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ing this to the ethnogeny of Wales. Does it not seem probable
that the early short race of long-skulled, mild-featured, stone-
using people may have been the ancestors of the swarthy Silurians
of Tacitus ; while the later tall race of round-skulled, rugged-
featured, bronze-using men may have represented the broad-
headed, Keltic-speaking folk of history? At any rate, the
evidence of craniology does not run counter to this hypothesis,
For Dr. Beddoe’s observations on head-forms in the west of
England have shown that ‘‘heads which are ordinarily called
brachycephalic belonged for the most part to individuals with
light hair,” while the short dark haired people whom he
examined were markedly dolichocephalic. At the same time it
must be admitted that his observations lend *‘no support to the
view that the Keltie skull has been, or would be, narrowed by
an admixture of the Iberian type.” It should not, however, be
forgotten that the same observer, in referring to a collection of
crania from the Basque country preserved in Paris, says: ¢“ The
form of M. Broca’s Basque crania was very much that of some
modern Silurian heads,” 2

According to the view advocated by Thurnam we have a right
to anticipate that the oldest skulls found in this country would
beof dolichecephalous type ; and such I believe to be actually the
case. Dr. Barnard Davis, it is true, has stated in the * Crania
Britannica that the ancient British skull must be referred to the
brachyeephalic type; and such an induction was perfectly legiti-
mate 50 long as the craniologist dealt only with skulls from the
round barrows or from similar interments, But the long barrow
skulls examined by Prof. Rolleston,® and the Cissbury skulis
recently studied by the same anatomist, are decidedly dolicho-
cephalic, as also are all the early prehistoric skulls which have
been found of late years in France. While referring to cranio-
logy inthis country, I may perhaps be allowed to remark that
the eminent Italian anthropologist, Dr. Paclo Mantegazza, in 2
suggestive paper which has just appeared in his valuable journal,
the Aschivio per I’ Antropologia, has referred to the Englishman’s
contempt for craniological work—work but little worthy of the
practical spirit of the Anglo-Saxon race.’ No doubt it is desic-
able to increase the number of our observations, but still the
good-humoured remark about despising craniology can hardly
be applied to a country which numbers among its living men
of science such emirent craniologists as Prof. Busk, Prof,
Cleland, Dr, Barnard Davis, and Professors Flower, Huxley,
and Rolleston,

It may patarally be asked whether the researches of archao-
logists in Wales lend any support to Thurnam’s hypothesis.
Nothing, I conceive, would be easier than to show that very
material support has come from this quarter; but I have
abstained, of set purpose, from introducing into this address any
remarks on the prehistoric archazology of Wales, For I have
not forgotten that we are to have the privilege of hearing an
evening lecture on *‘ Primzval Man” by so distinguished an
archaeologist and naturalist as Prof, Boyd Dawkins, No one has
done more in this country to forward Thurnam’s views, whether
by actual exploration or by writing, than Prof, Boyd Dawkins;
and if I have not referred to his work, especially to his dis-
coveries in Denbighshire, it has been simply because I was
anxious to avoid trespassing on any subject which he is likely to
bring forward.®

Setting aside, then, any archarological evidence derived from
the bone-caves, barrows, or other sepulchres in Wales, we may
finally look at the outcome of our inquiry into Welsh ethnogeny.
If we admit, as it seems to me we are bound to admit, the
existence of two distinct ethnical elements in the Welsh popula-
tion, one of which is short, dark, and dolichocephalic— call it
Silurian, Atlantean, Iberian, Basque, or what you will; and the
other of which is tall, fair, and brachycephalic, such as some
term Cymric and others Ligurian; then it follows that by

1 Mem. Anthrop, Soc., Lond., vol. i, 1866, p. 3g0. 2 Ibid., p. 356.

3 ““On the People of the Long Barrow Period,’” Yourn. Anthrop, %n:t.,
vol, v., 1876, p. 120,

+ I5id., vol. vi. 1877, p. 20; vol vill., 1870, p 377

3 The whole passage so amusingly refers {o the national idiosyncracies of
craniologists, that it is well worth reproduction, **In Francia, Broca, il
pontefice massimo dell’ fpercraniologia moderna, col suo ardore eternamente
glovanile, non studia pitt i crani, ma i cervelli; in Germania si prendono
ancora misure sui teschi, ma con rationabile obseguie, quasi si dovesse
adempiere ad un dovere noioso; in Inghilterra si continua a sprezzare la
craniologia, come cosa poco degna dello spirito pratico della razza anglosas-
sone ; e in Italia, paese pilt scettico di tutti, perche piit antico e pid stanco di
tutti, si continua a misurare, pur sorridendo dell’ improba e pur inutile fatica.’”
—‘*La Riforma Craniologica ;" Archivio, vol. x., 1880, p. 117,

6 For Prof. Boyd Dawkins’ contributions to the subject see his interesting
works on *‘Cave hunting,"” 1874, and on ** Early Man in Britain,”* 188c.

the crossing of these two races we may obtain not only indi~
viduals of intermediate character, but occasionally more complex
combinations ; for example, an individual may have the short
stature and long head of the one race, associated with the
lighter hair of the other ; or again, the tall staturc of one may
be found in association with the melanism and delichocephalism
of the other race. It is therefore no objection to the views
herein expressed if we can point to a living Welshman who
happens to be at once tall and dark, or to ancther who is short
and fair.

At the same time I am by no means disposed to admit that
when we have recognised the union of the xanthous and melanic
elements in Wales, with a predominance of the latter in the
south, we have approached to anything like the exhausting limit -
of the subject. Still earlier races may have dwelt in the land,
and have contributed something to the composition of the Welsh.
In fact the anthropologist may say of a Welshman, as a character
in “Cymbeline” says of Posthumus when doubtful about his
pedigree—

“1 cannot delve him to the root.”

It is possible that the roots of the Welsh may reach far down
into some hidden primitive stock, older mayhap than the Neo-
lithic ancestors of the Silurians ; but of such pristine people we
have no direct evidence. So far however as positive investiga-
tion has gone, we may safely conclude that the Welsh are the
representatives, in large proportion, of a very ancient race or
races ; and that they are a composite people who may perhaps
be best defined as Siluro-Cymric.

Many other questions relating to Welsh ethnology press for
constderation—such as the hypothesis that the Kymro was pre-
ceded, in parts at least of Wales, by the Gael; but such ques-
tions must be dismissed from present discussion, for I fear that
my remarks have already overrun the limits of a departmental
address. Let us hope however that much light may be thrown
upoen a variety of guestions bearing upon local anthropology in
the course of the discussions which will arise in this department
during the present session of the Association,

PALAEONTOLOGICAL AND EMBRYOLGICAL
DEVELOPMENT!

INCE the publication of the *‘ Poissons Fossiles” by Agassiz
and of the ““Embryologie des Salmonidées ” by Vogt, the
similarity, traced by the former between certain stages in the
growth of young fishes and the fossil representatives of extinet
members of the group, has also been ohserved in nearly every
class of the animal kingdom, and the fact has become a most
convenient axiom in the study of palrontological and embryo-
logical development. This pavallelism, which has been on the
one side a strong argument in favour of design in the plan of
ereation, is now, with slight emendations, deing duty on the
other as a newly-discovered article of faith in the new biology.

But while in a general way we accept the truth of the proposi-
tion that there is a remarkable parallelism between the embryonic
development of a group and its paleeontological history, yet na
one has attempted to demonstrate this, or rather to show how
far the parallelism extends, We have up to the present time
been satisfied with tracing the generzl coincidence, or with
striking individual cases.

The resemblance between the pupa stage of some Insects and
of adult Crustacea, the earlier.existence of the latter, and the
subsequent appearance of the former in paleontological history,
furnished one of the first and most natura! illustrations of this
Eara]lelism ; while theoretically the necessary development of the

igher tracheate insects from their early branchiate aquatic
ancestors seemed to form an additional link in the chain, and
point to the Worms, the representatives of the larval condition of
Insects, as a still earlier embryonic stage of the Articulates.

