h e difference is probably connected 
w i t h t h e sex of t h e fish. (PL X I V . , L P S a n d M P S, also 
PL X I I I . , P S.) 

Unpaired fins.-—There a re t w o dorsal fins s i tua ted far back, 
t h e first be ing opposed to t h e ven t ra l a n d the second to t h e ana l 
fin, which arises close to t h e root of t h e tai l . A l l t h e fins a re 
lobate, t h e lobe being more acu te t h a n t h a t of t h e paired fins. 

Anal fin.—The superficial charac te rs a r e well shown in several 
specimens, viz., in t h e Leeds fish, in t h e specimen in t h e Science 
a n d A r t Museum, E d i n b u r g h , described b y D r . T raqua i r (Proc . 
Roy . P h y s . Soc. Ed inb . , Vol . V I I I . , p . 67), a n d in a specimen 
in t h e Lis te r Collection, Brighouse, &c. (PL X I V . , A F , a n d 
PL X V I . , A F ) . 
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C H A R A C T E R S . — O n each side of t h e lobe is a large " b a s a l " 
scale, t h e function of which seems doubtful . The dermal rays 
a re of s imilar charac te r a n d a r r a n g e m e n t t o t h a t of t h e pectoral 
fin. 

Internal Skeleton consisted of a single club-shaped axonost , 
i t s b road basal por t ion bear ing several rod-like baseosts, which 
were jo in ted a t in te rva ls a n d bifurcat ing, t h e more an te r io r ones 
being t h e most robust . T h e dermal rays are much more numerous 
t h a n t h e suppor t ing ossicles, a n d were of a charac ter similar to 
those of t he pectoral fin. 

Dorsal fins.—These fins were lobate, t h e lobe being more 
acu te t h a n t h a t of t he pa i red fins, t h e posterior fin is more 
s t rongly developed t h a n the anter ior , t h e dermal rays of bo th 
fins are similar in n a t u r e to those of t h e o ther fins, a n d t h e 
suppor t ing skeleton is s imilar t o t h a t of t h e anal . 

N O T E . — A specimen in t h e Br i t i sh Museum (No. 3 8 , 0 0 7 ) 
shows t h a t t h e suppor t ing (or in te rna l ) skeleton of the unpa i red 
fins was of a s imilar n a t u r e t o t h a t described above. 

Caudal fin.—(PL X V I . and PL X V I I . , Fig. H . ) T h e s t ruc
t u r e (superficial) of th is fin is well shown in several specimens 
in the Science a n d A r t Museum, E d i n b u r g h ; Lis te r Collection, 
B r i g h o u s e ; a n d Owens College, Manches ter . The fin is in ter
med ia te in t ype be tween t h e diphycercal a n d heterocercal stages, 
a n d in general form reminds one of t h a t of Tristichapterus, as 
pointed ou t by Dr . Traqua i r . 

The rays ar ise from bo th t h e upper a n d lower marg ins of 
t h e body prolongation, those of t h e lower side commencing in 
advance of those of t h e upper (see PL X V I . ) . Af t e r t h e com
mencement of t h e rays t h e upper marg in of t h e body slopes a 
l i t t le downwards , whi ls t t h e lower one first slopes somewhat 
rapid ly upwards a n d backwards , t h e n more gradual ly to meet 
t h e upper in a fine point , which is finally lost among t h e dermal 
rays , the scaly covering be ing cont inued to th is po in t (PL X V I . , 
a n d PL X V I I . , Fig . H ) . 
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T h e g rea te r n u m b e r of t h e dermal rays ar ise from t h e lower 
aspect of t h e body prolongat ion, whi ls t t h e apex is formed by 
those ar is ing from t h e dorsal side of t h e axis . (This is clearly 
shown in a specimen in Owens College Museum.) (PI. X V I I . , 
Fig . H . ) The posterior marg in of t h e fin slopes obliquely upwards 
a n d backwards , a n d t h e de rmal rays a re ar t icu la ted , covered w i t h 
ganoine, increased by dichotomisat ion distal ly, t he uppermos t ones 
a re t h e most robus t a n d t h e proximal p a r t of t h e upper border 
of t h e fin is s t r eng thened b y well-marked " r i d g e scales," which 
a r e cont inuous w i t h those on t h e dorsal r idge of body. 

