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exposure of the collodion the facule first disappear, then the penumbra round
the spots, and lastly the spots themselves. In the photograph the difference
in the intensity of the sun’s limb ind central portions is very marked, but an
over-exposure prevents also this from being seen in the photograph. The
solar spots and facule delineated by the Kew Photoheliograph bear exami-
nation with a lens of moderate power, and show details not visible to the unas-
sisted eye. The faculee and spots are sufficiently marked to make the sun ap-
pear globular when two views taken at a sufficient interval are grouped toge-
ther in the stereoscope, as will be seen by the slides now before the Meeting.
There is not the same difficulty in obtaining stereoscopic pairs of views of the
sun as there is in the case of the moon, because any two views taken at an
interval of about a day give a perfectly spherical figure in the stereoscope.
When the principal spots are near either limb, two views taken at an interval
of two days will combine, and even slight changes in the form of the spots
do not prevent the perfect coalition of the two pictures.

Having alread{ most fully described the methods pursued and the pre-’
cautions to be taken to ensure good results in the case of photoselenography,
it will be unnecessary for me here to enter into any details of the chemical
part of the processes of photoheliography, for the methods are nearly the same
in both cases. So far from seeking a surface less sensitive than ordinary col-
lodion, it has been found advisable to use both the bath and collodion in &
very sensitive condition, though it is not of course necessary to strain this
sensitiveness to the utmost extent for solar photoraphy, as in the case of
lunar photography. The bath must, however, be always brought back to its
best working state by means of oxide of silver, and subsequent addition of
dilute nitric acid in case it has become acid by use. The collodion moreover
is used in that condition which photographers would call very sensitive.

On the Orders of Fossil and Recent Reptilia, and their Distribution
in Time. By Professor OWEN.

[A communication ordered to be printed entire among the Reports.]

WitH the exception of geology, no collateral science has profited so largely
from the study of organic remains as zoology. The catalogues of animal
species have received immense accessions from the determination of the na-
ture and affinities of those which have become extinct, and much deeper and
clearer insight has been gained into the natural arrangement and subdivi-
sion of the classes of animals since Paleontology has expanded our survey of
them. Of this the class Reptilia, or cold-blooded air-breathing vertebrates,
affords a striking example.

In the latest edition of the ¢ Régne Animal’ of Cuvier, 1829, as in the
¢ Elémens de Zoologie’ of Milne-Edwards (1834-87), and in the more re-
cent monograph on American Testudinata by Prof. Agassiz, 4to, 1857, the
quadruple division of the class, proposed by Brongniart in 1802, is adhered
to, viz. Chelonia (Tortoises, Turtles) ; Sauria (Crocodiles, Lizards); Opkidia
(Serpents) ; Batrachia (Frogs, Newts) ; only the last group is made a di-
stinct class by the distinguished Professor of the United States*. In
my former Reports on Fossil Reptiles to the British Association, in 1839
and 1841, it was proposed to divide the class into eight orders, viz.— Ena-

* ¢ After this separation of the Batrachians from the true Reptiles, we have only three

on}m left 231: the class Reptiles proper—the Ophidians, the Saurians, and the Chelonians.”
—lI. c. p. 239.
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liosauria, Crocodilia, Dinosauria, Lacertilia, Pterosauria, Chelonia, Ophidia
and Batrachia, which orders were then severally characterized.

Subsequent researches have brought to light additional forms and struc-
tural modifications of cold-blooded air-breathing animals now extinct, which
have suggested corresponding modifications of their distribution into ordinal
groups. Another result of such deeper insight into the forms that have
passed away has been the clearer recognition of the artificiality of the boun-
dary between the classes Pisces and Reptilia of modern zoological systems.

The conformity of pattern in the arrangement of the bones of the out-
wardly well-ossified skull in certain fishes with well-developed lung-like air-

bladders, e. g. Pol, , Lepidosteus, Sturio, and in the extinct reptiles Ar-
chegosaurus and inthodon ;—the persistence of the notochord (ckorda

dorsalis) in Archegosaurus, as in Sturio; the persistence of the notochord
and branchial arches in Archegosaurus and Lepidosiren; the absence of
occipital condyle or condyles in Archegosaurus as in Lepidosiren; the pre-
“sence of teeth with the labyrinthic interblending of dental tissues in Den-
drodus, Lepidosteus, and saurus, as in Labyrinthodon ; the large
median and lateral throat-plates in Archegosaurus, as in Megalichthys, and in
the modern fishes Arapaima and Lepidosteus ; —all these characters, as were
explained and reasoned upon in my lectures at the Government School of
Mines (March, 1858), pointed to one great natural group, remarkable for
the extensive gradations of development licking and blending together piscind
and reptilian characters within the limits of such group. The salamandroie
(or so called ¢sauroid’) Ganoids, e. g. Lepidosteus and Polypterus, are the
most ichthyoid, the Labyrinthodonts are the most sauroid, of this annectent
roup : the Lepidosiren and Archegosaurus are intermediate gradations, one
aving more of the piscine, the other more of the reptilian characters. Ar-
urus conducts the march of development from the fish proper to the
labyrinthodont type ; Lepidosiren conducts it to the perennibranchiate or mo-
dern batrachian type. Both forms expose the artificiality of the ordinary
class-distinction between Pisces and Reptilia, and illustrate the naturality of
thewider class of cold-blooded vertebrates, which I have called Hematocrya*.

