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i in  guiding u s  to a correct reading af the relations between 
ADDRESS BY ALEXANDER AGAssIz,  the fossils of successive formations. There is scarcely an 

--- / embrvological monograph now published dealing with any 
1 of thk later stages ofgrowth which does not speak of their 

PAEEONTOLOGICAL AND 1 resemblance to some tvpe of the group long ago extinct. 
M E N T .  1 I t  has therefore been ' i o s t  natural to co<binZ with the 

sincethe p , ~ ~ ~ ~ c a t i o n  fl Poissonsof the Fosslles ,, 
Agassiz and of the "Embryologic des Salmoniddes " 
Vogt, the similarity, traced by the former 
stages in the growth of young fishes and the fossil 
tatives of extinct members of tile group, has also been ob- , 

u . 
 I 
served in nearly every class of the animal kingdom, and 
the fact has become a most convenient axiom in the studv 

? 

of paleontological and embryological development. This 
parallelism, which has been on the one side a strong argu- 1 
merit in favor of design in the plan of creation, is now, with , 
slight emendations, doingduty o n  the other as a newly dis- i 
covered article of faith in the new biology. ) 

But while in a general way we accept the truth of the 
proposition that there i s  a remarkable parallelism between 
the embryonic developnient of a group and i ts  paleontolog- , 

ical history, yet no  one has attempted to demonstrate this, 
or rather to show how far the parallelism extends. W e  
have u p  to the present time been satisfied with tracing the 
general coincidence, or with striking individual cases. 1 

The resemblance between the pupa stage qf some Insects 
and of adult Crustacea, the earlier existence of the latter, I
and the subsequent appearance of the former in paleonto- 
logical history, furnished one of the first and most natural 
illustrations of this parallelism ; while theoretically the 
necessary development of the higher tracheate insects from 
their early branchiate aquatic ancestors seemed to form 
an additional l ink in the chain, and point to the Worms, 
the representatives of the larval condition of Insects, a s  a 
still earlier embryon~c  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 afiinities 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  revolutionized our ideas of a 
class which at  the beginning of the century seemed to be 
the most naturally circumscribed of all. Embryology and 
paleontology combined have led to the recognition of a 
natural classification uniting Birds and Reptiles on  the one 
side and BatraclGans and Fishes on the other. I t  is  to em- 
bryology that we owe the explanatlon of the affinities of the 
old F ~ s h e s  in which Agassiz first recognized the similarity 
t o  the embryo of Fishes now living, and by its aid we may 
hope to understand the relationship of the oldest represen- 
tatives of the class. I t  has given us the only explanation 
of the early appearance 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 u s  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 a s  rudimentary lungs in 
Fishes with abranchial 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 Repti les;  but  we should nevertheless d o  so  with a 
reservation, looking to embryology for the true meaning of 
these half-fledged Reptiles, which lived at the period of 
transition between a n  aquatic and 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 Inver- 
tebrates the history of the development of the barnacles is  
too famhiar to  be dwelt upon, and I need only allude to the 1 
well-known transformations of the Echinoderms, of the 
Acalephs, Polyps, in  fact of every single class of Inverte-
brates, and perhaps in  none more than in the Brachiopods, to 
show how far-reaching has been the influence of embryology 

~ 

attempts constantly made to establish the genetic sequence 
between the genera of successive formations, an effort to 
establish also a correspondence between their paleontolog- 
ical sequence and that of the embryonic stages of develop- 
ment of the same, thus extending the mere similarity first 
observed between certain stages to a far broader generali- 
~ - L .zarlon. 

~t would carry me too far to sketch out, except in a most 
~ e n e r a lwav. even tor a single class, the agreement known n 

to exist in certain groups Getween their embryonic devel- 
opment and then paleontological history. 1t is  hinted at 
in the succession of a n ~ m a l  l ~ f e  of any period we may take  
u p ,  and perhaps cannot be bet ter  expressed than by 

t6e fauna of any period as a whole with that of fol- 
lowing epochs-a zo6logical system of the Jura,  for in- 
stance, compared with one made u p  for the Cretaceous ; 
next, one for the Tertiary, compared with the fauna of the 
present day. In  no  case could we find any class of the 
animal kingdom bearing the same definitions or  character- 
ized in the same manner. Rut apply to this comparison 
the data obtained from the en1bryological development of 
our present fauna, and what a flood of light is  thrown upon 
the meaning of the succession of these apparently discon- 
nected animal kingdoms, belonging to  different geological 
periods, especially in connection with the study of the few 
ancient types which have survived to the present day from 
the earliest tlmes 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 
parallelism i s  partially available for the Fishes, Mollusks, 
Crustacea, Corals, and Crinoids, yet for the illustration and 
critical examination 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 is not very great-less than three hundred-and the 
number of f o s s ~ l  species thus far known is  not, according 
to Zittel, more than about two thocsand. I t  is  therefore 
possible for a specialist to know of his own knowledge the 
greater part of the species of the group. I t  has been my 
good fortune to examine 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 i s  true that 
our knowledge of ?he Sea-urchins occurring before the 
Jurassic period is not very satisfactory, it is  yet complete 
enough for the purposes of the present essay, a s  it will 
enable me,  starting from the Jurassic p e r ~ o d ,  to  call your 
attention to the paleontological history of the group, and to 
compare the succession of i ts  members with the embryo- 
logical development of the types now living in our seas. 
Ample material for making this comparison is  fortunately 
at hand ; it is material of a peculiar kind, not easily ob- 
tained, and which thus far has not greatly attracted the at- 
tention of zotilogists. 

Interesting and important a s  are the earliest stages of  
embryonic development in the different classes of the ani- 
mal kingdom, as bearing upon the history of the first ap- 
pearance 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 practically become 
Sea-urchins until they have attained the stage which we 
now dignify with the name of species. Few embryologists 
have carried their investigations into the more extended 
field of the changes the embryo undergoes when i t  begins 
to be recognized a s  belonging to  a special class, and when 
the knowledge of the specialist i s  absolutely needed to 
trace the bearing of the changes undergone, and to under- 
stand their full meaning. Fortunately the growth of the 
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young Echini has been traced in a sufficient number of 
families to enable me to draw the parallelism between these 
various stages of growth and the paleontological stages in 
a very different manner from what is possible in other 
groups of the animal kingdom, where we are overwhelmed 
with the number of species, as in the Insects or Mollusks, 
or where the paleontological or the embryological terms of 
comparison are wanting or very imperfect. 

Beginning with the paleontological history of the regular 
Sea-urchins of the time of the Trias, when they constituted 
an unimportant group as compared with the Crenoids, we 
find the Echini of that time limited to representatives of 
two families. One of these, the genus Cidaris, has con­
tinued 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 Cidaridae the modifications of the 
test are not striking, and the fossil genera appearing in the 
successive formations are distinguished by characters which 
often leave 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 char­
acterized by the extraordinary 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 strik­
ing 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 Cidaridae are remarkable for their narrow poriferous 
zones. It is only in the Jura that they widen somewhat ; 
subsequently the pores become conjugated, and only later, 
during the Cretaceous period, do we find the first traces of 
any ornamentation of the test (Temnocidaris) so marked at 
the present day in the genus Goniocidaris. As far, then, 
as the Cidaridse are concerned, the modifications which 
take place from their earliest appearance are restricted to 
slight changes in the poriferous zone and in the ornamen­
tation of the test, accompanied with great variability in the 
shape of the primary radioles. 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 ; modifica­
tions 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 out the gradual devel­
opment of some of the characteristics in families of the reg­
ular 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 ambu­
lacral system have become minute tubercles in the upper 
portion of the zone and small primary tubercles in its actinal 
region, in which many of the interambulacral granules be­
come 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 Cidaridse. 