Internal Skeleton. (PI. X V I I . , F ig . F . ) T h e specimen of 
Megalichthys Ilibberti Ag . , No . 38,007, a l ready ment ioned, shows 
t h a t t h e in t e rna l s t r uc tu r e was of a similar n a t u r e to t h a t of 
Tristichopterus alatus Ege r ton ,* viz., t h e more an te r io r dermal rays 
a re suppor ted on a series of "hour -g l a s s " shaped in te rapophysca l 
osselets, each osselet h a v i n g several r ays opposed to the i r d is ta l 
end, the i r p rox imal ends un i t i ng w i t h t h e dis ta l ex t remi t ies of 
e longated a n d th ickened neura l a n d hernial spines of t h e ve r t eb ra l 
column. More poster ior ly t h e de rmal rays seem to a b u t on t h e 
ve r t eb ra l 

Vertebral Column.—In t h e Ande r son i a n Museum, Glasgow, 
t he r e is a s lab which conta ins , besides t h e upper surface of t h e 
head, a good display of t h e ve r t eb ra l column. A b o u t fifty 
vertebrae a re shown, of which t h e an te r io r a re t h e shor tes t a n d 
broadest , t he caudal being t h e longer a n d nar rower . 

T h e notochord is pa r t i a l ly pers is tent , t h e cart i lages of t h e 
a rches a re superficially calcified, t he r e a re robus t r ing-shaped 
vertebrae, a n d several specimens (in t h e Science a n d A r t Museum, 
E d i n b u r g h ; Br i t i sh M u s e u m ; in t h e A u t h o r ' s Collection, etc.) 
show well-marked neura l spines, which have a cylindrical shaft, 
a r t i cu la r head, a n d a re somewhat f lat tened distally. Haemal 
spines a re also shown in t h e caudal region in several specimens. 

* See Mem. Geol. Survey (Figures and descriptions organic remains), 
Dec. X, PI. 4 and 5, pp. 50-5,3. 
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H E A D . — I n t e r n a l anatomy in M. (ectosteorhachis) ciceronius 
Cope,* t h e chondrocran ium is in some degree ossified, a n d t h e 
pa rachorda l cart i lages a re ossified t o form two sub t r i angu la r bones 
which p resen t one angle forwards, a n d hav ing t h e i n t e rna l side 
which bounds t h e chordal groove s t r a igh t a n d longi tud ina l ly 
grooved. The an te ro-ex terna l side is oblique and near ly s t ra igh t , 
a n d is overhung by t h e cranial roof. These ossifications embrace 
t h e chorda dorsalis pos t e r io r ly , and a re con t inued a shor t dis
t ance posteriori ly as a tube . An te r io r i ly t h e chordal grove is 
open, a n d we he re get a good i l lus t ra t ion of a p e r m a n e n t 
embryonic t y p e (Cope, opus cit .) . 

Accoi 'ding to Dr . Y o u n g (see Quar t . J o u r n . Geol. S o c , Vol . 22 
(1866), p . 605) t h e basi lar region is well ossified a n d includes a 
massive basioccipital which projects beh ind t h e ver t ical poster ior 
wal l of t he c ran ium a n d sometimes has i t s l eng th increased by 
coalescence wi th a t least t h e first ver tebra l r ing, whose neura l 
process remains dis t inct . I n a l a te ra l view, t h e aliophenoides (1) 
a n d a n incomplete in te ro rb i t a l sep tum (?) a re well shown. 

T h e h y o m a n d i b u l a r is no t shown in a n y of t h e specimens 
I have seen, b u t i t is p robably (as in Rhizodopsis)\ covered by 
the preopereulum, a n d ex tends from the squamosal above down
wards and sl ightly backwards to t h e a r t i cu la r ex t r emi ty of t h e 
mandib le below. 