Indeed there is not a single group of the animal kingdom in
which embryology has not played a most important part in
demonstrating affinities little suspected before. The development
of our frogs, our salamanders, has given us the key to much
that was unexplained in the history of Reptiles and Batrachians,
The little that has been done in the embryology of Birds has
revolutionised our ideas of a class which at the beginning of the
century seemed to be the most naturally ciccumseribed of all,
Embryology and paleontclogy combined have led to the recog-
nition of a a natural classification uniting Birds and Reptiles on

T Address by Prof. Alexander Agassiz, vice-president, Section B, at the
Boston Meeting of the American Association, August, 1850,
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the one side, and Batrachians and Fishes on the other. It is to
embryology that we owe the explanation of the affinities of the
Cld Fishes in which Agassiz first recognised the similaxity to the
embryo of Fishes now living, and by its aid we may hope to
understand the relationship of the oldest representatives of the
class, It has given us the only explanation of the early appear-
ance of the Cartilaginous Fishes, and of the probable formation
of the earliest vertebrate limb from the lateral embryonic fold,
still to be traced in the young of the Osseous Fishes of to-day.

Embryology has helped us to understand the changes aquatic
animals must gradually undergo in order to become capable of
living upon dry land. It has given us pictures of swimming-
bladders existing as rudimentary lungs in Fishes with a branchial
system ; in Batrachians it has shown us the persistence of a
branchial system side by side with a veritable lung, We find
among the earliest terrestrial vertebrates types having manifest
affinities with the Fishes on one side and Batrachians on the other,
and we call these types Reptiles; but we should nevertheless do
so with a reservation, looking to embryology for the true
meaning of these half-fledged Reptiles, which lived at the
period of transition between an aquatic and a terrestrial life,
and must therefore always retain an unusual importance in the
study of the development of animal life,

When we come to the embryology of the marine Inverfebrates
the history of the development of the barnacles is too familiar to
e dwelt upon, and I need only allude to the well-known trans-
formations of the Echinoderms, of the Acalephs, Polyps, in fact
of every single class of Invertebrates, and perhaps in none more
than in the Brachiopods, to show how far.reaching has been the
influenc: of embryology in guiding us to a correct reading of the
relations between the fossils of successive formations. There is
scarcely an embryological monograph now published dealing
with any of the later stazes of growth which does not speak of
their rezemblance to some type of the group long agzo extinct.
1t has therefore been most natural to combine with the attempts
constantly made to establish the genetic sequence between the
genera of successive formations an effort to establish also a
correspondence between their palazontological sequence and that
of the embryonic stages of development of the same, thus
extending the mere similarity first observed between certain
stages to a far broader generalisation.

It would carry me too far to sketch out, except in a most
general way, even for a single class, the agreement known to
exist in certain groups between their embryonic development and
their paleontological history. It is hinted at in the succession
of animal life of any period we may take up, and perhaps cannot
be better expressed than by comparing the fauna of any period
as a whole with that of following epochs;—a zoological system
of the Jura, for instance, compared with one made up for the
Cretaccous ; next, one for the Tertiary, compared with the fauna
of the present day. Inno case could we find any class of the
animal kingdom bearing the same definitions or characterised in
the same manner. But apply to this comparison the data
obtained from the embryological development of our present
fauna, and what a flood of light is thrown upon the meaning of
the succession of these apparently disconnected animal kingdoms,
belonging to different geological periods, especially in connection
with the study of the few ancient types which have survivel
to tll11e present day from the earliest times in the history of our
earth !

Although there is hardly a class of the animal kingdom in
which some most interesting parallelism could not be drawn,
and while the material for an examination of this paralielism is
partially available for the Fishes, Molluscs, Crustacea, Corals, and
Crinoids, yet for the illustration and critical examinution of this
parallelism I have been led to choose to-day a very limited
group, that of Sea-urchins, both on account of the nature of the
material and of my own familiarity with their development and
with the living and extinct species of Echini. The number of
living species 1s not very great,—less than three hundred,~—and
the number of fossil species thus far known is not, according to
Zittel, more than about two thousand, It is therefore possible
for a specialist to know of his own knowledge the greater part
of the species of the group. It has been my good fortune to
examiné all but a few of the species now known to exist, and
the collections to which I have had access contain representatives
of the majority of the fossil species. Sea-urchins are found in
the oldest fossiliferous rocks; they have continued to exist
without interruption in all the strata up to the present time,
‘While it is true that our knowledge of the Sea-urchins occurring

before the Jurassic period is not very satisfactory, it is yet com-
plete enough for the purposes of the present essay, as it will
enable me, starting from the Jurassic period, to call your attention
to the paleontological history of the group, and to compare the
succession of its members with the embryological development
of the types now living in our seas. Ample material for making
this comparison is fortunately at hand ; it is material of a pecu-
liar kind, not easily obtained, and which thus far has not greatly
attracted the attention of zoologists.

Interesting and important as are the earliest stages of embry-
onic development in the different classes of the animal kingdom,
as bearing upon the history of the first appearance of any organ
and its subsequent modifications, they throw but little light on
the subject before us. What we need for our comparisons are
the various stages of growth through which the young Sea-
urchins of different families pass from the time they have prac-
tically become Sea-urchins until they have attained the stage
which we now dignify with the name of species. TFew embry-
ologists have carried their investigations into the more extended
field of the changes the embryo undergoes when it begins to be
recognised as belonging to a special class, and when the know-
ledge of the specialist is absolutely needed to trace the bearing
of the changes undergone, and to understand their full meaning.
Fortunately the growth of the young Echini has been traced in
a sufficient number of families to enable me to draw the paral-
lelism between these various stages of growth and the paleonto-
logical stages in a very different manner from what is possible
in other groups of the animal kingdom, where we are over-
whelmed with the number of species, as in the Insects or
Mollusks, or where the palaontological or the embryological
terms of comparison are wanting or very impetfect.

Beginning with the paleeontological history of the regular sea-
urchins at the time of the Trias, when they constituted an unim-
portant group as compared with the Crinoids, we find the Echini
of that time limited to representatives of two families. One of
these, the genus Cidaris, has continued to exist, with slight
modifications, up to the present time, and not less than one-tenth
of all the known species of fossil Echini belong to this important
genus, which in our tropical seas is still a prominent one, It is
interesting here to note that in the Cidaride the modifications of
the test are not striking, and the fossil genera appearing in the
suceessive formations are distinguished by characters which often
Jeave us in doubt as to the genus to which many species should
be referred, In the genus Rhabdocidaris, which appears in the
lower Jura, and which is mainly characterised by the extraordi-
nary development of the radioles, we find the extreme of the
variations of the spines in this family. From that time to the
present day the most striking differences have existed in the
shape of the spines, not only of closely allied genera, but even
in specimens of the same species; differences which in some of
the species of to-day are as great as in older geological periods.
The oldest Cidaride are remarkable for their narrow poriferous
zones. It is only in the Jura that they widen somewhat ; sub-
sequently the pores become conjugated, and only later, during
the Cretaceous period, do we find the first traces of any orna-
mentation of the test (Temnocidaris) so marked at the present
day in the genus Goniocidaris, As far, then, as the Cidaride
are concerned, the modifications which take place from their
earliest appearance are restricted to slight changes in the pori-
ferous zone and in the ornamentation of the test, accompanied
with great variability in the shape of the primary radiolés. We
must except from this statement the genera Diplocidaris and
Tetracidaris, to which I shall refer again, The representatives
of the other Triassic family become extinct in the lower tertiaries.
The oldest genus, Hemicidaris, undoubtedly represents the
earliest deviations from the true Cidaris type; modifications
which affect not only the poriferous zone, but the test, the actinal
and the abactinal systems, while from the extent of these minor
changes we can trace ount the gradual development of some of
the characteristics in families of the regular Echini now living,
The genus Hemicidaris may be considered as a Cidaris in which
the poriferous zone is narrow and undulating, in which the
granules of the ambulacral system have become minute tubereles
in the upper portion of the zone and small primary tubercles in
its actinal region, in which many of the inter-ambulacral granules
become small secondaries, in which the plates of the actinal
system have become reduced in number, and the apical system
has become a narrow ring, and finally, in which the primary
radioles no longer assume the fantastic shapes so common among
the Cidaridee.
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‘We can trace in this genus the origin of the modifications of
the poriferous zone, leading us, on the one side, through genera
with merely undulating lines of pores to more or less distinct
confluent arcs of pores, formed round the primary ambulacral
tubercles, and, on the other, to the formation of open arcs of
three or more pairs of pores. The first type culminates at the
present day with the Arbaciadee, the other with the Diadematidze,
Triplechinidee, and Echinometrads, This specialisation very
early takes place, for already in the Iower Jura Stomechinus has
:éssumcc! the principal characteristics of the Triplechinide of to-