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 Arba-
ciadae, the other with the Diadematidae, Triplechinidae, and 
Echinometradae. This specialization very early takes place, 
for already in the lower Jura Stomechinus has assumed the 
principal characteristics of the Triplechinidae of to-day. 

Although in Hemicidaris the number of the coronal 
plates has increased as compared with the Cidaridae, and 
while we find that in many genera, even of those of the 
present day, the number of the coronal plates is still com­
paratively small, yet, as a general rule, the more recent 
formations contain genera in which the increase in number 
of the interambulacral plates is accompanied by a corre­
sponding decrease in the number of plates of the interam­
bulacral area so characteristic thus far of the Cidaridae and 

Hemicidaridae, a change also affecting the size of the pri­
mary ambulacral tubercles. This increase in the number 
of the coronal plates is likewise accompanied by the devel­
opment of irregular secondary and miliary tubercles, and 
the disappearance in this group of the granular tubercula-
tion, so important a character in the Cidaridae. With the 
increase in the number of the interambulacral coronal 
plates, the Pseudodiadematidae still retain prominent pri­
mary tubercles, recalling the earlier Hemicidaridae and Cida­
ridae, and, as in the Cidaridae proper, the test is frequently 
ornamented by deep pits or by ridges formed by the junc­
tion of adjoining tubercles. The genital ring becomes 
narrower, and the tendency to the specialization of one of 
its plates, the madreporite, more and more marked. 

With the appearance of Stomechinus, the Echinidae 
proper already assume in the Jura the open arcs of pores, 
the large number of coronal interambulacral plates, the 
specialization of the secondary tubercles, and the large 
number of primary tubercles in each plate. With the ap­
pearance of Sphaerechinus in the early Tertiary come in all 
the elements for the greater multiplication of the pairs of 
pores in the arcs 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 Echinometradae, to which they appear most 
closely allied. 

Going back again to the Hemicidaridae, it requires but 
slight changes to pass from them to Acrosalenia and to the 
Saleniae proper; the latter have continued to the present 
day, and have, like the Cidaridae, retained almost un­
changed the characters of the genera which preceded them, 
combined, however, with a few Cidaridian and Echinid fea­
tures which date back to the Triassic period. We can thus 
trace the modifications which have taken place in the pori­
ferous 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 pos­
sible 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 complication of combinations which 
any attempt to trace the whole of any special generic combi­
nation would imply. 

Leaving out of the question for the moment the Palaechi-
nidae, we find no difficulty in tracing the history of the char­
acters of the genera of the regular Echini which have 
existed from the time of the Trias and are now living, pro­
vided 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 by granules, such as 
we find it among the Cidaridae of Trias, first into the 
slightly undulating poriferous zone of the Hemicidaridae, 
next into the indistinct arcs of pores of the Pseudodiade­
matidae, then into the arcs with a limited number of pores 
of the Triplechinidae, and finally to the polyporous arcs of 
the Echinometradae. What can be more direct than the 
gradual modification to be traced in the development of the 
primary ambulacral tubercles, such as are characteristic of 
the Echinidae of the present day, from their first appearance 
at the oral extremity of the ambulacral system of the He­
micidaridae, and the increase in the number of primary in­
terambulacral tubercles, accompanied by the growth of 
secondaries and miliaries, which we can trace in Hemicida-
ridis, Acrosalenia, and Stomechinus,—the increase in 
number of primary and secondary tubercles being accom­
panied 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 
structural feature may be retained in an allied group. Thus 
the Cidaridae retain unchanged from the earliest time to the 
present day the few primary tubercles, the secondary gran­
ules, 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 Salenidae 
the primary internambulacral tubercles, the secondary 
granules, the radioles, the genital ring, are recognized fea­
tures of the Cidaridae, associated, however, with an Echinid 
actinal and anal system, Hemicidarid primary ambulacral 
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tubercles, and an Echinid poriferous zone. In  the same 
way in the Diadematidz, the large primary internarnbulac- 
ral tubercles are Cidaridian features, while tile structure of 
the ambulacral tubercles is  Hemicidnridian. The existence 
of two lrinds of spines is  another Cidaridian feature, 
while the apical and actinal systelns have become m o d i  
fied in the same direction as that of the Echinicl:~. The 
more recent the genus, the greater is the difficulty of 
tracing in a direct mauner the o r ~ g i n  of any one stractural 
feature, owing to the difficulty of dis:lssociating structural 
elements characteristic of genera ml~icll may be derived 
from totally different sources. This  is  particularly the case 
mith genera havil~g a great geological age. ;\Ian? of them, 
especially anlong the Spatangoids, sllow affinit~es with gen- 
era follo~ving them in time, to be explained at present only 
on the supposition that, \vllen a structural f e ~ t i i ~ o  has once 
made its appearanc,., it may reappear s~tbsequently, appa- 
rently a s  a new creation, while it1 reality it is  only its pecu- 

. 	 ----

Adoptiug for the Petalosticha the same method rf trac-
ing the modifications of single structural features in their 
paleontological succession, we trace the comparatively 

I 	 little modified paleontological history of the Echinoneidw 
of the present day from the Pyrina of the lower Jura.  This, 
in its torn, liar been preceded by Hyboclypur and Galel-o- 
pygus, while the of present day date Ecli inola~~~p:rdwtlie 
back. rvith but trifling modifications. to the Echinobrissus 
of the Lias, itself preceded by Clypeus ; and they have 
been subject only to sligiit generic c!~anges since that time, 
Echinobrissi~s being still extant, while such closely allied 
genera as Catopygus and Cassidulus of tlie earlier Creta-
ceous are still represented at the present day ; the modifi- 
cations taliiog place in the actinal systern, in the ambulacal 
zones of the Echinoconidz and of the Ecl;inolampadw 

, 	 showing the closesl poss~ble  systematic atfioity in these 
families. Starling again from Hyboclypus, with its elotlgate 
apical sj-stetti, we r~aturaliy pass to Collyrites and the 

liar combination wit11 slructural fzatures with which it h a ~ 1  strange Uysaitcridre forms which, in their turn, are closely 
not before been associated (a new genus), which co~lceals  allied to tlic I-Iolnsterid:~. '; From IIolaster on  the one side, 
in that instance the fact of i ts  previous existence. X care-
ful analysis, not only of the geuera of the order, but some- 
times of other orders 1vh1c11 have precedcd this combination 
in time, may often reveal the elenleuts fi-oni which !lave 
been produced apparently unlntelligiblc modificat~ons. 

There is, however, not one of tile simple structural Sea- 
tures in the few types of the Triassic and Lilissic Echini 
from which mc can so  easily trace the origin of t11c structur,rl 
features of all the subseque~lt  Ccl~inid genera, which is not 
also itself continued to the present day in some generic 
type of the present epoch, Sully as well cliaracteiized as it 
was at the beqinning. In fact, tile very existence to-day of 
these early structural features seem to be as positive a proof 
of the unbroken syste~llatic afliriity between the Echini of 
our seas and those of the Trias, as  the uni:iterrupted exist- 
ence of the genus Pygaster or Cidaris from :tie Trias down 
to the present epoch, or of the connection of Inany of the 
genera of the Challr with those of our epocll (Salenin, 
C ~ ~ p h o s o m a ,Psammechinus, etc.). 