Cranial Anatomy (PI. X V . , Figs . A , B a n d C) .—The whole 
of t h e c ran ium is covered wi th th i ck dermal plates , which e x h i b i t 
a definite a r rangement , a n d the re is a considerable development 
of m e m b r a n e bones on t h e roof of t h e mou th . The shield of t h e 
c rania l roof is divided by a much-pronounced t ransverse su tu re i n t o 
two par t s . The posterior por t ion consists chiefly of a pa i r of long 
n a r r o w bones (Pa . ) , t h e par ie ta ls , which a re divided down t h e 
middle l ine by a n i r regular su ture , t h e bones are twice as wide 
beh ind as in front, t he i r ex te rna l marg ins first r u n near ly s t ra igh t 

*Proc. Amer. Phil. Soc, Vol. 20, page 628. 1883. 
f Trans. Roy. Soc. of Edinburgh, Vol. XXX., page 171 (Traquair). 
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fo rwards to a po in t a l i t t l e beh ind the i r middle , t h e n forwards 
a n d inwards for a shor t d is tance, a n d t h e n near ly s t r a igh t for
w a r d s t o mee t t h e poster ior b o u n d a r y of t h e bones of t h e an te r io r 
division. A long t h e ou te r edge of each par ie ta l a r e t w o smaller 
bones ( P . F . a n d Sq.), t h e an te r io r ones being nar row, e longated 
bones which in f ront mee t t h e poster ior e x t r e m i t y of t h e bones 
(Fr . ) of t h e an te r io r d iv i s ion ; from th i s point , where t h e bones 
a r e t h e broadest , t h e e x t e r n a l marg ins r u n backwards t o a point , 
a l i t t le in f ront of t h e cen t re of t h e par ie ta l bones, where t hey 
jo in t h e poster ior pai r of bones (Sq.) by a su tu re which runs 
from wi thou t , inwards , a n d backwards . T h e poster ior border of 
t h e bones (Sq.) is s t ra igh t , a n d they a re wider he re t h a n in 
front . Thei r outer border a t first r uns forwards a n d s l ight ly 
ou twards , t h e n forwards, a n d t h e n i nwards a n d forwards t o meet 
t h e ex te rna l border of t h e an te r io r pair of bones (P .F . ) a t t h e 
junc t ion of the i r poster ior a n d middle th i rds . 

T h e an te r io r division of t h e crania l shield is divisible in to 
a poster ior (Fr . ) a n d a n an te r io r moie ty (C.E.) . 

The poster ior division is composed of t w o bones (Fr . ) , t h e 
Fron ta l s , which a re d ivided d o w n t h e middle l ine by a n i r regular 
s u t u r e ; the i r inner sides a re longer t h a n the i r outer , which a re 
no tched t o form t h e upper b o u n d a r y of t h e orbi t . F r o m t h e 
an te r io r edge of th i s notch, where t h e bones a re t h e widest , t hey 
g radua l ly n a r r o w to form a n obliquely t r u n c a t e d an te r ior ex t remi ty , 
which i n d e n t s t h e poster ior border of t h e bones (C.E.) in front, 
t h e un ion be ing by a semi-lunar su ture , w i t h t h e convexi ty 
forwards. 

The an te r io r division (Moignon inter maxillaire Agassiz) is 
a cresentic shield which t e rmina tes the head anter ior ly , a n d 
presents d i s t inc t indicat ions of a division i n t o a n u m b e r of pieces, 
viz., E t h m o i d s (E. ) , Pre-frontals (P .F . ) , Nasa l s (N.) , a n d pre-maxil-
l a ry (PMx. ) bones. The bones are usual ly firmly uni ted, a n d 
form t h e " C o m p o u n d E thmoid . " T h e pre-maxi l lary por t ions a re 
separa ted by a median su ture , a n d form t h e lower a n d an te r ior 
b o u n d a r y of t h e shield. A b o v e these in t h e cen t re is t h e 
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e thmoida l (E.) , w i t h t h e Nasa l s (N.) on each side, a n d more 
ex te rna l still t h e bone probably represents t h e P re - or A n t e r i o r 
frontals (A.F . ) . The nasals were perforated by a n d contained 
t h e olfactory organs, and t h e na res (Na.) were an ter ior ly placed 
on each side of t h e snout , as is t h e case in Osteolepis a n d in t h e 
recent fish Polypterus (see PL X V . , P ig . B) . 

Beh ind t h e crania l shield, in t h e occipital region, are t h r e e 
bones, one median a n d t w o la tera l . The cent ra l one is in t h e 
form of a n a r r o w isosceles t r iangle , a n d t h e la te ra l ones form a 
pa i r on each side of i t . These bones are regarded as t h e supra 
tempora ls by Dr . Traquai r , Mr . S m i t h Woodward , a n d others . 