Reptiles are defined as ¢ cold-blooded air-breathing vertebrates,” but the
Siren and Proteus chiefly breathe by gills, as did, most probably, the
Archegosaurus. The modern naked Batrackia annually mature, at once,
a large number of small ova; the embryo is developed with but a small
allantoid appendage, and is hatched and excluded with external gills. These
are retained throughout life by a few species; the rest undergo a greater or
less degree of metamorphosis. Other existing reptiles have comparatively
few ang large egge, and the embryo is enclosed in a free amnios and is more
or less enveloped by a large allantois; it undergoes no marked transforma-
tion after being hatched.

On. this difference, the Batrachia have been, by some naturalists, separated
as a distinct class from the Reptilia. But the number of ova simultaneously
developed in the viviparous Land Salamanders is niuch less than in the Siren,
and ‘not more than in the Turtle; and, save in respect of the external gills
which disappear before or soon after birth, the Salamander does not undergo
a more marked transformation, after being hatched, than does the Turtle or
Crocodilet. It depends, therefore, upon the value assigned to the different
proportions of the allantois in the embryo of the salamander and lizard,
whether they be pronounced to belong, or not, to distinct classes of animals,

* aipa, blood, kpios, cold ; the correlative group is the ¢ Hematotherma.’
+ The Cecilia may probably depart still further from the type-batrachian mode of d.:velop-
ment, and approach more to the type-reptilian mode. .
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This embryonic or developmental character is unascertainable in the extinct
Archegosaurus and Labyrinthodon. The signs of affinity of Labdyrinthodon
to Ichthyosaurus, and those structures which have led the ablest German
paleontologists to pronounce the Labyrinthodonts to be true Saurians under
the names of Mastodonsaurus, Trematosaurus, Capitosaurus, &c., may well
support the conjecture that modifications more ‘reptilian’ than those in
Salamandra did attend the development of the young Labyrinthodont.

Characters derived from the nature of the cutaneous coverings equally
fail to determine the class-characters of Batrachia as contradistinguished
from Reptilia. It is true that all existing Batrackia have a scaleless skin,
or very minute scales (Cecilia), but not all existing Reptiles bave horny
scales. The Crocodiles and certain Lizards show a development of dermal
bones similar to that in certain placoid and ganoid fishes. This development
characterizes the cutaneous system in the Labyrinthodont genus Anisopus ;
and in regard to the dermal ossifications of the cranium, the resemblance to
the Ganoidei is closer in those ancient forms of Reptilia which exhibit in their
endoskeleton unmistakeable signs of their affinity to fishes and batrachians..

In the sarvey which, with a view to communicate its resulta to the pre-
sent Meeting of the British Association, I have made of all the known forms
of cold-blooded air-breathing Vertebrates, recent and fossil, I have to ac-
knowledge myself unable to define any adequate boundary for. dividing them
into two distinct classes of Batrachians and Reptiles ; and I am as little able
to point out a character dividing the air-breathing from the water-breathing
Hematocrya—the Reptiles from the Fishes.

In the present Report, therefore, an arbitrary line has been drawn, in order
to define its subject, between Lepidosiren and Archegosaurus, and the re-
view of the ordinal groups of Reptilia, or air-breathing Hematocrya, will
commence with that of which the Archegosaurus is the type.

Order I. GANOCEPHALA.

The name of Ganocephala, for this group or order (yavos, lustre; regal,
head), has reference to the sculptured and externally polished or ganoid bony
plates with which the entire head is defended. These plates include the
¢ post-orbital’ and ¢super-temporal’ ones, which roof over the temporal
fossee. There are no occipital condyles. The teeth have converging inflected
folds of cement at their basal half. The notochord is persistent, the ver-
tebral arches and peripheral elements are ossified, the pleurapophyses are
short and straight; there are both pectoral and pelvie limbs, which are
natatory and very small ; there are large median and lateral ¢throat-plates’:
the scutes are small, narrow, subganoid. Some of the fossils show traces of
branchial arches. The above combination of characters gives the value of
an ordinal group in the cold-blooded Vertebrata.