Passing to the Clypeastridx, we find there a s  among the 
Desmosticha that the earllest type, Pygaster, has existed 
frorn the Trias to the present time ; and that, while we can 
readily reconstruct, on einbryoiogical grounds, the modifi- 
cations the earliest Desmosticha-like Echini should under- 
go in  order to assume the siructural ieatures of Pygaster, 
yet the early periods in which tlie precursors of the Cchino- 
conidze and Clypeastridz are found have thus far not pro-
duced the genera in which these modifications actually 
take place. But, starting from Pygaster, we naturally pass 
to Holectypus, to Discoidea, to Conoclypus, on the one 
side, while on  the other, from Ho5ectypus to Ecllinocyamus, 
Sismondia, Fibularia, and hIortonia, we have tlie natural 
sequence of the characters of the existing Echinantliidx, 
Laganid=, and Scutellidz, 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 tht: plates 
of the test, as  we pass from Pygcister to Holectspus, to 
Ecliinocyamus, and E c h i n a n t h i d ~ ,  we should have in the 
genera which follow each other in the paleontological 
record an unbroken series showing exactly what these 
modifications have Seen. In the same way, tlie modifica 
tions of tlie abactinal and anal systems, and tllose of the 
poriferous zone, can eqi~?lly well be followed to Echino-
cyamus, and thence to the Clypeastr~dm ; while a similar 
sequence in th : ~nod~f ioa t ionsof these structural features 
can be followed from hlortonia to the Scutellidz of the 
present pzriod. 

Passing finally to the Petalosticha, we find no diificulty 
in tracing theoretically the modifications whicli our early 
Echinoconidre ofthe Lias should primarily undergo prerious 
to the appearance of Galeropygus. The  similarity of the 
early Cassiduloid and Echinoneoid types points to the 
same systematic aifinity, and perhaps even to a d ~ r e c t  and 
not very distant relationshio with the Palrec11inid;e. For if 
we analize the Echinothurize of the present day, we find in 
genera like Phormosoma many structural features, such as 
theshape of the test ,lie character of the spines, the structure 
of the apical system, that of the poriferous zone, indicative 
of possible modifications in the direction of Pygaster or of 
Galeropygus, which have as yet not been taken into 
account. 

and from Toxastel on the other, we find an unbrolren 
secjaetlce of s t r u c t ~ ~ r a lcharacters uniting the successive 
genera of I4olnsteridm, such as Cardias:er, OlFaster,Stenot~ia, 
Ananchytes, xncl Astcrostoma, with Paleopneustes, Homo- 
lampas and (lie Pourtalesire of the present clay, while f!-om 
the genera of the Toxastcridw we naturally pass to the 
cretaceous I-Ietniaster : in the genus and the subsequent 
;\Iicraster me find all the elenlents necessary for the modi- 
fications which appear in the Spantanginre from the time of 
the Chalk to the present day. Tnese n~odifications result 
in genera in whicli we trace the developn~ent  of the fbscioles, 
of tlle actinal, anal, and abactinnl plastror~s, of the bcali, 
the formati011 of the petaloid ambulncra, first flus11 with the 
test, and little by little changed into marsupial pouclres, 
the growth of the anterior groove and the manifold modifi- 

1 cations of the a!llbulacral system in Spatangus Agassizia,
/ and Echinocardiun~,  often recalling in some of its features 

structural clraracters of families which have preceded this 
in time. 

Apparently in striliiny contrast with the Echini of the 
secondary period and those which have succeeded them 
stand the Paleozic Echini ; but when we have examined the 
embryology of Echini, we shall he better prepared to under- 
stand their structure and the aff i~~it iesof the Palzechinidze 
with the Echini of the present day and their inltnediate pre- 
decessors. 

Talring up now tlle embryological development of tile 
several families which mill form the basis of our compari-

, 	 sons, beginning with the Cidaridw, me find that in theI earliest stages they very soon assume the ch:tracters of the 
adult, tlie changes being limited to the development of the 
abactinal sys!elrl, the increase in number of the coronal 
plates, aud the modihcations of the proportionally gigantic 
primary radioles. 

In the Diadematidm the changes undergone by the young 
are limited to the gradual transformation CIS the embryonic 
sp i~ ies  into those which ch;rracterize 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 
specialization of the actinal and abactinal systems. 

In  the Arbaciadx tlie young stages are remarkable for the 
prominent sculplure 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 geni- 
tal ring. 

In tlie Ecliinometradz the youag thus far observed are 
characterized by the small number of their primary tuber. 
cles, tlie 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 wit11 increasing age this Cidaris-like character ; it  re- 

, 	 minds 11s. from the increase in the number of its plates, 
more of IIemicidaris ; then, with their still greater increase, 

I of the Pseudodiac1ematid;e; and, finally, of the Echinome- 
/ 	 traclz ?roper. the changes The spines, fol lowingp~ri ip(zss~~ 
i of the test, lose little by little their fantastic ernbrvonic, or 
/ rather Cidaris-like appearance, and become more solid and 
/ shorter, till thev finally assume thedelicatelyfluted structure 

characteristic of the Echinometradae. The  vertical porife-
rous zone is  first changed into a series of connected verti- 
cal arcs, which beconae disjointed, and form, with increas-
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ing age, the independent arcs of pores, composed of three 
or more pair of pores, of the Echinometradze. 

I n  the Echinidze proper we find in the young stages tlie 
same unbroken vertical line of pores, which gradually be- 
comes changed to the characteristicgeneric types. Wefind, 
a s  in tlie Echinometradae, ananai system closed with a single 
plate, a n d a n  abactinal system separating in somewhat more 
advanced stages from the coronal plates of thetest. This  is  ' 
as yet made up of a comparatively small number of plates, 
carrying but few large primary tubercles, with fantastically 
shaped spines entirely our of proportion to the test, but  
which, little by little, with the increase of the number of coro- ' 
nal plates,the addition ofprimary tubercles,and tlieir propor- 
tional decrease in sue ,  assume moreand more the structure 
ot thegenus to which the young belongs. The original anal 
plate is gradually lost sight of from theincrease in number , 
of the plates covering the anal system, and it is  only among I 
the Temnopleuridze that this anal plate remains more or 
less pronlinent in the adult. I n  the Salinidz, of which we ! 
know a s  yet nothiiig of the development, this embryonic 
plate remains permanently a prominent structural feature ) 
of the apical system.' 

Among the Clypeastroids the changes of form they un-
dergo during growth are most instructive. W e  have in the 
voung Fibularinze an ovoid test, a small number of coronal , 

blates surmounted by few and large primary tubercles, sup- ; 
porting proportionally equally large primary radioles, sim-
ple rectilinear poriferous zones, no petaloid ambulacra,- 
iu  fact, scarcely one of the features we are accustomed to 
associate with the Clypeastroids is a s  yet prominently 
developed. But rapidly, with increasing size, the number 
of primary tubercles increases, the spines lose tlieir d ~ s -
proportionate size, the pores of the abactinal region b e c ~ m e  
crowded and elongate, and a rudimentary petal is formed. 
T h e  test becomes moreflattened, the coronal plates increase 
i n  number, and it would be impossible to recognize in the ' 
y o ~ l n g  Ecl~ inocya~n~is ,  of the Cida. for instance, the adult 
ris-11ke or Echinonietra-like stages of the Sea-urchin, had 
we not traced them step by step. Most interesting, also, is 
it to follow the migrations of the anal system, which, to a 1 
certain extent, may be said to retain the embryonic features 
of the earlier stages of all Echinoderm embryos, in being 
placed in more or less close proximity to the actinostome. ' What has taken place in the growth of the young Echino- 
cyamus is  practically repeated for all the fami!ies of Clyp- 
eastroids: a yonng Echinarachnius, or Mellita, or Encope, 
or a Clypeaster proper, resembles at first more an Echino-
metra than a Clypeastroid ; they all have simple poriferous 
zones and spines and tubercles out  of all proportion to the / 
size of the test." 

When me come to the development of the Spatangoids, 
me find their younger stages also differing greatly fronl the 
adult. Among the Nucleolidze, for instance, the young 
stages have as pet no petals, but only simple rectilinear pori- I 
ferous zones. They are elliptical with a higli test, with a i 
single large primary tubercle for each plate, and a simple 
elliptical actinostome, without ally trace of the typical bour- 
relets and phyllodes so character~sticof this fanlily. Very 
early, hoxvever, 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 Lace the rudi- 
nients of the peculiar bourrelets character~stic of  the family, 
accompanied by a rapid increase in the number of tubercles 1and in that of the coronal plates. 