Side of the Head. (PL X I I I . a n d X V . ) — T h i s region is 
en t i re ly covered w i t h loose dermal pla tes . 

The Orbit is an te r ior ly placed, be ing s i tua ted a t t h e junc t ion 
of t h e an te r io r a n d middle t h i rd s of t h e head. Above i t is 
bounded by t h e frontal bones, in f ront b y a bone (A.O.) which 
p robab ly represents t h e An te r i o r Orb i t a l of Polypterus, below by 
a n elongated t r i angu la r bone (S.O.), t h e Sub-Orbi ta l , which res ts 
on t h e an te r ior por t ion of t h e upper edge of t h e maxi l la (Mx.) 
below, a n d ex tends from t h e pre-maxil la in front t o a t h i rd bone 
(S.O 1 ). , which is t r i angu la r in shape, a n d forms t h e poster ior 
inferior bounda ry of t h e orbit . Th i s bone is t h e supra-orbi ta l 
of Prof. H u x l e y . Beh ind t h e o rb i t is a square - shaped bone 
(P.O.) , t h e post orbi tal . 

Beh ind the orbi ta l region is a large p la te (X) which is 
somewhat oval a n d obliquely placed, i t covers a large por t ion 
of t h e cheek, a n d is bounded in f ront b y t h e post- a n d supra
orbi tals , beh ind by a n e longate bone (P.Op.) , above by p a r t s of 
t h e posterior frontals and synamosals, a n d below by ano the r p la te 
( X 1 ) which is somewhat rhomboidal in shape a n d fills t h e space 
between t h e la rger cheek p la te ( X ) above, t h e a r t i cu la r e x t r e m i t y 
of t h e mandib le below, the h inder border of t h e maxi l la in front, 
a n d t h e lower t h i rd of t h e an te r io r border of t h e bone (P .Op.) 
behind. This l a t t e r bone (P.Op.) m a y be considered as t h e 
preopereulum. I t is a nar row, elongated, somewhat a rched bone , 
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t he convexi ty be ing b a c k w a r d s ; i t s direct ion is from above down
wards a n d s l ight ly backwards . A b o v e i t a r t i cu la tes wi th t h e 
squamosals (Sq.), a n d from th i s po in t i t passes down beh ind t h e 
posterior border of t h e bones X a n d X 1 to mee t t h e a r t i cu la r 
e x t r e m i t y of t h e mand ib le below, a n d beh ind a re two bones (Op. 
a n d S.Op.). T h e former of these bones (Op.) represents t h e Oper
culum a n d t h e l a t t e r (S.Op.) t h e Suboperculum. 

The two cheek plates X a n d X 1 a r e p robably equivalent to 
the cheek cuirass of Lepidosteus (or as D r . T r a q u a i r r emarks of 
t h e same bones in Ehizodopsis),* t o t h e poster ior set of sub
orbi ta ls i n Lepidotus a n d in t h e Palseoniscidae. B y Agassiz t t h e 
bones X a n d P .Op . were considered to be t h e equiva len t of 
t h e so-called pro-opercalum of Polypierus, whi le t h e lower one X 1 

h e compared t o t h e l i t t le bone fixed above t h e posterior edge 
of t h e maxi l la in Salmonidse, & c , a n d which Mr . P a r k e r con
siders to be the homologue of t h e ma la r bone of o ther ver tebra ta . 

T h e opercular bones (Op. a n d S.Op.) were largely developed. 
T h e operculum is a la rge square-shaped bone w i t h i ts poster ior 
superior angle much rounded, i t is b roader above t h a n below and 
beh ind t h a n in front. I t is bounded above b y t h e poster ior half 
of t h e squamosals in front, a n d beh ind these by t h e la te ra l pa i r 
of s u p r a t e u p o r a l s ; in f ront is t h e p reope rcu lum; beh ind t h e 
bones of t h e shoulder girdle a n d below b y a p la te (S.O.), which 
i t overlaps, t h e suboperculum. Th is l a t t e r bone is m u c h na r rower 
a n d has t h e an te r io r superior a n d poster ior inferior angles m u c h 
rounded. The bone is bounded above by t h e operculum, in f ront 
b y t h e lower p a r t of t h e preoperculum, beh ind b y t h e clavicle, 
a n d below b y a bone (L . J . ) which is to be regarded as t h e most 
poster ior of t h e la te ra l jugulars . (P la t e s X I I I . , X I V . , a n d X V . , 
F ig . C.) 