ay.
Although in Hemicidaris the number of the coronal plates has
increased as compared with the Cidaride, and while we find that
in many genera, even of those of the present day, the number
of the coronal plates is still comparatively small, yet, as a general
rule, the more recent formations contain genera in which the
increasc in number of ‘the interambulacral plates is accompanied
by a corresponding decrease in the number of plates of the
interambulacral area so characteristic_thns far of the Cidarida
and Hemicidaride, a change also affecting the size of the primary
ambulacral tubercles. This increase in the number of the
coronal plates is likewise accompanied by the development of
irregular secondary and miliary tubercles, and the disappearance
in this group of the granul-’z'w tuberculation, so important a
character in th: Cidaridee, With the increase in the number of
the interambulacral coronal plates, the Pseudodiadematidse still
retain prominent primary tubercules, recalling the earlier Hemi-
cidaridee and Cidaridz, and, as in the Cidaride proper, the test
is frequently ornamented by deep pits or by ridges formed by
the junction of adjoining tubercles. The genital ring becomes
narrower, and the tendency to the specialisation of one of ifs
plates, the madreporite, more and more marked,

With the appearance of Stomechinus, the Echinide proper
already assume in the Jura the open arcs of pores, the large
number of coronal interambulacral plates, the specialisation of
the secondary tubercles, and the large number of primary
tubercles in each plate. With the appearance of Spharechinus
in the early Tertiary come in all the elements for the greater
multiplcation of the pairs of pores in the ares of the poriferous
zones, while the gigantic primary spines of some of the genera
(Heterocentrotus), and the small number of primary tubercles
are structural features which had completely disappeared in the
group preceding the Echinometradee, to which they appear most
closely allied,

Going back again to the Hemicidaride, it requires but slight
changes to pass from them to Acrosalenia and to the Salenice
proper ; the latter have continued to the present day, and have,
like the Cidaridee, retained almost unchangad the characters of
the genera which preceded them, combined however with a few
Cidaridian and Echinid featurez which date back to the Triassic
period, We can thus trace the modifications which have taken
place in the poriferous zone, the apical and actinal systems, the
coronal plates, the ambulacral and interambulacral tubercles, as
well as in the radioles, and in the most direct manner possible
indicate the origin of the peculiar combination of structural
features which we find at any geological horizon. On taking in
succession the modifications undergone by the different parts of
the test, we can trace each one singly, without the endless com-
plication of combinations which any attempt to trace the whole
of any special generic combination would imply,

Leaving out of the question for the moment the Paleechinide,
we find no difficulty in tracing the history of the characters. of
the genera of the regular Echini which have existed from the
time of the Trias and are now living, provided we take up each
character independently. Nothing can be more direct than the
gradual modification of the simple, barely undulating poriferous
zone, made up of numerous ambulacral plates covered hy
granules, such as we find it among the Cidaride of the
Trias, first into the slightly undulating poriferous zone of the
Hemicidaridse, next into the indistinct arcs of pores of the
Pseudodiadematidee, then into the ares with a limited number of
pores of the Triplechinidze, and finally to the polyporous arcs of
the Echinometradz. What can be more direct than the gradual
medification to be traced in the development of the primary
ambulacral tubercles, such as are characteristic of the Echinidze
of the present day, from their first appearance at the oral
extremity of the ambulacral system of the Hemicidaridec, and
the increase in the number of primary interambulacral tubercles,
accompanied by the growth of secondaries and miliaries, which
we can trace in Hemicidaris, Acrosalenia, and Stomechinus—the

increase in number of the primary and secondary tubercles being
accompanied by a reduction in the size of the radioles and a
greater uniformity in their size and shape?

But while these modifications take place the original structurat
featare may be retained in an allied group. Thus the Cidarida
retain unchanged from the earliest time to the present day the
few primary tubercles, the secondary granules, the simple
poriferous zone, the imbricating actinal system, and the few
coronal plates, with the large apical system and many-shaped
radioles ; while in the Salenidee the primary interambulacral
tubercles, the secondary granules, the radioles, the genital ring,
are recognised features of the Cidaridee, associated, however,
with an Echinid actinal and anal system, Hemicidarid primary
ambulacral tubercles, and an Echinid poriferous zoune, In the
same way in the Diadematid=, the large primary interambulacrat
tubercles are Cidaridian features, while the structure of the
ambulacral tubercles is Hemicidaridian, The existence of two
kinds of spines is another Cidaridian feature, while the apical
and actinal systems have become modified in the same direction
as that of the Echinidwe, The more recent the genus the greater
is the difficulty of tracing in a direct manmer the origin of any
one structural feature, owing to the difficulty of disassociating
structural elements characteristic of genera which may be derived
from totally different sources, This is particularly the case with
genera having a great geological age, Many of them, especially .
among the Spatangoids, show affinities with genera following
them in time, to be explained at present only on the supposition
that when a structural feature has once made its appearance it
may reappear subsequently apparently as a new creation, while
in reality it is only its peculiar combination with structural
features with which it had not before been associated (a new
genus), which conceals in that instance the fact of its previous
existence, A careful analysis, not only of the genera of the
order, but sometimes of other orders which have preceded this
combination in time, may often reveal the elements from which
have been produced apparently unintelligible modifications.

There is, however, not one of the simple structural features
in the few tgpes of the Triassic and Liassic Echini from which
we can o casily trace the origin of the structural features of all
the subsequent Echinid genera, which is not also itself continued
to the present day in some generic type of the present epoch,
fully as well characterised as it was in the beginning, In fact,
the very existence to-day of these early structural features seems
to be as positive a proof of the unbroken systematic affinity
between the Echini OF our seas and those of the Trias as the
uninterrupted existence of the genus Pygaster or Cidaris from the
Trias down to the present epoch, or of the connection of many
of the genera of the Chalk with those of our epoch (Salenia,
Cyphosoma, Psammechinus, &e.),

Passing to the Clypeastridee, we find there, as among  the
Desmosticha, that the earliest type, Pygaster, has existed from
the Trias to the present time ; and that, while we can readily re-
construct, on embryological grounds, the modifications the earliest
Desmosticha-like Echini should undergo in order to assume the
structural features of Pygaster, vet the early periods in which’
the precursors of the Echinoconidee and Clypeastridee are found
have thus far not produced the genera in which these modifica-
tions actually take place, DBut, starting from Pygaster, we
naturally pass to Holectypus, to Discoidea, to Conoclypus, on
the one side, while on the other, from Iolectypus to Echino-
cyamus, Sismondia, Fibularia, and Mortonia, we have the natural
sequence of the characters of the existing Kchinanthidze,
Laganidee, and Scutellide, the greater number of which are
characteristic of the present epoch. If we were to take in turn
the changes undergone in the arrangement of the plates of the test,
as we pass from Pygaster to Holectypus, to Echinocyamus, and
the Echinanthid:e, we should have in the genera which follow
each other in the palxantological record an unbroken series
showing exactly what these modifications have been, In the
same way the modifications of the abactinal and anal systems,
and those of the poriferous zone, can equally well be followed
to Kchinoeyamus, and thence to the Clypeastridee ; while a
similar sequence in the modifications of these structural features
can be followed from Mortonia to the Scutellidic of the present

eriod,
B Passing finally to the Petalosticha, we find no difficulty in
tracing theoretically the modifications which our early Echino-
conidz of the Lias should primarily undergo previous to the
appearance of Galeropygus. The similarity of the early Cassi-
duloid and Echinoneoid types points to the same systemalic
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affinity, and perhaps even to a direct and not very distant rela-
tionship with the Palxchinide.  For if we analyse the Echino-
thurizc of the present day, we find in genera like Phormosoma
many structural features, such as the shape of the test, the
characler of the spines, the structurc of the apical system, that
of the poriferous zone, indicative of possible modihcations in
the direction of Pygaster or of Galeropygus, which have as yet
not been taken into account.