Among the Spatangidze some are remarkable in their adult i 
condition for their labinte actinostorne, for  the great devel- I 
oprnellt of the petds,  for the presence of fascioles surround- 
ing certain definite areas, for  the small size of  the tubercles, I 
the general uniformity in the spines of the test, and the 
specialization 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 d-eveloped. 
The  actinostome is simple, the poriferous zotle has the same 

! 
1 T h e  lroung of the fol iow~ng genera have served 3s a basis for the pre- 

ceding nnaiyeis of the embryo,nic staces of the Desmost:cha: Cidaris, Do- 
rocidaris Coniocidaris, Arbnc~a Porocidaris, Strong locentrotus, Echino- 
metra gchinus,  ~ ' x o p n e u s t e s , ' ~ i p p o l l o ~ ,Temnopyeurus, Temnechinus, 
and '?rigonocidaris. I 

"morong the  Clypeastroids I have examined the young of Echinocya- 
mus, Fibularia, Xellita, Lnganurn, Echinarachnius, Encope, Clypeasrer, 
and  Pch~nan thus .  

simple structure from the actinostome to the  apex, the 
primary tubercles are large, few in number, surrounded by 
spines which would more readily pass as the spines of Cida- 
ridze than of Spatangoids. The fascioles are either very in- 
distinctly indicated, or else the special lines have not a s  yet 
made their appearance ; the ambulacral suckers of the an- 
terior zone are as large ai;d prominent as  those of the young 
stages of ariy of the regular Echini. I t isonly l i t t leby little, 
with adva11cing age, that we begin to see signs of the spec- 
ialization of tlie anterior and posterior parts of the test, that 
we find the characteristic anal or lateral fascioles making 
their appearance, only with increasing size chat the spines 
lose their Cidaris-like appearance, that the petals begin to 
be formed, and that the simple actinostome develops a 
prominent posterior lip. In  the genus Hemiaster, the 
young stages are especially interesting, as  long before the 
appearance of the petals, while the poriferous zone is still 
simple, the total separation of the biviu~n and of the trivium 
of the ambulacral system, so characteristic of the earliest 
Spatarlgoids (the Dysasteridz), is very apparent." 

From this rapid skt tch of the changes of growth in the 
principal 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 reliiarliable for the small number of coronal 
plates, and for the absence of any separation between the 
actinal and abactinal systems and the test proper. They all 
further agree in the large size of the primary spines of the 
test, whether it be the young of a Cidaris, an Arbacia, a n  
Echinus, a Clypeaster, or a Spatangoid. l h e y  all in their 
youngest stages have simple vertical ambulacral zoncs ; bc-
yond this, we find a s  changes cliaracteristic of some of the 
Desmosticha, the specialization of the actinal system from 
the coronal plates, the formation of an anal system, the rapid 
increase in the number of the coronal plates, with a corres- 
ponding increase in the number of tlie splnes and a propor- 
tional reduction of their size, the formation of an abactinal 
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 sliiftillg of the anal system to its definite 
place, tlie 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 in- 
crease in the number of tlie primary tubercles and  spines. 
Finally limited to the Spatangoids are the changes they un- 
dergo in the transformation of the simple actinostome to  a 
labinte one, the specialization of the anterior and posterior 
parts of the test, and the definite formation o f  the fascioles. 

Comparing this embryonic development with the paleon- 
tological one, me find a remarltable similarity in both, and  
in a general may there s tems  to be a parallelism in  the ap- 
pearance of tlie fossil genera and the successive stages of 
the development of the Echini a s  we have traced it. 

W e  find that the earlier regular Echini all have more o r  
less a Cidaris-like look,-that is, they are Echini with ferv 
coronal plates ; large primary tubercules, with radioles of a 
corresponding size; that it is only somewhat later that the 
Diademopsidze make their appearance, which, in their turn, 
correspond within certain limits to the modifications we 
have traced in the growth of the young Diadematidze and 
Arbaciadze. The separation of the actinal system from 
the coronal plates has been effected. The poriferous zone 
has either become undulating, or forms somewhat indefi-
nite open arcs;  we find in all the genera of this group a 
larger number of coronal plates, more numerous primaries, 
the granules of the Cidaridze replaced by secondaries and 
miliaries, and traces of a Hemicidaris-like stage in the size 
of the actinal ambulacral tubcrcules. 

Comparing in the same way the paleontological develop- 
ment of the Echinidz proper, we find that, on the whole, 
they agree well with the changes of growth we can still 

t " - d a ~in  their and  that, as we ap-
proach nearer the present epoch, the fossil genera more 
and more assume the structual features which vve firld de- 

For this sketch of the embryology of the Petalosticha I have examined 
the young of Echinolarnpus, Echinoneus, Echinecardium, Brissopsis, Agas- 
sizia, Spatangus, Brissus, and Hemiaerer. 
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veloped last among the Echinidz of the present day. Very 
much in the same manner a s  a young Echinus develops, 
they lose, little by little, first their Cidaridian affinities, 
which become more and more indefinite, next their Didem- 
atidian affinities, if I may so  call the young stages ro which ( 
they are most closely allied, and,  finally, with the increase 
in tlie number of the coronal plates, the great numerical I 
development of the primary tubercles and spines, and that 
of the secondaries and miliaries which we can trace in the ! 
fossil Echini of the Tertiaries, we pass insensibly into the 1 
generic types characteristic of the present day. /

Although we know nothing of the embryology of the 
Salenidz,  yet, like the Cidaridze, they have in a great meas- ' 
ure 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 development of secondaries and miliaries combined 
with a specialization of the actinal system notfound in the 
Cidaridze. 

A n  examination of the succession of the Echinoconidze I 
shows but  little modification from the earliest types ; the , 
changes, however, are similiar to those undergone by the 1 
Clypeastroids and Petalosticha, though 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 Echinoconidz seems to hold somewhat 
the same relation to the Clypeastroids which the Salenidz 
hold to tlie Cidaridz,  and the earliest genus of the group 
(Pygaster) has remained, l ike Cidaris, a persistent type to 
the present day. 

The  earliest Clypeastroids are all forms which resemble 
the Fibularina and the genera following Echinocyamus and 1 
Fibularia ; they are mainly characterized by the same 
changes which an Echinarachnius or a hlellita, for instance, 1 
undergoes as it passes from its Echinocyamus stage to the ' 
Laganum or Encope 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 Clypeastroids, 
is  made difficult from the persistency of the types preceding 
the Echinoneids and the Ananchytidz,  which have re- I 
mained without important modifications from the time of 
the lower Cretaceous ;,previous to that time the modifica- 
tions of the C a s s i d u l ~ d z  are found to agree with the 
changes which have been observed in the growth of Ecliin- 
olampas. The  early genera, l ike Pygurus, have many of 
the characteristics of the test of  the young Echinolampas. 
The development of prominent bourrelets and of the flos- 
celle 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 Echino- 
lainpas of the present day, and having likewise a persistent I 
type, Echinobrissus, which has remained with its main 
structural features unchanged from the Tura to the present 
day. That  is, we find genera of the Cassidulicize which 
recall the early Echinoneus stage of  Echinolampas, next 
the Caratomus stage, after which the floscelle, bourrelets, 
and petals of the group become more prominent features 
of the succeeding genera. Accompanying the persistent 
type Echinobrissus, 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 Dysastericlze, ap- 
parently an aberrant group, but which, from :he history of 
the young Hemiaster,we now know to beastrictly embryonic 
type, which, while it thus has affinities with the true Spat- 
angoids, still retains features of the Cassidulidze in the 
mode of development of the actinostome and of the petals, 
as  well a s  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 ap- , 
pearance of the petals, when the ambulacra are flush with the ; 
test, and when its test is more or less  ovoid, the other to a 1 
somewhat more advanced stage, when the petals have 
made their appearance a s  semi-petals. In  both cases the 
actinostome has the  simple structure characteristic of all 
the young Spatangoids. The  changes we notice in the gen- 
era which follow them lead in the one case through very 
slight modifications of the abactinal system, of the anterior 1 

and posterior extremities of the test, to the Ananchytid- 
l ike Spatangoids of the present day,  the Pourtalesiz,  the 
genus Holaster itself persisting till well into the middle of 
the Tertiary period ; while on the other side we readily re- 
cognize in the Spatanginze which follow Toxaster (a per- 
sistent type which has  continued a s  Palzeostoma 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 
Hemiaster (itszlf still represented in the present epoch), 
through stages such as Cyclaster, Peripneustes, Brissus, 
and Schizaster, and,  on the other, through hficraster and 
the like, to the Spatangoids, in which the development of 
the anal plastron and fasciole performs an important part, 
while in the former group the development of the peripe- 
talus fasciole and of the lateral fasciole can be  followed. 
None of the genera of Petalosticha belonging to the other 
groups devolop any fasciole in the sense of cirumscribing 
a limited area of the test. 