J A W S . — T h e maxillae a re of a n e longated t r i angu la r shape, 
t h e alveolar border be ing t h e longest a n d t h e posterior one t h e 
shor tes t . The grea tes t dep th of t h e poster ior expansion varies in 

* Trans. Roy. Soc. Edinburgh, Vol. XXX., p. 177. 
t " Poisson's Fossiles," Vol. II . , part 2, p. 92. 
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Young, op. cit., p. 605. 

t h e different species, being in M. Ilibberti Agassiz abou t a t h i r d 
t h e grea tes t l ength . The an te r ior angle is pointed, t h e o thers 
somewhat b lun t . A specimen in t h e A u t h o r ' s Collection shows 
on t h e upper edge of t he bone, a n d a shor t d is tance from t h e 
an te r io r ex t remi ty , a short , b lun t projection, s imilar t o t h e one 
ment ioned by Dr . T raqua i r on t h e maxi l la of Hhizodopsis (op. 
cit., p . 172). ( P I . X I X . , Fig. A . ) 

The pre-maxillae are separa ted by a med ian su ture , a n d form 
t h e lower a n d an te r ior bounda ry of t h e crania l shield. W h e n 
seen from t h e pa la ta l surface t h e bone is spa tu la te , wi th a rounded 
fore edge. 

The mandib le is of a very complex s t ruc tu re , b u t t h e com
p o n e n t p a r t s are, in the older fishes, firmly un i t ed together . 
Beh ind t he re is a d is t inc t ly ossified a r t i cu la r element. The upper 
a n d outer border, in f ront of t h e angu la r bone (Ag) , is formed 
b y a n e longated e lement (D), t he d e n t a r y bone, which is deep 
a n d th ick a t t h e symphysis , b u t from th i s po in t i t g radua l ly 
tapers backwards to a fine point . I t s lower border is bounded 
b y a series of th ree plate-like, lent icular bones, which form a 
series in front of t h e angu la r e lement (Ag) , and a re t e rmed infra 
dentar ies . The inne r wall of t h e r amus is formed by a t h i n 
sphenia l lamina, a n d between th is and t h e d e n t a r y is a series of 
th ree or four s tou t len t icu lar bones, t h e laniaries. (I ' l l 1 it'V H I . 

PL X I X . , F ig . B.) 

D E N T I T I O N . — Upper. The pre-maxillse and vomerine bones 
bear wi th in a n d close to e i ther outer ex t r emi ty a large tooth, 
a n d on each side of t he middle l ine in f ront is a s imilarly 
socketed large tooth . The small marg ina l t ee th are cont inuous 
w i t h two curved rows of equally small t ee th which pass in f ront 
of t h e outer tusks , a n d curv ing inwards , mee t in t h e middle l ine 
an te r ior to t h e basi lar bar , whose surface is closely set w i t h fine 
dent ic les .* Behind, on e i ther side, a re two pa la t ine bones, which 
seem to be wedged in be tween t h e maxillse a n d pterygoid bones. 
E a c h p la te bears a marg ina l row of short , s tout , conical t ee th , 
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t h e res t of t h e surface be ing set w i t h similar b u t smaller tee th , 
which a re more d i s t a n t over t h e an te r io r por t ion of t h e bone, 
b u t poster ior ly pass in to a dense rasp of m i n u t e denticles. Out 
side these t h e edges of t h e maxillae a re set w i t h small, conical 
t ee th , cont inuous in f ront w i t h those on t h e edge of t h e pre-
maxillse. 

Lower dentition.—The outer edge of t h e d e n t a r y bone of t h e 
mand ib l e bears a row of small, conical t ee th . W i t h i n these a re 
four large, s t rong, conical tee th , which a re d i s t an t l y placed. T h e 
a n t e r i o r one is t h e largest , a n d is firmly socketed in t h e th ickened 
symphis ia l ex t r emi ty of t h e d e n t a r y bone, t h e o thers lie within 
t h e edge of t h e d e n t a r y bone, a n d a re a t t a c h e d to t h e series of 
l an ia ry bones (PL X V T I L ) . T h e edge of t h e sphenial bone also 
bea r s numerous rasp-l ike t ee th . 