The extinct animals which manifest it were first indicated by certain
fossils discovered in the spheerosideritic clay-slate forming the upper mem-
ber of the Bavarian coal-measures, and also in splitting spheroidal concre-
tions from the coal-field of Saarsbriick near Treves; these fossils were
originally referred to the class of Fishes (Pygopterus Lucius, Agassiz). But
a specimen from the ¢ Brandschiefer’ of Miinster-Appel presented characters
which were recognized by Dr. Gergens to be those of a Salamandroid
Reptile*.

* Mainz, Oktober 1843.—* In dem Brandschiefer von Miinster-appel in Rhein-Baiern
habe ich in vorigen Jahre » einen Salamander aufgefunden’” :—* Gehort dieser Schiefer der
Kohlen-formation >—in desene falle wiire der Fund auch in anderen Hinsicht interessant.’”’
Leonhard und Bronn, Nue Jahrbuch fiir Mineralogie, &c., 1814, p. 49.
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Dr. Gergens placed bis supposed ¢ Salamander’ in the hands of M. Her-
mann von Meyer for description, who communicated the result of his exami-
nation in a later number of the under-cited journal ®.

In this notice the author states that the Salamander-affinities of the fossil
in question, for which he proposes the name of Apateon pedestris, “ ar: by no
means demonstrated ... .. Its head might be that of a fish, as well as of a
lizard or of a batrachian... .. There is no trace of bones or limbs.” M. v.
Meyer concludes by stating that, “in order to test the hypothesis of the
Apateon being a fossil fish, he has sent to Agassiz a drawing with a descrip-
tion of it.”

Three years later, better preserved and more instructive specimens of the
%r‘oblematied fossil were obtained by Professor von Dechen from the

varian coal-fields, and were submitted to the examination of Professor
Goldfuss, of Bonn. The latter palaontologist published a 4to memoir on
them, with good figures, referring them to a Saurian genus which he calls
A , or ¢ primeval lizard,’ deeming it to be a transitional type be-
tween the fish-like Batrachia and the Lizards and Crocodiles.

The estimable author, on the occasion of publishing the above memoir,
transmitted to the Reporter excellent casts of the originals therein described
and figured. These casts were presented to the Museum of the Royal College
of Surgeons, London, and were described by me in the ¢ Catalogue of the
Fossil Reptiles’ in that Museum (4to, 1854). The conclusions which I then
formed as to the position and affinities of the Archegosaurus in the Reptilian
class are published in that Catalogue, and were communicated to and dis-
cussed at the Geological Society of London (see the ¢ Quarterly Journal of
the Geological Society,” vol. iv. 1848).

One of the specimens appeared to present evidence of persistent branchial
arches. The osseous structure of the skull, especially of the orbits, through
the completed zygomatic arches, indicated an affinity to the Labyrintho-
donts; but the vertebree and numerous very short ribs, with the evidence of
stunted swimming limbs, impressed the Reporter with the conviction of the
near alliance of the Archegosaurus with the Proteus and other perennibran-
chiate reptiles.

This conclusion of the affinity of Archegosaurus to existing types of the
Reptilian class is confirmed by the subsequently discovered specimens,
described and figured by M. von Meyer in his ¢ Palontographica’ (Bd. vi.
Heft 2. 1857), more especially by his discovery of the embryonal condition
of the vertebral column§, ¢. e. of the persistence of the notochord, and the
restriction of ossification to the arches and peripheral vertebral elements.

In this structure, the old carboniferous Reptile resembled the existing
Lepidosiren, and thus affords further ground for regarding that remarkable
existing animal as one which obliterates the line of demarcation between the
Fishes and the Reptiles.

Coincident with this non-ossified state of the basis of the vertebral bodies
of the trunk is the absence of the ossified occipital cond{]a, which condyles
characterize the skull in better developed Batrackia. The fore part of the
notochord has extended, as in Lepidosiren||, into the basi-sphenoid region,

* Leonhard und Bronn, Neues Jabrbuch fiir Mineralogie, 1844, p. 336.

1+ “Ob das—Apateon pedestris—ein Salamander-artiges Geschopf war, ist keineswegs
snsgemacht.”

$ “*Archegosaurus,” Fossile Saurier aus dem Steinkohlengebirge die den Uebergang der
Ichthyoden zu den Lacerten und Krokodilen bilden,” ¢ Beitrage zur vorweltlichen Fauna
des Steinkohlengebirges ’ (4to, 1847), p. 3.

§ *Reptilien aus der Steinkohlen-Formation in Deutschland,’ Sechster Band, p. 61.

§ Linn, Trans., vol. xviii. p. 333, pl. 24, fig. 2.


