The  comparison of the genera of Echini which have ap- 
peared since the Lias with the young stages of growth of 
the principal families of Echini, shows a most striking co- 
incidence amounting almost to identity between the suc-
cessive fossil genera and the various stages of growth. 
This  identity can, however. not be traced exactly in the 
vvav in which it has usually been understood, while there 
undoubtedly exists in the genera which have appeared one 
after the other a gradual increase in certain families in the 
number of forms;, and a constant approach in each succeed- 
ing formation, in the structure of the genera, to those of the 
present day. It is  only in the accordance between some 
special points of structure of these genera and tlie young 
stages of the Echini of the present day that we can trace an 
agreement which, as  me go further back in time, becomes 
more and more limited. W e  are either compelled to seek 
for the origin of many structural features in types of which 
we have 110 record, or else we must attempt to find them 
existing potentially in groups where we had as yet not suc- 
ceeded in tracing them. The parallelism we have traced 
does not extend to the structure a s  a whole. What we find 
is tlie appearance among the fossil genera of certain struc- 
tural features giving to the particular stages we are com- 
paring their characteristic aspect. Thus ,  in the succession 
of the fossil genera, when a structural feature has once 
made its appearance, i t  may either remain a s  a persistent 
structure, or it may become gradually modified in the suc- 
ceeding genera of the same family, or it may appear 
in another family, associated with other inore marlred 
structural features which completely overshadow it. 
Take,  for instance, among the Demosticha, the modifi-
cations of the poriferous zone of the actinal and ab-
actinal systems of the coronal plates, of the ambulachral 
and interambulachral 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 one of the other ; we may find 
simultaneous 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 
paleontological development. In  the Cidaridze there is  the 
minimum of specialization in these structural features. I n  
the Diademopsida3 there is  a greaier range in the diversity 
of the structure of the poriferous zsne and of the coronal 
plates, a s  w~ell as  of the actinal system. There is  a still 
greater range among the Echinidw, while among the Sal- 
e n i d z  the modifications, as  compared to those of the 
Ecliinidz and D i d e m o p s i d z .  are somenliat limited again. 
being restricted as far a s  relates ro the poriferous zone and  
coronal plates, but specialized a s  far a s  the actinal system 
is concerned, and specially important with reference to the 
structure of the apical system. The special lines in which 
these modifications take place produce, of course, all 
possible combinations, yet they give u s  the key to the 
sudden appearance, as  it were, of structural features of which 
the relationship must  be sought in very distantly related 
groups. I t  is to this specialty in the paleontological devel- 
opment that we must trace, for instance, the Cidarid affinities 
of the Salenize, their papill*, the existence of few large 
primary interambulacral tubercles, the structure of their 
apical system, and their large genital plates ; while it is to 
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their aifinities mith the I iemicidaridz that we must lcler I 
the presence of the few larger primary a~nbulacrnl tnljercles / 
at the base of the a rnb~~lacra l  area, and by their Dint1emol~- , 
sid and Eclliniclian atlinities that me explairi the indcritetl ,imbricated actinnl system \vitli tlie presence of n ferv 
genuine miliaries. But all the structural f e a t u ~ e s  which 
characterize the earliest types of the Dcsmosticlin cnn in , 

reality be traced, only in a some~vhat  r ~ ~ c l i m e n t n r ~  form, : 
eve!] in the Cidariclz. The slight t~ndulation of the closelj. I 
l)aclced, nearly vertical poriferous zone is  the forcrunt~er of 
the poriferous zone first separaterl into iei-tical arcs 2nd 1 
then into independent arcs. The limitation in the n ~ u n b e r  1 
of the rows of granules in the alnbulficral zone, .rnd rhcir 
increase in size, is the first trace of the appearance of the I 

- - - - ~ ------.--.--
quenily cal-riecl out in genera of later date. The semipeta- 
loid structure of some of the earlier genera of Spatangoids, 
the slight modifications of some of the plates of the actinal 
sitlc ncnr the actinostome, are the precursors, the one of 
ilie highly complicated petaloid ambulacra of the recent 
Spantangoids, the othei- of the actinal plastron, leading as 
it does also to the Important differences subsequently de- 
veloped in the anterior and posterior extremities of the 
test, a s  well as  to the modifications which lead to the exisi- 
ence of a highly Iabinte acti~lostome. The appearance of a 
feiv n~iliarles near the :ictinostome constitutes the first ru-
din~entary bourrelets. 

Going baclt no\v to tlie Pnlwchiniclrc, the earliest repre- 
sentatives of the Echini in paleozoic times, ~vithout any 

somewhat larger primary arnbulacral tubercles of the I l e i ~ ~ i -  attempt to trace the descent of nny special type from them, I 
cidaridz and Salenire. The existence of the smooth cylin- , we may perhaps find sonle clew to the probable modifica-
drical spines of the abactinal region of the test ~ l : ~ r u r ~ l I \ ~  tlieir structural features preparatory to tions of principal 
leads to similar spines covering the whole test in the otllgl- their gradual disappearance. 111 the structure of the coro-
families in the Desmosticha. The difference esistillg i n  nal plates, the special izat io~~ actinal and abactinalof the 
the plates covering the actinal systeni from those of tlIc system, me must systems, the conditions of the a n ~ b ~ ~ l a c r a l  
coronal plates leads to the great distinction bet\veen the conn1,are them to stages in the enlbryonic developll~ent of 
structure of the actinal systetri and of the coronal l ,~stcs in our recent Ecliini with which me find no analogues in the 
some of the Echinidz.  fossll Echini of the Lins and the subsequent formations. 