F r o m t h e above i t will be seen t h a t t h e den t i t i on is t h a t of 
a p r eda to ry fish. 

T E E T H . — E x t e r n a l characters. They a re found in t ransverse 
section, conical, more or less curved, bases plicated, a n d m a n y 
a r e covered w i t h ve ry fine striae, which mere ly involves t h e outer 
por t ion of t h e enamel (Young, Davis) . These l ines a re some
t imes paral le l or anastomose t o form a fine re t icula t ion. 

Internal characters.—The walls of t h e t e e t h a re infolded, 
t h e folding be ing simple a t t h e commencement of t h e ex te rna l 
fluting, b u t as we pass t owards t h e root t h e folds become wonder
fully beaut i ful a n d complex, b u t t h e ver t ical tubes formed b y t h e 
infolding never form such a n in ter lac ing n e t w o r k as in the 
D e n d r o d o n t t y p e (Dr . T raqua i r ) . * 

T h e gill flap, an te r io r ly a n d inferiorly, is completed by a 
series of bony plates , t h e jugulars , which lie be tween t h e mand i 
bu la r rami , a n d which, toge the r w i t h t h e infraclavicular bones 
which lie a long the i r poster ior border , cover in a n d pro tec t t h e 
unde r ly ing b ranch ia l arches. 

I n t h e cen t re a re t w o elongated plates , t h e pr incipal jugu la rs 
( P . J . ) . T h e y a re b roader behind t h a n in f r o n t ] the i r poster ior 

*Geo. Mag., Dec. I I I . , Vol. V I I I , No. 321, p. 123. 1891. 
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end is rounded, t h e an te r ior t runca ted . Beh ind t h e symphysis 
of t h e mandible , a n d between, and p a r t l y overlapped by, t h e 
an te r io r ends of t h e pr incipal jugulars , is a well-marked azygos 
pla te , t h e media l jugula r (M.J . ) . On each side a re a series of 
well-marked la tera l jugulars (L . J . ) , which increase in size from 
before b a c k w a r d s ; t hey r u n along the inner sides of t he mand ibu la r 
rami , a n d ex tend some l i t t le d is tance beh ind t h e posterior bo rde r 
of t he pr incipal jugulars . There are probably n ine of these p la tes 
on each side. (PL X I V . ) 

CONCLUSION.—(PL X I I I . ) The body of Megalichthys was 
much elongated, somewhat rounded, a n d covered w i t h rhomboidal 
ganoine-covered scales, a r ranged in sigmoidal rows, r u n n i n g from 
above downwards a n d sl ightly backwards . 

T h e head is long (about one-fifth l eng th of body), broad, 
a n d depressed, all the ex te rna l bones being covered wi th a dense 
layer of ganoine. Crania l roof is covered w i t h well-developed 
b o n y plates, which form a compact shield divisible in to a n an te r io r 
a n d a poster ior moiety. The na res a re placed on each side of 
t h e rounded, depressed snout . The orbi t is anter ior ly placed, 
be ing a t t he junc t ion of t h e an te r io r and posterior th i rd of t h e 
head, a n d is bounded in front, below, a n d beh ind by well-
developed bones. Behind, t h e cheek is covered by a series of 
loose dermal bones. The opercular bones are well marked . T h e 
jaws are powerful a n d well developed, t h e gape ex t end ing far 
back. There a re t ee th of two sizes on t h e jaws, t he large ones 
be ing in te rna l . Small, numerous , rasp-like dent icu lar t ee th were 
also presen t on t h e well-developed m e m b r a n e bones of t h e m o u t h 
a n d on t h e edge of t h e sphenial . Be tween t h e mand ibu la r r a m i 
t h e b ranch ia l a p p a r a t u s is defended by a series of jugu la r plates , 
t h e r e be ing t w o principal , one median, a n d n ine la te ra l p la tes 
on each side. The ver tebra l column is well developed, t h e r e 
being well-ossified ring-shaped centra , neura l a n d haemal arches . 
Neura l spines were present , a n d in t h e posterior p a r t of t h e fish 
hsemal also. 