Adopting for the Petalosticha the same method of tracing the
modifications of single structural features in their paleontological
suecession,. we trace the comparatively little modified palxonto-
logical history of the Echinoneidic of the present day from the
Pyrina of the lower Jura. This, in its turn, has been preceded
by Hyboclypus and Galeropygus, while the Echinolampada of
the present day date back, with but trifling modifications, to the
Echinobrissus of the Lias, itself preceded by Clypeus: and they
have been subject only to slight generic changes since that time,
Iichinobrissus being still extant, while such closely-allied gencra
as Catopygus and Cassidulus of the earlicr Cretaceous are still
represented at the present day; the modifications taking place
in the actinal system, in the ambulacral zones of the Lchino-
conidee and of the Echinolampadxe showing the closest possible
systematic affinity in these families, Starting again from Hybo-
clypus, with its elongate apical system, we naturally pass to
Collyrites and the strange Dysasteridae forms which in their turn
are closely allied to the Holasteridee. IFrom Ilolaster on the
one side and from Toxaster on the other, we find an unbroken
sequence of structural characters uniting the successive genera of
Holasteride, such as Cardiaster, Offaster, Stenonia, Ananchytes,
and Asterostomna, with Palcopnenstes, Homolampas, and the
Pourtalesime of the present day, while from the genera of the
Toxasteridee we naturally pass to the cretaceous Hemiaster ; in
this genus and the subsequent Micraster we find all the elements
necessary for the modifications which appear in the Spatangina
from the time of the Chalk to the present day. These modifi-
cations result in genera in which we trace the development of
the fascioles, of the actinal, anal, and abactinal plastrons, of the
beak, the formation of the petaloid ambulacra, first Aush with
the test, and little by little changed into marsupial pouches, the
growth of the anterior groove and the manifold modifications of
the ambulacral system in Spatangus, Agassizia, and Lchinocar-
dium, often ing in some of its fealures structural characters
of families which have preceded this in time,

Apparently in striking contrast with the Echini of the secondary
period and those which have succeeded them stand the Palaxozoic
Lichini; but when we have examined the embryology of Echini,
we shall be better prepared to understand their structure and the
affinities of the Palxchinida with the Echini of the present day,
and their immediate predecessors.

Taking up now the embryological devclopment of the several
families which will form the basis of our comparisons, beginning
with the Cidarida, we find that in the earliest stages they very
soon assume the characters of the adult, the changes heing
limited: to the development of the abactinal system, the increasc
in number of the coronal plates, and the modifications of the
proportionally gigentic primary radioles,

In the Diadematidee the changes undergone by the young are
limited to the gradual transformation of the embryonic spines to
those which characterise the family, to the changes of the
vertical row of pores in the ambulacral area into arcs of three or
four pairs of pores, and to the specialisation of the actinal and
abactinal systems.

In the Arbaciadxe the young stages arc remarkable for the
prominent sculpture of the test, for the flattened spines, for their
simple poriferous zone, for their actinal system, and for their
genital ring, The anal plates appear before the genital ring.

In the Echinometrads the young thus far observed are
characterised by the small number of their primary tubercles,
the large size of the spines, the simple vertical row of pores, the
closing of the anal ring by a single plate, and the turban-shaped
outline of the test,  Little by little the test loses with inereasing
age'this Cidaris-like character ; it reminds us, from the increasc
in the number of its plates, more of Hemicidaris; then, with
their still greater increase, of the Pseudodiadematidec ; and,
finally, of the Echinometradx proper. The spines, following
Fari passu:the changes of the test, lose little by little their
fantastic embryonic, or rather Cidaris-like appearance, and
become more solid and shorter, till they finally assume the
delicately fluted structure characteristic of the Fchinometradw.
The vertical poriferous zone is first changed into a series of

connected vertical arcs, which become disjointed, and form, with
increasing age, the independent arcs of pores, of threc or more
pairs of pores, of the Echinometrada:.

In the Echinidce proper we find in the young stages the same
unbroken vertical line of pores, which gradually becomes changed
to the characteristic generic types. We find, as in the Echino-
metrade, an anal system closed with a single plate, and an
abactinal syslem separating in somewhat more advanced stages
from the coronal plates of the test. This is as yet made up of
a comparatively small number of plates, carrying but few large
jrimary tubercles, with fantastically shaped spines entirely out
of proportion to the test, but which, little by little, with the
increase of the number of coronal plates, the addition of primary
tubercles, and their proportional decrease in size, assume more
and more the structure of the genus to which the young belongs,
The original anal plate is gradually lost sight of from the increase
in number of the plates covering the anal systew, and it is only
among the Temnopleurida that this anal plate remains more or
less prominent in the adult. In the Salenide, of which we know
as yet nothing of the development, this embryonic plate remains
permanently a prominent structural feature of the apical system.!

Among the Clypeastroids the changes of form they undergo
during growlh are most iustructive. We have in the young
Fitularine' an ovoid test, a small number of coronal plates
surmounted by few and large primary tubercles, supporting
proportionally equally Jarge primary radioles, simple rectilinear
poriferous zones, no petaloid ambulacra—in fact, scarcely one of
the features we are accustomed to associate with the Clypeastroids
is as yet prominently developed, But rapidly, with increasing
size, the number of primary tubercles increases, the spines lose
their disproportionate size, the pores of the abactinal region
become crowded and elongate, and a rudimentary petal is formed.
The te:t becomes more flattened, the coronal plates increase in
number, and it would be impossible to recognise in the young
Echinocyamus, for instance, the adult of the Cidaris-like or
Lchinometra-like stages of the Sea-urchin, had wé not traced
them step by step. Most interesting, also, is it to follow the
migrations of the anal system, which, to a certain- extent, may
he said to retain the embryonic features of the early stages of all
Fchinoderm embryos, in being placed in more or less close
proximity to the actinostome. What has taken place in the
growth of the young Echinocyamus is practically repeated for all
the families of Clypeasiroids; a young Echinarachnius, or
Mellita, or Fncope, or a Clypeasier proper, resembles at first
more an Echinometra than a Clypeastroid ; they all have simple
poriferous zones and spines and tubercles out of all proportion
to the size of the test.?