Passing to the Clypeastridre and Pctalostich:r, me trncp ti I n  vrder to rllnke our parallelism. we must go back to a 
parallelisln of the same klnd, a11c1 I-eadiiy in the s r ~ c c c s s i \ ~  st:%<; in thc embsyonic history of the young Echini in ~vhicli I 
 the distiiiction to be lnnde between the an~bulacral  and in- genera of  fossll Clypeastroids, buioften in miciely sel),~l:ttpti 
genera, the precise trlodifications ~rrhicli the por i fe ro~~s  zone 
has ulidergorie a s  it first becomes known to us in Eclli- 
nocyamns and Fibularia, and as we find it in the most colll. 
plicated petaloid stageof tlieClype:~stroidsot tlle~)!-eseritt]ny. 
iVe readily trace the changes the lest undergoes :rot;! its 
c o m ~ a r a t i ~ ~ e l yovoid 2nd s~vollen sliapc to assume first tllnl, 
of the less gibbous forms, next that of the Laganici;s, :,ntl 
finally of the flat Scutellidz ; while we trace in th- EcIi in;~.~.  I 
t h i d : ~the persistent structural features of  sonle of the e:lr. Iliest Clypeastroids, together with an excessive modification 
of the poriferous zone. Likewise for tlie E c l ~ i n o c o n i d ~  
trace mainly the slight modific:~tions of the poriferoLls 
and of the coronal plates, and finally, rnheil me come ro t i l c  
Spatangidz we find no difliculty iu tracin.4 fro111 tili: ,nost 

te~nolbul:icral systems is v c ~ y  indefinite, it1 which the apical 
r;ystcrn is, it is true, specialized, but in which the actinal 
syste~ii relnains practically a part of the coronal system. 
Riit here the cotuparison ceases, and, although we can 
trace in the palcontolopica1 dcveloplnent of such types as 
Arc11;tocidnris or I~othr ioc idar i~  modificatim~s whico \vould 
leati 11s without grcat clifficulty, on  the one side to the Cida- 
r idn  and on the o t l~cr  to the Ecliinothuria: and Diadema-
tlc;;c of the present day, we c'tnnot fail to see most definite . :indlcntions in solne of the structural features of the Palre- 
chl!;id:c of characteristics u~liicli we have been accuston~ed 
l o  associate mith liiglier qroups. Tile rninute tubercula- 
lion, for iilstance, of the Clgl~eastroiils and Spantangoids, 
:tlrentlr existing in tlie Melouiticl;~, the genital ring, and 
nilal qjsteru, nre quite a s  iii~lcll Echinid a s  Ciclarid. The  

of a test in which the an~bulacral  and i~; teraml~ulac,rd pi~lyporous gciiern of the group represent to a certain ex-
Desmostichoid of tlie Spatangoid genirm, the ~ i ~ o < I i f i ~ ~ t i i , ~ ~  

areas 
are made up of plntes of 11early uniforin s'zz, in ~ ~ l ~ i ~ l ~  tile tent the polypori of tlie rcgulnr Ecllini, and the lapping of 
anterior and postel-ior extrenlities are barely speci:llizcd, to 
the most typical of the A ~ ~ a n c h y t i t i ~ ,  :lnrcriorin wllic11 
and posteriol- extremities have developed the most opljosite 
and extraordinary structural features. In a sinlilal. jITay we 
can trace arnona the fossil genera o i  differeilt families the 
gradual development of the actinal plasti-on fro111 its 
earliest appearance as a modification of the iio;terior irlier-
a~nbulacral  area of tlie actinal side, or the proiiqll of the 
posterior beak into an anal snout, the successive cliarlges 
of the anal groove, the formation of the acrinal labium, o r  
the develop~nent  of the bourrelets and pilillotles frolll a 
s iml~le  circular actinostome, the gradual deepenilly of 
slight anterior groove of some ecxrly SpatanCoitl to form tllc 
deeply suiilten actintrl sroove. Equally well xve call trace 
the mo3ihcntions of tlie ambulacral system as it passes 
from the simple poriferous zones of the earlier Spatangolds 

the actiilal plates of tire C~tiaritl:e and of the corol~al plates 
in some of the Diadematid:e, as  well a s  the existence of 
sllcll gcncrn a s  'retracidaris, of lour intcran~bulacral 31la:es 
it1 L?lstrop);g:t, and of a l x g e  ~ ~ u n i b e r  of ambulacral plates in 

' solnc of the recent Ecll~nometrnt l :~,  all these are Pslzechinid I cli:~racters which we can expiain on the theory of tlie inde- 
peniient tlcvclopment of the structural features of which 
they are modifications. W e  should, hemever, remember, 
that the existence of a Iatpe tluniber of corolial plates, espe- 
cially interambulacral plntes, in the Pal:ectlinidir, is a Inere 
ixqctative cllal-acti~-, ivllicll they llold i l l  coll~inoll iiitll i l l  
the Crinoids-a character which is reduced to a l n i n l ~ n u ~ n  
among the IIolothurians, and still persists in full fol-ce 
aIiionp tlie J>e~ltacriniof tlie preserlc clay, a s  xvell as  the 
Xstrophj-titla: and Ec1iinid:e. 

It would lead me too far to institute the same comparison 
betivern lie embryoilic stages of the different orders of  

1 
1
i 

i;cbinoriernls and tlieir earliest fossil representatives. \Tiepearance, and finally becomes the specialized s ~ r ~ ~ c t ~ l ~ e  
our  recent Spatangoid genera, such a s  Schiznster, AIoirn, , s nay, horrevrr, in :I very general way, state that we know 
and the like. Finally me can trace, to a certain cxtcnt, the thLearliest eml)r)-oliic stages oi the orders of  Echinodernls 
d e v e l o p l ~ ~ e n t  of to-day, mhicli, with tlie exception of the Rlastoidea and  of the fascioles on one side from genera lilte 
Heiniaster, in which the peripetalous flsciole is ,jro!iiinelit, Cystidcluns, are identical with tlie fossil orders, and that a s  
to genera l ike Brissopsis, Brissus, and the lil;e, of tile , far as  we know t11cy ;dl hegin at a stage where it would be 
present day ; on the other, perhaps, or in Lot11 colll]>il~rd, ) to aimpossible d i s t ing~~is l l  Sea-urchin from a Star-fish, o r  

to genera i , ~  which the petaliferous portion makes it; q. 
fit 1 

the formation of a lateral and anal iasciole fro111 genera !iIte 
Micraster in Spatangus and Agassizia. Thus  we must, on , 
the s a m e  theory o; tlie independent modificatiol~s ofspecial 
structural features, trace tlleniany and complicated aflillities 
which so constantly strike us in uial;~ng con~parative 
studies, and which render it impossible for 11s to express 
the manifold affinities we notice, ~vitlioot taking u p  separ- I 
atel)- each special structure. Any attenipt to take u;, a co,li- 
bination of characters, or a svsteln of colnbillntiolls, is sure 
to lead LIS to indefinite pl-oblems far beyond our lro\rel- io 
grasp. I 

I n  the oldest fossil Clypeastroids anti Petalosticlia, as  
well as  in the Demosticlla, we also find the potelltial ex-
pression of thc greater number of the modifications subse- i 

nn Ophiuratl, or a Crinoid, or an 1Iolotliurian-a stage in 
wliicli tlie test, calyx, al~actinal and ambulacral systenis are 
reduced to n niiui~num. From this identical origin there is 
developed at the pl-esent day, in a colnparativelr short  
period of tinie, either a Star-fish, a Sea-urchin, or a Cli-
~ io id; and if we have been able successfully to compare, in 
the deveiopment of typical structures, the embryonic stages 
of the young Echini with their development in the fossil 
wenera, we may fairly asswme that tile same process is  all- 
i l icable 7yht31 ins t i t~~t i r ig  the colnparison ivithin the dif i i r-  
ent  limits of the ortiers, but ~vitli tlie same restrictions. 
That is, if we vvisli to form some :dea of the probable course 
of transformations \vllicli the earliest Echinoderms have 
~~ticierponeto leail us to those of the present day, we are 
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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 Echini, 
tlie modifications of typical structures. These we shall 
have every reason to expect 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 Echinodermal 
stage which sliould combine the structural features common 
to all the earliest stages of our Echinoderm embryos. 