The shoulder girdle well deve loped; pa i red fins obtusely 
obate and fulcrate, t h e vent ra l being abdominal in position. 
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Parietal Division of 
Cranial Roof. Maxilla. Mandible. 

M. Hibberti Ag. -j 
Longer than the 
Fronto-Ethmoi-
dal division. 

Three times as 
long as great
est depth. 

) Five times as 
j long as deep. 

intermedins A.S.W. Do. { Posterior expan
sion deep. } Do. 

„ pygmmis Tr. •> 

• ( 
Three and a half 
times as long as 
deep. 

,, laticeps Tr. ... -j" 
Shorter than the 
Fronto-Ethmoi-
dal division. 

More than four 
times as long as 
deep. 

| Do. 

Before concluding th i s paper I m u s t acknowledge, w i t h 
warmes t t h a n k s , t he g r e a t obl igat ion I a m unde r to t h e following 
gent lemen for t h e privilege of examin ing t h e specimens unde r 
the i r care, viz., Dr . R. H . Traquai r , F . R . S . , Mr . A . S m i t h 
Woodward , F . G . S . , Dr . C. B . C r a m p t o n (Owens College), Mr . 
Crowther (Leeds Museum) , a n d Mr . R o w e (Brighouse). 

There a re two dorsal fins, t h e second be ing t h e larger a n d more 
power fu l ; t h e first rises a t a po in t a b o u t equal t o five-eighths 
t h e to ta l l eng th of t h e fish, measur ing from t h e snout , t h e second 
be ing abou t three-s ix teenths fur ther b a c k ; t he first is opposed 
to t h e ven t r a l a n d t h e second to t h e ana l fin, which is smaller 
t h a n t h e o thers a n d more lanceolate in shape, a n d is s i tua ted 
close to t h e origin of t h e caudal fin. A l l these fins a re lobate , 
t h e lobe be ing more acu te t h a n t h a t of t h e paired fins, a n d 
well-marked fulcral scales a re also present . The caudal fin is 
powerful, a n d in t e rmed ia te in t ype be tween t h e diphycercal and 
heterocercal s t a g e s ; i t s poster ior marg in slopes obliquely upwards 
a n d backwards , a n d t h e major i ty of t h e dermal rays spr ing from 
t h e u n d e r side of t h e body prolongat ion. The fish was evident ly 
very powerful, a n d of predaceous hab i t s . 

N O T E . — T h e propor t ions of ce r ta in of t h e bones of t h e head 
vary , a s shown in t h e following t a b l e : — 
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E X P L A N A T I O N OF P L A T E S . 

Throughou t t h e p la tes t h e same le t te rs apply t o t h e same 
bones or pa r t s of t h e fish. 

H E A D B O N E S , &C. 

ST. Supra tempora ls . P .Op . Pre-operculum. 

P a . Par ie ta l s . Op. Operculum. 

F r . F ron ta l s . S.Op. Sub-operculum. 

Sq. Squamosal. P M x . Premaxi l la . 

P . F . Pos ter ior F r o n t a l . M x . Maxi l la . 

E . E thmoida l . D . D e n t a r y . 

N . Nasa l . I D . Inf radentar ies . 

N a . N a r e s . A g . Angu la r . 

A . F . A n t e r i o r or Pref ronta l . L . J . La t e r a l J u g u l a r s . 

A . O . A n t e r i o r orbi ta l . J . J u g u l a r s (principal) . 

s.o. Sub-orbital . S.C1. Supra-clavicular, 

S.O 1 . Supra orbi ta l . CI. Clavicle. 

P . O . P o s t orbi tal . I.C1. Infra-clavicular. 

0 . Orb i t . A z . J . Azygos J u g u l a r . 

X & X i . Cheek plates . 

P A R T S OF B O D Y , &C. 

L.L . L a t e r a l line. 
P . F . Pec to ra l fin. 
V . F . V e n t r a l fin. 
A . F . A n a l fin. 
1st D . F . 1st Dorsal fin. 
2nd D . F . 2nd Dorsal fin. 
C.F. 
B.S. 
R . S . 
F . S . 

P . S . 

A . S . 

Caudal fin. 
Basa l scales. 
R idge scales. 
Fu lc ra l scales. 