When we come to the development of the Spatangbids, we
find their younger stages also differing greatly from the adult,
Among the Nucleolidze, for instance, the young stages have as
yet no petals, but only simple rectilinear poriferous zones. They
are elliptical with a high test, with a single large primary tubercle
for each plate, and a simple elliptical actinostome, without any
trace of the typical bourrelets and phyllodes so characteristic of
this family. Very early, however, this condition of things is
changed, the test soon becomes more flattened, the petals begin
to form as they do in the Clypeastroids, and we can soon trace
the rudiments of the peculiar bourrelets characteristic of the
family, accompanied by a rapid increase in the number of
tubercles and in that of the coronal plates,

Among the Spatangide: some are remarkable in their adult
condition for their labiate actinostome, for the great develop-
ment of the petals, for the presence of fascioles sarrounding cer-
tain definite arcas, for the small size of the tubercles, the gencral
uniformity in the spines of the test, and the specialisation of
their anterior and posterior regions, On examining the young
stages of this group of Spatangoids, not one of these structural
features is as yet devecloped. The actinostume is simple, the
poriferous zone has the vame simple structure from the actino-
stome lo the apex, the primary tubercles are large, few in
number, surrounded by spines which would more readily pass as
the spines of Cidaridz than of Spatangoids, The fascioles are
either very indistinctly indicated, or else the special lines have

3 The young of the following gencra have served as a basis for the pre-
ceding analysis of the embryonic stages, of the Desmosticha @ de:ms.
Noracidaris, Goniocidaris, Arbacia, Porncidaris, Strongylocentrotus, Echi
nometra, Echinus, Toxopneustes, Hipponoé&, Temnopleurus, Temnechinus,
and ‘I'rigonocidaris. X . 3

2 Among the Clypeastroids I have examined the young of Echinocyamus,
Fibularia, Mellita, Laganum, Echinarachnius, Encope, Clypeaster, and
Echinanthus.
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not as yet made their appearance ; the ambulacral suckers of the
anterior zone are as large and prominent as those of the young
stages of any of the regular Echini, It is only little by little,
with advancing age, that we begin to see signs of the specialisa-
tion of the anterior and posterior parts of the test, that we find
the characteristic anal or lateral fascioles making their appear-
ance, only with increasing size that the spines- lose their Cidaris-
like appearance, that the petals begin to be formed, and that the
simple actinostome develops a prominent pesterior life. In the
genus Hemiaster, the young stages are specially interesting, as
long before the appearance of the petals, while the poriferous
zone is still simple, the total separation of the bivium and of the
trivinm of the ambulacral system, so characteristic of the earliest
Spatangoids (the Dysasterinze), is very apparent.!

From this rapid sketch of the changes of growth in the prin«
cipal families of the recent Echini we can now indicate the
transformations of a more general character through which the
groups as a whole pass. )

In the first place, while still in the Pluteus all the young
Echini are remarkable for the small number of coronal plates,
for the absence of any separation between the actinal and abac-
tinal systems and the test proper, They all further agrec in the
large size of the primary spines of the test, whether it be the
young of a Cidaris, an Arbacia, an Echinus, a.Clypeaster, or a
Spatangoid. They all in "their youngest stages have simple
vertical ambulacral zones ; beyond this, we find as changes
characteristic of some of the Desmosticha, the specialisation of the
actinal system from the coronal plates, theformation of an anal
system, the rapid increase in the number of the coronal plates,
with a corresponding increase in the number of the spines and a
proportional reduction of their size, the formation of an abac-
tinal ring, and the change of the simple vertical poriferous zone
into one composed of independent arcs.

In the Spatangoids and Clypeastroids we find common to
both groups the shifting of the anal system to its definite place,
the modifications of the abactinal part of the simple ambulacral
system in order to become petaloid, and the gradual change of
the elliptical ovoid test of the young to the characteristic generic
test, accompanied by the rapid increase in the number of the
primary tubercles and spines. Finally limited to the Spatan-
goids are the changes they undergo in the transformation of the
simple actinostome to a labiate one, the specialisation of the
anterior and posterior parts of the test, and the definite formation
of the fascioles.

Comparing this embryonic development with the paleontolo-
gical one, we find a remarkable similarity in both, and in a
general way there scems to be a parallelism in the appearance of
the fossil genera and the successive stages of the development of
the Echini as we have traced it.

We find that the earlier regular Echini all have more or less a
Cidaris-like look—that is, they are Xchini with few coronal
plates, large primary tubercles, with radioles of a corresponding
size ; that it is only somewhat later that the Diademopsidee make
their appearance, which, in their turn, corvespond within certain
limits to the modifications we have traced in the growth of the
young Diadematidee and Arbaciadee, The separation of the
actinal system from the coronal plates has been effected. The
poriferous zone has either become undulating, or forms somewhat
indefinite open arcs ; we find in all the genera of this group a
larger number of coronal plates, more numerous primaries, the
granules of the Cidaridee replaced by secondaries and miliaries,
and traces of a Hemicidaris-like stage in the size of the actinal
ambulacral tubercles,

Comparing in the same way the palazontological development
of the Echinida: proper, we find that, on the whole, they agree
well with the changes of growth we can still follow to-day in
their representatives, and that, as we approach nearer the present
epoch, the fossil genera more and more assume the structural
features which we find developed last among the Echinida of
the present day. Very much in the same manner as a young
Echinus develops, they lose, little by little, first their Cidaridian
affinities, which become more and more indefinite, next their
Diadematidian affinities, if I may so call the young stages to
which they are most closely allied, and finally, with the increase
in the number of the coronal plates, the great numerical deve-
lopment of the primary tubercles and spines, and that of the
secondaries and miliaries which we can trace in the fossil Echini

T For this sketch of the embryology of the Petalosticha I hayve examined

the young of Echinolampas, Echinoneus, Echinocardium, Brissopsis, Agassizia,
Spatangus, Brissus, and Hemiaster.

of the Tertiaries, we pass insensibly into the generic types
characteristic of the present day,

Although we know nothing of the embryology of the Salenidee,
yet, like the Cidaridw, they have in a great measure remained a
persistent type, the modifications of the group being all in the
same direction as those noticed in the other Desmosticha; a
greater number of coronal plates, the <evelopment of secondaries
and miliaries combined with a specialisation of the actinal system
not found in the Cidaridee.

An examination of the succession of the Echinoconide shows
but little modification from the earliest types ; the changes, how-
ever, are similar to those undergone by the Clypeastroids and
Petalosticha, thongh they do not extend to modifications of the
poriferous zone, but are mainly changes in the actinostome and
in the tuberculation. In fact, the group of Echinoconide ceems
to hold somewhat the same relation to the Clypeastroids which

- the Salenidee hold to the Cidaridwe, and the earliest genus of

the group Pygaster has remained, like Cidaris, a persistent type
to the present day,

The earliest Clypeastroids are all forms which resemble the
Fibularina and the genera following Kchinocyamus and Fibu-
laria ; they are mainly characterised by the same changes which
an Echinarachnius or a Mellita, for instance, undergoes as it
passes from its Echinocyamus stage to the Laganum or En-
cope stage, The comparison is somewhat more complicated
when we come to the Spatangoids. The comparison of the
succession of genera in the different families, as traced in the
Desmosticha and Clypeastrolds, is made difficult from the per-
sistency of the types preceding the Echinoneidee and the Anan-
chytides, which have remained without important modifications
from the time of the lower Cretaceous ; previous to that time the
modifications of the Cassidulidze are found to agree with the
changes which have been observed in the growth of Lchine-
lampas. The early genera, like Pygurus, have many of the
characteristics of the test of the young Echinolampas. The de-
velopment of prominent bourrelets and of the floscelle and
petals goes on side by side with that of genera in which the
modification of the actinostome, of the test, and of the petals is
far less rapid, one group retaining the Echinoneus features, the
other culminating in the Echinolampas of the present day, and
having likewise a persistent type, Echinobrissus, which has re-
mained with its main structural features unchanged from the
Jura to the present day, That is, we find genera of the Cassi-
dulidee which recall the early Echinoneus stage of Echinolampas,
next the Caratomus stage, after which the floscelle, Lourrelets,
and petals of the group become more prominent features of the
succeeding genera. Accompanying the persistent type Echino-
brissus, genera appear in which either the bourrelets or petals
have undergone modifications more extensive than those of the
same parts in the genera of the Echinoneus or Caratomus type,