And yet, among tlie fossil Echinoder~ns of the oldest 
periods, we have not as  yet discovered this earliest type 
from which we rvould derive either the Star-fishes, Ophiu- 
rans, Sea-urchins, or Holotliurians. SSTit1l the exception of 
the latter, which we can leave out of the questlon at present, 
we find all tlie orders of Echinodernis appearing at tlie same 
time. But while this is the case, one of the groups attained in 
these earliest days a prominence whicli it graduallyloses with 
tlie corresponding development of the Star-fishes, Ophiurans, 
and Sea-urchins, it has steadilydeclined in importance; it is a 
type of Crinoids, the Cystideans which culminated during 
Paleozoic times, and completely disappeared long before 
the present day. If we compare the early types of Cpsti-
deans to the typical embryonic Echinodernial type of the 
present day, we find they have a general rese~nblance, and 
that the Cystideans and Rlastoids 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 at- 
tained. It certainly has been shown to be an impossibility 
to trace in the paleontological succession of the Echiiii any- 
thing like a sequence of genera. No direct filiation can be 
shown to exist, and yet the very existence of persistent 
types, not only ainoiig Echinoderms, but in every group of 
marine animals, genera which have continued to exist \vitli- 
out interruption from the earliest epochs at which they occur 
to tlie present day, would prove conclusively that at ally 
rate some groups among the marine animals of the present 
day are the direct d e ~ c e n d ~ j n t s  the earliest geo- of those of 
logical periods. When we come to types which have not 
continued as long, but get whicli liave 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 tlie ocean basins date back to the earliest geo- 
logical periods, and have afforded to the marine animals tlie 
conditions most favorable to an unbrolteti continuity uiider 
slightly varying circumstances, probably accounts for  the 
great range in time during which many genera of Ecliini 
have existed. If we examine the interlacing in tlie succes- 
sion of the genera characteristic of later geological epochs, 
we find it an impossibility to deny their continuity froni the 
time of the Lias to the present day. The Cidaris of the Lias 
and the Rhabdocidaris of the Jura are the ancestors of the 
Cidaris of to-day. The Saleniz of thelower Chalk are those 
of the Saleniz of to-day. Acrosalenia extends from the 
Lias to the lower Cretaceous, with a number of recent 
genera, which begin at the Eocene. The  Pygaster of to-day 
dates back to the Lias ; Echinocyamus and Fibularia cotn- ' 
mence with the Chalk. Pyrina extends from tlie lower Jura 
through the Eocene. 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 distill- 
guished from the Hemiaster of the loxver Cretaceous. 

Such descent we can trace, and trace as colifidently as we 
trace a part of the population of North America of to-day as 
the descendants of some portion of the population of the 
beginning of thiscentury. But we cnn go no further with 
confidence, and bold indeed would he be who mould at- 
tempt even in a single State to trace the genealogy of tlie 
inhabitants froni those of ten years before. W e  had better 
acknowledge our inability to go beyond a certain point ; any-
thing beyond the general parallelisn~ I have attempted to 
trace, which in no way invalidates tlie other proposition, we 
must recognize as hopeless. 1 

But in spite of the limits which have been assigned to I 
this general parallelism, it still remains an all-essential factor 
in elucidating tlie history of paleontological development, 1 
and its importailce has but recently been fully appreciated. 1 
For, while the fossil remains xilay give us a strong presump- 1 
tive evidence of the gradual passage of one type to another, 
we can only imagine thismodification to take place by a pro- 
cess similar to that which brings about the modifications due 

to different stages of yrowtl1,-the former taking place in what 
may practically be considered as infinite tiiiie when compared 
to the short life history which has given us as it were a 
I *~ 'suN/& of the paleontological development. SSie may well 
pause to reflect that in the two modes of development we find 
the same periods of rapid modifications occurring at certain 
stages of growth or of historic development, repeating in a 
different direction the same phases. Does it then pass the 
limits of analogy to assume that the changes we see taking 
place under our own eyes in a comparatively short space of 
time,-changes whicli extend from stages representing per- 
haps the original type of the group to theirinost complicated 
structures,-may, perhaps, in the larger field of paleoiitolog- 
ical development, not liave required tlie infinite time we are 
in the habit of asking for them ? 

Paleontologists have not been slow in following out the 
suggestive track, and those who have been anatomists and 
embryologists besides have not only entered into most in-
teresting speculations regarding the origin of certain 
groups, but  they have carried on tlie process still further, 
and have given us genealogical trees where we may, i11 the 
twigs and branches and main limbs and trunk,  trace the 
complete filiation of a group as we know it to-day, and a s  
it must theoretically liave existed at various times to its 
very beginning. IVhile we cannot but  admire the boldness 
and ingenuity of these speculations upon genetic connec-
tion so recklessly launched during the last fifteen years, we 
find that with but  few exceptions there is little to recom-
mend in reconstructions which shoot so wide of the facts 
as  far as  they are Itnown, and seem so readily to ignore them. 
Tlie moment we leave out of sight the actual succession of 
tlie fossils and the ascertainable facts of post-embryonic de- 
velopment, to Ieconstruct our genealogy, we are building 
in tlie air. Ordinarily, the twigs of any genealogical tree 
have only a semblance of truth ; they lead u s  to branchlets 
having but a s l ~ g h t  trace of probability, to branches where 
the imagination plays an important part, to main limbs 
where it is finally allowed full play, in order to solve with 
the trunk,  to tlie satisfaction of the writer at least, the riddle 
of the origin of the group. It seems hardly credible that a 
school which boasts for its very creed a belief in nothing 
which is not warranted by cotnmon sense should descend 
to such trifling. 

The  time for genealogical trees is passed ; its futilitycan, 
perhaps, best be shown by a simple calculation, which will 
point out at a glance what these scient~ficarboriculturists 
are attempting. Let us take, for instance, the ten most 
characteristic 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. Remembering now that each one of these 
points of structure is itself undergoing constant n~odifica-
tions, we may get sotne idea of the nhture of the problem 
we are attempting to solve, when seeking to trace the gene- 
alogy as understood by tlie makers of genealogical trees. 
On the other hand, in spite of the millions of possible com- 
binations which these ten characters may assutne when 
affecting not simply a singie combination, but all the corn-
binations whicli riiight arise from their extending over 
several hundred species, we yet find that the combinations 
which actually exist-those which leave their traces as fos- 
sils-fall immensely short of the possible number. W e  
have, a s  I have stated. not more than twenty-three hundred 
species actually representing for the Echini the results of 
these endless combinations. I s  it astonishing, therefore, 
that we should fail to discover the sequence of the genera, 
even if the genei-a, a s  is  so  often the case, represent, a s  it 
were, fixed embryonic stages of some Sea-urchin of the 
present day ? In fact, does not tlie very history of the fossils 
themselves show that we cannot expect th i s?  Each fossil 
species, during its development, must have passed through 
srages analagous to those gone through by tile Ecllini of 
the present day. Each one of these stages at every molnent 
represents one of the possible combinations, and those 
which are actually preserved correspond only to the parti- 
cular period and the special con~bination 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 a record of the actual embryonic de- 
velopment of the species of the present day without direct 



~ ~ ~ ~ ~ , ~ 

--- -- 

SCIENCE. 144 


observation at the iime. The actual number of species in I 
any onegroup must almaysfall far short of the possible nurn- 1 
ber, and for this reason it is out of the question for  us to 1 
attempt the solution of the problenl of derivation, or to 
hope for  any  solution beyond one most indefi- I 
nite litnits of correctness. If, rvlien ive take one o i  tlle ' 

irlost limited of the groups of the animal kingdom, vve find I 
ourselves engaged in a l~opeless task,  \\,hat must be tile 
prospect should we attack the prublenl of other classes or 
groups of the ani,,lal kingdoln,  the s p e c i e s  run illto 1 
the thousands, while they number only tells in the case me 
have attempted to follow o u t ?  Shall we say " ignorabimus," I 
or " impavidi progrediarnus" and va1i:tntly chase a phan- I 
torn we can never hope to seize ? 1