Pelvic scales. 

A n a l scales. 

L .P .S . L a t e r a l pelvic scales. 
M . P . S . Media l pelvic scales. 
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A . A n u s . 
M P t . S. Me tap te ryg ia l or preaxia l scales. 
M P t . Metap te ryg ium. 
P . P t . S. P rop te ryg ia l or post-axial scales. 
P P t . Propterygiuna. 
C .B.P . Cauda l body prolongat ion. 
L . F . Lobe of fin. 
R . Rad ia l s . 
L \ R . Dermal rays . 
Pe l . Pelvis . 

P L A T E X I I I . 

Res to red figure of Megalichthys A g . F r o m specimens in t h e 
Leeds, Science a n d A r t , E d i n b u r g h , Owens College, a n d 
Br ighouse Museums, t h e au thor ' s , a n d o ther collections. 

P L A T E X I V . 

Specimen of Megalichthys Hibberti Agassiz. V e n t r a l surface 
shown, one-sixth n a t u r a l size. Leeds M u s e u m (after 
Prof. Mial l , F . R . S . , s l ight ly a l te red) . 

P L A T E X V . 

A . Megalichthys Hibberti Agassiz ( type) . Skul l seen from t h e 
upper surface. Leeds Museum. 

B . M. Hibberti A g . D i a g r a m m a t i c representa t ion of t h e bones 
of t h e fronto-ethmoidal a n d orbi ta l regions, and also 
premaxillse a n d maxillae. 

C. M. (maxillaris) t Hibberti A g . Skull , l a te ra l view. Leeds 
Museum. 

P L A T E X V I . 

M. Hibberti Agassiz. Cauda l region, t h e body prolongat ion in to 
t h e cauda l fins being beaut i ful ly shown. Second dorsal 
a n d basa l por t ion of ana l fins also seen. Brighouse 
Museum. 
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P L A T E X V I I . 

A . Diag rammat i c represen ta t ion of t h e in te rna l skeleton of t h e 
pectoral fin of Megalichthys, 

B . M. Hibberti A g . Pectora l fin. Science a n d A r t Museum, 
E d i n b u r g h . 

C. M. Hibberti A g . Left pectoral fin of t h e specimen figured 
on P l a t e I I . Leeds Museum. 

D . M. Hibberti A g . A n a l region, showing anus , pelvic scales, 
basal por t ions of ven t ra l fins. 

E . Megalichthys. D iag rammat i c represen ta t ion of t h e skeleton 
of t he lobe of t h e ven t ra l fin. The dis ta l end of t h e 
pelvis also shown (Pel .) . 

F . Megalichthys Hibberti Agassiz (No. 38,007, type , Br i t i sh 
Museum) . Caudal fin showing port ions of t he in t e rna l 
skeleton. S .O.—Suppor t ing ossicles (axonosts). 

G. Suppor t ing ossicle of caudal fin of Megalichthys Hibberti A g . 

H . M. (Bhomboptichius) intermedins A . S. W o o d w a r d . Cauda l 

A . M. Hibberti A g . Maxi l la (Author ' s Collection), showing t h e 

fin, Owens College Museum, Manches ter . 

P L A T E X V I I I . 

P L A T E X I X . 

C. 

B. 

an te r io r a r t i cu la r projection (a). 

Mandib le and maxil la. Au tho r ' s collection. 

Clavicle. Br i t i sh Museum. 

Infra-clavicular. Au tho r ' s collection. 
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E . M. Hibberti A g . P o r t i o n of ve r t eb ra l column. N . C . — N o t o -
ehordal interspace. C. — Cent ra . N . S . — Neura l , a n d 
H . S . , haemal spines. Science and A r t Museum, Ed in 
burgh . 

F . M. (Rhotriboptychius) intermedins A . S. W . V e r t e b r a w i t h 
spinous proces. A u t h o r ' s collection. 

G. M. Hibberti A g . Scales. 1. Super ior surface, (a) Ganoine-
covered exposed port ion. (b) Covered a rea showing 
groove. 2. Infer ior surface. (a) Bos. Au tho r ' s col
lection. 

N O T E . — W h e n no t ment ioned otherwise, t h e specimens a re 
figured n a t u r a l size. 
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