The earliest Spatangoids belong to the Dysasteridee, apparently
an aberrant group, but which, from the history of the young
Hemiaster, we now know to be a strictly embryonic type, which,
while it thus has affinities with the true Spatangoids, still retains
features of the Cassidulide in the mode of development of the
actinostome ‘and of the ipetals, as well as of the anal system,
The genera following this group, Holaster and Toxaster, can
be well compared, the one to the young stages of Spatangus
proper before the appearance of the petals, when the ambulacra
are flush with the test, and when its test is more or less ovoid,
the other to a somewhat more advanced stage, when the petals
have made their appearance as semi-petals, In both cases the
actinostome has the simple structure characteristic of all the
young Spatangoids, The changes we notice in the genera
which follow them lead in the one case through very,slight
modifications of the abactinal system, of the anterior and
posterior extremities of the test, to the Ananchytid-like Spatan-
goids of the present day, the Pourtalesize, the genus Holaster
itself persisting till well into the middle of the Tertiary period ;
while on the other side we readily recognise in the Spatanginze
which follow Toxaster (a persistent type which has continued as
Paleostoma to the present day) the genera which correspond to
the young stages of such Spatangoids as Spatangus and Brissopsis
of the present day, genera which, on the one hand, lead from
ITemiaster (itself still represented In the present epoch), through
stages such as Cyclaster, Peripneustes, Prissus, and Schizaster,
and, on the other, through Micraster and the like, to the Spatan-
goids, in which the development of the anal plastron and fasciole
performs an important part, while in the former group the
development of the peripetalous faseiole and of the lateral
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fasciole can be followed. Nome of the genera of Petalosticha
belonging to the other groups develop any fasciole in the sense
of circumscribing a limited area of the test,

The comparison of the genera of Echini which bave appeared
since the Lias with the young stages of growth of the principal
families of Echini, shows a most striking coincidence, amounting
almost to identity, between the successive fossil genera and the
various stages of growth. This identity can, however, not be
traced exactly in the way in which it has usually been under-
stood, while there undoubtedly exists in the genera which have
appeared one after the other a gradual increase in certain families
in the mumber of forms, and a constant approach in each succeed-
ing formation, in the structure of the genera, to those of the present
day. Itis only in the accordance between some special points of
structure of these genera and the young stages of the Echini of the
present day that we can trace an agreement which, as we go
further back in time, becomes more and more limited. We are
either compelled to seek for the origin of many structural features
in types of which we have no record, or else we must attempt to
ﬁndythem existing potentially in groups where we had as yet not
succeeded in tracing them, The parallelism we have traced does
not extend to the structure as a whole. What we find is the
appearance among the fossil genera of certain structural features
giving to the particular siages we are comparing their charac-
teristic aspect. Thus, in the succession of the fossil genera,
when a structural feature has once made its appearance, it may
either remain as a persistent structure, or it may become gradually
modified in the succeeding genera of the same family, or it may
appear in another family, associated with other mare marked
structural features which completely overshadow it, Take, for
instance, among the Desmosticha the modifications of the pori-
ferous zone of the actinal and abactinal systems of the coronal
plates, of the ambulacral and interambulacral systems, the
changes in the relative proportion of the primary tubercles, and
the development of the secondaries, These are all structural
features which are modified independently onc of the other ; we
may find simultanecus development of these features in parallel
lines, but a very different degree of development of any special
feature in separate families,

This is as plainly shown in the embryological as in the palzcon-
tological development, In the Cidaridae there is the minimum
of specialisation in these structural features, In the Dia-
demopsidee there is a greater range in the diversity of the structure
of the poriferous zone and of the coronal plates, as well as of the
actinal system, Thereisa still greater range among the Echinide,
while among the Salenidze the modifications, as compared to those
of the Echinidee and Diademopsidee, are somewhat limited
again, being restricted as far as relates to the poriferous zone
and coronal plates, but specialised as far as the actinal system
is concerned, and specially important with reference to the
structure of the apical systém, The special lines in which these
modifications take place produce, of course, all possible com-
binations, yet they give usthe key to the sudden appearance, as
it were, of structural features of which the relationship must be
sought in very distantly related groups. It is to this speciality
in the paleontological development that we must trace, for
instance, the Cidarid affinities of the Salenie, their papillz,
the existence of few large primary interambulacral tuberecles,
the structure of their apical system, and their large genital plates ;
while it is to their affinities with the Hemicidaridze that we must
refer the presence of the few larger primary ambulacral tubercles
at the base of the ambulacral area, and by their Diademopsid
and Echinidian affinities that we explain the indented imbricated
actinal system with the presence of a few genuine miliaries.
But all the structural features which characterise the earliest
types of the Desmosticha can in reality be traced, only in a
somewhat rudimentary form, even in the Cidaride. The slight
undulation of the closely packed, nearly vertical poriferous zone
is the forerunner of the poriferous zone first separated into
vertical arcs and then into independent arcs, The limitation in
the number of the rows of granules in the ambulacral zone, and
their increase in size, is the first trace of the appearance of the
somewhat larger primary ambulacral tubercles of the Hemici-
daridee and Saleniz, The existence of the smooth cylindrical
spines of the abactinal region of the test naturally leads to
similar spines covering the whole test in the other families of the
Desmosticha. The difference existing in the plates covering the
actinal system from those of the coronal plates leads to the great
distinction between the structure of the actinal system and of
the coronal plates in some of the Echinidz.

Passing to the Clypeastridee and Petalosticha, we trace a paral-
lelism of the same kind,and readily follow in the successive genera
of fossil Clypeastroids, but often in widely separated genera, the
precise modifications which the poriferous zone has undergone
as it first becomes known to us in Echinocyamus and Fibularia,
and as we find it inthe most complicated petaloid stage of
the Clypeastroids of the present day. We readily trace the
changes the test undergoes from its comparatively ovoid and
swollen shape to assume first that of the less gibbous forms,
next that of the Laganidee, and finally of the flat Scutellidee ;
while we trace in the Echinanthidee the persistent structural
features of some of the earliest Clypeastroids, together with an
excessive modification of the poriferous zone, Likewise for the
Echinoconidze we trace mainly the slight modifications of the
poriferous zone and of the coronal plates, and finally, when we
come to the Spatangidee we find no difficulty in tracing from the
most Desmostichoid of the Spatangoid genera the modifications
of a test in which the ambulacral and interambulacral areas are
made up of plates of nearly uniform size, in which the anterior
and posterior extremities are barely specialised, to the most
typical of the Ananchytidze, in which the anterior and posterior
extremities have developed the most opposite and extraordinary
structural features, In a similar way we can trace among the
fossil genera of different families the gradual development of the
actinal plastron from its very earliest appearance as a modifica-
tion of the posterior interambulacral area of the actinal side, or
the growth of the posterior beak into an anal snout, the succes-
sive changes of the anal groove, the formation of the actinal
labium, or the development of the bourrelets and phyllodes from
a simple circular actinostome, the gradual deepening of the
slight anterior groove of some early Spatangoid to form the
deeply sunken actinal groove. Equally well we can trace the
modifications of the ambulacral system as it passes from the
simple poriferous zones of the earlier Spatangoids to genera in
which the petaliferous portion makes its appearance, and finally
becomes the specialised structure of our recent Spatangoid
genera, such as Schizaster, Moira, and the like. Finally, we
can trace to a certain extent the development of the fascioles on
one side from genera like Hemiaster, in which the peripetalous
fasciole is prominent, to genera like Brissopsis, Brissus, and the
like, of the precent day; on the other, perhaps, or both com-
bined, the formation of a lateral and anal fasciole from genera
like Micraster in Spatangus and Agassizia. Thus we must, on
the same theory of the independent modifications of special
structural features, trace the many and complicated affinities
which so constantly strike us in making comparative studies,
and which render it impossible for us to express the manifold
affinities we notice, without taking up separately each special
structure, Any attempt to take up a combination of characters,
or a system of combinations, is sure to lead us to indefinite
problems far beyond our power to grasp.

In the oldest fossil Clypeastroids and Petalosticha, as well as
in the Desmosticha, we also find the potential expression of the
greater number of the modifications siubsequently carried out in
genera of later date. The semipetaloid strueture of some of the
earlier genera of Spatangoids, the slight modifications of some
of the plates of the actinal side near the actinostome, are the
precursors, the one of the highly complicated petaloid ambulacra
of the recent Spatangoids, the other of the actinal plastron,
leading as it does also to the important differences subsequently
developed in the anterior and posterior extremities of the test,
as well as to the modifications which lead to the existence
of a highly labiate actinostome. The appearance of a few
miliaries near the actinostome constitutes the first rudimentary
bourrelets.