I 

CHEI\.IIS'I,RY AS A N  rlR7., AND CIIEXIISTRY IAS A S C I E N C E .  I/ 
I 

Professor j. 11. Ord~\,ay, of Boston, spoke: of ' '  Cllemis-
try as an Art, and Chemistry a s  a Science," coltlparing both, 
and pointing out some recent lines of advancement. The 
past year, he said, has been one of laborious activity in 
~ h ~ ~ ~ ~ i s t ~ ,  by any epocll-lnnltilzg blit it has not been 
discoveries. hIeyel-'s recent app:!~.ent resolutloil of the / 
chlorine molecule has not, indeed, t)een vei-itied 11y the ' 
carefully devised expel-iments of Crafts, but the latter does I
seeminily the cl,auge of iodillecollfirlll by intense heat ,  
'The years 1871) and 1860 will ranlt hereaftel- as  years in 
which \leyer found lileails to throw new light oil the na- 
ture of the lialoicis. Twenty-four years ago P e r l i i ~ ~ s  so~lght  
foI. :lrtificial quinine, ancl fonncl illsteatl a bat ter  tllan royal 
purple. Then, by v.31-ious lla~icls and in rapid snccession, 
red and yellow and black and brown ancl blue dyes were 
brouo.ht out from what oroved to be soinethino. more t l ~ a n  
au;lile, N ~ \ \ ,tile l lovc~lyis past, anti tile anl~ouncell,ent 
of a llexv dye Iiardly creates a ripple of excitement. The 
t~velr-e-vex-old syntliesis of alizarine llas ziven us colors I 
ptlrer, briglltel-, flister a ~ l d  clieaper than t1;ose of tile 011- 1 
solescent mac~clel., late, wool ,jeell pl.o\,ided for, I 

I
and the extiuctioll of  cocl~ineal plantations is t11re:itened by , 

reds of surpassing brilliancy, durability and ease of appli- 
catioll, Raeyer llas recently effected tile syntllesis of 
indigo, tropical indigo f ie lds  ma)- tile fate 
of the n1:idcIer f a r n ~ s  of Fr:~nce and Tul-ltey. Hut indigo ( 
itself will not continue to satisfy olir de~ilniltl. We have 
become accustor:led to hues of a delicacy ant1 ricllness that I 

no one dared to dreain of twenty-fir2 years ayo. I1'"le 
zesthetic taste of this gelleration has been too 111uch pam-
uered ; and dvers \\,ill soon call for sometliinil. unit in^ the I 
brilliancy of the aniline blues fixedlless of indigo,  
and its adripleclness to wool and cotton. X n ~ lG- many wh~cllI
has done the most in studying out these extiaordinary col- 
ored c o m p o ~ ~ n d s ,  novv furnished the lnost of  tlle intlustrial 
fruits of seernillgly researcl1es. Illrrestigatioll 1 
costs, investigation paps ; in more senses than one our I 
science " opens witle ller everduring gates on  golden hinges I 
turning." I 

Tlle;assil1g ycars are brillgitlg to light ne\v elementnrl, ( 
bodies, and new lnetals are becoming like new asteroids, I 
of too little lriass to influence the orbits of other planets, ' 

and too I ~ I L I C I Iout of sight to interest 111311y. TT'itliin fire 
years fourteen nem Inetals llave crilletl for  recognition ; and 
in 1879 alone chemists have claimed the clisco-r7ery of six. i 
Of new alloys, manganesian copper is worthy of regard, 1 

since it ~ n a y  in a measure play the part for copper that 
.ipiey:~tis~~,;does far  steel. 

111I,jzoB~~~~ l)u,,lis,led second part of " N~~~~~~ 
0rg:iuu111,'' ~rliesein he pointed out t l ~ e  liTay to appeal to na- 
ture by experiment, instead of deriving all science from 
the teaching of the anciellts. Rut  his  metllods l ~ a d  little 
immediate influence on tile science of time. H~ relied 
on induction ; and induction alone simply strings together 
dry bones. That perception of gLi1eral principles which 
nlakes scierlce comes not altogell~el- from the mere collation 
of facts. W e  need solliethillg more than eyes to see. 

The great c l ~ e ~ n i s t  of two hundred and fifty years ago was 
Van Helmont. T o  him we owe the word pas, which he 
derived not from geist, but from chaos, as  rep;-esenting the 
original form of matter. When our forefathers were laving , Q 

the fou11datior.s of this nntion alcliemy was in its dotage, 
and  c11e;nistry took its rise in a din1 l t a o ~ ~ ~ l e d g e  theof 
gases. The evolutiol~ of chemiqtrg as a science was three- 
fold. Fiist, the study of the gases, then the study of he't, 
then the study of combining rvejghts. Consider I~orv much 
of ivhat we now linow clei,ends on t?le Eases that Cavendish. 
Black, Scl~eele and ~ r i e s t l e y  revealed- The studr of corn: 
bustion, respiration, vegetnble growth, organic decay, geo- 
logical transformation and ,I\.giene illvolves the study of 
carboll dioxide. C:irbon rnolloxide reduces the nletals, 
and plays a part in tlie Uessemer process for making steel. 
The Illel of the future is to be coal resolved ~ n t o  a chaos of 
carbonic oxide and hydrogen. At the end of the last cen-
t u r v  3~urcloc)lfound a use for  coal gas, and  i n  t rain 

a host of seconclary products i;aving a rnarvelloLls 
efiect on science aud industry. A test came into chemistry 
when Heecher attenlpted to explain combustion. Vulcan 
of old made as good iron a s  the blacltsmith requires to-day. 

for  quant i ty ,  v u l c a n  lvitll all his ~~~l~~~ and fires 
of E t n a  could not produce as much in six days a s  the 
Cambria iron morlis turn Out in six minutes. Glauber, 
with all his good seuse, taught that the rags of the sun and 
stars shoot tllemselves into the earth, and  finally became 
silver and perl laus ile was a l,ro,,~let,soenking

n -
in 

symbols ~vkicli h e  understood not. ko ;v  l ie  'ltnow that 
metallurgy does depend on the sun's rays. The  sunshine 
of the carboniferous period has been materialized into coal 
beds, and now attains perfection in a metal of more real 

tile cllemical s tudy of heat, R ~ 
recent work shows culminating progress, and is \\,orthv of- .  - . 
him who years ago almost created organic synthesis. ~ f t e r  
a '?view of sollle of t h ~  1nost abstruse speculations in theo- 
retical and physical chemistry, Professor Ordway went on 
t, discuss the importallce of biological cllem;stry. ~ 1 , 
bl-anch is  yet in its infancy, and has few to tenderly cnre 
for it. Most chemists prefer to take  easier subjects, but  
the interest in it is increasing. The field is large and there 
is room for innnp laborers. Proxin~ate  organic analysis 
still undeveloved, and the world does not Corn-
prellend the light that we already have. In  fermentation, 
putrefaction, vitrification 2nd zymotic diseases, life ]nay
Intervene ; but how much d o  we yet know a s  to what is  
canse ancl ivliat is merely concomitant? It is pertinent to 

wlletller chemistry tends, as Inany think o]lvsical 
science tencls, to materialism? I belikve no true-sdience 
tends that way;  it is the lack of liberal cultivation that 
leads to such d i ~ n n e s s  of vision. Materialism is  no Illore 
prevalent now than among the Athenians, who bad no  phy- 
sical science, JJTe hear rnnch of the cultnre of that people, 
as  i i  sst l iet ics  were the only science and floriculture the 

culture. There is much in tlie training of the chemist 
to foster a wholesome sliepticisln and just intolerance ; 
.~ntolerance of human pride and sltepticism of airy theories. 
Ill cllemical practice the constant appeal to sensible tests 
and the precisioil of the balance checlts reliance on llastv 
a ~ s ~ l m ~ t i o n s .The chenlist soon learns that exact truthfuf- 
ness in others and rigid honesty in l~imself lie at the very 
fouildation of sciellce and I tnowledge;  and he  looks 
011 laxity in experlnlent or statement a s  the unpardonable 

sin. NO other subject is  so well calculated to impress one 

with the ~ d e athat thpories are but the cl~angeable dress of 

science. W e  all wonder what will become of the atomic 

theory itself when i t s  cet,tennial colnes rouIld twenty-seven

years hence. 
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