Going back now to the Palachinidze, the earliest representatives
of the Echini in paleeozoic times, without any attempt to trace
the descent of any special type from them, we may perhaps find
some clue to the probable modifications of their principal strue-
tural features preparatory to their gradual disappearance. In
the structure of the coronal plates, the specielisation of the
actinal and abactinal systems, the conditions of the ambulacral
system, we must compare them to stages in the embryonic deve-
lopment of our recent Echini with which we find no analogues
in the fossil Echini of the Lias and the subsequent formations,
In order to make our parallelism, we must go back to a stage in
the embryonic history of the young Echini in which the distinction
to be made between the ambulacral and interambulacral systems
is very indefinite, in which the apical system is, it is true, special-
ised, but in which the actinal system remains practically a part
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of the coronal system. But herethe comparison ceases, and,
although we can trace in the paleontological development of such
types as Archeocidaris or Bothriocidaris modifications which
would lead us without great difficulty, on the one side to' the
Cidaridse, and on the other to the Echinothuriz and Diadematida
of the present day, we cannot fail to see most definite indications
in some of the structural features of the Palsechinidee of charae-
teristics which we have been accustomed to associate with higher
groups. The minute tuberculation, for instance, of the Cly-
peastroids and Spatangoids, already existing in the Melonitidz,
the genital ring, and anal system, are quite as much Echinid
as Cidarid. T%e polyporus genera of the group represent to a
certain extent the polypori of the regular Echini, and the lapping
of the actinal plates of the Cidaridee and of the coronal plates
in some of the Diadematid=e, as well as the existence of such
genera as Tetracidaris, of four interambulacral plates in
Astropyga, and of a large number of ambulacral plates in some
of the recent Echinometradze, all these are Palaechinid characters
which we can explain on the theory of the independent develop-
ment of the structural features of ‘which they are modifications,
We should, however, remember, that the existence of a large
number of coronal plates, especially interambulacral plates, in
the Palxchinidee, is a mere vegetative character, which they hold
in common with all the Crinoids,—a character which is reduced
to a minimum among the Holothurians, and still persists in full
force among the Pentacrini of the present day, as well as the
Astrophytide and Echinidce.

It would lead me too far to institute the same comparison be-
tween the embryonic stages of the different orders of Echino-
derms and their earliest fossil representatives, We may,
however, in a very general way, slate that we know the earliest
embryanic stages of the order of Echinoderms of to-day, which,
with the exception of the Blastoidea and Cystideans, are
identical with the fossil orders, and that as far as we know they
all begin at a stage where it would be impossible to distinguish
a Sea-urchin from a Star-fish, or an Ophiuran, or a Crinoid, or
an Holothurian,—a stage in which thé test, calyx, abactinal and
ambulacral systems are reduced to a minimum, From this
identical origin there is developed at the present day, in a
comparatively short period of time, either a Star-fish, a Sea-
urchin, or a Crinoid ; and if we have been able successfully to
compare, in the development of typical structures, the embryonic
stages of the young Echini with their development in the fossil
genera, we may fairly assume that the same process is applicable
when instituting the comparison within the different limits of
the orders, but with the same restrictions. That is, if we wish
to form some idea of the probable course of transformations
which the earliest Echinoderms have undergone to lead us to
those of the present day, we are justified in seeking for our
earliest representatives of the orders such Echinoderms as
resemble the early stages of our embryos, and in following, for
them as for the Iichini, the modifications of typical structures.
These we shall have every reason to cxpect to find repeated in
the fossils of later periods, and, going back a step further we
may perhaps get an indefinite glimpse of that first Iichinodermal
stage which should combine the structural features common to
all the earliest stages of our Echinoderm embryos,

And yet, among the fossil Echinoderms of the oldest periods,
we have not as yet discovered this carliest type from which we
could derive either the Starsfishes, Ophiurans, Sea-urchins, or
Holothurians, With the exception of the latter, which we can
leave out of the question at present, we find all the orders of
Echinoderms appearing at the same time.  Bat while this is the
casc, one of the groups attained in these earliest days.a promin-
ence which it gradually loses with the corresponding development
of the Star-fishes, Ophinrans, and Sea-urchins, it has steadily
declined in importance ; it is a type of Crinoids, the Cystideans
which culminated during Palmozoic times, and completely dis-
appeared long before the present day. If we compare the early
types of Cystideans to the typical embryonic Lchinodermal type
of the present day, we find they have a gencral resemblance, and
that the Cystideans and Blastoids represent among the fossil
Echinoderms the nearest approach we have yet discovered to
this imaginary prototype of Echinoderms.

This may not seem a very satisfactory result to have attained,
It certainly has been shown to be an impossibility to trace in the
palzontological succession of the Echini anything like a sequence
of genera. No direct filiation can be shown to exist, and yet
the very existence of persistent types, not only among Echino-
derms, but in every group of marine animals, genera which have

continued to exist without interruption from the earliest .epoehs
at which they occur to the present day, would prove conclusively
that at any rate some groups among the marine animals of the
present day are the direct descendants of those of the earliest
geological periods. When we. come to types which have not
continned as long, but yet which have extended through two or
three great periods, we must likewise accord to their latest
representatives a direct descent from the older. The very fact
that the ocean basins date back to the earliest geological periods,
and ‘have afforded to the marine animals the conditions most
favourable to an unbroken continuity under slightly varying
circumstances, probably ‘accounts for the great range in time
during which many genera of Echini have existed, If we
examine the interlacing in the succession of the genera charac-
teristic of later geological epochs, we find it an impossibility
to deny their continuity from the time of the Liasto the
present day. ‘The Cidaris of the Lias and the Rhabdoci-
daris of the Jura are the ancestors of the Cidaris of to-day.
The Salenize of the lower Chalk are those of the Salenice of to-
day.  Acrosalenia extends from the Lias to the lower Cretaceons,
with a number of recent genera, which begin at the Eocene.
The Pygaster of to-day dates back to the Lias ; FEchinocyamus
and Fibularia commence with the Chalk, Pyrina extends from
the lower Jura through the Locene, The Echinobrissus of to-
day dates .back to the Jura. Holaster lived from the lower
Chalk to the Miocene, and the Hemiaster of to-day cannot be
distingnished from the Hemiaster of the lower Cretaceous.

Such descent we can trace, and trace as confidently as we
trage a part of the population of North America of to-day as
the descendants of some portion of the population of the
beginning of this century. [But we can go no further with
confidence, and bold indeed would he be who would attempt
even in a single State to trace the genealogy of the inhabitants
from those of ten years before. We had better acknowledge
our inability to go beyond a certain point ; anything beyond
the general parallelism [ have attempted to trace, which in no
way invalidates the other proposition, we must recognise as
hopeless,

But in spite of the limits which have been assigned to this
general parallelism, it still remains an all-essential factor in
elucidating the history of palaxontological development, and its
importance has but recently been fully appreciated. For, while
the fossil remains may give ns a strong. presumptive evidence of
the gradual passage of one type to another, we can only imagine
this modification to take place hy a process similar to that which
brings about the modifications due to different stages of growth,
-—the former taking place in what may practically be considered
as infinite time when compared to the short life history which has
given us as it were a »&umé of the paleeontological development.
We may well pause to reflect that in the two modes of develop-
ment we find the same periods of rapid modifications oceurring
at certain stages of growth or of historic development, repeating
in a different direction the same phages. Does it then pass the
limits of analogy to assume that the changes we see taking place
under our own eyes in a comparatively shert space of lime,—
changes which extend from stages representing perhaps the
original type of the group to their most complicated structures,
—-may, perhaps, in the larger field of palzontological develop-
ment, not have required the infinite time we are in the habit of
asking for them?

Palzontologists have not fbeen slow in following out, this
suggestive track, and those who have Dbeen anatomists and
embryologists besides have not only entered into most interesting
speculations regarding the origin of certain groups, but they
have carried on the process still further, and have given us
genealogical trees where we may, in the twigs and branches and
main limbs and trunk, trace the complete filiation of a group as
we know it to-day, and as it must theoretically have existed at
various times to its very beginning. While we cannot but admire
the boldness and ingenuity of these speculations upon genetic
connection so0 recklessly launched during the last fifteen years,
we find that with but few exceptions there is little to recommend
in reconstructions which shoot so wide of the facts as far as they
are known, and seem so readily to ignore them, The moment
we leave out of sight the actual succession of the fossils and the
ascertainable facts of postembryonic development, to reconstruct
our genedlogy, we are building in the air. Ordinarily, the twigs
of any geénealogical tree have only a semblance of truth; they
Iead us to branchlets having but a slight trace of probability, to
branches where the imagination plays animportant part, to main
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limbs where it is finally allowed full play, in order to solve with
the (runk, to the satisfaction of the writer at lcast, the riddle of
the origin of the group. Tt seems hardly credible that a school
which boasts for ite very creed a belief in pothing which is not
warranted by common sense should descend to such trifling.

The time for genealogical trees is passed; its futility can,
perhaps, best be shown by a simple caleulation, which will
point out at a glance what these scientific arboriculturists arc
attempting. Let us take, for instance, the ten most character-
istic features of Echini, The number of possible combinations
which can be produced from them is so great that it would take
no less than twenty years, at the rate of one new combination a
minute for ten hours a day, to pass them in review. Remember-
ing now that each one of these points of structure is itself
undergoing constant modifications, we may get some idea of the
nature of the problem we are attempling to solve, when seeking
to tface the genealogy as understood Ly the makers of genea-
logical trees. On the other hand, in spite of the millions of
possible combinations which these ten characters may assume
when affecting not simply a single combination, but all the
combinations which might arise from their extending over
several hundred species, we yet find that the combinations which
actually exist——those which leave their traces as fossils—fall
immensely short of the possible nnmber. We have, as I have
stated, not more than twenty-three hundred specics actually
representing for the Echini the results of these endless combina-
tions, Is it astonishing, therefore, that we should fail to
discover the sequence of the genera, even if the genera, as is so
often the case, represent, as it were, fixed cmbryonic stages of
some Sea-urchin of the present day? In fact, does not the very
history of the fos-ils themselves show that we cannot expect
this? Each fossil species, during its development, must have
passed through stages analogous to those gone through by the
Lichini of the present day. Each one of these stages at cvery
moment represents one of the pessible combinations, and those
which are actually preserved correspond only to the particular
period and the special combination which any Sea-urchin has
reached. These stages are the true missing links, which we
can no more expect to find preserved than we can expect to find
arecord of the actual embryonic development of the species
of the present day without direct observation at the time. The
actual number of species in any one group must always fall far
short of the possible number, and for this reason it is out of the
question for us to attempt the solution of the problem of
derivation, or to hope for any solution beyond one within the
most indefinite limits of correctness. If, when we take one of
the most limited of the groups of the animal kingdom, we find
ourselves engaged in a hopeless task, what must be the prospect
should we attack the problem of other classes or groups of the
animal kingdum, where the species run into the thousands,
while they number only tens in the case we have attempted
to follow out? Shall we say *“ignorabimus” or “‘impavidi
progrediamus ”’ valiantly to chase a phantom we can never hope
to seize ?

NOTES

THE Second Tnternational Genlogical Congress will be held at
Dologna in September, 1881, It is proposed to award a prize
of 5,000 francs for the best international scale of colours and
conventional signs for the graphic representation of formations
on geolopgical maps and sectiens.  Tach scale should be accom-
panied by an explanatory memoir and a sufficient number of
maps and seclions relative to regions of different geological
characters; for the memoirs the French language is recom-
nmended, The names of the competitors should be inclosed in
sealed envelopes, on which should be a motto, The scales and
memoirs should be addresscd, before the end of May, 1881, to
the DPresident of the Committee, Signor J. Capellini, 63, Via
Zawboni, Bologna.

“Tue Official Gnide and 1Tandbook to Swansea and its
District,” prepared at the request of the Local Committee hy
Mr, S. C. Gamwell, is a really useful little work, which must
prove of permanent value ss a guide to Swansea, It contains
much carefully compiled information on the Iistory and
Antiquitics of Swansea, its literary and scientific, educational

and otler institutions, industries, places of interest in and around

| the town, geology of the district, palecontology, and natural

bistory. A considerable amount of space is appropriately
devoted to the scientific aspects of the district, the information
given is very full, and we believe trustworthy. An excellent
map is prefixed, and the work as a whole is creditable to the
Local Committee and to the author,

OxN Sunday a statue of Denis Papin was unveiled at Blois,
where he was born in 1647,

THE late Mungo Ponton, W.S,, Fellow of the Royal Society
of Edinburgh, whose death was recently announced, was known
as the discoverer of the peculiar effect of light on gelatine when
treated with the bichromates, which was afterwards practically
applied in the autotype process. FHe obtained the silver medal
from the Royal Society of Edinburgh in 1838 for *model and
description of improved clectric telegraph.” 1le was the first
who employed the photographic method for registering automati-
cally the fluctuations in thermometers and other instruments, and
for this service he received also the silver medal of the same
society in 1845. Several papers of his appeared in the new
Philosophical Fournal and in the Quarterly Fournal of Science.

Tue Tifth Annual General Meeting of the Mineralogical
Saciety of Great Britain and TIreland was held at Swansea on
August 27, Mr, Jas, S. Merry, F.C.S,, in the chair, A favour-
able report was presented by the Council and adopted by the
meeting. The election of the following new members was
announced :—Dr, Jas. Hector, F,R.S,, of New Zealand, Mr.
Thos. Stewart of Glasgow, Rev. R. Graham, LL.D., of Errol,
Perthshire ; Mr. Jos, Gill of Leadhills, and Rev. Geo. Gordon,
LL.D., of Elgin. The following papers were read and dis-
cwsed ;—“On the Chemical I'ormula of Epidote,” by M.
IALbE Renard ; “On Certain Crystallised Furnace-produets,”
by Wm, Terrill, F.C.S.; ““On the Serpentine and Ilorn-
blendic, and Schistose Rocks of Porthalla in Cornwall,” by
II. Collins.

O the evening of July 20, about half-past eight o'clack, a
remarkable meteor, said to have resembled a comet, apparently
about twenty yards in length, was observed at Vizimgaum and
other places in India, traversing the sky from south to north,
and remaining visible for about threc-quarters of a minute,
during which time the whole sky and country were brilliantly
illuminated, The meteor then burst, and some time afterwards
a loud sound like distant thunder, which lasted two minutes, was
heard.

THiE rainfall in Southern China appears to have Lieen abnor-
mally large in the early part of this summer, for we learn from
the Daily Press of Hongkong that the rainfall in that colony
during the month of June was no less than 23'06 inches, com-
pared with 11°32 inches in June, 1879, 15'36 inches in June,
1378, and 937 inches in June, 1877. It is stated that so large
a rainfall as we havementioned has never before been registered
in TTongkong.

Tie Government printer at Brisbane has published three valu
able Reports, by Mr. Robert L. Jack, the Geological Surveyor
of Northern Queensland, who during the last few ycars has done
cxcellent service in the cause of both geography and geology in
Cape York Peninsula, The first of these Reports deals with
the geology and mineral resources of the district between Charters
Towers gold-fields and the coast, and is illustrated with a map
and several woodcuts taken from photographs, while the second
is a preliminary Report on the geological features of part of the
coast range between the Dalrymple and Charters Towers roads
The third Report treats of the important Bowen River coal-ficlid.
This is accompanied by a map and some large and interesting
woodeuts,
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